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The Lipids of Green Beans

A. C. WAGEXKXECHT "

Xezv York State Agricultural Experiment Station, Cornell University, Geneva, Xczv York
(Manuscript received March 25, 1963)

SUMMARY
Raw green snapbeans (Phaseolus vulgaris var. Slendergreen) were cut,

frozen, lyophilized, and extracted with chloroform-methanol 2:1.
extract amounted to 9.9% of the dry weight of the beans.
in the extract composed 2.6% of the dry weight of the bean.

The crude
The lipid material
The crude lipids

were fractionated with acetone, and the acetone-soluble portion was subjected

to countercurrent distribution between n-heptane and 95%

methanol. The

major lipid fractions were treated with glacial acetic acid, followed by parti-
tion between benzene and 50% aqueous acetic acid to aid in removal of non-

lipid contaminants.

Lhe composition oi snapbean lipids was studied by meas-

uring the nitrogen, phosphorus, sugar, and fatty acid content of the various

fractions.

The lipids of the common bean (Phaseolus
vulgaris) have been examined by various
wo ers during ~ the Bast Six” decades
SGnmme 1911 Ito, 193 Kosutany 1900
it and Ball. 1944: Takahashi_ct a
Trier, 1913 Wittke, 1916). For e most
Part these studles have ehtailed examina-
lon of fatty materials extracted from dried
mature seeds with ether, benzepe, or un-
specified_ noil-polar _ solvents. The comPo
snlon of bean lipids has been rePor ed
mam In termso classical “fat constants,”
including some_information_ on. the qualita-
tive and quantitative dlstnbutlon of fatty
acids nltrogenous bases (Trier. 1913), and
sterofs (Itd, 1939: Qtt" and Ball 1944
Takahashi ct ah, 1949),
The probable |mBI|cat|on of lipids in off-
flavor tormation during frozen _storage of
reen sna beans served as the impetus for
present work on bean lipids. Here we
are concerned with Hae whole  fruit,
which the lipid contribution of the edlble
POd portion is nearly on a par with that of
immature  se ds contalned therein

(McHargue and Roy. ensure
comRIete removal ?f the lipids from the
reen snapbeans, following ™ lvophilization,
e solvent emploved was chloroform-

"Journal paper 1360 of the New York Experi-
ment Station.
bPresent address: Fundamental Food Research
Department, General Mills, Inc., Minneapolis 27,
Minnesota.
[

methan?I 2:1 (vIv), This solvent mixture
|s W|dey accepted for use |n extractlon of
EIS from poth animal and IJ%)ant SOUrces
olch ct al. 1951 ; Wagenknecht, 1957).

EXPERIMENTAL

Slendergreen snaﬁbeans é;rown on Experiment
Station plots, were harvested, size- qgaded snl%ped
and cut mechanlcally The size 4 beans (43 3
cut to one-inch lengths) were frozen, Iyophlllze
in a Stokes cabinet-type freeze dryer, and stored
at —17.8°C in friction-lid 30-Ib cans. The fresh
raw beans contained 11.49% total solids and
6.54% of alcohol-insoluble solids. The seeds con-
tent was 10.64% by weight; the pods contained
11.98% total solids,

Analytical procedures were the same as those
empl E/ed in the study of green pea lipids (Wagen-
knech 1957{) Nitrogen was determined with
both Kjeidah! and Dumas methods.

PREPARATION OF CRUDE SNAPBEAN
LIPIDS

ophilized raw green beans were ground to

ass Omesh in-a Wiley mill (No. 1 size) and
extrac ted twice with chloroform-methanol 2:1 for
3 hours at a solvent-to-solids ratio of 5:1 (Wagen-
knecht, 1957).  The solvent was removed by
vacuum distillation in a stream of nitrogen at
temperatures not exceedmgi 40°C. The |eId of
crude bean lipids was 491 g from 49
lyophilized beans (9.93%;). The crude i |d was
stored under nltrogen at —178 C (Fraction IJ
The scheme fer solvent fractionation of crude
bean lipids into several major fractions, alon
with certain analytical data, ‘is shown in Fig.
and Table 1
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Lyopliilized raw snapbeans

Chloroform-methanol, 2:1

Crude bean lipids (1)

Acetog@l}iﬁ% ei):qtgve-

Fansters, 8ohe. 10%

u-heptane-soluble (111)

Acetone

Acetone-insoluble (X111)

95% methanol-soluble (1V)

B’Je'g%%leaq_e]% %o Glacial acetic a_cid
) %q(y%ﬁfu%il% éﬁﬁﬂféﬁagégn)% f(\g%ghéé?gid-
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) %%ngﬁgfé
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Acetic-acid-soluble EXVI)
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Benzene-soluble (XV111)
0
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Alcohol-soluble (XX11)

S
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Benzene

REHER (xv)

Reatc-aci-imsoluble (XV1I)

FEB 05004

Benzene-soluble (XX)

shlbaeg

Alcohol-insoldble (XX111)

Fig. L Solvent fractionation of snapbean lipids.

SOLVENT FRACTIONATION OF
CRUDE BEAN LIPIDS

_Preparation of acetone-insoluble lipids (Frac-
tion XI11). A sample of 477.9 g of crude bean
lipid was stirred with 2 L of acetone in a nitrogen
atmosphere and allowed to settle. The super-
natant liquid was decanted and filtered. The
insoluble residue was treated as above with 1
additional portions of acetone. The total volume
of acetone extracts was 13 L. Acetone was re-
moved from the insoluble matter in a vacuum
desiccator by means of a water pump. _
The acetone-insoluble lipids were treated with
500 ml of benzene, allowed to stand 4 hours to
soften the hard mass, stirred thorough(ljy, and
c_entnfu?ed for y2 hr at low speed. After decanta-
tion of the supernatant liquid the insoluble residue
was worked up with benzene 4 additional times

and centrifuged as above. The benzene was re-
moved from the combined extracts by vacuum
distillation. The yield of benzene-soluble acetone-
insoluble bean_lipids (Fraction X1V) was 755 g.
The benzene-insoluble material #Fractlon XV
amounted to 2675 g, or 59.4% of the total lipid
extract. This material was essentlall¥ non-lipid
in_nature, as shown by the low levels of fatt
acids and unsaponifiable matter, respectively 3.64
and 0.58%. o .

Acetone-soluble lipids (Fraction 11). The sol-
vent was removed from the acetone extract of
snapbean lipids by evaporation to a small volume
under reduced pressure in a stream of nitrogen,
and the Process was completed in a rotary evapo-
rator, followed by vacuum desiccation over PZ0s.
~The feasibility of using countercurrent distribu-
tion as a means of fractionation was indicated
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Table 2. Properties of snapbean lipids.

"‘%‘ e 3%888#
Fraction Sapq/rgﬂceatmn Acid value Ester value Sz?c'F sle ( Oﬁer SN
Acetone-soluble (11 2124 244 432 2611
Fleptane-soluble (H| 2011 152 1858 211 383 219.1
Methanol-soluble (V) 2250 289 19.1 287 258 2493
Acetone-insoluble
Benzene-soluble (X1V) 264.5 265 238.0 224 408 212.2
Benzene-insoluble (XV) 3578 213 3365 4756 39 1569

when 2.5 ? of acetone-soluble bean lipids showed
a distribution pattern similar to that obtained
when pea I|E|ds were partitioned between »-hep-
tane and 95% methanol (Wagenkneeht, 1957).
Accordingly, a sample of 107 dg of acetone-
soluble bean [ipids was fractionate bﬁ/ means of
countercurrent distribution between »-heptane and
95% methanol in 4-L separatory funnels at a
concentration of 10% with respect to_each solvent.
Three transfers were employed, with no with-
drawal of phases. After separation of the phases,
all of the heptane fractions were combined, the
hePtane removed by vacuum distillation and in a
rotary evaporator, and the dark-colored oil dried
in vacuo over PAT (Fraction I11). The methanol
fractions were pooled and treated in a similar
manner (Fraction V). These lipids were then
stored under nitrogen at —17.8°C.
Table 2 gives some of the properties of the
four major subfractions of crude snapbean lipids
(Fractions IHI, 1V, XIV, and XV). To facilitate
removal of non-lipid impurities, these mag,or sub-
tractions were treated with glacial acefic acid,
and the soluble })ortlon was partitioned between
benzene and 50% aqueous acetic acid (Wagen-
knecht, 1957). After removal of solvents, samples
of the subtractions were saponified by refluxing
with 4% aqueous KOH. _
Heptane-soluble fraction (Fraction I11). The
heptane-soluble fraction of acetone-soluble bean
lipids was completely soluble in glacial acetic acid.
The free fatty acid content of this fraction was
5.80%. Gas-liquid chromatography of the methyl
esters of the free fatty acids disclosed the follow-
mlg mol percentage composition : C6-2.6, C8-2.7,
C10-0.06, CI1-006, C12-0.2, C13-0.1, Cl14-06,
CT5-0.3, C16-39.9, C18°-11.3 C18-84, C18M6.6,
C183159, C20-L2. The fatty acid content of the
heptane-soluble fraction was unusuallg low, 22.0%,
whereas unsaponifiable matter was 55.1%.
The saponification mixtures were characterized
by a pungent, minty odor, which was found to
emanate from the unsaponifiable portion. A simi-
lar odor was detected in the unsaponifiable por-
tion of the methanol-soluble fraction (Fraction

IX). A sample of 2.17 g of unsaponifiable matter
from Fractions V and "IX was steam distilled,
and the distillate was collected in a receiver
cooled in an ice bath. Oily dro?Iets were observed
on the surface of the distillate, which was ex-
tracted with ether. The ether was removed and
the samiqle dried.  This material, when examined
by g_as- iquid chromatography on Craig 14-bu-
tanediol polyester succinate, was found to contain
one major component, five minor components, and
traces of 14 other materials in the region where
terpenes and sesquiterpenes were expected to be
found. The ,O[an?_e-colored residue remaining
after steam distillation, when shaken with ether,
8ave an emulsion that broke upon the addition of

5% ethanol. The aqueous layer was extracted
three times with ether. The ether extract, contain-
ing finely divided white particles, along with the
interfacial material was faken to dryness. Yield:
148 % of a waxy solid, _

Methanol-soluble fraction (Fraction IV). The
methanol-soluble fraction of acetone-soluble bean
lipids was not completely soluble in glacial acetic
acid. This material (Fraction VIII) ‘was washed
three times with glacial acetic acid and partitioned
between benzene and 50% acetic acid. Most of
the material was soluble in 50% acetic acid and
was very rich in carbohydrate. The benzene-
soluble portion, when compared with Fraction
XX, was apparently too low in phosphorus con-
tent to be an inositol phosphatide. _

The free fatty acid content of this fraction was
1.88%; the methyl esters had the foIIowm? mol
percentages: C6-96, C8-1.0, €902  Cl0-35,
Cl1°-108 CIIL79, C12°04, C-04, CI3-06,
04-1.2, C16"-3L7, O6M.0, C18-40, C1827.7,
C183173. B

The amount of unsaponifiable matter, although
_conmderablY less in this fraction than was found
in the heptane-soluble fraction, probably was not
qualitatively different from that found in the hep-
tang-soluble fraction. _
~ Benzene-soluble acetone-insoluble fraction (Frac-
tion XI1V). A considerable portion of this frac-
tion of bean lipids was insoluble in glacial acetic
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acid. This material (Fraction XV11), after puri-
fication by extraction with benzene from an aque-
ous acetic acid suspension, gave, upon Ifyophlllza-
tion of the benzene solution, 108 ¢ of a fluffy
solid (Fraction XX) similar in_composition t0
the inositol })hosghatlde fraction of peas (Wagen-
knecht ct al, 1959). The iodine number of" the
intact phosphatide ‘was 109.7. Five fatty acids
were_found, in the following mol p_ercentag7es:
Palmltlp-29.5, stearic-5.7, oleic-9.6, linoleic-27.9,
inolenic-27.3. This  would ﬁrowde an_ average
molecular weight of 273 for the fatty acids.

_The glacial-acetic-acid-soluble dportlon was par-
titioned "between benzene and 50% aqueous acetic
acid.  The benzene-soluble fraction éFractlon
XVII) was further fractionated with 95% eth-
anol at 4°C to give alcohol-soluble (Fraction
XXII% and alcohol-insoluble (Fraction X X111
phosphatides.

DISCUSSION

The use of a relatively polar solvent
system resulted in the exfraction of large
amounts of non-lipid matter as. well as
most of the pigments from the dried green
beans. Tanret” (1912) reported that dry
beans %P' vulgaris) contain 2.1% stachyose
and 3.9% sucrose. The majority of " the
non-lipid contaminants were "carfied over
into the acetone-insoluble fraction, and were
largely eliminated at this stage by virtue
of Insolubility in benzene. Furthermore, by
Partmomng the various lipid fractions be-
ween benzene and 50% aqueous acetic acid,
additional quantities of non-lipids, consist-
ing essentially of sugars and nitrogenous
compounds, were removed. However, all
of the lipid fractions contained varying
amounts of chlorophyll and its degradation
products. These hlghr,colored materials
apparently possess distribution coefficients
very similar to those of the major lipid
classes encountered in the snapbean lipid
extracts. Separation and complete removal
of chlorophyll pigments was_ not achieved
by any of ‘the solvent fractionation steps
em{gloyed in this study.

hus, the total lipid extracted amounted
to 260% (dry weight basis). McHarque
and Roy (1931\%7 from a study of the lipids
of Kentucky Wonder beans, reported a
fat content of 1.37% in the dry beans and
141% and 1.29% in the immature beans
and pods, respectively (dry-weight ba5|sz.
Other workers have reported lipid contents
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of 12 to about 2% for the seeds of several
varieties of beans, these lipids containing
5-7% of unsaponifiable matter }Grlmme,
1911: Ito, 1939: Ott and Ball, 1944: Taka-
hashi' et al., 1949; Wittke, 1916).

The suitability of the Dumas method for
determlnln% thé nitrogen content of lipid
materials Nas been questioned at times.
Accordingly, the nitrogen content of the
various fractions obtained in this study was
determined by both the micro-Kjeldahl
and Dumas methods, with a semiaufomatic
nitrogen analyzer used for the latter, In
general, the Dumas method. showed hlﬁher
nitrogen values than the ngldahl method :
discrepancies were qreatest or samples con-
sisting primarily of triglycerides, such as
Fractions VV and X1. The possibility that
CH2 groups are converted to méthane,
which “is then measured as nitrogen gas,
has been advanced as an exgla_natlon of ‘the
erroneously high results obtained by this
method. = , ,

The distribution of I_on?-chaln base nitro-
gen_in the various lipid fractions was ver
Similar to_that in Pea_llplds %Wa enknecht,
1955), being about twice as abundant in the
acetone-soluble portion as in the acetone-
insoluble portion. This material was evenly
distributed between heptane and methancl
by_countercurrent distribution.

The presence of qucollplds IS suggested
b* the finding of relatively Targe percentages
of sugars in certain of the benezene-soluble
lipid Tractions following partition between
benzene and 50% aqueous acetic acid, The
latter treatment is considered quite effective
for removal of non-lipid impurities from
lipid samples.
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Lipid Alterations During the Fermentation of Vegetables
by the Lactic Acid Bacteria3

M. L. YORBECK," M. X. ALBURY, L. R. MATTICK, F. A. LEE,
and C. S. PEDERSON

AVic York State Agricultural Experiment Station, Cornell University, Geneva. Xeze York
(Manuscript received April 5, 196.3)

SUMMARY

Qualitative and guantltatlve anal%ses of the fatty acids of the various lipid
fractions of raw and fermented cab a%e and Brussels sprouts were made by
gas-liquid chromato?raphy of the methyl esters. _ .

The amount of free or non-esterified fatty acids increased considerably in
the lipid fractions of both vegetables as a result of fermentation. The unsa-
ponifiahle matter, and the fatty acids of both the acetone-soluble and acetone-
Insoluble fractions of the vegetables, decreased during the fermentations.

“Free or non-esterified palmitic acid increased significantly during fermen-
tation—from 0.63 to 6.87 % of the total fatty acid lipid in the cabbage fer-
mentation. Results were similar in Brussels: sprouts. During fermentation,
the unsaturated Cis fatt}l acids decreased while the shorter-chain fatty acids
increased. As a result of fermentation, a change was observed in the waxy or
shiny appearance of the cabba?e. The presence of longer-chain saturated fatty
acids in the non-esterified fatty acid fraction of the tfermented material has
been attributed to the changes in the unsaponifiable fraction. These longer-
chain fatty acids were notably absent from the fatty acids of the acetone-soluble
and acetone-insoluble lipids of the unfermented _ve%etab_les. _
~ The data suggest that the changes in the |I€Id_ raction durmq fermenta-
tion were effected primarily through the metabolic activities of the various
lactic acid bacteria. Since 1t is known that many of the lactic acid bacteria

require certain fatty acids for Prowth, it has been postulated that the changes

in the_lipid fraction could inf

uence the

%rowth and sequence of the various

bacterial types that are observed in a particular fermentation.

INTRODUCTION

_The Preservatlon of foods by fermenta-
tion antedates recorded history. In many
foods, the effects of fermentation are medi-
ated through the metabolic activities of the
various lactic acid bacteria. It has heen
well established (Pederson, 1960) that the
conversion of carbohydrates to acids, carbon
dioxide, and alcohol by this group of micro-
organisms constitutes " the tprlmary reaction
during the fermentation of vegetables such

"Part of a PIi.D. thesis by the senior author.

Approved by the Director of the New York
State’ Agricultural Experiment Station for pub-
lication as Journal Paper No, 1343. ,

Presented in part at the 21st Annual Meeting
of the Institute of Food Technologists, New York;
May, 1961 _ _

bPresent address: Department of Biochemistry
University of Rochester School of Medicine and
Dentistry, Rochester 20. New York.

as cabbage. Very little is known, however,
about the biochémical reactions that occur
among the minor constituents of the vege-
tables and their resultant effect upon flavor.
It is apparent that the characteristics of
sauerkraut, which are produced through
complex reactions during fermentation, are
difficult to.analyze and have not been dupli-
cated artificially. , .
The nutritional requirements of the lactic
acid bacteria are complex and exacting.
Besides an enertqy source, a variety of essen-
tial growth facfors must he made available
to thie cell. In contrast to a completely syn-
thetic, chemically defined medium, in cab-
bage It would appear that the bacteria may
invoke mechanisms whereby the various
factors essential for growth would become
available to the cell in a usable form.
Previous work at this laboratory (Yor-
beck et al. 1961b) has demonstrated the

[495 ]
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presence of lower-molecular-weight fatty
acids in an abnormal cabbage fermentation
characterized by a "cheese-like" off-odor.
These tlndm?s have led to a study of the
metabolic fate of the lipids of vegetables
during normal_fermentation by the lactic
acid Dacteria. The amount of lipid material
in cabbage and_related vegetables is small;
however,” modification of the fatty acid dis-
tribution could have a considerable bearing
upon the flavor changes induced, in fermen-
tations by the lactic “acid bacteria.

The vegetables used were cabbage and
Brussels sprouts. Although Brussels Sprouts
are rarely fermented, they were nevertheless
includedin this study.

EXPERIMENTAL

Fermentation of vegetables. ~ Approximately
400 Ib of shredded cabbage, obtained from a
nearby sauerkraut factory, were packed with 10 I
of salt in a 52-gallon polvethylene-lired steel
drum fitted with a false' bottom of perforated
plexiglass. The cabbage was tightly packed and
covered with a sheet of perforated plexiglass.
Paraffin-coated blocks of wood were placed on top
of the plexiglass. The height of the blocks was
so arranged that the pressure exerted on the
plexiglass, when the drum lid was in place, was
sufficient to force the brine level up and thereby
cover the surface of the cabbage. The drum was
equipped, by means of “Swagelok™ fittings, with
a is-inch I.D. stainless-steel tube for wﬂh_draw_mgi
samples of brine for chemical and bacteriologica
analyses. The fermentation was allowed to pro-
g%emolel weeks at a constant temperature of

Brussels sprouts, harvested from Experiment
Station plots at the stage of maturity suitable
for use as a fresh vegetable, were trimmed and
washed to remove gross adhering dirt. They
were packed in a 5-gallon ?Iass Lar and covered
with @ brine of sufficient sreln%t fo give 2.5\7
salt based on the combined weight of the Brussels
sprouts and the brine. The Brussels sprouts were
held below the surface of the brine by a paraffin-
coated block of wood.

Analyses during fermentation. Samples of brine
were withdrawn at intervals during the fermenta-
tion to determine acidity, hydrogen-ion concentra-
tion, and salt concentration éPe erson, 1930, 1932;
Pederson and Albury, 19541, Samples of the
fermenting_brine were also used for_bacterlolo%mal
analyses. "The total count and relative populations
of each species during the various stages of fer-
mentation were determined.

[.IR11) ALTERATIONS DURING VEGETAIILE FERMENTATION

_Cultures isolated during fermentation were iden-
tified on the basis of morp_hologg and physiology.
Gram;Posmve rods producing 1.0% or more acid,
and little or no gas in a tomato juice, tryptc lie
glucose, yeast extract broth were considered
strains of Lactobacillus plantarum. Gram-positive
rods producing 0.4% or more acid with marked
gas production in the broth were considered
strains of Lactobacillus brevis. Gram-positive cocci
exhibiting the characteristic tetrad appearance in
an acid environment, and producing 0.5% or more
acid and little or_no gas in_the tomato glucose
broth were considered strains of Pcdiococcus
cercvisiac.  Gram-positive coccus to short rod
forms producing COﬁIOUS gas, and an acidity of
025G or more in the tomato glucose broth were
presumed to be strains of l.cuconostoc mescetc-
roidcs. To confirm this, they were inoculated into
sucrose gelatin stab tubes and incubated at 25°C.
Dextran ~ production, characterized by a mucoid
appearance in the stab and on the Surface, was
considered sufficient evidence to classify these iso-
lates as strains of L. mcscntcroides. The gram-
positive coccus forms failing to produce gas, and
producmt}; 0.35% or less acid in the tomato glu-
cose broth were transferred to litmus milk and
incubated at 32°C. The characteristic gram-posi-
tive streptococcus, morphology, coupled” with the
production of acid curd, and litmus reduction
Indicated strains of Streptococcus faccalis. A
few strains of Streptococcus Sp. did not respond
to the above characterization, at least when first
isolated. The detailed procedure used for identifi-
cation of the various species has been given
(Pederson, 1930, 1932; Pederson and Albury,
1954).

~Lipid anali/ses. Samples used for lipid extrac-
tion and analyses were dried by Iyophilization in
a Stokes freeze dryer. To inactivate lipolytic
enzymes, control samFIes of the fresh vegetables
were blanched in boiling water for 1 min" before
Iypﬁhlllzatlon. Crude ve%etable lipid was extracted
with chloroform-methanol (2:1, viv, Wagenknecht,
1957) by mechanical agitation ”S'”F a Tellon-
covered magnetic stirrer. All solvents were ana-
lytical orre_agent %rade. Two 3-lir extractions
were used with a 10:1 solvent ratio (based on
the dry weight of the Iyophilized material). The
solvent was removed from the combined extracts
in a stream of nitrogen under reduced pressure
at temperatures not exceeding 40°C.

Crude |If)ld_ was fractionated on the basis of
acetone 0 Ublhti according to the procedure of
Lee and Mattick <1961 ) and is outlined in the
flow diagram in Fig. 1

The fatty acids from the various lipid fractions
were converted to the corresponding methyl esters
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Fig. L Flow diagram for solvent fractionation of crude lipid.

by reaction with diazomethane (Vorbeck ct ai,
1961a). A Barber-Colman Model 10 gas chro-
matograph, em_p!oyms% a beta-ray ionization detec-
tion ceII_contammg ge of radium-226, was used
for qualitative and quantitative determinations of
the methyl esters of the fatty acids. The stationary
phases used were Apiezon L, a non-polar saturated
paraffin hydrocarbon, and diethylene glycol succi-
nate, a polar polyester of succinic acid. The
preparation of the columns and the opera_tmg
parameters for the instrument have been describe
In detail (Vorbeck ct al, 1961a). _
Since retention data on a single stationary
phase can be misleading, two chemically distinct
stationary phases were used to define the chain
length and structure of the unknown acids. The
tentative identity of the various peaks on the gas
chromatograms ‘was established using a grid pre-
pared from relative retention data obtained with

known acids (James, 1959). To obtain relative
retention data for polyunsaturated fatty acid
methyl esters, the highly unsaturated fatty acids
of menhaden oil were” used (Vorbeck et ai,
1961a). Unsaturation was verified by observing
the chromatographic behavior of the sample before
and after bromination (James and Martin, 1956).

RESULTS AND DISCUSSION

Table 1 Tglves chemical and bacteriological
analyses of the cabbage, showing the prog-
ress of the fermentation. The data are con-
sistent_with those reported for normal fer-
mentations (Pederson, 1930, 1932; Peder-
son and Albury, 1954). The changes in the
acidity and throgen-lon concentration were
similar for the Brussels sprouts fermenta-
tion, and after 32 days of fermentation the

Table 1 Development of acid and change in bacterial flora in sauerkraut fermentation.

, Tot
(E'e&‘se) B%fal LH CO?f)@{r %le%s Aerobes
5/6 015 448 130 1
11/6 030 423 4400
15/6 074 393 9650
2116 077 400 4660
25/6 097 381 449
4 118 367 1250
5 119 31 970
6 116 363 1410
8 142 368 4610
10 157 359 2300
13 165 359 1200
17 161 358 546
yal 18 38 251

Estimated no. of each type X 105 per ml

Louconostoc (Lagis Aty pediococcus
aldes brevis plantarum cerevisiae Yeasts
1319
4400
9150 500
4660
4440 5l
687 62 313 188
49 436 145
0 1210 10
750 3170 250
1035 690
200 1000
546
28 3
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acidity (calculated as lactic acid) was 1.71%
an PH was 3.77. These data indicate nor-
mal fermentation by the lactic acid bacteria
for_both vegetables. o

_ Tables 2and 3 show quantitative changes
in the total fatty acids of the various lipid
fractions and in"the unsaponifiable material
during the fermentation of cabbage and
Brussels . sprouts, respectively. In  both
fermentations there is an incfease in total
free or non-esteritied fatt?/ acids with con-
comitant decreases in the Tatty acids of both
acetone-soluble and acetone-insoluble lipids.
_Tables 4 and 5 show qualitative and guan-
titative changes in the distribution of fatty
acids as a result of fermentation of cabba?e
and Brussels sprouts, resPectlver. Acefic
acid and, if present, the trace amounts of
other lower-molecular-weight fatty acids in
the non-esterified fatty acid fraction of the
fermented veq,etab,les may have been lost
urlnﬁ lyophilization. Both fermentations
are characterized by marked changes in the
qualitative and quantitative nature of the
fatty acids_of the various fractions, analyzed.
A Comparison of the fatty acid distribution
of the raw and the ferniented product for
both vegetables indicates that the effects of
fermentation were not so drastic on the
fatty acids of the acetone-soluble and ace-
toné-insoluble lipids as on the non-esterified
fatty acids.

LIPID ALTERATIONS DURING VEGETABLE FERMENTATION

_During the fermentation of,cabba?_e, modi-
fication of the fatty acid distribution was
observed in addition to significant increases
in total non-esterified fafty acids (Tables
2 and 4). The most striking change was
the increase in_non-esterified “palmitic acid.
This increase in palmitic acid appears . to
be a rather general phenomenon, havmg
been observed” in fermentation by a mol
and also during enzymatic changes in vege-
table production. Wagenknecht ct al. (1961)
observed increases in palmitic acid during
fermentation of tempeh, and Lee and Mat-
tick (1961) and Mattick and Lee (1961)
observed similar increases during storage
of peas and sBmach. .

In raw cabbage, the non-esterified pal-
mitic acid (Table 4?_ represented 0.63% of
the total fatty acid [ipid; following_fermen-
tation, it accounted for 6.87%. "The loss
of 2.61% palmitic acid from the acetone-
soluble and acetone-insoluble lipids does not
completely account for the increase in non-
esterified "palmitic acid, indicating that the
increases In the non-esterified attY acids
are not merelr the result of hydrolysis of
the complex lipids of the cabbage.” Alsp,
the increase in non-esterified shorter-chain
acids cannot h# completely accounted  for
bv the simple hFdronsm of combined lipid.
Before fermentation, the non-esterified acids
from Cs to Cia accounted for 0.16% of the

Table 2 Gross changes in the various lipid fractions during cabbage fermentation.

Fraction

Non-esterified fatty acids
Acetone-soluble lipid fatty acids
Acetone-insoluble lipid fatty acids
Unsaponifiable matter

W)P%e%gﬂtg . Percent
Cabbage Sauerkraut mucfg o
86 649 + 657
526 193 - 63
978 504 - 49
32 183 - 8

Table 3. Gross changes in the various lipid fractions during Brussels sprouts fermentation.

Fraction

Non-esterified fatty acids
Acetone-soluble lipid fatty acids
Acetone-insoluble lipid fatty acids
Unsaponifiable matter

er ZOR g
weiont>_______ . Percent
Raw Fermented mucchérge%gé) '
118 1745" + 1382
191 1367 -3
1108 850 - 3
302 208 -3

“The nop- sterifiF H‘g{t){] acid frac&ion of the fermented material contained some pigment

impurities which cou e removed.
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Table 4. Distribution of fatty acids in the lipid fractions of cabbage and sauerkraut.
% of total fatty acids

Cabbage Sauerkraut

Acid A0 N e Ane Mol e Agite
Caprylic 8:0 0.02 Tr 0.99 0.01
Capric 10:0 0.01 Tr 1.08 Tr
Laurie 12:0 0.05 0.36 0.05 043 047 0.03
Dodecoic 12:br 001 Tr Tr
Dodecenoic 12:1 0.86 0.03 0.22 0.08 Tr
Tridecoic 13:r 003 Tr
Myristic 14:0 0.04 045 0.20 0.13 0.15 0.13
Pentadecanoic 15:0 0.03 0.02 0.23 0.13 0.13 0.25
Pentadecoic B5:br 003 0.07 0.03 Tr 0.08
Pentadecenoic 15:1 0.01 0.07 0.04 0.69 0.06 0.03
Palmitic 16:0 0.63 9.49 5,03 6.87 8.96 2.9
Hexadecenoic 16:1 0.01 0.09 0.03 0.04 0.04 Tr
Hexadecadienoic 16:2 003 0.04 0.13 0.13 0.04 0.15
Margaric 17:0 0.28 0.09 0.09 0.04 Tr
Heptadecoic 17:br 0 03 0.69 0.46 0.39 044 0.16
Heptadecenoic 171 0.09 0.02 Tr Tr 0.03
Stearic 18:0 0.06 0.32 0.32 0.60 104 0.30
QOctadecenoic 18:1 0.46 5.99 33l 3.12 397 157
Octadecadienoic 18:2 150 1774 8.30 9.77 9.82 3.74
Octadecatrienoic 18:3 242 209 1256 8.73 9.3 4.16
Arachidic 20:0 Tr 0.16 Tr Tr Tr 1.80
Eicosatetraenoic ~ 20:4 0.14 0.20 0.0L 0.01
Higher saturated acids. 0.20 2.50
Higher unsaturated acids 346 0.20 6.41 571

Table 5. Distribution of fatty acids in the lipid fractions of raw and fermented Brussels sprouts.
% of total fatty acids

Raw Brussels sprou Fermented Brussels sprouts

Acid s Nen el Aeenn A MR bR AdlE
Caprylic 8:0 0.08 0.33 117
Capric 10:0 0.02 0.01 0.03
Laurie 12:0 001 0.04 011
Myristic 14:0 0.07 011
Pentadecanoic 15:0 0.04 0.09 0.20 Tr
Pentadecenoic 15:1 0.01 0.06 0.03 Tr
Palmitic 16:0 0.77 35 13 1045 4.38 1.38
Hexadecenoic 16:1 0.04 0.46 Tr 0.67 042 043
Hexadecadienoic 16:2 Tr 103 049 0.37 0.58
Margaric 17:0 0.03 Tr 0.07 0.4
Heptadecoic 17:br 0.20 094 Tr 0.08 0.04
Stearic 18:0 0.0L 031 0.75 0.44 047 043
Octadecenoic 18:1 0.18 344 4.24 318 188 2.9
Octadecadienoic 18:2 0.68 115 8.23 8.13 511 155
Octadecatrienoic 18:3 L b2 2839 14 825 142
Arachidic 20:0 001 0.08 Tr Tr 0.07 0.33
Eicosatetraenoic 20:4 0.26 0.72 Tr 0.07

Higher saturated acids 0.74
Higher unsaturated acids 2.50 2.88 128
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total fatty acid lipid; whereas, following
fermentation, they represented 2,85% of the
total. The data also show significant losses
of unsaturated C)8 acids from the acetone-
soluble and acetone-insoluble fractions of
raw cabbage. In the acetone-soluble and
acetone-insoluble fractions of raw cabhage
the unsaturated Cis acids represented
68.9%; however, in sauerkraut they ac-
counted. for only 32.6% of the total” fatty
acid lipid. _Although. the non-esterified un-
saturated C1S acids increased from 4.38 to
22.2% of the total fatty acid lipid, the loss
of 36.3% Cis unsaturated acids from the
complex lipid fractions cannot be explained
entlreIY by the increase of only 17.8% in
non-esterified fafty acids.

i The unsaponifiable material decreased
urin
sent from the fatty acid lipid of raw cabbage
longer-cbain  safurated ~and  unsaturafe
acids accounted for 8.91% of the non-esteri-
fied fatty acid fraction of sauerkraut. These
factors “indicate hydrolysis of waxy ma-
terial, which may account for the presence
of the longer-chain unesterified fatty acids
in the sauérkraut. In addition, the change
in the appearance of the waxy or shiny sur-
face of the cabbaﬂ]e observed during fermen-
tations may be the result of hydrolysis of
waxy material. Camien and Dunn (1957).
from studies on the role of lipid material
in the metabolism of Lactobacillus casci.
suggested. that sterols might be a source
of “essential lipid intermediates; however,
whether any unsaponifiable material is uti-
lized bY the lactic acid bacteria during the
fermentation of vegetables is no; known. |
_ The changes in istribution of fatty acid
lipid as a result of fermentation of Brussels
sprouts are similar to those observed with
the fermentation of cabbage (Table 5), The
weight of the non-esterified” fatty acids of
the “fermented Brussels sprouts may he
somewhat high since this fraction was" con-
taminated with green pl%ments that could
not be removed. “Although the total weight
of non-esterified fatty acids may be hlqh,
the relative proportions of the various faftv
acids would not be affected. Non-esterified
fatty acids increased as a result of fermen-
tation. As with cabba%e, the non-esterified
palmitic acid showed the greatest change.

fermentation. = Although notably ab-

LIPID ALTERATIONS DURING VEGETABLE FERMENTATION

m,creas,m_g from 0.77% of the total fatty
acid lipid to 10.45% of the total. The
shorter chain, non-esterified fatty —acids
also showed an increase that could not be
accounted for by S|mﬁle hydroIYsm of the
combined lipids™ of the Brussels sprouts.
The change in the Cis unsaturated fatty
acids was not so drastic as in the cabbage.
The total Ci8 unsaturated fatty acids in the
acetone-soluble and acetone-insoluble frac-
tions accounted for 67.3% of the total fatty
acid lipid before fermentation, and only
40.0% after fermentation, AS in sauei-
kraut, the longer-chain fatty acids were
also observed In the non-esterified fatty
acids of the fermented Brussels sprouts.
The studies of the physiology of the
lactic acid bacteria in general and also the
studies of their role during the fermenta-
tion of vegetables have centered Predqml-
nantI){ on “their carbohydrate metabolism.
The lactic acid bacteria n general are con-
sidered non-lipolytic, and no active extra-
cellular lipases have been reported for this
group. Unlike in a report on cheese {Peter-
son and Johnson, 1_493, the activities  of
the lactic acid bacteria during fermentation
are ordinarily not associated” with changes
in the lipid “fraction of vegetables during
normal fermentation,
_The results of this study have revealed
s%gnlﬂcant changes in the lipid fraction
0 veﬁetables daring normal fermentation,
Whether these changes were brought about
solely through the, growth of thé various
lactiC acid bacteria is unknown. An increase
in non-esterified fatty acids has also been
observed in this laboratory during the fer-
mentation of cucumbers (Pederson ¢t ai.
unpublished observations). The activity of
plant lipolytic enzymes may have caused
some of the alterations of thie lipid fraction
during_fermentation, especially in the cab-
bage. The shredding of the ca ba?e and the
subsequent release of cellular material may
have liberated lipolytic enzymes. Except for
the trimming of the outer leaves and stem
ends, the Brussels sprouts were not cut or
broken apart. Since comparable significant
changes were also observed as a result of
fermentation of the Brussels erouts, it does
not appear that all the lipid ¢ an?es can be
ascribed to the liberation of plant enzymes.
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In addition, plant lipases, .in general, are
active under alkaline conditions. The rapid
increase in h;{/_drogen-lon concentration dur-
ing fermentation “would limit_ considerably
the, _aCtIVI'[){ of enzymes. having optimum
aC'[IVI'[){] at Tow hydragen-ion concentrations.
. A phospholipase that_hydrolyzes the ester
linkage between the nitrogenous base and
the phosphoric acid group” of cabbage leci-
thin ‘producing a phosphatidic acid has been
observed in cabbage (Hanahan and Chai-
koff, 1948). Although this enzyme could
release choline_ for the formation of acetyl
and lactyl choline, it does not liberate non-
esterified  fatty acids. ~ Solvent-activated
phosPhollpases that could be activated dur-
Ing the extraction procedure must also be
considered. These enzymes would be inacti-
vated in the raw vegefable b{ the blanching
procedure. Since the conceniration of water
In the material to be extracted was very
low, it would appear that the contribution
of these enzymes during the extraction of
the fermented material would be limited.
An increase in non-gsterified fatty acids
and losses of certain fatty acids were ob-
served during the fermentation of both cab-
bage and Brussels sprouts. Williams and
Fieger (1949) reported the fundamental
observation that a number of biotin-requir-
ing lactobacilli grow normally in the absence
of this factor ‘when. suppliéd with certain
attY acids. In addition, for some strains
of Tactic acid bacteria, certain fatty acids
are known to be indispensable gro_wth fac-
tors (Nieman, 1954). On the Dasis of the
data presented, it is su ?ested_ that the in-
crease in_non-gsterified fatty acids is brought
about primarily by a lipase-like acﬂvﬂY of
one or more of the Species of bacteria
involved in the fermentation. The physi-
ology of these organisms cultured i a
natural environment has_received limited
attention, and the possible existence of
I|Folyt|c activity in this group cannot be
eliminated on the basis of results obtained
with  cells Frown in_laboratory media.
Segal and Bloch t(1956) for example, ob-
served that cells of Mycobacterium tubercu-
losis ?rown in lung,"tissue differed from
cells ot the_same strain grown in_laboratory
medium with respect to” hoth utilization of
various fatty acids and relative lipid content.

If the role of the Ilpase-llke activity would
he to provide essential growth factors, the
subsequent increase in non-esterified fatty
acids would be a secondary effect. Further
study. is_necessary to determine the nature
of this lipase-like activity and whether it is
liberated during the growth of the bacteria
or released by autolysis of the cells. Studies
of Peterson and Johnson (1949) on Lacto-
bacillus casci with milk fat have indicated
?h releﬁse of lipase activity by autolysis of
e cells.

