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Anthocyanins.

IV. Anthocyanin Pigments of

Cabernet Sauvignon Grapes gb

DARDJO SOMAATMADJA and JOHN J. POWERS
Food Technology Department, University of Georgia, Athens, Georgia

(Manuscript resubmitted May 29, 1963)

SUMMARY
Six anthocyanins were isolated from Cabernet Sauvignon grapes. Four
major and one minor pigment were identified by paper chromatography,
color reactions, and spectroscopy. The four major anthocyanins were identi-
fied as delphlnldln-3-monoglucomde, petunidin-3-monoglucoside, malvidin-3-

monoglucoside, and malvi

in-3-monoglucoside acetylated with chlorogenic

acid. Malvidin-3-monoglucoside was the most abundant pigment of the grapes.
One of the minor pigments was identified as petunidin.

INTRODUCTION

In previous investigations in this labora-
tory, Pratt et al. (1960), Powers et al.
(1960), Hamdy et al. (1961), and Somaat-
madja (1962) found that anthocyanins influ-
ence the growth of certain bacteria. Efforts
to establish the mode of action required
identification of the anthocyanin pigments,
especially their state of glycosidation. This
paper deals with identification of the major
pigments of Cabernet Sauvignon grapes.

REVIEW OF LITERATURE

Bockian Ct al. (1955) reported that Caber-
net Sauvignon grapes contain delphinidin-
3,5-diglucoside, petunidin-3,5-diglucoside,
malvidin-3,5-diglucoside, malvidin-3-mono-
glucoside, malvidin, and malic acid. The
number of anthocyanin pigments in various
varieties was investigated by Rankine et at.
(1958). Those investigators reported that
Cabernet Sauvignon grapes contained 8
anthocyanin compounds, but the identity of
the compounds was not reported. Ribereau-
Gayon (1959) reviewed his own work and
that of others. He concluded that Vitis vini-
fera grapes do not contain diglycosidic
anthocyanins.@

aContribution from the College Experiment
Station, University of Geor%a, Athens, Georgia,
Approved as Journal Paper 0. 186. Portions of
the data were taken from the Ph.D. dissertation
%BGZDardJO Somaatmadja, University of Georgia,

“1This study was supported by the U. S. Pub-
lic Health Service Grant, No. E-3156, and b
California Wine Advisory Board Contract M-40.

EXPERIMENTAL PROCEDURE

“Isolation of anthocyanins. The Cabernet Sau-
vignon grapes were shipped by air to this labora-
tory from Davis, California. "Some of the grapes
wefe then blanched and frozen, and others were
stored without blanching. The frozen grapes were
stored at —35°C until analyzed. _

The grapes were macerated in a Waring blender,
and the anthocyaning were extracted twice with
cold 1% hydrochloric acid solution. The com-
bined extract was filtered through filter paper, and
the anthocyanins were precipitated with lead ace-
tate as reported by Bockian et al. (19SS). The
Prempltate was washed several times with water
0 remove traces of free sugar.

The anthocyanins were re-extracted from the
lead salt with methanol-2% hydrochloric acid
solution. The PbCb precipitate was removed b
centrifugation, and the methanol-pigment extract
was concentrated in vacuo. _

The various anthocyanins were isolated by
descending paper chromiatographic technique using
the upper phase of @ BAW solvent system. The
various paper chromato ra]ghlc solvent, systems
used are listed in Table I The relative inténsities
of the different bands were determined with
a photodensitometer. = The chromatograms were
sprayed with p-anisidine reagent to check for the
Possmle contamination of various anthocyanins by
ree sugar (fructose and glucqse). The Chromato-
grams were also sprayed with™ phosphomolybdic
acid solution to determine the presence of antho-
cyanins with ortho-dihydroxyl groups_which gro-
duce a blue color with” this reagent (Riley, 1950;
Bentley, 1960). .

Identification of anthocyanins. The separated
anthocyanins were eluted” with methanol-0.01%
HCL solution. The continuous absorption spectra
of the various anthocyanins were determined with
a self-recording specfrophotometer. The ratios of

[617]
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ANTHOCYANIN PIGMENTS IN GRAPES

. le. 1. Tlie solvent systems (components and code) used for the paper chromatographic
|dentTf?ga ocoanit o srg P ) Pap grep

tion of anthocyanir pigments.

Code

BAW
BEW
BPyW
Bu-HClI
EAC-Py-W
Forestal
HAc-HCI

the absorbancies at 440 mg to that at which the
maximum absorption occurs (fino/E max) weEre cal-
culated to determine the state of glycosidation of
the pigments (Harborne, 1958b). _

The ascending Rr values of the se\R/arated plq-
ments were determined with the BAW. Forestal,
Bu-HCI. and HAc-HCI solvent systems (see
Table 1). o .

Identification of anthocyanidin and sugar moi-
eties. A 1:1 mixture of anthoq?/_anms and 2N HC1
solutions was placed in a boiling-water bath for
30 min. The reaction mixture was cooled, and the
anthocyanidin  fractions were extracted  with
n-amy[ alcohol. The aqueous phase was saved for
sugar determinations.

he anthocvaniding were chromatographed as-
cendingly with the Forestal. Bu-HCI," and HAc-
HCI solvents. Synthetic delphinidin, petunidin, and
malvidin were ‘also chromatographed with the
same solvent systems in order fo compare the
characteristics of the natural anthocvanidins with
those of the synthetic agI?/clorJes. _

The aqueous phase containing sugar fractions of
the pigments was neutralized with XaOH solu-
tion. The sugar moieties were determined by
%a er chromatograth with the BEW, BPyW and

W solvents (Table 1). _

|dentification "of acylated _anthoczanms. The
anthocyanins were saponified in a 1% HCL solu-
tion with 50fo NaOH solution added to yield a

Components

1-butanol-acetic acid-water (4:1:5 v/v upper phase)
1-butanol-ethanol-water
1-butanol-pyridine-water (45:25:40 v/v
|-butanol-2 dre
ethyl acetate-pyridine-water (2:1:2 v/v)
acetic acid-12 fic a
acetic acid-12.Y hydrochloric acid-water

(10:1:2 vlv)
hydrochloric acid (1:1 v)v upper phase)

hydrochloric acid-water %30:3:10 vIv)
(15:3:82 vlv)

concentration of 2Y NaOH, and the reaction mix-
tures were held 5 min at room temperature. The
mixtures were acidified with HC1, and the liber-
ated acids were extracted with diethyl ether. The
ether fractions were chromatographed using the
BEW, BPyW, and EAc-Py-W solvents (Table
1%. The chromatograms were sprayed with chloro-
phenol red indicator.

RESULTS AND DISCUSSION

Six well-defined bands were observed
when pigment extract of Cabernet Sattvi-
gnon grapes was paper-cbromatograpbed
descendingly using the upper phase of the
BAW solvent system. The descending Rf
values and other characteristics of the vari-
ous bands are shown in Table 2. Ascending
Rf values of these bands in various solvent
systems are shown in Table 3. Rf values ob-
tained by these two methods differed slightly.
This fact has been reported by Harborne
(1958a) and Pruthi ct al. (1961).

The relative intensities of the various
bands, measured photodensitometrically, are
shown in Fig. 1 Bands 1 2, 3, and 5
represent the major pigments of this grape
variety. Band O represents the fraction of
pigments that did not move on the paper

Table 2 Dgscendino% Rf values and other characteristics of anthocyanin pigments isolated
{ Sauvign

from Caberne grapes.
Rfin Color characteristics
Band  (Bppen Visible UV light Pliosphomplybic Relative
0 brown brown brown moderate
1 0.15 light blue bluish purple faint blue moderate
2 0.20 light blue bluish purple blue moderate
3 0.30 pin lavender fuchsia large
4 0.38 (link _ faint blue trace
5 041 pink pink Pmk moderate
6 0.49 pink aint blue small amount
7 0.67 blue fluor
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. Taplg 3. Ascending, Rf. values and absorption characteristics of antbocyanin pigments
|solatedb fror @asnernet % P yaninpig

uvignon grapes.

Rf values in ) .

Ban BAW Absorption characteristics
0. (upper)  Forcstal  Bu-HCl  HAc-HCI Xmax (MU) dr Zltlo/Zimax

| 0.18 0.50 0.13 0.20 554 26

2 0.24 0.60 0.18 0.25 546 23

3 0.31 0.78 0.21 0.32 540 2

4 0.32 0.80 0.18

5 0.44 0.80 0.20 0.25 540 24

0.38
6 ) ) 0.49 0.82 0.45 0.10
malvidin-3,5-diglucoside ~ 0.25 0.85 0.08 051 536 1

cliromatogram using the upper phase of the
BAW solvent. Bands 1, 2, 4, and 6 pro-
duced a blue coloration when sprayed with
phosphomolybdic acid solution, indicating
the presence of ortho-dihydroxy anthocy-
anins (Riley, 1950; Bentley, 1960).
Investigations on band 1 show that the
Rf values of this band in four different sol-
vent systems (Table 3) agreed very closely
with values reported by Bate-Smith (1950),
Abe and Hayashi (1956), and Harborne
(1958a) for delphinidin-3-monoglucoside.
Acid hydrolysis of this pigment gave antho-
cyanidin with Rt values in three solvent

OPTICAL DENSITY

o ) . )

systems (Table 4) similar to those of syn-
thetic delphinidin. The blue coloration with
phosphomolybdic acid shows that this pig-
ment has O -dihydroxyl group as in del-
phinidin. Glucose was the only sugar ob-
tained by acid hydrolysis of this anthocyanin.
The Rf values of the sugar fraction of this
pigment in three solvent systems are shown
in Table 5 Negative Seliwanoft and Tol-
len’s tests respectively eliminated the pres-
ence of fructose and galactose (Hawk and
Bergeim. 1937).

The maximum absorption peak of this
pigment was at 546 mix (A, = 546 m/x),

o] 4 8

) . DISTANCE (CM) | . S
Photodensitometric measurement of the relative intensity of anthocyanin pigments

Fig. L
isolated tjr%m Cabernet Sauvignon grapes.
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Table 4. Identification of

AXTHOCYAXIN T1OMKXTS IN CRAI'KS

. aglycones obtained by acid hydrolysis of anthocyanin pigments

of Cahernet Sauvignon grapes.

Band Kr values in Color reaction with o
no. Forestal Bu-HCI HAc 1CI  phosphomolybdic acid Identification
| 0.36 0.37 0.06 blue delphinidin
? 0.50 0.46 0.08 faint blue petunidin
3 0.64 0.53 0.13 pink nialvidin
4
5 0.63 0.50 pink nialvidin
6 0.46 0.4P faint blue petunidin
delphinidin * 0.35 0.37 0.0/) blue
petunidin * 0.50 0.44 0.08 faint blue
nialvidin * 0.64 0.52 0.12 pink

*Synthetic samples.

Table 5. Identification of sugar fraction or anthocyanin pigment on Cabernet Sauvignon

grapes.
Qualitative tests Rf values in

no. Benedict ~ Seliwanoff  Tollens HAW BI*yW BEW Identification
I + - - 021 0.40 0.13 glucose
2 + - - 0.20 0.39 0.12 glucose
3 + - - 021 041 0.12 glucose
5 + — - 0.21 0.40 0.12 glucose
6
glucose 4 - - 0.21 0.40 0.13
lructose  + + - 0.25 0.46 0.17

and the /e440/:,,,1x value was 20C. these and 0.08. respectively, in the above solvent

values did not agree with those reported hv

Harborne (10581)). lie found that the
A,Jx and liu,,/lilmx values for 3-monogluco-
sides of delphinidin, petunidin, and nialvidin
were 534 ma and 18C. Apparently the ah-
sorption characteristics cannot he used to
differentiate among the three anthocyanins
aliove. This characteristic is useful, how-
ever, to differentiate among aglycones and
mono- and diglycosides.

Based on the Kf values, sugar analysis,
and characterization of the anthocyanidin.
band 1 was identified as delphinidin-3-mono-
glucoside. Bockian ¢t al. (1955) reported
that the ]ligment of Cabernet Sauvignon
grapes with the lowest Kf value (Rf= 0.11)
was delphinidin-3.5-diglucoside.  llowever.
thev did not use synthetic delphinidin-3.5-
diglucoside for comparison.

Acid hydrolysis of the pigment of band 2
gave anthocyanidin with Rf values of 0.50.
04f>, and 0.08 in the Forestal, Bu-IICI. and
HAc-HCI. resjjectively (Table 4). Syn-
thetic petunidin gave Rf values of 0.50, 0.44.

systems. It seems that the anthocyanidin
part of this pigment is |>etuuidin. Before
and after acid hydrolysis this pigment pro-
duced a faint blue coloration with phospho-
molybdic acid solution, indicating the pres-
ence of O-dihydroxyl group as in petunidin.
The difference of the intensity of the blue
coloration of band 1 and band 2 may be
accounted for by the fact that delphinidin
has three (>I1 groups on the side ring and
petunidin has only two.

Sugar analysis of this pigment gave onlv
glucose (Table 5). Xo fructose or galactose
was observed, as indicated by negative
Seliwanoff and Token's tests.

Before acid hydrolysis, pigment of band 2
had Kf values in the Bit-H Cl and 11Ac-11Cl
of 0.18 and 0.25. respectively. These values
are in general agreement with those reported
by Harborne | 1058a) for petunidin-3-mono-
glucoside. Bockian ¢l al. (1055) reported
that this band was petunidin-3.5-diglucoside.
They found an Rf value in the HAW system
of 0.15. |he Kj value for petunidin digluco-
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side reported by Harborne (1958a) in the
same solvent system was 0.24. In this study
the Rf value of this band was 0.24. How-
ever, should the pigment found in this study
he petunidin-3,5-diglucoside (same Rf value
as found by Harborne) the R( values in
Bu-HC'l and HAc-HCI should be 0.04 and
0.32, respectively, which was not the case.
Bockian Ct al. (1955) used only one solvent
system. Based on the above comparison,
hand 2 was identified as petunidin-3-mono-
glucoside. The discrepancy in the Rf value
in BAW solvent found in this study and
that found by Harborne may be due to the
difference in the age of the solvent. Here,
freshly prepared solvent was used; Har-
borne employed 3-day-old BAW solvent.

The characteristics of the aglucone ob-
tained by acid hydrolysis of pigment 3 were
similar to those of synthetic malvidin
(Table 4). Glucose was the only sugar
found in this pigment. Investigations on
Rt values of this pigment before acid hy-
drolysis in different solvent systems indi-
cate that this pigment is malvidin-3-mono-
glucoside. The R( values in Bu-IICl and
HAc-HCI of this pigment are in general
agreement with those reported by Harborne
(1958a).

A comparison of Rf values and absorption
characteristics of this pigment with those of
synthetic malvidin-3,5-diglucoside (malvin)
are shown in Table 3. None of the charac-
teristics of pigment 3 matched those of
malvin. The EmX and EIi0/E um values
were higher than those of malvin. which
gives further support to the identity of this
band as malvidin-3-monoglucoside instead
of malvin. Glycosidation shifts the Amax to
shorter wavelength (Ribereau-Gayon, 1959)
and decreases the E4I0/E mix value (Har-
borne, 1958b).

The pigment of band 4 was so minute
that extensive chemical tests were not made.
In several chromatograms this band could
not be detected.

Band 5 gave two Rf values in the Bu-HCI
solvent (Table 3). The lower Rf value was
similar to that of band 3, which was identi-
fied as malvidin-3-monoglucoside. Acid hy-
drolysis of band 5 gave anthocyanidin with
Rf values in the Forestal, Bu-HCIl. and
HAc-HCI solvents similar to those of syn-

621
Table 6. R« values of some organic acid.
Rf values in
Acid BEW  B-Py-W EAc-Py-W
caffeic 0.73 0.72 0.82
chlorogenic 00 059 0.63
vanillic 0.69 0.63 0.70
gallic 0.55 0.60 0.70
coumaric 082 0.69 0.86
acid from band 5 0.49 0.60 0.64

thetic malvidin (Tabled). Glucose was also
found in this pigment, as shown in Table 5.

Upon saponification the pigment yielded
an acid with Rf values in three different
solvents similar to those of chlorogenic acid.
The spot of this acid on paper produced a
green coloration with ammonium hydrox-
ide fumes, as does chlorogenic acid. The
appearance under UV light, with and with-
out ammonia fumes, was similar to that of
chlorogenic acid. Harborne (1958a) re-
ported that acylated anthocyanins give two
Rf values in the Bu-HCI solvent. He listed
Rf values of several acylated anthocyanins,
and it appears that Rf values of acylated
anthocyanins in the BAW solvent were
higher than those of non-acylated antho-
cyanins.

Band 6 produced a faint blue coloration
with phosphomolybdic acid solution, indi-
cating the presence of ( -dihydroxy antho-
cyanin. Rf values of this pigment before
and after acid hydrolysis were similar to
those of petunidin (Tables 3 and 4). Nega-
tive Benedict's, Seliwanoff. and Tollen’s
tests were observed on hydrolysate of this
pigment, indicating that it is an aglycone.
Based on chromatographic properties of this
pigment it was identified as petunidin.

Band 7 (Table 2) did not show any color,
but it fluoresced under UV light. With am-
monia fumes this band gave a light-green
color, a characteristic similar to that of
chlorogenic acid. The appearance under UY
light with and without ammonium hydrox-
ide fumes was similar to that of chlorogenic
acid.

The above results indicate difficulties in
identification studies of anthocyanin pig-
ments based on Rf values alone. Unless con-
ditions such as the acidity of samples before
being applied onto the paper (Bate-Smith,
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1950), solvent system (Ilarborne, 1958a),
and technique (1llarborne, 1958a: Prutlii
ct al.. 1961 ) be exactly the same, the Kt
value of an anthocyanin cannot be used as
the only criterion for comparison with val-
ues reported in the literature. The above
factors have been reported hv those investi-
gators to influence Rf values. To avoid
such difficulties, synthetic samples with
known identity should he used for com-
parison.

The results of this study agreed partially
with those reported by Bockian Ct al. (1955 |
in that glycosides of delphinidin, petunidin.
and malvidin were found. However, the
state of glucosidation of the compounds
found in this study was not the same as
those reported by Bockian ¢t al. (1955).
Those investigators reported that the most
abundant pigment was malvidin-3,5-diglu-
coside. based on the use of one solvent. In
this study, however, malvidin-3-monogluco-
side was found to be the most abundant
pigment. Identification was based on the
fact that the Kr values and other character-
istics under the same conditions of test did
not match those of synthetic malvidin-3,5-
diglucoside.

The presence of diglycosidic anthoevanins
in 1'itis vinijera grapes has been a subject
of controversy. Willstaetter and Zolinger
(1916) reported that |’ vinijera contained
malvidin diglucoside. However, Ribereau-
Gayon (1959) concluded, based on his own
work and that of others, that Vhiijcra grapes
do not contain diglycosidic anthoevanins.
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SUMMARY

The major constituents of the carotenoid mixture of Italian prunes were
found to be violaxanthin (35% ), beta-carotene (19% ), and lutein (16% ).
Less abundant constituents included crvptoxanthin, cryptoxanthin-56-epox-
ide, cryptoxanthin 5,6,5',6'-dief)oxide, persicaxanthin, luteoxanthins, anthera-
xanthin, phytoene, and phvtofluene. About 20 other carotenoids were found
as very minor constituents. The carotenoid mixture in Italian prunes was

notable for its low content of 528-epoxides.

In recent years the carotenoids of a num-
ber of fruits have been investigated at this
laboratory, including Valencia oranges
(Curl, 1953; Curl and Bailey, 1954), cling
peaches (Curl, 1959), apricots (Curl,
1960a), Japanese persimmons (Curl,
1960b), and tomatoes (Curl, 1961). This
study has now been extended to Italian
prunes. Except for peaches and apricots,
very little has been published on the carot-
enoids of any fruits of the genus Pntnus.
ltalian prunes (a variety of Pntnus domes-
tica) are a good source of beta-carotene
(Strachan ¢t ai, 1951).

EXPERIMENTAL

Italian prunes originating in Idaho were ob-
tained at a local market in early October. Fruits
selected were ripe but rather firm, deep purple
outside, and greenish to brownish inside. The
quantity of deseeded fruit used was 2100 g.

Extraction. The fruit, in 250-g hatches, was
blended with 250 ml of water and 5.8 P of mag-
nesium carbonate, then added to 250 ml of met
anol. After a few minutes, Celite 503 (10% by
weuzht of the fruit used) was added, and the
mixture was worked up essentially as previous|
described (Curl, 1961; Curl and” Bailey, 1959{
including saponification, -

Countercurrent distribution. The saponified ca-
rotenoids were separated into (a) hYdrocarbons,
(b) monols, and (c) diols and polyols by means
of "a 100-transfer countercurrent’ distribufion run
in a Craig apparatus with solvent system 1 (Curl,
1953).  The fractional composition of the diol-
polyol fraction was determined by means of a
100-transfer run, using a small aliquot, with sol-
vent system 1V (Curl, 1960c). The diol-polyol
fraction was then separated into (a) diols, {b)

monoepoxide diols, (c) diepoxide diols, and (_d%
polyols by means of a 208-transfer run wit
system 11" (Curl, 1953). The Aid values of sev-
eral poh{ol constituents were determined in solvent
system 111 (Curl, 1960c).

Chromatography. The hydrocarbon and monol
fractions obtained by distribution with solvent
system |, and the diol, monoepoxide diol, diepoxide
diol, and poI%oI fractions obtained with system I,
were each chromatographed on columns “of mag-
nesia (Sea Sorb -3%, 14 by ca. 90 mm, using
a graded series of eluants (Curl and Balleé, 1959).
Spectral data were obtamned with a Beckman
model DK-2 recording spectrophotometer.

RESULTS AND DISCUSSION

The total carotenoid content (after sa-
ponification) of the fruit was found to be
equivalent to 21 mg/kg (as beta-carotene),
a fairly high content, . .

Countercurrent distributions. The frac-
tional composition of the carotenoids is
given in Table 1 The distribution curve
for the monol fraction (System |) was
asymmetrical, indicating the presence of
lesser amounts of monol epoxides, which
have lower N k0 values than crvptoxanthin;
about one-third of the monol fraction ap-
parently consisted of monol epoxides.

Chromatography. Thirty constituents ob-
tained on chromatography of the various
fractions are given in Table 2; 12 amounted
to 1% or more of the carotenoid mixture.
Within each fraction, the constituents are
listed in order of elution.

Hydrocarbons.  Beta-carotene was the
predominant component of this fraction.
Phytoene, phvtofluene, and zeta-carotene

[623]



624
Table 1. Fractional composition of the carote-
noids of Ttallan . prunes, as ﬁetermme by counﬁv
current distribution with solvent systems’l and 1V.
Fraction Percent  Afioo"
System I
Hydrocarbons) 23 91
II Monols) 9b &7
[l (Diols and Polyols) 67 f
System |V
[11A (Diols) 22 82
[11B (Monoepoxide diols) 2 50
111C DlepOX|de diols) 37 19
IV (Polyols) 6 1
“Eosmon axim m f10 transfers.
stlmategl rom sa |str|bu on curve,
to contain about one- th| mono epom

were present in relatively small quantities:
one minor fraction, tentatively identified as
mutatochrome (Table 3). was present in an
amount too small for further investigation.

Monols. The principal component of the
monol fraction was cryptoxanthin, a com-
mon major constituent of fruit carotenoids,
and a provitamin A. Below it or. the col-
umn were two bands with similar spectral
absorption curves resembling that of hy-
droxy-alpha-carotene. The lower, lesser
hand was apparently hydroxy-alpha-caro-
tene. The spectral absorption maxima of
an aliquot of the upper band in methanol
shifted from 473, 443, and 420 (shoulder)
to 452, 426, and 402 mix on addition of a
drop of concentrated hydrochloric acid, in-
dicating the presence of one 5,6-epoxide
group as in cryptoxanthin 5,6-epoxide.

The remainder of the upper hand was
used in a countercurrent distribution run
with solvent system 1 The main maximum
had an Ar,,0 of 48. in agreement with that
of cryptoxanthin 5,6-(or 5'.6'-) epoxide,
previously obtained from Meyer lemon peel
(Curl, 1962). There was also r. definite
shoulder at about tube 34. in good agree-
ment with the value for cryptoxanthin
5,6,5',6'-diepoxide (32-3) (Curl, 1962).
Spectral absorption data measured before
and after addition of hydrochloric acid con-
firmed these identifications.

P 374 (Table 3) did not occur as a
visible hand on the column, hut the spectral
absorption maxima were observed in the
fractions that also contained substances
tentatively identified as cryptoxanthin

CAROTENOIDS OF ITALIAN PRUNES

5,6,5'8'-diepoxide and cryptoxanthin 5,8-
epoxide. Similar substances had previously
been found in Xavel orange peel (Curl and
Bailey, 1961) and tomatoes (Curl, 1961).
P 374 apparently has a system of six con-
jugated double bonds, hut little further is
known about it.

I0IS. The diol fraction consisted almost
entirely of lutein, with a much smaller
amount of zeaxanthin; in some other fruits,
zeaxanthin is the greater.

Table 2. Carotenoid constituents of Italian
prunes.
0,
Fraction a Constituent rp%%)(()ll?aﬁwelxt/t?reofb
I Phytoene 13
Phvtofluene 11
alpha-Carotene 05
heta-Carotene 18.7
zeta-Carotene .
Mutatochrome ' 04
I Hydroxy- alﬁha -carotene 0.2
Crg/ ptoxanthin
6,5',6'-diepoxide 12
Crg/ toxanthm
6-epoxide ¢ 35
Cryptoxanthm 13
Crg/ptoxanthm
6,5',8"-diepoxide r 04
Crgptoxanthm
Sepomde 0.6
12
A Luteln _ 155
Zeaxanthin 04
[11B Lutein SGeﬁomde 04
Antheraxanthin 21
Flavoxanthin 0.04
Mutatoxanthins 0.2
Me  Carbonyl a 0.2
Carbonyl b 0.2
Violaxanthin 3.0
Luteoxanthins 2.3
\Y Persicaxanthin 29
Neoxanthin a 04
Xeoxanthin b 04
Trollifior r 0.6
Taraxanthin ' 0.07
P 399 _ 03
Persicachronies 0.1

ercenta es, based” upon . tofal ‘absorhance of
gach COHSII ent at 1ts principa spec ral absorp-

maximum
"Tentative Identification.

%Eee Table: 2for explanatlon of 1, II pIA etc
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Table 3. Spectral absorption maxima of some carotenoids obtained from Italian prunes.

Component

Mutatochromc 1 o
Cryptoxanthin 5,6,5"6'-diepoxide
Cryptoxantliin 5,6-epoxide
Cryptoxanthin 5,6,5\8'-diepoxide
gr;é%oxanthm 5,8-epoxide

Carbonyl a
Carbonyl a
Carbonyl b
Carbonyl b
Neoxanthin ¢
Xeoxanthin b
Trolliflor
cis-Trolliflor 1
P 39

"H, hexane; B, henzene; E, ethanol.
1Tentative Iidentification.

Solvent d Absorption maxima (mft)

475 (1)
169 438, 414
472, 443, (419)
148 420

152, 124

30, 374, 356
({30 402 (see

ftee). 1, (o)

180, 47, (420)
479 447, 423
479 446, 422
476, 444, 42
126, 399, 375

OO WO@WMOMUOTIITITTITT

"Values in parentheses represent shoulders or inflections on spectral absorption curves,

not maxima.

Monoepoxide diols. The minor mono-
epoxide diol fraction contained the 5,6-
epoxides of zeaxanthin (antheraxanthin)
and lutein, together with much smaller
amounts of the corresponding 5,8-epoxides.

Diepoxide diols. The main constituent of
the diepoxide diol fraction, and the most
abundant of all of the carotenoids in Italian
prunes, was the 5,6,5',6'-diepoxide of zea-
xanthin. violaxanthin. The 5,6,5',8'-diepox-
ide isomers of violaxanthin (luteoxanthins)
were found in much smaller amount. Also
occurring in the diepoxide diol fraction
were two minor components; comparison of
the spectral absorption curves of these in
benzene and in ethanol (carbonyls @ and b,
Table 3) indicated that both contained a
carbonyl group as a part of the conjugated
do blle lrond system.

0ly0IS. The chromatography of the
polyol fraction was much more clean-cut
than is usual for fruit carotenoids. The
lowest significant band was pale in color
and had an orange fluorescence in ultra-
violet light. It was identified as persica-
xanthin (Curl, 1959) rather than valen-
ciaxanthin (Curl and Bailey, 1954) by the
Auo value in system |11 of 41, and by the
strong red-violet color in the hydrochloric
acid-ether test. This was by far the most
abundant in the polyol fraction.

Above the persicaxanthin band on the
column was a series of 4 distinct orange
bands. Above these the color was consider-
ably paler, with no apparent bands in visible
light; in ultraviolet light there were two
bands with greenish fluorescence (persica-
chromes a and . the 5,8-epoxide isomers
of persicaxanthin). The spectral absorption
maxima of the 4 orange bands were similar
(Table 3). except that those of the last one
were at somewhat shorter wavelength, cor-
responding to a m-isomer. The N 10 val-
ues of these 4 fractions in system Il were
63, 62, 31, and 32. The first two bands,
which were identified as neoxanthins a and
b (Curl and Bailey, 1957), occurred in
approximately equal amounts. The principal
component of the 3rd band was apparently
identical with a substance previously ob-
tained from peaches and Valencia oranges
(Curl, 1960c), which was tentatively identi-
fied as trolliflor, a 5,6-epoxide that appears
to he a tetraol (Lippert and Karrer, 1956).
The 4th hand was tentatively identified as
a r/4-trolliflor. Fractions 3 and 4 had a
minor component with an NV, value of
50-51, in good agreement with that of a
polyol previously obtained from cling
peaches (Curl, 1960c), which was tenta-
tively identified as taraxanthin. Taraxan-
thin is also a 5.6-epoxide, which is appar-
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ently a triol-like neoxanthin (Eugster and
Karrer, 1957). The difference in N
value indicates that the third hydroxyl
group may be on a different carbon atom
from that in the neoxanthins.

The fractions eluted from the column
above the 4 orange bands were mixtures
containing small amounts of trolliflor-like
substances and the persicachromes. One
component (P 399) (Tables 2 and 3) had
spectral absorption maxima similar to those
of sinensiaxanthin, a 5,6-epoxide polyol of
incompletely known structure obtained from
Valencia oranges (Curl and Bailey, 1954).
The substance obtained in the present work
was eluted much more slowly than sinensi-
axanthin, and had an iVmo value in system
Il of Cd. 5 whereas the value of sinensi-
axanthin in this system was 46 (Curl,
1960c). The substance in the present work
apparently contained more hydroxyl groups.

The percentages of all the 5,6-epoxides
greatly exceeded those of the correspond-
ing 5,8-epoxides. In apricots (Curl, 1960a)
and soft ripe Elberta peaches (Curl, 1959),
there were relatively much larger amounts
of 5.8-epoxides. Prunes are a fairly acid
fruit, and 5,6-epoxides are rapidly converted
into 5,8-epoxides on contact with acids. In
the prunes, the firm texture may have pre-
vented contact between the acid and the
carotenoids.

NOTICE

Reference to a company or product name does
not imply approval or recommendation of the
product over others.
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SUMMARY

Malonaldehyde occurs mainly as the enol form (CHOH = CHCHO) in
aqueous solution. The UV absorption spectrum of the compound is pH-de-
pendent. Below pH 3.0, the compound is s-cis, planar, having an intra-
molecular H bond, with absorption maximum at 245 m/i and molar absorptiv-
ity (e?1 = 1.34 X 104 Above pH 7.0, the compound is completely dissociated
and the maximum absorption of the enolate anion occurs at 267 niju with
e = 3.18 X 104 The absorbance difference between acidified and basified
malonaldehyde solutions at 267 m/x can be used as a measure of malonalde-
hyde even In the presence of other compounds that absorb in this spectral
region, provided their absorption is not pH-dependent. This difference is
directly proportional to malonaldehyde concentrations from 5 X 10"6 M to
3X10° M. The method has been successfully applied to the assay of
malonaldehyde in distillates from rancid foods. Its sensitivity is only about
40% of the 2-thioharbituric acid (TBA) test, but is sufficient to detect
threshold levels of rancidity. The test is simpler, much more rapid, and more

specific than the TBA test.

"The production of malonaldehyde has
been widely used as a measure of the oxida-
tion of unsaturated fatty acids in foods and
animal tissues. It is a primary oxidation
product of fatty acids having 3 or more
double bonds (Dahle ct al., 1962). In com-
plex foods containing peroxide decomposers
such as trace metals and heme compounds,
production of malonaldehyde by secondary
oxidations of unsaturated aldehydes may be
expected at an early stage in the oxidation
of all unsaturated fatty acids. Whatever the
mechanism of its production, malonaldehyde
has proved extremely useful as an indicator
both of flavor deterioration in many foods
and of the effectiveness of antioxidants in
foods and biological preparations (see nu-
merous references in Schultz, 1962).

The test most widely used for the detec-
tion of this compound is based upon its reac-
tion with 2-thiobarbituric acid to give a pink

*A report of work done under contract with the
U. S. Department of Agriculture and authorized
by the Research and Marketing Act of 1946. This
contract is supervised by the Eastern Utilization
Research and Development Division of the Agri-
cultural Research Service.

pigment (TBA test). Although quite sensi-
tive, this test is open to the objection that
the reagent itself is not stable under test
conditions frequently employed, and various
side reactions mav occur (Tarladgis Ct al..
1962).

During a broad investigation of the chem-
istry of malonaldehyde in this laboratory,
attention was focused on the ultraviolet
absorption of this compound as the basis of
a new method for its quantitative assay.
Malonaldehyde exists in agqueous solution
mainly as the enolic form. /J-hydroxy acro-
lein (CHOH CIICHO). Mashio and
Kimura (1960) published the ultraviolet
absorption spectra at various pH values.
The absorption is pH-dependent, shifting
progressively from pi 13 to 7. This behavior
is attributed to the progressive dissociation
of the enolic hydrogen with increasing pH.
At pH 3 or lower, the compound is believed
to have a planar and j-cis-configuration.
with an intramolecular hydrogen bond:
above pH 7 it is completely dissociated and
exists as a planar and y-trans-enolate anion.
This hypothesis has been substantiated by
molecular orbital calculations and quantum

1627 1
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. Fig. L UV absorption spectra of malonaldehyde
in agueous solution.

chemical interpretations of the spectra
(Kwon, 1963).

Fig. 1 illustrates the structures of these
two configurations of /3-hydroxy acrolein
and their absorption spectra. The spectra
were obtained on a Rausch and Lomb Spec-
tronic 505 recording spectrophotometer on
identical concentrations of malonaldehyde
adjusted to the pH VYaities indicated. As the
pH is decreased below 3, or increased above
7. no further changes in the spectra occur.
At A 267 mfi (the absorption maximum for
the anion), the absorption of the acidified
solution is very low. The difference between
the absorptions of the acidified and the
basified solutions, represented by the line
AB, is therefore proposed as a quantitative
measure of-malonaldehyde. This paper ex-
plores the possibility of adapting this method
to the assay of malonaldehyde in distillates
from rancid foods.

EXPERIMENTAL

Preparation of standard malonaldehyde
solutions. Malonaldehyde is not commer-
cially available in the pure form. Malonal-
dehyde bis-(diethylacetal), (1.1,3.3-tetra-
ethoxypropane) was obtained from Kay-
Fries Chemicals, Xew York. This com-

DETERMINING MALONALDEIYDE BY UV SPECTROPHOTOMETRY

pound wbs further purified by distilling
twice and collecting the portion boiling at
211.5°C, which was a colorless, clear liquid.
Hydrolysis of the compound to give malon-
aldehyde was accomplished as follows: A
weight of 0.2204 g (10~i moles) was dis-
solved in 200 ml of double-distilled water
in a 1-L Erlenmever flask. One ml of 1A
HC1 was added. A glass stopper was held
in place firmly with stopcock grease to pre-
vent loss of malonaldehyde while heating.
After 60 min in a water bath at 50°C, the
flask was cooled to room temperature, made
to volume, and further diluted as necessary.
Diluted solutions (concentrations below
25 X 10's M) with pH adjusted as indi-
cated in Fig. 1, showed no change in ab-
sorbance after 20 days in the refrigerator.
Thus the compound appears to be reasonably
stable under these conditions.
Standardization. The malonaldehyde so-
lution prepared as described above was di-
luted to an appropriate range for spectro-
photometry. Two 10-ml portions of each
concentration were adjusted to pH 11.3 and
2.25 by the addition of 0.1 ml of IN NaOH
and HC1, respectively. The absorbance of
both acidified and basified solutions were
then read against water as a blank and
against each other with a Beckman DU
spectrophotometer and a 1-cm cell. The
results (Pig. 2) show the expected linear
relation between absorbance and concentra-
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mination.
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tion of both acidified and basified solutions.
The line (A against B) may therefore he
taken as the standard curve for the quantita-
tive determination of malonaldehyde by
ultraviolet spectrophotometry.

Aliquots of the above standard solutions
were also analyzed for malonaldehyde by
the TBA method (Tarladgis et al., 1960).
The ratio of the absorbance of the malon-
aldehyde TBA pigment (read at 532 m/i)
to that of UY absorbance was 2.42. Molar
absorptivity of the malonaldehyde TBA
complex was 2.8% higher than that found
by Tarladgis et ai. (1960). This difference
may he ascribed to further purification of
the malonaldehyde precursor by distillation.

Noninterference of other aldehydes. Al-
though a large number of other aldehydes
are produced during the oxidation of un-
saturated lipids, none of these are expected
to interfere with the ultraviolet assay of
malonaldehyde. Saturated aldehydes (for-
maldehyde, acetaldehyde, propionaldéhyde,
butyraldéhyde, and hexaldehvde) showed
absorption peaks in the range of 278 to
288 m/i. However, molar absorptivities for
these N —» 7r* electronic transitions were
very low % = 1to 10) and there were no
differences in the absorbances as a function
of pH. The a/S-unsaturated aldehydes, acro-
lein and crotonaldehyde, absorb in the re-
gion of 210 to 225 m/i. Molar absorptivities
(approximately 104) are similar to those of
malonaldehyde because of strong it — n*
electronic transitions, but. again, their ab-
sorption spectra do not change with pH
and therefore dp not interfere in the deter-
mination of malonaldehyde.

Phenolic antioxidants. The possible in-
terference of the most commonly used phe-
nolic antioxidants was explored, with the
following results. Because of their water
insolubility, neither tocopherol nor hutylated
hydroxy toluene contributed to the ultra-
violet absorption of aqueous distillates.
Propyl gallate, when dissolved in water at
concentrations of 0.001%, showed marked
absorption in the ultraviolet region, and the
absorption was pH-dependent. However,
at the wavelength used for malonaldehyde
determination (267 m/0 the absorptions of
the acidified and basified propyl gallate so-
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lutions are almost identical and interference
from this compound is negligible.

Distillates from butylated hydroxy anisole
(BHA) emulsions or from meats contain-
ing BHA showed pH-dependent absorption
in the ultraviolet region. The basified solu-
tion absorbed less at 267 m/i than the acidi-
fied solution. Thus this compound inter-
fered drastically in malonaldehyde determi-
nations carried out bv comparing absorption
of distillates at pH 11 and 2. Further ex-
ploration of the pH dependence revealed
that the shift from the acid to the alkaline
spectrum of BHA occurred only above pH
9.5. Since the spectrum of the enolate anion
of malonaldehyde was fully developed at
pH 7 or above, malonaldehyde could be de-
termined quantitatively in the presence of
BHA by adjusting the alkaline solution to
pH values between 7 and 9.5 rather than
to pH 11 or above.

Application of the method to foods. The
ultraviolet method has been compared with
the TBA method on aliquots from the same
distillates of a number of food samples under
investigation in this laboratory. These sam-
ples included fresh, cooked, and cured meats
with various antioxidants : fish; synthetic
rat rations containing a variety of added
fats ; and raw peas. In the analysis of cured
meats, nitrite was eliminated before distilla-
tion, as suggested by Zipser and Watts
(1962). -

The ultraviolet spectra of distillates from
most of these samples showed absorption
in the ultraviolet in addition to that from
malonaldehyde. In meat and fish samples,
non-malonaldehvde ultraviolet absorption
was minor and did not change the malon-v
aldehyde spectra appreciably, fin distillates
from mixtures containing cereal products'
and peas, complex ultraviolet spectra were
obtained, very different in appearance from
those of malonaldehyde. Nevertheless, in
all of these products the ultraviolet method
was applicable. Ratios of TBA absorbance
to ultraviolet absorbance, obtained as de-
scribed under “Standardization,” ranged
from 2.2 to 2.6 in 30 comparisons on dis-
tillates from the foods mentioned above. The
mean value was 2.4, practically identical to
that obtained from pure malonaldehyde.
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Except with samples containing BHA, it
was not necessary to exercise care in the pH
adjustment of distillates from any of the
foods tested. Where BHA is present, the
pH of the basified solution must he between
7 and 9.5. The concentration of added al-
kali needed to bring the distillate to this
pH range must be determined with each
class of foods, since distillates may have
considerable buffering capacity.

To convert to “malonaldehyde number"
(mg malonaldehyde per 1000-g sample),
using a 10-g sample and assuming a recov-
ery of 68% of the malonaldehyde from the
sample in the distillate (Tarladgis ¢t al.,
1960), the ultraviolet absorbance is multi-
plied by the factor 18.7. It should be pointed
out that little is known about the relation
between malonaldehyde in the distillate and
malonaldehyde pre-existing in the food sam-
ple. It is quite possible that some malonalde-
hyde is produced from precursors during
the acid distillation or that preformed
malonaldehyde has reacted with other food
components to give compounds that mav
not distill. Until further work clarifies
these questions, it is probably better to des-

ignate the malonaldehyde measured in such
distillates as “distillable malonaldehyde.™
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SUMMARY

The development of chromophores in the glucose-glycine and sucrose-
glycine systems was examined. During the reaction a number of conjugated
unsaturated carbonyl compounds develop, the quality present at any one time
being greater as the reaction proceeds, until browning is well advanced. During
this period, which follows the period of rapid pH fall and a-amino N utiliza-
tion, the fluorescence of the system increases, and the quantity of water-soluble,
non-volatile compounds extractable into various organic solvents increases. The
pattern of extraction indicates the gradual formation of intermediates of
greater dehydration and greater light-absorbing properties from smaller mole-

cules. The presence of sulfites slowed the rate of

evelopment of conjugated

unsaturated carbonylic and fluorescent compounds, and of subsequent early
browning, whereas in the presence of sodium pyrophosphate, their rates of

production are increased. Chromophores appear to

evelop at a faster rate in

the presence of iron than in its absence, but apparently by a mechanism dif-
ferent from that occurring with phosphates

It is suggested that the production of larger carbonylic N-containing poly-
mers from smaller carbonyl compounds, occurs in the sugar-amino compound

systems.
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ant rolduction of conjugated unsaturated
carbonyl” compounds.

EXPERIMENTAL

All the sugar and su?(ar-glyc_me mixtures were
made up from fresh bulk solutions containing 770
gi of sugar (glucose, fructose, or sucrose% in
200 ml water. Glycine was used as a saturated
solution at 25°C (approx. 25 g in 100 ml). The
model solutions were made by_takm? 7 vols. of
sugar solution and 3 vols. glycine solution or, in
the' absence of 8chme, 3 vols. water. The addi-
tives were added ‘in a further 2 vols. of aqueous
solutions, but, where no additive was used, a
further 2 vols. of water was added. The aqueous
solutions of the additives were made so that the
final concentrations (where added) in the model
systems were: sodium Pyrophosphate 10 mg/ml,
ferrous sulfate 0.2 mg/ml, sodium metabisulfite
3 mg/ml (to give 2 mg SCL/ml).

