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K. B. DALAL, D. K. SALUNKHE, and L. E. OLSON
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Certain Physiological and Biochemical Changes in Greenhouse-
Grown Tomatoes (Lycopersicon Esculentum Mill.)

SUMMARY
Tomatoes of V. R. Moscow and Fireball

varieties grown in a greenhouse varied mark-

edly from previously reported data on field-
grown lots of the same varieties with regards
to total titratable acidity, color development,
free reducing sugars, pectins, volatile reducing
substances (VRS), organic acids, and ascorbic

acid. Concentrations of all the nonvolatile at-

tributes except total titratable acidity (%) were
low as compared with field-ripened tomatoes.
Lower concentrations of VRS, organic acids
(mg/100 g), and sugars (%) considerably
affected flavor, aroma, and taste in greenhouse
tomatoes. Color (beta-carotene and lycopene)
development was defective. In general, toma-
toes grown in the greenhouse were “flat” and

tasteless.
INTRODUCTION

A previous paper (Dalai ct a1, 1965)
dealt with the various physiological and_hjo-
chemical changes oc_currmg] In the field-
grown tomatoes. This article deals mainly
with the studies pertaining to various
changes sych as amdﬂm color” development,
sugars, volatile reduci g substances, orgamc
acids, and ascorbic acid of the greenhouse-
grown tomatoes.

EXPERIMENTAL

Tomatoes (variety V. R. Moscow and Fireball)
were 6(%lrown In the “glass greenhouse in the winter
of 1964. Sunshine during “the winter months (De-
cember through March) “averaged 5y2 hr per day.
No supplemental lighting was provided during the
growing months ganuary to March 1964). Dag
and night temperatures were kept at 70 and 65°

during“the growing period. Tomatoes were har-
vested at different Stages of maturation. The fruits
were sorted and classified into nine categories ac-
cordlnq to size, weight, and color (Table 1).
Alcohol slurries were “prepared by %rmdmg 250?
4-40 fruits, depending on_maturity stages) ©
ruit in 250 ml of ethanol. The slurries were pre-
served at 40°F and analyzed for the free reducin

sugars, pectins, organic” acids, and ascorhic acid.
Fresh fruits were “used for the determinations of
the total titratable acidity, color measurement, and

volatile reducing substances. The following ana-
Iytical Frqcedures were followed.

Total titratable acidity. Ten grams_of fresh
fruit from each category ‘were homogenized with
100 ml distilled, water and then titratéd to PH 81
with 0.1Ar sodium hydroxide. Each sample was
tested on a Beckman pH meter.

Color measurement. Fresh samples of tomatoes
were obtained for determination of total chloro-
phylls and carotengids.

otal chlorophé/_lls and chlorophflll aand b were
determined according to AOAC (1960) procedures.
Total carotenoids and beta-carotene "were deter-
mined according to procedures outlined by the
Assoc, of Vitamin Chemists (1951).

Free, reducm(ﬁhsu ars, Free reducing sugars were
determlned%y e Shaffer-Somogyi micro-method
(AOAC, 1960).

Total {J_EC'[iC materials and soluble pectins.
Total pectic materials and soluble pectins were re-
spectively determined according to procedures out-

I|r11e9%6by McCready and McCornb (1952) and Ruck

Volatile reducing substances #VRS&. Fresh
samples of tomatoes were obtained for VRS deter-
minations, Fruit (250 g ; number of fruits varied
from 4-40, depending Upon maturity _st_aPes) Was
blended with & minimum- quantity of distilled water
and analyzed for VRS content according to the
proceduré outlined by Luh (1961).
_ Organic acids. Organic acids were separated by
jon-exchange  column chroma_togrthy and  were
identified by the method outlined by” Marvel and
Rands g1_9 0. . . o
Ascorbic acids (vitamin C). Ascorbic acid was

Tk S s oy
age Welght ot individual “frut,

Degree ~ Size (diam, in Av..
maturation inches) and/or color fru

il (4 or below, greenish
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462 FIELD-GROWN VS. GREENHOUSE TOMATOES

determined according to the AOAC (1960) during the rIPenlng process. The ratig of
P 208 olseivet i e HAc-fon omaces.
ved | | W
RESULTS AND DISCUSSION The beta-carotene and lycopene contents of
Total titratable acidity. Fig. 1shows the the greenhouse tomatoes are shown in Fig. 3
ercent tota| tifratable_ acidity’ of tomatoes. Betd-carotene content was maximum at the
otal titratable acidity increased consistently  pink stag Greenhouse tomaoes lacked the
up to pink stage, and then declined slrght Intense Dright-red color usually found in the
as. the fruit Pecame red. Total titratable field tomafoes. Nonuniform environmental
acrdrt was calculated as citric acid. Percent condrtrons chiefly light, could be consrdered
aCl |t \%Ireenhouse ?rown tomato tboth as te rrma rX reason for te Inade uate
varieties Id as quite similar to that found  color eve o,o ent |n the greenhouse tom

o< T

In the field-grown tomatoes. Total titratable toes (McCollum,
acidit 3omatoes reIpresents the total Free reducrnlg su ar . The content of free
amount o ree aclds

esent : however, It red ucrng su%as In %eenhouse tomatoes
provides no mformatron about, their presence s showr in ercent free redugin
In other forms. Free_acids in_greenhouse-  sugars was srgnrfrcantly less than in_ field
?rown tomatoes were found to increase with  ripened tomatoes. A lower concentration of
ruit maturation. free reducing sugars in greenhquse tomatoes
Co r measurement Total _chlorophylls  could be considgred as ope,of the reasons
and ch orloY a.and bcontrnued 0°in-for inferior quality of fruit flavor. Forshey
crease with the size and mafurity of the and Alban (1954) Indicated that restrrcted
frut, but deireased 35 the fruit started ac- ghotosynthetrc activity due to shad mg
urrrngaprn color ( J The decrease  causes” the  lower su%r concentration |
of reen pigment was consr erably. less than 9reenhouse tomatoes. Concentrations of free
leld-ripened tomat oes e{enrsh ellow educrn? sugars were greater In unshaded
sots were rominent In th eP stagg, Indj-  tomato, Truits th an in shaded fruits. The to-
catrng inadequate color deve opment in fruit - mato fruit itself may serve as a photosyn-

MATURITY STAGES
1 = 1/2" or below 4.11/4" -13/4" 7 = pink
2=3/4"-1" 5=2" - 3" or large green 8 = red
3=1"-11/4 6 = breakers 9 = red-ripe
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O innnninn O FIREBALL
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Fig. L Total titratable acidity of V. R. Moscow and Fireball tomatoes (greenhouse-grown) at vari-
ous stages of maturation.
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Free_reducin i 0srl]Jgars content of V. R. Moscow and Fireball tomatoes (greenhouse-grown) at

factor?] have ¢ nsi?erableotge?rin? UK\)?FQ lant  typical tomato flavor, was significantly less

growt

and the_ flavor of frui In- i greenhouse-grown tomatoes. The distinct

Creaseq proPortlon_ateIP_( with the rate of aroma and flavor of field-grown tomatoes

maturity of
tration “of VRS, partia
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Pectic values of V. R. Moscow and Fireball tomatoes (greenhouse-grown) at various

Fig., 5.
stages %f maturation.
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500 7 MATURITY STAGES
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Maturity stages
g, b VOlalle feducig substances of V. K MoSCoW an0 Fireball tomatoes (greennuose-grown)
at varols stages or maturation.

to variable environmental conditions. Slight Organic acjds. Malic and citric acids, were
alterations In day or ,nlght temperatures  found to he the two major orﬁamc acids n
durlng the grow_m(i period could result in the greenhouse tomatoes. TRe concentra-

loss of the™ typical aroma and flavor of tions™of malic and citric acids were greater
tomatoes. In red-ripe tomatoes than in the otfer de-
MATURITY STAGES
1=1/2" or below 4:=11/4"-13/4" 7 = pink
2=3/4" - 1" 5=2"- 3" or large green 8 = red
160 4— 3=1"-11/4" 6 = breakers 9 = red-ripe
’é‘» 120 +— V. R. MOSCOW ]
% @ B lerfc acid e%o
E Ammmmend Malic acid 8”%
o FIREBALL g/. o
S so4— O O Citric acid O
% Avvaravar\ Malic acid /
z /O/ ’I/‘I;I:ﬁ
c Z
; 404— 8/ wﬁ’:’:ﬁﬁ"’
5 ’O By ,’,’/=§’—’M
P @ ,’/AA'/’I_’_ -é‘ -
oy’gg”’—”_—""
W‘rﬁ’f' -
0 ' 1 1 1 1 | 1 1 ]
1 2 3 4 5 6 7 8 9

Maturity stages

Fig. 7. Percent milligrams of malic and citric acids content of V. R. Moscow and Fireball tomatoes
at various stages of maturation.



466 FIELD-GROWN VS. GREENHOUSE TOMATOES

0.6 44— - V., R, MOSCOW
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?rees of maturatjon n? Concentra Ascorbic acid gwtamm C). Ascorbic acid
lons of both acids s aller in these increased rogres Ively with” ripening (Flg
tomatoes than in field- rown tomatoes. Flg 9). No decline of vitamin C content” was
§ represents a typical Chromatogram of red-  observed  In thes fomatoes (ascorbic acid
rlﬁe tomato fruit grown In the %reenhouse content in the |e ripened “tomatoes, . In-
Te areas under~the peaks, representing creased up to pink stage and then declined
ma ic and citric acids, increased” progress-  slightly as the. fruit. atiained the red-ripe
|veY wit mcreasm? maturit dy uantita-  stage A Ascorbic acid 1s thought to pe con-
t|ve the total titrafable acidity of green- sumed in the later stages of the rlpemn%
ouse fomatoes was more or ess similar to Process No decrease was found in thes
that of field-grown tomatoes, while the con-  tomatoes, indicating a different i enmg
fentratlon of rganic acids was considerably process. ' Certain €xperimental result

Ower (Schopfer, 1949) indicate that biosynthesis
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of ascorbic acid and photosynthesis_are in-
terrelated.  However, nothing definite i
known as to how enzymatic_ synthesis of
ascorbic acid_is connected with “the photo-
synthetic activity. Tombesi ¢t at.
reported that the ascorbic acid oxidase ac-
tivity of the tomato fruit decreases raa{)ldly
Wi rlpenlng and reaches a minimum at the
Zellow_mg stage. Light has been recognized
s an Important environmental factor In d
termining the ascorpic acid content of fruits
and_vegetables. ~Frazier ct at. (1954),
McCollum 51946) .and Somers ct at. (194
all indicated that fight ene_rr%;g/ im _mgmg di-
rectly on the fruits determinés thejr ascorbic
acid content. Brown and Moser 81941 re-
Rorted that greenhouse fruit had only about
alf the vitamin g concentration of tomatoes
grown in the field.
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The Influence of Metallic lons on the

SUMMARY

The autoxidation rate of purified oxymyo-
globin is extremely variable. Part of the vari-
ability has now been traced to contamination of
the oxrmyoglobrn preparations with metals,
particularly copper. Copper added in amounts
equimolar to the oxymyoglobin concentration
resulted in a 25X increase in the autoxidation
rate constant. Iron and zinc were much less
active than copper in catalyzing the autoxida-
tion. A variety of conditions known to acceler-
ate the autoxidation of oxymyoglobin were
tested to see whether the acceleration was due
to contamination with metals.

INTRODUCTION

An interest in the autoxjdation rate of
oxymyoglobrn MbCBg has been stimulated
by“the dlirect connection between this reac-
tion and meat or fish discoloration (Sn der
and Ayres, 1961 : Brown and Dole

The abbreviations used are Mp
reduced mvoglobin, Mb+ for metmyoHIobrn
M o or ox m%//og obrn and similarly for
hemoglobin err aflves, r Previous studies

have shown the effect of partial pressure of
oxyqen pH, and temperature (George and
Stratmann, 1952a.b: 9542 the effec of s0-
dium hydrosullite congent atron an temp [-
ature Snyder and res 19 d the

effect of egree purr rcatron M Oo
temperature uffer strength, and freezing

Brown and Do ev, 1963ah) on the autoxi-

ation rates of MbCH.

Despite careful control, of the above-named
factors, unexplained variations still occur. |n
autoxidation rate constants. A greatly in
crease rate of utoxrdatron Wwas. opserved rn

this laborator or an MbCR solution which
had been Seifz-filtered, and %he cause of the
mcreaied rate was found to be the metal fif-
ter holder. Consequently, a series of gxperi-
ments were done to evaluate the effect of
trace metals on the autoxidation rates of
resbtﬁ% and 1IbCD. This paper reports the

Weiss ct al. (1953) reported that the au-

Autoxidation of Oxymyoglobin

toxidation of HHCD was markedly increased
Ptat‘é% oy T o a bh'é%”rrett
found to bg effectrve ca?gl sts for the reduc-
tion of 1ib" by ascorbic acid (Gibson. 1943;
Weiss </ . An extensrve stud of
the brndrng of cop er an zrnc by [pogo in
has been Completed by Bres| ow and “Gurd
(1963 ) and by Breslow (1964).

METHODS

The myoglobin used was obtained from beef
skeIetaI muscle as reported previously (Snyder
Ayres, 1961) and from sperm whale (Sigma
Chemrcal Co. Type IIR Both myoglobin prepara-
tions had_ been crystalrzed In the “oxidized torm,
and no difference ‘in_behavior was noted for the
two types of myoglobin.

Hemoglobin “was obtarned b homog/enrzrng bo-
vrne liver wrth an equal werg of 06 phos hate
buffer at gp 517. The homdgenate was eate at
55°C for 5 min, cooled, and centrrfupd The hemo-
?Iobrn solution was diluted with the buffer used
or extraction to give an absorbancy of about 0.8
at 574 mg (L cm path length). Also, oxyhemo-
([;Iobrn solutions were prepared y precrprtatrng the
ver extract with ( Qi and p dialyzing
the rehydrated hemoglobrn overnight at _room
temperaure against_ 06./ phosphate, pH 57. As
a result of precipitation ‘with (XHICSO, and
overnrght dialysis, the hemoglobrn preparation had
autoxidized to’ methemoglobin, and it was necessar
to_ reduce the hemoglobin solution, with  Na-SsOi
prior .to _measuring “the autoxidation _rate. The
autoxidation rate copstant for a crystallized sample
of bovine hemoglobin (Sigma Chemical Co. Type
1) was also measured.

Autoxidation_ rate constants were determined for
both hemoglobin and m)(oglolvn preg)aratrons b
using phosphate buffer g
as previously described Snyder and Ayres, 1961)

or_adsorption of MbOs, a C M cellufose (Sigma
Chemical Co., medium-mesh, 0.62 mequivig) col-
umn was pr|e_pared bK/I equrlrbratrn wrth 005.1/
acetate at was adsorbed on_the
column, Washed with approxrmately 1L of distilled
water to remove anions, and éluted from the
column, by using 061/ phosphate at pH 57. The
adsqrptioni and ‘elution were done at 2°C, but the
eluting buffer was at room temperature.

| 468 1
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Three 4-g samples of CM-cellulose were wet
ashed and “analyzed for iron and copper. One
sample was used without any pretreatment, one
sample was washed with 3 L of distilled water
and ashed, and the third sample was washed with
3 L of distilled water followed b¥3 L of 0.00SM
acetate at pH S7 containing 0.1% EDTA. The
1 vét ashing. was done with concentrated HNCh at
the be?mmng and was finished with a 5:1 mix-
ture of conCentrated HNO3 and HCIO3, &70%).
Analzsm for iron was according to Dienl and
Smith . (1960), using bathophenanthroline,  and
analysis for copper Was according to Diehl and
Smith (1958), using bathocuproine.

RESULTS

An_attempt to remove contaminating micro-
organisms from an Mb02 solution by Seitz filtra-
tion_resulted in a very rapid autoxidation of the
MbOs.  The raP|d aufoxidation was found to be
due to the metal filter holder, and a qualitative
check of several metal salts (Fe, Z Al, Cu)
Indicated that Cu was extremely active in pro-
moting the autoxidation of Mbog while the other
metalS were less active.
~ The autoxidation rate of Mb02 was measured
in the presence of varying concentrations of cuBrlc
lon, with the results Shown in Fig. L The MoOk
concentration was 0.23mA/ for this series of ex-
periments. The copper was added as CuSQ,j after
reduction and oxygenation of the myoglobin. The
rates were foundto be first-order” with respect
to MbO» for all concentrations of copper shown.
The copper seemed to be acting as a catalyst for
the autoxidation rather than &S a direct Oxidant
such as ferricyanide. A qualitative. experiment was
done to determine if the cupric ion was directly
oxidizing the heme_iron and then being reoxi-
dized by QxyFen, or if the cupric ion was catalyzmog
the autoxidation. Myoglobin was reduced by ad
ing an excess of sodium hydrosulfite (Na Z)4t))
A’large crystal of CuSCh was added to the Mb,
which™was ‘contained in a 13-mm test tube. If the
cupric ion were directly oxidizing the heme iron
b" should have formed first at the bottom of
the tube, where the cupric ion concentration was
high. The amount of CuSo- added far exceeded

the amount of NaX2D4 so even if the NaXd 4

had to be used up Pnor to the appearance of MbH
there was sufficient CuSCh, present to oxidize all
of the NaZS2 4 and heme iron. If the cupric ion
were acting as a catalyst for the autoxidation,

T
Fe an
No metal

0.09

5ppm Fe

Rate constant hr-1 0.09
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then 02 would still ‘be the oxidizing a(T;ent, and
Mb+would appear first at the surface of the test
tube. In the several times this experiment was
done, the Mb+ each time appeared first at the
surface exposed to 02 Therefore, CUFHC jon acts
8 a catalyst for the autoxidation rather than as
a direct oxidant. o

Measurements of autoxidation rate constants for
MbOs in the presence of small amounts of iron
and copper at pH 80 are shown in Table L Iron
had .n0 influence on the autoxidation rate, and
the influence_of copper was very much less than
at pH 5.7. Tris buffer was used to maintain the
pH at 80. When experiments were done to
measure the. autoxidation rate constant of MbOa
with added jron and zinc at RH 5.7, these metals
formed insoluble_salts with the phosphate_buffer.
Conseguently, 0.5M acetate buffer at. HH 5.7 was
used in place of phosphate buffer, witnh the result
that the autoxidation rate constant of Mb02with-
out any added metals was increased severalfold.
Sometimes the autoxidation rate in acetate buffer
was not first-order. At least some of the increased
autoxidation rate with acetate buffer could be con-
trolled by the addition of 0.1% EDTA. Other
methods ©of decreasing the autoxidation rate con-
stant in acetate huffer were by maklnF up the
buffer using deionized glass-distilled water or by
treating the acetate buffer with dithizone. Rat

agIeCul Autoxidation rate constants for MoO» in 0.IM Tris, pH 80, in the presence of

10 ppm Fe

0.09

1ppm Cu

0.28

2 ppm Cu

0.34

4 ppm Cu

0.36
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constants resulting from these treatments are
shown in Table 2 It appeared that the increased
autoxidation _ rates obtained with acefate buffer
could be attributed to contaminating cations. Good
reproducibility of autoxidation ratgs was not ob-
tained when iron and zinc were_ added to MbO» in
acetate buffer. However, both iron and zinc were
!jests_ effective than copper in catalyzing the autoxi-
ation.

The effect of excess NasS»0.i on the autoxidation
rate of MoO» was described in an earlier paper
(Snyder and Ayres, 1961). An obvious method
to remove_oxidation_ by-products of Na»S»04 and
contaminating  metallic “cations would be dialysis,
Several experiments with dialysis of Mb+ "and
MbOa were done with the foII_ome_ results.

When a preparation of Mir which had been
crystallized from_ beef skeletal muscle was found
to” autoxidize with a rate constant higher than
normal %0.4-0.5 hr'l com{)ared with 0.2°hr'D), the
autoxidation rate constant could be decreased by
extensive d|aIYS|s first against 0.0LM NaCN in
0.6M phosphate_ buffer, pH 57, and then against
buffer ‘alone until the Spectrum of Mb' showed ng
evidence of the cyanide derivative. However, if
Mb+ wag first reduced with Na»S«04 and oxyge-
nated, dialysis against buffer to remove oxjdation
products of Na-S-Oi resulted in an autoxidation
rate _constant h|é;her than with control samples of
MbCh which had not been dialyzed. Sl_mﬁly_mcu-
bating MbO» with dialysis tubing overm(% t'in the
cold “was sufficient to" increase” the autoxidation
rate constant. These results are shown in Table 2
The effect could not be decreased by pres_oakm%
or washing of the dialysis tubing with deionize
water. The effect of dialysis tuhing on the autoxi-

Table 2

METAL CATALYSIS OF OXYMYOGLOBIN AUTOXIDATION

dation rate of MbOa could be nullified by incu-
%%% the MbOa and dialysis tubing with 0.1%

Another technique which was used to free MbOa
of oxidation products of NazS2) 4 was the adsorp-
tion of MbOs on a CM cellulose column, washing
the adsorbed MbOa free of any anionic by-products
from NazSD 4 then eluting Mb02 by using 0.6M
phosphate buffer and meaSuring the™ autoxidation
rate. The result was a striking ‘Increase in autoxi-
dation rate due to adsorption on the CM cellulose
column. The rate constant was 3.72 hr"1 for ad-
sorped Mb02 compared with 021 hr"1 for a con-
trol sample of MoO» which did not receive the
column_treatment. Washing the CM-cellulose, ol-
umn with buffer containing EDTA was sufficient
to decrease the autoxidation rate constant to control
values. Further, CM cellulose which had been
treated with_single-distilled water or with buffer
containing EDTA and CM-cellulose which had
received no treatment was ashed and analyzed
for iron and copper. The results are showd in
Table 3. The copper content of the column ma-
terial was decreased to undetectable amounts by
the EDTA ftreatment. Since copper has a con-
siderable effect on the autoxidation rate of MbO»
(F|8. 1), it was concluded that copper eluted with
MbO» was responsible for the striking increase
in autoxidation of MhO» adsorbed on CM-cellulose,

The MbO», which had heen adsorbed on CM
cellulose, washed with water and then eluted with
buffer, containing EDTA, still autoxidized with
a rate constant of 02 hr.-L Consequently, it was
concluded that oxidation by-products of "Na»$»04
which would have been washed free of the adsorbed
MDb02had little effect on the autoxidation of MbO=

o 2o A A R B T

temperatiire

Phosphate Phosphate Acetate Acetate 1re,§tce,edta\kleith witﬁg}g}]eized
untreated + 0.1% EDTA untreated +0.1% EDTA dithizone» distilled IDO b
Mb(h 029hr1  0X5hr1 050hr1 0.39 046 0.3
031 023 110 0.32 043 0.36
0.29 often_ rapid but 035
03 not first order
MbO»
Incubated 0.39 029
with dialysis 044 023
tubing ¢ 040 020
040
044

“Portigns of the, buffer. were SF ke
" BTUEE g L e
- Isn% I
the dia )e/sm

Use
[as and stored In
J f ». Was mcudt)ated’jl A%r %ﬁ In the.
ubing was removed and the autoxi

ith 0.001% dithizone in chloroform unil there. was
e e
ene container

ar{elsen'ce of dialysis tubing at 4°C. Subsequently,

0 (rfmove rages ar .chloroform.
, Passed over a aelonizing column,

on rate measured.
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ce|Tu"1%'s%, 3. Analysis for iron and copper in CM-

Wl Z o
Washed with

distilled HD ' 40 ppm 18 ppm
Washed with

0.1% EDTA R 0
No special

treatment ol 5

TR e b
?isupﬁléate sampfes taken Trom' each acig 8|g St

The observations on the effect of metallic ions
and EDTA on the autoxidation of MbO» led to
gue_sﬂons concerning other anomalies in the autoxi-
ation of heme pigments. For example, NaCl has
been known to Increase the autoxidation rate of
MbOa and Hb02 (Coleman, 1951). Conceivably,
this effect may have been due fo trace metals
added with the NaCl. _Experiments were done to
test this hypothesis. The autoxidation of Mb02
was measured with and without the addition of
109 NaCl and _in the presence of 10% NaCl plus
0.1% EDTA. The results are shown in Table 4,
and they .indicate that part of the NaCl effect on
the autoxidation rate is due to cations_being com-
plexed by EDTA. However, there is an effect
of NaCl not counteracted by the EDTA.

Another Possmle effect of trace metals which
seemed worth explorm% was the well-known differ-
ence In autoxidation rate between Mb02and Hb02
Usually,_HbC>2 autoxidizes at a lower rate than
MbOs.” The lower rate could be due to the differ-
ent methods of preparation_of purified hemoglo_bm
and ngo%lobm. Most studies on the autoxidation
of HbO» have been done with |ysed red blood cells,
but for Mb02the preparation_involves one or more
precipitations with ( HCésS_O-l. Measurements
Were made on the autoxidation rate of an_unpuri-
fied HbOa preparation extracted from_hovine liver
and of the same preparatign after precipitation with
(NH4»S04 and extensive dialysis.  Also, the
autoxidation rate was measured for a commercial
Preparatlon of bovine HbCC which had been crys-
tallized and lyophilized. The results (Table ™)
indicate that crude tissue extracts. of HbOs autoxi-
dize very slowly. After a purification Brocedure
similar fo the procedures used for Mb02 Hb02

Table 4. Autoxidation rate constants for Mb02

) No 10% NaCl +
Experiment added salt ~ 10% NaCl 0.1% EDTA

| 05hr1  L4Thr'l  07Lhrl
0.8 0.86 0.62

2
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entT i%eo ?préllétr%)t(ljgﬁy%rt] prﬁteS. oar}]séa%o&qr difer-
_ No measurable rate
1 Crude beef liver extract after 3hr

Same as Lafter (NHi)sSOt  0.16hr]
precipitation 0.18
0.14
041

041
041

0.12
0.2
0.28

o

3 Crystallized bovine Hb02

4, Cr)éstallized hoving HhO»
+ EDTA

autoxidizes at a rate quite comparable to that for
MbOa. Also, HbOs shows a response to added
EDTA simifar to that of MbO». Added EDTA
will decrease the rate of autoxidation, but only
to a point, and never is the autoxidation rate
constant decreased to the extent which can be
achieved in crude tissue extracts.

The increase in autoxidation rate constant with
{Jurlflcatmn of heme pigments might be attributed
0 the removal of somé component which inhibits
the autoxidation or the addition of something
possibly trace amounts of copper) which catalyzes
the autoxidation. The latter possibility was tested
experimentally by purifying myoglobin from beef
skeletal ‘muscle in the ‘presence of EDTA.. The
purification_procedure was the same as previously
reported (Snyder and Ayres, 1961) except that
the muscle extract was kept contmualg In contact
with solutions containing 50 ppm EDTA. After
crystals were_obtained, the autoxidation rate con-
stant was 025 hrl._Consequently, the presence of
EDTA during purification” of myoglobin had no
effect on the autoxidation rate constant.

DISCUSSION

. The effect .of cupric ion qn the autpxida-
tion of purified AﬂJOo cou? i)e attr?buted
to a direct oxidation of MbO? by Cu+and
sub_seguent autoxidation of Cu+ to Cu:
This does not seem to he the mechanism, for
two reasons: 1) It MbOa were oxidized (-
rect] tf Cu+ the ra%e of the TE?C'[I,OH for
egm olar mixtures of the myog %bln and
C g er would be expected to be'mich greater
th thai shown In Flg. 1: and Zg 0X|-
dized on%/ in the presénce of excéss CuS04
It CU were also present.

The removal of oxidation products, of
minimal amounts of Na25204 had no effect
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on the autoxjdation rate constant of Mb02
It has been shown that products of Na2S2) 4
autoxrdatron can take up considerable 02
lgMatsuura et% 1963). Conse rt]uentl y, for
estreproducibility, autoxr ation " rates
should De meaere with sufficient exposure
to air so_that the partial pressure of 02 in
Is[delrrrtron is not lowered during the measure-
Numerous exPerrments Table 22l showed
that the Incarporation of EOT A In an autox-
Idizing solution of Mb02is sufficient to lower
abnormally hrr[rh autoxidation rate constants
to approximately 0.2 hr-1. However, all
attempts failed to decrease rate constants
even further by careful exclusron or removal
of metal fons. “Yet, for unpurified HbOo and

(Brown and Dolev, 1963a), rate
constants are fre uentI lower thari” those
for crystallrze Hb h02 The reason

for the Increas fed susceé)trbr Ity to autoxida-
tion upon purification Of a heme_pigment IS
not known. An attempt to purr Meth
In_the, presence of EDTA ﬁd ereby {o
minimize coptamination with trace metals
did not result In a decreased rate constant
f?r autoxrdatr?n Consequ ently, the presence

Of protective Tactors in crude extracts seems
the preferable explanation for the slow oxi-
dation found in rude extracts. Perhaps an
enz%m(e system such as that re ently de
SCr1 Stewart et a. (1965) m
resp onsrbe for the slow autoxidafi ron

th re ard to the eﬁﬁct of salt on the
autoxrdatro 2 the resylts shown
ere In rcat(e t at so eﬂf t}he Influence cag
eattrrbute to metals which can ec elate
g A. Yet there remains an effect due
to salt whrch cannot be attrrbuted t) 0 metallic
cations. as attributed the
stabrIrA}/ of Hb 0 to the ap ?]Iar environment
Immediately surrounding ‘the heme Ouﬁ
Added salt could be expected to modi e
envrronment of the heme, either direct
In rrect}r which maa/ account for thee ect
of salt on the autoxidation.

The drscoverres that Mb02 autoxidizes
ra’n/]r ater adsorption and elytion from a

-CEllulose column, and that the increased

autoxidation rate is probably due to con-
tamination of the preparation with copper,
indicate the ease with which M b02 solutions

METAL CATALYSIS OF OXYMYOGLOBIN AUTOXIDATION

can pick u smaII amounts of metals, This

rnfo matro mag/ be helpful in ex Iarnrng the

mutrE brns as revealed y CM-and
ce ul fse cromato%raph/ Rumen

1959: Perko in

1964° Atassl, 1964 'Akeson and TheoreII

T960).
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B. BENGTSSON and |. BOSUND
Nordrcco AB. Bjuv, Sweden

Lipid Hydrolysis in Unblanched Frozen Peas (Pisum sativum)

SUMMARY

Data on hydrolytic changes in the lipids of
unblanched (enzymatically active) peas in the
range 5 to —20°C are presented. The Q.
value for the formation of free fatty acids be-
tween these temperatures is about 2.5. The
corresponding value for development of off-
flavor is about 3.0. Both values are consider-
ably lower than those typical for deteriorative
non-enzymatic reactions in blanched vegetables.

Gas chromatographic analysis of the free
fatty acid fraction demonstrates further that
there is an apparent preference for hydrolysis
of polyunsaturated acids. This tendency s
especially evident in the lower part of the tem-
perature range studied. A corresponding in-
crease of the proportion of saturated acids in
the unhydrolyzed fat can be shown. No net
change of any single acid in the combined lipid
fractions is observed, except for linoleic and
linolenic acids, which decrease somewhat after
long storage at the higher temperatures. This
indicates a substantial breakdown into smaller
molecules.

INTRODUCTION

It has beep known for many years that
Ir Ids of upblanched peas uridergo great
changes durrng storage at freezrng f era-
tures” (Lee e 9563. n.only about
-3 weeks at —I8°C, the formation ‘of free
fatty acids and peroxides can be snown. At
the” same time, characteristic off-flavor can
be Oetected. These changes are Catalyzed
enz%/mes and do not occur in blanched
eas at com aralire rates. Durrng urther
toraetheh ro tic an xrdatrv chan?es
contr ue | eventuay to extensive
drol ysrs of he IrPrds and marked de
%ease fthe amoun Eolfyunsaturate
atty acids. A Simultaneous formation o
characterrstrc lipid breakdown products can
esown ordrnar chemrca methods or
Indicated %}ygasc romato raphic headspace
analysrs ngtsson and Bosund,  1964).
Data f om ee and Mattick §1961
fractionated pea Irprds indicate further, how-
?ver that the Fcrease of apolg/unsatura fed
atty acidg 13, balanced r¥ correspond rngl
Increase of palmitic acid in the combined pe

Irgrds In pea materral stored for long. err
ods more than a ou ling of the érrr
amount of palmitic acid was ob serve
IS astonishing since one should not expect
a direct transformation of unsaturat Cr%
acrds into a saturated Cmacid. Such chan
%ht occur under dramatic chemical con
tions but have never been observed in metﬁb
olizing or Trozen tissues of any N}/ge In this
work “the studies of Lee and” Mattick were
rePeated using som?what different methods
extraction” and fractionation of the pea
lipids, The hydrol gtrc chan%es as well as
t e off-flavor development were followed at
drfferent storage tem eratures In the ranﬂ
—5°C 10 rder 1o determrne t
temperature effect on the rate 0 fy rolysis
?ra%troonnthe composition of the free fatty acid
The studies will be continued on raw
materials such as fish and meat and will also
Include the_effect of freezing rate. The latter
IS of secral rnterest consrderrnﬁ the ten-
ency. toward dtr freezing. tec nroues as
low- freezrn an freezrn%rn liquia nitrogen,
both rnvoIvrng consider. Iy hi her freezrng
rates than conventional metho

EXPERIMENTAL

Pea material. Peas (Pisum sativum sensu amp.
L) Govorov var, pachylobom, the wrinkled type
of normal harvesting maturity (tenderometer. read-
ings 90-100) were used throughout except in ex-
Perrments comparing different degrees. of matyrity.
n order to secure”a uniform material, ordinafy
factory peas were sampled from the processing line
after ‘mechanical vining and size grading imme-
drateIV before the blanching step.” Part of the
sampled material was blanchied to a neg?trve per-
oxidase reaction and used as reference. “The mate-
rial was frozen in a blast freezer to —40°C and
immediately stored at the temperatures in question.
Organoleptic evaluation.  Five experienced
JudPes graded the cooked samples according to a
scale from 1 to 7, where 7 denoted very high
quality and 5 ust accep table The  rank$ were
treated statistically bty analysrs of variance.
Extraction and fractionation of the lipids.
The crude lipids were extracted with chloroform-
methanol by three successive 1-min treatments in

[474]
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a Waring blender. For the first treatment the peas
were placed in the organic solvent without previous
thawing. The first extraction was made wdth a
more polar mixture than the second. and th|rd
(chloroform-methanol 1:1 compared with 2:1) _in
order to break the bonds between phospholipids
and protein. After each extraction the solvent
phase was separated from the water phase and the
pea solids by centrifugation for IS min. The pooled
solvent phases were “evaporated to drt(ness under
reduced_pressure at temperatures not exceeding
40°C. The waliole_procedure of extraction and sub-
sequent fractionation is shown in Fig. 1 The re-
suI in three fracttons of reasonably” pure neutral

(P ospholipids, and free fattz/ acids were ana-
Iyze with regard, to dry weight, phosphorus con-
tent, and fatty acid coniposition.

In a few experiments the tphosphohp|ds were
further fractionated into crude fractions of lecithin,
ceﬁhahn and inositol phosphatides according to the
scheme in Fig. L

Extracted lipids. The amount of extracted lip-
]tds %ash determined by drying in an oven at 80°C
or

Phosphorus. Phosphorus was determined accord-
ing to the method of Allen (1940).

Three extraction:

Evaporation and
precipitation of

phospholipids

ml ethyl ether: S ml chloroform:
roleum ether (1:1) methanol (2:1)

I;h o1 solu “J ineolu J_)
(5B LS S ot
P g 0rus, ang amount ahd

I
r%%ltlxn O% atty aCI S were mage on allquots 0? the
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Gas chromatographic analysis of fatt}/ acids.
The fatty acid comgosmon of ‘the various fractions
was detérmined at 200°C in_a Perkin-Elmer vaPor
fractometer, model 116E, with a hot-wire detector
The column was 6-ft packed with 20% butanediol
succinate _polyester on 60-80-mesh chromosorb W.
For identification the retention times of the various
peaks were compared with those of pure commer-
cial samples. The detector response was, calibrated
with known mixtures.  Esterification of the fatt
acids was achieved either by refluxing in 05

HCL in methanol during 2 hr”in an atmogsphere of
nitrogen after hydrolysis by refluxing in IN KOFI
in méthanol during 3'hr in"an atmosphere of nitro-
gen, or directly by refluxing in 041V sodium meth-
yrlate during 30 min in_an atmosphere of nitrogen.
he two methods gave identical results when tested
on the same maferial. Direct esterification was
preferred in the latter part of the work, because
of its, simplicity. In the case of free fatty acids
the first-mentioned method was used throughout,
omitting the hydrolysis.

RESULTS AND DISCUSSION

Extraction and fractlonatlon Flgn
shows the amounts. of crude 05-
ghorus and fatty acids in the maerl rom

sUccessive ext actlons of the total amount
of lipid present In the peas, 9 owas re-
covered |n the first 3 xtractlons [t 1S evi-
dent, however, that a Iarge portion of the
crude lipio con5|sts of _fop- “R/I mateha
(Sh gher for each extractlon?1 ost of this

separated from th% 8hos oli rﬁlds [ater I
the Srocedure, as chloroform-methanol  in-
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soluble material, according to Fig. L In any
case some contamrnatron IS toIerabIe srnce it

does. not affect the va rdr%/ of the results
obtarned on the composrtro of the lipids in
terms o Individual fatty acids,

2 also shows that the ratio ofpolg/ -
saturated fatth/ aclds to other fatty acids
decreases slightly with the number of ex-
tractions.

Fractionation of the crude lipids into
neutral fat and Phospholrprds by rbrecrprtatron
of the phospholipids b a drtro of acetone
In the presence fM L resulted In a neu-
traI fat fractron near 3/ completely free, from

hosphoyus. phasph orus conFent in the
nospnoli rds was close to 4% wnen calcu-
ated on he amount of fatty acids as deter-
mined ﬁ]as chromatography.  (assuming
t)r]rafta tt/o aoC e phospholipid weight consists

Y acids

FraCtiona ron of the crude phaspholipid
8 descrrbed Fig. resu?tep rP rnoE toi
phosphatides and ce ha In phosphatides es-
sentially free from ther material (at least
when judged from the phosphorus content2l
but a Very crude lecithin fractign with sugar
as the main contaminant. No further purifi-
cation was attempted, since the main reason
for the fractionation was only to grve a rough
r ea of the extent to_which each pho Pho
IRZ megsroup was  affected by hydrolytic

Iytty acrd composition of lipids of fresh
eas. arrr‘re numbey . of determinatjons
ere made throughout this work of the fatty
acid composrtron In fresh peas of varyrng
maturrtg rn varrous parts of the”pe
COtrt]’ ons and skin).

The average fatty acid composition in peas
of ordinary “harvesting maturity is shown

LIPID HYDROLYSIS IN FROZEN PEAS

in Table 1 The proportron of, esr[)]ecrall
Palmrtrc acid was nigher 1 phospholipids
han In nTutraI fat, w lle the contrary was
true for oleic and Irno enrc acrds The same
prcture was obtained r¥ Lee and Mattick

. It Is Interesting to note that the

961 eas contained twrce as much oleic acid
as_linolenic acid, whereas no significant
difference was observed in the 1962 material.

Fig. 3 shows the variation of palmitic,
linolgic, and linolenic acids with maturit
(here measured as the diameter of the Pea
In tvvo experiments.  The remaining fat
acrd of quantitative rmﬁortance, oleic acid,
er Inot vaéy srgnrfrtcia tly with mat]urrty

Inoleic acid” apparently. jncreases with ma-
turity, waile paﬁﬁrrtrc aclrd and ?rnolenrc acld
decrease. The total amount of fatty acids
calculated on a dry- werght basis, was about

/(i higher_in more m tu Peas com are
Tabez thThe changes? fatty aci cto
sition with, varying maturity “are not ver
reat, but If shgulg be ornt/ed outt at th}e
eas used in this. work were of a_narrow
ange of maturities from a pnysiological
point of view.

A comParrson of the fatty acid composition
of Irbrds rom cotyledons and skrns evealed
%rea differences, especraIIY with regar t0
leic ang linolenic acids. 1n the cot ledons
these acids occurred In about equal amounts

3 and 9.7% of the totaI am unt of fatty

acid, resetrv 39 while In the skins. the
amount rno Ic acid was about 9 times
as great (2.5 and 22.5%, respectively).

Influence of temperature, oxygen, fmd
pea maturity on rate of off-flavordevelop-
ment. Before the analytical work was started
some studies were made on the effect of stor-
age conditions (as temperature and oxygen

Tab'e L Fatty acid composition in peas oi ordinary harvesting maturity.

Fatty acid

Lower fatty acids "
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid

1Mainly myristic acid.

Neutral
fa

Proportion (%)
1961 harvest 1962 harvest

Phospho Neutral Phospho
rpr fat lipids

2 r

27 2 5

2 1 1

13 10 [

o % 5

6 2 8



bengtsson and bosund

Z
o | v T L T — T
o +
Z | LINOLEIC ACID _--~

50t o ]
| -
<t —+
[
o
40t
[T
(@]
230t

4. PALMITIC ACID

) e
Q 20 TTh
> LINOLENIC ACID
Cof  ietoo-y
i

78 9 10 1
PEA DIAMETER, mm

‘:jc' dlgas a?on gr&tno(ffpal%rc I|noIe|c and linolenic

""""""" Xperiment |

ava|Iab|I| ando ea matuntY on the rate
f off-flavor development hese studies
the off- flavor was evaluated bg a tralned
taste pane Pea samhp es stored
—0,'and 2 owed a detectable off
fIavor after 45 15 17 and 35 days. 1t is
evident from Fld 4 (ling 4) that these values
orr% spond fo a emperature coefficient SQ )
ut 30, This ure for enzymat caIIy
active matenal IS muc lower than that ob-
talned for blanched peas by Bo ggs e al
60I) who reported a QI,, valug of about
3 for non-enzymatic_changes In the same
temperature ra ge The consjderably. [ower
value for our material i1 consistent with the
fact that enzymatlcall catalyzed reactions
ﬁ]rocee with ” lower nerdles of activation
an the same. reactions Tn the ahsence of
enzymes. _Additional ilfustration of this Is
glvn In |g 4 which symmarizes data for
t-flavor evefo ment I various frozen
foods. An examlnatlon reveals that high
On values are typ |caI for bIanched ve%
t les. Low Qic va ues seem fo b %@)
Qr enzymatlca actlve material suc
blanched peas, rwc |?ken fish, etc. Bernes
treated with sugar fall within the group of
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bIanched vegetables and present ve% differ-
ent c% nditions, which makes a comparison
with the gther materials difficult

Accordin Ao theories of Leeeta 1955I)
the compounas that contribute off-tlavor are
formed via peroxidation of unsaturated fatt
acids. . The formatlon of these peroxides s,
for acids with methy ene -Int rrupted d ubIe
bonds, CﬁtaIYze g OXI ase

0Xy( enﬁ a% for at ea]t one
ste In the reactlon chain involved.
dence on oxglgen coud he eamg teste

|t a biol oglc material complet g/ freg
from 0 V\}( en.” Efforts to carr X en
ments such matena have een

recentz y Fuleki and David g gwn
f begns. They showed that hea o]m(o
ation of certain compounds as acetaldenyde
and ethanol could be affected b removm

most of the ox but the ntsuc
ceed in provin gt?tat the raPe of of? flavor
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development was also affected. An additional
difficulty in these experiments is that a com-
plete exchange of air with, for instance, nitro-
gen might very well lead to the formation of
new compounds and off-flavors not easily
distinguished from those obtained in the
presence of oxygen.

Some attempts were also made along these
lines in our studies. The material was frozen
in ordinary cans, and air was removed before
freezing as completely as possible by repeated
evacuation followed by replacement with
nitrogen carefully freed from all traces of
oxygen. Only when the evacuation procedure
was repeated 4 times or more, a significantly
(at the 5% level) slower rate of off-flavor
development could be demonstrated in the
treated material. It was not possible to es-
tablish whether the type of off-flavor was
different from that developed in the untreated
cans.

It has been claimed in the literature that
less mature peas deteriorate more rapidly
than more mature ones at room temperatures.
In our experiments at temperatures below
0°C such a relationship was not observed by
the taste panel. During the work it was,
however, repeatedly borne out that the hy-
drolysis is more rapid in less mature peas
than in more mature peas (Table 2).

The studies summarized above indicate
that many factors might affect the chemical
changes of pea lipids at low temperatures.
The following report on hydrolytic changes
in pea lipids at freezing temperatures deals
only with experiments on peas of ordinary
harvesting maturity (tenderometer readings
90-100) frozen in normal atmosphere.

In?luence of temperature on rate of hy-
dronS|s. The taste thresholds in water
phase for short-chain fatty acids are com-
paratively high, about 5 ppm. It is therefore
improbable that free fatty acids should con-
tribute to the off-flavor, especially since hy-
drolysis of pea lipids at all temperatures

LTPID HYDROLYSIS IN FROZEN PEAS
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studied here was barely detectable when off-
flavor was first noticed. The rate of hydroly-
sis might nevertheless be of prime impor-
tance, since lipoxidase is generally considered
to attack only free fatty acids.

The influence of temperature on the rate
of free fatty acid formation is illustrated in
Fig. 5. Calculation of QiO values, based on
the linear part of the curves, is uncertain be-
cause of the rather few and scattered points.
The value obtained is, however, in the neigh-
borhood of 2.5 (compare lower part of Fig.
4). Repeated experiments have given similar
results, and it is clear that the value for this
enzyme-catalyzed process is of the same
magnitude as for off-flavor development and
considerably lower than for deterioration of
blanched peas. It is further obvious that the
rate of hydrolysis rapidly decreases after a
certain time, approximately the same at all
temperatures. This means that the rapid
phase proceeds to nearly complete hydroly-
sis of the fat at high temperature, whereas
at low temperatures the final degree of hy-
drolysis is small. The reason for this is
further discussed below. Similar results
have been reported by other investigators, as

Table 2 Rate of hydrolysis in small, medium, and large-sized peas kept for 7 months at —I5°C.

Pea diameter Crude lipids
(mm) (mg/250 g peas)
1.0- 80 2,940
80- 95 5680
More than 95 3520

Fatty acids
mgplgassO . "e]ﬁé/hq t[]jég\élls % hydrolysis
%0 22.2 2
1500 295 23
1840 04 16
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for instance for fish by Olley and Lovern
(1960) and for cereals by Acker and
Beutler (1965).

It could be added that a possible influence
of pH changes in the peas is ruled out by
the fact that even at extensive hydrolysis the
pH does not drop more than 0.2-0.3 unit
from the original value of 6.8 in fresh peas.

Influence of temperature on composition
of the free fatty acid fraction. of great
interest is the data obtained on the composi-
tion of the free fatty acid fraction in terms
of individual acids. Fig. 6 shows the ratio
of polyunsaturated fatty acids to other fatty
acids in free fatty acids formed at various
times at different temperatures. It is quite
evident that at all temperatures investigated
the free fatty acids have a higher degree of
unsaturation than the average value for fat
in unchanged pea material (1.9; compare
Fig. 6). The only exception is the value
obtained after about 50 days at —5°C. This
is, however, a very long storage time at such
a high temperature, and the low ratio was
due to break-down of considerable amounts
of especially linoleic acid (compare Table 4).

Anyhow, it is of interest to note that the
ratios were highest at the lowest tempera-
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tures. This might to some extent be due to
the fact that the amounts of lipids hydrolyzed
were smaller as the temperature was lower
(figures at the beginning and the end of each
curve give the total amount of free fatty acids
in mg fatty acid/250 g of peas at the times
indicated). The data show, however, that
there is an increasing specificity for hydroly-
sis of polyunsaturated fatty acids with de-
creasing temperature, even at comparable
levels of free fatty acid formation. One pos-
sible explanation could be that unsaturated
fat has a low crystallization point and stays
longer than saturated fat as a liquid phase
when the temperature is lowered. This
would facilitate enzymatic reactions by allow-
ing the substrate to diffuse to the enzyme.
Such an explanation has been suggested by
Acker and Beutler (1965) for all material
with a low content of free water on the basis
of work with cereals and model mixtures
at various levels of relative humidity. Ob-
viously the same explanation could apply to
the results in Fig. 5, assuming that the for-
mation of free fatty acids stops when the
liquid fat at each temperature has been
hydrolyzed.

The high percentage of polyunsaturated
fatty acids in the free fatty acids recovered
in the above experiment should necessarily
result in a percentage below average in the
remaining unhydrolyzed fat (the neutral fat
and the phospholipid fractions). Such an
effect has repeatedly been observed in pea
lipids stored at low temperatures.

Rate of hydrolysis with regard to type
of |Ip|d. No detailed analysis was made of
the influence of factors other than tempera-
ture on the hydrolytic rate. Nevertheless it
might be worthwhile to point out some ob-
servations made during the work.

A comparison between the rate of hydroly-
sis of neutral fat and phospholipids reveals
no significant difference at low storage tem-
peratures but indicates a somewhat more
rapid attack on phospholipids than on neu-
tral fat at —5°C and —8°C (compare
Table 4). It is doubtful whether this obser-
vation has a real significance or is in some
way connected with the extraction and frac-
tionation procedure.

A more clear-cut difference is shown in
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28 able 3

before ana

Storage
Fraction Itengp(?c)

Inositol phosphatides £218
Lecithin -20
_ -40
Cephalin -20
-40

o

" A large part of this fraction consists

Table 3 between the three main phospholipid
fractions. As is clearly indicated, inositol
phosphatides are very resistant to hydrolysis
compared with the lecithin and cephalin phos-
phatides. In the case of lecithin phosphatides
it must be remembered that this fraction was
very contaminated (note the low phosphorus
content ) and, consequently, the apparent de-
crease from 535 to 355 mg, must have been
considerably proportionally greater. The
resistance of inositol phosphatides to hy-
drolysis is consistent with the fact that at
least phospholipase-A is unable to attack this
molecule (Dawson, 1962). A corresponding

LIPID HYDROLYSIS IN FROZEN PEAS

Eb@r olysis of Fylffeaent types of phospholipids. The peas were kept 9 months at

Phosphorus

Lipids -

EPY Ty g
213 115 42
2% 118 40
30 44 12
53 92 17
154 6.9 42
446 145 33

f sugar.

resistance of inositol phosphatides in cod has
been reported by Bligh (1961) and Lovern

and Olle

Net ﬁanges of palmitic and linoleic
aclds. one objective of this work was to re-
investigate the puzzling observation by Lee
and Mattick (1961) that a very large de-
crease of linoleic acid is balanced by a corre-
sponding net increase of palmitic acid.
Table 4 summarizes the results obtained for
the total amount of these acids present in
reference material (at —70°C) and in ma-
terial stored under various conditions. The
degree of hydrolysis in these materials in

Table 4. Content of palmitic and linoleic acids in deteriorated pea lipids.

amT(?lge}llt of AprgI[)rrﬁjinti[cof AWr]ooulnt of
SI%(:er%)ge ?(;Iz[{]yagg)e [)/?]I [gzjféé?t Fraction (fma;éegg%ldg (mpSeC/alzsf)mg (m Séﬁg)o g
-70 60 0 Neutral fat 538 Vil 297
Phospholipids 109 1% 43
Free fatty acids 0
Total 1247 316 120
-20 181 41 Neutral fat 316 9 183
Phospholipids 4% 137 20
Free fatty acids 50 49 33
Total 1262 20 116
-18 188 64 Neutral fat 206 66 91
Phospholipids 238 87 100
Free fatty acids 182 124 471
Total 1226 2n 662
- 8 8l 59 Neutral fat 210 % 13
Phospholipids 252 6 12
Free fatty acids 1% 162 4%
Total 1258 RV 691
-5 % 68 Neutral fat 201 63 I
Phospholipids 189 14 R
Free fatty acids 819 204 402
Total 1209 R 59
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terms of free fatty acids as percent of total
amount was within the range 41-68%. Al-
though the extent of the hydrolysis is well
comparable with the one reported by Lee
and Mattick (62%) no substantial decrease
of linoleic acid was demonstrated, and conse-
guently no increase of palmitic acid. Only in
the material stored at —5°C is there a ten-
dency in this direction. It is doubtful whether
the small increase of the palmitic acid peak
should be regarded as real or within the
experimental error ; in any case it could very
well be due to contamination with breakdown
products from linoleic acid or other transfor-
mations. Considering the long storage time
and the extensive hydrolysis involved, it was
not regarded as worthwhile to investigate
this possibility further.
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Acrylamide Gel Disc Electrophoretic Patterns and Extractability of
Chicken Breast Muscle Proteins During Post-Mortem Aging

SUMMARY

Acrylamide ?el disc electrophoretic patterns
of water-soluble extracts consistently showed
the presence of 2-4 fast-moving, faint com-
ponents which increased in relative intensity
with post-mortem aging. The electrophoretic
patterns of salt-soluble and urea-soluble ex-
tracts showed no corresponding pattern
changes. The extractability of unbuffered
water-soluble proteins was less at 24 hr post-
mortem than at 30 min post-mortem in breast
muscle obtained from seven 7 10-week-old
chickens. The percentage of dialyzable pep-
tides in the water-soluble extracts and the per-
centages of salt-soluble and urea-soluble pro-
teins In those extracts remained fairly constant
during a 24-hr post-mortem aging period.

INTRODUCTION

Changes have been reported in the chem-
ical and physical properties of muscle and
muscle proteins during the post-mortem ag-
ing period of poultry (de Fremery and Pool,
1960 ; May et a!., 1962 ; Scharpf and Marion,
1964). Studies using various fractionation
procedures have been made on the extracta-
bility of chicken muscle proteins at various
times after slaughter (Weinberg and Rose,
1960; Fischer, 1963 ; Khan and van den
Berg, 1964), as well as in the aged muscle
(Khan, 1962). Electrophoretic patterns of
chicken muscle proteins determined with the
free-boundary (Weinberg and Rose, 1960)
and starch-gel (Neelin, 1964; Neelin and

Rose, 1964) techniques have also been
reported.
This research was initiated to study

chicken breast muscle proteins during post-
mortem aging. Acrylamide gel disc electro-
phoresis, a high-resolution method of zone
electrophoresis introduced recently (Orn-
stein, 1964; Davis, 1964), was utilized in
this research. An extraction method was
selected which utilized unbuffered solvents
and followed a sequential scheme in order
to minimize interactions among protein com-
ponents of the various classes. Muscle sam-
ples were extracted successively with water,
IM potassium chloride, and 8M urea. Pro-

tein concentrations of the various extracts
were determined by the Folin phenol method
(Lowry et al,, 1951), and total protein was
based on micro-Kjeklahl nitrogen.

EXPERIMENTAL METHODS

Peterson X Arbor. Acres day-old chicks were
obtained and raised in wire cages to 7-10 weeks
old. Commercial starter and grower rations and
water were made available ad libitum. The birds
were slau%htered by severm% the neck veins, and,
following Dleeding, were scalted for 1 min at 50°C.
The feathers were removed by hand, and the birds
were eviscerated, A muscle ‘sample was removed
from the posterior end of one of the pectoralis
major muscles 30 min post-mortem. The carcasses
were then a?ed In jce water for 24 hr, and, follow-
ing removal of the second muscle sample, the
breasts, with bone structure intact, were cooked in
boiling water for y, hr. The chilled breasts were
placed in rapidly boiling water, and the j/J-hr timed
cooking period ‘was hegun when the water recom-
menced to boil. Tenderness evaluations were made
on the pectoralis major by three members of the
|ahoratory on a 10-point Scale, with 7 and above
elnﬁ considered acceptable. . .

The extraction procedure_is outlined in Fig. 1
The muscle sample was weighed and minced With
scissors intg a VirTis homogenizing flask. Four
volumes of iced deionized water weré added to the
flask, and the mixture was homogenized at high
speed for 1 min and at low sPeed for 5 min.
Proce_d_ure_s were carried out at approximately 2°C
0 minimize protein denaturation. The homogenate
was then centrifuged for 20 min at, approximately
35,000 X G in arefrigerated centrifuge. The su-
pernatant, consisting Of water-soluble™ substances,
was decanted and rétained for further study, while
the precipitate. was returned to the homogenizing
flask for washing to remove as completelyas pos-
sible any water-soluble material - remaining. . This
procedure consisted of homogenlzm? the precipitate
with an additional four volimes of iced" deionized
water, followed by centrifugation. The supernatant
wash was discarded, and “the washed precipitate
was returned to the homogenlzm? flask, homog-
enized with four volumes of 13/ potassium chloride
and centrlfuged. The superatant, consisting of
the salt-soluble proteins, was retained for fufther
e>§per|ment_s. The precipitate was then washed with
13/ potassium chloride to remove the residual salt-
soluble material and was returned to the homog-
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MUSCLE  SAMPLE

I
WATER  HOMOGENIZED
CENTRIFUGED
-SUPERNATANT- - DIALIYZED
PRECIPITATE

SARCOPLASMIC
PROTEINS

DIALYZABLE

WASHED MATERIAL

CENTRIFUGED
-SUPERNATANT-

PRECIPITATE

1.0 M KCL HOMOGENIZED
CENTRIFUGED

-SUPERNATANT-  -MYOFIBRILLAR

PROTEINS
PRECIPITATE

WASHED
CENTRIFUGED
-SUPERNATANT-

PRECIPITATE

8 M UREA HOMOGENIZED
CENTRIFUGED

- SUPERNATANT-  -UREA SOLUBLE

PROTEINS
PRECIPITATE

Fig. 1 Chicken breast muscle protein extraction
procedure.

etiizing flask and homogenized with four volumes
of 84/ urea. Following™ centrifugation, the super-
natant was decanted and refained as the urea-
soluble fraction, and the precipitate (consisting of
substances not soluble in urea) was discarded, This
extraction procedure permits rapid separation of
the major solub|l_|t}/ classes of muscle proteins with
a minimum of interaction between classes, Por-
tions of the water-soluble fractions were dialyzed
for three days against deionized water in the cold,
with the water replaced at the end of each day,

Protein determinations were made on the variqus
fractions, both before and after dialysis, utilizing
the Folin phenol reagent. Protein values for the
water-soluble dialyzable material were calculated
as the undialvzed” value minus the nondialyzable
value.  The optical-density “measurements ~ were
made in a Beckman spectrophotometer, model DU
at 750 mg, Total nltrogien was_determined_in all
sant}ﬁ)las of intact muscle by the micro-Kjeldahl
method.

Acrylamide gel disc electrophoresis was ﬁer-
formed on the “water-soluble, IM Potas_smm-c lo-
ride-soluble, and 84/ urea-soluble-fractions. The
method used was essentially that of Davis (1964
with a few minor modifications. . The Iarge-_{Jore
gel contamlnF the sample material was_ omitted,
and the samples were applied by pipette directly to
the surface of the spacer gel underneath the buffer

~—
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(Barka, 1961). The water- and urea-soluble ex-
tracts were anlled directly onto the top of the gel,
while the salt-soluble extracts were applied in a
diluent of polyethylene qucol. Gel tubes of 8 mm
ID were used Instéad of e standard tubes of S mm
ID since the larger diameter resulted in the migra-
tion of a flatter ‘protein disc, with less tendency to
trail off ann9 the sides of the tube. Used in addi-
tion to the 7p>% acrylamide standard gels were
4% and 15% acrylamide gel systems, respectively,
resulting in larger and. smaller” average ﬁore Sizes,
All extracts were subjected to e_IectroEJ Oresis on
the day prepared so as to minimize pattern varia-
tions, resulting from secondary and tertiary dena-
turation. The destammg procedure consisted of
diffusion of the unbound stain. from the gels by
successive chan?_es of 7% acetic acid rather than
an electrophoretic migration, since it was found
that some of the fast-moving, bands in the water-
soluble extracts were decolorized somewhat if the
telectlrophorenc destaining was allowed to proceed
00 long.

RESULTS AND DISCUSSION

Protein determinations on the various
chicken breast muscle extracts are summar-
ized In Table 1and Fig. 2. Table 1 shows

Table 1 Protein coptent pf chicken br I
extr%%Lg 7a%dg?%?mmceodw tﬁyttﬂe CP(ﬁ.r? mbet %Sé au\?gre-
ages of 7 birds).

Sample . pmtilsesiunelloo . %proofteui)ntal
Total protein 216" 100
Water-soluble total

30 min post-mortem 6.59 3

24 hr-post-mortem 523 24
Water-soluble protein—

nondialyzable
30 min paost-mortem 559 26
24 hr post-mortem 419 19

Water-soluble diaI}/zabIeb
30 min post-mortem 100 5
24 hr post-mortem 104 5

Salt-soluble protein

30 min post-mortem 9.25 43

24-hr post-mortem 101 47
Urea-soluble protein

30 min post-mortem 3.0U 4

24 hr post-mortem 330 16
Insoluble protein

30 min post-mortem 2.750 iV,

24 hr post-mortem 2.90° 3

* Based op Kjeldanl nitrogen.

Lo
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20) =

gm PROTEIN / 100 gm TISSUE

i

PROTEIN IN CHICKEN BREAST

AN

(KJELDAHL

30 MIN 24 HR 30 MIN

NITROGENI
DIALYZED
TOTAL WATER SOLUBLE

PROTEIN PROTEIN

24 HR

WATER SOLUBLE

OIALYZABLES

30 MIN 24 HR 30 MIN 24 HR

SALT SOLUBLE UREA SOLUBLE

PROTEIN PROTEIN

Fig. 2 Variation of Folin values among birds. Data for urea-soluble protein missing for bird 1

the average values determined hy the Folin
method_ fQr the seven hirds. Frg 2 shows
the variation In values among all the birds,
each composite column representrnﬁ the data
from birds 1throu?h 7. left to n? t It can
be seen that extractable water-sofubie mate-
rial decreases with. post-mortem aqrnq up-
der the same conditjons the exfractable salt-
soluble and urea-soluble material 15 seen to
remain more neal constant. Thedcrease
In the wat]ers le matena % e te
result of the decrease in pH befween tne
30-min and 24-hr extracts, srnce the extrac-
tions are carried out in an unbuffered sys-
tem. The relatively small change in the salt-
soluple protein concentration may. be due to
the Iack of water- solubles (rncIu in ATPR
since th eg/ are extracte first. Theréfore, t
30 min Salt-sp uble extract may  contajn a
ar19e propartion of actomyosin, since jttle
remains to prodyce” the ‘dissociation.
This may allow much of the actin, combined
with myosin as actomﬁ/osrn t0 he extracted
at this “time. At 24-hr post-mortem, acto-

myosrn also would predominate. The aver-

?e values. obtarned for the protein content

the varioy ?] 24-hr extracts %re in good
agreement with values reported by Khan for
a_ buffered system, allowing fof variation
amon birds, The protein, values of the dia-
by water -solu Ie fractions as determined

te Folin method most likely represent
geptrdes The decrease In the extracta-
brIrt f the water-soluble proteins with post-
mortem agrnr{; reported here for chicken may
correspond . 1o the decr ases reported for
pork (Wasrlewskr 1961 beef unmakr
and Death el 1964: Goll ct al,, “1964),
and rapbit (Sharp, 1963).