It is known that the growth of the bac-
terial types in a_ natural fermentation i
controlled by certain imposed environmental
factors such as salt concentration, acid con-
centration, and temperature__ (Pederson,
1960) ; however, the availability of essen-
tial growth factors would also influence this
Progressmn. It appears reasonable to Fostu-
late” that the growth of each bacterial type
in such a_sequence either produces, " or
makes available in a usable form, some
factor or factors essential to the growth of
the successive bacterial type. The release
and utilization of fatty acids could have an
influence on the naturally regulated dprqgres-
sion of bacterial types observed during a
fermentation
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SUMMARY

Age-associated changes in the chemical composition of bovine biceps fem-
oris muscle were studied. Veal muscle had significantly lower Kjeldahl nitrogen
and higher moisture contents than muscle from the three older age groups
studied. Muscle from veal and from the oldest group (rows, 10 years) pos-
sessed less fat than muscle from the two intermediate groups (steers, 1-2 years,
and cows, 5 years). A modified procedure for determination of hydroxyproline
and its use directly on mean hydrolysates are described. Use of this technique
failed to reveal any significant differences in the hydroxyproline content, and
presumably the connective-tissue content, of muscle from the four groups.
Warner-Bratzler shear-force values of cores from biceps femoris steaks from
the three oldest groups indicated that tenderness decreased with age. A method
is given for isolation of large quantities of connective tissue from biceps femo-
ris. Chemical analyses of these connective-tissue residues are presented, and the
p?ssib_ilityll_ is discussed that the veal connective tissue contains large amounts
of reticulin.

_Chronological age has generally been con-
sidered a factor in‘meat tenderness. Mackin-
tosh et al. (1936) and Mitchell and Hamil-
ton (1933). found that meat from young
steers contained less collagen and was” more
tender than meat from older animals. Miner
and Hankins (1950) and Jacobson and Fen-
ton (1956) reported that Warner-Bratzler
shear-force values tended to increase, repre-
senting decreased tenderness, during the
maturation of bovine animals. Subjective
tenderness measurement of over-all " panel
evaluation has also detected significant dif-
ferences among the age q_roups of hoving
animals (Dunsing, 1959; Lohse, 1939; Si-
mone ct al., 1959; Tuma ct al.. 1961b). Beef
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of the Wisconsin Agricultural Experiment Sta-
tion. Supported in part bK the Research Com-
mittee of the (Iraduate School from Funds sup-
P_|Ied by the Wisconsin Alumni_ Research Founda-
ion and hy a_Predoctoral FeIIow_shlf) (DEG)
from the Division of General Medical Sciences,
L. S. Public Health Service. ,
hPresent address: Department of Dairy and
Il=ood Industry, lowa State University. “Ames,
owa.

from younger animals was consistently
judged” more tender than beef front older
animals. _

<)ther studies have revealed age-associ-
ate chanﬁes in the chemical composition of
muscle. Lohse (19_59% noted highly. sig-
nificant differences in the fat and “‘moisture
content of bovine muscle from different age
groups. Veal possessed a significantly higher
moisture and a lower fat content than steers
or cows. In a study involving 56 Hereford
males and females 6. 18 42, dnd 90 months
of age. Tuma ct al. (1961a) noted that the
6-month-old animals possessed a signifi-
cantly higher moisture content than™ the
other three groups, which differed little
among themselves In moisture content of
the longissimus dorsi. Ash and protein con-
tents did not appear to be influenced by ani-
mal agie. o
_Early studies failed to reveal any con-
sistent” age-associated changes in the con-
nective tissue content of muscle (Bate-Smith,
1948; Mitchell ct al.. 1928). Maore recently.
Wilson cl al. (1954) reported that veal
longissimus dorsi contained more collagen

1503 ]
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and elastin nitrogen and less fat than the
corresponding muscle in either steers or
cows. Loyd and Hiner (1960). however
found no Significant difference between veal
and beef in"hydroxyproline content.
Investigators working with human_ lung
connective tissue also obtained contradictory
results re(‘;ardm% the effect of age. Pierce
and Hocott (1960) found no change in the
collagen content of human lung with' increas-
ing age using the Lowry method (Lowry
etal. 1941), but Briscoeé ct al. (1959) re-
ported a significant increase in the hydroxy-
proline content of lung tissue with Increas-
In athe. Chvapil (1957) and Boucek et al.
(1961). however, have reported a decrease
in the collagen and elastin content of human
Iun? tissue with increasing age as measured
by the Lowry method.
This study investigates some of the age-
associated chemical changes in hovine mus-
cle. A _modified hydroxXyproling technique
is described which Circumvents the need for
extraction of the muscle_proteins prior to
collagen determination. Reports by Adams
et al, (1960). Loyd and Hiner (1960), and
Parrish et al. (1961 ) indicate a negative
association between collagen contenf” and
meat tenderness. The paradox presented b
these reports, together with the results of
Wilson et al. (1954) showing a lower col-
lagen_content in the muscle of older animals,
may indicate a structural change in_ collagen
as an animal matures. Also described IS a
technique for the isolation of collagen from
large amounts of muscle tissue as a prelim-
inary step to the study of its structure.

METHODS

_Eleven animals of differing. genetic and nutri-
tional backgrounds were divided into four a%e
grmy)s: Group 1) three Holstein veal calves 4

9 days old; Group II) three Hereford steers
403-495 days old; Group I11) three cows (Guern-
sey, Hereford, and olstemz 4 years and 8
months to 5 years and 5 months old; and Group
IV) two Holstein cows 10 Years and 2 months
old, and 10 years and 5 months old.

The entire’ biceps femoris muscle was removed
from the right side of each animal within 20 min-
utes of death, chilled on dry ice, freed of adhering
fat and connective tissue, ‘and minced 5 minutes
with dry ice in a Buffalo silent cutter, Model 23,
Prior t0 mincing, a cross-sectional slice approxi-

COMPOSITION- CHANGES IX AGING MUSCLE

mately two inches thick was removed front the
muscle for Warner-Bratzler shear tests. Samples
of the minced tissue were taken for fat, moisture.
Kjeldahl nitrogen, and hydroxyproline analyses,
and the remainder was placed in 6-L Erlenmeyer
flasks for extraction of the muscle protein by a
modification of Helander’s method (1957).
Procedure for the isolation of connective-tissue
residues. The extraction was Performed in the
cold room at 0-4°C with precooled 111 KI buf-
fered at pH 7.4 with 0.13/ ﬁotassmm phosphate
(0.09.1/ K,HPO. and 0.013/ KH20<). Solvent-
fo-tissue ratios of 10:1 (v/w) were used. The
tissue was extracted three times with continuous
stirring, the first two times for 3 hr each, and a
final extraction of 2 hr duration. After the third
extraction, the residue was placed in 20 volumes
of deionized water and allowed to sit overnight
at 0-4°C. The water was then strained through
cheesecloth, and 10 volumes of acetone were added
to the residue and stirred occasionally for 12 hr.
The acetone was also removed throu?h cheese-
cloth, and 10 volumes of a 3:1 chloroform-meth-
anol solution added to this residue. The chloro-
form-methanol extraction continued for 4 hr at
—21°C. After being filtered throu.?h cheesecloth,
the residue was_again treated with acetone for
12 hr at 0°C. The residue from this extraction
was washed thoroughl?]/_ with deionized water and
Ifyophlllzed. ‘The lyophilization required 48-72 hr
or completion. Then the dried samples were
powdered in a small Erecooled Wiley mill at 0°C
and stored in 250-ml Erlenmeyer flasks at —30°C.
Samples were taken of the powdered residue for
fat, ‘ash, Kjeldahl nitrogen, and hydroxyproline
determinations. o _
Analyses on biceps femoris tissue. Routine fat,
moisture, and Kjeldahl nitrogen analyses were
conducted on portions of the minced hiceps fe-
moris tissue. The two-inch cross-sectional " slices
removed from the biceps femoris prior to mincin
were broiled to an internal temperature of 165°C,
and triplicate cores 1 inch in diameter were re-
moved from each slice for Warner-Bratzler shear
tests. Shear values could not be obtained for the
veal age group since the cross-sectional area of
the veal muscle was too small for removal of an
inch core. _ _ _
Hydroxyproline analysis on the minced biceps
femoris tissue was carried out with a modifica-
tion of the Prockup-Udenfriend t_echnu%ue (1960).
Three to five grams of minced biceps femoris tis-
sue were weighed directly into flasks and auto-
claved 9 hr with 6Y HC1 at 16-19 Ib pressure
(122-126°C). Previous trials had shown that the
yield of hydroxyproline under these conditions
approached a maximum after 9 hr but decreased
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after 12 hr of hydrolysis. The samples were
cooled and decolorized with 2 g of a 1.2 w/w mix-
ture of charcoal and Dowex 1-X8 ion-exchange
resin. The filtrate was neutralized to a phenol-
rihtLhaIem endpoint with XaOH and made up to

The hydroxyproline analysis was carried out as
outlined " under Procedure” 11 by Prockup and
Udenfriend F1960) with the following exceptions:
1) 10 ml of sample were used instead of 8 ml,
and 2) the color rea?ent was changed from 20%
/>-d|methYIammob_enz_a dehyde and 6.85% concen-
trated sulfuric acid in ethanol to 10% />-dimethyl-
aminobenzaldehyde and 4.5% concentrated sul-
furic acid in I-propanol. The pH did not need
readjustment after addition of the KC1 and one
preliminary extraction with toluene was sufficient,
even when large amounts of contaminating mate-
rial were present. XaOH could be substituted
for KOH in neutralization of the samples with
no effect upon the analysis. After addition of the
color reagent, the samples were allowed to set at
room temperature for 1 hr and the light absorb-
ancy read at 5600 A in a Zeiss spectrophotometer.

Use of the above-described color reaFent in-
creased the sensitivity of the analysis to [ess than
0.5 fig per ml and resulted in thé formation of a
color that was stable for 4-5 hr. The standard
curve was linear from the origin up to a concen-
tration of 25 fig hydroxyproline Per ml, but the
slope decreased in~ the range of 25-5 fig/ml.
Higher concentrations of /»-dimethylaminobenzal-
dehyde corrected this, but such concentrations
were difficult to mix into the toluene and gener-
ally proved less satisfactory for routine use.
Higher concentrations of sulfuric acid resulted
in more rapid development of the color, but also
more rapid fading. e_ntrlfu%atlon after the ex-
traction of the pyrrole into the toluene layer was
necessary to prevent rapid color fading "due to
small amounts of thiosulfate trapped in the toluene.
Standard curves made on separate days with this
analysis generally agreed within 5%. _

The hydroxyproline content of the minced biceps
femoris 'tissue was converted to collagen with a
factor of 7.5 assuming that the collagen-to-
elastin ratio is 3:1 (Wilson d al., 1954) and that
the hydroxyproline content is 13.3% on a weight
basis fEastoe and Leach, 1958), eight times the
hydroxyproline content of elastin.

Analyses on the collagenous residues. Ash analy-
ses on the powdered connective-tissue samples
were performed by weighing out 400-mg samples
in duplicate into platinum crucibles that had been
brought to a constant weight. The samples were
Pre-ashed for 3-4 hours on a hot plate under heat
amps and then placed in a muffle furnace at 690°C

for 8 hr. After cooling, the crucibles and ash
were weighed and the Percent ash computed on
the basis of the origina samFIe weight.

Lipid analyses were conducted by weighing 300
mg of the powdered residue into” 125-ml Erlen-
meyer flasks and adding 75 ml of a 3:1 chloroform-
methanol solution. The flasks were shaken, cov-
ered with aluminum foil, and allowed to stand at
room temperature for 72 hr. The suspension was
then filtered through No. 42 Whatman _ filter paper
and the filtrate made up to 100 ml. Five-ml por-
tions were taken, evaporated to dryness, and sub-
{ected to an organic solids analysis accordmgi to
he procedure of Johnson (1949). A blank Erlen-
meJer flask was subjected to the same procedure,
and the percent lipid in the samples was calcu-
lated on the sample weight basis after the or-
ganic-solids content of the samples had been cor-
rected for the blank. Semimicro-Kjeldahl analy-
ses were performed on 30-70-mg “samples, and
Berpent nitrogen expressed on a sample weight
asis.

I-.Igdrox_yproline analyses on the colla}genous
residues isolated from the minced biceps femoris
were performed according to a modification of the
procedure outlined by Woessner (1961). Samples
of 20-60 mg were Rydrolyzed for 9 hr with 6.Y
HC1 at 16-19 Ib pressure (122-126°C). Xo humin
formation was noted in the flasks, because of the
lack of tryptophan in the residues. Therefore the
acid hydrolysates were neutralized with XaOH
to a phenolphtkalein end point and made up to 1 L.

The Woessner 51961) procedure outlined under
method | was used with the following exceptions:
1) 05 ml of the pH 65 buffer was added sep-
arately to the samples prior to addition of the
oxidant usm% an automatic Flpette;_ 2) 05 ml of
a 3.00% chloramine T solution in 2-methoxy-
ethanol was used as the oxidant; 3) 1 ml of'a
149Y Perchl_orlc acid solution was used to destroy
the chloramine T; and 4) the />-dimethylamino-
benzaldehyde reagent used in the modified Prockup-
Udenfriend procedure was employed as the color
reagent. The samples were cooled in water and
allowed to stand at room temperature for 1 hr
after removal from the 60°C water bath, and the
optical density was read at 5570 A in a Zeiss
spectrophotometer.  The color was stable for 4
hr and the analysis gave practically the same
sensitivity and standard curve as the modified
Prockup-Udenfriend procedure already described.
This analysis agreed cIoseI?/_wnh results from
the modified Prockup-Udenfriend anal3/5|s when
used on samples containing less than 1% of their
amino acids as hydroxyproline. The hydroxypro-
line content o: the collagenous residues was again
converted to collagen by using a factor of 7.25.

UHurm W ig)o muineifrm fti*
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RESULTS AND DISCUSSION

_Analyses of variance of the data showed
significant differences among, animals of the
same age group for every variable measured.
This was not unexpected, because no effort
was made to select or standardize the ani-
mals used and individual animal variation
IS expected. Variations in the chemical anal-
yses among animals of the same aﬁe group
are presenfed in Tables Land 2. TRis Study
was designed to study intensively the muscle
connective tissues of animals varying widely
in age. Thus the number_of animals per aﬁe
group was ke?t small. Table 3 shows the
mean values of the chemical composition of

. Table, 1
animals of the 'same age group.

COMPOSITION CHANGES IN AGING MUSCLE

bovine bicePs femoris for the four age groups
studied. Although the numbers involved are
small, the findings are in general agreement
with those of Wilson et al. 1954%, Tuma
etal. (1961a), and Lohse (1959).

Duncan’s multiple-range test revealed that
muscle from Group | possessed significantly
%p < 0.01? less protein and more moisture
than muscle from the other three age giroups.
Groups | and IV possessed sqnlflcan Ir less
fat (p < 0.01) than Groups 11 and I1[, but
there was no significant difference in fat
content between gither GrouPs | and IV or
Groups 11 and_ [I11. Muscle from Group IV
possessed significantly more moisture (p <

Variations in the chemical composition of bovine hiceps femoris muscle among

Animal % protein ab % fatc % moisturea % other» L % collagena % collagen ¢
Veal 1 19.3:0.0'  4.7+0.3 194+04  0.3+05 1.34£0.05 6.95+0.26
Veal 2 19.0+0.2 0.740.3 78.9+0.0 1.9+0.1 1324006  6.92+0.34
Veal 3 19.0£0.2 2.0+0.5 79.2+0.1 1.440.1 1.4410.03 7.55%0.18
Steer 1 19.7+0.3 18.2+1.6 72.240.1 3.00.4 0.930.03 471£0.15
Steer2 20.740.6 18.6+0.6 72.6+0.0 16402 089007  4.30£0.35
Steer 3 20.440.2 18.9+04  717+0.1 2.6+0.2 1.00£0.06 492031
Cow 1 20.640.2 18.8+04  725+0.0 2.0+0.4 133:0.16  6.460.77
Cow 2 20.240.2 20.9+1.3 725£1.0 13+0.2  0.9240.01 4.5610.06
Cow 3 20.840.2 15.0+12 750404 0510.1 1.19:0.06 572031
Agedcow 1 20.3+0.2 6.5+0.4 76.6+0.4 16104 1.1240.04  5.49:0.18
Agedcow?2  19.9+0.0 2.2+0.9 77.0+0.0 2.610.2 2541009  12.770.45

r Expresse ?n
ercent of resqrh
nt?gressgd on. {h

r Standar

Egéi’crﬁfast%g 2 %j%ﬁaWﬁf%t 5% oz

asis of protein
dewatnon. P

. Taple 2. Variations in the chemical, com
|solatea%1b From boz\i/maet%

iceps femoris muscle am

Animal % protein a % fat

Veal 1 95,7+ 16" 1.00£0.03
Veal 2 95.412.0 1.290.09
Veal 3 91.6+1.0 0.570.01
Steer 1 82.0£ 16 30140.12
Steer 2 84.6+1.8 0.9620.04
Steer 3 81.7£1.6 3.2310.04
Cow 1 95.7+1.3 0.50£0.05
Cow 2 941425 0.360.01
Cow 3 934419 0.81+0.01
Aged cow 1 905:0.4 04520.01
Aged cow 2 87.910.8 0.6120.05

content™ (s

ry-weight bais. . .
ePI eps 1ge oris, not a(%f)elm%ehdl fﬁ{trgé proggmﬁg ,ggrqterrqtglsture.

en

osition. of lyophilized connective tissue residues
ng animals’o up.

the same age group

% ash % collagen fic collagen b
1.462+0.094 40.610.4 42.420.4
0.73420.005 53.212.7 55.8+2.8
1.495£0.088 53.0£19 57.9+2.1
0.640+0.086 65.9+0.4 80.310.6
0.88810.071 57.510.7 67.9+0.8
0.50840.013 54.80.7 62.4£2.5
0.640£0.029 71.312.6 144127
0.698+0.064 64.9t1.8 69.0+1.9
0.83820.057 68.7+4.1 135t4.4
0.790+0.128 55.611.2 61.4+1.3
0.958+0.054 63.8+3.4 72540

: K}'Qghtleniémgen multiplied by a weighted mean of 5.55 and 6.25, depending on collagen

ﬂEf( nrgggg de\r/]iaati gﬁotein-content basis (see footnote a).
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Table 3. Mean values for the chemical composition of bovine biceps femoris muscle.

Agegroup % protein ah % fat ¢ % moisture a % othera-t % colligena % collagen e
Veal 19.1+0.2f 2454185  792+03  12+08 1364007  7.14+0.37
Steers 203106  1855¢0.84  72.2¢04 24406  094+0.07  4.64+0.35
Cows 205+03  18.23+276  733t14  12+0.7 1144019  558+0.91
Aged cows  20.1+0.2 4324258 768403  2.1+0.6  183+0.75  9.13+3.82

N fresh-weight basi

b éf’cfﬁfastsg 2 %,Jfaﬁawvﬁiﬁo%é’ﬁ?'% 625

i )e(creeﬁ%e foﬁegh rl;céN g'? rtnor%glst'iss nof accounted for by protein, fat, and moisture

¢ xaprgssg?i on. {he 296 0 protein ?l%jeld‘ahf nitrogen k gz% content. '

tandard- deviation.

0.01) titan muscle from (jroups Il or IlI
but ‘significantly less moisture (p < 0.05)
than muscle from Group I. There were no
significant differences among the a(I;_e groups
in"percent of fresh biceps femoris Tissue not
accounted for by protein, fat, and moisture.

No significanf difference was found amon
the four age groups in collagen content 0
fresh biceps femoris. This is in agreement
with Loyd and Hiner (1960), who also used
a hydroxyproline technicjue for collagen_ de-
termination, but disagreés with the findings
of Wilson ct al. ,El 54), who fractionated
the_protein  constituents™ of muscle on the
basis of their solubllmr and used a nitrogen
measurement for collagen determination.
The collagen content of Group 1Y muscle
had a high value because one of the two
animals in- this ?roup had an abnormally
high collagen confent (over 2.5% on a freshi-
weight basis). The other animal in this
?roup possessed only sllﬂ]htly over 1% on a
resh-weight basis. “If this” latter value i
more characteristic of the_ collagen content
of muscle from bovine animals of this age,
it would,aHPear,that veal muscle tends to
have a sligntly higher collagen content than
the other "three age groups, although this
difference approached” significance only at
the 10%' level.

M

Age group % protein a % fat

Veal 94.242.4' 0.95+0.33
Steers 84.8+2.8 2.40+1.12
Cows 94.4+2.0 0.55+0.21
Aged cows 89.2+15 0.53+0.10

_Table 4. Mean values for the, chemical ¢
residues |so?ated ?rom bovine biceps femoris musccf.

The modified ProckuP-Udenfne_nd hy-
droxyproline technique offers promise as’a
methiod for the routine determination of col-
Iafgen in_meat. It combines the advantages
of sensitivity and convenience_ since no prior
extraction of the muscle proteins is required.
The results with this method were 75-
100% hlgiher than the figures given by Wil-
son ct al. (1954). Part of the difference
maY be due to an extraction of the soluble
collagens by the 0.7V NaOH used in Wil-
s0N's Procedure,_but direct comparison s
difficult since Wilson used the longissimus
dorsi muscle.

Table 4 shows the mean values for the
chemical composition of the lyophilized, col-
lagenqus residues isolated from the biceps
femoris muscle.

Duncan’s multl{)le-range test showed that
the samples isolated from Group Il muscle
Bossessed significantly less protein (p <
.01) than the samples isolated from Group
| or Il muscle. The collagenous residues
isolated from Group IV had a significantly
higher (p < 0.05) protein content than those
isolated from Group Il, but a significantly
lower (p < 0.05) protein content fhan those
isolated” from Grun | or Ill. The factor
used to convert Kjeldahl nitrogen to protein
was a weighted mean of the” factors used

g1position of lyophilized connective tissue

% ash % collagen %o collagen b
1.2300.389 49.0+6.3 52.1£7.3
0.679+0.179 59.4+5.1 70.2+7.8
0.724+0.100 68.3+3.9 72.3+3.9
0.874+0.126 59.7+4.9 67.0+6.4

aKjeldahl nitrogen multiplied by a weighted mean of 555 and 6.25, depending on collagen

contgrét

" Standard deviation.

Xt). : :
xﬁggsé% tn.a_ rotein-content basis (see footnote a).
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to convert collagen nitrogen to Protem
(5.55% and noil-co Iagenous nitrogen to pro-
tein (0.25|. The hvdroxyproline content of
the samples was used as a measure of their
collaqen content, and different factors were
calculated for each animal. This procedure
was necessary because the nltro?en content
of collagen has been reported fo be 17.8-
18.2% [Eastoe and Leach, 1958).

'Fhe collagenous residues from® Group [T
Possessed significantly more fat (p < 0.05)
han the reSidues isolated from “the other
groups. It is difficult to understand how as
much as 2.4% lipid could have remained in
the connective tissue samples after the rig-
0rous. fat-extractln? methods used in_their
isolation.  Evidently, the lipid is tl(ghtly
hound and is released only after denatura-
tion of the protein by chloroform extraction
at room temperature. An examination of
its qualitative nature might prove interest-

Ing. :

Although the samﬁles isolated from veal
muscle appeared to have a higher ash con-
tent than those isolated from muscle of the
other three age gfroups, this difference only
approached S|I3(]nl icance at the 5% level of
probability. Bray ct al. (1951) have pre-
viously réported “that veal connective tissue
had a higher ash content than connective
tissue from cows or steers,

'Fhe collagenous residues from (Iroup I
appeared to have a lower collagen content
than the residues from the Other three
%roups. Fhe difference in collagen content
etween (jroups | and Il was significant
at the 1% level when eeressed on & sample
weight basis. None of the other means dif-
fered si nlflcantl?{ when expressed on this
basis although the differences in collagen
content between Groups | and Il and Te-
tween Groups | and IY approached sig-
nificance at' the 5% level of probability.
When expressed on a protein-content basis,
the collagen content of Group L samples was
5|fgn|f|cantly lower tlian the collagen content
of samples’ from Groups 1L and” ITT at the
1% level of probability and significantly
lower than the collagen content “of Group
\Y% sami)les at the 5% level of probability.

The low hvdroxyproline content of the
veal samples,. coupled with their high pro-
tein content, indicates either that these sani-

COMPOSITION CHANGES IN AGING MCSCLE

Rles are rich in_some insoluble hydroxypro-
ne-poor protein, possibly elastin, or’ that
hvdrox?;prol_lne content is”lower in veal col-
lagen than in collagen from older animals.
From the evidence presented here, it is im-
possible to distinguish between these two
POSSIbIlItIeS. Boucek ct al. (1961 ) found
hat the amount of collagen and elastin in
human lung tissue its measured by toe Lowry
procedure “decreased with increasing age.
Fhe amount of hvdroxyproling in thé same
tissue, however, appeared to increase with
increasing age. In discussing their results,
Boucek ct a, pointed out that either the
presence of reticulin, which has a lower hy-
droxyprolinc content than collagen, or "a
strorig conjugation of lipids with™ the pro-
tein, resulting in their ability to resist an
alcohol-ether " extraction, could, if it ap-
peared onl5r in their young %roup, cause the
above results. The low lipid content would
seem to eliminate the latter alternative as an
explanation for the low hvdroxyproline con-
tent of Group I. <)ther experimients have in-
dicated that the noil-collagenous protein of
(iroup 1 is not affected by temperatures u
0 70°C in 0.1.1/ phosphate buffer, pH 7.
but that this protein is solubilized bv 100°G
temperatures in the same buffer after 2 hr.
This would rule out the possibility that the
noil-collagenous protein is elastin. but it is
still possible that large amounts of reticulin
were’ present in the Group 1 samples. A
co,mﬁlete amino acid analysis of the samples
might clarify the situation.
he high” hvdroxyproling content of the
connective-tissue residues in general attests
to the ability of tbe extraction procedure to
remove the Soluble muscle proteins, Accord-
mgi to the results of Wilson ct al. (1954).
only 65-75% collagen should be expected
in such samples since '/~Z\ of the connec-
tive-tissue proteins in beef muscle are elas-
tin, which should also be left in tbe residue
by the extraction procedure. All but the
(froup Lfell in this range. While it is diffi-
cult to detect dénaturation in insoluble pro-
teins . without X-ray diffraction techniques,
certain  physicochémical tests |nvoIV|n%
shrmka%e temperature have indicated tha
very liftle deénaturation of the collagen oc-
curred during the isolation Procedure.
Triplicate ~ Warner-Bratzler  shear-force
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values on steaks from the three older grouh)s
also indicated a significant age effect. The
mean shear-force values were: Group |V,

56.0 Ib; [I1, 36.0 Ib; 11, 36.7 Ib. The differ-

ence in shear-force values hetween Groups
[l and IV was mgnlﬁcant,at the 1% level.
Groups 11 and 111 did not differ 5|g1n|f|cantl_y
in shear-force values. These results are in
accord with those regl)orted by Simone et al.
(1959), Dunsm? 9592), ohse (1959),
and Tuma et al. (1961Db), indicating de-
creased tenderness with advancing age.

REFERENCES

Adams, R, D. L. Harrison, and J. L. Hall. 1960.
Comparison of enzyme and Waring Blendor
methods for the determination of collagen in
beef. J. Agr. Food Chem. 8, 229.

Bate-Smith, E. C. 1948 Observations on the pH
and related properties of meat. J. Soc. Chem.
hid. 67, 83.

Boucek, R.J., N. L. Xoble, and A. Marks. 1961
Age and the fibrous proteins of the human

Iuna. Gerontoltl)_?ia 5, 150.

Bray, R. W., P. H. Phillips, and G. Bohstedt.
1951, Moisture, ash, and fat content of con-
nective tissue from cattle of different ages.

J. Animal Sci. 10, 3%.

Briscoe, A. M., W. E. Loring, and J. H. McClem-
ent. 1959. Changes in human lung" collagen
and lipids with age. Proc. Soc. Exptl. Biol.
Med. 102, 7L _

Chvapil, M. 1957. The proteins of normal lung
tissue. 1. The effect of age. Physiol. Boliemo-
sloven 4, 303. _

Dunsing, M. 1959. Visual and eating preferences
of “consumer household panel for beef from
animals of different age. Food Technol. 13,

332.

Eastoe, J. E., and A. A. Leach. 1958. A survey
of recent work on the amino acid composition
of vertebrate collagen and gelatin. In “Re-
cent Advances in Gelatin and Glue Research.”
. 173, (G. Stainsby, ed.). Pergamon Press,

ew York. o

Helander, E. 1957, On quantitative muscle pro-

tein determination. Acta Physiol. Scand. 41,

_ sup&l. 141, _

Hitter, R. L., and O. G. Hankins. 1950. The ten-
derness of beef in relation to different muscles
and age of animal. J. Animal Sci. 9, 347.

Jacobson, M., and F. Fenton. 1056 Effect of
three levels of nutrition and age of animal
on the quality of beef. 1. Palatability, cook-
ing data, moisture, fat, and nitrogen. Food
Research 21, 415, o

Johnson, M. J. 1949, A rapid micromethod for

estimation of nonvolatile organic mater.
[. Biol. Chem. 181, 707,

Lohse, F. B. 1959. Relationship of certain factors
with quality in the bovine species of different
age groups. M.S. thesis. University of Wis-
consin Library, Madison, Wisconsin.

Lowry, 0. H,, D. R. Gilligan, and E. M. Katersky.
1941, The determination of coilagen and
elastin in tissues with results obtained in
various normal tissues from different species.
J. Biol. Chem. 139, 795.. _

Loyd, E. J, and R. L. Hiner. 1960. Relation
between  hydroxyproline of alkali-insoluble
protein anc tenderness of bovine muscle.
J. Agr. Food Chem. 7, 860. .

Mackintosh, D. L, J. L. Hall, and G. E. Vail.
1936. Some observations pertaining to the
tenderness of meat. Proc. Am. Soc. Animal

_Prod., p. 285, _

Mitchell, H. H., and T. S. Hamilton. 1933. Effect
of long continued exercise upon the chemical
composition of the muscles and other tissues

_of beef cattle. J. Agr. Research 46, 917.

Mitchell, H. H., T. S Hamilton, and W. T.
Haines. 1928. Some factors affecting the
connective tissue content of beef muscle. /. Nu-
trition 1, 165, _

Parrish, F. C. M. E. Bailey, and H. D. Naumann.
1961. Hydroxyproline as a measure of beef

_ tenderness. Food Tcchnol. 16, 68. .

Pierce, J. A, and J. B. Hocott. 1960. Studies on
the collagen and elastin content of the human
lung. J. Clin. Invest. 39, 8.

Prockup, D. J., and S. Udenfriend. 1960. A
specific method for the analysis of hydroxy-
grolme in tissue and urine. Anal. Biochem. 1,

28.

Simone, M, F. Carroll, and C. 0. Chichester.
1959. Differences in eating quallt factors of
beef from 18- and 30-month steers. Food
Technol. 13, 337. _

Tuma, H. J., R. L. Hendrickson, and D. F. Ste-
phens. 1961a. Variations in the physical and
chemical characteristics of the  longissimus
dorsi muscle from animals differing “in age.

(Abstr}. J. Animal Sci. 20, 921

Tuma, H. J., R. L. Hendrickson, and D. F. Ste-
phens. 1961b. Influence of marbling and ani-
mal age on factors associated with beef qual-

ity égAbstr). J. Animal Sci. 20, 921,

Wilson, G. D., R. W. Bray, and P. H. Ph|II|Fs.

1954, The effect of age and grade on the
collagen and elastin content of beef and veal.
J. Animal Sci. 13, 826. o

Woessner, J. F. 1961 The determination of hy-
droxyproline in tissue and protein  samples
containing small proportions of this amino
acid. Arch. Biochem. Biophys. 93. 440.



Acid-Soluble Phosphates in Cow Milk3
JOHAN E. HOFF » and EMILY L. WICK

Department of Nutrition and Food Science, Massachusetts Institute of Technology
Cambridge 39, Massachusetts

(Manuscript received April 27, 1962)

SUMMARY

The acid-soluble organic phosphates of cow milk were obtained by tri-
chloroacetic acid extraction or by dialysis and separated by ion exchange
chromatography. Recovery in the eluate was 90-100% of "the phosphates

adsorbed by the resin. ApProximater 90% of the
small amounts of possible nuc
and of several more acidic phosphates were detected. .Y-Acetylg

sugar monophosphate. Sma

Pho_sphate fraction was
eotide monolphosphates
ucosamine-

1-phosphate, fructose-6-phosphate, galactose-I-phosphate, and glucose-6-phos-
phate were identified and their quantity determined.

Lhe acid-soluble organic phosphates of
cow milk were investigated to gain knowl-
edge of milk constituents and to evaluate
théir contribution to the stability of milk
and milk products against gelation and
browning. ~Sugar phosphates” have been
found (Schwimmer and Olcott, 1953) to
be highly reactive precursors to hrowning
reactions.  Polyphosphonucleotides and in-
organic polyphosphates were observed to
cause stabilization_ of milk proteins ,subiected
to ionizing radiations (Hoff et ai, :
In addition, knowledge of the acid-soluble
organic phosphates might give insight into
biosynthetic processes in the mammary gland.

cGeown and Malpress (1952) ‘démon-
strated that glucose-1-phosphate and galac-
tose-l-ﬁhosphate were constituents of “milk,
and that "glucose-6-phosphate, lactose-1-
phosphate, and phosphopyruvic acid were
probably present, Small ‘amounts of cgtl-
ding nucleotides (Deutsch and Nilson, 1960)
and of S'S-cyclic adenosine monophosphate
(Kobata et al., 1961) have heen detected in
cow milk. However, these substances ac-
count for only approximately 0.3% of the
total acid-soluble organic phos[ihorus pres-
ent (about 10 mg phosphorus/100 ml).

"Contribution Number 466 from the Depart-
ment of Nutrition and Food Science, Massachusetts
Institute  of Technolog?]/, ‘Cambridge, Massachu-
setts. From the Ph.D. thesis of J. E. Hoff, Massa-
chusetts Institute of Technology, February 1962

bPresent address: American Meat [Institute
Foundation, Chicago, Illinois.

Quantitative extraction of the organic
phosphates in unchanged form from “milk
was attempted by two methods. The mix-
tures of phosphafes obtained were separated
by ion exchange chromatography and their
components characterized.

EXPERIMENTAL METHODS AND RESULTS

~Milk. Fresh ntilk from mixed morning produc-
tion (Hood and Sons, Charlestown, Mass.) was
maintained on ice until analysis was begun (within
6 hr of milking) or was stored at —40°C for later

use.
Extraction of hosphor?flated components from
milk.  (Table lf. Trichloroacetic acid (TCA)
extraction. Ice-cold milk (100 ml) was treated
with 25 ml of 50% TCA solution. The precipi-
tated protein was immediately removed by filtra-
tion on filter aid and washed with 25 ml of 5%
TCA solution. The combined filtrate and wash-
|n%s (about 150 ml) were immediately extracted
with seven 250-rnl ﬁOI’tIOﬂS of cold (—10°C) ethyl
ether to remove the TCA. Residual ether was
removed from the aqueous layer by evaporation
in a stream of nitrogen. The resultmg clear solu-
tion was passed through a Dowex SOW column
(L X 10 cm) followed by 50 ml of water to re-
move cations, The eluate was diluted with water
to a total volume of 200 ml. It contained 81% of
the morqanlc phosphate originally present in the
fresh milk sample.

Removal of phosphates by countercurrent di-
alysis in the presence of EDTA. A solution of 2 g
of ethylenediaminetetraacetic acid (EDTA) di-
sodium” salt in 50 ml of water was added to 250
ml of milk. The pH was adjusted to 7.9 with
ammonium _hydroxide, and the mixture was di-
alyzed against 1 L of water in a countercurrent

[510]



TCA Extraction

Protein

Ether solution
TR

Dialysis3

Dialysate
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Table 1. Methods for phosphate extraction.

Milk
1.50% TCA
2. Filtration
Filtrate
Ether
extraction
Aqueous layer
Dowex 50W
column
Eluate
L TopH7
2. Dowex 1-X8
(formate)
Eluate
Milk
1 EDTA
2. To PH,7.9
3. Dialysis
Diffusate

1L TopH 8
2. Dowex 1-X8(C1)

Eluate
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dialysis apparatus at 5°L. The apparatus con-
sisted of an outer T{ on tuhe (/ . > JO ft>
containing an inner tube of semipermeable cellu-
lose (‘4 . X 20 ft dlalrsm lUbIﬂ%l. The liquids
circulated cou_ntercurrentK, one (the milk ) inside
the mner.tubm%. the other (water) outside the
inner tubing.  Circulation was achieved with a
Sigmamotor  pump  (Sigmamotor,  Middleton,
N. V.?. The water was changed six times at
intervals of 1 hr. The resulting total diffusate
(6 L) contained 91511 of the inorganic phosphate
originally present in the milk. The organic phos-
phate amounted to 101'1 of the total phosphate.

Separation and characterization of milk phos-
phates. Analytical procedures. Total and inor-
anic phosphorus was determined by the Fiske-
ubbaRow method as modified "by Bartlett
(1959c). Bartlett's (1959h) modifications of the
anthrone determination of hexoses and of the
cysteine-carbazole reaction for fructose were car-
ried out. Pentoses were detected by the orcinol
reaction SMeraU_m_. 1959), and iV-acetylhexosa-
mines by the modified (Reissig ct at. 1955) Mor-
gan-Elson reaction.

Separation of the TCA extract. The TCA ex-
tract (200 ml) was neutralized with dilute am-
monia, added to a 2.2x50-cm Dowex 1-X8, 100-
200 mesh, column in the formate form, and unad-
sorbed solutes eluted with water (100 ml). The
combined eluate (310 ml?] was analyzed for total
phosphorus, acid-labile phosphorus, and inorganic
Phosphorus, and its ultraviolet sEectrum was de-

ACID-SOLI*BLE PHOSPHATES IN COW MILK

ApFroximater 64(4 of the organic ﬁhosphorus
in the TCA extract was adsorbed on the column.
If the peak at 255 mg represented mononucleo-
tides, these compounds ‘were not adsorbed. They
amounted to 10°< of the organic phosphate.

Linear gradient elution with the formic acid-
ammonium formate systems of Hurlbert ct at.
(1954) and Denamur ct at. 51958) was carried out
at 5°C with a flow rate of 2 ml/min. A total of
8 L of eluate was collected in 10-ml fractions. The
fractions were analyzed for total ﬁhosphorus ultra-
violet absorption at 260 mg, and hexoses. The elu-
tion diagram obtained is shown in Fig. 1 Con-
centrations of phosphorus-containing components
were calculated by assuming the presence of one
phosphorus atom” per molecule, = Ultraviolet-ab-
sorbing substances were assigned a molar absorh-
ancy of 10,000 since most nucleotides and orotic
acid possess molar absorbancies close to this value
(Heaven ct at. 1955). Essentlal% 10097 of the
organic phosphorus adsorbed on the column was
%chountle)d for by peaks 2 4,5 6, 7, 8 and 9

ig. 1).