The solutions were stored in stoppered bottles
at 40°C (first series, A) or at 50°C Jsecond series,
B). Carbonyl absorption was studied over the
range 200-350 mg by readings taken on an Optika
recording spectrophotometer. The accompanying
graphs were plotted from readings of peaks ob-
fained in the conjugated unsaturated carbonyl
region at 285 mg. . o

arallel paper chromatographic examinations
were performed, using Whatman's No. 1 and
No. 4 papers with isopropanol-water (4/1) as the

main developing solvent, with occasional use of
butanol-acetic acid-water, phenol-ammonia-water,
and_ethyl acetate-pyridine-water. Stains used in
conjunction with paper chromatograms were alka-
line silver nitrate, p-anisidine HC4, aniline hydro-
gen phthalate, and p-aminobenzoic-oxalic acids for
sugars, and their derivatives and ninhydrin for
amino-containing compounds. _
The solutions to be selectively extracted with
solvents were incubated in tightly stoppered glass
bottles at 50°C. After Ferlods of 3, 4, and 5 weeks
of incubation the bottles were opened and the
contents thoroughlﬁl extracted with 3 volumes of
cyclohexanone. The cyclohexanone extract was
treated first with sodium bicarbonate solution and
then with sodium carbonate solution. Following
this the cyclohexanone solution of neutral com-
pounds was concentrated almost to dryness by
distillation in vacuo and the residue extracted first
with petroleum ether and finally with methanol.
_The bicarbonate- and carbonate-extractable frac-
tions were acidified and extracted with ether, then
with trichlorethylene, after which the aqueous
residues were Te-extracted into cyclohexanone.
The solvents were distilled off under reduced pres-
sure. All the fractions were therefore water-
soluble, non-volatile components of the glucose-
glycine reaction mixture. Results from a typical
extraction of a 250-ml quantity of the glucose-
glycine mixture, during Incubation at 50°C, are
given in Table 1

Table 1 Water-soluble non-volatile extracts from glucose-glycine solution incubated at 50°C.
Weight (mg) of extracted s?lids after incubation
period of.

Extract 3 weeks 4 weeks 5 weeks

Acid fractions

Ether-soluble 148 il
Trichlorethylene-soluble trace 10 105
Cvclohexanone-soluble roi

1) L.P.-soluble W 268 260

2) MeOH-soluble 1 147 140
Phenols and weak acids

Ether-soluble _ 4 40
Trichlorethylene-soluble 1 5
Cyclohexanone-soluble [

L.P.-soluble ) 47 90

2) MeQH-soluble 1] kil 40
Neutral fractions

Ether-soluble

Trichlorethylene-soluble _ 87 101
Cvclohexanone-soluble roi

1) L.P.-soluble \.20) 2% 493

2) MeOH-soluble i 136 174

Total 228 mg 1211 mg 1529 mg

L.P., light petroleum, b.p. 60-80°C.
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An aliquot from each organic solvent fraction
was blown free of solvent in a stream of air
and the product dissolved in water. These solu-
tions were then treated with an acid solution
of 2, 4-dinitrophenylhydrazine hydrochloride. The
cyclohexanone-soluble weak acid fraction did not
%\we a precipitate, but all the other fractions did.

Il the cyclohexanone "neutral" fractions gave
heavy precipitates. _

No further fractionation was undertaken at this
stage, but it was clear that the browning process
involved a number of non-volatile water-soluble
carbonyl compounds of differing ﬁropertles.

Chromato%_raphy of 2,4-dinitrophenylhydrazones.
Several fractions were examined, and preliminary
column separations revealed a number of car-
bonkfllc constituents.  The _ cvclohexanone-soluble
neutral fraction was examined by column chro-
matography on Florisil, using carbon tetrachloride-
chloroform and chloroform-methanol mixtures for
develolpment. At least twelve individual 2,4-dinitro-
phenyl-hydrazones were obtained from this one
main’ fraction, some crystalline hut not necessarily
pure. About twenty of the subsidiary fractions
were examined spectroscopically. Three gave peaks
of 363-366 mg, the majority between 367 and
398 mg, whereas two or possibly three distinct,
more complicated compounds existed in five frac-
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tions recording 402-411 mg. Thus some of the
constituents of the browning mixture appeared to
be a,/S-unsaturated carbonyl compounds.

Browning potentialities of divided solvent-ex-
tracted fractions. Samples of each fraction (2.5
mg) were blown free of solvent in a stream of
dry air. The resultant solids were incubated:
a) in-a 251/ solution of glucose g3.5 ml), and
b) in a L0 solution of ?chme (35 ml). The
samples were incubated at 50°C and examined
visually over a period of 2 months. All the frac-
tions show'ed much fgreater rate of change, on
visual examination, for the development of the
yellow and brown colors when incubated with
%]chme than when incubated with glucose. Thus
the presence of a nitrogen function provided a
more rapid visible chromophore production.

Estimation of color development. Color develop-
ment was followed visually. \Ye have found this
method to be at least as informative for the pur-
pose required as reading on a colorimeter, as have
Hodge and Rist (1953). In similar series we
have followed the color development by both
methods. Results are given in Tables 2 and 3
where the change in aﬁpearance is described as
passm? progressively through the stages straw
—» gold — orange —>red brown —» dark brown.

Table 2. Color development in glucose-glycine series.”
Appearance after incubation time:

Sample no.  Additive 2 days 6 days
B1 Nil Straw Gold -f-f
B2 Phosphate Straw 4 Gold ¢-
B3 Iron -f phosphate Straw 4-f  Gold 44-
B4 Iron Straw 3+ Gold 34-
B5 Sulfite _ Straw 24
B6 Phosphate -f sulfite Straw 4-
B7 Phosphate -f sulfite Straw 4-(-

4- iron
Bs Iron -f sulfite Straw 34-

. ?Therewsnocolor
In glucose wit o%t

ol aggxl/tello m?ntglingi%e§imil r seri?s in
, Oeep; deep brown, opaque

12 days 20 days 34 days 62 days
Orange R.Brown --4- D.Br.4-+ D. Br.
Orange 4-4-  R. Brown 4-4- D. Br. D. Br.
Orange 44-  R.Brown4+ D.Br. D. Br.
Orange 3-f  R.Brown3-- D.Br D. Br.
Gold4-4-  Oranged-4- 0.R.Br.-f  D.Br.
Gold 44- Orange { D.R.Br.3-f p.Br
Gold 44- Orange 4  D.R.Br.4-f D.Br
Gold34-  Orange3-f  D.R.Br.-f-f D.Br.

old, Tull,

ives were

i

incubated
e (01}, G

orange; R, red; Br., browrn; r us
Table 3. Color development in sucrose-glycine series.
Appearance after incubation time:

Sample no. Additive 2 days 6 days 12 days 20 days 34 days 62 days
B12 NIl Straw7-f-f Gold44—f D.R.Br.44-  D.Br.
B 14 Phosfhate ............................................................ Straw7-f-f D.R.Br.44-  D.Br.
B 15 Sulfite _ Gold - R.Br. -f
B 16 Phosphate -f sulfite Gold3-f  R.Br.3-f

Gold, full, deep vellow?; Qrange (Or.), deep orange; R, red; Br., browm; D, deep; Dee
brow oepaque groM .gPlus’Omd(fcatq(s mlensn / : p. P
) .Erh re ¥vas a sl}%ht color ‘development dfter 12 gags n a sucrose- i\os hate .n%xture
s%mll]r tR B14. éo fal nrgi nB lycine. hls.rPag ve Deen gue to the, accelerating n&!ge C
of phosphate and the early browning potential of fructose (Burton and McWeeny; 1 arﬁf
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the solution becoming opaque to transmitted light
in the final stage.

RESULTS AND DISCUSSION

as ot al. (1948 dshown thttherr
ettév acetate extr (ﬁct of ruit rgd

MIXIUreS Na %
Eﬁne{e‘@ég rnhw ICE ‘turiuraps a%sorh anH

showed peaks In %rmr ar re-
‘ de ecom srtro[r ructose-
%Jne an on ecomposrtron
UCts 0 grfrtictoseg ne In Ar. etse
eriments the levels “obtained were

ower_|n the resence o Im me
Ite. Theasrtr n#rwsthdu t
resen

due to ura com
a man (1948) ‘ment roneFd the

ther unknown caroonyl co ponents

rn rs rownrn rultproaucts
x rmensr orted ere there
sa ma mr OWering the eve
cro veo ment uorescenc
db eve con ated unsaturate
ron com |]n earl sa?es 0

ctr n wen sulfite (vv resen

phate Was a %raeeorwrh

suWe there was fn rtra Or\e\srsron

dtrtrern%tene fé”t H was a Iowej [0
ﬁrs effect has ot beeH notrced in sqb gquent
ex errmens W erri Was e t ‘con-
?o that t ower rown rate was
grohab t0 a ct. are now
are att res nceo aﬁ os hate ener
rncr ases t eraeofe a{ rrve
mop ore veIo entr mo s tems

n m store ste@tte Burton ?tra
%%fgj lthere ‘aw ear tob nenhan?:e
B e °”h§t
?see graphs), Irr
e at e%{ir
ning ra

reat
rncreased the bro e and h 9ate f
develo ment of the ¢ n{u%ated unsaturae
carbonyl and fluorescen omgouns IS
effect hecam marked after anout 30 ﬁgs
Incubation. Cacrum has an op osrtee ot
In that It tends to slow ug ar ammo
chromophore development  Hut
phatide-amino hrowning ( Burton and

CHROMOPHOBES IN GLUCOSE- AND SUCROSE-GI-VCINE

gll(c)v\/\\lﬁei%n 1963b) or carbonyl amino

ron cused increased brovvn]ng at tbe
level used, with an Increas rnt) duantr
of conju de?l unsaturated__ carbon
ou ds. and fluorescence. hﬁ C0 paratrve
I t initial sutperrorrt){r of p os ate as a

rownin 8 a e coneen-
tratrons s Was a olis ed ater on rnt
& reaction, Whic su%grelsb c

cours

R ehate exerts an mrtra ect

ot be duce yrro an that an ac? er

arthn h ue ote ron 0CCUrS ate
ate ctrvr serve masy

S effect 0 w ar,

tr ne b ur nan ee

v)réergra? te etoe?: el %%h an ctaI r

Ig e}nt o?crbon Jnoun th

ents. ave ou some mea

Pﬂurﬁr a

t]rs wort not(r)nrhere dleveVYo ave ft%urer
t: 504% a¥erf dehygrat/ed Vege tgbles ?pota

Little furfural ag eared i these experi-
ments unt “ {) en th conH Udated
unsaturated arbonyl com ounﬁ ref
ent In %uantrty THIS sugé)ess that e[urf rals

are produce onr%/ In re ve[v small quapt)-
tIes " In moe IXtures amrn%qa ﬂarr
of a r]rtro en function, an

BTO orfion
rowning proba Ceur réaction 0

more TE%C Ve usaturaterst darbony com-

! An ex Iﬁnatrdn of the henomena 0 ur
lI% in t ucose ne an su t
% osegycrne

L
gatu,\élgetd chro oahd/ unsatur tro occurs
resuIt of reacntlro [)

es can eve Ia
etween  water-saluble
unsaturated carbonyl 00 Poundskand nrtrorﬂ
enous compounds, ~ In this work we exa
Ined the Maillard refactron oceurming In an
Incubated glucosegycme system usrnd
a multrule Series Of spaced” additions 0
30-sulfite wrth colorimetric spectrograPhrc
carbonyl, Moilier-Williams SO and “sulfate
determinations, and 35 chromatogram scan-



% UV ABSORPTION AT 285my DILM 107

Y, UV ABSORPTION AT 28%my DILN 167

%, UV ABSORPTION AT 285my DHLN 107!

9, UV ABSORPTION AT 285my DILM 107

BURTON, McWEENY, AND BILTCLIFFE 635

=i = B, GLUCOSE /GLYCINE /SULPHITE
1 8, GLUCOSE /GLYCINE ¥
wl o=
3 e
T
“1 H
- ;.
s :
< 0
“3 z
- e
£ »
. H
=+ L m
104 >
1l kU
. 1

7 D 4 B i W 0 N B N M 40 M 4 U B0 MWL 0 MM % 00
O 4 B W b 0 W M 3 40 44 8 2 S 80 M B M M 0 M B W 9B 00

TIME 1N DAYS
TIME N DAYS

Fig. 1. Fig. 5

™
sat 8, GLUCOSE /GLYCINE /SULPHITE / PHOSPHATE
J B, GLUCOSE /CLYCINE / PHOSPHATE i
0 '.‘9
4 . -
¥ 3 J
] i
sol 3 :
1 -
5 e
w0 3 ’
3 o
! (- »
20+ H 1
‘ .
] T,
. >
! 2
2 5
o
e T e e 2 3 L n s LR E R E R R E R R I R E R R R E T
TIME IN DAYS TIME IN DAYS
Fig. 2 Fig. 6.
wd o
By CLUCOSE / GLYCINE / PHOSPHATE / IRON 8, GLUCOSE/GLYCINE /SULPHITE / PHOSPHATE / IRON
1 0.
w4 )
°
= o
= 2
o
£ 'l; 04
= o
»
1 8
% 0
»
H
= 0
s >
4 3
B o
4
| J
- L T
R R E R R R R L R L EE R RN EREIE R ES L EEE LS R
TIME IN DAYS
TIME N DAYS
Fig. 3 Fig. 7.
.
=i g, CLUCOSE /GLYCINE / IRON 8y GLUCOSE / GLYCINE / SULPHITE / RON
J .
e %
-3
# =
= o3
- 3
1 :
2 P
s 2
1 %
w©
- :
3 ] 4
s~ 5 »
& 2 1
' -
204 & 0
>
| #
i
LA AR (AR AR A (e T AR S ] R EEEEE R EE R L R
TIME IN  DAYS TIME IN DAYS

Fig. 4. Fig. 8.

| 4
UNUNHBITYA NININNINIEAT

NITNINBAATHAI T

et we . =



636

ning in order to determine the fate of the
sulfite. This work showed that the rate of
early chromophore development was more
dependent on the amino acid concentration
than on that of the sugar.

Haas et al. (1958) stated that continuous
extraction of the browning fruit mixture
with ethyl acetate retarded the browning,
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and Wahhab (1948) and Stadtman (1948)
showed that the ethyl acetate contained an
overwhelming proportion of furfural.

Yoshihiro et al. (1961) reported that
furfurals cause little increase in browning
when added to model systems, with a slow
utilization of alpha-NHs. groups, and this
aspect is dealt with in more detail in a
current paper (McWeeny and Burton,
1963). Kato (1960) also found that HMF
was not important in his sugar-amino
browning reactions.

We have here examined the glucose-
glycine reaction in a more complex manner,
using spaced extractions with ether, tri-
chlorethylene, and cyclohexanone to deter-
mine the quantities of extractable material
in solution at successive stages of the reac-
tion, in order to examine, among other
things, the development of the larger, darker
compounds from the smaller, less colored
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compounds. Tlie extracts were each divided
into acid, weak acid, and neutral compounds,
as shown in Table 1

From these results it appears that the
quantity of water-soluble non-volatile com-
pounds extractable with these solvents in-
creases with time, and the increase is most
rapid at a point where the unsaturated car-
bonyl content, color, and fluorescence is
also developing at a fast rate (cf. Burton
et al.. 1962a). it is also clear from the quan-
tity of the cyclohexanone-extractable ma-
terial that is soluble in light petroleum, that
much dehydration had occurred to produce
compounds with these physical characteris-
tics. Much of the cyclohexanone-extractable
fraction is revealed as neutral in nature. As
incubation proceeded, the viscosity of the
reaction mixture increased, and by tbe fifth
week some of the product had gelled, indi-
cating that some otherwise-extractable ma-
terial had become incorporated into cross-
linked polymeric material.

Most of the fractions are fluorescent and
contain carbonyl compounds, and a spectro-
scopic examination of well separated frac-
tions of the 2,4-dinitrophenylhydrazone mix-
ture revealed that a multiplicity of water-
soluble unsaturated carbonyl compounds are
present in the system. While this phase of
the work was in progress, Ellis ¢t al. (1961),
Buttery et al. (1961), and Yu et al. (1961)
reported that they had found a large number
of carbonyl compounds from potato granules,
bread, and fish oils. A number of these
carbonyl compounds were shown to be un-
saturated, and ene-dials and 2,4-dieneal
structures were postulated. Some of our
darker extracts give brownish precipitates
on reaction with 2 4-dinitrophenylhydrazine.
All the carbonyl fractions isolated by us
cause a more rapid development of color
when incubated in fresh glucose-glycine
mixtures, and all show a more rapid color
development when incubated with glycine as
opposed to glucose. This shows clearly that
at the relative concentrations of glucose and
glycine used, the chromophore development
is more sensitive to glycine than to glucose
concentrations.

It appears that although in the early
stages of glucose-glycine incubation a num-
ber of small carbonyl compounds are pres-
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ent, and that these can be extracted into
ethyl acetate, as Haas et al. (1948) have
done, the subsequent course is for these
compounds to develop into larger, more
light-absorbent molecules, many of which
are themselves still fluorescent and still car-
bonyl compounds (C]. Burton et al. 1962d).
The course of the reaction described here
is indicated by comparing the rate of de-
velopment of conjugated unsaturated car-
bonyl and the quantities, colors, and physical
properties of the products at each time inter-
val. The fact that the cyclohexanone-extrac-
table materials (which are not found very
early in the reaction and which increase in
quantity with time) are largely soluble in
light petroleum would seem to show that
they are in fact small polymeric highly de-
hydrated compounds. During the course of
writing we have noted the results of Pollock
and Siefker (1956) and Siefker and Pollock
(1956). From inspection of the curves they
published, it appears that in their heated
sugar-glycine systems both the reaction so-
lution and the more polymeric undialyzable
fractions obtained as the reaction progressed
were multi-carbonylic in nature, with solu-
tion viscosity and percentage of undialyzable
matter increasing with time. This indicates
that the intermediates (which varied with
the sugar) were still building up a carbonyl-
type polymer. In the aldose-glycine system,
therefore, we know that browning occurs
following a drop in a-NH2 content, with a
development of and increase in the level of
conjugated unsaturated carbonyl compounds
(which themselves brown more quickly in
the presence of glycine), and with con-
comitant reduction in free a-amino nitro-
gen and increase in fluorescence. There is
also a decrease in pH, an increase in per-
centage undialyzable material and solvent-
extractable compounds, and in viscosity. We
found that the viscosity of comparable al-
dose-amino solutions was less in the presence
of sulfites than in their absence. A similar
state of affairs (in some respects) appears
to exist in the development of chromophores
in milk products (Tarassuk and Simonson,
1950; Simonson and Tarassuk, 1952).

The number of reactive compounds pro-
duced even in a simple glucose-glycine sys-
tem is quite large, and these reactive com-
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pounds appear to link up to form larger
molecules. The mechanism of browning
therefore appears to be more complicated
than the monofructose-glycine — difructose-
glycine —* 3,4-dideoxy 3,4-unsaturated hex-
osone —» HMF system of Anet and his col-
laborators  (1957-62; (f. McWeeny and
Burton, 1963).

In the experiments recorded here, the
analogous reaction with sucrose followed an
apparently similar path, with the difference
that in the early stages of browning there
were indications of a rapid utilization of the
fructose formed. This would not be incon-
gruous with our later findings in tbe field
of ketose amino reactions (cf. Burton and
McWeeny, 1963a; Burton Ct al,, 1963).

ACKNOWLEDGMENTS

We thank Mr. J. F. Hearne for initiating this
project and for his advice and encouragement,
and Mr. W. S. Matthews for drawing our atten-
tion to the peculiar properties of citral sulfites.
The work is being financed, under U. S. Public
Law 480, by the Agricultural Research Service of
U. S. Department of Agriculture.

REFERENCES
Anet, E. F. L. J. 1959 Chemistry of non-enzymic

browning.  Crystalline di-n-fructose glrcme
and some related compounds. Austral. J.
Chan. 12, 280.

Anet, E. F. L. J. 1959%. Chemistry of non-enzymic
browning. Difructose-amino acids as inter-
mediates in browning reactions. Austral. J.
Chan. 12. 491,

Anet, E. F. L. J. 1960a. Degradation of carbohy-

drates. Isolation of hexosones. Austral. J.
Chan. 13. 39%.
Anet, E. F. L. J. 1960b. Two new forms of

3-deoxy n-glucose. Chan, and Ind. p. 345.
Anet, E. F. L. J. 1%Ia. Degradation of carbo-
hydrates. The action of acid and alkali on
3-deoxy hexosones. Austral. J. Chan. 14, 295.
Anet, E. F. L. J. 1961b. Unsaturated hexosones.
Chan, and Ind. p. 345.
Anet, E. F. L. J. 1962. Formation of furan com-
pounds from sugars. Chan, and Ind. p. 262.
Anet, E. F. L J, and T. M. Reynolds. 1957.
Chemistry of non-enzymic browning. I. Reac-
tions between amino acids, organic acids and
sugars in freeze dried apricots and peaches.
Austral. J. Chan. 10. 182

Burton, H. S, and D. J. McWeeny. 192 Sul-
phur dioxide and Malllard-tzpe reactions. 1st
International Congress on Food Science and
Technology, London.

Burton, H. S, and D. J. McWeeny. 1963a. Non-
enzymatic browning. Consideration of sugar
stability. Nature 197, 266.

Burton, H. S, and D. J. McWeeny. 1963b. Role
of phosphatides in non-enzymatic browning.
Nature 197, 1086.

Burton, H. S, D. J. McWeeny, and D. (). Bilt-
cliffe. 1962a. Sulphites and aldose-amino re-
actions. Chan, and Ind. p. 219.

Burton, H. S, D. J. McWeeny, and D. O. Bilt-
cliffe. 1962b. The influence of pH on SO—
aldose-amino reactions. Chan, and Ind. p. 1682

Burton, H. S, D. J. McWeen}/, and D. 0. Bilt-
cliffe. 1962c. Development of chromophores
in the carbonyl-amino system. Nature 196. 40.

Burton, H. S, D. J. McWeeny, P. N. Pandhi, and
D. O. Biltclifte. 1962d. Fluorescent com-
pounds and non-enzymatic browning. Nature
19. 98,

Burton, H. S, D. J. McWeeny, and D. (). Bilt-
cliffe, 1963. Sulphur dioxide and ketosé-amino
reactions. Chan, and Ind. p. 693.

Buttegl, R. G, C. E. Hendel. and M. M. Boggs.
1961. Off-flavors in potato products. Autoxi-
datéﬂg of potato granules. J. Agr. Food Chan.
9 .

Ellis, R., A. X. Gaddis, and G. T. Currie. 1961
%ﬁrbonyls in oxidizing fats. J. Food Set. 26.

Haas, V. A, E. R. Stadtman, F. H. Stadtman,
and G. Mackinney. 1948, Deterioration in
dried fruits. 1. The effect of sugars and fur-
furals. J. Ain. Chan. Sac. 70. 3576.

Hodge, J. E., and C. E. Rist. 1953, The Amadori
rearrangement under new conditions and its
significance for non-enzymic browning reac-
tions. J. Am. Chan. Sac. 75, 316.

Kato, H., 1960. Studies on the browning reaction.
Full. Agr. Chan. Sac. Japan 24. 1

McWeen)é, D. J. and H. S. Burton. 1963, Some
possible glucose/glvcine browning intermedi-
ates and their reactions with sulfites. J. Sci.
Fond Agr. 14 291

Pollock, G. E., and J. A. Siefker. 195. Melanoi-
din studies. 1I. Physical and chemical charac-
teristics of synthetic melanoidin systems. Proc.
Am. Soc. Bracing Chan. p. 13

Siefker, J. A, and G. E. Pollock. 1956. Melanoi-
dins of the browning process. I. Formation of
aldeh)édes during beer wort boiling. Proc. Am.
Soe. Brewing Chan. p. 5



BURTON. McWEENY, AND BILTCLIFFE 639

Simonson, H. 1), and X, P. Tarassuk. 1952
Fluorescence” and associated chan?(es roduced
. 1. Dairy

upon storage of evaporated mil
Sci. 35, 166.

Stadtman, F. H. 1948 Deterioration of dried
fruit. 111, Chromatographic separation of car-
bonyl compounds as 2,4-dinitrophenylhydra-
zones. J. Am. Chem. Soc. 70, 3583,

Tarassuk, N. P, and H. D. Simonson. 1950. The
browning and fluorescence of evaporated milk.
Food Technol. 4, 88.

Wahhab, A. 1948. The deterioration of dried
fruit. 11, Identification of furfurals. /. Am.
Cliem. Soc. 70, 3580.

Yoshihiro, Y., S. Kardiwa, and M. Nakamura.
1961 The role of 5-hydroxymethyl furfural-
déhyde in melanoidins formed in heated ?Iu-
cose solutions. J. Chem. Soc. Japan, Ind.
Chem. Section 64, No. 3.

Yu, T. C., E. A. Day, and R. O. Sinnhiiber. 1961,
Autoxidation in"fish oils. I. Identification of
volatile monocarbonyl comgounds from autoxi-
dized salmon oil. J."Food Sci, 26, 192



The Organic Constituents of Food. II.

D. CROSBY and

Agricultural Toxicology and Residue Resear
g % Davis, Ca

Celery

I.. 3. ANDERSON

ICF Laboratory. University of California,
Ifornia

(Manuscript received August 9, 1963)

INTRODUCTION

Celery (Apitnn c/raveolens, l..) (Unibel-
liferae) ranks with the more important vege-
tables used in the United States today ; the
annual per capita consumption is about
eight pounds. Although several states pro-
duce commercial quantities, the California
crop, worth $29,413,000 in 1960, represented
over 57 percent of the U. S. Supply.

The stalks (or stems) of the plant are
the part normally eaten, usually in the fresh
state. Cooked, celery has found some favor
in such food preparations as soups and
stews. Celery seed, however, and the seed
oil have been used for many years as flavor-
ing materials. At present there is a trend
toward increased processing of celery to
utilize it in juice blends, soups, and other
processed vegetable products because of its
unique flavor. This trend has recently accel-
erated because of the uncertain market for
the fresh produce. Cold and Wilson (1961)
report that in 1959. 82,500,000 pounds of
celery (some 48% of the Arizona crop and
15% of the Florida crop ) was not marketed,
because of lack of demand. The use of celery
in food blends for its unusual flavor has
greatlv increased the interest in the nature
of its chemical constituents.

Celery is a close relative of parsnip, car-
rot. and parslev. A wild form still grows
as a low herb in the marshes of the coastal
regions of the Mediterranean and hears
little resemblance to the plant cultivated
commercially. The wild plant is bitter—
even poisonous—and was probably used for
medicinal purposes before it was used as a
food. With respect to its curative value,
Phillips (1827) stated:

"Both the roots and seeds are used
medicinally, especially in obstructions of

*The first article in the series (Crosby. 1963)
Elhescrlbes the purpose, scope, and organization of
e series.

the liver and spleen ; they warm and dry ;
they purify, attenuate, and carry oft
fevers, jaundice, and diarrhea ... a con-
serve of blanched celery is good for pains
in the chest and windy colic and a decoc-
tion or tea is a diuretic that is said to
relieve the gravel."

At present, however, no important medical
value is ascribed to celery.

From the wild celery, horticulturists have
developed the two familiar garden varieties
—"dulce,” the common celery, and "rapa-
ceum,” the root vegetable celeriac. The
Romans used as food a celery that was prob-
ably not very different from the wild form.
They considered it another form of parsley
and named both plants apitnn, from apis.
the bee, because of the partiality bees bad
for the blossoms.

To avoid the confusion that surrounds
some of the early chemical work on celery,
a few further words about its history are
in order. The French modified the name to
ache (no relation to pain): medieval Eng-
land already accepted this word for parsley,
hut Phillips (1827) described it as the true
English name for celery. However, to dis-
tinguish between celery and parsley, celery
was called "small ache." This soon became
contracted to "smallage,” a name that was
quite acceptable through the 19th century.
The present name was originally spelled
sellery by the English, and is derived from
the (ireek work for parsley, selinon.

Actually, celery was not commonly used
in England in medieval times, and the first
mention we have of its cultivation and use
as a food plant was in France, in 1623. At
present, its habitat extends from Sweden
southward to Northern Africa and into the
mountains of India, as well as over much of
North America. Both green and self-blanch-
ing types are grown, but the literature does
not generally specify which form was under
investigation. Several parts of the plant

16T) 1
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have been investigated for their chemical
constituents, and this anatomical informa-
tion, when available, is presented herein.

COMPOSITION

Macromolecular components. The macro-
molecular components of celery account for
the greatest part of the dry weight. They
are generally described in terms of a so
called “proximate analysis,” typical values
for which are given in Table 1 In such

able 1 Proximate composition of celery (How-
ard et aﬁ, 1&85) P Vi

ther
Water Protein  Fat sTuogtg! hggﬂa)?e's
Percent of fresh weight

Self-blanching 9% 07 o1 10 02
Green % 09 01 10 02

Variety

analyses, the term Water actually represents
not only water but all other easily volatilized
substances including the lower alcohoals,
amines, aldehydes, ketones, hydrocarbons,
and many of the fatty acids. Until recent
years, the chemistry of this volatile fraction
has usually been ignored.

Protein is usually determined by multi-
plication of percentage of nitrogen found in
the sample by a factor (generally 6.25) that
has been shown to vary considerably among
plant species. Consequently, all nitrogen-
containing constituents, such as nucleic acids,
alkaloids, and porphyrins, are included in
addition to true protein. However, since
protein generally constitutes a large propor-
tion of the nitrogenous solid matter, the
error so introduced is probably compara-
tively small in most cases. Although celery
proteins represent about 16 percent of the
dry weight of a typical sample, no further
characterization of these substances appears
to have been made. In fact, not even the
component amino acids have been investi-
gated in detail, although it is to be presumed
that the normal array would be present.
The compilation of Orr and Watt (1957)
gives analytical data for only 5 amino
acids—tryptophan, lysine, methionine, cys-
teine, and tyrosine, and these from only one
sample. This lack of information about
celery seems to prevail for many other vege-
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tables as well, and is rather surprising when
one considers that the amino acid content
has been determined for many much less
common plants.

Carbohydrate content is usually calcu-
lated as the percentage necessary to bring
the sum of the component protein, ash, and
fat to 100 percent. Obviously, figures de-
rived in this way are open to serious error,
and direct measurement of the various forms
of true carbohydrate becomes of consider-
able importance. The figures in Table 1
were obtained by actual analysis.

Elwell and Dehn (1939) provided data
on the pectic substances in celery, princi-
pally from the alcohol precipitation method.
They reported that water-soluble pectin
(5.72% of dry weight), easily hydrolyzable
protopectin  (6.28% of dry weight), and
difficultly hydrolyzable protopectin (2.14%
of dry weight) were present. The pectic
acids in celery were not determined.

The work of Myers and Croll (1921)
provides the only other available informa-
tion on the carbohydrates in celery ; values
for “reducing” and *“non-reducing” sugars
were reported (Table 2). Hall (1957) also
found reducing sugar to be present.

Table, 2. Free sugars in %elew 1e 1r)essed in

terms of glucose (Myers and Crolf
% of fresh weight
Type of sugar QOutside parts Hearts
Reducing sugar 0.54 170
Non-reducing sugar 0.02 0.24
Total 0.56 1.94
Total carbohydrate 33 33

(including fiber)

No information has been published on
other macromolecular components such as
nucleic acids, lignins, or tannins.

Common  components of low molecular
welght. Of the simple sugars that one
would expect to occur in celery, only su-
crose and glucose have actually been identi-
fied (Myers and Croll, 1921). Despite the
fact that no other sugars have been isolated,
there is little question that the common
pentoses, hexoses, disaccharides, and other
simple sugars are present. There is one
report of mannitol having been detected in
the roots (Anon.. 1923).
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has been

An unysual sugat apiose sgabl)(aexms

obtained from celéry, but it
In the plant, in combrn tion wrt flavones,
In_the form of rqycosr es (Faroog ct al.
1958 Chemically; aprose is'3-C-(hydroxy-
ﬁ%/l chyccroa ot tros Gorin - and
ael and Roxburh
ﬂ ave shown b wnthesrs that te
natura y occurring form of this sugar IS the
D-1somer and has an open-chain Structure,
The chemrstrY of apiose has_been reviewed
by Hud so £949 abd Shafizadeh ( 1956g
ore will be said about the apiosyl glyc
sides in a later section.
On v one refere ge to the free amino acr s
i 8eer 9\évga)s found In the | |terature
an rovided evid ence a er
chromStograph(? that the foll owrn ortJ p
tein_amind acids were present; aanrne g
tamic_ acid, aspartrc acid, serine, y-amino-
butlyrrc acid, utamrne and asﬁara%me
osrne was rePorte o' occur in the cel D/
(Bamberger and Landsiedl, 1904), b
there 15 doubt about whether 1t was oresen
In the free state or formed by hydrolysis
of 1protern during isolation. _
he term fat in the Proxrmate analysis
(Table 1) generally includes all ether-ex-
tractable substances; but srranfrcant quanti-
tres o true fats_ and refated  substances
un ou hted g constitute a major OPro ?rtron
(19595 rctrtc))n thChrrhstran Ian tdrtchf
described the physical properties, 0
ce ery seed %at and estrPna/t d rtspcoﬁr osition
Y saponification, although the orr nal
glycerides themselves were not identfied.

ATTT

Frg1 L The aliphatic and alicyclic constituents

Several inv (estraggtrons 5(Faroo el al, 1953
urono an Id and Wilson.
have show specrfrc fatty acids to be
present in the seed oil;as might be expected,
oleic, linoleic.. and afmrtrc aclds were 150-
lated in addition fo the less common petro-
sclenrc acrd and petroselaidic_ acid
(111). 3{ gas chromatography and infrared
spectral - teChniques, several shorter chain
fattg acids also were |dent|fred IS0 ut¥rrc
acid, valeric acid, an unr dentitied
branc ed chain heIptanorc acid. From the
low acidities re o ed for celery fat, it ap-

ears probable t at these acids exist to a

r|]or extent as glycerides n the plant
rather than in the free form per se.

It seems inevitahle that ther acrds such
as those mvolved in the trrcarbo lic acid
cycle should b Rresent Flowever, it was
not unti| 1961 that Schramm (1961). de-
tected. Dby paper chromatography, Citric,
isocitric, succinic, fumaric, malic,"and tar-
taric acids In celery roots. Maleic and citric
acids had heen shown earlier to oceur |n the
ediple portion Hartmann an HrIIr
and pyruyic ar was_ foun g/ and
Wilson 51961 Bentley (1952) showed
malonic acid to occur |n te Ieaves and
glycolic acid_ was_reported by several in-
vestrqators including Andrews and Yiser

who determrned that it was present
| the amounto 0.034%
As reported in Table f celery does not
appear to be a particularly good source o

Sebret“e a?td Tl-rl]grr\f'sta%?rr of celery (Burton, 1959;

Vitamin 1ig/100 g Vitamin Mg/100g
E 480 B 154
B, 500 Folic acid 1.2
B 400 C 7000
Niacin 400 A 0

any of the vitamins, though a number of
the B vitamins are resent X0 report has
been made of the J)resence of erthe)r vrtamrng

that resth cro?r étné' 8m llrggorte
mixed toco ?ter t ?t J

s of which more™than gb%
was a-tocopherol.

Unusual” orspecific components. Ali-
phatic and alicyclic coinpounds. Very few
simple aliphatic compounds have been Iso-
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lated from celery. w-Heptanol and »-octanol
were obtained from an extract of th e entire
ve\glr?und ortion of the plant b GoId
and lison (1961) and charactene
as_chromato raphX and infrared ectra
w-Octanol | |s enerally considered to EPossess
4 drsar[]reea e"odor, even In moderate con-
centraions.)  The common terpene, limo-
nene, was shown by the same workers to
be Present to the ext%nt of 80-90% . In the
| Traction, as were the oPen -chain isomer,
mvrﬁene and the related terpene aldehyde,
crtra" neral). The terpenoid pigment “caro-
tene” Nas been reported BWrIcox and Gallo-
way, 1951, Wolf,"1955), but no further iden-
tification as to f%;pe was, given. Strangely,
no report could be found of the occurrence
of the common hydrocarbons phytoene and
phytofluene.
lamician and_ Silber observed in 1897
t at ceIeryrseed oll contarned a sesdurterpene
CisHge. 'This compound was further char-
acterrze X research at Schimmel and Co.
S thr uq epregaratron of a crystal
lIne dihydrochloride, and was given the ame
selinene. Semmler and Risse (1913), in
confrrmrn the work at Schimmel, deter
mrne t the natural occurnn sernene
iffered In pysrcal pyropertres rom te
“selinene” obtained 3{ regeneration . of the
drhydrochlonde derivative.” They esrgnated
the"naturally occurring one as k-selinerie and
the other as a-selingng, and assrgined the
formulas (V) and (V), respectively. Such
great names ‘as Ruzicka, Semmler, Stoll,
and Linstead have been associated with the
efforts to elucidate the structures of the
selinenes,  Simonsen and Barton (1952
discussed the various chemical reactions
(oxidation, reduction, ozonolysis, etc.) in-
volved In determining their structures.” Ac-
cumuIaJed evidence Indicates that formulas
V and V are finally correct. It appears
that aseIrnene arjses bx the %eneratron of
an endoccrc douple bond Upon eliminatjon
)(]drogen chloride from “g-selinene dihy-
loride
Three ofher selinenes have been reoorted
Simonsen and Barton (1952) offer ormu
las for s-selinene (V 2 ) and t-selinene (V11)
but a search of the literature failed to reveal
the ch%mrcal structure of the y-selinene pro-
posed oy Ognyanov and Ivanov (1958).
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Workers at Schimmel and Co., in 1910,
also mentioned that sesquiterpene alcghols
C14H20) were resent In celery seed ol
uzrcka and StoI 1923) later” observed
the same tgﬁe of alcohols in the il but no
Identificati was made : the literature Is
erent on any SU seguent ‘work on the syb-

g one reference to the steroids
](Wall ana Kelley, 1947) could be  found.
hese workers a empte to determine the
nature of the leaf sterols of several plants
%yt eproductron of coIor in the Libermann-
urchard reactjon, ey demonstrated the
presence ofa (Phytostero mfg
e%rate meal prepared from ce er
to s). that could not" be cIassed In erther
the sitosterol or spinosterol groug
tempt was made to elucidate it chemrcal
nature further.

Aromatic compounds. Of the simple
phenolic substances, only quaiacol has béen
shown to occur in celery’ (Gold and Wilson

61, although a trace of unrdentr fied

Is< was reﬁorte Makarova _ and
orrs uk,. 1957) In th e residye remaining
after drstrIIatron of ce ery oil.  However,
two in erestr gZ 5oheno ic ethers known as
ap |oe Iyl drmethox -3,4-mef erne
drox enzene VIII myristicin fi-
ar 3methoxv45 eth Iene xybenzene

5) have also been islated (Karmazin

Both substances had been regorted
to occur In parsley and other noant and
therr structures had been deter |ned satis-
factorily many years earlier. These com-
ounds obviously are cIoseI reI ted to the
rroentrmoérnea\éon agent) saf o%

l0xybenzene), which Is curren
drgrepute be/cause of'alleged carcrnogeny

th ap (Pears that, the aprole that Karmazin
etect I celery" Indeeg the tructure
but a note of cautron S oud e Iner-
ied at thi ornt The apiol eJ ong
yobtarne om plant sources’ undou
was a mixture of several compounds.
En lish, a\nd French “apiole” |s sald to con-
SIS marny of mynstrcrn Whereas German
“apiole” primarily contains Stearoptene (the
Portron of a natural essentral oil ‘that Cseo
ates asasor on coo |n or long standing)
% 2 y toXIC nature of
aprole hat was used medicinally for
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many decades arises primarily from the It has peen known for some time that
presence of the Igcosrde apiin” (Castagnoli ~ celery could cause g dermatitis on the hands
and Quilichini, 1952 To confuse the sub- and arms of people who handle It in the
ject further, an_ jsomer of apiole has been fields, but the etjology was unknown. Based
rsoIated from dill and other Iant sources  on knowledge of the roIorIrrcaI effects in the
and named dillapiole ( g rmethoxy Presence of sunIr%ht of other plant exfrac-
4.5 methulenedroxglbenzen Str nother  tives known to contain coumarin derivatives,
isomer, 1soapjol ropenyl-2,3- rmeth Musajo et al. (1954 werF able to Isolate
oxy-4,5-methyl enedro gbenzene) has been from “celery the known furocouramin
reported rno Pant but no feference has  methoxypsoralen, also called bergapten (X).
been made to It for_some 2o ears Thrs w rk- was further substantiate

It seems certarn from ph sical data that Ro r% lero and A egri (1959). Bergapten
the true aproe described rh/ present ay any ot er urocou arns possess te
workers does have the formula ag property o sensitizing the skin to sunl I?h
snown, but a great deal of drscretron and  (ultrayiolet light). hrs may exglarn e

discernment mUst be exercised in reading use of Avirpi majus Arabians or
earlier literature describing “apiole.” freatment of lack of skrn ?mentatron afn
e of India for

Very few other aromati¢ comPounds have Psoralea corylifolia: .} ﬁ
been teported to occur In_celery. Paper tetreatment of vrtrIr?o— ese plants have
chromatography, coupled with fldorescence Zre ded severa other furocoumarips as well
detection,”has Indicated the presence of the as ergapten (Musajo et al.. 1954),
common _aromatic compounds  /»-coumaric he” glycosides represent a class of sub-
acrd caffeic acid, ferulic acid, chlorogenic stances found I most plants—compounds
acld, and rsochloro enrg acid gHerrm nn. formed by the combination of ope or more
1957) Several phthalide derivatives from  molecules of a simple sugar wrt another
celerv will be discussed in the next section. moiety referred to as an ag )icone

aglycone portion of the molecule eneraII
H contarns a free hydroxyl group. th at IS at-

PH w,
v m ached to_the sugar in a hemiacetal
]@ ]@ 0NN rnkae Ffavones frequentl serve ast)tﬁ

gﬁcone Because he. g %cosrde rnkage IS

= x ther labile, hydrolysis™may occur ddring

. Ieﬁrtractfron of tiie plant materials, resulting-
APIOSE-GLUCOSE on altl aCS

@Q Several flavone ﬂlycosrdes from celery

€ have been studied; afl of those repor{ted have

the same sugar arrangement and differ only

In the aglycone portion. The carbohydrate
B o el 1 i
- i - - r reviously, | r
cefelr%'. 2. Aromatic-heterocyclic constituents ~ of “%n With glucose pln 1953)/ 2000 et &1
150 ated two ndlycosrdrc fractrons from ceIer
Oxygen-containing hetergcyclic com-  Seed an nae them graveo bioside A
pounds.  Compounds contarnrng oXygen In ?raveo joside B. By ste wise hydroI srs
a ring system have long held "conside rable Irst apiose and then quc 5 Were 00 tarned
Interest for the chemrfst and biochemist be-  from Doth glycosides. “Thi serve t0 rove
cause 4 dreat manyof them possess signifi-  that glucose” was attache rrect
cant biological activity; coumarin deriva- aglycone. Likewise, those wor ers were
tives are no exception, Herrmann 1957 gle {0 show that com Iete mef &rtron of
suggested the presence In celery of scopolet] erther graveobioside A or B followe
bu chromatographic and fluorescence tech-  drolysis yielded . the 3'.4' Sérrmeth I ether
B%ues but no ther simple coumarins have of futeolin. This established the point of
een reported. attachment of the sugar at the 7-position of



(Rosin' AXD ANDERSON

the aglycone, Thus they were_able to formu-
late Qraveobioside A ds the 7aﬁrosylgluco
side “of luteolin (3'4' 57tetra drox fIa
vone) .and tTjraveobrosr de B as the 7a ros
3 hetont aC“JVS(’”'e“ g ol
Vone), respectively repres

by formugs >P% YIEl

At apout the same trme that celery was
berng Investiga ft aroocL ct, al. te
glycoside apiin. from pars ey wa erng stu
led by Hemming and (Alli 1 5
Nordstrom ct aI (19 3). f these
rougs usrn% hydrolytic and meth lation
rocedures alogous to _those . mentionea
above were able fo show that apiin was the
aprosyl |ucoside of the flavone aﬁrgenrn
(45, T4trihvdrox fIavone% (XIc). This dis
cover ed 10, re nvestrga ron 0 the nature

graveo josides A and B. P 3
c [ matographrc techniques, graveob osr e

B was, resolved into two companents, which
Were |dentrfreg as aprrn and' chrysoeriol-7-
aprggvgucosre IXT0) (Farooq ct al.