Evaluations of the cooked pectoralrs major
muscles by three members of the aborat%r?/
showed that all seven samples were wrt n
the rirn e of acceptable tenderness with no
sam ein exc tionally tender or fough,

lami e% ISC eIec rophoresis showed
that c aracteristic band configurations_were
obtained for each type of extract. There
Were no major variations observed either
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among samples obtained from various chick-
ens of for samples obtained from the same
chicken at the same time post-mortem. The
electro h Betrc )g atterns obtarned with the
water- racts utilizing gels contar
in 712% acrylamide standar ges con-
sisted of four eavy ands, A th rou% and
a drtronﬁ light bands (see Figs. 3A, ? %
These bands _showed “some  slight
chan%es In “relative _intensities with post-
mortem extraction times, but no consistent
pattern chanoe develogd The material
whrch accumu ated at th PH front (band F,
A, 3B), representing those compo-
nents m tgratrng with maxinium mobilit
reason of moleCular size and charge, was of-
served 10 increase n relative intensity in the
extracts prepared 24 hr post- mortem as com-
pared to the extracts prepared 30 min gost
mortem. In a group of 29 hirds processed

24 HR WATER SOLUBLE
30 MIN WATER SOLUBLE
24 HR WATER SOLUBLE

E. 30 MIN SALT SOLUBLE

F. 24 HR SALT SOLUBLE

5 30 MIN UREA SOLUBLE

H. 24 HR UREA SOLUBLE

am de eI ISC eIectr horetr

AR A
an An acryamrege
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and extracted under similar conditions over
several months, an rncrease In this material
was observed In 27 cases, the remamm two
a earrnq to show no chan%e In order to
arate the components of this band, since
as the front, It was expected to consist of
more than one com onent, electro horesrs
was performed in gel contamrng 15% acryl
amide, resulting in_q smaller average p e
size and thus providing more resistance to
the mrgratrno molecules. The gatterns 0b-
tained With this_technique were similar to
those obtained with the standard Igels except
that the relative m?brlrtre of all’ the bands
were proportjonately reduced Frgs 3C,
3D). A number of faint bands located be-
tweén the fastest heavy band (band D, Figs.
3A B, C, D) and the new front band
Frgs 3C, 3 {were demonstrate
Créasing the total quantrt of rotem a pIr
to the The ‘slow-moving bands' were
obscure b ' this technique. These faint bands
represented those components which had not
been resolved by the ‘use of standard gels,
and which had accumulated at the front, A
certain amount of material still remamed
unresolved at the new front, even with the
15% %ch/ amide o It was observed thaJ
anum of faint, Yast-moving bands, resolve
n/t e 15% acry |amide gel system increased
r reIatrve mtensrt wrt rﬁ)os mortema mg

S.. 3 1,2 and
seen t% mcrease wrt agrn(o heing below the
level ofvrsrbr Ity In the”30-min ost mortem
extract. In these frgures It may be seen that
the material mrqra Ing at the” front IS aIso
Increasing . In relative” infensit g with
mortem aging, Indicating thata ditional com
gonents Increasing In re lative Intensity with
grn? arg resent ut unresolved in the 15%
acrylamide system. Bands 1 2, and 3 and
the” front F(Fig. 3D), which’ increase |n
relative intensity with post-mortem aging of
the muscle, may represent peptide fragments
of Iarger molecules, either sarcoplasmic or
myafibrillar, which’_have undergone enzy-
matrc hydrolysis durm? the post-mortem ag-
Erocess as postulated by Whitaker
The non-dialyzable nature_of these
comPonents indicates that their various mo-
lecular weights range above 5,000, allowing
the possibility that they may be H-meromyo-
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sin. contractile polypeptides (Davies, 1963)
which have been réleased from the actomyo-
sin by post-mortem, hydrol¥5|s. A similar
Incredse in fast-moving electrophoretic com-
Bonents, as deermined b%/ the movmg-
oundary_method, has peen r gorted (Zender
et al.. 1958) for myofibrillar extracts of rab-
bit and lamb aged aseptically at elevated
temperatures. _
It was observed that the electrophoretic
Pattern_s obtained with the salt-soluble ex-
racts in.a 7/% _acrylamide system showed
low relative mobilities, and that much of the
material did not move heyond the immediate
w?mlty of the origin. The use of a 4% ac-
rylamide system with the corresponding n-
Crease In average pore size allowed the Vari-
ous components to mlegrate further Into the
ﬂ]el. No consistent pattérn changes with post-
ortem extraction” times were “observed un-
der the conditions of these experiments,
lepl%al 30-min, and. 24-hr extract patterns
are_shown in Figs. 3 and 3F, _
Th?/_le% acr Igmlde el system provided
a well-distributed bana pattern for esega—
ration of the protein present in the urea-
soluble extracts. It was obseerd_that with
the re(I;u ar butter and gel formulations, how-
ever, the bands were not migrating as flat
discs but were movmg faster n_thé centers
than at the edges, Tesulting in wregular
miniscus-like. shapes. Since 1t was possible
that the various protein components were
becoming less soluble as they move?] from
merurea% dextra%t rmtgl the greels, PeOth etde prtlh
. S S W Wi
sow urea supﬁ ﬁmtgthe o? Mmers Pn the tupes
were SM wit resrﬁ)gct urea._This resulted
In sharp, flat bands (Figs. 3G, 3Hgn. No
significant pattern chanlges between the 30-
min and 24-hr samples Rave been noted thus
far. Further studies are now. In progress on
the, salt- and urea-soluble fractions under
\C/SH i(%ioﬁgrylamlde gel disc electrophoretic
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Changes in Color and other Characteristics of Green Beans
Stored in Controlled Refrigerated Atmospheres

SUMMARY

The value of controlled atmosphere for hold-
ing of green beans prior to marketing or pro-
cessing was studied. Respiration rates and color
changes were studied in bottles under atmos-
pheres ranging from 0 to 10% Q0> and 2 to
20% 02 The bottles were flushed periodically.
Other studies involved storing green beans at
45°F uh) to 15 days in a 10% CO.and 3% O
atmosphere continuously produced by a gen-
erator and in air. The tests used to evaluate
product included visual color and chlorophyll
determinations; organoleptic evaluation; plate
counts; pH measurements and nitrogen an-
alyses.

Oxygen concentration had to be reduced to
2% to decrease respiration to 60% of that in
air, while carbon dioxide had little or no effect
on respiration. The greatest advantage of con-
trolled-atinosphere storage for beans lies in
improving the color of stored product by re-
tarding chlorophyll breakdown.

Flavor and texture scores and microbiological
studies showed no differences between con-
trolled-atinosphere and air storage.

INTRODUCTION

It has been kno]wn for a Jon trme that
controlled atmospheres consisting of rela-
|ver high carbon dioxide concentratrons and
oW “oxygen levels retard undesrrable 0st-
harvest han?s In e(nopes and certain other
fruits In reffigerated storage In the past
fort dyears many experi ents have Deen
carried out on control ed-atmosp here CAQ
storage of aﬁges pears, an ot er fruit
This “work has resulted in ?uccessful CA
ls_lt%rageepractrcesa ore rseverrall terOlurta BOdnltCtgf
Wey very [imi U
work has beeny conducted |n the area of CA
stora%;e of green beans. Irght of the in-
creasing Importance of commercial CA stor-
a e and the development of generators used
the production of artificial atmaqsph eres
an Investigation was undertaken of quality
changes |n reen beans stored In CA.
POst-harves Fstoraqe resylts in % general
reduction in the, quality reflectea 08
of water (transpiration}, broloorcal oxidation
(respiration ), various ¢hemical changes, and
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physiological breakdown. Microorganisms
are also” jmportant In that, they calse the
deterioration of plant matenal In storage.

A storage temperatyre of approxrmately
45°F in air was found to be optimum fo
reen beans (Lewis, 1958; Plateniys ct a
954), while the optimum relative humidit
was 85-90%, Guycr and Kramer (950¥
found a significant’lgss In the ?reen color of
reen beans stored 10 days |narat 50-70°F,
he loss In color was no srgnr ficant af 54°F.
Kramer ct al. (1949) showed a loss of
chlorophyll in asparaqus at an air storage
temperature above 50°F after four days.
Lieberman and_ Hardenburg é 95 4% work-
ing with broceoli at 75°F, fotind that hf res-
ence of some_oxygen could cause yello %
and that COD retarded yellowing. Lyon
and RappaPort (1962) found no chan%e in
the color of Brussels ;sp outs over a_1b-d %/

storara;e In air at 52° F.
Increase In carbon droxr e at 21% ox gen
delaged the loss of chIoro hyll. ‘A lowéring

the 0 gg n content below’ 10%, ip the ab
sence of carbon dioxide, was also effective
retention of the green color.. The compina-
tion of Increased Carbon droxrde and reduced
oxerren concentration was slightly more bene-
ficlal In maintaining quality th n the same
concentratrons applied Independent! X

ame% (1955)  stated tat vell wrng 1S
cause ga break own of chlorophyll. “ He
%este that breakdown of tile " protein
WRICh IS attached to the chIorophyII molecule
within the chloroplasts removes th e natural
protectron It arfords the chlorop }/
chIoroph |s then Iabrle Mrchae gl 552
and Wo ﬁ ? showed a Simjldr
Proternc Ioro |l "relationship In regard to
he yellowing of excrsed 9rass and |eaves,

es |rat|on as measured by carbon diox-
ide output, does not |ve a clear mdrcatron
8 10 w at scpecr IC cemrca and qua |tx
changes are 0 currrng within the trssue
BrusSels sprouts, Lyons and Rappaport
(19592 found that e total carbon dioxide
respiréd was an indication of quality. How
ever, no general rule exists as to the reIatron

~—CD
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ship between respiration and quality; and
EflCh product should be considered individu-

ally.

%ew Investigators have studied respiration
as a function of carbon dioxide tension be-
cause of the difficulties involved in measuring
small changes in relatively hlgh_concentra-
tions of carbon dipxide. "Platénius ‘1943)
studied the effect of o>éy%en on resplra jon of
various vegetanles and Tound thar reducmq
the oxygen to 4.4% at 20°C had little effec
on snap beans. No mﬂn of anaerobic respira-
tion aﬁe\?ared fven when the oxa/gen coneen-
tration was as low as 0.8%. In théair Storage
of green beans, Parker and Stuart (193
showed that over a four day storage perio
only a very slight change in riitrogen” distribu-
tion occufred.” Platenius (1943} found that
Protem bn?akdown in aspara%u Wwas less as
he level of gxygen in the storage atmosphere
was lowered.

Thornton (1933) _determined the pH of
the_saps of various living tissues exposed to
various concentrations of carbon “djoxide.
Contrary to expectation, when carbon dloxide
was incfeased In the Rresence_ of normal oxg/-
gen concentrations, the alkalinity of the s np
increased. Fife and Frampton {1935) con-
clyded that the effect of carbon dioxide in
raising the pH was due to a release of am-
monia from organic nitrogen compounds.

This pai)er covers the effects of air and
CA as well as other factors on the storage
chlaract%nstlcs of whole green beans. Vliual
color, chlorophyll determinations, organolep-
tic evaluations and plate counts were"used In
this study to determine the effect of con-
trolled amosPhere on éhe quality of green
beans. Respiration studies, nitrogen meas-
urements, and pH determinations were ¢ar-
ried out In an attempt to gain some Insight
on the mechanisms of the actual changes
which were occurring.

MATERIALS AND METHODS

The majority of green beans used in this project
were Harvester variety grown in the Pompano
area of_Florida and shipped to Urbana by air ex-
press. They always arrived within 36 hr”of being
picked. Lot 4, Harvester beans, and_lot 5 Tender-
green beans, were grown on the University of Illi-
fois farm, The Deans were sorted immediately
after receipt, and all beans larger than No. 5 and
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smaller than No. 3 were removed. Also, any dis-
colored and infected, beans were discarded. “After
this operation the initial sample was taken and the
beans were placed in the various storage conditions.

In the studies designed to determine the effect of
various carbon dioxide and oxygen levels, 250 8
of beans were placed on a suspended Ferforate
stainless-steel disk in brown 4-L glass bottles fitted
with rubber stoppers. When 0% carbon dioxide
was desired, KOH solution was held below the
stainless disk. S _

The gas mixtures were obtained with commercial
cylinders of high-purity nitrogen, carbon digxide,
and oxygen. E&ch tank was connected In series to
two préssure-reducing valves and a flow manometer.
Flow rates could be held relatlveh{ constant over
a long period, and it was possible o duplicate the
as mixture to 0.1% as measured on the Orsat
%Haldane Cabinet Model VC, Burrell Corp,, Pitts-
burgh, Penn.) apparatus.

Gas samples were taken from the product sample
hottles using 50-ml-displacement sample tubes. A
lines were “thoroughly” flushed before the sample
was faken. The Orsat apparatus was used to Ce-
termine oxygen and carbon dioxide contents. The
confining liguid in the samﬁlmg tubes and the Orsat
apparatus was mercury, The product s_amﬁle bottles
were flushed every 12-18 hr to maintain the desired
gas concentration. A maximum of 1.5% increase
|rg) tcarbgn dioxide and decrease in oxygen was thus
obtained.

For comparison of air and CA storaqe, the
whole green beans were weighed into small wire
baskets. The haskets, contairing about 6 o each,
were then placed in air and CA chambers_at
45+1°F with the relative humidity at 90-95%. The
10% CCW3% Os_(10-3[) atmosphere in the CA
chamber was continuously maintained by a small
commercial-type  CA genierator (Tectrol” Division,
Whirlpool Corp., Benfon Harbor, Michigan).

The beans to be processed as frozen product were
snipped and cross-cut into one-inch lengths. This
was followed by a wash in cold water,. steam-
blanching_for 2 min at 212°F, and cooling immedi-
ately to 70°F in cold water. The beans Were then
drained, packaged, frozen, and stored at —40°F.
Unblanched beans needed for various chemical
analyses were snipped, packaged in aluminum-foil
containers, frozen, and stored at —40°F.

Prior to extraction for chlorophyll analysis, both
blanched and unblanched beans were fréeze-dried
to a moisture content of about 4%. Four 80%-ace-
tone extractions were made starting with an accu-
rately weighed 5-g sample of dried bean powder.
After each addition of acetone the mixture was
centrifuged for 5 min at 30,000 rpm, and the liquid
was decanted and filtered through' fritted glass. The
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final volume of the extract was adjusted to 250 ml.
A 1:1 80% acetone dilution_ of ‘the extract was
read at 663 and 645 m? on a Beckman DU spectro-
photometer. _ The chforgphyll ~ valugs were then
calculated with the equation”of Mackinney 31941)
The method of Sweeney and Martin (1561) was
used to caIcuIate the amount of pheophy in present.
Three hours after add mg the oxalic acid the sam-
pIes were read at 6425, 558, 560, and 535 mg. The
results of this method were checked with those of
Tan and Francis (1962). and agreement between
the methods was good
Total and soluble nitrogen were_ determined by
Nesslerization (Umbreit ct al., 1957), The beans
were blended with 200 ml of water for 3 min_ in
a Waring blender. One aliquot of the resultrnti
suspension was diluted and used to determine tota
nitrogen. Another aliquot was added to an equal
portion of 20% trichloroacetic acid (TCA) and
laced in an ice bath for 15 min. The TCA
lon was then centrifuged, and the TCA. soluble
o non-protein nitrogen content of the supernatant
Was determrned
H of the beans was determined with a
Beckman (]1Iass electrode pH meter, model H-2
éNatrona echnical Laboratories, South Pasadena
alifornia). About 100 g_of beans were %round
twice in a ‘food chopper. ~Juice was obtarne with
a hand press and used to determine B
A panel (10 members from the Department of
Food Science) organoleptically evaluated blanched
and frozen samplés. The samples were defrosted
and examined for color. They were then cooked
i boiling 2% salt water for exactly 10 min, and
graded for flavor, texture, and. color. ” Samples were
scored on a basis of 1109, with 9 excellent, 5 just
acceptable, and 1comp|ete|y unacceptable.
Plate counts for bacteria and molds were made
by standard methods for analysis recommended by
the Am. Public Health Assoc. (1948).

RESULTS AND DISCUSSION

Cold damage. Previous investigations
(Lewis, 1958) “on green heans stored” in air

GREEN BEAN CHANGES UNDER REFRIGERATION

showed that this product is subject to low-
temperature damage. When (green beans
Wwere stored at tem eratures below 45°F and
then transferred to room femperature
(70°F), russeting generally developed on the
beans wrthm one day. The effect o tempera
ture on t e qual |t¥ of beans stored |n 10%
CCL and 3% CL drn air was studied. . No
russetmg developed in beans stored In either
air_or controlled_atmospnere_ at 45°F and
subsequent| transferred to [0°F for one da
However, eow 45°F t[)eans devel o%
russetm% ter removal from oth arrand A
storad 0 room tem#]erature Thus, smce
CAS ora?e did not eli mate coId damage a
further studies were made at 4

Studies in bottles. Resprratron The
respiration rate is g good measure of the
metabolic activity of the"product. Since meta-
bolrc rate durrn storage generally parallels
loss of ua |(t)y was Of interest o measure
the res ratr n.of green beans; stored In hot-
tles un er Various concentratrons of carbon
dioxide and oxy%en The, rate was expressed
as out ut of carbon droxrde er unrt of time
geru It Product wel gives the
verage ates In t vanous atmospheres
for an §-day stor de of two lots. To allow
for acclimation of the product to the atmo-
sphere, all data through the first dap Were
excluded. 1t 1s obvious from Table 1 that lot
7 respired at a higher rate than lot 6. How-
ever )0d agqreement between_lots Is shown
vte %ure In parentheses. These are rela-
tive rates based on the rate in 20% oxygen
and 0% carbon droxrde taken as 100,

Tah) e 1cear 3/ demonstrates that reduc-
tion of the oxyg n concentration from 20 to
10% did not réduce respiration rate appre-
ciably. At 5% oxygen the rate was reduced

T b Lo o, o, s oo D A B
Wum%ers in paren?heses are yre five rates based on a|ra as 1%9) gn-gay per
Oxygen (%)
Carbon 2
dl(]%j . Respira(t)ion rate, mg COalh?/kiIo
Lot 6 0 40.2(100) 39.9(98 33.2(83 25.6(64
5 a7 86% 33.9(84 30.4(76 23.3(58
10 40.6(101) 39.6(99 30.5(76 25.2(63
Lot 7 0 55.0(100) 46.3 84} 34.5(63
5 48.1 873 38.4(70 33.6(61
10 52.8(% 44.6(81") 32.7(58
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to about 80%, and at 2% oxygen to about
60% that at the 20-0 gas comﬁ ition. These
results are rn agreement with those of Pla-

teniys

h ]f?ect of carbon dioxide. on resprra
tion Ta e 1) was more complicated. ‘T
resprratron rates at 5% COz were %enerall)/
lower than those for 0and 10% C
and 100/ Oo he reason why the 5% C
depressed te ?te of respiration more than
tne 10% leve COo IS ot obvious, ASR
cial study would be needed to explore this
further. "At low Q2 Jevels, 5% and 2%, this
trend of the depressrng effect of 5% CO2 I
not consistent.. Probably. the lower oxyrgen
level 1S more important”in suppressing”res-
Prratron rate than a higher carbon dioxide
evel. Therefore, It 1S concluded that, within
the ran%e studied, carbon dioxide "exerted
Irttle ef ect on the respiration rate of the

Color %ne of the most rm ortant chanPes
affecting the quality o ree beans durng
storage 1s that of co or. Two methods or th
meastrement of 3 or. were used : chl orog d/
determination an visual evaluation. Stor-
age time was 1 %

Data from the c Iorophyll determrnatrons
are shown In_Fig. ne sample stored in
ar retaran 68% of the ongrnal or 0-da
chloropnyll content. The sample stored at
20% oxygen and 0% cfar on dioxide, a com-
posrtron ose 10 that of air, showed a similar

.700 -

-3
Q
<]
T

CHLOROPHYLL CONTENT © O

.500 3 %02

555 2
1010 %0,

0 DAY AR 20 20 20
0 10
ATMOSPHERE COMPOSITION

Fig, L Total chlorophyll content for green beans
storetd Under various grh h)eres J

2
o]
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retentron All other samples showed much
rgherc oroprhy contents, with retentrons
e re duction of 0Xygen to
d 2% rmProve retention at 0% carbon
droxrde Both the 5and 10% carbon dioxjde
%ves were more effective In reservrn?
lorophyll than the 0% carbon dioxige leve
It was conclyded that the presence of carbon
dioxide In the storage atmospher T IS te
Important factor in preventing chlorophyl
degradation.

uplrcirte sets of blanched bean samples
were ‘evaluated visually for color. Each set
of sam les was presented to efach panel mem-
ber in hree hooths. For the Tirst set of sam-
gles each boath rePresented a srngle level
fcarbon droxr ewt 0Xygen conc ntratron
astevana e, and ortesecon set each
hooth edthe samples stored under th £ same
oxygen level hut wrt drtferent carbon diox-
Ide’ Concentrations.

Before con%denn the visual color dafa

% ould be noted that the onlg
valill comparisons are amon samﬁles rate
In the sam booth For example, when scores
for individual samples in Booth 1 of Fig, 2
are com ared it will be noted that the 2%
02 and 0% Cho samge rated nearIy 9. com-
ared to about 5.5 for the air and 20% Q2
nd 0% CO2 samp Ies It rs b%heved that the
Igh value grven ne samg
an Od CO2was due to the fact that the other
? les in this hooth were substantiall
erior ycomﬁanson With samples In ooth
6, 2% and the 0% CO2 sample
rated about 75, which 1s Iefs than that' of
the other samgles neld under low oxygen ana
Hor 10% CO whrch IS aboutlSo anolep-
tic units, less thﬁn the_value grven this sa e
sample In Booh L Frg 2 also_shows th a(s
alr and atmospheres o tarnrnd 20% O02an
?% CO2are generall Inferior oother modi-
led atmospheéres.. The effect o ox gen and
Cﬁrbon dioxide in the atmo? IS not
si)wn as clearly by visual co rdata
chlorophyll values.” However, tne favorable
effect of carbon dioxide at 5 or 10%. concen-
tration IS evident when In combination with
5% or less oxygen content.

CA storage of gireen beans. Results on
respiration and color reported above were
obtained by storage of beans in bottles with
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| SAMPLES CDfATED BY CARB56\IﬁXIDE LEVEL
7 A0

_ BOOTH I

BOOTH 2

Il

20 5 2
“% OXYGEN

300TH 3

11 SAMPLE SEGREGATED BY OXYGEN LEVEL
20% 02 5% 02 2% 02

BOOTH 4 BOOTH 5 BOOTH 6

I

0O 5 10 o 5 10

3AtFiO5IO

% CARBON DIOXIDE

anole tic coIor scpres for gre
W arvesltggevarre Ay pies Ok ) 08

intermittent flushing to restore the desired
atmosphere. It was desired to expand this
wor to include continuous control of the
atmosphere with a CA gas generator The
gas composition could be requlated over a
Substantial range. An atmosphere o: 10%
carbon groxrde and 3% oxy? n was chosen
on the basis of the results’ feported above.

ans
ays

GREEN BEAN CHANGES UNDER REFRIGERATION

Control samples were stored in air at the
same temperature.

Color. Four lots of heans were evaluaﬁed
or coIor All sampl shad heen blanche
frozen after st rage for periods to 15
das The samo es Were examrned after
thawing, and again after cookrnﬁ In prepara-
tion for servrng In most of thie individual
samples there Wwas consrderabe variation rn
the qreen color. In the 15-d ag air-stored
samp es, which generally appearéd quite yel-
owrsh about 50? of the"beans still possessed
grood green colo
able 2 rndrcates a marked loss in green
In air-stored beans over a 15 dav period: at
least a slight change Was awa S notrcea
after 5 days. The ‘CA-stored beans showed
a definite Toss ?f color in lot 2, a slrght loss
In lot 4, and no loss in lots 3and 5. However,
In every lot, CA storage was superior to ar
%tora 6, ustir<aldybby a erde mazrsrn The data
r the cooked heans (Table 2) were gener
? srmr?ar to those fgr the blanched %eans
%rnce nched beans were not presented to
the ane in the same evaluation hooth with
the cooked heans, the data for each are not
directly comparable.

Chlorophyll. Four lots of beans we re ana-
lyzed for total chlorophyll and the data for
atyprca lot are presented in Fr 3 These
dafg Indicate a much greatey | oss of chloro-
phyll 1n gir-stored samples than_in CA sam-

plés confrrmrngt e visyal data The amounts
o choro y ra atron In the Asam[o
vayied witfi the different lots of beans. It IS
believed that growing conditions and ma

Visuall( color scores for green beans stored in air and controlled atmosphere for

perio%ksﬂ?o ?l'vvo weeks.

Stﬂﬁ%ge H arveLsOtIerz, Fla. H arvlegtters, Fla.
(days) Air CA Air CA
Blanched beans
0 84 1.3 13
5 86 11 80
10 6.9 70 51 88
i) 49 6.4 39 79
Cooked beans
0 16 76 59 59
5 6.5 8.2 54 8.2
0 52 76 54 T
IS 47 6.1 32 79

Lotd _
Harvester, Til.
Air CA

Lot5
Tendergreen, 111
Air CA

81 81 87 87
8.0 86 14 85
6.4 85 5.2 8.7
57 15 51 82
84 84 86 86
13 84 14 86
6.4 85 ol 83
58 80 53 83
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turity account for this_difference. In some
of the air samgles an off-green color, possrblg
cause% h/ }o ophytin formation, was note
after blanching
ChIorophyII degradatron The method of
weene?{ Martin 81961) was ysed to
determr e the_conversion of" chloropnyll to
eophytin.  The results In Table 3, ex-
pressed as percent chlorophyll converted to
heophytrn indicated that a small percent of
BI hytin was formed n the fresh beans.
owev r, this ma be Ioresent as an artifact.
The amount of pheophytin present appears
to depend on the lot of beans, on the st rae
time, and the atmosphere. - Conversion o
chloro hyI to pheophytin was greater In the
sam I Forgd 10 ‘arid 15 days in air and
ten lanche
AIthouoh no conclusive data were obtained
Irnkrng nitrogen metapolism with chlorophyll
?ra atjon, "It was shown that there was a
definite Increase; n the non-protein nitrogen
content In the air-stored beans while a miich
smaller mcrease occurred In the CA-stored
beané reen plant material, when
blended. wrth0 i SUCTgs squtron forms a
suspension of nucl ran c oro asts which
IS less stabe a ¢ oro ast ra own In-
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to see if the rate of respiration was related
to_chlorophyll breakdown. The respiration
rate ?f the Sample in_CA storage was about
35% lower than that in the air samples. 1t IS
also shown that the chlorophyll retention was
much greater In the CA samples Frp

owerrn the 0 ry?en concentration” also
re uced ot te ates of respiration and
ch oroH eOgra atron T e resprratron
[ate a was near 2/
|dentical to that at 20/0 02and
however, the color data. indicated a greater
chlorophyll degradation in the Tatter sample

Flavor and, off-flavor. Flavor and 0
flavor scores indicated that the CA samples
were generally superior to the air samples.
However, these scores seemed to follow the
vrsoa [ "color scores which were obtained si-
multaneously. A separate test for flavor and
off-flavor was then conducted under a verg
dim fjght. These results (fTabIe 4) showe
that thie panel did not prefer CA-"over air-
stored samples in regard to flavor and off-
flavor, Texture SCOreS are not presented, be-

e(ause they al so showed no differences between

A and air storage.
changes. PH determinations of lots L

2 ahld 6, tabulated in Table 5, showed that

creases (Rab mowrtc }, Such, suspen- the H of the CA samples increased Py ahout
sions, from the 10- %av air-stored nrt In two weeks while that of ‘the air
sgmples Were Ve unstable thus, Indicatin les remained fairly constant. These re-
chlorophyll degr dation, while those fro sut are In agreement with those_reported
all the” CA-stored samples were qurte stable. X rmton (1933 ) and Fife and Frampton
It was also of interest to examine the data 53
varrBErlr% ?rrﬁes Pars]er(r)t%g Ulr%df% [ﬂ%opor tereg anchtPrrrged under air and CA atmospheres for
S%or%aege Pheophytin formation (n()
(days) Atmosphere fresh beans blanched beans

Lot4 0 6 13

Harvester, 5 CA 3 16

. Air 1 16

10 CA 5 16

Air 10 26

Lot6 0 2 2

Harvester, 5 CA , 10

Fla Air | 13

10 CA i 10

Air 3 18

5 CA 1 10

Air 3 2



494

Table 4.

AT

color prejuaice.

S e
(days)

Flavor scores
0 14

5
10
B

Off-flavor scores
0 13

5
10
5

chlorop

(Wood ¢t al., 1943).
percent change

.950

.900

.850

.800

.750
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GREEN BEAN CHANGES UNDER REFRIGERATION

trichloroacetic acid gTCA) from that of the
Initial or zero-day sample ‘with storage time
and atmosphere. " Each point represents the
average of three samples, analyzed in d%pll-
cate. “The standara deviation” was +1,7%,
Thus, even though the variation is_ fairly
I_arqe, the data showed more %oluble nitrogen
In The air samples than In the CA samples
after 10 and 15 days of sto_ra?e. The CA data
also_indicated thé. possibility of a decrease
In TCA-soluble nitrogen between 5 and 10
days of storage., L
ther . chémical and mlcroblolocql%al
changes in CA- and air-stored beans. Carbo-
hydrate analyses were performed for re-
ducm? suqar, sucrose, dextrins, and acid-
hydrolyzable fraction. . The resylts showed
tiie vafiation within a %lven sample to exceed
the difference betweén the air and CA
treatments, _ o
The titratable acid and total acid anion
content Increased auring storage In air and

| | | I | |

s

STORAGE TIME, DAYS

Fig. 3. Effect of storage for 14 days in air and in CA on chlorophyll content of green beans (Har-

vester variety, Florida).
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, aTrabIeS &hanges in the pH units of Harvester variety green beans stored for various times
Stt%aege Lot 1 Lot 2 Lot6
(days) Air CA Air CA Air CA
0 61 6.1 6.0 6.0 6.2 6.2
3 6.2 6.2 6.2 6.4
5 6.2 65
i 6.2 64 6.4 64
10 6.3 6.6 6.2 6.3 6.2 6.6
14 6.2 6.7 6.2 6.7
5 6.2 6.7
decreased sllghtlg in CA. A%eneral increase  some mold growth was nottceableunder both
of acid conte t rather than a Specific increase

was. in |cated by the rg-
|n which the organic acias
ettermlnedb odicl s

e microbjological studies
tsn‘ferences betvgeen tb
In total plate count or
potato agar (mold) plate count over a one-
Wweek period.~ Supplementary visual data on
mold growth in lots 2 and” 3 showed that

In any sin Cig
sults )6 fa %UJ(f
were € arate

sults of
mdn:atede no real

and air treatmenté

in the air-stored sa ]§
Usefulness o

a e for bean
companies. . At 45°
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beans The primary advanta

IS pr
te green color. ‘?
both fresh-produce handlers and fréezing

storat%e conditions. . However, slightly less
growth was foynd in the CA’ samples than

mples.

A storage for green
?e of CAstor-

vention o the fading of

his, is a real advantage” for

F, visual differences werg

apparent after approximately 4-5 days. The
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15

0 a'i:rl%né'incmge in acid-soluble nitrogen content of green beans during storage for 15 days
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differences became greater with time untjl
the maximum storage perjod of approxi-
m%;elg/ two weeks was reached. The flavor
ang téxture remained nearly constant for the
entire storage period.

The optimum atmosphere for stora%e of
green beans would be low in oxygen content
3%, with 510%: in carbon” dioxide. It
seems unlikely that higher concentrations of
carbon dioxide would |mﬂrove the product
at low oxyPen levels and that carbon dioxide
Injury codfd result.
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The Effectlof Pre-Slaughter Environmental Temperature and
Post-Mortem Treatment Upon Some Characteristics of

Ovine Muscle. .

SUMMARY

A study was made of the effect of various
postmortem incubation temperatures upon some
physical and chemical characteristics of ovine
muscle obtained from animals subjected, before

slaughter, to various environmental tempera-

tures. Unfrozen and pre-rigor frozen muscles
were studied.

Pre-slaughter treatment did not significantly
affect muscle shortening or pH after 24 hr of
incubation of unfrozen or pre-rigor frozen
muscle. Incubation temperatures significantly
influenced the rate of change of pH and short-
ening as well as the final values obtained after

24 hr. These values were also affected bpr -
i

rigor freezing and subsequent thawing.

mum shortening in unfrozen muscle occurred
at incubation temperatures between 5 and 20°C.
For pre-rigor frozen muscle, shortening values
increased with increasing thawrng temperatures.
Unfrozen and pre-rigor frozen muscle incubated
at temperatures between 0 and 40°C showed
similar pH patterns after 24 hr, with minimum
values for temperatures between 5 and 20°C.

INTRODUCTION

Two major factors cited as affecting th
post-morten  biochemical and b p)gsrca?

properties of muscle, and uItrmate meat qual-

Ith/ are variable pre -S| au% hter temperatures
d post-mortem storarI; emperature Hall
et al. (1944) observed That calves adapted 0
mild envifonmental temgeratures often
showed dark muscles after being exposed to
extreme temBeratures |mmed|ae rior to
slaughter Ludwigsen ( dde et al.
1959), and Wrsmer Peder en 19 have
shown'a significant relationship betwe n h|
ante-mortem  environmental temperatur

and the occurrence of soft watery pork mus-

p]e. More recently, Forrest et al.
ave shown a srmrfar effect due to extreme
drurHaI tem era#ure fluctuation.

The rat post-mortem  biochemical

A*Ft’resent address: T. A. Field Pty. Ltd., Sydney,

Shortening and pH

changes In muscle, which n the. q can pe
alteréd by subjectrn? the live animal to ele-
vated pre-slaughter Temperatures or the car-
cass to variations In sforage temperature
can have a profound effect on t e h hemical
SBate -Smith, 1948; B endaII arsh
054 Bate- Smrth and Bendall, 195 Sayre
it ol 19634, Sayre and ane

&83633 and brophg/ﬁrcal or structural progp3 4-

fmusce dall 1951 Marsh, 1
oc er_and éryarc Cassens et al..
Cook and 'Wrigh

Most of the mtensrve work on the effect
of pre and post- slaughter temperatures ypon
post-mortem changeS in muscle have been
done on rabbits and pigs, with little done on
sheep. The experiment described In_ this
paper was designed to mvestr%ate the effects
of a ran% e of pre- and post- Iap]ghter tem-
perature reatments upon_ some chemical and
physical characteristics of ovine muscle.

EXPERIMENTAL

Pre-slaughter treatments. Twelve Dorset Horn
X Boder Leicester-Merino lambs were allocated
at random to 3 pre-slaughter treatment groups, each
of 4 lambs. Each group was held for *48 hr pnor
t(rJ+§Ia85;hter at ong 0}; (t:he following temperatures

Post- slaughter treatments The f0||0WIn?VIpOSt
slaughter measurements were made: 1) Muscle
fiber” shortening and pH of muscle mrnce of un-
frozen semitendinosus incubated atO S 10, IS, 20,
30, and 40°C for 0, 1. 2, 48, 12 and 24 fr post
mortem. 2)” Muscle fiber shortemnq and pH of
muscle mince of pre-rigor frozen biceps femoris
algte(r: incubation for 24 hr at 0, 5, 10, 15,20, 30, and

Methods. Within 10 min of slaughter, both
semitendinosus and biceps femoris muscles were
removed and_ cut into strips, parallel to the long
axis of the frbers as outlined By Locker and Hag-
% 1963). Seven strips of brceps femoris which
ad p revrouslp been attached to a thin rod at either
end In order to maintain rest length were placed in
sealed plastic bags and frozen in"a dry ice-ethanol
mixture for 40 min. The strips of frozen muscle,

[497 ]
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together with, 7 strips of unfrozen semitcndinosus
muscle, were incubated for 24 hr at 0, 5, 10, IS, 20,
30, and 40°C under an atmosphere of moist nitro-
8en_. The unfrozen samples were placed in the incu-
ation chambers within 20 min of slaugihter.

Percent muscle shortening was calculated by
measuring the rest lengths “of the muscle strips
Prlor to incubation (20 min post-mortem) and after
he various time-temperature treatments.

Muscle pH values were determined on ground
samﬂles of unfrozen and pre-rigor frozen muscle
by tne method of Locker and Hagyard (1963) with
2 Radiometer 25 expanded-scale "pH meter. The
initial pH values of unfrozen muscle were evalu-
ated within 15 min_ of slaughter, whereas the pH
values of the_pre-n%or frozen mince were deter-
mined b¥ &Iacm? a 1-g sample of frozen muscle in
10 ml of 0.0053 sodium iodoacetate _&pH 7.0) and
recording the pH of the sample after it had thawed.

Prior “to incubation and grinding, all samples
were lepe_d in.a 10.0-ppm solution” of chlortetra-
cycline to inhibit bacterial growth. _

The data were statistically analyzed with a
mixed nested design accordlnt]] to Steel and Torrie
ﬁ960). MulnBIe-range analyses were done by
the method of Duncan” (1955).

RESULTS AND DISCUSSION

Tables 1 and 3 present the mean percent
shortening values. For simplicity, data either
for post-slaughter or pre-slaughter treat-
ments_are ?Qoled. Tables 2 and 4_Pnresent
data for ultimate (24 hr) pH, similarly
pooled. Tables 5 and 7 “are analyses of
vlellrlance of the full data for shortening and
pPre-s_Iaughter treatment. The percent
sh_orte_nmg valyes and Fltlmate PH decreased
with Incréase In pre-slaughter temperagures
%Table,s Land 2), but these differences fajled
to attain statistical significance. The initial
IH Vﬁluestwerte mdtlstln ug?hagl)e f%rhall pre-
slaugnhter treatments (Table. 2), These re-
sué]tsg tflffer from thosg obtained in the pig

Table 1 Mean Percen# shortening valu?s ?1 un-
frozen “and ~pre-r OJ roze(p m¥ cle a nr
ﬁ%i-rﬁne%rtgm, grouﬂe according 10 pre-slaughter

Pre-slaughter temperature
03 21° 38°

007 28 271
6517 6160  60.00

Treatment and muscle

Unfrozen
Pre-rigor frozen

erils et v
Prea%m ent.

| pre-s

%%-.%Iau hher mcub!a]g%ng rt]etrg-i

MUSCLE CHARACTERISTICS AS AFFECTED BY PRE- AND POST-MORTEM TREATMENT

by Sayre et a. (1963ab) and Briskey
%963). It appears, that treatments such &s
those imposed In this experiment do not de-
press muscle glycogen suﬁluent!%/ to affect
ultimate pH, aS tan e achieved 1 cattle and
she%)_ b){ the pre-slaughter administration of
chemical agents %Hedrlck et al, 1959, 1961;
Forrest et ar., 1964).

Post-slaughter treatment, percent mys-
cle shortening ajter 24 hr. POSt-mortem In-
c%batlon temperature had a hlghl Si nlflfant
erfect (P <0.001) on 24 hr snortening values
of both unfrozen'and pre-rigor frozen muscle

Tables 3, 5; Fig. 1).

The percentag® shortening of frozen mus-
le increased rapidly from 0° to 5° to 10°C
P<0.05), more slowly to 15°C. SP<O'05)I’
nd thereafter did not alter significantly, al-
though” a sllg_ht increase _is “evident from
09.5% shortering, at 15°C, to a maximum
of 72.2%, at 40°C. There was a slgmflcant
Interaction  (P<0.01) Dbetween incunation
temBerature and _pre;slau%hter treatment
(Table 5). Examination OF the mean effecté
of post-mortem Incubation temperature an
pre-slaughte[ treatment showed that the
degree_ f fiber shortening increased with
deCreasing pre-slaughter témperatures (Ta-

ble 6).

75
o T
65| ,

60| /

55 II

50|

%, SHORTENING

OF MUSCLE 45

24 HOURS

POST MORTEM 40

35,
30
25

20

o] 5 0 5 20 30

o Sl S L
I post-mortem at dirferent temperatures.
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2 Pl Pl A AR st i, t suger
Pre-slaughter temperature
21 38°
T reatment I2n4itri]ar| I2n4itiarl Initie}l
and muscle Total decreasef Total decrease® Total decrease®
Unfrozen
semitendinosus 672 624 048 671 612 059 671 611 060
Pre-rigor frozen
biceps femons 00 620 087 699 608 091 68 603 08

le s %%u%nma|s P—POled within each pre-slaughter treatment.

Table 3 Mean 8 rcenh short%mnr%u%alues funfro%en z%nd l%qe rigor frozen muscle at 24 hr

post morterh group within eac ation emperature trea ent.
Incubation temperature™
and muscle 0 5 10° 15° 2° 30° 40°
Unfrozen

semitendjinosus ~~ 336*  254b  260b 261 282" 2% e
Pre-rigor frozen
biceps femoris ~ 282“  545h 672 6951 703 e 12"

ans of four anlmas oled N ec eslau hter teatmen
Al oxwers 8rﬁer 3|gn|f|can?lg? tg/% he sa e pos scrlpt (}o not differ significantly.

4 Mean ) valtﬁs of u frozetn and ;Ere rwor frozep muscle minces at 24 hr post-
morem groupe within eac

Incubation emperature treatment.
Treatment
| r | 24-hr pH incubation temperature®
Muscle pH g 5° 10° 15° 20° 30° 40°
Unfrozen

semitendinosus 672 6.18b  6.151 607" 609 6070 645  6.89"
Pre-rigor frozen
biceps femoris 697 620" 601 591 593 59%“ 618° 649

ans of four ammals oIedwthme re-slaughte eatment
other%d?m Bans gwnf i y %p gmtsfollowedc %ﬁ?h a(Tln ie er o not differ significantly. All

T%ble 5. AH%/SI of vanagce of data for percent sl¥ortenm at ?[4 hr post-mortem of strips
of unfrozen semitendinosus and pre-rigor frozen biceps remoris muscles

Mean squares

Degorees Unfrozen Pre-rigor frozen
Source of variation freedom semitendinosus biceps femoris
Pre-slaughter treatment 2 5118 23587
Animals within pre-
slaugihter treatment 9 206.08*** 194 81***
Incubation temperature 6 158,95+ 3100.20%**
Incubation temperature X
pre-slaughter treatment V) 2451 68.11**
Incubation”temperature X
animals within pre-slaughter
treatment A 16.75 24.74
Total 8
** P<0.0

% P<0.001.
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t-mortem incubation temperature upon
the pebrlcen? shoﬁetlnogf 8{ep Iea h&erfrtgggﬁm%njtscand post-morter incubation temperture Upo

Post-mortem incubation temperature (°C)

treatment (°C) 0C 5 10° 15° 2° 30° 40°
36°C 24.00 56.00 64.00 66.00 68.00 70.00 7200
2°C 3040 52.00 67.00 68.00 73.00 7240 68.40
0°C 30.00 66.00 69.40 7340 69.00 72.00 76.40

The pattern for the unfrozen muscle was after a(sa reduced rate, stabilizing from 12 hr

quite different. There was a sharp decrease —onwar

in shortemn(t; from a value of 33.0% at 0°C  The patterns for 0, 30, and 40°C were

to 25.4% al 5°C
|g R but nonmgndlcant RISE 0 28.2% at - maximym shortening had occurred.  Before-
0°C, followed i turn, by a significant rise  hand, however, they differed reatly

followed by a similar from 8 hr onward, by which fime

to a maximum of 32.6% at 40° g 005 0°C 'there was little, if an eag In the

No 5|%n|f|cant difference existed mong 8 onset of contra tlon

hortemng values for muscle incubated  reached in 1 an };

at 0, 30, and 40 shortenlng of 33 6% had een reached. At
Observatlons on unfrozen muscle are in 30 and 4

greement with those of Locker and Hag- Served before signifi

d (1963), who observed minimum,_ short- dent ortenm Was most rapl

8 hr maX|mu

°C, a sl ']9 ht delay period was ob-
cant shor enlng Was evi-
between

ening ‘of urifrozen beef muscle after incuba-  Land 4 hr Jgost ortem, and uIt|mate values

tion at 19°C whereas maximum shortening  of 32% were attained by 8 and 4 fr.

occurred at 0 and 3/ The shartening ¢ tI]Jrves illustrated for ovine

Rate of muscle shortenm% over a. 24 hr  muscle differ sligh

rom those of Locker

er|od 2 shows the rate at which un- and Hagyard (f16 for heef muscle, pos-

frozen se itendinosus muscle strips short-  Sibly beCause of speCies differences.
ened over the 24 hr post-mortem Renod WNEN  pH values at 24 hr post-mortem.
held at various temperatures. T

the curves for 5, 10, 15 and 20°C are |nd|s squlcan effect

e slopes of  mortem mcubatlon tem 0derature had a hlgh |-¥

tinguishable. There' was ve gllttle delay be-  values of both unf ozen and pre- ngor ro en

fore contraction commenced, at a rate of muscle minces (Tables 4, 7).
about 3.5% per hr for 4 hr, reducing to about

3 illustrates the mean 24 hr pH values

1.5% per hr to 8 hr, and continuing there- attaln]ed at the various incubation tempera-

abI(e T Analgsn of.vanafnce of data f?r nH valuei at 24 hr post-mortem for unfrozen
semitendindsus “and pre-rigor frozen biceps Temoris muscles.

Mean squares

Unfrozen Pre-rigor frozen
Source of variation freedom semitendmosus biceps femoris

Pre-slaughter treatment 2 0.52 0.24
Animals within Pre

slauqhter treatment 9 047%*+ Q.17
Incubation temperature a 7 1.29%** 1607
Incubation temperature X

pre-slaughter treatment 14 0.04 0.01
Incubation” temperature X

animals within pre-slaughter

treatment 63 0.03 0.03

Total %

,@pg%ainitial PH values.

Degrees
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FI%.] 2. The ratet of shoEtenlng of unfrozen semitendinosus muscle during incubation for 24 hr post-
mortem at various temperatures.

tures. The slope of the curves for the un- tissue by bacterial action (Ingram, 1965).
frozen and pre-rigor frozen muscles are SIMi-  Rate of change of muscle pH over a 24-hr
lar. The absolute pH values at each IncUba-  yerig. Fig. 4 shows the rate at which the
tion temperature for unfrozen an DIETIAON  pH of unfrozen seml%endmosus muscle mince
frozen muscle do not differ agmﬂcanolg. anged over a 24-hr post-martem period,
The excessivel hl.%h values noted at 40°C, when' held at various incubation tempera-

despite the precautions taken, ma}/tﬂave been tures. The rate of fall of pH at all temEera-

oo
—

caused by partial decomposition of the muscle tyres _d_urln? the first hr post-mortem shows
a positive femperature coefficient. Between

[ 1 and 2 hr pdst-mortem, the slopes of the

curves for 0,5, 10, and 15°C sh?wa marked
reduction in the rate of fall. After 2 hr the

68

rate_Increases to a maximum at 4 hr, con-
tinuing thereafter at a reduced rate until the
final 24 hr valugs _:ixre reached. The pattern
for 20°C was similar to those for 0, 5, 10
and 11§°C exceﬂt that no reduction in the
ra%e of fall of pH was noted between 1 and
e for 30 and 40°C
_The slopes of the curves for 30 and 4Q°(
differed 3|8n|f|cantI¥ from the others. Mini-
mum pH Values at 30 and 40°C were at-
tained 4 ang 8 hr post-mortem, after which

67,
66
65,
pH

24 HOWRS ¢ |
POST MORTEM

63|
62!

]

) the values Increased steadily at the rate_of
aN o 0,02 and 0.04 pH unit pef hr. A similar
= Wenomenon Was rePorted by Briskey and

e o ismer-Pedersen ( 961?1 in" isolated” sam-

F#I; 3. The pH values. attained by unfroan P|€S of pOfk muscle that ad_ heen SUbjGCtEd
sl Sljnengwsgigg)a 0 pre-fioor r%?”zz{b\?repﬁoﬁi 0 elevated temperatures during the onset of
mor{e at vartous emperaturesl r|gor. Although |t IS genera”y accep'[ed that
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70
69
68+
67

3

bl 10
65t |\
64|
63
62
6

60)

59

TREATMENT

TIME HRS.

morﬁlegh emper
the ultimate pH value of muscle is associated
with gl¥coPen and lactic acid reserves at the
time of sfaughter, Bendall (1963) postu-
lated that thé increase in ultimate’ pH ob-
served in muscle subjected to elevated tem-
peratures during the onset of rigor may be
due to a decrease in the pK value of histidine,
The curves in FI?. 4 show that the rate of
fall of %H, at all temperatures, during the
first 2 hr post-mortem is more rapid” than
expected.. These observations were made on
muscle minces, rather than on intact muscles.
Newbold (1965) showed that the initial rate
of Pllycol;ésm, In" muscle minces is approxi-
mately 2-3 times as rapid as in intact muscle.
Althgugh the initial rate of fall in pH differs
significantly hetween intact muscle and
mmc?,, the UQI ate values attained are not
significantly different.

4, The.rate

at various ures.
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The Effect of Pre-Slaughter Environmental Temperature and
Post-Mortem Treatment Upon Some Characteristics of

SUMMARY

Samples of unfrozen and pre-rigor frozen
ovine longissimus dorsi muscle, obtained from
animals subjected to various pre-slaughter tem-
peratures, were incubated at temperatures
ranging from 0 to 40°C for 24 hr post-mortem.

Pre-slaughter treatment had no effect upon
shear value, exudate loss during storage or
cooking loss.

Post-mortem treatments— incubation temper-
ature and pre-rigor freezing— each had a signi-
ficant effect upon all traits examined. The
shear values of unfrozen muscle decreased with
increasing incubation temperatures from 0 to
10°C, remained constant from 15 to 30°C,
and fell for 40°C. By contrast, shear values for
pre-rigor frozen muscle increased for tempera-
tures from 0 to 20°C and fell sharply between
20 and 40°C. Exudate and cooking losses in-
creased with increasing incubation temperatures
for both unfrozen and pre-rigor frozen muscle.
Pre-rigor freezing brougiht about an increase
in exudate and cooking loss.

INTRODUCTION

The rate and extent of post-mortem bio-
chemical and biophysical changes in muscle
have been cited as affecting ultimate meat
quality. The rate of fall of pH in porcine
musculature has been shown to influence its
color, texture, flavor, and water-binding ca-
pacity (Wismer-Pedersen, 1959; Briskey
and Wismer-Pedersen, 1961 ; Briskey, 1961 ;
Sayre and Briskey, 1963; Sayre ct ¥
1963a,b, 1964). Locker (1960) and Herring
et al. (1965) have postulated that beef ten-
derness is associated with the contracture
band patterns of the fibers and the extent of
shortening, while Marsh (1963) presented
evidence that variations in tenderness of beef
muscle are associated with the phase of rigor
mortis.

The experiment described in this paper
was designed to investigate the effect of vari-
ations in pre-slaughter environmental tem-

A l?slfr%q?gnt address : T. A. Field Pty. Ltd., Sydney,

Ovine Muscle. Il. Meat Quality

perature and post-mortem incubation tem-
perature upon shear value, exudate, and
cooking loss of unfrozen and pre-rigor frozen

muscle.
EXPERIMENTAL

_ Pre-slaughter treatment. The animals described
in Part | °of this investigation were used (Cook
and LanPsworth, 1966).

Post-slaughter treatments. Shear value, exudate
loss during “storage, and cookmg loss were mea-
sured on samples of unfrozen and pre-rigor frozen
longissimus dorsi which had been incubated for
24r post-mortem at_one of the following tem-
peratures : 0, 5 10, 15, 20, 30, and 40°C. "

Methods. The complete longissimus, dorsi mus-
cles were removed from each animal within 10 min
of slaughter. Eight samples, approximately 8 cm
long and 4 cmZ'in cross-section, were prepared
|mmed|at_el?{ from each muscle.

The eight samples from one muscle from each
lamb were placed in separate plastic bags, sealed,
and frozen for 90 min in a dry-ice-ethanol mixture
(Fre-ngor frozen samples). “Seven of these sam-
ples, together with 7 samples from the other
muscle Trom each lamb (unfrozen) were then
Placed In incubation chambers at” the various
emperatures for 24 hr. Incubation of the un-
frozen samples beFan 15 min after slaughter.

Prior to incubafion, all sam{)les were” dipped. in
a 10.0-ppm solution of chlortetracycline to” inhibit
bacterial growth. _ _ _

At the conclusion of the incubation period the
samples were cooked in_boiling water until_an
internal temperature of 82°C was reached. The
samples were then cooled for § hr at 10°C, and
their_ shear values were determined, in triplicate,
on i"inch cores of muscle with a Warner-
Bratzler shear, _

The remaining two samples of unincubated
muscle (unfrozen and pre-rigor frozen) were
cooked in a similar manner and” their shear values
determined. The unfrozen sample was cooked 15
min post-mortem, whereas the pre-rigor frozen
samples  was cooked upon removal “from the
freezing mixture. _

Exudate losses and cooking losses u'ere cal-
culated. from the loss of weight incurred durmq
|nCt|J_bat|on and during cooking and subsequen
cooling.
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The data were handled as described earlier (Cook
and Langsworth, 1966).

RESULTS AND DISCUSSION
Pre-slaughter treatment. pre-slaughter

treatments had no significant effects on shear
value, exudate loss, or cooking loss. The
data are therefore pooled for presentation.
Post-slaugnter treatment. Tables 1 and 4
present data for mean shear values and exu-
date and cooking losses, with data for pre-
slaughter treatment pooled. Tables 2 and 5
present analyses of variance for the total data.
Shear value. Post-mortem incubation tem-
perature and freezing pre-rigor each had a
highly significant (P<0.001) effect upon
shear values (Tables 1, 2), and there was
a significant interaction between them
(P<0.001, Table 2, Fig. 1). The shear
values for the unfrozen samples fell from a
value of 19.10 at 0°C to a minimum of 8.26
at 40°C with an intermediate plateau between

grouped Within eacn Incubation” treatment.
Treatment Initial

and muscle shear 0° 5°
Unfrozen 897 1909 149D
Pre-rigor

frozén 824" 809 983"

505

10 and 30°C. Thus at 5°C values were sig-
nificantly lower than those at 0°C (P<0.05) ;
there were no significant differences between
the values at 10, 15, 20, and 30°C, while the
40°C value was significantly lower. By con-
trast, the shear values for the pre-rigor
frozen samples rose significantly from 0°C
to a maximum at 20°C (P<0.05) and then
fell to a minimum at 40°C (P<0.05).

The initial shear values for the unfrozen
and pre-rigor frozen samples were not sig-
nificantly different from each other, nor was
there a difference between these values and
that for the unfrozen sample incubated at
40°C.

Numerous inherent properties of muscle,
both chemical and physical in nature, have
been cited as influencing meat tenderness.
Marsh (1963) recently presented evidence
that the tenderness of bovine musculature
varies concomitantly with the phases of rigor

Tablg L Yhe mean shea[J valuestrof unfroz§n and pre-rigor frozen muscle at 24 hr post-mortem,

Incubation temperature?

10° 15° 20° 2 -
1211 130shc  1167%  1170% 826"
12318 12750 126" 845 43l

Aﬁ%olxlfpssegdr%lf%v?mma?'treﬁtment followed by the same postscript do not differ significantly.

er significantly.

Table 2 Analysis of variance of data for shear values 24 hr post-mortem.

Source of variation

Pre-slaughter treatment

Animals within pre-slaughter
treatment

Freezing treatment

Freezing X pre-slaughter treatment

Animals x freezing

Incubation temperature

Temperature x pre-slaughter
treatment

Animals x temperature

Temperature x freezing _

Pre-slaughter treatment x freezing x
temperatyre

Animals x freezing x temperature

Total
% P<(,001.

Decrees
of Mean
freedom square

2 2350
247 31F**
212940+

1375

.12
760.31%**

LB UBE Lworo—o©o
9%
&3
S

1



SHEAR

VALUE

OVINE MUSCLE CHARACTERISTICS—II

FROZEN PRE RIGOR

NON FROZEN

PRE RIGOR NON FROZEN SHEAR
PRE RIGOR FROZEN SHEAR

10

TEMPERATURE

15

20 25 30 35 40

°C

Fig. L Shear values of unfrozen and pre-rigor frozen longissimus dorsi after incubation for

24 hrpost-mortem at various temperatures.

development. Maximum shear values were
observed while the muscle was in full rigor,
while the lower shears were reported for
muscle in the pre- and post-rigor phases.
Data presented in Part | of this investigation
(Cook and Langsworth, 1966) and unpub-
lished results of Cook and Wright (1966)
suggest that variations in post-mortem incu-
bation temperature bring about differences in
the extent of muscle shortening and in the
nature of the contracture band patterns of
the fibers.

Simple correlation coefficients between the
percent shortening values presented in Part |
and shear values show no statistically signifi-
cant relationship at the 5% level of prob-

ability between these two variables when
calculated either within a temperature treat-
ment or pooled over all incubation tempera-
tures (Table 3).

It thus appears that the variation in shear
values observed among samples incubated at
the various temperatures may be partially
due to the different phases of rigor develop-
ment (Marsh, 1963), or variations in the
contracture band pattern of the fibers (Cook
and Wright, 1966) which affect the ordered
structure of the myofibrilar proteins (Man-
delkern et al., 1965), or subsequent post-
rigor changes of the proteins (Wierbicki
et al, 1954).

Exudate loss and cooking

loss. Post-
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Table 3. Simple correlation coefficients . between, the percent shortening of unfrazen semi-
ten(ﬁnosus aan ﬁ?\e s%ear val%e oP tﬁe fonglssmus dorsl é)f?er 951 ﬁr of post-mortem Incubation.

Incubation temperature °C

0° 5 10°

% shortening of

muscle 016 -036 -0.45

Value greater than 055 significant at P<0.05.

mortem incubation temperature and freezing
pre-rigor each had highly significant effects
on exudate and cooking losses <V. 1,
Tables 4, 5) and there were highly significant
interactions between them (P<0.0!1 and
<0.001). In both the unfrozen and pre-rigor
frozen muscle there was a significant increase
in the percent exudate lost with increasing

60

55

45}

40|

o,
b LOSS
IN WEIGHT

25

15° 20° 30° 40°
Shear values Pooled
028 -049 015 -051 -0.11

incubation temperatures (P <0.001). There
was no significant difference between them
at the lower temperatures, 0 and 5°C, but at
10°C and above the percent exudate was
significantly greater in the pre-rigor frozen
than in the unfrozen samples (Table 4,
Fig. 2).

These data are consistent with the observa-

(Y,

TEMPERATURE

d

o

4 non-incubated

0 1=1 EXUDATE LO0SS DUBNG STORAGE(NON-FROZEN)
C | g exudate loss during storage(pre-rigor frozen)
LOSS IN WT. AFTER COOKING & COOUNG (NON-FROZEN)

£773 LOSS IN WT. AFTER COOKMG & COOLING (PRE-RIGOR
frozen)

Fig. 2 Exuqate oss durin .lncuga%)dw fgp% 40ﬁplggg[_loss after coolmg tof unfrozen and

pre-rigor frozen 0ngIssimus dorsi Iincu

mortem at various temperatures.
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Ta blg 4. The mean e u ate koss curlpg storage and cooking loss at 24 hr post-mortem,

grouped within”each™ Incubation treatmen
Incubation temperaturel
0° 5 15° 20° 30° 40°

% exudate loss

Unfrozen 15 13 16* 31b 21* 2.9 6.1

Pre-rigor frozen 18" 15 59 178 1650 24.3" 282
% cooking loss

Unfrozen D0 20 285 203" 3Ib 31 364

Pre-rigor frozen 32 1 .7+ 315 4.4 40" 412 46.8h

others

Aﬁ%lrns ?Fo dvi{erm a %reatmenkp I%II8\§/)ed by same postscript do not differ significantly.

significantly

tions of Marsh and Thompson (1958), who
reported that pre-rigor freezing caused the
formation of larger quantities of exudate
during thawing.

Similarly, the percent cooking loss in-
creased with increasing incubation tempera-
tures for both the pre-rigor frozen and un-
frozen samples (P <0.001, Table 4). The
percent cooking losses were higher for the
pre-rigor frozen samples than for the un-
frozen samples at incubation temperatures
above 10°C (Fig. 2)

Numerous investigators (Hamm, 1960;
Briskey, 1963; Howard, 1963; Jay, 1964)
have reported that high ultimate muscle pH
in muscle, not subjected to elevated temper-
atures post-mortem, is associated with in-
creased water-binding capacity. The data
presented in this study substantiate these
observations for pre-rigor samples incubated

at 10°C or below ; however, for samples incu-
bated at temperatures above 10°C a positive
relationship exists between total moisture
loss and pH. Hence, samples of unfrozen
muscle incubated at 30 and 40°C had respec-
tive 24 hr pH values of 6.45 and 6.89, re-
leased the highest quantities of exudate
during incubation, and also lost the greatest
percentage weight during cooking. The
differences reported in this study and those
of the literature may have been due to slight
bacterial decomposition in samples incubated
at high temperatures, resulting in a decrease
in water-binding capacity of the muscle as
postulated by Jay and Kontou (1964) and
Jay (1965), or because of severe protein
denaturation due to the combined effect of
elevated post-mortem temperatures and high
pH (Cook, 1966).

Table 5. Analysis of variance of data for percentage exudate and cooking loss.

Deiuees
freedom

Source of variation

Pre-slaughter treatment
Animals within pre-slaughter treatment 9
Freezing freatment 1
Pre-slaughter X freezing 2
Animals“X  freezing 9
Temperature of incubation 6
Pre- saugxter X temperature D

Animals "X temperature %
Freezing X temperature 6
Pre-slaughter X freesz X temperature 12
Animals "X freezing X femperature M

Total 16

=

*kk

1

Mean squares

% exudate lossa % cooking loss

0.07 2817
0.56** 45.70%**
11916 4069.53*+
0.04 0%
0.52 6.63*
21 11 705,33
0.06 2320
0.2 118
9.2%* 152,50+
0.29 118.13+**
0.15 046

. gglég's of variance conducted on VX - 1 transformed data.
o
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Effects of Modified Storage Atmospheres on Ascorbic Acid
and Other Quality Characteristics of Spinach

SUMMARY

It has been shown that gas composition and
temperature of the atmosphere can affect res-
piration and the quality of vegetables. This
study was undertaken to determine the effect
of these factors on the storage quality of spin-
ach and New Zealand spinach. Both showed
typical resptratorr drift curves. Increasing C02
around New Zealand spinach reduced respira-
tion rate, and product i 13% CO02was not ac-
ceptable after one week. A gas containing 9.5%
COs and 3.3% O- was compared with air at 34
and 45°F. The leaves tended to increase in
oxalate but this increase was not related to
ascorbate reduction. Samples in controlled at-
mosphere had fewer microorganisms than air
samples at the same temperature.

The ascorbic acid content of the leaves was
affected by atmosphere, temperature, and time.
Oxygen depletion of the atmosphere resulted
in a marked decrease of ascorbic acid. When
oxygen content was maintained at 3.3% by
intermittent flushing, the leaves retained their
ascorbic acid. This phenomenon was intensively
investigated with addition of anale/sw for dehy-
droascorbic acid. Since the total of dehydro-
ascorbic and ascorbic acids did not vary with
atmosphere composition, it was concluded that
modified storage atmospheres neither improve
nor impair antiscorbutic value.

INTRODUCTION

Retenton oftg onglnal uality. of fresh
fruits an vegetanles |saprob em of primary
concern. Mos of these roduits are rown
onaseasona asis, sot at only one crop IS
harvested per %e,ar and made available to the
Publtcas fresh™ produce. Various preserva-
lon methods are used to assure a continuous
sup%to onsumers. However, these prac-
Loes oy te fan mleias, agt e Die
V ucts S|
fess desPra ?e than the fresh. Modified atmo-
sRheres of controlled concentrations of CO2
and 02 have heen used as an aid In maintain-
Ing the quality of fresh produce.
cKenzie &1931) in studying the effect
of temperature onthe respiration rate  of
lettuce, noted that as the CO2 increased there

a decrease in rate of CO2 evolution.
Thor_nton g 931) studted the effect of stor-
age in CO2 on Several vegetables. The re-
S onse of the vegetable was found to vary
with both t%mtperature and COz in the stof-
A o Ty i

U b I W Inju
3 A))E)Oz The ability of beans to wdhst/ancs
CO2injury was reduced when the tempera-
ture was lowered: heans stored in 18% C02
at 0°C developed injury. Cauliflower in 25%
C02 showed no mAury at 0° and 10°C, but
Was damaged when the tem erature Was
mcrea%edt 15°C. Celery stored in 50- 80°
CO2showed greater Injury at 0° than at 4
Lettuce was m;ured y any concentratton
of C02 ahove 7%, Spinach”tissues became
soft. and developed off odors when concen-
trations greater than 20% COo were used at
temiJerat res above (°C.

Platenius A19432 found that Iowenng the
02 concentration fo 1.2% could reduc the
resptratton rate of aspara us b
creasing the 02 b eow the n rma atmo
spheric” level was %so found effective for
other verqetagles such as snat%beans and peas.
Caypoo and Allen (1948) Tound that when

r%en levels were_reduced below that of
normal air the res |rat|on rates of apricots,
3rapes Eeac es, pears, and plums were re-

uced |eberman and Hardenbur (1954)
stored broccoli at 75°F and at vanou og/
gen concentrations. Thelr results indicated

reduction In re?g iration _rate as oXygen
concentration was lowered from 20.9 to"0%.

This study was Initiated to determtne the
extent to hich gas composition, storaﬁ
tem erature and “storage time affect t

i S TSroRE
Tet ag la expansa) and true spinac
Sptnama leracea).

MATERIALS AND METHODS

New Zealand spinach was_grown in the green-
house and harvested periodically throughodt the
late fall, winter, and spring months. Only leaves
with a surface area of gréater than 2 in.2 were

[510]
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used in this study. Regular spinach was grown
out_ of doors; American variety was used for the
]gpﬁlng crop, and Early Hybfid No. 7 for the
all crop.

The leaves were harvested and immediately
sorted to remove yellow, injured, or diseased
leaves, This was followed by a thorough washing
in cold. water. After draining, the leaves were
glaced in refrigerated storage (34°F) for at_least

hr, but no longer than 6 hr’, in‘order to equilibrate
the temperature;

Initial product respiration rates were determined
g){ using the method and equipment described by

atenius  (1942). Carbon “dioxide and oxygen
analyzers manufactured b?/ Thermco Instrument
Corporation, La Porte, Indiana, were used to
measure concentrations of gases in the storage
chambers. The instruments “were calibrated pefi-
odically té/ the Orsat method, using the Burrell-
Haldane Gas Analyzer. The storage chambers used
in these studies were 4-L hottles. One-hundred-
gram samples were plaged in each test chamber, in
which the' RH was maintained at 100%. A screen
stand was placed in each chamber fo prevent product
from coming in direct contact with the water that
usually accumulated on the hottom of the chambers.
In thé initial studies the desired atmospheres were
obtained by mixing CO=, 02, and Nacylinder, gases.
In later 3ud|es, cylinders of specific gas mixtures
were used.

Spinach leaves were analyzed for dextrose, Su-
crose, and starch. All three determinations were
made on the same extract of leaf material by the
Official Methods of AOAC (19SS). Total oxalic
acid was measured by a method of Kiharo_ (1952).
The _ascorbic acid procedure used in this study
consisted of the extraction procedure of Loefflér
and Ponting (1942), modified by usmg an Naatmo-
sphere. F]Assoc._ Vitamin Chemists, 1951), and titra-
tion wit 2,6-d|chIoroBhenoI-mdophenoI McKenzie,
931). Dehydroascornic acid was determined on the
filtrate from the. ascorbic acid analysis. The de-
hydroascorbic acid in the extract was reduced to
ascorhic acid usmg H&S according to the procedure
of Rupin ct al. $945). Moisturé of shredded leaf
material was determined by drying in a vacuum
oven for 16 hr at 70°C. . The dried material was
saved for the oxalic acid analysis. Chlorophyll
analysis followed the method of Jacobson and Oestli
(1956).  Chlorophyll concentrations were calcu-
lated Dy usmg hé optical densities observed and
the specific adlsorption coefficients for chlorophyll
aand b published by MacKinney (1941).