Separation of diffusate. A 500-ml portion, rep-
resenting 2L ml of milk, of the diffusate was
brought to pH 8.0 with dilute ammonia and added
to a column containing 1 X 25 cm of Dowex 1-X8
in the chloride form. Analysis of the resulting
eluate for total phosphorus, Inorganic phosphorus
and acid-labile phosphorus_showed that all' inor-
ganic phosphorus, and 5297 of the organic phos-
phorus present in the diffusate had been adsorbed

ermined (X maximum 255 msg at pH 1:end ab- on the column. About 1997 of the organic phos-
sorption and a shoulder at 245-270 mg at pH 13).  phorus not adsorbed could be recovered by re-
[ —
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chromatography of the eluate on the column. The
remqmmq_ unadsorbed organic phosphorus was
not investigated, , _

Gradient elution of the column with a mixture
of 0.004A" hydrochloric acid and LY ammonium
chloride, in which the concentration of ammanium
chloride increased exponentially, was carried out
at a flow rate of L5 ml/min. A total of 183 10-ml
fractions were collected and examined for total
phosphorus, inorganic Phothorus, hexoses, and
ultraviolet absorption at 220 and 280 m%_ The
elution  diagram * obtained is shown in Fig. 2
Essentially 100% of the organic phosphorus ad-
sorbed on' the column was accounted for in peaks
Land 3. Six 500-ml portions of milk diffusate
were separated in the above manner. Similar
fractions were combined and stored at —40°C for
subsequent investigation.

1) Sugar Ehosphat_es (Peak 3. Pig. 2).
fractions in peak 3, designated cuts 3 and 4, gave
positive anthrone reactions and contained 56.2%
of the total organic phosphorus eluted from the
column.  Inorganic phosphate (Fraction 4) was
removed from the combined cuts 3 and 4 by chro-
matography (Bartlett, 195%) on a Ixl4-cm col-
umn “of activated carbon ,iBarneby-Chene No.
4422) previously treated with 500 ml 1A hydro-
chloric acid and washed free of chloride “with
water. Elution was carried out with 100 ml of
water and 500 ml of 0.0LV ammonium hydroxide
at a flow of 2 ml/min. Fractions (10 ml) were
analyzed for total phosphorus, inorganic phos-
phorus, _hexoses, fructose, and iV-acetylglucosa-
mine. The elution scheme obtained is shown in
Fig. 3. Organic phosphates (free of inorganic

The

P_hosphate were eluted in fractions 71-100. Frac-
jons 71-75 contained a mixture of hexose-, fruc-
tose-, and unknown phosphates. Fractions 76-100
contained completely unknown phosphate(s).
Fractions 71-75 "(Fig. 3) were combined and
freed of cations on a Dowex 50W-X8 column,

D TOTAL PHOSPHORUS

B ANTHRONE REACTION

B CYSTEINE-CARBAZOLE  REACTION
0 REISSIG REACTION

——

MICROMOLES PER  MILLILITER
°

INORGANIC PHOSPHORUS
annnn n annnn

T

:3; M“Q‘%Hﬂf&n 60 70 80 .
bon chromatography  of

milk phos-

Lallll

bl 5 o

and the eluate was evaporated to dryness under
vacuum. Analysis of a 1-ml solution of the re-
sulting white “solid 3/|elde_d the results given in
Table 2. Acid hydrolysis of a portion of the
solution was carried out for 7 min at 100°C in
LV hydrochloric acid. Enzymatic hydrolysis of
another portion (0.1 ml) was carried out by heat-
ing 2 hr at 37°C in the presence of 1% alkaline
hosphatase (calf intestinal phosphatase, Mann
esearch Labs, New York) in 0.1V sodium bi-
carbonate solution containing a trace of magne-
sium chloride. The resulting solution was de-
ionized by ion-exchange chromatography and evap-
orated to dryness.
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aple 2. Results of analysis of fractions 71-75
ang Practlons e76-98. 4
a. Fractions 71-75 Micromolcs
Total phosphorus 25,6
Acid-labile phosphorus 208
Hexose (as glucose) 16
Triose negative
Fructose _ 12
X - Acetylglucosamine-1-phosphate 6.8
b. Fractions 76-90 Micromoles
Inorganic phosphorus 23
Inor%amc phosphorus _ 168
(after treatment for 7 min
with 1iV HoSO, at 100°C)
A*-Acetylhexosamine 0.0
A-Acetylhexosamine _ 175
(after Eydrol sis for 5 min
at 100°C in IN HC1)
Descendmg aper chromato\g}vraphlc analysis
(Natl. Acad. Sci, 1960) on Whatman No. 1

ﬁaper of combined fractions 71-75, of their acid
ydrolysis products, and of their products of en-
szatlc_ dephosphorylation  yielded the results
shown in Table 3. "The solvent system was n-
butanol-pyridine-water (3:2:15). Reducing su-
gars were detected with ammonjacal silver nitrate,
and phosphates were detected with molybdate solu-
tion (Hanes and Isherwood, 1949). =

Fractions 76-90 (Fig. 3) were combined and
freed of cations and the eluate was Ir_ophlllze_d.
Analysis of a 1-ml solution of the resulting white
solid” before and _after acid hydrolysis gave the
results shown in Table 2b. Two-dimensional ?a er
chromatograth‘ (Fletcher and Malpress, 1953
on Whatman No. lgaper in: a) methanol-88%
formic acid-water (30:15:5) and b) methanol-
ammonia ésp. gr. 0.9015)-water (60:10:30) (Ban-
durski and Axelrod, 1951) was carried out. It
showed the presence of a single phosphorvlated
compound and a trace of inorganic J)hosphate.
One-dimensional paper (Scheicher and Sehuell,
No. 589) chromatography of combined fraction
76-90 and of the mixture obtained by treatment
of fraction 76-90 with alkaline phosphatase be-
fore and after chromatography (Fletcher et al,
1953) in solvent b yielded the results shown in
Table 4. Paper _chromatograph% of hydrolysis
products of combined fractions 76-90, N-acetyl-
glucosamine, A-acetylgalactosamine, and glucose
In »-butanol-pyridine-water  (3:2:15) by the
method of Pontis (1955) gave the results shown
in Table 5.

2)  Organic phosphate tPeak 1, Fig. 2). The
fractions in peak 1 had strong end absorption in
the uv. Enz%ma_tlc analysis~ for pyruvic acid
(Biicher and Pfleiderer, 1955) was negative.

ACID-SOLUBLE PHOSPHATES IN COW MILK

fachons T175 1 of Car FerBerce Bamounde
Rf values relative to galactose
sVATRAR,  Yiolybdes
Fractions 71-75

OO
I~ O
o

0.00-0.13 (s) 0.00
m 048
w
w

Acid hydrolysis products
of 7)1/_75)/ P

0.00-0.14 (m) 000
048 (m) 049
0.98 (s)
_ _ 1.49 (m)
Enzymatic h¥drol sis
products of 71-75 0.45-0.64 (w) 049
(a mixture)
101 (s
117 (s
1.28 (in
148 (m
Known compounds
Lactose 0.64
Galactose 1.00
Glucose 116
Fructose , L2
N -Acetylglucosamine 148
Glucose-1-phosphate 0.00
Glucose-6-phosphate 0.00 01)0
(s) :strong; (m) :medium; (w) weak

“Detects reducing sugars.
b Detects pﬁospha[lle. J

3)  Organic phosphate (Peak 8, Fig. 2). The
fractions in peak 8 had strong end absorption in
the uv. Analyses for hexose, pentose, glyceric
acid  (Bartlett,  1959d), and phosphopyruvate
(Biicher and Pfleiderer. 1955) were negative.

ol SR s of

TS
Fractian om}&] ?osn
Analysis %ﬂzk}p (%
Phosphate 0.37 (w) 0.37 (3)
(Hanes and Isher- 0.58(s) No spot
wood, 1949)
Reducing sugar No spot 047
Trevelyan et al..
19502 _
Ar-Acetylhexosamine  No %pot Not de-
(Partridge, 1949) gO.S after  termined
p osEhatase
treatment
(s): strong; (m) :medium; (w) :weak
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4)  Nonphosphorylatcd  components.
(_Fii;. 2): The position of elution and the ultra-
violet spectrum of a representative fraction of
peak 2 were identical with those obtained with an
authentic sample of uric acid. o

Peaks 5 and 6 (Fig. 2) were not investigated.

Peak 7 /Fig. 2) yielded 25 mg of EDTA and
showed uv absorption at 220 mg. _

Peak 9 (Fig. 2): The position of elution and
the ultraviolet spectrum of a representative frac-
tion of peak 9 were identical with those of an
authentic sample of orotic acid. Microbiological
assay for orotic acid according to_ the method of
Wright ct ai. (1950) gave npositive growth_ re-
sponse and acid production with selected fractions.

DISCUSSION

The degree of extraction achieved by
TCA treatment and_by dialysis of milk in
the presence of EDTA was determined b
the ‘quantity of inorganic. phosphate (Pi
present in éach extract, Since Pt composed
about 90% of total acid-soluble milk phos-
Phate, its determination was_more accurate
han the indirect determination of organic
phosphate &Ttotal —Pf). Thus it was as-
sumed that the quantity of F fin each extract
was a valid measure of the degree of extrac-
tion of total phos?hates. Onthis hasis the
TCA extract contained 81% of total milk-
phosphorus. _The diffusate obtained in the
presence of EDTA contained 91.5% of total
milk phosphorus. , ,

The TCA extraction sublected the milk
to acidic conditions (pH 0-1), which could
cause hydrolysis of labile components. The
dlalrsm provided mild conditions for rela-
tively long periods, during which enzymatic
chan?es might occur. Assessment of the
effect of these procedures on the milk ?hos-
phates required direct investigation of the
extracts.

Sincg ion exchange chromatography of
the milk phosghates caused adsorption of
only 64% of the organic phosphate in the
TCA extract and of about 51-52% of or-
ganic phosphate in the diffusate, it was con-
cluded that the unadsorbed substances must
be weak acids such as diester phosphates or
phosphorylated amino acids and peptides.

Comparison of the elution diagram of the
TCA extract (Fig. 1) and the diffusate ob-
tained in the presence of EDTA (Fig. 2
showed that separation was more complete

Peak 2 in the first case. The Iarqe quantity of F;

%peak 11, Fig. 1), was well separated from
the organlc %)hosphates present in peaks 1,
4,5 6,7, 8°9 13 14, and 15. Since
geaks 1, 4, and'5 showed uv absorption at
60 m% it was possible that they contained
monophosphorvlated nucleotides. The ab-
sence of uv-absorbing peaks in the area of
Feaks_ls, 14, and 15 indicated that nucleo-
tide di- and triphosphates were not present
in the TCA extract. The major portion of
organic phosphates consisted of su%ar phos-
Ph_ates %peaks 2,6, 7,and 8) since they con-
ained nexose and phosphate but had no
uv absorption. They accounted for approxi-
mateéy_90% cf the or(t;anlc phosphorus de-
tected in the total eluate from the TCA ex-
tract. Peaks 3 and 12 were believed to be
uric and orotic acids on the basis of their
Posmon of elution, their uv spectra, and the
act that they contained no phosphorus.
Review of Fig. 2 shows that separation
of the diffusate was less efficient than in
Fig. 1 The elution system, however, al-
lowed enzymatic determinations of eluted
components, For this reason, and in spite
of the relatively poor resolution of the com-
Ronents obtaingd, the ammonium chloride-
ydrochloric acid system was chosen for. the
accumulation of rélatively large quantities
of milk phosphates for direct investigation.
Sugar(j)hosphates (peak 3, Fig. 2), which
accounted for 56.2% of the total organic
phosphorus eluted from the column, ‘were
separated from inorganic phosphorus (peak
4) by chromatography, and_ the elution
schenie obtained is shown in Fig. 3. Analy-
sis of the contents of fractions 71-75 (Fig.
3) showed the presence of fructose- and
hexose- (determined as glucose) phosphates
and A-acetylglycosamine-l-phosphate (see
Table 2a). "Acid-labile phosphorus was de-
tected in” considerable, quantity, (20.8?M).
Paper chromatographic ~ analysis * of these
fractions indicatéd that small amounts, of
galactose and free I1V-acetylglucosamine in
addition to at least two organic phosphates
%see Table 3) were present. This implied
that certain of the organic phosphates were
(Lune unstable. The paper chromato%ram_ of
the groducts of acid hydrolysis of fraction
71-75 showed that the amounts of galac-
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tose and A’-ace(tjyl?lucosamine had increased
and that an acid-stable sugar phosphate (Rf
0.49) and a completely unknown prhosphate
(R0.0) were present (1Table 3). The chro-
matogram of fraction 71-75 after hydrolysis
with “alkaline phosphatase showed™ thaf at
least two very stable organic phosphates
(Rf 0.49) were present, and tha: the sugar
phosphatés originally present had contained
glucose, fructose, galactose, and jV-acetyl-
glucosamine. It was concluded, on the hasis
of the observed reactivity durln% hydroI?/sw
by acid and by alkaling phosphatase, that
the phosphates” present in fractions 71-75
were glucose-6-phosphate, galactose-1-phos-
phate, Tructose-6-phosphate, A™-acctylglucosa-
amine-1-phosphate, and at least two very
stable unknown organic phosphates.
_Fractions . 76-90 (Fig. 3) contained a
single or amc,phosphate and’ a trace of Pi.
Acid hydrolysis yielded Pi and an Ar-acetyl-
hexosamine (Table 2b). Alkaline phospha-
tase treatment produced increased P, '(Rf
0.37) and a reducing sugar (Rf 0.47) (see
Table 4). Direct evidence that the reducmq
sugar was an Aracetylhexosamine and tha
it was or|7q6|nally present as a phosphate_ in
fractions 76-90 was provided by application
of alkaline phosphatase to the organic phos-
phate spot (Rf 0.58) on the chromato?ram
(Table 4). A Posmve test for A'-acetylhex-
osamines was then obtained. The E[))resence
of A-acetylglucosamine was proved by gaper
chromatographic comparison (gTabIe_ ) of
acid hydrolyzed fractions 76-90 with  au-
thentic” reference compounds. Identification
of A'-acetyl?lucosamme-I-phosphate a5 a
component “of fractions 76-90 was thus ac-
comﬁllshed. o

The 4 phosphates identified accounted for

af Mo SRS Rt W
certain” refefence "compounds.

Rfa
(relative to
Compound glj%ogget |#1e)
I-\I)/droIYzed fraction 76-90 101
-Y-Acetylglucosamine 1.00
.Y-Acetylgalactosamine 0.33
Glucose Xo spot

“Spots detected by reagent of Partridge (1949).

ACID-SOLUBLE PHOSPHATES IX COW MILK

71.4'< of the or%anic phosphorus present in
the sugar Ph_osp ate mixture (peak 3, Fig.
2). Calculation of the quantlt¥ of each of
these compounds in 100 ml of milk, from
data presented in Fig. 3. yielded the results
given in Table 6. The quantity of A'-acetyl-
glucosamlne-l-phosghate and ‘of fructose-6-
phosphate was obtained dlrectIY (Reissig
et al.. 1955; and cvsteine-carhazole reaction,
Bartiett, 1050b). Phosphate liberated by
mild acid h drol¥3|s in excess of that ac-
counted for y A-acetglglucosamme-l-phos-
phate was assumed to be due to galactose-1-
Phosphate. gllucose-6-phosphate was ob-
ained by subtracting absorbancy values due
to galactose-1-phosphate and™ fructose-6-
Phosphate from ‘the absorbancy observed in
he anthrone reaction (Bartlett, 1959h).
The organic ghosphates detected in peaks
land 8 ?FI . 2) could not be_identified on
the basis of the evidence available. Their
positions of elution indicated that the phos-
Phate gs) in peak 1 must be weakly acid and
he phosphate(s) in Reak 8 strongly acid.
Since fractions in peak 8 gave negafive re-
sults for hexose, pentose, glyceric acid, and
phosphopyruvate, they may, by process of
elimination, contain a phosphogluconic-acid-
like substance. The fact that monophos-
phorylated, monocarboxylic acids are eluted
at approximately the same position supPorts
this' possibility.” The identification of these
substances and of the two verY stable phos-
phates described above is worthy of further
Investigation. . _
Uric acid was identified in peak 2 (Fig.

Table 6. Sugar phosphates in cow milk.

Compound Micomoles PR
Galact<>se-l-phosphate 17.3 45
A'-Acetylglucosamine-1-

phosphate 205 8.9
Glucose-6-phosphate a5 (66 1y
Fructose-6-phosphate 15 04
Glucose-I-phosphate » 01)
Lactose-1-phosphate a '

o (0.01)°
Phusphopyruvic acid "
(0.01)»

McGeown and Malpress (1952).
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2) on the basis of the identity of its uv
spectrum at pH 2.4 with that of an authentic
sample, and on_its position of elution. Or-
otic acid was identified in peak 9 on the
basis of its_uv spectrum at pH 4.0, its posi-
tion of elution, and its microbiological assay.

The presence of galactose-1-phosphate and
g!ucose-6-P_hosphate in milk has been defi-
nitely contirmed, and the presence of fruc-
tose-6-phosphate and iV-acetylglucosamine-
1-phosphate demonstrated forthe first time.
The fact that glucose-1-phosphate, lactose-
1-phosphate, and phosphopwvm acid (all
reported by McGeown and Malpress, 1952)
were not found in the EOTA diffusate may
be due to the fact that the two sugar phos-
phates were not present in large e_nou%h
quantities to allow their detection in the
complex mixture present in peak 3. It is
also possible that phosphopyruvic  acid,
which should be eluted near peak 8, was
masked by the relatively large quantity of
non-phosphorylated substances. present.” Di-
rect ‘examination of the fractions obtained
from the TCA extract (F|%. 1) might have
resulted in the detection of glucose-1-phos-
phate, lactose-1-phosphate, and PhOSphOBY'
ruvic acid. A number of the acid-soluble
organic phosphates found in milk remain to
be" characterized. _Future investigations
should devote attention to the nature of the
organic phosphates that were not adsorbed
on"the columns.

Fructose-6-phosphate has been shown to
be a constituent of cow_ milk. Its presence
ma){ reflect the operation of the ﬁento_se
cycle in ma_mmar}/ Hland tissue. The su[;-
nificance of iV-acetylhexosamine-1-phosphate
in cow milk remains to be evaluated. UDP-
hexosamines have been found in sheep milk
(Denamur et al., 1958) and in mammary
qlands Manson, 1956; Smith and Mills,
954). The immunoproteins of cow_milk-
are reported (Larsen and Kendall, 1957) to
contain  hexosamine residues, and saccha-
rides containing A-acetylglucosamine have
been found in human milk” (Gyorgy, 1958).
It is noteworthy that only small quantities
of nucleotides were found, and that no inter-
mediary compounds of the Emden-Meyer-
hoff glycolytic pathway were detected.

The presence of lactose-1-phosphate in

cow milk has been neither confirmed nor
dlsProved. In view of the interest attached
to this compound in discussions of the bio-
synthesis of lactose (Gander et al, 1957;
Malpress, 1958 : Hassid, 1960 : Wood et al.
1958), particular attention should be paid
to it"In future investigations. The absence
of organic and inorganic. polyphosphates in
the extracts studied eliminates them as_pos-
sible metal-sequestering agients that aid in
the stabilization of cow milk. The presence
of relatively large quantities of sugar phos-
phates may indicate that they are important
contributors to_browning reactions in heat
rocessed and in dehydrated milk products.
lucose-6-phosphate “and _fructose-6-phos-
phate may_ contribute particularly to such
reactions since they are reducing” sugars.
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SUMMARY

The effects of temperature, wax emulsion coating, hormone treatment, and
their combination on the storage behavior of Nagpur and Darjeeling man-
darins were investigated. Use of 2,4-D with wax coating was more effective in
prolonging the storage life of both varieties at any storage temperature than
either wax coating or 2,4-D used separately. The storage lives of Nagpur and
Darjeeling oranges were respectively 50 and 35 days at normal temperature
(50-85°F) and 90 and 75 days at 40 £ 1°F when treated with 2,4-D (1000
ppm for Nagpur and 2000 ppm for Darjeeling varieties) followed by wax
coating. Wax-eoated Nagpur and Darjeeling oranges were in a good market-
able condition for 30 and 22 days, respectively, at room temperature, whereas
the respective controls remained marketable for only 10 and 7 days. At
40 £ 1°F, storage lives were respectively 60 and 52 days for Nagpur and
Darjeeling oranges coated with wax, and 40 and 25 days for their respective
controls. Hormone-treated fruits, like the controls, lost their marketable
appearance through considerable desiccation, Jaitting, and shriveling. Loss
in weight and spoilage due to fungal attack and rind blemishes were least in
fruits treated with 2,4-D followed by wax coating in both varieties and each
storage temperature. Pulp-to-peel ratio, reducing sugar, sucrose, total sugar,
sugar-to-acid ratio, pH value, and specific gravity in juice increased, whereas
vitamin C content and titratable acidity decreased, during storage in all treat-
ments. No off flavor was produced in any case.

INTRODUCTION : art ct al. (1952) reported that post-harvest

Next to the mango and banana, Citrus —treatment of lemons with h1|gher concentra-
fruits are the Iargest fruit crop of India, tion of 24-D and 2,45-T retarded the
occupying about 6%, of the total area under Yellowmg of the fruits. Dutt et al. (1960)
cultivation. Mandarin oranges (Citrus retic- lengthened the storage life of Nagpur of-

ulata), the largest citrus crop grown in
India, is of great nutritive, protective, me-
dicinal and ~industrial value. Therefore,
evaluation of proper storage conditions for
extending its period of availability in the
market appears very useful,

Siddappa and Bhatia (1954) reported
varietal “differences in the composition of
different mandarin _oranges grown in India,
Cheema et al. (1937) and Singh and Hamid
(1942? determined “the optimum tempera-
ture for the storage of Nagpur oranges.
Stewart 51949) observed that Wastac[le from
fungal attack could be reduced by freating
citrus fruits with 2,4-D and 2,4,5-T. Stew-

*Present address: Regional Research Labora-
tory, Jorhat, Assam. _

bPresent address: State Horticultural Research
Station, Krishnagar, West Bengal. o

CPresent address: Central Institute of Fisheries
Technology, Erakulatn, Kerala.

anges by coating the fruits with wax emul-
sion.

No work has been reported, however, on
the combined effect of hormone treatment
and wax coating on the storage. behavior of
mandarin, orangés. The present mvestl?atlon
was carried out to find the effect of hor-
mones and wax coating, separately and in
combination, on storage behavior at normal
and at low temperatures.

MATERIALS AND METHODS _

The varieties of oranges used in these experi-
ments were Nagpur and Darjeeling. Fruits were
brought from Fartlcular (h;ardens, with arran%e-
ment for collection through dealers in the whole-
sale market of Calcutta. About three days. elapsed
between harvest and treatments. The fruits were
in fully mature stage. Nagpur oranges were green
in_color, while Darjeeling oranEes were' orange
¥e|[ow with a greenish tinge. Fresh and sound
ruits were surface cleaned with a piece of cotton
soaked in 1% ethanol solution.

1519]
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Wax emulsion coating. Paraffin-carnauba wax
emulsion as given by Trout (19422 was prepared
in the following composition (parts by weight) :
garaffm wax, T12; carnauba wax, 28; oleic ‘acid,
2, NaHCOa, 4.5; Na*COa, L1.5; water, 392. The
emulsion contained 30% solid and 25% wax. It
was diluted with cold water (50:50) to obtain
125% total wax content emulsion, which was
used in all cases. Both Nagpur and Darjeeling
oranges were coated with wax emulsion by dip-
ping in the emulsion for 2 minutes and then dry-

Ing i air.
q—lormone treatment. Used on Nagpur oranges
were 3 hormone solutions; maleic hydrazide
(MH), 24-dichlorophenoxyacetic _acid £()2,4-D),
and 2,4,5-tr|chIorodphenoxyacet_lc acid (2,-9-T) at
100, 500, and 1000 ppm. "Dar eelmgI oranges were
treated with 24-D ‘and 2,4,5-T solutions of 100,
1000, and 2000 ppm. _ _
~The hormones were dissolved in alcoholic solu-
tion (1:9 80% ethanol and water) in which 0.15%,
Tween-80 was incorporated as a surface-active
agent. Both Nagpur and Darjeelln? oranges were
dipped in the hormone solutions for 3 min and
dried in air. About 0.04 g of hormone was re-
quired for 100 fruits when a 1000-ppm concen-
tration was used. _

Hormone treatment Iplus wax coating. Some
hormone-treated fruits from each lot were coated
with wax emulsion and dried in the open air.
The wax required for 100 fruits was 4.3 g. Such

treated (hormone-treated, wax-coated, and hor-
and con-

mone-treated followed by wax coating)
trol fruits were kept in rectangular wooden boxes
(24 X 18 X 6 inches) lined inside with corru-
ated brown gager and stored at room temperature
%58-80°F, 45-15%, RHF) and in a constant-tempera-
ture room at 40£1°F (68-82%. RH). In each
freatment, 50 fruits were kept for study of orange
life and batches of five samples in each were

weighed at reqular intervals to determine physio-

logical losses in weight. Similar lots for ‘each
treatment were also kept from which six samples
were picked at intervals for analysis of the chemi-
cal constituents, The experiments were repeated
in two consecutive years, in 1960 and 1961,

Extraction of juice and analysis of constituents.

The rind of the fruit was removed, and the seg-

ments only were crushed in a screw-tvpe juice
extractor. * The extracted juice, filtered through
a fine cloth, was used for chemical analysis. Sug-
ars were estimated by the copper reduction method
of Lane and Eynon 9923?' Titratable aud!th/
was determined Dy titrating the diluted juice wit
standard 0.1V NaOH solution, with "1% phe-
nolphthalein used as an indicator, Vitamin C was
estimated b{ 2,6-dichlorophenolindophenal  visual
titration me

hods. pH value was determined be-

takin_?.a direct reading on a Cambridge pH meter.
Specific gravm{ was determined with a Sp. gr.
bottle. Qrganoleptic tests were also carried out.
Pulp-to-peel ratios were determined in a number
of fruits. Cumulative percentage physiological loss
in weight was determined hv weighing a few
fruits in each treatment at the beginning of the
experiment and taking the WEI%_ht of those fruits
at reqular intervals. Observations on spoilage
were also made at regular intervals.

RESULTS AND DISCUSSION

Storage life, physical appearance, and
spoilage. Both the ripening and deveIoP-
ment of color of both varieties were g2reatDy
delayed by higher concentrations of 2,4-D.
The 2,4-D plus wax emulsion was more
effective_in prolonging the storage life of
both varieties than was either wax or 2,4-D
alone. Less effective, though of similar
effect, was 2,4,5-T. At no concentration did

_Jable 1 Storage life of manﬂarin ora&qes under
d*f erent tre tmeats an% /at | frent e peratur?
0 s&(orape. ase dQn % %PO' age ue t(g mor‘?
%tgc oftyfn and desiccation to an extent o
Jo loss of Moisture or more.
‘ sP”F;g”e
Variety Treatment COH&?{I%% a (jéyes)
Nagpur ~ 2,4-D (1000 ppm) C 90
+ wax emulsion r 50
Wax emulsion C 28
r
2,4-D (1000 ppm) C ﬁg
r
245-T (1000 ppm) ¢ 8
-- wax_emulsion r 4)
MH (1000 ppm) C 62
+ wax emulsion r 3
MH (1000 ppm) C 4%
r
Control C 40
o r 10
Darjeeling 24-D (2000 ppm) C I
4- wax emulsion r 5
Wax emulsion ¢ g%
r
2,4-D (2000 ppm) ¢ %
r
2,45-T (2000 ppm) ¢ 65
4- wax emulsion r 0
2,45-T (2000 ppm) ¢ 21%
r
Control c P
r I

ter;ge?atﬁ?leq’ 5@0504;': 4568725%R|E|QH  f=foom
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MH show any advantage over the control
with either variety. .

Table 1 shows. that the storage life of
Nagpur and Darjeeling oranges™ at room
temI[Jerature was 50 and 35_days, respec-
tively, compared to 10 and 7 ddys for the
respective  controls, when the fruits were
treated with 24-D (1000 ppm in case of
Nagpur and 2000 ppm for Darjeeling or-
anges ) followed by coating with ‘wax.™ The
stored fruits retained their attractive color
and_characteristic flavor. Nagpur and Dar-
jeeling oran,cr;es coated with wax alone had
a storage lite of 30 and 22 days, respec-
tively. Fruits treated with only 2,4-D, like
the “controls, showed sign of desiccation,
Flltln?, and shriveling, and had a storage
ife of 14 and 12 days, respectively.

At 40+1°F, the,storage life of Nagpur
oranges treated with 2,4-D (1000 ppm)
followed by wax coating was extended up
to 90 days, as agamst 60 day{s for wax-
coated fruit and 40 days for the controls.
When 2,4-D-treated Darjeeling oranges
52000 ppm) were wax coated,” they had
5 days” storage life, whereas fruits coated
with wax alone and the controls had respec-
tive storage lives of 52 and 25 days. Fruits
treated with only 2,4-D lost_their attractive
apprearance through desiccation and pitting.

e predominant types of molds found on
spoiled oranges were Penicillium digitatum
and. Penicillium italicum, although ™ Alter-
naria rot caused by Alternaria “citri and
other type of rind blemishes (stem end rot,
crinkled collapse, dry spots,” scaled, etc,)
Mold attack is the main

@ cause of spoilage of fruits treated with wax

g
:

emulsion along. Spoilage was quicker in
Darjeeling orargjges than“in Nagpur oranges
with corrésponding treatments ‘at both tém-
peratures. o

2,4-D not only delayed ripening of both
varieties but alsp reduced spoilage due to
fungal attack, Similar reduction in wastage
of Citrus fruits was also observed with the
%ppllcatlon of 24-D in wax emulsion by
tewart E1949). This reduced wastage
was_directly due fo the toxic effect of

o 24-D on the organisms concerned, and in-
M directly to the delay in ripening.

Cumulative

ercentage physiological
losses in weight.p PhysiologgicaF Hoht T

weight fosses
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(Table 2) indicate that losses in weight
were greater at room _temperature (58-
80°_F2, than at 40+1°F in both oran?e
varieties under corresponding treatments.
Loss in weight was least with 2,4-D plus
wax, and then in mcreasm? order for wax-
coated, control, and only 2,4-D-treated
fruits, for both the varieties and storage
temperatures. Darjeeling oranges lost more
weight at room temperature (58-80°F,
45-75% RH) than Nagpur oranges, but
the reverse was true at 40+1°F 868-82%
RH) with similar treatments after same
days at storagle. _ _
uIP-to-pee ratio. The increased pulp-

to-peel ratio for both the varieties under
different treatments (Tables 3, 4) indicates
that the loss of weignt was Proportlonately
higher from the peel than from the pulp.
Asimilar increase in pulp-to-peel ratio dur-
ing ripening was obtained by Flawkins
1921) in grapefruits and bY rout et al.
1938) in Washington Nave ,orangies.
Chan?es in chemical constituents. The
trend of chemical chan?es (Tables 3, 4)
was the same for both the varieties under
different _treatments, but the rate of changes
and specific values were different for differ-
ent treatments. ()f the total sugar, sucrose
constituted the greater portion, and the rest
was shared by reducing sugars. The rate
of increase of ‘sucrose was greater than that
of reducing sugars during” ripening. Spe-
cific gravity of juice increases, mostly due
to increase In sugar content during r_|{)en|n?.
With the increase of sugars, the titratable
acidity gradually decreased. Increase in pH
value  iS due to the decrease in effective
acidity. Increase of sugar and decrease of
acid ¢ontent in juice led to a greater sugar-
to-acid ratio during ripening, A similar
relation between sugar and acid was found
in_mandarin oranges Kudryavtseva
(1931). The vitamin C content decreased
sll%hty_durm? ripening in _both varieties
under “different treatments. Bratley (1,9402:
reported . a similar decrease in vitamin
content in orangies. It is noteworthy that
the physiological break-down of thé con-
stituenfs was less when the fruits were
treated with hormone. o

The characteristic color of juice was
deeper for Darjeeling oranges " than for

Nagpur oranges at the eating-ripe condition.
No™ off flavor was producéd in any_case.
Fruits stored at 40+1°F were decidedly
better to the taste than fruits kept at room
temperature (58-80°F).
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SUMMARY

A procedure developed to fractionate the major nitrogen-containing com-
ponents of muscle was utilized to study the relationship of intracellular muscle
Eroteins to tenderness. The study was performed on a group of 20 yearling
ulls from two lines of cattle that had been selected for differences in tender-
ness. The longissimus dorsi muscle contained more total nitrogen per unit
of muscle tissue and almost twice as much sarcoplasmic Frotein as the infra-
spinatus muscle. The longissimus dorsi contained less fibrillar protein and
non-protein nitrogen than the infraspinatus. The following factors were cor-
related with tenderness as measured by shear and panel: sarcoplasmic protein
nitrogen/total fibrillar protein nitrogen; soluble fibrillar protein nitrogen/
total fibrillar protein nltro%en; water released/total water. Fibrillar protein
solubility was highly correlated with tenderness (r=—0.69 for shear and
t—0.59 for panel). An r value of 0.49, significant at the 5% level, was
found between water-holding capacity and tenderness as measured by the

shear.

INTRODUCTION

Since Wierbicki ct al. (1954) investigated
the possibility that the dissociation of actin
and myosin was involved in the post-mor-
tem tenderization of meat, considerable inter-
est_has been developed in the behavior of
actin and myosin and their reactions during
and after rigor in relation to meat tenderiza-
tion. Kamstra and Saffle (1959) and Car-
Renter ct al. (1961) were able to produce

ams with a significant increase in tender-

ness b% interrupting the normal course of
rigor Dy the infusion of chelating agent.

einburg and Rose (1960), in studies with
chicken breast muscle, found that an increase
in tenderness post-mortem was paralleled bv
an increase in extractapility of the contrac-
tile proteins. Wierhicki ct al.. ‘1956) stated
that the post-mortem dissciation of acto-
myosin probably played an insignificant role

‘Journal Article Xo. 3147, Michigan Agricultural
Experiment Station. East Lansing. _
bA Bortlon of the funds for carrying out this
research was SUpRAIed by grants from the National
Live Stock and Meat Board and Griffith Labora-
tories, Inc. . . _

cPresent address: Pillsbury Co, Minneapolis,
Minnesota.

in meat tenderization, but Partmann (19632
stated there was little doubt that the post-
mortem tenderization of meat was directly
related to the dissociation of actomyosin.

_The work reported in this paper was_car-
ried out to clarify and further investigate
the relationship of intracellular protein com-
position and solubility behavior to meat ten-
derness. This research was confined to the
study of variations in tenderness between
animals that were very similar in most other
respects.

EXPERIMENTAL

ExFerimentaI animals. - The longissimus  dorsi
muscles of 20 yearling bulls raised on the Michigan
State University farms were used for the tender-
ness study. In" addition, the intracellular protein
composition of the infraspinatus muscles of four
of these bulls was determined for comparison
purposes. These bulls were within a three-month
age group and sired by bulls selected for differ-
ences in tenderness. They were fed and managed
identically and yielded carcasses of the Standard
and Good grades.

Tenderness determination. Tenderness was de-
termined on the first three Ifi-inch short loin
steaks, taken frem carcasses that had been aged
seven days. At tiis time the fourth Ipi-inch steak
was removed and vacuum packaged In a Cryovac

15%5 ]
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bag and immediately frozen and maintained in this
state for approximately one month, after which
time they were used in the fractionation procedure.
Steaks were cooked in deep fat at 141°C to an
internal temperature of 63°C. They were allowed
to cool 24 hr, and one-inch cores were submitted
to a 12-member taste panel for evaluation of
tenderness on a nine-point hedonic scale. The
scores were rated from 1 (extremely tough) to
9 (extremel?/ tender). Tenderness of eight %4-|nch
cgres was also measured with the Warner-Bratzler
shear.

Protein fractionation. To study the protein
composition of muscle, a relatively” rapid method
for frqctlon_atllnﬁ the muscle proteins and for de-
termining fibrillar protein solubility was developed,
as outlined in Figs. 1and 2 This procedure was
adapted from procedures of Seagran (1958) and
Turner and Olson (1959). The principal changes
made in adapting these procedures were an increase
in the volume of extracting solutions relative to

_samﬁle size, and an increase in samRIe size and
in the length of time involved in each extraction.
Al fractionation procedures were carried out
in duplicate at 4°C unless otherwise stated. The
design outlined in_ Fig. 1 was utilized for the
quantitative determination of sarcoplasmic protein
nitrogen, non-protein nltro?e_n, and total fibrillar
proten nitrogen. Data obtained from the demﬂn
outlined in Figs. 1 and 2 were necessary for the
determination of fibrillar protein solubility.

For scheme 1, a 5-g sample was weighed into a
250-ml centrifuge tube, and 70 ml of a phosphate
buffer (pH 76, ionic strength 0.05) was added to
the tube. The entire contents of the tube were
transferred to a microblender jar. An attempt was
made to attain a maximum degree of subdivision
with a minimum of foaming. This was achieved
by blending for 1 min at a blender speed of 8000
pm (adgusted with a Powerstat transformer
setting of 40). It was extremely important to
control blender speed and time since any variation

54 S Bt T
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in these factors caused differences in extractablllt¥.
After. blendmg, the material was transferred to
its original tube. The blender jar was rinsed with
30 ml of extracting solution, and this solution was
added to the centrifuge tube. After 1 hr the
material was centrifuged for 15 min, the super-
natant was decanted, and its volume was recorded.
One hundred ml of extracting solution was again
added to each tube. The tube was stoppered and
shaken until dispersion of the tissue was complete
(about 20 seconds). After 1 hr the material was
centrifuged, the sugernatant decanted, and the vol-
ume recorded as before. The two solutions ob-
tained were combined and filtered through 8
IaYers of gauze to remove fat and other particu-
late material not removed by centrifugation. This
combined solution was designated as A 1solut|on
extracted at low ionic strength). A 15-ml sample
was taken for nitrogen analysis, and a 15-ml sam-
ple was used for the determination of non-protein
nitrogen. The filtrate resulting from the TCA
precipitation was designated as B. The residue
(Cr) remaining from the extraction with phosphate
buffer, was extracted with 200 nil of 0.1/ NaOH
for 4 hr at room temperature. The volume of the
tube contents was measured and then filtered
throth_ gauze. A very small amount of residue
(alkali-insoluble material, i, connective tlssue?
was retained on the gauze. An aliquot of the fil-
trate (D) was taken for nltrogfen analysis, and
the remainder was discarded. The procedure in
Fig. 2 was exactly the same as the first two

steps outlined in Fig. 1 except that the extracting
solution was Weber Edsall solution %XaCI car-
bonate buffer, pH 9.0, ionic strength 0.67). The
solution extracted by this scheme was designated
E. Solutions A, B, D, and E were analyzed for
nitrogen, and the results were designated as A",
B", etc. Total nitrogen content of the fresh tissue
was denoted F". These symbols (nitrogen con-
tents) represented the following fractions:

B" = non-protein nitrogen o

A" = nitrogen extractable at_low ionic strength

é)" total fibrillar protein nitrogen

" = nitrogen extractable at high ionic strength
A"—B"= sarcoFIasmlq protein  nitrogen
E"—A" = soluble fibrillar protein nltro?e_n _
F" — (D" - A") = connective-tissue protein ni-

trogen

The above values were averaé;es of duplicate
analyses recorded to the second decimal place.
Variation between duplicates for A", D", and E"
was normally from 0 to 0.02 mg/ml, with an ex-
treme range in one or two cases of 0.05 mg.
Variation In the second decimal place was seldom
observed in the case of B".

Nitrogen analysis. Al UIITO%GH analyses were
Ferformed by the micro-Kjeldahl method as out-
ined by the American Instrument Co. (196_1%,
except in the case of total tissue nitrogen, whic
was, determined by the macro-Kjeldahl method
outlined in AOAC" (1960). All nitrogen contents
were reported as mg of protein nitrogen or non-
protein mtro_(t;en per ml" of solution, or per g
of tissue. Nitrogen analyses were made in dupli-
cate.

pH measurements. All pH measurements were
made with a Beckman Model G pH meter. The
electrodes were placed directly into the ground
sample or protein solution, and the observed values
were recorded to the nearest one-tenth unit.