The, attachment of the sugars at the 7-po-
srtron IS onlx partly known. "It seems certain
that the linkage .0 the fIavone with Iucose
IS at the 1- osrtron o tesu/gar and there
IS evidence that It has te -confiquration
ﬁHemmrng and g)llrs 953) to resylt in

avone-7-apiosyl-/ glucosrdes Alth 8u hevr
dence was present (Gorin and Berln
1958 that natura a/occurrrng aprose XIsts
In th oencarnfr In
drscussrng the nature of apiose and aprose
lycoside sudﬁests that the apiose exists In

Iycosides in tHe furanose. form.  However,
¢ concedes that the specific_structure of the
aprofuranosyl radrcaI and its point of a-
t ent to the %ucose molety must wait

ater determination

Two rather unusual compounds were iso-
Iat% from ¢ Ier¥ seed orIb Ciamician and

loer (1897 ese subst nces were grven
the names of sedanonic fan ydride an
sedanolide. By a serres of reactions d
scribed In the orr%rnal literature, formulas

X1 and XTI wer resbectrvely assrgned 0]
them,t e chemrstry of the twa’ lactofies and
te corresponding” acids, sedanonic acid

(X] & an sedano ic acid S 3 Was ex-
mn In detail. Similar compounds have
been isolated from other genera of Umbelli-

e- they were ah e to Identi
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ferae (Karrer, 1958). The evidence
sented for sedanonic’ acid and its lac one
feems dequate to substantjate their formu-
as, althougn _there Is still some question
Ebout the po R frtron of the endocvclic double
d. Eveh less convrncrng IS ex errmenta
evidence for the position of the d u le bond
In_sedanolic acid and sedanolrde Sedanonic
acid apgears to_be quite stable sSCramrcran
and Silber, 1897), but Naves 1943). from
further  work on related ouns re-
ported that sedanolic acid rs somew at un-
Iéable and s readily converted into sedanol-

; ¢0101C4 3101

0 0
xn ~y-m

GH

5 ~ CHCHjCHjCHjCH,
COOH

CO CO

XVT TVTT

CCCCCCCC 1] c R.CHCH(CHK)j
bbbbbb

Fig. 3. The phthalide derivatives in celery

Small (1948} claims that the character-
istic odor and tlavor of celery are due to a
mixture of sedanonic anhydride and sedanoI
Ide. Furdther evidence of this was found bv
Gold and Wilson (1961) n therr stud
the odoriferous substances In celery. eg/
Indicated that sedanonic anh drrde an s
danolide. have a definite cel %rg odor, but th ev
Wwere quick fo point out that the aroma i
aused by a blend of c0 nPounds In a Partrc-
ular proport ron ore recent report
Gold ‘and Wilson 19632 descrrbed the IS0-
lation, by gasc romatography, of four qther
phth hthalidé errvatrves rom retentron trmes
and In rared an utravro et sectra data,
ey i o -150butylid enle
ad-dihy alide isovall-
dene-3a.4- drh)g/dro hthalgde t % and
traces of the orrespon Ing aromatic analoro
Ylla and XY 1In). The strHctures of t
st two com ounds were authenticated by
tLtesrs respet t0 Broma thgse
wor ers suggested are atron etween odor
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and chemical structure the found hat
when oneo the %rogens 0 teycar on
atom of a A--6- dihydro-, a As-tetrahydro
or a hexah drophthalrde was replaced by an
al IY/I grou a ce ery odor was noted.
akarova and Borisyuk (1957) claimed
to have 1solated both sadanonic and sedanolrc
acid In trace amounts from the distil atron
residue of the seed ?r. [t seems &ro bable
that the free acids, it present in celery, go

not. contribute In any major way to the
typical celery odor.
Apparently the

Nitrogenous compounds.
Bresence of chloro Ftyll In green lants has
een taken for granted becadse of thelr color
and the acknowledged role of chlorophyll In
photosynthesis, . (Anyone who_views the
green vegetable in the groce S drs must
oncede that It contains ch oro
spite the popularity of the chromatoPra hrc
ISolation of chIoroP ){II from green plants as
a student demonstration, only one reference
to It presence N celery could be located
Hall, '1957), and this aid not rnﬂrcate the
type present.” Only one other porphyrin, the
metal free relative  of chIorophl\%I called
ggog tin, has been re ortﬁd t\ ilIstatter
11), and no other hon-protein

(ner g%genous subsfances have been found In
Miscellaneous compounds. An adéhtronal
constituent has heen reported, it IS
Iace rn this category because of the lack
o an)(<|n formation about Its chemical nature.
Marakova and Borisyuk {1957 mentioned
the presence In seed orI of a substance tha
they designated as memanene, the chemica
nature, of which th?y did not’ describe. An
extensive search of the literature failed to
provide (rity additional reference to this
compoun

Another interesting substance, as vet to
he identified, Is the one res%onsrbe or bit-
terness In ceIery (Pan It appears
to be a non favonord D lucoside havrn% a
remarkab vr?/ simple rnfrar%j spectrum and a
rather low extinction coefficient In Its ultra-
violet absorption. Its structure has not m
been examined In detail (Pl. Pan, persona
communication).

~ DISCUSSION _
In reviewing our knowledge of the chemi-

cal constituents of celery, one is itruck by
the same curious circufstances that were
nated n the revrew In this series on lettuce

(Croshy 2 We really know very little
about the naturally occlrring sybstances
to be found In this common food What

about, nitrogenous compounds ? Sulfur-
contarnrng comRounds7 Phosphorus com-
pounds? “For that matter, what about the
common amino acids, vitamins, fatty acids,
and the host of other simple, ordinary
thrnos that you mrqht exPect 10 have come
to Irlrht In “even élementar mvestrﬁatrons

celery? Sureh/ acommo r Cy worth some
$50000000 annCally to this country at the
arm level deserves better treatment.

Obviqusly, by far the major part of the
chemical research on this vedetable has cen-
tered on the seed ail, probably because of
its past medicinal importance.” A Iittl
known about the constituents of the e rbIe
stalk, but almost nothing has been reported
on the composition of “the tops, although
they are used occasionally as cattle feed.
The closel relaéd roof product, celeriac,
must be included i this same category—
Wwe a(oroear to know virtually nothing” abiout
rtsc stitution.

As with letfuce and other Compositae, the
Blant family (Umbelliferae) to which cel er)f
elongs has been the source of a wond er
variety of chemical substances. Most of the
compounds isolated from members of the
Umbelliferae are derived from  the roots.
Although celeriac continyes to find use. as
food in"this country detail on root constit-
ents_of the famr¥ will be left to the forth-
comrng revrew o this serres on. the carrot
However, the aboveground portions of ce
Y reIatrves can offer their share of inter-
%s ng guca structures, as shown in

Several of the substances listed. possess a
high degree of physiological activity. Coni-
g and” its related alkaloids, for ‘example,
are the toxic principles of the “poison hem-
lock" used throughout the ancient world for
execution of prrsoners and. made famous to
every school “child Tor bringing about the
death of Socrates, Khellin and related furo-
chromones have Ionttr been used as antisoas-
modics, as vasodilators, and for a variety
of other medicinal purposes (Huttrer and
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Table 4. Selected constituents of the Umbellifcrae.
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Name Plant species Structure Reference
Umbelliprenin Angelica archangclica (seeds) XVII Spath and Vierhapper, 1938
Imperatorin Pastinaca sativa (fruits XIX Soine et al., 1956
Coniine Coniuin maenlatuin (leaves) XX Marion, 1950
Fenchone Foenicitliiin vntyarc (fruit) XXI  Wallach and Hartmann, 1890
Khellin Ammi visnaya (fruit) XXIl  Huttrer and Dale, 1951
8-Methylnonen-2-al-1  Coriandrum “sativum " (leaves) ~ X X111 Carlblom, 1936
Creoso Pimpinclla unisum (seeds) X1V Monod and deDortan, 1950
Burton, B. T., ed. 1959. "The Heinz Handbook
COHIIHHC GO of Nutrition." McGraw-Hill Book Co, N. Y.
XVII Carlblom, A. J. 1936. Origin of linalool in cori-
ander oil. Comﬂosmon and structure of the
components of the ethereal oil of the flower
C% CﬁCHjﬁifH ita e of Coriandrum sativum. /. Prakt. Chem.
- ]
MR . Castagnou, R., and R. Quilichini. 1952. The ana-
@0 lytical, chromato%_rlaphlc and toxicological
Qt itg%%y 5o7f apiol. Hull. Soe. pharm. Marseille
C Yome Chrigtian, B. C, and T. P. Hilditch. 1929, Seed
XXI mm fats of the Umbelliferae. [I. The seed fats
™ of some cultivated species. Biochem. J. 23. 327.

asdici000 8

_ XXm _ XV
Fig. 4. Unusual constituents of Umbelliferae.

Dale, 19513. Imperatorin, like the bﬁrgag-
ten of celery, has _been shown to he” an
extremely potent fish _poison.  With  this
backgrovnd, It seems inevitable that com-
mon celery must contain minor_chemical
constituents whose _toxic properties have
been neither recognized nor appreciated.
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The natural ﬂbrlrtres of Ipotatoe t0 srrJ]rout
and_to wound

tention.  Wound
process and comprises both the suberization
of cell walls and"the formatjon of phelloqen
or cork cambium that

sclnv ger, 1927 Priestle

sists of the early
new stems from”bids aIread% preformed by

Histological Analysis of Wound Healing in
Potatoes Treated to Inhibit Sprouting
CIPC (Isopropyl-N-3-Chlorophenyl Carbamate) Treatments

R. M. REEVE, L. JANET FORRESTER, and C. E. IENDEE+

Western Regional Research Laboratory," Albany California
(Manuscript received August 3, 1962)

SUMMARY

Both wound periderm and sprouting were completely inhibited in freshly
harvested cut potatoes treated by evaporation of CIPC (isopropyl'.Y-3-chloro-
phenvl carbamate) at 10 ppm and 100 Fpm (based on tuber weight) and
then incubated at 70 75°F and 88L relative humidity. At 1 ppm CIPC,
sprouting at room temperature was only slightly retarded. Mound periderm
was comPIeter inhibited in the central tissues and markedly retarded in the
cortex of the tubers.

Arr])plication of CIPC did not prevent suberization at the wound surface,
but the walls of intact cells immediately subjacent were less suberized than
those of the cut cells. Concomitant with inhibition of wound periderm, there
was a marked enlargement of those cells that would normally have given rise
to the wound periderm.

Variability of wound healing rates within different tissue zones of single
tubers, and other variation between tubers, are considered significant to prob-
lems of sprout control and storage.

INTRODUCTION

enzymatic browning in potato ¢
French fries, and de rydrated ﬁotato
ucts.  Storage of tubers

tures ESO 0°F) app recrabIIy
roduces new célls, sequen brownrn in thel
d periderm to the outside and an occa- Eroducts out sp routr

eal have ecelved muc
healing IS a regenerative

helloderm cell o the inside (Art-
and Woffenden,
on the other hand, con-
growth and eIongatron of

and shrrnka%‘e 059€S

t the

Iit sproutlrgjg arg necessa%
err erm formation an

Sprouting, Inhibit" woun

nic trssue at the_"eyés” of the tuber
chwager, 1924). Thi$ basic distinction  can

sugar content in untreated tubers stored at
low temPerature H5F resHIts In non-
IS, frozen

I temp era
reduces su
manu acture

[€. EXCESSIVE. Treat ents ergne {0 |n-

thus Increase susce tibility to rot. Cunning-

mith ‘and Smart (1955,
1959 de onstratd that - microor anrsms
penetrate tuber trssues ungerlying

results in different responses to sprout con-
trol treatments Intended for extending stor-
age and %ood kfe Ing qualities.

Varrou S an ob{ectrves are in-
volved. In s rgut -control treatments of pota-
toes Intended for processing. Increased

*Deceased.

bA Iaboratory of the Western Utilization Re-
search and Develo ment Division. rr;ncultural
Research Service, U. S. Department of Agricul-
ture.

wounds when the wound periderm trers are
not coptiguous, even though suberization of
the cell walls may be continuous over the
wound surface.

Application of plant hormones, various
other chemical agents, and irradiation treat-
ments have been widely investigated as
means of sprout control ‘in potatogs (Per-
lasca, 1956; Sawyer, 1959). ‘Several chemi-
cal treatments and irradiation have been
found to inhibit sprouting effectively, but,

[649 1
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because thY also inhibit wound
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MATERIALS AND METHODS

CIPC treatment. Freshly harvested California-
grown Russet Burbank potatoes were carefully
washed, then cut in halves transversely with an
alcohol-flamed knife. Several halves of each were
placed in 4-gallon cans and exposed to CIPC by
evaporation (Sawyer and Dallyn, 1957) so that

WOUND HEALING IN SI'ROIT-IXHIBITE» POTATOES

the samples received doses estimated at 1, 10, and
100 ppm (based on the weights of the tubers)
after 24 hrs evaporation EHendeI 1957). - Con-
trols received no CIPC. Each can contained a
beaker of saturated barium chloride solution to
hold relative humidity at approximately 88%. A
hole of jA-in. diameter in each can lid provided
some ventilation. The samples were then incu-
bated at room temperature (70-75°F) in a closed
room of about 50% relative humidity until histo-
logical sampling.

istological ~ preparation.  The CIPC-treated
samples were removed alter 5. 10, and 18 days
of incubation. Strips of tissue about 05 cm deep
and 1 cm wide across the full tuber diameter were
then removed from the cut surface of each half
tuber.  Each stnt) was further divided into 4
blocks, 2 re resen ing the inner tissue_zones of the
tuber and representing the outer, including the

"vascular ring." These blocks were immediately
killed and fixed in a solution of 10% technical
formaldehyde and 8'7 acetic acid in 60% aqueous
ethyl alconol. After 24-48 hrs in the killing agent
they were dehydrated according to a standard
alcohol-xylene schedule.

The samples were then infiltrated and embedded
in soft paraffin Imp about 52°C). Blocks of em-
bedded tissue were trimmed (to expose the tlssue%
and soaked in a softening agent consisting of
parts 60% ethyl alcohol and 1 part of ?cherme
and acidified with 3 or 4 drogs concentrated HO
per 100 ml of mixture. Such soaking treatment
appreciably reduced static and ribbon tearing of
the starchy tissue durmgi microtomy.  Serial sec-
tions from each soaked block were cut on a rotary
microtome at a thickness of 20 , The resulting
ribbons of serial sections were divided into strips
of 3-5 sections each. ApErommater alternating
strips were selected to make up 6-10 slides, rep-
resentmg most of the wound surface of each tisslie
block. From 4-8 tissue blocks were so sectioned
from each half tuber.

The selected strips of sections were fixed t
microslides with Haupt’s gelatin adhesive, and
alter removal of the paraffin, they were stained
with Delafield s hematoxylm gloo ripened stock
solution in tap water? and 0.2% 'safranin in 60%
ethyl alcohol, differentiated in a conventional alco-
hol-xylene series, and mounted in a suitable resin.
Good” differentiation of suberized cell walls was
obtained with the safranin.

Wound periderm was evaluated as to degree of
continuity or percent of total linear distance in
which the tiers of wound periderm were con-
tiguous. The wound periderm of different tissue-
z0nes also was evaluated as fo range in number
of cells per tier for each environmental treatment
and incubation period. These evaluations were
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based upon 2 or more series obtained from 10 or
more sections each for each of the 4-8 tissue
blocks, or over 100 cm of wound surface per
sample. Care was taken to avoid a replication cf
results such as would likely occur with use cf
serial sections closely enough situated to Frowde
cellular patterns of  wound periderm that were
either identical or nearl>{ s0. Because this tyﬁe
of evaluation provided clear-cut evidence for the
histological intent of these investigations, no de-
tailed statistical analyses were made.

RESULTS

Fig. 1 illustrates the outer gerlder_m or skin cf
a freshly harvested, mature tuber. Six to Sor 10
cells formed the tiers of the normal periderm 11
these Russet Burbank potatoes and the walls cf
outer, crushed cells were heavily suberized. F|g11s.
2-5, at the same magnification as Fig. L show the
average degree of wound periderm” formation i
control samples after 5 and 18 days of incubation.
Wound periderm was continuous in all controls
after 5 days of incubation, but its development in
terms of ‘cells per tier was slightly more pro-
nounced in the outer than in the inner tissue zones
of the tuber (Figs. 2, 5). After 18 days, the wound
periderm of the central(ljy located tissues had be-
come nearly as well developed as that of the
zorglcal tissues underiving the tuber skin (Figs.

Examinations of fresh sections cut by hand
from control samples with 1-3 days of incubation
showed that the initiating divisions occurred more
rapidly in the cortical tissues than in the central
tissues of the tuber. The continuity of newly
formed tiers of 2-4 cells was usually established
at least a day earlier in the cortical fissue than in
the more central tissue zone, Rate of wound heal-
ing also varied between different tubers. Wound

Ta
carbamate)  treatment

5-day incubation
Percent Range of Percen
conti- g?

WOUND HEALING IN SPROUT-INHIBITED POTATOES

Ber_lderm was as well developed at 3 days of incu-
ation in some tubers as in others at 5 days: and
a few with 5 days of incubation had developed
nearly as much wound periderm as most samples
had developed between 10 and 15 days. However,
all samples examined had tiers of wound periderm
in which numbers of cells per tier for any ?Jven
period of incubation, fell within the ranges [isted
In Table 1 ,
Exposure to 1 ppm CIPC resulted in nearly
complete inhibition of wound periderm.  Onl
occasional wound periderm initials were found,
even after 18 days of incubation, and these
were confined to the cortex of the tuber
(Figs. . 7%. However, a few half tuber samples
incubated 13 days following treatment with 1 ppm
CIPC showed nearly continuous wound Ipenderm
initials in the cortex and scattered initials in the
inner tissues. This possibly could represent a
partial recovery from an initial blocklngi of wound
periderm formation—but it is also likely that the
small amount of CIPC evaporated did not dis-
tribute uniformly over the cut surface of this
half tuber. Xo wound periderm developed in an
samples_receiving 10 and 100 ppm CIPC (Fig. 8).
A striking characteristic of the samples treated
with inhibiting levels of CIPC was enlargement of
intact parenchyma cells close to the cut surface
and apparently involving those cells that normally
would undergo the initiating divisions for wound
periderm (SFI%S. 6-8). These cells enlarged appre-
ciably, and often elongated perpendicularly to the
cut surface. An increase in average cell volume
concomitant with the blocking of cell divisions
as a result of X-irradiation at 5000 R has been
reported for cultures of animal cells actively di-
viding prior to treatment gWhltmone ct al, 1958).
Except for Hendel's (19571 preliminary report
on the present studies and the report of Audia

ble 1 W?und Speriderm development as influenced by CIPC (isopropyl-.Y-3-chlorophenyl

Wound periderm development
10-day incubation  15-day incubation
Rangie of Percent Ranqe of
| conti- cells

IPC Tissue ) célls conti- cells 0, ;
ppm) region nuity a  pertier nuitya  pertier nuity a  pertier
0 near skin _ 100 2-6 100 4-8 100 4-10
cortex-vascular ring 100 4-6 100 4-10 100 6-14
central 100 2-6 100 2-6 100 4-10
I near skin _ 10 -4 -4 0" 24
cortex-vascular ring 0 2 0 2-4 0 2-4
central 0 0 0 0 0
10 all cut surfaces 0 0 0 0 0 0
100 all cut surfaces 0 0 0 0 0 0

° Continuit
tiers

whicgUp s \%f/% adjacent and ¢

of  tiers exlg)ressoeqi a& L[lJSercent of total linear distance of cut surfaces within
continuity was ?m?n(? In sk n and cortex area in one sample.
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ct cl (1962), such cell e_nlar?ement apparently
lias not been described previously for wound peri-
derm inhibition by either chemical or irradiation
treatment.

Table 1 summarizes results obtained with CIPC
treatments and includes comparisons of inner and
outer tissue zones as to the range of cells per tier
and degree of continuity following different incu-
bation periods. For practical purposes, numbers
of cells per tier represent twice the number of
cell divisions, each division of a phellogen cell in
a plant parallel to the surface producing two cells,
one_of which remains cambial to divide again. As
additional periderm cells are formed, the outer-
most mature and their walls suberize. Suberiza-
tion also occurs independently in the walls of the
originally cut cells and those immediately sub-
jacent, and this often occurs before wound peri-
derm is initiated. In all samples here, suberiza-
tion was pronounced after 10 days of incubation,
as revealed either by staining with safranin in
preP_ared sections or with Sudan IV on fresh
sections.

Sprouting was completely inhibited at levels of
10 ppm or more of CIPC ‘in all of these samples
incubated at 70-75°F and 88V relative humidity.
All tubers rec_elvm? 1 ppm CIPC showed only a
slight retardation of sprouting. In contrast to these
results with tuber stor_a%e at room temP_erature,
in earller.experlments inhibition of sprouting was
complete in tubers receiving only 1- rppm CIPC
%I507I’) to storage for 7 months at 50°F (Hendel,

DISCUSSION

Wound-healing potential varies in different tubers
and within different tissue zones of the same tuber
to a degree that could be significant to problems
of storage and keeping quality. In comprehensive
histological studies, Priestley and Woffenden
(19233 compared 20 varieties as to efficiency of
wound healing. Weak, or incomplete, wound peri-
derm formation appears to be characteristic of
some potatoes. Such variability ma){ serve to ex-
plain some of the differences in results of different
Investigations on sprout inhibition, wound heal-
ing, and incidence of spoilage.

“Relatively little histological detail has been pub-
lished on “effects of sprout-inhibiting treatments
on wound periderm, despite much exgenmental
investigation.  Smith and Smart (1955) estab-
lished a_rating basis b%/ which they compared
suberization and wound ealln% with Teference to
bacterial decay. Waggoner E%S? reported the
effects of irradiation on number of cell divisions
occurring 3 days from wounding after 49-67 days
following irradiation treatment,” but lie included
no data on continuity of wound periderm. As

653

indicated in present studies, there is a wide varia-
tion between tubers as to rate of phellogen cell
divisions formm? the wound periderm during the
first few days after wounding. _

Although the significance of wound healing for
spoilage Tresistance has long been recogmzed_, the
relative_importance of suberization and periderm
continuity does not appear to have been fully
understood by earlier workers. In more recent
studies, Cunningham (1953) and Smith and Smart
(1955, 1959) pointed out the importance of wound
F_enderm continuity for rot resistance. Both con-
inuity and depth of wound periderm (be/ average
cell number) were compared in cut fubers bv
Monde and Hyland (1960), who investigated the
effects of agrimvein and captan treatments. The
present studies also indicate the importance of
wound periderm continuity, and further confirm
other published reports that wound healing is in-
hibited by lower levels of chemical and irradiation
treatments than those required to inhibit sprouting.
~\ arious means of application of chemical sprout
inhibitors have been " investigated. Marth  and
Sebults $_1950)_ found that CIPC was effective
when agp ied either as a dust or as a water emul-
sion.  Sawyer and DaIIK_n_ (1957, 1961) found
CIPC a more effective inhibitor than several other
chemicals, and they obtained excellent results by
vaporizing it as a dose of 0.25 g per bushel. Bishop
and Scinveers (191) found that airplane appli-
cation of malic hvdrazide at 3 Ib per acre efrec-
tively reduced shrinkage losses during in-ground
and “post-harvest storage of fall-grown potatoes.

Audia ct al. (1962) obtained results very simi-
lar to those reported here. In their investigations,
Eotato slices were dipped in different concentra-
jons of CIPC solutions, then held at 60°F. They
did not obtain comJ)Iete inhibition of wound peri-
derm even after dip in CIPC at 100 ppm, al-
though only a trace of [K)erlderm deveIoP_ment 0C-
curred after treatment at this concentration. Full
comparison  between vapor application and dIF
treatment with CIPC, ‘as to inhibitory ~effect,
however, would require analyses for residual CIPC
present after different periods of storage.

The phgswlqglcalldwersny of tissues within the
potato tuber lias significance for wound healing.
Cortical tissues underlying the skin possess greater
healing Fotent|al than”do the storage parenchyma
cells well inward from the vascular ring, as de-
scribed by Werner (1938). .Sp[out-mhlbmng
treatments_ that do not block initiation of woun
periderm in the cortex compl_et,elr inhibit healing
of the deeper tissues. Superficial wounds, there-
fore, may Rose less critical problems than deeper
wounds, ‘where failure to form a wound barrier
could lead to losses from spoilage and impairment
of processing quality. Histological evaluation of
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healing of puncture wounds will be discussed in
a later paper.

REFERENCES

Artschwager, Emst. 19-1 Studies on the potato
tuber.” 1. Ayr. Research 27, 809.

Artschwager, Ernst. 1927. Wound periderm for-
mation in the potato as affected by temgerature
and humidity. J. . lgr. Research 35, 995,

Audia, \Y. Y., W. L. Smith. Jr., and C. C. Craft.
1962. Effects of isopropyl N-(3-chlorophenyl)
carbamate on suberin, periderm, and decay de-
velopment b5y Katahdin potato slices. ~Bot.

~ Gaz. 123, 255

Bishop, J. C, and Y. H. Schweers. 1961 Sprout
inhibition of fall-grown potatoes by airplane
application of maleic hydrazide. "Am. Ro-
tatei J. 38. 377,

Bonde, Reiner, and Fay Hyland. 1960. Effects of
antibiotic and fungicidal treatments on wound
periderm formation, plant emergence, and
¥Ie|dS produced by cut seed potatoes. Am. Po-
ato J. 37. 219, . _

Cunningham, H. S. 1953. A histological study of
the influence of sprout inhibitors on Fusarium
i%fe%glons of potato tubers. Phytopathology

Hendel, C. E. 1957. Problems in the use of
sprout inhibitors, 1’roc. 8th Ann. Potato Util.
onf. pp. 42-47. Western Util. Research and
gel\(]glop. Div, U. S. Dept. Agr. Albany.

alif,
Marth, P. C, and E. S. Schults. 1950. Effect of
growth regiulators on sprouting of stored table
stock potatoes and on waste 7plles for control
of disease. Am. Potato J. 27. 23.
Perlasca, Gerardo. 1956. Chemical control of
i%outmg in white potatoes. Am. Potato J. 33,

Priestley, J. H, and Lettice M. Woffenden. 1923
The healing of wounds in potato tubers and
their progaganon by cut sets. Ann. Appl.
Biol. 10. %. N

Sawyer, R L. 1959. Sprout inhibition. ChaPt. 6
In “Potato Processing,” by W. I7. Talburt
and Ora Smith. Avi I'ubl. Co, Westport,

Conn.

Sawyer, R. L., and S. E. Dallvn. 1957. Vaporized
chemical Inhibitors and irradiation, two new
methods_of sprout control for tubers and bulb
_crops. Proc. Am. Soc. Hort. Sci. 67. 514.

Smith, W. L, Jr. 1961. Wound harrier and deca
development of potato slices at 70°F as af-
fected by previous tuber storage temperature.
Am. Pofato J. 38. 240.

Smith, W. L, Jr, and Helen F. Smart. 1955. Re-
lation of soft rot development to protective
Qgrré%s in Irish potato slices. Phytopathology

Smith, W. L, Jr, and Helen F. Smart. 1959
Suberin and wound periderm formation and
decay of potato slices as affected bY duration
gfl potato storage at 40°F. Am. Potato J. 3.

Waggoner, Paul E. 1955 Radiation and re-
sistance of tubers to rot. Am. Potato J. 32

Werner, H. 0. 1938, W'ound healmdg in potatoes
(Triumph variety) as influenced by type of
injury, nature of initial exposure, and Storage
conditions. Xebraska Unit. Ayr. Expt. Sta..
Research Bull. 102

Whitmore, G. IT, G. E. Till, R B. Gwatkin,
E. Siminowitch, and A. F. Graham. 1958,
Increase of cellular constituents in X-irra-
diated mammalian cells. Biochim. ct Biophys.
Acta 30. 583,



Histological Analysis of Wound Healing in
Potatoes Treated to Inhibit Sprouting

[I. Puncture Wounds and Fusarium Inoculates
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SUMMARY

1 sopropyl-Y-3-rhloropliem 1 carbamate (UIPC) applied as emulsion dips

of 0.5, 1.0, and 2.0% concentration totally inhibited wound periderm forma-
tion by potato tubers. At these concentrations, CIPU prevented growth of
Fusarium sambucinum inoculates except in a few special cases. Some fungal
t[r)rowth occurred in puncture wounds in which trapped air at the time of dip
locked (III'C penetration prior to inoculation.

Penetration of CIPC at 1.0 and 2.0% concentrations into eoarse ?uncture
wounds killed the tissues, and a rapidly spreading breakdown resembling bac-
terial soft rot then occurred. Smear preparations of the spoilage material

revealed no microscopic evidence of microorganisms.
Uaterhol applied by dipping in solutions of 0.1 and 0.5% had no obvious
effect either on wound periderm or fungal growth. Catechol toughened ex-

posed wound surfaces hut did not appear to increase suberization

puncture wounds.

gep within

Selected examples of within-tuber variations in wound healing and a brief
survey of the histology of wound healing are also presented.

INTRODUCTION

SupFressron of wound periderm formation
on _cut. exposed surfaces of potatoes b
CIPC (isopropyl-.Y-3-carbamate) at_ levels
lower than those required for sprout rnhrbr-
trﬂn has been described (Reeve ct al., 1963),
The ear ler report included” comparisons
woun periderm in different tiSsue zones
of the tub r. Trs?ues Internal to the xylem
rrng not form wound periderm as
rapidly as did the cortical trssue and aver-

aged fewer cells per tier by the time the
\r\(rlound periderm &as contrnﬂ/o

Althou%h it is known that su erfrcral
wounds heal mﬂre r%prdl
punctures into e tuber Werner 1938
no recent Publrshed mvestrgatrons have
Included. détailed hrstoloqrcal déscriptions of
these differences .in relation to effects pro-
duced by sprout-inhibiting treatments.

eceased.
bA Iaboratory of the Western Utilization Re-
search and DeveIoEJment Division, Agricultural
Relsearch Service . Department of Agri-
culture.

To evaluate further the retardatron of
wound perrderm formation b CIPC tesis
were made on 'ouncture woun s in whole
otatoes and alsop upon the Influence of

C upon germrnatron of Fusarium sani-
bucinum spores introduced into deeg unc-
tuy woun% Natural Phenolrcs associated
with the su errzatronp 0cess are known to
accumulate In wound areas and have been
thought to have a fungistatic, role_(Johnson

and “Schaal, . Eee and l.eTourneau.
~ Simonds ¢l al. . Therefore,

the effects of catechol, both afone and com-
bined with CIPC. were also investigated.

The results of these treatments are pre-
sented here, along with a byief survey of
Hrstlologrcal ‘phenomena peculiar to- wound
ealing

MATERIALS AND METHODS
Wounding. Freshly harvested California-grown
Russet Burbank potatoes were used. All tubers
were washed in water, blotted, and allowed to
dry 2-3 hr. Puncture wounds, -1 in. deep, were
made with a 20-pennv nail or with a sharp knife,
each alcohol-flamed before each puncture. In one

1655 |
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lot of tubers, two wounds of each type were made
at the bud end, at the middle, and at the stem
end of each tuber. In addition, some tubers were
sliced in half Iong|tud|nallﬁ/. _

Dips. CIPC and catechol were applied, both
alone and in combination, by dipping the wounded
tubers for 5 sec in agitated water emulsions. A
commercial product containing about 42% of
CIPC was used to prepare concentrations of 0.5,
10, and 2.0% CIPC. Control tubers (0 CIPC)
were dipped in sterile water to provide com-
Parable conditions of moisture exposure. Punc-
ure wounds in which air obviously was entrapped,
blocking immediate penetration of CIPC, were
marked™ for future recognition by tiny notches
adjacent to the puncture orifice. _

atechol was used in solution at concentrations
of 01 and 0.5%. The experimental design was a
full 3 x4 factorial.

Inoculation and incubation. Another lot of tu-
bers treated as described above were inoculated
with Fusarium sambucinum after treatment. One
drop of a water suspension containing the fungus
spores was applied from a sterilized medicine
dropper to each opening of the puncture wounds
and at marked areas on the cu: surfaces of
halved_tubers. Inoculated and unincculated tubers
were incubated at 70°F separately in 5-gal cans
under conditions previously described (Reeve cl al..
1963), or with 8 or 10 tubers per container for
each " treatment. _ _ _

Histological preparation. Samples for histologi-
cal examination and general observations were
removed from incubation after 3, 6, 9, and 18 or
20 days. Replicate blocks of tissue sur_roundmg
the wound areas were cut out and killed an
fixed separately for 24-48 hr in two standard
9reparatlons. ne preparation consisted of about
% each of propionic acid and commercial forma-
lin in 60% aqueous ethyl alcohol ; the other was
a freshly prepared agueous mixture of 0.5% chro-
mium trioxide, 8% acetic acid, and 10% commer-
cial formalin (CRAF).

The tissue Dblocks were then dehydrated and
embedded in paraffin (mi) 52°C) according to
standard procedure. Serial sections were miero-
tomed at 20 /; thickness and fixed to microslides
with Haupt's gelatin adhesive and 2% formalin
solution. _ .

After removal of paraffin the sections were
stained to differentiate the hyphae of Fusarium
sambucinum. Margolena’s (1932) modification of
St_ou?hton’s_(19_3) technique was used, with
sllgh alteration in which the saturated orange G
and erythrosin solutions were used in a 1:1 mix-
ture following sta|n|n([1 in phenolthionin and |I?hl
?reen. With “proper fiming in this schedule, the
ungal hyphae were stained lavender, starch gran-

WOUND HEALING IN POTATOES

ules blue, suberized and lignified cell walls light
blue-green, cell walls of healthy host tissue red-
brown to orange, and those of unregenerated
wound tissue (1., lacking wound periderm) a
blue-purple.

RESULTS

Uninoculated tubers. Very little difference in
potential for wound periderm formation was ob-
served between bud ends, middles, and stem ends
of control tubers incubated up to 20 days, whether
the wounds were punctures or cut surfaces, In
only a few instances did there appear to be a
slightly more rapid initiation of wound periderm
at the bud ends than at the middle and stem ends
of the tubers; these cases were confined to the
cortex of longitudinally-sliced tubers. .

The various tissue zones of Iongltudmally_—shced
tubers exhibited characteristic differences in po-
tential for forming wound periderm. As previ-
ously described (Reeve ct al., 1963), wound peri-
derm is initiated more rapidly in the cortical
tissues underlying the skin than  in more centrally
located storage parenchyma. Cells of the “water
core” or pith appeared t0 be the slowest to undergo
wound periderm initiation. _

These differences between tuber zones in rates
of phellogen initiation and activity were found to
be ‘more pronounced in deep wounds made by
knife punctures than on the exposed surfaces of
longitudinally-sliced tubers. In " addition, wound
periderm formation was slower in the puncture
wounds than on the cut surfaces of halved tubers
(Table 1). In general, the wound periderm of
tuber halves had developed nearly as much in 3
days at 70°F as had that of knife punctures in
6 days. A continuous, well-defined wound peri-
derm” was dev_elo(f).ed In the deeper tuber tissue
zones of longitudinally-sliced tubers by 6 days.
By 6 days, most knife punctures had opened
slightly to about the depth of the vascular “ring.”
Wound periderm at this site still was not continu-
ous, (compare FI?S. Land 2). In addition, wound
periderm was not continuous in the deeper tissues
penetrated by knife punctures even after 20 days
of incubation (Table 1).

Irreqular proliferations of cells also were ob-
served in some of the deeper knife punctures.
These proliferations produced “islands” of callus
between which the typical wound periderm was
weakly developed or “confined to the initial divi-
sions.” Suberization was also weak in these more
internal areas. Olufsen (1903) described similar
proliferations of callus that were unsuberized,
and tcon5|dered that this resulted from excess
moisture.

Such variable degrees of wound periderm for-
mation occurred in" deep puncture wounds made
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by a nail that no attempt was made to tabulate
the results of observations. Suberization was not
pronounced deep in these wounds; there was much
debris of deeply-staining crushed cells and starch
granules along “the wound surface (Fig. 3). In
addition, the ‘punctures tended to be square in
cross-sectional view and there often were irreqular
cracks extending into the tuber tissues. Wound
periderm was very slow to form along these
cracks, and some cracks showed no initiating cell
divisions even after 20 days of incubation. Similar
cracks, associated with “wire puncture wounds,
were described by Werner (1931). .
Other variations in degree of wound periderm
development occurred between different nail punc-
ture wounds at comparable locations in the same
tuber and also_at opposite puncture sides at the
same cross-sectional depth levels within individual
punctures. In some nail Functures, the wound
periderm on one side of the puncture was de-
veloped as well as on cut surfaces of longitudi-
nally-halved tubers, while on the opposite side,
it was less developed than in knife Eunctures for
comparable times of incubation. In both types of
puncture wounds, wound periderm initiation and
development was more rarld at sites of vascular
tissue * strands  (principally of internal phloem
strands) than in adjacent storage parenchyma

(qus, 4, %), o
~Uninoculated dlé)ped tubers. No conclusive dis-
tinction in wound periderm formation was ob-
served between untreated tubers and those receiv-
ing catechol dip but no CIPC. Simonds ct al.
(1953) found certain quillones more effective than
catechol as precursory substrates for the suberiza-
tion process. In the present studies, catechol ap-
peared neither to alter wound periderm initiation
at concentrations Used, nor to cause increased
suberization within the deep puncture wounds.
However, the wound skins formed on the cut
exposed surfaces which were both tougher a_nd
more deeply staining in tuber halves treated with
catechol than in untreated tubers. Staining of
freshly cut sections of these treated samples either
with “ferric chloride or with the nitrous acid
reaction (Reeve, 1951% indicated that catechol
had been either adsorbed or incorporated into
the cell walls at the wound surfaces. No evidence
could he found that the catechol had penetrated
into puncture wounds to be either adsorbed or
otherwise incorporated into the cell walls of the
internal wound surfaces. ,
Wound periderm formation was blocked in all
samples dipped in CIPC emulsions. Cell enlarge-
ment, concomitant with wound periderm inhibition,
as previously described (Reeve ct al., 1963), was
pronounced (Fig. 6). .
Many of ‘thé puncture wounds opened wide
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during incubation, and those in tubers receivin
CIPC treatments often became darkly discolored.
It was not possible to obtain a complete histological
series for each treatment. Most of the tubers
receiving 1 and 2% CIPC dip spoiled rapidly
after 6 days of incubation. It was evident that
the CIPC "had penetrated some of the puncture
wounds of these tubers and killed the tissue. This
was followed by an extensively spreadmg break-
down resembling bacterial soft rot. Such break-
down occurred within 2 or 3 weeks throughout
most of the tuber tissues, and only in a few less
extreme cases, in which the puncture wounds had
opened wide in the first week of incubation, did
the breakdown fail to occur and spread. Some
tubers, ,appearm? to be sound, consisted of a
fairly firm shell of normal tissue enclosing a
semi-liquid, evil-smelling, and discolored mass of
decomposing cells. However, microscopic exami-
nations of smear Freparatlolns failed to reveal any
microorganisms. If not microbiological origin, it
is possible that this breakdown was autolvtic,
i, a result of unrestricted enzymatic activity.

~ Inoculated tubers. Nearlg all “inoculated wounds
in tubers receiving no CIPC showed Erofuse
growth of Fusarium sambncinum after 3-6 days
of incubation. Catechol treatments appeared to
have little or no effect under these conditions,
Fungal growth was most pronounced in the nail
puncture wounds of untreated tubers, where the
environment apparently was more favorable than
on the exposed cut surfaces. Growth was much
less in the knife punctures than in nail punctures
after 3 days” incubation, but fungal growth was
very pronounced in both types of punctures after
6 or more days of incubation. No evidence could
be found of wound periderm initiation in tissues
underlying the fur]gal penetration. In a few in-
stances wound periderm had been initiated before
fungal growth was profuse (Fig. 7), but the
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rowing hyphae penetrated the tissue ratpidéy
%Flg. §), both along the middle lamellae of ad-
jacent cells and through the primary pit fields
of the cell walls (Figs. 9, 10).

A few of the inoculated Functures of tubers
dipped in the 0.5% CIPC emulsion also_showed an
appreciable growth of the fungus. These few
cases, however, were confined to samPIes incubated
only 3 or 6 days and at wound sites known to
contain entrapped air bubbles following dip in
CIPC. Presumably, this entrapped air in the
puncture had blocked penetration' by CIPC, thus
permitting germination of the spores. No fungal
growth occurred in all other inoculated wounds
of CIPC-treated samples.

DISCUSSION

These hIStO|OgIC&| observations further
verlfP/ phenomend known to mvestl%ators of
problems in potato storage gpathol gy .and
wound healing. Werner (1938) described
Ifferences in” degree .of wound perjderm
ormation between” cortical and Inner tissues
of tubers similar to those described here.
His Investigations of knife punctures (“ra-
dial cuts” mto tubers) included an extensive
survey of wound healing under a wide va-
riety of conditions, However, In d_escrlbln%
variations in heahn%J In different tissues ?
the tuber, Wemner Used an older terminol-
ogy. For example, “pericycle™ is not con-
sidered to have morpholagical significance
N more_recent conceﬁts in plantanatomy
%sq‘u, 1953). Also, he apparently regards
the “perimedullary zone” as bel_n? syrony-
mous with. “pith” In_the stricter “sense,
medulla® is “pith” or “water core” in the
potato tuber, ‘and, by etymology, “peri-
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render it more susceptible to either auto-
Iytic or microbiological breakdown.

The importance of adequate wound heal-
ing to keeping qualities of stored potatoes
has been well demonstrated by other in-
vestigations. Cunningham (1953), Smith
(1961), and Smith and Smart (1955,
1959) found that microorganisms can pene-
trate the wound surface when wound peri-
derm is completely formed, even though
suberization of the exposed cell walls may
he continuous. Hooker and Duncan (1959 )
investigated the influence of irradiation on
storage rot. using doses from 5,000 rep
upward, and found that normal wound heal-
ing was delayed and that susceptibility to
rot increased roughly in proportion to in-
creased irradiation. The importance of
wound healing to reduction of storage rot
likewise has been demonstrated by Duncan
ct al. (1959) and Waggoner (1955).

Certain naturally occurring phenolics ac-
cumulate in wound areas; some are associ-
ated with the suberization process as pre-
cursors of suberin. Several workers have
suggested that the fungistatic properties of
these substances contribute to disease resis-
tance (Johnson and Schaal, 1957; Lee and
LeTourneau, 1958; Simonds Ct al., 1953).
Although possible use of phenolics to en-
hance suberization is of academic interest,
economic and other considerations at present
limit their practical application.

Optimum conditions of temperature and
relative humidity, and availability of oxygen,
for the formation of a continuous wound
harrier have been defined by Artschwager
(1927). The times and temperatures ex-
ceed those of some of the more recently
published recommendations for conditioning
of potatoes prior to sprout inhibitor appli-
cation. Because deep puncture wounds heal
slowly, they present a more critical problem
than do shallow, rapidly healing wounds.

The objectives here and in the preceding
paper have been confined to a survey of the
histological phenomena involved in wound
healing. Recommendations for treatment
and storage of potatoes, however, cannot he
based solely upon histological considerations.
The variations in potential for wound heal-
ing of different tissues within single tubers
and between different tubers according to
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variety, age. and other environmental his-
tory render over-all evaluations difficult.
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Studies on the Emulsifying Properties of Some
Intracellular Beef Muscle Proteins3b
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Food Science Department, Michigan State University, East Lansing, Michigan

SUMMARY

The emulsifying capacity curves fur actin,

myosin, actomyosin, and

sarcoplasmic proteins were determined under various conditions. The proteins
were ranked from greatest emulsifying capacity to least as follows: actin in

the absence of salt, myosin, actomyosin,

tracted), and actin in 0.3m salt.

sarcoplasmic proteins (water ex-

Myosin and actomyosin produced emulsions with superior stability; how-

ever. at the
produced the most stable emulsions.

pH of normal fresh meat (5.6-5.83. the sarcoplasmic fraction
Actin pro

uced very stable emulsions

under all conditions. The amount of protein utilized in the formation of an

interface appeared to he related to the stahilitv of an emulsion.