The standard method of analysis recommended
by the Am. Public Health Assoc. (1948) was fol-
lowed for bacteriological total plate counts. Twenty
grams of leaves were aseptically transferred into

, AND STEINBERG
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a 6)resterll|zed, chilled Waring blender jar with
180 ml of 1.0% sterile peptoe and the material
blended for 3 min. Decimal dilutions were made
in 0.1% peptone solution. Triplicate plates were
poured for each dilution using trgptone 8Iucose
extract agar. The plates were incubated 3 days at
20°C hefore counting. _

_ Samples were, pregared for organoleptic evalua-
tion by simmering 50 g of leaves in one cup of
water “for 10 min. The cooked materials were
arranged in random order and presented on a blind-
fold Dasis to ten experienced panel members from
the Department of Food Science. _

Resgwatorg drift curves were determined_for
New Zealand and regular spinach leaves at 34°F
under conditions which allowed continual adsorp-
tign of carbon dioxide and continual replacement of
utilized oxy?en. _ _

New_ Zealand spinach was held in atmospheres
contammg various CO2 and O»concentrations at
3I°F to Oetermine the effect of initial gas compo-
sition on respiration rate and organoleptic guahtles.
Initial atmospheres of 25, 13 75, 40, and 0.03%
C02 all in conjunction with 20% O», were used to
determine the “effect of CO2 To determine the
effect of oxyg;en, initial atmospheres of 4, 10, 14,
and 18% 07'were used In conjunction with 4%
CO». Normal air was used as the control.

RESULTS AND DISCUSSION

Both types of spinach demonstrated t pl%al
respiratory drifts (James, 1953) with™ the
New Z?aland type generally ‘showing a
S|I?ht| owerrate. 7
ncreasing carbon djoxide in the atmo-
sghe_re around the product reduced rates of
respiration, Twenty-five percent CO2 caused
rapid physmloglc_a breakdown of the prod-
uct, and product in 13% CO2 was not accept-
able after one week. As, the omen_level
was decreased to 4%, respiration wa sllghtlx
reduced but the effect was less thap that wit
Increased CO2. However, r?du_ctlo_n of res-
Plratlon [ate did not res%t In_Improved
lavor, color, or fexture of the splnac . The
organoleptic evaluation showed that samples
stored in air were generall_¥_ 8 ?ood %s the
best products stored‘in moditied atmospneres.

Several %xperlments were carried out to
determine the etfect of various sto_ra%% atmo-
spheres and temperatures on certain themical
canstituents. one of the experiments,
100 g of New ZeTIand spinach leaves were
placed In 4-L hottles at 34 ana 45°F. Half
of the bottles at each temperature were sealed
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in air and labeled 34-A and, 45 A, while the
other bottles Were pur rged with a gas mixture
of 9.5% C02and 3.3% 0 2and labieled 34-CA

and 45-CA. A Iarge sample of leaves on a
perforated stainless screen was exposed to
normal air at 34°F and labeled 34-Control.

Sucrose, which was zero at the begmnrng
showed N0, inCrease. Chemrca ana Tyses for
this %xperrment are resente
Starch “content of all samples varred wrt
stora?e time but showed no definite trends.
educing sugar analyses showed consid-
erable variation, ‘ithout’ any consistent pat-
terns related to storage time, atmosphere, or
temperatyre. ThiS variatjon may b caused
the formation of other reducing sub-
%ances Srnae some agé)arent discre ancres
ad appeared in the reducing sugar results
from earIre{ experiments, a”check on the
precision of reducing sugar measurements
Was made during thrf studg After extractron
of the Sugars, the solutions were divid ed Into
two aljquots and a standard dlucose solution
was added to one of the aliquots. The glucose
Tecovery was qenerally very good, avéraging
0% over all the expefimental samples.
Therefore, the tendency for samples fo in-
Crease In reducrno sugar cannot be attributed
t0 faulty measureménts in the latter two
storage periods,

Dry matter (Table lg decreased with stor-
etrme In aIIsam les except the 34-Control.
ince the latter sample was opened 1o the

stora%e atmosphere, "1t is concejvable that

desictation of the leaves, resulted in an in-
crease n percentaqe of dry matter.

Total chlorophyll data gable 1) were
erratic, and no trends were evident which
could be related to sora%e atmosphere, time,
and_ temperature. Chlorophyll a'and b data
varred m 1 sl)mrlar manner and are not pre-
sented in Table L

Oxalate, initially lower in these samples
than In ?arlrer experiments, was marnAarned
or slightly increased in concentration urrng
the experiment (Taple 1), The data seeme
tq suggest thato alic acidl is not readily oxi-
dized” during the_storage of New Zéaland
ornagh leaves.  This carﬁcterrstrc of the
stored leaves to retain or Show Increases In
oxalate seems to contradict the theory t ha
oxalic acid s used by the leaves as respiran

MODIFIED ATMOSPHERES

substrate. Oxalic acid may he formed as a
result of the oxidation of ascorbrc acrd
ascoric acid Is reversrbly oxidized to eZ
droascorbic acid, which” is unstable m n
environment above RH 5and breaks down
to form oxalic and threonic acids. The New
Zealand spinach leaves have a pH of about
X5, 50 the formation of oxalate. from ascor-
bate 1s a possibility. Table 1 discloses that
the changes of oxa caord are a par%ntly not
closely related to the loss of ascoroic “acid.
Therefore, the accumulation of oxalate at this
time can % e attrrbuted to eaf anabolism.
Bonner suggested that oxalic acld

formatjon takes Iace through glycolic and
g?yoxyl?c acids. P gn gy

The ascorbic acid confent of the leaves
was found to be affected by stora%e time,
temperature, and (atmog ere ?
All sam les showe 0SS of ascorbrc acld

A time. The a ior IC_aCl content Was
reduced more uic Xat the higher storage
tem eratur Control and the 34-A
samples owe similar  ascorhi¢c acid
changes, The more raprd reduction of ascrla
bic acid in CA samples than in A samples
presented an unexpected change. The lower
Initial - oxygen concentration” in the CA
hottles was ‘expected to give a Ionger reten-
tion of the ascorbic acid in storage. The
o( osite was, shown to be true; when the
oxygen was, depleted to levels near zero, the
S%S{Zbé?r acid appeared o be more easily

Mrcrobral late counts made on all 34- Co
trol, 34-A 34-CA, 45-A and 45-CA samples
ooverrng the 14- day storage eriod are sh wn
In FIg.” L. These are the Same_samples as
descri ed in Table 1 Examination of these
data reveals that hoth temperatbre and at-
mosphere affected microbial ate counts
durrn storae The 45-A samples showed
temost ra d rate ofmr%ro(b Irncrease and
the CA sa es always ewer mrcroor
ganrsms th an the frmrar A samP es. The
5-CA condition, although at a h her tem
Perature rnrave fess mrcro Ial qrowt than

Control. This sufqgests hat art of
the effectiveness of “confrolled atmosphere”
in prolonging the quality of some, products
In storage"may, be in the Teduction in growth
of microorganisms.



. . . . ves stored for periods to two weeks at two temperatures and in-
:_m__«m&w%o__mmm%}go%%%m_ analyses based on fresh weight of New Zealand spinach leaves stored for p p

Storage Ascorbic Reduc- Total

Jemp. Storage _ Dr acjd ing chloro-
aAsﬂow%j:mﬂm a_%@m ﬂ,&u Ammv _ﬁ\o r Asmw_go o%\&g m?o% mmm\&j %:&_@_v
34-Controla 0 10 191 14 024 32 NI
34-A 0 0.03 208 10 191 14 024 32 i
34-CA 0 95 33 0 191 141 024 32 NI
45-A 0 0.03 208 10 191 141 024 32 NI
45-CA 0 94 33 10 191 141 024 32 N
34-Control 5 6.6 151 1 063 A 89
34-A 5 20 188 54 136 Wi 030 33 )
34-CA 5 17 22 6.1 125 164 00 3 20
45-A 5 28 171 50 99 110 017 20 0
45-CA 5 124 17 51 A 138 016 33 10
34-Control 1 6.0 103 183 009 2 5
34-A i 26 165 5.1 95 1.28 009 28 13
34-CA / 122 03 57 95 15 023 37 b7
45-A 1 33 155 55 6.3 167 006 il 18
45-CA 1 331 0.0 49 50 008 28 ki
34-Control il 16 19 141 016 28 8
34-A 1 33 170 54 11 212 012 3 14
34-CA 1 331 12 54 49 189 037 30 o7
45-A il 60 135 50 46 258 015 3 9
45-CA il 137 0.7 54 0.0 19 069 36 13
34-Control 14 89 18 0.59 0% A 09
34-A 14 40 147 43 51 1% 026 A ol
34-CA 14 129 00 55 40 129 021 38 10
45-A u 10 99 53 40 2.09 033 4 02
45-CA 14 133 00 53 00 169 052 30 kX

“Coptrol means samoles exposed to normal air atmosphere.
NS sam ar.

? mga sa Umwwm&ma__wis_xea 0f 9.5% C02and 33 Cs.
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| conditions were

t\tlr
The rt)revrous ex(nerrmentja
uplrca ed in ﬂ %ond stu exceﬁt thaf the
bottles were flushed at various_Intervals to
renew the initial atmospheres. The rrmar
? (}ectrve Was fo prevent anaerobic ¢ ndr%ons
rom deveIo Ing In the storae amoers
grope ure more near hy gproac hes the
state t “controlled atmogphiere. Durrng the
first 36 hr of storage, the atmosphere™was

QUALITY OF SPINACH IN MODIFIED ATMOSPHERES

renewed after each 12-hr period. Thereafter,
the respiration rate slowed and longer peri-
0ds elapsed hetween atmosphere renewals.
Carbon dioxide and oxylgi concentrations
were etermrned before each renewal of the
a ?8 ere In each bottle. The samples were

as hefare, th no 34-Control sample
was used in this stu

Chemical analyses TabIe Zg revealed that
the changes In dry matter, r ucrng sugar,
fucrose horoPh and oxalate were simi-
ar to changes n the previous section.

The stﬁrch %ntent of the stored leaves
was_muc here than In the other
studies. In contrast to earlier observatrons
It showed a Steady decline as storalgrt t

Wi

9resse This approac eS agreeme

esults from other laboratories . (James

195% The previous stu hta ind rcated
at when oxygen was depleted to a ver

[evel such y% the CA s%m les ate hn

storage trmes the. remaining ascorh rc acr

erd ?ost more rapid| from%J noro duct: n
rtron ascorbrc acid was lost more readily
at the higher storage tmgerature In the
second ex eriment ), similar effects
of temperature an trme were obtained:
however the CA samples retained ascorbic
acid at about the samé level as the A sam-
ples. Since in this experiment a given oxy-
%en level wa? Intermittentl rnarned in
A samples, the conclusi ron ollows that

when the atmospheric conditions approach or

affec’f1 d by sohr%rd%ehntne dt] h(earh uorgstgrt]rgnéserhgae(daﬁg hrgrsrhohghghhrhhsh‘ﬁe’\rlezealand spinach
Sta) d(QF) Stt(i)rhaege mDryr Asrgé)irdbiC 0 te Resducrrng Starch chlgrootah Il
atmosphere (days) 0 (mg/i00 g) ((%j (b/o()é) (%j (m g/pg)y
34-A 0 13 2.3 198 064 69 63
Bl on oa B R o0
15-CA 0 73 23 1% 064 5 8
34-A 7 61 176 254 m 3 51
34-CA i 0.2 150 181 016 2 00
45-A 1 6.2 134 244 019 43 5
45-CA 1 64 110 2.3 033 ) 56
34-A 14 59 81 250 05 . .
oy o8 b oa 13
45-CA 1 6.1 52 262 0% i 43
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become anaerobic the ascorbic acid is lost
more rapialy.

Another study was made usranr 100 g of
reqular spinach“sealed in 4-L hottles. This
experiment was conducted to  determing

whether the ascorbic acid In rePuIar spinach
reacted to low ox%/gen concentrations In the
same manner as the New Zealand spinach.
The atmospheres were not renewed qurin
t IS studay and sam les were examined afte

8 and 1 ays o storage Storage tempera-
tures of 34°and 45°F and atmospheres of
normal air and a standard gas mixture of
9.5% CO2 and 3.3% 02 weré used.

The results are shown in Taple 3. The
34-CA, 45-A and 45-CA samples lost the
oxygen. from_their atmosrfhere dHrrn
first'8 days. The two samples which initial
had_low Oxygen concentratjons,. 34-CA an
45 CA, con ained no ascorbrc acrd at the end

of the 8-day storage period ol one
containin scor Ic acrd at 15 da 50 sorage
was the e, which still retainéd

samg
over half the orrgrn
oxtf%en content of
e phenomenon of an increase in the rate
of loss of ascorbic acid from leaves stored In
low oxygen was Investigated. Regular spin-
ach was stored under atmospheres_of 02
CO2, N2 and normal air, while New Zealand
Tprnach was stored only under normal air.
he spinach samples were sealed in 4-L

| ascorbic acid at a final

duhan%'e gorASeC‘JathCat%'dt%?a”ptét‘attersegatttr i
contr IIe atmospheres
Stora Ascorbic
temtzl.n F) Storage maclro0 g
atmosphere (days) 2(%) (%) iregh wt.)
34-A o 0B 08 713
34-CA 0 95 35 113
4S-A 0 03 208 113
45- CA 0 95 3 T3
34-A 8 ss 80 51
34-CA s 148 0.2 00
45-A § 1H4 00 312
45-CA s 146 00 00
34-A 5 18 34 33
34-CA 5 134 0.2 0.0
45-A 5 166 00 00
45-CA 5 140 00 0.0
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prown jars. At 24-fir intervals, carbon diox-
Iog, 0X r%:]en and nigrogen from commercial
?as cglr ders were flushed throudh the jars
or 10 min at a rate in excess of 2 L/min.
The spinach and New Zealand sprnach am-
ples stored in normal air were placed on
screens with water below the screens. All

mples were stored at 34°F, and samples
wer ana 8/zed for ascorbic ‘and dehydro-
ascorhic acid

Table 4 shows the results of storage
e g
Ve caus re rap|
fg 55 of gg orpic acroF after 7 days than Fr)hd
the normal-air atmosphere. However there
was no tendency for the dehydroascorbrc
acid to increase In the oxygen atmos here.
The samples stored in carbon dioxide con-
tarned Iess ascorbrc acid after seven days
than either th eog/ en or air samrr)] 6. How
ever, dehydroascorbic. acid in t Pro duct
stored in carbon dioxide was found to have
rncreased substantially, The nitrogen sam-
ples showed a very rapid decrease 11l ascorhic
acld, with conversion of most of the Iost
ascorbic acid to dehydroascarbic acid.
measuring both ascorpic and dehydroascorbrc
acld, regular sp rnach Ieaves stored In_air
nrtrogen 0 P/gen and car on roxre %r7
days were found to have total ascor
acrd contents between 47 and 68 mg/100 g
(Table 4)

These findings are in. agreement with
those In the previgus studies, where the as-
corbrc acid was  found to disappear more
rapid when s inach samples were stored
I’ 0xygen-depleted atmospheres,  Ascorbic
acid rs considered, to be reversrbly oxidized
{0 deh droasco Ic gcrd in_plant tissues.
The andlysis tor gehydroascor rc acld emon
trated that, under suc fon Itions, the 10ss

ascorbic acid 1s generally accompanied |
g (Portronate Incréases I dehydroascorhic

Since the original leaf samples con-
tained a predomin nce of ascorbr% acid, we
may assu et at the, normal equilibrium In
the leaf is_toward a high concentration of as-
corbic acid and_ low concentration of de-
hydroascorbic acid. Table 4 shows that this
equilibrium was upset toward the dehydro-
ascorbic acid when only_ minute quariities
of oxygen were present”in the atmosphere.
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storegblseev%n é\as)cg rrlhlCseavce'rjalc?rrr]rttergfh;J ncofh roqle
Storage

Sample atmto)srplgere (dlanyes)
Spinach 0
New_ Zealand

spinach 0
Spinach 02 3
Spinach C02 3
Spinach NG 3
Spinach Normal air 3
New_ Zealand _

spinach Normal air 3
Spinach 02 7
Spinach CO= 7
Spinach n2 7
Spinach Normal air 7
New Zealand _

spinach Normal air 1

This suggests that oxidation by transfer. of
hydrogen” from ascorbic acid is roceedrng
normally, whrle the reductase system require
t0_ reqice de d/ droascorbic acid to ascorbic
acrd rs not furictioning properly and abnor-

Z low 0xygen concentratrons aiﬁpear 0
be causing this change In metabolis

As ?hown in Table 4, storage trme exerted
a similar effect on the ascorb and deh Iy
ascorhic acid contents of both regula and
New Zealand spinach stored in arr

Dehydroascorhic, acid content as percent
of the “total “ascorhic” acid (last column in
Table 42 showed that nitrogen storage gave
nearly com ée conversion~to the dehydro
form~after 7 days of storage, while 0xygen
stora e showedaver low percent increase
urrngnstorage on checking back to ini-
tial d droascorbrc contents ITis found that
0XYgen stora%e gave essentially ng conver-
sion” to the dehydro form over the 3-day
stor%ge and only a moderate Increase, OVer

day storage. The important consrdera
jon, however rs that there rs relatively litt
difference among all samples at J days of
stora%e In fotal “ascorbic” or antrsco utrc
content.  Moditied stora(?e atmospheres d
not apgear to give added" protection to totaI
“ascorbic” acid, but neither do they seriously
reduce the vitamin content.

QUALITY OF SPINACH IN MODIFIED ATMOSPHERES

hrtlotgg rgr&f gprgggp and New Zealand spinach
Ascorbic [;ghydrig asTc%trblrc as?orbrr%
(m galci[(j)o g) (m g%%JQOg) (m g 100 g) aCIr[)jt‘t Iearcent
A 10 846 82
285 22 07 12
69.3 6.6 7.9 8.7
132 27 8.9 148
15 40 156 %0
65.4 96 70 7
296 38 34 113
406 6.3 46.9 135
210 296 5.7 53
18 625 4.3 972
5.7 93 68.0 137
159 52 A1 249
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Low Temperature Research Station, Cambridge, U.K.

The Relation of Structure to Antioxidant Activity of
Quercetin and Some of Its Derivatives

SUMMARY

The primary antioxidant activity of guerce
tin and some of its derivatives was studied in
the 36—0°C range in dry systems, using two
fatty-ester substrates, respectively with linoleate
and linolenate, as the main constituent under-
going oxidation. Metal contamination was
avoided as far as possible, and any residual
traces of metals in the thoroughly purified es-
ters were chelated with citric acid.

Methylation of the 3, or 5, or 3 and 7, or 5
and 7 hydroxyls of the quercetm molecule led
to considerable reduction of the antioxidant
activity, while reduction due to methylation of
the 7 hydroxyl was slight. Methylation of the
3',or4' or 3" and 4' hydroxyls, or of any single
hydroxyl of the B ring, and of an additional
hydroxyl or hydroxyls of the A rinﬁ, led to a
drastic reduction (to 11% or less) ; the 3,7,3" 4’
tetramethoxy derivative was found to be com-
Bletely inactive. Hydrogenation of the 2,3 dou-

le bond resulted in an antioxidant (drhydro
quercetin) with only about half the activity of
quercetin.

The primary antioxidant activity of querce-
tin seems to be a function of the molecule as a
whole and cannot be regarded as an additive
property of active hydroxyls. The effect pro-
duced by methylation of a particular hydroxyl
may, however, be related to the probability of
formation of a stabilized free radical by the
hydroxyl in ?uestron

The type of the substituted alkyl radical had
little or no effect on the activity of the deriva-
tive, but replacement of a hydroxyl with hydro-
gen failed to produce the same effect as
methylation of the same hydroxyl.

No indication was found of pro-oxidant ac-
erty of the meta-hydroxyl grouping in the

ring.

INTRODUCTION

Among naturally occurrmg substances of
g?tentral antroxrdant activity,” flavonoids gre
articylar mterest The are widely qis-
trip ute In the plant kin lgBate mith,
1954) and some of the com ne in their

Br‘r;tFe)E srreot add1[ecﬁnron ?ate enst‘tute Odeec'trd
nology, Ha

I. Primary Activity

molecules hoth chain- breakmg and _metal-
deactivating functions (Lea, 1956, 1958).
Relation” between the structure of flavo-
noids and their antioxidant activity has been
mvestr%atedb several workers. ~ Heimann
and (1953) studied the antroxrdant
effect of a number of flavonoids in eth
oleate at 25°C and deduced that th
unsaturated ketone strycture of the pyron,e
rm the ree3 ydroxy I%roug and th e34
IEeno rcgroupmg in rng were th
mar contribUtors to”antioxjdant ca pacity m
flavonoids, while the meta-di cph% oIrc rou
Ing In the A ring impaired that capacit
SrmEson and Uri ("1956) used aqueous. emul-
sions of methyl. linoleate for evaluatron of
flavonoids asﬁtroxrdants They also %rme
that metadr enolrc groupings eltner nad a
[0-0XI ante ect or Were of no Im ortance
hese conclusions were not sugporte g
Mehta and_ Seshardi. ( compare
the antioxidant actrvrtres o 27 fIavonors

with lard as substrate. “Their results showed
that gossypetin C -nexanydroxy-
flavone) Was a_particularly powerfl anti-

oxrdant confrrmmg fmdmgs of Lea and Swo-
hoda ( 1956). The arangt ments of h drox¥
groups mainly responsible for the ‘activity
eemed to bea 7.8- or 5,7,8-grouping In the
B”H ,and'a 3'4- or 3'4" 5-grouping in the

Crawford et al. (1961% mvestr%ated the
overaII gcham breaking and metal-eactivat-
effect of ri Uercetin and some of ifs de-
rrva rvfes N tan troxmtants in Ia]rd at 97.8°C.
ound tha me ion of one Qr more
hgtlo tj groups (an ttthe4 8/0r3
¥ rox s In Bartrcular) or h dro%enatron
of the 2,3 double bond, resulte ecrease
of the antroxrdant activity, while_benzylation
of the 7-hydroxyl yielded an antioxidant su-
perior to “quercetin, Rhamnetin (the 7-0-
methylated " derivative ~of querce In) _was
found by Heimann and Reiff
?n and Urt (1956), and Uri

1953?3 Srmg
195 e
also slightly superior to quercetin.

[S18]
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The experiments described here are a fur-
ther contribution to the study of the relation-
shlg between the molecular structure of Ro,ly-
nydroxyflavones and the_lr_prlmarey éc ain-
breakln%) antioxidant activtiy. The effects of
the secondary _(metal-complexing) antioxi-
dant activity “of the investigated tompounds
were eliminated as far as possible by prelimi-
nary chelagion (with cifric acid)” Of trace
amounts of metals possibly present in the

ubstrate. .
Uercetin (3,5,7,3',4'-ﬁ_entahydroxyfla-
vone) was chosen for tnis study as one of
the commanest and ﬁpparently nontoxic Plant
phenols; (Bate-Smith, 1954).” Its antioxidant
Rro ertieS were c?m red” with those of a
umber of O-alkylated and det;XdroxyIa_ted
derivatives in a gyester system. The im-
portance of the 2,3 double bond of the a/3-
unsaturated, ketone structure was stydied by
Including i the series _dinydrocjuercetin
(3,5,7,3"4"-pentahydroxyflavarione), a nat-
urally-occurring dihydro-derivative of quer-

cetin.

.. Both quercetin and dihydroquercetin qual-
ify as quite good antioxidants, the former
béing, considered the more powerful of the
two (Kurth and Can. 191 . Heimann et a!.
1953; Heimann and Reiff, 1953; Crawford
et al. 1961).

EXPERIMENTAL

Preparation of f_attY-acid methgl esters. Five g
of sodium were dissolved in 1,150 ml of absolute
methanol, and the solution was refluxed for 15 hr
with 1,0(509 of sunflower or linseed oil. The meth-
anol was then driven off in vacuo below 50°C, and
the_residual esters were washed with warm water
until _free from alkali, dried over anyhydrous
NasSOI, and passed. through a cojum (8 X I-inch)
of anhydrous alumina. The purified esters were
distilled and redistilled at a few mm pressure (with
COs “hleed”) at a temperature not exceedm_? 200°C.
A short fractionation column char%ed_ with ?Iass
beads was used, and small initial and final porfions
of the distillate were rgjec_ted. A single distillation
removed 97% of the reducing substances (estimated
as alpha-tocopherol by the” Emmerie and Engel
method, 1938), while two distillations removed them

completely.. o
The distilled esters were. immediately ami)oule_d
under. vacuum ﬂwnh minimum exposure 10 air
and light) and stored at —20°C until required.
The"composition of the esters was determined by
gas chromatography. Those prepared from sun-
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flower oil contained 10.0% saturated, 21.5% mono-
unsaturated, and 68.5% diunsaturated constituents;
those prepared from linseed oil contained 8.5% sat-
urated, 165% monounsaturated, 15.0% diunsatu-
rated, and 60.0% triunsaturated constituents.

Stock solutions of antioxidants. Stock solutions
of the following antioxidants in purified ethanol
(134 [IMmI af” 15°C) were prepared and stored
in darkness at —20°C: quercetin and ifs various
methoxy-, benzoxy-, and aIIP/|o>(<]y-der_|vat_|ves |ute-
olin and fisetin  (dehydroxyfated derivatives), and
dihydroquercetin. _

Pretreatment of the esters. The ampoules with
the esters were heated 15 min at 210°C to destroy
any peroxide present, cooled to room temFer_ature
and opened, A calculated volume of a solution of
citric ‘acid in ethanol (2600 ,ug/ml) was added to
the esters to yield a concentration of 130 gg (0.67
/iM) anhydrols citric acid per gram of autoXidizin
esters.  The ethanol was ‘subSequently driven ¢
under vacuum at 50°C in a rotary evaporator. An
aliquot of the same esters, previously oxidized in
the presence of the same proportion of citric acid
to a peroxide value of about 25 fiM 02g, was
added to the heat-treated esters in an amount suffi-
cient t0 yield after mixing a peroxide value of
about 1 °  02g. As a résult of the procedures
described above, a fatty substrate was obtained, free
from catalytically active metal and with a standard-
ized concentration of a pre-formed fat hydroperox-
Idg as starter. o

The prepared, esters were then divided into 5-ml
Portlons, to, which were added 0.25-ml portions of
he ethanolic stock solutions of the antioxidants.
One sample, serving as control, received pure eth-
anol. The solvent was driven off in the manner
already _described. The antioxidant concentration
was 0:67 ftM/q ester. _

Ten to twelve 0.2-ml portions of each of the

stabilized esfers and of the confrol samples were
carefully delivered (without touching) into 12-mm-
diameter flat-bottomed glass cups with a calibrated
pipette, and stored in” thermostatically-controlled
ovens at 36, 50, 60, or 70°C.
. Precautions. Accurate temperature control dur-
ing. incubation of the samples was found essential.
Only the center of an accurately-controlled oven
was used. Samples were removed soon after the
end of the induction period, to prevent accelerated
oxu(ijan?n of other samples by volatile reaction
products. _

The glassware was cleaned with utmost care.
Hot concentrated, sulfuric acid yielded the best
results, after preliminary cleaning with hot deter-
gent solution. _ _

As an example of the error squrces involved, it
was found that results were erratic with glass cups
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rinsed with glass-distilled water and oven-dried.
Ethanol was used for final rinsing, and it is believed
that alkali, leached from the glass and trapped in
some of the cups, was responsible. -

Determination of oxidation level. Individual
samples were withdrawn from the oven at suitable
intervals and subjected to iodometri¢ determination
of hydroperoxides by the Lea (1952) method
(which calls for deacration of the dissolved sam-
plez, or, alternatively, bK a_ less accurate rapid
method adequate after the induction period. ~In
the latter procedure the reaction time 'is reduced
(3 min) and no deaeration is required. According
to the aythor's exi)erlence the error involved was
comparat[veI){ small, presumably due to offsetting
of the slightly incomplete reaction by the oxygen
error.

RESULTS

~ Calculation of protection factors and quercetin
indices. The activity of the various antioxidants
was compared by mieans of the lnrotecnon factor
(rPF) and the quercetin index (Qz (Tables 1 2).

he ‘former is defined as PF = "(t, — tc)/tc and
the latter as QI = (ta — fc)/(L — 1v), where:

ANTIOXIDANT ACTIVITY OF QUERCETIN—T

I, = time to reach an arbitrarily chosen peroxide
evel, with antioxidant.

tg= ditto, with quercetin..

tc= ditto, without antioxidant (control).

Evaluation of antioxidants. A "good" (G)
rating was assigned to substances with QI above
0.67;"“fairly good” (FL to those with QI = 0.26-
0.67; “poor" (PB to those with QI ="0.11-0.25;
"very poor" (VP) to those with QI = 0.02-0.10;
“inactive” (1) to those with QI befow 0.02.

Relative activities of the antioxidants. Figs. 1
and 2 show, for illustration only, a very small
fraction of the actual results (aufoxidation curves
obtained by plotting peroxide value vs. time). The
calculated " results “of the experiments (averaged
protection factors and quercetin indices) are sum-
marized in Tables 1and 2 _

Table 3 shows the antioxidants in order of de-
creasmtll efficiency, those of similar aCtIVItY (aver-
aged QT of all experiments) being grouped together.

DISCUSSION

It can be seen (Table 3) that alkylation
of the 7-hydroxyl In the quercetin molecule

Table L Relative antioxidant activities of quercetin and its derivatives in sunflower oil esters.”

36 ¢

Antioxidant PF Ql
3-OMe 14 064
5-OMe 48 045
1-OMe 84b 102
3-0Me 17 016
4-OMe 06 00
3.5-i0Me 02 001
3,7-di0OMe 5 066
3,3-diOMe 03 002
5,7-0IOMeQ 14 01
3 4-diOMe 03 001
35 7-triOMe 03 003
3,5,3-triOMe 01 001
3,7 4-triOMe 00 000
3,3 4-riQMe 05 004
7,3 A-triOMe 02 001
37,3 4-tetraOMeQ 0.1 0,01
7-0868 84 102
1 4-0i0Be 04 002
1 4-dI0All _ R
2,3-dihydroguercetin (taxifolin) 70 067
b-desoxvauercetin - (fisetin) 6> 076
Quercetin' (Q) 108 100

I

—<D

fat)

e i) s
!]-E%e EEO? alpg %Xﬁ are. avera%?d(%ggﬁ%a

Esulrg éﬂ 8 Irst “experiment

f=t]

60°C

QaQ e A

053
189 053
267 076

50°¢ 60 C

-
3

<
o
m

164
140

o

r
o
&

—_
O

ORI O LI TR LW UTO I B LW Do I~
o
o
=

47 013
34 010
001

CO—IRRNS C)N@LO%\ILOOO

("]

o
o
>
—

08 086

ROCONO OO CoOToUTIRDLOUTILWLO O
f— (2]
SR oE B3

B3R

T
SR ISK8HF

129 10 360 100
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Feetfp quercetin eﬁvago33.8.

' roxide values 2 and, 100, except for the
; %here,p the resul?s Were 'averaged aqo’peroxme values

»Results &t peroxide value 20; the PF of quercetin at that peroxide value was 82
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Table 2. Relative antioxidant activities of quercetin and its derivatives in linseed oil esters.

36°C 36°C 60°C
Antioxidant PF Ql PF al PF Ql
3-OMe 600 034 53 0
5-OMe 46 026 16 010
-OMe 164 08 B4 09
3-OMe 19 010 14 008
4-0Me 06 003 05 003
35010 08 004 12 00
3,1-di0 54b 030 56 03
33-d 05 002 01 001
5,1-di0 24 012 32 05 11 0.16
34-0i0 04 002 03 00 10 002
39,1 06 003 10 006 33 007
35,3- 02 00 0ol 000
3,74- 04 002 01 0.00
33 4- 05 003 04 002
1,3 4" 04 002 03 002
3734 03 002 -02 -0.01
7-QBe8 123 068 60 0%
74-d 06 003 02 00
1,4-0I0AU 16 008 09 00
2,3-dihydroquercetin_(taxifolin) 13 0.38 6.1 0.3
5desoxyquercetm (fisetin) 182 0% 132 0.80
Quercetin' ( ) 191 100 166 100 410 100

Was‘ig @ q{EOX}gq_uerTcetln /as coni&%aéed with quercetin at 50°C. The PF of luteolin

era res Itsarg aﬁ/grog r%sa Ues ero(>1< %POV% Sa%/%ra%)é &IB(It 89 Quercetin for these

peroxi & Vel s 18

150 —
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o
o
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esteTab)l/e 3. Relative activities of quercetin and its derivatives as primary antioxidants in dry

Class and range of QI Compound QI (av.)

G (good), (above 0.67 (quercetin) 100

(good). | ) goﬁAeQ rhamnetin) 888

5 HQ (%ftsettn) 081

F (fair), (0.26-0.67 2,3-dihydroQ (taxifolin 0.5

(fair), ) b Q( ) 0%

5-OMe 047

3,7-0i0OMeQ 047

P (poor), (0.12-0.25) 3-HQ (luteolin) 0.24

5,I-diOMeQ 0.16

3-0MeQ 011

VP (very poor), (0.02-0.10 74-di0All 009

(ery poor). | ) 3,5,7¢triOM%Q 0.06

35-diOMeQ 005

4-0Me% 005

1,4-di0Be 0.04

3 3-diOMe 003

3 4-diOMe 0.03

3,3 4-triQMe 0.03

7,3 4-triOMe 003

| (inactive), (below 0.02) 3,9,3-trQMe 001

3,7 4-triOMe 001

3,7,3' 4-tetraOMeQ 0.00
had very little effect on the antioxidant ac- ct|V|ty, whtle both the 3- and 5h droxt(ls

tivity, rhamnetin ( -OMeQ). and 7-OBeQ ﬁre 0 VIOUS¥ of Im ortanc% ursnnsmg
betn% only shght ah %? mfenor to owever, methylation of both the 5- and the
Uer et|n Th peo the_alkyl group, me- groxtésreduces activity still further (to
below 2

benz%/ IS0 had little”or no effect
R amnettn as been reported by several  The 3- ahd 5-hydroxyls are supportedb%/
workers to be. superior o _quercetin (Hel- %tron er conAu atton systems than th e
mann and Reiff, 1953; Sim son and Ur, hydroxyl, an e|r nyarogens are there ore
,56), whereas’ Crawford et al (1_9612, fven more ea3| It seems that methyla-
usmg lard as substrate found Its activity {0 on 0 a %/ g/ roxyl reduces the antioxidant
}47 % of tat of g ercettn On’the aC'[IVI'[)(O the derivative, and that this effect
ot er hand, the last- name found the 7-0 IS yefated to the rotf Plh %f formation of
benzy) derivative to be slightly (about 7%) stabiljzed free radica the hydroxyl in
superior to ercetin, questlon
Ince te -hydroxyl contributes little to dronenatlon of the 2,3 double hond
the antjoxidant C“VIWO quercetln it seems  (lea ng 0 destruction of thea/? unsaturated
that a long-chain 7-0”alkyl derivative might  ketone Strycture, and to break mgu D of the
be Jts eﬂuwalen in an'[IOXI ?nt proPerttes conjugated chain between the B ring and te
while conveniently more soluble in ol 4ke Proug reduces the activit to ?bo
Methylatlon of the 3 or 5 gr 3and 7 50% d_agreement with Crawford’s
hydroxyls has nearly the same effect, reduc-  fi ure 660 Th|s mdmates that the struc-
|gactV|t to about 50% of that of auerce- fure of the oIecuIe as a wnole IS of primary
tin. Again, the indication is that gortance and not only the number and
hydroxyl contributes compartively little to poSition of the hydroxyls (identical in quer-
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cetin and drhydroquercetrn It IS of |nterest
that re lacement of a h}r roxv with
gen did not necessan ave he same effect
as methylation o tesame hydroxyl groug
Fisetin (5-HQ), for example, provedto
3 consr erale better antroxrdant than 5-
81 a d 47%, respectively), whereas
IuteoIrn was markedly " inferior to
OMeQ 23 d 48%, respectively).
me?a“f Ul STow 0 piatn Ut
X upi |
ang/n g oxro%ntfgeflfgpclstggs suggested bnger
Mn ethylation of(lhe tnree hydroxyls (3, 5
and 73 of the A ring reduces’ the activity to
6%, e3ﬁrte he fact'that the i |m ortant 4
ort odiphenolic t%ouprng in the B nnd
still |ntact On the otner hand, methylgtion
of the 3 3 and 4 groups also dras-
trcaI reduces actery (to 3-11%), indicat-
g the expected an very marked’ contribu
tron of the. o-dihyd rox¥ grou mg In the B
nno Qbviously,” the Tunctions Of the two
gars of. the molecule cannot be considered
s additive In anv Way.
These observations are mcomoatrble with
those of Heimann and 53), who
found that 35,7 tnOMe%I showe about
two-thirds, and. 3' 4-0i0MeQ about one
thrrd of the actrvrt%/ of g uercelrn
hylation of the sing Ie4 ydroxyl re-
duces actrvrtv qurte consr derabl rf/ gto 5%),
while, when the 3 hydroxyl alone | meth -
ated, some actrvrty 11%] is retarne
4"-hydroxyl is more important mg] ug
gorted bv a stronger conjugated syste than
and thus tends to form, stabilized free
radicals more easily. Blocking of hoth the
3- and 3hydrox I reduces activity to 3%.
T IS r(?sutw(a S0 obtained when both the
roxyls were methylateq,
WhrIe it was observed occasionally that
the relative activity of a series of antioxi-
danfs depends In spme degree on the fatty-
acid composition of the oxrdrzrng substrate,
no considerable d(rfferen es Were observe in
the present wor
tives in the linoleate sunflower) and_lino-
lenate (linseed) %yste s. The only stnkrng-
excep tron was “diftydroquercetin, which was
66A> as active as quercetin i the linoleate

,\Q,.\
/\
— O

for the quercetin derjva-

system, and only 37% as active in the lino-
|énate system.
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Anthocyanins of the Garden Huckleberry, Solanum guineese

SUMMARY

The anthocyanin pigments of the garden
huckleberry (Solatium guineese) were isolated
and identified from their chromatographic,
spectral and chemical properties. The major
pigment was petanin (%etunidin-s-(p-coumar-
oyl rutinosideRS-qucomde) (593%). The mi-
nor pidqments were petunidin-3-rutinoside-5-
glucoside (3.3% ), negretein (malvidin-3 (p-
coumaroyl rutinoside)-5-glucoside (2.0% ),
and a new compound, guineesin, petunidin-3-
rutinoside-5-glucoside acylated with two mole-
cules of p-coumaric acid (1.5%).

INTRODUCTION

The attractive black fruits of the garden
huckleberry (Solatium gumeese2l havé been
used for preserves and pies, and &s a colorant
for apple sauce and fruit juices. They are
Partlc,ularly appropriate as colorants because
he pigment IS present in high concentration,
ang the plegﬂs are vigorous and egsx {0 grow,
and yield berries n"great abundance. " This
paPer IS concemed with the identity of the
anthocyanin pigments,

MATERIALS AND METHODS

_The berries were grown at Amherst, Mass. One
kllogram was macerated with 1% cone HCL in
methanol and the filtered extract was concen-
trated under vacuum for chromatography.

Chromatographic methods. _Whatman No. 3
Paper was used for pigment purification, and No. 1
or determining Rf ‘data by descending method in
all cases. Theé following Solvents were used for
chromatography.

L BAW n-butanol, glacial acetic acid,
water (421:5). UpBer hase.

Made up fresh for Rr data,

2. BACW n-butanol, ~glacial acetic acid,
water (671:2). Upper phase.
3 BEW n-butanol, 95% ethanol, water
LiLL). o
4. BuHCI n-butanol, 2V hydrochloric acid

(1:1)." Uppef ﬁhase. Paper
equilibrated 24 hr after spot-
ting and before running, in

. _ :
LivePrEJeoSoeIr.n address: Dept, of Botany, Univ. of

tank containing aqueous phase
of BuHCI mixture.

5 BuN n-butanol, 2% ammonium hy-
droxide (1:1), The papers
were, dipped ‘in a_ saturated
solution of horic acid in water
and dried prior to use. . .

6. BBPW n-butanol, benzene, pyridine,
water (5.1.3:3).

1. Forestal glacial acetic acid, cone, hydro-

_ chloric acid, water (30:3:10).

8. Formic formic acid, cone, hydrochloric
acid, water (5:2:3).

9 HAc-HCl  water, glacial acetic acid, 12N
hydrochloric acid (82:15:3).

10. Phenol phenol, water (4:1).

10 15% HAc glacllgl8gcetlc acid, water

12 50% HAc gla05i8I58cetic acid, water

13 PN n-propanal, cone, ammonium hy-
droxide (7:3). o

14 TAW toluene, glacial acetic acid,
water fm:s .

15 1% HC1 cone, hydrochloric acid, water
(3:97{.

Aglycones. The agIXcones were obtained by
heating approximately™ 1 mg of purified pigment
with ZN HCL in a water DBath for 30 min.” The
aglycones were extracted with u-amyl alcohol
evaporated o d_r?]/ness, and spotted on No. |
paper together with authentic markers. The papers
were run in Forestal, formic, and BAW  solutions.
_Sugars. The solutions remaining after extrac-
tion Of the aglycones were treated with di-n-octyl-
methylamine {Harborne, 19582) to remove fthe
mineral acid, evaporated to dryness at room tem-
perature, and spotted on No. 1'paper together with
authentic markers. The papers were rup in BAW
B PW, and phenol.. After developm_en{
for 24 hr the papers were, dried, dga ed in aniling
fiydrogen phthalate (Partridge, 1959), and heated
I an~oven_at 105°C for 2’ min. The spots were
ﬁlger?trly visible when examined under ultraviolet
_Acyl groups. Approximately 1 mg of purified
Pjgment was dissolved in aqueous 2N "NaOH solu-
ion and allowed to stand for 2 hr at room tempera-
ture. Oxygen was_removed from the_reagents and
headspacé Dy flushing with nitrogen since petunidin
i easlly decomposed by oxygen”in alkaline media.

(524]
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The mixture was acidified with 2N HC1 and
extracted 3 times with ethyl ether. The ether
extracts were combineg, coricentrated, sBotted on
No. 1 paper, and run in BAW, TAW, PrN, and
BuN, Authentic markers, caffeic, coumaric, and
ferulic acids had been synthesized for previous
work (Harborne, 1958h).

Peroxide hydrolﬁsis. Hydrolyses for removal
of the sugars at the 3 position were performed
b& the méthod of Chandler and Harper (1961).
Approx. 1 m? of purified p|8ment was dissolved
in" methanol, treated with hydrogen peroxide and
then ammonia, concentrated, and spotted directly
on No. 1 paper with authentic sugar markers.
Authentic rutinose was obtained by carrying rutin
through the same hydrolysis procedure. Chromato-
ggaphm solvents were the same as listed for sugars
ahove.

Controlled hydrolyses. Acid_hydrolyses for de-
termination of " intermediate pigments” were per-
formed by dissolving approx, 5 .mg of purified
igment in 2N HC1 “and heatl_n% ina water bath.

ortions were withdrawn at intervals of 1 2 4
8 min, etc, up_to 1 hr, and spotted directly on
No. 1 paper. The papers were run in BAW,
BUHCI, 1% HC1, formic, and Forestal.
_Authentic p(ijgments. Negretein, petanin, petu-
nidin-3-rutinoside-5-glucoside (abbreviated here as
Pt3RGSGS) and malvidin-3-rutinoside-5-glucoside
(MV3RG5G) were available from previotls work,
on the potato varlet?/ “Conqo” (Harborne, 1959),

Spectral data. All spectrdl data were determined
with a Unicam SP500 spectrophotometer. The
AISh shifts were determined by dlssolvm? the
purified pigment in 0.1% HCL in methanol and
adding one_drop of 5% Aids_in ethanol to 3 ml.
Determination of spectral maxima and visible color
before and after addition of AICU showed the
presence or absence of the shift.

RESULTS AND DISCUSSION

. Chromatographic separation. The Crude
Elrgmené mixture n 1% ﬁCl In methano| was
treaked on_No. 3 paper and run in BAW
for 16 hr, Three bands agpeared, a major
one at Rf 0.3 (2), and two’ minor bands at
0.2 (1) and 04 (3%. The minor band 1 was
cut out, eluted with methanol, glacial acetic
acid, and water (90:5:5, MAW), and rerun
in \° HCL. The band was eluted again with
MAW, and rerun in BAW. Aftera fourth
purification, in 15% HAc, the pigment was
used in identification. The major band 2 was
eluted with MAW and purified by successive
development and elution through"BAW, 1%

525
Table L Chromatographic data {Rf) for antho-
cyanins.

Solvent system

Band BAW BuHCI Forestal 1% HCI
1 02 006 079 03
1 (alk hyd.) 02 006 080 0%
21 02 032 08B 04
21 (alk hyd. 023 006 08 038
2.2 (alk hyd. 029 005 08 03
3 040 06/ 08 030
3 (alk hyd.) 020 006 08 037
Pt3RGS 02 006 080 037
MV3RG5G 029 005 08 040
Negretein 04 03 08 02X
Petanin 030 029 08 019

HCl, BAW, and 15% HAC. During the
third punfication i BAW, " the Plgment
would ‘often separate into two widely “sepa-
rated bangs which ypon subsequent purifica-
tion would recombine. This Was probably
due to the acid-front phenomenon described
by Alpach ct al. 819_65_%. Band 2 contajne
petunidin and malvidin. derjvatives whic
could not be separated b chromatograp_hx
without excessive lahor bécause evena fift
Purlflcatlon in BuHCI failed. to separate the
wo. Band 2 after four purifications was hg/-
drolyzed with NaOH_under nitrogen aid
glhmnpl%toh rgpoqed_smreB%V(\a/ ft ’ 6:9 ¥ rThe

| | v up,
and the petum%ﬁn ang ma?vidin ggri\?at?vgs
could be “separated with proI_on_%ed chroma-
toF%raFg@/. he gure_ petunidin derivative
‘ 3RG5G) crystallized very easily when
Its methanol concentrate was allowed_to
stand In the refrigerator for three days. The
minor band 3 was P_Uﬂfled by successive dle-
velopment and elution through BAW, 1%

Table 2 Chromatographic data (Rt) for antho-
cyanidins,

Solvent system
Band BAW » Forestal Formic
1 0.50 0.45 0.21
2.1 0.50 0.45 0.21
2.2 0.55 0.58 0.28
3 051 0.46 0.20
Petunidin 0.52 0.46 020
Malvidin . 0.56 0.59 0.28
Delphinidin~~ 0.42 0.30 0.13
Peonidin 0.70 0.63 0.29

“Paper washed with dilute HCI and dried prior
to use.
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Table 3 Chromatographic data (R, ; glucose = 1) for sugars.

Band BAW

Acid hydrolysis

1 102 22

21 102 2.1

2.2 101 21

3 101, 21
Peroxide hydrolysiis

21 Yy 0.74

Rutin 0.74
Markers

lalactose 08

[ucose 100

Arabinose 129

XP]/Iose 148

Rhamnose 214

[ee]e e llolas]

Solvent system

Table 4 Chromatographic data (Rr) for cinnamic acids.

p-Coumaric_acid
Caffeic acid
Ferulic acid

1Cis and trans ferulic acid.

Harborne, 1960
d(notc ang ethe Fg

S

e bsence of ana rou
%a a/rt those

anin, w ereas those for band 3are sug

tive of te same pigment with

grou ps. 9 rol

nd 2are 5|m|

Alkaline h

1an3n

etunl
osit

8orte hhe ahove ¢
epurpec lor of the aglveanes from
3and the bright red of 2.2, when
viewed under ultraviolet”light, provided fur-

BAW

igment |dent|f|cat|on The Rf data in
for band 1 are similar to those or

f data, In

Slcay
Ior pet-
b

SIS of both ban S
3 produced & pigment identical with

ACId hydrolysis of_bands 1, 2.1, 22, and 3
growded evidénce ( Table 2). that the agly
ones were respectlve dy petum n,
malvidin, and petum n.
shift for bands ‘1 2

at|ve
result for 2.0 sup

i

nCIu-

N

BEW BBPW Phenol
0,2.00 1.00,2.10 101 172
210 1.00,2.10 102, 173
9210 0% 215 100, 174
, 205 098, 215 102, 172
071 0.0 0.56
0.70 050 055
090 081 114
1.00 1.00 1.00
123 123 149
140 150 1.28
200 210 174
Solvent system
TAW PIN BuN
0.36 0.68 049
0.3 0.68 049
0.3 0.68 049
0.3 0.68 049
0.02 0.0 0.30
0.98 0.60, 066* 038

ther evidence. The sugars in all four bands
were identical, with the spots approximately
t\Nlce as dense for dlucose as 1or rhamnose
d|u ?e by visual examination. Glucose
actos were clearly dlstln?mshed be-
cause o te revelrsal of the RT values in
BBPW pheno

The eromde analysis provided evigence
th at th su ar at position 3 was rutinose
th amnosY a—>6 glucose since this proce
ure sRec fically rémoves the, sugar at the 3
osmo Since aC|d hydro y3|s gave twice as
muc lucose a% a nose, thesugar at the
5 postion must be glucose.

noDle .5 Spectral. data, for anthocvanidins - in

Band ()tﬂhﬂf( 0 I'XE306%Tax Pigment
% 533 10 10 Pt3RGHG
50 10 I Petanin
3 540 2 10 Guinegsin
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Table 6. Products of controlled hydrolysis of band 21 in order of appearance (R/).

Solvent

Pigment BAW BuHCI 1% HCI Formic Forestal
Petanin 0.32 0.32 0.19 -
PB3RG5G 02 008 036 0%y o0&
Pt3RG 030 0.18 0.13 0.84) 070
A
t . . )
PISG 0.34)( 0.14 o.os)( o W
Pt 00 042 001 022 044

The chromatographrc data for crnnamrc f tr)rrod1dcts of controlled hydrolysis
acrds tﬂable4 ) indicate that the acg dnoup Tab Igment 2.1 are In agree ent
ents 2.1, 2.2, and 3 1S p-Coumaric  with teRroposed structure of the prgment
acr Thrs acrd IS easil reco% e on a Al the theoretical Intermedjates were 1S0-
chromatogram ecauseo its deep-blue fluo- lated in at least one of the five solvent sys-
[escence under uItravro et light |n te res tems and identified by their Rt values (Har-
ence of ammonia. The Rf data provid borne, 1960? The data_for pigment 1 were
Table 5 drffer sqmewhat frgm those of AI identical with those In Tabl excePt that
bach et a. {1965 , possibly because descend-  the actélated C0 vBound Was not presen Pig-

mgrchroma gra{o y was used, ment 3 Is a new compound, for which tfie
he sPectr ata (Table b) are in agree name “guineesin” s proposed It could not
ment with ments suggested byt e Rf e obtained in sufficient quantity for further

data. . The EAUE niax valug drcatet at gte analysis, so that the positions of the two acI
9 position is substituted (Harborne, 1 %rou S, |n the molecule still remain to
Since rutinose Is_on the 3 position, glucose etermined.

must pe on the 5 pos dtron TP Eé‘os ma>§ The agP rixrm te confentratrons of each
ratlo or pigment 1 Indicates the absence o R}gment e listed In Table 7. The total pi p%
an ac¥ group, whereas that for pigment 2 mént was estimated b measurrng the a

Indicates one acyl group The daa or pig- sorbance of a berry exiract in an 0.1A HC1
ment 3 indjcate two acyl rIrrou s (Harborng, and 95% ethanol (15:85) solution, and as-
1958h). The acylated ‘petunidin Uervatives suming an E [gl/ 1om,"540 nm) " value of
were Very diffictlt to purify since cinnamic 900 he Pt3 G5G concentratron Was de-
aclds were present In' the “berries in large termined by measuring the ratio of absorb-
quantities and fluorescent Impurities were ances ofpr%ment 110 thflt of2an% 3 after
evident during the Purrfrcatro steps. Pig- elution from the orrgrna BAW' chromato-
ment 2 was probably contaminated with “a gram The concentrgtion of negretern Was
small amount of negretein, but it could not &stimated from the apsorbance Of pigments
be separated by the Usual chromatography. 21 and 22 after alkaline hydrolysis and

Table 7. Approximate concentration of anthocyanins in fresh berries.

Pigment % of total
Number trivial name Structure pigment
I Pt3RG5G Petimiclin-3-rutinoside-S-
21 Petanin Pe%uncr(t)tsrrtd% (p-coumaroy1 %
' rutinoside )- % glucosrde/ 3
22 Negretein Malvidin-3- (p-coumaroyl
rutinoside) -5-glucoside 20
3 Guineesin Di-p-coumaroyl petunidin-3-

rutinoside) -5-glucoside 15
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chromatography. The. concentratign of gui-
neesin was stimated from the ratios of “ab-
sorbance of plgment 3 10 those of 1angd 2
from the orlﬁma BAW chromat? ram. The
%Otealr sﬁmvSmt was approximately 0.1% of

Ac Iated an hoc?/anlns are common among
members of the Solanaceae famil Harborn
sglld%Gog) Ilﬂggtll(lies tgfe 3eI Cc?nuldln 0%/ nidin,

3 r? malvi in, tumgln and dyTphml
d|n In the gotato Solarlum tuberosum. Saka-
mura (1963) reported the presence of del-
ph|n|d|n3 coumarol rutinoside)-5-glu-
c0sjde |n e gé) lant, Sofarium melongena™L.,
and Har o (1965), discussed the occur-
rence of this type f compound I many
other members df the genus, and also in other
%enera of the Solanaceae. Al the pigments
ow found in the ?arden huckleberry are
thus characteristic of this family.
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Deterpenation of Citrus Essential Oils by Solvent

SUMMARY

A comparison of deterpenation of cold-
pressed lemon and orange oils by silicic acid,
steam distillation, and dimethyl sulfoxide
(DMSO) partition is presented. The recoveries
by each method for lemon and orange oils and
the ultraviolet absorbance of the orange oil
fractions are given. Deterpenation by DMSO
compared favorably with the steam-distillation
and silicic acid methods. The recoveries of 34
naturally occurrin(f; citrus constituents from
aqueous DMSO atter solvent partition with
pentane are presented to indicate the separa-
tion capabilities of DMSO for flavor and aroma
studies in citrus and citrus products and pos-
sible application to residue analyses.

INTRODUCTION

Essentjal oils are present in a number of
fruits ang vegetables "upon which the residye
analyst s required to work. Essential oils
are composed mainly of terpene hydrocar-
bons and their oxygenated derivatives—the
terpene hydrocarbons generally predominat-
Ing. In citrus, terpené hydrocarhons_make
up.80-90% of the total essentl?l oils. Essen-
tial oils are readily extracted from plant tis-
sue by a variety “of aliphatic, aromatic, or
chlorinated solvents. The terpene hydro-
carbons can be separated from ox ge ated
components by steam distillation EL enau,
1948; Burchfield and Storrs, 1962 Roton-
daro, 1964) or silicic acid chromatography
(Kirchner and Miller, 1952),

Dimethyl sulfoxide (DMSO) is a polar
solvent I which most aromaflc and. unsaty-
rated_hydracarbons are soluble byt in which
garafflnlc hydrocarbons are on| S|I?ht|
oluble. It is used as an extraction solverit
for highly unsafurated condensed aromatic

drocarbons ~ (Haenni et al, 1962ab;

rown, Zellerbach. 19633 Howard and
Haenni, 1963, 1965) and for many oganic
gestludes Crown _Zellerbach, 1963D; Béroza
nd Bowman, 1965a,0). In connection with
cleanup studies on citfus extracts, the gxg
genated terpenes and othey ox qenate r
romatic components were found o be pref-

Partition with Dimethyl Sulfoxide

erentially soluble in DMSO when citrus con-
stifuents were (g)artltlon_ed with pentane, This
solvent partition permitted the selective re-
moval of the m%}or terﬁene fraction. This
P_a e/ compares deterpenation by steam dis-
ilfation, silicic_acid, and solvént partition
hetween DMSO and pentane and presents
data on the recovery of several natural citrus
constituents (Kirchner et al., 1951 : Stanlegy
et al, 191 Miller and Kirchner, 1963’
Peyron, 1963; Stanley, 1963) from aqueous
DMSO after ?olvent artition with pentane.
Information_or this type indicates the separa-
tion capabilities of DMSO for citrus cop-
stituents and is useful bofh In flavor and in
aroma studies and In developing cleanup pro-
cedures for residue analyses in citrus ‘and
citrus products.

METHOD
Apparatus

a) Rotary flash evaporator.
merits Model PTDE-1.
0) Spectrophotometer. Bausch and Lomb Model

Buchler Instru

505,

Q Gas chromatograph. Loenco Model 150-
15A equipped with dual hydrogen flame ionization
detectors, temperature programming, and a Cary
Model 31 vibrating reed eléctrometer and a Minné-
apolis Honeywell Model 143X 10-mv recorder.

d) Gas Chromatogra hic columns, Dual col-
umns, 12-ft X Mi-inch 1D, stainless steel, contain-
ing 10% SE-30  silicone’ rubber on  50-60-mesh
Anakrom ABS, _ _

¢) Gas chromatographic gas flows. _N|trogen
carrier gas, 50 ml/min’; hydrogen, 20 ml/min; an
air, 300 ml/min. _ _

_f% Separatory funnels. 125-ml capacity equipped
with tetrafluoroethylene polymer stopcocks.

g) Steam distillation apparatus. Standard appa-
ratus equped with a modified Clevenger trap as
described by Stanley et al. (1957).

Reagents

a) n-Pentane. Pure grade (Phillips Petroleum
Co.), redistill and pass through activated silica gel
before use. Pre-equilibrate with DMSO for par-
titions.

[ 529 !
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b? DMSQ. Spectrophotometric _grade (Crown
Zellerhach Co.?. Pre-equilibratc wifh n-pentane.

¢) Silica gel. Grade 08. mesh 12-28 (Davison
Chemical Co.). Activate for 2 hr at 550°C imme-
diately before use. _

Silicic acid. ~ 100-mesh.  Mallinckrodt No.

2047. Activate the silicic acid by heating 3 hr at
105°C and. cool In a desiccator.

e) Sodium sulfate. Anhydrous, granular,

f) Citrus constituents. Dodge & Olcott, Glidden
Co., Eastman, Matheson Coleman & Bell, and Aid-
rich Chemical Co, Cold-pressed lemon and oranﬁe
oils and crude lemon wax were obtained from the
Sunkist Research Department, Ontario, Califomia.

Procedure. Dcterpenation by silicic and. _Ten
ml of essential oil was,weighed ‘and added to 75 ml
of pentane and 15? silicic acid. The mixfure was
allowed to stand at room_ temperature with occa-
sional shaking for 2 hr. The pentane fraction was
filtered through a sintered-glass funnel under re-
duced pressure, and evaporated to dryness on a
flash evaPo_rator._ The oxygenated fraction retained
on the silicic acid was eluted with absolute ethanol
and the ethanol evaporated to dryness on a flash
evapﬁrgtor. The residue from each fraction was
weighed.

Dgcterpe_natlon bY steam distillation. Ten ml cold-
pressed oil was placed in a 250-ml distilling flask
with 50 ml water and 01 ml IN HCL The flask
was connected to an all-?lass distillation assembly
with a modified, graduated Clevenger trap. The
mixture was distifled until the volatile fraction
was completely seParated. The distillate in the
trap was allowed to cool and the volume of oil

read.
Dcterpenation by solvent partition, Ten ml cold-
?ressed oil was weighed and quantitatively trans-
erred to a 125-ml “separatory  funnel. n-Pentane
Pre-ethbrated with DMSO was added to make a
otal volume of 50 ml. The mixture was. shaken
w%Jroust with_ 3 successive 10-ml portions of
DMSO Ere-equmbrated with n-pentane  (Haenni
et al., 1962ab; Howard and Haenni, 1963 Beroza
ct al, 1965a,0). After each lower DMSO
had separated it was removed and these fractions
were combined in a clean separatory funnel.  The
combined DMSO fractions were diluted with 2
volumes of cold 10% NaCl. The aqueous DMSO
was extracted_with 3 successive 10-ml portions
of n-pentane. The combined Bentane extracts were
washed with 3 successive 10-ml portions of dis-
tilled water. The pentane exfracts and the original
oil-pentane. mixture were filtered throu%h anhy-
drous sodium sulfate into fared 50-ml round-
bottom flasks. The pentane was  evaporated off
on a flash evaporator and the residue weighed.
Partition of citrus constituents. Known concen-

phase
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trations of each citrus constituent were prepared
in n-pentane; 1 mg in 100 ml was usually sufficient.
An ap{Jropnate aliquot was, transferred fo a 125-ml
separatory funnel. The mixture was extracted as
described” under deterpenation by solvent partition.
The residue was dissolved in 100 ml n-pentane for
spectrophotometric measurements. A few of the
cltrus constituents lacked sufficient spectral detail
for quantitative spectrophotometric measurements.
Recoveries of these compounds were determined by
weighing the residues or by gas chromatographic
measurements. _

For gas chromatographlc measurements, _ the
residues “were dissolved in 2.0 ml of carbon disul-
fide containing 20 mg/ml of n-butyl benzene (lkeda
ct al. 19622 as an internal standard. Column tem-
peratures for separation of butyl benzene from
some citrus constituents were 75°C for beta-pinene,
p-cymene, and linalool; 95° for alpha-terpineol;

for geranyl acetate; and 75° programmed to
150° for alpha-citral.

The percent recovered from aqueous DMSO
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Table 1 Deterpenation of crude orange and lemon oils by three procedures.

Procedure Fraction

Silicic acid adsorption

Steam distillation Volatile b

Non-volatile ¢
Solvent partition

Pentane eluate 1
Ethanol eluate 1

Pentane b _
Dimethyl sulfoxide ¢

% recoveryn

Orange oil Lemon oil
900+ 12 85.5+2.4
53104 1.0+0.4
93.1+18 95.540.7
6.9+1.8 4540.7
96.8+1.9 %1+ 19
32419 59419

ffJEv)Iean of ? determinations, expressed as percentage + standard deviation.
c

et Maction,

was calculated from the absorbance, weight, or gas
chromatographic peak area of the sample before
and after” extraction.

RESULTS

Table 1 gives the recovery of cold-pressed orange
and. lemon™ oils detergenated Dy silicic acid, steam
distillation,_and DMS3OQ, partition. Steam distilla-
tion and DMSO partition gave a higher. percent
recovery of the terpene fraction than silicic acid

(DhT/I%) Zan(r %rethttlgnne.@f terpenes and other

Citrus
constituents
Crude orange oil b 3
Crude lemon oil b 5.
Crude orange terpenes b 9
Crude lemon wax b 1

Terpenes _
gamma-T erpinene 2
-Cymene ¢ 5
yracene 5
Camphene 4,
Limonene b 4
beta-Pinene ¢ 0

Aldehydes
Citralc
Cinnamaldehyde
Citronellal
Laurie

Ketones
L-carvone

Alcghols
Linalool0
alpha-Terpineolc

63.3

634
60.9

adsorption.  Fig. 1 presents the ultraviolet absorb-
ance of cold-presse oran?e oil deterpenated by the
3 methods. Dimethyl sulfoxide and steam distilla-
tion gave the cleanest separation of the oxygenated
fraction, whereas the terpene fraction separated bg
silicic acid had a higher absorption between 25
and 290 m, indicating the presence of a small
amount of oxygenated compounds in the terpene
fraction. _

Table 2 summarizes the recovery of several

citrus constituents between dimethyl sulfoxide

Total

ol R

Esters _

Ethyl anthranilate 80.2

Linalyl proprionate 135

Geran;rl formate 119

Methyl anthranilate 114

itronellyl _ 109

Methyl-N-methyl anthranilate 707

Qctyl” formate 479

Geranyl acetate 231

Geran;rl butyrate 408

Methyl isoferulate 188
Flavones

Pentamethoxyflavone 293
Psoralens

Imperatorin 1035

Bergapten 97.2

Xanthotoxin 80.7
Plgments

eta-Carotene 0

Chlorophyll 1003

Xanthophyll %9

*All measprements are spectrophotometric unless otherwise stated.
g easuregJ B F?g

WEg

€asured by gas°chiromatography.



53 DETERPENATING CITRUS OILS

natural citrus constituents from aqueous DMSO
after solvent partition with pentane. All measure-
ments are  spectrophotonietric  unless  otherwise
stated. The terpenes were only slightly soluble in
DMSO. The recovery of the aldehydes, _esters,
ketones, and alcohols "varied from approximately
20to % % in 3 DMSO extractions. Beta-carotene
remained in the pentane fraction, whereas DMSO
extracted 100% of the chIoroPhyIIs and 99% of
the xanthophylls. Only 7% of Crude lemon wax
was recovered by DMSO.

DISCUSSION

Prellmmaw sepfaratlon and concentration
of the oxygenated fraction are essential steP,s
in flavor'and aroma_ studies. Solvent parti-
tion petween DMSO and pentane Is com-
Parable to steam_distillation for separatm%
he oxygenated_fractions from the terpep
hydrocarbons. This separation facilitates the
analysis of essential oils. Solvent ,Eartltl_on
nas the_ad_vanta[qe over steam distillation
In that it Is faster and eliminates possible
decomposm_(l)n or structural_rearrangement
of heat-labile compounds. . Terpene “hydro-
carbonﬁ mﬁ/ also 1somerize Wwhen Passed
through silica gel columns (Hunter and
Brogden, 1963).” The recover¥ values of the
natural citrus constituents Trom aqueous
DMSO after solvent partitjop with %ntane
Indicate the separation capanilities of DMSO
for studies of essential oils (Table 2).

The separation capabjlities of DMSO sug-
%$st po}entla,l application in_the develop-
ent of residue analyses of citrus. The
number of DMSO %xtractl,ons was et arbi-
trarily at three. The ogtlmum number of
extr%ct_lons would e d Pendent upon the
solubility of the particular residue under
study jn relation to the solubility of the
naturally occurring citrus constituents.
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i

RSO O AR AR A

Pressure Losses and Rheological Properties of Flowing Butter

SUMMARY

The pressure losses and rheological proper-
ties of butter flowing through stainless-steel
tubing were investigated. Since viscosity is a
measure of internal resistance to flow, an extru-
sion viscometer was constructed to measure
apf)arent viscosity. The apparent viscosity was
calculated from the extrusion viscometer data
using the Hagen-Poiseuille equation for flow
through tubmr}; Flow profiles were obtained
by alternately orcm? butter of different colors
through the various lengths of tubing at differ-
ent temperatures. The velocity gradient was
small within the butter except near the wall.
A linear relationship was found between the
logarithm of apparent viscosity and the loga-
rithm of bulk velocity for a range of 0.001 to
1 ft/scc. The average sIoFe of the regression
line was —0.846. As the length of the tubing
increased, the average apparent viscosities de-
creased, though at ‘a decreasing rate. Very
small differences were found between the ap-
parent viscosities obtained with 10.5-in. and
14.0-in. lengths of tubing. The influence of
temperature on the Io%arlthm of the apparent
viscosity was found to be linear, havmg a slope
of —0.059 for the range of 55-75°F. A gen-
eraI empirical equation was determined relat-

ing the influence of bulk velocity (v, ft/sec)
and temperature (T, °F) to the decrease in
apparent viscosity (ij, 1b/ft sec):

log v=4762- 0.846 logr- 0.59T
which is considered valid for temperatures be-
tween 55 and 75°F.