Non-protein nitrogen determination.  Xon-pro-
tein nitrogen was determined by mixing 15 ml of
protein solution with 5 ml of 10% TCA. After
IS min this material was filtered through What-
man Xo. 1 filter paper. The filtrate was analyzed
for nitrogen. This value was multiplied by "1.33
(necessary because of the TCA dilution) to give
non-protein nitrogen per ml of original solution.

Centrifugation. A" model PR-2" Refrigerated
International Centrifuge was used throu%hout the
experiment, - Centrifuging was done at 2500 rpm
(1400 X G) with the exception of water-holding-
capacity determinations, o

ater-holding-capacity determinations. Water-
holding capacity was determined according to the
centrifugal method of Wierbicki et al. 81957).
Ground “samples of 25(? were heated for 30 min
at 70°C and centrifuged for 10 min at 1000 rpm
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(250 X G). The percent of total water released
was reported as free water. Triplicate determina-
tions were made.

RESULTS AND DISCUSSION

The fractionation procedure developed in
this research facilitated a relatively. rapid
and reasonably accurate determindtion of
nitrogen comgonents, in muscle. The pro-
cedure could be carried out in duplicate in
one day. To obtain complete data, analysis
for connective tissue would have been "de-
sirable. Connective tissue was determined

difference in this procedure, and_ such
a determination reflects all the errors incur-
red in all the seParate determinations of the
other components (Table 1). Ritchey et al.

Table 1 Average nifrogen composition of two
muscPes f}om yearling ElﬁFS P

N itroge(%oor}t?(i]r{éil?q\l{raction

Muscle p?gsrr%(fc Fibrillar NPN  Stroma

Longissimus dorsi
0 animals) 31 62 65 05

Infraspinatus
(4 animals) 18 685 GO 45

(1963) reﬁorted values for collagen deter-

mined b?/ the hydroxyproline method of ap-
Prommaely 1.3 g collagen nitrogen/100 g
otal nitrogen for_ beef’ longissimus dorsl
muscles (1:3%). This differéd considerably
from the averaPe,vaIu,e for the same muscle
from 20 animals in this study (0.5%). Ac-
curate measurements of such” small amounts
of conngctive tissue by difference would be
almost impossible. . .

The four bulls from which the infra-
spinatus muscle was fractionated were from
the group of 20 bulls from which the lon-
gr|33|mus dorsi muscle was fractionated.

here was little similarity between the nitro-
gnen composition of thesé two muscles from

e same animals. The Ion%mmus dorsi
contained almost twice as muc sarcoFIas_mlc
protein, and almost 1 mg more total nitro-
gen/g of tissue, than the ‘infraspinatus. Re-
Specfive total nitrogen contents for the lon-
gissimus dorsi and” infraspinatys were 343
and 33.35 mg/g. It was possible that the
value for sarcoplasmic proteins was some-

what higher for the longissimus dorsi than
the actual sarcoplasmic protein content, since
these muscles were frozen for a short time
before being fractionated. Mechanical dam-
age fo the intimate muscle structure by
fieezing could have allowed a greater disso-
lution of actin and myosin in the 0.05 ionic
st,ren?th buffer, ultimately resulting in a
slighf overestimation of ‘the sarcoplasmic
proteins, Considerably less of the fibrillar
protein fraction and the _non-ﬁroteln nitrogen
compounds. occurred in the longissimus
dorsi than in the mfrasB!natus.

Trautmann and Fiediger &195_2),stated
that the ratio of sarcoplasm to _fibrils was
Pro ortionate to the amount or kind of work
hat a muscle performs. This would indi-
cate, that the ratio of sarcoplasmic protein
to fibrillar protein has a similar relationship.
The corresponding ratios obtained in this
research were 18/68.5 for the infraspinatus
and 31/62.0 for the longissimus dorsi. |f
such a relationship existed between this
ratio and muscle aCtIVItY, be it direct or
inverse, there was also the possibility that
this ratio could be related to tenderness.
Consequently, this aspect was also investi-

fed.

Table 2 shows the tenderness measure-
ments, water-holdln? capacity, and amoupnts
of the more imporfant nitrogen-containing
fractions of the longissimus™ dorsi of the
20 bulls involved inthis study. The only
large variations between animals were the
values for tenderness and fibrillar protein
solubility. Total nitrogen, sarcoplasmic pro-
tein, fibrillar protein, water-holding capacnr,
and non-protein nitrogen were remarkably
constant from animal "to animal,_as shown
b}/ small standard deviations, The mean,
standard deviation, and standard error for
non-protein nitrogen, were respectively 2.22,
0.10, and 0.02. N

Simple correlation coefficients were calcu-
lated 'between tenderness (measured b
shear and panel) and sarcoplasmic protein
nitrogen/total fibrillar protein nitrogen, sol-
uble Tibrillar protein nitrogen/total " fibrillar
prrotem nitrogen, and free water (Table 3).

enderness, as measured by both shear and
panel, was highly correlated with fibrillar
protein solubility Fr = —0.69 and 0.9, re-
spectively). Cofrelations of the other factors
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dorsi 0
Tenderness f\%f%rg r

Bull no. Shear Panel (% released) p?aasr%?c
247 10.60 54 476
23 1230 41 465
3 9.05 1.3 453
3 9.2 74 454
32 1250 47 46.3
5 9.68 6.0 46.6
25 9.82 6.8 439
50 133 6.9 421
20 10.64 54 436
700 141 1.1 46.3
361 8.29 1.6 443
22 8.37 6.3 41
2 1.18 6.8 433
672 940 58 456
47 730 1.3 450
6 9.58 58 46.2
720 9.38 6.5 46.7
29 8.83 6.5 iy
42 1091 35 411
12 8.57 70 411
Mean 9.35 6.24 454
Std. dev. 151 116 148
Std. error 034 0.26 0.33

Table ﬁ Correlat&on cerﬁcients for varioug

Lactors related fo t?n erness (tenderness measure
y shear and panel).
Tenderness
Factor Shear Panel

Sarcoplasmic N/

total fibrillar N -0.43 041
Soluble fibrillar N/

total fibrillar N —0.69** 0.59**

Water released (free water/
total water) 0.49**
Tenderness as
measured by panel -0.83**

< B Bek

-0.40

with tenderness were all very close to the
p < .05 level of significance; however, only
one other r value was significant at this

level.

This was the correlation between

free water and tenderness as measured by

the shear (r = 0.49).

Hamm (1960) re-

ported thaf a relationship existed between

Water-holdin?
that the rela

capacity and tenderness, but
lon appeared only if the dififer-

Tab*ez&.bu“espderness, water-holding capacity and nitrogen composition of the longissimus

Nitrogen composition (mg N/g)
bl ROAIE ok,

101 22.2 8.2 45

104 215 106 343

10.2 204 134 A1
101 209 150 335

10.7 21.3 8.2 3.3
113 20.7 146 348
111 207 8.0 344
119 21.3 174 3.3
10.2 206 112 354
108 19.6 116 345
101 209 124 32.3
101 205 142 A1
10.7 215 150 41
10.7 233 9.6 333
115 213 182 348
102 214 122 339
112 222 102 35.2

118 210 140 35.0
104 216 8.2 334
104 214 114 38
10.7 212 122 343
0.56 0.30 3.04 0.80
0.12 0.18 0.68 0.18

ences in water-holding capacity of meat
were relatively great. " In other words, a
high correlation Detween water-holding ca-
pacity and tenderness will usuallhl he found
only “in extreme cases.. The highly signifi-
cant correlation coefficient between tender-
ness as measured by panel and shear is in
agreement with previous work reported in
this area. o

_ The only significant correlation in Table 4
Is that between free water and percent solu-
ble fibrillar protein. Such a correlation
would lie expected, since both free water

Table 4. ?rorrelation.coeffficients of some fzictors

det$rm|ned om protein fractionation In- refation
fo free water.
Factor Free water

Total nitroPen -0.12
Percent soluble

flbrlll_ar_‘Jrotem _ -0.53*
Total fibrillar protein 0.27
Sarcoplasmic protein -0.32

*p< 0.05.
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and soluble fibrillar protein are correlated
with tenderness. ,

It has been made evident from the results
of this study that the variation in tenderness
between similar animals s cIoseIereIated
to the tendency of the fibrillar protein frac-
tion to be diSsolved or extracted by salt
solution. The difference may or may not
be attributed to the same mechanism as the
increase in solubility or extractability of the
muscle proteins during Post-morte,m aging
The p055|b|I|,tP( remains that the differences
In extractability may _be associated with
indirect mechanisms,” i.e., dependent upon
another factor or factors, such as a variation
in fragility of the sarcolemma, which would
allow more of the contractile proteins to be
extracted.
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SUMMARY
A method is described for the recovery of volatile organic components of

citrus juices br

juice and distillation of the extract.

a continuous, reverse-

ﬁhase, liquid-liguid extraction of the

e distillate may be used directly for

gas chromatography. Six aldehydes have been identified. Recovery of added

aldehyde exceeded 90%. Assay was by a colorimetric 2,4-dinitrophenylhvdra-

zone method. Total carbonyl content of concentrated orange juice rose sharply
0

shortly after processing,

llowed by a slower decline. The changes were

qualitatively similar whether a pure aldehyde or cold-pressed oran?e 0il was

added prior to frozen storage. Carbonvls in chilled oranee juice

ollowed a

roughly similar pattern, with a final rise as microbial spoilage became apparent.

INTRODUCTION

The study reported was made to develop
a method for the extraction in nearly quan-
titative yield of the volatile carbonyl com-
ponents " of orange juice and to  obtain
preliminary data “on "changes in the total
carbonyl content of frozen™ orange concen-
trate and of chilled ,oran_?e juice. The im-
portance of the volatile oils, and particularly
of their carbonyl components, in both the
aroma and flavor of foods, is widely recog-
nized, but methods for their isolation,
characterization, and estimation are poorly
developed for fruit juices in general and
citrus juices. in E)artlcular. _

In an earlier study of volatile components
of oran e6U|ce, Kirchner and, Miller $1957)
distilled 3000 gal. of fresh juice and Turther
concentrated the distillate by solvent extrac-
tions and fractional distillations to charac-
terize a large number of carbonyls and other
classes of compounds. They found acetalde-
hyde to be the principal carbonyl, with only

*Present address : Southern Regional Researcli
Laboratory. New Orleans 19, Louisiana,

A laboratory of the Southern Utilization Re-
search and Development Division, Agricultural
Relsearch Service, U. S. Department of Agri-
culture,

Mention of brand names is for identification and
does not imply recommendation by the U. S.
Department of Agriculture.

[

fractional parts per million of higher alde-

£s.

yGaddls et al. (1959) described chromato-
graphic methods for" the investigation of
steam-volatile carbonyls from rancid fats
as their 2 4-dinitrophénylhydrazones. Steam
distillation of orange, juice was found in
this laboratory to be impractical because of
long-continued evolution of carbonyl com-
pounds and a consequent_ necessity “of han-
dling Iarfge volumes of distillate Containing
only" a few parts per million of the car-

onyls.

, P\{ppen ct al. (1958) descriped a distilla-
tion technique for the separation of volatile
carbonyl compounds of cooking chicken.
The carbonyls were isolated as their 2,4-
dinitrophenylhydrazones, and, estimation of
their concentrations was obtained bY weigh-
ing the chromatographically separated frac-
tions.  Their method proved slow and
cumbersome and detected only those car-
bonyl compounds forming insoluble chro-
matographicallv_ separable” hydrazones. It
was also found in this laboratory that yields
of carbonyls from oran?e concentratg de-
pended upon distillation temperature. When
distillation ‘was_ carried out at atmospheric
pressure the yield of h%drazone,s was ap-
proximately five times that obtained under
mechanical-pump  vacuum.  Furthermore,
the hydrostatic head of the reat‘;ent traps
resulted in a boiling temperature high
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enough to make it possible that volatile
carbonyl artifacts might he formed during
the necessarily prolonged distillation.
Investigations of thé composition of cold-
pressed orange peel oil have been stimulated
In recent years by the development of gas-
liquid chromatography. Bernhard (1961)
reported an oran?e péel oil to contain over
50 components, of which 10 were carbonyls.
Wolford et al. (1962) detected a similar
number of components in_a commercially
prepared orange essence. The development
of simple column chromatographic methods
of separatlngf citrus oils into" terpene and
oxygenated fractions EBernh_ar ..1960;
KirClmer and Miller. 1952) simplified ex-
amination of the carbonyl components by
concentratln? them manyfold in the oxy-
genated fraction. _
_ For investigation of changes in the vola-
tile organic. components of “orange concen-
trates Or_juices urlng_processm? and stor-
age studies it was desirable thaf a method
be developed for separation of the volatile
from the nonvolatile components. It was es-
sential that the method he reasonably rapid
and. require only a small sample. ‘It was
desirable that mild conditions be used to
minimize changes during analysis and that
the isolated components e amenable to ex-
amination by gas chromatography.

METHODS

Solvent extraction of orange juice. A modified
continuous, reverse-phase, countercurrent, liquid-
liquid extractor (Fig. 1) similar to that described
by Kolfenbach ct al. (1944) proved suitable for
extraction of citrus juices. The small amount of
oil-in-water emulsion that tended to form broke
readily on standing. A 250-ml bulb at the base
of thé column was ade%uate to prevent emulsion
build-up. The 25-tnm-ID extraction column was
1'm long from the 0.40-mm jet orifice to the inlet
for the extractant.

A sample of 50§F600 g of thawed frozen concen-
trate (one No. 2 can or three 6-0z cans) was
convenient, It was diluted with 3 volumes of 50%
ethanol. ~ Two-liter samples of smgle-strength
juice were diluted with an equal volume of 95%
ethanol. The mechamcaIIY mixed {UICE was vacuum
filtered on 100-mesh stainless-steel screen held
in a Kreuger filter to remove coarse pulp particles
that could” clog the jet.

The juice was forced from the 4-L separatory
funnel used as a reservoir through the jet by air

FRIEDRICHS
CONDENSERS
JUICE IN—
— 1
0.40 MM JET
EXTRACTANT
BOILING

FLASK

J
<)=ﬁ= —=JUICE OUT

Fig. 1. Continuous, countercurrent, liquid-liquid
extractor.

p[ressure at 3-5 psi at a rate of about 3 L per hr.

he extracted *mce was collected and returned to
the reservoir Tor a second extraction with the
same batch of solvent. _
~ Pentane was used as the extractant. The boil-
ing flask was heated with steam, and the con-
densers were cooled with water at apgrommately
7°C. The extractant flow rate, of about 60 ml
per minute, was limited by the capacity of the
condensers. _ ,

For the recovery experiments, solutions  of
nonanal in ethanol ‘were added, with mechanical
stirring, before filtration. .

Preparation of extracts for analysis. Water-
soluble materials, such as small amounts of sugars
that had been mechanically carried over, were
removed by washing the” extracts twice with
water in a separatory funnel and drying over
anhydrous sodium sulfate.

The sodium sulfate was filtered off and washed
once with fresh pentane, and the filtrates were
concentrated to about 2 ml by distillation at
atmospheric pressure through a 15 X 100-mm
fractionating column packed with number 3013
Helipak packing. The condenser was replaced
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with a trap cooled in liquid nitrogen. The pres-
sure was reduced to approximately 15 mm. The
still pot was totally immersed in a boiling-water
hath, and the fractlonatm? column and connecting
tube were heated with electrical heating tape t0
drive all volatile materials over into the cold
trap. _Carotenoids, lipids, and other nonvolatile
materials remained in the still pot and were
discarded. After 15 min the vacuum was released
with nitrogen throuqh a sidearm on the still Fot.

Determination of total carbonyls. The distillate
was guantltatlvely recovered from the cold trap
and diluted to an appropriate volume, usually
25 ml, with carbonyl-free methanol. Total cai-
bonyls were determined as nonanai by the colori-
metric 2,4-dmnroghenylhydrazpne method of Lap-
in and Clark (1951) as” modified by Mattick and

obinson (1960). It was found necessary to add
1 ml of water to each tube before heating to
prevent occasional precipitation of KCLl during
subsequent _ manipulations.  Evelyn  colorimeter
readings with a 440 filter were taken at intervals
and extrapolated to zero time, and total carbonyls
were determined from a standard curve. Xonanal
was selected because it is @ minor component of
orange oil of intermediate retention time whose
peak is well separated from the peaks of the
major hydrocarbons under the conditions estab-
lished. The peak absorption for nonanai 24-
dinitrophenylhydrazone against a reagent blank
was found to"be 430 mg with a Cary Model 14
spectrophotometer.

dentification of carbonyls. Several batches of
commercial frozen orange concentrate were ex-
tracted in the usual manner and the distillates
pooled. The oxygenated components were sepa-
rated from the Fredomm_atm? hydrocarbons on
a 10 x 150-mm column, using florisil as adsorbent,
eluting the hydrocarbons with hexane and the
oxygenated components with carbonrl-free meth-
anol.  The methanol eluate was diluted with 1
volume of distilled water and extracted repeatedly
with u-pentane in a separatory funnel. The several
epiphases were dried over anhydrous sodium sul-
fate, filtered, and evaporated to a small volume
in a stream of nltro%en at room temperature.

Gas chromatographic analysis was carried out
on_a ’s-in. X 10ft column of coiled copper
tubing packed with 30% Carhowax 1540 on
Chromosorb. Helium flow rate was 120 ml per
min at 150°C. A hot-wire thermal-conductivity
detector was used. Effluent fractions contammﬁ
carbonyls were located by attaching a glass capil-
lary to the exhaust port of the instrument and
bubbling the gas through a few drops of 24-
dinitrophenvihydrazine reagent as suggested by
Walsh and Merritt (1961). These peaks were
collected on subsequent runs, along with two of
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the major hydrocarbon peaks, and identified by
retention time and comparison of infrared spectra
with authentic compounds. Each sample was
checked for purity on a 0.02-in. X 250-tt caopllla_rK
column coated with Carbowax 20M at 80° wit
a helium flow rate of 30 ml per min. A flame
ionization detector was used.

Preparation and storage of concentrates. Only
two representative examFIes of 10 studies are
discussed in this report. In the first, a sample of
55° lirix concentrated orange juice without cutback
juice or added peel oil ‘was obtained from a
processing plant.  Cold-pressed orange oil was
added at a level of 0.05% on the concentrate basis,
mechanically mixed without appreciable aeration,
sealed in Xo. 2 plain tin cans, and stored at
—20°C. One-can samples were withdrawn at
intervals, thawed 1 hr in running tap water, and
extracted. One sample was run immediately after
packing. Total carbonyls were determined.”

A similar sample was obtained and treated in
the same fashion, exceEt that 0.4 mg per 100 ¢
(0.0004%) nonanai  (Eastman, practical grade,
without purification) was added Instead of cold-
pressed orange oil. o

Preparation and storage of chilled juice. Ten
gal. of Valencia orange juice was obtained from
a commercial plant prior to pasteurization, and
was stored in bulk in a covered stainless-steel
container at 4.5°C. At intervals, 2-L samples
were withdrawn after thorough mixing, diluted
with 2000 ml 95% ethanol, and extracted and
assayed as were the concentrate samples. The
microbial plate count at the conclusion of storage
was made on orange serum agar after dilution
with distilled water. Flavor observations were

by the author.
RESULTS

Recovery. Recovery data for several levels of
nonanai added to a number of different commercial
frozen oran%e concentrates are given in Table L
A Dblank without added nonanai was run with each
determination, and the yield of carbonyls is ex-

Table 1 Recovery of n-nonanai added to frozen
orange concentrate.

n-nonaial (ppm)
Recovery

added found (%)
0.45 0.44 98
.84 .82 98
.85 .80 94
.85 .74 87
1.74 1.69 97
1.71 1.62 95
1.77 1.76 100
6.45 6.22 97
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Pressed as nonanal. The blank value was sub-
racted from the experimental value to obtain the
data for nonanal found. These blank values ranged
from 166 to 315 pEm. In each case the blank
and the exFerlmenta values were obtained with
the same lot of concentrate and at the same
time in a duplicate apparatus.

Gas chromatography. Gas chromatography of
the distillate from commercial concentrates without
the dilution necessary for quantitative carbonyl
determination gave " traces  strikingly similar
qualitatively to those obtained with whole cold-
pressed Valencia orange oil. Fig. 2 Presents the
recorder traces obtained on the “capillary column
for whole oil and a representative extract. These
traces were obtained with an AerO%raph Hy-Fi
Model 600, manuallg programmed from 50° to
225°C over about 45 min.” The chart speed was
15 in. per hr on a 1-mv recorder.

!
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The carbonyl peaks and two of the hydrocarbon
?,eaks separated on the larger column were identi-
ied as heptanal, octanal, nonanal, decanal, citron-
ellal, undecanal, limonene, and myrcene. Decanal
and citronellal were only partially” resolved on the
preparative column, but were completely separated
on the capillary column. Except for this Cm
aldehyde peak, only minor impurities accompanying
the major component were detected with " the
capillary column.

Changes in total carbonyls. A marked and
rapid rise in total carbonyls was observed in all
three storage studies reported (F||gs: 3 4 5),
followed, in the concentrates, b¥ a relatively sfower
drop. Fig. 3 gives the results Tor concentrate with
added orange oil. The carbonyls are on the basis
of weight of concentrate. Plotting the logarithm
of the carbonyl content against time (Bull; 1951 )
gave the curve of Fig. 6, which suggests a mono-
molecular, probably “pseudo first-order, reaction

10f¢

CARBONYL (PPM AS NONANAL)
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DAYS AT -20° C

Fig. 3. Total carbonyl coptent of frozen concen-
Brifte orange juice W|t¥ adpdge co?é-pressed orange
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Fig. 4. Total carbonyl content of frazen concen-
trate% orange juice Wll¥l agdeg nonaneﬂ.
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jui(F:ég. 5. Total carbonyl content of chilled orange
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with a specific reaction velocity of about 0.04S
dazs-l, or a half life of about IS days.

ig. 4 presents the total carbonyl data on a
concentrate  weight basis for the "samples with
added nonanal. “Total carbonyl decreased more
rapidly in this pack than when orange oil was
added. The disappearance of carbonyl did not
closely follow first-order Kinetics, but gave a
reaction velocity curve of gradually decreasing

slope.
WQhe chilled juice pack (F|g. 5) showed a more
complex carbonyl history. Following the initial
rapid rise, carbonyl content returned to the orig-
inal value and remained there for several days,
after which a slow decline was observed. The
flavor was characterized as “good" when received,
"fair" at one day, and “flat” until a slightly spoiled
flavor was detected, at 6 weeks, and a distinctly

LOG Co/C

-

0 4 8 12 16

DAYS
6. Kjnetic plot af carhonyl ¢ ntentlgf frozeH

Fig.
conc%ntrae orané)e Juice with"added cold-presse
orange ol,

spoiled flavor, at 7 weeks. The final rise in car-
bonrl content is correlated with the development
of the spoiled flavor, At 7 weeks the microbial
plate count was 7 million organisms per ml.

DISCUSSION

Previously published methods for the
sef)aratlon of volatile carb.onKIs from ve,rr
dilute a(_}uequs systems (Kirchner and Mil-
ler, 1957; Pippen ct al., 1958) required large
samples, were slow and cumbersome, and
subjected the sample to conditions that
might cause changes in relatively labile car-
bon){ls., The present method réquires only
a relatively small sample which is subjected
to elevated temperatures only briefly.” It is
rapid enough to yield a total carbonyl analy-
sis and a gas chromatographic trace of the
total volatile organic constituents from a
frozen sample within a single working day.
The ut|I|t¥_ of the method was demonstratéd
by the_ Tirst-reported identification from
orange juice or. a laboratory scale of several
aldenydes known to be constituents of cold
ressed oran%e oil (Stanley ct al, 191 ;

ernhard, 19%1) and of commercial orange
essence (Wolford ct al, 1962). _

In the exploratory phases of the work it
was found that thie continuous recycllng
system of Kolfenbach ct al, (1944) “coul
not be used with orange juice since the
systems stab|,I|2|n(}; the “dispersion of fine
Pulp were disrupted by the first passage
hrough the extractor. “During subsequent
residence time in the juice reservoir the fine
pulp tended to agglomerate as verﬁ soft
curds, and the clear Serum tended to channel
between them. This resulted in unequal ex-
traction of the soluble and insoluble phases.
Ford this reason a batch-type extraction was
used.

Extraction of untreated orange juice gave
recoveries of less than 50% of the added
nonanal on extraction with ether or pentane.
Recoveries were increased to over 90% by
saturation of the reconstituted concentrate
with sodium chloride or sodium sulfate or
by partial saturation with ammonium sul-
fate. Ether extraction resulted in recovery
of larger amounts of nonvolatile material
than did pentane extraction. The smallest
amount of nonvolatile material, coupled with
nearly quantitative recovery of added non-
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anal, was obtained by extraction of a dilute
ethanol. solution of the juice with pentane,
and this_ latter method ‘was adopted. The
ethanol is believed to increase recover){ by
increasing the solubility of the carbonyls in
the aqueous phase. Only trace amounts of
carbonyl_were found in an ethanol-water
blank. ~ The bulk of the extractable car-
bonyls was obtained on the first pass. Usu-
ally, small additional amounts were obtained
on“a second pass, with only trace amounts, if
any, detected after additional passes through
the_extractor. .

Changes in total carbonyl content durin
storage “of frozen orange concentrate and 0
chilled orange. juice Wwere followed. The
initial rapid"rise and decline in total car-
bonyls was observed in all experiments, but
has ‘not been explained. This sharp. change
occurs at the same time as the initial de-
crease in flavor of chilled orange juice, but
it is not necessarily true that the carbonyls
are of primary importance in this. flavor
changze. The mechanism of this initial rise
and the nature of the precursors have not
been clarified, nor has the mechanism or
nature of the products formed during the
succeedlnP decrease in carbonyls.

The refatively rapid chan%es in carbonyls
that would be ‘expected at 4.5°C compared
with those found at —20°C were not ob-
served, The explanation may lie similar to
that advanced bv Lamden ct al. (1960) to
explain the greater retention of ascorbic
acid in fermenting orange juice over that in
orange juice preserved with iodoacetate.
Consumption of dissolved oxygen by respir-
mg yeasts may have limited” oxidation of
aldefydes. The true explanation. will re-
quire” quantitative data on the individual
carbonyl compounds and of their precursors
and products ,throuqhout a storage history.

The similarity of the gas chromatographic
trace to that of cold-pressed orange oil sug-
gests that the extraction method, coupled
with suitable analﬁtlcal techniques, would
lie applicable to the study of chan%es in
classes of compounds other than carbonvls
during processing and storage of citrus juice
products.

CARBONYL CHANGES IN STORED ORANGE .RICE
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SUMMARY

Oxidation of the sulfur amino acids by autoxidizing lipids was studied
in a model system consisting of an amino acid dispersed in cold-pressed,

molecularly distilled menhaden oil (20 80% w/w).
investigated, cysteine was oxidized completely

. Under all conditions
to cystine. Preliminary results

suggest that at 110°C the oxidation follows first-order kinetics for at least the
first 8 hr. A specific reaction rate constant of 0.25 per hour was calculated.
When fatty acids were added to the system, cystine was oxidized to its thio-
sulfinate ester. When the fatty acid-cystine ratio was 1:2, oxidation of cystine
was a maximum. No oxidation of cystine occurred unless either a fatty acid,

volatile orﬁanic acid, or ethanol was added.

gated, met

INTRODUCTION

When oxidative rancidity develops _in
foods, it is accompanied by the destruction
of vitamins A and E, thiamin, and biotin
gCummln%s and Mattill, 1930; Pavcek and
Small, 1942; Holman, 19492 and a decrease
in protein_quality (Carpenter et al., 1962;
Ta?pel, 1955). Two interactions have been
noted: direct oxidation by peroxides and
free radicals, or reactions between carbonyls
produced by the autox;dumg oil and free
amino groups_in proteins. Friend d(1_958)
showed "that /3-carotene is co-oxidized in an
autoxidizing |Iﬁld system, the Produpts be-
mgi_epomdes. OWever, most of the investi-
gations on the interactions of proteins and
amino _acids with automdlzmﬁ lipids have
been in terms of the Maillard reaction
(Carpenter et al., 1962; Tappel, 1955). The
sulfur-containing amino acids are important
constituents of ‘proteins and are known to
be easily oxidized. CIassmaII,Y, it has been
shown {G_reenste_m and Winitz, 1961) that
the following oxidations are possible: Mer-
captans such as cysteine are oxidized easily
to. disulfides and, with more difficulty, to
thiolsulfinates and then to thiolsulfonates.

Contribution  No. 158, College of Fisheries,
University of Washington. This work was sup-
ported by Public Health Service Grant No.
Ca 05803-02.

Under the conditions Investi-

jonine was not oxidized to either its sulfoxide or its sulfone.

Thiolsulfinates and thiolsulfonates can be hy-
drolyzed to sulfinic and sulfonic_acids. Or-
ganic sulfides, such as methioning, can he
oxidized to sulfoxides and sulfones.

METHODS AND MATERIALS

A finely powdered amino acid was dispersed
(20-80% wiw) in cold-pressed molecularly dis-
tilled menhaden oil of iodine number 207 and acid
value of 0.33 mg KOH per gram of oil. In some
of the experiments an orqamc,amd was added to
the system. In the controls, tristearin was substi-
tuted” for the menhaden oil. The mixture was
allowed to autoxidize at 75 or 110°C for 24 or 48
hr, by which time the oil had become polymerized.
Temperatures both above and below 100°C were
chosen for these experiments, since hydrop[eromdes
decompose more rapidly above 100°C. The sus-
pension was stirred conitinuously to keep the solid
particles suspended. -

After the oil had heen allowed to autoxidize
for the desired period, either warm methyl acetate
or chloroform was added to dissolve as” much of
the polymerized oil as possible. The solvent-oil-
sample “‘mixture was then centrifuged to separate
the ‘solid particles of sample. The solid material
was washed several times with warm methyl
acetate or chloroform until the solvent remained
clear, and then the residue was washed with
several volumes of 95% ethanol. The final prod-
uct was placed in a vacuum at 40°C to remove
the last traces of solvent. In most cases the
solvent extraction procedure did not yield a sample
Eure enough for analysis. For further purification,
he residue was dissolved by wetting with a few

[537]
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drops of 95% ethanol and then for each gram
of ‘amino acid in the original reaction mixture
either 100 ml of 0.1iV HCL or distilled water was
added. It was necessary to decolorize the solu-
tion with Norit A to remove traces of residual
oil and other unidentified colored compounds.
These colored products were not studied, and are
probably similar to those reported by Okada
(Okada ct ill, 1961). . .

The controls were treated in essentially the same
manner except that benzene was substituted for
chloroform and methyl acetate in the extraction
procedure, since it is & better solvent for tristearin.
Cysteine and cystine were subjected to the com-
plete solvent extraction and alcohol purification
procedures. Under these conditions there was no
det?ctable oxidation of cysteine or hydrolysis of
cystine.
yThe samples were chromatographed by thin-
layer chromatogra hK. The supporting medium
was silicic acid and the solvent system was phenol
saturated with water. Known "compounds were
used to obtain Rf values to aid in identification of
the oxidation products. _ _ _

Infrared spectra were obtained with a Pcrkin-
Elmer model 21-C instrument with a NaCl prism.
A Nujol mull of the sample was prepared and
placed in a demountable KBr cell employing a
path length of 025 mm. A Nujol blank was
placed in the reference beam of the instrument.

Thiol _?roups were determined with the ampero-
metric tifration method of S_l%qla (1S54), except
that the solvent used was distilled water instead
of ethanol. The diffusion current was followed
with a model 354 SlmEson_ microarrmeter, and
the equivalence point determined graphically.

Thiolsulfinates were determined by the method
of Barnard and Cole (1959). Thiolsulfonates
inerfere in this determination” and were deter-
mined sefarately, using a method suggested by
Lavine (1936). _

The observation of Toennies and Kolb 5193_9?]
that methionine sulfoxide is not precipitated wit
HogCb or Cu(Ac)2 served as a basis for the
method developed "to determine the quantltY, of
oxidized methionine formed. The crystallized
sample was dissolved in distilled water, and an
excess of saturated aqueous HgCL was added.
The resulting precipitate of unoxidized methio-
nine was separated by_c_entrl_fugiatlon, and the
sulfoxide or sulfone remaining in the solution was
determined by the ninhydrin method of Harding
(Harding and MacLean, 1916).

RESULTS AND DISCUSSION

cysteine. Oxidation products cf cysteine
recovered from_ the autoxidized samples
were insoluble in distilled water but were

OXIDATION OF THE SULFUR-CONTAINING AMINO ACIDS

soluble in 0.IN HCL. The infrared spectrum
of the oxidation product was identical to
that, of L-cystine; thiol groups_and thiol-
sulfinate Hroups were abSent. These data
indicate that, cysteine was completely oxi-
dized to cystine. In the controls, about one-
half of the cysteine was oxidized to cystine.
This_latter oxidation could be accounted for
as air oxidation. When palmitic acid was
added to the tristearin control samples, 95%
of the cysteine was oxidized to cystine.
There were no differences between samples
allowed to autoxidize at 75 and at 110°C.

Preliminary results indicate that the rate
of formation™ of cystine from cysteine at
110°C is approximately first order for at
least the first 8 hr ‘of the autoxidation
(Fig. 1). The specific rate constant was

Rate of Oxidation of Cysteine to Cystine

100 » oil + cysteine, 110°C
cystine _ |
80 4 oil 4
by
S 60-
H
3 40
tlt .
ol N\
(0] 4 8 12 16 20 24 28
Time (hours)
Fig,. L Rate of oxidation of cysteing to cystine
a} (ﬁO?& bg autoxuﬁzmg mehaden of. A erage
of duplicates.

found to be 0.25 per hour at 110°C, and
thus the_half life of cysteine in the autoxi-
dizing oil was about Z5 hr. _

cystine. When cystine was dlsPersed in
the “‘menhaden oil system and allowed to
autoxidize at 110°C, the infrared spectrum
of the recovered product was |nd|st|ngmsh-
able from that of a cystine standard. In
addition, no thiolsulfinate groups or thiol
groups could be_ found. Incontrast, when
acetic or palmitic acid was added to the
system the isolated product exhibited sev-
eral new infrared bands. One was at
1040 cm'L, the thiolsulfonate region. Congse-
quently the samples were analyzed for thiol,
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thiolsulfinate, and thiolsulfonate grouR‘s.
OnIY thiolsulfinate groups were found. No
thiolsulfinate groups were detected when no
fatty acid was added. These data indicate
thaf c¥st|ne was oxidized to cystine thiol-
sulfinate when free fatty acids were_present.
Samples with a free fatty acid-cystine ratio
of 0, 1:4, 1:2, 1:1 and Z:1 were allowed to
autoxidize 24 hr at 110°C (Fig. 2). The
amount of cystine thiolsulfinate increased
to a maximum of 12% when the palmitic
acid-cystine ratio was 1:2 and then de-
creased to only about 6% as the acid ratio
was .increased " to 1:1. If only solvent ex-
traction was used as a purification proce-
dure, about twice the above yields were
found, which indicates that cystine _thiol-
sulfinate Is unstable in a?ueous solution,

A possible explanation for these oxidative
changes lies in the reaction mechanism pos-
tulated by Bateman and Hargrave (1954)
and summarized in Fig. 3 forthe oxidation
of sulfides by hydroperoxides in aqueous
systems. ,

The acid serves as a hP/droge_n bonding
a?ent facilitating the nucleophilic reaction
of sulfur with the hydroperoxide.

Another possible ” explanation, although
not a very probable one, would be the for-
mation of peroxy acids from the reaction
between added Tree fatty acids and the
hydroperoxides in the omdmng oils. The
réaction mechanism_postulated by Bateman
and Hargrave (1954) is given ‘in Fig, 3
This mechanism' differs from the previous
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PROPOSED MECHANISMS FOR SULFUR OXIDATION

% A
I R—O.—(i;‘l- SR .———- “#ROH + 0- SR + HX
H
rx
EXPECTED
A. Hydrogen bonding required
B. Increased acid, increased rate
OBSERVED
A. No oxidation without organic acid
B. Oxidation if ethanol added
C. Higher oxidation rate with increased
acid
n R/(I'XO+ 2 RCé>0+O-*2
Gk 2 roer o or

o* H EXPECTED

A No effect due to external
hydrogen bonding agent

B. Peroxy acids very strong oxidants
- Cystine to thiosulfonate
- Methionine to sulfone

OBSERVED
A Organic acid increased oxidation
B Ethanol increased oxidation

C. Partial oxidation of sulfur
- Cyst ne to thiosulfinate
-Methionine uno*idized

Fig. 3. Two possible reaction, mechanisms that
oullt? explain. th% 3epe gegce of cystine {HIO| ufi-
ﬁln te formation on "added fatty ‘acid or other
ydrogen-bonding agent.

one in that hydrogen bonding_is internal and
that there i no acid catalysis.,

The results of these eXperiments favor
the previous mechanism in that: 1) no
thiolsulfinate was formed unless an organic
acid or ethanol was present; 2) increasing
the free fatty acid-cystine ratio increases the
thiolsulfinate yield ;"3) peroxy acids are un-
stable at elevated temperatures; 4) peroxy
acids are such strong oxidants that more
highly oxidized form$ of sulfur would  be
expected than were found ; 5? the formation
of (Peroxy acids requires fairly strong acids
and concentrated hydrogen péroxide and so
it not likely to occur in this system..

Methionine. Under the conditions investi-
gated, methionine was not oxidized to its
Sulfoxide or sulfone even when palmitic
acid was added to the mixture in ratios of
12 0r 2:1.
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SUMMARY
Investigation of the lower-boiling fraction of orange volatiles showed the
following hydrocarbons: limonelle, myrcene, alpha-pinene, alpha-thujene,
campitene, alpha- and gamma-terpinene, alpha-phellandrene, p-cymene, and

E-isopropenyltoluene.

Four sesquiterpenes were isolated from the higher-

oiling fraction. The major sesquiterpene found has not been related to

any known compound.

Of those present in less amounts, one has been

identified as farnesene, and another as ylangene.

constituents  of

The volatile fIavorm%
orange have been the o Aect of study for
many years 5Attawa5{ and Wolford, 1962;
Bernhard, 1961; Calvarano, 1959; Guen-
ther, 1949: Kefford, 1959: Kirchner and
Miller, 1957 ; Stanley, 1958; Wolford ct al.,
1962). A systematic’ investigation of orange
volatiles usm? advances now. available n
anaI)(tlcaI methods, and physical measure-
ments has heen initiated in"our laboratory.

Since it is considered that most of the
characteristic flavor and aroma of oranges
are associated with compounds that are
oil-soluble . (Kirchner ana  Miller, 1957),
the prelllmmar)F study is concerned with the
composition of the “cold-pressed and con-
densate oils from commercial sources. Frac-
tions separated from these relatively stable
oils are ‘being used for composition” studies
and are being added to bland, reconstituted
|UICQ to determine desirability as to organo-
eptic. qualities. .

This paper reports on investigation of the
lower- and higher-boiling hydrocarbon frac-
tions found In the condensate and cold-
pressed oils.

EXPERIMENTAL

The condensate oil, which was centrifuged from
the condensate from the concentration of orange
{:mce_, was_kindly given to us by R. W. Kilburn,

lorida Citrus Canners Cooperative, Lake Wales,
Florida. The cold-pressed oil was obtained from
Sunkist Growers, Ontario. California. These oils

are blends from the varieties processed during the
whole season aid obtained under usual factory
conditions.