NPN com-

pounds were found to have no role in emulsion formation.

INTRODUCTION

Hansen (1960) and Swift ct al. (1961)
have establlshed that fat incorporated into
?sausa e product |s d|3ﬁersed in small droP-
ets and enveloped with a layer of proteln
material, producm essentlaly an 0|I -In-
water emulsion, ¢t al { and
Swift and Sulzbacher (1963) utilized meat
?Iurrles and. crude muscle . extracts to stud
at-emulsity g gropertles in model systems.
The prese t st % Investigated the e uI5|on-
forming and stal ||zm%;I properties of Indi-
vidual purlfled Intraceflular muscle protein
fractions.

EXPERIMENTAL

Protein isolation. The sarcoplasmic proteins
and actomyosin were isolated from frozen longissi-
mus dorsi muscles of Good- or Choice-grade steers.
All protein extractions were performed at 4°C
unless otherwise stated. Extracts were made of
sarcoplasmic proteins (actually a complex mixture
of similar proteins), using either 70 ml water or
a phosphate buffer (pH 76. n = 0.05) and 5 ¢
muscle. The phosphate buffer was used in order
to extract the gl;lobulln X fraction along with
the other sarcoplasmic proteins.

“Journal article No. 3144. Michigan Agricultural
Experiment Station. East Lansing.

bA Eortlon of the funds for carrying out this
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Live Stock and Meat Board and Griffith Labora-
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Minneapolis,

Actomyosin was prepared by the method of
Szent-Gyorgyi (1951). A predominance of acto-
myosin in the extract was verified with an ATP
sensitivity test involving observed drop in viscosity
upon the addition of a small amount of ATP.

Myosin was prepared according to the method
of Mommaerts and Parrish (1951), and actin was
prepared as outlined by Tsao and Bailey (1953).
Actin and myosin were prepared from the same
muscle sample, ie., the longissimus dorsi muscles
of young calves. An attempt was made to extract
these proteins from the neck muscle of yearling
steers, but this source proved unsatisfactory for
myosin. It was concluded that too much unsepara-
ble fat was contained in the neck muscles, and
when this lipid material was carried through the
procedure it caused a large amount of surface
dénaturation of the myosin preparation. Longissi-
mus dorsi muscle samples were ﬂenerally obtained
from three-month-old calves within three minutes
of death. All separable fat and connective tissue
were removed from the sample, which was ground
through a 2-mm plate. The buffer described by
Mommaerts and Parrish (1951) was used to ex-
tract 400 g of ground muscle. The residue from
this extraction was pressed as dry as possible
and retained for the preparation of actin acetone
powder. This procedure was performed at room
temperature.

ommaerts and Parrish (1951) stated that
preparations of rabbit myosin were stable for
about one week. Calf myosin obtained with their
method, however, began to show evidence of dé-
naturation in 24-48 hours as indicated by the
appearance of insoluble threads in the solution

It was found that the myosin preparation was
more stable when stored in a salt solution of high
ionic strength, ie, 11/ KCL.
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Actin was extracted from the above-mentioned
acetone powder with approximately 25 volumes
of cold water that contained 20 mg ATP/100 m.
The protein content of this solution was concen-
trated to the necessary level by pervaporation.

A sample of calf myosin in 11/ KC1 (protein
concentration, 1 percent) was subjected to ultra-
centrifu%ation in @ Model E Spinco vltracentrifuge
at 59,780 rpm at 0oC. A large, very sharp myosin
peak with an S of 5.14 indicated that the prepara-
tion was myosin with a sufficient degree of purity
for the preparation of emulsions.

The amount of active actin in the actin prepara-
tion was determined to be 54% by allowing the
actin to react with the purified myosin and meas-
uring the amount of unreacted actin present.
Actin data were calculated from total actin, both
active and inactive, _ .

pH adjustment of protein solutions. Emulsion
stability and emulsifring capacity of proteins were
studied in the acid, alkaline, and neutral pH ranges.
The pH of all protein solutions as extracted was
near neutrality, except the sarcoplasmic fraction,
which was approximately pH 55. The pH was
increased from neutrality by adding solid Xa.0 L
or NaHCOa, and decreased by adding KH2PO<.
The pH of the sarcoplasmic protein solution was
adjusted to neutrality from 55 by adding solid
K:HPOt and KH=PO( in a predetermined rati).
Na-jCOj was used to adjust the sarcoplasmic pro-
tein solution to an alkaline pH. Calculated amoun.s
of the above materials were added to produce an
increase in ionic strength of 0.05. The ionic
strength of solutions with unchanged pH, ie,
those studied as extracted, was increased by 0.05
with KC1 in order to remove the variable of ionic
strength from the pH experiments.

Emulsion preparation and evaluation. Emul-
sions were prepared in a manner similar to that
described bg Swift cl at. (19611. The principal
difference Dbetween the two methods was the
stirrer speed: 1750 rpm. vs. their stirrer speed of
15000 rpm. A Lightnin Model L stirrer was used,
equipped with a three-bladed propeller with a
diameter of 5 cm. The amount of soybean cil
added to the emulsion is reported in g, and emulsi-
fying capacity is expressed as g of oil emulsified/
mg of protein nitrogen in the solution.

After the emulsion was broken by adding an
amount of oil that exceeded the emulsifying ca-
pacity of the protein, it was centrifuge as de-
scribed bY Swift ¢l al. (1961) ant the a(}ueous
layer analyzed for nitrogen. The amount o ﬁro
tein nitrogen removed from the aqueous phase
during emulsification was divided by the amount
of protein nitrogen originally present, and the
resulting percentage value is reported as a supple-
mentary measure of emulsion stability.

EMI'L.SIFYINt, PROPERTIES OK BEEF PROTEINS

The relative stability of emulsions prepared
from the various protein preparations was deter-
mined by storin? at room temperature and noting
the degree of Tat separation and loss of white
color as the emulsions aged. Emulsions for sta-
bility tests were prepared with 25 ml of protein
solution (concentration 05 mg of protein nitro-
gen/ml) and 200 g of oil. When the protein in
question would not emulsify 200 g of oil. the
amount of oil was reduced to a suitable level. All
emulsions were white immediately after prepara-
tion, and their stabilit¥ determined by noting the
time when noticeable fat separation had occurred.

RESULTS AND DISCUSSION
The. emulsifying capacity curves EFlgs.
1.21 indicated that_the emqlsitying capacity
of the sarcoplasmic fraction “was Nigher
whetn {1_0 salt was ladt(tje((jj Wheq proteltntcon];
centration._was plotted against quantity o
oll emu?smed, apmarﬁed 8lfferen e wasyoh-
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served. The curye for the water solution
was practically linear whereas a sigmoid
type of curve was obtained for the” salt-
containing protein solution. In the presence
of 0.65/ "KCL the total g of ail emulsified
remained consfant for a range in protein
concentration from 0.3 mg nrtrogen/ml t0

0 mg nitrogen/ml. In this rang
mately 210 g of oil were emulsified, regard-
less of protéin concentration.

Swift' ct < (1961) reported that the
water- squbIe protein fraction In the absence
of salt had no marked capacity in_ stabilizin
an emulsion, and Hansen (1960), usin

?t%lo gical technr ques, found that the water-

le protern ractron Was not observed
at the oil-water mterface ofa sausa e emul
sion. However, the data in 9 tend o
contradict these findings. In sa ||ty stud-
les discussed later, It was found that
emulsions pre?ared 'with the water-soluble
proteins in” salt solution were_consideraoly
more stable at_normal PHs (5.5-5. 7% than
emulsions stabilized with this protein frac-
tion In the absence of salt.

The behavior of myosin and actomyosin
In emulsion systems could not he studied at
low ionic stréngth or In pure water, since
they were insoluble under”these. conditions,
However, actin, once extracted from muscle
tissue, was completely soluble n, water.
Fig. '3 presents. curves representing the
emulsrf}nng capacity of m osrn in 0.3M KC1
and actin "in ‘both” 0.33/ KCL and \water,
Drfferences In the emulsrf?nng ca acrtres of
these fractions are clearly “evient.
presence of salt greatly depressed the efrfec
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20 " a
ol

3 Emulsrf
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tiveness of actin. The emulsifying capacité
of myosin_was intermediate as “compared
to the actrn squtrons tested above This
elationsh rrt) Was awaP/s observed, regard-
ess 0 pro ein concentration.

?n ows the effec of fonic strength
on e uIsr?yrng capaclty o actomyosin.  The

g N)

(g. oF oi

EMULSIFYING CAPACITY

w
o
[=)

20 -l

0.2 0.5
PROTEIN N CONCENTRATION. (ng N/me.)

Emulsif mF ca acrty of &urrfred acto-
m% n vs concen raton pro}ern in aqueous
ase (protein in 0.6.1/ + 031/ KCI)

srmrlarrt of the curves for protein solutions
In 0.33/ KCI and 0.63/ K 1 Indicate haA
10nic strength at least in this ranq a
no apparent influence on_ the emulsifying
capacity of actomyosin. The shape of the
above curves was’ characteristic of emulsi-
f md capacity curves for the meat proteins
stud grn this experiment. Without excep-
tion. the_proteins studied exhrbrte a greater
emulsrfyrn% canacrt unit of pro (ern as the
protein”concentration was reduce
About 7% of the nitrogen in muscle is
non-protein  nitrogen.  TO. inves date the
role ‘o these c0 pounds in_emulsion sys-
terns the sarcop basfrrfnc fractronbextrac ed
wi osphate  buffer was subjecte
mFer n}hah removed pra trcalll ?I of
the non-p r?tern nitrogen an cau ed re-
cipitation” of the globulin_ X fraction. Fig, 5
?rves curves of emulsifying capacity of his
ractron before and after” dialysis. %m
ese curves it appeared. that néither glo
X nor_the non rotein com onents were
|nvoIve in emulsion formation. A notice-
a e difference was observed only at the
owest concentratron w ere t e e uIsrtyrng
cagaﬁ:rt% of te non-d Iyzed ractron WaS
est, water ext cted sarcoplasmic
fractron was also dial zed to remove non-
protein nitrogen. A complete curve was not
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[ BEFORE DIALYSIS
b= ===« AFTER DIALYSIS

PROTEIN N CONCENTRATION (mg. N/mE )

Fig. 5 Emulsif mg capacrty of sarcoplasmrc
B?t ins &buffer extracted, 0.5, P 1.0
efore and after dralysrs Vs, concentra ion of pro-
tein X n aqueous phase.

determined in this case. biit apProxrmateI
|dent|cal emulsifying capacities for dialyzed
and non-dialyze rt)roternslutrons at severaI
roten con entra lons, indicated tat non-
rotein compounas had no effect in ormrnq
emulsions. These results are In agreemen
wrth those reported bv Swift ¢t al.” (1961).
File ef egt of Har Lon emulsrfyrng 3apacrt
vriag rr?rtgdlerac\t’votn the actom os) n garc
jons  (Figs. .
pf?ect n this regadgsee ed o Db tPrte
small in that the “only notjceable drfference
due to pil occurred” in the case of acto-
myosin ~(Fig. 71, when the emulsi rlr_rrq
ca acrty was lowered_ slightly at low Dk
P 8, acto V\X]osrn IS a toroachrng Its
Isoelectric pornt ome
effect on Itsreaemt tgt afor}rlr)rtaart]ean mterface
FI sents’ d r rom
st %s |n\P Ivrng two Kkinds of oIl (so bgan
and_ cottonseed). At lower protein” concen-
trations. apparent ditferences were observed

PROTEIN N CONCENTRATION *(mg. i mt")

Frg . Emulsrfgrrn ca acrty of water soluble
sarcoplasm proteins v gr tein"\T¢ ncentratron of
aqueous phase as affected by pH and kind of oll.
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Fig. 7.

Emulsif mg capacity of gr(urrfred acto-
myosin Vs, concen raton f protern Inaqueous
phase as affected by pH (

between the, two oils. However the reIatrve
effect of pil for each oil did not differ
Indicating that results obtarned from one oil
couId be applred to another oll.
f gsrves mformatron on the stabrlrt
of emulsion é)rerttared rom the varioys p
tein ractron various pH's an |on|c
strengts Actomyosin an myosin were
tu I&d a[ onI?/ one loni stren%th 0.35. The
ow emulsityfng capacity of actin, m¥osrn
and actomyosin at Iow ni | necessitated a
reduction 1 the amount of oil added. These
groterns roduced verv unstableemulsions
t low com osrn and myosin _ at
near neutral h) ro uced very” similar
emulsions, W |ch were superior to emul-
srons stabilized by a her roterns at
yEH or ionic strengt osrn and acto-
myo In also Blroduced qurte stable emulsions
at"alk arneg s, although these were not as
stable as those at or near neutrality.

Actin ﬁroduced emulsions with extremely
ow stab Ith/ at all BHs and 1onic strengths
stu |ed The poisr ility remains th? ?ctrn
In the fresh muscle may act differently from
the actin utilized In this exPerrment It 15
reco nrzed that the reparation of an ace
%ne powder mag Ve caused a recrab

ges In the proteins ; however, more than
one-fhird ?f the actin obtained in this man-
ner was of t e]actrve type, 1.e., It combined
chemrcally wit

osin.

reatb deal o¥ variation waf .observed

in the sta behavror of emulsions pre-
ared from the sarcoplasmic roterns At

55 (a roxrma
of post rrgor fres!h hrpt andpi hep
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Table 1. Characteristics of emulsions prepared with different protein fractions under vary-
ing conditions.

. Emulsion characteristics
Type of protein
(cXHeN /_md)l')g mg. soyhfan

pH Solvent ol Texture  Colora Viscosity start‘)]lee
Actomyosin 54 0.34/ KCL 160 coarse  yellow intermediate 7 days
0.054/ KHIiPOI
Actomyosin 6.7 0.354/ KC1 200 smooth  white very high > 3 weeks
Actomyosin 8.0 0.34/ KCL 160 smooth  white very high >3 weeks
0.054/ NaHCOs
Actomyosin 107 0.34/ KCl 200 smooth  white very high 2 weeks
0.054/ NaHCCh
Sarcoplasmic 55  Water 200 smooth  yellow  Jow 3 days
Sarcoplasmic 56 0.354/ KC1 200 smooth  vyellow  low 2 weeks
Sarcoplasmic 6.7 0.304/ KC1 160 grainy  yellow  low 12 hours
0.01574/ K-HPOi
0.00354/ KH.POT
Sarcoplasmic 70 0.01574/ KVHPCh 200  fairly yellow  low 2 days
0.00354/ KPPPCh smooth
Sarcoplasmic 90 0.0174/ Na,COs 200 smooth  white  intermediate 10 days
Sarcoplasmic 100 0.304/ KC1 125 fairly yellow  very low 3 hours
0.0174/ K203 smooth
Actin 57 0.054/ KHoPCh 150  very yellow  low <36 hours
smooth
Actin 7.2 Water 200 very yellow  low <36 hours
smooth
Actin 7.2 0.354/ KC1 200 very yellow  low <36 hours
smooth
Actin 80 0.054/ NaHCOs 200 very yellow  low <36 hours
smooth
Actin 8.0 0.054/ XaHCOs 200 very yellow  low <36 hours
0.304/ KC1 smooth
Myosin 53 0.304/ KC!1 125 coarse yellow intermediate 3 days
0.054/ KH=POI
Myosin 58 0.354/ KCI 200 smooth  white  very high >4 weeks
Myosin 8.0 0.30M KClI
0.05M NaHCOs 200  smooth  white  high 2 weeks
Crude extract 6.7 0.304/ KCI 200 smooth  yellow intermediate 24 hours

0.0034/ NaX 03
0.014/ NaHCCC
0.054/ KH.PCh
Crude extract 7.6 0.304/ KCI 200 smooth  yellow  intermediate 24 hours
0.0034/ Na-CCC
0.014/ NaHCOs

aCharacterized within 24 hours of emulsion preparation.

ence of 0.35M KC1, the sar%oplasmlc frac- %ualltles and were stable for about 10 days,
tion was sugerlor to any other fraction i Sarcoplasmic protelns at alkaline pH’s and
emulsion sta |I|t% If no addltlonal salt was |on|? strenigts of Mroduced ver
present af pH 55, the emulsion broke I stable emulsions, breakilg in a few ours
about two or three_days, which was very ~Emulsions reﬁared with crude rotejn ex-
similar to results for emulsmns grett)ared tracts (contaihin Prlmarlly sarcoplasmic
with sarcoplasmic protejn solution and actomyosin proteins jn° approximaely
0 and at iopic strength 005 With these equal proPortlons were similar in stiabmty
groteln solutions  at g anéj lonjc  to emulsions prépared with sarcoplasmic
trength 0.05, emulsions had more desirable  proteins.
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_Table 2. Percent of total nitrogen involved in the formation of an interface during emulsi-
fication under varying conditions and for various proteins.

Type of protein _ pH
Actomyosin a8
Actomyosin 7.2
Actomyosin 107
Actin 76
Actin 7.6
Myosin 6.8
Sarcoplasmic 57
Sarcoplasmic 70
Sarcoplasmic 9.0

Actomyosin and myosin in their, ngtwe
states ar grobable, completely utilized_in
the Interface of oil-in-\vater emulsions. The
protein nitrogen recovered In the agueous
Eh%Sf' of %broken emylsion that had been
tabilized by actomyosin or myosin, prob-
ably consisted of préviously deriatured acto-
myosin and myosin and contaminating I[[)]ro-
tein of sarcoplasmic orlgln. Since the emul
slons were prepared af room temperature,
some ?f theI nrl]yo?lp ban actorr?yosw, which
are extremely heat labile, may have been par-
tlaﬁly denatt%ed %efore_emuﬁ)sllflcatlon began,
and their Iinterfacial actlvnfy thereby reduced.

Data on thg amount of protein mtrogen,
which retained Its solubility In the aqueous
phase after maximum emulsl,fyln? capacity
Was at‘amed, furnishe %ddltlon informé-
tion oll the activity of the muscle Protems
In_emulsion systers (Table 2). The pil
effect was Investigated in the case of acto-
myosin  and Ahe sarcopla?_m,lc fractions,
There appeared to_ be a definite pi| effect
in pe sarcopLasmlc fraction, but onlyf a
small one in"the actomyosin fraction. The
amount of sarcoplasmic protein accumulat-
mg Ft the Interface was, twice as grreat at
thé low pil (5.7) as at the higher pH's.
This was. reflectled In the %redater_ St&bl|l%/
observed in emulsiops prepared with sarco-
plasmic proteins at low pH. At the neutral
and alkaline gHs the sarcoplasmic fraction
snowed a great deal of variation between
duplicates : this was not observed with any

lonic, ingvcoFfet IL%I Po'%ﬁ?gﬁgn
strength 0t an Interface
0.65 915
0.65 88.7
0.65 86.3
0.30 61.6
0.0 41.0
0.30 90.0
0.0 59.8
0.05 215
0.05 216

of the other protein preparations studied.
The amount of actin recovered from broken
emulsions was In the same ,ran?e as the
amount of sarcoplasmic. protein Tecovered.
This, was also rerlected in the poor stability
qualities of emulsions prepared with actin.

The important obsgrvation in Table 2 is
the small “‘amounts of Proteln, recovered Jn
the aqueous phase of actomyosin and myosin
stabilized emulstons in_ reldtion to the “actin
and sarcoplasmic fractions. It appears that
the amount of protein denatured at the oil-
water Interface is directly related to the
stability of the resulting emulsion.
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SUMMARY

Twenty-four Hereford steers were used to determine the effect of periodic
electrical stimulation and limited feeding prior to slaughter on the chemical
composition of the liver and certain muscles, which included the longissimus
dorsi, psoas major and quadriceps femoris. Periodic electrical stimulation and
limited feeding significantly increased the glycogen concentration of the liver.
Periodic electrical stimulation significantly decreased the glycogen concen-
tration in all three muscles studied. Limited feeding significantly decreased
the glycogen concentration in the longissimus dorsi and quadriceps femoris
muscles. Periodic electrical stimulation and limited feeding significantly de-
creased the lactic acid concentration in the psoas major and quadriceps femoris
muscles. These treatments also produced small changes in all chemical com-
ponents except sodium, in either the liver or the various muscles studied.

INTRODUCTION

Lewis et al. (1961, _1962;? have shown
that stress from PerIOdIC electrical stimula-
tion prior to slaughter significantly de-
creased the ash, glycogen, lactic acid, and
organlc Rhosphor_us concentration, and Ip-
créased the profein concentration in certain
muscles of swine. Briskey et al. (1959
have reported that exercise immediately
prior to slaughter decreased the glycogen
concentration ~in_samples of the ~ gluteus
medius muscles of swine taken 40 minutes
after sIau%hter. They also, reported no s,lg-
nlflant % ect of exercise |mmed|a(§eLIy prior
to slaugnter on_the glycogen, sodiym, po-
tassium and moistyre “concentration n sam-
ples of this muscle taken 24 hours after
slaughter. Hall et al. (1961) reﬁorted that
PIgS that were fatigued” from trahsportation
0°the slaughter plant C_Oﬂtaln%d less muscle
Ivcogen than rested plgs. The purpose of
IS X erlmen% was 10 determine” If the
etfect of stress trom periodic electrical stim-
ulatign and limited feeding prior to slaugh-
ter similarly Influenced thé Chemical compo-
sition of various beef tissues.

EXPERIMENTAL
After an 18-hour shrink, 12 good and 12 choice

aPublished with the approval of the Director
of the Arkansas Agricultural Experiment Station.

grade Hereford steers were grouped according to
weight into six groups. Weight differences were
less than 75 pounds within each group. The ani-
mals within each group were then allotted at
random to four treatments in a 2 X 2 factorial
experiment. Lots 1 and 2 were full-fed a practical
fattening ration which they had received previ-
ously for 120 days while lots 3 and 4 were fed
only two pounds of hay per head per day during
the week just prior to slaughter. For 24 hours
immediately prior to slaughter, lots 2 and 4 were
subjected to stress from periodic electrical stimu-
lation while lots 1 and 3 were allowed to rest
without feed and water. Periodic electrical stimu-
lation consisted of 3 or 4 electrical shocks from
an electric “hot shot" every 20 minutes for 24
hours.

Samples of the liver were obtained for chemi-
cal analysis 24 hours after slaughter and samples
of the longissimus dorsi, psoas major and quadri-
ceps femoris muscles were obtained for chemical
analysis 14 days after storaEe ina 37-38°F chill
room. The samples were taken at the times indi-
cated above because these tissues are distributed
and sold to the consumer after these storage times.
Therefore, any changes in the chemical composi-
tion caused by pre-slaughter treatment might help
explain anK changes in the eating quality of these
tissues. The following areas of the tissues were
taken for chemical analysis: longissimus dorsi,
the muscle between the 12th rib and the second
lumbar vertebra; psoas major, the entire muscle
appearing in the sirloin; quadriceps femoris, the
entire muscle appearing in the round; and liver,
a three-inch center section in the omasal area. All

[669]
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samples were ground in a Waring blender and
frozen until moisture determinations could be
made. These samples were then freeze-dried,
ground again in a Waring blender and stored in
glass bottles until the other chemical analyses
were determined.

Moisture, protein, ash, and fat were analyzed
by accepted methods of AOAC (1960). Glycogen
was extracted with dll'potassium hydroxide and
precipitated by adding 1.2 volumes of 95% ethyl
alcohol as described by Pfluger (1905). The re-
sulting precipitate was analyzed photometrically
by the anthrone method of Colvin ct al. (1961).
Lactic acid was determined by the method of
Barker and Summerson 11941). Inorganic phos-
phorus, sugar phosphorus, total phosphorus and
non-protein nitrogen were analyzed by methods

described by Hawk ct al. (1954). Sugar phos-

phorus was designated as that amount of organic
phosphorus extracted by cold
chloroacetic acid. This extraction was carried out
in a cold room at 5-4°C. Meat samples were

ashed by the method of Toth ct al. (1948). So-

dium, potassium, calcium, and magnesium were

determined on a Beckman DU flame spectropho-
tometer with an electronic power-supply attach-
ment (Beckman, 1957; Close Ct aI., 1955). Cor-
rections were made for the interference of potas-

sium on the magnesium determination, and for

the interference of phosphate on the calcium de-

termination. by adding to tie standards the amount

of these interfering materials present in the sam-

ples. All chemical components are reported as

Table 1

(4°C) 10% tri-

averages of four determinations on each sample.
Chemical determinations were made at the same
time on each weight group ill the 2 x 2 factorial
experiment.

Moisture was expressed on a fat-free, carbo-
hydrate-free basis: lactic acid and glycogen on
a fat-free, dry matter basis; protein, ash, inorganic
phosphorus, sugar phosphorus, total phosphorus,
potassium, sodium, calcium, magnesium and non-
protein nitrogen on a fat-free, carbohydrate-free,
dry matter basis; and fat on a fresh weight basis.
The chemical components were expressed as above
to endeavor to remove the effect of differences in
fat, moisture and carbohydrate upon the other
chemical components studied. When chemical
components are expressed on a concentration
basis, a change in one constituent automatically
causes a change in the other. Unpublished results
have indicated that periodic electrical stimulation
significantly increased the concentration of mois-
ture in muscles of swine when the moisture was
expressed on a fat-free hasis; but there was no
significant effect on the tissue moisture when the
moisture was expressed on a fat-free, carbohydrate-
free basis. Fat was determined mainly to show
that the animals in each treatment group were
of the same carcass grade.

Statements regarding significant differences are
based on analysis of variance in which all per-
centages were transformed to the arcsin before
analysis. All differences discussed were significant
differences (P < .05 or< .01).

Effect of stress and limited feeding prior to slaughter on the chemical composi-

tion of the liver and certain beef muscles (av. of six animals)

Full ration

N . . )
stlmu?etlted Stimulate 1 Stlm’\LlJ?étlted Stimulated

Moisture. %. “

Liver 75.7 76.4
Longissimus dorsi 76.9 76.4
Psoas major 782 78.0
Quadriceps femoris 78.0 175
Protein, % "
Liver 93.7 93.6
Longissimus dorsi 95.2 95.1
Psoas major 94.4 94.9
Quadriceps femoris 94.9 95.0
Fat. G ¢
Liver 11 18
Longissimus dorsi 19 21
Psoas major 4.0 3.6
Quadriceps femoris 21 2.3
Ash. % "

Liver 6.5 b
Longissimus dorsi 48 4,

Limited ration . iati
ted ration Significant variation due to:

Limited  Stress Interaction

715 78.9
7 772 *
78.9 78.8
785 77.8 * *
935 93.2 ** ¥
95.4 95.3
94.9 94.9
95.0 95.1

2.5 2.9 *

19 2.9

37 43

19 25

6.5 6.8 * *

4.6 4.7



Psoas major
Quadriceps femoris
Glﬁcogen mglg d
iver
Longissimus dorsi
Psoas major
Quadriceps femoris
Lactic acid, mg/g'L
Liver
Longissimus dorsi
Psoas major
Quadriceps femoris
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Full ration

*

Limited ration

. Not ) . Not }
stlmu?ated Stimulated stlmu(fated Stimulated

56
S|

2470

9.39
1590
16.58

1.56
3497
32.18
34.21

Inorganic phosphorus, mg/g b

Liver

Longissimus  dorsi
Psoas major
Quadriceps femoris

Sulgar phosphorus, mg/g”

Longissimus  dorsi
Psoas major
Quadriceps femoris

Total phosphorus, mg/g1

Liver

Longissimus dorsi

Psoas major

guadrlceps femoris
Sodium, mg/g b

Liver

Longissimus dorsi

Psoas major

Quadriceps femoris
Potassium, mg/g b

Liver

Longissimus dorsi

Psoas major

Quadriceps femoris
Magnesium, mg/gb

Liver

Longissimus dorsi

Psoas major

uadriceps femoris

Calcium, mg/gh

Liver

Longissimus dorsi

Psoas major

Quadriceps femoris

393
448
5.05
551

2.33
1.54
113
115

Xon-protein nitrogen, mg/g b

Liver

Longissimus dorsi
Psoas major
Quadriceps femoris

p<. 05

75.19
1249

1381
14.89

5l
50

45.39
1.9
0.88
0.80

1.12
471
29.14
3270

410
4.98
571
6.19

2.38
1.26
0.49
0.89

1591
8.86
9.54
9.29

2.38
2.09
231
185

1445
1559
16.29
1754

0.90
0.94
0.94
1.02

E Hgg EgFB H{HO 13 {FSS b(?ry matter basis.

ol
50

67.98
3.89
1116
1.2

7.48
34.24
29.79
313

453
473
5.54
5.65

2.15
1.59
0.65
0.97

16.30
8.86
9.24
8.84

221
2.00
2.26
1.88

14.60
15.89
16.01
15.34

5l
49

149.52
0.57
0.13
0.18

.63
3201
22.89
2519

429
041
6.08
6.41

2.3
0.84
0.59
045

17.18
8.66
9.33
8.66

2.39
199
237
21

16.64
15.69
16.35
15.59

0.94
0.98
0.90
0.88

0.31
0.17
0.18
0.15

1532
1505
12.16
14.63

Significant variation due to:

Limited

ok ok
* ok
Kk
ok
* ok
** A
ok
*
* ok
ok
*
* *
*
ok
* *

resh weight basis.
Eat ree, ogry matter basis.

Stress  Interaction
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RESULTS AND DISCUSSION

‘Table 1 shows the effect of ?erlqdlc elec-
trical stimulation and limited feeding prior
to slaughter on the chemical composition. of
the liver and certain beef muscles which
included the longissimus dorsi, psoas major
and quadriceps femoris. Limite feequ_m-
creased the moisture content of the liver
and the three muscles studied while periodic
electrical stimulation increased the moisture
content of the liver and decreased the
moisture content of the longissimus_ dorsi
and quadriceps femoris muscles. . Limited
feeding and periodic electrical stimulation
decreased the protein concentration of the
liver. The concentration of ash in the liver
was increased by limited feeding, and b
periodic electrical stimulation. Limited feed-
Ing increased the fat content of the liver,
The above differences were very small and
probably have no practical significance, The
probable reason for this efféct was the re-
moval of the variation in fat, ?chogen and
lactic acid content of these fissues. The
above chan,?e,s in protein and ash concentra-
tion are difficult to explain because of the
manner they were expressed. A change in
one would automatically cause a change in
the_other. .

The above data agree with Baur et al.
f19592 who reported that the moisture con-
tent of the carcass was, increased when pigs
were deprived of calories only. This treat-
ment also increased the fat Content of the
liver. However, Mitchell and Hamilton
31933) have reported that heavy exercise
ecreased the moisture content of the liver,
heart and skeletal muscle of beef cattle.

Periodic electrical stimulation and limited
feeding increased the glycogen. content of
the liver. There was an” intefaction between
?enodm electrical stimulation and limited
eeding on the liver (lq,lycogen concentration
because the combinafion of periodic elec-
trical stimulation and limited feeding gave
concentrations. of liver that were “larger
than the additive effects of these two treat-
ments alone. Limited feeding decreased the
glycogen content of the Ion?|53|mus dorsi
and quadriceps femoris muscles while peri-
odic electrical stimulation decreased  the
?chogen of all three muscles. ~Limited
eeding and periodic electrical stimulation

PRE-SLAUGHTER TREATMENT EFFECTS ON BEEF

decreased the concentration of lactic acid
in the psoas major and quadriceps femoris
muscles. There was an interaction between
periodic electrical stimulation and limited
feeding on the lactic acid concentration of
the quadriceps femoris muscle, because the
combination _ of ?erlqdlc electrical stimula-
tion and limited feeding gave concentrations
of lactic acid in the quadrlceﬁs femoris
muscle that were smaller than tne additive
effects of these two treatments alone. Lewis
ct al. (1961) showed that stress prior to
slaughter decreased the glycogen "concen-
tration of the psoas major and the lactic
acid concentration of the psoas major and
quadriceps femoris muscles of hogs. These
workers (Lewis et al., 1962a) reported that
stress PHQF to slaughter increased protein
concentration in the psoas major muscle,
decreased concentrations of lactic acid in
the psoas major and quadriceps femoris
muscles and the glycogen and sugar phos-
phorus concentrafions ‘in_the psoas major
muscles. Gibbons and Rose (1950)  sug-
gested that fatlgued hogs have Tivers lower
in ?chogen and have psoas_magor muscles
that “contain less lactic acid than rested
hOFS' Sayre et al. (1961) reported that
cold water stress decreases lactic acid con-
centration of the gluteus medius muscle in
hogs. Rose and Peterson _(19513
that exercise decreases lactic acid in rats,
Mitchell and Hamilton (1933) reported
that the effect of,Ion% continued muscle
exercise decreased liver Tat and the moisture
In the liver, heart, and skeletal muscles.
The probable reason for the increased glyco-
?en concentration of the liver due to liniited
eedln% and periodic electrical stimulation
was that the animals converted the lactic
acid produced_in the muscle into glycogen
in the liver. This conversion lias béen Te-
ported by Cori &1931). The decrease in
protein concentration in the liver due to
periodic electrical ~stimulation prior  to
slaughter would occur due to the action
of the adrenal steroids in producing energv
from liver protein (Turner, 1955). _

Limited feeding increased the inorganic
phosphorus of the iver and PSO{iS major
muscle while periodic _electrical stimulation
increased the “inorganic phosphorus in all
three muscles. ThiS agrees with Hall ct al.

showed
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(1944) who reported that dark-cutting beef
had very little %chogen and large amounts
of inorganic phosphate. Limited feeding
decreased the sugar phosphorus in the
quadriceps femoris muscle “while periodic
electrical stimulation decreased the sugar
?hosphoru_s in the longissimus dorsi and
he quadriceps femoris™ muscles. Limited
feeding increased the total Fhosghorus in
the liver and decreased the total phosphorus
in the quadriceps femoris muscle. = Since
the above increases in inorganic phosphorus
were greater than the deCreases in su?ar
phosphorus, this indicates that some of the
Inorganic phosRhorus was coming from
some source other than sugar phosphorus.
Limited feeding and periodic  electrical
stimulation increased the potassium in the
liver and limited feeding decreased the po-
tassium content of the "quadriceps femoris
muscle. This decrease in mlllscle otassium
aﬁrees with Benjamin ct al. (1961) who
showed that the Stress of anoxia, heat and
cold resulted in a decrease of the potassium
concentration in the brain of rats. Baur
ct al. (1959) reported that the deprivation
of water and calories, calories only and
water only caused increases in the sodium
concentration and decreases in the potas-
sium concentration of pig carcasses. Since
there was no significant effect of these
treatments on the sodium content it would
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, _Potassmm shifts from the cells
and interstitual fluid into the plasma to he
eliminated in the urine while sodium is
retained _in an effort to_maintain hemo-
stasis (Turner, 1955). Since there were
increases in the potassium content of the
liver, it seemed that some of the potassium
that left the muscles was accumulated in
the liver, , o
Periodic electrical stimulation increased
the magnesium content of the liver and
decreased the calcium content of the quadri-
ceps femoris muscle,.
Periodic electrical stimulation increased
the. weight of the liver by 0.9 of a pound
while limited feeding decreased the weight
of the liver by one” pound (Lewis et al.
1962b). Since these chan(\;es were observed
it seemed desirable to determine the effect
of these treatments on the total amount of
the various chemical components_in the
liver. This effect is shown in Table 2
Periodic electrical stimulation increased the
total amount of moisture, ash, ql,ycogen,
potassium, and magnesium in the liver.
Limited feeding™ decreased all of the
chemical components studied except fat and
glvcogen. The total amount of glycogen
was increased by limited feeding and there
were no effects of any of the tréatments on
the total amount of fat in the liver. As was
true on the concentration basis, there was

seem that

Table 2 Effect of stress and |imited feeding prior to slaughter on th lute weigh
of var?ous chem{caf components o? Ilver Fav. o? s& pan?maf)s). ghter on the absalute weights
Full ration Limited ration Signifcant varation e o
stin%?ﬁted Stimulated simfbted Stimulted Limied St Inferaction
Moisture, |n 60 62 &1 57 2 ™
Protein, Io 18 18 14 14 - .
Ash, Ib 0121 0122  00% 0104
Fat, Ib 009 017 o2 026 » "
Glycogen, g 2 Y 50 124 i
Lactic acid, g 68 10 54 61 -
Inorganic phosphorus, g 34 36 30 30 .
Su?ar phosphorus, g 20 21 14 16 -
Total phosphorus, ¢ 4 14 1 12 -
Sodium, g 2.2 2.1 15 17
Potassium, ¢ 12 13 10 12 * oo
Magnesium, g 070 078 052 065 .
Calcium, ¢ 04 05 019 o
Xon-protein nitrogen, g 6.5 6.7 51 52

< 05
< 0L

-}
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an interaction between stress and limited
{ﬁedll_ng on the total amount of glycogen in
e liver,
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SUMMARY

The solubilities of sarcoplasmic and myofibrillar proteins were determined
at the time of slaughter, onset of rigor mortis, completion of rigor mortis and
24 hr after death in muscles exhibiting a wide range of ﬁ)hysiological condi-
tions during the post-mortem period. Muscle protein solubility was grossly
altered by the conditions of both temperature and pH which existed at the
onset of rigor mortis or during the first few hours after death. Sarcoplasmic
protein solubility' at 24 hr was decreased to 55% of that found at 0 hr in
muscle groups exhibiting high temperature and low pH at the onset of ri?or
mortis. Conversely, only a 17% reduction of sarcoplasmic protein solubility
was noted in groups with high pH at onset. Myofibrillar protein solubility
ranged from no reduction during the first 24 hr after death when pH remained
high at onset to 75% reduction in muscle with low pH and high temperature
at the onset of rigor mortis. The 24-hr pH of the muscle apreared to have only
a minor influence on protein solubility. Muscle protein solubility appeared to
be one of the major factors affecting the juice-retaining properties of muscle.

INTRODUCTION

Several studies have been conducted to
determine the effects of extraction method-
ology upon muscle protein solubility at the
time” of death (Helander, 1957 ; HaSselbach
and Schneider, 1951). The solubility of
sarcoplasmic and myofibrillar proteins™ has
been used, to characterize protein chan%es
durlnﬁ animal maturity (Dickerson,  19%0;
Needham, 1931 : Dickerson and Widdow-
son, 1960), and compare protein comgo-
sitions of different muscles (Hill, 1962;
Lawrie, 1961). However, the post-mortem
changes in muscle protein solubility have

aPublished with the approval of the Director of
the Wisconsin Agricultural Experiment Station.
This investigation was supported in part by a
research grant EF-81 (C3) from the Department
of Health, Education and Welfare, Public Health
Service, National Institute of Health, and by the
Research Committee of the Graduate School from
funds supplied by the Wisconsin Alumni Research
Foundation.

"American Meat Institute Foundation Journal
Paper No. 252. Meat and Animal Science Depart-
ment Paper No. 380. _

¢ This investigation was partially conducted dur-
ing residence of E. J. Briskey as F. C. Vibrans
Senior Scientist Fellow at the American Meat
Institute Foundation.

(Crepax, 1951 ;
e early work of
Bendall and™ Wismer-
I’edersen (1962) have suggested that rapid
glycolk/,sm, which resulted” in pale, soft,
exudative muscle, directly affected only the
solubility of sarcoplasmic proteins, Those
workers (Bendall and Wismer-Pedersen,
19622 postulated that sarcoplasmic protein
denatured and precipitated on the fibrillar
Pr,otelns and thereby reduced fibrillar pro-
ein solubility. The purposes of this experi-
ment were to: 1) study the changes in
sarcoplasmic and myofibrillar protein” solu-
bility durlnﬁ the first 24 hr post-mortem
and ‘relate these changes to the time course
and conditions of rigor mortis and glycoly-
sis ¢ and 2? determine the extent to which
protein solubility was associated with ulti-
mate color, stricture, and juice retention
of the muscle.

EXPERIMENTAL

Longissimus  dorsi muscles from 15 market-
weight pigs were used in this experiment. The time
course of rigor mortis was approximated on an
excised strip of muscle with the use of a “rigorom-
eter” described by Briskey ct ah (1962). Onset
of rigor mortis was defined as the time at which
the muscle started to lose elasticity; rigor mortis,
was complete when the muscle had lost all of its

received onIX limited stud%/
Partmann, 1963) since t
Mirsky (19362).
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extensibility. Samples for protein extraction were
frozen in & dry ice-acetone bath immediately after
slaughter, at ‘the onset of rigor mortis, at the
comFIetron of rigor mortis, and at 24 hr post
mortem (Brrskeu and Sa}/re 1962). These sam-
ples were held at —30°C for not more than 72 hr
sectioned with a microtome at 20 g, and maintained
at —20°C until extraction at 2°C ?Helander 1957}
Sarcoplasmic proteins were extracted with 0.03.1/
Iv phosphate. pH 7.4; and total soluble proteins
were extracted with 111 Kl in 0.01/ K phos-
Fhate pH 74. Myofibrillar proteins were calcu-
ated as the difference between the amounts of
total soluble proterns and sarcoplasmic proteins.
Nonprotein nitrogen was measured after trichloro-
acetic acid precipitation. Surface reflectance, pH,
and muscle temperature were measured at speci-
fied intervals postmortem (Sayre ct til, 1963b).
The juice-retaining capacity of muscle chilled 24 hr
was measured by the filter-paper moisture-absorp-
tion technique of (Iran and Hamm (1953) as
modified by Urhin cl at. (1962) and was expressed
as the ratio of total area to meat-film area
(Sayre ct at, 1963).

RESULTS AND DISCUSSION

All samples were categorrzed according
to the acidity and temperature of the lon-
Issjmus_dorsi at the onset of rigor mﬂrtrs
Taole 1). The muscles rom two or t ree
Iqs were oategonzed in each orép
of muscles™in groups A and B fell to
6 or below at onset:
Berature remained _above 35°C in group A
ut It was below 35°C In group B. "Muscles
|n roups I) were at an intermediate
P etween 7an 59 at onset, with the
em erature of C above 35°C and that of D
helo C. (Inset of rrPor mortis occurred
at reIatrveI% hrr%;h ‘Q_H Vﬁ sho 6.0 or above
n rourf T ort delay phase
of muscle in group E resulted In onset tem-
eratures above 35°C, whereas muscle tem-
eratures In group F fell below 35°C prior
0 onset of rigor mortis,

Table 1 Physiological conditions at onset of
rigor mortis.
Group Temperature pH
A >35°C 5356 (Low)
B <35°C
C >35°C 57-5.9 (Med)
D <35°C
E >35“C 6.0+ (High)
F <35°C

owever, muscle tem-

PROTEIN SOLUBILITY ANO MUSCLE CONDITIONS

H, color and structure. Fig. 1 illustrates

the trme course of pH changg’ in the previ-
ously described ~groups. rEH values are
shown for sampleS taken immediately after

exsanguination, at onset of rigor morfus at
completion . of rigor mortis,~and after a
24-nr chilling period. (lroup A (low-pH
high- ﬁemPerajure mecIes evrdenced ex-
treme rﬁ) declines and the lowest
Hvaues durr the frrst2hr post-mortem.
hese ra\ declines were similar {o
the acce erate pH reductions previously
described (Briskey and Wismer-Pedersen,
1961 Sayre et al, 1963a). Nevertheless,
the pH Vvalues in ?roup A were not as [ow
at gnset and comp etron of rigor mortis and
at 24 hr as in group élow-pH low-tem-
erature ryor})]lytrc raté as indicated by
H . decline” with” time post-mortem  was
srmrlar for groups B (ow 'ol | low-tempera-
ture) and °C medrump high-tempera-
ture), but the H af onset and 24 nr was
consid era |%her In group C.. Although
grou sC an had srmrlar P” values ‘at
nse q_loup 1) had a marked ower ult-
mate. colysrshws only limited in
grouR (I temperature
hich resulted i hrgh pH valies (>6.0)
al onset of rigor and ultimate pH "values
similar to those found Injtially in the first
our rou s. declined slowly in grou
fg H wtem perature), dnd the o
set 0 r mortrs occurred while the pH

remarne q] owever these musoles ulti-
mately Q a |eved a_rather low pH.
Srnce th e timé course of rigor mortis Was

followed on an excised strip and pll deter-

h CONDITIONS OF RIGOR ONSET

1Y A pH53-56; TEMP>35°C D pH57-59; TEMP<35°C
B pH53-56, TEMP<35°C  E.pHE0+ TEMP>35°C

C.pH57-59; TEMP>35°C  F. pHE0+; TEMP<35°C

6.5

GROUP C
et

55

@ ONSET OF RIGOR
O COMPLETION OF RIGOR

| | | | | | ]
T2 3 4 5 6 74
HR POST-MORTEM

Iig. 1. pH decline post-mortem.
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initiations were made on adjacent areas in
the Intact muscle, the values are only a
Brommatlons since wide gifferences” have
een noted in the composmon of adjacent
muscle areas 8awr|e 1961).