INTRODUCTION

Butter has been transferred from the
churn to the nnter or bqu container pri
marlé/ Xmanua methods in the Un|td
State ttem ts have peen made to
velop met 0ds o emptylng the churn me
chamcal |y to eliminate_ th Iabor Involved
and to reduce the possibility of contamina-
fion. Th two main methods are the b tter
truck and the gear-ty (Pe pump. Both of these
methods are élllze with churns incorpo-
rating Specific esmns

To develog betfer methods of handhn%
butter mechanically,. @ knowledge of th
b)voySI al characteristics of flowmg butte

uld be very important. Butter IS usually

subjected. to eumcal tests which evaluate
characteristics of immediate interest to the
consumer, and, except In isolated  cases,
little effort has been ‘made to consider the
fundamental flow properties.

The rheoIoerncaI roperties of putter %those
associated with tlow) will be influenced b){
the volume of both the dispersed hase (f
?Iobules and aqueous squtlon) and the con
Inuous hase (fat crystals), by the ow

ertles of the continuous, phase, b te
def rmaility of the dispersed hase ad
the proportion, form, and arrangement of the
dlspersed particles.

King 111964 described the structural ele-
ments “of the buttey as a com licated ty
of emulsion. The fat globules and crs
moisture_droplets, and’ cured particlés are
about 05 10,20 g In size. He stated that
under the microscope, in polarized light the
crystalline fraction of free fat in conventional
butter can be perceived as minute crystals
resultmg from an eventual partial crystalli-
zation taking Race in the free fat

Several authors, have stressed the forma-
tion of a three-dimensional_network from
the needle-like faft crystals. The hlgh éruc-
tural viscosity of butter was explaine ?/

Dolb 5519412 as a crystalline network, Mu
der 1953) stated hat because milk fat can
easily be supercoo and % Id fat often
0CCUTS |n freshly churned Dutter in the
suptfrcoo led state the increase_in hardness

ue to the formation of a “skeleton-like
structure” as a result of the growmg together
of the fat crystal. As pointéd out by deMan
and Wood 61958) %he minute fat’ crystals
are res onsible for the thixotropic changes
In butter because of their anisometric shape
(needles& and size (below 1g). Upon maov-
md working, .or stlrnng of butter the I|nks
between the interlaced Crystals é)resuma ly
van der Waals’ forces, are_broken, and te
system hecomes softer. On stand mg
crystals In the butter rearrange Into & con
huous ]battern and the Stem becomes
arder [0Gess |? n as “setting.
Sone et al. (1962) related the recovery of

[534]
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viscosity with the recrystallization of the fat
and the formation of a crystalline network.

X-ray studies by Knoog and Samhammer
(1962)" indicated “less than 20% of the fat
In butter 1s in the cr[ystalllzed form,  They
squested this amount does not significantly
Infllience hardness of butter. “Haighton
1965) reported that the fat crystals in but-
fer do not move In respect fo”each other.
They are fixed in a tridimensional network.
This network causes about 60-80%> of the
hardness. It can be measured by kneading
the sample isothermally. Prentice’s studies
19532_ showed that changes In sPr%adablIlty
ere Similar to changes of butter firmness:
He reported that sweet cream butter 1 wk
old with a 1% deformation at 9.5°C had to
Increase to 14.0°C to remain at 1% deforma-
tion when held 19 wk.

PROCEDURE

Three manufacturers sup?lled 60 Ih_of butter
processed commermaIIY on two days. The hoxes
of bulk butter were stored at 34°F until all were
received. Each sample was cut_into 2- to 3-b
blocks to facilitate tempering. The blocks were
wragged in é)archment paper. “Portions were stored
at ) 55 60, and 70°F for at least 48 hr. The
composition . was determined by the Kohman
method (Milk Industry Foundation, 1949). The
iodine value was determined. by the Hanus ‘method
é AC, 1960). The density of the blitter was
determined by extruding a sample from the tubing
in_a weighed” containerof known volume. _

The eduipment for  extrusion viscometer (Fig.
1) consisted of four interchangeable stainless-steel
tublngs of equal diameter (0.313 in.) and lengths
of 35 70, 105 and 140 in. (Fig. 1). A disc
containing a hole In ifs center was made to fit
the tubing, The disc was attached to a sample
container by a 15-In. stainless-steel female fitting.
The container was made from a 1.5-in.-diametér
stainless-steel tubing. Compressed nitrogen was
used as a source of pressure. _

The shape of the velocity profile was obtained
by forcing dark-blue and regular butter through
various Iéngths of tubing at Several temperaturés.
The resulting cylindrical samPI_es were conditioned
at a low terperature and cut in half to show the
flow profiles. o _

The_apé)arent viscosity of  flowing butter was
determined from the extrusion viscometer data
using the Hagen-Poiseuille equation:

ttA PR> .
B e where y is the

S

L
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wscosHY'AP Is the pressure loss; R is the radius
of the ublng; Q is the volumetric flow rate: and
L is the length of the tubing. The equipment and
supplies weré tempered and the data were obtained
from tests conducted in rooms with controlled
temperatures.

A test was conducted by placing. the butter in
the sample container and attachingit to the pres-
sure equipment. The tubing was Connected to the
other end. Pressure was applied directly to the
surface of the butter by increments of 1 or 2 lb/sg
in. at 70°F and increments of 5 Ib/sq in. at 65, 60
and 55°F. Data were gathered for each length of
tubing at 55-70°F. But, some studies were limited
to three temperatures.

The pressure loss for the sample container was
determined by forcing the butter through a disc
similar to the disc holding the tubing except that
the diameter of the hole in its center was equal to
the diameter of the inside of the tubing {F|g. 1).
The pressure loss was determined by slowly apply-
ing pressure to the system until the butter started
to flow out of the hole in the disc. After several
replicates, the gauge pressure noted just before the

I. Pressure source connec tor
2. Pressure gauge

3. Air cylinder

4- Shutoff valve

5. Pressure gauge

6. Pressure regulator

7. Two-way valve

8. Stainless steel tee

9. Sample container

10. Stainless steel tubing

DETAIL NO. 10 DISC DETAIL

- ; s
. - |

e~ —a — ] _ '/ ‘i—%

b~

TUBING DIMENSIONS (IN.) DISC DIMENSIONS (IN)
NO. a b c NO. a b c

A 35 0375 0.313 A 1.875 0313 0.313
B 7.0 0375 0.313 B 1.875 0313 0.375
[o} 10.5 0.375 0.313

140 0.375 0.313

Fip. 1 Extrus'lon viscometer and tubing equip-
ment” arrangement.
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For laminar flow the friction factor is:

. 64 _Dw
j —R—eand Re = T

The apparent. viscosity and bulk velocity data
from the extrusion viscometer were, used to"calcu-
late the Reynolds number and friction factor, An
equation for calculating the apparent_ viscosity at
various temperatures and bulk velocities was “also
determined. " The above relationships were_ used to
calculate the loss of head and power requirements
of butter at 55 60, and 65°F when forced through
tubing with 15~ and 3.0-In. diameter.

RESULTS AND DISCUSSION

The flow_ profiles (Figs. 2, 3) rvegled
that a variation in velocity occurs In the but-
ter across the diameter of the tubing. The
velocity gradient 1s small n the bytter excegt
near tfie wall. The plug flow profile hecomes
flatter as the temperature is lowered from 70
t0 95°F, because of the increase In the viscous
properties of the continuous phase. As the
distance of butter-fl?_vv Increased, the . profile
FLG became more cone-like 1n shape (Fig. 3

“Ha. 2 How s optaed trom e (o-n. Indicating that the velocity gradient, eve?ﬁ
Ieng% of tubing 'Tor various emperaH]Jres.

70° F (Reynolds number).

65° F

60° F

55° F

ohserved movement was recorded to the nearest
|b/sq. in. The sample container loss was subtracted
from the measured pressure loss obtained for each
%uB_mg length to obtain the pressure loss along the
ubing.

The extruded butter was cut at the exit of the
tubing with a spatula. At the end of 15 sec the
ed(t;e of the weighed container was used to cut the
butter at the exit of the tubing. Three samples
were taken for each pressure, The temperature of
the butter was determined bK inserting the thermom-
eter into the butter within the tubmg after each test.

The, re%ressmn coefficients and the standard error
of estimate were used in the equation: Y = a -
bX £ SH where Y —log yand X = log v.
The continuous loss of pressure resulting when a
fluid flows in a tube must be determined. Many in
vestigators have established experimentally that, for
adiabatic flow, the pressure loss (. ft) due to fric-
tion is a function o the length (L. ft) and diameter
(D, ft) of the tube and of thie velocity (v, ft/sec) of

X
the fluid (King, 1954 Thus, h = f[L) n
flow calculations, . D, and v are usually 2known;
therefore, It the friction factor (/) can’be deter-
mined, the pressure loss or loss of head can be

*o [ e}/ —

calculited. ok géna'thsFl(% LH)rl%gles obtained at 65°F for vari-
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tho 5th small, Is strII resent ‘Mulder ¢t 4l.
usrn col ore butter in their mojs-
ture s ersr n studies, ?oncluded that the
%ra rent of veIocrty was large m the butter
%ar the walls of a perforated drfct rough
Ich rt was forced, and small for the
remainder.

The relationship betvveen the Io%arrthm of
arent vr C0S Ay and the logarithm of ve-
tg/was oun to pe Irnear The average
of the re ressron lines was —0.8
Thrs Inear re atron In is rn%;%ement wrﬁh
results of Sone eta 196 g ith a paralle
glate pastometer at lower rates of shear and
8 and 77°F. The results of the correlation
and regressron ?na SIS on the apparent Vis-
Cos| 1y Versus ve ocity are_presented in Table
he corre lation coeffr lents ran%ed from
09738 to 0.9975. The re ressron uatrons
S B
in apnarent viscosi
with an increase In bu?k veﬁg)éJ ty can he r?f 3/
trated ?/ comparrng the resy ts from the
10.5-In. Tength of tubing at 62.2°F for vari-
ous. velocities e a erage a8parent VIS-
cosit was 438 hift sec”at 0.001 ft/sec
while a ?01 fils ec r%had decreased to 582
b/t sec for the | of tubing. . Likewise,
t;o7r|8 fstégec the apparent vrscosrty IS onIy
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(a) 72.6°F
(b) 66.4°F
(¢} 62.2°F

Y=0.484-0.834X t 0.027
Y=0889-0814X * 0.064
Y=1013-0876X %t 0.03|

T 1T 11
o M

APPARENT VISCOSITY (POUNDS PER FT. SEC.)

VELOCITY (FEET PER SEC

tent
nes

f ctof emperatu nteap
thipcw n% %S{ rrtlgrpL er?crtr\’\g[ﬁeﬂ1 maaon(iﬁo. -In.

The influence of the Iength of fubing on
the apparent viscosity for Butter flowrng at
different tem eratures IS aIso shown in Table
1°At con tant velocity of 01 tse ?nd at
62°F th parent VISC srt¥ b/t sec
fra sta or a distance of
7.0 1In, the apparent vrscosrty rs 89 Ib/ft sec,

veIoTc?t?/le L Results of the correlation and regression analysis for the apparent viscosity versus

Regression

Standard

Apparent visc)osity

Degrees (I [ft sec

Ignjgbteh Temper coetficients estrm ate Correlation freﬁr{._n e oc veBIgyfty
(in) a S coefficienta 0.01 ft/s c 0.1 ft/sec
35 72.9 0.732 -0.861 0.034 0.998 254 3l
35 66.4 1120 -0.819 0.055 0.995 70 573 87
35 62.3 1.246 -0.906 0.081 0.990 82 1140 142
35 56.6 119 -0.924 0.131 0.976 67 1100 131
7.0 72.9 0.482 -0.862 0.044 0.992 88 160 22
7.0 66.4 1.040 -0.764 0.064 0.984 85 369 64
70 62.4 1.089 -0.864 0.080 0.976 88 655 89
7.0 572 1.09% -0.881 0.094 0.974 82 719 95
105 72.6 0.484 -0.834 0.027 0.997 88 142 21
10.5 66.4 0.889 -0.815 0.064 0.984 85 328 s0
105 62.2 1.013 -0.876 0.031 0.996 85 582 17
14.0 72.9 0.439 -0.829 0.035 0.993 88 125 18
14.0 66.4 0.850 -0.825 0.036 0.994 88 317 Iy
140 62.1 0.951 -0.899 0.037 0.994 85 560 il

aDP corrected.
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o 3.5 IN.
o 7.0 IN.

A10.5 IN.
|03 ©14.0 IN.

T

~n

APPARENT VISCOSITY (POUNDS PER FT. SEC)
o

IO' 1 - L
6Q 65 70 75 8a

TEMPERATURE (DEG. F)

effect ftemperatHOeloH the a Qarent

A

which is_a decrease of 53 Ib/ft sec as the
Htance inc fearsed 35 1n. Less decrea&e 6
4 tesnec S|sooutnd tr)]etwee]n the70 an 105
r ubi
betwee% the 10.5- %tf 140rh Ienlgts of
tubing. Fig. 4 shows the influence of mve
ature on & apparent viscosity of flowing
butter at various bulk velocities.” Fig. 4 illus-
trates the location of the standard error of
%trmate for the re%ressron lines for the data
tained with the 10.5-In. tube.
The apParent vrscosrtg Versus temperature
IS shown In Fig. S Tor a onstant rate of shear
001 ft/sec The slope of the lines Is
us ap nharrent viscosity decreases
as the te perature mcr ases. The
lg)ar nt vrscosrt wrt te 5-In. IenPth of
ubl gfl ? (fec Itdec ases
tsecat60 F an to. 396 [b/ft sec
65 F. This relationship Is in aﬁreement
wrth the equation given by Weltmann (1960)
for some non-Newtonian” materials.
Th results on the app?r nt vrsc0ﬁrt from
ifferent samples’ of butter showed a
varratron but no definite pattern (Table 2).

RHEOLOGY OF FLOWING BUTTER

The variation was_small within a given sam-
ple of butter, as indicated by the™high cor-
relation” coefficients granged from 0994 to
999). However, the variations amon% the
samples of butter were queater correl tron
coefficients ranged from 0097410 0.992), T
variations among the results from drfferent
samples of butter also became ﬁ;reater at 5
and ?O F. The variations witfiin the same
sam e are grobably due to temperature fluc-
tuatrons and small ‘diff erenceé |n the amount
of S0 tenrn% which occurred _Just prior to
flowrng through the tubrng evrratrons
between the samgles are M)] u/ e 0
varratron of trrgluserrdes hhae Iffer-
ent melting 80 {0 the effects of the
processing-conditions upon them.
The general relatronshrp for aP arent vis-
osrt){ versu bulk velocity and témperature
owing utter IS

log v = 4.762 - 0847 log v - 0.059T

which is considered valid for temperatures
hetween 55 and 75°F.

Pressure Ioss Versus Iog%rrthm of velocity
Was a linear re atronshrg he resu Its of the
correlation and regres ron analysis on the
Fressure loss _verstis, velocity for different
entt;ths of tubing and temperatures are pre-
sented In Table 3, The correlation coeﬁrcrents
rangzed between 0.351 t0 0,938, T he oW COr-
relation coefficients were from data qbtained
witn the shorter tubing (3.5 and 7.0 | n) and
the lower temperatureS (55 and 60°F).” The

104

FRICTION FACTQOR

103 I Ll
1074 1072 02
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veIomP ?blﬁ?esHlts of the correlation and regression analysis on the apparent viscosity versus

Apparentviscosit
pp(Iblft sec) Y

Butter Temper Boequfcs'selnotg Seezr?rlnr::trf Correlation f[r)eeedo emS vefiéjcl t(t veBI uc”ft
sample (dlf a b SE coefficienta 0.01 ft/s%c 0.1 ft/sgc

A 728 0473 -0.879 0022 0.998 13 170 23
B 723 0.469 -0.900 0.016 0.999 13 160 22
C 133 0492 -0.868 0.014 0.99 13 170 23
D 126 0.530 -0.808 0.027 0.99% 13 140 22
E 133 0512 -0.815 0.022 0.997 13 139 2
F 728 0.697 -0.730 0018 0.9% 13 1 26
A 654 1.067 -0.816 0.028 0.997 13 500 16
B 66.0 1139 -0.691 0.024 0.9% 13 333 68
C 675 0.990 -0.733 0.013 0.999 10 280 53
D 65.2 0.985 -0.776 0.026 0.993 13

E 064 1.02% -0.775 0.015 0.999 13 372 63
F 66.0 1049 -0.769 0.019 0,998 13 38 66
A 62.6 1.231 -0.753 0.020 0.993 13 554 98
B 63.7 1022 -0.839 002 0.999 502 13
C 61.7 1150 -0.828 0.026 0.997 B3 o4l %
D 610 1.110 -0.860 002 0,998 13 1
E 608 1.110 -0.821 0.028 0.99% 13 712 108
F 624 1115 -0.797 0.016 0.999 13 513 82
A 56.9 1.262 -0.854 0015 0.999 13 934 131
B 512 122 -0.835 0.009 0.999 13 780 114
C 56.6 1231 -0.852 0.016 0.999 814 123
D 513 1021 -0.865 0.020 0.999 10 172

E 5.9 1.106 -0.835 0.018 0.999 13 597

F 571 0.998 -0.868 002 0.999 10 52 173

*DF corrected.

Table 3, Results of the correlation and regression analysis on pressure loss versus velocity.

Pressure Igss
(Ib/sq in.)

Regression Standard Degrees

Tube Temper- Cgeqﬁciems error of of Bulk Bulk
W . o MR e ol o
35 129 11641 2.397 0.583 0918 88 6.9 9.2
35 66.4 33.950 8.110 2.382 0.916 10 177 25.8
35 62.3 50.368 1.803 6.817 0.582 82 34.8 42.6
35 56.6 47.390 6.548 10.497 0.351 67 34.3 40.8
1.0 72.9 16.431 3.424 1.050 0.782 88 9.6 130
1.0 66.4 52.363 14,950 4511 0.838 85 225 374
1.0 62.4 67.569 13.879 8.359 0.559 88 39.8 53.7
7.0 572 67.614 11.633 9.804 0.470 82 44.4 56.0
105 126 24.591 5.954 0.988 0.938 88 127 18.6
105 66.4 58.668 14.326 5.160 0.771 85 30.0 44.3
10.5 62.2 86.098 16.957 4.000 0.852 8 522 69.1
14.0 2.9 29.073 7.053 1.203 0.906 88 150 22.0
140 66.4 72.766 1711 2.999 0.916 88 38.5 5.7
140 62.1 102.006 17.486 6.170 0.728 85 67.0 84.5

DF corrected.
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Table 4 Lrss ofhad and Wer r? uirements fo
temperatures owmgtrought Ing of Various lengths
dlar(]r%'%teer T%Eff }No nqht Hgth ﬁ/ocﬁ Fl?S'e)é
1.402 65 10 0.262 30
10 0.262 30
0 30 022 30
50 20 1.310 8
0 20 262 1
1.402 60 10 10 022 58
0 2 022 58
0 30 02 58
50 2 1310 16
00 20 2620 9
1.402 55 0 10 o2 102
0 20 02 fiV)
10 30 0262 112
50 A 1.310 30
00 20 2620 17
2.870 65 10 10 00626 105
10 2 00626 105
0 30 00626 105
50 2 0.3130 27
00 20 06260 15
2.870 60 0 10 00626 205
10 20 00626 205
10 30 00626 205
50 20 03130 53
00 20 06260 29
2.870 55 10 10 00626 400
0 20 00626 400
10 30 00626 400
50 0 03130 102
00 20 06260 57
" Density of butter: 59.3 Io/cu ft.
pressure losses, increased as the velomtx
creased. For the 7.0-in. length of tub g
66,4°F the Increase was from 22 ? th
Ib/sq i nas the velocn increased rom001 %
0 0. The pressure_increased as the
ent tu |n% Increased. The mcrease was
fro 4 A5 Ih/sq in. for len ths 0

tublnﬁ f35t 140 n. atabulkvel Cl o
/s approximately

ec an

RHEOLOGY OF FLOWING BUTTER

he

gressure Increased from l86to f691lb %to

s the temperature decreased

rom /2.

62.2°F at a'hulk velocity of 0.1 ft/sec.
Large variatjons In Bressure loss?s were

found “among the. vario
6correlat|on coefficients ran?
938). Flowever, no pattern could be found

f(im035

S samples of butter

0

for composition qr processing influences to

explain the variations. ThT variation W|th|n
ﬂle was. small as Indicated b

cgefllments which  range

The calculated friction factor versus the
calculated _Reynolds number 15 tllustrated in
Sincé the data were determined for

ow, a logarithm scale was used for
actor'to show a wider range of

r%ln r fl
fl?Cthll

iy
00613
00613
00613
0.1130
0.4030

0.0315
0.0315
0.0315
0.0580
0.2080

0.0162
0.0162
0.0162
0.0298
0.1060

0.0084
0.0084
0.0084
0.1640
0.5900

0.0043
0.0043
0.0043
0.0843
0.3030

0.0022
0.0022
0.0022
0.0435
0.1560

same sam
ne correlatio

Values.

are

ity
1,045
1045
1045
567
159

2,030
2,030
2,030
1,100

308

3,950
3,950
3,950
2,150

603

7,600
7,600
7,600
390
108

14,800
14,800
14,800
760
2

28,800
28,800
28,800
1,470
411

b

1,974
2,900

191
382
764
5,020
5,620

358
716
1,074
9,800
11000

19
39
60
50
5%

38
75
113
98
107

73
146
20
187
209

Evarlous quantities of butter at different

e
0.05
0.09
0.14

46.80
137.00

091
181
3.62
119.00
226.00

1.70
339
5.08
232.00
521.00

0.09
0.18
0.27
117
2.60

0.18
0.35
053
231
5.07

035
0.69
1.04
443
9.90

The power requirements and loss of head

presented in Table 4 for_butter flowin
under various conditions.
power requirements revealed
decrease in temperature about doubles the

The calculate
that a 5°F
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horse ower F(O 18, 0.35, and 0.69 hp at 65,

and 55°F) “required to move the butter.
Increasrnﬁ the drameter from 1510 3.0 In.
reduced the power required from 181 10 0.3
P for. moving utter at 60°F through, 20 ft
of tubing at 10 Ib/min.  This reduction IS
gven greater as the quantity of flow of butter
Increases.
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Chemistry Department University of Oklahoma, Norman, Oklahoma 73069

Seasonal Variation of Naringin and Certain Other Flavanone
Glycosides in Juice Sacs of Texas Ruby Red Grapefruit

SUMMARY

A recently developed chromatographic-fluo-
rometric method was used for individual quanti-
tative determination of naringin, neohesperidin,
poneirin, naringenin-7-"3-rutinoside, hesperidin,
and isosakuranetin-7-A-rutinoside in juice sacs
of Texas Ruby Red grapefruit harvested in late
July and late Seﬁtember, 1964, and monthly
thereafter through late April, 1965. The con-
centrations of the six glycosides in these juice
sacs were found to decrease rapidly and ap-
proximately porportionallv during the period
from late July through late November. In
December-April, the concentrations of all six
glycosides tended to decrease, although the
monthly chan%es were slight. These results are
compared with data obtained from the same
samples by the Davis method for “naringin”
determination and with taste-panel evaluations
of grapefruit juice bitterness.

INTRODUCTION

Naringin, the 7-/8- neohesperrdosrcle of nar-
in ity {(457trr%rox avanone has
loig been_known to be a major |tter con-
strtueni of Pra efruit, and untrl recentr{ Was
the only_ flavanone, glycoside known 1o b
present”in this fruit.” Recent studies, how-
ever, have shown grapefruit to contain srg-
njficant Hantrtres of naringenin-/7-J8-rutin
side, which IS a tasteless 1somer of ‘naringin,
as well as lesser quantities of several ofher
flavonoid compounds. (Mizelle et a!. 1965
Horowitz and Genfili, 1961 ; Dunlap and

Wender, 1962& These “include tvvo other
brtter favanon d%grcosrdes name t)l onelrin
neo esp err4 X |sosa uanetrr&

roxy-4'-methoxyflavanone|] an
hespeyd - 8neo egperros trﬁ
Rere 35 -trihyd rox 4metho g/fava
one]),.and their tastees ﬁomers, 0saky-
raneti 7 3-rutinoside and hesperidin (7-/8:
rutinoside of hesperetin). The discovery of
these compaunds In %ra efruit has indicated
a need_for information concernin the con-
centratrons of narrn%m and these other brtter
n& fasteless g O¥c sides. in rapefrprt of
erent sta es-oF maturiy. Informa-
tion 1S nec ssary for clarification of the
dPBesent addr

Minnapolre n}@ﬂnj]_e%%P;”E%ygﬁo?#&rg 8 Sgarlgh

effect of maturity on the flavanone %I coside
content of grapefrujt, and fpr elucidation of
the effect of the ndividual glycosides o
gnapefrurt bitterness, Including” their role in
e debittering of grapefrurt which occurs
with maturity. Several previous investiga-
tions of éhe easonal varr tron of fIavan nes
measured as naringin, graerur ave
heen reported Harve?é
Maurer et al., 1950: esterson nd Hen
drickson, 1953: Lime et al., 1954% but the
quantrtatrve methods emglo ed In these stud-
les were incapale of determining concen-
trations_ of the Individual tlavanohe glyco-
sides. Therefore a Study has been conducted
Inour Ja or?torg to detérmine the individual
quantities of the neohesperidosides and ru-
trnosrdes of narrnﬁenm hesperetin,_ and
|sosakuranet|n In the juice sacs of Texas
Sqrape fruit harvested In late JHI
ate emb er 4. and _monthl
thereafter through late A rl, 195 A ré-
cently developed chromato raphrc -flyoromet-
ric procedyre Ha%en et al., '1965) has been
€ employed for quantitative_deterntination of
the mdrvrdua )()cosrdes Narrngrn values
fveaso beeno tained for th ese same sam-
ples by means of a slight mo |f|cat|on of the
much used colorimetric mFto of 1avrs
1947) “in order that the effectiveness of the
avis ‘method for tiuantrtatrve determrnatron
of naringin and o her flavanone ﬂ] ycosides
In grapefruit might be evaluated. This paper
presents the restlts of these studies.

EXPERIMENTAL

Sample preparation. The fruit employed in this
study was obtained from Ruby Red grapefruit trees
in an orchard at the Texas A%rrcultural Experi-
ment Sub-Station at Weslaco, Texas. Fruit sam-
ples_representative of the orchard were harvested
on July 28, 194, and on about the 28th of each
month “from September 1964, through April, 1965,
Samples consisted of 28 fruit each, except for the
Jul g sample (16 fruit) and April sample (20 frurt?

raﬂ urt samﬂles were * shipped immediately
after harvest to the University of Oklahoma for
processing and analysis. When a shipment was
received, the fruit were scrubbed in water and
dried, and weights and diameters for individual

[542]
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whole fruit were recorded. The peel (albedo and
flavedo) and core were removed by hand from
the segments, which consisted, of thie juice sacs,
segment walls, and seeds. Juice-sac samples for
flavanone glycoside analysis were dprepared by
careful removal of segment walls and seeds from
the juice sacs_of four segments from each fruit in
a Shipment. The combined juice sacs comprising
a sample were placed in tared polyethylene bags
weighed, quick-frozen in powdere dr)( ice, and
stored .at —10°C until needed for analysis.. The
remaining  whole segments were also” weighed,
quick-frozen, and stored.

Analysis of juice sacs for flavanone glycosides.
A chromatographic-flugrometric procedure which
has recently Deen described in detail (Hagen et al,
1965). was”employed, with slight modification,  for
quantitative determination of the individual rutino-
sides and_ neohesperidosides of naringenin, hespere-
tin, and isosakuranetin in the grap@fruit juice-sac
samples. The _essential steps “of this procedure
were; preparation of a stock solution, from each
sample by macerating the juice sacs with 2-propa-
nol “and “thoroughly “extracting the solid residue
with hot 2-propariol and méthanol; chromatog-
raphy of stock-solution aliquots on columns packed
with. Polyclar_ AT polyvinylpyrrolidone (General
Aniline and Film Corp., Grasselli, N. J.), with
water, and with 25% methanol-75% water as
solvents, to achieve Prehmlnary quantitative iso-
lation of the desired tlavanone glycosides; further
separation and purification of these flavanone
%chosm_es by chromatography on thin-layers of
Olyamide Woelm (Alupharm - Chemical§, New
Orleans, La.), with nitromethane-methanol (5:2)
as solvent: removal of the adsorbent zones con-
tamlnﬁ_ the individual flavanone glycosides from
the thin-layer plates and elution” with methanol
of the gl¥cosldes_from the Rolyar_nl_de; and quanti-
tative determination of each individual compound
bY measurement with a Turner model 110 fluorom-
eter of the fluorescence of the complex formed by
addition of AICL to the flavanone solution, Ih
this work, the, Turner fluorometer was equipped
with an ultraviolet g)hosp_hor lamp  (Westinghouse
FSATS), with a_325-mg. interference filter gzBalrd
Atomic, Inc., 33 University Road, Cambridge,
Mass.) as primary (activation) filter, and with a
Wratten 2A-12 filter, which paSses all wavelengths
?_reater than 510 mg, as s_econdarY (emission
ilter. . With this lamp and filter system, the hig
sensitivity conversion kit for the Turner Fluorom-
eter which was used in the original procedure was
not required.

The stock solutions prepared from the grape-
fruit juice-sac samples were also analyzed for
flavanone content, as naringin, by a slight modifica-
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tion of the Davis method (Davis, 1947) in order
to compare values obtained b)( this method with
those produced by the chroma ogra?_hlc-fluoromet-
ric method. Aliguots of stock solution (25 or 50
gl). - were mixed with 0.2 ml of 4N NaQH and
Sufficient 90% diethylene glycol to give a final vol-
ume of 10 ml and the’ Solutions” were allowed
to stand for 10 min before optical density was
measured. The absorbances of these solutions at
420 mg, as determined with a Beckman DU spectro-
Photometer usm% blanks consisting of stock solu-
jons and diethylene glycol but no added alkali,
were compared” with” absorbances obtained for
similar alkaline diethylene glycol solutions con-
taining known quantities of pure naringin. _

Other analyses. Solutions for acid and Brix

determination and organoleptic evaluation were pre-
pared as needed from frozen whole segments not
used for the preparation of juice-sac Stock solu-
tions. Segment walls and seeds were carefully
removed from a representative sample (at least
one segment from each fruit in @ monthly ship-
ment),”and the partially frozen juice saCs thus
obtained were thoroughly macerated in a Waring
blender to obtain a purée. _
_ For acid determination, 10-ml samples of strained
gmce from the 9J\ullce-se_ac purée were titrated to pH
2 with 0.1479V sodium hydroxide. Acidity was
calculated as percent citric_acid. )

Brix was determined with an Abbé refractom-
eter ; appropriate corrections were_made for tem-
Perature and acid content of the juice sac prepara-
[

ons.

A taste panel of 12 members conducted organo-
leptic evaluations of the juice sac samples. Panel
members were selected from a qroup of 17 candi-
dates on the hasis of their ability to distinguish
hetween dilute citric acid solutions, distilled Water,
and solutions of naringin in distilled water rang%-
ing In concentration from 1 part/6,250 to 1 part/

000. The grapefruit juice-sac purées were fil-
tered through™ fluted filter paper prior to tasting
in order to" remove excess solids, Samples were
tevaluated according to the following scoring sys-
em:

10—extremely high bitterness
—high bitterness

7,)l—medium-high hitterness
g)—standard medium hitterness
A\—medium-low bitterness

jj —trace of bitterness
0—no detectable bitterness
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FLAVANONE GLYCOSIDES IN GRAPEFRUIT

Tabl onthly variation in concentrations oi Six flavanone glycosides in juice sacs of
Texas ﬁutll Mdgr%p? It & J

Concentratlon |n JUICE sacs

(Hgfg wet weight]
aringenin Neohes- Isosakuranetin “Naringin”
He[ljra\{eest Narligm Nrutm%sme ’gerl%ln Hesper|d|n Pon%mn runkn%smeI uamndog lflf:anOfﬁ b%e[%ha:\j/dis
1128164 160 8% 795 $5 509 Bl A6 616 B0
9/28/64 1000 51 4H4 279 47 Usb B 5 2100
10/28/64 % 30 By 240 A7 129 1 1% 1710
11/28/64 o 88 26 BT 24 9N W 98 120
12/28/64 6 64 34 By B9 8y Y6 % L0
1/28/65 4949 242 144 188 880 743 89 109
2128/65 9 07 204 5 A3 TN M 6 9%
3/28/65 20 24 B1 A0 874 77 80 1030
4128165 /1% 62 133 0 AH7 53 619 T 81
The November sample was arbitrarily assigned
a score of S and presented to the Fanel as a com-
Fanson standard. It was also included as one of
he coded samples to be. evaluated by the panel
members. No organoleptic evaluation” was made
of the April sample.
RESULTS AND DISCUSSION RN
Table 1 gives the concentrations of the O
rutinosides and neohesgerldoades of narin- RN
enin, isosakuranetin, and hesperetin deter- NN,
ined by the_chromatographic-fluorometric N
grocedure In the various %rapefrun Aume sac R oL
amgles together with the concentratjons of NN
flavanones. ~as naringin, indicated b%/ the DR
moditied Davis method. Table 2 presents Sy NG e,
acid, brix, and taste-panel data for the juice- N .,
sac samples. Fig. 1shows the concentration ¥
-0, =
T0---0-~-0---0
exas %uzn %éj Ogergﬁle rul (ijtcaeStga gnaenalgj/%te% ng v
avaiane: ghycos g ot
Acid
as v. taste nntratln f flavanon casiae
Harvest W e P Aandl %Hmﬁed (io %ep %0 i Hu?cg s %Hsgag
date 0 Brix ratio scoresa ? raﬂ? t eD C romaﬁ%ap [&
7128/64 1% 12 o7 93 RUOLOMEC S e
o8es b 12 97 0 gangn H gmg Dlcent:
1058164 s & 6 fions hrut| oSl es and elosoéss eriaosides ﬁ narn-
11/28/64 0.79 92 116 42 %(Pesrg 9C nanngm ?P narmgenlnm? }g m%élﬁ
12/28/64 0.8 03 17 36
1/28/65 093 107 n 34
2128/65 16 16 100 39  of naringin, the sum of the c&)ncentratlons
3128165 102 120 118 3.1 of the two naringenin ? YCOSIQES the sum
4/28165 074 10 149 of the concentratlons of all six g cosides
Sﬁgnn ystem extre e igh |E emess measured and Davis “ narlngln val es.
AN R e e o b
| v SIdes 1
ngness 1172 of B0 8 el grapefruit juice sacs Was THos significant
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during the period from late July through late
November,” During this period the congen-
trations of the %chosrdes decreased raprdly
and approxrmat Y pro%ortronally until, 4
the end of November
all six 9chosr es were In the range of 34-
hof errJuIIy concentrations. [n Decetn-
April allsix glycosides tended to de-
crease in concentratrons |n the gurce S4CS,
but the mag{J nitudes of the decréases were
generall ch less than those occurrrn%
arlier rn the season, and conceptratio
changes_from month to_ manth, particularly
those’ of the nephesperidosides, were more
erratic than earlier.

Although the concentrations of the flava-
none glycosrd(es In gurce sacs of the ¢ raP
fruit hafvest at different stages. of maturity
were often found to De quite different, the
average quantities of flavanone glycosides | |n
the 1[urce sacs. of a single grape rurt aawoeare
not o be su +e%t 0 much seasona vayiation,
as shown In Table 3. This suggests that the

ST he LR Sl oS Sl rapen SV

W eight of glycosides (mg)

Narin- Total . Total six
o enin-7-8- naringenin flavanone
Naringin futinoside glycosides glycosides

1128/64 % 4 239 260
9/28/64 m 8 265 288
10/28/64 168 19 247 269
11/28/64 169 n 2 268

Harvest date

i)
2128165 10 6 226 249
3/28/65 1% il 21 U
4/28/65 169 68 JAYl 21
Av. 167 16 243 265

decrease i flavanone chosrde concentra-
tion of the uice sacs Which occrlrrred with
maturity may have been principally a mat-
ter of rIutron resultrn? from Increased size
of the frutt, as postulated by Kesterson and
Hendrickson (1953), Howgver, the average
quantities, of giycosides In the juice sacs per

srngle fruit rec ?ed in Table 3 show enough
varlation at difterent intervals within the
growrng season that the possibility cannot
e eliminated that other factors in"addition
to dilution are Involved in the changes in
flavanone glycoside concentrations.

the concentrations Of

The ratios of the concentrations of the six
flavanone qucosrdes In the grapefruit juice
sacs did not, in most cases, appear to be sig-
nificantly different for fruit Marvested at dif-
ferent stages of maturity. Thrs suggests that
the relative concentratrons %tesrx? -
sides were Pro ab yestab iShed earI nthe
development of the”grapefruit, and remarned
relafively _constant “throughout the  period
studied.” Analyses of small samples of juice
sacs from fryit harvested in late December

1963, and earh{ April, 194, from the orchard
Provrdrng fruit for this sudy, ndicated that
e ReOESpeES e LI U0 et

W | ul

In the 19%&'5 %rurt which may ingicate that
these ratjos were controlled at least partiall h
by exterior factors other than heredrt SUC
a5 weather and hushandry technigues, T here
IS 10 evidence in these data of significant in-
terconversions between erther rutinosides and
neohesperidosides or glycosides of different
aglycones, but no detalled experiments have
been undertaken sirecrfrcally designed to ex-
pore this_possibility n depth.” Horowitz
(1961, 1964) postulated that the decrease In
brtterness of grapefrurt Wwith maturrty might
be the r%su It of & trans-gl ycos lation Teaction
which ¢ an?es the bitter “flavone neohesperi-
dosides to fasteless rutinosides, but thrs did
not a é)ear 0 be the case In the grapefruit
utilized in this study. It any thrn% the ratio
of _the brtter naringin 10 the tasteless
narrngenrn? [%-1 tr{rosrde appeared to In-
%reas very slightly with maturity of the
ruit

The minor neoheseerrdosrdes oncirin and
neohesperrdrn usually comprised only about
8% of the tofal meaSured neohesperidosides
In the %ra efruit iurce Sacs, stHdred In this
Investigation. Since poncirin has been re-
Forted 0 be at%out eciual In pitterness to nar-
ngin, and neo esger ain to be only one-tenth
as pitter as the [atter compoung fHorowrtz
and Gentrlr 1963 It ap ears likely that the
contribution “of these minor neohesperido-
sides to the brtterness of the %rapefrurt stud-
led was small compared to the contribution
of naringin.

The concentrations of flavanones, as nar-
ingin, indicated by the slightly modified
Davis method to hepresent in the grapefruit
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juice-sac sam les were proportional to, but
?nsmerab [%/ |8her than, the concentrations
naringin’ and other flavanone gl glycosides
determlned to be Rresent in these sarmples b
the chromatograpnic-fluorometric procedure.
Naringin” concentrations_obtaned by the
Davis method were about 2.1 times the true
naringin concentrations, about 14 times the
combined concentrations of naringin and
naringenin-7-/?-rutinoside, and . about 13
times” the. combined concentrations of the
neohesperidosices and rytinosides of nann
enin, hesgeretln and |sosa uranetin.  Al-
ough the Davis method. gave absolute
valués which were hlﬂh It did accurately re
flect the decrease, with maturity, offlavanone
glycosme concentrations In the [uice Sacs
tudied here, as shown In Flg L Obviously,
substances In the Juice- sag am les in addl-
tion to the neohes eridosides an rut|n05|des
of narlnoenln hesperetin, and ispsakuranetin
ontnbu d to the valyes obtamed by the

Davis method. The ratios of the concentra-

tions of these substances in the rap erun
lece sacs to those of the six flavanone rﬁ
Sidles apparentlhl remained approximately
constant throu out the studg ualltatlve
stud |es o the %rape fruit \)un: 5acs sam
emp oe in this work have shown that
Broba y contained several other fIavanone
ut the’ quantities of these compounds ap-
geared so small that thegl were likely to ac-
ount for, at most, only 4 very small fractlon
of the difference between fIavanone concen-
trations obtained for the samples by . the
Davis method and the total concentr t|ons
of the neohﬁs peridosides 3nd rutinosides of
n}anngenm esperrﬁtln an |sosakuranet|n In
ese” samples Ice-5ac. sam
contained several ﬁat/ one and ﬁ\PonoI ?lke
compounds which agroeare to_he present In
relatively small dtltles The ‘extent to
which triese comP unds, contributed to “nar-
|n In" values obtained by the Davis method
o t known.
Taste-panel evaluatlons of the |ttern ss
J uice-sac_samples analyzed In
stuay stiowed good correlation “wit nariy
gin™ content “determined by the Davis
method, as well as with true haringin con
tent. However, by clearly showing the Jack
of specificity of the Davis method for bitter

FLAVANONE GLYCOSIDES IN GRAPEFRUIT

flavanone neohesperidosides, this study does
suggest a possible ex lanation for the Tather
fre Uent |nab|I|ty of taste panels to correlate
|tt rness of pefrun with DaV|s ‘narin-
In" values (Hendrickson and esterson
958: Griffiths and Lime, 19632l It IS evi-
dent that a change i concentration of any
of the non-bitter components of %ra pefruit
measured by the Davis method which. was
not accomp n|ed brn directly p ropgrtlonal
change. In"tlavanonie neohesperidoside con-
centratlon would result in poor correlation
of Davis values with flavanorie neohesgoendo
side content, and hence, probab

terngss. NoO' such non é)roportlonal concen-
fration changes occurred n the gra pefruit
tun:e sacs stlidied In this investigation, but
ruit grown In a different year, or obtalned
from other trees grown in’a_different loca-
tion mlght not he the same in this respect.
Another” possible explanation for poor Davis
nanannn value-bitterness correlations Is
sugtI]es ed by the recent report that ?rape
fruit juice contalns a S|gn| ficant quan ty of
||mon|n Maler and er, 1 65), a bitter
Ilmon0| w ich woudé)ro b not he mea-
sured by the Davis metnod. The extent to
which | |mon|n contributed to. the bitterness
of the ?(rapefrun studied in this investigation
IS not known

The data obfained provide a reIatlvelgl
good picture of the seasonal variation
narlngln naringenin-7-/2-rutinogide, and four
minor’ flavanone glycosides in the particular
grapefrun $U|ce sacs studied, hut there is no
wa[){ mg at present if the vanatlon

attern notedhre |st ical ofaIIgraP ruit
A need |s cIearI |nd| ated for simifar sea-
sonal studies of ot 1er grapefruit, grown in
other focations and in other seasons.
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Effect of Wet and Dry Heat on Structure of Cellulose

SUMMARY

Heating of cellulose (purified cotton and
cupranimoniuni-regenerated cellulose) under
nitrogen in the presence of liquid water at 100°
and at 150°C brought about a small amount of
hydrolysis and some dehydration, the extent of
which was directly ﬁroportronal to the tempera-
ture. Heating in the absence of water caused
a much greater amount of hydrolysis and dehy-
dration, which was particularly marked at the
higher temperature Heating affects the amor-
phous regions of cellulose more than the crys-
talline regions; hence changes are more evident
in the less crystalline regenerated cellulose than
in purified cotton cellulose.

INTRODUCTION

[t has been shown that h%at degrades cellu-
lose (Burney. 1954; er a Houston
1940 Higains, 19582) has also been
claimed (Wiegerink, 1940) that moisture, ac-
ceIerates thrs thermal breakdown artrcu
|nte resence o({arr Waller et al,
). On the other hand, high-temp erature
treatment decreases the swe mq power of
cellulose, reportealy by the formation of new
| nctron pornts I the network of the dl
Herman r) In seemrnth; substantl
tion of this interpretation thﬁ tensile strength
of viscose was [ncreased by heating at 120°C
even though the tensile “strength’ of other
cellulosic materials was lowere by the same
treatment (Ror\rovrn et al,
similar

In arng rying, roa%trnﬂ

processes, Cellulose"ma eate 0 tem
peratures I excess of te boll md ornt o
Wwater. The changes that occur in‘the ph

cal structpre of ceIIquse unng these lp
£sSes are ar eyunknown It seemed usefu
to explore_the” effects of eatrng in moe
systems Thus 1t could be détermined
whether any different evidence, exrsts for the
formation of new associations in the gel net-
work of cellulose. In these experiments
native and regenerated celluloses were heated
in the absence of oxygen, both with and with-
out moisture. The methods of analysis in-
volved determination of molecular ‘weight,
measurement of crystallinity, infrared spec-

e

trometry, and chromatography of the hydro-
lytic products.

MATERIALS AND METHODS

Absorbent cotton was extracted with ethanal,
|dc HCL, and 2% NaOH (with intervening wash-
ings In water), dried in air, and ground to pass a
60-mesh sieve (Shimazu and Sterling, 1961). A
cuprammonium-regenerated ceIIquse Was prepared
from the extracted cotton by dispersal in the
Doring cuprammonium reagent )_1Ja7yme and Lang,
1963), dilution, adjustment top and precrprta
tion In an ice-water bath (Sharpies, 1958). The
regenerated_cellulose was washed and “centrifuged
10X, lyophilized, and reground to pass a 60-niesh
SIeVe.

Twao g of each sample were placed in 3Iass tubes,
under a”positive ﬁressure of dr dY Ns, and the tubes
were sealed. Otner 2|g samples were placed in
tubes with 2 ml H»0, also uncer N. gas, and those
tubes were [ikewise sealed. Two fubes of each
sample remained at room temperature, two were
heated 5 hr_at 100°C. and two were heated 5 hr
at 150°C. The sa Holes were removed from the
tubes, dried in air i necessary and held at room
temperature and humidity for'5 days.

Intrinsic viscosity was determrned in cupriethyl-
ene diamine solutions (Swenson, 1963) at 25.0+
01°C, with concentrations of 05, 0.3, 0.2, and
0.1% air- drY cellulose.  The concentrations were
later corrected for the moisture content of the
air-dry material (determined at 70°C, under a vac-
uum of 100 mm H?) Intrinsic_viscosity was con-
verted to degree of ‘polymerization (D.P.) on the
basis; D.P. = 150 [»] (Gloor and” Klug, 1954%
Similardeterminations Were made as a cfieck wit
solutions of the control celluloses in cuprammonrum
solvent (Jayme and Lang, 1963 P.
relational constant being g ( |oor and Klug,
1954). There was cIose agreement of the values
from’ cuprammonium solutions of the control speci-
mens with those from cupriethy lene diamine
solutions.

Crystallinity was estimated by 3 different
methods. Sorptron ratro Water vapor sorption
was measured dynamically, with oil-pumped N»
being bubbled first through 3 squtrons of sulfunc
acid and water, of appropriate concentration to
qive the desired water vapor content i the N
atmosphere and then throu? the sample. The
sample and the 2 immediate g Jpreceding sulfuric
acig-water solutions were held in a water bath at
25.020.01°C. The sample was weighed after equili-

1
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bration at 20, 40, 60, and 80% RH. The values. of
the “sorption ratio (based on sorption of purified
cottonP_ were averaged and converted to percent
crystallinity on the asis that the relative amount
of sorptioni is proportional to the relative amount
of amorphous material. o

X-ray diffraction. X-raX determinations of crys-
tallinity were made at 40% RH by the method’ of
Hermans and Weidinger (1948, 1949) with samples
in a stream of Ns. The moisture content of the
N. stream was_achieved through the same system
thatt was used in water vapor~ sorption measure-
ments.

Deuteration. Infrared spectrograms (single
beam) were obtained for cellulose deuterated Ty
immersion in liquid DD for 24 hr (L sample:
5 DjO by gross weight) and then dried at 10* mm
Hg vacuum (room femperature) for 48 hr. N= gas
was infroduced, and. the sample was suspended in
hexachloro-1,3-butadiene(H BD% under Eosmve
nitrogen pressure. HCBD (CCL2 = CCICCL =
CCBJ can supply no %rotons and has minimal ab-
sorption in the range 2000-4500 cm'1 Crystallinity
Was ?Nen by the relative areas under the peaks at
the stretching frequencies of OH (at ca. 3350 ¢m*Y,
interpreted as inaccessible or crystalline reg|on2
and OD (at ca 2550 cm", interpreted. as represent-
ing the. accessible or amorphous region) : percent
crYstaIImlt = OH/(20D" + . [Theoreti-
cally the OH intensity is greater than the OD
intensity by a factor of 2 (Wilson et at, 1955).]I
Peak areas were calculated on the basis of optica
density and wave-number.

Infrared spectrograms were also made of cellu-
lose in the air-dry, protonated state. The samf)les
were mixed with"KCL and compressed into pellets,
for examination in a double-beam infrared spec-
trometer. _

For paper chromat%;raphﬁl, each sample was dis-
solved In 72% HZX0i, which was diluted after
L hr, and then_ hydrolyzed by heating at_ 100°C for
4 hr. The mixture was néutralized, diluted, and
centrifuged (Saeman et al,, 1963). The supernatant
was concentrated and refrigerated. Thirty /ey were
spotted on Whatman No. 1 paper. The chromato-
raﬁhlc solvent was ethyl acetate-acetic acid-water
3:1:3 vlv) eP|phase. Development of the spots
was_ made " with AgNOs-saturated ~ acetone, 5%
NaOH in ethanol, and photographi¢ fixing solu-
tion, in succession. Sensitivity” of this metfiod, by
experimentation, is 0.8 7 of reducing sugar (glu-
cose). Standard substances used for comB_anson
were glucose, galactose, mannose, xylose, arabinose,
and cellobiose.

RESULTS

. Color chan%es in the treated specimens are given
in Table 1 1n all cases, dry heating produced a
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Table 1 Color appearance of treated celluloses.

Purified Regenerated
Treatment cotton cellulose
Air dry white white
100°C, wet white ~ Wwhite
100°C, dry white light yellow-brown
150°C, wet _ White light brown
150° C,dry  light yellow brown

dartker coloration than heating in the presence of
water.
Values for the intrinsic viscosities of the cellu-
lose samples and the derived D.P. values are pre-
sented in Table 2. To a small extent, the process
of regeneration reduced the intrinsic ViScosity.
Heating at 100°C scarcel)( affected the moist cellu-
lose, but in the dry state a slight decrease was
nofed for both purified cotton “and regenerated
cellulose. Heating. at 150°C caused a greater drop
in the intrinsic Viscosity of regenerated cellulose
than in that of purified cotton. The effects of mois-
tl%g (\:Nere opposite in the 2 different celluloses at

The results of the crystallinity determinations
are summarized in Table 3. By virtually all meth-
ods of measurement, treatment at 100°C caused
an increase in cellulose crystalllnlt){, and to be sure,
the drY treatment ?ave a Somewhal greater increase
than the wet. Af 150°C there was virtually no
further change in X-rajr cr%stallmlty of wet or
dry samples.” However,” in the determinations b
sorption ratio and deuteration, dry heating at 150°
produced a marked increase in” crystallinity over
wet heat_mtg.

The infrared spectrum of deuterated samples
may be evaluated further. If the areas under the
0D- and OH-stretchmt[] Feaks be compared with
the height of the CH-stretching peak, an estimate
may be” made of the relative ¢ an%e in_total OH
%rou N IL(ZOD % OH)ICH treated]/[ (20D +
OH)/CH' control] as well as the relative change
in the amount of OH, groups in both the crystalline
and amorphous regions, considered separately
J:OH/C treated[?/ OH/CH control) and 20D7

treated)/(20D/CH control), respectively].

le 2. Intrinsjc yiscosity and D.P. of treated
celmases in cuprle{ﬁyYene ale}/mme.
Purified cotton

HI D.P. HI D.P.

Treatment

ir dry 107 161 0.9 144
00°Cwet 107 161 0% 14l
100°Cdry 166 158 089 1%
150°Cwet 103 1% 067 10
BeCdy 102 1B 0p 12
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Table 3. Estimates of percent of crystallinity for treated celluloses.

Purified cotton

Treatment Sorption X-ray

ir dry 10 68
100°C, et Jil 69
100°C, dry 3 I
150°C, wet 1 3
150°C, dry 8 4

The results are shown in Table 4. It is apparent
that the total OH decreases with treatment at
150°C and particularly in the dry state. Also, the

Pparent increase in crystallinity with dry heating

150°C is shown to e the result rrmarrI?/ of, the
loss of amorphous OH. Thus, X-ray defermina-
tions showed no change, while those based on
accessible OH groups indicated a relative increase
in_crystallinity in dry heating at 150°C.

The infrared spectra of the undeuterated samples
were virtually identical with one another, regard-
less of the experimental treatment. There were
slight differences, however, between the spectra of
samples of purified cotton and those of regenerated
cellulose, In all, there was no_ evidence for a real
change In any of the chemical groups or for the
ap earance of any new rouP

he chromatograms of all the hydrolyzed cellu-
loses were also identical, and no néw siigars were
found after any of the treatments Onh{ 3 spots
appeared upon” hydrolysis and chromatography:
one of these was identified as glucose, and fhe sec-
ond & cellobiose, and the third appeared to be
ceIIotrrose but no standard was available for com-
parison. 3 spats a'epeared in the hydrolyzed
starting materrals (Table 5)

DISCUSSION

The results show that a magor breakdown
occurs rn sam Ies of ceIIque exposed 10

tat the breakdown 15 more pro-
nounce In thie ry than in the wet state and
that It takes place pre omrnantl rnt e amor-
T s”étte“'at' o (ffencratd

ellulos

1940 ; Waller et al., 1948) mdrca{e tha% ther-

abI Imates
for treae ceﬁu 0SES.

Purified cotton

Treatment Crystalline
Total OTI OH
Air dry 1.00 100
100°C, wet Lost Lost
100°, dr 100 102
150°C, wet 0.99 102
150°C, dry 089 103

Regenerated cellulose

Deuteration  Sorption X-ray  Deuteration
67 40 40 £
6/ 4 43 I
69 4 4 3B
68 4 4 3
1 58 4 46

mal breakdown_is accelerated by the presence
of moisture. One difference, "however, be-
fween this experiment and the prevrous ones
I the immersion of the samples here in Irtiurd
water It IS perhaps possrble t0 speculate hat
If te eatrng Brocess prod uces free radicals
in ce |ulose %ak omov, ), these are
ra)%l ag (uenched when water rs “abundantly

The nature of the breakdown is indicated
in the analyses. Some of the changes. (de-
cline in intrinsic viscosity, unchanPed Infra-
red spectrum, and occuryence of g ucose and
Its_polymers as the sole hydrol ti products)
ornt o 2 srm eh%/dro SIS 0 the 14gl
cosr ic linkage. Other changes (decreasé In
relative area of the OD stretchrng peak n
Infrared spectra of deuterated gecrmens
marked drop in water-vapor sorption capac-
ity, and darker color of the clry-heated
specimens) suggest a further chemical reac-
tion. - This_reaction seemrngy Involves the
spIrttrng off of hydroxyl groups.
ccordrn§ t0 the investigations of Golova
et dl (I the main product of the
therma decomposrtron of cellulose rn vacuo
IS I6anh¥drolsﬂ]ucofo¥ranose levoglu-
cosan ovrnrrr ere srm taneous
dehydration, rear angementot ucopyra
nos morety, and rupture, of the 1-4 glico-
srdrc on hese reactions are indicated

e (ata of this experiment, Levoglucosan
rsy also the%reakdowrP product upon gyrolysrs

of total, crystalline, and amorphous OH (as fraction of air dry control)

Regenerated cellulose

Am%rirlhous Total OH CrysIaIIine Am%rEIhous
1.00 100 1.00 100
Lost 102 103 0.99
0.9 0% 103 091
0.9 0.98 103 093
0.84 0.86 106 0.72
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of identified spots i

N e it M R g

aper chromatograms
[ J

Measured value

Reported  Purified Regenerated

Sugar value cotton cellulose
Glucose 017 017 017
Galactose 015
Mannose 02
Xylose 0.32
Arabinose 027
Cellobiose 038* 038 038
Cellotriose (?) 0.24% 024

of starch (Horton, 1965). Further confirma-
tion 1S given by the work of Mu_rphg (19623.
Levogllicosan was not detected in paper chr
matography, possibly because not _enough
Was Rresent ,g_ossmly .l%?cause its Rf valle
was not sufficiently "different from that of
lgr!gﬁ?se under the conditions of this experi-
No evidence was found for increased abso-
|ute_ crvstallinitv nor for appreciahle cross-
linking I cellulose as a result of _beatmeg.
To pe”sure, any cross-linking that involvéd
small changes in di- or trisaccharide struc-
ture might”lie unaetected In paper chromg-
to?ra#h here. However, there was no Indi-
cation Dy, viscosity measurements of an
Increase “in molecule size that would be a
consequence of cross-/inking, nor was there
any marked change of the infrared spectrum
that would show™a new type of bonding or

rouping.
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Thiobarbituric-Acid-Reactive Substances from Autoxidized or
Ultraviolet-Irradiated Unsaturated Fatty Esters and Squalene

SUMMARY

The water-soluble 2-tliiobarbituric-acid-reac-
tive substances (TBRS) from oxidized and
UV-irradiated unsaturated fatty acid esters and
squalene were fractionated on Sephadex G-10
columns, and the fractions were characterized
by elution volume, UV- -absorption spectra, and
behavior on TLC pIates By these criteria the
main component in all cases was unequivocally
identified as malonaldchyde (MA? Other
TBRS accompanied MA but were ¢
tinguishable.
ever. With squalene, the total TBRS per double
bond were only one-sixth of those of the fatt
acid esters, and MA accounted for about half.

INTRODUCTION

The Pmk chromo%en max, 532 mfa) ob-
tame rom the reaction. of 2-thjobarhituric
acr BA) with oxidized lip r s rs used
wid eru as a measure of extent o PI 0XI-
datro During the earl} stages of oxida-
tion, the _amounts of ‘TBA-Teactive sub-
?tances g BRS) |n oxidjzed unsaturated
atty acids are closely correlated wit
ide value, oxy%en uptake rene con(rjugatron
etc (Ivenasto et o, 1955: aragrs and
1960: Dahle et aI 923 has
been assumed that mann
was the ecent owe er, asa
Sasl aw and Waravdekar
&/1965 re ort(fd that several drff entTBR
ere ro when unsaturated fatty acids
vl\r/rlere rrradrated and that none of these were

The exuerrments to he descrrbed were de
signed to Investigate the nature of the TBR
produced during autoxidation and UV-I
radratron of gol unsaturated fatt este rs and
squaene an ﬁarr tereﬁronsr De-
reeepte tat MA the rinc e?lver lR%ad
IS Inci r
QO 8rzed methg[ linolenate (K\?von ang_ o
cott, .1 ome limitations of the TB
reactron as an index of lipid oxidation ar

discussed.
EXPERIMENTAL

Materials and analytical methods. Methyl lino-
lenate (‘Mann Research Lab., IV 260), ‘methyl

:\<"DQ_“U)

@ >

early dis-
They were not identified, how-

PEroX-

arachidonate (Cal. Biochem., IV 322), and squa-
lene (Eastman), purified by silicic acid coldmn
chromatography (Olcott and”Van der Veen, 1963),
were used. MA Wwas prepared by acid hydrolysis
of the distilled acetal (Kay-Fries) (Kwon and
Watts, 1963) or by distillation of the brsulfrte addi-
tion product (Saslaw and Waravdekar, 1957).
TBRS were determined by heatmg/| e1qual "volumes
of sample and TBA reagent 060 2M TBA in 90%
acetic acid) for 3 min at 100° or, for the eluants
from the ‘Sephadex G-10 “columns with  citrate-
Phosphate buffer, by allowing the reaction mixtures
0 stand at room temperature for 22 hr. When Tris-
HCL or KCI1-HCL buffer was used as eluant, the
color was deveIoPed with 0,023/ aqueous TBA so-
|ution.  Glass-distilled water was_used throughout
Thin-layer chromatogr er y TLC)D was conducted
with sifica-gel G (E.” Merck AG, Darmstadt, Ger-
many). Solvents used were n-butanol-dichloro-
methane-water (20:4:1 v/v) and n-butanol-di-
chloromethane  (1:10 v/v). * After develo ment
plates were allowed to dry, sprayed with TBA re
agent, and heated at 100° for Several minutes.

Autoxidation of fatty acids and squalene in
air. Several 100-mg portions of the polyunsatu-
rated substrates in covered. 10-ml Pyrex “heakers
were allowed to oxidize in air at room’ temperature.
At intervals, samples were weighed to determine
the amount of oxygen absorbed ?Olcott and Einset
1958) and were extracted five times with 2 ml of
water.  The combined extracts. were filtered
through wet Whatman No. 42 filter paper and
made up to 10 ml. Saslaw and Waravdekar (1965)
reported that more than 95% of the TBRS were
extracted by a similar_procedure. The extracts
were subjected to the TBA reaction and UV ex-
amination. All measurements were made with a
Cary recording spectrophotometer, model 15.

Fractionation of the water-soluble TBRS.  Five
g of methyl linolenate was allowed to oxidize at
0° in-a 10-ml Pyrex beaker with continuous me-
chanical stirring. “At intervals, 2 ml of water was
added to the rancid_sample and the mixture was
stirred for 5 min. The water extract was sepa-
rated by centrifugation. The residue was returned
to the bieaker and”allowed to oxidize further, Squa-
lene was treated in the same manner. Methyl ara-
chidonate (0.17 g) was oxidized at room tempera-
ture without stirring for 20 days, and then ex-
tracted with water. Water extracts were subjected
to fractionation in a column (2 X 75 cm) contain-

[552]
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8 Sephadex G-10 (Pharmacia) b eIutron with
0.054/ Tris-HCI buffer containing 01 / NaCl, pH
74, as described by Kwon and Olcott (1966) or
in a longer column (2 X 105 cm) of the same
material oy elution with 0.054/ KCL-HCI buffer
containing 0.LY NaCl, pH 23.

In a separate experiment, 2-§ quantities of methyl
|no lenate an so]t ualene were respectrvel irradiatéd
with UV i 8 and 40 fir, as described b
Saslaw Cf 1963 The irradiated samples were
extracted wrth 2 mI of water and the extracts
were separated by centrifugation as described
above. They were then separately eluted from the
longer - Sephadex column ™ with, "0.0064M citrate-
0.086./ phosphate buffer containing 0.1.1/ NaCl,

pH 7.
RESULTS AND DISCUSSION
Production of TBRS, The production of
TBRS by the autoxidation of arachidonate,
linolenate, and squalene increased linearly,

with apparent respective zero-order rate con-
stants of 9.6 X 10 4.4 X ICC0and L1 X

éOOM Imin during the early stages of autox-
ation (Fig. 1). Later, the rate of produc-
tion decreased, s has been shown previously
with irradiated fatty acids (Saslaw and War-
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avdekar, 19653 and with autoxidizing lipids
(Tarlad is and Watts, 1960). The amounts
of TBRS at the_peaks were 9.6, 6.3, and 3
ymoles MA eriurvalents per g substrate for
arachrdonate inglenate, “and sualene re-
pectrve% Te rncrement of TBRS par
leled that of weight gain, rndrcatrn?
close correlatron between 0xygen Upfake
and TBRS production. TBRS™ production
reached a peak at about the same time that
t e rate o oxqun uptake started to gecline

g arladgis and Watts (1960)
obs rved srmrlar phenomena.

Properties of the water extracts of oxi-
dized fatty acids and sgualene The water
extracts from the autoxr ized or UV-irradi-
ated methP{ linolenate, arachrdonate and
squalene a ﬁave the t}/prca pink coIor after
TBA reactio rdentrca to that seen with MA
(max. 532 my). . However, there was an
additional absorption band at 455 my, par
trcuIarIy evident in the water extracts from
%xr Izel sualene and dthde ratio A dt

radua mcre s ur xr ation.

Egﬁwgvater e tract om mett(rt Inolenate
which had been oxidized for 1 day at room
temperature had a UV- absorptron spectrum
before the addrtron of TBA wrth maxima at
234, 260, 210, and 280 ﬁ . With
the ‘extract made after 4 days, Rowever, the
[atter 3 absorption bands were no fonger dis-
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trnct but formed a b) shoulder aro nd
while the at 234
shrfted 0 225 mix The [atter attern was
seen with a water extract of methyl linolen-
ate that had been UV-irradiated for 18 hr
at 40 Water extracts of autoxrdrzed methyl 4
arachidonate and squalene aso a ahsorp-
o0 e i, atima gt 220, i a1
mix (FI
of the spectra did nd ghange further wr‘[t)h
time of Oxidation.
In no case was there a correlation between
the absorbances at 532 mix after TEA reac-

tion and the UV ahsorbances at 225 mix of

the water extracts ; this differs from observa-
tions of Saslaw and Waravdekar (1965),
The compound with the absorption band at
225 mix was isolated by gel-filtration of the
water extracts ﬁee below) and did not give
a pink color with TEA.