The fractionation _scheme of both tyi)es of
orange oil is summarized in Fig. 1 The oils were
separated into three fractions by a simple vacuum
distillation at vapor temperatures never exceeding
40°C and at pressures less than 1 mm Hg. The
three fractions were designated low, intermediate
(prln_f;|pall¥ limonene), and high boiling. Recom-
bination of these fractions gave a product that
was not dlstlnPulshed from “the original oil by
taste-panel analysis. The residue in the still pot
(high-hoiling fraction) was about 1% of the total
condensate oil and 5% of the total cold-pressed oil.
The lower-boiling material was subjected to
further vacuum distillation through a column
packed with stainless-steel helices (9 theoretical
lates with total reflux at atmospheric pressure).
he forerun of this distillation was separated on

orange oil

VAC. DIST.

I

FORERUN RESIDUE

VAC. FRACT.
DIST.

FORERUN

6LC yd g
SILICONE
FORERUN —— CAPILLARY-
MS

LIMONENE

SILICA GEL

GLC
POLYESTER

FRACTIONS ISOLATED HYDROCARBONS  OXYGENATED

CPDS

Fig. 1. Fractionation scheme of orange oils.
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a preparative GLC column packed with firebrick
impregnated with silicone oil SF 96-50 as the sta-
tionary Ehase. The material emergmg from this
column before limonene, was collected and frac-
tionated on another preparative GLC column, with
polyneo entyIPchpI succinate as the stationary
Bhase. he’ fractions were collected and analyzed
y NMR, IK, and MS methods. In addition, the
fraction before limonene from the silicone oil
preparative column was analyzed directly by the
ca |Ila’(X GLC fast-scan mass-spectrometry method
(Cap-MS) described by McFadden cl at. (1963).

The higher-boiling material from the conden-
sate oil and that from the cold-pressed oil were
fractionated by liquid-solid adsorption chromatog-
raphy on silica gel columns into various hydro-
carbon and oxygenated-compound fractions. - The
hydrocarbon fractions were rechromatographed on
silica gel and further purified by Freparanve GLC.
Four sesquiterpenes were isolated. The entire
residue fraction and the oxygbenated-compound
fractions have been analyzed by the Cap-MS
method. The separation and identification work
on the oxygenated compounds is being continued
and will be reported in later publications.

RESULTS AND DISCUSSION

Identifications of the isolated hydrocar-
bons were hased on IR, NMR, and MS data
by interpretation and by comparison with
data from known authentic samples. Used
as additional evidence were the GLC reten-
tion times. .

Lower-boiling fraction. The Iower;bmlmq
hydrocarbons have been reported in par

cFadden ct al, 1963) and are listed in

able 1 Other terpenes were detected but
not identified. , .

Not enough alpha-thujene was obtained
to isolate a pure sample of this compound.
Enough of the alpha-pinene fraction was

Table 1 Hydrocarbons found in orange oils.
Lower-boiling fraction Higher-boiling fraction
Limonene (major) Sesquiterpene | (major)
Myrcenc (minor) Sesquiterpene 11 (minor)
alpha-Pinene (trace)  Farncsenc (trace)
alpha-Thujene (trace) Ylangene (trace)
Camphene (trace)"
alpha-Terpinene (trace)
gamma-Terpinene (trace)
alpha-Phellandrene (trace)

[-Cymene (trace)
[>-Isopropenyltoluene (trace)"

"GLC retention and M.S. identification only.

VOLATILES FROM ORANGES

obtained, however, to show by NMR analy-
sis of this entire fraction thaf alpha-thujene
was present. The samples for NMR analy-
ses were 10% terpene in carbon tetrachloride
with 1% tetramethylsilane as internal refer-
ence. The two prgtons on the methylene in
the cyclopropane ring in alpha-thujene show
very " characteristic. ‘multiplets centered at
9.30 and 10.00 r units. The higher-field mul-
tiplet, provides a simple means. of distin-
gnmshm? alpha-thujene from sabinene since

e latter has no such hI?h field baud.
Another absorption peak for |dentlf¥.|n_g
alpha-thujene is from the endocyclic olefinic
proton.. This hand at 514 r units is very
convenient for determining the amount of
alpha-thujene in the presence of alpha-
pinene since the corresponding hand for
alpha-pinene is at 4.84 r units. Also, the
sharp resonance at 8.74 r units from the
Protons on the gem-dimethyls is very use-
ul for determlnlnq the presence of very
small amounts of dlpha-pinene..

The _presence of alpha-thujene in the
alpha-pinene fraction was also_shown bg
capillary GLC with silicone oil Dow 71
as the Stationary phase. Separation of these
two terpenes with this stationary phase has
been reported (McFadden ct “at, 1963).
With Tween-20" as the stationary phase
these two terpenes could not he seEarated
even with column efﬁmenq{ of over 100,000
theoretical plates gqalcula ed with terpene
hydrocarbons).  This observation further
demonstrates the need for different station-
arz/_ phases in spite of the very high theo-
retical plate values achieved with capillary
columns. Excellent quantitative data as to
refention times of terpenes chromatographed
with different stationary phases, have heen
reported by Klouwen and ter Heide 31962),
and Bernhard (1962) has reported some
anaIY_ses, of terpenes "with capillary GLC.
Application of these reported data is cer-
tainly helpful in analyses of fractions con-
taining terpenes difficult to seParate. _

The capillary GLC chromatogram (Fig.
2) is an analysis of a crude fraction obtainéd
from a total" cold-pressed oran?e oil frac-
tionation on silica gel. The TR analysis
showed a strong abSorption at 5.8 n and
a medium absorption at 3.7 n. indications
that this was an aldehyde fraction. How-
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Fig. 2. Capillary chromatogram of a fraction from silica column. Dow 710 stationary
phase, 264 ft long, 0.01 in. 1.D., 1sothermal at 95°C.

Peak no. Compound Peak no. Compound

L heptane and octane (solvent?) 7. unknown
2. toluene (solvent?) and an aldehyde 8. n-octanal
3. nonane (solvent? 9. unknown
4. myrcene 10. ?amma -terpinene
5. unknown 1w |soproPenyItquene
6. limonelle 12 n-nonana
- o o 1
|
| \
3
i
‘ |
{
? ‘ 2
‘\ z
o
| 5
| w
‘ z
L/M,J ‘
| 60 55 50 a5 40 35 30 25 20 10 5 0 MIN.
L 183° 78| | 120 | N R l 110°C. J

Fig. 3. Capillary chromatogram of orange juice condensate oil residue. Apiezon M sta-
tionary phase, 50 ft long, 0.01 in. I.D., programmed temperature.
Peak no. Compound

1. limonelle

2. ylangene

3. sesquiterpene |
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ever, the MS anah(srs of this materral frac-
tionated by capiflary GLC . showed that
hydrocarb ons Were rpresent in appreciable
amounts AIso by this method o analysrs
the material rep esented Dy peak . Was
found to be a CiiH:. compound The
structure of /» isopropenyltoluene has been
tentatively assigned to this material by com-
parison of its” MS fradmentatron pattern
and 1ts GLC retention Time with thosg of
a synthesized sample of this material. Thrs
example of tfrrlndrn hydrct)cabrbon é:om ount S
In a sample that appears to be predominan
an aia h)de ?racp lon " shows ﬁre dang er d/
drawin conclusrons aﬁ 0 onstrtuents from
(rrross roperties, It alsp shows the advan-
ages of the MS monrtorrng of materjals
fractionated by the capillary” GLC to find
comp qunas that are di |cuIt to separate ang
rdetnh In small amounts by the usual
methods.

Higher-hoiling _fraction. The sesquiter-
penes found are listed in Table 1 A capil-

C chr mato%ram of the higher-hoil-

In fractron o the Gondensate oil 1s shown
In" Fig. 3. The first peak Was ue to
limonene, whrch had not been cmp letely
removed. Peaks 2 and 3were both due to
sesqurter ene compouns avrn moecuar
werg ” CisHzs. Th

trum of the aterral represente by
peakz corresponds with the anlggne spe
rum reported by Pliva et at
no structure hagh been p roposed for thrs
sesquiterpene. The sesquiterpene | repre-
sented by pea 3 has not been relate to
a reported com ounb IR and
ala are not compatible with any known
Sesquiterpene.

he results of monitoring the silica geI
fractionations by GLC are shown in Fig."4
Curve A s an sothermal chromatogram of
%he same hrgher borlrn? resicue %s I Fig.
ut with a l3rger sample and with Carboax
1540 instead Of Apiezon M as the stationary
Phase Curve 13 a chromatogram of the
irst fraction from the silica gel column,
shows that this fraction 15 predominantly
component that was shown to be ¥Iandene
Curve C shows a chromatogram of a {ran-
sition fraction and snows trace amounts of
a number of other materrals primarily
sesquiterpenes. Curve D Is a chromato-

VOLATILES FROM ORANGES

NVl
| ' IIC"
< 7 1r
A cIWAIFJ] ol - —
5X X
50X |
[\ 1 I "ot
[ |
Te"” 12

TIME MINUTES

Fig. 4. Capillary chromatograms of resrdue and
of sesquiterpene fractions elufed from a silica gel
column. Carbowax 1540 statrona% phase 1007 ft
long, 0.01 in. 1.D.. isothermal at 180

Curve Chromatogram

A orange juice condensate oil residue
B Ylangene fraction

C ransition fraction

D sesquiterpene | fraction

gram of a following fraction in which the
Sesq urtertgneenlersfp(r%r]do(r:n)rr(rjante od oran
iterpenes ress

oil were srPanar}/ separatedp urrﬁeg ﬂ
analyzed. Sesquiterpene Iwas found to b
predominant in' this oil also, and three other
565 urterpenes 8res%nt in esser amounts
Were 150 ate these In esser amounts,
one Was | entr |e asya 0g IR Spectra
(Pliva et an, tner, as far esene
by IR spectra (fP rva ct at. 1960) and b
reter rgtaterrog (de an\gtFetd seectraterAenother
S y squi

Bas- e |solaéed Ut has ot peett reﬁated
0 an re orted compaund.

h the éesqurterpenes have only a
ver de ate an aroma and are ‘not
he major coptributors to the orange aroma
knowledge of their presence, structure, and
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chemistry will he helpful in further studies
of the volatiles from the orange.
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Optimum Conditions for the Interaction of Food Gums
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SUMMARY

Optimum condition!» for the reaction of food gums with the anthrone
reagent vary from one gum to another. The sulfated, carboxylic acid type
and” mixed polysaccharides produced colors with absorptlon maxima at
620 m/x. The uronic acid type of polysaccharides, pectin and sodium alglnate
fKeIco Gel HV). produced colors ex |b|t|n% absorption maxima at 520 mix
n all cases, color intensity increased with increasing temdperature The
heatlng time necessary for maximum color development at 99°C varied from

4 to 10 min. depen mqh on the hydrocolloid in question. Hith pectin and
sodium alginate, although color intensity increased with heating time at 99°C,
no definite heating t|me for maximum color development was observed up
to 60 min. In most cases, aging led I>a rapid decrease in color intensity,
except for pectin and sodinm alginate, i i which cases color intensity increased.

INTRODUCTION

Anthrone in sulfuric acigd has been used
widely for the determination of carb 03(
drates of various sorts (Morns 1948; IIe
bert and Brown, » Haas and Fleich-
mann, 1958 Rlchards 1959; Shlelds and
Burnett However, as a distinct
class, the food %ums particularly many of
E)he natural_plant hy rocollmds have " not
een |nvest|gated etal Yaphe (1960
determined 6anh ro%aacto?]e and- galac-
tose In marine algal polysaccharides sm%
the anthrone reaﬁent He presented data 0
the concentratlo of these sugars in agar,
am a and glpa carrageenan, and ka pﬁa
urce aran Morris (1928) mentioned that
Pant Xsacc arides and ums responded
0 the ant rone test. Llowever. no data were
glven on the optimum conditions neces?]ar
or color formation, Sodium carboxymet
cellulose (Black, 195 %and methy ceIu se
Samsel and DeLap, 951) have also been
etermined by this, reag en

Optimum C?ndltl

n
termlnatlon of car ohy rates by tne an-

*Present address: Senior Scientific Officer. Ap-
plied Biochemistry Unit, Scientific Research Coun-
cil, P.O. Box 502, Kingston, Jamaica. W. I.

b National Science Foundation Slimmer Research
Participant. 1962.
Alabama.

Summer, Tuskegee Institute.

quantitative de-

throne method differ from sugar to sugar
and from polysaccharide to P Egésacc haride
gHerert ang” Brown, 1955 19613
ince most of the natural plant hydrocofloids
are mixtyres of sugars or mixtures of sugars
anF uronic, acids, o single set of conditions
hold _for their quantitative determina-
tion. While applying the anthrone method
to the determination of h droco loids seg)
rated by the use of Iongc ain_quaternary
ammonlurtn detergetnts it waaI tfounf necesh
ar ablish_ optimum conditions for eac
h a/roco%fmg t%p resp ect t0 heafing time,
tem eratureo eatln an time ofmeasure-
ment of the color éieveo ed. . This article
reports on these an othe variables.

EXPERIMENTAL

Materials. The hydrocolloids used arc listed in
Table 1. AIll stock solutions were prepared and
dialyzed as described by Graham (1960).

Sulfuric acid was reagent grade. 95-98%, sp.
gravity 1.8407-1.8437.

Anthrone reagent was prepared by dissolving
0.15 g of anthrone in 100 ml of 76% sulfuric acid.
The solution was stored at 4°C for at least 4 hr
before use, and all solutions were discarded after
24 hr.

Equipment. The equipment used was Coleman
Universal spectrophotometer, model 14: volumetric
pipettes: Pyrex glass-stoppered test tubes: dialysis
membrane, 27/32 dialysis tubing (Yisking Com-

1 46]



pany, Chicago,
ture water bath or oil bath.
One ml containing 250-1,000

General procedure.
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Table L Interaction of hydrocolloids with anthrone reagent.
. Calor praduced Wavelen th of atin | e (99°C)
Hy%%fe(ﬂlmd wn%e%g}]rtone absorptmn Tm devemog H{n °||n
Group I. Sulfated polysaccharides
Furcellaran Green 620 b
Lambda-carrageenan Green 620 6
Gelcarin Green 620 6
Seakem type 5 Green 620 4
Seakem type 402 Green 620 4
Euchema cottonii Green 620 4
Kappa-carrageenan Green 620 b
Agar Green 620 4
Gelcarin Green 620 4
Hypnean Green 620 4
Group 1. Carboxylic acid type or
mixed type of polysaccharides
Gum karaya Green 620 4
Gum arabic Green 620 6
Gum tragacanth Green 620 8
Gum ghatti Green 620 4
Tamarind seed mucilage Green 620 b
Sodium alginate Reddish brown 520 No max.
Quince seed mucilage Green 620 10
Sodium carboxymethylcellulose Green 620 8-10
Okra gum Green 620 6
Mucin Green 620 6-8
Pectin Reddish brown 520 No max.
Group I11. Neutral polysaccharides
Locust bean gum Green 620 6
Gum guar Green 620 4
Potato starch Green 620 6
Group 1V. Proteins
Lactoglobulin Reddish 530 w8
Casein Reddish 530
Gelatin Green 620
Group V. Other compounds
Polygalacturonic acid Reddish 520 None
Tween 20 Brownish yellow None None
Cetylpyridinium chloride No color change None
Polyglucose sulfate Green 620
Chondroitin sulfate Reddish 530
Mepesulfate Reddish 525

= not determined.

[linois),

and a constant-tempera-

for 10 min,
room temperature for 10 min,
density of the colors developed was measured

taken out, and allowed to stand at
and the optical

fig of the particular hydrocolloid was placed in
Pyrex glass-stoppered test tubes. The tubes were
placed in the freezer compartment of the refriger-
ator for at least 4 hr. Nine ml of a freshly pre-
pared, and of an aged and cooled batch, of anthrone
reagent was added to each tube. The tubes were
kept submerged in an ice-water bath. They were
then placed in a boiling-water bath (99°C) for
10 min, cooled immediately in an ice-water bath

against a reagent blank at the appropriate wave-
length of maximum absorption.

To establish the wavelength of maximum ab-
sorption of the colors produced by each hydro-
colloid with the anthrone reagent, the anthrone-
carbohydrate mixtures were treated according
to the general procedure. The color produced by
each hydrocolloid was measured over the wave-
length range of 350-800 mpt with sulfuric acid as
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the blank. A plot of the absorbance vs. wavelength
established the wavelength of maximum absorp-
tion as shown in Fig. 1

To quickly gain some idea of the color reac-
tions of several hydrocolloids used in the food
industry with the anthrone reagent, a screening
procedure was devised. For this, 5-10 mg of each
of the hydrocolloids was placed in Pyrex glass-
stoppered test tubes. Nine ml of the anthrone
reagent was added to each tube and the tubes
were shaken gently and then placed in a boiling-
water (99°C) bath for 10 min. The color devel-
oped was observed visually. The results are sum-
marized in Table 1

Influence of time and temperature on color in-

tensity. Several investigators (Flelbert and Brown,
1955, 1956, 1957; Richards, 1959; Yaphe, 1960)
have shown that both the time and temperature
of heating of the anthrone-carbohydratc mixture
profoundly influenced the intensity of the color
produced. Therefore, a detailed study was made
of this variable employing the conditions outlined
in the general procedure except that the time and
temperature of heating were varied as shown in
Table 2 and Fig. 2. All absorbance readings were
made at the appropriate wavelength of maximum
absorption of the particular hydrocolloids, and a
reagent blank was included for each time-tempera-
ture experiment.

OPTICAL DENSITY

Effect of acid concentration on color. TO deter'
mine the effect of acid concentration on color in-
tensity, the general procedure was followed, using
solutions respectively containing 70, 85, 90% and
concentrated sulfuric acid and 250 fig of each
hydrocolloid.

Effect of anthrone
Differences in color intensity due to variations
in the concentration of anthrone in the reagent
were assessed by using 250 /ig of each hydro-
colloid and anthrone levels of 0.05-1.0% (W /V).

Effect of aging on color developed. Although
it has been reported that the green color developed
with sodium carboxymethylcellulose and anthrone
is stable for several hours (Black, 1951), with some
hydrocolloids, especially sodium alginate, and
pectin, the color intensity, especially for the
shorter periods of heating, increased considerably.
This effect was investigated by heating 250-1,000
fig of the hydrocolloids for varying periods and
measuring the color intensities produced by the
particular hydrocolloids after various time inter-
vals.

Absorbance-concentration

concentration on color.

relations of interac-
tion between food gums (hydrocolloids) and the
reagent. After the influences of the
several variables were delineated, the quantitative
response of the interactions was investigated. For
this, 1 ml containing 10-500 fig of the particular

anthrone

Vil

30 400 450 500 550 600 650 700 750

WAVELENGTH (mp)

reagent. ,
|, Gum arabic
[1. Pectin
|. Gum tragacanth
. Gum guar
Reagent blank

<<=

T T T

T T T T T T
350 400 450 500 550 600 650 700

750 800

WAVELENGTH (mp)

[. Carrageenan (Seakem type 5)
VIl Locust bean gum
[1l. Sodium alginate
IX. Sodium carboxymethylcellulose
X. Agar
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Table 2.

Time, Catrageenan Sodlu
e
30° 30 0.20 0.01

60 0.27 0.02
40° 10 0.20 0.00

30 0.26 0.01

60 0.35 0.03
50° 10 0.25 0.01

20 0.30 0.03

30 0.33 0.03

40 0.34 0.04

60 0.37 0.05
70° 5 0.33 0.04

10 0.42 0.17

15 0.47 0.22

30 0.50 0.36

60 0.55 0.37
99° 2 0.43 0.13

4 0.47 0.27

6 0.44 0.30

8 0.39 031

10 0.36 0.30

12 0.35 0.29

14 0.34 0.28

16 0.33 0.27

20 0.32 0.26

24

25 0.24

30 0.21

40

60

1 ocolloid was placed in a Pyrex glass-stop
pcred test tube. Nine ml of the anthrone reagent
in 76Cf concentrated sulfuric acid was added, and
the color was developed as outlined in the general
procedure. The colors developed were measured
at the appropriate wavelength of maximum absorp-
tion. For pectin and sodium alginate, anthrone in
concentrated sulfuric acid was used. The results
are shown in Fig. 3.

Effect of various food ingredients. |f the method
is applied to the determination of hydrocolloids
isolated from formulated foods or pharmaceutical
preparations, it is important to know the extent
of possible interference from such additives as
inorganic salts, sodium benzoate, sorbic acid,
vanillin, etc. This aspect of the problem was
studied by adding varying amounts of the excipi-
ents to a constant amount (500 gg) of carragee-
nan (Seakem type 5) and developing the color
as described under the general procedure. The
intensity of the color developed under these cir-
cumstances was then determined, and the maximum
amount of the added ingredient that would not

Gum

Gum
guar

Locust

A

Influence of heating for various periods on color development.

odium

gacan [ bean‘'gum alginate  Pectin
0.02 0.01 0.01 0.05 0.02
0.02 0.02 0.02 0.05 0.02
0.01 0.01 0.00 0.00 0.02
0.09 0.02 0.03 0.04 0.03
0.15 0.02 0.05 0.05 0.03
0.02 0.01 0.00 0.02 0.00
0.04 0.01 0.02 0.03 0.00
0.08 0.02 0.07 0.04 0.04
0.09 0.03 0.08 0.06 0.04
0.12 0.03 0.12 01 0.04
0.13 0.02 0.10 0.01 0.05
0.18 0.02 0.27 0.01 0.08
0.20 0.03 0.39 0.15 0.19
0.27 0.16 0.72 0.24 0.38
0.26 021 0.85 0.29 041
0.30 0.10 051 0.12 0.13
0.46 0.29 0.90 0.14
0.68 0.28 0.94 0.16
0.72 0.25 0.84 0.14
0.70 021 0.76 0.19 0.23
0.64 021 0.72 021
0.60 0.20 0.66 0.22
057 0.19 0.65 0.26
0.58 0.20 0.62 0.29 0.44
0.58 021 0.58
0.33 043
0.44 0.65
0.66 0.72
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cause an initerference appreciably greater
possible experimental error was calculated. The
results are shown in Table 3.

The “tolerance level" was taken as that maxi-
mum final concentration (the concentration of salt
or other excipient in the 10 ml of reaction
medium) that did not cause a significant differ-
ence in absorbance as compared to a control tube
to which no salt or other excipient was added.

RESULTS AND DISCUSSION

From Table 1 it is evident that at 99°C,
the heatln? time necessar¥ for maximum
color deve opment differs from one hydro-
colloid to anothF Most of the food gums
are_ polymers o dlfferent sugars, and” this
variation |n 0£t|mum eatmﬂ time_ 1S a_re-
flection of the differences In heating time
necessary for maximum. color development,
The sulfated hyqiocollmgs and the neutral
polysaccharides all seemed to produce maxi-
mum color intensity after 46 min of heat-
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v
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Vi
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HEATING TIME (,!lin.)
F|gi 2. Influence of heating time on the intensity of the color developed through the
interaction of hydrocolloids with“the anthrone reagent.
[. Sodium carbomeethyIceIIumse Y. Gum ghatti
[1. Gum tragacant VI. Agar
[11. Furcellaran VIl Gum arablc
IV. Carrageenan (Seakem type 5) VILI.

Pecti
IX. Sod|um alginate

Quinge seed mucilage and sodlum 6-8 min. The uronic acid polysaccharlde
carboxtymeth}/ncel uiose %ave maximum VF sodium alginate and pectin when  heated
ues after 10 min and 8-10 min, resp ectlve In anthrone In concentrate? squurlc aclo,
and mucin gave a maximum vaIue after  showed no optimum fime after heating for
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Quantitative response of food gums in
the anthrone method.

Sodium carboxvmethylcellulose
. Carrageenan (Seakem type 5)
. Gum “arabic

. Locust bean gum

. Gum_ guar

Pectin

Sodium alginate

VI.
VII.

<<t

2-60 min. This is consistent wnh observa—
tions noted for uronic acids and t elr ? 53;

mers  (Hel ert and _Brown,

Tabic 3.

1), "~ Several proteins testi ave €0 or:
an(? Ine optimum COﬂdItIOﬂS feOF 9helr Inter-
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action with the anthrone reagent will be
reported in another communication.
Color develogment Was greatly inflyenced
te}v the tem%er ture of heating " (Table 2).
P hydrocolloids” produced
little color, even |f eated for as long as
0 min. However, at 70°C, appreciable
color deveIonent Was not?d “especially at
the longer heating times for carrageenan,
sodium carboxvme hylcellulose, gqum" traga-
canth, gum quar, and, locust, bean gum.
Slnce pectin and sodlum alginate prodyced
color sowl and feebly at 70°C Or below,
even en eted or extended perjods, this
eaf;ure coyld be exploited ? minimize in-
terference Dy these ¥droc0 0ids when de-
terminations of the other hydrocolloids are
being carried out. Carrageenan and sodium
carboxvmethylcellulose. developed more
color when heated at 70° C for 60 m|n than
when heated at ?O C for s orier ;Peno S,
Wlth the sulfated, neutral, and mixed
Ksacchandes color intensity decreased
Wlt the time of a ng With' the uronic
acid type of polysacCharides, however, color
Intensity increased. This [atter phenomenan
was noted for uronic acids singly and in

Influence of added inorganic salts and other excipients on the intensity of the

color produced by carrageenan (Seakém type 5) in the anthrone reaction.

Inorggsn 'ghfoarlf dea1dded Tolerwe level

Monovalent
K* 3.8x10"*
Li* 1.6x10"*
Na* o< o
Divalent
Ca* 1.0x10 *
Mg- 2.2x10"
Ba" 2.5 X10"*
Ca** 2.8x10"*
Cur* 1.3x10*
Hg** 1.0x10"*
Mn*x* 2.0x10"*
Ni* 1.1x10"*
Sr* 1.3x10*'
Zn + 1.4x10™
Trivalent
Alxxx 1.0X10"0
Fex¥* Lixio-D

Other excipients Tolera C l)level
Sodium benzoate 3.0
Spans 20, 40, 60, 65 4.0
Tweens 20, 21, 40, 60, 61, 80 3.2
Glycerol 01
Ethylene glycol 36
Polyoxyethylene glycols 3l
Propylene glycol 4.2
Polyoxypropylene glycols 32
Olive oil 2.9
Coconut oil 42
Linseed oil 3.6
Cottonseed oil 2.9
Stearic acid 4.6
Oleic acid 38
Sugar alcohols

Sorbitol 50

Mannitol 5.0

Dulcitol 5.0

Ervthritol 75
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polymers (llelbert and Brown, 1961). Some
relationshib was found between the ‘heatin
Perrod an agrng and between the heatin
emperature ang agrn% and their_influence
on color |ntensrt¥ % nerally, with all the
hydrocolloids, 1t the heating errod at9 °C
was less than necessar for maxrmum color

develop ment color mtensrt)é mcrease with
\/9 at |east 4 r of agrn
pectin an so ium alginate, beatl

below 60C especially for. 15-40 mip, Ieg
to consjderable” incréase in color density
upon aging. However, If the mixtyres were
heated or 60 min at 99°C, the agrng eﬁect
resu ted in less drastic increase in color
density. With the other polysaccharides
he&at ng for their optimum gerrods at 99°C
t0"no outstanding Increase or, in many
cases, a decrease n color density on a?mg
ertures heated at low témperatyrés
-10°C) for 10 mrntor less le to IrttIe
Increase in color gensi in ove
(0°C, however, a?l agZd agrocgollord -an-
throne mixtures showed an mcrease I color
density. Up to 2448 hr of aging this was
parficularly . outstanding . with™ pectin - and
sodiym aIg%mate and IS in agreement with
prge\éroulsgwrndmgs (Helbert™and  Brown,

Acid concentration was of primary im-
ortance,  With the sulfated ‘and _rneutral
olysaccharrdes a s ght Ifference in optl-
cal"density was noted as the acid_concen-
tratron of the anthrone rea?ent Increased
be ond 70%. Above 90% ght decreases

Were ?bserved With the urofic acid type
of polysaccharides the opposite was (D-
served® as acid concentration mcreased
8reat increases were observed in the optrcaf
ensity of the_color produced.

Of “the various substances that may be
found In food and pharmaceutical Rre ara-
fions, the most common are the inorganic
salts. With carrageenan (Seakem type 5
these may Interfere with color development
at rather low concentratrons Table. 3).
A'his same relationship would most Irkey
old for al] those hydracolloids that Pr
uced maximum color intensity withi
few mrnutes of heatrn at 99° (borlrng
water b The tfo %rance Ieves for the
uronic acr drocolloids, pectin
and sodium aI mate wele somewinat higher,

INTERACTION OF FOOD GUMS WITH ANTHRONE REAGENT

robal because ‘hese hydrocolloids had
ated for as lo Omrn at which
trmes the. maximum co or intensity was not
even achieved. Interference fromthe Inor-
?anrc salts, was probably due to competition
or the binding sites on the hydrocolloid
molecule or by Interaction with the chromo-
gen produced. The organrc compounds
nterfered because most Of them produced
some color with the anthrone reage t. With
farrageenan Seakem th/pe 5) th ? tolerance
evels were lower thah those for hydro-
coIIords whrch required Ionger heatrntg
periods for maximum _color developmen
file uronic acid tybe of hydrocolloids,
tin and sodium @ grnate would e most
affected since the longer heating times re-
quired here will lead” to coIor production
y. glycerol, the Spans an? e Tweens,
P_oly Iycols ‘and the' sugar acohos in dpar
icular. - Moreover, tecolors produce

most of these ~ excipients absorb rather
?tron y in the region of maximum b sornpd
jon

f the colors Produced by pectin a
sodium agrnate with the anth rone reagent
Color production_ through the Interaction
fcarbohydrates with the” anthrone reagent
has, been” attributed to the formationof
furfural or some derrvatrve thereot.  For
this, it has_been postulated that there must
be.a po srbrlrty of de ¥dratron In the 2\3/\}3%
srtron Sattler and Zerban
the hydrocolloids mvestigated, hydrolysrs of
the polysaccharide to the component Sugars
was rapid. Thege sugars are then suse-
?uentl converted to trtural and other tur-
ural errvatrves which react with anthrone
to 1qrve the f |na reen or other colors. .
hese  stud |es have rovrde? pertrnen[s
data on the reaction of hydrocolloids (foo
gums) with_ the anthrone reagent.
variations with respect to heatrng time, acrd
concentration of the anthrone r gent and
the effects of agrn? clearly. Indicaté that for
guantrtatrve assay the specific optimum con-
itions for each”hydrocolloid must first be
established.
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SUMMARY

Volatile constituents of fresh butter were separated from fat and other
components of high molecular weight by vacuum' steam distillation. The car-
bonyl compounds in the aqueous distillate were converted to their 2,4-dinitro-
phenylhydrazones. Separation of these by column and paper chromatography
gave the derivatives of formaldehyde, acetaldehyde, isobutyraldéhyde, isovaler-

aldehvde, n-hexanal, n-nonanal, phen)(I

nonanonc, diacetyl and ( )acetom a

lacetaldehyde, acetone, 2-heptanone, 2-
identified by comparison with authen-

tic samples Possible biosyntheses of these flavor constituents are discussed.

Butter is undoubtedly one of the most im-
portant foods of man.” Its dietary value |s
due to a hrglh cont]ent of fats, vrtamrns %
minerals.. Although a number of other ed
fats, particularly margarrne resemble utter
In Eeneral composition and appearance, they
ItS un| ue and pleasant aroma.  The
nature of tnis flavor has long mtrrdued
chemists and flavorists, and the patent litera-
tyre aboun swrth recipes for the productron
of “artificial" butter aromas The maj orrt?/
of these are not the result of chemical ana
ySIs but the creatrons of |mag|nat|ve flavor-
|sts In the ear g/ alys of favor chemrstry
butyric acid wa befleved to esoey re-
sPonsrbIe for the aroma, of butter but” later
udies mdrcated that drace ga ys a more
grtant and Wssr n¥ g al[r role. Re
I analyses, odern techniques, of
the %arbo tyI constrtuentﬁ of fresh and autoxr
dized butter revealed the presence of add)-
trona substances,  Stearyl and . palmityl-
aldehyde wer |dené|f|ed Eosrtrvely, and” a
num er of other aldehydes, hoth “saturated
nd unsaturated, were |d]ent|f|ed tentativel
van Duin, 1958). Further, 1t seems perti-
nent to mentjon_that Patton and co-warkers
(Day et al, 1957) found formaldehyde, acet-
aldehyde, W-hexanal acetone, and butanone
N gamma-irrad |ated im milk. Of these
only acetaldehyde and acetone seemed to he
native constitients, the others bern?
duced during irradiation. In contras
sette (1960) detected formaldehyde, acet

1

aldehyde, isovaleraldehyde, hexanal, and
nonanal i dry milk.

IS aﬁ describes our own investiga-
tions of the volatile carbonyl constituents
of fresh dairy butter.

METHODS AND PROCEDURES

The success of any flavor analysis depends
largely upon proper preparation of a concentrate.
Preliminary, but nevertheless careful, investiga-
tions, made in collaboration with Dr. L. Bernardi,
indicated that a mild and fairly complete separa-
tion of volatile flavor constituents from butterfat
was possible by steam distillation under reduced
pressure of a butter-water emulsion. This method
was definitely superior to vacuum distillation of
hutterfat at elevated temperatures, which caused
the appearance of many pyrolytic artifacts.

Preparation of a butter steam distillate. By
falling- film distillation, the volatile butter constitu-
ents were first separated from the butterfat. Fresh
butter was melted overnight in a water bath at
38-42°C. The melted butter was then transferred
to a blender, where it was homogenized with 20%
of its weight of oxygen-free distilled water. The
butter-water emulsion was allowed to flow' through
two falling-film thin-layer distillation columns,
which were under reduced pressure of 18-20 mm
Hg and heated by a water jacket to 29-32°C. The
aqueous distillate was condensed in ice-water-
cooled glass condensers and collected in ice-water-
cooled glass flasks. All these operations were
performed under a nitrogen atmosphere. The
homogeneous distillates after dilution developed
a characteristic butter flavor.

The equipment was entirely home-built (Winter
et at,, 1962), and the distillation columns consisted
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of two precision Pyrex glass tubes (interior di-
ameter 97.2-97.35 mm; length 800 nun) surrounded
by a circulating hot-water jacket (85-90°C). A
well adjusted 4-blade rotor turning at 1700-2000
rpm produced a uniform film of the butter emul-
sion in the columns. With this equipment, 16-18
kg of butter emulsion could be distilled per hour.
For our investigation, we used fresh French hutter
(Savoie, France) made from unpasteurized cream,
which contained about 15% of water.

Isolation of the carbonyl compounds as 2,4-
dinitrophenylhydrazones. The total Carbonyl con-
tent in the fresh aqueous distillates was determined
by a micro-scale oximation (Winter ct al. 1962).
Immediately after it, the carbonyls were treated
at 0-3°C with a 50% excess of an acidic 2,4-dinitro-

phenylhydrazine solution (prepared by dissolving
1 g of 2,4-dinitrophenylhydrazine in 20 cc of con-
centrated H2504and diluting with 80 cc of water;
1 cc of solution contains 0.05m.I/ of reagent).
Deposition of the crystalline 2,4-dinitrophenyl-
hydrazones (2,4-DXPs) proceeded slowly, and
after 15 hours’ reaction time at 0-3°C, most of
the butter frag(rance had disappeared. Filtration
yielded 2.4-DXP-fraction A (4453 mg) (see
Table 1). To isolate slightly water-soluble 24-
DXPs, the filtrates were extracted with pentane
three times at 0°C. During this operation a
yellow crystalline substance precipitated, which
was collected by filtration, yielding fraction li
(6039 mg). A new crystalline precipitate was
formed in the clear pentane-extracted filtrate on

Table 1. Isolation of the butter 2,4-dinitrophenylhydrazones.

320 kg butter (containing 15% water,
addition of 74 kg distilled water)

Homogenize

394 kg butter-water emulsion

|
330 kg deodgrized
hutter emulsion

Pl{ggip itate
m
ractloﬂ A

Figgt precipitate
m
ractlo% B

ne extract

aqrbonyl fraction

Pen
8
on

oS < —

Falling thin-layer steam distillation

v

63.87 kg aqueous distillate ;
micro-oximation value; 113m.l/
carbonyls

Reaction at 0-3°C with 169m.I/
2,4-dinitrophenylhydrazine

Aqueous filtrate
Pentane extraction

S%cond precipitate
Z#108 m%
raction C

v
Pentane extract

a) Concentration
h) Steam distillation
c
pentane)

CHClc)

and residue

Aqueous layer

Benzene ex-
traction

Beﬁr%ene extract
m
?ilractlo% D

Extraction of distjllate

Chlorolform extract

Er%crﬁgn E
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storage tor several days at 0°C, vyielding, after
filtration, fraction C (4108 mg). After concentra-
tion of the clear pentane extract, there remained
an odorous residue, which was separated hy a
vacuum steam distillation  (distillation tempera-
ture 40-50°C) in a volatile (steam distillate) and
a nonvolatile part (residue). The latter was ex-
tracted with chloroform, yielding fraction i (510
mg). This fraction should contain pentane-soluhle
and slightly water-soluble 2,4-DXPs. The steam
distillate was extracted with per.tane, vyielding
after concentration the pentane extract i (168
mg).

gA)queous distillates partitioned with pentane were
subsequently extracted with benzene in order to
isolate slightly water-soluble but pentane-insoluble
2,4-DXPs. Concentration of this benzene extract
yielded fraction > (6160 mg).

Separation and identification of the 24-dinitro-
phenylhydrazone fractions. The 2,4-DXP fractions
A, B, C, and D were extracted repeatedly with
boiling benzene in order to separate henzene-
soluble material from benzene-insoluble parts (see
Table 2).

_Table 2. Pre-separation of the 2,4-DXP frac-
tions A, B, C, and D by benzene extraction.

2.4-DXP Benzene-soluble  Benzene-insoluble
fraction  mg g ¢ rag 10
A 4453 282 49 211 5l
B 6039 5435 90 604 10
C 4108 91 2 A9 T8
D 6180 5360 8 800 13

Analysis of the benzene-insoluble 2,4-DXPs.

Preliminary analyses (paper chromatography,
infrared spectroscopy, hydrolysis) revealed that
the benzene-insoluble fractions consisted essentially
of diacetvl-bis-2,4-DXP. A pure sample was iso-
lated by partition chromatography on perlon pow-
der (Winter, 1958). Besides diacety.-his-2,4-DXP,
only traces of diacetyl-mono-2,4-DXP could he
detected, and no homologs of diacetyl were found.

Analysis of benzene-soluble 2,4-DXPs. The
benzene-soluble material was first chromatographed
separately on a mixture of Bentonite and Kiesel-
gulir (4:1 by weight), as recommended hy
Elvidge and Whalley (1955). The water content
of Bentonite was adjusted to 11-13%, and, to
ensure homogeneity, the mixture of Bentonite and
Kieselguhr was passed through a 100-mesh sieve.
It was then packed into a vertical column as a
slurry in a mixture of benzene-hexane cr in pure
benzene. The ratio of support to derivative varied
between 50 and 100. Used for elution were henzene-
hexane mixtures, benzene, benzene-chloroform

mixtures, chloroform, and chloroform-methanol
mixtures. Table 3 illustrates the first chromato-
graphic separation of 1215 mg of benzene soluble
2,4-DXPs of fraction A on 70 g of Bentonite-

Table 3, Column chromatography of fraction A
(1215 myg).