Another indication (Fig. 2) of post-
mortem_chemical change was the fading of
the uniformly dark-red color_found in" all
muscles at the time of death (Brlskeg et al,

0, 1960). Surface reflectance (485 mji)
was an objéctive measurement of color, wit
pale, soft,” exudative muscles giving a high
reflectance yalue.

oIor ading (reflectance mcreaseg Was
ver¥ apid in_group A FI? 2) and sup-
pors change in' color and structure as pre-
wo(H noted Briskey and Wisrner-

edersen (1961)° under the condltlons of
raeld Xeol 5|s The rate and extent of
color change. was greater In group C than

In B, Iindicating the' importance of tempera-
ture as weII as pi 1 In_altering the physical
roPerItles of m%sce This fact can he fur-
ustrate comparln?_lgroups C and
had the same differed
markedly In temperature at onset of rigor.
As pH “values at onset of rigor mqrtis re-
mained ahove 6.0, (groups E"and F), post-
morfem chan es in surface reflectance Wwere
small and were in agreement with previ-
ously reporte ata riskey ct al., 1959;
Savre ef at,
Protein Solublllty Sarcoplasmic protein
solubility (Fig. 3) decreased moderately to

SURFACE REFLECTANCE AS INFLUENCED
BY PHYSIOLOGICAL CONDITIONS IN
MUSCLE AT THE ONSET OF RIGOR MORTIS

[0
o

% REFLECTANCE
N w b
O o ©O

o

A-

CONDITIONS OF RIGOR ONSET

A.pHS3-5.6; TEMP >35°C
a pH5.3-5.6,TEMP<35°C
C.pH5.7-53ITEMP>35'C

D. pH $7-5.9;TEMP'35°C
E. pH6.0+;TEMP >35°C
F. pH6.0+;TEMP'3S°C

- OHR E}ZOMPLETION OF RIGOR

ig. 2. Surface . reflectance as influenced b
téy oIo |caF con |t|ons In muscle at the onset o¥
Igor mortis.

SARCOPLASMIC PROTEIN SOLUBILITY AS
INFLUENCED BY PHYSIOLOGICAL CONDITIONS
IN MUSCLE AT THE ONSET OF RIGOR MORTIS

(64
(o]

W »
& 3

PHOSPHATE pH 7.4
(% OF TOTAL PROTEIN N)
n
o

SOLUBILITY IN 003m K
()

CONDITIONS OF RIGOR ONSET

A.pH53-5.6; TEMP>3S°C
B. pH5.3-5.61 TEMP<35°C
C.pH5.7-5.9;TEMP>35°C

DO HR
CDONSET OF RIGOR E3,2

Iﬂ . arcoFIasmlc Brotem soJubtlttgclas influ-

D pH5.7-5.9;TEMP*35°C
E pH6.0+; TEMP >3EPC
F.pH6.0+1 TEMP<35«C

ED COMPLETION OF RIGOR

ence TyP S1010 lCEl nditions in muscle at the
onset o [ -mortl

extensivel durm the first 24 hr
mortem, t/egar esgs of physiological anal-
tions _at H?Of onset, Extractable sarco-
glasmlc proeins. I rouP A decreased at
4 hr to 55% of their orlginal value

loss |n sqﬁcop asmjc prgtem solu ||ty 0%
curred when™ acidity . develo %
temperatures, as escrle 5? Bendall ana
Wismer-Pedersen (1962). The reductlon
In sarcoplasmic protem solubilit X Was reag-
Ily apparent at the onset of figor mortis
|n both the low- and medinm- H groups. as
ong as the temperature remalned high
(groui) A and although the loss |n
golubl Ity was not as. marked gs that r orte
Y Bendali and \Wismer-Pedersen
should be, noted, however, that ext actlon
Procedures in the gresent experiment were
lgorous whereas extraction ‘procedures of
Bendali and Wismer-Pedersen” (1962) were
limited. The difference between the magnl-
fude of loss in sarcoplasmic protejn solu-
bility In these two, ex erlments implies tha(t
sarcoglasmtc grotelns ecome nature
In varying Cegrees, whereby It Dbecomes
more extraﬁtable under rlﬁorous rocedures.
The solubi |ty of sarcop asmlc rotems In

roups D, E,"and F was qn lower
gt Zp hr' than _the SO?UbIhE}j ?uegl found
nitially In the first three groups, .
Conversely, myoftbrlllar protein EFIg. 4)
showed no “loss “in i0|ubl|lt unde fon I-
tions of slow pH decline, regaraless o tem
perature at the onset, as Seen In groups E
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Mvormsaitiag protem sowsiy as  nterest to note that muscle pH values, both
< 50N MUSCLEZAT THE ONSET OF RicoR MomTs g onset and at 24 hr. were figher in groups
Nz 1 C than in group B Thus, high
£ 6240 muscle temperature under medium- %o low-
Ewb 1 1 cond rtrons urrn? the onset of rigor
23430 mortrs and/or te st few ours arter
>t sIaur%hter drastical 8/ reduced arco
EQr20 rc and myoridril ar protern sou lity.
B i ata from, these trials do not show whether
2€6 the loss in myofibrillar protein solubility
= resulted from precipitation of sarcoplasmic

A ﬁ]roterns as descrrbed oy Bendali and Wis-
CONDITIONS OF RIGOR ONSET . . er- eersen ) Or from a d|rect
SPnsTEe v B hndosvmecss  alteration of the myofrbrr ar proteins, How-
cprsTsaTEmpase R pneonTeme<ase ayer it should be pointed out that when
;Snig OFRIGOR  ysamEIETION OF RIGOR ] or mortis occurreq between p
o Myofibrillar protein solubility as_influ- % at tem eratures below 3% gdroup a
gp]ggto Xz O'Ca andions ih i al the sarcopl smrc protern solubility"decrease
12% y\nthout loss of myo-

P Sy

?#;,joﬁb'n||;L‘r'k§g\fh5§||n§,he\,r\,e”hwgs mne%ll}omssprn Correlations.  Corrélation coeffrcrents
£ onset as long a the tem erature was (T abIe 2) show sjgnificant relatjonships be
f rou 2 is observafion is par- tween sarcoplasmrc Oprotern solubility an

El by PR R T R
o hroeve(rJr though myotioriar solubil E‘“ hter and at"24 hr were. hot associated
remained hi rgou However, unde¥ rlrn icantly with sarcoplasmic, protein solu-
condrtrons gf hrgﬁ temperature and’ 2 e caain, pointing out the importance of
dium or low rote‘l%muo)ls A and C). loss of Jo rro ogrca condrtroné in the muscle as

mortis developed. Muscle. tempera
gnsﬁméﬁsr noted for l\J,\%lt'e y wa s%eerre ture af death was |?,osely associated |Rrvrth

sarcoplasmic, protein  sofubility : - however,

than 50% oflstnﬁgrf|ber|ﬁ53renpr0te|ﬁ2)\,\,asLgf(s this a%socratronpwas not found v¥rfh tempera-
tractahle |n up A at the onset of rigor ture at subsequent stages of rigor mortis.
mortrs an n? 250 Was extractab(ie after  The fact that temperature at death was
I b' A maj0 h portion of decreagle in tOtﬁl assct)crated with sar optlasmrc protein splut

olubiity was. therefore attrjputable to the Djlitv_ would .appear to be an importan
055 ot %rt%fny In ttte myofrBrr far fraction observatron sin 3 Sty e et al. 19535 nave
which is In agreement with the recent re- shown that p o(t] musce temp erature can be
port of Connéll (1962). Again, 1t is of easily elevated by ante- mortem treatment

Table 2. Correlations between protein solubility and physiological conditions in the muscle.

, pH . Temperature

Correlations between: Ohr* Onsetb Completion® 24hr*  lihr ~ Onset  Completion 24 hr
Sarcoplasmic protein solubility (24 hr)* 34 64** 55 3318 .42 =35
Myofibrillar protein solubility 245 M 12 -85%* -64** - 48

Sarcoplasmic protein solubility Myofibillar protein solubility
nhr~ Onset Completion 24hr  Obr  Onset Completion 24 hr
Expressible Juice Ratio (24 hr) -53F 0% TR B 71 34 .56 - T71%% -62%

ét[’hmge % SIt’lmOOrrt[(%’ln(])I'tIS
s Shnance o e 55 o
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Qprior _to death.  Myofibrillar
gro(sem solubilit _Tﬁble 2) was riot associ-
ted as closely’ with pH"as with muscle
temperature. A highl 3|?n|f|can_t (p<0.01)
correlation was folind, between fibrillar pro-
tein solupility and initial temperature as well
as muscle temperature at the onset of rlqor
mortis.  Briskey and Sayre (1963) dlso
noted that plf and temperature during the
first two hr post-mortem were very Impor-
tant i determining protein solubifity..

Correlation coefficients between thé juice-
re amlnog properties of chilled mushcle §24
nr) and” protein solubility auring the earlv
Post-mortem periods (Table Indicate
hat muscle that ultimately became exuda-
five began to_lose sarcoplasmic protein solu-
bility immediately after death. ~ Conversely
fibrillar protein”solubility was not affectéd
as rapidly by the physiological conditions in
the musCle “after “death. “The relation be-
fween protein solubility and juice retention
IS In partial sypport. of the observations on
24-hr” muscle bg Wismer-Pedersen (1959
and Hamm (1962).

immediately F
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Electron Microscopy of Post-Mortem Changes in
Porcine Muscle
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SUMMARY
Electron microscopy was used to follow changes in porcine muscle during

the 24-hr post-mortem chilling period.

Ante-mortem subjection to elevated

temperatures or to elevated temperatures and then chilling was used to pro-
duce different rates and magnitudes of change in post-mortem muscle color,

texture, and water binding.

Normal muscle exhibited a gradual drsruptron
of sarcoplasmrc components, with little if any change in the myofibrils.

Mus-

cle that went into rigor rapidly at a low pH and high temperature ultimately
appeared soft, pale, and watery, and electron micrographs revealed a rapid
disruption of sarcoplasmic components and some disorganization of the myo-

filaments.
temperature ultimately appeared dark,

Muscle that went into rigor rapidly at a high pH and a reduced

firm, and dry, and electron micro-

graphs revealed a high degree of organization and preservation of myofibrillar

structure.

INTRODUCTION

Post- mortem glycolysrs proceeds at ex-
tremel varra a(es in \Rlorcrne tissue
(Lavee 190 Brrs er and rsmer Peder-
sen 1: Sayre et al.. 1963h). When the
% Cyco trc rate’ 1S slow or when rigor mortis

curs at a hrgh pi | and/or a low temper-
ature te muscles a ear dark and firm

nowever, g co ySis rs accelerated
and rr or mortis ccurs at a low pH and
igh temperature te muscle _appears ex-
tremeI pale, soft, and exudative SBrrskev
and Wismer-Pedersen, 191 : Bendali and
Wismer-Pedersen, 1962: Brisker et al.
1962 ) and the protein solubrlrty Is.(ecreased
markédly (Sayre ang Briske P he
eluciaation” of muscle str cture with the
electron - microscope has Deen  thoroughlv
exp]lored g Huxley. 1958) but little aften-
tion has been given fo electron microscopict

*Published with the approval of the Director of
the Wisconsin Agricultural Experiment Station.

1This investigation was su ported in part by a
research grant EF-81 ( CczN rom the Department
of Health Education and Welfare, Publrc Health
Service, National Institutes of Health, and by the
Research Commrttee of the Graduate School from
funds supplied by the Wisconsin Alumni Research
Foundation.

' Departments of Meat and = Animal Science
(Paper Xo. .17b) and Biochemistry, cooperating.

changles occurrrng in muscle when these
yco tic_changeS are taking ’\place during
e fifst 24 hr Eost -mortem. ~ Most electron
mjcroscope Work has been desrgned to ob-
tain samples rn the hrghest staté of preser-
vation possible. However. Moore ct .
1956 studred degen gratron n musce fol-
lowing tourniquet, and noticed some_ disso-
utron of the "bands and also of the Z lines.
This stud d/ was made t0 rnvestrrcrate 0st-
mortem str ctura changes In por Ing mus-
cles that showed a sévere loss of fluid
following_a 24-hr post-mortem chilling
Eerrod Because the rate of pH drop was
nown to influence 24-hr post-mortem ap-
earance of porcine muscle, various ante-
ortem treatments were employed to evoke
ditferent rates of post-mortem “glycolysis.

MATERIALS AND METHODS

Samples of longissimus dorsi muscle obtained
from swine of the Poland China breed were fixed
in buffered osmic acid, dehydrated, embedded in
a 4:1 mixture of prepolymerrzed butzl and methyl
methacrylates, sectioned” with glass knives on the
Porter-Blum  ultramicrotome, mounted on formvar
film, and examined with a Siemens electron micro-
scope,  All pictures were taken at an original
magnification of x 8.000. The animals were slaugh-
tered in the normal manner, and within 45 min” of
dﬁarltlh they were placed in a cooler at 14"C for
chilling.

| 680
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Samples were removed from the same area of
the longissimus dorsi simultaneous with stunning,
at the onset of rigor mortis, and 24 hr post-
mortem. pH values were determined with a
single-probe glass electrode placed directly oil the
freshly cut muscle surface. .

The phases of rigor mortis were measured with
the "rigorometer” of Briskey ct til. (1962). The
delay phase was defined as the time from death
of the animal until the first signs of loss of
extensibility were observed. The onset phase was
from the end of the delay Bhase until_ no more
loss of extensibility was™ observed. Completion
of rigor mortis was tile combined time of the
delay and onset phases.

Some animals were subjected to elevated tem-
Feratur_es immediately preslaughter by ﬁlacmg
hem in a_controlled high-temperature chamber
(Sayre ct til.. 1963b) at 42-45°C for approximately
1 hr immediately ante-mortem. ()ther animals were
subjected to the elevated temperatures and then
placed directly in an ice-water hath (Kasten-
sclunidt ct til. 19631 for approximately [+ hr
prior to slaughter.

RESULTS

Electron microscopic observation of normal-ap-
peann? muscle showed a gradual disruption of
sarcoplasmic components during the first 24 hr
[r)_ost-mortem. Xo marked alteration of the myo-
ibrils was noticed. Fig. 1 shows the apﬁearance
of normal-appearing porcine muscle 24 hr post-

-SAKY ; :
RIg. L Appearance of normal - porcine muscle
post-moftem.

2% h
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mortem. A disruption of mitochondria is shown,
but no obvious damage to the myofibrils from
post-mortem glycolysis is noted. Normal porcine
muscle undergoes & gradual pH drop to apﬁ_ro_xr
mateldv 55 during the 24 hr post-mortem chilling
perioa. o

Figs. 2 and 3 resFectlver illustrate the appear-
ance of muscle at the_onset of nf;or mortis and
24 hr post-mortem. These samples were taken
from a Plg that had been subjected to an elevated
temperature and whose muscle temperature was
115°F at the time of death. The onset of rigor
mortis occurred 43 min after death, and the mus-
cle pH had already fallen to 56. By 24 hr
post-mortem the muscle pH was 55, the visual
color was quite pale, and the muscle was exuding
Iarge quantities of liquid. _

ig. 2 shows that most of the sarcoplasmic
material had already been disrupted 40 min after
the death of the animal. Although the A bands
seem to be intact in tbe 24-hr sample (Fig. 2),
there seems to have been some disruption in the
| bands. It appears as if some of the | band
filaments are clumped together.

Figs. 4, 5 and 6 respectively illustrate the
appearance of muscle at death, at the onset of
igor, and 24 hr post-mortem from a heated pig
whose muscle temperature reached 110°F. The
onset of rigor mortis occurred at a pH of 56
only 15 min following death of the animal. Fig. 4
shows t.iat mitochondria and other membranous

of 4 5 R
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Fig. 3. f muscle 24 hr post-
ol AP RS R
emperature.
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D’ prevotsly
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structures were present in the sarcot)lasm. The
muscle appears to be highly contracted, as evi-
denced by the short I handS. [inly 15 min later
(Fig. 5)" the sarcoplasm had been almost com-

ediat
Jecte

ig. 4. Appear
niort%m fror%pa
elevated temperat

F

POST-MORTEM CHANGES IN PORK ML'SC L.E

.. Fig. 5.'Ap?‘earance of muscle ?t théb.onsedt of
rigo mOFAIS rom a glg previously subjected fo
an elevated temperature.

4 éﬂﬁd }
Fig. 6. Appearance of m
from” a qu previously su

temperatur

-
e
P

cle 24 hr post- :)rte
%ﬁected 10 pan erpevatga

pletely dlsrupted. After 24 hr the muscle visually
appeared extremely pale, the fiber bundles seemed
to be disconnected, and the muscle was losing
excessive amounts of fluid. The electron micro-
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graph at this time (Fig. 6T) shows a granular
appearance of the A band. This would indicate a
disruption of the protein filaments, and the logical
conclusion would ‘be to relate the loss of water
binding to a_breakdown of the muscle proteins.
The more distinct band pattern in Fig. 6 may
be the result of extraction of soluble substances
during post-mortem anagrobic glycolysis and agrn?
Fig. 7 illustrates a 24-hr post-mortem sample
from an animal that had been heated and then

oo A O kot
temperature ar?dpthen t0 chr g In a coq Bath

chilled immediately preslaughter. The muscle tem-
perature at death was 96°F. and the onset of rigor
mortis occurred only 20 min after death, but at
a hl(ih pH of 66. The 24-hr pH was 59, the
muscle visually appeared slightly darker than
normal, and the cut surface of the meat was free
from exudative fluid. The electron micrograph
(Fig. 7) showed an especially high retention of
myofibrillar organization and structure.

DISCUSSION

. Changes in porcine muscle structure dur-

g the™ first 24-hr post -mortem include a
diSruption of sarcopl asmrc components and
some drsorrr;anrzatron In the, r¥0 fibrils, The
myofibrillar disor anrzatro occurre
miscle from gorcrne animals that had been
suq ected {0 Levated temperatures immedi-
ately presfaugnter.  Briskey and Wismer-

683

Pedersen (1961I) explained the significance
of rate of pi I fall and muscle temperature in
the ultimate appearance of porcing muscle,
and, more recently, Briskey et al. (1962)
discussed the importance Of onset o rrqor
mortis at different levels of pH to the utti
mate appearance of muscle.

The rpresent study substantrated that a
rapid onset of rigor “at a low pH and high
tem erature i predrsposrn? to a pale, soft
watery muscle at 24-hr post-morten).” More-
over, “electron mrcrogra(phs revealed that,
under these condition$, disruption of. sarco-
plasmic components is extremely rapid, and
I one case_an obvious disruption_of the
muscle myofilaments was evident. This n-
drcates that the basic groblem of post mortem
muscle properties and appearance lies rn t e
changes in" the muscle rproterns caused I-Y
a rar onset of rrdor ortis at a low p

and rg tem eratu
Bendall (1962)

d Wismer-Pedersen
have shown rrregular bands (light micro-
scope) In muscls which have “undergone
an extremely rapid rate of glycol sis. Those
workers po tuIated that thé Trreqular bands
represented sarcop asmrc proterns which had
heen enature Eyacr rt¥] and temperature
Cassens et a ave more recentl
observed rrregu ar bans at the time
death in_muscles which were ultimately
normal. These bands also appeared similar
In mjcro and ultra structure to the pontrac
ture bands of thaw rigor. Additionally, Cas-
sens et al. (1963 a studred these’ bands
extensively with a phase and electron mrcro
scope and ‘cancluded %haﬁ the rrregjular b n
we e prrmarrhém ofibrillar in nature. Whe
t] c?r rr]rgle uI aCr0 an thoccurred in musce wrth
SIS they appeared

versrbegh vr)éver F)c/)rrgs)t i ar 196
noted in one sample that when the rrregul%

S appeared pre rgor In_ muscle “wit
raprd egconsrs they were also evident In
th e 24-hir Jalost mortem sam le.

Convers o¥ it temuscewent into rigor
mortrsra and at a high pH, dark firm
muscle resulted, which, examrned wrth the
eIectron microscope, 24 hr post-mortem, ap-
preare 10 be in a high state of preservation.

he effect gf Iowerrnig the mecIe tempera-
Hre Immeditel r]or {0 sau%hter Was

thought to Influence the post-mortem appear-
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ance of muscle %lther through slowmgO gIB/-
colysis or through enhanced preservation’ by
the” actual lower muscle temperature before
death. The combined effect of ante-mortem
heating and then chilling on the, processes
occurring (Post-mortem In"muscle is not fully
ungersttoo ) | .

ost-mortem muscle appearance may be
affected b}/ ante-mortem Pnpeatment, anaf the
subsequen Post-mo_rtem changes sustained
QX thf muscle may, In gart, be “detected with
thie electron microscope.
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RESEARCH NOTE

Some Properties of Acetoin-2,4-dinitrophenylhydrazone

M. WINTER and P. ENGGIST

Finnenich Ine., Genera, Switzerland

Lindsay et dl. 81962) recently reported
gew prrr]ysrcarl] dpr perties of dcetoin-2,4-
Initroptienvinydrazone - see
E ¥ %/ a\ are these data arffegent
from our results but the ultraviolet adsorp-
tion values are unusual for a 2,4-DNP (see,
e.g, Jones ct al., 1956). To prevent con-
fusron from enterrn? the literatUre concern-
r% this 2,4-DNP, Trequently 1solated from
natural products, we ' have attempted
gLue\r/%ate the structure of Lindsay’s " new
We frrst established that our acetoin-
P remarned unchanged after follow-
rnﬁ; Ling sa 3 c romatographrc rocedures.
This excu ed any rB/ﬁot esls of ansforma
tion of acetoin-2,4-DNP_during this experi-
mental Step. Our attention was then drawn
to the fact that, In the hands of rndsaP/

et al.. acetorn reIdedamrxtureo rac
bis- an dracetgl mono-2,4-DNP heside t
new_“acetoin-2,4-DNP,” “regardless of te

reaction _conditions.” ' These  by-prodycts
may orrgrnate from the well know ox1da-
tron o the original 3/ formed. acetoin-2,4-

y an excess of 24drnrtro phenylhy-
drazrne The latter at the sme time “is
reduced to ammonia and 2.4-dinitroaniline.

e i el Lof des Prope
a%etorn ZXI DN P’ ae rden(uca zn/rt% trose
of 2 A-dinitroaniline. The color reaction
with aIcohoIrc KOH s also bright pink as
reported by the authors, whereds authentic
acetojn- and acetol-2 4-DNP give a charac-
teristic Intense hrown color under these
conditions. The infrared spectrum dou}blet
at 3333 and 3463 cm'Lcannat, ast e authors
state, he attributed to the OH vibration.
These two sharp bands, are characterrstrc
for the NH stretchrn vibration of primary
amines (Cross, 1 We might point out
that infr er spe tra of 2,4-DNPs of cetorn
KBr pellets)” (Winter et al., 1963
also of acetol show no characterrstrc OH
vrbratron In the 3500 cm"L region. In solu-
tron on (}/ ver?/ weak band IS observed. In
cm eqron however, astronq fo
me rum strong vibration does’ appear that
seems to he “char iterrjtrc for a-hydroxv-

2,4-DNPs (see Table 1
t the propertres of

(Jur conclusion 1s th
acetoin-2,4-DNPs are those mentioned b
Day et a.. (1960) and us (see Table 1V,
an that this derivative is eaerI distinguish-
able from  diacetyl-mono-2,4-DNP. ™ We

Table L Some properties of the substances discussed.

Chara r-\rr';sr '[|'| i Egred

Substance o8 cioBima dcrdfRon SR 1w
“Acetoin-2 4-DN P" 178179 327,259 510,382 3333, 3460 ?
Lindsey ot al.
2, 4-Dinitroaniline b 181 321, 259 514,382 3340, 3460 none
Authentic acetoin-24-DNP 114 ¢ 357"
108-109 357,243 433,234 3310 1072
—)-Acetoin-2,4-DNP d 1145-116 357,243 432,236 3320 1070
cetol-2,4-DNP 1345136 355,244 433235 3320 1082
Diacetyl-mono-2,4- DNP 175176 353,245 504,234 3290 none
%Onnersmgtrc?al mpIe purified by crystallization.

\Iﬂter et at., %63

[685 1
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should_like to add that an acetoin-2.4-DNI” Jones, L. A, J. C. Holmes, and R. B. Selig.nan.
free of diacetyl-mono- and  diacetvl-bis-2,4- 196,  Spectrophotometric ~ studies of some
P is. obtained by using a sllght EXCESS ﬁﬁ-dlmtrophenylhydrazones. dimf. Chem. 28,

of acetoin with respect to"the reagent. " dsaé, R C. E A Dy, and V. E, Sandie
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Infrared Spectroscopy.” Butterworths Scien-  acid, and acetoin. /. Food Sci. 27, 210.
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Modification of Radiolethality by Vitamin K5 and
Certain Analogs in Model Systems and in Foods3

G. J. SILVERMAN’, X. S. DAVIS, and S. A. GOLDBLITH

Department of Xutrition and Food Science. Massachusetts Institute of Technology
Cambridge 31. Massachusetts

(Manuscript received April 22. 1963)

SUMMARY

Spores of Bacillus subtilis var. niger and B. stearotherniophilus irradiated
in nitrogen were killed in greater numbers in the presence of vitamin K5
4-amino-1-iiaplitlinl. or 2-amino-lI-naphthol than when irradiated without
chemical. When irradiation was performed in air, the chemicals were with-
out effect, or even protective. Spores of both organisms were particularly
sensitive when irradiated in nitrogen with 4-amino-I-naphthol.

Irradiation of Micrococcus radiodurans in anoxia with these naphthol
derivatives gave losses in cell recovery that resulted in much lower populations
than could be attributed to chemical toxicity per se. These chemicals were
found to he toxic to a yeast that had been isolated from frozen orange juice
when the preparations were in buffer of pH 7.0 and 4.0. When the yeast

was suspende

in orange juice, on the other hand, the chemicals were neither

toxic nor radiosensitizers. Milk was also found to interfere with the bactericidal

and radiolethal activities of these chemicals.

shown to decrease radiolethal action.

INTRODUCTION

A/ number of compounds have been shown
to increase radiolethality. Amang, these are
Y-ethvimaleimide ~ (Bridges, 1961), 1odo-
a%et_lg acni,g 65de hen}/Amer%urlc a(%etate

rigges. . These three have g stron
afinlt?/ for. gombining wpith _sueifhvgréﬂ
groups, considered to be"of great importance
in racliation repair mechanisms. "In_two
mvesthatlons, |-Tabey Shehata (1961)
and Silverman ct gl. 1962?] have ‘shqwh
that another class of compounds, related to
and including vitamin K-, are also capable
of.__increasin _radlolethal% In common
with Bridges fmdmgs for TV-ethylmaleimide,
their effectiveness general Was more pro-

nounced under anoxia.

It was thought desirable to study the
ability of K- and. two strucéurall Ie|ated
ana!o?s t0 _modl%_ th%_ radiosurvival  qof
radiation-resistant micropial species In addi-
tion to microbial populations in milk and
orange juice.

“Contribution no. 531 front the Department of
Xutrition and Food Science, Massachusetts Insti-
tute of Technology.

Sulfhvdryl compounds were

EXPERIMENTAL

Organisms. Spores of Bacillus subtilis Var. niger
and R. stearotherniophilus Were grown, harvested,
and assayed bg rocedures previously described
(Davis ct al, 1963). Preparation of washed cells
0f streptococcus faecalis 10CL (ATCC 11700) and
Micrococcus radiodurans (_obtamed_from A Y,
Anderson) were as in [)revmus studies (El-Tabey
Shehata, ~1961) except that 0.18.1/ instead of
0.66.L/ phosphate buffer, pH 7.0, was used. The
yeast was isolated from orange juice after platmg
an orange serum agar (Difco). Washed an
standardized cell suspensions of the isolate were
obtained from 48-hr shake cultures grown in
plate count broth squIemented with 597 orange
{)mce. The yeast cells were washed twice with
18.1/ buffer’ (pH 7.0) and standardized by optical
density to %lve a final yeast _poi)ulatlon of about
6 X 107 cells per ml. The viable cell count was
determined on orange serum a?ar after 48 hr of
incubation at 30°C. The total plate counts for
both raw and pasteurized milks containing s.
faecalis 0rganisms were determined in plate count
agar, the ncubation period being 3 days at 30°C.

Chemicals. Chemicals were obtained from the
sources indicated: Vitamin K; (2-methyl-4-amino-
L-naphthol, Parke, Davis and Co.%, 4-amino-I-
naphthol and I-amino-2-naphthol (Eastman Or-
ganic Chemicals), 1-cysteine (Calbiochem), and
glutathione (Schwarz Bioresearch, Inc.l.

67 |
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Irradiation. When the organisms were irradia-
ted in ampoules, the techniques of El-Tabey
Shehata ﬁ 61? and Silverman ct al. (1962) were
used. Unlike tiltered orange juice or buffer, milk
formed excessive foam when sparged. To allevi-
ate this problem, capped vials were substituted
for glass ampoules antifoam gantrfoam 66, Gen-
eral ‘Electric) was added, and the air or nitrogen
used in sparging was introduced through hypo-
%thermrcb needleds t Thethrrradratron source wast of
e submerged type, the gamma rays originatin h o ©
from cobaltg 60 r)rg%s emrttrgng an av}e/rage gof 550% §§' g odd 8L
rad permm :000 OO0 O0OOO

RESULTS AND DISCUSSION

b Fltadratron redsr?\tlant organrsmds d(Mrcrc)>
|a Spores an ICrococcus raaloaurans
pl shows the survival fraction of 6% 000 000
sRoreso subtilis, var, nrger and B. stearo-
ermophrlus Irragliated 10 a nitrogen at-
mosph ere In solutrons of Vitamin_ K, @@@ @@@
4a h] na{)tho %N) or 2-amino-1-
the ‘presence of air,
a protectrve effect b the added substances
was noted, The radiolethal effect did not y
seem to e concenration-Cependent, and o6&
pm was not, in general, three times
ﬁe fective as 50 p )Pm None' of tethree
emrcabstvrrere toxic tto B. subtil |stvattr @@ (g) -h ro 086
niger, but they were, to varying extents
togrc to B ste/arothermo hr?g gIn ag ree-
ment with_previous studres with ve etatrve
ceIIs El-Tabey Shehata, 1 61 Silverman
ctal, 1962 he magnitude of this toxrcrty
was Preate in air than In nrtrorg]en
radiofethal activity, on the other hand, was
most evrdent under conditions of anoxia.
Brid Pes (1961) exrsrosed Escherichia coli. %@%

CLERLE

was an  effective radrosensrtrzer aarnst 100

Il colr anth aUFeus In Giiher & or Riro- BEG" 500 G5B
%en and only under anoxia for the Psey- >

omonas. sp.” Contrary to the present find-

Ings, Bridges found "NEM jnefrective for
degcreasrnggJ radiosurvival of B, subtrlcr)s ¢

Sta hsy 0C0CCUS auretr a Pseudomonas s,
pores of Bacillus subtilis to A-ethyl-
ma eimide XEM) and found that N

spor
ertamrn K5 (Regnolds and Lichtenstein HE
1950 Verona, 1955) and vitamin K3

e
S e

|mrdu and Léeno 195) were re orted
decrease the erma resrstance of Spores. o
Mrchener ct a. (1959) found that although
vitamins K, and K failed to reduce the heat >

Survival fraction = number of viable microorganisms after irradiation/original cell population.
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resistance of § %ores at 200 to 500 p
vitamin - K4 hyl-14-nap hthalenedtol
iacetate ) did. The echanims  Inveived
In_ thermal. and radiation destruction of
mlcroorgamsms have not been elucidated

smloglcal 5|m|Iar|t|es have been noted

een the destruction of spores by heat
and irradiation (Levinson and Hyatt, 1960),
but this should not be confused. with com-
parative differences In susceptibility among
microbial species fo heat or irradiation.
Morgan and Reed ’§'1954) and_ Schmidt
et al. (19?2) showed that spores of Clostrjd-
lum - botulinmn by being extremely radig-
resistant, would "be. a “main cocern in
Irradiated foods This organism 1 not the
most heat-resistant species in thermal proc-
essmp B. subtilis var. niger was less radio-
resistant than B. stear0thermophilus.
both 0 8?”'5’“5 were Irradiated to Vield
comﬁara e survival fractions, then 50 ppm
of fhe naphthalene compounds caused an
additional ‘and essentially equal decrease in
survival In both cases.

radiodurans was much more radio-fo be evaluated.

resistant than B. subtilis var. niger or B.

689

stearothermorohllus (Table 2). It is never-
theless not otably heat re3|stant (Niven,
, In this study shows extreme
SUSCG{)thIhty to, the toxm effects of 4AIN
N in air and to 4AIN In mtrogen
In fact, as regards toxmltcy M. radiodurans
is ong of the more susceptible. vegetative
organisms, examined. Nevertheless,” a re-
duction of at least 3 Iog cycles was nofed
when these chemicals were” present during
radiation under anoxia.

Yeast An unidentified yeast originally
isolated from or ge Juice was, examined In
buffer an In* freshly reconstltuted frozen
orange lece It aﬁ) ears to be ess re5|s
tant " in" buffer t El- Tabegl hehata
1 reported for Torulopsis rosea

Table 3)." This work substantiated hIS
onclusmns for T. rofea In that thl? class

of compound appeared to be more effective
against yeast when irradiation was con-
dicted in air rather than in nitrogen. Both
K5and 4AIN In bufter were toxic to the
east isolated ; in fact was too toxm

In cltrate butfer, g
K5 and 4AIN proved to be too toxic for

Table 2. Effect of wradtatton of suspensions of Micrococcus radiodurans in solutions of

Vitamin Ks and certain analogs
Iradiated Unirradiated
Survival fraction - Survival
Chenicd m @) e @) VB
Vitamin K5 0 0.52 0.46 100 100
150 0.035 0.0013 I 92
4-amino-1- 0 0.32
naphthol 10 0.0013 T* 28
1-amino-2- 0 0.30 100
naphthol 30 0.00031 T 2

“T = too toxic for evaluation.

MAI&HIe 3. Neutralization of

on a yeast suspended In” orange” juice

the radtolethal effects of Vitamin K6 and 4-amino-1-naphthol

Iradited Unirradiated
' Survival fraction ~ Survival
it g odd w G A N
Buffer (pH 7.0) None 0.054 100 100
Ks 0 00041 0.0074 3 60
4AIN T" T
Orange juice (pH 37)  None 0.13 0.62 100 100
K. 031 0.52 18 100
4AIN 0.25 0.79 84 92

*T = too toxic for evaluation.
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Table 4. A comparison qf the. ability of naphtbol derivatives to reduc irradiation,
thednatrhral mrcrobralppopuqatrons in ra\n)/ milk fncs Htreptococcus facca?rs a rﬁ 8 t0 pasteur-
ized mi

Survival fraction

~ Raw milka pebtelfHz4d milk h

Ctericd e Y e
None 0.30 0.1 0.40 0.10

0.18 0.035 0.46 0.053
4A1X 0.15 0.022 0.30 0.0026
1A2X 0.18 0.076 0.40 0.0019
E%%r@vrlm?lelf( C% déz?ggcglrr a”'sﬁ“s pner m|. were added to milk containing 560

organisms per m

use in these experiments, Vitamin K5 has’ examined ,(Table 5). Both cysteine and
been recommended for the {)reservatron of glutathione, " which are rotective  com-
frurt urces (Yang et-ah, this  pounds, eliminated an_ appreciable portron
stud 3/ t ere Were no bacterrcrdal effects by  of the radiolethal activity of K3 and
r 4AIN against th }/east cells in orane In nitrogen.  The actrvrty of 4AIN was de-
jurce nor any modrfrcat on of radiosurvival ~ creased “more than that of Kp by these
e fo K r4ALX. sulfhydryl compounds. A sulfhydryl-equiva-
Milk. Xprcal exPerrment with raw lent ‘amount of the tr| eptrde utatnione
milk 15 shown” in Table 4. None of the was not notably more efficient than c sterne
three compounds  displayed any toxrcrty the. main actrvrty resrdrnlg In th e sulthydryl
toward the natural tlora in raw”milk, and moretgl Casein” and gelatin_ did not ater
4A1X caused the Iar%est rfidrolethal eﬁecJ the a trvrt[y of K- or 4A1X (Table 0) gpre
under anoxia. Interéstingly. 4A1X and ciabl the addition of cysteme decreased
1A2X. but not K-, were more effectrve 8 the actrvrt ?f these naphthalene comPounds
radrose rtrzers a%arnst acca IS organ-  Casein JiSelf 1S somewnat protective to
ISms added to pasteurized milk than to'the faccalrs singe the survrval fractron Table
natural fora of raw milk. This decrease 6) was 0,39 wrth casein and 0.29 in Duffer
occurred only in nrtrogen not In the pres-  (Table.5). eatrn drd not r%rotect the cells
ence of air, ‘and no bactericidal effect was when it ‘was used alone since
evident, Wilkowske ct al. (1955) had the magnitude of the survrval fractron Was

noltled dthat aIthougdh 3 pdprTr]:trgn vhta Ir?arK
will decrease acid prd
starters. as rjnr(rjch as 18 E)r%m i n)ecessag \}ﬂgtmsrn M@d'f'cgt'o'; t°f the ra:p' §rq t?i\t'v'tﬁ
R Ll
resent 10 both mil orange  Juice

8 eof ameliorating  or eIrmrngtrn the U E%ﬁ%
toxrc effects and adra ion effectrvene(‘is of Cltathone CWe'”e AR n«!@

theec ounds, ETae hehata (1 2 b0 0.29
Siveman ¢ a 196¥ ) sug ested tha B0 o
Proterns or_sulfhydryl groups are amon TR 0,002
he more obvious compounds capa le B2 0.0023
reacting or combining with K 4ALX. or 0 2 0.00075
1A2X and therefore capable of minimizing 0 20 0.000015
their influence. 28 20 0013
Modfl systems. 10 determjne the influ- 9 0 L 049
ence 0 sul hydry oroups and certain pro- 9 20 0 0.0083
teins. a number of model systems Were % 02 0013
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ahle 6. T e .survival of Str jﬁtococ us faccalis

cels Susp en rn casel In_solutions con
rnrng( com Jna 10ns. 0 0-J-naphtho

rf eysterne ater irrad atron rn a
itroge mosph

S

Chemical Cman(B%) Gelatin (0.1%)
None 039 026
LG (40 ppm) 0.0026 0.0018
4A1 &0 Bp ) 0.0014 0.0011
Cysteine (28 ppm) Q.72 0.39

-f cysteine 0.068 0.014
4ALX + cysteine 0.32 0.028
comparable with %elatrn and buffer. It is
therefore Irkelg at beta- Iatoto Iobulrn rn

K, the primary source of ree sulth

rouPs Jenness"and Patton, 1959) rs prr
arr esponsr le forn thelkrnactr ation’ of
N in mi
Trs sty Pornts up. the difficulty of
attempting 10 nd a radiosensitizing .com-
oun unrversay ai)plrcable fo all” foods.
nis_is due to complexity of the flora usu-
ally found in foods, and t0 the diverse nature
of ‘the food constituents.  Nevertheless, this
attempt, aIthough rIIustratrng certain of the
shortcomings (nerent to_ radiosensitization
of microorganisms, should not drscourage
further rnvestrg ations. Increasrnr%; our know
edge of the exact mech anrsms Involved mav,
It r? ventuall grcage 0
am rfyrng the biologica effects I radiation
ana result'in decreasrng the irradiation dose
rrﬁ Or(r)rag to minimize Microbial populations
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Staphylococci in Food and Food Intoxication
A Review and an Appraisal of Phage Typing Results
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SUMMARY

A review has been made of published information on the phage groups
and tﬁpes of staphylococci concerned in food-borne intoxication. It revealed
that the majority belonged to phage group Il with the types 6 and 47, either
alone or with others, being the most common. In Great Britain the yearly
incidence of food-borne intoxication, from 1950 to 1962, due to strains of
phage group Il ranged from 64.5 to 94.7%.

In food handlers incriminated in outbreaks the nose was the most common
focus of infection, and the hand came next.

Meat and milk were the foods most commonly incriminated. Group Il
phages lysed 64.3% of strains found in meat and 58.1% of those in milk.
Group 1Y phage lysed nine times as many milk-borne as meat-borne strains,
which were also quite common in milk taken direct from cows, with and with-
out mastitis or abnormal secretion.

The meager data on staphylococcal contamination of “wholesome” food,
meat, milk and fish, were tabulated. A high proportion of these strains were
untypable, but one-fourth to one-third of the strains were lysed by phages
of Group I,

The results of é)hage typing of staphylococci from milk, dairy workers,
market milk and dairy products were summarized. Phages obtained from
strains of human and animal origin have been used for typing purposes.
Of the phages in the “international set” obtained from staphylococci of human
origin, 42D, Group IV, lysed more strains than any other phage. A set of
phages of bovine origin has not yet been internationally recognized.

About two-thirds of the strains obtained from bovine mastitis but three-
fourths of strains from normal milk were lysed by the typing phages employed.
Group Il phages lysed two-and-one-half times as many strains from normal
as from mastitis secretion.

Cheese, butter, butter-milk, skim milk, cream, ice cream, kefir, and
dried and condensed milk have yielded staphylococci lysed mainly by phages
of Groups Il and 1Y.

Dairy workers, veterinary sur(];eons, and farmers have vyielded strains
similarly lysed. Some of the people in these groups as well as the animals
they tended have suffered clinical disease processes, due to strains with
identical phage reactions.

Phage-typable strains have been found in the noses of cattle, in dogs,
pigs and chickens; their human attendants have, in some cases, carried
identical strains.

The proportion of staphylococci, lysed by the 52/52A/80/81 complex
of phages has shown a twofold increase in hos‘pitalized human patients and
a two-and-one-half increase in animals in the last few years. Staphylococci
lysed by this complex are regarded as particularly invasive in and patho-
genic for man,

No comparison has appeared on the frequency distribution of staphylo-
cocci among the phage groups from food-borne intoxication and food handlers.
A comparison was therefore made of such reported strains from: i) food
causing intoxication; ii) the nose; iii) the feces; and iv) superficial lesions
of apparently healthy persons. The main features were: a) the low propor-
tion of strains lysed bV phages of GrouF [l in ii, iii, and iv; b) the low
proportion of untypable strains, especially in i.

[692]
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Systematic phage typing of staphylococci from wholesome food, food

incriminated in intoxication outhreaks,
population in defined geographical areas is recommended.

hospital patients and the general
Sites such as

the nose, hands, feces, and perineum of healthy people and disease processes
in hospitalized patients should be searched for staphylococci, which then
should be typed by the use of a standard technique with the aid of the inter-

national set of phages from strains of human origin,

augmented, where

necessary, by phages from strains of animal orrgrn

In addition to the international set of °

‘human” phages, it would be

useful to establish and use an international set of phages of animal, especially

bovine, origin.