09 -1

o831 /
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0.6 —

squalene

Aborbance
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THIUUARBITURIC-AC'TD REACTIVE SUBSTANCES

Fractionation of water extracts from
autoxidized substrates. When water ex-
tracts of autoxidized methyl linolenate were
fractionated on SephadeX, MA was the
prrnc ipal TEES of the three obtained (Kwon

Icott 1966). Further extended oxida-
tron of linolgnate ﬁro days at 40° with con-
tinyous stirrin sowed onIyoneTBA Ik
peak (max th with elution vo ume
Z{e?_‘ 148 m from e short column
E owever, this peak was over appe bi/a
-vellow peak %max f
) With continued oxidation oflrno enate
the yellow peak gradua IK increased wh r e the
grnk peak Oecredsed ege low Pea coln-

Ided” with an intense bsorption at 225
mx before the TEA reactron The ahsorption
band at 267 mix of the fractrons drsapp ared

upon acrdrfrcatron b OyPrca apsorp-
or acr led MA was

tion hand at 2
robablg“because of the over-

not observed
lapping Intense absorption at 225 mx. The

20
A225 mu
18— »
1.6
X ,x”A455 mu

(TBA- yellow)

Absorbance

S

IVe, J 0 me 0lena OXI I 6 at 40
Wth (fda}/s WE hyCOHPHUOUS strrrrng, an extr cted

4. Fractianatio ewter extract pb-
tal e('df onxrﬂrz ;%Irno nate E
frrs ﬁcﬁdn F””c r?tgnrn 8
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pnk peak is assigned to MA by the fIIow-
ng criterig (Kwon and Olgott, 966 h
elition volume at neutralrt was
as thtof MA: 2 atio _of srzm'r
ABI was abouf 2; 3 Py acrdrfrcatron the
abs orptron maximum at 26/ rn’xdrsa‘p eared
wrtheutron brf/ the KC1-HC1 bu er P
from the lo ger Sephadex column, the
B ea a%)eare attesme elution vol-
ml) as did authentic MA.
The water extract from the 20 days’ autox
idized arachidonate had a c romato err
Rattern similarto that of the linolenaté which
q heen oxrdrzed for 16 hr at 40° (Kwon
and Olcott,
The water extract made from squalene
oxrdrzed for 16 hr at 40°, showed two T
P eaks In the ¢ romato?ram fluted from
he S ort column The elution volume of the
first ml) was the same as
that fMA that of the ‘second was 225 mI
F first rf(eak Was overlar? ed byaT
ellow (max., A water ex
ract m de from squalene that had been oxi-
dized for 5 days at 40° had a similar att?rn
but the absor ance at 455 mix for rrs(!
Peak was higher than that at 532 mx an
or the second peak was lower. The UV-
a sorptron spectra without TBA of the first
&eak ad a intense (absorptron at 225 mlx
Ith a shoulder arouna 2/0'mfx. Addition of
acid or base to this fraction drd not give the
characteristic pH- dePendent UV-absorption
spectra of MA, but this may also have been
mnterfered with by the rntense abso tron at
5 mlx, A water extracteut%
buffer from the long. column had ton A-
grn peaks with elution volumes at 206 and
. The first peak was overa ped g
TBA ellow peak. The second hha
the same elution volume as that of aut entic
MA. The base, drfference s ectrum had an
absorgtron maximum at 26/ mlx, and e?
thus be assigned to MA. MA can oe dirfer-
entiated from the TBA-yellow lneak from
water extracts of oxidized lino enate and
squalene, because the Ve of MA is pH-
de endent won 1966). while that of the
TBA-yellow Xea IS pH-independent. Pro-
uctron of MA from autoxrdatron of squalene
has thus been demonstrated without ques-
tion, but MA accounts for only about half of

5%

the total TBRS. The gther TBA-pink peak
has not yet been identified.

Fractionation of water extracts from
UV-irradiated substrates. The water ex-
tracts from the rrrftdrated substrates were
ractionated by the onger Sephadex column
with crtrateR osphate buffer.” For the TBA
reactron with these fractrons 002

/o cetrc acr R/ave full coor everhp
men A was 2 The

water extract from the rrradrated IrnoIenate
showed two TBA-pi kPea with respective
Ve of 179 an The second main
gea crded wrth ahsorbance. at 267 mix

efore A reaction, and was identified as
y crrterra descrrbed prevrously A
ye Iow m})ea corncr ent wrth absrfb
e dt 225 mx had a Ve of 2 Saslaw
et aI (1963) rsolated two prnk and one yel-
low spots on @ TLC plate_in the water ex
fracts obtained from Irradiated fatt acr s
but they reported that neither of the
Pots was MA. The water extract of | rrar
ed squalene gave a pattern similar to that
of autoxiaized ‘squalene.

Polymerrzatron of MA MA prepared
from acid %/ rolysis of its acetal or from
distillation o rts bisulfite addition compound
and MA acetal could be se arated on TLC
plates. When n-butanol -dichloromethane-
Wwater was, used to, deveIop the samples, MA
prepared from acr y rol ysrs of rts acetal
ave two spots (Rt 0.77 and (
Ere ared from ﬁrstrlla ion of the brsulfrte
ddition product nad onyones ot (Rf0.1
wrth tarIrn? as Saslaw et'al. ( 63 r%porte
T eacea %ave one sp o%wr
tou va ues oft frrst spot of MA
0 tarne g/acr nydro fysrs of its acetal and
that of the acetal itse| were Tr close
mixture of the two could e clear seBarated
with nbutanol drchloromethane Thus, the
spot of rr, (.77, was monomerrc
B i e O

w w
drstrIISte of the brsulfC te addrtroh roduct.

When 15 ml of 0.3M aqueous MA-bisulfite
solutron was distilled to collect 10 ml of the
distillate MA concentratron In the distillate
was 183 « I0-Akf and the UV absorption
maximum was 245 mx as Saslaw and War-
avdekar (1957) reported. In hasic solution
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the maximum was at 267 mp. However, the
ratiq  A2s7m»/A2rmi was } 4 while mono-
meric MA has a ratio of 2.3 (Kwon and
Watts, 1963). In a separate experiment in
which’ the solution had been subjected fo
somewhat more heat, the distillaté had its
absorption maximum at 275 mA and upon
acidification the apsorbance was Increased.
hen the acidified distillate was heated for
15mrn at 100°, the maximum was at 245 m|
with increased atfsorbance and It was shifted
to 267 nix In alkaline solution. The same
distillate was eluted from the Ionder SePha
dex column wrth citrate- Ioh%s hate buffers.
As shown In Fig. 5we the fractionation
was carrred out at pH 26, Ve was 131 ml
and t e UV absor tron was negli rbIe At
6, monomeric MA was eluted at 275
R]H T Ve was 207 ml cIosE to thaé
of mofp eric’ MA Ve 221 ml), These an
other Indings strongkﬂsuggest that the djs-
tillate was e A and that the poly-
mer can e artray eg Ymerrzed by either
acrd and h eat orb reatment.
Fate (? n t e oxrdrzrn% sgstems
The kin sofTBRS roduced de(on on the
substrate and the conditions use for oxida-

tron In several cases. MA was_the most
Portant component. The other TBRS %re
not yet identified, but appear to be unstanle
2.8%
2al- X
i
El 20+ " 22
% 1.2 :} X‘
2 osf (5' %
04l / §
/
oL | | | ‘é X&
120 140 180 200 220 240

m|
Fig. 5. Fractionation of the distillate of aqueous
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precursors of MA, p ossrblly 24drenals or
vinyl etoneé The concent atronso TBRS
rn the oxidized substrates at the peaks
rng were equivalent to rom 10-3 to
MA angd ma ossrbarbe Io merizing
under the oxr rzrn ondrtr n ermore
A and_ the other TBRS may react with
other oxidation products durrng the oxida-
tion. At the latter staqes of the oxidation In
these experiments both the resrdual fatty
acld esters and s%ua ene formed g }/
under water after centrifugation, In rcat
that the IXellowrsh residues had higher d ensr
ties t an those o the original “substrates.
Hrg h) Iymerrze MA is riot water-soluble.
Thus, the feduction |n the amounts of water-
soluple TBRS In the latter stages of the
oxidation may be exRIarned by the”high reac-
tivity of MAand other TBRS In the oxrdrz
Ing System. These observations support the
concept that use of the TBA tgst 8 a uantr
tative. measure of lipid oxidation ma
(r)ne%rérlrtn rr]‘ul only during the initial stages of
Xidati

On the other hand, the fate of TBRS
roduced in,_ complicated food sstems 1S
omewhat different from that in t e %ure

r systems. According to Watts (1962

ounts of TBRS recovered fro mea
Bro ucts urranr storaqe never reach a peak
ut form a_plateay following a ragrd initial
rncrease The differences are probably ex-
glarnabeas follows. MA occurs in both free
bound forms with food constrtuents

(Kwon et al, 1965). Boupd MA can
completely recovered through acr an heat
‘reatments if the foods had been stor?
ow temperature. Thus, the reactivity o MA
with other constrtuents IS tesR/onsr Ie for th e
Plateau In the recovery 0 rom such
000 Systems. In the Iater staﬁes the un-
saturated fafty materials are exhausted, hut
the accumulated TBRS have reacted with
food constrtuents and are thus protected from
the po P/merrzatron or other reactions which
account for the loss In tfotal TBRS seen In
the pure ¥stems Despite the ahove draw-
backs the TBA test can be meaningful as a
measure of lipid oxidation if the limitations
are kept in mind.

The chromator[rraPhrc ﬁattern obtained
with the water-soluble TBRS produced from
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UV-irradiated linglenate was slightly differ-
ent from that of aytoxidation,_although,
?atn MA was the main TBRS. The failtire
Saslaw et al. 1963? and Saslaw and
Waravdekar g1965 to fdentity MA among
the TBRS obtajned from uradtated fatt
aclds appears to be due to thetr useog -
Meric Aasastandard |n he TLC sepa-
rations.  Their MA had heen obtained n%/
dtsttléatton of the MA- btsulftte addition co
oun
pDunng autoxidation or irradiation of
squalene the amount of TBRS produced per
dubIe bon of squalene was about 1/6 of
those of att¥ acids.  MA accounted for about
half of the ota TBRS. The occurrence of
A in OXI dized sgualene Was, unexpected
since squalene contains only ethylene-inter-
rupted double bonds. Sore migration of
lsoargglsonpresumably precedes the " oxidative
These combined ohservations demonstrate
that the water-soluble extracts from oxi-
dizin unsaturated esters or S ualene can he
satisfactorily fractionated on Sephadex col-
umns. that MA is the most |mportant TBRS
of these substances and that It Is accom
panied in omdmng esters or squalene by
other water-solubl compounds some _gf
which gTve pink and some yf [low colors with
TEA. structures of all of these other
than MA have yet to be identitie.
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Direct Gas Chromatographic Analysis of Volatiles

SUMMARY

Direct sampling of volatiles emanating from
pears is shown to be a potentially useful and
non-destructive means of assessing fruit ripe-
ness as it is affected by time or treatment such
as exposure to ionizing radiation.

INTRODUCTION

Maturation before harvest and_ri enrnq
thereafter are recognrzed as importan
comp ex p ysroloorca processes that directl
affect the Ultimate. quality of fruit (Lott,
1956). The need is manifest for obj ctrve
measlires of fruit maturity and ripene f
esgecrally for measures that relate well with
taste acCeptance 6(er and_Romani, 194;
Romani et al,, 1962) VoIatrIes offer consid-
erable promise in this regar n the assum -
tion that they confribute to t e aroma and
taste of erther fresh or_processed fruit.
Earlg attempts at utrIrzrn% volatiles as in-
|ces t maturrty O ripeness were thwarted
by the lack of sensitive analytical technrques
(Gerhardt, 1954), With the advent ofg
chromatography (GC), emPhasrs was placed
on the analysis OF extracted pear essence
(Jennings et”al, 196g This work has re-
sulted  the identification of many voltile
fractions as well as an_ evaluation of their
contribution to_argma (Heinz ct al.
Esters, of  trails :2-Cls : Fecadrenoate have
been found to lie especially. important con-
trrbutors to ear aroma Jennrngs ¢t al,
ang. the garent compound “has been
sown to lie rea |Ig/ extractabe rom pears
éi >Potentray u fuI as a fruit maturity
naex (Heinz

owever a maturrty mdex IS qenerally
most_functional If It IS non- destru? Ive_and
%Iows for repetitive monrtormﬂno fruit as
they ripen or res ond to some imposed con-
drtron Direct GC sampling of voIatrIes meets
?] requirement.  USing™ direct samang
tec nrg S, er and Romanr (1964) de
strated that de ree of maturrty af time of
harvest will re Bf influence the subse ent
production o volat rIes y ripening peache
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Produced By Ripening Pears

In this present study, direct sampling meth-
0ds have been use to characterize emang-
tions from normal ripening. pears as, well
as from pears that “havebeen previously
Irradiated.

MATERIALS AND METHODS

Mature pre-climacteric, Bartlett Pears (Pyrus
communis, L.) were obtained from local orchards
at the time of commercial harvest. These were
placed in cold storage (32°F) for several weeks
until used, accounting for the' immediate onset of
the climacteric when placed at 20°C (Fig.

Detailed experimental methodshave” been de-
scribed elsewhere (Lim, 1963; Lim and Romani,
1964).. Duplicate hatches of approxrmatelhr 15 kg
of fruit were placed in gallon jars and thereafter
kePt at 20°C. A measured continuous flow of water-
saturated air_was passed through the jars, Fruit
resorratron éCCL evolution) was determined by the
method of Claypool and Keefer (%942) At daily
intervals the jdrs were sealed for 30 min, and then
5-ml samples of air were removed with a syrrnge
and rnjected into a Loenco gas chromatog ra
equipped with a flame ionization detector
chromatographic conditions were as follows:

Column; 8% diethylene glycol succinate %DECS
on acid-washed “chromosorh 1" (30/60-mesh

Column size: % inch x 10 feet

Oven temperature: % £ 2°C
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Injector temperature: 150°C

Recorder: 1-millivolt full-scale Minneapolis
Honeywell

Chart Speed: J4 inch/min

Carrlr/er gas and flow rate: Nitrogen at 125
ml/min:

Hydrogen gas flow rate: 20 ml/min

Alr flow rate: 30 mi/min

Quantitative estimates of the volatile, components
were made by a method of approximating trranqles
(Pecsok, 1959) and expressed in square centimeters
of chromatographic. peak area per_ kilogram frui.
Ethylene waS identified bty) absorption rn mercurrc
perchlorate as described by Young ct nl. (b
Other volatiles were tentatrvelp rdentrfred y C0-
chromatography with known standards.

RESULTS AND DISCUSSION

GC traces of volatiles from normal ripe
pears and ears treated with a Iarge dose of
amma radiation are_showp in rg 1 Fol-
owrn the elution_ of ethylene each peak I
num re se entrayaccordrn to elution
time. The known inhibition of pear ripening
b% lonizing radratron &Maxre and Nelson,

15 Well reflected in the suppressed
ro uctron of volatiles. Direct GC ‘analysis
o the voIatrIes surgqests itself as a plausrble
method with which to assess the influence of
radiation, or other treatments, on the devel-

Bment of aroma and. Iindirectly, on fruit

q aIrty
g 2 shows productron rates of several
low- orIrng volatile fractions by ripening
Bartlett pears. Table 1qrves tenfative iden-
tification of each volatile fraction by co-
chromatography with known standards.
These datd have been substantiated in more
extensive studies by Jennings and Sevenants
Be%rnnrn on the “second day, vol-
atile fractions 1, 2,3, and 4 increase In their

Table ]b Tentative _ iden trfrcatron of volatiles
d by

emanated Dy ripening Bart
Retention time
Fractroﬂr{r)l(peak) sec min Compound
GHi 2 13 ethr{lene
% 4 1 acetaldehyde
4 36 methyl acetate

3 5 2 ethyl" acetate
4 7 Broppl acetate
5 10 4% utyl acetate
6 18 amyl acetate
1 31 6 hexyl acetate
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rates of production throughout the ripening
Rerrod ractions 5,6, and 7, on the other
and Increase for the first 3-4 days put %rad
ually' decline thereafter. Divergencies in the
pattern of voIatrIe production have also heen

observed with ripening peaches ger and
Etogltanlr%leg)ﬁrttand ripening apples (Brown

Fig. 3 compares the tofal Rroductron of
volatiles %Iess ethylene) with the climacteric
respiration sequerice and ethylene productron
by the ripening pears, The” maximum h)
duction_rates of volatile fractions 5, 6, a q7
Fig. 2) Is coincident wrth the maximum

ethylene” production In the gen ral re lon of

the cIrmacterrc respirator Flo ever
hecause of tep ounc an spstarne In-
fraction 3,

crease in the rate of gro uction o
tofal volatiles evolved continue to Increase
with time and ripening to a point when the
frurt rs eIow Soft, dnd overripe,

ofal vo atre roductron as sucp may ob-
vrousy he misl a rnd as a dua ty INdex.
Whatis required at this point, beyond the
obvious_ desirability of increased instrumental
sensitivity, 1S a Correlation of the volatile
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carbon dIOXId and thyl-
t pears during fhelr climac:

pre Cﬁroguceolehyv%l He

sequence

fractlons W|th tanqlble C%Jahi[_}{ attributes
aong the mes initiated einz et al.

|t such correlatlons established.
Irect samg ng GC could well fauhtate the
non-destructivé monitoring and selection of
those stages of ripeness Mmost deswahle for
the processm? or.marketing of specitic lots
or varieties of fruit.
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The Thermal Degradation of Sugars

SUMMARY

This paper describes separation and identi-
fication of ohgosaccharldes in caramel made by
heating glucose at 150°C without a catalyst.
Kojibiose, soghorose, HI%JEI'OSE, laminaribiose,
maltose, cellobiose, isomaltose, gentiobiose, and
lGanhydroqucose were |solated and identified
as their crystalline /3-acetates from the pyro-
lysate of glucose. Trehalose, isomaltotriose,
and panose were tentatively identified bv paper
chromatography and paper ionophoresis.

INTRODUCTION

One of the oldest problems of food manu-
facture IS the thermal degradatlon of sugars
during rocessmg at elevated temperatlre,
Whllet? aramélization of su%arsb heat
Ing 1s well known, previous investiga onso
caramel have dealt almost exc u3|veh<N
br wnmg of sugars Zerban, afa-
nabe and Hase, 1956), and liftle_attention

has been paid to thermal polymerization of

Sugars.

his _investigation is concemed with the
composition q oh?osaccharldes In caramel
made by heatln% giuc se W|thout a cata %st
glﬁm a’ég rCajtlan loses orle i Ioroef ter

| W
at 1% e‘I{Ehn a- Ieucosannz Sanh 1
glucose) hos workers, and | terCamer
nd Cox (1922 ), produced ewdence In syp-
ort of a-l 2-anhydroglucose structure for
his material. However Hurd and Edwards
519492 re orted that the thermal dfhydra
tlon d./3-glucose predominantly gave
materlals ot hligher moIecHIar welght, an
eV| ence was oun or(tie orm(ltésg of a&t
a-glucosan.  0°Colla_an
Mgora ang Wood (1958) reporte dthe?t a-D-
lycose Js *transformed’ to high-molecular
olymer by heating over 100°C"In the pres-
ence %f a catallyst cation-exchange resin or
orus acid (H3po3). O'Colla et al.

19 2% recentl reported that nigerose, lami-
nar| 0se, cellodiose, isomaltose, “gentiobjose
and 15-linked " disaccharide iele | Isplate

aPresent Rerhlbrtr Asahi
Electr%S r%ddégsi_td ei\raa awaa 1(0 ) 8

Thermal Polymerization of Glucose

from the polymerization product made b
heating glucose with resin-catalyst at 130°C.

EXPERIMENTAL

Pyrohisls of glucose and ether extraction.
Dried glucose S heated in a retort
connectéd with suction” at 150°C until it softened
to a prown semi-liquid 1(25 hr). The pyrolysate
was dissolved in 200 ml of water and then éxtracted
with ether for 24 hr to remove the ether-soluble
subbstances.

Fractionation of oligosaccharides by carbon
column chromatoFraphy The pYronsate solution,
after ether extraction, was adjusted to pH 68 b
the addition of Sodium carbonate solution, and the
neutrahzed solution was then placed on a carbon-
Celite column (11 Lw/iw; 125 X 50 cm) (Whistler
and BeMiller, d) After standln overmght the
column was eluted successively Wlt water and
dilute ethanol (2.5-30%) as Shown in Table 1
The change of ethanol "concentration was made
when the “effluent reacted negatively to Molisch’s
reagent (Dische, 1962). The "effluerit was coIIected

L fractions which were concentrated 10 5
under reduced pressure. The Sugar components of
each fraction were examined b]\é paper chromatog-
raphy and pa%er lonophoresis. From the results of
chromatography, the effluent portions containing the
same sugdr corponent were combined, and clasSified
as fractions | through X (Tahle 1). The a-linked
sugars emerged before the /3-linked su%ars and the
order withiri the former group was 16- and 12—
linked sugars before 14 and 13-, and In the latter
%roup, 0 14 13- as reported by Aso and

hibasaki 15555

Paper chromatograph and Paper ionophoresis.
The su%ar componénts of each fraction were tenta-
tively [dentified by paper chromatograph irrigated
In a solvent, Pyn Ine-n-butanol-water (4:6:3 V/v).
The chromatograms were developed with aniline
hydrogen phthalate for reducing Sugars, and am-
moniacal silver nitrate for reducing and non-reduc-
ing_ sugars.

g%’aper |0no horesis was carned out by the method
of Aso and Hamada (1955). Borate huffer solution
consisted of 0.05V borax and O.LY sodium hydrox-
0 adjusted to pH 98, This_ionophoresis was oper-
ated with constant voltage (600 VDC) and currents

-25 mAmp), requiring about 3 hr. The acidic
aniline hydrogen phthalate was used chiefly as
spraying, reagent, and the ionophoretogram was_de-
veloped by heating for 10 min at 120:130°C. The

[561 ]
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Table. 1 Fractionation of the sugars by carbon column chromatography.

562
NuEanerof Vg‘mg of
Fraction f?a%?ign (liters) Solvent
I I 5 Water
2-4 5 Water
- 5 5 Water
I 6-10 5 Water
in 19-25 R 2.5% EtOH
[V 26-27 10 5% EtOH
V 28-30 15 5% EtOH
VI 31-34 20 5% EtOH
VII K 5 5% EtOH
- 36-39 2 7.5% EtOH
Vili 40-41 10 10%EtOH
42-44 55 10%EtOH
IX 45-50 0 100 EtOH
X 51-54 20 15)/}1 EtOH
55-56 30 30% EtOH
ko'%%%reevjfatci“gsé ?r'eﬁazoseg'@sea gl |
soﬁlnorosé, Gellg = G ol)los’e, igo = higher

ammoniacal silver nitrate was used in cases of
levoglucosan and trehalose. The R, values of paper
chromatography and the Mo values of ionophoresis
are_shown in Table 2. _ _
Quantitative analysis of disaccharides. The
amount of disaccharides in each fraction was deter-
mined according to the method of Dimler cl al.
1952), In conjunction with Raper chromatog%raphy.
he areas corresponding to those on chromatogram
were eluted with water; and determined aEJ_proxr
mately by Anthrone method. The summation of

= levo

HE

Yield
(K)

Su%ar
component

N? sugar

oo
o

U
Glu, Levoglu
Levoglu .
Trehd, Isomal, Koji
Mal, Niger .
Mai, Niger, Gentio
8e|r|1t|0, opho, Cello

[NS]
—

ello

Cellg, Isomaltotriose
Lami, Isomaltotriose
Lami, Isomaltotriose, Ol
Isomaltotriose, Panose,
Oligo

Oligo

lucosan, Isomal
g S, tcﬁoenno

=1 era |oabI 5138 i'o
Igosaccrrarides.

tion. Acetylation was accomplished by heatm%
sugar fraction and anhydrous sodium acetate wit
acétic anhydride iWoI rom, and Thompson, 1963),
and the acCefates thus obtained were identified by
mixed meltln% point with authentic -compounds,
Infrared spectra of the acetates were determined
(I)Fg 2K%r disc, on a Shimadzu infrared photometer

N OO
IR RO LW©

i(?ﬁgo

fose

— 50 ,
10SE;

= gen

Further separation by Magnesol-Celite column.
The procedure followed that of Thompson ct ah
?1195 ). For fraction 11, the mother liguor from
the crystallization of /3-isomaltose octaacetate was

those suFar_s IS shown in Table 3 S _ :
Acetyfation of oligosaccharides and identifica- ~ concentrated to a sirup. This sirup was dissolved
Table 2 .R, and 1% values of the sugars found in glucose caramel, and tabulation of the
order of3 tﬁew émergenc]é ¥rom carbon colljgmn. J
Common name Linkage Rr M,
Glucose 0.75 100
Levoglucosan 088 0,10
Trehalose u- 0.56 010
Isomaltose L6-a 0.48 0.67
K01||b|ose 12-a 0.56 0.30
Maltose 1,4-a 0.60 0.30
Nigerose 1,3-2 0.65 0.67
Gentiobiose 1.6-13 0.48 0.67
SoPhorose u-% 0.60 0.30
Cellobiose 14 0.56 0.27
Laminaribiose &J-B 0.70 0.65
[somaltotriose 6-2-16-2 0.27 055
Panose 1,6-a-1,4-a 0.40 0.23
Rr values were determined by four times multiple paper chromatography irrigated in a
solvent § fem o? yrlqlﬁ]e-w-%utax%l-wagerr%%:(#E a/lp/ . Pap daphy 1
Mév% ﬁ?\ﬁ/e[ de grmme as the ratio of the distances traveled by sugar and glucose from
2,346t r# et g/ |UCOSe. o . :
*Levoglucosan-was traveled to the cathode side in paper ionaphoresis.
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Table 3. Yields (%) of disaccharides from glucose acid reversion, catalytic polymerization, and thermal polymerization
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in 20 ml of benzene, and the mixture was placed
on a column (30 X 4 cm) of Magnesol-Celite
(51 wiw) and chromatographed with 1 L_of
benzene-f-butanol (100:1 v/V) as a developer. The
column was extruded from ‘a tube and streaked
with indicator (1% potassium permanganate in
1024 sodium hydromdeg to locate the zones.

ugar components of fractions I through X.
fraction 1. Analysis by Paper chromatography indi-
cated the presence of "glucose, and 8 ¢ of (lucose
was recovered.

Fraction I|. Paper chromatogram showed the
presence of levoglucosan and a trace of glucose,
Amorphous whité powder (21 g) was acetylated
by the ordinary method described above. Crystal-
lization from ethanol gave 13 g of levoglucosan
triacetate, tnp 110°C.

Fraction IIl.. Chromatogra_m_ analysis indicated
the mixture_of isomaltose, Kojibiose and a trace of
trehalose. The presence of trehalose in this frac-
tion was confirmed b¥ paﬁer lonophoresis. Acetyla-
tion gave 25 g of white amorphous powder:
[3-isomaltose octaacetate 51.3 % was_ crystallized
d_|rectl¥ from ethanol, tnp 144-145°C. After separa-
tion of isomaltose acetate, the mother liquid” was
evaﬂorate_d to a sirup_which was rechromato-
graphed with Magnesol-Celite column. The zone
appeared in the_upper part of the column, 5-12 cm
from the top. This zone was sectioned and eluted
with acetone. The acetone eluate was evaporated
to a squ and crystallized from ethanol, and 0.2 g
of isomaltose was obtained as crystalline /3-acetat.
The effluent from the column left 0.2 g of squ
on removal of the solvent. The sirup was crystal-
lized slowly from ethanol at 25°C, and gave 20 mg
of /3-kojibiose octaacetate, mp 118°C.

Fraction 11'. White amorphous powder (L3 q)
contalnln% nigerose and maltose was obtained from
fraction 1V.~ After acetylation, the acetate was
tregted b\{ the same procedure using Magnesol-
Celite column as above. The zone “appedred in
the uEper_ part_of the column, 3-11 cm from the
top. Elution with acetone and removal of the sol-
vent left 09 g of sirup. /3-Nigerose octaacetate
(60 mg) was " obtained uF]on crystallization from
ethanol. ‘nip_149-150°C. The effltent from the col-
umn left 0.2 g of sirup on removal of the solvent.
The sirup ﬂave_ﬁo mg of /3-maltose octaacetate
upon crystallization from ethanol. ~Recrystallized
product ‘showed an mp of 158-159°C.

Fruction V. Fraction V, 29 g amorphous Fow—
der containing %enuobms_e, nl(T;erose, and maltoge,
was acylated andl crystallized from ethanol to give
0.9 g of (3-gentiobiose octaacetate, mp 193°C. After
separation of gentiobiose, 1 g of crystalline sub-
stance was recovered as the mixture of their
acetates from the mother liquor.
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Fraction VI.  White amorphous powder %14 9)
containing  sophorosg and gentrobrose was obtained
from fraction VI. These disaccharides were sepa-
rated by thick-paper chromatography. The sample
was dissolved 5 ml of 20% ethanol and 1 ml
was szpotted on each paper 0 filter paper

40 cm, 0.7 mm t |c ) and irrigated
|n the same solvent as above. The areas. corre-
sponding to those of sophorose and %entrobrose on
the chromatogram were eluted with water. An
amorphous powder (0.3 g) of sophorose was col-
lected from' the eluate acylated and crystallrzed
from ethanol, giving 50 ? f(-sophorose_octa-
acetate, mp 189-190°C. Gen iobjost acetate (31q)
was é)btamed from this fraction by the same
rocedure
pFractron VII. The fraction of cellobiose, treated

by the same procedure upon_thick-paper chroma-

tography qave 03 g of /3cellobiose octaacetate on
acetylation. Recrys aIIrzed product from ethanol
showed an m

Fraction VIDI Whrte amor hous powder (0.5 g)
contarmn% laminaribiose and isomaltotriose was
acylated by the ordinary method, and gave 20 mg
of (| -laminaribiose octaacetate mp 160°C. However,
the separation of isomaltotriose acetate from the
mother liquor could.not be achieved.

Fraction IX. This fraction contained isomalto-
triose, panose and a trace of higher oligosaccharides.
Isomalfotriose and panose were Separated by mul-
tiple chromatography on thick paper These tri-
saccharrdes were tentatrvely identified by paper
C romato%rap y and paper “ionophorcsis, although
an attem to obtain crystalline derivatives, acetate
and enzoate was unsuccessful

Fraction X. This fraction was collected from
15% ethanol and frnaIIy 30% ethanol_ eluate por-
tions, yielding 32 tgo sirup. The fraction consisted
of the’ mixture of higher oligosaccharides, and the
fractionation is still in progress.

RESULTS AND DISCUSSION

The results are summarized in Table 1
The sugar fractrons obtame from glucose
caramel re numb e Brough X,"In_the
order of the eluate from carbon Column. Two
monosaccharides, nine of th d pwssrbe eleven
pyranose rsacchan es an o trrsacc a-
rides_have been found.. Most of tesuoars
described herein were jsolated as their crys-
talline acetates, a_d identified. by meltrng
point, mixed me tm? oint wrth authenti

Substance, paper ch ra aper
|onophoresris)p m?rared %(p{ctr/a p1p
acetylation condrtron empo ed herein eas
to an equilibrium mixturé i which the

THERMAL DEGRADATION OF SUGARS |

[6-acetate predominates; in this_work the
a- acetate could not be Isolated. Three ano-
mers of trehalose, a.a- a8, and P E3 linkages,
are known and 1t Is necessan( 10 obtain them
in crystalling fo]m for iden n‘rcatron of the
structure. this work, since Isolation of
trehalose could not be identrfied.

It has been known for many gears that qu
cose undergoes condensation’to form the ‘oli-
%osaccharr e when treated with mrneral acld

r cation-exch ange resin one was designated
“reversion” (Thompson’ et eat
ct al. 1958; ‘Anno et al. 1959) e other
catafytrc (po lymerization” (Mora and Wood
1958:"0°Colla et al.. 1962). Hence it 15 of
interest to compare the disaccharides of re-
VErsjon pro uc or catalé/trc polxmerrzatron
proguct with the product obtained in this
work (see Table 3). It can be seen that
1,6-linked sugars are formed pre ominantl
in reversion, and 13- 51 1,6-linked su i q(
are formed more read than other 1in
errzatron or th erma

supars In catalytic pogl a et 2 (1060)

R ymenzatron
|l |ose and maltose

14 a In t?terr catalytic ’po?ymerrzatron but
id find a 15-linked Gisaccharide, Kojibiose
and Jaminaribiose (1,3-3) were found in re-
version product (Peat et al, 1958). the lat-
ter In resin-catalyzed reversion (Anno.ct al,
1959). However 13I|nked sugars in re-
Vers| n roduct were mu less"than tho?
|n cata ic or thermal po po ymerrzatron d

of 13- |nked sugars 0.1% 1n reversion, over
2% t|]nt ;]s work. h

The ther erjzation mechanism
ot R it
reacted with the algo ?rch dryo §ro% d)f
another glucose, . the carbomum |o at te
first cargon as jn Iucose [eVersion mrﬁht
react with any of t}rj}droxy group of anotfer
Plucose molecule. However, the formatrgn of
renalose mdrcates the grobabrlrtp(p
dratron In each gucosr iIchydroxyl group.
Levoglucosan was isolated. and the formation
of this substance 15 predictable. Wolfrom
et al. (1959) reported that levoglucosan is
c%pable of ponmerrzatron when " heated at

and some of the disaccharides

were separated from the acid hydrolysate of
this polymer,



SLGISAWA AND EDO

565

Table 4. Composition of the sugar fraction in glucose caramel.

Saccharide ReCO\(SrBj *)
Mano- 100
DI- 80
Tr- 60
Higher oligo- 50

1Aso ct al. (1960).

Table 4 shows the amounts of oIrgosaccha-
rides formed by the pyrolysis (?f lucase.
These amounts were estr ae Proxr-
nWWmm%mmmmmWa%w
achm?ncwmnmmmmepy(Aw

The fractionation of higher olrgosaccha-
rides could not be achieved, becaus -
culty nchromatographic separation of this
fraction. However, it'is hoped that the work
stll in progress will determine at least some

of these.
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Idenfification of Components in the Stale Flavor
Fraction of Sterilized Concentrated Milk

SUMMARY

The more volatile components of the stale
flavor fraction of sterilized concentrated milk
(SCM) were studied by a nitrogen-purge on-
column trapping technique. Higher-boiling
comﬁonents were isolated by solvent extraction
of the fat from lyophilized SCM, followed br
low-pressure reduced-temperature steam distil-
lation of the extracted fat. Components in the
resulting flavor extract were identified by gas
chromatography and mass spectrometry.

The following compounds were identified in
the extract from stale SCM: 2-heptanone, 2-
nonanone, 2-tridecanone, henzaldehyde, aceto-
phenone, naphthalene, a dichlorobenzene, s
decalactone, benzothiazole and o-aminoaceto-
phenone. Of these compounds, only the
dichlorobenzenc and 2-heptanone were identi-
fied in the extract from the control SCM.

INTRODUCTION

Development of a stale flavor upon stor-
age 1S the_magqr obstacle to successful com-

ercial utilization of sterilized concentrated
milk. (SCM). The stale flavor develoi
within 2-3 nionths of storage at 70°F. Pate
ctal 19622) haye referred to the defect as
an_“old rubher flavor.

Th% volatile. flavor i_om_Ponents of SCM
have been studied to a limited extent (Patel
ct al, 1962: B_mgam, 19642, hut the com-
gou_nds responsible for the stale flavor d%fect
3 It_occurs in this 0prod¥ckhave not been
dentified. The purpase of this work was to
|dent|f¥ these. comﬁounds to better under-
stand the staling phenomenon,

LITERATURE REVIEW

Whitney and Tracy (1950) initiated the study
of stale flavor with ‘the discovery that the stale
flavor components of dry whole” milk could  be
partitioned nto the fat phiase by solvent extraction
of the fat. It was further discovered that the stale
flavor components could be steam-distilled from
the extracted fat (Whitney ct al., 1950). The stale
flavor components were not identified,” however.

“Present address : Internatjonal. Flavoys and. Fra-
%g\pvc sorr[(nclm%i es? '@aﬂﬁ gtree%, ﬁew %rﬁ

_Numerous studies have been reported relating to
identification of the flavor volatiles of stored milk
products, particularly dried milk products. The
various flavor compounds  identified in these prod-
ucts are summarized in Table 1 _

Kurtz (1965) made an important observation
related to the ‘nature of stale flavor components.
In attempting to recover the volatile components
from foam-dried milk powder by short-dpat_h migra-
tion at one-micron pressure to a cold_finger,” he
found that powders “exhibiting an oxidized™ flavor
could be improved by this tredtment, whereas stale
powders were not improved. This.observation su?-
?ests that the compounds responsible for the stale
lavor defect are of low volatility, or are in some
manner tightly bound by the milk” powder.

EXPERIMENTAL METHODS

Commercially processed samples of SCM were
obtained. A portion of each sample was stored at
21°C to hasten the development of stale flavor,
Control samples were stored at 1°C.

That there was a significant difference between
the stale and control Samples was determined by
subjecting the_samples to evaluation by a trained
flavor panel. The panel and score card” used were
similar to those described by Sather ct al. (1965?.
The stale and control samplés, along with a sample
of fresh whole milk, were scored Dy the panel on
three different occasions. _

The nltrogen-Bur%/eI on-column_ trapping  tech-
nique descrited organ and Day a9 ) was
used to compare the more volatile Components of
the stale and control samples. The equipment and
opera_tmg parameters used were_identical to those
described by those authors. The volatile com-
gonents from 6 ml samples of both fresh and stale

CM were analyzed bY this technique. _

The success of Whitney and Tracy (1950) in
fractionating. the stale fldvor components of dry
whole milkinto_the fat phase by extraction of the
fat with organic solvents, and of Parks ct a,
t(1964) in isolating o-aminoacetophenone from non-
at dry milk by Solvent extraction, suggested that
this was the niost suitable method for “isolation of
the less-volatile compounds. It was determined
that stale SCM coula he lyophilized prior to sol-
vent extraction without loss of the "stale flavor
components. Hydration of the lyophilized SCM
to the concentration of whole milk yielded a prod-
uct possessing the same characteristic stale flavor

[566 ]
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Table 1 Volatile flavor compounds of stored milk products as reported in the literature.

Author Product
Bassette, 1958 Instant Nonfat
Dry Milk
Parks and Patton, Dry Whole Milk
19%1
Nawar et al., 1963 Dry Whole Milk
Muck et al, 1963 Aged |E\)I/_allﬁorated
|

Parks etal., 1964
Patel et al., 1962

Bingam, 1964 SCM

Nonfat Dry Milk
SC!\)(

Compounds identified

«-aldehydes : Ci,C2,6,G,C8,Cio,G2,Ci4
«-methyl,ketones 1 €36,
furfuraldenyde 2-methgf heptanal
«-aldehydes : 6-C3,6-G,C(1,G0,G2
»-methPII,ketones - G,C4G Gi,Cib
furfuraldéhyde, benzaldehyde
»-aldehydes: G-G,G
»-methyl ketones : Cs,G
»-methyl ketones : G,G,Cs> Cu,G3
»-fatty "acids: C5,Cs,Cio.G2Cid Cio
@-decalactone, 5-dodecalactone,
-tlodecalactone
<?-am|noacetoPhenone _
ethanal, dimethyl sulfide, acetone,
2-pentanone, péntyl acetate
ethanal, propanal,"pentanal, acetone,
2-?fe_é<anone, 2-heptanone, d|methyl
sulfide

*Pentyl acetate shown by Bingam to be artifact from antifoam.

as the original stale SCM diluted to the concen-
tration of ‘whole milk. _
Various_solvent extraction techniques were  at-
tempted. The procedure finally adopted was simj-
lar to that of Parks et al. (L 64%. One-hundred-
?ram quantities of the lyophilized SCM were added
0 400 ml of hexane d{hlgh-punty-qrade, Phillips
Petroleum Co.. treated for removal of carbonyls
by method of Hornsten.and Crowe (1962) and
sibsequently_redistilled) in a Waring, blender and
mixed for 5 min, whereupon 10 ml of distilled
water was added, and blending continued for an-
other 5 min. The_ resulfing mixture was  then
placed in the extraction thimble of a large Soxhlet
extractor, and extracted for 4 hr. The extraction
thimble was of sufficient caﬂamty to hold 800 g of
the lyophilized powder. Three” 800-g batches of
both Stale_and control SCM were extracted in this
manner. The bulk of the solvent was evaporated
in the Soxhlet apparatus after removal ‘of the
sample. The three extracts were then pooled, and
the remaining hexane evaporated on a rotary
evaporator, _

he extracted fat was subjected to a reduced-
pressure (2-3 mm_Hg) reduced-temperature
(40°C). steam distillation. The distillate was col-
lected “in” liquid-nitrogen-cooled _Dewar-type traps,
and _subsequently extracted  with ethyl " chloride
(U.S.P.-grade; "Matheson Company). " The ethyl
chloride extract was dried overnight with sodium
sulfate, and the ethyl chloride thén evaporated.
The resulting flavor extracts were studied b
as chromatoPraphy and  mass  spectrometry.

Barber-Colman ~ Series 5000 temﬁerature-

programming gas chromatograph with a hydrogen

flame detector was used for the GLC work, A
-ft X )i-inch-OD  stainless-steel GLC column
packed with 38 g of 20% Apiezon M. on 80-100-
mesh Celite 545™ was used for the initial GLC
separation of components. A temperature program
of 50°C per minute from 100°C" (5-min hold) to
200'C was selected as optimum for chromatograph-
ing the flavor extracts, It was found that certain
peaks, which appeared to be the result of fatty
acids in the flavor extract, were overshadowing
other components_of the_ extract. Consequently a
- ks-inch-OD _stainless-steel GLC™ column
Was Backed with 06 g of 20% Apiezon. M on
80-100-mesh Celite 545 which. had been |m\}\)/reg-
nated with 5% sodium hydroxide by weight. When
inserted in front of the “reqular GLC cOlumn, this
base-treated pre-column sucessfully removed fatty
acids from the flavor mixture, allowing the reso-
|ution of components previously hidden by the
fatty acid peaks. _
ass spectra were obtained on an Atlas-MAT
CH-4 Nier-type mass spectrometer (a 9-inch 60-
degree-sector” single-focusing instrument). The op-
erdting parametefs of the mass spectrometer were:

Filament current 60 g-amps

Electron energy 8

Analyzer pressure 2 X 10MTmmHg

Scanning speed 5 seconds to Scan m/e 25

_ to m/e 250
Accelerating voltage 3000 V
Multiplier voltage™ 185KV

The mass spectrometer was equipped with a Hon-
eywell 1508 Visicorder, enabling_ the recording of
rapid-scan mass spectra of the GLC effluent.
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Some of the earlier eluting components of the
Apiezon chromatogram were™ identified from the
mass spectral pattérs obtained from the Apiezon
column’ effluent. It became apparent that™ some
means of improving separation of the later-eluting
components and of increasing their concentration
was needed. These requiremgnts were satisfied b
the development of a technique for trapﬁmg the
GI.C effluent. Components eIutmg from tne Apie-
zon column, which appeared to be of significance
because of their odor properties, were “collected
from several successive Apiezon chromatograms in
|/C-ft X Vs-inch-OD stainless-steel GLC “columns
acked with 20% Apiezon M on 80-100-mesh
elite 545. The collection traps were immersed in
methyl cellosolve-dry ice, and were Sealed with
Swagelok caps between collections. The compo-
nents In two regions of the Apiezon chromatogram
were collected in separate traps from six successive
chromatograms. o

The components collected in this manner were
subsequently rechromatographed by mser_tmﬂ the
collection traps_in front of a 12-ft” X /x-inch-OD
stainless-steel GLC column packed with 38 gSA%f
20%, Carbowax 20M on 80-100-mesh Celite 545,
The repeated trapping technique was effective in
building up the concentration of com?onents_m the
absence of any solvent, and rechroma ographln .on
the ﬁolar GLC column greatly improved separation
of the components for “mass™ spectral analysis.

RESULTS AND DISCUSSION

FIavor-pime,I evaluations ar? %hown in Ta-
ble 2. Analysis of varjance of the data indi-
cated a significant difference between sam-
Ples at the™ 1% level of significance, for hoth
otal score and stale-flavor criticism, Cal-
culation of the least-significant difference

B B PR T

Fresh whole Control sterile Stale sterile
milk concentrate  concentrate

Criticism
Astringent 100 9.10 881
Caramelized 100 9.73 790
Chalky 100 963 940
Cooked 920 833 8.33
Lactone 967 927 8.67
Scorched 980 930 110
Stale b 9.84 6.97 536

Total score ¢ 8.24 586 320

*Score scale from 1, flavor-criticism intene,

R T <t g

COMPONENTS OF STALE FLAVOR OF MILK

(LSD) indicated that the stale SCM was
5|gn|f|cantIY different from the control SCM
at the 1% fevel for both total score and stale
criticism. It was conclugded that the stale and
control samples wer md?ed different, and
that a comparison of the flavor components
of these two samples would glye some indli-
catiop of the c?mpound% contributing to the
development of a stale flavor.

Fig. 1 compares the more volatile compo-
nents of the Stale and control SCM as de-
termined by the nltrogen- urge on-column
frapping technique. It Can be seen that there
I ljttle” difference between the comﬁosmon
of the more volatile components of the stale
and control SCM. This mdmg supports the
hg/pothesm that_the compounds contributing
t thf _ftale flavor cefect are relatively
nonvolatile, _

Sqme of the more volatile components ap-
pearln[q m_thF chromatograms “in Fig. "1
Wwere entatjve¥ Identified” on the basis of
GLC retention times, Tnese components are
listed in Table 3. The largest peak in these
chromatograms, peak 8, as well as peak 21
Was, Prgsent In"a blank sample copsisting of
distilled water, sodium sulfate, ana antirgam.
It was concluded that these peaks came from
the_antrfoam emulsion.

Fig. 2 shows chromatograms of the flavor
extracts optained by the solvent extraction
technique from stale"and control SCM. Peak
5 of the fresh SCM ,(Flg. 2A) and peak 7
of the stale SCM (Flg. B) were identified
as 2-heptanone by GLC ‘and mass sgec-
trometry, These peaks are of comgar ble
size In"the flavor "extracts from fresh and
stale SCM, while a number of the later elut-
mgl peaks (Peaks 18-34) _ap[%earmgn In_the
stale SCM are not Present In‘the fresh SCM,
or_are considerably smaller i the fresh
SCM. Since the two flavor extracts were
obtained In an |dengcal manner, these. com-
gonents appeay to be of importance in the
tale flavor defect. _

The effluent from the Aplezon_ chromato-
gram was collected from two different re-
%lons of the_chromatogram, as Indicated by

rap | and Trap Il in"Fig. 2B. Fewer tha
10 components ‘appear to be present in the
region of tire Apiezon chromatogram where
Trap 11 was used. When the Components
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ble 3. Tentative iderti o Fid :
0 'aone ) etpl Sa a_ec )}(ajﬁgtelt o%/)peparlésp asrpgvggl drr}] nF)I.g 1 (chromatogram of volatile headspace,

Relative Relatjve Agreement
Peak ret{einmtéon Tentative rteilrgre]z“oofn cﬁ?o%];tco-
no. (to acetone) identity known grams
7 0.438 Acetaldehyde 0.443 +
8 0.549 From antifoam 0.552 +
9 0.75 Isobutyraldehyde 0.748 +
ethyf Tormate 0770 :
10 0.950 Ethyl acetate 0.947 +
1 1.00 Acetone 1.00 +
V) 110 Ethanol 112 ?
3 141 2-Butanone 143 +
14 159 Methyl butyrate 157 ;
16 193 2-Peritanone 19 +
i 210 Dimethyl  disulfide 210 ;
2 3.3 From dntifoam 343 ;
24 492 2-Heptanone 4,94 '
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collected in Trap 11 were rechromatquraphed Consequently, several of the earlier eIutlng
on the Carbowax 20M column %I components“of Trap 11 were not sufficiently
6_components fe% resolved. This |IIus- separated to obtain gpod spectra, Temp{era
tratesteutllltyo the trapping and rech ro- ture programming OF the Trap
matpgra phing ‘technique In improving the nents should achive optimum separatlon of
resolution of components, these components,
The components of Trap Il were chro-  As an example of the jdentification of
matogra hed isothermallv at 200°C on the stale flavor components bv these techniques,
Carbowax 20M column in order t eIute fhe % 4 shows th back%ound Mass s ectrum
slower- movm%pom onents, several WhICh and the mass spectru o pea of the
possessed icant odors, as sufficiently ~components from Trago n) The
sharp peaks to obtain usable mass spectra me 135 and m/e 10 peaks ae Increased
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Fig. 3 Chromatogram of components trapped in trap II; Carbowax 20M column, 200°C.
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considerably in the spectrum of the up- of thebse eak. Good agreement was also
known compound, The Peaks at mle 58, 73, shown for the other m/e eaks mentloned
and 88, the result of column bleed from the  above. Hene a samﬁ enz?t |azole
Carbowax_coumn, remain constant in both  was obtained from a ¢ emlcal sypplier, and
Bectra Similarly, the peaks at m/e 28, 32, the ret?ntlon time was  determined under
and 44, respectively the results of carbon  Identical GLC  copditions. . The retentjon
mo toxide ang nitrogen, ox gen argon, and  times aPreed on both the AEnezon and Carpo-
carbon dioxide, rémain constant” Peaks wax cofumns. A mass spectrum of the known
wh ch are increased to some extent are those  compound was  obtained, ar%;aln showing
at m( 69, and 82. The agreement with that of the upknown, This
double-charged fon 1354+ appearing as mfe sssectrum is alsp shown In Fjg. 4. The
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m. Soc. for Testing and Materials, 1963) ? mpounds identified in this manner
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the unknown comﬁoun appeared to be listed in Tanle 4. Only the dichlaronenzene
othlazoe which as a hase and parent and 2-heptanone were” identified In the ex-
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Tgble”ﬁ. Summary of compounds identified in the flavor extract from stale steril concen-

trated m
Retention
. time data M ass spectral Agreement
Compounds Apiezon Carbowax Identification of odor

2-Fleptanone + Positive +
2-Nonanone + + Positive +
2-Undecanone + + Positive +
2-Tridecanone + + Positive

Benzaldehyde + Positive +
Acetophenone + + Tentative ?
Naphthalene + Positive /i
A dichlorobenzene + + Positive !
5-Decalactone + + Positive +
Benzothiazole + + Positive +
0-Aminoacetophenone + + Positive +

It is of interest to consider the significance
of the compounds identified. The “dichloro-
benzene 15 considered to he of no signifi-
cance In the stale flavor defect, i that it
was identified In_bath the stale and control
Sﬁmﬁles. Its or|([]|n IS unknowpn. The |onger-
chain methyl ketones, S-teca-lactone, benzal-
dehyde, and o-amlnoacetophenone, are I|keI%/
of Significance in the stale flavor defect.
Thesé .compounds had grewousl been Iden-
tifled_in stored dried milk products. Their
dentification In stale SCM_in this stud
further Implicates them as important com-
pounds in the stale flavor defect.

_ The sqmﬂcance of 0-amingacetophenone
in.the stale flavor defect was further deter-
mined by including a sample of fresh sterile
concentrate containing five ppb added o-
aminoacetophenone In"the flavor-panel stud-
les. The average stale-criticism. score and
%/ﬁcr)agse total scores of the samples were as
WS ;

Fresh SCM +

5 ppb e-amino-

Fresh SCM  Stale SCM acetophenone
Stale criticism 697 5% 575
Total score 586 320 463

The scores received by the fresh SCM con-
tam,m? 5 pr o-ammoacetoghenone were
similaf to those of the stale SCM, particu-
larly the stale-criticism score. These' results
Indicate that o-aminoacetophenone is indeed
argf e|Cr{1portant compound in the stale flavor

The sigpificance of benzothiazole in SCM
IS curren(I]Iy being studleed. Tﬁis compound

has a characteristic_ “rubber” odor, which
might be the cause of the “o?d ru% er flavor"
of ‘stored SCM reported by Patel et al.

(1962).
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The Effect of Environmental Variables on the Processing of
Sweetpotatoes into Flakes and on Some Properties

SUMMARY

Freshly harvested uncured sweetpotatoes were
successfully processed into precooked dehy-
drated sweetpotato flakes by the controlled
addition of amylolytic enzymes to the cooked
puree prior to drying. The enzyme concentra-
tion reguired decreased as the harvesting sea-
son and storage period progressed. Reaction
time was not critical when the enzyme concen-
tration was not excessive. The puree was read-
ily liquefied by commercial amylases, but the
reducing sugar content of the flakes was not
increased.

To determine whether there might be a cor-
relation between starch properties and the de-
creasing enzyme requirement, the effects of
postharvest treatments of the sweetpotato were
studied. The amylose content, pasting proper-
ties, and susceptibility to amglolysis of the
isolated starch were determined. Curin? with
both optimum and prolonged storage effected
changes in the pasting properties of the iso-
lated starches. However, neither the suscepti-
bilities of the starches to amylolysis nor their
amylose contents were affected. Time of har-
vest and short-term storage of the uncured roots
did not alter any of the starch properties in-
vestigated. The processing characteristics of
the sweetpotato could not be correlated directly
to the properties of the isolated starches. It
was observed, however, that although the starch
fraction in the cooked puree was not sacchari-
fied by the amylolytic enzymes used in process-
ing, /3-amr|ase was not inhibited in its action
on the isolated starches.

INTRODUCTION

At present an acceptable precooked dehy-
drated. sweetpotato tlake with excellent re-
hydration properties can be produced from
clred  sweetpotatoes st?red aP,[%rommaer
three weeks or more arter curing. —Flakes
produced from uncured or inadequately cured
or stored s_wegtpotatoes, u?mg the basic Er -
cess  descripe b}/ Deobald et a. (1962
have a thick, pa?] consistency and @ bland
starchy taste ‘wnén reconstitited. Process

of Their Isolated Starches

modification which would permit the utiliza-
tion of uncured sweetpotatoes would elimi-
nate the regular curing step, permit process-
|n([; of Sweetpotatoes to_beg{m immediately
after harvest, and mgmflcan ly broaden the
ran?e of raw product from which an ac-
ceprable flake could be produced.
he present investigation consists of two
Bhasefs. The first nvolved a. stud?/ of the
se of amylolytic enzymes during processing
as a means of ,roducm% a flake with ac-
ceptable rehydration roP rties from uncureg
sweetpotatoés. During these experiments it
Was _e_mon%trated that the processmg char-
acteristics of the sweetPotato were altéred by
time of harvest, short-term storage of the
uncured roafs, curmgr_ and prolon%ed storaﬁe
of the cured roots, Tire second phase of the
stydy consists of an investigation of the
effect of these postharvest enyironmental
varioles on the nature of the isolated starch
fraction. The starch properties investigated
were amylose  content, Pastl_ng Propertles,
ang susceptibility to amylolytic” attack.
Schermerhorand Hinz (1952) developed
a method of treating sweetpotato puree with
a dlastatlc_?nzyme in_order to produce
a commercially accegtable canned mashed
Produ_ct. Hoover (1965 ) has developed a
echnique for blending with untreated puree
a puree whose_starch has been hydrolyzed
by an am%lolytl_c enzyme, S0 s to" obtain a
puree from \which an acceptanle precooked
degydrated flake can be produced.
arbohydrate transformations in the sweet-
Eota_to during curing and storage have been
tydied by a number of Investigators (Has-
selbring dnd Hawkins, 1915 : Culpepper and
Mapoon, 1926; Hogkms and Phillips, 1937;
Sistrunk ct al., 1954). Chanqes in the na-
ture of the starch itself have dlso been 3tud-
led. Barham et a, (1944) investigated the
effects of time of harvest and clring on
granule size, granule size distribution, gela-

[574]
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tinization temperature, and the viscgsity of
starches isolated from five varieties of sweet-
Potatoes_ r?wn in- Kansas, and concluded
hat curing lowered bath the temperature of
transition “and geak viscosity. Barham and
Wagoner (1946). studied the effect of time
of clre over a Perlod of 19 weeks on. moisture
content, granule diameter, and pasting prop-
erties of the starches Isolated from~sweet-
potatoes of the improved Big Stem Jersey
varety, Iheg _founéj_ that the” “rate of geld-
tinization” varieg wect% with (h;ranul l-
ameter and density. Hammett and Barren-
tine (1961 ) studied the effect of curmP on
the amvlose contents of starch of the Al_go_ld
and Porto Rico varieties grown in Missjs-
sippi, and reported that both varieties de-
creased in amylose durlng curing, Doremus
et al. {1951) demonstratéd that the amylose
contents of the starch from 22 varieties of
sweetpotatoes grown In Louisiana fell within
the. narrow range of 175-21./%, the ma-
jority of the varieties falling between 20.0
and 21.7%. Hodge ct al. (‘1 48) presented
evidence that sweetpotato starch might con-
tain molecules inter e?late hetween amylose
and the average amylopectin In extent of
branchmg. _

The Goldrush variety of sweetpotatoes
was selected as the source of raw material
since 1t is the prlnmdpal varlet}/ from which
precooked denydrate sweet,?_o ato flakes are
producegd. The process modification involved
In the first phase of this study, named “en-
zyme curing,” consLsE essentially of treating
the whole puree with a commercial amylo-
Iytic enzyme to effect partial starch hydroly-
sIs priorto drying on a double-drym’ dryer.
Foyr commercial amylase preparations viere
evaluated. The principal variables investi-
?ated_were enzyme concentration and reac-
lon time. The properties of the starch frac-
%lon Isolated bg/ a standardized procedure
rom sweetpotdtoes harvested, cured, and
stored for Vvarying periods were amg_lo_se
content, pasting roEertles, and susceptiility
to amvlolytic “attack. These investigations
were undertaken to provide information upon
which to base further variations in process-
ing techniques and to explain observed dif-
ferences in processing characteristics attrib-
uted to curing and storage variables.
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EXPERIMENTAL

Enzyme curm?. The first phase of the studK
was conducted from_ August 28, 1962, throug
(Ictober 22, 1962 The "Goldrush sweetEotato_es
Used were grown_in the vicinity of St Francis-
ville, Louisiana. They were harvested and shipped
to the Laboratory at weekIIy intervals from August
27, 1962, to October 1S, 1962 They were stored
immediately at 60°F. The basic processing, tech-
nigue, used” in the production of the flakes is that
described by Deobald ct al. ?1962). The enzymes
were incorporated as Fart of the” dilution water
added to reduce the solids content of the puree to
20%. The reaction temperatures used were those
recommended as optimum by the respective sup-
pliers of the commercial enzymes employed. The
optimum enzyme concentration and reaction times
required to J)oduce an acceptable flake product
from uncurea, sweetpotatoes were determined ex-
perimentally in the pilot plant.

Four amylolytic enzyme Preparaﬂons were evalu-
ated. Mylase P, derived trom the fun%s Asper-
%I”US oryzae, was purchased from Wallerstein

ompany, Staten Island, New York. It had a
diastatic’ power of 1300° Lintner and optimum
activity between 125 and 135°F.

_Rhozyme S is derived from the fungus Asper-

illus Oryzae. It has a diastatic power of 340°

intner and optimum activity between 121 and
132°F. Rhozyme H39 is derived from a bacterial
source and is heat-stable. It had a diastatic power
of 1940' Lintner and optimum activity at 170°F,
Rhozyme 33 had a diastatic power of 600° Lintner
and optimum activity between 122 and 131°F. The
|atter three preparations were purchased from
Rohm and Haas Company, Philadelphia, F?enns%l-
vania. The diastatic powers were determined Ty
the procedure described In the AOAC §1960).

The flakes were packaged in 211x300 metal
cans In an atmosphere of Nitrogen containing less
than 2% oxygen.” They were evaluated b)(_ an ex-
Berlenced panel of 3- _Fersons whose ratings on
oth flavor and consistency were restrictéd to
either “acceptable” or “off."

Starch properties. The Goldrush sweetpotatoes
used were grown in the vicinity of St. Francisville,
Louisiana. “They were harvested and shipped to
the laboratory on the same dag arriving at weekly
intervals from September 3 1963 through Octoher
2, 1963 Three of the six 50-Ib cratés received
were immediately stored at 60°F, and three were
cured for 14 days at 90°F and 85-90% relative
hggnﬁdlty, after which they were also stored at

Starch was isolated from each shipment of the
uncured sweetpotatoes (stored immediately at
60°F) 1 3 and 7 days after harvest, and from the
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cured sweetpotatoes 90 days after liarvest, when
the roots had optimum processing, characteristics,
and again between March 25, 1%, and April 6,
1964, When the sweetpotatoes began to show sqns
of deterioration. The technique Used to isolate The
starch is essentially that given by Doremus ct al.
(1951). However,"a “tabling” stép was introduced
between the initial screening out of the pulp and
the five washings to remove the residual |(]1ments.
The "table" was a cypress trough 10 ft To %
inches wide, .and 2 inches deep Inclined at about
0°8, A distilled-water slurry of the starch was
Permltted to flow slowly dowin_the table, allowing
he starch granules to Settle. This procedure was
repeated three times by reslurrying . the settled
starch. Starch samples prepared in this way were
free of color, contained less than 0.01% nitrogen
as determined by the Kdeldahl method, and were
shown to he 98.78 and 98.94%_pure tg methods of
Balch (1941) ‘and Clendenning (1945), res?ec-
tively. Approximately 2 k% of peeled sweetpotatoes
were utilized for each isolation during and imme-
diately after the harvesting season. ‘As much as
4 kg ‘were required for cured sweetpotatoes which
had under?one prolonged storage, since the yield
Fer kg of these sweetpotatoes was significantly
OWer.

The amylose contents of the starch samples were
determined colorimetricallv by the method of Mc-
Cready ct at (1950) as modified hy Williams
¢t al.” (1958). However, in order to ﬁermlt the
determination  of 0ﬂt|cal density of the starch-
lodine complex on the spectrophotometer, the vol-
ume of the iodine reagent was, reduced from 2 to 1
ml, and the starch concentration from 5 to 1 mg.
The standard curve was prepared hv mixing amy-

PROCESSING OF SWEETPOTATOES INTO FLAKES

lose and amylogectm in the foIIowmg quantities;
00, 1.0: 02°08: 04. 0.6: 06, 04: 08, 0.2; and
10, 00 mg. The amylose and amyloEe_ctm used to
prepare the standard’ curve were “obtained from a
pooled sample of the isolated starches by the method
of McCready and Hassid (1943).

The pasting Hmﬁertles of the Starch samples were
determined with the Brabendcr viscograph (C._W.
Brabender, South Hackensack, Xew Jersey). The
concentration_ of starch in the paste was sef at 27 g
dry basis) in. 450 ml distilled water to accommo-
ate the requirements of the instrument and to
facilitate the determination _of susceptibility to
liquefaction by a-amylase. The viscograph” was
programmed so that the tem[Jerature of the starch
slurry was_elevated from 25 1o 95°C at the rate of
15° per minute, held at 95°C for 15 min, and then
cooled at the same rate to 35°C and held there for
15 min, after which the gelatinized slurrr was used
in determination of suSceptibility to [iquefaction
hy_a-amylase. _ Do _

The g-amylase used in determination of relative
suscepfibility to liquefaction was purchased from
Nutritional ~ Biochemicals Corf)oratlon, Cleveland,
Ohio. Its source was bacterial, and_ it had an ac-
tivity of 1800° Lintner and 2500 SKB units per
gram. The rate of decrease in viscosity when the
Gelatinized slurry was treated with 1 ml of a water
Solution containing 0.135 mg a-amylase (5 ppm with
respect to the starch) was followed for 30 min at
35°C. The results are expressed as percent of the
original  viscosity remaining after the incubation
pefiod (Fig. 1) . i

The susceptibilities to saccharification by ft-
amylase were also determined. The /3-amylase
used was purchased from Wallerstein Company,
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Staten Island, New York. It was isolated from
barley and had an activity of 2000° Lintner. The
starch samples were prépared by the foIIowmﬁ
procedure. Five grams. (dry hasis) of the starc
sample was suspended in approxmatelp]/ 100 ml of
a phosphat_e-_cnrate buffer pH 6.1, heated with
constant stirring to 80°C, cooled, and diluted to
250 ml with the buffer, Five ml of a L mg/ml solu-
tion of /3-amylase in deionized water was added to
50 ml of the2% starch substrate which had been
preheated to 30°C—the temperature at which the
Incubation was carried out. Hydrolysis was dper-
mitted to proceed for 20 min and was_stopped by
the addition of 10 ml of 0.5Ar NaOH. The reacted
sample was diluted to 100 ml with distilled water,
and the reducing substances present were deter-
mined by the “Lane-Eynon "general volumetric
method (AOAC, 1960). Because of the extremely
low concentration of reducing substances in the
control samples, where the 10 ml of the 0.5N NaOH
was_added prior to the /3-amylase, the following
modification” was made. A 10-ml portion of the
sample was added to 10 ml of the Soxhlet reagent
and the titration was completed with the standard
maltose hydrate solution. The difference between
the m? maltose hydrate needed to reduce the
Soxhlet reagent and that required to complete the
titration represents the reducing substances present
in the aliquot, In the determingtion of suscepti-
bility to saccharification, the differences hetween
the mg maltose hydrate in the reacted and control
samplés, multiplied by the dilution factor 10, rep-
resent the total reducing substances formed by the
action of /3-amylase.

RESULTS AND DISCUSSION

Enzyme curing. The extent to which the
starch fraction, IS YdroI%/zed during “enzyme
curing” slg%_mflcant affects poth the drying
charaCteristics of the treated puree and’ the
OO 5 pomsh 1 proceet . a
o}_/ the )s/tarch h%s been hydroFyzed to the dex-
%rm stage, _}_P,e resulémg Puree IS extremel
fluid and difficult to dry; 1t tends to caramel-
ize when subjected to'the high temperatures
of the drumsurface, yieldi %a wet stick
sheet. The, result_mg lakes have an unac-
ceptable fluid consisténcy when reconstituted.
If, however, the starchfraction is not suffi-
ciently hydrolyzed, the resulting flakes will
be |I_([]ht colored and have a very low bulk
density. When reconstituted, they have an
unacceptable pasty consistency and a starchy
taste. Fortunately, neither the drying char-

ST

acteristics of the puree nor the quality of the
flake product are overly sensitive to the ex-
tent of starch hydrolysis in the puree, and
thus enzyme cu mp an be readily incqrpo-
rated Intd the existing processing “technigue.