Cuts | otal
raction  Solvent  Proporion ml  pig Mg
1-2 Bz s 1IN 1IN
3 100 113 224
4 100 48 272
5 100 24 296
6 100 16 312
7 50 8§ 320
8 150 44 364
9 50 14 378
10 Bz/CHCU 11 100 17 3%
1 50 54 449
12 100 19 468
13 100 10 478
14 100 7 485
15 25 3 488
16 25 2490
17 50 5 495
18 50 8 503
19 %5 ? 505
20 25 2 507
21 25 5 512
22 CHUB 25 5 517
23 25 6 523
24 25 2.5 525.
25 25 45 530
26 25 5 535
27 50 8 543
28 CHCB/MeOH 98:2 50 10 553
29 50 103 656
30 50 82 738
3 50 1749
32 50 8§ 757
33 50 1 768
34 50 1n 7m
35 50 13 792
36 50 12 804
37 50 10 814
38 100 19 833
39 25 3 836
40 955 50 5 841
4 50 1 842
42 90:10 50 5 847
43 50 8 855
44 50:50 50 130 985
45 50 77 1062
46 50

Total eluted: 1062 mg =

, 87.5% (not eluted =
diacetyl-his-2,4-DX P ).
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Kieselguhr (12.5% water content; column dimen-
sions: 26 X 120 mm).

Eluted fractions were analyzed by paper chro-
matography in two systems: dimethylformamide/
decalin (Horner and Kirmse. 1955 ) and dimethyl-
formamide-cyclohexane/cyclohexene (5:3) (Sundt
and Winter, 1958). Schleicher & Scluill papers
No. 2043 B were used for paper chromatographic
separations. In preparative chromatograms (see
below), the derivatives were applied in chloroform
solutions in quantities up to 10 mg on 18-cm-wide
sheets of solvent-impregnated papers. After de-
velopment, the papers were dried for a day or
two at room temperature, or for 1 hr in an oven
at 50-60°C. The different zones were then cut
apart and extracted separately with methylene
chloride or chloroform in a small Soxhlet appa-
ratus. The solvent extracts were filtered and
evaporated to dryness at 50-60°C/30-70 mm Hg.
Traces of dimethylformamide were removed at
70°C/0.04 mm Hg, and the crude derivatives
were purified by conventional methods.

Fig. 1 shows a paper chromatogram obtained
with the dimethylformamide/decalin system from
fractions mentioned in Table 3.

00 0.1 02 o.; o* 0.5 ox 0.7 0.8

5 o
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u o ;o
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2 5500 O co o <
yo;50 O o ©
*5 ©
27 .o o
22  00-.: 0
3% o

a0 0.1 0.2 0.3 O (5 OJ|> 0.7 0.8

Fig. L Pager chromatography of fractions men-
tioned in Table 3.
2.4-Dinj tropheﬂlhgdrazone of: sz

E i?%evna eri&hhgdg ¢

: cc% in
cetone
exanal

Tentative identifications were possible by com-
parison of the Ri values with those of authentic
samples and by observing the colors of the spots
before and after spraying the dried papers with 10%
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aqueous sodium hydroxide solution. With this
reagent, all 2,4-DXPs showed a color change
from yellow to orange. Furthermore, some deriva-
tives developed characteristic color reactions; for
instance, 2,4-DXPs of diacetyl-mono -> rose-red;
diacetvl-bis -» intense yellow center with circular
violet surrounding zone; acetoin -» intense hrown.
Some spots did not give any color reaction, and
consequently were not 2,4-DNPs. We considered
them to be artifacts. Some of these artifacts
showed intense colors under ultraviolet light.

Fractions judged to be mixtures were rechro-
matographed on Bentonite-Kieselguhr and/or sepa-
rated by preparative paper chromatography in
gither of the above systems. For example, frac-
tions 9 to 17 (Table 3; 132 mg) were recombined
and the 2,4-DX'Ps applied on 15 sheets of paper.
After development, 8 separated zones appeared (Rt
0.0 trace; Rt 0.08, R29, trace; R< 0.38, B5, strong;
Rr 044, B2, strong; Rt 052, B6, very weak;
Rr 061, B8, weak, Rt 0.70, B4, very weak;
Rt 0.72, B9, very weak), the separation of the
two last zones (B4 and B9) being incomplete.
The individual 2,4-DX'Ps were extracted according
to the general method given above. Finally, chro-
matographed fractions that appeared to he pure
were recrystallized to constant melting points.

For definite identification of the purified 24-
DX'Ps the following criteria were used: comparison
of Rt value, melting point and mixed melting
point determination with authentic derivatives
(taken on a Kofler hot stage microscone, uncor-
rected), C, H micro-analyses (by the Scandinavian
Microanalytical ~ Laboratory, Copenhagen, and
M.LT. Microchemical Laboratory, Cambridge,
Massachusetts), ultraviolet and infrared studies
according to Jones cl al. (1956), and finally com-
parison of infrared spectra with authentic 24-
DX'Ps (taken in KBr discs and/or in CHCb
solution). ]

Analysis of fradian . Fraction E was first
investigated by qualitative and preparative paper
chromatography in the systems mentioned above.
Comparison with the previously analyzed frac-
tions A, B, C, and D indicated no new derivatives,
so no further separation was undertaken.

RESULTS AND DISCUSSION

The. results of our analyses are summa-
rized in Ta?les 4 an e do not claim
to have isolated and identified all carbonyl
com?ounds In butter, and the gresence of
othe bvct))llatlle substances In trac quantities
IS probable

E\s antlmiJated fraction A represented the

most complex mixture of carbo ny deriva-
fives. The major constitutents 11t this frac-
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Table 4. 2,4-DXP derivatives isolated from butter distillate.

Melting points ( C, ncorrected) Fractions
Spot Rf- 24 DXI**of Nat irai  Authentic ~ Mixed structure proofs A B C D E F
UO  Piacctyl-bis Rt, IR + o+ o+ 4
UIU Diacetyl-mono Rr. Ik o+ o+ o+t
Bl 0.0 Phenvlacctaklehyde 120.5-124 119-120 1235-127 kf, LA" : +
and \ max. : 357 m”
122.5-127
B2 044 Isovaleraldchyde 123-124 123-124  123-125 Rf + +
B4 070 n-Xonanal 100-102 102 100-102 R, LA": +
Xmax. 358 mix
B5 038 Isohutvraldehvde  184.5-186 185-186 184.5-186 Rf + +
R6 052 n-Hexanal 98-102 103-104 98403 R, +
B7 010 Formaldehyde * R, +
B8  0.61 2-Heptanone 72-14 13-4 72-14 R, LA": +
\ max. 3635 mix
B9  0.72 2-Xonanone' about 30* 39-40 R, LA": +
\ max. 364 m/x
Iketone)
BIl  0.16 Acetaldehyde 146-147 " 167f 146-154" IT + + +
B23 0.04 (—)-Acetoin 114.5-116 108-10«, “ 108-111-114 IR IKBrand + 4- + + +
CHI'16 LA": .
Xmax. 356.6 mix!
B24 026 Acetone 126-126.5 126-126.5 126-126.5 Rf N
B25 020 not identified ~r
B29  0.08 not identified +
B30 0.08 not identified +
Artifacts 1:
00 2,4-Dinitro- Rf +
011 phenylliydrazine
B26 0.18 2,4-Dinitro- 4142 42-43 42-43  Rf, mass spec- +
chlorobenzene trai analyses
B28 0.8 24-Dinitro- 177-178 177-178  177-178 Rr + 4
aniline

Sever,ill spot:s not identified withi k, 0.0; 0.11 ; 0.32

“Tlie R, values are corrected to the medium Rt of phenylacetaldehyde = 0.20.
"2,4-Dmitrophenylhydrazonc.

"In chloroform Solution. o

«C.H analysis. Calc, for C,iH,i(),Xi:C 49.62. H 530. X 21.04. Found: C 50.08, H 5.64.

21.03.

" Tentative identification. o

‘Two forms of acetaldehyde-2,4-DX 1" are known IRoss. 1953). The derivative isolated
from butter was the low-nielfine form.

s Melting point of d,l-acctoi:i-DX 1" . L

"Further structure proofs tor H23 were 12 C.H analysis. Calc, for Cu.HiiOrXj: C 44.78
H 451, X 20.8997. Found: C -4.86, 44.77, H 4.67, 451 208597 2) Absence of a carbon,yf
absorption in the infrared spectra (KBr and chloroform j. 3) Conversion of R23 to diacetyl-his-
DXP by treatment with excess of 2,4-d|I|troghenylh(¥drazme in acidic alcoholic solution.
41 Optical activity of B23: fct] 12° (¢ =2.765 in CHCF).
“These spots show no characteristic color reaction with XaOH.

tion were diacetyl (50/7 ) and (—i-aceto n and_ Was _T_ccompamed by about .10ir of 24-
(28'F). . _ Initrganiline. It wassurprising to _note
The composition of fractions 1> C. and 1)  that fractions II ;tnd C were precipitated
Was n}uch simpler.  Fraction T]5_cont51|nd¢ during extraction of the aqueous filtrates
80'7 0f 1—i-acetoin and tosr of diacetyl de-  with pen%ane (Table 1). This ma¥ be ex-
rivatives. On the other hand, fraction C was plameg by assuming " (subsequently. con-
rich in- diacetyl and poor in (—)-acetol.l. firmed by experiments | that" acetoin-2,4-
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Table 5. Carbonyl compounds and tlieir concen-

trations in butter distillate.

Compound Concentration a
Formaldehyde sm"
Acetaldehyde sm
Isobutyraldéhyde sm
Isovaleraldehyde m
a-Hexanal tr
a-Xonanal tr
Phénylacétaldéhyde sm
Acetone sm
2-Heptanone sm
2-Xonanone tr
Diacetyl 450 mg/100 kg butter
(-)-Acetoin 1882 mg/100 kg butter

aThe concentrations were evaluated according
to the intensities of the 2.4-DXP spots on the
paper chromatograms and according to quantrtatrve
evaluation of the column chromatograms

"Scale: m imedrum) 10-100 mP/100 kg butter;
sm (smallg —10 mg/100 kg bufter; tr- (trace),
<1 mg/100 kg butter.

|)NP has a rather high squbrIrtY in water
(1 mg of derjvative in of water
at 0°C), nd that its solubility is lowered
by addi ng pentane to the distiflate. At the
same  time, sou le (—)-acetoin-2,4-DX P
ws nverte b%/ excess of 24d|nrtro
9 ny hvd razrne 0 rnso lubl

DXP. The isolation 0
of 24d|n|troplrenylanrrrne in fractions C
an

2.4-

a

small amounts of upreacted

|-bi
4e diacetyl-bis-
nd D. and onl

grees with trs oséulate _

Fraction It acCoraing to its orrgrn should
have contained small gmounts srgr
water- and pentane-soluble 2,4-DXP hrs
Was confrrmed by the presence of the fol-
lowing substances Sm order of decreasing
amounts). 2.4-DXIL of acetaldenyde, ace-

Cm/\ Hmvoo 311) 2500 2000 ED ]ﬂD 100
T T T T

large dmounts

drnrtro he vlhydrazine used n excess
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tone.

(I —)-acetoin. isovaleraldehyde, and iso-
Imtan

(—)-Acetoin-2,4-DXP has not yet been
regorted In the Irterature Our préparation

lted at 1145-116°C and in a mixture
with d l-acetoin-2 4-DXP at  108-114°C.
Ihe ultraviolet spectra of the pure. enanti-
omer and of th racemate were identical
|A max. 243, 1572 an .
nifi, 2= 33366 (rn chIoro orm solution)]
and the infrare spectra rn chIoroform solU-
tlon were sn errm{Josa le Freg Infrarrid
spectra in discs, however, Vere ceary
gllfglere(MG )g 33rte§t/erathe$cgpftflererlftmr%a
ertles ?or d?%cetorn f rt)g
oint 178-179°C, A max 59 321 mh).
such an_ultraviolet absorption’ is unusual
or 2,4-DXPs, hence thelr substance must
have a structure different from that of ace-

toin-2,4-DXP.

Accordrnﬁ 0 the literature fSchormuIIer
1961? fres utter contarns tg of
diace Iandu to 7 r_} of ace orn
IS ob vrous th at much 0 %e diacetyl-

P isolated In this work has been ormed
from (—)-acetoin-2,4-DXP hy excess of 2,4-

drnrtrr;r)henvlhydrazrne as mentioned pre-

We' might add that the non-carbonyl
of butterg érstrﬁate (tractron F) rvegets
none of the characteristic butter hotes, and,
esgecrall no lactone ?dor could be detected”
Accordi to a pre rmrnary rnvestrgatron
anal srs g column  chromatogra g

ass spectr metr 86 extract F cont In d
ferent ‘artifacts, 80% of wh |c was 2
nitrochlorobenzene, app arent I Jtresent as an
Impurity " commercia Initrophenyl-

m]ID]ﬂDHSOQIJEHJEmﬁ] 0 @

sol- il N
A 2.4 (-)-Acetan

20~

! | e

0
100 A= T i
ol m\l ) ‘\
\r
U ‘{\ t
IR | [
s ‘ bl t\jn |
T % ‘ | I Il \ | {

: \
X i |
B: 2,4~ ONP of dl-Acetoin i k | l\ \~ D‘

/ﬂ ﬁw

R 2 3 + 5 6 7
Fig. 2. Infrared spectra of (—

8 3 10 1" 12 13 14 1S

)-acetoin-2,4-DX P and d.l-acetoin-2.—D X P in chloroform solution.
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9 10 n 12 13 1% 15

Fig. 3. [Infrared spectra of (—)-acetoin-2,4-DNP and d.l-acetoin-2,4-DXP in KBr discs.

}/drazrne The remainder was a mixture
Phthalrc ester% atnd of trrbuty pho rRhates
hich were Ipr extracted

thetrc rupbe tubes used erroneously to

transfer the melted butter.

With the techniques already discussed, it
was possible to rdentr the twelve substances
mentioned |n Tanl es BKW at proc-
esses are these alde )(des and etones syn-
thesized in nature? 1t is to be noted frrst
that the two branched-chain adehydes can-
not be derived from straight-chain” polyketo
acids b subsequent Meth Iatron heir
structures, however, osuge%j st that they re
su% rom’, enzyme-catal oxr atrve
carboxylation 0 f amrno acids during the
manufacture of butter. Thrs well known bio-
chemical roces? IS _entirely anal %gous to
the oxidation of amino acids to the next-
L%\ir(r)errteasldehydes by means of alkali hypo-

r

H H

| 0X
R-C-COOH - >R-C =0

I\IHo

I this hypothesis is correct, formaldehrfde
acetaldehyde, isobutyraldehyde, isovaleralde
hyde, and phenylacetaldehyde” would origi-
nate from ?chrne alaning, valine, leucine,
and phenylafanine, all amino acids known to
be present in milk. Tn support of this theory
tracer studies demonstrated that part of the
acetaldehyde present in evaporated milk did
indeed on inate from alanine (Dutra ct ai.
1959). - »-Nominal and »-hexanal may be
products of oxidative degradation of ‘oleic
and linoleic acids, respectivelv.

CH3(CHO,CH = cnrcnzwoon ------ >
CHa(CH2),CH

CHHCHA.CH = CHCHXH
h CtH (CHz)zﬁOfE t_ > CI}AhCHtWCHO d
The two me etones (2-heptanone an
2-nonanone) b)oth contarn gn od% number of
carbon atoms, and we avor the ossrbrlrt
that theY are roduce by decar xy atron

kefo acrs nown to be Involved in
?tt)y acid s\ynt e rs egradatron See

an 9.) Conse-

ﬂ]ufle the ketones should be present in

nd 2-pentanone and 2- hei)tanone Were
indeeq ound In evaporated milk (Dutra ct
al, 1959: Wong ct al,, 1958). Homolo ous
methyl ketones are resent In mrIk fat
ton dnd Keeney, 1958). In this studg hecy
must have remained in the nonvoIatrI f
tion, which was not analyzed. The forma-
tion' of _acetoin by decarboxylatron of &
acetolactrc cid Is grscussed élsewhere (u
Man, 1959), and te rsolaéron of oEtrca
active at;et in_1n this stu oﬁ ts the
Intervention of an enzyme delivering a pro-
ton to the adsorbed enediol in a stereoselec-
tive manner.

CH:, OH
CH.-CO -Cl------COOH - >CH;,-C|:C -CH3

...... >CH3C-C*-CH3

d

Accordrng to this hy othesrs acetoin shoyld
ne the pr cursor of iacetyl rather than vice
ve[sa and recent ex erh e]ntal work (Dole-
zalek, 1958) agrees wit
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Inhibiting Action of Oxidized Pork Fat on the Germination
of Spores of Bacillus Subtil is a

C. B. RAMSEY 'lana JAMES D. KEMP

University of Kentucky, Lexington
(Manuscript received March 16, 1961)

SUMMARY

Rancid lard, as determined by peroxide number, iodine number, and TBA
values, inhibited the germination and/or growth of Bacillus subtilis spores. As
?eromde numbers and TBA values increased and iodine numbers decreased,
he number of B. subtilis spores which (t;ermlnated and_produced visible col-
onies decreased at constant incubation fime. This inhibitory effect may be

used as a criterion of pork fat rancidit}

INTRODUCTION

Roth and Halvorson (1952) found that
ra_ncus_ corn_ oil and ?ard(lnhlb)lted, the ger-
mination of spores of certain_microorgan-
isms, including  Bacillus subtilis, whereas
nonrancid samples at the same_congentra-
tions had little or no effect. Rancid and
nonrancid unsaturated fatty acids and their
methyl esters gave similar results. However,
little " effort was made to characterize the
degree %f rancidity of the fats and fatt
acits, other than designation as Krels + or
Krels — or to detérmine the effects of
var mg degrrees of rancidity on spore ger-
mination. “This study was undertaken” to
determine the effects” of uncured pork faf.
oxidized for varying periods, on the germi-

nation and colony formation fﬂoores of an

aeronic microorganism, B. subtilis.

MATERIALS AND METHODS

Preparation of fat samples. Uncured composite
fat trim of swine was dry-rendered in a steam-
jacketed kettle and the lard stored in 50-Ib cans
under refrigeration. To obtain samples of varying
rancidity, a 3-L quantity was heated to 96£2°C
and oxidized by bubbling dry air at the rate of
approximately 14 ft1 per hour through the lard.
A total of 15 samples were.taken at half-hour

"The investigation reported in this paper re-
lates to a project of the Kentucky Agricultural
Experiment Station and is published hv permission
of the Director.

hPresent address: Department of Animal Hus-
bandry-Veterinary Science, University of Tennes-
see, Knoxville.

intervals for 6 hr and stored in desiccators under
nitrogen in a refrigerator until used.

Chemical tests. Each fat sample was analyzed
in duplicate for iodine number by the Hanus
method (AQAC, 1955); TBA value by a modifi-
cation of the method of Turner ct at. (1954);
free fatty acid content, calculated as percent
oleic acid, as outlined by the AOAC (1955);
and in quadruplicate for peroxide number by the
Wheeler method as outlined by Lea (1939).

Bacterial medium and spore suspension prepara-
tion. An agar medium composed of 0.3(3 beef
extract, 0.5% peptone, 1.0% dextrose, 2.0% agar,
0.0025% bromothymol blue indicator, and a buffer
(Na-HPQOj « 12H-0 and KHjPCL) was used in
all studies. Plates of this medium were streaked
with a 24-hr broth culture of a strain of B. sub-
tilis obtained from the Microbiology Department
of the University of Kentucky. After incubation,
slants were streaked with a selected colony. After
incubation of the slants, cells were harvested by
washing the agar surface with distilled water.
The resulting suspension was incubated 24 hr
and heated 20 min at 80eC to kill vegetative
growth. After this treatment, the cells were spun
down in a centrifuge, washed, and stored in
autoclaved sand. Spore suspensions were prepared
by adding a loopful of spore-containing sand
to the phosphate buffer solution. The approxi-
mate number of viable spores in the suspensions
was determined by serial dilution and plating on
the above-described agar medium. A dilution that
gave approximately 1000 viable spores per ml
was selected.

Addition of lard to agar, plating, and counting.
To obtain an emulsion of lard in the agar me-
dium, lard at 70°C and the agar medium at
approximately 9S°C were blended 1V. min in a
Waring blender. The resulting emulsion was
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poured into test tubes and autoclaved. The test
tubes were then placed in a 45°C water bath
before inoculation with 0.1 ml of the standardized
spore suspension. The tubes were removed from
the water bath and shaken vigorously, and the
contents poured into sterile petri plates. This
procedure gave a uniform distribution of bac-
terial colonies throughout the medium and re-
tained the fat-agar emulsion. The colonies present
after incubation were reasonably easy to count
with the aid of the bromothymol blue indicator
and a modified Spencer colony counter. At a pH
near 7, the agar was light green, and the acid-
producing B. sublilis colonies were yellow with
a yellow surrounding zone. Modifications of the
counter were: 1) removal of the baffle plate be-
tween the light source and glass window ; 2) re
placement of the lined glass window with an
unlined glass window ; 3) substitution of a 60-watt
blue light bulb for the white light bulb; 4) use
of a rheostat to vary the light intensity. The
modifications produced a direct light that could
be varied to provide optimum conditions for
counting colonies in media of differing trans-
lucence.

RESULTS AND DISCUSSION

The effects of var%rng the pH of the agar
medium from 5.8 to 8.2°are shown in Fig. L

Fig. 1. Relation bet een agar medium pH and
numger of Bacl ?us Suﬂ/lllls coglonres g

\When the agar medium alone was used, no
B, subtilis ¢ Ionre? develo ed below é)H %2
after incubation T
number gradually mcreased to pH 1.2, and
then varied Irttle from pH 7.2't0 8.2,

When a 5.5% ywer%ht concentratron of
fresh Iard |od|ne nu ber = 6lh
a/eroxre num er = ? was emulsrfred

|th the agar medium afte pH adjustments,
colony numbers were slrgh ly ‘higher than
those™ abtained in the ag r mediim _alone.
Thus fresh lard enhancéd the germination
of the spores, their outgrowth, and /or vege-
tative growth.

DT
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Rancid lard (iodine number = 555 and
peroxide number = 155) that had been
vigorously oxidized for "6 hr decidedly-
affected the number of colonies which ge-
veloped from the spores. This sample was
obtarned from the same can as the fresh
sample.. No colonres developed In- plates
con arnrng this rancid samge emulsrfred
with the ‘agar medrum) n the pH was
below 7.2 The numbe ofcolonres increased
rather raprdl as the pH rose from 7.2 to
8.2. 2, both lard samples and the
a?ar medium anne allowed development_of

mos% the same number of colonies. The

the a ar mediym . was not measur-
any changed by addition of the lard
samples to_the a1qar medium and subsequent
emulsrfrcatron herefore the ar% e differ-
ences in number of colonies which deveI
oped. among plates contarnrng fresh
rancid lard,"and no lard cannof gatdrrrbuted
0 a change In pH caused b¥ lard aaditions

An agar medium pH of 6.8 was used
in subse Uent studres At this pH no colo-
nreg developed in g ateé to which very rancid

een However,” colony
numbers were near the maximum in plates
contarnrng fresh lard.

gr 2 (epicts the relation between num-
ber coIonres anﬂ gree of lard oxidation.
Also shown are the effects of Incubatjon at
37°C for varying periods. Each valye i
an_average of ¢olony counts in 11 plates.
After a 14-hr Incubation period, an” aver-
ge of 88 colonies were Visible in plates
fntarnrn the aﬂar medium glus a_fresh
ard sample r of oxidation). Colony
numbers “decreased as lard oxidation in-

\\
\ ~.
\A\: ~.
%i\\
A o
N
NN O

Fig. 2. Relation of colony numbers to incubation
time~and lard oxidation time.
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creased until no colonies were visible in

ahes contamlr;# a s?m ple oxidjzed for y

The nuniber o colomes mcreased |

Wlth incubation time. After 32 hr of incu- !
bation, colonies were [present in rplates con- |
taining even the most rancid lard samples. /
Increases In coIon number ds tended to be A
greater In the mdre rancid samples, than

in the less rancid samples as mcubatlon
tlme Increased. The decrease in number 0l o
of spores that produced visible colonies In 50
the pr f esence of the morf rancid fat samples v

appeared to be the result of a delay In Eer

matlon and /or outgrowth rather than a
spore-killing _ effect, Spores were able. to
overcome IS |nh| |t|0n after a suff|C|ent Flg 3. Relation between iodine number and
perio elagse However, the ranm number of colonies.

ﬂﬁfeﬁtgt%svc %tt%ﬁerlengD %\é\/tt}noareso ?Og'xeﬁ between free fatty acjd coptenf and other
e

dizéd fats did not become nearly as Iarge chemical tests or umber of colonies. Free

fatty acid values. and colony numbers
asn o OQgﬁns é@ gr'at?ﬁe gOQ}a'r%'e” ur%heaﬂﬁses sho%ed a nonsignificant negative associa-
|s 5|ze dﬁ‘ferentla ems%d even after sev-
eral days of mcu bation. Smce the 20-hr J
Incubation pen? %ave complete |nh|b|t|on /
during the "prelim In the most . /
rancid’ samples, and smce |t would fit more /
conveniently into a working scheaule, it .| /
was chosen for subsequent work. /
Table 1 and Figs. 3, 4 and 5 show *- /
chemical rancidity fest results and B sub- - /
fills colony counts for lard samples oxidized | .
from 0 to 6 hr. Ten Petri plates were | .. - °
poured for each lard sample, and the colo-
hies were counted after 20 hr of incubatjon Fio 4 Relation betneen ceroxide number and
at 37°C. There was no apparent relation —mifer or Selenon ’

Table 1. Results of tests on lard samples oxidized o-6 hours.

om?j?zresd Perr?o)flde lorgd.n ¢ aC| ecd%}e)ﬁt JaE?uAe c’d‘%n?efs

0.8 63.9 146 09 134
0.5 2.4 63.8 225 11 125
1.0 25 63.7 212 A1 123
15 3.6 63.6 244 14 115
2.0 37 63.6 245 15 110
25 3.9 63.5 304 16 105
3.0 41 63.5 380 26 9%
35 6.3 63.4 208 28 85
4.0 1.2 63.2 157 30 75
45 8.2 63.1 267 34 61
5.0 9.1 62.8 262 A1 47
55 175 62.6 328 68 40

6.0 32.8 62.5 284 1.20 33
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_explanation of these results is known. How-

I ever. It is possible that the 5-fr oxidation

1 period in this study was the critical period
) alx)ve WhICh add|t|onal chemlcal ran0|d|ty
/ as measure I[r)]eromde nymbers and TBA

values, had a iminishing etfect on ﬁermma-

/ tion of B. subtili spares, outgrowttl and/or

Vegetative growth The negative assoma-

/ tions betwéenperomde numb s and coon

c numbers (r = —81 etween TB
o . values and_ colony nu mbers (r = —84)
e gvb?{Fy3|gnlf|cant at the 00T level of prob-

Fig. 5. Relation between TBA values and num- REFERENCES
ber of colonies. - .
AQAC. 1955. "Official Methods of Analysis.”

| (r :b_4t9)d |0d||ne {‘Urtnberﬁt land gssocc. Offic. Agr. Chemists, Washington,
coony NUMDETS Ddd an almost Straignt-1ne l-ea C H 1939 “Rancidity | : ”

-ea, C. H. . y in Edible Fats.
re atIOH I . 3) Wlth d Slgmflcant Chemical Publishing Co., New York, New

i\ JL) ?sm\r/ﬁlcorrelatlon rt_-.99) Yok

n amos straight-ine Inverse relation ex-

Isted etween eg()x' de num er and number Rome'ff;(clt %f gr;((ljda?l\/eo'ral:callf}ll?;solnn' ulngssazt'uraTtre]g
of colonies ( 19, 4) etween TBA fatty acids on the germination of bacterial
values and nuniber “of colonles (Fig. 5) spores. J. Bacterial. 63, 429,

through the 5-hr oxidation period.” BEByond rurer €. W. W. . paynter, E. 1. Montie
this oXidation_ period, peroxide numbers’and M. W. Besser, G. M. Struck, and F. C. Olson
TBA values increased_greatly, but the num- 1954, Use of the 2-thiobarbituric acid reagent
ber of colonies continued to decrease at to measure rancidity in frozen pork. Food
approximately the same rate. No exact Technol 8, 326.
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SUMMARY

KF Streptococcus media were examined as to suitability for isolation and
enumeration of enterococci from foods. Recovery of Streptococcus faecalis.
Streptococcus faecalis var, zymogenes. Streptococcus faecalis Var. liquefaciens.
and Streptococcus durans was excellent with either a pour-plate technique or
the liquid medium in an MPN technique. Streptococcus boris. Streptococcus
equinus. and Streptococcus rnitis can be isolated with these media, but low
recovery levels are obtained in the hrolli. Food constituents in concentrations
as high as one part in five do not appear to affect the specificity of these
media. The development of red colonies in the agar medium is indicative of
the presence of S. faecalis or one of its varieties. The development of pink
colonies in the medium or turbidity in the broth requires isolation and further
stud¥ to determine the presence of enterococci. _

he commercially available dehydrated media appear to give excellent
results, comparable to those obtained with batches compounded in the lab-
oratory; however, there is some indication that extended storage of the de-
hydrated form may lead to deterioration.

INTRODUCTION

The |solaélon and_ enumeration of eptero-
cocel n foods i an impartant aspect of food
microbiology, because of their possible sig-
nificance &S, indicators of fecal pollution, &
well as their suspected roI? In [000-poison-
Ing outbreaks. A number of media have been
used for this purpose, including; SF me-
dium (Hajna ‘and [lerrv. 1943). EATKi
broth (Hajna, 1951 ); enterococcl presump-
tive ﬁn confirmatory media (Winter and
andnolzer. 1946): “the medja %f Barnes
1956); and azige dextrose broth (Roth
as recommended by Mailman and Scligman
1950). with confirmation in_ethyl “violet

—~()'

—

azide broth of Litsky ft al. (1953).

enner ct al. il 60. 196 a) desgn%ed 2
media. KE Stref) ococeus agar and broth,
which g ve excellent [esFIts In the |uanf£|!|-
cation stregtococm In Teces and It; surface
water_s._t_ ?eg l%se 01; these Eﬁsn fs. la ?ot'lf'tv
was initiated to determine the applicabilitv
of their media to Food ,Rroblemﬁ. 'PHIS report
descrines results ogtal ed with these media
In the 1solafion and enumeration of entero-
coccl from foods.

MATERIALS AND METHODS

The KF Streptococcus media used in this study
were Dilco KF Streptococcus agar (0997-01).
Difco KF Streptococcus broth (0496-01 ). and simi-
lar media prepared in the laboratory according to
directions by Kenner et al. (1961). The charac-
teristic reactions in these media of enterococci
isolated from water and feces are given hv those
researchers as follows: in KF Streptococcus agar
plates, red colonies 0.V2 mm in diameter are
?roduged by Streptococcus faecalis. Streptococcus
aecalis var. cynmitenes. and Streptococcus faecalis
var. liquefaciens. whereas pink colonies of similar
size are produced by Streptococcus durans. In the
KF Streptococcus broth, turbid growth, with an
acid reaction demonstrated by a change to a
yellow color, is typical for all enterococci.

The foods studied included specimens from food-
poisoning outbreaks, meats purchased over the
counter, and lal»oratory-prepared chicken-pot-pie
filling containing chicken meat, carrots, potatoes,
onions, peas, and celery in natural gravy. F'or
recovery studies. 50 g of food were blended with
450 ml of buffered dilution water (AFHA, 1960)
for 1 min at slow speed in a Waring blender (no
endorsement by the Public Health Service im-
plied i.

When enterococci and other organisms were

r560 |
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added to the food before blending, the inocula

were prepared in buffered dilution water by mak-

ing suitable dilutions of trypticase soy broth cul-
tures that had been incubated 24 hr at 35°C.

The cultures of enterococci and other organisms
used included fresh isolates of enterococci from
fecal specimens, stock cultures from the Food
Microbiology stock culture collection, and cultures
kindly supplied by Mr. Bernard A. Kenner of the
Microbiology Section, Division of Water Supply
and Pollution Control, Robert A. Taft Sanitary
Engineering Center. Stock cultures were main-
tained at room temperature in stock culture me-
dium (formula kindly supplied by Dr. James C.
Humphries, Department of Microbiology, Univer-
sity of Kentucky). To prepare a broth inoculum,
growth from the stock-culture-medium tube was
streaked on a slant of trypticase soy agar incu-
bated 24 hr at 35°C, and a tube of trypticase soy
broth was inoculated from the growth on the
agar slant.

Plate counts were made with the KF Strepto-
coccus agars by preparing suitable dilutions of
the food blend in buffered dilution water, adding
1-ml volumes of each dilution to each of 2
plates, and pouring approximately 15 ml of melted
and cooled (50°C) agar to each plate. Cover
layers (not used in this study) may be used if
only subsurface colonies are desired. When very-
low levels of recovery- were anticipated, 10 ml
of the 1:10 dilution were distributed evenly be-
tween 3 plates, and the total number of colonies
on all 3 was recorded as the number of organisms
per gram of food. Colony counts with the plates
containing dilutions were made according to direc-
tions given by the APHA (1960). Counting was
done after 48 hr of incubation at 35°C. The KF
Streptococcus broths were used in 10-ml volumes
in either screw-capped tubes, 150 X 15 mm, or
metal-capped tubes, 250 X 20 mm. One-milliliter
volumes of suitable dilutions of the food blend were
added to each of 5 tubes, and the Most Probable
Number (MPN) was calculated as directed by
the APHA (1958) after 48 hr of incubation at
35C.

The number of organisms per gram added to
the foods was determined by preparing suitable
10-fold dilutions of the broth cultures used as
inocula and plating suitable dilutions in duplicate
in either brain-heart infusion agar or Eugonagar.
The plates were incubated 24 hr at 35°C. The
appropriate volume of the diluted broth culture
was added to the food and blended as described
above. This procedure was employed, primarily,
to obtain an accurate estimate of the concentration
of each group of organisms used in the mixed-
culture experiments. Some loss of accuracy was
experienced, however, in the pure-culture work.
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It is assumed that blending the food after inocu-
lation resulted in chain disruption, and recoveries
greater than the calculated addition level were
obtained.

RESULTS AND DISCUSSION

To determine Jhe efficiency of the KF

Streptococcus media in terms Of quantitafive

recovery of pure cultures of enterococci in

foods, & series of exp errments was carried

out In whrc Various num ers, of or anrsma

were added to chicken-pot-pie fi % g
r

the levels of recovery etermrned
Streﬁtococcus agar and hroth, _
The enterococcal species_S. faecalis, S.
faecalls_ var. zymogenes, S. faecalls var,
hqueta?rens and S durans were dd?d at
levels from ‘fewer than 10 to tens, of millions
per gram of food. _[n addition, similar stud-
ies were made with Streptococcus faeciam
and streptococei freshly Isolated from, feces,
Representative results fthese experiments
are shown In Table 1 Although preliminary
studies had shown that e rvalent recove l}/
of these species was obtained when d
tions of broth cuItures of them were plated
In_brain- eart Infusion agfr Eugona ar, or
KF agar, the recovery from homog enates
indicafed 'that a 8reater drsruptron of the
chains of cocci had occurred than had been
anticipated.  Consequently, it was found
that In almost, every Instance the recovery
Ievelstv(\irere slightly” higher than had been
expecte
he results of these e ﬁ)errments indi-
cated that hoth of the K reaﬁtococcus
media recovered the strep tococc strains
tested quantitatively in te range from
fewer than 10 to several millions Of organ-
ISms per gram, Furthermore the recovery
was not a ffectep the addition of the
chicken-pot-pie filling homogenate af either
igh. or low drlutros These results also
confrrmed the findings of grelrmrnar studies
with broth cultures,” Indicating that the  In-
hibitory substances present it the medjum
to render it specific had no deleterious effect
upan the entero%occr
The colony characteristics of the various
strains of 8tw) 0C ccr in KF Streptococcus
?ar agreed with the descriptions of Kenner
al. (1961) In that S, durans and S, fae-
ciun produced pink colonies, and the other
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RECOVERY OF ENTEROCOCCI WITH KF STREPTOCOCCUS MEDIA

Table 1. Recovery of pure cultures of streptococci from chicken-pot-pie by means of

KF Streptococcus agar and broth.
Calculated po.

ad%aeupq
gram 3{6
. brot] ul-
Organisms turec)
S. faccalis 3X 107
S. durans 3 X 10%
S. faecittm 1x KF
S. faccalis var.
sumogenes 4X10=
S. taccalis var.
liqucfaciens 3X 10
S. faccalis var.
liqucfaciens 3
Fecal streptococcia 2 X 103
Fecal streptococcia o< ©

*Fresh isolates from fecal specimens.

foecres produced dark-red colonies. Fur-
thermorg, the reactions of these orﬁanrsms
in KF Streptococcus broth, even in the pres-
ence of 1part in 10 of food homogenate, also
oorre% onded to “that described” for water
and fecal specimens. Acceptance of those
researchers” criteria for tyrncal enterococcal
reactions rn these media” therefore appears

to be justifie

The Rossrbrlr% that Ahe addrtron of food
homogenate to the me lum might decrease
rt? E(ecr ficity was also examrned A serjes
of experiments was carried out in w |ch
enterococcr and other or?anrsms were simul-
taneous ad e to chicken-pot gre fillin g
an recovery of teentero occrm ern
Strep tococcs agar and broth. Relatively
Iow evels of enterococcr were used In these
experiments, so that a maximum amount
of food homooenatﬁ was added. Representa-
trveTr%sluItg of suc expenments are shown
In Table

It was atpparent from the results that the
ﬁ dition 0 1part in 5 of chrcken ot-pie
omogenate é ml of a 1:10 dilution of
homoaenate rstrrbuted tbetween3 tates—

o homogenate to_approximate
m of me rum g d not affeg[p the sp ecrﬁ/crt
e]rt er te KF Stregtococcus a ar or
rot n only one Instance, when sche

f oli. Pseu omonas aerugarn&)sa an
Clostri |um pcrhnngens were d with

éacca 1. Was there any indication of inter-
ference with the usual activitv of the media.

No. 0 \oanr
reco

0 e

Dilutio St us ceus
o hqr i
1 ml of 10 4 X 107 1X 107
1 ml of 103 8< © $ X io*
1 ml of 102 3 X 10 3Xi03
1 ml of 101 7X 12 5 X 102
10 ml of 10"1 4X 10 5X 10
0 ml of 10“ 5 5
1 ml of 10J 2 X 103 5 X 105
1 ml of 10* 1X 10 5x 10

In this rnstance the K bo eIded an
excessrveu 20,000), “The broth
tubes conarnrn the 104and 07 dilutions
of the homo enate were turbd, rndrcatrn%
growth; however, the color change wa
atyprcal in that a comolete change to" yellow
drd not occur. Gram-stained smears revealed
the presence of many Gram-positive bacilli
It "appears probable” that this combination
of organisms allowed the C. pcrjringens to
Hrow and produce a slight amount of acid:
owever, Subculture atthe end of 48 hr
failed to reveal the Bresenoe of vrable bac
teria other than enterocaccl

In further substantiation of this lack of
effect upon the specificity of the medium b§
food substances, the éxamination of
different foods from 10 outbreaks of food-
borne disease during the past two years has
fa Igd to indicate any iadverse rnfluence In-

ed In this group 0 foods were fresh and
cure(d meats, olt cook e( and raw, raw and
cooe vegetables, pickles, bread, pastry,

d fruit. ‘As In our ex enments with pre

Pared food and with b (oth cultures o en-
erococcl, each time re pink colonies
were roed and th% ceIIs brochemgcallg
tese they were, without exception, foun
to be fecal streptococct.. In- addition, the
red. coI?nres were invariahly. identified as
S, éacca IS or one of Its varleties.