Phage typing cannot be used to determine whether a given staphylococcus
has produced or can be induced to produce enteroloxin; but is an excellent
means of assisting in determining whether staphylococcr from victims of

food-borne intoxication,
related.

suspected

INTRODUCTION

Two methods may be used in the study
of the circumstances Ieadrng t0 staphy
coccal intoxication of man:~i) To obtain
maximum information on all |mportant fac-
tors of eyordemroloqrca cases” as, they oc-
cur; and i) To determine what fact rs |n
the ‘commort foods, their preparation, han-

mg storage, and consum lon may
0 ontamrnatron with enterotoxrn produc
mgrstap yococcr

factors n i have been studied to
some degree, but those in ii are largely
neglected.” yet, both methods are equally
|m|oortant
tis qenerally accepted that only coagu-
|ase-positive staph lococc Rroducrng entero-
toxr cause food-home intoxjcation, But
their presence cannot e readily and une-
%urvocall demonstrated. Ind% progress
research of staphylocogcal food-poisoning
Is stifled almost to extinction by the difficulty
of testing for the toxin"—f{o quote van
Hey nrnﬁen :
Usuafly its . presence on hy befoms ap-
aren(s hen |toxrcat|on as alrea
curre then the causal organrsm may
FEE g g
IIst “there 15 no definite and eas
method of demonstratrn? the toxin or th)e
strains producing 1t, al least one useful

aCommonwealth Scientific and Industrial Re-

search Organization, Division of Animal Physiol-

ogy, Seconded to the Institute of Agriculture, Uni-

versity of Western Australia, Nedfands, Western
Australia.

and suspected food handlers are

method exists of determining whether strarns
isolated from the mcrrmrna ed food, the vrc
tims, and the orr Inal source are] related,
not |dent|ca Ige try£ 0IS suc a met o
The ragmenta ture of the available
%‘a makes the tas of review somewhat
lcult. There are several reasons for this :
In cases of rePorted Intoxication the search
for strains in the various kinds of food that
have been consumed may yield few isolates,
or t e phage ty ing may sugaest that sev-
eral strainS were nvolved. “The personnel
concerned with the preparation of the in-
criminated food may not yield any strains
or the strarns found may no longer e of
the same fp age type; of the SiteS in man
searched or Stap hﬁlococcr may not be the
rrq ht ones, especra wh en crnrca siqns of
Infection are” apsert.  Or the number of
samples of vomitus or feces from the vic-
tims m?y be_insufficient.
hNeart W ecadets have deltapsetd since
age typing was. first applied to staphylo-
gocr% X? gu h it has Bgen used srPccess
for strarns susBected of causrh\% %
|nt xication (for summary, see Munc
Petersen, 1960), the method s, still not
wrdelg used. e cept in Great Britain, per-
haps Decause. it entails the necessity of main-
tarnrng typrng phages” (which may mu-
tate), 0 perhai)s IS uses and limitations
are still not well known.
~Yet, it Is rather more than a useful ad-
{unct 'to the biochemical and Ph srolo?mal
ests normally applied to staph occr rom
% the habitats or sourcsrv ve in food-
ore Intoxication. Indeed, phage typing
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has, been described as a sensitive epidemio-
Iog+ca_| tool (Blair, 1956).

_This. paper s intended to survey pub-
lished information, to make an appraisal of
Phage_t ping of staphylococcr in ‘food and
ood intoxication of man, andf tohcomﬁ re
e

a
the frequency distribution of the  pha
groups ?epres)éntedg by staphylococc |_rﬁ:r|r%
inated in" outhreaks “of food-borne intoxi-
cations and In other habitats.

HISTORICAL REVIEW

A brief review of the main features of the de-
velopment of phage typing will be given; excel-
lent and exhaustive reviews and agg)ralsals have
appeared (Williams and Rippon, 1952; Anderson
and Williams, 1956 R|g£on. 1956; Brandis, 1957;
Elek, 1959; Parker, 1962).

A peculiar degenerative change was observed
in sta[)hylococm isolated from  vaccine  lymph
(Twort, "1915). The cause of this effect, which
became known as bacteriophage lysis, was readily
and indefinitely transmitted.

Use was made of this phenomenon to assist in
tracing relationship among strains obtained from
different sites {Burnet and Lush, 1935; Williams
and Timmins, 1938).

A search was made for phages caried by staphy-
lococci obtained from different sources,” and at-
tempts were made to Systematize the findings
(Fisk, 19423 b; Fisk and Mordvin, 1944).

Details were prepared lor the notation, sys-
tematic propaqatlon and uses of phages and their
reactions (Wilson and Atkinson, 1945; Williams
and th)p_on, 19522. Modifications in techniques
and notations created to meet local requirements
or to widen the scope of typing appeared (Wall-
mark, 1949; 1954: Wahl and Lazpeyre-Men5| nac,
19508, b; Wahl and Fouace, 1952, 1954a, b; Blair
and Carr, 1953; Hood, 1953; Vogelsang, 1953;
Jackson ¢l al, 1954: Goldberg, 1954 Oswald and
Ifgeg(gjy 1954; Pohn, 1955: Tarr, 1958; Lidvvel,

Most staphylococci carry phages (Fisk, 1942a,
b), some even as many as five (Rountree, 1949),
and most coagulase-positive strains are lysogenic,
i, capable Of being lysed (Gorrill and Gray,
1956), but are themselves immune to the phages
they “carry. Individual staphylococci can be mad;
resistant ‘to different phages in artificial cultures
and some may change their apparent type (Smith,
19484, b).

Phages were isolated from suitable staphylo-
cocci and designated by a number, or adapted
from suitable p a]ges and a letter was added to
the designation. The set of phages used at any
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one ty()Ai/nﬁ' center has changed over the years
(e.g, Williams and Jevons, 1961).

hages may be grouped serologically and some
of the groups are closely associated with the ani-
mal origin of the strains (Rountree, 1949; Rip-
pon. 19 6}._ o _

Phage fTiltrates are used in typing, usually in
“routine typmg dilutions" E]RT 5) Wwhere neces-
sary augmented by 100 or 1,000 X RTD %Wllllams
%n Rippon. 1952, Wahl and Fouace, 1952, 19544,

“Routine test dilution is defined as the highest
dilution at which the phage gives confluent lysis
on the P_ropa ating strain and is the dilution used
for routine phage typing. _ _

Undiluted phage filtrates may induce virulent
mutants_of another prophage (Williams and Rip-
pon, 1952; Rountree, 1 562, or ma)( contain agents
Inhibitory to phage growth thus eadmg to false
reactions J(W|II|ams and Rippon, 195Z;
blutn and Jackson, 1957).

Strains m_a>{ be temporarily or permanently
fully or partia I{ resistant to p_a?es which might
otherwise lyse them. This partial resistance was
shown by 154 untypable routine strains with un-
diluted Tiltrates of routine typing phages; 76
49.4%) were lysed by one or more of the filtrates
Williams and Rippon, 1952). .

The tvpable proportion of one collection of
coagulase-positive staphylococci depends, inter alia,
upon: i) the method, ||_% the phages, and iii) the
dilution ‘of the phage filtrates, as well as on the
strains, Thus, with the aid of 18 phages, 60.4%
of 460 cultures were divided into 20 types; a
further 226% were attacked by the phages, but
did not fit into the defined types, and 17(4 were
untypable (Wilson and Atkinson, 1945). Of 567
strains from various sources (including food-borne
intoxication), 335 (59.1(4) were_tvpable, but 180
(31.4(7) gave no reaction at RTD and 52 gave
non-specific lysis (Williams and Rippon, 1952).
“The isolation of fresh phages active against pre-
viously untypable strains may reduce their pro-
portion. Thus, 30 out of 455 strains selected at
random were untypable with the original set of
phages; with 13 new ones, untypable Strains were
reduced to seven (Wahl and Fouace, 1954c).

Strains orlgmatmg in man and untypable by
the set of phages commonly used may become
typable when phages from hovine strains are used
(e.g., Hausler, ct at, 1960).

Some strains are untypable because they are
resistant to phages. Since these are more” com-
mon in the normal nose (39.8% of 265) or skin
%2_4.5% of 302) _(Williams and. Rippon, 1952),
this observation is particularly important in the
search for the original human foci of staphylo-
cocci that have caused intoxication.

Rosen-
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Staphylococci may he distinguished in two waKs
br the “aid of Rhage-ty{)mg: 1) they may he
"type-specific,” that “is “lysed by only a single
phage, or 2) they may he lysed by several phages,
glvm% rise to a “paftern of lysis." An example
may De quoted: Of 229 strains 118 ﬁ?l.SO)_were
lysed strongly by a single phage, the remainder
strongly by more than one phage. Phage pattern
formation “is not usually random; each phage is
commonly associated with certain other phages,
rarely with others. The frequency of occurrence
of phage reaction patterns has been studied (Wil-
liams and Rippon, 1952). _

At least 82 distinct patterns could he recognized
amon% 229 strains, relying on strong lysis only,
and 152 distinct patterns were observed amor_llg
567 strains typed with 24 different phages (Wil-
liams and Rippon. 1952). o _

On the basis of their suscegtlblllty to various
combinations of 16 phages, 105 strains were as-
signed to 50 different %roups Fisher, 1945).

ith the aid of 20 phages 541 strains revealed
129 Fatterns. But two-thirds of a set of strains
retested after an interval showed variation in
P_hage patterns of plus or minus one strong reac-
jon and, in 100 of retests the same group was
not obtained (Jackson ct at. 1954). .

The technical steps now taken in phage typing
technique may he outlined thus: o

Phages are propagated on suitable liquid or
solid media. Stock cultures and pha?_es are used
as starting material for the propagation of each
new hatch. To retain them unchanged they are
freeze-dried. The phage titer is established by
placing one drop of phage diluted in tenfold steps
on the surface of an agar plate already spread
with a 4-5-hour broth culture of the propagatin
strain and incubated at 50°C overnight. The RT
is then determined, i.c.. the highest dilution that
just fails to give confluent complete lysis. Sterili-
zation is achieved by filtration through sintered
glass or Forcelam. _ . _

The Iytic spectrum is determined by testing the
phage agamst its propagating strain and a set of
16 standard test strains, so chosen that phages
with similar lytic spectra can_be differentiated.

Routine testing is done by inoculating the whole
surface of an agar plate with the pure culture of
the_coa%ulase-posmve _stathIococcus under test,
drying the plate, dropping phages at RTD on the
rid, dry and read the

plate ‘in a predetermined

confluent IYsis after a suitable period. If no reac-

tion is obtained the test is repeated with phage

filtrates at higher concentration (Blair and Wil-

liams. 1961).

A number of the commonly used phages have
been grouped together, because of the similarity
of their lytic reaction. The various types in the

currently accepted groups (together termed the
International Set) are:—

iroupl — : 29, 52. 52A. 79. 80

iroup Il : 5A. 5B, 5C, 55. 71

iroup 111 =6, 7, 42K, 47, 55. B4, 75, 7
iroup IV : 42D

iscellaneous; 81. 187

Staphylococci not lysed by the usual phages are
termed "Lntypahle.” " The ‘above set is used for
routine typing, but any laboratory maY use addi-
tional Fhages found to he locally “useful. In every
case %ure cultures of coagulase-positive strains
must be used; phat[]es are always used at RTD
first, and further fests with more concentrated
phages are made when no significant lysis is pro-
duced. At least 27 countries have now adopt_ed
this set of phages and an additional four countries
have provisionally accepted the set (Blair and
Williams, 1961, l962%

A correlation lias been sought between phage
grouping and other characteristics of staphylo-
cocci

i) The three major phage %rous exhibited
some correlation with Cowan’s ( 9589 serological
roups (Hobbs, 1948; Wahl and Fouace, 1952;

illiams and Rippon, 1952). This relation was
accepted only for (jroup 111" (Ceding and Vogel-
sang. 1954)." Strains from food intoxication out-
breaks showed less variations in both phage types
and _serotydpes than did strains from hospital “epi-
(i%rgégs ana other sources (Oeding and Williams.
i) It has been noted (Parker, 1962) that staph-
ylococci with certain phage patterns having a
characteristic pathogenicity or_epidemic virulence
may possess certain other”specific cultural charac-
teristics.. e.g.. ability to cause opacity in egg yolk

Gillespie and Alder. 19522) or in" horse serum
Tomlinson and Parker, 1956). to Produce cer-
tain antibiotic substances (Parker ct til.. 1955) or
to resist the action of mercuric chloride (Moore.
1960: Green. 1962).

()n the other hand, phage typing cannot he used
to determine whether a given strain of staphylo-
coccus produced or will produce enterotoxin® (An-
derson ‘and Williams, 1956). Production of en-
terotoxin apgears to he restricted to certain phage
%]roups_(Ho bs, 1948; Gentzkow, 1958), and In

e Imam to phage groups 11 and [V (Allison.
¢t nl. 1949; Wil'iams ct al. 1955). Some intoxi-
cating strains not typable by standard phages did
yield"a specific cat emetic,” when a fractionation
Frocedure was used; filtrates from the same cul-
ures were emetic to monkeys (Thatcher and
Robinson, 1962).

Frequency distribution among phage groups of
epidemic staphylococci. In general.” Table 1 is
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_ Taple 1 Frequency distribution amon
epldemlbcs, in gene%ll. Y :

AND FOOD INTOXICATION

phage groups of staphylococci in food-borne

Percentage in phage group

Totalf
epqgén%cs I [l 1]
666 15 1.0 7.0
Note: “Mixed”: Cultures were |
*Unclas me " Cyltures were Fsey
“U Sb é C Hures were .n

. “Untypable”:
original alépscrlptlons did not contain this categ

prepared from 46 recorded investigations on phage
grou,pmgs of staphylococci concerned in 666 epi-
emics of food intoxication |SAIIlson, 1943; Cooper,
1943, Cruickshank, 1943: Duncan, 1944; Murphy
and Edward, 1944: ‘Williams ct at, 1946 Oddy
and Clegg, 1947; Ritchie ct al, 1947, Grant and
McMurray, 1948 Hobbs and Thomas, 1948
Miller, 1048; Alfison ct ai, 1949; Hobbs and
Freeman, 1949, Anon, 1950; Cockburn, 1950:
Drysdale, 1950 Cockburn and Simpson, 1951,
1954: Hobbs, 1951, 1955: Hauge, 1951, 1952; St.
Martin ct at, 1951 Parker, 1053, Crowe, 1954;
Steede and Smith, 1954: Cockburn and Vernon,
1955, b, 1956, 1957, 1958, 1959, 1960, 1961
Anderson and Williams, 1956; Parker and La?age,
1957; Ortel, 1958; Dixon and Gardner, 1959:
Nefed'eva, 1950; Nefed’eva ct at, 1961; Cust and
Finch, 1961; Vernon, 1962). _

The table shows that staphylococci lysed by
phaPes of Group I11 are by far"the most common
In food intoxication, those ‘lysed by the phages in
Groups |, 11, and Mixed are rare and of the same
order of magnitude, viz., 1% to 1.5% of the total;
those of Groups V' and Untypable amounted to
between 4%. and 5%, and “Unclassified" to 7%.

Strains lysed by phages of Group IV' [42D are
sometimes Called “hovine" strains (see later)]. In

. L. ney. aistripution amon
epldeTrr?Pclse, |% Gﬁégguﬁrﬁgm.d stribution among
No.
Year typed I
1950 46
1954 48
1955 43 1
1956 40 2 2
1957 5 i 2
1958 0 2
1959 34
1960 3 3
1961 3l 2 1
Total 366 1 5
% 30 13

(i
lysed 3lry.te phages used

Maig d
Vo wied CUREST VTR U
4.6 1.2 70 33 44

gé]eages of two_or more 8roupfs.

Ds.

- Vv
not classified 'nfgrmtypmg.to A' few of the

six of the outbreaks listed, staphylococci did aﬁ-
Fear to originate in the udder of ‘cows and to be
ransmitted in milk, cream, cheese, butter or ice
cream. On the other hand, four other epidemics
due to staphylococci with a similar reaction ap-
peared to originate in orbe communicated by
meat or vegetables. For the remainder, no in-
formation was given.

hi Great Britain. Over the last decade the
Public Health Laboratory Service of the British
Ministry of Health has published a valuable se-
ries of ‘reports on the results of phage typing of
the staphylococci isolated from * food-borne ™ in-
toxication (Anon, 1950; Cockburn, 1950; Cock-
burn and Simpson, 1951, 1954; Cockburn and
Vernon, 19553 b, 1956, 1957, 1958, 1959, 1960
1961; Vernon, 1962). The results are tabuiated
since they are most useful as illustrations (Table
%,)' The yearly frequency of strains lysed by
romy) 11 pha%es ranged from a minimum  of
64.5%. of 31 outbreaks, in 1961, to a maximum of
94.7% of 57 outbreaks, in 1957, but averaged
82.5% for all 366outbreaks. Strains lysed by
members of other phage groups were” far less
common. _ o

Since 1959, strains falling into Phage Group
IV have caused at least nine outbreaks.

phage groups of staphylococci in food-borne

Number in group

I v Mis Unger Uniyp

39 3 4

| 2 5

39 3

ki 5

54

YA} 3 2

29 5

26 2 1 5

20 2 6
302 9 4 IS 20

825 24 11 41 55
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The few numbers under the headings “Uncer-
tain” and “Untypable” should be noted.

Phage grougs and types represented in incrimi-
nated food. Two vehicles for epidemic staphylo-
cocci were more common than any others, namely
meat (especially in Great Brltams/ and milk (res-
Pemally In_the United States of America). The
ollowing information was collated from published
reports (Allison, 1943; Cooper, 1943; Duncan
1944: Murphy and Edward, 1944; McClure and
Miller, 1946; Macdonald, 1946; Oddy and Clegg,
1947; Ritchie et al., 1947, Hobbs and Thomas,
1948; Miller, 1948; Hobbs and Freeman, 1949;
Anon, 1950; Drysdale, 1950; Parker, 1953; Steede
and Smith, 1954; Anderson and Stone, 1955;
Cockburn and Vernon, 1955h, 1957, 1958, 1959
1960, 1961 ; Dixon and Gardner, 1959; Thorne and
Wallmark,  1960; Cust and Finch, 1961 Gullott
and Spano, 1961 Steede and Iredale, 1962; Ver-
non, 1962). Table 3 shows the frequency distribu-
tion of the phage groups.
~ Strains found in "milk werenot lysed by phages
in Groups 1 or 1I, but those lysedby
phages were nine times as freﬂuent inmilk as in
meat. Group I11 phages lysed64.3% of the strains
found in meat and 58.1% of those in milk. Strains
lysed by phages in more than one group. (Mixed)
yvere_lrl?ore than three times as frequent in meat as
in_milk.

The most common Fhage types in Group | were:
29,52, 79; in Group |1 3C"and 71 in roug I,
whether meat or milk was the vehicle: 6, 47, or
53; in Group 1V, 42D for both vehicles; in
“Mixed Group,” 80, 6, and 7 for both vehicles, but
in addition, 47 for meat, and 42D, 29, and 52 for
milk. It should be noted that sta_ph){loc_ocm of the
types commonly regarded as highly invasive in
and gathogemc for "human beings, "viz. 52, 52A
?nd 0, were represented in both vehicles (see
ater).

In)summary, then, the staphylococci predominat-

- Table
milk, velnc gs In
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ing in food-intoxication outbreaks were of phage
type 6, sometimes alone, but mostly combined with

, or with other types when meat was the vehicle,
but of type 42D when milk was the vehicle.

Foci of phage-typed epidemic staphylococci in
food handlers.” A" number of reports contained
details of the focus of phage-tgped staphylococci
in food handlers (Cooper, 1943: Cruickshank,
1943 Duncan, 1944; McClure and Miller, 1946;
Macdonald, 1946; Williams ct al. 1946; Oddy
and Cleg1g, 1947; Gillespie, 1947; Hobbs and
Thomas, 1948; Hobbs and Freeman, '1949; Monaci
1953 Parker, 1953; Crowe, 1954 Steede and
Smith, 1954; Cockburn and Vernon, 1955b, 1956,
1958, 1961 ; Gullotti and Spano, 1961 ; Nefed’eva
ct al, 1961; personal observations, 1961-62). The
details were tabulated (Table 4).

Taking all findings together, the table reveals
that the nose of food handlers wias one or the onl
or!%mall focus in a total of 73, and the hand in 4
epidemics. ,
Mention should be made of the fact that in man

Groupstaghylococci can persist, and may even multiply,

in the deeper layers of the skin, “after they have
disappeared from"the body surface (Roodyn, 1960).
It would be an advantage if all sites mentioned
in the table as well as the perineum and possibly
feces, which may be a source of infection (Fair-
brother and Southall, 1950), of suspected food
handlers were also examined for the causal strain
in EPIdemICS. _

Other workers mentioned the probable or even
ﬁroved focus of infection in one or more food
andlers_responsible for epidemics, but gave no
details (Belam, 1947; Grant and McMurray, 1948;
Allison ‘et al., 1949; Anon, 1950; Cockburn and
Simpson, 1951, 1954; Hauge, 1952; Williams ct al.,
1953; Fee, 196 } _

[llustrations of the uses of phage typing. Two
food handlers in a bakehouse appeared to be in-
criminated in an outbreak. Staphylococci were ob-

. Frequency distrihution of staphylococcal phage groups represented in meat or
fs Sekscd hoocaton Py phage groups rep

Number in phage group

Vehicle | IT ITI
Meat 4 2 3
Milk 9

Table 4. Foci of the epidemic staphylococcus in food handlers.

A

No. of cases 44 27 4 3

y only only

I\ Mixed Total
2 10 2 56
18 3 1 3
Nose
) Mouth ~ Nose Nose apd Nose,
Skin ~ Throat bhsﬁers and and other han
only only hand  throat  parts  mout

2 1 19 4 5 [
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tained from both, viz., from the nose of A, who
had a “light" infection, and from the nose, a stye
the ear, and hand of B, who had recently suffered
from an ear abscess. Phage typing of all strains
revealed that A, not B. yielded a strain identical
with those found in the incriminated food and the
victims (Ritchie ct al., 1947).

Dried milk was responsible for a severe out-
break. Bulked milk from farms yielded staghylo-
cocci (15,000 per ml) of phage type 42D/77/29152.
After preheating and evaporating the count was
less than 500 per ml. But milk in the atomizer
feed tank, maintained at 40°C, 9ave a count of
5,000,000 per ml of phage type 53/754-, which was
also obtained from ' the victims %Hobbs._ 1955).
Hence, the atomizer tank, not the farm milk, was
the source of the epidemic strain. _

Swabs were taken from the hands of 40 dairy
workers, and eight yielded staphylococci, five be-
ing of phage tgpe 2D and three of other types.
Phage type 42D was also found in milk from™ five
of six cows and in 34 cases of hovine mastitis
(Macdonald, 1946). _

Staphylococci in cheese made from goat milk
caused an epidemic. Phage tyﬁmg revealed that
the victims, the cheese, and ‘the milk from the
?oat carried the same strain, which was different
rom that carried by the cheese maker (Macdon-
ald, 1944). ,

A recent contribution ?Parker, 1962?1 contained
an excellent illustration of the use of phage-typing
of epidemic strains, with a discussion onthe lim-
itations of this method. .

Phage groups of staphylococci from wholesome
food. Search for bacteria, particularly staphylo-
cocel, in wholesome food is rarely reported in the
literature, and hence there are hardly _an¥ data on
Phage-typed staphylococci from the habitat. Doubt-
ess the experience gained from work at the
British Central Typing Laboratory is behind the
cateﬁorlcal statement that “coagulase-positive
staphylococci, particularly those of the food-poison-
n?_? t%pe, are rarely found in normal foodstuffs"
(Hobbs. 1951).

_ However, four reports dealt with staphrlococm
in meat ﬁ]abbattmr and retalll) and slaughtermen’s
tools, clothes, etc. (Ludlam, 1952; Jay, 1961, 1962;
Ravenholt ct al., 1961), three with milk (Papavas-
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siliou and Obiger, 1959; Reid and Wilson, 1959;
Clark ct al. 1 612), and one with fish (Silverman
ct at. 1961). Table 5 shows the distribution of
the staphglococm among the various phage groups.

The table reveals: ﬁwa high proportion of un-
typable strains in all three f%roups of food, sug-
gesting that they were not often of human origin;
1) a proPortlon of strains lysed by phages in
Croup | to be approximately " 1:6:17 for strains
from milk, meat, and fish, respectively; iii) strains
of Croup 11 of about the same order of magnitude
in the three foods: iv) Croup Il to contain about
the same proportion of strains from meat and
milk, whereas those from fish amounted to about
two-thirds of the figure for the other two foods;
v? strains of Croup [V appeared in_proportion
of about 1:2:13 for fish, meat, and milk.

In Canada (Thatcher, 1960) the phage patterns
of numerically dominant staphylococci in milk and
cheese éapparently wholesome) have changed
since. 1953, from 42D (Group 1V) to patterns
identical with those known to have caused human
infections.  Of a collection of staphylococci iso-
lated from fatal or otherwise severe cases of post-
operative gastroenteritis, 17 were identical in phage
pattern with strains isolated from cheese.

The incidence of potentially pathogenic staphy-
lococci in dairy Pro ucts (apparently wholesome?
at the consumer level was determined. Of the fol-
Iowmgi four examples, the first comes from Scot-
land, the other three from U.S.A.

_ Strains lysed by various phages were observed
in: i) 26 of 40 samples of “certified” milk, durm%
a three-year survey in Glas%ow; all_were lyse

bz phage 42D (McCallum, 1960); ii) seven of
207 samples of various dalrr or milk products;
whlppl_n? cream, half-and-half cream and butter-
milk yielded strains lysed by phage 81 (Foltz ct al..
1960) ; iii) 125 cheese _samgles,, representing 20
different varieties, of which 95 yielded staphylo-
cocci. Nine strains from four varieties of cheese
were coalrgulase-p05|t|\4e and seven were lysed by
Group 11T phages (3M|ckel_sen ct al. 1961); iv) at
least ‘one half of 134 strains from cheddar cheese
in retail shops which had phage 6patterns involving
Group 1 FDonneIIy ctal, 19 22. .

Phage groups and types of staphylococci ob-
tained from the dairying industry.  The informa-

incrirTne}R!ﬁe dr’mFerS%e%]% distribution among phage groups of staphylococci from food not

Source i Il% [ 1
Meat 482 6.7 23
Milk 174 11 11
Fish 147 170 34

Percentage in group

in IV Mixed Unfci!%SSI- Uargtpe/p
3h.3 12 168 317
36.2 94 218 6.7 22.7
231 0.7 143 415
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tion in the previous section needs amplification.
Information about strains from the dairying indus-
try is summarized, but unfortunately there appears
to' be none published from the meaf industry, with
one exception: Usually, the same phage types of
S. aureus were found on the skin of pigs ‘and on
chickens as on their handlers, although details
were not given (Smith and Crabb, 1.960%.. _
The staphh/lococm may originate in: i) dairy
cattle, e.g,, those suffering from mastitis or carr{-
ing the organisms on the skin of the udder, with
or without clinical signs; or i) man, eg. farm
workers and plant operatives in milk treatment
plants or dairy products factories. _
Differences "between human and animal strains
were noted early (Smith, 1948a) and were fur-
ther explored with the aid of pha?e typing and
other tests: The phage grouping of strains from
human (total 204) and animal 8otal 50() sources
was compared. 1t revealed that 98.8% of 85
strains of phage Group 1 were of human origin,
comgared with 1.2% of those of animal origin;
for 26 strains in Group 11 the respective figures
were 100U and 0; for 68 strains in Group Il
75% and 25% ; for 12 unclassifiable strains,
66.7% and 33.3% ; for 38 partially typable strains,
68.4% and 31.6% ; and for 25 completely untypahle
strains, 36.0% and 64.0% (Levy ct al, "1953).
Thus, with the phages available, a greater éjro-
portlond of human than of animal strains could he
rouped.
gPhpage typing of staphylococci from all the
above-mentione da|r¥ sources has been reported
i*SI,anetz and Jawefz, 1941 Macdonald, 1946;
Smith, 1948 b: Hauge, 1051 1952; McLean
1951; Price ct al, 1954 Asso, 1956; Barnum and
Fuller, 1956; Rountree ct al., 1956; Edwards and
Rippon, 1957; *Nakagawa, 1958, 1960a, b, ¢; *Seto
and Wilson, 1958: Woles and Eisenstark, 1959
b.c; Hoffmann, 1959; Loken, 1959: *Malik and
Smgh, 1959; 1960, b; Mondini and Dovadola
1959; Mora and Cavrini, 1959; Papavassiliou and
Obiger, 1959: Reid and Wilson, 1959: Hausler
ct_al, 1960; Mondini and Gasparini, 1960a, b;
*Takagaki, 1960; Thorne and Wallmark, 1960;
Clark ct al., 1961; *Davidson, 1961a b, c: Fratta

ct al., 1961 ; White and McDonald, 1961 ; McPhil-
|I85 and Cunningham, 1962; St. George ct al,
1962; *Slanetz and Bartlett, 1962). _

_The majority used ﬁart or all of the interna-
tional set of phiages of human origin : those marked
* used phaPes obtained from staphylococu of ani-
mal gmosty bovine) origin, either alone or with
the "numan” set. _

As an examﬁle of the relative usefulness of
ty{Jm? with the human vis-a-vis a bovine i"CoIes")
set 0 haqes the foIIowmg may be quoted :

Of 21 cultures from Cheddar cheese, 17 belonged
to 14 different patterns and four were untypable
with the human set; 18 belonged to seven differ-
ent patterns and three were untypable b%/ the bo-
vine pha%es. Of the four untypable by the human
phages, three were typed by the bovine phages
(Hausler ct al, 1960).

The proportion of strains lysed by phage group
" tlygpe 2D, was 82% of 123 strains (Macdon-
ald, 1946) ; and was 83% of 1016 strains, but the
total gro ortion typable was 93.3% ﬁSmlth, 19483,
b). Of 28 strains 714% were typable, and 20 be-
longed to 44A (McLean, 1951). Phage type 6/46
lysed a hlqh Proportlon of hovine strains  (Asso,
956). With the Ehages available, the proportion
}__ypable was : 79.2% of 591 strains (Barnum and

uller, 19563 » 57.8% of 57 strains from one herd,
hut only 3.2% of 62 from another herd (Rountree
¢t al. 1956). Strains lysed by Group III, type
6/47, were present in ‘milk from 43 mammary
uarters of cows in one herd (Wallmark and

horne, 1958) ; 23.0% of 514 strains were lysed
b phagie GrouE Y, but 26.5% by phages in
roup 111 (Loken, 1959); 75% of an unstated
total of bovine strains were lysed by phage Group
IV_ (Hoffmann, 1959[). _ _

The combined results of eight reports on typm%
of strains from bovine mastitis with the aid o
"human” phages were compared with those from :
i) four reports on strains from "normal” milk;
ii) one report _g_l\/lann, 1960) of strains from bo-
vines, not specitied (Table 6). ,

About two-thirds of the strains from bovine
mastitis were lysed, compared to nearly three-
quarters of those from normal milk. The propor-

Table 6. Frequency distribution among phage groups of staphylococci from hovine milk
and mastpit|s secre(ﬂl%n. y g pnage group Py

Percentage of total in phage group

Source s’\tlroa'iﬁg | IT 0 1\ Mixed Untcilea * Uem}/ep
Mastitis

secretion 2,563 51 2.2 142 159 98 11 L7
Normal milk 259 50 08 363 85 147 123 2.4
Unspecified,

bovine 144 118 6.3 188 208 0.7 416
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tion ot strains in (irouF [l (which contains the
highest proportion of all food-mtoxmatm% staﬁhy-
lococci ) was about 112 times as great for thoSe
front normal as from mastitis secretion. The re-
sults of Mann_occuPy an intermediate position,
and the proportion of untvpahle strains was high.
Thus the result of typing was variable, but the
reasons are not clear. Possibly there may have
been involved such factors as:” i) relativé inex-
perience with the precise details o: typing pro-
cedure, i) a relatively high proportion of old
strains, iii) a high proportion of strains not sus-
ceptible to" the pha_?es used. In any case, it would
he advantageous if this aspect could he further
exglored hv_properly planned experiment.
omparative tests on strains from normal and
abnormal secretion has apparently been done only
twice: no material difference was found (Barnum
and Fuller, 1956: Reid and Wilson, 1959).
Within any one herd of cattle there may be a
complete relationship or no relationship between
phage type, tﬁpes of hemolysin produced and
color of growth on blood agar, but variations in
some of the characteristics: of phosphatase-posi-
tive strains obtained from cases of bovine mastitis
may occur (Sharpe ct <. 19621 _
ype 421), phage Group 1V, IKsed a higher pro-
portion of ‘strains than any other phage in any
otherdgroug) of the human sét SSmnh, 1948a: Mac-
donald, 1946: Price ct </, 1954; Hobbs, 1955;
Rountree ct al., 1956, Thatcher and Simon, 1956;
Kdwards and Rippon, 1957; Coles and Eisenstark,
1959, h, ¢; Hoffmann, 1959; Mondini and Dovadola,
1959: Thatcher ct al. 1959; Fleming ard Paton,
19613, but type 44A, Miscellaneous Group, did so
under other” circumstances (McLean, 1951; Seto
and Wilson, 1958; Reid and Wilson, 1959: St.
George ct al. 1962), and type 47C, Group I, in
yet other circumstances (Mondini and Gasparini,
1960a, h; personal observations, 1961-62). =
Of dairy Products incriminated in intoxication,
cheese was the most common (Macdonald, 1944;
Anon., 1950; Cockburn. 1950: Cockburn and Simp-
son, 1951 1954: Parker, 1953; Cockburn and
Vernon, 19558 b, 1957, 1958 1959, 1961: Hend-
ricks ct al., 1959 Thatcher ct: 1059 Allen and
Stovall, 1960; Hausler ct al. 1960: Donnelly
ct al.. 1962; Vernon, 1962). Also mentioned were

mateIiaalflean7d

no. of
Source strains |
Clinical material 139 105
Dairy products 124

From Thatcher & Simon (1956).

105
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cream (Parker, 1955; Steede and Smith, 1954;
Cockburn and Vernon, 1955b, 1960; Foltz et al.
1960; Gullotti and Spano, 19618, ice cream (W il-
liams ct al. 1946; Anon., 1950; Cockburn, 1950:
Cockburn and Simpson, 1951, 1954: Cockburn and
Vernon, 1955a), butter and kefir {Xefed'e\(a ct al.
1961), butter milk (Foltz ct al. 1960), dried milk
(Cockburn and ~ Simpson, 1954; Cockburn and
Vernon, 19553, b; Hobbs, 1955) and condensed
milk (Cockburn ‘and Vernon, 1955a).

Strains from these vehicles were lysed by phage
types similar to those lysing strains from mi
ut those from Vs\ﬁray-drled milk ~(Hobbs, 1955 )
and ice cream (Williams ct al.. 1946) by phages
usually lysing strains associated with diseases in

man.
Dairy workers harbored staphylococci Isy_sed by
|mFson,

pha%es of Group 1 (Cockgurn and
1951; Thorne and Wallmark, 1960: personal ob-
servations, 1961-62), or Group IV (Macdonald,
1946; Williams ct al.. 1946 Cockburn and Simp-
son, 1951, 1954; Anon., 1959). Also noted, how-
ever. have been strains lysed by pha%es of Group
| (Macdonald, 1946; Zinn ct al.. 196 } b{/ Gphages
of Group 1l (personal observations, 1961-61), or
by phages beIonFmg fo two groups (Steede and
Ireland, 1962). In a few cases the focus of infec-
tion was noted, and again the nose was the most
fre1quent, followed by the hand. _
hus, disease in man and cattle due to carriage
of identical strains of staphylococci, as evidenced
léy identical phage reactions, has been recorded.
loser scrutiny may possibly reveal a higher inci-
dence of transmission of the staphylococcus from
cow to man, or vice versa (although the latter
may be a slow process, for which see the excellent
illustration provided by Davidson, 1961c), and
also a higher incidence of clinical or subclinica!
infections than has hitherto been accepted.
_F_rec1uency distribution in dairy products and
clinical material. The distribution of phage groups
in dauryr products and clinical material was exam-
ined (Thatcher and Simon, 1956), and Table 7
shows the results. .
Three items in this table are noteworthy: i)
None of the “dairy" strains was lysed by pha?es
in .G_roups L 1, TH, or Mixed; i) none of the
“clinical® strains was Ivsed by the phage type of

dFé?ﬁ/“eﬁ‘r%udc'tsst.”b”“O” among phage groups of staphylococci from human clinical

Percentage in group

1l \ Mied Ol
474 316 21.0
80.0 20.0
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Group 1V; and iiig the majority of the “dairy”
strains were lysed by the (Fhage of Group IV.
~More work of this kind would be very useful,
since it may well have a bearing on the’ severity
of food intoxication outbreaks.

Attention should be drawn also to the fact that
Fhage-tvpable staphylococci have been recorded in
he noses of cattle (Rountree ct al., 1956; Pagano
ct al, 1960; Morrison ct al, 1961). And since
dogs may be present on premises where food is
being prépared, it should be noted that they have
also been found in the nose or on the skin of
these animals {Rountree ct at, 1956; Mann, 1959;
Rajulu ct al., 1960; Live and Nichols, 1961; Mor-
rison ct aI._19611. o
~The public-health significance of staphylococcal
infections in animals has also been considered
(Courter and Galton, 1962). _

Members of the veterinary profession maY e
Part_lcularly exposed to risks of staghylococca in-
ections due mainly to the 52/52A/80" complex, as
witness epidemics “in veterinary schools (Pagano
ct al, 1960; Live and Nichols, 1961).

On the other hand, the majority ‘of 109 staphy-
lococci obtained from the nose of members of “a
rural community, in which dairy farming pre-
ponderated, were Igsed by phaqe %roup Il (20.2%),
with 18.4% lysed by group 111, 17.4% by ?roup }
3.7% by mixed groups | and 111, and only 0.9%
b %roug IV; 16.5% were unclassified, " 13.7%
not typable, but 9.2% were I(?/sed by phage tyge
80/81. The data were obtained in September 1959
to February 1960 (Page ct al, 1962). A study
was made ‘of the phage-typed Sta?hy|OCOCCI haf-
bored by rural hospital patients in lesions found at
foI!ow-uP visits six months after discharge. The
lesions then found were caused by the or(gmal
pha?e type in 50% of the 15 patients, in 33% of
11 family contacts, and the gatlents' phage type
was transferred to cattle in 8.3% (Smith™ ct al,

1963).

St%phy,lococci lysed by phage 80/81. Special
mention is warranted of the apparent ascendency,
during recent ){ears, of staphylococci lysed by
phage 80/81 (all of which seem to be particularly
Invasive, pathogenic to man, and resistant to most

antibiotics).

Strains tggm% as  52/52A/80/81, 52/80/81,
52A/80/81, 80/81, 80, and 81 are closely related
éASheShOV and Rlﬁpon, 1959; Rountree, 1959;
ountree and Asheshov, 1961). These phage types

g(r)e here considered together, and are termed type

~In the annual series of reports on food intoxica-
tion from the British Ministry of Health, staphy-
lococci lysed by 83/81 phages were mentioned, the
vehicles “being” cheese and” meat (Cockburn and
Vernon, 1957, 1960; Vernon, 1962). o

From the bovine udder were obtained similar
strains: The proportion lysed was: 234% of
591 strains (Barnum and Fuller, 1956) ; 2.0% of
395 strains (Edwards and Rippon, 1957) ; 34%
of 111 strains, all penicillin-resistant (Robertson
ct al, 1957) ; 32.3% of 87 strains also lysed b
pha(l;e 42D (Coles and Eisenstark, 1959%) : 25.8%
of 151 strains (Thatcher ct al.. 1959) ; 32.8% of
144 strains (Mann, 1960), and 5.9% of 51 strains
(Clark ct al., 1961). _

From food-intoxication outbreaks in Great
Britain during 1949 to 1959, 3.5% of 210 inde-
Rgr&({ent strains were lysed (Williams and Jevons,

Strains found in superficial skin lesions or the
noses of dairy workers and their families, in milk
of the cows ‘they tended, in the milk cooler, the
tank, etc., were also lysed by Bhage_80 (see
?gé)ln 1959; Wallace ct al., 1960, 1962; Zinn ct al.,

Summaries have been prepared of the progress
of phage type 80 in man and animals. One report
dealt with” its progress in the lesions of hospital
atients from 1954 to 1957 (Williams, 1959).

able 8 shows the results.

Thanks to the courtesy of Dr. M. T. Parker
(Staphylococcal Reference Laboratory, Colindale,
U.K.) “its further progress as a proportion of the
total number of the seven mast important pha%e
types found in lesions of hospital patients can be
given (Table 9). _ .

The two series of figures mar not be strictly
comparable. The figures in Table 8 were appar-
ently compiled from material received from quite
a wide geographlcal area of Great Britain, but
those in Table 9 from a limited number of hos-
pitals in which the presence of an egldemlc was
suspected. Also available (Table 10) was the
Fro%ress of phage type 80 in animals” from 1957
0 1959 gPagano ct al. 1960). , .

The tables show that the proportion of strains
lysed by the 52/52A/80/81 complex of phages in-
creased” two-fold in man and 244-fold In animals
in the last few years. The significance is not

Table 8. Progress of staphylococci of phage type 80 in lesions of hospital patients.

1954
No. of strains typed 987
Type 80 (%) 149

1955 1956 1957
586 148 1,482
10.7 17.0 0.1
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Tabjc 9. Progress of staphylacogei of phage
from Fn#ect?ons th staphytlad%o)ég 0? Ithe geve
1954-57
No. of strains typed (seven
most |m£)ortant types only) 221
Type 80 (%) 189
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r%)e 80 in lesions of hosBitaI patients suffering

st important phage types.
1958-59 1960 1961
39 393 370
3.2 3.3 3.5

Table 10. Progress of staphylococci lysed by phage type 80 in animals.

1957
Number of strains typed 183
Type80(%) 19

From Pagano et al., 1960.

obvious, but the finding sugqes_ts that closer scru-
tiny of the staphylococcal Strains causing clinical
manifestations in ‘man and animals may be needed.

Whereas there is little doubt that Staphylococci
lysed by this phage type have become veryllmﬁor-
tant in" lesions of human beings, at least in nhos-
Pltals, and possibly also in the general population,
there is hardly any information regarding their
importance in'lesions of animals as compared to
staf)hylococu lysed by other phage types.

n’summary, then,”it may be stated that infor-
mation currently available® does not permit ac-
curate assessment of the relative or actual impor-
tance of staphylococci lysed by phage type 80 and
cognate phages, although the ‘importance would
appear to be increasing. It would be very useful
to obtain accurate data_on this subject, for both
metln and animals, especially vis-a-vis food intoxi-
cation.

Frequency distribution in food intoxication,
noses, and superficial lesions. No_reference has
been found that deals speuflcallk/ with the relative
importance of the nose and the hand of food
handlers as sources of staphylococci vis-a-vis
those from food incriminated inintoxication.
“However, two studies were made on the car-
rlagle of coagulase-positive  staphylococci in
healthy food handlers, one in Italy ‘fdel Campo,
195_7?, and one in the United States of America
(Millian ct a',, 1960). Unfortunately neither study
included phage typing of the strains,

The former was concerned with the incidence,
pathological characteristics and antibiotic resist-
ance of staphylococci obtained from the nose and
feces of food handlers Swhose examination is
compulsory in Italy). A total of 524 males and
582 females between the ages of 17 and 67 years
yielded (i) 220 nasal strains, of which 138 ‘were
coagulase-positive and (i) 88 fecal strains, of
which 55 were coagulase-positive. About one half
O'ftthf strains in each group were antibiotic-re-
sistant.

1958 1959
174 4
13 49

In the second study, (i) 147 white and (ii) 87
Negro females, and “(iii) 271 white and (Iv) 72
Negro males were randomly selected from appli-
cants for food handling }Eosmons_ in institutions
and public restaurants.” Three different culture
media were used and nasal swabs yielded coagu-
lase-positive strains in 37% of i. 20% of ii, 38%.
of Hi and 10% of V. Nasal carriage was Sig-
nificantly higher in white than in Negro peoEIe.