The exfent of hydrolysis of the starch
fractjon of the purée can be controlled b
varying the enzyme concentration and/ar
reaCtion time when the whole puree  is
treated. When_ the amylase concentration
Was not excessive, howeéver, the length of
time the enzyme was permitted to act on the
Euree was, not critical. A series of flake
amples with acceptable rehydration proper-
ties were produced using redction times of 5
t0 90 minutes where Mvlase P was utilized
at 50 Epm. These results are included in
Table L The particular lot of Sweetpotatoes
used was harvested October 1, 1962, and had
heen stored 3 aays at 60°F. Although all
the enzyme-treated flakes in this series were
acceBta le, those produced from puree which
nad been incubgted with the enzyme less than
15 min had a slightly pasty consistency when
reconstituted, wheréas those whose incupa-
tion period was In excess of 30 min tended
tg be slightly fluid. The best flakes were
obtained When the reaction time was approxi-
mateb/ 20.min. Therefore, this holding time
was Used in evaluation of the other commer-
clal enzyme preparations and_ in deter-
mination' of the effect of the environmental
varigbles on the concentration of enzyme
required to produce a flake with acceptable
reydration properties.

It was found that the concentration of the
amylase with respect to sweetpotato (dry-
R R R

uncured sw
derEended uRon both time ? narvest pand the
length of the storage p%rlod at 60°F after
narvesting. In general, the range of the con-
centration had to be decreaseq steadily as
the harvesting season progressed, and, simul-
taneously, thé specific concentration required
daily had to be decreased as_the length of
the stora% period_increased. The concentra-
Hons of Mylase P required througho 5 the
arvesting Season are presented In" Table 2
The samé trends held for all of the enzyme
preparations evaluated. The diastatic powers
(“Lintner) of the individual preparations



578

PROCESSING OF SWEETPOTATOES INTO FLAKES

on 1 2 5 B e ot i e ol
Pureéntzr;ﬁlttrehent Re,action do sugara

Enzyme con(cpeétnt%;on (nltnr?) Nonreducing Reducing Taste
Control 0 0 146 173 off
Mylase P 5 5 153 174 acceptable
Mylase P 50 20 155 173 acceptable
Mylase P 5 Kl 159 168 acceptaple
My ase P 5 ) 149 i acceptable

Mylase P 50 10 158 174 acceptaple
Mylase P 5 90 156 180 acceptable
Control 0 0 182 147 off
Mylase P o) 2 180 145 acceptable
Mylase P I | 181 145 acceptable
Mylase P 100 2 172 146 acceptable
Control 0 0 204 144 off
Mylase P 5 2 200 149 acceptable
Rhozyme S 100 20 205 142 acceptable
Rhozyme H39 [ 2 208 147 acceptable
Rhozyme 33 8 Al 205 146 acceptable

" Dry-solids basis.

were helpful in determmm[g the equijvalent
concentr tions required only wnen the en-
z rg%ssrhad been “obtained “from the same
f the four enzymes evaluated, lease P
or the equivalent concentrau?n of Rh ?z
S, both. of which are obtained from the u
AsPergtllus orysae, were the most e |C|ent
with respect to’ ease of handlmg of th e uree
urmeg frocessmg They effect | |q%e ction

uree at a relatively rapid

troIIabI rate, The onh{ ”Pv

age 1s that the %uree erature must be
owered fo 120-130°F since the enzymes are
rapidly inactivated at higher temperatures.

ut con-

i T b ol e e

ato ke “from U cure SWGQ

Days stored at 60°F

Aug. 27 150a 130 1% I}
Sept. 4 150 150 1% B
Sept. 10 1% 1% 100 60
Sept. 17 1% 1% 100 60
Sept. 24 100 100 b 4
Qct. 1 100 100 I 4)
Qct. 8 [ [ 5 5
Oct. 5 [ [ ) 5

Lppm based on the dry-solids content of the puree.

arent disadvan-

Rhoz X]me H39 has the advantaﬂe of elimi-
natmlg e necessity for coolmg e puree fo
130°F.  However, Itquefactto IS 50 rapid
and extensive that the puree is difficult’ to
control during the drying step. This amylase
must be used”at a, much lower concentratton

than would be indicated bg/ Its diastatic
poltltver relative to the amylasés from Asper-
gillus

AIthoru/gh an acceptable flake was Produced
from puree which had been treated with
hoz me 33, some dtfhculty Was encountered
In th rymg step d urmg the early part of
the harvest eason. It had to he (sed éeta
nigher concentration than was Indicate

Its” diastatic [fower relative to the enzymes
from Asper illus oryzae.

QOrganolep ttc evalyation was the only re-
Itable crtterton for flake quality. ~Although
an acceptable flake was produced using the
enzyme curm% technique, these flakes dld
not”possess the same degree of Sweetness as
those made from naturally cured sweetpo-
?toes and lacked the typical sweetpotato

Table 1 shows the effects of the specific
enzyme used the relative concentrations. of
Mylase P, and the length of the. reaction
tine on the reducm% nd nonreducin sugar
content of sweetpotato flakes. Although both
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the reducing and nonreducing sugar content
?f the flakes varied with the R
resh sweetﬁotatoes from w

prodyced, t

e
|
e reducing sugar content was

H}I

not increased by “enzymg curing.”
Purees however,” were fapidly ligiefied by

hese treatments,

ar lot of
ey

were
The

In order to attempt to account for hoth
the observed decrease In enzyme require-
ments as the harvest season and storage pe-
r10d roqresse and to_explain the contrast

! f the sweetpotato
Puree to saccharification"and liquefaction by

hetween

he commercial enzyme
starch fraction of th%_ SW

potatoes Into Tl

he susceptibility

etpotato was se-
lected for the initial investigation into the
factors influen nE(%Sthe processing of Sweet-

gr;&araﬂons, the

Starch properties. Amylose content. The
quantities of amylose_ in each of the starch
ble 3, Since am%/-

lopectin 1S determined by difference, the

samples are compiled in Ta

tered. No

P
amylose-amylopectin ratio” was t
Xd t)r/en%s were detected wi

s

unal-
could

be related to the environmental variables

Investigated.

Pasting properties, The following four
measurements, taken from the Brabender vis-
cograms as illustrated in Fig. 1 are presented
In Table 4:1_3 the temperdture at which the

first percepti

ayer, 1937)]: 2
Viscosity: 3) Jem
VISCOSIty occurred; a

the pe

le_increase In Viscosity occurs
temperature of transition (Cook and Axt-
(maximum

e rature at which Pe_a

| the extent 0

n-

crease in viscosity on cooling to and holding
at 35°C (setback”viscosity).
CUI’IH? with optimum storage lowered the

ure of transition of the starches.

Succession of sweetpotato shipments
Amylose content (% ) at:

tempera
isolated “starches.
Daysalier Iy
Uncured
1 174
3 172
I 197
Cured 14 days
90

1
150-200 174

4th
wk

184
196

174
181

However, neither time of harvest nor storage
of the uticured sweetlpotatoes for 1-7 days af
60°F altered this property, and prolonged
%torﬁ%e gf the cured roots did not result in a
urther decrease In the temperature. Barham
et al. %19442 demonstrated that curing low-
ered the_ transition temperature of “Starch
samples isolated from sweetpotatoes of the
Nancy Hall, Improved Big Stem Jerse
Little Stem' Jerséy, Big Stem Jersey, and
ed Bermuda varieties” grown In Kansas.
Evidently the starch front cured sweetpota-
toes swells at a faster rate, and thys the initial
Increase In viscosity is registered at a lower
temperature. _

Cunng with optimum storage resulted in
an elevation, of ‘the peak viscosity of the
starches, Indicafing an' increase in the extent
of qranule swelllng and solubilization (Kite
etal, 1957), Prol n_?ed storage of the cured
roots caused an additional increase, but nei-
ther time of harvest nor short-term storage
of the uncured roots had any noticeable effect.
Barham et al, 81944), nowever, reported that
curin Iow%re _the' peak wfscosng/ of the
starchies of the five varieties of swestpotatoes
grown In Kansas. _

Peak viscosity occurred at a hlgiher tem-
perature in starch samples isolated from
cured sweetpotatoes. Prolonqed storage of
the cured roots did not result in a further
increase, and neither time of harvest nor
short-term storage of the uncured swegt-
potatoes had an}- effect. Thus, curmP with
optimum storage can_be simultaneously cor-
related with a lowering of the temperature
at which the initial rapid and unrestricted rise
In viscosity occurred and an elevation of the

Tatzje 3 Egsfect of harvesting, curing, and storage variables on the amylose content of the

5th 6th 7th 8th 9th
wk \vk wk wk wk
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. Table 4 Effect of harvesti ' ' ' '
|solatae%estarc esgc of harvesting, curing, and storage variables on the pasting properties of the

Succession of svveetpotato shipments

Btter B oo ow Booow oW
Transition temperatures (°C)
Uncured
1 B8 B0 B8 WO B0 26 B0 TS5 723
3 B8 B8 B4 B0 I N3 B3I 13 130
B8 M8 30 W4 LT 730 3 5 723

1
Cured 14 days
% n3 19
150200 715 715
Peak viscosity temperatures (°C)

Uncured
1 90 90 &5 MO 7mhH Ty 190 M0 790
3 90 790 /90 /0 7whH Ty Ty 85 790
70 790 90 805 75 TS5 TS 805 805
Cured 14 days
90 20 &0 &0 85 90 BV 05 80 80
150200 &0 820 &0 &5 &5 &HO 820 &0 820

Peak viscosity (Brabender units)

Uncured
1 690 660 670 660 675 665 6% 730 630
3 690 660 660 675 675 665 630 40 685
1 680 660 610 6% 650 640 665 5 6%
C%ed 14 days

8 5 1N 6 1™ 80 1%
150200 80 720 /A 1% 7% 780 80 7B 6%
Setback viscosity (Brabender units)

Uncured

rl 6% MM 70 7% 1% 80 8
oo 740 710 M 70 70 6% 780 820
w60 0 7 THh o 6% T 80 8

Cured 14 days

90 815

0 80 & 70 80 80 95 90
150200 80 90 900 %0 %40 2000 90 90 90

temperature at which maximum swelling pared with respect to the average lowerin
takes place. . . . . of \_/lscosney Iper minute, th(% rate’ of %ro[po

Setback viscosity is essentially a measure  during thé first 10 min of the incubation,
of gel H%Idlt . Kite etal. (1957) and Majurs ~ Whenthe major portion_of the viscosity is
et al. (1957) related the formation of a gel lost, and the” time required to reduce the
to the ‘assoclation of the ends of the lingar original viscosity. by 50%. These criterja
molecules to give an interlacing network- %ae results similar to those presented in
through the paste.  Setback viscosity was able 5 1t can be concluded that environ-
increased by Cu“ng with OpUmum Sorage] mental conditions do not alter the SUSCEpt_I-

bility of sweetpotato starch to amylolytic
ang furner nceeased by prolonged SIOfEGE  ac since Telther time of harvest short

R : term storage of the uncured sweetpofatoes
_Susceptibility to amylolysis. The rela-  cyring Wi optimu storege, 1o pPoIon?ed
tive susceptibilifies of the starches to lique-  storage, of the cured roofs altered the relative
faction by a-amylase and saccharification by  suscepibilities of the starches isolated from
/3-amylase are presented in Table 5 The them to either liquefaction by a-amylase or
viscosity curves were also studied and com-  saccharification by /8-amylase:
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Table 5 hEeEfetCt of pglrvesting, curing, and storage variables on the susceptibility of the

Succession of sweetpotato shipments

isolated”starches to amylolysis
A S
Residual viscosity“ (% of original )
Uncured
1 A3 30 B4 Y9
3 B3 N3 40 29
1 39 AUl 469 422
Cured 14 days
90 N1 B5 B0 49
150200 326 B> K03 423
Maltosel émg)
Uncure
1 oW W W
WM
1 B M W B
Cured 14 days
90 X3
150-200 38 34 38 3

% fter 30 mlrb_%}‘n wgsuet.)atlon with a-amylase.

ormed by /

S A
L A AT A9 S
400 By HI 65 Ab
01 460 338 40 B2
90  H1 A NI Al
%2 %5 403 48 BT
oo A W W
2 3B A B A
W L W N
KT /A 7 B N 1V
W W ®X T R

General discussion.  The changes effected
by curing on the pasting properties of the
ISolated Starches could Mot be related di-
rectly to the observed differences in pro-
cessing characteristics. Although the rela-
tive quanti |f30'amylase required o produce
an acceptanle flake " from uncured. sweetpo-
tatoes had to be decreased steadily as the
harvest season progressed and. as the length
of the storage period at 60°F increased, and
can be eliminated after natural curing, the
isolated starches did not differ in thelr re-
spective sHsce '[Ibl|ltle? to amylol%/tlc attack.

e starch content of the swee Potato nas
been shown to decline con[{mualg/ durlndg
curing and storage (Sistrunk et al., 195
Scott”and Matthews, 1957: Hammett and
Barrentine, 1961). 1t would therefore e
expected that the enzyme concentration
would have to be decreased steadily in order
to maintain a constant concentration with
respect to the ﬂuantlt of starch present.
The_extent of this deCrease, however, was
5] nlflcantlz In excess of what would be an-
tiCipated based on a normal patern of starch
decline during storage and curmg. Although
neither curing nor storage altered the sus-
cep_tlblllty of the isolated Starch to saccharifi-
cation by /8-amylase, it was demonstrated
that these isolated starches could be sacchari-

fied, whereas treatment of the puree with
commercial enzyme preparation which con-
tained both a- and /8-amylase did not increase
the reducing Sugar content of the re_sultlng
fIakef]. Bo hhe uree an&i the |?_ol te
starches were, nowever, rapidly liquetied by
a-amylase, These observed differences  be-
tween isolated and sweetpotato, starch in a
Furee with resPect t0 susceptibility to amy-
%I SIS cannqt, therefore, be a%counted for

changes In the properties of the starch itself,
and tne explanation for the observed differ-
ence in_processing _characteristics. must be
tsr?ughttln changes  in other constituents of

e Toot.
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Anthocyanins in the Lowbush Blueberry,

SUMMARY
Fifteen anthocyanin pigments were isolated

from the lowbush blueberry, Vaccinium angus-
and identified by chromato-

tifolium  Ait.,
graphic, spectral and chemical properties. The
3-monoglucosides and 3-monogalactosides of
delphinidin, malvidin, petunidin, peonidin, and
cyanidin were isolated: also present in small
quantities were the 3- monoarabinosides of the
same five anthocyanidins. The glucosides were
present in much greater quantity than the
galactosides or the arabinosides.
glycosides were also present, but in quantities
too low for identification.

INTRODUCTION

The lowbush Dblueberry of northeastern
North America, vagcinium angustifolium
Ait., grows In acid soils on barren Tands_over
extensive areas. It Is currently recervrnd
considerable research attentjon” because i
represents a cash Income In depressed areas,

rs sold rn the canned, frozen (Hard
an Ross and fresh frurt markets
&lrusc ka an ushman 1963 ), and Is also
suitable for  freeze-drying and pu -(rying

(Eisenhardt et a1, 1964)" It has been Sug-
ested as a source for a Sweet wine (Fulekl,

% blended Juices bdaII et al

1963 Cha dler and ghlans 0), and
fruit pie frIIrngs Strachner al 196

Suomalainen Keranen (1961
gorted the presence (? arabinose and g ucose
erivatives of cyanidin, petunidin, m vrdrn
and delphjnidin’ in v “myrtitius L. a clos
relative "of the Iowbush queberry but the
g lgments were not ful %c haracterjzed. Wood

Barker (1963 a, found thatte r\(}-
ments present rn on ear? shoots 0
angustifolium sowe lonal variation. This
paper Is.concerned with the prgment content
of the ripe fruits of v. angustifolium.

MATERIALS AND METHODS

The berrres for this work were grown in Fred-
ericton, N. B. Five hundred g were” extracted with

aPresent address - Dept. Botany, Univ. Liverpool.

Several di-

re-

Vaccinium angustifolium

1% HCL in methanol and_concentrated, and the
extract was shipped to the John Tnnes Laboratory.

Chromatographic methods. Whatman No. 3
paper was used for all separation and purification
steps, and Whatman No. 1 for rt data in the de-
scendrng manner in both cases. The following
solvents” were used for chromatography:

1) BAW »j-hutanol glacral acetrc acid, water
r(l 5)."L J)erpase Made up
resh for rt data

2) BEW »j- but%nol 95% ethanol, water
(4:2:22).

3) BuHCl  »j-butanol, 2N hydrochloric _acid
(1:1). Upper™ phase.  Paper
equilibrated 24 hr after s&ottrng
and  before running in tank con-
taining aqueous phase of BuHClI
mixture.

4) BBPW  »j- Putanrgtl 3t;enzene, pyridine, water

5) Forestal  glacial acetic acid, cone, hxdro
chloric acid, water (30:3:1

6) Formic  formic acid, cone, hydrochlorrc
acid, water (5:2:3).

7) HAC-HCI  water, (flacral acetic acid, 12N hy-
drochloric acid (82:15:3).

8) 1% HCL conelgt%drochlorrc acid, water

9) Phenol phendl water (4:1).

Aglycones. The aglycones were obtained b

heating approx. 1m% purified pigment with 2
HCL in a water bath for 30 min. “The agh{cones
were extracted wrth a %I alcohol, evapora ed to
d;{ness and spotted on No. 1 paper fogether with
authentic markers. The pai)ers Were run in For-
estal, formic, and BAW solutions.

Sugars The solutions remarnrnP after extrac-
tion ‘of the aglycones were treated with di-n
octylmethylaming” (Harborne, 1958) to remove the
mrneral acid, evaporated to dryness at R.T. and
spotted on_No. 1 paper together with authentic
markers. The papers were Tun in BAW, BEW,
BBPW, and phenol. - After development the papers
were dried, drpged in aniline_hydrogen phthalate
Partridge, 1949), and heated in an oven at 105°C
or 2 min. The spots were clearly visible when
viewed under ultraviolet light.

D
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Authentic p
phinidin, petunr
din_were_available from previols work (H
1957). The 3r1alactosrdes of cyanidin_and peoni-
din were extracted from cranbeiries (Zapsalis and
Francis, 1965).

Spectral data. All sgectral data were deter-
mined with an_Unicam SP500 _spectrophgtometer.
The AICla shifts were determined by drssolvrnq
the purified pigment in 0.01% HCL ‘In methang
and adding 1'dop of 5% AICIa in ethanol to 3 ml.

RESULTS AND DISCUSSION

entse aratron In preliminary work
Harborne,  Unpub-
Irshed) F crude acrd methanol pigment ex-
tract was streaked on_No. 3 paper and run
overnr ht rn BAW he ban s were eIuted
with (methanol, gacra acetic_acg
water 0552l combined,”and rerun rn A)
HCL The bands were euted with M
concentra%ed hdroey in 2N HCl nd
C0Nés and sugars, The data

analyzed or a
; ive aglycones” (delphinidin.

rgments The 3-glucosides of del-
In, malvidin, peonidin, and bcyanr
arbormn

IndiCated that™ fi

ANTUOCVANINS IN BLUEBERRY

Petunrdrn malyidin, peonidin, cyanidin) and
hree sugars (glucose, aIactos and arapi-
N0se) Were present, JEMNX Tatios
Indicated that the prgments were probably

all monogl £0Sides.

Iminar % observations were con-
firmed i rn this work, and it was evident that,
with such a complex pigment mixture, ex-
tensive gaper chromatogr phy was necessaW

For adequate _Isolation and (Purrfrcatron the
sc eme rste in Fr? 1 was developed
Thirty-two sheets of No. 3 paper Wwere
streaked with the crude pr?ment extract and
developed I BAW._ overnight.  The five
hands were eluted with MAW and rerun In
BAW, producing. 19 bands, The first 1
bands’ were run”in 1% HC1 and then rn
Forestal. ?ch of the 20 bands from %he
frrst Foresta purrfrcatron were analyzed for
gycones using. the four routine soIvents
F orestal, formic, BAW, BuHC
or_sugars with the four routine soIvents
(BBPW, phenol, BAW. BEW). It was

Solvent System

52 (8%8) 111 (0.40 ﬂjrlz 83% GI Gal
7034 '12§0:28; 12150'.05% 113 5052) ’ ’ o
113 (0.34) 131 (0.06
: ded ta 1above)
2(040) %M} éﬁ @:Bé { } Eﬁ@r% (g%r
r3) &0.39% (added to 2ahove E 3 . t lI%]‘%aall
304 <3 04) 3009 313 (066) | (@R
Cude. . 2(048) 321 (0.06) 2 074) L} rcl
extract A3 (0.52) R12 (0 78) v Glc, Gal
(ﬂ (Mé} d&dllér)Sabove fc, :%I
4 050 urz 012 | gf,f i
2(050) [ (010) fF, i
430055 422 (0.02) 113 (0.79 e
15 (0.60) (ﬁ;@

band ﬂumlber [ tﬁ% FTv

eme. 1o for blueberry anthocyanins. The figure in parentheses after the



apparent at this stage that all ten
cg hinations of deICP% I
vidin, peonidin, an

which provi

Band

Band

111

11131
11132
31131
31132
111
3112

4131
a3
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Iniain, petunid
cyanidin derivatives of
glucose and_galactose Were present. The band

ed each pigment in_the largest
quantity was isolated and rerun in Forestal.
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ossible  The products of acid hydrolysis for these
I bandspare_ presented in ableyl and rt data

ﬁ], mal-

for the glgments In Ta

ble 2. Spectral data

g_able r? for the same PI ments were ob-
tained on the bands eluted from the first
Forestal purification. These solutions were

Table 1 Hydrolysis products of blueberry pigments.

Anthocyanidin

Forestal

Formi

c

BBPW

Distance travelled (cm)

16 hr

16 hr

100

RERSRERswos
=N anldylopld s len i ~Nlaldy |

124
100

Solvent
Phenol

290

Sugars

Aglycone

Dp
o

Table 2 Chromatographic data for blueberry anthocyanins.

Pigment
as

Dp3Gal
DPSGIC
Pt Gal

BAW

B

UHCI

[ in solvent:

1% HClI HAc-HC

003

o
=R

OOOOOODOD OO OO DO

SEISRRE BEIII

OOoOo—I>~>

Formic

042

OO OO
I oo oYU
STAVRRBIRES

~IOHSH oYU
CJOU'!O')GDI\.)LOE

Forestal

65

OO OO
IO —IDUT —I—ISH O
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|nT0a818A)3 eeﬁra%dt%ta f?r blueberry anthocyanins
Banrt ('ﬂ?a() En(O\//Ingllax ALCILI shift
mi 532 20 +
1113 532 2 v
2111 5% 22 +
2113 528 25 4-
L 5l 20 +
ANk 528 24 +

32U 533 20

v 5 7
il ®0n .
4213 520 29 .

a mixture of the glucoside and galactoside_of
each aglycone, bt the E«o/EmX rafios in-
dicate that they were all monaglycosides.

Comtarrson of t(hethrttdaltla with anthentrc

ments suggested that all_ pigments were
RtgHOSUbStlttﬂgd In the 3 posrtP %

The glucosides and galactosides,of each
%gl ycong were separated with difficulty in
orestal solvent, but sufficient pi ﬁment Was
obtarned to get ;y data. In each case the
? lucoside was resent In' much larger amounts
han the galactoside.

Band 5 in the first BAW separation was
very broad and had an y value sug?estrve
of a pentgsrde This band was rerun in
W, ana three hands developed. Band 51

was obvrousl similar to the pgments In
453 appeared to contain degradation
products and_ 52 was the purified pentoside
material. This band was present in only
trace amounts. In order to ?btarn a larger
aluantrtg 50 ml of the on%rna crude extract
ere neutralized with NaOH solution,
uffereq to, p|I40wrt sodium acetate buf-
er, an mrxe wrt %of anfhocyanase
{ ohm & Haas, J g arborne
965). The mrxture was inctibated at 30°C
for 1 hr, concentrated under vacuum,
streaked on No. 3 aper, and run in BAW.
The enzyme tre ent ' destr (? ed most of
the chosrdes an the entosr swere easre
to récover, However, r was still not possib
to recover a sufficient quantity of the pento-
sides to Isolate and purify each band; there-
fore the entosrde fractron Was treated as
one p |gm nt. . Acid gro ysis Indicated the
presence of five aglyCones; delphinidin, pe-

ANTI-IOCVANINS IN BLUEBERRY

tunrdrn malvrdrn eonrdrn and cyanidin.
8ar analyses grel ed ?ny arabinose. The
ata Indicate that all Were monosubsti-
tuted therefore this fraction was com-
posed of the 3-monoarabinosides of the five
aglycones.

and 10 contained pigments which had
fvalues indicatjve of diglycosides, but the
an was grossly contarinated. Attem%t

,Eu” these pigments In quantities SUff]
cre for identifiCation were unsuccesstul,
because of the extremely low concentration.
None of the bands showed an absorptjon
maximum at 308-12 mm, indicating, that
acvlated prqments were absent. The If data
also supported this conclusion.

The ‘occurrence of qver fifteen anthocya-
nins In the berries of V. anguistifolium™ is
noteworthy, since such compleX mixjures of
g%menﬁs are rare In nature; In fact, no
ther plant has been recorded as havrng 50
man pr ments. In a srngle tissue. Be rres
ofo er accrnrum specrsexamrne a%p -
entrr ave fewer prgments Hayashi (1 \)

do malvr In 3-galactoside in V.
urnosum and rancrs and _co-workers

Sakamura and Francis, 191 ; Zapsalis and
rancrs 1965) found four . pignients, the

-0a actosrdes and 3 arabrnosr esof ¢ %nrdrn
and peonidin, n the American cranperry,
V. macrocar on; V. myrtillus Brobabl has
more than these two Species, but cy nrdrn
Sgalactosrde IS the onIy prgment completely
1déntified In_its berrres uomalainen and
Keranen, 19613 anr:{ustr folum shows
many similaritiés in its an hoc[yan patt(er
With the ot er three species studied
seems that the genus | charactenzed
Derries contarnr %aactosr es and ara |no
sides of cyanidin, Telphinidin, and/or their
methyl etfiers.
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Lemon OQil Analysis. |.

SUMMARY

Recent refinements in thin-layer chromatog-
raphy (TUC) provide the analytical chemist
with an inexpensive, convenient, and rapid
method for obtaining basic information on the
condition of cold-pressed citrus oil samples.
Simple TLC distinguished lemon and lime oils
from all other citrus oils. Two-dimensional
TUC was used to distinguish between lemon
and lime oils. Distilled lemon oils were charac-
terized by their deficiency of UV fluorescence.

INTRODUCTION

Since its earliest development, thin-layer
chromatography (TLC) has been employed
to analyze citrus oils. The chromatostrips
developed by Kirclmer el al. (1951) and
Miller and Ivirchner (1953) and later used
by Stanley (1959), Stanley et al. (1957),
Stanley and Vannier (1957a,b), and Van-
nier and Stanley (1957) have evolved into
present day chromatoplates such as those
used by Attaway et al. (1965a,b) and Fisher
and Nordby (1965) to separate typical cit-
rus constituents.

Insofar as lemon oail is concerned, perhaps
the most useful TLC application is that re-
ported by Stanley and Vannier (1957b).
Among the many separated components in
a thin-layer chromatogram of cold-pressed
lemon oil, certain compounds were found to
fluoresce  when viewed under ultraviolet
(UV) light. These fluorescent spots, caused
by variously substituted natural coumarins
(Stanley and Vannier. 1957a) formed a
definite pattern on the developed chromato-
strip. Stanley (1961) also noticed that cer-
tain adulterants that are sometimes added
to simulate the LTV spectrum of authentic
lemon oil give brightly colored TLC spots
when exposed briefly to HC! vapor. Ad-
vantageous features of the above studies as
well as subsequent improvements in TLC
technology have been incorporated into the
gualitative and semiquantitative procedure
described herein to provide analysts with a

esterp Utiligf{tué%?ﬁgfe\éergﬁtaabr!ﬁ BgSe ésémer%m(/jﬁéé

epar

men griculture, Pasadena, ornia

Two-Dimensional
Thin-Layer Chromatography

convenient and informative way of evaluat-
ing the condition of cold-pressed lemon oail.

EXPERIMENTAL

Equipment and reagents. TWO { pes of TLC
glates were successfully employed: _ai home-made

8-in._chromatoplates coafed with a 0.25-mm
layer of Silica Gel G prepared in the usual manner
o Brmkmann-Desaaa apparatys; and b) Eastman
Chromagram K301R?2 8 X 8-in. precoated sheefs
cut to 4 X 4 in. All TLC plates were stored in
a dry hox or desiccator as a precaution against
deactivation by moisture. Long-wavelength” UV
I|ght was provided by a 15-Watt, self-filtered
3660-AU lamp. All cfiemicais and  solvents used
were reagent-grade. Other essential TLC equip-
ment includeg “standard development tanks, sample
syringes, and a drying oven.

Chromatogram preparation and development.
Standard TLC procedures were followed through-
out O(Bobbm, 1963).. Citrus oil samples to be ana-
xze were applied in submicroliter increments to
the sample orlqm located In the lower _rlﬁht-hand
corner of the plate at least / in. from eitfer edge.
Plate ty_i)e a received a total sample of 5 gl “of
citrus oil, and type b received 2 gl, except in the
case of lime oil,"where the sample size was halved.
The oils were applied in increments sufficiently
small (ea. 0.1-0.2 gl) to keep the origin spot diani-
eter at 5 mm. Sample application usually required
about 3 min. _ _

The_ plates were developed by ascending elution
with 30% v/v CHCL in CCh Containing 1% v/v
8IaC|aI acetic acid, dried briefly in air, then rotated
0° clockwise, and develoi)ed In the second dimen-
sion with 20% vlv eth){ acetate in cYclohexane
contalnm% 1%, vlv glacidl acetic acid, Plate type b
required 20 min for “completion of solvent ascension
in each direction. Plate type a took about twice as
long, Prior o use, the "development tanks were
carefully equilibrated with the development solvent
vaFor. Lining of the tanks, with blotter paper
helped ensure chamber saturation. The plates were
introduced with, tongs into the tanks through slots
in aluminum foil fitted tightly across the mouth of
the tank between it and"the lid. In this manner,
disequilibration of the solvent vapor dur_lnq plate
Introduction was minimized, particularly if the lid
was removed by sliding rather than by Iifting.

588 ]
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Chromatogram evaluation. A deVG|0ped P_Iate
was first scanned under long-wavelength UV light
to record the position and Color of thie fluorescent
spots.  To detect certain types of adulteration
{étanley, 1961), the plate Was then placed for

min 1n a tank saturated with wet HCL vapor,
originating from .a container of cone. HCL pre-
viously placed inside the tank. Only one faint pink
spot Should result from such treafment. Changes
In the UV fluorescence pattern were then recorded
In a second UV scan. Following brief exposure to
ammonia vapor, further changes in the visible and
UV fluorescent spots were recorded. After the
ammonia evaporated, the plate was sgorayed with
a_solution of 5% w/v vanillin and 30% v/v of
85% wiw phosphoric acid in.methanol until the
plate surface just appeared shiny. Then the plate
was heated in"an oven for 1 minat 100°, saturated
with wet HCL vapor for 15 min and reheated at
100° for 1 min. The colored spots resulting from
this treatment were also recorded. .

If the plate was immersed for 2 min in a tank
saturated with ioding vapor rather than sprayed,
brown absorption spots appeared in the same posi-
%lonts a tthe varicolored spots resulting from spray
reatment.

RESULTS AND DISCUSSION

The mixture of non-volatile substituted
coumarins naturally present in cold-pressed
citrus oils (Stanley and Vannier, 1957b),
but either absent or sharply diminished in
distilled oils, separated on both types of TLC
plates into characteristic patterns of vari-
ously colored UV fluorescent spots. Com-
binations of 15-30% v/v ethanol, dioxane,
acetone, ethyl acetate, tetrahydrofuran, or
CHCIs in cyclohexane or CCl14, with or with-
out 1% v/v acetic acid, served as developing
solvent pairs, with success ranging from
adequate to good. Every combination sepa-
rated the fluorescent compounds of berga-
mot. grapefruit, orange, and tangerine cold-
pressed oils into TLC spot patterns dis-
tinctly different from that of cold-pressed
lemon oils. Only cold-pressed lime oil re-
sembled lemon oil so closely as to require
two-dimensional development to differentiate
between them. Best suited for this purpose
were the solvent pairs of 30% v/v CHCL in
CCU containing 1% v/v acetic acid, and
20% v/v ethyl acetate in cyclohexane con-
taining 1 % v/v acetic acid.

Both the home-made and commercial TLC
plates provided essentially the same analyt-
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ical results when used in the prescribed man-
ner. Developed two-dimensional chromato-
grams of cold-pressed citrus oils were
analyzed successively by UV light, exposure
to HC1 vapor, exposure to ammonia vapor,
and vanillin-phosphoric acid spray. Figs. 1
and 2 indicate the results obtained with lemon
and lime oils. The purpose of HC! exposure
was to detect the presence of certain com-
pounds added to lemon oil (Stanley, 1961)
to simulate the UV spectrum characteristic
of natural cold-pressed lemon oil (Sale ¢t al.,
1953). No bright colors such as red or
yellow should result from the HC1 treat-
ment, only a faint pink spot located just
above the upper blue-white fluorescent spot,
5-geranoxy-7-methoxycoumarin (GMC )
(Fig. 1). After HC! exposure only the two
large blue-white fluorescent spots GMC and
L, were readily discerned under UV light.
When the plate was subsequently exposed
to wet ammonia vapor, the pink spot result-
ing from the HC! treatment disappeared,
whereas the lavender fluorescent spot to the
right of it and above GMC reappeared under
UV light. In lime, the spot due to HC! ex-
posure was blue instead of pink.

Differences between the UV fluorescence
patterns of cold-pressed lemon and lime oils
were revealed in the first UV scan. For in-
stance, the relative positions of the lavender
and purple spots just below and to the left
of the lower large blue-white fluorescent

TER}ENES TERP\E:(ES
V’WZ’ BLUE/HCI c /,//7,/%
pnvkret © A8 / O
\'./7 }_,_’I\_)\ e \‘lﬁ_‘l éé'“ % rdd

O—ORIGIN
V) —————— (2} 1

O——ORIGIN

Fig.1 2 pl lemon oil Fig.2 1 pl lime oil

Thin-layer chromatograms of cold-pressed oils,
plate type (b), two dimensional development with (1) CHCI3,
acetic acid, CCl14(30:1:69) and (2) ethyl acetate, acetic acid,
cyclohexane (20:1:79).

Color code;

UV Fluroescence Vamllin-Hj P04 Spray
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spot, limettin (L), were reversed (see fig-
ures). Between these spots and the sample
origin, other differences were evident in the
pattern of the small blue-white fluorescent
spots. Distilled lemon and lime oils showed
only faint fluorescence spots in the positions
of the two large blue-white spots, GMC
and L.

In the final diagnostic test, the vanillin-
phosphoric acid spray reagent (Bobbitt, 1963,
p. 10 2) afforded several colored spots which
could be used to distinguish semi-gquantitative
differences in the terpenoid composition of
cold-pressed lemon oils versus other oils.
For example, the green oxyterpene (OT)
spot (Fig. 1) was slightly more intense than
the purple citral (C) spot just to the left
and below it, whereas with lime oil (Fig. 2)
OT was much less intense than C. Con-
versely, the lime chromatogram also had a
large light-green spot overlapping GMC,
which was small and scarcely visible in cold-
pressed lemon oil chromatograms.

These TLC procedures provide analysts
of lemon oils with a convenient and fairly
rigorous series of characteristic diagnostic
tests. Within the limits of experimental re-
producibility, known authentic samples of
natural cold-pressed lemon oil from Argen-
tina, Arizona, Australia, coastal and inland
California, Florida, Israel, and Italy exhib-
ited essentially the same patterns when
treated as specified. Any unknown sample
of lemon oil deviating from the general TLC
pattern would probably warrant further ex-
amination before it could he accepted as an
authentic cold-pressed lemon oil. When ana-
lyzing lemon oils with this method, occa-
sional control comparison chromatograms on
separate TLC plates should he performed
simultaneously with authentic samples to
check the operating conditions. The spray
reagent should be refreshed daily.
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Gas-Liquid Chromatography on a

Temperature-Programmed, Long, Open Tubular Column

SUMMARY

Lemon oil was analyzed on a highly efficient
modified Apiezon L open tubular column with
a single injection. Almost all of the more than
forty individual peaks were identified by com-
parison of mass spectra and retention times
with those of known compounds. Lemon
oils from throughout the world were found
very similar in their gas chromatograms; dif-
ferences were primarily quantitative rather than
qualitative.

INTRODUCTION

With the rapid development of gas-liquid
chromatography (GLC) in the past decade,
numerous gas chromatograms of lemon oil
volatiles have appeared among the publi-
cations of Bernhard (1958, 1960), Clark
and Bernhard (1960a,b), Stanley et al,
(1961a,b), Slater (1961, 1963), lkeda et al.
(1962a,b), lkeda and Spitler (1964), and
Hunter and Brogden (1965), as well as in
the advertising literature of gas-chromato-
graph manufacturers. The analytical tech-
niques described therein represented a defi-
nite advance over the more cumbersome and
less accurate distillation methods formerly
used to analyze lemon oil in detail. Never-
theless. the complexity of lemon peel oil pre-
sented such a problem in effectively resolving
the mixture into its component parts that the
GLC columns employed were unequal to the
task without some sort of preliminary frac-
tionation of the oil. Mostly, fractionation
was accomplished by adsorption chromatog-
raphy ; however, a modification of Girard’s
procedure (Stanley et al., 1961a; lkeda and
Spitler, 1964) was used twice to separate the
aldehydes as a class. Since all these auxiliary
steps required extensive precautions to pro-
tect the various sensitive lemon oil constitu-
ents from acidic, basic, hydrolytic, oxidative,
and thermal decomposition, it was obvious
that a more direct and efficient method of

tor‘;/,Ad Irbeésrsly Wgﬁ“grrrr]na%%%al Research Labora-

analysis which minimized such complications
would he desirable.

In an intensive examination of delicate
volatiles from various fruit sources, Tera-
nishi et al. (1960, 1963a,b) found that
temperature-programmed capillary GLC ef-
ficiently analyzed complex natural volatiles.
Their success made it conceivable that the
volatiles of whole lemon oil could he largely
resolved into individual components in a
single sampling, provided a suitable column
coating and temperature program could be
found. In addition, by initiating the chro-
matogram at moderate temperatures, the
sample could be vaporized under mild con-
ditions and swept into the capillary with
minimal sample spreading. After some ex-
perimentation, Averill (1965) developed a
system which largely fulfilled these needs
and provided the basis for our further
investigation.

EXPERIMENTAL

The GLC system described by Averill (1965)
was used with minor modification. GLC operations
were ?_erformed on a Perkin-Elmer hydrogen flame
lonization é;as chromatograph, model "226,” equipped
with a 300-ft-long 0.01 -in-1D " stainless-Steel open
tubular column coated with a mixture of 5% w/w
IGEPAL CO-880 5norl15yl phenox;gola(oxg_e_thylene
ethanol) and 1% w/w Eastman DOPC (diiscocta-
d_e%ylparacresol) in decolorized Apiezon L (puri-
fied” by elution from a column of chromatographic
alumina in_cyclohexane). A special carrier _gas
mixture, 8.5r0 v/v hydrogen in helium, obtaired
from Matheson  Scieftific, was__emploYed at an
inlet pressure of 40 psig. In addition to the normal
%as filters, the carrier gas line contained an Engel-
ard Dcoxo catalytic hydrogen purifier cartridge.
The injector block confaininig the annular stream
splitter was maintained at 120°, and the initial
column  temperature was controlled at 60°. A
0.5-d sample of whole cold-pressed lemon oil was
|n|J]ected into the chromatograph and Sﬁht 100:1.
The smaller portion was swept onto the column
which was held at 60° for 1 min, then temperature-
programmed at the rate of I°/min up to 150° and
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maintained there until completion of the chromato-
gram. A total of 2 hr was required.

GLC operations in conjunction with the Bendix
time-of-flight mass spectrometer were carried out
essentially” in_ the manner described by McFadden
and Teranishi %1963) and McFadden ét a. (1963)
However, in this instance the inlet carrier gas
pressure was reduced to 20 sq the sample Size
raised to 30 O(SP it 100: 19 he _initial " column
temperature raised to 80°, and the initial isothermal
Perlod extended to 10 min. The entire effluent of
he. GLC column was introduced directly into the
lonization chamber of the mass Spectrometer.

RESULTS AND DISCUSSION

Apiezon L, decolorized by liquid-solid
chromatography on alumina, has been found
by Averill (1965) to be a highly suitable
partitioning stationary liquid phase for open
tubular (capillary) GLC analysis of cold-
pressed lemon oil volatiles when modified
with a peak tail-reducer such as IGEPAL
CO-880 (nonyl phenoxvpolyoxyethylene eth-
anol ) and an antioxidant such as DOPC
(diisooctadecylparacresol). The carrier gas
mixture used with this column contained
8.5% v/v hydrogen, which could react in
the catalytic cartridge with possible traces
of oxygen to form harmless traces of water.
The remaining hydrogen was available for
regeneration of the hindered phenolic anti-
oxidant, DOPC. Although the effectiveness
of hydrogen for these purposes has not been
conclusively demonstrated, it is neither in-
convenient nor dangerous. The efficiency of
the column ranked around 80,000 theoretical
plates when measured with p-cymene by the
formula 5.545 ( W/d) according to Pur-
nell (1962).

Known authentic samples of cold-pressed
lemon oils from Argentina, Arizona. Aus-
tralia, coastal and inland California, Florida,
Israel, and Italy were analyzed hv the method
described and found to have very similar
GLC patterns. Differences between the
chromatograms were primarily quantitative
rather than qualitative. A lien appropriately
programmed, the column was able to resolve
the important lemon oil volatiles into indi-
vidual peaks (Fig. 1) comprising three
main groupings : terpene hydrocarbons, oxy-
genated terpenes, and sesquiterpene hydro-
carbons. The straight-chain aldehydes, peaks

LEMON OIL ANALYSIS—II

3. 14, 19, and 24 (Table 1), were inter-
spersed among the first two groups at regu-
lar intervals of increasing molecular weight.
The majority of the peaks listed in Fig. 1
and Table 1 were identified by comparison
of their GLC retention times with those of
known pure standards, and confirmed by
comparison of their mass spectra with known
spectra. Peaks 8 and 9 were confirmed only
as terpenes by the mass spectrometer. The
GLC retention time of peak 9 agreed with
that of A3-carene. Peaks 29, 30, 33, 34, 35,
36, 37, 38, and 40 were identified by the
mass spectrometer only as sesquiterpenes.
The retention time of peak 36 suggested that
it was £-cadinene. No mass spectral data
were obtained for peaks 24 and 25 ; however,
their respective retention times correspond
to undecanal and nonyl acetate, previously
identified in lemon oil (lkeda et al., 1962;
Ikeda and Spitler, 1964). The only known
instance of simultaneous elution was peak
17, which, according to both GLC retention
times and mass spectra, was a 4:1 mixture
of terpinolene and citronellal.

Despite this one drawback, which should
be overcome by making the stationary liquid
phase either more or less polar, this method

Ta I 1 Identmes s |n li% 1..as deter-
mine y Jas entron "time com-
parisons. erlsiP cae mcomp e Mass
pectra odntifination.
%athUJene 21 neral
a-pinene 22. a-terpineol
3 octanal 23 geranial
4. camphene 24, Undecanal*
0. sabinene 25, nonyl acetate*
6. myrcene 26. citronellyl acetate
1. [3-pinene 21, neryl acetate
8 CkHma terpene 28 %eranil acetate
9. Acarene*
10 a-PheI_Iandrene asesqunerpene
1L a-terpinene ). CbH 4
i3 F-cymene 3L bergamotcne
13 limonene 2. carvophyllene
14 nonanal B C
%g Imaillool % CHa
erpinene t
m tgr mpolene citro- 3. ?—cjadmene*
nellal ca. 4:1 3 cthd
18 p.a-dimethylstyrene 38, G.Hm
19, decanal 39, jS-bisabolene
2. terpineol-4 4. GH2
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reveals information about the composition

of whole cold-pressed lemon oil not pre-

viously available from a single injection.
Furthermore, it also shows promise of being

shortened for rapid routine survey and qual-

ity control. It is possible that a routine 30-
min GLC run displaying 25-30 principal
lemon oil volatiles could be adapted from
this method by shortening the column and
using a combination of temperature and flow
programming (Zlatkis et al., 1965). Efforts
are being directed toward this objective.
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Removal of Bacteria from Food Raw Materials

by Electrophoresis

I. Factors Affecting the Electrophoretic Mobility

SUMMARY

To determine proper conditions for removal
of bacteria from food by electrophoresis, a
microscopic study was made of the influences
of electrical double layer, intensity of electrical
field, electric density gradient, pH of the buffer
solution, ionic strength of buffer solution, stage
of growth of bacteria, and anion surface-active
agent upon the electrophoretic mobility of some
species of bacteria. The effect of the electrical
double layer between the electrophoretic cell
wall and bacterial solution was determined.
The observed mobility of the bacteria was
smaller at the upper and bhottom sides of the
cell than the true mobility, and was larger at
the center of the cell. The migration velocity
(g/sec) of the bacterial cell is proportional to
the intensity of the electric field. The mobility
of the bacteria increased at random with in-
creased voltage. The mobility of the bacteria
varied directly with the pH value of the buffer
solution in which they were suspended. With
increase of ionic strength of buffer solution, the
mobility of bacterial cells decreased for each
species of bacteria used. The mobilities of some
sporeforming bacteria varied at various stages
of the growth period: mobility increased raﬁidly
after germination and during the logarithmic
phase, decreased for vegetative cells in the sta-
tionary phase, and decreased much more as the
cells entered the sporeforming stage. Bacterial
mobility was increased substantially by sodium
tetradecyl sulfate.

. INTRQDU(_:TION . . .

The region of a biological particle which is
?ccessmle f0 electroghoretlc stud_¥ IS 1S sur-
ace. Particles in solution acquire a charge
through ionization of their surface and ad-
sorBtlon of ions. Because most of the |on|zmg
g_ro ps are weak electrolytes, and becaus
mdmg energies for adsorption are_ of the
order of magnitude of thermal energies, tne
surface-charge situation must be described
as an equilibrium between ions bound to the
surface and 1ons in solution. lonizable rouRs
on the particle surface become charged Ty the

of Certain Species of Bacteria

lq_laln or loss of hydrogen ions and other ions.
ydrogen ions Teceive special attention be-
cause tneir concentration is easily controlled
and measured, and they readily combine with
blodloglt%al substrates,fe.g. tthe amzréo,_ ctarboxyld
nd dther groups of proteins (Brinton an
auﬂ?er, 1@5%.p P

The surfaces of pacterial cells also have a
nePatlve charge. If they are suspended in a
solution with”a pH higher than their iso-
electric point (about pH"3.0), and an electric
current is allowed to pass, t rough th? solu-
tion, they are attracted to the anode. Electro-
Pho,rems IS used most advantageously in ana-

zing heterogeneous populations of bacteria,

easurlngC ﬂ sorPtlon of charged substances
onto the cell surface, and following ¢ anﬁes
In the surface s a function of time. Other
Ll

ulatl Ia, |
%)plled In the fle|§ of the foo% Industry, If
the surface of food material or the intestines
of shellfish are contaminated with bacteria
electrophoresis would be one good . method
for removmg the bacteria. In rémoving bac-
teria by eléctropharesis, nejther food raw
materials nor shellfish are damaged by the
operation. However, the electric current to
e a,oplled and the design of the instrument

of electropharesis should be determined ac-
cording tQ the p_rop%rtles of the f%d. We
have stdied It in the removal of bacteria
from foods or food raw materials.

This paper reports the influences of some
fvilC'[OfS Hgon_the mohility of bacteria in the
electrophoretic operation.

EXPERIMENTAL

The rate of motion of living bacterial cells in an
electric field in water can be e3|%nate_d as mobility
(ia). Mobility can be, defined as the distance moved
by “particles écells) in a unit electric potential in
a unit time. Even for a single bacterjal strain,  the
mobility differs according to physiological conditions
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of handling before the estimation, ie. incubation
period, pH, ionic strength, etc. When those condi-
tions were held constant, the mobilities of various
species of bacteria were found to be specific.

Two methods are available for estimating the
mobility of particles by electrophoresis. In the
moving-houndary method of Tiselius (1930), the
m|1gfrat|on of phase boundaries between the_adueous
buftered solution of proteins and the dispersion
medium in a U-shaped channel caused by the pass-
age of the electric current is observed optically, In
another method the migration of charged particles
in_solution or d|sR/t|er3|on Is observed directly in a
microscope field (Mattson, 1922; Abramson, 1929).
The latter was convenient for the present study
hecause the movement of the bacterial cells could
be observed directly.

Cell used for electrophoresis. The Cell used for
electrophoresis bg the mlcroscoge method was one
described by Abramson (1929), available from
the Klett M gf Co. The authors experimented with
three types of cells (Fig. la-c).

The simplest cell was a glass slide F]25x75 mm)
as shown in Fig. la. This was easily handled. For

Electrode

I

| |

{ I

| |

1 ) I |

- |
Slide glass

Fig. la. A simple electrophoresis cell.

r~r——————

example, the distance between the two electrodes
could be easily changed. If buffer solution having
a high ionic str_en?th was used for electrophoresis
howgver, polarization of the electrodes occurre
during the passage of electric current, and _air
bubblés formed near the anode. Hence, mobility
estimates with this cell were unreliable. The au-
thors used this cell for experiments with buffer
solutions having low ionic strength.

a

Fig. Ib shows a cell and agar bridge placed
between the electrodes and the buffer solution to
prevent polarization. The upper part of the cell
could not be covered, hou'ever, and the buffer solu-
tion flowed out, so mobilities could not be deter-
mined accurately.

ELECTROPHORETIC REMOVAL OF BACTERIA—I

| T
/i N7
BN

. Electrode

|
ggg]l_J311lde glass
Electrode Agar-bridge

Fig. Ib. An electrophoresis cell having agar bridge.

Fig. Ic shows the cell made according to. Abram-
Son E11929). It is essentially a glass tube in which
the observation position under”the microscope is
flat. The cell has the disadvantage that it requires
too_much buffer solution to fill the cell. _
The electrodes of these cells were made of thin
carbon plate. As stated above, each cell has some
merits and disadvantages. In each case we used
the cell most suitable for the particular experiment.

Microscope
’'d
t\—JJ KC1-agar Electrode
=k

RubberT
stopper

Electrode
!

T KCltagar
Rubber
stopper

pp : :
AbFrleghsé%' (ﬁﬁgilectrophorems cell according to

Electrophoresis
cell

Calculation of the mohbility. If abaaenalcdl
moves  1i% in . (second) in the electric field to
which [i (volt) is %Nen per one cm along the cell
of electrophoresis, the mobility, / is shovin by the
following" equation:

n= hit-E (g/secivolt/cm) [1]

Unstained bacterial cells were observed under a
phase-confrast. microscope (X400). Stained cells
differed significantly from unstained cells in their
properties.” The dirgct-current source (6-24 volts)
was a selenium rectifier. _

M anipulation of the cell. The electrophoretic
cell is filled with a suspension of the bacterium and
covered with a_cover glass. Excess solution is
removed with filter Faper to prevent the cover
glass from floating. The electrodes are connected
with the electric Source, and direct current is ap-
Phed at various voltages. The distance traveled by
he bacterial cells in"the suspension is accurately
measured with the ocular micrometer in a definite
time Zfse_c). One graduation of an ocular micrometer
Is 24 fi ‘under X400 of a microscope, A sm?Ie
bacterial cell is fixed at the zero point of the ocular
micrometer, then. the electric current is passed
through the solution, and the time ésec) required
\t/\(;atgﬁss 100 graduations is measured with a stop
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The migration of a bacterial cell from anode to
cathode s Indicated as positive (+.), and the oppo-
site_as negative (—). The mabilities are obtained
by inserting the values (sec) into Eq. L For ex-
ar_nPIe, with an eIectroPhore ic cell having a 2-cm
distance between the electrodes, and with 12 volts,
If one bacterial cell requires 12.1 sec to pass 240 g
(100 graduations of ocular micrometer), the mo-
bility 1s calculated as follows:

0= 240/12.1/12/2 = 331 (g/sec/volt/cm)

Species of bacteria, The bacteria_used for the
experiments were Sarcina liteo ACTT 9341, Bacil-
|us_subtilis NRRL S58, Pseudomonas fluorescens
33F, Acrobacter aerogenes, Escherichia coli (0-26),
Bacillus circulans, and Bacillus coagulant. The
strains of B. subtilis NRRL 558, Ps. fluorescens
33F, and E. CO|I_(0-26? were received from _the
Laboratory of Microbiology of our Facylty. The
strain of S. lutea ATCC "9341 was received from
Eli Lilly and Co.,. Indianapolis, Indiana, U.S.A.
The_straing of B. circulans and B. coagulant were
originally ‘isolated from spoiled fish sausage and
identified by us. The strain of SG-2 (Bacillus sp.)
was isolated from blackened and swollen canned
ba_t% clam meat in our_ laboratory.

e particular species were " selected because
these species are usually isolated from various kinds
of foods, and are concemed with spoilage; the
differences of the shapes and biological character-
istics of these bacteria would  cause the difference
of behavior in electrophoresis; the spores from
some of these hacteria are important in their elec-
trophoretical behavior.

Estimation of influence of electrical double
layer. The test strains of the bacteria were A. aero-
gcnc,s, B subtilis NRRL 558, Ps, fluorescens 33F
. lutea ATCC 9341, and E. coli (0-26). ExceFf
for Ps. fluorescens 33F, the strains were new )/
cultivated on an agar slant (1% beef extract, 1%
peptone, 05% NaCl, 2% agar, pH 7.2) at 37°C.
After incubation for 24 hr,”the bacterial colonies
grown on the agar slant were collected and sus-
ended in phoSphate-citric. acid buffer (M/5

a/HPOt 017 ml +27/10 citric acid 0.02 ml +
HoO 198 ml, pH 7.2, jonic strength 0.01). Ps.
fluorescens 33F was cultivated on an agar slant at
30°C, and a suspension of the bacteria was prepared
as described above. The electrophoresis cell (tme
in Fig. la) was filled with the sus?ensmn. e
distanice between the two electrodes of the cell was
Lem. A direct current of 6 volts and 4.0 ma was
applied to the field. First, the cell (depth 0.6 mm)
was placed on the stage of the phase-contrast micro-
scope. A focus was adjusted to the under side of
the cover glass, and the ‘scale of the fine adjustment
was read. "Next, a focus was adjfusted to the hottom
of the cell, and the scale of the Tine adjustment was
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read again. The difference in the reading of the
scales 1s the cell depth (d = 280). From the value
of d. the stationary level (x) was calculated to be
59 or 221 The miigration” velocity (g/sec) of the
bacterial cells was estimated under” thése conditions.
Estimation of influence of the electric field
intensity. Bacterial suspensions of N. lutca ATCC
9341, E. coli g0-26), B. subtilis NRRL 558, and Ps.
fluorescens 33F were prepared from an agar slant
in phosphate-citric acid buffer (pH 7.2, ionic
strength 0.01) by the method described above. The
electrophoresis call (tgpe in Fig. 1a) was filled with
the suspension. The' distance between the two elec-
trodes of the cell was varied from 1 ¢m to 5 cm,
and the, voltage was varied from 6 to 24 volts, ac-
ci%n6pan|ed by variation in amperage from 40 to
0'ma.

Estimation of influence of the electric density
gradient. Tne newly cultivated strains of S. lutea
ATCC 9341, E. coli (0-26), and B. subtilis NRRL
558 were used In the experiment. The bacterial
su%gensmns_from these hacteria_were pre#ared in
buffer solution of phowhate-mtnc acid buffer (pH
12, ionic strength 0.01). The sectional areas of
two carbon electrodes of the electrophoresis cell
ta/ge in F|%. 1) were varied from 0.013 cm2 to
05 cm2 The direct current of 6 volts was passed
through the bacterial suspension in the cell. ‘Thus
the amgerages of the electric current were varied
from 15ma to 40 ma. The mobility of the bacteria
Wwas estimated by the same method as described
above.

Estimation of influence of pH of the buffer
solution. Bacterial cells were A. aerogenes, S. lutca
ATCC 9341, and E. coli 0-26_2 gfown on agar
slants to_ the end of the logarithmic period and
washed 5 times In_ sterile fresh water. Washing
was done by centrifugation using 10 cc of sterile
fresh water "(3000 rpm, 15 mml)l. At last the water
was centrifuged off and the cells were resuspended
In phosphate-citric acid buffers of differing pH
values, The proportions of the composition of the
%hospha_te-cnrlc acid buffers are shown in Table 1
he onic strength of the buffer solutions was 0.10.
The buffer solutions suspending the bacterial cells

Table ilil CPmé)osition of buffer solutions for
various pH values.

M/S {\ln%HPO* cit’}(/lnc:%(]cid oH
040 1960 2.2
449 1551 32
8.28 1072 42
10.72 928 52
1322 6.78 6.2
1739 261 12
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were._ transferred into an. electrophoresis cell (type
In Fig. Ic). The electric current passed through
the field was 12 volts and 8 ma. After estimation
of the velocity of the bacterial cell in the buffer
solution, the “mobility of the bacterial cell was
calculated.

Estimation of influence of ionic strength of
buffer, solution. The bacteria_employed for this
experiment were S, lutea ATCC 9341, E, coli
%0-26), and B. subtilis NRRL 558. The strains of
these bacteria grown on an agar slant after cultiva-
tion for 48 hr were suspended in sterile fresh water.
The sterile fresh water suspending the  bacterial
cells .was centrifuged (3000 rpm, “15 mmL. The
centrifugation was, repeated 3 times, each time
addmg a new sterile fresh water. The bacterial
cells deposited on the bottom of the tube of centrj-
fu% were then suspended in phosphate-citric acid
butfers of various onjc strengths, The constituents
of the phosphate-citric acid buffers are shown in
Table 2. The buffer solutions suspending the hac-

it i Spepgier ©f ufer solutions wi
10

M/5 M/10. . .
iffor el W1 il
869 131 1000 12 060
43 0.65 1500 12 0.30
288 044 16,68 12 0.50
14 0.2 183 12 0.0
12 016 1864 12 0.08
0.72 on 1947 12 0.05
045 003 1952 12 0.03
0.17 0.02 19.80 12 001

terial cells were Boured into an electrophoresis cell

type In Fig. Ib). The electric current passed
through the “field was 12 volts and 8 ma. After
estimation of the velocity of the bacterial cell in
the buffer solution, the mobility of the bacterial cell
was calculated.

Estimation of influence of stage of growth of
bacteria. B. Subtilis NRRL 558 was_inoculated
on agar slants and incubated at 37°C. Cells at the
stages, of logarithmic, stationary, dec_reasm[q, and
bacterial spores were respectively obtained af about
48, %, 144, and 240 hr. The baCteria at each stage
were suspended in Separate test tubes contalnlnq
phosphate—itric acid huffer (1.74 ml M/5 Na"HPO!!
+ 0.26 ml 17710 citric acid + 1800 ml H-O, pH

7.2, ionic strength 0.10) and each bacterial suspen-

sion was introduced into the_electrophoretic cell
for microscopic observation, The electric current
was 12 volts and 8 ma. The_electrophoresis cell
used was the type showing.in Fig. Ib.

The strains” of B. cirCidans,”B. coagidans, A.
acrogenes, and A lutea ATCC 9341 were"also incu-
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bated on seloarate agar slants in order to obtain
bacterial cells at the”stages of logarithmic growth
and decreasing growth.” The mobilities of these
bacteria at thestages of logarithmic and decrea_smg
gkr)owth were determined by microscope as describe
dbove.

Estimation of effect of anion surface-active
agent. 1he sgeues were S, lutea ATCC 9341,
A. acrogenes, B. subtilis NRRL 558, B. circidans,
B. coagulans, E. coli _(0-26%, and SG-2 (Bacillus
sp). They had been incubated at 37°C for 24-36
hr-on agar slant. The colonies grown on the agar
slant were washed with sterile” fresh water into
separate test tubes. Centrifugation (3000 rpm,_ 15
min) was done to_obtain the' bacterial cells. The
bacterial cells obtained were_resuspended in_phos-
phate-citric acid buffers (.74 ml JI//5 NaJTPCh
+ 026 ml M/ 10 citric acid + 1800 ml H»0, pH
72, 1onic strength 0.10) _contalmng the anionic
surface-active agent (sodium tetradecyl sulfate)
(STS). The STS contents of the buffer solution
were 5 or 10 ppm. The hiological effects of the
STS level on the bacterial cells"in the buffer solu-
tion were none or few. The bacterial suspensions
containing STS were poured into the eIectroPhoresw
cell (typé in _FI%. Ic). The electric current passed
through the field was 12 volts and 8 ma.

RESULTS

Design_of the instrument. [N the eIectrophorQSIS
of biological particles, the effect of the electrical
double Tayer between the. electrophoretic cell wall
and solution must be considered. The solution near
the cell wall flows from anode to cathode, and is
counterbalanced by a flow in the oppasite direction
In the center of the cell, as shown in Fig. 2a.

r—i_f—‘(—"'\
e T e
- > —
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t b 4
— = = (-—‘)
|8. tﬁg gElsesCt\c\?éﬁ.smOSIS streaming of the liquid

1
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=

The migration velocity of bacterial cells near
the cell wall is then obtdined as the difference be-
tween the electrophoretic velocity and the velocity
of streaming of the solution. In contrast, that at the
center is the sum of the velocities of electrophoresis
of bacterial cells and streaming of the solution.
Fig. 2b shows_a cross section of a flat electrophore-
sis” cell showing the magnitude and direction of
liquid flow as & function “of cell depth. A and B
are respectively the top and the bottom of the cell.
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The abscissa shows the velocity of bacterial cells.
Right of the 0, the veIom})( observed is larger than
the” true velocity, and left of O, vice versa. At
oints P and Q, however, there is no liquid flow.
ence, the velocity of bacterial cells observed at
P and Q should be the true velocity. The levels
of P-and Q in an electrophoresis cell"can be calcu-

lated as follows (Komagata, 1932).
[2]

x=d (2t 1/V12)
X — distance from toF of the cell (P and Q)
d —depth of the cel

The stationary level x is 0211 d from the top
or_the bottom of the cell (Komagata, 1932%.

The observed mability was smaller at the upper
and bottom sides of the” cell than the true mobility,
%nd vg?s larger at the center of the cell (Table 3

ig. 3).

ol sl v s P o O

Test Maobility
organisms Levels (/¢/secivicm)

Aerobacter aerogenes p -1166%
Bacillus subtilis NRRL 558 ﬁﬁ
Pseudomonas fluorescens 33F 9 219
Sarcina lutea ATCC 9341 P 4?1)%
Escherichia cnli (0-26) P31
Q 30

This result suggests that they should be controlled
by_p_uttln[q the “électrodes arid sample rack at a
definite place in an instrument. There is a stream-
"1‘;? of the medium near the cell wall that is without
effect on electrophoresis.. The streaming of medium
IS caused by an electrical double layer between
medium and”cell wall. Thus, if the electrodes and
sample rack are placed near the cell wall, the
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ig. 3. Changes in, the mobility. acc to
Bhapgre In the d%t% &electroppmr ic ce?lr mro-
arter aerogenes).
streaming of the medium_would be concerned with
the velocity of bacteria. . The size of electrodes and
sample rack follow the size of cell of electrophoresis,
and can be calculated from Eq. 2

The m|grat|on velgcity of bacterial cells could
be changed by changing” the electric pressure and
the distance between thé two electrodes. The elec-
tric pressure per ¢m distance along the. electro-
pharetic cell is defined as electric-field intensity,
which carresponds to the value obtained when the
voltage is divided by the distance between two
electrodes. Table 4 indicates the influence of inten-
sity of electric-field upon the velocity of bacteria.

angagle 4 Re %ion bftweeg thenrgi%q}ion velocity

Mobility (u/sec/v/cm)
o)
O

L
~

Istance of two electrodes a age.

Distance o
Test AT 1
organisms Voltage  cathode (cm) (u‘lsec%
Sarchia |utea 6 I 211
ATCC 9341 2 105
3 6.9
4 55
5 4.6
i 1 41
2 203
3 142
4 100
5 100

24 -
% 37
3 296
4 200
5 189
Escherichia coli 6 % 148
(0-26) 83
3 41
4 59
5 28

(continued)
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Table 4 (continued)

i 1 364
2 242
3 156
4 145
5 47
24 1 _
2 434
3 00
4 213
5 120
Bacillus subtilis 6 1 199
NRRL558 2 126
3 78
4 13
5 49
2 1 476
2 304
3 182
4 174
5 128
24 1 _
2 511
3 33
4 296
5 216
Pseudomonas
fluorescens 33F 6 1 166
2 102
3 64
4 61
5 39
2 1 A3
2 53
3 143
4 128
5 65
24 1 _
2 453
3 293
4 5.0
5 132

From Table 4 the following equation can be

obtained :
HeD=FE+bh [3]

Here, D is the migration velogity of the bacterial
cells (/x/secr:), H (cm) is the distance between two
electrodes, £ (volts)” is the electric pressure sup-
plied, and b is a coefficient which depends on the

species of bacteria, _
As seen In Table 4, the relation between the
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distance, H, and m||grat|on velocity, D, differed
with the voltage applied. These results show the
migration velogity %g/sec) of the bacterial cells to
be proportional to the electric-field intensity, hence
the mobility of the bacteria could he expressed as
Ix/secivolt/cm.  Further, the results suggest that
shortening the distance of two electrodes or in-
ereasing e\_/olta?es applied is effective in increas-
mq the" velocity of hacteria. _ N

n moving-houndary electrophoresis, the mability
of the bacterial cells"can be estimated as follows:
If (i a cross-section area of the electrophoresis
cell, 11s the strength of electric current through
the electrophoresis “cell, K is specific electric con-
ductivity of the particles (bacterial cells), and the
Bartlcl_e moved h (')(? for t sec, the mobility of the
acterial cells would e obtained bg the following
equation (Isemura and Nakauma, 1957) :

fi= hgKli 1t 4

From Eq. 4 the velocity of bacterial cells should
depend on the electric density in moving-boundary
electrophoresis. - _

The relation between the mobility of the bacterial
cells and electric density by_microscopic electro-
phoretic method is shown in"Fig. 4

o) 0 6 X X
2 x O
L 0 o~
9 0.0 X
‘g AoA A A
ﬁ iges{(r:?ligraiclhui;eaco 1
xBaclllus sub tilis
8 -
1.0 2.0 TO 4.0
. Electric density (ma/ecmg¢) i
FI% 4 .Re(Jatlon betw(?en the mobility and vari-
ous “electric “density “gradient.