ﬁerrments were also carried out to de-
termine the action of the KF Sfreptococcus
media on the following species of organisms
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Table 2. Recovery of fecal stre tococu from mixed flora in chicken-pot-pie filling by
means of KF Streptococcus agar an

Streptococei Other bacterla
p Ml i
Sogces or (%%l%ﬁt S o i p tes Frepiptaceus
g R e uI ding ety (AR
Fecal E. coli 2 X 103
streptococci” 13 S, aureus 5X 103 10 ml of 1:10b 10 7
P. vulgaris 5X 103
_ E. coli 2 X 103
faccalis 2X 103 P. aeruginosa  1X 10 1 ml of 1:10 2x 103 o< ©
C. perfringens 2 x 103
Fecal E. coli 3x 103
streptococcid 16 S, marcescens 1 X 103 10 ml of 1:10 1 49
B. ecrcus 6 x 103
E. coli 2
S. durons 1x 103 S. aureus 5X 103 L mlof 1:10 1X 103 2x 103
P. vulgaris 5 X 103

*Fresh isolates from fecal specimens.
LTen ml distributed among three plates.

Escherichia coli. Staphylococcus aureus, Pro-
teus vulgarls Proéeus rettgert. Pseudomonas
aerugindsa, Pseydomonas’ sp., Paracolobac-
trum mtermedlum Alkali-genes.  jaecalls,
Clostridium perf rln%ens Costrldlum hifer-
mentans, Scrratia marcescens. Bacillus cc-
reus, Bacillus_suhtilis. Salmonella typhl_-
murlum and Shigella flcvnerl ()ne m||
liter volumes of Undiluted 2 Y
case soy proth cultures and 110 d|u jons
In food” of these same broth cultures were
moculated into KF Streptococcus agar and
br?th No growth of any strains tested de-
veloped . In gither me u as the resylt of
inoculation of the undilutea broth cultures
of 1:10 dilutions of food.

Kenner et al. (1961) reported that Strep-
tococcus  boi'ls, . Streptococcus cquinds.
StreBtococ%us mitis, and Stre Jococcu sall-
varils would grow in th e|r m 1a, pro ucmE
actd and_turbidity in_the broth ‘ana pin
colonies in the agar. To determine whether
recovg} of thése or anlsm? from_food
would “also occur, a series of experiments
was carried out In which straing of 5. bovis,
S.cquinus, S. mitis, and Stregtococcus
qfilactlae wTre added to chicken-pot-pie
filling at levels of 102 to 101 organisms per
gram of food (Table 3). S, agalactiae was
ecovered In KF Stre toco&cus brath hut
not In the solid mediu

The remaining 3 S. mitis

species were recovered in both media. The
recovery was not quantitative, however, and
marked” infibition Was observed In the KF
Streptococgus broth.  The growth charac-
teristics of . these . species corr?spondd 0
the descriptions of Kenner et al. (1961) In
EVErY Case.

In all of the previaus studies, the entero-
coccl were recovered |mmed|ate after addi-
tion to the food. It also agJJ al)red desirable
to determing whether reasona g quantita-
tive recover% could he obtained after the
enterococci had been subjected to freezm?
frozen storage, and thawing. Chicken-po
pie filling was inoculated with various levels
of freshly isolated enterococm and recovery
after 24 hr at 4°C and at —15°C was comi-
pared with recovery immediately following
addition of the inoculum. Representative

Table 3. Recovery of Streptococcus species from
food by means of” KF Streptococcus agar and

:\d :‘, R
%%%Qm S‘ueT]r XEIF?‘IIJS Stre%%gus
ltres) ~ (plaf? 5unt) (MPN)

(
StreD %cegc%s 4
S. agalactiae 9 x 103 0 23
S. hovis 2X 103  3X 103 3
S.cquinus - 2x 103 2x 103 2X 103
Ix10"  1x103 8X10



510

results of these experiments are shown in
Table 4. The only variation in the tech-
nigue used in the initial examination of the
specimens was the tem nﬁrerrnrtr of the frozen
specimens at room te pera ure until they
could he completely blended in 2 min, The
%sults Indicated ﬁhat re%overgl levels did not
ange apgrecrab 3/ eit fter cold stor-
r fréezing and. thawing, and exBIarned
the consistent “Isolation of Iaroe num
enterococcl from foods involved in food-
poisoning outbreaks that had to be shipped
In the rozen state to our lanoratory for
analys

Itywould appear that most, if rot all,
viable enterococc present i’ frozen-food
specimens may be caPabIe of Initiating
growth either In KF Streptococus agar o
in broth, and that these media may be useful
In the analysrs of frozen foods.

Since thé r%rrmary purpose of this study
was to determine whether the KF Strepto-
coccus media could be used to isolate and
enumerate enterococel from food substrates,
exhaustive comparisons hetween media were
not carried out. During the study, however,
some comparisons of a deneral ature were
mae In ure-culture studies, the. refover

Iﬁ)tococcus agar was equivalent to
that o tar d with “Drain-heart infusion
agar, azig e dextrose agar, ang Eu%onagar
armes 56% and Mifis-salivarits - agar
media  (Chapman. 11*46) were used ~in
spread Plates S0 N0 drrect com arison of
the |l tctoveBycan be made; but the
specifi crtres 0 ames and KF ' Strepto-
cocctrs a(ge drs Were ed]uryalent when tested
with mixed cultures In food, and each was
superior to myfis-salivarius and azide dex-
trose agar media.

ers of

RECOVERY OF EXTEROC (>C(1 WITH KF STREPTOCOCCI'S MEDIA

tained with azide dextrose, the Al)-F\ A
combination, or BACK* broths. _In" spegi-
trcrtv it exceeded all hut BACIC broth,
wh rc agﬁ eared to be about equivalent.

eral, it appeared that the KI-
Stre toc?ccus medra Were comoarable hoth
nt err rmrts of recovery and In specificity
%o oth Ter media used in the examination of
000S renterococcr hut more detailed stud-
ies would he required to establish is exact

osition in this respect.
pAﬁt h i of the studies

ou%h the - majority

were made with dehydrated media, each
tvpe of study was also carried out gt least
once with media compounded In the labora-
tory. The formulation gs de?crrbed by Ken-
ner et 4 differs from the listed
formylation of tfe dehydrated product i
that 1t contains 0.636 ? per liter of sodrum
carbonate. The adjustment of the, pil

the dehydrated product, however, is made
with _sodium carbonate: therefore, it too
contains the salt.

Jn some instances, media compounded in
the lahoratory were found to he Somewhat
more Inhibitory. to sre tococcr oth?r than
the enterococcl™i.S. sa re rys. .S, ac/a actrac)
and in one instance, strains of Staphylo-
coccus aureus. Proteus, and Pacillus species
grew, in the dehydrated agar. medium but
not in_{he meohum prepared in the labora-
tory. Since it has _been shown by (lerencser
and Weaver (1959) that sodrum azide rn
a_medium ?rves e t0 h razorc cr
whrch volatilizes even at pH Values. a

s.7P. 1t is probable that the shelf Irfe of aII
azrde conéar rng media should be carefu,lv
considere the above-mentioned In-
st nce he bottIe of dehydrated powder from
rc the batch o a rwas prepared was
ai %em ty and een In use for sev-
eral months.” It Is possrb e that some loss of

lable 4. Recovery of fecal streptococci after exposure to refrigerator and deep-freeze

Recoverg with KI; Streotococcu broth
was equivalent to or better than that o

temperatures

Inrtral recovery
. KFa
(>Iganism gla KF »mth
Fecal streptococci 2 X KF 1x KF
Fecal streptococci 2x lu- Ix KF

Fecal streptococci [l 4
*Fresh isolates from fecal specimens.

After 24 hrat 4 (' After J4 hr at —15¢

KFa K ar

T A R

1 X KF 2 X KF 1 X KF 1x KF

1x KF 2 X KF 1X KF 1 X KF
u 17 1 4
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sodium azide bad occurred in the dehydrated
Product and f gests, that carde shuld . be
aken in resealing”hottles of azide-containing
media to prolong their specificity.
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SUMMARY

Staphylococcus enterotoxin B has been concentrated and removed from
aqueous solution by froth flotation. An anionic wetting agent and an entero-
toxin B antiserum ‘labeled with Rhodamine are added to the toxin solution.
Compressed air is blown through the mixture and a foam is produced. The
dye-toxin complex, located in the top layer of the foam, separates front the
remainder to give a distinctly red-colored fraction. With a slight increase
in air pressure, the red fraction is removed. The toxin is identified by taking
one drop of the foam fraction, one drop of buffer at pH 4.3. and one drop
of latex polystyrene suspension. Within 1 min a heavy agglutination occurs.

INTRODUCTION

Eood ﬁorsonrnds of the tyPe attributed to
the StaB %Iococc are estima %d as the cause
of 500.000-1.000.000 cases Of Sickness each
ear. A srmﬁle and effective %est for the
resence of the enterotoxin In foods would
ful as a greventrve measure.

aper reports a_new ah roach 10
such a t st It consists of the flo tron tech-
nigue of mrnrnd technology .combined with
the antigen antibody | tectinique of micro-
biology. “The method is dFscrrbed n its aﬁ-
Plrca on to aqueous, samples known to con-

ain enterotoxin B ‘Gasman cf al.. 1963).
The flotation method has been u?ed for
the se aration and concentration of small
R/artrc es from aqueous media ('top er and
VY] 1952: g er. 1945: d?

00b arran ? Gaudin (1
Pornts out that “in flotation the sep aratron
akes place in waéer In which the s Id par-
tr es are sus ended, and resulti rom the
esron ome species of solids to gas
ubb es whrch are generated or Introduced
Excellent reviews of flotation

rnte pu
oun rntetexsb Taqoart (1951 )
guﬁrergnd and Y gg

lication of the meEhod 0 industrial

Was[p g (rs descrrbeg Yrabltrck (f1959)
and g mathematical rn erpretation q roE-
tlrloon gor 1sgc)SIéds liquid separation IS given by
Flotation ¢f the solids adhering to the
bubbles permits toeir removal from“tbe pulp

as a froth of drfferent composition from
te uR Although te process is used In
the ‘mining Ingustry to selectrvey adsorb
certain mrnerals | use In hiological re-
search has been more. ﬂeneral rn nature,
For example, tbe cationic wetting agent
used I water purification removed " the
anronrc particles sych as _bacteria, mud
amoebic cgsts and viruses. The methgd had
not heen eveloged wherebg one could sepa-
rate or selectivel y a0s0rb & gIven organrsm
from a mixture 0of bacteria. "With dvelop
ment of the fluorescent antibod
technrﬂue It occurred to the authdr t at a
comnination o toe FA technrque wrth flota-
tion mrght ave (fongr erable merr for the
concentration and  identi catron o specrfrc
bacterra or a artrcd]ar metab or roduct.
With this jn mind, the followin othesrs
was formulated with respect to etectron
of Staphylococcus enterotoxin B
Enterotoxin B antiserum reacts sPecrfr
caIIP/ with 1t homg cig us antrgen f the
antserum were labeled with a dye. one
would expect the same reactron to occur.
In addition to this, It might be Possrble 0]
use a dye that woud combine with a foam-
|nﬁ; agent srmrar to fhose used in fotatron
Then, using the flotation procedure, "It
shouI be rhos]srblg t concsntrate and_collect
rot 0am fire dve
has prevro sly heen attached to the anti-
serum. and if the anfiserum has reacted
with its antigen, then the froth should con-

[572 1
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tain surface- actlve agent fplus dye-antiserum-
antigen complex. ffect, It 1S suggested
that” a artlcular ant fgen antibody mlxture
can he concentrate om an aqueous solu-
tion by flotation. . Furthermore, it s hy-
ann]gtsn%gd that this procedure s selective

MATERIALS AND METHODS

Enterotoxin. Staphylococcus enterotoxin B, from
strain S-6, is described as a 20% product because
it appears to contain one-fifth of the amount of
enterotoxin in the 100% product based on monkey
feeding, gel-diffusion tests, and nitrogen content.

It is a cell-free partially purified lyophilized
product of the liquid culture filtrate of a strain
(S-6) of .S, aureus that has not been known to
cause natural outbreaks of food poisoning. The
organism was first isolated from shrimp not im-
plicated in foodborne disease. The 20% product
will stimulate the production of several antibodies,
as shown by multiple bands in gel-diffusion tests.
A highly purified preparation (94%) can be made
that will produce a single band. In the cruder
preparation, dermonecrotizing and hemolytic tox-
ins can be easily demonstrated. The dry material
is hygroscopic and readily soluble in water.

Antiserum. Rabbit anti-enterotoxin serum pre-
pared by Bergdoll ct al. (1959) was labeled with
Rhodamine B Extra Cone., a cationic dye, using
the method of Moody (personal communication.
M. D. Moody, Communicable Disease Center.
U.S.P.H.S., Atlanta, (ia.). The carbonate buffer
noted in Part Il of the following outline was
prepared by the method of Cherry ct al. (1960).

LABELING SERUM WITH LISSAMINE
RHODAMINE B-200 OR RHODAMINE
B. EXTRA CONC.

I. Preparation of RB200 sulfonyl chloride
1. Weigh 1 g RB200
2. Weigh 2 g PCl-, (handle with care)
3. Grind (1) and (2) together in a mortar
in fume hood for 5 min.

4. Add 10 ml dry acetone (dried over
CaSOj) or Spectro Grade.

5. Stir gently S min.

6. Filter through no. 1 filter paper. Filtrate

is the acetone solution of RB200 sulfonyl
chloride. Stopper tightly to prevent evap-
oration of the acetone. Filter into a sepa-
ratory funnel.
[1. Preparation of serum

1. Combine 1 volume of serum, 1 volume of
0.85% saline, and 1 volume of carbonate-
bicarbonate buffer pH 9.0 (0.5.1)).

L Place in ice bath,
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[, Labeling

1. Keep serum solution in ice bath during
entire labeling process

2. Add teflon-covered magnetic stirring bar
to serum solution

3. Place on Mag-Mix and stir briskly, but
not fast enough to cause frothing

4. Add RB200 sulfonyl chloride a drop at a
time, over a 15-min period (0.1 ml sul-
fonyl chloride per ml original serum vol-

ume). Check pH during the period of
addition with litmus paper. If solution
becomes acid, add enough carbonated

buffer to keep it alkaline

5. Stir for 15 min after all sulfonyl chloride
has been added. This completes the con-
jugation

6. Place labeled serum in dialysis tube and
dialyze in buffered saline (pH 7.2—.5)
for 6-8 days with daily changes. Use
large volume (4-5 liters) of saline and
dialyze at 5°C (41°F)

Feeding experiments. For feeding experiments,
the Macacca mulatta (Rhesus) monkey was used.
The animals varied from 2 to 4 kg in weight.
All enterotoxin solutions were made by dissolving
one mg of the crude material in 100 ml distilled
water. Since this was a 20% product, the con-
centration of enterotoxin was 200 gg per 100 ml.
Each animal was given 50 ml intragastrically. The
animals were divided into groups of 6 each, were
usehd for one feeding only, and were observed for

I

Flotation. For the flotation procedure, 1%
Aerosol MA was used. This is dihexyl sodium
sulfosuccinate, an anionic surface-active agent. It
is used at the rate of 1 ml/L, though this may
vary. The apparatus consists of 500-ml gradu-
ated cylinders, spargers, and a source of com-
pressed air (Hopper and McCowen, 1952). A
brief outline of the flotation procedure is as
follows:

1 Label antiserum with Rhodamine B extra
cone, by Moody method employing phos-
phorus pentachloride.

2. Add 1 ml labeled antiserum to 250-300 ml
aqueous solution of enterotoxin in a 500-ml
graduated cylinder.

3. Add 1 ml of 1% Aerosol MA to this system
and bubble air through it. Do this slowly
s0 as to get a dry foam

4. The foam produced contains the Aerosol plus
the Rhodamine B antibody antigen complex
as a layer of pink bubbles on top of a column
of white bubbles

5 The pink foam fraction is collected, and
two drops placed on a slide
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6. One drop of an approximately 1:30 suspen-
sion of latex particles in phosphate buffer at
pH 45 is added to the two drops of foam
fraction on the slide

7. Mix these reagents with an applicator stick
and observe for agglutination

8. A positive reaction is typified by a very
rapid granular and thorough clumping
(within 5-40 seconds of mixing) which re-
sults in the formation of both white and
pink clumps suspended in a clear liquid
phase. The length of time needed for clump-
ing varies with the concentration of entero-
toxin in fg per ml

9. A negative reaction is typified by a very
slow formation (within 2-5 min) of only
a few pink clumps floating in turbid liquid
phase.

RESULTS AND DISCUSSION

Taple 1 summarjzes the results of mon-
key Peedlng tests following ?Iotauon of an

Table 1. Monkey feedmg tests following flota-
tion with Rhodamine-labeled antisera.

Type of treatment No. vomiting/no. fed
Remove foam fraction

1 B crude antiserum. Treat
residue with charcoal

Filter, feed filtrate 0/6
2. B crude antiserum.

Filter, feed filtrate 0/6
5 B purified antiserum.

Feed residue 0/6

4, B purified antiserum.
Reconstitute foam fraction

and feed 0/6
5. Nonspecific serum

Feed residue 416
6. Aqueous Rhodamine.

Feed residue 5/6
7. Aqueous Enterotoxin B 5/6

enterotoxin _ solution.  With  Rhodamine-
Iﬁbeled speelflc antiserum, tests 1 and 2
the foam fraction was. removed and thg
residue was fed after it had peen treate
with charcoal and filtered. This was re-
peated without treatment of the residue W|th
charcoal. None of the anlmﬁls vomited, |

dlcatmq that treatment of the residue W|th
charcoal had no eﬁect Since the residue
did not cause vomi dm% %he enterdtoxm ad
either been remove e foam fraction or

DETECTION OE STAPHYLOCOCCUS ENTEROTOXIN

neutrallzed In test No. 3the residue. was
fed and. no %meds occurre Anﬁlgl s of
this re3|due the K [ method was
negative for ammoma or orgamc nitrogen.
This was mterfpn reted to mean that the en-
terotoxin is removed from the solution by
flotation. For test No. 4 the foam fraction
was reconstituted and fed and no emesis
occurred. In a series of control tests, start
ing with No. 5, a Rhodamine, nonspecific
Serum éMcCowen was used in the flota-
tion and the residue was fed. Four of six
animals vomited. Thus, the enterotoxin
was, not removed from the solution by a
labeled nonspecific serum. In_test No:
an a?ueous solution of Rhodamine was used
and the residue was toxic. In test No. 7, the
solution of enterotoxin caused 5 of 6 ani-
mals to vomit. It was unnecessary to feed
an aqueous solution of the Aerdsol MA
since ‘it was used In 00 small an amount
to cause any sickness (Hopper et al, 1959).
Thus, the_enterotoxin Is remayed from aqué-
ousSolufion by means of flotation and a
specific labeled” antiserum. _
It was obvious that the foam fraction
was composed of material in which an
antigen-antibody reaction had taken place.
The™ Identification of the enterotoxin in the
foam fraction posed a difficult problem
since it was feIt that the method to be

empIo ed would have to be simple, woyld
8t mvo ve ex enswe arat S, or re uwe
a vance traln |np smoc emical

ods. T e atexs eagg utinatjon proce ure
was_adopted, and the” investi atlon of its
mechanism IS summarlzed as follows:

L Anion plus latex in buffer at pH
4.5—general dispersion

2. Rhodamine plus |atex—heavy ppt,
very large clumps

3. Rhodamine, anti-enterotoxin  anti-
Serum P 3 |atex—moderate clump-
Ing, well distributed

4. Anti-enterotoxin_antiserum plys la-
}ﬁé—general dispersion, no" clump-

5. Anion-Rhodamine-a Elserum — (ood
dispersion, some small clumps

6. Rhodamine plus buffer at pH 45 and
FO latex suspension—some particu-
ate matter
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7. Anion-Rhodamine-labeled antiserum,
toxin, .plus latex in buffer—excellent
clumping in less than 1 min.

8. Anion-Rhodamine-labeled antiserum
plus latex in buffer—general disper-
sion. If toxin added, excellent clump-
Ing.

9. i\nion-antienterotoxin antiserum plus
|latex—small amount of clumping.

10. To reduce the effect of Rhodamine
take the foam fraction of No. 7
above and dilute it 1:10. Add latex
and buffer—large clumps within 3

min
11. Take a drop of latex suspension and
add one drop of 1%

] 0 CeepryT (a

cationic wetting agent). Clumping
occurs, hence “latex suspension i
anionic

12. Take a drop of 0.5% egg albumen
plus latex in buffer—modgrate clump-
Ing and also a general dispersion of
particles. . Therefore, the clumping,
or agglutination reaction is a non-
specific reaction

The general conclusion from this series
of tests"is that an anionic-cationic reaction
is taking place in the slide agglutination
procedure, and that_this reaction is non-
specific in nature. This, however, has. no
importance. as a diagnostic criterion, since
thfe preceding technique (flotation) 1S spe-
cific.

Because egg albumen ?a\(e a positive re-
action in the slide agglutination test, an
experiment was done in"which egq albumen
was added to the original sample, which
was used for the flotation Procedure., In
this case, no separation of Rhodamine-
|abeled antiserum took place. That is, a pink
layer did not collect_at the surface of the
column of bubbles. This lack of separation
into a distinct foam fraction is due to the
action of the added protein. In mining-
technology, materials that interfere wi
flotationare known as depressants. With
Frote_ln present, the entire reaction is self-
imiting since, if_no fractionation of separa-
tion into two distinct foam layers is pro-
duced, then there is nothing to’ concentrate
or collect for the subsequent slide aggluti-
nation test.

To_be more nearly sure that the flotation
technique is specific, a series of tests were
done with various antigen antibody sys-
tems. These are summarized in Table 2.

Table 2. Flotation antigen antibody systems.
Antigen antibody system Slide agglutination

L Rhodamine, aqueous 1% negative

2. Rhodamine-labeled anti B
purified serum

3. Rhodamine-labeled anti B
purified serum with ;
Sac culture filtrates
33.196E, 8 Dack, or 196E
crude enterotoxin
With 243, S-6 (20% B), or
B purified

4, Rhodamine-labeled anti B
crude (20% ) serum
with 2463A

negative

negative

positive
negative

Note that positive results occurred onl
with preparations containing Enterotoxin B,
These were : 243 sac culture supernate, S-6
(20% B), and the purified B. All other
tests were negative, since they contained
either enterotoxin A, or none at all. A
brief description of the reactants used above
is as follows :

L Antisera

B purified antiserum—a monovalent rabbit anti-
serum produced in response to a highly purified
enterotoxin B.

Anti B crude antiserum—rahbit antiserum pro-
duced in resgonse to a crude form of enterotoxin B
formed by Staphylococcus aureus S-6. This is a
polyvalent antiserum and not specific for entero-
toxin B (see description of S-6 enterotoxin helow).

2. Enterotoxins

B purified—a hmhlg purified form of entero-
toxin B produced by Staphylococcus aureus S-6.
The purity of this enterotoxin is estimated at
above 99%.

196E crude—a crudely %urﬁied form of entero-
toxin A produced by Staphylococcus aureus 196E.
The purity of this enterotoxin is estimated at
approximately 20% and contains a number of
antigenic materials (media components, metabo-
lites, Iytic products from cells, etc.) in addition
to enterotoxin A.

S-6 crude—a crudelﬁ Furiﬁed form of enterotoxin
B produced by Staphylococcus aureus S-6. The
purity of this enterotoxin is estimated at approxi-
mately 20% and contains a number of antigenic
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materials (media components, metabolites, lytic
products from cells, etc) in addition to entero-
toxin B.

3. Cultures

Sac cultures—these are very turbid suspen-
sions of staphylococci in a few ml of buffer in
the bottom of a 1-L Erlenmeyer flask. Suspended
in the flask is dialysis tubing containing 100 ml
of double-strength brain heart infusion broth. The
tubing lies in intimate contact with the suspended
cells. The system is incubated 48 hr at 37°C on
a rotary shaker. Under these conditions, it is
possible to obtain a strong concentration of toxin
in a small volume of buffer. After incubation, the
dialysis tube is removed from the flask, and the
buffer solution containing the toxin and cells is
filtered or centrifuged off, leaving a small volume
of material containing a strong concentration of
gnterotoxin.

33 sac culture filtrate—sintered-glass (UF)
filtrate of sac culture of Staphylococcus aureus 33,
This strain has never been demonstrated to pro-
duce enterotoxin, ,

S-6 sac culture supernate—supernate from a
sac culture of Staphylococcus aureus S-6. This
strain characteristically produces large quantities
of enterotoxin B and a very little enterotoxin A.

196E sac culture filtrate—sintered-glass (UF)
filtrate of Staphylococcus aureus 196E. This strain
characteristically produces only enterotoxin A.

2463A sac culture filtrate—sintered-glass (UF)
filtrate of sac culture of Staphylococcus aureus
2463A, which characteristically produces only
enterotoxin A.

243 sac culture supernate—supernatant from a
sac culture of Staphylococcus aureus 243, This
strain produces only enterotoxin B.

8 Dack sac culture supernate—supernatant from
a sac culture of Staphylococcus aureus 8-Dack.
This strain characteristically produces only en-
terotoxin A,

Flotation for the concentration and re-
moval of solid particles from an_ aqueous
suspension is a well established industrial
Fracnge. However, this report represents
he first description of a combination of
this technique in the mining industry being
used with one from the field of |mmunolo?y.
That it works is quite evident from the
experimental results reported. The surface-
active agent Aerosol MA is onIK one of a
number of anionic surfactants that can be
employed. No extensive survey or series
of tests were done to determine if this is

DETECTION OF STAPHYLOCOCCUS ENTEROTOXIN

the only one to use. It works very well, and
N readl(ljy available, With, respect to the use
of Rhodamine, it is possible that it can he
replaced by other cationic dyes. It is not
necessarK or the dye_to he fluorescent, but
it must he one that will react with the surf-
actant and be separated from the solution
in the foam fraction during flotation. Fur-
thermore, it is reasonable to suggest that
other methods for attaching the dye. to the
antiserum can be used, such”as diazotization.

As for specificity, the parameters of the
procedure are determined by the limits of
mmunologlcal technique. The use of the
purified B-labeled antiserum detected the
‘g_resence only of its antigen, enterotoxin B,

or the detection of other enterotoxins it
will he necessary to prepare their labeled
antisera. Many “of these materials are not

available at présent.

Note that this system can also be used
for the_recovery of specific orgian,lsms. Some
Rrellmlnary experiments relating to this
\ave been” performed., With careful atten-
tion to the_immunological aspects of _testm?,
it is possible to. concentrate and_identify
bacteria in a relatively short time. This may
he useful as a Bosmbje rouqh screenin
technique in the Dbacteriological analysis 0
water, for example ; in the search for “Salmo-
nellae in foods: or in the detection of or-
ganisms from_ body fluids. Other investi-
gators may wish to examine the usefulness
of the system in these or similar areas.
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SUMMARY

A total of 227 pork carcasses, varying in weight, chronological age. and
loin intramuscular fat content, provided bellies for a study of some factors
possibly associated with bacon quality. Tenderness scores of baron significantly
improved with a decrease in age and weight and with an increase in intramus-
cular fat content of the longissimus dorsi. The bacons derived from the 36-
42-month packer carcasses were less tender than those from the other age and
weight categories studied. Juiciness scores were not associated with carcass
weight, age, or intramuscular fat content of the longissimus dorsi.

The bellies shrank approximately 13% during the curing, smoking, and
skinning processes. There were differences in shrinkage due to weight and
age groups, but no significant differences in shrinkage due to intramuscular
fat content of the longissimus dorsi were found.

The mean value of the percentage of separable lean in bacon from the
227 carcasses was 31.7% . Average shrinkage during the cooking of the sliced
bacon was approximately 66% . Lean baron shrank significantly less than did
fat bacon.

About 19% of the bacons were considered to he excessively salty, and orig-
inated from carcasses possessing a more highly unsaturated fat.

INTRODUCTION

The helly, one of the primal cuts of pork,
represents “about  12-15% of the carcass
welqht and when cured, contributes sub-

stantially to the total value of the pork

carcass.

SafHe and ratzLer 99593 %emons rated
that Tatness of pork carcasses had little In-
fluence on the palatability characteristics of
bacon : however, increased fatness Wl’iS in-
versely related to curln% and cooking losses.
White' (1941 ) found that the tendéncy for

aThis studg was sup%orted in part by research
contract 12-25-010-577, E. S. Department of Agri-
culture, Marketing Research Division, and Oscar
Mayer and Company, Madison, Wisconsin.

TPublished with "the approval of the Directe'
?_f the Wisconsin Agricultural Experiment Sta-
ion.

" Present address: Department of Animal Hus-
prandry, Texas A. & M. College, College Station,
exas.

“Present address : Department of Animal Sci-
ence. University of Illinois. Urbana. I1llinois.

bacon sides to_become rancid was_ due_ pri-
marllx t% an inherent characteristic of the
fat. and that there was little relation between
ranmdlt%/ and known variations In either the
Process nP conditions or the properties of
he muscle tissue.

UdY was conducted fo compare. ﬁhe
organoleptic  properties  of  commercially
cured bacon with chronological age. carcass
weight, Intramuscular fat & observed In the
{on, issimus dorsl. and some other carcass
ralts.

EXPERIMENTAL METHODS

General design of experiment Kroviding data
for this series of publications. A total of 419
?ork carcasses were selected and categorized on
he basis of: 1) five degrees of intramuscular
fat in the longissimus dorsi as subjectively scored
on the cut surface of the muscle at the twelfth
rib: and 2? according to either of five chronolog-
ical age classifications designated the known-his-
tory group T(4—p/>, 6-7, 9-11, 15-18, and 36-42
months) or four carcass weight categories repre-
senting the unknown-hlstog quoup (<125 b, 155—
170 Ib. >200 Ib. and 280-320° Ib). Approximately

198]
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equal numbers of barrows and gilts were selected
for the three younger and the three lighter weight
classifications, while packer sows were chosen for
the heaviest weight group and the two oldest age
categories. About eleven individuals were obtained
for each butcher-type classification, and about
seven carcasses were secured for each sow group.
A total of 206 carcasses represented the known-
history weight groups whereas 233 additional car-
casses represented the unknown-history weight
groups.

Over 90% of the known-history age groups
originated from the University of Wisconsin
swine farm. These animals received similar ra-
tions and were managed identically. During the
summer months, pasture was provided, while
ground alfalfa was supplemented in the winter
rations.

Fatback and length measurements, in addition
to several subjective scores, were determined on
each chilled carcass hefore fabrication. Cutting
procedures were similar to those outlined by Cole
(1952). After fabrication, additional physical and
subjective measurements were taken to estimate
qualitative and quantitative carcass traits.

All left hams and a selected group of 227 left
bellies were cured and smoked by accepted com-
mercial procedures. The right hams and loins
were aged five to eight days at 3°C to simulate
normal marketing practices prior to sampling for
chemical, physical, and taste-panel analysis.

Two 15-member semitrained taste panels evalu-
ated both fresh and cured cooked slices obtained
from the center of the ham, cooked fresh center
cut loin chops, and cooked center cut slices of
bacon. Flavor, juiciness, and tenderness scores
were recorded on a six-point hedonic rating scale.
Loin chops were seasoned with salt and baked at
163°C to an internal temperature of 74°C, while
fresh ham slices were similarly seasoned, browned
for five minutes, and then braised to 77°C internal
temperature. The cured ham slices and bacon
strips were broiled for approximately 10 min at
204°C,

Objective measurements included tenderness
analyses by the Warner-Bratzler shear, denture
tenderometer, wedge tenderometer, and the elec-
tric food grinder as described by Schultz (1957).
Muscle firmness was measured by a modified pre-
cision penetrometer as described by Pilkington
cl al (1960). In addition, pH. electrical "re-
sistance, expressible juice, and Hunter color-dif-
ference-meter measurements were made as defined
by Kauffman (1959). Combined drip and evapo-
ration shrinkages from curing and cooking were
measured by weight loss of the product.

Proximate analysis for protein, moisture, and
ether extract as prescribed by the AOAC (1955)
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were performed on the fresh loin and ham samples
from which the subcutaneous fat had been removed.

Separate analysis of variance computations were
made for the known- and unknown-history fac-
torial designs. The analyses were used to com-
pare intramuscular fat, carcass weight or chron-
ological age, and sex with a number of qualitative
and quantitative variables. Simple, partial, and
multiple correlation coefficients were also calcu-
lated to further compare the traits studied. From
means and standard deviations, differences were
measured as prescribed by Student's t-test and
by Duncan's new multiple range test. All values
were tested for significance at the 5 and 1%
levels of probability. _

Specific procedure for this study. A total of
227 pork carcasses were selected from the original
group of 439 and included animals of known- and
unknown history. These carcasses provided bel-
lies that were processed for the study of bacon
quality. Fresh hellies from the left side of the
carcasses were subjectively scored for lean-to-fat
ratio on a 5-point scale (L representing least de-
sirable). The lean-to-fat score was based pri-
marily on the percentage of exposed lean strips
along the sides and ends of the belly.

The bellies were placed in polyethylene bags
and quick-frozen in a —10°C blast freezer for 12
hr and stored at —20°C until time of curing.
Prior to curing, the bellies were air-defrosted to
an internal temperature of 5-7°C, and were then
injecto-pumped with a commercial pickle con-
taining sodium chloride, sugar, sodium nitrate,
and sodium nitrite. The injected solution repre-
sented 5% of the original fresh weight of the
bellies. The cuts were covered with a dry cure
containing the same ingredients as the pickle solu-
tion. This procedure was designed to produce a
finished product containing 1.75% (x0.5%) of
salt. The curing required 5-7 days and was fol-
lowed by smoking and heating to an internal tem-
perature of 55°C. The hacons were subsequently
skinned and chilled to a 2°C internal temperature
and weighed to determine processing shrinkage.
Each bacon was separated into a flank and brisket
half, and a j*-inch slice was removed from the
flank half adjacent to the point of division for
the subsequent physical separation of fat and lean.
Twenty-five slices, each 0.15 inch thick, were re-
moved from the mid-section of the bacon. After
weighing, the slices were placed between two
wire-mesh racks and cooked in a 400°F oven.
The samples were rotated periodically to provide
uniform heat penetration and browning during
the cooking period of approximately 10 min. Each
strip was Dblotted free of excess fat drippings and
weighed to determine total shrinkage. One strip
of bacon was provided for each of 15 taste pan-
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elists for evaluation of flavor, juiciness, and ten-
derness on a 6-point hedonic scale as reported by
Carpenter (1961).

Five 92-inch cores front the lean streaks of
L-inch-thick slices provided samples for the War-
ner-Bratzler shear measurement. Unfortunately,
the muscles were not large enough to provide
cores containing only muscle tissue, especially the
smaller, lightweight bacons.

RESULTS
Analyses of variance showed significantly
(<0.01) lower values for tenderness of bacon

from the 36—12-month packer carcasses than the
other age groups. In addition, tenderness score
improved significantly (<0.05) with an increase
in the marbling score of the longissimus dorsi.
There were no differences in bacon juiciness
scores due to variations in carcass weight, chron-
ological age, or loin marbling scores.

No data were obtained for curing losses prior
to smoking and skinning, because of the normal
commercial procedures through which the bellies
were processed. Table 1 presents the means for
composite shrink due to curing, smoking, and
skinning. These data, when analyzed by Duncan's
new multiple range test, show that bellies from
carcasses weighing under 125 b lost significantly
(<0.01) more weight during curing, smoking,
and skinning than did bellies from the other un-
known-history weight groups. Also, the 4-4'[-

month age group yielded bellies that shrank sig-

nificantly (<0.01) more during processing than
those from the other known-history categories.
The other known- and unknown-history age and
weight groups were not statistically different in
the percentage of weight lost in processing. How-
ever. the known-history butcher carcasses pro-
vided bellies that shrank significantly more dur-
ing processing than did the unknown-history

Table 1 M
skinniﬁg ‘of bacon.

Unknown history (weight groups)

il G P
i Mean 18.8 9.0 8.9
Std. dev. 2.4 0.0 1.0

2 Mean 16.9 14.2 8.3
Std. dev. 12 2.0 0.1

3 Mean 171 10.9 9.2
Std. dev. 16 34 0.4

4 Mean 144 12.9 9.1
Std. dev. 2.0 2.0 0.6

5 Mean 117 128 104
Std. dev. 2.8 12 21

28q-320 4-4n r?m? fr)n%l
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butcher carcasses. There was no significant dif-
ference in this shrinkage due to variations in the
intramuscular fat content of the longissimus dorsi
muscle.

The mean value for the percentage of separable
lean in bacon from the 227 carcasses was 3L1.7%.
The standard deviations were quite large within
and between age, weight, and marbling groups.
There were no differences in the percentage of
separable lean due to the effects of the intra-
muscular fat content of the longissimus dorsi. The
bacon derived from the 4-492-month age group,
and the lightweight group (<125 Ib) contained
significantly more separable lean than the other
weight and age groups.

Approximately 66% of the weight of the raw-
sliced bacon was lost through drippings and evap-
oration during cooking (Table 2). Analyses of
variance of these data indicated a significantly
(<0.01) higher percentage of cooking loss for
bacons from butcher carcasses weighing over 200
Ib than with the other unknown-history weight
groups. Bacons derived from the lightweight
carcass groups (<125 Ib and 4-494-months)
shrank less during cooking than bacons from
other weight and age groups.

The simple correlations for certain taste-panel
characteristics are presented in Table 3. The
bacon flavor and tenderness scores were sig-
nificantly and negatively associated with bacon
weight and shear force. Cooking loss was not
related to flavor or tenderness, but was positively
associated with bacon weight, yet negatively cor-
related with separable lean. Flavor was positively-
correlated with the percentage of separable lean,
and tenderness was negatively correlated with the
separable lean. Table 4 presents simple correla-
tions between certain known-history- carcass traits
and the quality characteristics of bacon. The
juiciness of bacon was not significantly related to

eans and standard deviations of the percentage weight loss due to curing and

Known history (age groups)

15-18  36-42
b mo. mo. mo.
120 247 152 197 108 109
0.0 0.6 13 11 31 3.4
125 231 148 184 195 8.5
2.1 1.0 05 48 6.5 16
82 219 133 91 124 1.2
0.9 14 17 11 11 2.7
125 240 131 99 169 159
2.7 0.9 2.2 1.0 78 4.7
116 299 142 143 153 136
05 14 0.8 2.1 3.7 0.0

aMarbling scores of 1to 5 (5 representing loins containing abundant marbling).



CARPENTER. KAUFFMAN, BRAV AND WECKEL

Table 2. Means and standard deviations for percentage of cooking loss of bacon.
Unknown historv (weight groups) Known history (age groups)

g o mm R A G g g BB B
% € % % % % % % %
1 Mean 630 675 695 642 606 626 639 679 694
Std. dev. 53 48 53 49 28 32 11 2.8
2 Mean 656 656 684 651 628 623 679 654 653
Std. dev. 2.7 36 42 33 30 34 22 51 20
3 Mean 656 663 686 662 554 646 664 669  69.0
Std. dev. 17 24 2.2 51 13 2.6 19 39 73
4 Mean 648 674 707 696 605 678 683 7L3 680
Std. dev. 46 43 17 34 29 34 2.0 43 37
5 Mean 684 703 716 686 559 638 700 721 7Ll
Std. dev. 21 34 3.6 1.1 21 35 35 9.5
Total itudy: Mean = 65.99% ; Std. dev, = 5.24%. o .
i T)Marb ingscores ranging from 1to 5 (5 representing abundant marbling in longissimus
orsi).