The duration of nasal carriage of the same phage
tge may be very long—even up to seven years
{ oodyn, 1960 ).

A review has just appeared dealing with healthy
carriage of Staphylococcus aureus, Its prevalence
and importance. K/Vlll[ams, 1963). It mentioned
carriage on various skin sites which was the sub-
ject of three investigations, each involving 50
persons. The nose was the most common site and
was involved in about 42%. Second in importance
was the hand (40%Y% in one study, the chest (18% )
in the second, and the perineum (22%) In the
third study. Persistence of nasal carna?e rate in
679 adults, as revealed in four separate studies,
was as follows : The incidence ranged from 16%
to 33% and averaged 25% persistent carriers,
ranged from 6% to 38% and averaged about 20%.
in non-carriers ; the remainder were intermittent
or occasional carriers.

Additional information of the frecpjency distri-
bution of staphylococci lysed by the various phage
groups from the various Sites was obtained by com-
paring the findings or organisms in: |2 the noses
of health%{ persons or of outﬁatlents at_hospitals ;
i) superficial lesions of the hands of similar seg-
ments of the general population: and jii) skin
lesions of patients seen in general practice. For
this purpose and mere!k/ to illustrate the relative
importance of these sites, information from five
reports was used :

A)  Strains from: i) the noses of normal per-
sons; i) miscellaneous  superficial lesions; iir)
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food intoxication; and iv) feces (Williams ct fil,
1953

B) Strains from: i) the noses of patients on
admission to hospital, children and impetigo con-
tacts; i) superficial and deep lesions in~ outpa-
tients (Parker, 1958).

C_z Strains from: i) the noses of health|¥_ re-
cruits ; and ||gfood-borne intoxications (Williams
and Jevons, 19%61).

D) Strains from: i) skin and subcutaneous
tissues of patients in general practice; and ii) the
noses of the same patients (Johnson cl til.. 1960).

E) Strains from: |} the noses of healthy per-
sons; ii) the noses of patients (here taken to-
gether?; and iii) septic fingers (Wesley-Jamcs
and Alder, 1961). o

The reports designated A. B, C, and E origi-
nated in Great Brifain. D in Australia. Table 11
gives the results. o
~The table shows: i) a reduction in the propor-
tion of untvpable strains from 1953 to 1961; ii)
some variation in the relative frequency of the
various phage groups—probably due, at" least in
Eart, to the greater diversity of strains now ac-
nowledged as tvpable than was thought to be so
a decade or so ago; and iii) the low proportion
of strains in Group III, which generally contains
the majority of food-intoxication strains. Strains
from food-borne epidemics are a%am found mostly
to be Ixsed by pha%es of Group I11, with a smaller
pro[)or ion untvpable. _

It would be very useful to compare strains
from: i) normal Auman beings in the general
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population; ii) food handlers; and iii) food in-
criminated in epidemics—all from the same geo-
grqlphlcalllocatlons. o
yFes in the 08 vs. feces or superficial lesions.
Hardly anything is known of the frequency dis-
tribution of staphylococci amon? the phage groups
obtained from the nose and feces or superficial
lesions on the skin of victims of food-borne epi-
demics. Resort must therefore be had to informa-
tion obtained from other conditions, merely to
provide useful illustrations. . _

Phage typing of staphylococci isolated simul-
ta.neouslr_ rom the nose and from feces of 35 hos-
pital patients revealed that both sites yielded the
dentical strain in 22 (nearly 63%). In five cases,
strains from the two Sites were untvpable. Of 16
patients with strains of Group | in the nose, seven
yielded the same type from the feces; of six yield-
ing Group Il from the nose, four did likewise from
the feces; of 13 yielding Group 111 from the nose,
?bn5e7)d|d likewise from the feces (Matthias ct al.

Two reports are given of the occurrence of
strains in the nose and lesions of the same per-
sons. In Great Britain (Roodyn, 1954?, 51% of
7L patients with boils, seen in general practice,
had the same strain in both sites. In Australia,
235% of 1,614 patients carried the identical strain
in both sites (Johnson ct al., 1960).

Neither the figures in Table 11 nor those above,
as will be seen, are very helé)ful in determining
which site in man, be he food handler or victim
involved in a staphylococcal food-borne epidemic,

ficialTilbl.e 1L FJe{Buoﬂ%igistr.ibgtion among phage groups of staphylococci from nose, super-

esions, an emics
Refer- nTo Oo[aI A Unclassi-  I'ntyp-
enee Year Source strains | I 11 vV Mise. lied aLIéJ
A 1953] 252 218 131 175 5. 420
B 1958 215 5.1 157 28.0 134 178
C 191 Nose 710 290 24.8 149 03 131 6.1 118
D 1960 726 449" 136 154 0.6 0.7 73 175
E 191 197 315 5.7 106 132 127
B 1958] Super- 169 26.6 21.2 225 59 177
D 1960 1fidai 1,614 547" 149 144 05 08 53 94
E 1961 lesions 123 455 244 8.1 130 89
v 1953] Food 81 1.2 12 828 12 136
. epidem-
o 191 ics 210 35 24 738 33 119 1.0 43
“Phage Type 80/81 (35.0%) included.
%Eﬁ% Fstg%ae g@%&lﬂ&%%%h‘?@'”éﬁ 1.same phage type in food and victims, and 41 strains
p11 ffom o6a or victlms,pbu9n0¥pferom bot?m '

o, L B e
: %rker, 1958
, Hllams anq Jevgns, 1961.

,’ Wegfeoyn-ﬁtm%s alr? OAIder, 1961,
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should preferablgr he searched for the organism.
However, it is fo he hoped that this will ‘he the
subject of investigation.
CONCLUSIONS

A conHr?utron manating from the Brit-
ish ococcal Reference Centre con
f ne or pa IC%/

st(ag O%rgtcmen aro Or&f Int
n ams, ese are
Zestated>y rg argtlttlly a1r:nl red6 )belo
Reproduc of typing, 0 -
g Fr)nvlrjctlrnltsltytood %Fr)tld% dshawdiers
oo e rntox catrone ICS. IS et-
tfr rtose rom ho |ta egrrgrnr
rom

cul rn rnter ret
rrr Srnce atr oco Cl.
Vom s a ru ecso victims
shou exa rne owever since ome
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SUMMARY

The effect of time and temperature on the shear patterns of small cylinders
from individual choice-grade beef semitendinosus muscles, heated for several
hours at 1°C intervals between 50 and 90°C is described. Beef semitendinosus
muscle undergoes a marked decrease in shear, approximately one-half com-
pleted in 11 min at 58°C. This change in shear IS a time-temperature rate
process having a very high temperature dependence. Minimum shear values
were obtained in the range of 60-64°C after heating for 30-60 min. Il
this time-temperature range the collagen shrinkage reaction is completed
quickly while the hardening associated with higher heating temperatures is
avoided. Relatively large differences, attributed to undefined biological differ-
ences, were noted in the shear versus heating time patterns for semitendinosus
muscle evlinders from different animals.
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EXPERIMENTAL METHODS

Part A Shear versus time patterns over the
50-90°C range. Frozen beef semitendinosus mus-
cles of unknown history, from chmce-Prade rounds,
were purchased as needed from local’ food supply
channels and stored at —15°C.  Semitendinosus
muscle was chosen because it is one of the muscles
from the round known to be the most consistent
in tenderness throu?hout (Taylor ct al.. 1961).
Since it is a muscle of intermediate tenderness,
it was thought that phenomena associated with
both tender and less tender cuts might be discern-
ible. This muscle yielded a relatively large num-
ber of samples, '/ “in. in diameter by 2 . long,
making possible the re[)_llcatlon_ necessary to mini-
mize the effect of erratic readings reflecting large
prleces of gross connective tissue in_some samples.

he requwement for a rapid rise in temperature
was met by using cylinders /2 in. in diameter.
~ The Warner-Bratzler shear machine was used
in obtaining an index of tenderness because of its

HEATING EFFECT ON REEF SHEAR

wide acceptance in meat research and because it
was considered impractical to use a taste panel
in obtaining the large amount of information
needed. _ o

It was th_ou?ht that studying the heating time
effect at single temPeratures would Erowde a
more meaningful picture of meat coo e% than
studying_ temperature effects at single eatlngi
times. "Thus, in most of this work, blolo%ma
variables are largely eliminated in single tem-
perature studies but” are operative between tem-
peratures. .

To obtain the Rroper consistency of the meat
and to facilitate the cutting of a maximum num-
ber of samples of uniform size, the individual
muscles were partlallg thawed in a 4°C cold room
for aE rommat.el(y 15 hr. Each muscle was cut
into 45-70 cylinders, y2 in._in diameter and ap-
proximately "2 in. long. Essentially the entire
muscle was used. Prior to heating, the samples
were thawed completeéy,. allowed to warm to
room temperature, placed in 16-mm X 150-mm test
tubes, and covered with 5-ml beakers. Samples
were heated in a steam (coil) heated, tempera-
ture-controlled water bath held within £0.5°C
in this series of experiments. .

Generally five or six cylinders were heated in
test tubes” for each of the 10-13 time intervals
studied at a particular temperature. The test
tubes were cooled 5 min in an ice-water bath and
allowed to reach room temperature before shear-
ing. Each test tube sample was sheared 3 or 4
times, and individual shear values (15-24 valugs)
were averaged to obtain a slngile representative
value corresgondmg to a single point on the
time-versus-shear curves. _ _

Between 50 and 70°C the heating experiments
were eneralli/ carried out for 2 hr; and between
70 and 90°C the heating was carried out for 5 hr,
Initially the 50-90°C" temperature range was
studied at 1°C intervals. Later the work was
repeated at 5°C intervals in the same temperature
range (50-90°C) for 5-hr periods to obtain con-
firmatory information. Seven runs were carried
out at 80°C on beef from different animals.

In one experiment, heating time was held con-
stant at 1 hr, and 6 cylinder lots (all from the
same  semitendinosus muscle? were heated at 23
different temperatures over the range of 50-90°C.
Heating and sheann% were carried out as in the
above work except that the bath temperature was
held to within £0.1°C. _ _

For study of the hardening reaction, heatin
was carried out for 120 min at 62, 67, and 72°
on_cylinders from a single muscle. _

The rate of heat transfer, for meat cylinders
9-2 in. in diameter and 2 in. long in 16x 150-mm
est tubes, was determined with iron-constantan
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thermocouples embedded in the center of the meat
cglmders. Measurements were carried out at 51
7, 80, and 95°C. In all cases, irrespective of
the starting temperature, the center of the meat
cylinders came within 10°C of the bath tempera-
tire in 312 min, and within 1°C of the bath
temﬁerature in 7 min after the tubes were placed
in the water bath.

Part B. The effect of temperature on shear
changes related to the collagen shrinkage reaction.
Cylindrical samples (/ in. in diameter and ap-
Prommatel¥ 114 "in. long) were obtained from
rozen beet semitendinosus muscles of good-?rade
rounds of unknown history. In this part of the
work, 120-140 cylinders were obtained from each
muscle. . o

Five experiments were carried out in which
one half of the randomly selected cylinders from
a sm%Ie muscle were heated at one temperature
and the other half were heated at a second tem-
perature. In each case, a group of 5 or 6 ran-
domly selected samples were removed periodically
from™ the water-bath durm% the heating period
of 50-60 min. In this part of the work the water-
bath temperature was held within £0.1"C. Sev-
eral experiments were also carried out with
single temperatures applied to meat from a single
muscle. Temperatures below 56°C were too low,
and above 59°C were too high, for study of the
change in shear under con5|derat|_on here, and
shear values for temperatures outside this range
were not used in the rate calculations given here.

To compare rates, the assumption was made
that the change in shear was the result of a
protein dénaturation reaction and followed a first-
order rate law. At the higher of the two tem-
peratures used in any of the experiments, the
shear change under study was essentially complete
near the end of the heating time used. For rate
calculation purposes the lowest average shear value
occurring near the end of the heating period for
the higher of the two temperatures was taken as
representing the final shear value after completion
of the ch_an(l;e under study. Based “FO” the assump-
tion of first-order behavior, the following equation
was written (Weir, 1949)

S = shear at time t

S, —initial shear

V¥ = final shear after completion
of change

| = heating time

For estimating values of the reaction rate con-
stant, k,, log f ' — .SV) was plotted aﬁamst time
and k, was calculated as —2.30 times the slope of
the line. The method of least squares was used to
locate the best line in all cases.
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The Arrhenius constant, Ear, was computed by
comFanson of rate constants at two temperatures
for three experiments. The average value of E.r
was computed by using all of the available data
for rate constants and plotting average log k,
values at specific temperatures versus the recipro-
cal of the absolute temperature (1/7'). The line
was obtained by the method of least squares.
The values of the time for 1/2 of the shear
change ?/,,«) at 56.0, 58.0, and 58.5°C were cal-

culated from the rate constants obtained in the
above manner usmg the equation
30 log 2 0693
- = o =
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It thus appears that the change in shear
associated with collagen shrinkage is ap-
proximately 7°C lower in beef semitendi-
nosus muscles than in the beef aponeurotic
sheet model studied bv Winegarden ct al.
(1952).

Although the error in the calculation of
EAr is high in the present work (due to
scatter in the shear values and the short
temperature interval required to obtain re-

Table 1.
three paired-comparison experiments with beg

Muscle no. Temperature S
[ 56.0 2.24
i 58.0 531
2 56.0 3.28
2 58.0 6.91
3 56.5 1.30
3 585 137
fat,

o
chan ez r%
erature ory2 e ange |n shear
riienius- constant.

7 AT

Kinetic data for the shear chanfg
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sults over a suitable time period), it is
however, possible to estimate a value T,m
(temperature for /2 change of shear in
1 min) comparable to the collagen-shrink-
age temperature value T, [the temperature
for y2 shrinkage in 1 min as defined by
Weir (1949)]. At best, this comparison of
present results with shrinkage temperatures
of much of the work on collagen shrinkage
can only he approximate since early workers
ordinarily did not consider collagen shrink-
age as a rate reaction.

Gustavson (1956) gives TS values of
63-65° for calf skin and 65-67°C for cow
skin. Borasky and Nutting (1949), using
finely divided (60-mesh) cowhide collagen,
observed rapid shrinkage at about 65°C.
The average T9M value for the shear change
in beef semitendinosus muscle estimated
from the present work is 63°C, with maxi-
mum values of 66° and minimum values of
61°C (Table 1). Weir (1949) found the
heat of activation (Af7) for the collagen
shrinkage reaction in kangaroo tail tendon
was 140,000 cal per mole.

Using the integrated form of the Arrhe-
nius equation log k, = —EAr/230RT + C.
the average Arrhenius constant EAr was ob-
tained by plotting the data of Table 2 as
log As versus \/T. The slope of the line
(obtained here by the method of least
squares) is equal to —£.)/2.30 R. In this
work the average Arrhenius constant EAr
was estimated to be 141,000 cal per mole,
using data from all of the experiments
(Table 2). This very close agreement must
be considered fortuitous considering the

e associated with the collagen shrinkage from
semitendinosus muscle.

dy o
310 61.0 %
130 62.0
212 63.0 8l
100 63.0
534 66.0 188
94
Av 11
in 1 min.
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oo &1 RALE COns a”§ Bt el enges

cfe In the raﬁge 5%8§9 geC.
Tﬁﬂﬁ. Av(hﬁ#§10- N
56.0 2.86 2
56.5 1.30 1
57.0 2.86 4
58.0 7.28 2
585 737 !
59.0 120 |

scatter in the present data. For three ex-
periments in which heating was carried out
at two temperatures, EAr values were

94,000. 81.000 and 188.000. averaging 121,-

000 cal per mole (Table 1).

It is concluded from this work that the
decrease in shear observable in the range
of 56-59°C on heating beef is a manifesta-
tion of the collagen shrinkage reaction and
that this change is a rate process having a
very high temperature dependence.
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SUMMARY

Two techniques of odor testing, olfactometric vs. sniffing, were compared
with propionic acid used for the test odor. The olfactometer was more
rapid and reliable as a technique for odor testing. Subjects appeared more
sensitive by the sniff-method, but there were discrepancies in the data. The
vapor phase above solutions of propionic acid in mineral oil was studied
with propionic acid-I-Cu. Evidence is presented for the existence of non-

solutions. The significance of ~ data is discussed in terms of present
techniques for odor testing, and their implications for future olfactory in-
vestigation.

The behavioral aspects of olfaction are Jones (1955b) concluded that data were not
difficult to investigate. Precise stimulus pre- directly comparable, because of differences
sentation is not easily accomplished, and sub- in the breathing process. Other factors,
jects vary in their breathing patterns, thus however, might have accounted for the
altering the absolute concentration reaching differences noted bv Jones. The controlled-
the olfactory region. Even so, a controlled- blast method uses only the purified test ma-
blast method to give a constant sniff volume terial, whereas the sniff method requires a
is an unreliable odor test since subjects may diluent, mineral oil, benzyl benzoate, water,
respond to the blast pressure itself when or some other inodorous, nonreactive ma-
no odor is present (Wenzel, 1949, 1955). terial. Concentration in the vapor is calcu-
Therefore, other techniques were developed lated from the mole fraction and the perfect
with no effort to control sniff volume, or gas law, assuming that Henry’'s Law is
use any non-normal form of breathing. Per- obeyed in very dilute solutions. Unfortu-
haps the most successful odor technique has nately, this assumption has not been veri-
been the sniff method. This test involves fied with evidence. Even so, much has been
presentation of samples in beakers, test accomplished in the study of olfaction by
tubes, or jars for evaluation. The subject sniffing. However, in recent years, there
removes the cover and inhales the vapor has been a renewed effort to develop olfac-
above the solution. No elaborate equipment tometers which control many of the variables
is required, and success has been consider- influencing odor response and replace this
able. The sniff method is used by The sniff method (Wenzel, 1955; Mrak et al.,
American Public Health Association as a 1959: Johnston and Sandoval. 1960: Ough
standard test for the examination of odor and Stone, 1961 : and Stone €t al., 1962).
guality and odor thresholds in water (1960). These olfactometers are quite elaborate, but

Jones (1955a) reported a high degree of Similar in that they are based on the principle
reliability for panel scores in absolute- of air-dilution. Briefly, a known volume of
threshold determina‘tion Of W_butanoll Saf_ OdOI’-Saturated ail’ |S dlluted in a Iarger VOI‘
role, and »-butyric acid in mineral oil. Com- ume of air, which flows by tubing to a
paring sniffing with the controlled blastt Subject seated with bis head placed in a

Plexiglas hood (Ough and Stone, 1961),

aPresent address: Stanford Research Institute, or to a nose cone (Johnston and Sandoval,
Department of Food Sciences and Nutrition, 1960). Data derived from one of these
Menlo Park, California. (Mrak et al., 1959: Ough and Stone, 1961 ;

|7
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Stone et al., 1962) indicated that the instrv.-
ment was reliable when air flow and tem-
perature control were precise. Quantitative
recovery of odor-saturated air and measure-
ment of differential sensitivity were success-
fully accomplished as further evidence of
its usefulness and reliability (Stone et al,
1962; Stone, 1963). During those investi-
gations, direct comparison of the two test
methods (olfactometric vs. sniffing) was
considered important in establishment of
the olfactometer as a basic tool for further
study of the olfactory process. Toward this
end, determination of the 50% threshold
for propionic acid was carried out with a
single panel using the two test techniques.
In addition, other comparisons were possible,
including training, technique of presentation,
replication, reproducibility, expense of oper-
ation, and psychological considerations.

EXPERIMENTAL

_The compound chosen, Froplon!c acid, was puri-
fied by standard chemical techniques, and pur!tK
was checked by %S-thId Qhromato%raphy wit
flame ionization. When not in use, the acid was
kept in cold storaﬁze. While it is true that pro-
P'O“'C acid may also activate other receptors cn
r

aveling to the olfactory region, for this investi-
?atlpn response” is considered equivalent to “ol-
action.” A more apt term might be “nasochemo-

reception” (Moulton, 1963). _ _

The solvent for the sniff test, mineral oil, chosen
for its non-reactive, inodorous properties, has been
used successfully by Jones (19554 b) and others.
It had an average molecular weight of 322 and a
%J_. gr. of 0.8676 g/mI (White Oil No. 3, Standard

il "Co, San Francisco). Sufficient mineral oil
was purchased to ensure” one source for the com-
plete study. , _

Since sniffing is used to obtain a response in
both test techniques, responses from the olfac-
tometer are considered “olfactometric” for clari-
fication purposes only.

The panel consisted of 3 male and 3 female
undergraduate students, 18 to 23 years old. The
students were paid an hourlkl waﬁ_e as incentive to
ensure_completion of all tests, which were carried
out daily in the momm?, from Tuesday to Friday,
for 30 minutes. Subjects had no previous test ex-
perience and were ?lven_lz days of training at
easily detectable levels to increase their confidence.
The “starting concentration for training was deter-
mined during selection of the applicants. These
concentrations were decreased _steFW|se during
training. For the olfactometer, final test concen-

OLFACTOMETRIC TESTS VS. SNIFFING

trations were 042, 079, 16, 32, and 62 (ali X
104 mg/L air). These concentrations were cal-
culated from air flow rates, the vagor pressure of
propionic acid (3.343 mm Hg at 26°C), and the
experimental temperature. Previous reports had
demonstrated that air sparged through a sample
was saturated gOu h and Stone, 1961; Stone et al,
1962; Stone, 1963), and these calculations were a
valid method for determination of the odor con-
centration delivered to the subject.

The concentrations in the $niff method were
determined from the mole fractions, assummg that
HenrY’s Law' was obeyed (0.39, 0.79, 16, 3.2, and
6.2, all x 10" mg/L air). Validity of the assump-
tion of an ideal solution of propionic acid in min-
eral oil was tested by measurement of vapor-phase
concentrations. This was done on solutions pre-
Eared with propionic acid-I-C% (15 mc/mm, New

ngland Nuclear Corp., Boston, Mass.) and the
activity counted with a commercial scaler. The
technique involved use of a sample flask containing
the test solution with a sidearm attached to a
Geiger Muller tube with a mica end-window
(Stone, 1963). The sidearm was necessary to
avoid counting _stray-particle emission from" the
test solutions, The éfficiency of this counting sys-
tem was carried out by use of a standard source of
known activity. From these data it was Possmle
to determine counting efficiency of the system.

The forced-choice constant-stimulus method was
the ps choph){smal method used (Guilford, 195.411.
Each day, half the subjects were tested first wit
the olfactometer, followed by the sniff method;
the next day the sequence was reversed, i.e., order
of test method was counterbalanced. Each subject
received the same series of samPIes on day 1 with
the olfactometer as was presented on day 4 with
the sniff method. This was necessary to minimize
learning and order effects. All tests were carried
out at 26£1.0°C. Subjects were _Presented with
11 test pairs at each test site, with no decision
required on the first pair. The olfactometer test
procedure was as described earlier (Stone et al,
1962). Briefly, the subject was seated with his
head inside a” Plexiglas hood facing a scoreboard.
A |%;re.en light indicated no odor present, and a red
light indicated odor present. Each sample of the
pair was presented for 10 sec, with 15 sec between
sample pairs. Previous investigation indicated no
evidence of adaptation with a "15-sec interval be-
tween sample pairs. One sample of each pair was
a blank; subjects knew only that some samples
might be below their threshold. No blank pairs
( _emerversucheL were used, since one of each
Eall’ was a blank, although the subjects did not
now this, Subjects were informed of the cor-
rectness of their decisions at the conclusion of each
test period.
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The olfactometer used in this study has been de-
scribed in previous reports (Ougli and Stone, 1961 ;
Stone ct al,, 1962%. Briefly, a constant supplg of
conditioned and charcoal-filtered air is passed by
appropriate valves and lines into the olfactometer,
A ‘portion of the air is by-passed throu?h one of
several calibrated flow meters to the test liquid
into the diffusion bulb. The bulk of the air is
ﬁassed through a large flow meter to a PIemgIas
ood. The air metered into the diffusion bulb is
saturated by pas.smgh throuPh ~a sintered-glass
sparger immersed in the test fliquid. The saturated
alr 15 delivered back to the main air stream. In-
ternal air temperature is maintained by a heating-
element installed in the main air stréam with a
manually-_oPerated _rheostat. _ .

The Sniff experiment was carried out in three
partitioned, air-conditioned booths. Each subject
received complete instruction, with emphasis on
holding the lower half of the beaker, swirl gently,
remove cap, and sniff. Samples, covered with tight-
flt_tmg aluminum caps, were tested in a predeter-
mined order, with about 30 sec allotted per pair
and no resniffing permitted, to duplicate the ol-
factometric procedure as closely as possible. After
the test was completed, the order was randomized
again for use b‘Y a second subject. Fresh solutions
were added daily, an hour prior to testing. Pre-
liminary investigation indicated about 20 minutes
was required for the odor to saturate the vapor;
therefore, the second subject was instructed to
wait this period of time before starting the test.
Although the solutions might have been used again,
it was decided to discard them daily, since 1t is
conceivable that a very dilute solution could be
completely volatilized through opening for sn,n‘fmgi
without the experimenter’s knowledge. Sufficien
test solution was prepared for a two-week test
period and kept in cold storage until needed. This
was necessary to prevent possible losses through
contamination or unforeseen accidents.

RESULTS

The data were tested for homogeneity weekly
and at the conclusion of the experiment. Data
collected from the olfactometer were homogeneous
(x2=2.9), as shown in Table 1 Snlffmg data
were not homogeneous, as evidenced by x' = 41,9%**
(S df). As the experiment pro%ressed, (differences
in sensitivity were noted for both techniques (Ta-
ble 1). By the third w'eek, sufficient olfactometric
data w-ere available for analysis, althou%h it ap-
Peared that subjects had not yet reached their
hreshold by the sniff method. Therefore, two
additional intensities were added to the sniffing
series only, and at the conclusion of the experi-
ment, these were tested separately to obtain suffi-
cient replication for analysis.
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tesﬁ%leeth%dsweekly scores for the panel by both
Week Correct Total % Correct
Olfactometer
1 106 170 62
2 166 240 69
3 163 240 68
4 165 240 69
5 150 230 65
6 750" 1120 67
Sniffing
1 118 170 87
2 199 240 83
3 155 240 65
4 257 336 16
5 235 32 73
6 62b 9 65
*r= 29 50> p> .70
oz 48 2]

§%ﬁz¥idgp(>dr%?t%i'ng week 3), x2=260, p>
ten| fin )(or)r(létglaglz\fvepek> 308?d 2 highest in-

nsItIes),

_Analyses of the sniffing data for homogeneity
Ylelded_ significant x2 values with or without the
wo highest intensities (Table 1) and week 3
Since the objective was comparison of the two
test techniques, the sniff method was not repeated.
These data were then analyzed bg the “maximum-
likelihood” solution (Jones, 1955), yleldlnﬂ tests
of deviations from linearity and 50% threshold £
standard error of estimated (SE) as shown in
Table 2. The regression analyses (Fig. 1) reflect

Ao I I 1 I T T
95 —
0 Sniffing

lower 5 intensities)
Iy

—
o
1T 177

Olfactometer

{all intensities) >

| I | | 1 | I
0 | 2 3 4 5 6 7

PROPIONIC . ACIDxIO™* mq/L. air
Fig. & Calculated . regre sf)on Ig'nes and. 500/3
thr.; olds for LPr.opl ic (?CJ] XOJ actometric. ar]
SN mFthods, shn% and 7 intensities respectively
In the latter method.
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methgggle 2. Analyses of regression equations of the lines and 50/f thresholds for both test
| Source of X2
ot To4ta| Regrelssion Resigdual
tecﬁﬁ?aue Sum of squares Xr P
Olfactometer 0.3143 0.3117 0026 0.5824 80> P> %
Sniffing (5 lower intensities) 499824 337514 14231 14231 01> P> 01
df 6 5
Sniffing (all intensities ) 68.0341 201189  47.9512  47.9512 P> 001
f- olf.= [-1.2786+.3319X] 810-*). .
Mizt SE(,0= 38+ 26X 10* mg/L air.
t sniff. (5) = [)—5519+.8138 A7 <10%).
Mi iISE(Zs,i): 679+ 206 X 104 mg/L air.
f osniff (7) = [-0521 + 1311 A[ (10-%).
Mi+ SE,s)=0897+ 1526 x 10 mg/L air.
the distribution of responses from the “sniff DISCUSSION

method." Both analyses of the sniffing method
yielded hlfthy significant xn terms, a result an-
ficipated from the distribution of responses and
heterogeneity of the data. Interestingly, the panel
was more sensitive (Ta=0679 vs. 385 > 101
mg/L air) hut less consistent by the sniff method.
Re_?ressmn analysis using all “intensities in the
sniff method was included to demonstrate the in-
fluence of the two highest intensities on the
threshold value. o

~ The results_with propionic acid-1-Cx are shown
in Table 3. These data indicate that the assump-
tion of an ideal solution was not upheld, that the
concentrations in the vapor state were much higher
than predicted. Although it was not possible to
measure every test concentration, these data indi-
cate that samples were (IJreater hy a factor of tfl-
at 0.003 mg 1. to about 10'5at the lower intensity.
/-\_pPllcatlon of these data to the 50*+ thresholds
gle ds a value of 6.79 for the sniff method vs.
85 x 10’ mg/L air for the olfactometer. The
Critical Tables (Zwaardemaker, 1926) report a
threshold value (corrected by Kb') of 05 X 104
mg/L air for propionic acid; however, this repre-
sents absolute sensitivity, so that the thresholds
reported here show reasonably good agreement.

.Tabl? 3 .Calculatgq nd. %)served c?ncentra-
tions of propionic.acid-1-C% in the vapor of mineral
oil: propionic acid solutions.
Concentration (mg Lair)

Calculated Ohserved

0003 025

00016 0067

000079 00136

000016 00069

These data suggest a need for careful re-
appraisal of present odor-testing techniques,
especially where a solvent system (diluent)
is required. The experiments with propi-
onic acid-1-C#4 in mineral oil demonstrated
the existence of non-ideal solutions, which
were originally assumed to agree with
Henry's Law. This unexpected deviation
from the ideal may he due to the polaritv of
the propionic acid vs. the non-polaritv of
the mineral oil diluent; however, data are
insufficient at present to warrant any de-
finitive conclusion. Continued investigation
of solvent systems may ultimately lead to
the use of a series of solvents of varying de-
grees of polarity and non-polaritv, depend-
ing upon the properties of the test odor.
This would permit use of the sniff method
for further study of olfaction on a quanti-
tative basis. Benzyl benzoate has been used
in the study of odor intensity (Beck Ct al,
1954); however, it has a slightly aromatic
odor and would not appear to be useful in
quantitative investigations or study of dif-
ferential sensitivity.

In spite of the concentration differences
presented to the subjects, the two test meth-
ods can he compared from the standpoint of
training, sensitivity, economy, technique of
presentation, and psychological considera-
tions.

Subjects appeared equally sensitive with
both methods. The 50'i thresholds, 3.85
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Table 4 Individual responses according: to the test method : olfactometric vs. sniffing.
Olfactometric method Sniff method

Subject d%co irsri%Cnts ¥eostt%| C oufnrect d(e:c0 irsri%cnts ¥eosttasI C ouf“rect
I 103 190 o 183 238 1
2 125 180 69 178 224 79
3 134 190 1 183 238 7
4 129 190 68 160 238 6/
5 139 190 13 1% 238 82
6 120 180 67 158 228 69
Total 750 1120 67 1056 1404 7

X 104 (mg L air) for the olfactometer and
6.79 X 10 4 (mg L air ) for the sniff method,
are reasonably close when the latter is cor-
rected according to the results of the iso-
tope experiment. The difference can he
attributed to the heterogeneity of the sniff-
ing data, which is reflected in the standard
error of estimate for the sniff method,
+ 2.06. In terms of correct responses. Ta-
ble 4 shows the individual scores according
to the test technique. Subjects 3. 4. and 6
seemed equally sensitive under the two sets
of conditions, whereas, 1 2. and 5 were
more sensitive by the sniff method. The
greatest difference occurred with subject 1,
whose responses were far below the panel
average (541C correct, vs. 67'< for the
panel, y- = 18.9*). This deviation from
expectation by subject 1 may have been due
to some factor(s) associated with the ol-
factometer. This is discussed under psy-
chological considerations.

The possibility was considered that errors
of the first or second kind were biasing the
results (Baker Ct al.. 1954; (iuilford. 1954).
Evaluation of the data indicated that sub-
jects were more inconsistent by the sniff
method hut that there was no trend by either
method. There was less than 2'y differ-
ence of incorrect decisions for the panel by
either order of presentation, indicating that
samples were presented in a random order
and introduced no bias in the experiment.

Training was considered a factor of some
importance. A 3-week period was thought
sufficient to familiarize the panel with both
techniques and stabilize their responses.
The design (pair-comparison, constant-
stimulus) was chosen for its simplicity,
reducing the complexity of the subject's
task. (Ibservation of preliminary data had

indicated that responses were homogeneous
with both techniques. This conclusion was
not corroborated by the heterogeneity of
the sniff test data (Table 1). It is evident
that the training period would depend on
the nature of the test, and that there is no
set time interval that can he uniformly fol-
lowed. (lifactometric data were homoge-
neous, and data were sufficient for analy-
sis by the third week. The study was con-
tinued in order not to bias the comparison
with sniff test It was interesting to note
the differences in significance for the panel
vs. the individuals in the olfactometric data.
Since there were fewer than 50 tests per in-
tensity (38) it was not possible to analyze
these data further.

The speed of sampling in the sniff test
was not controlled as well as with the olfac-
tometer. It is conceivable that the panel’s
responses may have been less heterogeneous
if samples were presented in a timed se-
quence : however, this was not possible in
the present investigation.

In terms of cost, the sniff method is by
far the most inexpensive test available:
elaborate and costlv air-flow and tempera-
ture-control systems are not required ; beak-
ers or bottles are readily available at little
expense. Most diluents are not too expen-
sive. and their cost would depend on the
size of the study and the volume of the test
solutions. The olfactometer does not require
any diluent. Data are reported in quanti-
tative terms, there is complete control of air
flow and temperature, and immediate re-
moval of odor. The olfactometer was de-
signed primarily for study of the behavioral
aspects of olfaction and other basic problems
relating to the olfactory process. The pres-
ent apparatus does not permit the use of
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foods, and the study of mixtures requrres
more' than one diffusion bull),. although an
earlier report described a technr ue to stud
mixtures (Ough and S one
tures can now e studied by usrng dd
tional diffusion bulbs (Ough“ct al.. 1962)
The sniff method 15 moré suited to odor
uaIr -control or study of odor quality.
Untr Probemf of delivery of comglex mix-
tures the ofactometer are overcome, the
sniff method will continue to he used for
such studies,
Psyc oIogrcth{ the olfactometer would
eem to be” idedlly suited for study of the
olfactory process.. The _subject’s " task |
simplifiéd to pressing a signal button to |n
dicate drfferen?es N concentration or_ in-
tensity. -~ Sam rr)resentatlon IS carefully
controIIed as to co entration and volume |n
e hood, and odor removal |s not 3 #)ro
wrth the constant-flowing purified ai
ever, the idea of placing one’s head insid e
a Plexiglas hoog may grve rise o ° anxretg
reactions or Simply distract the subject
enou%h to resuIt |h apparent decreased sen
Sitiv ¥ Ag an example of
ter condition, srnce preliminary ques-
tronrng of all subgects revealed no indication
of claustrophobia anxiety, whereas In tbe
snrff method tkéf subject is c%nfronte with
garr of coded bea er e tgste In a
B cribed manner. Alt ou oIt num-
ers are used, some subjects could concelv-
ably have a bias that could influence re-
Sponse.
pRemovmg the sample cover results in
rapid dlspersron of .tbe odor throughout the
test area. ()dor fatrque may also be of some
Sl nrfrcaince %specra Ig poorly-ventilated
areas at ough no vl enceo this was noted
here Wi gn as ma 6 test pajrs were
presented.  Althou no test samFIes were
chromato raPhed 0 Cetermine._ if he vapor
contained™ propionic acid or jxtssible con-
taminants, “considerable care was taken to
Insyre, that purified ropronrc acid and min-
eral oil were used. The su gects noted that
the propionic acid was easily recognize
It has been shown that as many as 100 sam-
ples can be presented to a supject In. toe
|factometer “with no loss of * sensitivity
TBerg. 1083)
In"conclusion then, it would seem that

OI.FACTOMETRIC TESTS VS. SNIFFING

both methods have definite but dissimilar
advantages and yield reasonably similar re-
sults. However,” it is evident ‘that each is
better suited to a particular aspect of the
study of olfaction. The sniff method I
surtfd to study of odor dualr , mdustrral

control; and_other Investigations not
|nvo Vi quantrtatrve mvestrgatron of the
olf actortg rocess e avioral * aspects, and
0 orrmetr for which the olfactometer is
idleall ty surted It may lie possrble to con-
struct a Iess elaborate 0|Tf? meteg W-
ever, any loss in control of all [X)ssible vari-
ables might not be compensated

ACKNOWLEDGMENTS

This rejiort is based on a PIi.D. dissertation.
University of California, Davis.

The author acknowledges  financial supgort of
the Campbell Soug Company. He is indebted to
Professors F] tewart and W. (L Jennin s for
assistance throughout, and to Mrs K. M. H
hom and Mr. C. S. Qugh for review of t
manuscript.

REFERENCES

American Public Health Association. 1960. “Stand-
ard Methods for the examination of Water
and YWaste Water." 11th ed, New York,

X Y.

Baker, G. A., M. A. Amerine, and K. K. Roessler.
1954, Errors of the second kind. in orﬁano-
I%ptrc difference testing. Food Research 19,

Beck L. H. L. Kruger, and P. Calabresi. 1954,
Observatrons on olfactory intensity : 1. Train-
ing procedures, methods, and fxta for two
hggtologous series. .4 ). A, )". . lead. Set. 58.

Ber? H. 193 Personal communication.

Guilford, J. P. 1954 “Psychometric Methods."
2nd ed D. 118 McGraw Hill, New York.

Johnston, J. W, and A. Sandoval. 1960,

Organoleptic” quahty and the stereochemrrial

theory of olfaction. Prog. Sei. See. Toilet
GoosAssoc No.

Jones, F. N. 1955, A comparison of the methods
Lolfactory st‘mulatron blasting vs. sniffing.

it. J. Psychol. 6

Jones, F. 19550, The reliability of oIfactory
tiresholds obtained by sniffing.” 4ni. J. PV

cltol. 68. 289.

Jones, L. V. 1957. Methodologt( of preference
measurements. Report p-1101-No. 4. Quar-
termaster Food and Container Inst, for the
Armed Forces, pp. 12

Moulton, D. 1963. "Personal communication.



STONE 725

Mrak, V., M. A. Amerine, C. S. Ou?li, and G. A.
Baker. 1959. Odor difference ftest with ap-
plication to consumer acceptance. Food Re-
search 24, 574,

Ough, C. S., and H. Stone. 1961. An olfactometer
for rapid and critical odor measurement.
J. Food Sci. 26, 452,

Ough, C. S, V. Singleton, and H. Stone. 1962
Unpublished data. Univ. Calif., Davis,
Stone, H. 1963, Some factors affecting olfactory
sensitivity and odor intensity. Ph.D. thesis,

Univ. Calif., Davis, 112.

Stone, H., C. S. Ough, and R. M. Pangborn. 1962,
Determination of odor difference thresholds.
[. Food Sci. 27, 197.

Wenzel, B. M. 1949. Differential sensitivity in
olfaction. J. Exptl. Psychol. 39, 129.

Wenzel, B. M. 1955. Olfactometric method utiliz-
ing natural breathing in an odor-free “environ-
ment.” Science 121, 802.

Zwaardemaker, H. 1926. “International Critical
Tables.” E. W. Washburn, ed. Vol. I, p. 358,
McGraw-Hill, New York.



Relative Taste Intensities of Selected
Sugars ané Organic Auasa

~ ROSE MARIE PANGBORN o
Department of Food Science and Technology. University of California. Davis. California

(Manuscript received Marcli 8, 19631

SUMMARY

A highly trained taste panel was used to establish the concentrations of
fructose, glucose, and lactose equivalent in sweetness to sucrose at threshold
and suprathreshold concentrations. The same panel established the sourness
of lactic, tartaric, and acetic acids equivalent to that of citric acid at threshold
and suprathreshold concentrations. There was no relation between pH, total
acidity, and relative sourness. Results obtained from determinations made in
water solutions agreed favorably with values reported in the literature. The
threshold measurements are considered to be of limited value since the relative
taste intensity of these compounds is not a constant but is materially affected
by the absolute concentration chosen for comparison. The presence of a slight
bitterness in glucose, and a slight, unidentifiable flavor in lactose, appeared
to influence the threshold determinations. When the sweetness of sucrose and
fructose were compared in pear nectar, fructose was less sweet than sucrose at
all concentrations (1.0-20.0% sucrose). Increasing the total acidity of the
pear nectar had little or no effect on the relative sweetness of these two sugars.

INTRODUCTION

Values reported in the literature on rela-
tive sweetness and relative sourness show
marked lack of agreement, because of vari-
ations in testing methods, purity and con-
centration of the compounds, and sensitivity
of the tasters (Fabian and Blum, 1943;
Cameron, 1947; Warren, 1953: Xieman,
1960).

Since the sweetness of one compound
relative to another changes with concentra-
tion (Dahlberg and Penczek, 1941 ; Cam-
eron, 1947 ; Schiutz and Pilgrim, 1957), it
is generally agreed that comparisons of
taste thresholds are unreliable for predicting
relative taste intensity of supraliminal stim-
uli (Lichtenstein, 1948). However, few, if
any, investigators have studied the magni-
tude of difference in sweetness and sourness
between threshold and suprathreshold con-
centrations using the same panel of judges.

In general, relative taste intensities are
determined in water solutions, and the
assumption is made that the same values will
apply in a more complex beverage or food.

“Presented in Bart at AAAS meetings, Denver,
Colorado, Decemner 29, 191

Plowever, this hypothesis has not been
tested directly.

The main objectives of the present inves-
tigation were to compare relative sweetness
and sourness at threshold concentrations
with those at suprathreshold levels, and to
compare sweetness levels in water solutions
with those in fruit nectar.

PROCEDURE

Panel selection and training. Using a paired
method of presentation, a group of 26 Feo_ple were
tested daily for 1S days to determine their ability
to distinguish differénces in the sweetness of
sucrose and in the sourness of citric acid. Six
male and six female departmental employees,
23-48 years old, qualified for the final panel. "One
man and one woman dropped out of the study
after completion of the sweetness determinations,
so values reported for acid thresholds and relative
sourness represent the responses of 10 Jud%s.

All JU(I:i:g!ng was done at 11 am. Monday
through Friday in individual partitioned booths
eqU|7p8ed with daylight illumination and maintained
at 70£2°F. AIl' solutions and nectars were at
room temperature when tested. Stock solutions
were made of all compounds (w/v), and final
concentrations  were Frepared by dilution. Odor-
less freshly distilled tap water was used for pre-
paring the solutions and for oral rinsing. ~All

[726 1
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final water solutions were prepared 3-4 hr before
tasting, and nectars were Frepared 18 hr before
tasting to ensure equilibration of sugars, which
undergo mutarotation (Pangborn and Gee, 1961).
Stocks and final concentrations were kept in glass-
sto[;))pered volumetric flasks.
etermination of taste thresholds. Thresholds

for the eight compounds were established bE_the
constant-stimulus paired-comparison method. Eight
pairs of solutions, in which one member of each
pair was always a distilled water control, were
Fresented in randomized order at each session.
udges were instructed to circle the number of
the “sweeter, or more sour, sample within each
Palr_. The compounds used, the range of concen-
rations presented, and the number of increments
evaluated are listed in Table L1 .