In general, mobﬂﬂK increased with voltage in-
creased at random. Thus the relationship expressed
in Eq. 4 by the movm?-_boundary method was not
the same “as that, obfained by the microscopic
method. In the mICFOSCOEJIC méthod, the mobility
could be calculated. from the electric-field intensity
because the specific electric conductivity of the
buffer solution In the electrophoretic cell is uniform.

Larger electric density gradient depends on higher
amperage and smaller " cross-ection area of elec-
troge. ‘Thus, in order to obtain as large a velocity
of hacteria as possible a small cross-seCtion area of
electrode and high amperage seems to be effective.

Electrophoresis medium. The net number of
charges on the_surface of a hacterial cell or other
biological particle depends upon the number of
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ionized acidic and basic_groups. The number of
charged ions on the surface would vary with the
pH of the solution in_which such a patticle is in
contact, and the mobility would vary. We have
determined the influence “of pH of thé buffer solu-
tions, upon the mobility of bacterial cells_ As seen
in Fig. 5 the mobilitiés of A lutea and E. coli in-
creastd with increases in pH value. Above pH 28
the mobility of S, lutea was greater than that of

E. coli. The mobilities of A. derogenes were differ-

ent from those of the other two Species. Mobility
decreased gradually with a decrease in pH, and_iri-
creased gradually “with an increase in pH. The
isoelectric points were pH 2.2 for S. lutea ATCC
9341 land) . coll (0-26[)), and 18 for A. aerogenes

(Table 5
Ao
- - % -
. 3 A . ’ﬁ‘-
) - =X
2 , -7 el
< /A e
S0 ", e}
o /7
7/
B 47
~ / —
= F A,f A —Sarcina lutea
- —Q—Aerobacter aerogenes
-
2 /,b --X-~Escherichia coll
= ',
M /! L L 2 M 'Y
0 1.90 X 3.0 4,0 5.0 6.0 7.0

. . pi I
el ol Sotions st DORene o A

Tahle 5. lsoelectric points of various species of
acteria,

b
Name of species pomt (o1
Aerobacter aerogenes 18
Escherichia coli ]10-26 2.2
Sarcina lutea ATCC 9341 2.2

The isoelectric point of E. coli (0-26) was close
to that found by Moyer (1936?] (pH 2.5). Winslow
and Upton (1926) reported the Isoelectric point of

A. aerogenes to be pH 35, d|ffer|n% from our result.

The différences may be due to methods of washing
of bacterial cells or to the growth stage of the
bacteria used, as pointed out by Moyer (1936). .

Thus, a higher pH range dbove “the isoelectric
point of hactéria_in the electrophoresis medium _is
effective for obtaining a higher velocity of bacteria.
. The mobility of baCterial cells may vary with the
lonic strength”of the buffer solutiori as well ag the
pH value. "We have studied the influence of ionic
strength of the buffer solution upon the migration
velocity of some species of bacteria. The Tesults
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Ionic strength

Fig. 6. Relation betweep the mobility of bacteria
and gonlc streng?h OF %ﬁe Bu g soPullo%.
are shown in F|?. 6. With increase of ionic strength,
the _mob|l|t% of hacterial cells decreased for €ach
species, of bacteria used. This maY be due to_the
foIIow_ln(h;: the pH of the buffer solution (?H 1.2)
was higher than the isoelectric Fomt of the bac-
teria, hence the surface of the cells carried a nega-
tive charge. In buffer solutions having a high jonic
strength, “there are many H+ions, o the negatively
charged surface of bacteria tends to be decreased
electrically. . When the effective volume of the
charged ion is decreased, mobility will also decrease.
In contrast, when ionic strengthi is low, there is no
decrease. in effective volume, and mobility increases.
By considering, practical electrophoresis, the results
indicate that Righer concentrations of salt solutions
& the electrophoresis medium would not be effective
In increasing the velocity of bacteria, nor the fitness
limit of the nstrument.” , ,

Conditions of bacteria influencing velocity.
Mobility is known to vary with the various stages
of 9rowth of bacteria (Moyer, 1936; Watrous,
1937: Stearns and Roepke, 1941 ; Barry and, James,
1952, 1953). However, there are few investigations
with sporeforming bacteria through the Various
growth stages. We studied the influence of the
stage of growth of bacteria em onmP B. subtilis.
Results are shown in Table 6. The efectrophoretic
mobility of old spores of B. subtilis was, —0.08.
After dermination and durm_% the logarithmic phase
the mability increased rapidly. 1t” decreased for
vegetative Cells in the stationary phase, and de-

Tab[]e[.ﬁ.S 6Ith\e/aﬂgﬁtsro hor?ﬁlcs{yé)ebsl.““es of Bacil-

lus' sunti row

Cperiod e ORKERIEM)
Decreasing phase Old spore -0.80
Logarithmic phase ~ Germinated

_ bacterial cells  -3.20
Stationary phase Vegetative cells  -2.78
Decreasirig phase Newly-formed

spores -1.73
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creased much more as tire cells entered the spore-
forming stage. Douglas and Parker (1958) made
similar” observations, on B. megatherium. The mo-
bllm( of the bacteria may be changed_because of
the thickening of cell wall of spores. The authors
have also etimated the electrophoretic mobility
of B. circulans, B.. coagulans, A. aerogenes, and
S, lutea_in the logarithmic phase_ and the decreasmq
phase. Results afe summarized in Table 7. Excep

oL P, Do o e

Mobility in Mobility in
logarithmic decreasing
stage stage

Strain (/i/sec/v/cm) (jilsee/v/cm)

Bacillus circulans -3.25 —24
Bacillus coagulans 218 -1.34
Aerobacter aerogenes -2.30 -2.52
Sarcina lutca ATCC 9341 -3.47 -2.25

for A, aerogenes, . electrophoretic_ mobility was
higher in the logarithmic_phase. This is Similiar
to'the result with™B. subtilis.
. With A. aerogenes, mobility was somewhat larger
in the decreasing phase than in_the logarithmic
phase, The reason is not clear. Barry aid James
}\1952) reported that the electrophoretic mobility of
. aerogenes was almost the same at all stages of
the growth cycle. o
Fiom the”result, general determination of the
operation time in practical electrophoresis should
be based on the velocity of spores or old vegetative

cells.
_ Flnallg/, the_electrophoretic mobility of some spe-
cies of hacteria isolated from foods was, estimated.
Table 8 indicates that the electrophoretic mobility
of S lutca, A. aerogenes, B. subtilis, and E. coli has
been measured by” many investigators, and their
results were almost the” same as” reported in this

paper.
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There are_few reports on B. circulans and B.
coagulans. The mobility of B. coaﬂulans Was some-
what lower than the mobilities of the other bacteria.
This value, however, is close to that of B. mega-
therium as obtained by Buggs and Green (1935).

The net charges of Dacterial cells are affected in
the presence Of anioni¢ and cationic detergents
éDyar, 1948). An experiment was carried out with

or. 10 ppm of the anionic surface-active agent
(sodium tetradecyl sulfate) (STS) to the electro-
phoretic medium™to determine the changes in the
mobilities_of several species of bacteria. “From the
results (Table 9), STS caused a substantial in-
crease in the mobilities of the bacteria. The larger
amount of the agent caused the greater increase.

of U2 §E'90§E°§P A TIOBH e s
active agen S).

Cone, of STS

Strain 5 ppm 10 ppm

Sarcina lutea -4.78 -5.32
Aerobacter acrogenes -4.81 -5.17
Bacillus subtilis -6.60 -6.75
Bacillus circulans -4.94 -5.60
Bacillus coagulans -2.14 -3.12
Escherichia coli -6.33 -6.44
SG-2 (Bacillus sp.) -5.72 -6.15
DISCUSSION

In order to determine electric current sup-
P|Ied and the design of the instrument, the
actors affecting. the mobility of the bacteria
b%/ electrophoresis_were determined by micro-
scopic method.. The influence of €lectrical
douple layer is |mPortant to design of a prac-
tical instrument of electrophoresis. The size
and area of electrodes and sample rack are
calculated from a given size of electrophoresis

Table 8. Electrophoretic mobility of various species of bacteria (present and other findings).

Mobility
(present

Strain

Sarcina lutca -2.25
Aerohacter acrogenes -22.% %
Bacillus subtilis -3.60
Bacillus circulans -2.42
Bacillus coagulans -1.34
Escherichia Coli -3.38

investigation)

Mobility
(other authors)

Buggs & Green (1935)
g: —20 (EJH 731 =0.016)
owick ctal, (1956)
=-2.36 (pH 7.3 1= 0.016)
Buggs &Green (1935)
M="=35 (pH 73, 1= 0.016)

Brinton ctal, (1954)
B. coli non-filamented
M= =36 (pH 7.0, I = 0.018)
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cell to increase the effectiveness of electro-

& Shortenrng the drstance between two elec-
trodes or rncreasrng te voltages apglred
rncreases the mobilit rr/o bacteria. However
the distance betwee two electrodes cannot
be shortened extremely, because the sample
rack on which food raw material should be
heId IS placed between them. The voltages
Bp lied also cannot be greatly increased over
30" volts, because the increase may Increase
the resistance of the electric current throuqh
the electrophoresis medium, which would
damage the' selenium rectifier.
é;reater electric density gradient is ob-
tained by larger amperage dnd smaller cross
sectron rea Of electrode.” The result in Fig. 4
shows that increased veIocrtg of bacteria de-
Eends on a greater electric density tgradrent
rom these,"In desrﬂnrn% instrument of elec-
trophoresis, as smafl a Cross-section area of
electrode as possible 15 effective. However,
when removing bacteria from a large guan-
tity of food raw material in one operation of
eléectrophoresis js considered, an extremely
small Cross-section area of electrode seems
impractical. On the other hand, strength of
electric current depends o voltage in & defi-
nite electrophoresis medium, and Is con-
trolled by an effective voItar?e applied fo elec-
trophoresis. The size of electrode of which
cross-section area is small, should be designed
bg considering the effect of electrical double

The H value of the electrophoresis me-
dium_should be decided by considering the
velogity of bacteria and thé influence op the
qualityof food raw material. In general, the

?Iocr of bacterra rncreases withan Increase

H value n higher. pFl range from iso-
eIe fric point of bacteria (Fig. 5). Leaving
food raw material In alkalisolution. how?
ever. would cause deterioration, and in acid
solutron would decrease the effect ?f remov-

Ing bacteria. Thus the pH vaIue of the eIec
troRhoresrs med rum I rnropery neutral or,

Eer sr%ht%a If livin sheIIfrsh?

d in such a medium for electrophoresis, lit
tIee ect of pum rn% activity is found rather
than the effect of medium témperature.

A lower amount of salts dissolved in the
electrophoresis medium increases the effec-
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tiveness of bacteria removal, because the
velqeity of bacteria decreases wrth an rncrease
In lonic strength of t medium
Conse%uently, in consr eration of e rnf u-
ences of pH" value and ionic strength of the
eectrophoresrs medium upon the removal of
hacteria from food raw material, fresh water
:%erélretrerred to salt solutions for use in the

[t would not be realistic to select rePre
sentative species and a definite growth s H
of hacteria for eIectrophoresrs standards T
velocities of the act%rra used rnteexperr
ment werlet with I{t the ranie from —0 h

lcm) to — sec/volt/cm

Efa?ﬁ 8 1 8? From tﬁe results, howeve?
velocity showeq no order among different
Species of hacteria. In representative hacteria,
OWever, sPore and old vegetative cells are
?enerall slower than newly-formed vegeta-
Ive cells. Thus, the time that the electric
current should be supphied will be based on
the_velocity of spores or old ve%etatrve cells,

Surface- actrve a%ents have themselves a
sterilizable_effect, and are utilized. in_the food
Inustry, The velocity of hacteria increases
within rncreased concentrations of sodium
tetradecr& sulfate up to 10 ppm. Thus, usage
of th rs ind of surface -aC ve agent for re
moval of bacteria from food raw material
would be more effective.
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Immunofluorescent Detection of Staphylococcal Enterotoxin B

SUMMARY

Specific staphylococcal enterotoxin B anti-
serum conjugated with fluorescein isothiocya-
nate was used successfully for detecting toxin
in food smears or food extracts in about 4-5
hr. The fluorescent antibody technique de-
tected minute amounts of enterotoxin—much
less than 1 or 0.05 gg/ml, which are the sensi-
tivity limits of single or double gel diffusion
tube tests—without involving any extraction

procedures.
INTRODUCTION

Staph}/Iococcal enterotoxin B has been
demonstrated. in culture media ,bLY the use.%f
antienterotoxin B serum conlrgated Wit
fluorescein isothiocyanate (FITC) (Geni-
georgls and Sadler,"1966). Detection of the
nterotoxin In smears prepared from fluid
culture .media requires a concentratjon of
toxin hlgher than 15 gg/ml. A technique
was developed (drop technique), however,
which detected “enterotoxin ‘around I|v_|n%
staphylococcal cells when its concentratlg
was Qreater than 1 p,g/ml as determined by
3 quantitative single gel diffusion technique
r(Hall etal, 19633. Impression smears mage
rom colonies growing on solid agar media
%ave minimum’ specific_immunoflUorescence
ecause of diffusion of the toxin into_ the
a%ar. With_the drop technique, purified
enterotoxin B in solution was demonstrated
and the toxin from the fluid medium was
CTBORE cel. THe posSHiy O Al
XIc, cells. ssibill ply-
mg the flyorescent aRtlbodyy tech |%L¥e
AT) to the detection of enterotoxin B in
0d smears or food extracts was |nvestl-
gated, and the results are reported here.

MATERIALS AND METHODS

Staphylococcal strains, The strains used in this
study were the same strains used to investigate the
ap‘)hcanon of FAT to detect enterotoxin B in
culture media (Genigeorgis and Sadler, 1966&.
These staphylocaccal strains produce types A, B,
A and B, or"no enterotoxin. _
_Preparation of conjugate. Enterotoxin-S-spe-
cific antiserum was conjugated with fluorescein Iso-

Il. Detection in Foods

thigcyanate and fractionated through a diethyl-
amingethyl cellulose column according to a method
described by Corstvet and Sadler fl 64).
Preparation and inoculation of foods. The fol-
Iowmg foods were used: commercially vacuum-
packed ham, both with and without sterilizing, a
variety of hams prepared in the lahoratory, com-
mercially canned ham, raw and boiled “chicken
breasts, and Cheddar cheese. Discs (14-mm diam-
eter and 2-thm thick) of the different food items
were preprared s described by Casman et &,
1963).. The discs  were Rlace in sterile Petri
ishes, inoculated with staphylococcal strains, cov-
ered with another disc, and then incubated for dif-
ferent periods at 24, 30, and 37°C, either agrobically
or anaerobically (hydrogen atmosphere), in a high-
humidity chamber. _
Immunofluorescent demonstration of entero-
toxin B. In smears. At the end of the incubation
Pe_nod_ the two discs of each set were separated, and
hin Impression smears were prepared on_clean
coverslips. The coverslips. were dried for 30 min
at 37°C and then fixed in ethanol for 1 hr at
—20°C, dried at the same temperature, and kept
there until staining. Frozen sections of the set of
the two discs were also prepared with a cryostat
and fixed the same way. Six_twofold dilutions of
the conjugate in hosghate buffer (pH 7.2, 0.02M)
ranging from 1.5 to 1:160 were made. Six cover-
slips prepared from the same sample were each
stained with two drops of one of the dilutions,
?Iaced in_a moist chamber for 30 min at 37°C, or
or 30 min at 37°C followed by 4 hr at 4°C, and
then washed with phosphate  buffer and distilled
water for S min, respectively, air-dried, and mounted
on clean slides with 10% buffered %Igcerol.
In food slurries (living ceIIs)s. A 50% slurry was
prepared by homogenizing 2-3 sets of discs” with
phosphate-buffered ~saline %)H 72, 0.02M) in a
graduated centrifuge tube.. One drop of the slurry
was placed on each of six coverslips and mixed
thoroughly with two drops of one of the con&uqate
dilutiois, " These coverslips were incubated like
those with smears. The washing differed in that
the fluid from each coverslip was poured onto wet
Millipore_ filter membranes (0.22-. pore size and
13-mm diameter), placed on absorbln% filter paper,
and then washed with 20 drops of butfer. Impres-
sion smears_were finally made from each mem-
brane on slides (Genigorgis and Sadler, 19662.
Millipore filter membranes have also been used fo
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catch detached parts of smears made on coverslips
or demonstrate enterotoxin in food extracts.

Serological demonstration of enterotoxin B. The
same discs used for the preparation of smears or
the slurry were also used for the demonstration of
enterotoxin B by the single-tube gel diffusion gHaII
et al, 1963) and microdiffusion éCrowIe, 958)
techniques. The toxin was extracted from the food
by first making a 5091 slurry in phosphate-buffered
saline. The sfurry was heated for 25 min at 50°C,
left at room temperature for 30 min, and then cen-
trifuged at high speed for 30 min at 30,000 X G.
The Clear supernatant was further analyzed quan-
titatively and qualltatlvelr as described (_Genu[qeor-
gis and "Sadler, 1966; Hall ct a!., 1963) without any
concentration and with purified enterotoxin B &
a reference. o

Controls. To check for nonspecific immuno-
fluorescence, smears from uninoculated food were
first checked for autofluorescence and then stained
the same way as smears from inoculated foods. A
second control was hased on the demonstration of
enterotoxin_produced in the food, by single or
double gel diffusion in tubes or by the double micro-
diffusion tests (Hall et al. 1965%. As a third con-
trol, the same foods were inoculated with non-
type-B e_nterotomn-prpducm? strains and then com-
IQ_@lred with the foods inoculated with type B strains.

inally, positive smears were treated first with
antjeniterotoxi¢c antiserum and. then the conjugate
and checked for positive staining. _

All preparations were examined by Zeiss fluores-
cent, microscope with an QOsram “HBO  200-W
maximum-pressure mercury-vai)or arc, The UGH
filter was used as an ultraviolet excitation filter,
and the combination 0/41 as a barrier filter.

RESULTS AND DISCUSSION

Demonstration of enterotoxin B. En-
terotoxin B was demonstrated_in well-fixed
thin fo(id imears bg_ the FAT around the
bacterial cells ?rodu ing It. The microscopic
appearance of the smeaf’s positive for entero-
toxin was the same as that described for
smears prepared from broth cultures (Geni-
geor is and Sadler, 1966). There were halos
f amorphous precipitates around the toxin-
grod&lcm cells, sometimes In the form_ of
louds covering them co_mgletelg/ or precipi-
A

19s. .1 2).
epedeE on the ailution. of the gonHu[qaze
used, ther was a variation in the morpho ogy
of the fluorescent precipitates or cloyds. The
problem of optimum proportions of the re-
agents which was found In the studies with

DETECTING STAPHYLOCOCCAL ENTEROTOXIN B—II
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conjugalted antlenterotoxin-

broth cultures was not so critical here,
Smears prepared from the same sample hut
stained with different dilutions of the conAu-
?ate showed a wide range Of_positive reac-
lons, Smears from medts with more than
20 [y toxin/ml were stained positively with
dilutjons of the conjugate ranglng from 15
0 1:.80 and sometimes evén “to 1:160.
Smears from broth cultures with the same
toxin concentration were posmv? only with
co,nﬁutgat diluted 1:5. The rT_su t%o fained
with Tood smears seem to simplify the metnod
of staining by eliminating the Use of many
conju atﬁ ilutions to get optimum rogor-
tior With the antigen, “The wider range of
Posm_ve reactions would appear to be due to
ne different amounts of toxin present around
the individyal cells or colonies. Sugiyama
ctal. (1960) demonstrated a variation' in the
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amount of toxin produced bh different ceIIs
(ood Posrtrve reactions can, therefore, usua Y
be_obtained since some of the bacterial co
onies will have toxin in g trmum proportions
with the co dJugated antibod

With food smears as with broth smears,
washing decreased the brrIIrancy of the fluo-
rescent recipitates, This_ effect depended
reatly on the thickness of the smears and

amount of gnterotoxm present. The pre-
crprtates Were denser In the presence of more
enterotoxin, so the effect of washing was
minimal. The zone of optimum Staining, was
narrower for smears reﬁared from Toqds
with small toxin concentration _ than. for
smears prepared from foods with higher
foxin concentration. Positive reactions Were
better when there was an additional 4 hr of
Incubation of coverslips at 4°C.

Frozen section ﬁave the same r?sults N
smears. Cross sections of the set of two in-
oculated discs demonstrated the growth of
cells and presence of enterotoxir between
the two layers, and a_decrease in fluorescent
Precrprtates as the distance Increased from
he interface.

Sensitivity of the tests. The demonstra-
tion of enterotoxin B in food smears by the
FAT aPpeared to be more sensitive than the
presenty applied method of extraction and

| diffdsion. A series of sterile ham discs
were Inoculated with the same number of
cells of straip S-6 (Rroducmg both A and B
enterotoxins) and checked for toxin produc-
tion at 3-hr intervals by the FA and gel dif-
fusion (single and double) techniques. Food
samPIes weére demonstrated positive for en-
terotoxin by the FAT much earlier than the
time when 1 /xg toxin/ml had been produced
the amount néeded for it detection by gel
diffusion (Genigeorgis, 1965). The FA test
showed fluorescent "precipitates and clouds
around the cells which became denser as the
concentration of toxin increased. The FAT
showed masses of cells covered with precipi-
tates while the food extract was still negative
for enterotoxin by gel diffusion, aIthou%h
enterotoxin_could” be demonstrated by ¢
latter technique. if the food extract was first
concentrated 5 times or mare. StrongIK FA-
positive smears were obtained when"the ex-
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tracts were weakly positive by del diffusion
technique. 11 I considered that The toxin n
the extract is the averaoe amount of toxin
per unit of volume of the food bufter mixjure,
and this amount should be many many times
smaller than the amount of toxin around the
toxic cells per unit volume of food I that
area. This may also explain the difference In
the sensitivit Iy of FAT when applied to
smears prepared from broth cultures or solid

Demonstratron in_impression Smears or
drops from toxic food_slurries. Smears
Bre ared from slurries (50% in rrrhosphate
ufrered saline) were positive for fluorescent
Precrprtates when the concentration of entero-
oxXin- was greater than 5 /x%/ml With
smaller concéntrations, results were variable.
The sensitivity was, increased when Jess than
1:1 buffer was used to prepare the sIurr¥ It
ﬁPears that, durin %the reparation _of the

I the foci of the toxin concentration are
estroye and o the toxm becomes evenly
distributed. It Is obvious that If the c?ncen-
tration.of toxin around the cells was alreagy
small, it wouId hecome smaller, and with the
added effect of washmg, the smear could be
negative or be only weak %/ positive even
though the food contained enterotoxin.

Smears made from centrrfuged slurry were
FA-negative when the Supe matant Ir urd
showe sm%II amounts of toxin bd/
sion. Poss ?/ homo emzatron and entrrfu
gatron completely .removed toxin that was
nly Iooser assaciated with the cells, This
seems t0 be substantiated by the fact that the
cell walls wereintensely “stained, showing
litle or no toxin, and the aﬁpearance Was
the same as a nontoxic Straih stained as a
resylt of the naturally occurying gntibodies
In the conjugate reactin wrth surface antl-
ens (Geniggorgis and Sadler, ?]

The resu S Were more consrstent when the
rog tech mqe (e was used.  Since the amount

lurry used is more than can be used to
make a smear more toxin was availaple to
react with_the conjugate m an unfrxed fluid
medium. Thf]arded in the formation of I‘?
cipitates which were caught later by the filter
membrane.

Demonstration in food extracts. Clear
food extract from which the fat was removed
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b)[r cooImP at 4°C was tested for the presence
enterofoxin by the drop technique. Large
precr Itates were formed with low dilutions
con| %ate Posrtjve results were more
consrstentt n those ontained with undiluted
supernatants from broth cultures. ~These
broths, with over 120 fxg toxin/ml, were
negatrve or weaky posrtrve by the drop
nowever, ter{ prove t0 eposrtrve
when ‘they were diluted 1’5 with
buffer, and an increased range of dilutions
IVIng positive reactions was_obtamned (Geni-
For 1S %nd Sadler, 1966). This may be ex-
ained by both an excess.of antigen’ and b
he effect’ of constituents in the Broth itself,
Food extracts gave better reactions by far
with the conjutrrate than did broth cultures.
Sma Ier amoun 5 of toxin were also detected,
possr g/ because there were less soluble solids
0 affect the antrgen -antinod Fy reaction.
Starnrno pontrols 0
enterotoxin_following inoculation with
enterotoxin-B-producing . straing, S-6 and
3 were also tested”for toxin after in-
oculation with non-gnterotoxin-B-producing
strains.  The inoculations, were "heavy t0
assure ood %rowth Sterile foods (cheese,
nam, and chicken meat) which were inocu-
lated with strains that do not produce t)( eB
enterotoxin were negative for precrprta sor
clouds around the bacterial cells by the FAT
Depending on the strain, the célls demon-
strated varying classical fluorescence, and the
mrcroscoprc appearance was the same as that
of smears made from broth cultures. Ham,
vacuum packed commercially, showed a va-
netyp s]coccr and yeast in addition to
the Cells of the Inoculum.” Some of the yeasts
were starned rntense% green, while th rods
and oth er cocel \ere ue VIO Tt of gfraP/ with
an amorphous, thin, uniform cloud of ffugres-
cence which was easily distinguished from
specific fluorescent _precipitatés or clouds
around enterotoxin-B-producing cells.
Smears were made from unrnoculated non
sterile foods and treated the same W%
smears made from foods inoculated Witn
strains S-6 and 243. No typical fluorescent
precipitates or clouds were ‘demaonstrable. A
nonspecific fluorescence was obvious in mus-
cle fibers. Natural flora com osed of rods
and cocci did not show any typical precip-

ods tested for

itates or cloyds around the bacterial cells.
With stenle food there was little nonspecific
starrp(rng, If any, and when present it was
wea

Smears made from foods which had been
found to contain large amounts of enterotoxin

ey the FA and”gel diffusion technigues
weré treated with 2 drops of 15 unconju-
%ated antiserum, incubated for 30 min at

°C, washed once with buffer for 10 min,
air dried, and staned wrth various dilutions
of the conrru gate (1:5-1:160). Smears so
freated we e e g[atrve for quoresc?nt recrrp
Itates orcoud ut there were ce ss owr g
varying fluorescence in the walls. It is b
lieved “that surface antrqens of these ceIIs
reacted with anti- stap]hy ococcal antibodies
normally existing in the’conjugate after sp
cific precipitates were washed off during the
first washing.

Smears made from foods positive for Iarg%
amounts of enterotoxin were stained with
normal conrnugated antiserum obtained from
a young ranbit_never used before for any
rmmunrzatron The smears were nelgatrve for
enterotoxin, but individual cells were stained

reen. It was difficult to demonstrate the
resence of enterotoxin in smears made from
nonsterile meat products or their slurries pre
viously inoculated with t lyeBstramswen
the toxrn Was_ present ony in small amounts
In this case, it was difficult to Identify fluo-
rescent partrcles as being specific precrprtates
rather than autofluorescent meat material,
As the concentration of toxin around  the
cells increased, the morphology of the spe
cific_ precipitates became characteristic, per-
mrttrng identification. As with culture media
(Geuigeo Igrs and Sadler, 1966) the demon-
stration of enterotoxin B by FAT in foods
rs based only on the presence of morphologi-
ally specific fluorescent precrﬁrtates around
the bacterial cell and not on the presence of
fluorescent cells alone. Efforts to prepare
a conjugated antienterotoxin B serum which
erI specrfrcally stain the entergtoxin-produc-
cells even In the absence of enough toxin
orm precipitates, were unsuccessful. Such
a conjugated antiserum will, of course, be
ideal since precipitates can be washed off
while an antigen attached on the cell cannot.
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A New Medium and “mimic”

MPN Method for Clostridium

perfringens Isolation and Enumeration

SUMMARY

A new medium and “mimic” MPN method
for the isolation and enumeration of Clostri-
dium perfringens are described. A MPN tech-

nique is emplozed followed by the confirma-
tion of each MPN tithe for the presence or ab-
sence of sulfite-reducing anaerobes. The med-
ium and method were compared statistically
with the existing sulfite-polymyxin-sulfadiazine
(SPS) agar method, and found significantly
better by a factor of 2.

INTRODUCTION_AND
LITERATURE REVIEW

Vegetative cells of certain Clostridium per-
fringéns strains, probably ansmg from ger-
minated spores In'cooked food products, have
been shown to be the causatiye agent in_an
acute gastroententls type of food p0|son|ng
ang have een ecnbed bx Hobbs, (1 8
Hall et al §1963 1962|) Hob
et al, (1953) and o ers suffite-poly-
myxin-sulfadiazine (SPS) agar deviséd
(Angelottj et al,, 1962 ) for |solat|on and pre-
sumptive identification’of C. pert rlngens has
been considered one of the best solid-agar
methqds for_ the recovery of sulflte -(educing
cIostndla (Gibbs and Freame,

Current” recovery methogs for clostridia
aﬁtemt to isolate’ and often differentiate
LS00 1 SHbcle S0t 1. e, pmaty
medium. Probﬁems ginvolved wﬂﬁ thes%
methods and the I|m|tat|ons of solid agar
gnma%arecoverg media are cited by Gibbs

Green and thsky (1964) proposed a new
medium and “mjmic™ most- ?robable -number
éMPNZ methoq for the isolation of C. per-
ringen vegetatlve cells. The new medium,
desCribed h

rein, compared equall weII with
and 1n most cases ettg V )

[ t an ula'thioglycal-

late medium (Difco), (Oxoid ). pork-

Bea infusion edlum ndersen 1951), or
heart infusion medium (fouet

American Bacteriology, 1944) for th

covery of C. perfringens. The method uses
a very selective and confirming secondary
medium to |dent|fy which tubes’ of the pri-
mar}/ MPN_isolation contain sulfite-reducing
cos rid |a This Fresent mvesﬂgatlon further
defines this medium and metnOd and deter-
mines the statistical validity as compared
with existing procedures.

MATERIALS AND METHODS

Or?amsms Strains of C. perfringens associated
with Toods and food pmsomng were"obtained from
Drs.. Angelotti and Hall (Robert A. Taft Sanitary
Engineefing Center) and” are designated by their
code system. The sPemes of Streptococcus jaecalis
and Proteus mirabilis used in the simulated food-
sampling experiment are from our laboratory
collection.

Cultures were grown and maintained on fluid

|cggyco late me um with indicator (Difco) at

Inocula for all experiments were 4-6-hr
cu ltures.

Media and dilution blanks. 1) The_primar
isolation medlum ﬁhereln designated as TYD-C
consists of the fo owm% pticase (Baltimore
B|0I0%|cal Laboratories, BBL h% east extract
1%, dextrose 0.5%, soluble starch 0.1%. sodium
th|09choIIate 0.2%, thiamine hydrochloride 1 ppm,
Bacto”agar 0.15%, and clostrisel broth, powdered,
(BBL) 0.3%. The ingredients were added to dis-
filled water, pH adjusted 0 72wnh dilute NaOH,
steamed t0 melt agar, tubed in 16 X 150-mm
culture  tubes, cappéd with Bactl -Capall polypro-
Eylene closures {)B|olog|cal Research, Inc., St
ouis, Mo.) and sterilized at 121°C, 15 min. This
medium was used within three_ days of g;reparanon
2) Sulfite- polym){xm -sulfadiazine” (SPS) agar de-
scribed by Angelotti et al. (1962) waS commer
cially preparéd by BBL. 3) N|||eth/ ning-ml
dilution” blanks contained 0.2% sodium thioglycol-
late in distilled water.

Experimental methods. The TYD-C plus
"mimic" MPN method. The MPN technique, using
the T5 D-C medium, was employed for primary
isolation. Tubes for 4-6 tenfold” serial dilutions,
5MPN tubes per dilution, were arranged in a MPN
rack. Al inoculations of a given dilution were
made at one time, and each MPN tube was inocu-
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lated deep below the surface of the medium. The
MPN racks were incubated for 24 hr at 37°C.

Following incubation, each MPN tube was vigor-
ously mixed for 5-10 seconds (Vortex Jr, Mixer),
three loopfuls of culture were transferred into ap-
gl)rommately 05 ml sterile water blank (16

50-mm culture tube), and 5-7_ml of melted SPS
aggr poured into the blank. These confirmation
tbes were arranged. in the same order (“mimic”
as the primary isolation tubes of the orlt[unal MP
racks. After "14-18 hr of incubation af 37°C, the
appearance of a solid black butt or black colonies,
in the SPS tube, confirmed the presence of sulfite-
reducing clostridia in the correspanding primary
isolation tube. The MPN counts for thie, primary
isolation (s) were obtained from the “mimic” (cori-
firmed) MPN’s b% use of a standard five-portion
MPN ‘table (Hoskins, 1934%. The SPS method.
The SPS agar method described b¥ Angelotti et al.
(1962)  was, employed with the following excep-
tions ;_illuminating gas was substituted for the N2
and C02 mixturé in_the Brewer anaerobic jars
(BBL), and the motlllt¥-_n|trate medium was not
used, since known C. perfringens strains were used
In these experiments. _

The two methods were comBared by employing
10 strains of C, perfrlnﬁens. MPN racks, and Petrl
Elates, six replicas each per strain, were inoculated
y appropriate dilutions from the same set of serial
dilution blanks and treated as described above. To
compare the two methods further, a simulated food-
sampling experiment was carried out. A No. 2 can
of either chicken, beef vegetable, or clam chowder
soup (Camphell Sou8 Co% was aseptically opened
and mixed with 150 ml "of sterile water. 'In a
blender jar, a 10-ml portion of a dilute C. per-
fringens “culture was added to 70 ml of the soup.
Two 10-ml _Fomons of dilute nonclostridial culture
and/or sterile water were added to make a total
volume of 100 ml. One experiment consisted of
several such jars, each had the same size of Inocu-
lum of C. perfringens strain, while some jars were
inoculated with an estimated excess of a nonclos-
tridial species of 10-1 to 1000-1.

A jar containing soup_mix and culture(s) was
blended for 1 min n an Oster blender (John”Oster
Mfg. Co., Milwaukee, Wis.) and samples removed:
Four replicas each of MPN racks and Petri plates
were inoculated for comparison of the two methods,

Statistical treatment of data. Two statistical
methods were employed in these experments: 1)
Student's f-test was applied to individual observa-
tions (MPN’s and plate counts) to comﬁare the
differences observed between the two methods for
either a given strain of C. perfringens in the com-
Panso_n of methods or for a given condition_in
he simulated food-sampling experiment. 2) For
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an entire experiment either all strains in the com-
parison of methods or all conditions in a given
simulated food sampling experiment, the comipari-
son of sample means by paired observations method
was used. n this method,_avera?es_ of MPN’s, and
the plate counts, for a given strain_or condition,
were considered as a paifed observation. _

In both statistical treatments, the null hypotnesis
was assumed, and significant differences {*) .con-
sidered as probabilitiés SP) of 0.05 or less, h|?hl
significant (**), P = 0.01 or less. Both statistica
methods are described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

Table 1 shows the results of the compari-
son of methods. When the indiyidual strains
of C. rEe,rfrlngens are statlstlcall¥ treated by
Student’s f-tést, the observed differences be-
tween the two methods ranged in S|%n|f|cance.
These varying responses “are probably due
to Individual “strain differences. When the
entire group of 10 straing are statisticall
treated by " comparison of sample mean

paired observations, the_difference of twofold
%/rleater recovery l%ythe TYD-C leus “m_lm_lf_"

PN over the'SPS method is highly s;gm I-
cant (P = 0.0016). This latter statistical
comparison, which involves all 10 strains, I
more representafive of the performance of

these methods for the recovering C. per-

frms?en?. . .
milar statistical treatments were applied
to the simulated food-sampling experiments.
Results of ong %f these ty[flcal experiments
are shown in Table 2. In-all of these experi-
ments, the TYD-C Elus mimic” MPN
showed qreater recovery that was signifi-
cant!)y di ?rent from the ?PS method When
the over-all comparison of sample_means by
pairea observations was applied; Differences
Within a glven COﬂ_dI(SIO[], s analyzed ? Stu-
dent’s f-test, varied in their “significance.
These latter varjations mahy be dug t0.a com-
bination of strain differerices and microbial
Interactions with nonclostridial species.

In two other simulated food-sampling ex-
periments in which the numbers of viable
C. perfringens were very low, food debris
interfered With the ease of SPS agar plate
counting, and plates often containéd either
no colonies or colony. counts of less than 30.
The TYD-C plus “mimic” MPN method not
only revealed (enumerated) the presence of
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Table 1 Statistical comparison of the two methods.*

Ay. vrab}
per

Strain Method A
(code)
A-19 5.35
#75 943
S-4h 9.20
Ab1 760
S-34 700
|U-2826 311
S-40 8.52
E-8 510
|U-686 m
#62 107
2X 68.24
X2 6.82
Ratio x_x_ 9

SP%M}%h%% A/-\n L eg
P
- EII%H

C. perfringens, but would probably

nlysigni rcanp iference.

an even greater advantage, over” th
method in recoverrng low vrabIe number
C. perfringens, If greatervo(umes of TYD-

farned in Iarger vessels had been used a

con
larger samples

e.q, 10ml or more
taken for the fir 8 ! )

t dilution.

e cell counts of
ringens X 108

M et%d

342
413

Statistical treatment: X
student’s t test on Xi — A2
drs sy

=60nArm—2)
B Stattrstro P
18 01
280 0.02*
340 <0,01**
113 0.3
0.9 05
250 0.02
264 0.02*
2.28 N0,05*
6.01 0.001**
4.24 >0.01*

comparison of sample means,
X, — x2: statistic ¢ = 463
¢f = 9 P - 00016*

mrmic” MPN method described in text. Method B: the

rdrst tron one tail.
ﬁca@rl“&{ ?numhypothesrs one-tailed test.

had
PS
of
N

have
e S
IS

had heen

In all of the experrments described known
strains of c. pert rrn ens were used. B
methods, .as descrrbe here, would suffrce to

resumptrvel Identi

and enumerate su frte

educrn rrdra %m a sample with

known mrcroflor In unknown

samp I%s-

additional |pl’OCE urgs, such as using t

motrlrty -nit

1962),” would be require

ate medium &An elottl et al.,
confrrm the

gresence of c. perfrrngiens or other species

f sulfite-reducing clostridia.
euse ofag

R o

|ottl (19653 ob% 3/57 and

Preliminary exr%errments in our lab

C plus “mimic”

r(gnne]PhgdmgJ cSrc te that are re
C f -
? ? andperrorrrr]rg%asfter wrth

covered equally well

roxrmately 45°C incubgtion

N sAfrrorgr

othegrs
orator
MP

profuse gas formation in TYD-C at 45°C

than at 37°C, whereas the nonclostridial
mrcroor%anrsms tested grow sparsely (or not
nd without gas formation “at 45°C,
These Cprelrmrnary experrments suggest that
a45 incubation be employed I7"the
Isolation step employrnq the TY C
me um to obtain” a presymptive enumera-
tion for c erftngens AIong with the cul-
tural transf)r step of the “mimic”. MPN
procedure Wwe have also streaked solid SPS
rnr glates Incubated them anaerobicall
qdo tarned Jsolated bI%ck colonjes.  These
rsolated colonies coula be used for further
Identrfication procedures.

We suggest that the above modifications
(45° C IncUbation and SPS agar plate streak-
rnrﬁ ernco rporated Into the YD-C

mic” Ft od for r? ation, enu er
atron and rdentr ication of . perfringens
from samg es of unknown mrgroflora”

Our rgose plus “mimic” MPN
method” has. the drsadvantage of requrrrng
more og} erational steps, mor materrals an
more {l ethante PS method, However,
our method has the advantage of recoverin
twice the number of viable célls and of rfern
better suited for low population levels o
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A 1Eable 2 Ty ical s]imu(ljated food sampling experiment recovering C. perfringens. Strain =

soup = am chowaer

Av. number of viable A-19

Statistical treatment:
Student’s t test on Xi — X2

_ cellsrecovered__ df — (m -f12 —2)

Condition . M“Bﬁd A

L C. perfringens only 4

2 plus P. mirabolis 62

3 plus A faecalis 5%.5

SX 1595

X 532
*Metho TYD-C pl
P%{Q%lesﬁ LAnc%{f% Ellt(eclj dl?(?l%\)twn one tail.

?Dmgnmcan{] { Giterence.

¥
muplin]
:—30

oy’

C, erfrln%ens than the SPS method. This

? v ntaﬁg f our method h s uitable merits

or qual |ty control of cogked foods which
|n|t|a g/ have low viable numbers of
er rm? ns.

The tenfold dilution MPN method IS lgss
accurate than %he equivalent TD late countm
methods (Cochran, " 1950; . Tayl
Some workers have crltlmzed use of the
MPN technique for sampling food, efc.
These criticisms. have been Teviewed b
Mossel et al. F1956) Other workers express

a preference for the MPN tef niq ge In cer-
tansnuatlons esEJemaIIy for clostridia, WhICh
are often difficult to grow' anaerobically on
g plates (Gibbs and Freame, 1965).
prrlments inour lahoratory reveal_that the

YD-C medium employmg the MPN tech-
nique is more conducive to Clostridial growth.
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Growth and Sporulation of Smooth and Rough Variants of
Bacillus Stearothermophilus in Pea Extract and on Pea Agar

SUMMARY

The influence of rough and smooth variants
of Bacillus stearothermophilus on growth and
sporulation of each was investigated. The
smooth variant grew faster from spore inoculum
than the rough variant and produced more acid
than the rough when grown separately. How-
ever, when grown together, the growth was simi-
lar to the smooth; and acid production, as mea-
sured by pH, was also the same. When the
inoculum was ve%etative cells, the growth of
rough and smooth were similar to the rough
hoth in growth and pH. More spores were pro-
duced by the rough variant than by the smooth
variant when grown separately on pea agar or
in pea extract. When grown together on pea
agar or in pea extract, the total number of
spores was less than the rough variant but they
were of the rough variant type.

INTRODUCTION

Flat-sour spoilage may occur jn canned
peas and other low-acid oods such as com,
string beans, beets, spinach, pork and beans,
hominy, lima beans, asParagus ang  succo-
tash. In the canning of peds, the blancher
provides an environment 'in which Bacilius
stearothermophilus CaN grow. Knock (1954
used flat-sour counts “from water of th
blancher, in addition to other line counts, as
an ndex to the level of contamination of
the peas. From these counts, he predicted
the ercentaoe of Infected cans after process-

g nock Teported that the temperature of
the blancher Is above the thermophilic growth
rano but the bacteria grow during’ short
shut-down perrods He_ also noted that the
bacteria multiplied durrng periods of non-
operation If the steam Inlét valve was faulty
or was not)trﬂ ?/

During blanching, water extractable mate-

rals are removed fromt %\Peas angd this ma-
terra IS dissolved In the water an Brovrdes
nutrrents for the rowth of s orlage acteria

Knock has orne out, ?rowth
can occur rn the Iancher durrn shut-down
periods. Assuming that flat-sour organisms
entering the processing plant on the peas are

a mrxture of rouoh aud smooth varrants
which varrané gaarn t)e ascendancy ?
Although no data are availaple on the distri-
bution of these variants of flat- sour bacterra
“In nature,” one mau assume that both are
encountered rather r%uentl since  Smith
et al. (t Isted rough and smooth
colony types'in their description of &. stearo-

thermophilus.

The question of which variant will gain the
ascendancy and will dominate and produce
spores 1S very rmPortant from a practical
consideration of flat-sour sRorIaﬁ esearch
In our [aboratory showe?]t at there are con-
siderable differences In the heat resistance of
the rough and smooth variant of 8. stearo-
thermophilus. 1he smooth variant of NCA
1518 Is resistant to heat, while the rough IS
comparatively_nonresistant ﬁFreIds 1963).
Because of differences In resistance, grow
of the variants in food extracts is of rnterest
to the food mrcrobrologrst The researc re
ported herein was designed to stud (}/
influence of one variant on another duri 8
growth and sporulation in pea extract an
On pea agar.

EXPERIMENTAL METHODS

Preparation of ﬁea extract. The pea extract
was, made by weig rngi 100 g of frozen peas and
adding 400 ml of “distilled water in a 1-L beaker.
A watch glass was placed over the top of the
beaker, and the peas were boiled for 1 hr. " Distilled
water was used to readjust the volume of the
extract to 400 ml after thie peas were removed by
filtration. The extract was, dispensed in screw-top
test tubes in 9-ml and 50-ml quantities in flasks for
growth studres by turbidimetric methods and plate
counts and in 100-ml portions in Roux flasks for
sporulation mvestrgatrons Pea agar was prepared
b¥ adding 15giofa gar to a liter of extract. The pH (Jo

the péa extract and aﬁ]ar for sporulation studies
was 64. The pH’s of ofher extracts were 6.0 and
54, respectively.

Spore and vegetatrve ceII inocula. The methods
of growing, cleaning, washing, and general prepara-
tion.of spores used in this study” were reported
prevrously (Fields, 1963). Both the rough and the
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smooth variant of strain NCA 1518 of B. stcaro-
thermophilus were used. Both variants conformed
to the ‘species pattern of Smith et al. (1952) for
B. steargthermophilns. The number of spores of
each, variant was adjusted to the same number for
the inoculum in the ‘growth experiments by plating
In dextrose tryptone agar. _ _

. To prepare vegetative cells for inocula in spol-
lation “studies, a"loop of cells from nutrient agar
slants was used to inoculate test tubes of pea ex-
tract which were incubated 18 hr at 55°C. The
number of vegetative cells of each. variant was
adausted_ by use of standard curves in which tur-
bidimetric_Values were plotted_algalnst late counts
from previous experiments 1(Fle as, 1904).

Growth measurements. The amount of growth
of both variants was measured by taking réadings
on a Bausch and Lomb Spectronic 20 in’ test tubes
containing. 10 ml of pea extract. Readings were
made at 650 mfr, with an upinoculated tube as @
blank. In the second experiment, the amount of
growth was measured by turbidimetric_means by
removing a_10-ml aliquot from 250-ml Erlenmeyer
flasks containing 50 ml of pea extract and by plate
counts mage at”selected intervals during thé Incu-
bation period from the same flasks.

Measurement of pH and titratable acidity.
All pH ‘measurements were made on a Beckman
Zeromatic pH meter. The pH of pea a?ar, after
growth of the rough and smooth varianis on the
Surface of the agar, was measured by gently. lower-
Ing the electrodes down, into the a?ar. Thirty ml
of extract were used in the titraflons. _Samples
were titrated to an end point of pH 70 using
0031V NaOH.

Sporulation studies. Sporulation was studied in
a pea extract and on pea agar. Both the pea extract
and the pea agar containgd 30 £pm of ‘manganese
sulfate to aid ‘In sporulation (Ordal, 19572. One
hundred ml of Elea_extract were added fo each
Roux flask and sterilized. Three Roux flasks were
used for each variant and for the combination of
variants.

The Roux flasks were inoculated with 1 ml of
an 18-hr culture of each variant and a combination
of rough and smooth which had been adjusted to
the same number of vegetative cells. An aliquot
was removed from each” Roux flask after 24 hr,
and the amount of growth was measured on the
Bausch and Lomb. Spectronic 20. The pH was
measured on this aligyot. To determine the number
of spores, another aliquot of pea extract was re-
moved and boiled for 5 min and then plated in
dexrose trgptone agar. The plates were incubated
48 hr at 95°C. _

When ea_aglar was used as the sporulation
medium, Petri plates containing the agar were In-

GROWTH AND SPORULA!'.ON OF BACILLUS STEAROTHERMOPHILUS

oculated with 1 ml of an 18-hr culture of each
variant, and with a combination of rough and
smooth with the same number of vegetative cells,
The Petri plates were rotated so thaf the surfaces
of the agar were completely covered with the
inoculum.”The plates were incubated 24 hr at 55°C.

After the incubation period, each of the five repli-
cate Plates were flooded with 10 ml of sterile water
and the surface growth_removed by scraping with
an inoculating, néedle, The contents of each plate
were ?ooled in a sterile Erlenmeyer flask. "The
contents were boiled for 5 min and readjusted to the
original amount of sterile water and"then plated
In Uextrose tryptone agar.

RESULTS AND DISCUSSION

. Growth studies. Pelczar et al. (1955)
list several methods of determining bacteridl
rowth. Two of these methods were used In
s study, pamely, by determmln([; the den-
sity of a’cell suspension by optical measure-
ménts and %y plate counts. Optical density
[ves both dead and living c?lls while the
late count data give only viable counts,

Earlier experiments. FFleIds 1964)
showed that a h(ljgher optical density of the
rourgh variant did not mean that thére were
more cells of the rough variant but that the
Ion%,er cells which were present in the sus-
Een lon were stopﬁmg ore |I?ht than the
mogth variant cells, “A plot of the optical
densities against cell concentration of both
of these variant forms when cells were grown
In nutrient broth, centrifuged, diluted and
optical_ density measured, glelded a straight
line (Fields, 1964). Thes¢ data a%ree with
L amanna and Mallette (1965) who stated
that If the population 1s not statistically con-
stant In size, cell shape angd chain length, the
&J,I’ idity measurement? will be altered Such
Ifferences In Size and length of cells do exist
between these variants {rough variant Is
longer than the smooth, Fields 1963) but
these differences do not negate the use of
turbidimetric measurements It one Is aware
of these differences. o

Growth studies, as shown in Fig. 1 were
repeateqd three times with each v%rlant belng
grown In five replicate tubes each run. Th
ata showeg that the smooth variant, when
3rovv_n bQ/ Itself increased the total optical
ensit aPId|)i, d the optical density re-
mained at thislevel throughout the remaining
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gh Voriant

1, The growth of

(0 % n varl-
pﬁsg o? %acnllus stearo-

ermophilus In~ pea  ex-

Time in Hours

times tested. The gnrowth of the rough vari-
ant Iaq 0ed behind The growth, of the smooth
variant when the tuPes Were mocrlr)late with
the same number of unheated via esores
When the two variants were mixed an the

number of spores of each variant were ad-

justed so that the tubes contained the same
number. of rouoh and smooth variants, as in
the Individual treatments, the growth curve
followed that of the smooth. Variant after
{1 hr of incubation, The o tical density n
this experiment at 1 § and 44 hr was less
for the. mixure, than for the smooth, while
the optical densities of the mixtures in other

.

o Smooth Variant

L] Rough Variant

Pea Extract, pH 5.4

pH 5.4 and 4.8 x 105

Optical Dens

cells

work not1 reported here) were the same as

In order to check on the influence of acid
Produc&ron and folerance of vegetatjve cellé
0 acid pH values, fitratable “acjdit
Plate counts were made at Selected time In-
ervals. These results are grven In Frg

gshag %of the growth cyrves of the rough
an ot varra t were similar to those In

Fig. 1atoug a plateau was reached at a
lower optrcal ensity than in the former ex-
Penment his IS Elro h/ due to the fact
hat the original lo_ of t e pea extract In
this experrment ) was 54 whereas

The ﬂ]wth of
acn] us stea
rmo

uene o acr wrn
and |aB

2
ot

pH 5.0

O

/ .
6
pH 4.5 and 1.3 x 107 cells
\ (a) pH 4.5

4.4 x 103 cells

™
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]
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the data in Fig. 1 were obtarned from an
extract with an’ original g 0. With a
xtract, Iess

lower original pH of the rowth
g Eroduce an inhl rtor q—l

Was needed to
17p2 hr after the start of the ex errment the
smoath variant changed the pH from 54 to
45 In the gea exfract, and there were
1.3 x 10° viable cells er ml as determrnﬁd
In dextrose fryptone 6 hr, t
vegetatrve cell"count o the smooth, variant
hadl fallen to pnly44 X 103cells. Titratahle
acrdrt was also’ measured af the same time
was taken The amount of .03N
Na H at 17/, 26, and 50 hr for the smoqth

variant was 1.7, 2.5 and 2.5 ml, respectively.
The acrdrty Was robabl ranuencrnp thg trhee
r

covery of the smooth célls. Not

ffergnce In acid production note here but
rt alsp may bg observed when the variants
are pIated In extrose tryptone agar.

Based on pate counts, there were
24 X104 Jough variant cells per ml at
\7ki hr, and at thr?] time the pH of the pea
ext %ct Was 5.4 Wit %crétpo uctron At
30 hr, the cell count Increased
a8 X 105Cells as determined b pIate counts

and still no measurable aci Gpr(p uctron
However the rough variant ha ecrease
the pH 0 5.0 by’so hr (1.1 ml of
Na Hkas contrasted to apH of 45 (1 7 mI
tif ?203 NaOH) for the smooth variant at

that there I a

hr.
hese data demonst aate

eneratron time of

smooth variant be-

difference In_ the | grhe
or other

the two varrants
Hro duction an?/

cause of its acid
metabo?rtes Inhibited the growth of the rough

pea agar

S‘?ﬁ’é‘élﬁ‘n’r‘)“ Variant pHmonEn
Pea extract Rough b,
Pea extract Smaath 4,
Pea extract Rough and Smooth )
Pea agar Rough 5
Pea agar Smaoth 4,
Pea agar Rough and Smooth 5.

2
8
2
25
9
3
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ea extract. This drfference rn the rate
f rowth may be explained on the type of
ceII division. “According to Bisset, (1955)
the smooth varjant t pes of bacteria divige
by the constrrctron of the cell wall while the
rough variant Kte formation ofacomplete
cross -wall which subsequently splits.
Sporulation studies, Table 1shows spor-
ylation of the yariant forms when qrown b
themselves and together In pea extract an
on pea agar. The amount of growth of the
rough varrant either b r¥ itself or in combrna
tr% wrt the smooth variant was heavy
when the Inoculum was actively growing
vegetatrve cellfs This is in sharp contra?t 0
growth of the combined variants from
s'p Inoc.Ula as given In_ Fig.
Simi

Prowt of the compbine
ar to the smooth when
This reater ﬁrowth of the rough variant |n
Petri pates than in test tubes was probably
assocr ted with increased oxygen avarIabrIrty
ae largest number of sp\ores Was
uce by the rough variant when grow ry
Itself erther in pea extract or on pea aga
The pH’s of the pea extract and the pea agar
of the rough variant were also higher than
the smooth variant. The next largest num-
ber of spores was produced in the mixture
of rough and smooth. The pH of these media
were Similar to the %H of media which sup-
ported growth of the rough variant. The
east amount of spores was”produced b¥ the
smooth variant and the lowest pH’s of the
extract and agar were recorded with this
varian

1 1n which
variants. was
%rown by, itself.

T%ble L Sporulation of variants of Bacillus stearothermophilus in pea extract and on

t? epntsi?tayI Av. no.
i Shtie Benls
0.39 4,95
0.09 >1
0.3 910
c 57,000
d 4
0 5650

gH of extract anp of a ar original HH of ex ract was 6.4,
otri RIS Per ml o extract n Roux lasks and™ of suspension prepared from five replicate
tﬁamy g('? ursu bserv tions.

I vrsua SDservAtions.
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According to Ordal (1957n) environmental
factors aﬁectlng sporulation” are: tempera-
ture, g egen tension, carbon sources,
nitrogen source. and ﬁrowt actors. From
the data in Tab’le 1 the mcrease from 4956
spores per ml to 57,000 per mi may be attrib-
uted t0 0xygen level. The tem erature car-
on source and % vallable growt factors were
the same for bot varlants There was growth
of the smooth variant in the extract and on
the agar Ordal (‘1957) stated that the opti-
mumfor sporulation Is similar to_that for
growth but the range |? narrower. The data
how that the pH Was lower and may be the
main r?ason for the lack of sporulation but a
mineral or a vitamin requirement may also
be_a possibility.

The mixture of rough apd smooth pro-
duced a PH which was similar to the rough
Apparently some of the rough variant cglls
were producing basic sybstan (iS or, since the
rough dominated the mixture, lesser amounts
of acid were produced. Certainly the %rowth
of a mixture of veg%etattve cells in xtract
(Table 1g was dirferent from_the growth o
vegetative cells from spores (Figs. "1 and 2).

he sm oth vartant even though 1t grew
ra| X not sporulate In pea extract and

ed agar even thou%h the number of cells
wee numerous When_two sporeformin
variants are competmg for domtnance In
food extract,  there %r two kinds of dom-
nance. The first of these is vegetattve domi-
nance and the second Is spore domlnance
Although one variant maY galn the ascen-
dancy |n terms of the total numbers of cells
In‘an"extract or on an agar, spore dominance

619
mar?/ not be correlated with vegetative domi-

AIthough the results of thls research indi-
cate that the comgarattvel lower resistant
spores predominated In pea extract ang on
pea agar, studies on the rafig of roug )
smoot vartants under conditions of actual
cannm% are needed because the environment
of the annln%plant might allow the smooth
variant to dominate
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Formation of Higher Alcohols During Grape Juice
Fermentations at Various Temperatures

SUMMARY

Significant effects of fermentation tempera-
ture on the formation of fusel oils in grape
juice media were demonstrated. Isoamyl alco-
hol was formed most abundantly at 70-80°F,
and n-propyl alcohol least abundantly. Is0-
butyl alcohol formation seems fairly indepen-
dent of fermentation temperature. The forma-
tion of active amyl alcohol was affected but
slightly, in a manner similar to isoamyl. The
levels of the sum of the two amyl alcohols
formed were 6-131 % (averaging 47% ) higher
with fermentation at 70 or 80°F than with
fermentation at 50°F. This effect is considered
significant for commercial practice. Possible in-
terﬂretations of the results are discussed along
with pathways of higher alcohol formation.

INTRODUCTION

Studies to influence or control the secon-
dary natural products of wine Termenta-
tior have held much interest |n these and
other laboratories. |n particylar, effective
methods . of controllrng the levels, of the
ma or hi her alcohos [n-propyl. isobutyl
acveag 1-butanol), a
1soamyl met 1butano alcohols
are esrrable rom the sta dp]ornt of
evera e Wines, complete elimination of
these o Ronents "of fusel oil cannot be con
sidered onI advantalgeous but any tech-
r}]uew ich permrtsa Ine mak fr f0 contro
thelr 'oroduc on within certain limits 1s
tentra y advantageous. . Distillers of grﬁ
prandy especraII In Cal rfornra are gen £ Iy
rnteres fed | st”] nimizing higher-alcohol fo

matron In rnlg wrns
1952g reported a

Guymon and Heitz
men usel oil content I(b oI n etric
opyl a con-

metho not re ectrng

tents ) of ? liter {range 162 366
In 120 sam es of California whrte tfrble

wr es, and a

ean of 28/ m ter
Fan e 140-417 mp ) for 130 samgleg of Cali-
ornr red tabI\eN wbrtt]es { Inah

review, Webb and Ingraham
crte'c] several factors Ich g pear to rn?a
ence fusel oil productron uymon et .

(1961h) compared the fusel qils of aerobi-
cally fermented grape juice with those_pro-
Uced Hnder anaerobic conditions, . They
oun that %ralpe gurce produces 4-fold more
fusel ol rmen ed aerobrcallg con-
trarg to results of tevens
(1961) with wort, These results are not
necessarily in conflict if the probable vast
differences of the amino acid contents of the
two media and degree of aeration employed
are_considered.

Dietrich and Klammerth (194121 and Cro-
weII and Guymon (1963) “found that the
fusel oil ro uced during fermentation was
greater in the presence fsuspended solids
uch asgra De. pr n. The atter suggested that
the incr due to partially aerobic con-
ditions from oxygen agdsorbed by or trapped
within the solid” maerial.

The ‘Influence of yeast strain has been
studied by Guymon ¢ tal (1961 Hou%h
and  Stevens {1961) Peyriaud and
Guimberteay $962 Commonl emp Ioly
strains of saccharomyces 0o not appea
vary excessjvely. but enough to speculate thai
pro er strain selection might be of industria
value. Pevnaud and Guimberteau found
fivefold drﬁerences in amounts of fusel ail
formed by diverse strains of yeasts, but a
range of only about 2-fold for Saccharo-

rpces cUipsoideus.  An intriguing pos-
sifility is the possible use” of amino-
acid-deficient mutant strains of Saccharo-
myces cerevisiae of the type descriped by
Tngraham and Guymon (1960), Guymon
ct al. E1961a) and Ingraham et al. (1961)
to control or"possibly to eliminate fusel ol
formation from fermentations, Unfortu-
nately, the mutants employed so far are such
slow fermenters that wild types would he ex-
pected fo rapidly dominate’ any commercial-
ype wine ferméntation.

The composition of the medium under-
going fermentation has been studied exten-
Sively |partrcularly from the standpoint of
naturally-occurring or added amino acids.

ase |

[620 1
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The implications of these studies have been
reviewed by Webh and Ingraham 8196_33.
. Castor (,953{) measured the amino_acigs
in seven different varieties of California
grﬁﬁ)e must. The amjno acid composition of
ome French grape Aumes was reported b
Lafon-Lafourcade and Peynaud {1959.
Good data are lacking orf the naturally-
?ccurrmg amino acids in r%rape must as re-
ated to Varlous varieties and growmg condi-
tions. If amino acid contents were"readily

ht be better

available, must composition mlgt )
lon during

?orrelated_ with fusel oil form
ermentation. ,

The inflyence of fermentation temperature
was considered hy Haugh and "Stevens
(1961) In_conjunction with studles of yeast
strains, usmq wort. Those workers found
an optimum ‘temperature of about 75°F for
total” fusel oil production. Peynaud and
Guimberteau reported mean valtes for_ di-
Verse si)emes_o Saccharomyces In" Various
meda, ncludlng gra_[t)e musts and $ ntheftlc
media of differént nitrogen composition, for
fermentation temperatures ranging from 59
fo Y5°F. They found maximum amounts of
both isobutyl and isoamyl alconols at 68°F,
and the secong hl%hest level was at 77°F.
Otsuk? et al. (196 ? f?und that the forma-
tion of botn isobutyl aiconol and_combined
amyl alcohols was maximum at 77°F. Webb
an Ingraham @1963 stated that the hene-
fits to be derived fro fermentm? at a tem-
Berature lower than 75°F are nof enough to
e of industrial value. ,

_ This studY was made to determine the
influence of the tem?eratHre of fermentatjon
on the production of each Individual higher
alcohol, using mor&i advanceq m?thods of
analysis and “carefully controlled fermenta-
tion “temperatures and standardized ferment-
Ing techniques.

MATERIALS AND METHODS

Fermentation. Juices_ from six_different varie-
ties of grapes grown in two different climatic
regilons—warm (Davis) and cool (Oakville)—were
obtained by crushing™ and pressmﬂ] fresh-picked
fruit.  The juice was treated with a standard
amount of sulfur dioxide, 100 mg/L, and then
yeasted with a Fure culture of Saccharomyces
cerevisiac var.  cllipsoideus, strain - Montrachet,
Sufficient culture was added to give about 10 to

AND CROWELL 61

105 viable cells per ml of grape juice. Under these
conditions past experience nas shown the inoculated
culture to remain true. - _

Two-and-one-half gallons of juice for each vari-
ety from each region was divided into five one-
?allon containers and fermented in water baths con-
rolled to +1/2°F, The temperatures used were
50, 60, 70, 80, and 9L°F.

The fermentations were allowed to %o t0 dryness
with sufficient °Brix measurements 1o determine
rates of fermentation (Ough, 1964). At the end of
fermentation the wines were stored at 70°F for
24 hr, and then the su‘oernatant |I(iUId Was siphoned
off and stored in full bottles at 32°F until the
analyses were made. _

Chemical analysis. The routine analyses re-
ported were made by the methods of Amerine
(1965). The analysis”considered In this paper in-
cluded measurement of the must for °Brix and of
the wines for ethyl alcohol.

Fusel oil analysis. An F & M dual-column_ gas
chr_omatoFraph, model 700-12, with dual-flame ioni-
zation detectors was employed for fusel oil analysis
of 1:1 distillates of each wine. The completeness of
the distillation of the fusel oils was, verified by
direct injection of several of the wine samples.
The distillates were found to represent the wine
accurately with respect to higher alcohol content.
Three-/d samé)les were injected onto a UCON
50-4B-400, 10% substrate on 60-80-mesh firebrick
Packmg, b-ft X 64-'nch-OD copper column. Peaks
or n-propyl, isobutyl, and the combined amyl alco-
hols _@ctlve plus isoamyl) were obtained with re-
spective retention times of about 7.2, 104, and 23
min.  No Peaks_were observed under these condi-
tions for other hlgher alcohols which are usually re-
ported in concentrated fusel oils, such as »-butanol,
»-pentanol, and .«v-butyl alcohol. The amyl alcohols
were separated into the active and isoamyl isomers
on a 10% diglycerol column, 6 ft X 14 inch. For runs
with both columns, the oven temperature was main-
tained at 80°C and the injection ports and detectors
at 200°C. The helium carrier_gas flow was 60
ml/min in the sample column. Three-"L samples of
standard solutions containing increasing amounts of
»-propyl, isobutyl, and isoamyl alcohols in 10%
ethyl alcohol were injected, and the peak areas
were Flotted versus concentration of each higher
alcohol component.  From these plots the peak
areas resulting from the injection of the 1:1 wine
distillate were related to" each higher alcohol,
expressed as mgi per liter, 1t was found necessary
to make at least daily injections of one or two of
the standards to ensure against sllght differences in
{nstt_rument response to a given fusel oil concen-
ration.