Threshold values were derived by plotting the
Pan_el's percent correct response fo” each concen-
ration. The concentration at which 50% correct
response was obtained was designated as the abso-
|ute threshold, whereas the concentration at which
70% of the responses were correct was the per-
centage required for significant identification at
p = 001, as determined by x2 (n = 80). _

Determination of relative sweetness and relative
sourness.  Concentrations of fructose, glucose, and
lactose equivalent in sweetness to 0. 10, 2.0, 5.0,
100, and 15.0% sucrose were established by the
constant-stimulus paired-comparison method, " with
sucrose at each respective cancentration kept con-
stant within each pair. Using the same method
acetic, lactic, and tartaric acids were compared
with 0,005, 0.010, 0.020, and 0.040% citric acid,
the latter's percentages being corrected for the
one molecule of water of hydration.

Equivalent sweetness levels were obtained by
plotting the percentage of the responses consider-
Ing_sucrose sweeter (or citric acid more sourg
against the percent concentration of the compoun
being compared. Correlation coefficients and linear
regression of these sets of data were calculated,
and the concentration at which the regression line
crossed the 50% response was designated as the

127

equivalent sweetness or sourness. These equiva-
lent values, in turn, were plotted against the
sucrose or the citric acid percentages.

_ At a limited number of concentrations, def)end-
ing on the solubility of the compounds, relative
sweetness of the four sugars was established by
the same technique, using canned pear nectar in
place of distilled water. The nectar used for
replication 1 consisted of 55% fruit and 45%
water, whereas the nectar used for replication I
consisted of 45% fruit and 55%, water with no
added sweetener. Composition of the nectars
prior to addition of the sugars was:

] Nectar |~ Nectar Il
Soluble solids 8.48° 6.30°
Determined by refrac-
tometry and expressed
as ° Brix
Total aC|d|(t1v . 0.130%  0.102%
Expressed as citric
acid anhydride
H 4.10 4.26

To test the effect of apParent sourness on the
relative sweetness of fructose and sucrose, two
additional studies were conducted on pear nectar
II; comparisons were with nectars containing
0.1% and 0.2% added citric acid.

RESULTS AND DISCUSSION

Relative sourness. Values representing
concentrations of equal sourness for the
four organic acids are shown in Table 2
At threshold concentrations, citric acid was
considered to be the least sour and tartaric
acid the most sour of the four compounds.
The magnitude of this relationship is seen
more readily in Fig. 1 At suprathreshold
concentrations, citric acid, once again, is the
least sour of the four acids, but there was
little if any difference in the sourness do. the
other three acids (Fig. 2). At these con-
centrations. lactic acid showed a linear rela-

Table 1. Compounds used in threshold studies.

Compound Source

Sucrose Baker, #23617
n-Glucose Eastman, #84

(anhvdrous)

Fructose Eastman. #679
Lactose Baker. #91374

Citric acid Baker-Adamson, #1063
Acetic acid Baker. #20518

Tartaric acid

Lactic acid Baker, #20722

Baker & Adamson. #1203

Range (%) Incrementl
0.010 -0.171 9
0.009 -0.720 10
0.010 -0.040 9
0.036 -0.360 6
0.0001 -0.0038 7
0.00006-0.0024 10
0.00015-0.0030 7
0.00014-0.0027 7
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Table 2. Relative sourness of four organic acids.
(I 4 ((hGEe (AIRCC8Y) ahftiedd)
response % M % % M % M
Average threshold concentrations X 10~4
50* 20 0.104 12 0.200 15 0.100 09 0.100
70" 8.0 0417 6.0 1331 22 0.146 38 0422
Citric acid Acetic acid Tartaric acid Lactic acid

pH % M PH % M

Average suprathreshold concentratlons of eq%al sourness X101
26 362 40

340 100 52 336 80 133
320 200 104 316 1710 283
300 400 208 298 310 516

pH % M pH % M

27 369 40 44

3 81 0 60 34 8 89
366 160 107 326 180 200
35 310 207 308 30 388

*Absolute threshold (concentration at which 50% of the responses correctly distinguished
the ?Iutlon containing acid from a distilled water

samples at p =

° TARTARIS
* LACTIC
= ACETIC
aCITRIC

PER CENT CORRECT RESPONSE

50,

5 I65 2(;5 365 465 5(1)5 6(1)5 765 43‘0;5
PER CENT ACID (x103)
Is% % Relatlve taste intensity of four acids;
thresnol

tionship to citric, whereas tartaric and acetic
fit slight curves. It should he pointed out
that in the determinations of relative intensi-
ties at threshold and at suprathreshold con-
centrations, two distinct psychophysical
tasks confront the experimental subjects,
e.g., in the threshold studies, subjects used
any and all sensory clues in distinguishing

Regresents te % correct response requned r}or significant identification of acidified

between distilled water and low concentra-
tions of the acid; at suprathreshold levels
where all samples are distinctly sour, differ-
ence in intensity of sourness guides the
subject’s choice. Concentrated solutions of
acetic acid possess a distinct, characteristic
odor, which Harvey (1920) described as
“somewhat aromatic” ; at the concentrations
used in the present study, however, no one
commented on any differences in the odor
properties of any of the solutions. Nonethe-
less, it is possible that subliminal olfactory
clues may have contributed to the large
differences observed in the response to the
four acids in the threshold studies. This
would suggest that the nose should be

,0!5;‘7 T v T T T T - T /l _{
| |
o30k RELATIVE SOURNESS s
(Suprathreshold Concentrations) / 4/
/ .’/
025+ / 4/

EQUALITY
— — LACTIC
----- TARTARIC
—=—ACETIC

PERCENT ACETIC, TARTARIC, OR LACTIC ACVQ
=y
S
— 2

L 1 1 L 1
020 025 030 03 040

mtensny of four acids;

suEi%tbr%shéﬁ%Ja g,
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closed when only taste comparisons are
sought.

The threshold values obtained for these
four acids are considerably lower than the
median values cited by I|'faffmann (1959)
and by Fabian and Blum (1943). Tbe citric
acid thresholds, however, compare favorably
with determinations made in this laboratory
previously (Pangborn. 1959) where au av-
erage value of 0.00095% was obtained after
six exposure periods. The threshold values
determined by Berlatzky and (jnevara
(1928) for lactic, citric, acetic, and tartaric

acids were respectively 0.09%, 0.08%,
0.075%, and 0.07%. Fabian and Blum
(1943) list taste thresholds of 0.008%,

0.011%, 0.012%, and 0.013%. respectively,
for lactic, tartaric, acetic, and citric acids.
According to the summary of the literature
prepared by Pfaffmann (1959). the order
was tartaric, acetic, lactic, and citric. <High
(1963) tested four food acids at supra-
threshold levels in wine and observed the
following relative sourness, in decreasing
order: tartaric, citric, fumaric, and adipic.

In general, the sour taste is associated
with the hydrogen ion and. to a lesser ex-
tent. to the degree of dissociation. Strong
acids (fully dissociated) are more sour than
equinormal solutions of a weak acid. The
present data show that, at equivalent sour-
ness levels, tartaric has the highest pH
whereas acetic has the lowest. Crozier
(1916) suggested that the potentially ioniza-
ble hvdrogen is a factor influencing sourness
as well as tbe actual hydrogen ion concen-
tration. Harvey (1920) reported an inter-
dependence of sourness, hydrogen ion con-
centration. and the total free acid of the
solution. Baridth and Vandorfv (1926 >
showed that hydrochloric acid solutions
were more sour than equinormal solutions
of acetic acid except at concentrations near
the threshold. These investigators concluded
that the greater sourness of a weak acid
over a strong acid at the same pH was due
to the greater “potential acidity” of the for-
mer. Based upon the comparisons made
bv one experienced taster, Beatty and
Cragg (1935) concluded that sourness was
equal to the volume of phosphate buffer
solution required to bring a unit volume of
the acid to pH 4.4. divided by “K,” a con-

19

stant characteristic of the buffer used:

— ‘\'

K
If the foregoing theory is correct, the buffer-
ing capacity of the saliva bathing the taste
receptors could influence the hydrogen-ion
concentration as well as the dissociation
constants of the test acid in the mouth. In
electrophysiological studies made by Beid-
ler (1957), equal afferent nerve discharges
were not achieved with equal pH, normality,
0I' molarity. It is apparent, therefore, that
some basic peripheral and/or cortical phvsio-
logical mechanism complicates the relation
between sourness and tbe chemical and
physical properties of acids.

Relative sweetness. Responses to the
sweetness of the four sugars at threshold
concentrations are plotted in Fig. 3. As
expected, sucrose was sweeter than glucose
and lactose, and less sweet than fructose.
Plotting the responses in this manner dra-
matically illustrates the differences in taste
properties between sugars compared against
water instead of directly. Sucrose and fruc-
tose elicited the sweet taste only. Glucose
elicited sweetness, and at higher concentra-
tions. a slight bitter aftertaste was perceived.

-

i

* FRUCTOSE
* SUCROSE
& GLUCOSE
a & LACTOSE ~

PER CENT CORRECT RESPONSE
T

3

.
e 1 1

. 1 | 1
0" 060 R0 180 %0 420 480 540570

thrFe'sqioPd SthueA?,tlwe taste intensity of four sugars;
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Similar observations were made by Cam-
eron (1947). Qualitative changes in glucose
at higher concentrations have been reported
by other investigators also (Lichtenstein.
1948; Schiutz and Pilgrim, 1957). Further
work is needed to establish whether this
bitterness is a property of the glucose mole-
cule or due to an impurity that may be
present in minute quantities.

In the determinations of the threshold
for lactose, the panel recorded a fleeting
"fruitiness” in solutions above concentra-
tions of 0.25% lactose. This latter property
of the lactose solutions distinguished them
from water more readily than sucrose was
distinguished, thereby giving tbe impression,
when plotted in Fig. 3. that lactose was
sweeter than sucrose. It is possible that
factose. which is used by tbe chemical and
pharmaceutical industries as an absorbant
of riboflavin and certain pigments, picked
Up flavors from its environment and im-
*i\rted them to the taste solutions. There-

re, a new supply of lactose was obtained

Fgrlempst Dairies, San Fancisco), and
thresholds were retested, using the six re-
maining subjects from the original study.
This lactose could not be distinguished by
odor or by taste from samples that had been
heated with charcoal and recrvstallized.
Sweetness responses were determined for
solutions made from the untreated lactose,
and from lactose that had been heated 30 min
in a single-stage vacuum oven at 55-58°C,
a treatment that should have been sufficient
to drive off any volatiles present. These
results are shown in Table 4. Plotting these
figures, determining the lines of best fit.
and extrapolating back to the 50% level of
response did not prove useful, for the values
so obtained were respectively —0.33 and
—0.23% lactose for the heated and unheated
samples. Using a linear-probability scale
described by Jones (1957), where concen-
tration is plotted against percent correct
response above the chance level, the “75%
correct” threshold was calculated at 0.89%
(0.0253/) lactose. Alternatively, calcula-
tions were made of the concentrations that
gave a significant number of correct re-
sponses on the basis of 48 individual tastings
per concentration. As shown in Table 4.
these values (at p — 0.01) for heated and

TASTE INTENSITIES OK SUGARS AND ORGANIC ACIDS

unheated lactose were respectively 0.52 and
0.61%, which is considerably higher than
the 0.22% reported by the original panel
(Table 3). The responses to sweetness in
the second set of determinations are no-
where of the same magnitude as those of
the original investigation. The following
factors, listed in their order of importance,
may have combined to account for this dis-
crepancy : 1) the second sample of lactose
had a greater purity and contained no
"fruitv" flavor; 2) only six of the original
twelve subjects were available for retesting;
3) there may have been loss of sensitivity
due to the time interval between the two
sets of determinations. 1llowever, the lat-
ter set of data (Table 4) are considered
more reliable in terms of true sweetness
responses to lactose than the former (Table
3).

At suprathreshold levels, values obtained
from determinations of relative sweetness in
water solutions agree very well with figures
reported previously (Table 3). For ex-
ample, Cameron (1947) found that 5%
sucrose was equivalent in sweetness to 4.6%
fructose, 8.3% glucose, or 14.9% lactose;
corresponding figures reported by Dahlberg
and Penczek (1941 ) were 4.5%, 7.2%, and
13.1%. Plotting the concentrations of fruc-
tose, glucose, and lactose (purified sample)
equivalent in sweetness to the seven con-
centrations of sucrose gives a straight line
for fructose and a smooth curve for the other
sugars, similar to Cameron’s (1947). Using
a method of paired comparison. Lichtenstein
(1948) observed a similar relationship when
glucose and sucrose were compared. With
a single-stimulus intensity-rating method,
Schiutz and Pilgrim (1957) observed that
mean ratings of subjective sweetness inten-
sity plotted against concentration for 15
compounds Yielded relatively smooth curves,
such that logarithmic spacing provided
nearly straight lines.

When the sweetness intensities of fructose,
and glucose relative to sucrose were deter-
mined in pear nectar I, it was noted that
sucrose was considered sweeter than fruc-
tose at all concentrations and the relative
sweetness of glucose was less than it had
been in water (Fig. 4). The supply of
pear nectar | was exhausted, necessitating
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Table 4 Sweetness of solutions prepared from
heated and unWeateg ?actose. prep

etk

n
Concentration Unhgated eated
o
0072 0.002 52.1 52.1
0.216 0.006 58.3 64.6
0.288 0.008 66.7 62.5
0.360 0.010 64.6 68.8
0721 0.020 68.8 81.3
1.08 0.030 81.3 771
14 0040 854 833
Correlation
coefficient +0.96 +0.88

Concentrations at which correct responses were
significant at :

% M
p= 005 043 0012 032 0009
D= 001 061 0017 05 0014
p=0001 089 005 08 0023

using pear nectar I, which was more dilute.
The response to glucose could not he re-
peated in pear nectar Il. but fructose
showed the same pattern, i.e., being less
sweet than sucrose. It was speculated that
the acidity of the pear nectar may have
affected the sugars differentially, either by
reduction of apparent sweetness or by in-
fluencing the hydrolysis of the sucrose.

T T

o‘> o
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FRUCTOSE
> IN PEAR NECAR

o

OR LACTOSE)
5
T
1

———zi?

@
=)
?—

GLUCOSE |

Inwoter

e
e In Nector I |

10+

60 .-

EQUIVALENT SWEETNESS RATIO (SUCROSE/FRUCTOSE, GLUCOSE

50,’ LACTOSE
| IN WATER
a0 /
|
30— —— )
20— -

1) S

5 i 0 B 20
% SUCROSE

in %te?’ anléelﬁnblgart aﬁteectg]rt;ers]abtyatﬁ}ceg gfd %ﬂﬂﬁrys

TASTE INTENSITIES OF SUGARS AND ORGANIC ACIDS

Therefore, the comparisons were redone in
pear nectar at two levels of added citric
acid. Previous studies with water solutions
had indicated that the sweetness of fructose
was reduced by citric acid to a slightly
greater extent than was the sweetness of
sucrose (Pangborn, 1963). However, as
shown in Fig. 4, the acidity of pear nectar
was not responsible for the discrepancies
observed between water solutions and pear
nectar. Perhaps the differences in the “ap-
parent activity” (associative tendencies, in-
tramolecular hydrogen bonding, water-sol-
vent binding properties, etc.) between su-
crose and fructose influenced the values
obtained. The viscosity of the nectar may
have had a differential effect on the two
sugars. Although there is an apparent rela-
tionship between relative sweetness and rel-
ative solubility of the four sugars studied,
solubility per sC is not believed to he of
importance, since all compounds were dis-
persed in the solutions prior to tasting.

The observation of differences in relative
intensity between aqueous solutions and a
natural food product, nectar, suggests that
assuming that complex foods will have the
same relative sensory properties as do model
systems, can be erroneous.
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SUMMARY
High inler-personal variability has been noted in the taste qualities people

report for solutions of sodium™ benzoate.
whether sueh variability occurs with other substances” and

This study sought to determine
0 assess the role

of learning in development of the response. 24 S’s replicated ratings of the
intensity of sweet. salt. sour, and bitter in solutions representing 3 concentra-
tions each of 4 familiar and 4 unfamiliar substances. Significant interper-
sonal variability was found for all substances. 1t was lower for the familiar
substances (sucrose, salt, citric _acid, and caffein) than for the unfamiliar

ones (sodium benzoate, monosodium grl

chloride, and a “model” solution).

Sodium benzoate, durm&; a Perlod startmg
about 9 rYears ago, created a _Iurrr;]/ of Inter-
est amoig those concerned with the sensory
evaluatior of food% A L, Fox (1954) sug-
gested_. on fhe Dasis of some extensive
Xperimentation, that people’s taste re-
sPonss to this chemlcell could _rellabg)y
classify them as .neeet. salt. sour, hitter, or
tasteléss tasters.  People grasped at this
straw of mformahon. Here was a hold
new way to evaluate people aid perhaps
to select taste panels.” However, interest
gradually waned—in_large part because no

one was able to verify Fox’s results (Hoo-
ver, 1956).

The Food & Container. Institute con-
ducted ﬁ series 0 exFerlments dlr_ect?
toward the effects of sodiym benzoate itself.
The results failed to confirm Fox In toto—

aThis paper reports research done for the Ph.D.
degree at the Illinois Institute of Technology. The
advice and assistance of Dr. P. S. Shurrager,
Chairman, Psychology Dept., are gratefully ac-
knowledged.

This research was undertaken at the Armed
Forces Food & Container Institute and has been
assigned number 2198 in_the series of papers ap-
proved for publication. The views or conclusions
are those of the author, and are not to be construed
as necessarily reflecting the views or indorsement
of the Department of Defense.

Presented at the 22nd Annual Meeting of the
Institute of Food Technologists. Miami" Beach.
Florida. June 1L 1%2.

utamate, potassium chloride, ammonium
hus, learning appears to be important.

in fact, they suggested that be was more
wrong t_hanyrl l'fﬁg%_owever, the dl(f_ ve_r(ffy
his finding of high interpersonal variability
In the (iualltles at people use to describe
the taste of sodium, Denzoate (Peryam.
1960).  Evidence against Fox's theory In-
Clugled: 1) there w%re important sourfes f
variaility other than | éer- ersonal; . 2
people typically responded with multiple
rather than single qualities; and 3) thev
c?uld not e classified rellabgl on the hasis
of their responses. . It was ¢ ng)ectured that
much of the variation was probably related
to differences among people. in learhing and
language, and, If $0, that it would not be
unique to sodium benzoate.

The, studies reported here. were ynder-
taken in an attempt to determine the de?ree
of generallty of the sodium benzo?te effect.
They were “extensive, and only selected as-
pects of the results are reported. Focal
Fomﬁs of the investigation were the follow-
ng hypotheses:

, 13 ther substances will show the same
kind of taste response variahility as does
sodium benzoate.

2) Variability will tie greater . for sub-
stances that are relatively tnfamiliar to the
Fg%illsgrbjects than for substances that are

3) Certain features of a given person's
responses will tend to lie common amon%
untamiliar ,ﬁubstanges, but will be less s
among familiar substances.

131
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lypothcses 2 and 3 derive from the as-
sumption that Iearnlnq, plays a major role
I determining variability.

METHOD

Substances ~ selected for investigation were:
sodium chloride, sucrose, citric acid, and caffein,
to represent familiar tastes; and sodium benzoate,
potassium chloride, ammonium chloride, mono-
sodium glutamate, and a "model solution," to
represent_unfamiliar tastes. The “model solution”
was a mixture of the four familiar substances in
proportions selected so that the intensities of
salt, stecet. sour, and hbitter should have been
equal. All chemicals were C.P. grade or equiva-
lent. Solutions were prepared with fresh, charcoal-
filtered distilled water. A stock solution was
prepared and diluted on a volume basis to assure
accurate measurement of low percentages. Sam-
ples, 1 0z in quantity, were presented In whiskey
shot glasses. All testing was done in special test
booths in the Sensory Evaluation Laboratory at
the Food & Container Institute. _

Fig. 1 illustrates the test method. Instructions
to the subklects were, essentially: “Taste the sam-
ple, re-tasting as often as ¥0u consider necessary,
and rate the intensity of each of the flavor
ualities, considering them in the order shown on
the questionnaire,” ~ Subjects rinsed their mouths
and waited 1 min between samples.

The test subjects were recruited from a FOOl
of volunteers who reqularly participate in food
preference tests. The only Selection criteria were
willingness to test and availability for the entire
series” of tests. The panel was “primarily male,
the modal age was 22. and onlr a few had ever
participated In taste experimenfs other than the
rating of food preferences. Each subject partici-
pated in one or two training sessions to assure
understanding of the task and of the test pro-
cedure. , ,

A series of 3 solutions—"weak." “medium,” and
“strong"—was developed for each substance, and
these ‘series were equated for intensity among
substances by an experimental procedure. The
actual concentrations used are shown in Table 1
These 27 solutions, plus 3 distilled-water blanks,
constituted the series for the flavor analysis ex-
periment. A random order of the 30 samples was
established for each of the 24 subjects, and the
samples were tested, 5 at a session, in 6 sessions
on different days. The order in which the four
qualities appeared on the questionnaire was Sys-
tematically varied. The entire experiment was
replicated, using a new random order for each
subject. _ _

or analysis, the values 0-8 were assigned to
the points of the scale, beginning at the “none”

735

. Tﬁxbl% 1 PerCﬁnt.concentration of solutions used
in the flavor analysis.

Concentration level

Substance Low Medium High
Sucrose 453 1980  8.600
Citric acid 006 022 081
Sodium chloride 041 177 770
Caffein 014 058 241
Sodium  benzoate 120 737 4512
Potassium chloride 043 196 897
Ammonium chloride 015 056 210
Monosodium
glutamate 026 26 2017
"Model" solution 6.250  19.300  59.500
Constituents :
Sucrose . 325 1004 3.094
Sodium chloride 035 108 333
Citric acid 003 010 031
Caffein 005 015 048

end. Analyses of variance were made on the data,
assuming ‘a_ Model | (Brownleg, 1960? where
the sample is regarded as c_on3|st|n|g of all groups
in the population, and using replicate error as
the error term. Separate analyses were done on
each of the substances, including water.

RESULTS

Figure 2 is an empirical display of the results.
For each of the 9 substances (excl,udm% water)
the average intensity of each quality, based on
48 responses, is shown as a function of Iog
concentration. In examining these charts it shoul
he remembered that the over-all intensities were
the same for all substances.

Sucrose and sodium chloride Present clear pic-
tures. The appropriate (1uallty, stoeet or salt, rises
to a_relatively high level, whereas the other three
qualities stay near the zero line. With citric acid
and caffein.” the expected quality is clearly domi-
nant. hut some confusion Is shown. Bitter, with
citric acid, and sour, with caffein, also rise above
the negligible level.

Inspection of the curves for sodium benzoate
su?gests that stttct is the dominant quality, but
note that bitter rises to a higher level at the high-
est concentration, also that both salt and sour
come into play. It is emphasized that these are
averages for 24 Feople. The curves definitely
show multiple qualities, but not whether this is
because each subject perceived multiple qualities
or because people ‘just disagreed.

Potassium chloride is é;enerally. recogmz_ed 8
tasting bitter and salt, and ammonium chloride as
hitter and sour. The charts agree, but also show
that two qualities are not enough to describe
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FLAVOR  ANALYSIS

NAME

|

SAMPLE CODE

SALT , |
NONE . SLI(JHT
W eer |
NONE 1 SLIGHT
SO u =r | %
NONE SLIGHT
) SITTBR, T 1 |
NONE SLIGHT
NOINE ]q- SLIGHT

Fig. 1 The flavor analysis questionnaire.

either of these substances; potassium chloride has
an_important comFonent of sour, and ammonium
chloride shows salt. Only sweet fails to appear.

Monosodium glutamate” appears o cause even
more disagreement than does sodium benzoate.
Sweet stays relatively low, whereas the other
three qualities all show significant intensity and
are_about equal. .

The data on the “model solution” seem to dem-
onstrate the failure of the objective in using this
approach. Sweet is the dominant quality and
increases progressively although salt_emerges at
the highest concentration. It 1s possible that the
sucrose concentration was simply_ too high; on
the other hand, there is some evidence in favor
of the intrepretation that the dominant position
of s-weet in a mixture where all four qualities
should have been about equal may have hbeen a
contrast phenomenon. _ _

Table 2 presents an analysis of the replicate
error. Each subject tested “each solution twice
and this Pave a component of variance that could
be partialed out according to any of the other
variables. The table shows the average for each

DIVISION DATE

INTENSITY

! Lo

MODERATE l strbng EXTREME
! | |

MODERATE STRONG | EXTREME
l’ oil 1 1

MODERATE STRONG . EXTREME
| 1 | |

MODERATE STRONG 1 EXTREME
1 A |

MODERATE 1 STRUNG EXTR*EME

level of each of the four independent variables.
Note the wide range and rather flat distribution
of error across subjects. The ratio was 7:1 be-
tween the largest and smallest variance. Some
consideration was %lven to eliminating the highly
variable subjects; however, analysis showed that
the distribution did not depart significantly from
normality. . _
“Replicate error varied considerably as a func-
tion of substance. The smallest error (0.6) for
water was less than one-third of the highest error
r(2.0) for monosodium glutamate. The low_value
for ‘water is favorable evidence of stability of
judgment. The four “familiar” substances (sugar,
salt, caffein, and acid) plus water show- the
smallest error, and there is a definite cut-off
between these and the “unfamiliar” substances,
Error varied regularly according to solution
concentration, with “errof for “high” being over
twice that for “low.” Part of this difference is
probabIY “real” in the_sense that people can judge
moderate and weak stimuli more accurately; how-
ever, it is also likely that part of the effect is
an artifact of the scaling method. As actual
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intensity approaches zero, and ratings approach the
lower "end of the scale, the opportunity for
variation in one direction is denied, so apparent
variation s reduced. _

Comparison of replicate error for the four quali-

ties reveals clear differences. The relative order
of ﬂrecmon of judgment is szvect, suit, sour, bitter,
with the error for bitter nearly twice that for
su'cct. These differences were not due to scale
effect, as were the concentration differences, since
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nine substances.

eachF(IJ?' 2. Su ecwgthl'r']ter']'s(ﬁ'y of four taste qualities as a function of log concentration for
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1o inle 2 inFé%thate error disributed. according

endent variables.
Subjects &
Number
Range  inrange

Substance :

Water 0.6

Sucrose . 0.8

Sodium chloride 1 28-32 1
Caffein 13 2327 3
Citric acid 14 1822 4
Sodium benzoate 17 1317 8
"Model" solution 17 0812 5
Ammonium chloride 18 03-0.7 5
Potassium chloride 19

Monosodium

glutamate 2.0
Quality Concentration

Sweet 11 Low 0.9
Salt 14 Medium 14
Sour 18 High 22
Bitter 19

*Results for water included.
nﬁesu s For water not mcquded.

all four qualities rated about the same when data
were averaged across the entire experiment.

Table 5 presents information obtained in the
analyses of variances done separately for each
substance. Average variances for selected effects
are shown. Most effects were highly significant,
and it is the relative magnitudes that arc of major
interest.

Subject effect was small but significant with
all substances, including water. This was expected,
and is simply a demonstration that people have
different ways of using scales. Again as expected,
there was an important effect due & concentra-

ten substances.

Substance Subjert  Quality
Water 29 29
Sucrose . 1387
Sodium chloride 198
Citric acid 1920
Cafifein 704

Sodium benzoate
Potassium chloride
Ammonium chloride
Monosodium glutamate
"Model" solution

107.1
1822

3Ll
1195

W LTI RO > LIRS I~
[
©
oo

tion (fortunately, it did not appear with water).
BK_ far the largest variances arose with quality.
This demonstrates analytically what the charts
show, namely, that there were reliable differences
among the ‘qualities used to describe each sub-
stance. Xote the large variance for sucrose, where
one quality was clearly dominant, and the rela-
tively small variances for sodium benzoate and
monosodium glutamate, where all four qualities
were used to an important extent.

_The quality-concentration interactions vary con-
siderably, but have no major importance for our
Present purpose. This interaction arose from the
fact that, as concentration changed, the relative
importance of the qualities chanFed. In one sense,
this is an artifact, since, at the "low" concentration,
all qualities were of necessity near the zero level.

~Subject-quality interaction has a particular sig-
nificance with “reference to the problem under
investigation. It is a measure of the extent to
which the subjects differed in the smgle qualities,
or patterns of qualities, which they used to describe
the' substances. It shows that the multiple quali-
ties. as displayed in the charts, occurred because
people differed in the qualities used, and not be-
cause everybody used the same multiple qualities.
A significant subject-quality interaction was found
for every substance but water. It varied from a
low of 17, for sucrose, to a high of 89, for
monosodium glutamate. It is generally lower,
indicating more agreement among subjects for the
four familiar substances (the "pure"” tastes) ex-
cept for citric acid, which is exceeded only by
sodium benzoate and monosodium glutamate.

The data so far Eresented have demonstrated
the generality of the sodium benzoate effect.
Different people responded in different ways to
the other substances as well. Sodium benzoate is
not unique; even such common things as sucrose

T%ble 3. Average variance attributable to various sources in the analyses ot variance for

uality- . .

?ro Ig;enn %%(fﬁﬁ Squ%%elﬁ; Regphczite
0.1" 10" 08" 0.6
89.4 83. 17 0.8
67.0 83.0 32 11
783 413 6.4 14
66.6 573 28 13
815 114 6.5 17
1554 319 6.3 19
1161 365 48 18
106.7 116 8.9 2.0
90.4 160 37 17

egrees, of freedo —
Rxgept for these, ragll effects were significant at or below the Ir7 level.
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and sodium chloride show some of the effect, and
tnonosodium glutamate shows it to an even greater
extent than sodium benzoate, _

Do the results su{)port the hypothesis that fa-
miliar substances will show lessof such variation
than the relatively unfamiliar? The two most
appropriate indices of variability in this experiment
were replicate error, a measure of intra-individual
variation, and subject-quality interaction, a meas-
ure of differences” among people in the ?ualmes
used. Table 4 ranks the familiar and unfamiliar

Table 4. Comparison. oi: variability of response
to familiar ang u%afamlllar sugstances)./ d

Ay Rl
ran [ank 1

Familiar substances :

Sucrose i i
Sodium chloride 3 2
Citric acid 7 4
Caffein 2 3
Cnfamiliar substances:
“Model" solution 4 55
Monosodium Plutamate 9 9
Potassium chloride 6 8
Ammonium chloride 5 7
Sodium benzoate 8 55

" Ranked from low to high.

substances from low to high on these two indices.
On subject-quality interaction there is only one
degarture (citric acid) from the rule that familiar
substances show less variability. On replicate
error the data are in perfect agreement: the four
familiar substances occupy the first four ranks.
Thus the results tend to™ support Hypothesis 2
hut with some qualification.

The outcome on Hypothems 3 is not so clear-
cut. It is assumed "that learning, along with
physiology, plays an important role in determin-
Ing how "peaple respond to taste stimuli, and that
a person tends to develop constant tendencies to
respond in certain ways so that he is more likely
to use some qualities than others. In other words,
he has "preferred” and “non-preferred” qualities,
With familiar substances, people have leamned
common ways of responding. Hence, [>ersonal
idiosyncracies should be less important: however,
with “unfamiliar substances, these individual tend-
encies should appear in greater strength. _

An analysis was made to test this hypothesis.
Each subject's average rating for each_qualltg,
across all concentration levels of the nine sub-
stances éexcludmg water), was_obtained, then
"corrected"

all average (to adjust for his possible tendency

b% subtractin? the subjects’ own over-

to rate hlﬁh or low) and the over-all average
level for the quality (to adjust for the fact that
the substances, as a group, were actually stronger
in some qualities than others). Comparisons of
the residuals permitted identification of “preferred”
qualities (those used more often or rated higher)
and "non-Preferred" qualities (those used  less
often or rated lower). Most subjects showed such
tendencies: 14 had one “preferred” quality, IS had
one “non-Freferred" quality, 11 had both,
The pattern of qualitieS used by each subject
to describe each substance was determined by
inspection.  Table S displays the npatterns for

Table. 5. Combinations of taste. qualities used b
test SUE]ECtS 0 esane gach og fo%r su35tances. y

Combination subjyc[%'s ?stine

Sweet 19
Sweet-sour 2
(lther 3

Salt _ 1
Salt-sour-bitter
Salt-sweet-sour
Salt-hitter

Salt-sour

Salt-sweet

Bitter-sweet
Sweet-sour _
Sweet-salt-sour-bitter
Bitter

Sweet .
Sweet-salt-bitter
Other

Substance
Sucrose :

Sodium chloride ;

Sodium benzoate :

S PO LS5 OO —how R~

Monosodium .
glutamate : Salt-sour-hitter

Sweet-salt-sour-hitter

Sour

Bitter

Salt-s<>ur

()tber

Sour
Bitter
Sour-hitter
Sour-salt
Sour-sweet
Other

Citric acid

l\)l\)wsl\)m >.\)CA>C;QO$<J'|

sucrose and caffein, two of the least variable sub-
stances, and for sodium benzoate and monosodium
lutamate, the two most variable substances.

ith the familiar substances, the patterns were
reqular and could have been predicted from the
average curves. Most people used the “appropriate”
quality although they might vary in the “other"
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qualities mentioned. It was clear that the qualities,
and patterns of qualities, used here were deter-
mined tprlmgmly y the substance. But for the
live unfamiliar “substances the patterns were many
and various, like the two examples shown.
Individual patterns on the five unfamiliar sub-
stances were examined to determine whether they
were consistent with the subjects “preferred” and
"non-preferred” qualities. Of 120 cases (24 .Vs X
5 substances) the consistent cases outnumbered
the inconsistent cases about 2 to 1; however, in
about one-third of the rases no determination
could be made. It was concluded that constant
tendencies, as here defined, are not ver?/ good
predictors of responses to particular unfamiliar
substances: although there 1s some relationship.

Further evidence on this point was sought by
a correlation method. If most people respond to
familiar substances in the same way because the
responses are determined by the nature of the
substance and the function of the taste receptors,
ratings should not he correlated between  sub-
stances; on the other hand, if responses to unfa-
miliar substances are determined to a large extent
by personal factors, not necessarily related to_the
substance or taste receptor function, these ratings
should tend to correlate positively.

_The complete matrix of inter-substance_correla-
tions was derived for each quality. Significant
positive correlations occurred about twice as often
among the unfamiliar substances as among the
familiar substances, which would tend to support
the hypothesis; however, familiar substances were
positively correlated with the unfamiliar substances
about as often, something that would not be pre-
dicted by the hypothesis. Thus, the analysis pro-

VARIABILITY OF TASTE PERCEPTION

weak support for the “constant ten-
ypothesis.

CONCLUSIONS

Tlie eneralltx of the Sfidlum benzoate
effect was proven, for people to use differ-
ent qualities to describe the same substance
appears to be the rule rather than the excep-
tion, . Familiar. substances tend to show less
of this variability than do substances that
represent new taste experiences. Although
Individual  constant. tendencies to, respond
With [f_ertam ualities could be identified,
they aid not appear to be important deter-
mifers of the patterns of response even to
unfamiliar. substances. The hypothesis that
Iearnlnq s an_Important cause of inter-
Bersona variability was weakly supported,
ut not proven.
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Nutrient Content of Morel Mushroom
Composition of the Protein

Amino Acug

celium:

J. H. LITCHFIELD. V. G. YELY, ana R. C. OYERBECK

Bioscicnees Division, BatteUe Memorial Institute. Columbus. Ohio
(Manuscript received May 29, 1963)

SUMMARY

Mycelia of three species of morel mushrooms, Morchella crassipes, M.
esculenta, and M. hortensis, were ?rown in submerged culture in a glucose-

ammonium phosphate-corn steep

iquor medium.

he dried mvcelia were

subjected to proximate analyses and amino acid determinations. A commercial
morel mushroom powder was also analyzed for the same constituents. The
dry samples contained 22.8-51.0% protein and 2.18-7.55% fat, depending

upon the species. Amino_acid contents were similar to those reporte

literature for other fungi.

INTRODUCTION

Previous studies have shown that morel
mushroom mycelium can be grown in sub-
merged culture with glucose,” maltose, lac-
tose, Or wastes contai ing these su,?ars, EN
substrates (Litchfield ct ar. 1963; Litchfield
and Overbeck, 1963 ).

obinson and Davidson (1959) and Block
(1960) pointed out the potential value of
mushroom mycelium as a source of protein
for man or domestic animals, Block et al.
(1953) . reported the qualitative amino_ acid
comgosmo of the meycellum of the Basidio-
m)ic te Agarius blacél, grown In submerqed
culture, and Reusser ctal. (19582 reported
quantitative data_on the essential &ming acid
composition of Tricholoma nudym. How-
ever, as far as it cap be determined, there
have been no detailed reports of the compo-
sition of morel mushroom mycelium, esPe-
cially. the amino acid . composition of the
proteins of these orgamsms. _

This paper gresen S b?th proximate anaIY-
s%s and amino acld analyses %f the mycelia
0 Ehree sPecLes of morel mushrooms, Mor-
chella hortensis, M. esculenta, and M. cras-

SIPES.
P EXPERIMENTAL METHODS
Microbiological methods. The cultures of ..
hortensis, M. esculenta, and ill, .cras.sTes were
those used in previous studies (Litchfield ct al..
1963; Litchfield and Overbeck, 19632 and were
maintained in the same manner. All three organ-
isms were grown in the submerged-culture vessels
described by Litchfield ct al. (1963). The medium
used contained the following constituents: 2.5%

in the

%Iucose monohydrate (Cerelose; Corn Products
ompany, Argo, Illinois); 0.2% iNLLLHPO,;
1% corn steep liquor (Corn Products) ; and 0.2%
CaCOs. Antitoam _ﬂDow Corning AF) was added
to the medium initially at a level of 0.05% to
%revent excessive foaming during the growth cycle.
he media, in culture vessels, were inoculated and
aerated at 25°C—5 days for M. hortensis and M.
esculenta, and 7 days for M. crassipes. _
_The level of aeration used was 0.25 L of air per
liter of medium per minute, which corresponded
to an oxygen absorption rate of 0.08 millimole
of oxy?e_n per liter per minute as determined b?/
the sulfite “oxidation method of Cooper ct al.
(1944) as modified by Corman ct al. (1957). The
mycelia were harvested and dried according to
%oecsedures described previously (Litchfield ct al.,

Chemical methods. Protein, fat, moisture, and
ash contents of the dried mycelia were determined
according to methods of the AOAC (1960).

Acid hydrolysates for amino acid determinations
were preparetl by autoclaving aPprommater
100-mg samples with 6N HQ in sealed tubes for
6 hr at 121°C. Alkaline hydrolysates were Bre-
pared in a similar manner using 5N NaOH.
Amino acids, except for trxptophan, were deter-
mined with the Technicon Auto Analyzer accord-
ing to Piez and Morris’ (1960) modification of
the automatic gradient elution ion-exchange chro-
matographic procedure of Spackman et al.” (1958).

Tryptophan was determined in alkaline hydroly-
sates’ by spectrophotometric 8procedures_ describéd
by Spies and Qiambers (1948) and Spies (1950).

RESULTS AND DISCUSSION

Proximate antal?gses. Tahle 1 shows proxi-
mate analyses of the mvcelia of three species
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Table 1. Proximate analyses of dried morel mushroom mycelia.

Organism Dry matter Nitrogen Protein
M. crassipcs 953 3.65 22.8
M. esculenta 96.2 4,00 25.0
M. hortensis 97.7 431 26.9
Morel Mushroom 9.1 8.17 51.0

Flavoring

“Average of duplicate analyses.

of morel mushrooms and a commercial prod-
uct labeled “Morel Mushroom Flavoring"
(Special Products, Inc.. Springfield. Mis-

souri). 1t was pointed out prewously that
the composition of mfo% mra/c Jium  dépends
on the compogition of the me |um |n which

|t is grown (Litchfield et al,

¢ dried mycelium of Morche fa cras-
SIpcs consntent% snowed a Qreater fat con-
tent than either M. esculenta or M. hortensis
tI;rown in the same medium and under simi-
ar conditions, and is probably characteristic

of this species. Protein conténts of the my-

celium vary somewhat with the mtroqn
content of the corn steep liquor used inthe
growth mediym.

The protein confent of the commercial
product was considerably higher than the
values obtained in previous studies A maxi-

Table 2. Amino acid composition of morel mushroom mycelia.

PROTEIN IN MUSHROOM MYCELIUM

(o 0 ioney

mum of 38A proteln was obtained in M.
In & nitrogen-rich

hortensis afte
Similar

(Litc

metslum

Fat

1.5
331
313
218

gators for other fun

th
nflgtgwrt al..

19633

Ash

182
173
17
6.44

results have been reétorted by other investi-

The hi

ent
car%
durin

to. th gse val

mineral constituents in t e ‘mycell
from_ the corn steep | |quor component

nated

of the medium, which analyzed
composition. Table 2 shows
comp osmons of the various
. esculenta
twice the
. hortensis

Amino acid
the amlno aC|d
morel mushroom
protein contained
amount of arginine present In

from the
onate use
rowth

(9 per 16C8mt9r%%'etfﬁnnitrogen)

Amino acid M. hortensis M. crassipcs
Alanine 445 6.16
Arginine 396 3.00
Aspartic acid 4.63 482
Crstlne 0.36 0.42
lutamic acid 15.43 14.10
(ilycine 301 312
Histidine 1.88 1.98
Tsoleucinc 240 287
Leucine 5.03 557
Lysine 3.02 346
Methionine 0.69 101
Phenylalanine 228 1.90
Proline 4.52 5.1
Serine 2.82 3.08
Threonine 2.68 2.99
Tryptophan 0.98 148
Tyrosine 185 170
Valine 2.94 3.04

M. esculenta

481
795
497
0.27
1481
2.94
212
2.70
512
384
0.90
251
415
3.05
2.98
0.86
172
3.36

ro UCtS
rommate
rI Tricholoma_n
?]avor (Re usseoroet aI..u%g]B)

1112
4.32 4.63
6.02
0.80
1345
2.15
1.9 2.%
345 315
6.06 6.66
538 6.66
4 1.66
2.82 3.70
4.78
3.90
337 370
143 3.52
2.49
3.86 3.89

h ash values indicate the great
extent of a53|m|Iat|on of ‘mineral constitu-
rowth medjum.
for neutralizing the medium
phase aIso contributed
s, Howevr tem Onct)n of

The calcjum

20A ash.
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or M. crassipcs mycelium or in “Morel
Mushroom Flavoring."  The proteins of

M. crassipcs and the commercial morel prod-

uct confained significantly greater quanfities
of alanine than “did the mycelial
the other orqanrsms In Qeneral, the con-
tents of all the other amino acids In the
Err%t?r!rrr]s of the four samples were quite
imi

In addition to the amino acids listed in
Table 2, trace amounts of cysteic acid, eth-
anolamine. methionine sulfoXice, methionine
sulfoxamine. and homocitrulline were de-
tected n .1/ esculcnta, M. hortcnsis. and
Morel Mushroom Flavoring, but not i

rassr cS

The my ceIra of M. crassipcs. M. csculcnta
hortcnsrs respectrvelg/ contained

0, dry-weight bagrs of

aamrnorsobut?/rrc acrd whereas the “Morel

Mush room Favoring™ did not contain this
compoun in detectable concentration. .M.
crassipcs mycelium aid not contain a-amino-
h-butyric acid. nut M. csculcnta mycelium
contained 0.25%. The other samp es showed
trace amounts. AII of the samples contained
trape amounts of ramrnobutyrrc acld.

t I rnerestrneg tp comgare ese ata
with those report or Ag rrcus accr bv
Block et al. g 3 Trich oboma
nuaum by Reusser ¢t al. ( 19582 lazci
grodrern contarned all of the essential amino
6 %E man, B QPmﬁ”a”‘ﬁac“Ve s

pr

rfp rsspwn rnorﬁ% 8”}1& com-

arison, [ nese va Ues are quite similar to
rhos ptarned for the morel mgcelra except
or the lysine, phenylalanine, and trvptophan
contenés which are somewhat higher In
T. nuaum.

general however, the amino acid com-
osrtr ns of the morel mycelia are quite
srmr ar 1o values reported for fungi (Ander-
son and Jackson, 1958). It appears that
%hese or anrsms have ‘primary " value as
lavor supplements In foods and have the
Incjdental value of contributing certain
amino acids.

protein of
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