022 ALCOHOL FORMATION IN GRAPE JUICE FERMENTATION

RESULTS (Ough aéldf Amerinle, 1965), hTrﬁes%c dalta _\llvgre in-
The initial OBrix and the final ethyl alcohol  VESUGELed Tor correiation with the fusel oil data.

concentrations are given in Table 1 The range
represents what could normally be expected of 0

commercial juices. The decline of the alcohol with e Canbined anyl sleonels
Increasing temperature is expected and normal. — e 300y alohol
A complete. report of the. individual hlgher- VO[T === Active omyt alcohol

alcohol analysm ol the wines is shown in Table 2
for the results of the 60 fermentations. Total fusel
oil formation seems to he maximum at an intermedi-
ate temperature of about 75°F, in general a(%ree-
ment with most of the previously cited literafure.
However, exceptions were noted. “Several individual
wine series had maxima at lower temperatures or
showed very little change over the temperature
range studied. In order to. assess the general
effect, the levels of the individual fusel oilS were
averaged for each temperature value for the
twelve fermentations. The results of the averag}ng
for both amyl alcohols are given in Fig. 1 The
values do change with temRerature, and have maxi-
mums at about 75°F. The averaged results for . e e
re-propyl alcohol and isobutyl alcohol (Fig. 2)  *¢----- eI T o
show & different pattern. _The re-prQPyI forms a

AMYL ALCOHOLS mg |

minimum value at about 75°F, and it appears in L . J
?eneral that the temperature response is oRposne "5 m 7 m %
0 that of the amyl alcohols. The isobutyl changes FERMENTATION TEWPERATURE, °F

very little with temperature, and what small changes Fi 1 The distribution

there are seem to be erratic. ?c |v% ] 'Xl and %Jarg}/l I
A rather complete chemical analysis was done on 10T Six Wines, and. ne, dict
these wines, ana the results are reported elsewhere Wines.

OLo?sV pal[e?n’%}éﬁ uroef

o
FRufloBo vere i
amyl"alconols by temperdture for

. Table L. Initial “Brix of jui in wi ' jeti
dlma%bc ereglons. al “Brix of juice and ethyl alcohol in wines from six grape varieties from two

Ethyl alcohol
(vol/v)
Feiementation temperatures

Variety and source OBrix

Sauvignon blanc

a
o

d
n

60°F 70°F 80°F

©
R

o
n

Davis 215 125 123 21 119 17
Oakville 260 B 152 150 149 145
White_ Riesling
Davis 188 107 106 102 104 103
Oakville 216 7 120 124 124 120
SeBuIl_on 24 132 131 128 28
avis . . . . 12 125
Oakville 232 139 138 135 129 132
Ch[e)mn Danc 232 138 134 133 2
avis . . . . . .
Oakville 28 138 133 133 %8 128
Fr%na% Colombard 210 110 116 113 11
Oakville 30 134 132 123 27 %9
PlnDOt panc 236 145 143 144 140
avis . . . . . .
Oakville 216 125 125 123 124 %%g
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presented for the amrél alcohols aEpear rea-

\ N Sonable. That 15, the ighest levels for these

\ alcohols are formed at the same temperatures

as those at which maximum yeast growth oc-

curs and, . hence, maximum Synthesis of leu-
cing and isoleucine.

Referrrngi to Fig. 2 no such ex lanatjon

f:%h i e ”r‘hré’ﬁ’hb i ol

IS
&
T
-

&
.-
ﬁ"’
-
-
.
-
,
\
\
\
\
N
[N
\
N
=

mg. | of n-propy! and isobutyl alcohols

N . show no clear re atronshrP to fermentation

~~~~~ N tem eratrre La?krn% é)rmatron on the
WL l l 1 l yeast cell’s need for jndividyal amino acids,
sw w w w w Onecannot relate jsobutyl alcohol formation

T i o e oot s et Lieoyeras 3 ety
ShoWs etoisovaler recyrsor 0
[‘Cotrsoha‘(ﬁrﬁ%h)’eaﬁh’,e g S H i piop) |sobuty alco oI 1S also an, rntere late for
1soamyl alcohol fa/nthesrs vrgfr etorsoca [0-
DISCUSSION ate. erhaps celltlar demand tor leucine pre-
vents any large accumulation of a-ketoiso-
Fig. 3 shows an abbreviated outline of the valerate.
known p?thwa s for amino acid and hi hgh Ayrapaa (1965), testing .S, carlshergensis
alconol formation via a-ketoacids  formed mas%nthetrc medium, found that the concen-
from_carbohydrate. In light of this scheme, tratioh of the nitrogen squrce reﬁulated the
certain_possible conclusions_may be “de-  production of the fusel offs, If the medium
rrved from the data. Since_ isoantyl alcohol  contained more than a minimum amount of
Is formed durmg qrape Juice fermentation Ieucrne of |soIeucrne the formation of Iso-
from an Interme |ae a- ketorsocaproate via l, active amg and 1sobutvl aleohols de-
ath wag %r ?ucme synthesis, the ﬁ creased with InCreasing amino acid concen-
zmsre nsible for the production of this tration. ~ However, usrng several nitrogen
ketoacr ust e at optimum activity af 75°F.  sources in the medium’ he showed that
Srmrlarl active amyl alcohol, alSo formed  »-propanol concentration’increased with in-
r%rea est amout at this temgerature '3 crgas ng nitrogen c?ncentratron

derved from a-keto-JS-methylvalerate, an The N-p ropano ermentatron temperature

the same explanation Could be made. elatronsh AE ean he p artrérg/
Yeast growth, which, generall reaches a  plained. As enatura aming’ acid Source
maximunt’ at 70-80°F in’ fermenting wings, |s ei) leted and the demand for isoleucine for
would logically be accompanied by an in- cellular protern synthesrs Increases, the reac-
creased demand for amino ‘acid synthesis for  tions 3|Q the isoleucine srynth S1s |g_erthway
protein formation at these same temperatures.  toward ispleucine are favored (see Fig. 3)
If higher alconals are_viewed as spill-over In the fermentatron tT rt)er tyre Tande
rod %s of amino_acid synthesis, as sug- Where ye st cell multiplication IS greatest
ested by Lewis (1964) and others, the data  (/0-80°F), demand for the amino acid syn-

THREONINE -~ . 1KETOBUTYRATE * KETO + P METHYLVALERATE

1
rrr“%r o
YANE rom a- ctoac ds.

1
-KETO1SOVALERATE -------- -KETOISOCAPROATE

ISOBUTYL ALCOHOL 1 ISOAMYL ALCOHOL 1



Table 2. Fusel oil alcohols produced at five fermentation femperatures for six grape varieties from two climatic regions.”

Yariety

‘Sauvignon blanc

White Riesling

Semilion

Chenin blanc

French Colombard

Pinot blanc

Alcohol

»-Pro «_
Isobuty
Comb'd, amyls b

»-Pro «_

Isobuty

Combd, amyls
Fraction active amyl

v%a «_
_mogv\

Comhd, mé\_m
Fraction active amyl

»-Pro x_

Isobuty

Comb'd, amyls
Fraction active amyl

»-Pro 4_

Isobuty

Comiyd, amyls
Fraction active amyl

»-Pro «_

Isobuty

Comb, amyls
Fraction acfive amyl

€

_u = pm<_m_ 0 = Oakv
Soamyl plus active amyl alcohols.

50°F

0
o0
4
210

5
k)
176

5
4
190

0.2

60°F

mg of alcohol per liter of wine

Fermentation temperature

0 70°F 80°F C
5 h 6 % & B
¥ % % i 3 2
I . I I I
% 8 % N 0N A
2 4 4 &4 & 2
Wi 019 Wi
2 % 7 A B D
a4 5 02 4 & &
6% 630 W
X 0¥ B % B 0N
a A& @ & B &
& 08 o o 0B 02
0 B B &0 M4 6
3 2 4 & & 3
i WG 06
I T T
2 2 3 3 3 @
) . Y !
050 019 Wil

0.20



OUCH, GUYMON,

thesis is highest, Less a-ketobutyrate would
accumulate,” and therefore smaller amounts
of w-propanol would be formed. At the fer-
mentation temgeratures ‘where_ there 1S a
smaller deman f?r amino acid synthesis
then a larger pool of a-Ketobutyrate could
exist and_a greater amount of W-P_ro anol
formed. This agrees with opservations of
Guymon and Kunke?, (1_966f), that w-pro-
pariol 1 formed earlier in fermentation
whereas the other three fusel oils are accu-
mulated up to the end of the fermentation.

From the standpoint of apPhcatlons, these
data show that levels of fusel oil alcohols. In
wines may be partlall¥ controlled by I|m|t|ng
the temgerature of Termentation. ~ Affecte
most are the combined amgl alc?hols, the
most significant components of fusel oils from
a sensory standpoint. . Com armg the wines
fermented at 50°F with those férmented at
70-80°F, there is an ncrease of 6-131%
a\_/era?e 47%) at the higher temperatures.
side from the obvious economic disadvan-
tage of fermenting wines more slowly, be-
cause of the effect of lower temperdtures,
this practice provides a positive reduction in
the formation of fusel oil alcohols.
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RICARDO BRESSANI and LI1Z G. ELIAS

Institute of Nutrition of Central America and Panama (INCAP), Guatemala, C. A.

All-Vegetable Protein Mixtures for Human Feeding. The
Development of INCAP Vegetable Mixture 14

SUMMARY

Study of the complementary value of soybean
and corn ﬁroteins in youn? growing rats re-
sulted in the formulation of INCAP Vegetable
Mixture 14: 58% corn flour, 38% soyhean
flour, 3% torula yeast, 1% calcium phosphate,
and 4500 [.U. vitamin A per 100 g. The mix-
ture contains approximately 27% protein.
Formula 14, evaluated in young growing dogs,
was slightly lower in protein quality than ca-
sein. Its main limiting amino acid is methio-
nine, hut only when fed at a low level of pro-
tein. The addition of lysine and threonine in
the presence of methionine caused a highly
significant increase in protein efficiency ratio.
Only a small response was obtained when milk
protein replaced Formula 14 protein in iso-
proteic diets.

INTRODUCTION

The widespread prevalence and great
publrc -health psr nrfrg ance of protern caqorre
malnutrition amo fg %/oun g chi
tein-poor areas of the world 1S now Wwell
reco njized. During the last few \%ears Sev-
era aboratorres throu hout the world” have
eveor%e vegeta le-protein mixtures for
supplementar feedrno of children and aﬁiulr
as a means of con roIIrng protein-calorie
malnutrrtron in underdeveloped areas (Na-
tional Academ of Sciences, 1961). ese
mrxtures usua consist o%varrous conrbr
tions o acere grain with a vegetah

concentrates that have rece reatest
attention are soybean, oottonsee eanut
and sesame flour QAItschu c?a%

In our Iaboratores a great aeal of attep-
tion h H %rven to Jeoeta le-protein
mrxtures base cottongeed Tlour and corn
éBressanr et al., 1961). One of the mixtures
eveloped waf tested "extensively In experi-
mental” anjmals (Bressani et al 1962) and
children(Scrimshaw et al., 196 1? a
now being produced on an industria scale

ynder thé commercial name of Incaparrna
SBe ar, 1963).. Emphasis was placed on
sing cotfonseed flour because of its avail-

tein concentrate The VER/et(ft {rotern

|dren in pro-

Based on Soybean Flour

brIrt sam thle9 6C)engrnaé rgtrtneerrrcagrtscor(r)ntr[reg
or?d (US 1963) wherepprotern rich
foods are r]eeded

Vegetable grotern mixtures containing
other” vegetable-protein concentrates are
highly désirable "because the availability of
such “concentrates varies from one area to
another Therefore, soybean flour was tested
as the main vegetable- protern congentrate to
evelop mixtures with cereal orarn protein,
The literature on the nutrifjve value of
soybean protein has been reviewed in an
excellent 'manner bX several workers (gg
Crcle and Johnson, 1958). Also, a conside
a]e amount of work has heen reported on
pementar¥e ect of soy flour on the
roter of wheat Tlour gJar uin et al.. 1966)
n other cereal grains (Dean, 19582 In
IS report, soybean flour rotein was tested
for rts oom Iementar value to corn éJroterns
resy trrE’g the devélopment and testing of
INCAP Vegetable Mixture 14,

MATERIALS AND METHODS

The experiments were done with a toasted soy-
bean flour Skrndly supplied by General Mills) con-
tarnrnﬂ 50% protein” and. local whole comn’ flour,
On the basis of the nitrogen content of both
rngiredrents the complementary and supplementar
value of soKbean protein to com protein was stud-
led. For the experiments on the complementar
value of soybean flour protein, a series of diefs
were prepared in which protein level was kept at
approximately 9%. In one of the diets, all the pro
tein was derived from corn flour, while in remain
rn diets, comn protein was replaced progressively

a/bean flour protein, so that the protéin of the
Iast et of the Series was all derived from soy-
bean flour_and all contained equal amounts of tofal
Proi}ern The %artral composition of the diets fed
s shown In Tanle 1

The supplementary value of sqybean flour to
com protein was studied by adding increasing levels
of soybean flour, from 0to 20%, to a fixed level
of co In the diet. In this case, the protem content
of the diet increased with increasing levels of soy-
bean protein. As before, the_partial”composition of
the diets used is shown' in Table 2

[626]
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Table 1 Optimum combination between the proteins of com and of soybean flour.

AR P wengain g
Corn SBF Corn SBF Com SBF g@ PER
100 0 80 0 90.0 0 3 143
80 20 64 16 720 3.2 57 215
60 40 48 32 54.0 64 13 253
40 60 32 48 36.0 96 83 211
20 80 16 64 180 128 261
0 100 0 8.0 0 160 68 233
. . : . s :
g TSI 0,0 e 0K gl i g o )
Sugwmene . WI m (?f a com Igte \/Itamin Ssolution anna an auge, 19 per 1 0.
verage initial weight: 48°g Pl animals per group):

A procedure similar to that described above was
followed in_studies to find the complementary effect
between skim milk and the best com-soybean flour
mixture, These. experiments were, dong at the 10
and 20% protein levels in the diet. The. partial
composition of the diets used is described in

able 3

Finally, the limiting amino acids in Mixture, 14
were determined In Z)6oung growing rats with diets
containing 10 and 20% protein. The amino acids
added, as well as the amounts, are shown under
“Results.” The other components of the diets are
also shown in Table 4. _ _

In all these studies, assays were carried out with
Youn% Fgrowmg rats of the Wistar strain of the
NCAP colony. Six to 12 rats were asmgned at
random to each experimental diet. The rafs were
placed in individual all-wire cages, with raised
screen hottoms. Both feed and Water were pro-
vided ad libitum, and the experimental period lasted
28 days. Weight of the rats and consumption of

Table. 2. Effect of complementing and su
protein in - rafs.

Percentage protein

ercenta ] Protein distribution
distribution ‘in diet in diet

Corn SBF Corn SBF
100 0 .82 0
80 2 641 160
60 40 4.0 313
40 60 320 4.79
) 80 163 6.54
0 100 0.00 8.07
100 0 6.9 0.00
76.0 240 6.32 200
58 402 5.9% 4.00
484 516 563 6.00
396 604 524 8.00
32 66.8 4.9 1000
519 21 5.64 4.10
158 84.2 2.14 1139
51 849 2.26 12710

food was recorded every 7 days. Protein efficiency
ratios, (PER) were used to” assess the. effect of
the different treatments, Partial description of the
diets used is given in the results section, together
with the performance of the _experlmental animals,

The best protein combination. between corn and
soybean flour served as the hasis for the formula-
tion of Mixture 14, which was then_fed to 4 young
grgwm dogs to determine its nitrogen balance
index .

The animals were fed decreasing levels of pro-
tein from a diet made of; 87% Formula 14; 10%
hydrogenated vegetable fat, 2% mineral mixture
(Hegsted et al., 1941), 1% cod liver oil, and 3 ml
of a_complete vitamin-solution (Manna and Hauge,
1953) per 100%. The intake of calories was main-
tained at 135 Kcal/kg/day throughout the study.
When needed, the intake of calories was adjusted
with an N-free diet made of: 20% cornstarch, 40%
dextrose, 24% su%ar, 3% cellulose, 10% hydro-
genated vegetable Tat, 2% mineral mixture (Heg-

pplementing com protein with soybean flour

W eight distribution
In diet

o
=
=

ns

eight

=

W
9

i

”( Corn SBF aim*” PER
182 90.0 0 3 160
801 120 32 h8 2.29
.83 5.0 6.3 14 2.12
79 36.0 95 88 291
8.17 180 127 I 261
8.07 0.0 160 1 2.56
6.99 100 00 22 13
8.32 700 40 62 2.30
9.96 700 80 101 261
1163 100 120 129 259
1324 100 160 158 2.69
14% 170.0 200 1 255
9.74 102 8.2 100 263
1353 324 229 14 240
14% 36.0 54 139 22
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T?ble 3 Com%e%eglt tion between the proteins of Formula 14 and skim milk at two

levels of protein let.

Percenta?e protein Proteinmd[ijsigrtibution

Weight distribution
in diet*

distributronin dilet . . Protein Wei,%ht

ForinAuIa 'rsnkillrl? Forﬂula Smkilm Forﬂula ?nkillrl? ”(%ljt g(?) PER

100 0 965 0.00 3640 00 965 123 279

80 20 8.00 200 2912 6.06 10.00 1% 2.88

60 40 6.12 4,08 2184 VAV 1020 i/ 2.84

|| 60 420 6.30 1456 18.18 1050 137 2%

| 80 2.23 892 728 24.24 1116 131 282

0 100 0.00 1200 0.00 3030 1200 129 2.13

100 0 1910 000 72.80 000 1910 143 1

80 2 159 3% 58.24 VAV 199 151 176

60 40 1200 8.00 4368 24.24 20.00 154 183

40 60 812 1218 29.12 36.36 2030 157 181

0 80 400 16.00 1456 4848 2000 146 184

0 100 0.00 20.80 0.00 60.60 2080 13 167
*The diets were .up;J mented. with.. 4.0% mineral mjxture. (H )sﬁ ot aﬁ 941), 5%
el e ol b, S R H AR B o

sted ct al.. 1941), 1% cod liver oil, and 4 ml of a
complete vitamin  solution T(Manna and Hauge,
1953) per 100 g of diet. The Formula 14 diet
contained 3.62% nitrogen and 435 calqries per 100 g.
The N-free diet contained 435 calories per 100 {.
_Each level of protein was, fed for 8 days, pro-
viding two 4-day balance periods. Feces and urine
were “pooled evéry 4 clays and homogenized before
obtaining a subsample for nitrogen analysis. From

the nitrogen intake and fecal and urinary nitrogen
exlcrelugn nitrogen absorption and balance, were
calculated.

RESULTS

Complementation between corn and soybean

proteins.  Table 1 shows the results of the first

Table 4. Limiting amino acids in mixture 14 at two levels of protein in the diet.”

Amino acid supplement

20% L-lysine HC1

20% |—threonine .

20% DL-methioniné _
%0% L-lysine HC1 + 0.20% L-threonine .
2

2

one

0% L-IKsme HC1 + 0.20% DL-methionine
0% L-threonine + 0.20%, DL-methionine
0% 1.-Ieésme HCI + 0.20% L-threonine

+ 0.20% DL-methioning

N

++++ + 4+ 4=

0
0
0
0
0
0
0

one
0.20% L-I%sme HC1
0200 L-threonine .
0.20%c DL-methionine _
0.20% L-lysine HCL + 0.20% L-threonine .
0.20% L-Iysine HC1 + 0.20% DL-methionine
0.20% L-threonine + 0.209% DL-methionine
928%)0(!74 sine HC1 +0.20% L-threonine
LUN

+ 4+ + ++ +=

L-methionine

r
% 0 1%0%Iemen?ed with "4 m

of a comp
er

i H . . 0 . .
i) Tt 00 e
N gte vitamin solutio

StUdF designed to determine the best profein com-
bination bétween com and soybean protein. From

Protei{] Wﬁiqht

oW e
10.10 110 256
10.30 93 235
1080 102 231
1010 139 293
1010 n 2,69
1040 126 2.7
10.00 142 305
10.10 164 339
1804 1% 201
183 1% 199
1780 169 211
1800 mn 2.0
1.3 162 211
1700 168 2.5
1756 118 230
1805 164 219

gmgrjtnfg)o é"er;d aﬁ'au%gg')eél é) ’1V?!§0§/§
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both weight gained and PER values, it is evident
that the proteins complement each other when com
provides 20-40% of ‘the protein of the diet and
sorbe_an flour 60-80%. Front these results, and by
selecting the h%l_er level of soybean flour and the
lower of corn, Mixture 14 was formulated to con-
sist of a mixture of 58 ¢ of corn and 38 ¢ of
soybean flour per 100 g of mixture.

able 2 shows the Supplementary effect of soy-
bean flour to com. Complementation of soybedn
and corn proteins occurred as before when 60% of
the dietary protein was derived from soybean and
40% from corn. It can be seen from ‘the PER
values that supplementation was optimum when
8.0% soybean flour was added to 70% corn. Larger
amounts™ of soKbean_ flour did not increase PEP
although weight gain increased up to a level of
16% soybean Tlour in the diet. _ _

Fig. 1A shows the relation between nitrogen in-
take“and nitrogen retained, while Fig. 1B shows
the relation between nitrogen absorbed and nitrogen
retained in four days as carried out in dogs. From
the slope of the lings, the nitrogen balafice index
was found to be 0.62 for the mixture of 56 g of
corn and 38 ?_of soybean flour. Nitrogen €qui-
librium is obtained at a nitrogen intake of 230
mg/kg body welght/daX. The Diological value of
Formula 14'was /3. calculated from the NBI, and
73.3% from the direct determination. Apparent

2
> 250
x
& 2004
Q 1504 9:-14561406189 X -
E 100 4
& 504
W -
§ Ot—T—T—TT>F—T T T T T T T T
L1 00 150 250 300 350 400 450 500 580 600 650

3 501 NITROGEN INTAKE

1004 ‘ . mg/Kg /day

B
3007
1 $--i2648+07260x

2501
2004
1504
1004
504

04— et
%0 100 200
504 >
1004 .

150+
INCAP 65-690
LR

Fig. lationship between nitrogen Infake an
il SRR P S SRR PR
. 8 No. 36; x dog No. 37; 0 dog No. 38;

l/é)) = E%ﬁﬁ b A

NITROGEN RETAINED

= T T T
250, 300 350 400 450 500 550

NITROGEN ABSORBED
mg/Kg/day
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and true %rotem digestibilities were respectively
186 and 80.2%. o

Dogs fed decreasing levels of a casein diet 82ve
a regression equation equal to F = —90.28 + 0.64 X
when mtrogen intake was_plotted against nitrogen

balance, andl of 3'= —8243'+ 0.69 X "when nitrogen
absorbed was plotted

a)gzainst nitrogen , halance (SF
= nitrogen retention; X = nitrogen intake). On

this basis, the protein value of Formula 14 was
found to be very close to the nutritive value of
casein.

Table 3 shows results based on the best protein
combination between Formula 14 and skim milk at
two levels of protein in the diet. It aB gars, from
hoth weight %ame_d in 28 days and PER values
that all combinations hetween Formula 14 and
skim milk_have a high nutritional value, although
slightly higher valués for bath parameters were
found ‘whei Formula 14 provided 40% of the di-
etary Protem and skim milk 60%. _ _

Table 4 presents the results on the amino acid
supplementation of Formula 14 at two_levels of
dietary. protein. The addition of methionine caused
2 s&gnlﬁcant increase in both weight gained and
PER at the lower level of protein in the diet,
while the addition of lysing and of threonine alone
caused a slight decreasé in PER and weight gained.
The addition of the three amino acidS together
bro_u%ht about a hlghlg significant response 11 hoth
weight gained and”PER over the unsupplemented
diet”and the diet supPIe_mented with methionine,
Amino acid supplementation at the higher level of
dietary ﬁrotel_n brou%ht about only a small increase
In weight gained and PER.

DISCUSSION

The findings of the present investigation
show_ that soybean flour protein and” corn
proteins complement each other, yleldmﬁ a
mixture having a nutritive value higher than
that of either com?o_nent fed alone. The
type of response obtained when the protein
of one comﬁ nent is replaced_bg the profein
of the second component In is tg)ro_telc dlets
IS different from the rgseonse 0 Aalned from
mixtures of cottonseed Tlour and corn pro-
teins (Bressani, 1965). In this case, replace-
men[ of cottopseed protein by corn pratein
results in a sharp decrease In the nutritive
value of the mixture where corn protein_con-
H]lbudt_e? more than 60% of the protein in

e_diet

Soybean protein supplements corn Ero-
tein, ‘as has been shown bg several workers
(Gilbert and Gillman, 1959), but the sup-
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plementarv effect is not as dreat as the com-
plementary value between the two proteins,
as indicated by the PER values. There Is,
therefore, a basic, difference between the two
methods of combining soybean and corn pro-
tseongearltn Orrc])%ecn?l Ses tsat i Snu tlﬁren e”tr%“t’r?
In 15 supplyi Imit]

anttno augs In corn proPe)ldl t?owever attg
same. time other amino  acjds are ftd ed i
the form of proteln, which may_ [imit the
effect of the beneflmal am|no amds WhICh
In this case are. aysme and twto han,
sityation 1S 5|m|I 1q that ta Iace when
a fixed Ieve of caseln |s sup emente With
Increasing levels of ge latin arper 1959)
aIthou?h the effect iS not as marked. In the
case of complementation, the amlno acid pa \R/ h
tern of one protein component adapts

the aming acid, pattern of the other com on-
ent, resulting in a more efficient mlxture of
aming acidsin the form of protein,

A further difference hetween the two nt/ es
of protein enrichment is that, with co
mentation, MIXtures ranging jn protein con
tent of equal nutritive valug from 8 to 30%
can be formed, whereas with. supplementa-
tion the Proteln content 15 limited by the
ﬁmount of the supplement added, to give the

|

%rom the results on complementation,
Mixture 14 was developed. It copsists of a
mixture of 56%, corn and 38% soybean rour
Since these mixtures are bein developed
for the ?]UP ementar%/ feeding of infants and
ounpc ren whose diets are also deficient
in vitamins and minerals, 3% torula yeast is
added, as with_previous mlxtures H{Scnm
shaw et al, 1962) and A) calcium . phos-
phate as source of Ca and P. Since vitamin

A has also been found defldent |n rural d|ets
(FIores et al, 1964), 4,500 1.U. per 100 g
are also added.

The NBI of this mixture is_syperior to
that of the Vegetable Mixture 9 (Bressani,
Fg?t6 err?tnodrevet t?ngllarrottontt&atesc%fbciasem

u ItS tru I digestibili
shghth{ higher, w |chrh %et egreasonth
Its” nu r|t|ve va ue |s hlgher than  that of
Vegeta e Mixture 9

ven thoug h the PER of the mixture pe-
tween corn an so%/ ean is suPenor to that
of either component fed alone, the mixture Is

SOYBEAN PROTEINS IN HUMAN FEEDING

deficient in methionine at low levels of pro-
tein n the diet. However, the cost of this
amino acid is fow, and If 1ts addition Is con-
sidered practical, it will. have only a slight
effect on' the cost of the final product. Lysjne
and threonine mcreased the nutr|t|ve Value
of Mixture 14 only after supsp lementation
with methjonine to about the ame degree.
The adtdlthondoff thrtee ettrr]nlno atu S ¥v ich
appear to be deficient in the mixture of s

bpgn flour and corn, produced a blend o?y

reIatlveh{ hlgh rotein’ quality

Fromh lementation expenments be-
tween milk ana Mixture 14 protein mix-
tures contammt{t some. animal Proteln ma

be developed. IT was of Interest to learn, that

only a small improvement in nutntlona

valle was obtained when skim milk replaced
the protein of Formula 14 in |soProte|c diets.
This may be due fo the fact that, at low
levels, of groteln in the diet, methioning
would be also the first- I|m|t|n(% aming_ acid
in skim milk, although it contains sllghtgf
more of it than In Formula 14. The use of
milk has_several advantages, and allows the
larger distribution of more milk to_more
people suffering from protein malnutrition.
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Further Study on the Immunogenicity of

SUMMARY

Beans and pulp from cocoa were subjected

to laboratory fermentation reproducing farm-
Brocessing conditions. A parallel was noted
etween the %radual decrease of the sugars
content and the progressive disappearance of
immunological activity when unfermented, in-
completely-fermented, and fully-fermented bean
extracts were compared. The saccharidic nature
of the anti%ens was evidenced through staining
with Schii’s reagent on gel electrophoreto-
gram, paper chromatography, and acid hy-
drolysates.

One of the two antigens, Fraction A, is pres-
ent in unfermented bean extracts; both antigens
yield glucose only when they are subjected to
an acid hydrolysis.

Dialysis showed that the only antigen (Frac-
tion E) found in incompletely fermented bean
extracts is a molecule smaller than that of the
Fraction B found in unfermented extracts.
Beans adequate for the chocolate industry did
not show an immunogenic component. A rapid
and simple ring test is proposed for determin-
ing the degree of fermentation (quality of the
farm product) of cocoa beans.

INTRODUCTION

Levanon and Martelli $1964) noted that
extracts of unfermented cocoa” beans were
|mmuno?en|c, while beans adequately fer-
mented Tor the chocolate Inglustry were not.
Upon this basis Lgv non (196 ro}Pos(fd
a serological method for detérminiing the_de-
ree of fermentation of coc?a heans. This
ethod r.eﬂresents .a_t?st or cocoa hean
classification which is influenced_ by Personal
hias less than In previous classificatlon, and
the basic test offers an accurate and repro-
dFubIe grocedur for contro_lllng the quali
of the farm product. In this respect, ear
classification of cocoa beans for industrial use
was hased upon the physical aspect of the
whole beans or upon” internal color deter-
mined after, sectioning. The present paﬁer
recqrds a ffurt er study of the immuno-
genicity of farm-processed cocoa beans.

Farm-Processed Cocoa

MATERIALS AND METHODS

Beans were collected from the “Forastero,”
“Catongo,” and “Criollo" varieties of Thcobroma
cacuti plants grown at the Cocoa Experimental
Station, Urucuca, State of Bahia, Brazil., Beans of
each variety were collected separately, rinsed with
tap water o eliminate the pulp, then dried at 37°C,
and finally stored at room temperature. In addi-
tion, commercial samples of cocoa beans were col-
lected from export dealers in the cities of Itabuna
and Ilheus (State of Bahia). In this respect, com-
mercial samples are mixtures of beans from plants
of several varieties. The estimation of bean quality
was done according to De Witt (1953). Fruit pulp
(cocoa honey2 was_collected separately from fruits
of each variety in Erlenmeyer tlasks and frozen at
—45°C. Thaved pulp showed a pH of approxi-
mately 38. _

A “strain of Saccharomyces sp. isolated from
fermentation boxes in the = Cocoa Experimental
Station at Urucuca. and maintained in Sabouraud
medium was used in the laboratory fermentation,
Portions .of 200' ml of cocoa pulp ‘were sterilized
by filtration through a Seitz filter, placed in  1000-
ml Erlenmeyer flaSks, and incubated 72 hr at 37°C
to_disclose an eventual turbidity due to undesirable
microbial growth. Two hundred unfermented cocoa
beans,. previously washed with a solution of 1%
merthiolate and” then with _sterile distilled water,
were added to each flask. These flasks were incu-
bated with 1 ml of yeast-cell suspension whose
turbidity was equivalent to tube no, 3 of the
McFarfand scale, and the flasks were incubated at
room temperature. Durmgn fermentation, samples
were withdrawn every 24™hr and the anfigen was
Prepa_red and tested” by an immunoprécipitation
echnigue (see below). "When advisable, bean ex-
fracts were concentrated by freeze-dr mgi_ after
being dissolved in the required volume of saline.

Laboratory preparations from fully fermented
hatches of cocoa beans were marked F: those from
incompletely (partially) fermented batches, PF :
Preparatlons fiom unfermented batches, AF @ and
hose from over-fermented batches, OF. " Besides
the percentage of well fermented (“good-quality”)
beans contained in the batch was represented hy a
superscript number, while the duration of fermenta-
tion in_hours was reBreser]ted_ by a subscript num-
ber. For instance, PF°. indicates that this prep-

[632]
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aration was made from a hatch of beans fermented
for 72 hr (partial fermentation, mcomF_Iete fer-
Bnentatmn) and contained 70% good-quality cocoa
eans.

Total polysaccharides were determined by the
anthrone method (Trevelyan and Harrison, 1952),
ang polgghenols by the permanganate method (Fof-
s%th, | 6?. Fat substances were determined in
1-gh_samp es by Soxhlet extractions and direct
weighing.

Ascending chromatography was. run on a strip
of 36 x 1l-cm Whatman no. 1 f||te_r-pa8er usin
henol-water (8+2) solvent to which 0.01% o

erck Triplex (sodium ethylenediaminetetraace-
tate%_ was added to avoid oxidation, Of the antigen
solution tested, 0.0 ml was placed at the chroma-
tography origin and processed for 24 hr. After
drying at 90°C, the chromatogram was geveloped
with “the anthrone reagent (Sunderwirth ct ‘al.
1964) or the amI|n-dlprhenylamlnophosphate reagent
%E. Merck A.G.). The “places correspondm%_to
the previously developed spots on 25 paper snBs
were cut and eluted with 10 ml of distilled water J
mechanical shakm% overnight, then freeze-dried,
and finally dissolved in 0.5 ml of saline solution. -
A 30-cm-high 2.7-cm-diameter chromatographic
glass column was filled with DEAE-cellulose (di-
ethylaminoethylcellulose). This material was re-
peatedly washed with a 0.02M EhosRhate buffer
until the washing had a pH of 74. Then, 5 ml of
cocoa-pulp pr@lpa_ratlon were poured on the top of
the column.” This was adapted to a fraction col-
lector, and samPIes of 6 ml were_collected by adding
0.02M phosphate buffer of pH 74_ Each tube was
tested with the anthrone reagent. The tubes show-
ing a_positive reaction wefe pooled and labeled

raction C.” The column was then eluted with
0.02M citrate buffer (pH 3.8), and the fractions
which gave a positive anthrone test were pooled
and labeled “Fraction D." Fractions, C and D
were dialyzed separately against distilled water,
freeze-dried, and dissolved in 5 ml of saline. The
fractions isolated from PF samples were labeled E.
Samples of 10 ml of the purified fractions con-
faining 500 mg; of polysaccharide were hydrolyzed
by a mg 447 HCL, to make a final two-molar
concentration. The tubes were incubated for 6 hr
in a hoiling-water bath. After cooling, the pH of
the solution was adjusted to 7.0 with 40% NaOH.
Phenylosazones were Brepared by adding 0.5 ml of
Fhenylhydrazme and 05 ml of qlaual acetic acid
0 2'ml"of the solution tested, followed by incuba-
tion in a boiling-water bath for 30 min. The crys-
tals were tested for their specific melting point
and form. o _

Anﬂ/gens for injection of animals were &rep_ared
from & 144, PF 11 and NF by adding 90 nil of
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0.15M solution of sodium chloride to 1 ¢ of washed
beans, and the mixture was homogenized in a
Waring blender, It was_then spun in"a centrifuge
for 20 min at 3000 rpm. The supernatant was sepa-
rated and made up to 100 ml (1% solution).
Antigens from fruit pulp were obtained by cen-
trifugation of unfermented pullo for 30 min at 3000
rpm “and separation of the clear, fiberless super-
natant. Eg_ual ?arts of this supernatant and
Freuna’s adjuvant (1947) were emulsified for in-
jection _into” animals. Each raphit was injected
with 05 ml, and each guinea pig with 0.25 ml of
the emulsion in each foot pad at ‘Intervals of seven
days during six weeks. Ten days after the last
Injection, the animals were bled and the serum was
separated and stored in a refrigerator, after addi-
tion of merthiolate at the rate of 1to 10000.
Specific precipitates were determined a_ccordlngi
to Heidelberger and MacPherson (1943), in 0.5-m
portions of antigen %reparatlon by adding anti-Ar
antiserum, followed by incubation”at 37°C for 2 hr
and later at 2°C for "18 hr. The precipitates were
seParated by centrifugation, and a rmg_ test (see
below ) was carried out with_ various Qilutions of
antiserum.  If antigen was still detectable, the ab-
sorption was repeated.  The precipitates were
washed three times with cold saline solution and
dissolved in 0.EV NaOH. The mtroqen content of
the anti en-antlbodY complex was determined by a
micro-Kjeldahl method (Elec and Sobotka, 1926).
AbsorPtlon of Immune Serum was done b¥ addmg
PF?i extracts to Immune Sann-AFF) sera Tollowe
%mcubaﬂo_n for 30 min at 37°C and 18 hr at 2°C.
e precipitate was Separated by centrifugation,
and a ring test was carried out with various dily-
tions of éxtract as antigen. If antibody was still
detectable, the, absorption was repeated.
Immunopremgnanon was . done according to
ouchterlonPf ‘1 49), and the immunoelectrophoresis
and gel electrophoresis accordln% to Grabar and
Williams (1955) using veronal Duffer of pH 86
ft = 005 Bands weré stained with the Schiff re-
agent (Uriel and Grabar, 1956).

RESULTS

_Chemical analysis of beans. Table 1 shows
nitrogen, fats, glycide, and polyphenols in beans of
the Forastero Variety. Data were essentlallﬁ simi-
ar for the other vafieties. It can he seen that the
fermentation process does not modify the mtro?en
content appreciably until it reaches the  overfer-
mentation stage, when there is a significant
decrease in nitrogen. On the other hand, fer-
mentation determines a progressive decline of the
content of glycide and polyphenols (Table 1).
Chromatographic analysis of bean extract and
fruit pulp. ~ The paper " chromatography of NF
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Table 1 Chemical composition (g per 100 ) of cocoa beans extracts.
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Sample Nitrogen Fats
OFIR 12 477
E s 120 490
PEn 120 0.7
NF 120 L7

bean extracts and unfermented cocoa, fruit pulp
revealed two spots after treatment with the an-
throne reagent. ong, with Rr — 037, was denom-
Inated “Fraction B,” and the other, with R/ = 0.0,
was denominated “Fraction A.” After staining
with Merck’s aniling-diphenylamine-phosphate re-
agent, Fraction A exhibited blug spots and Fraction
B showed brown spots. According to the monogra-
phy (E. Merck A.G.), this would indicate the
présence of 1-4 _Ilnka?es In polysaccharide A and
of 16 linkages in polysaccharide B, though these
results must be verified by other physicochemical
methods. After_hydrolysis,” both purified Fractions
A and B exhibited only one spot, with R/ = 041,
corresponding to d-fqlucose. The eluates of the
chromatographic spofS at the level of Fractions A
and B shiowed a neat positive “rlng test.” When
these eluates were tested _apamst the antisera_on
ouchterlony plates, they yielded the corresponding-
precipitation lings. . Similar tests of the hydrolysatés
did not yield precipitations. _
Separations of antigens from fruit puI[)_. Be-
cause, fruit pulp_contains a larger proportion of
Fraction A and B than beans, thése antigenic frac-
tions were separated in purified form by using the
raw pulp as starting material. ~Preparations of
fruit pulp yielded two antigenic fractions in chro-
matographic columns of DEAE-cellulose, The first
fraction was eluted with phosphate buffer pH 74
and showed, in paper chromatography, an Rr =
050, equal to_ that of Fraction” A. ~The second
fraction was eluted with citrate_buffer pH 36, and
lelded a spot with Rr — .37, corresponding to
raction B. Fractional precipitation with ethanol
allowed separations of these fractions. With 1.5%
ethanol, a fraction with Rf = 050 precipitated
while with 15% ethanol a fraction of Rf — 037
precipitated. This fractionation procedure did not
yield results as neat as those of chromatographic
Separations. _ _
hen osazones were obtained from Fractions C
and D, two different crystalline forms were ob-
served. Fraction C osazone showed small square
crystals whose melting point was 183.0°C, while
Fraction D showed round crystals with_wrinkled
borders whose melting point’ was 198.5°C. The
hydrolysates of Fractions C and D yielded needle-
shaped’ 0sazones _correspondlng to_gliicosazone, and
they had a melting point of 204.5°C, Fractions C
and D from NF b&an extracts or fruit pulp did not

Glyceride Polyphenols Others
6.3 20 368
108 24 258
163 12 148
19.7 98 68

diaIYze against saline solution or distilled water,
while Fraction E separated from PI-ft extracts dia-
lyzed and showed an Rr — 0.63 in chromatograms.
“The antibody-nitrogen content of specific pre-
cipitates.. The' antibody-nitrogen content of spe-
cific precipitates of unférmented bean extracts de-
creased In approximately linear relationship as
fermentation time increased Aszlg' 43. Precipitates
of extracts fermented for 144 hi' did not show de-
tectable antlbody-nl_tro?en. _

Immunochemical analysis of. bean ex-
tracts and fruit pulp. Ranpits injected with
NF extracts yle_ld_ed_antl,sera (anti-AlF)
fhowmg two precipitation ljnes on Ouchter-
ony Pl tes when tested against NF extracts,
ong_ line_against PF exfracts, and no line
against F or OF extracts. The PF Ppextract
Welded one éPre_clgltatlon line gFractlon E)
vhen tested galn tanti-Ark antiserum. This
line corresponds fo one of the components
(Fraction B of the NF extract or_ of
cocoa fruit pulp (Fig. 3). The Fraction
E in F/'™ bean extract does not differ im-
munologically from the Fraction B present
o e it o
R?. and in bghaw_or durmgg(ﬁaﬁ @ Deter-

S

mination  of anti-ATF antlbogly nitrogen
yielded 0.8-1.0 mg of nltro?en per ml” of
antiserym, when a‘mixture of purified poly-
saccharides 1solated from cocoa  fruit pulp
Was used as antigen. Immunization of rab-
bits with a cogoa pulp preparation yielded an
anti-Hi (anti-frui uI,{/ ntiserum behavm%
similarly to the anti-VF antiserym. Th

anti-M antlserrm showed 0.8 mlg of antibod

m_trogen per ml. Finally, F and PF"X extracts
dit. %ﬁ provoke response in precipitating
antibody.

lmmunoelectroghoresw yleld?d results
éFIT%. 2) In agreement with those of Immuno-
Ifftsion on ~Ouchterlon _Elates_ (Fig. 3
In_the Presence of anti-AfiF antiserum, the
F extract showed_one line, and the F ex-
tract exhibited no line. The two precipita-
tion arcs observed in immunoelectrophoresis
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corresponded to two hands stainable by the
Schiff reagent in_parallel tests on ag r-giel
eI?_ctropho e5|i. ?n? of the bands was To-
calized at the level of the origin, and another
hand was oriented toward the"anode (Fig. 1).

Iectrbp

Ei ' slu sEtan gs 0\r/% ; dl &/Oﬁ aé rﬁlﬁnsolplcgy
it

Ring' test for determining degree of fer-
mentatign. RiNg tests (immunoprécipitation
In a capillary tube ) were done by carefully
ayering an antlg n. solut_l?n over Anti-
fractio” A antisertm in capillary tubes, The
aep#)earance of a definite turbidity in the in-
terphase was taken sagosmve resfult. A
negative ring test indicated absence of Frac-
tion A, ag, ths“resuét wals_tlgterpretebd as
corresponding to “goqd-quality” cocoa beans
In thepclassﬁ?catlong o? D% W|¥t ?19'53n)1' %e-
cause, of the fln,dln?s made in the immuno-
chTmlcal analysis of bean extr%cts and fryit
pulp,  Anti-AF antiserum absorbed with
Eu Ified Fraction B yielded essentially the
ame results, but the' procedure was ‘more
complicated. . Anti-fraction A may be ob-
tajned b mtjnectlng purified Fraction A, In
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would not be necessary. Anti-AF antiserym
might also be absorbéd with extracts of in-

completel(}/ fermented %F FJ beans that pre-
VIOUE'P/ emonstrated only one ling” on
QOuchterlony plates.

DISCUSSION

The amount of sugars and polyphenolic com-
pounds decreased as “the degree 0 fermentation
Increased. The parallelism Detween the gradual
decrease of the glycides and the progressive dis-
anearance of thie” immunological "activity is ex-
plainable by the polysaccharide nature” of the
antigens.  This_ was ‘evidenced. through sPecmc
staining with Schiff's reagent in the gel-electro-
ﬁhoretogram, paper chromatography, and in the
ydrolySate. _

The absence of cross-reaction between the two
ant|?ens evidenced In unfermented cocoa bean ex-
tracts or fruit pulp may be attributed to the fact
that one of the antigens, Fraction A, could perhaps
contain 1-4 linkageS while the other antigen, Frac-
tion B, could contain 16 Ilnka?es; ese two
polymers are formed only by glucose  units as
shown by acid hydrolysis, 0sazone formation, chro-
matographic and electrophoretic analyses.

_ DlaIIEyS|s evidenced that the only antigen (Frac-
tion E) found in mcomFIeter fermented "cocoa
bean extract is @ molecule smaller than that of
Fraction B found in unfermented extracts. This
would explain the failure of Fraction E, present
in incompletely fermented extracts, to provoke
?rempltau_ng antibody response in rabbits. = Since
ermentation of cocoa_beans and. cocoa fruit pulp
results from enzymatic action, it might be pre-
sumed that at first there is a depolynierization of
a macromolecule, and, at the beginning of this
de_poIYmenzatlon, the resulting. product Could not

which case the absorption of the antiserum stimulate production of precipitating - antibodies
An-A
/—\
NF
~_ P4
An- NF

o TR L
f oretic migratio

BV 3
antl-unfermented  extract. ¥ectrop

0c0a, heans, NE:
DR O

R s
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Fig.. 3. C mparémve qoukfle-fmffua?n test of
c?co fruit gu gan dpom etee)ﬁ rmented, incom-
etely fermented, and yntermented-cocoa,bean ex-
acts: M :cocoa, Tyt pulp: NE " unfermente
€ocoa Bean extract: PFE: ﬁ?mp#etelg ermente
Bocoa an exiract”_Fa . FUlly "termented cogo
eanegract; n-NF: antiserum anti-untermente
€0C0a heans.

although it would provoke a tprecipitation reaction,
Later, when_fermentation is fully accomplished, no
immunoprécipitation could be observed. It seems

144
120}
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FERMENTATION TIME
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48

24 +
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clear that fermentation of cocoa heans destroys the
antigenic molecules and also modifies various' com-
%onents of the cocoa bean and cocoa fruit pulp,
hese components are necessary for the growth of
microorganisms responsible for the Fro uction of
the enzymes er|dIn?_ the chocolate flavor and the
acetic acid permealing the tegument

and Rossetini, 1965). = _

It is known that excessive fermentation (“over-
fermentation”) of cocoa beans yields NFL. This
probably happens because the ‘main factors for
microbial growth are carbohydrates (fermenta-
tion), and when these, substances are exhausted the
ado?t!ve enzymes begin to metabolize the nitrogen-
containing  Compounds _ (putrification). This “hy-
pothesis 15 supported, in" the present” study, bly a
decrease of nitrogen content In the “overferinented”
bean extracts. Besides, the antigen of bean extracts
decreased as the fermentation™ progressed. First
Fraction A was inactivated from the standpoint of
Immunoprécipitation, and, later, Fraction B was
Inactivated, 1t may be noted that well fermented
extracts of commercial hatches of cocoa heans do
nof contain Fraction A, thus differing from in-
tsu|1|°f|0|fgé% fermented samples (Levanon and Mar-
Elll, - . ,

It seems that the disappearance of the antigen
here called Fraction A ‘indicates the end of The

(Levanon

200

400

600 800 1000 1200

ANTIBOOY NITROGEN (jug p*r

Fig. 4 Quantitative determination of antigen-antibody complex in relation 1o fermentation time.
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biofermentation stage described b%/ Levanon and
Rossetini n96S), As this momenf, the beans are
ready to be withdrawn from the fermentation
boxes or piles, and the “curing” begins, It thus
appears that the presence or ansencé of Fraction
A ‘may be used 10 determine the degree of fer-
mentafion of cocoa beans. Levanon and Martelli
(1964) tested. commercial batches of “good-quality”
beans and evidenced onIPl/ one precipitation line on
Quchterlony plates. The corresponding antigen
ﬂLevanon and Martelli’s Fraction B)" did ‘not
stimulate antlbodY production and was “dialyzable.
Even ifconcentrated twenty times, the” well-
fermented extracts of bean batches tested in the
present work_failed to show the antigen corre-
sponding to Fraction A. It is worthl;_/ of mention
that commercial batches used by Levanon and
Martelli (1964) were composed Qenerally of 70-
90% good fermented cocoa beans and ‘that the
samplés used in the present study were fermented in
the laboratory, this yielding sarples of known uni-
form degree, of fermentation. . _

The gel immunoprécipitation technique used by
Levanon and Martelli %1_964?] requires a relative
long time, some 24 hr, while the ring test emploYed
in the present work requires only a few minutes.
The latter test may be useful in“two steps of the
cocoa bean preparation for industrial use. When
the beans are still in the fermentation boxes or
piles, the ring test may determine the end of the
required bioférmentation step. “Cured” cocoa beans
may also_ be tested to determine if the previgus
fermentation was sufficient, since the chemofer-
mentation does not destroy the antigens (Levanon
and Martelli, 1964).
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Direct Olfactory Demonstration of Fractions of Chicken Aroma

SUMMARY

A general method of dividing and subjectively
evaluating the fractions of cooked chicken

aroma was developed. The fractions were sepa-

rated by passing nitrogen gas laden with the
freshly formed aroma through solid absorb-
ents or solutions of metal salts. The unab-
sorbed effluents were then characterized or
identified in terms of the dominant odor by a
trained Fanel Absorbents were selected for
their ability to permit passage of easily identi-

fied aroma fractions and for their general ina-

bility to form, react with, or concentrate on a

volume basis the unabsorbed fractions of inter-
est. The role of hydrogen sulfide was estab-

lished in two ways: 1) when essentially all
aroma constituents except hydrogen sulfide

were removed from the nitrogen stream by an-

hydrous calcium sulfate (or calcium chloride
or calcium carbonate), the residual aroma was
easily recognized as hydrogen sulfide; and 2)
when hydro?en sulfide was removed by any of
a variety of heavy metal salts, a completely

foreign drsagreeahle aroma remained that in-

dicated the blending or masking effect of the
hydrogen sulfide. When hydrogen sulfide and
other components were removed by magnesium
oxide, an ammoniacal odor characteristic of
ammonia or aliphatic amines was exposed.
Many absorbents or combinations of absorbents
were found that trapped all fractions of the
cooked chicken aroma.

INTRODUCTION

In an editorial, Stewart (11963) called at-
tentron to the critical cha Ienoe In_flavor
research—to balan Fe chemical dentrfrcatron
studies with tests of sensory significance. H
remarks are partrcularly Q rtinent to the field
of research on ytry lavor, where more
than 100 cem cal constrtuents of cooked

Boultr VO at es have pe ﬁ en separa]ave o

ut very few if an%/
unedurvocai contribute signifi-
cant

%hown t]o
cooked tcoh gkgn aroma. atl\/I Vhe r%c%%nrz o?g
r INVestl
have concentrated trag dl yand rder?trtred
volatiles from cooking chicken, but none has
clearly demonstrated the Importance of any

volatile at its concentration in the vapors
OVer cooking. or cooked chicken,

Mrnor et al, (1965a), In a detajled study

t(e volatile constrtuents gf cooking
chrc N subrectrve characterized a “meaty
odor that was eliniinated by either mercyric
chIorr e or cyanrde solution traps, and a
“chic enry aroma that was removed D
nitroph y hydrazine traps, and which they
attributed” to “carbonyls, Since the dinitrg-
phenyl hydrazine is used in fairly strong acid
media, it'would also remove amines and"other
bases Rresent

In the_ present study, certain grqss chem-
cal fractions from ardma-laden “nitrogen |n
equilibrium with cookrnd chrcken Wwere ab-
sorbed by solid absorbents or solutions, and
anelists then smeIIed the unabsorh efﬂuent
aseous mixtures. In general, solid absorp-
nts were used that wouId neither chemically
modify the unabsorbed components nor cori-
centrate them o a volume basis. Hence, we
believe that familiar simple odors such as that
of hydrogen sulfide or ammonja that were
easrlg recognized n the unabsoroed fractrons
of the aroma make a contrrbutron to te
unfractionated. whole aroma, although my
?uld not be identified in the orrﬁrn co
plete mixture. This approach to the ana srs
of comlolex aromas Is I some respects furid
mentally different from rrrrevrous and current
ones In“which %as chrotato%raphy, rgfra(rjed
nd mass spegtrophotom and odor
reshoétd te?ts ave been used }trrst 10 iden-
tr and measure chemical constituents, ang
Su sequentl to attem t to determine quanti-

tatrve rel atrons nt) between amount epresent
and. minimum amount detectable rljrndthresorrrrse
r

arbrtrar condrtron of smelling.
Place resent arnéproachu llizes the nose
mmediately after the aroma fractionation to
ﬁharactera goss ractéons In terms of
nown odors Of compoynds previously estab-
Irﬁh%d to beI éesentj in the total volagrles

rogen sulfide and ammonia (amines) In
c! kedgchrcken vol trlestt Secohdl condi-
tions are maintained In the fractionation that

[638 ]
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will minimize the formation of artifacts such
as nught develop under the hﬁh tempera-
tures Of same gas chromatographic analyses.
Fractionationsare carried out af room tem-
perature on relatively inert solids such as
calflum carbonate and calcium sHIfaﬁg. FI-
nally, under the Present approacn, the un-
absorbed aroma fractions of interest come
through the absorbent immediately, without
a timé laq that ml%h_t Indicate absorption and
then elufion at a Hher concentration on a
gas_ volume basis. Hence, on a ga% volume
asis, the concentration at which the unab-
sorbed aroma fraction is smelled is no
greater than the concentration at Whl?h It
xisted in the original complete aroma bleng.
In contrast gas_chrornato?raphy,_throu n
fractional abs rPnon and efution’ is almost
sure to drastica I%/ modify the concentration
of a particular component on a gas volume

hasis.
PROCEDURES

The (_ien_eral procedure is illustrated in Fig. 1
and a Typical arrangement of the. apparatus is
shown i Fq. 2. Diced breast or thigh meat, free
of _?ross fatty fissue, from commercial cut-up
broifer chickens held at —10°F 1-2 months prior
to use, is added to twice its weight of cold tap
water in a 1-L round-bottomed flask. Very pure
water-pumped nitrogen gas, further freafed by
successive Bassa : rou%h activated alumina and
water, bubbles through the mixture of meat and
water for about 5 min. The temperature of the
mixture is then raised to boiling, by a heating
mantle. The mixtyre is heated intermittently for
about 10 min, until the foamlng stops. Héat s
then reduced bY means of a variable transformer to
maintain a gentle simmer_throughout the remainder
of the experiment. The nitrogen gas passes through
the simmering mixture of meat ‘and water, where
It picks up a burden of volatiles that represents a

WATER
CONDENSER

EEDLE VALVE

SMELLING
REGULATOR cup

ABSORBENT
ALUMINA

FLASK,
HEATING MANTLE

Fig, 1 The absorption tran,for the subjectiv
evagatlon d uen( aromg frecions Tiorh cookn

NITROGEN

ch|c[

ef. F?&S cantains Simmering. MIXwre 0
par cﬂlcken musc(ie an(f parts Wgter.
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characteristic cooking chicken-broth aroma, and
then the aroma-laden nitrogen flows through a
short, tap-water-cooled reflix condenser, “then
through a sintered disc to a column of the selected
absorbent, and finally out through a cup from
which the effluent can be smelled”at intervals by
removing a glass cap. During a sensory evaluation
of the ‘effluent the entire apparatus “except the
smelling cup Is_shielded from the panel’s view.
Rate of flow of mtroFen throug{h the system is regu-
lated by a needle valve at the tank and is measured

Y a_ball flow meter inserted between the initial
alumina_column and the water scrubbing tower. .

We chose nitrogen, rather than air, & a carrier
gas, to limit the “aroma to those compounds that
would form under relatively non-oxidative condj-
tions. Preliminary trials, in‘which nitrogen and ajr
were compared, indicated very little ditference in
effluent aroma during the first 1-2 hr of cooking.
The aroma that formed in the presence of nitrogen
had a characteristic chicken broth odor.

The odor panel was 8-10 laboratory workers
unselected for acuity in detection or identification
of odors. Each pariel member was made familiar
with the foIIowmg odors b¥ repeated. exposures 1o
controlled concentrations of known identified ma-
terials, The panel was acquainted with the odor-
less nitrogen stream, and the positive control, that
IS, the ardma carried by the nitrogen stream after
passing through the simmering meat and a short
condenser but through no traps.” Recognition of low
concentratigns of fydrogen sulfide and ammonia
was established by” introducing, from  condensed
sources in liquid nitrogen (Flgs. 3), known partial

ressures of these gaseS into aS-L bulb and making
he total pressure UP' to atmospheric with highly
pure nitrogen. The final gaseous mixture was dis-
ﬁlaced from the S-L bulb to a smelling cup by

|([1th pure nitrogen. Based on the nitragen flow
rate “(about 100 ml/min) and the total elapsed
time during which the nitrogen was flowing and
the pane| was smelling the displaced gas (5-8 min),
the maximum dilution of the displaced mixture by
the propelling gas would amount to less than a
20%’ decrease 1 concentration of h dro?en sulfic
éor ammonia) on a volume hasis. Panel members
etected and identified concentrations ranging from
01 to 03 . pressure of hYdrogen sulfide, and 100
to 200 ji of ammonia,  Although no attempt was
made to establish individual thiesholds, thresholds
ﬁ\1/|dentlyI varied widely between members within

e panel. _

Uﬁknown vapor samples were submitted to the
Fanel of 9 members In random order and with at
east 4 replications per treatment. _

Chemicals used were reaFent grade. The calcium
sulfate was an anhydrous type Used as a desiccant,
and was 8-mesh.



RESULTS AND DISCUSSION
Fractionation of a hydrogen -sulfide-like

aroma and an ammoniacal aroma. Panel
results which established the c% ntribution of
these two fractions to cooked chicken arg
are in. Table 1 Panel mem ers had no diffi

y I recognjzing,the typical hydrogen su
?rde odor 1gthe giiluen pfrom yﬂ gcalcrum
sulfate column.  When the] caIcer sulfate
?o umn was onnected to r]e condenser exit
rom, wh |c the nrtro enc Ick en aroma was
flowrng the time lag e rogen sulfide

could Pe detected In'the ef?luent stream from
the calcrum sulfate %about 2-3 mrn& corre-

o e At T sl . an

connectrn Irnes Thus there Was no oppor-
tunrtg for the
trated on a v nasjs before smellrng
The calcium sulfate column had a great

(%drogen sulfrde to be congen-
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Fi Photograph, of
i i
freme 9eﬁ |oen c0
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cagacrty for the fraction that it absorbed, so
1( t the Fffluent hﬁ/dro%en -sulfide-like ﬁroma
ractron lowed continu usyfor many hours
[] OIrreat pro cedahr? ﬁr concentratron
o%en su F]etap gtmea in cor-
res nece with results of Mecchi et al.
Recognition of an ammoniacal
aroma |n the effluent gas from the m %nesrum
oxide column was ‘somewhat difficult for
those members of the panel who had hrlgher
threshold values for pure ammonia. Here
gam the dark meat groduced higher con-
ntrﬁtrons of ammoniacal comgonents than
did the light meat. The panels recognition
of an ammoniacal_aroma could involvé many
alrghatrc amines in addition to ammonia,
everal compounds absorbed aroma frac-
tro‘as in the same wa as an Hrou cacrum
sulfate: anhydrous calcium chloride, a
drous calcrum carbonate, and, to a Irmrtd
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a(ble 1 ldentrfrcat[on of aroma fractions from
chicken cooking in water

Sample Judgmgnts Identification
Unfractionated control
Dark meat 3 28 s control
Lrght meat S 43 as control
Fraction through calcium sulfate
Dark meat 2 24 aslf_h drogen
sulfige
Light meat 4 4 aslf_h drogen
: . ., Sulfide
Fraction through magnesium oxide
Dark meat 51 38 as ammonia
Light meat 3 22 a5 ammonia

SRl a0 Ths 13 togasts it e
rochloric aCi IS list. su
?ractron wﬁrch bIends with gﬁd masks the
V% ﬁgen sulfide I thf total aroma, and
Icn” IS absorbed by all of these reagents
redomrnan ly basic, However it 15 well
nt at calcium can_complex many com-
Roun s other than hasic amines, rncludrng
ydroxyl and carbonyl compounds, A Iarg
numbe of carbonyl”compounds, have been
found rn voI tilés from cooking chicken

¢ EDFD fect of heavy metal ions. To provide
ﬁ porting evrdence for the conributjon of

drogen“sulfide, a series of informal odor
tests were made on the effluents obtained by
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E)assin the total aroma-laden nitrogen
hrou aﬁueous solutr?ns of hea mef[al
10ns ave_small solubility products for

their sulfrdes The salfs include manqanous
chloride, ferrous chloride, nrckelous chioride
cobaltous chloride, zinc ' chloride, cadmium
chloride, lead chloride, wa“C sulfatg mer-
cUrous nitrate, cuprous oride, and" silver
nitrate, all listed in decreasing order of sul-
fide s IFbr ity products Concentrations
ranged from "1 1CH Molal. In general
the effluent fractr n comm throuoh the ?olu
tion of metal salt had a characteristic unpleas-
ant aroma not rdentrfred with any compound
or t}/lpe of comPoun and theréfore herein
ree to as aroma fraction X. The metal
salts of low_ sulfide solubility. proguct pro-
duced an easily dete table modification of the
aroma_at co srdera ly lower concentratron
than did the salts of metals wrth hg solu-
bility product r_l(lﬁto Rrous
com ared to 1(H to 102 M for man anous)
a/of the | rons canlf oth removeh drogen
su fide and also complex_ammonia, amr £s,
and other compounds. Only one, cuRrous
chloride i complete equilibration’ with the
entermq aroma_constituents, could remove
essentially all of the aroma component%
Effects of combinations of absqrbents.
The two groups of absorbents _discussed
above had “somewnhat opposite effects: the
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calcium salts and acids removed enough of
cerfain aroma_components sq.that hyd g
sulfide could he eaer Identified: the metal
salts, remov enou hX rogen sulfide (and
possih )( other components) to expose a
completely forer%n aroma, fraction X. Mag-
nesiim. oxide does not fit nto either tiat
go dy it ap(oears to absorn nydrogen sulfi
some of X, to expose a clearly ammo-
niacal aroma fraction. It was of interest at
this stage to determine what absorbents or
combinations of absorbents In series would
be anle to absorb all of the aroma compo-
nents from the com lete _cooked chr%ken
aroma. These are listed in Table 2, in three
grou%s First are the srngle solid absorbents
whrc have got the basic quality to hold
back the acr ic, hy ro en sulfrde fraction,
and a comP exrng ua y necessary 0] trap
the amine-type fraction, Tesecon ?roubp
represents the compinations. of two_solid
sorbents, one metallic or fairly baic to trap
the hydrogen sulfide fraction,”andthe other
to complex the aimrne fraction. The thir
group IS essentially the same as the second,
xcept that the fieavy-metal salts were in

Table 2. Absorbent systems that remove all aroma.

Alumina (activated, powder)
Calcium hydroxide Fpowder)
Barium oxide (powder)

Zinc oxide (powder) + calcium sulfate (anhy-
drous, granular)

Calcium Sulfate (anhydrous, granular)
oxide (granular)

Magnesium oxide "(powder) -f calcium sulfare *
(anhydrous, granular)

Ferrous chloride (0. OlM) - calcium sulfate
anhydrous, granular

Zinc chloride fOOIA + calcium sulfate (anhy-
drous, granular

Calcium Sulfate (anhydrous, granular) + cobalt
chloride (0.01M

Cuprous chloride (0.01 mole/L)b-- calcium sulfate
anhydrous, granular)

Cuprous_ chloride (0.01'mole/L)>+ calcium
chloride (anhydrous, granular)

Cui)rous chloride (001 mole/L)b with slow gas
fow rate to give complete equilibration

E o e e i S8 St A R

\Srr?a%e{raﬁnit aﬁ Ilcbrorous chloride added to 1 L of

cupric

OLFACTORY DEMONSTRATION OF AROMA FRACTIONS

the form of a dilute solution. It is of interest
that cuRrous chloride, when permitted to
thorougnly equrlrbrate with the effluent
aroma, cdn hold hack essentially all of the
?roma This su ?ests H Uprous ion
orms a weak complex with fraction X.
Recombination. AIthough the various
fractrons developed i thee studrei have
been recombined .and smelled, to a limited
extent the subrectrve estimates’ of the recom-
binations in terms of original aroma are
too indefinite to warrant discussion. at this
time. Efforts will continue In this direction.
The traﬂprng reagents were smelled by the
senior author when'the absorption train” was
drsmantled aft%r e%ch exgerrment\ Reagents
which were ansorpi of the Influent
coming to them, of course had no odor. Re-
agents” which were aIIowrnP a certain frac-
tion to pass through them always had a frace
odor of this fraction. Absorbefts carrying a
Ioetrd Otf the absorﬁeg fractréJn X below totlrerr
saturation point had no odor correspondin
to this ?rathron however, the odor Could b%
deveIo ed at hrgh concentrations by heating
tea sorb nt aséream of nitrogen pass-
Ing trou% ding water t0 the ab-
sorbent and then heatrn to boiling" with a
stream of nitrogen passi gthrouoh Exami-
nation of these recovergd fractions Is in
progress.
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