Table 3. Simple correlations between palatability characteristics of bacon from 227 pork
carcasses.

Simple correlations

Tenderness  Juiciness Cookj \AB’acfm 1grecaer Separible
score) l(scoreﬁ l0ss I((%% ﬁ&% (Ibfin-2) jg/gg
Flavor score A46%* A2k 10 S33%% 1k 13
Tenderness score 30%* il =28 17 — 21
Juiciness score 00 17+ -.06 -.09
Cooking loss (91) 50 .04 - 52**
Bacon weight (Ib) 15% -.35%*
Shear force (Ib/in.2) -.03

* = P<(.05.

** = P<0.01.

Table 4. Simple correlations of carcass traits as related to quality of bacon from 120

known-history carcasses.

Tend Juicine C okgng Separahle
(score) erc%rr%?ss fscorefs ?f?/[)% ?80
r r r r r

Carcass weight (1b) - 42 - A7 -13 54 -.25
Age (days) -48 -.60 -.04 42 -.10
Loin marbling score 03 19 06 15 -.25
Lean cuts (%) 14 -.08 -.35 -.65 61
Belly weight (Ib) -.38 =37 20 60 -.32
Bacon weight (Ib) -40 -.38 18 60 -5l
Shear force (Ib/in.") -.30 -.18 -.20 -.12 10
lodine number -.37 -.04 29
Backfat thickness (in.) -31 -.19 21 63 -.49
Flavor score 61 49 -13 12
Tenderness score 39 01 -13
Juiciness score i -1
Cooking loss (% ) —51

EP < .053 r= 18

P<0l)r=23
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carcass weight, chronological age, or loin mar-
bling score, hut was positively associated with
backfat thickness and negatively associated with
lean yield. The loin marbling score showed little
assoclation with the palatability characteristics of
bacon, except for the low but significant (<0.05)
positive correlation with tenderness. Age of ani-
mal adversely affected flavor and tenderness
scores.

Nineteen percent of the bacons were excessively
salty, according to the semitrained taste-panel.
The salt\- bacon originated from carcasses having
subcutaneous fats that were significantly (<0,051
higher in iodine number than those not described

as salty.
DISCUSSION

These data suggested that the commer-
cially. cured bacon"in the study was accept-
able in [p]alatabrlrtp with fthe nossible exceﬁ-
tron of those orrg natrng rom 36—1-2-mont

d animals. This statement is ap plr(pabe
to the bacons that were not considered ex-
cessively salty. The extremely heavy ax
very light-weight bellies werg difficult to
process”in a normal commercial procedure
since machine _adjustments, were requrre
prror t0 Injection “of the pickle. Also, tg
mokrn% nd heatin process remarne
standard regardless o werght of the bell
therefore the Irght werght ellies were sub-
jected 1o a mare rrg ous heat treatment
Ber unit_of weight than were the packer
ellies.. This may account for :he greater
losses in weight of these light-weightbellies
during procéssing.  Tenderness “was Im-
proved with an ‘Increase In intramuscular
at content of the longissimus dorsi: how-
ever Jurcrness was not assocrated wrth mar-

eg wergt or age of the animal. It IS

rally reco nrze that fat Inf.uences the
jurcrness ofa resh product. A product such
as bacon has an abundance of Tfat available
for “stimulation of the juiciness sensation,
and this may. account for the Jow assocra
tions of juiCiness with mar lir. wergo
and chronoIogrcaI age Th ese dafa poss
agree wrth those 0 ct a
N which flavor was n t re lated "to fatne
but was_assoclate wrt te currng Ingre-
dients.. Tenderness of the bacon “de ends
rrmarr g/ on the tenderness characteristics
o the gan streaks In. the hacon slice. Mar
bling. In_ the longissimus dorsi.. was asso-
ciatéd with the ténderness of this commer-

FACTORS INFLUENCING PORK QUALITY

cially cured product, as was the marbling
wrth the lain chops as repor ted bY Car-
pen er (1961). One might postulate that
he muscles in the belly were likewise more
hrghl)( marbled in the carcasses with highly
marb ed lojns.

Bellies from light-weight carcasses lost
a hrgher percentage of their weight during
procéssing, hut less weight during” the cook-
mg Progess. These data suggest the possi-

}/ of a high er percentage of skin on the
light-weight Dellies and more dehydratron
durrngd thedsrr{okrn g and hjeajtrn rtocess If
more denhydration occurred during this prog-
6ss. thenyess dehydration woulg he ah)trcr
pated during cookery. .

With an” increasé in backfat thickness
there was a srgnrfrcant decrease In the_flavor
and tenderness, hut an rncrease In Juicingss
and percentage of cooking loss. These rela-
tions remained the sanie when only the
butcher weight groups, were considered.
These data_ dre in partial agreement with
those of affle and ratzIer (1959) .In
which cookrng 05ses increased wrth ah in-
crease In fatiess, hut are In disagreement
with their report that no differences in the
pa}lathabrlrty exrsted In bacons from different
nis

Thegvalt?es for the lodine nurtnber analy-
sis were significantly and  negatively assg-
clated with gHavor art/d tendern% ‘hh posi-
tively correlated to leanness of the acon
Also; the bacons that were salty were from
carcasses possessrng fat that” was more

|gr y unsaturated.

hie backfat thrckness Wéﬁ mverselp a
sociated Wrth the sub ectrve lean- o at
?cores ang teperce ta e of% a e lean
rom the bacon as con SIg-
nificant correlatron coef |crents of —6 and
—49, resp ectrveg Addrtrona ly, a highl
significant correlation of —35” was foun
between bacon weight and the percentage
of separable lean.

Ihe shear-force values were significantly
reIated to the faste- panel tenderness scores,

hown by sr nificant but low correl%rtr n
coe IClents. lack of uniformity of the
COres Was undoubtedly responsible” for the
low correlations.  The results indjcate that
the commercially cured bacon obtamned from
butcher carcasses was generally acceptable



CARPENTER. KAUFFMAN, BRAY AND WECKEL

n Palatability regardless of age of the ani-
mal, carcass” weight, or the “Intramuscular
fat content of the loin,
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SUMMARY
Sugar sweetness appears to vary with hydrogen bonding. When hydroxyl
groups, which elicit sweet taste, are hydrogen bonded, ability to cause sweet
taste appears to be restricted. The thesis is based upon consideration of mo-
lecular models, hydrogen-bonding measurements, and taste tests. The varying
sweetness of different sugars, and the apparent anomalous sweetness of sugar
anomers may be largely resolved by considering hydroxyl group bonding.

INTRODUCTION

Varying sweetress of sugars, |nV€5t|ga'
tors have ?ong been concerned with the vary-
mH and anomalous sweetness of the nat-
rally occurring sugars. Although sweetness
scores vary with method and physical state
of the compounds, common sugars can he
listed (Biester et al., 1925; Cameron, 1947,
Schiitz and Pilgrim, 19572
creasing sweetness as fructose, sucrose, glu-
]gpse, galactose, mannose, lactose, and Taf-
inose.

_ Fructose, the sweetest sugar, is 1.15-1.75

times as sweet as sucrose. "Low values ap-
P_arently correspond to mutarotated solu-

lons, and high values to freshly prepared
solutions, or "to crystalline material. ~Raf-
finose in solution ‘is only about 20% as
sweet as sucrose.

The a-anomers of glucose, galactose and
mannose are sweeter  than thé [3-anomers.
On the other hand, /3-fructose and //-lactose
are sweeter than their a-isomers (Tsuzuki
and Yamazaki, 1953; Pangborn and Gee,
1961; Steinhardt et al, 1962%. Conse-
quently phenomena which alter t
ru

ium
a 13

“Journal Paper No. 1313, N. Y. Agricultural
Experiment Station, Cornell University, Geneva,
N. Y.

in order of de-

e equilib-

will also alter the apparent sugar sweetness.
These include concentration and tempera-
ture (Cameron, 1947 Tsuzuki and Yama-
zaki, '1953). Tsuzuki (1947) pointed out
that sweeter sugar anomers have a cis con-
figuration between the anomeric and adja-
cent OH groups, but the rule does not hold
for lactose. Boeseken (1949) assigned /-
lactose the trans configuration.

The sugar —OQH radical is recognized
(Moncrieff, 1951) to be related to “sugar
sweetness.  More specifically, the saporitic
group appears to be

OH

OH

L

Attempts to relate molecular and physical
parameters to sugar sweetness include res-
onance energy (Tsuzuki et al., 1954), vibra-
tory hydrogen (Kodama, 19202 and solu-
bility (Loglnov, 1941). Carr et al. (1936)
could find™ no relation between the number
of carbon atoms, hydro,x>{l groups, molecu-
lar arran?ement or Spacial configuration and
the sweel taste of sugar alcohols.

Physiological explanations for varying
sugar sweetness include rate of diffusion
Info taste-hud receptors JSchutz and Pil-
grim, . 1957) and taste-bu receéJtor stereo-
Specificity (Steinhardt et al., 1962).

[584]
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Recognizing that adjacent alcohol —OH
groups may hydrogen bond (Kuhn. 1952).

O-H ... 0-11
AV
I

it was postulated .that the qccurrence, of the
hydrogen bond might restrict the ability of
the sugar saporific group to elicit the sweet
taste resP]onse, and that the varying sweet-
ness of the su?ars could be largély Tesolved
on the basis of this consideration.” Evidence
to support this hypothesis serves as the basis
of this report.

_Hydro%en bonding in sugars. When the
distance Detween two oxygen atoms is be-
tween 2.50 and 2.80 A, a’substituent hydro-
gen atom would be attracted to and, due to
elocalization of charge, “bond” the second
oxygen atom, O—H ... 0O (Pauling
1960). Certain sugar OH groups may bond
in this_manner. Reeves (1951) calculated
that adjacent OH groups in five-membered
Rlanar or six-mempered strainless rings
ave an O ... O distance of 2.86 A when
the groups are gauclic.

PROJECTED ANGLE60°

When the adjacent OH grougs are eclipsed,
the O . .. O distance is 251 A
It would be expected, therefore, that ad-
jacent gauche sugar OH groups would hy-
drogen bond when the ring conformation or
ring distortions cause thé projected angle
between OH groups to decrease; or if the
adjacent groups exist in true cis or eclipsed
arrangement.

Infrared studies indicate that_hydrogen
bonding does occur in sugars. The strong
composite OH absorption band occurring

PROJECTED ANGLE, 0°

at about 3222 cm-1 is associated . (Kuhn,
1950%3 with O—H stretch. Konkin' et al.
(1958) showed that the OH groups of car-
bohydrates may be bonded singly, O—H
...<), or doubly honded, O 7. H

... 1. Correlation (Marrinan and Mann,
1954) of infrared with X-ray diffraction
data showed that a-D-glucose has one smgl)i
bonded, and four doubly bonded hydroxy

roups.

Stgreochemlcal studies (Brimacombe et
al., 1958; Barker et al., 1959) hased, for
example, on infrared analysis ‘of sugar-re-
lated tetrahydropyran-3-ol,” have led Foster
(19612 to 'suggest that the axial hId_roxyI
substituents on" carbon atom No. 4 in &
galactopyranoside, and on carbon No. 2 in
a-mannopyranos:de (C-I conformations) are
sterically Tocated to bond the ring oxygen.

GALACTOSE

METHODS

Molecular models. To determine probable sites
of hydrogen bonding in sugars, structural molecu-
lar models (Brode and Boord) were consulted.
Particular attention was paid to conformations and
distortions that would result in diminishing 60°
projected angles between adjacent CIS hydroxyl
groups, and also conformations leading to 0°
projected angles between adjacent hydroxyl groups.
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Infrared studies. Sugars were dried for 2 hr
over phosphorus oxide at 3 mm Hg and 10()°C.
After preparing powders in a dental amalgamator,
nujol mulls were prepared, and the near infrared
spectra recorded with a Beckman IR-7 douhle-
bcam spectrophotometer equipped with a sodium
chloride prism. Air was used as the reference
cell, and a scanning speed of 40 cnr'/min was em-
ployed.

Sharp infrared absorption hands in the region

3400-3600 cm 1 were assigned to free —OH ab-

sorption, as has been done with diols (Brimacombe
ct ill, 1958) and sucrose (Marrinan and Mann,
1954). Composite hands in the region 3200-3400
cm"L were assigned to hydrogen-bonded —OH
groups. The quantitative strength of the hydrogen
bond was estimated as the arithmetic difference,
Ar fern"1), between V (cm'r) for the free —OH
groups and V (cm-1) for the bonded —OH groups
(Kuhn, 1952; Cole and Jefferies, 1956; Brima-
combe ¢l al., 1958).

Taste tests. To compare crystalline sugars,
panel members placed a few mg of one sugar on
the tongue, and shortly thereafter a few mg of a
second sugar. The members were then asked to
score the relative sweetness on an unnumbered
10-point scale. After the tests had been randomly
conducted, scores were assigned to the ratings,
and “average” sweetness scores obtained. Ten
to 15 persons participated in each test.

\\ hen sugar sweetness comparisons were con-

ducted with solutions at various temperatures, the
tests were again conducted as described. Care
was taken, however, to ensure that reducing sugars
were fully mutarotated.
trations were 3%.

RESULTS

Since the /3-anomer is the only known crystalline
form of fructose, estimates as to why the “a-
anomer" is less sweet were made from molecular
models. The mutarotation of /S-fructose consists
mainly of a pyranose to furanose ring conversion
(Isbell and Pigman, 1938). At equilibrium, the
mixture is composed of 31.69c furanose form and
68.4‘1” pyranose form (Anderson and Degn. 1962).
In the furanose. form, two hydroxyl groups are in
a true CIS (eclipsed) configuration. If these two
OH groups should hydrogen bond, the sweetness
of the compound would presumably' be lowered.
That they' are closer is in evidence from considera-
tion of sugar reaction rate with chemicals where
the rate of reaction is governed by the proximity
of the OH groups. Thus, the reaction of furanose
compounds with lead tetraacetate is instantaneous
(Barton and Cookson, 1956).

The chair (C-1) conformation of the pyranose
ring is preferred (Barton and Cookson, 1956)

Sugar solution concen-

either in solution, or in the crystalline lattice. As
mentioned previously, axial OH groups on a-d-
galacto- and mannopvranoside are sterically located
to bond the ring oxygen. Should this bonding re-
strict the ability of the saporific groups to elicit
sweet taste, it would be expected that these sugars
would be less sweet than their epimer, glucose.
a-D-glucose presumably exists in a near true
chair (C-1) conformation, and adjacent OH groups
are Qauclc. jS-D-glucose, however, exists in a
couch (C-l) conformation (l.entz and Heeschen,
1961). Possibly, two OH groups approach an
eclipsed arrangement, and should they bond, it
would be predicted that /3-glucose is not as sweet
as a-glucose. A similar argument may hold for
galactose and mannose. Interestingly, /3-anomers
of methylgluco- and galactopyranosides react more
rapidly than the a-anomers toward cuprammonium
solution (Reeves. 1951). This reaction also re-
quires the close approach of hydroxyl groups.

Infrared studies. Infrared studies of hydrogen-
bonding intensity confirm predictions based Upon
molecular models. Where studies were not pos-
sible with molecular models, infrared analyses
indicate stronger hydrogen-bonding in the less-
sweet sugars. Characteristic hydroxyl absorption
spectra of sugars studied are shown in Figs. 1-3.
Band positions for free and bonded OH, and the
estimate of hydrogen-bonding strength,  Ar, are
shown in Table 1 where comparisons may be made
to relative sweetness values. Qualitatively, the
bands for the least-sweet sugars are less distinct,

T T T T
SUCROSE
L
O
> RAFFINOSE
<
‘_
=
=
(2
P4
<<
14
|
FRUCTOSE
1 1 1 1
3800 3600 3400 3200 3000 2800
CM'1

Fig, 1 Infrared spectra of the hydroxyl region
of a fructose series of saccharides.
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Table 1 Infrared hydroxyl band positions

(cm-1), for various crystalling sugars, and re
Sugar Free-OH Bonded-OH
[3-Fructose 3520 3400
Sucrose 3570 3395
Raffinose 3180
a-Glucose 3410 3315
13-Glucose 3545 3340
a-Galactose 3380 3210
a-Mannose 3450 3340
a-Lactose 3530 3360
f3-Lactose 3460 3380

“Literature values; see especially Schitz and Pilgrim (1957) and Biester et at. (1925).

hAuthor’s data. N
cEstimated from sucrose-free OH position.

and displaced toward lower wave numbers, sug-
gesting stronger hydrogen-bonding (Pimentel and
McClellan, 1960), and AV is generally larger. The
sweetest sugar, /3-fructopyranose, has a very dis-
tinct free OH band. The least-sweet sugar, raf-
finose, apparently does not have a free OH band
suggesting that all OH groups are bonded. The
sucrose-free OH band position, 3570 c¢cm"% cor-
responds well with the literature assignment (Mar-
rinan and Mann, 1954).

In Fig. 2, a- and /9-glucose may be compared.
As indicated by the general nature of the spectra
and Av, it appears that the fl-anomer is more
strongly bonded. Since it is generally agreed that

oC-GALACTOSE

TRANSMITTANCE

o«-GLUCOSE

1
3200
m

{ 1 1
3800 3600 3400 3000 2800

Fig. 2. Infrared spectra of the hydroxyl region
of an aldose series of saccharides.

587
V (cm 1), and hydrogen bonding strength, Av
lative sweetness scores.
Relative sugar sweetness
At soltmon a s%gtle'db
120 115-175 180
175 100 100
(390)c 23 1
95 64-74 74
205 61 82
170 32-67 32
210 59 32
170 16-38 16
80 48 32
T T T T
w
(&
P
<
'_
= /3-LACTOSE
=
0
z
<
14
'._
oc-LACTO;E
Ay—al
3800 36100 34I00 32[00 30100 2800
cMm™

Fig. 3. Infrared spectra of the hydroxyl region
of lactose anomers.

13-glucose is not as sweet as a-glucose, results with
“solid" sugar (Table 1) appear contradictory.
Possibly, the rapid rate of dissolution of crystal-
line /3-glucose on the tongue makes it appear
nearly as sweet as sucrose, but that final sweet-
ness intensity is lower than that of even a-glucose.

a-Galactose gives spectral evidence of being
much more strongly bonded than a-glucose. This is
also true of a-mannose. Fig. 3 compares a- and /3-
lactose. Again the spectra suggest that the less-
sweet a-form is more strongly bonded.

An empirical correlation between AV and rela-
tive sugar sweetness appears to exist. As shown
in Fig. 4, the logarithm of relative sweetness scores
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_Fig. 4. Relation hetween the logarithm of rela-
tive ‘sugar, sweetness values and hydrogen bondin
strength, AV. Bars represent range of sugar sweef-
ness Vvalues cited.

is approximately inversely proportionate to AV
where comparison of one infrared spectra with
another appears valid. For the fructose-series of
sugars, the data of Biester ct at. (1925) were
used, whereas the author's were used for the aldo-
liexose and the lactose-series. Substitution of other
data—for example, that of Schiitz and Pilgrim
(1957), or the author's for the fructose-series—
changes the slope of the curves.

Taste tests. It was possible to substantiate the
thesis being developed with taste tests. Flydrogen
bonds are severed at elevated temperatures. There-
fore, a sugar that is not as sweet as a second
sugar should approach the sweetness of the second
sugar at elevated solution temperatures. Many
comparisons were made between glucose and galac-
tose, over the range 20-60°C. Highly significant
regression equations fitted to average panel sweet-
ness scores yielded

S, glucose = 0.027t+ 3.6
and
S, galactose = 0.048 /-F 1.6

where i equals average sweetness score, and t
equals temperature. These data suggest that the
sweetness of glucose increases with increasing
temperature, but that the sweetness of galactose,
with reference to glucose, increased twice as fast,
Both the ratio of the slopes of the curves, and the
intercepts suggest that glucose is about twice as
sweet as galactose.

DISCUSSION

. Evidence presented sug?ests that the vary-
ing sweetness of different sugars and sugar
anomers may be resolved by consideration

SUGAR SWEETNESS AND HYDROGEN BONDING

of hvdrogen-honded hydroxyl groups. The
most perplexmg instances, nearly covering
the sweetness-range of the naturally occur-
ring sugars, have been discussed. While the
coricept™ of intramolecular hydrogen-bond-
ing was the major basis of ‘the ‘argument
presented, the role of intermolccular "hydro-

?len-bondlng cannot be excluded. Av for

-glucose Seems much too large to be a

méasure of intramolecular bonding only, and

there 15 a ,dlscrepancy concerning the Sweet-
ness of this sugar. [t is possible that inter-
molecular hydrogen-honding affects the rap-
idity with which” sweetness ‘1s Bercellved, and
that intramolecular hydrogen-nonding influ-

ences sweetness intensity. o
The hasis for assuming that Av is pri-

marily a measure of intramolecular bonding

is that a multiplicity of bonded OH absorp-
tion bands are not evident in the sugar
spectra. Marrinan and Mann (1954) ‘-
terpret carbohydrate OH spectra in" this
manner, with caution, however. If the OH

sPec_tra recorded were primarily inter O—H

strain, raffinose pentahydrate” should, E),er-

haps. yield a very distinct OH absorption
spectrum. As shown in Fig. 1, it does not.

Finally, the thesis that "sugar sweetness
varies with hydro?,en bondln% IS not at vari-
ance with suggestions of others as to why
sugars differ n sweetness. For example,
resonance energy, solubility, and rate of dif-
fusion into taste“bud receptor sites, are prob-
ably influenced, in turn, by hydrogen bond-
ing.
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SUMMARY

The semimembranosus, semitendinosus, and the longissimus dorsi muscles
were excised from a Good-grade, and the longissimus dorsi from a Choice-
grade, beef carcass, both of known history. Each muscle provided four roasts
and samples adjacent to each roast for determination of total moisture in the
raw meat and for tube-cooking. The meat was oven-cooked and tube-rooked
to internal temperatures of 140, 158, and 176°F (rare, medium, and well-
done).

When the data were analyzed statistically, no difference in the distribution
of fluid in longissimus dorsi was shown between Choice grade and Good grade,
nor was there a demonstrable difference between left and right sides in the
muscles tested.

Total moisture content averaged 69.7, 64.7, and 60.3%, respectively, for
140. 158, and 176°F internal meat temperature, and mean press fluid as
determined by the one-minute method, was respectively 54.0. 45.2, and 36.4%.

Bound water (not released by pressing but removed by vacuum oven
drying) varied little when related to dry matter in the meat at each stage
of rooking: 21-22 g for each 30 g of dry matter at 140. 158, and 176°F.

Total fluid content (press fluid plus bound water) was respectively 76.0. 70.5,

and 64.1%.

INTRODUCTION

~ Meat is one of the best-liked foods, hav-
ing a satlsfylngi quality and strong appetite
appeal when it is well prepared. Factors
determlnlnP the tenderness In cooked meat
are not fully understood. When meat cooks,
a portion of the connective tissue softens
and becomes tender, especially in the pres-
ence of moisture. On the ofher hand, the
lean parts may become firmer, even tougher,
and the extent of this change seems to vary
with animals. Just why “does lean meat
from one carcass becomé tougher than that
from the same location on another carcass ?
Some factors are known, but not the basic
reasons. Until they are, there is good reason
to seek more information.

Journal paper 1966, Agricultural Experiment
Station, Purdue University.

Based on a study by Mabel Sanderson for
the Ph.D. degree at Purdue University. Present
address, Macdonald Institute, Guelph, Ontario,
Canada.

The recent interest in water relations in
meat, and the indication_ that they are asso-
ciated with tenderness in raw meat as re-
Ported by Wierbicki et al. (1957), led to
he present study of total water in raw meat;
the amount retained in meat cooked to inter-
nal temperatures of 140, 158, and 176°F;
and “bound” water (the amount retained in
cooked muscle, after pressing under stand-
ardized conditions).

EXPERIMENTAL METHODS

The semimembranosus, semitendinosus, and the
longissimus dorsi muscles were excised from
a Good-grade carcass, and the longissimus dorsi
muscles from a Choice-grade beef carcass, hoth
of known history. Each muscle was cut cross-
wise into four parts and each part was wrapped
in aluminum foil, enclosed in a polyethylene bag,
labeled, and stored at 0°F or lower.

Twelve to fifteen hours before being cooked,
the meat was removed from the freezer and
placed in a refrigerator. While still partially
frozen, a slice of meat about U-incli thick was
cut off and reserved for total moisture determina-

[590 1
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lion of the raw meat and for tube-cooking. One-
half-inch cores were cut in the remaining “roast"
and left in place during cooking. These cores
were approximately 2V inches long.

Cutting cores in partially frozen meat before
cooking was found to be satisfactory in prelim-
inary work. Such cores were uniform throughout
their length, did not dry out unduly during cook-
ing, and were readily pushed out of a slice of
cooked meat. The use of this technique shortened
the time between the removal of the roast and its
return to the oven for sampling at different
degrees of doneness.

ven-cooked meat. The meat was weighed and
placed on a trivet in a pan with a loose-fitting
cover, thermocouples were inserted, and the meat
was cooked in an electric oven at approximately
220°F for the two lower temperatures. With
meat to be cooked to 176°F, the oven temperature
was increased to about 250°F after the internal
temperature of the meat reached 158°F. Low
oven temperatures were used in order that meat
cooked to the different temperatures would also
have cooked for appreciably different lengths of
time. However, it was necessary to increase the
oven temperature after the meat reached 158°F
to avoid unduly long cooking.

Each piece of meat was sampled at two or three
of the internal temperatures (140, 158, and 176°F),
depending on the size of the roast. The sampling
temperature was randomized.

The cores were located so that a thermocouple
could be inserted into each, running at right angles
to the core, and so that a slice of meat approxi-
mately \/ inches thick, and cut off lengthwise,
would contain at least two cores. A third thermo-
couple was inserted about equidistant from top
and bottom and from either side of the roast—
into a central core if three cores were to he
taken at a given temperature, and midway between
two cores if only two cores were used (Fig. 1).

When the lowest desired temperature was
reached, the meat was removed from the oven
and weighed, a slice was cut off, and the re-

1. Diagram showin"_? location of core? and
for pressing, drying, and organoleptic

! nd 2 rox-
atio .
[/ while en.
! an e
. . /] a

F|g|.
samples
tests.

mainder, after weighing and inserting the thermo-
couples. was returned to the oven. The meat was
out of the oven for about 5 min. When no sample
was taken at 140 or 158°F, the meat was removed
from the oven for 5 min when that temperature
was reached, to equalize the conditions between
different muscle portions.

Cores were pushed out of the slice with a

wooden plug and wrapped in foil. Samples of
meat were taken from between the cores for
determination of total moisture, press fluid,
bound water, and organoleptic tests of tenderness
and residue. The 12-in. cores were tested on
the Warner-Bratzler Shear. Four or five shears
were made at right angles to the fibers of each
core. ,
Total moisture was determined by drying 15 hr
in an oven at 158°F under a vacuum equivalent
to 28 in. Hg. Weight losses during drying were
used as total moisture content.

A strip of meat approximately (4% in. wide,
running from top to bottom of the slice and
located between two cores, was removed for press-
fluid determination. Four /- samples were taken
from this strip, as near the center as possible.
Press fluid was determined by the 1-min method
(Sanderson and Vail, 1963). After pressing, the
samples were dried as in determining total mois-
ture, and drying loss was termed “bound” water.

A strip of meat, comparable to the one used for
pressing, provided samples served to a panel of
four experienced judges, who scored them for ten-
derness and residue. Tenderness was scored on
a five-point scale, five being “very tender" A
similar scale was used for residue, with the high-
est score representing little or no residue.

Tube-cooked meat. Tube-cooking of the meat
is described elsewhere (Sanderson and Vail, 1963).

DATA STUDIED

Total moisture, press fluid, bound water, and
total fluid were calculated as percent of muscle,
and analysis of variance was done on the data.
Percentage cooking losses were determined for
the longissimus dorsi and semimembranosus when
oven-cooked and taste-panel scores and shear
values were obtained for all three muscles. The
data were subjected to analysis of variance for
a factorial experiment.

RESULTS AND DISCUSSION

Analysis of variance revealed no differ-
ence between sides of the carcass for the
three muscles, or hetween grades for the
longissimus dorsi. The data were pooled
for"the four longissimus dorsi, the two
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semimembranosus, and the two semiten-
ditiosus muscles. _

Total moisture for the different muscles
and the different degrees of cooking were
similar (Table 1). "The respective mean

values for the raw longissimus dorsi, semi-

membranosus, and semitendinosus  were
735, 73.9, and 75.5%, comgared to 74.2
739, and 74.2% reported by Swift and
Berman (1959). ,

The moisture content of the different
muscles cooked in the oven to three internal
temperatures was similar {]Table lgd aver-
aglng 69.7% at 140°F, 64.7% at 158°F, and
60.3% at 176°F. This represented a marked
decrease for each increase in end-Eomt tem-
perature.  Cooking losses are known to
Increase with increased doneness éCover
et al, 1957; Vail and O’Neill, 1937), so
moisture content would he less a: higher
end-point temperatures,

When the values of the oven-cooked meat
were compared with those for. the tube-
cooked meat, theY were surprisingly close
_con3|d,er|ngf that the pieces of meat” varied
in weight from 228 to 922 g, for the oven-
cooked” meat, to about 25 ¢, for the tube-
cooked meat. Also, the oven temperature
for the lower end-point temperatures was
approximately 220°F, whereas the tube
sample was cooked in foil in a tube sur-
rounded by water at 158°F, and the time
required for the meat to reach 140°F was
usually at least 2 hr in the oven but only
thirty "min in the_tube.

Press fluid. Press fluid as percent of
cooked muscle (Table 2) showed a hlfthy
significant difference due to internal fem-
Perature, but no effect could be attributed
0 muscle and no interaction was found be-
tween muscle and temperature for oven-
cooked meat. There was a small but sig-
nificant muscle-temperature interaction for

the tube-cooked. At end-point temperatures
of 140, 158, and 176°F, the mean percent
Fress fluid was 54.0, 45.2, and 36.4, respec-
ively, for oven-cooked meat, and 58.0, 41.6,
and '33.0 for tube-cooked meat. The differ-
ences between these means emphasize the
effect that increases in end-point tempera-
ture had on the amount of press fluid
released. _ o

Bound Water. A hlgh(ljy significant tem-
perature effect was found for”bound water
In oven-cooked meat, but none due to type
of muscle and no interaction between muscle
and temperature. The mean Igercent of
bound water was 22.0 at 140°F, 25.2 at
158°F, and 27.7 at 176°F for oven-cooked
meat, and respectively 24.2, 26.9, and 28.7%
for the tube-cooked meat (Table 2). How-
ever, with increased cooking the total mois-
ture in the meat became less and the amount
of press fluid decreased. It therefore ap-
Peared that, if related to solids, in the meat,
he amount of bound water might be fairly
constant. Ca_Icu_Iatlng bound water to 30
dry matter indicated this to be true, the
resgectlve amounts being 218, 214, and
20.9 g for 140, 158, and"L76°F. The shght
differences may be due to experimental
error, or they may be real.

The ratio ‘of bound water to dry matter
was not as close for the tube-cooked meat,
but close enough to indicate that the
amount of water “bound” remained quite
constant for the temPeratures used.

Total auia. Total fluid in this report
refers to the fluid pressed out of the meat
P_Ius the moisture retained by the pressed
issue that was removed by’ dr;png in a
vacuum oven, ie., “press fluid PUS hound
water.” Therefore it includes the soluble
constituents and the colloidal fractions
Pressed out of the meat as well as the mois-
ure. Thus, the amount or percentage

Table 1. Total moisture content of three muscles as determined by vacuum drying.'

Oven-cooked Tube-cooked
Muscle Raw 140°F 158°F 176°F 140°F 158°F 176"F
. , 1c 1c % 1c c i
l.ongissimus dorsi 735¢ 69.3 64.8 60.0 68.2 64.6 50.8
Semimembranosus 139U 68.8 62.2 60.0 68.3 62.8 98.9
Semitendinosus 75.5M 70.9 66.7 61.9 70.1 64.2 59.6

“Superscript numbers indicate no. of determinations.
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Table 2. Avyerage press fluid, bound water, and total fluid content of cooked meat (percent
of cooékede ; Ye).%g P b

musc

Oven-cooked

Muscle 140°F

Press fluid

Longissimus dorsi 531

Semimembranosus 54721

Semitendinosus S4.2:8
Bound water

Longissimus dorsi 20"

Semimembranosus 22.02

Semitendinosus 213
Total fluid contenta

Longissimus dorsi 1512

Semimembranosus 76.7"

Semitendinosus 76.3™

uTotal fluid is press fluid plus bound water.

should be greater than the moisture content

as determined by drying the impressed
meat. This i)rove to be true (Table 26) the
mean total f 705, and 64.1%

uid belng 76.0
and total moisture 69.7, 64.7, and 62.3%,
resPectlver, for the oven-cooked meat. The
differences of 6.3, 58, and 18 for end-
point temperatures of 140, 156, and 176°F
are attributed to material in the press fluid
other than water. The press fluid undoubt-
edly contained fat, which was evident as a
greasy smear on the Plexiglas Plate, used
in pressing. A small amodnt of minerals
may also have been present, hut it seems
logical to assume that a certain amount_of
protein was also pressed out. The Protems
may_account for much of the differences
obtained at the different end points. As
meat is heated beyond 140°F, more of the
proteins would be expected to coagulate,
and this may account for the drop™ from
6.3 to 1.8% in difference between total
fluid and total moisture, This would seem
to agree with the findings of Child and
Fogarty (1935) that the coagulable nitro-
Hen fraction in ngess fluid™ of muscles
eated to 58 and 75°C varied inversely with
the interior temperature. On the " other
hand, tube-cooked meat did not show the
same difference with the different end-F)omt
temperatures. Harrison et al. (1953) found
that water-soluble heat-coagulable dprotelns
actuallv increased between “158 and 176°F
when chemical analvses were made. This

Tube-cooked

158eF  1760F  140°F  158°F  176eF
4711 30™ 5042 431a  32.0F
4322 3651 4952 426™ 311D
459™ 3831 5001 3922 33272
202 8I™ 2382 2592 274D
2622 2862 2462 26221 296"
49™ 2781 2431 2842  NT-
7136 65™ 7432 692" 65.6™
6952 6512 7392  e8s8™ 645D
09™  eean 7432 6751 6291

*Sugerscri,pt_numbers indicate no. of determinations.

IS ta point that seems to need further investi-
gation, _

Cookin% losses. Cooking losses at 140,
158, and 176°F, determined for the longissi-
mus dorsi and the semimembranosus mus-
cles onlg respectlvelfy averaged 9.8, 238
and 38.5% for the former and 109, 33.7
and 42.8% for the latter. There was con-
siderable variation for each end-point tem-
perature, which was to_be expected con-
sidering the wide range in weight of roasts
as well as the technique used, which required
removal of the roast from the oven for
sampling either once or twice during the
cooking"period.

Shear values and tenderness scores.
Shear values (TTabIe 3) indicate little change
with degree of cooking in the force needed
to shear the longissimus dorsi muscle, but
a considerable decrease for the semimem-
branosus and semitendinosus muscles. Panel
scores for tenderness tended to substantiate
these findings. Connective tissue softens on
heating (Winegarden ct al., 1952), but the
muscle fibers become firmer, even tougher
(Deatherage and Harsham, 1947 ; Satorius
and Child, 19382. so the relative proportion
of these constifuents in a muscle would
tend to determine whether or not muscle
would become more tender when heated.
A qreat deal of connective tissue could
result in an increase in tenderness, if con-
ditions permitted the connective tissue  to
soften, whereas with very little connective
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Table 3. Shear values and tenderness and residue scores.

No. of Shear force (Ib) pgﬁer\dsecrgreesssa paﬁeﬁmsdc%eres
Muscle muscles 140°F 158;F 176 F MUF 158CF 176F 140F 158 F 176JF

Longissimus dorsi 4 35 35 37
Semimembranosus 2 62 571 47
Semitendinosus 267 55 41

186 192 184 178 190 1838
166 157 172 141 161 173
74 180 185 170 180 180

*Maximum score possible for each roast was 20 (4 judges, each having a possible score

of 5). The h )
“residue," the “less residue.

tissue, the effect on the meat fibers would
Predomlnate and the muscle might become
ess tender.

Strandine ct </ (1949) stated that the
semitendinosus has a large amount of con-
nective tissue, both co,IIaﬁenous and elastic
the longissimus dorsi has only a small
amount “of each_tyge and the " semimem-
branosus comes in” between. The relatively
low shear value for the longissimus dorsi
at 140°F meat temperature substantiates
the likelihood that there is very little con-
nective tissue_present. In this muscle, the
increase in firmness of the fibers seemed
to balance any change in connective tissue.
In the semimémbranosus and the semitendi-
nosus the softening of the connective tissue
aPpeared to have “overshadowed the effect
of heating on the muscle fibers, and de-
creases in shear values were found, _

Comments of the judges tended to rein-
force this assumption. ~“Samples at 140°F
were very soft when bitten into, and the
first impression was one of great tenderness
even though connective tissue was present,
The judges became aware of the connective
tissug in the 140°F samples when it failed
to disintegrate readily with chewing. At
158°F the samples were firmer but the con-
nective tissue was less evident. At 176°F
internal temperature, the connective tissue
gave no difficulty but the mouthfeel of the
meat was dry, and frequently the meat was
very friable or, as one f|]udge noted, powdery
though easy to bite through. The conflict
between desirable and undesirable sensa-
tions made scoring the meat for_tenderness
a_complex and difficult task.. This recog-
nition of different characteristics of tender-
ness supgl)orts at least in part, the work of
Cover | 9_592. In the present study the
judges Indicated a need for an evaluation

igher the ‘score under “tenderness," the more tender; the higher the score under

of tenderness other than a simple numerical
ratlnﬂ]. However, no attempt was made to
use fhe more detailed score card of Cover
and Hostetler (1960).
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SUMMARY

Methods are presented for cooking a small sample of meat in a Pyrex
tube, termed tube-cooking, and for determining press fluid in a small sam-
ple (Lj g) of cooked heef, referred to as the L-minute method.

The L-minute method was compared with the 15-minute method since
both of these methods use the Carver Press. When the results were averaged
and compared, the correlation was close. Besides being faster than the 15-
minute method, the 1-minute method has the advantages that a small sam-
ple of meat is used, no grinding of the meat is necessary, and a greater per-

cent of press fluid is obtained.

INTRODUCTION

Juiciness_ in cooked beef is a highly rated
characteristic. Earlfv workers tested the
{UICG_ pressed out of raw meat. To obtain
he juice from raw meat, Grindlev and Em-
mett (1905) placed ground meat in a screw
press under as much pressure as possible.
As much as 700 m| of *ume ‘30%) was ob-
tained from 4/ Ib of meat. Botazzi, as
reported b)/ Child and Fogarty (1935), ob-
tained 40% and 63% of fluid from smooth
and striated muscle, respectively, by apply-
mq a pressure of 350 atmospheres.

n another study (Empev, 1933) a pres-
sure of 70 g per 5q cm was exerted for 24
hr on raw meat in rubber bags. Child and
Baldelli 51934% devised a “pressometer”
W ereb;i or 3 ¢ of meat were subjected
to 250 1b pressure for 10 min.

Shortly " after this, the hydraulic %ress
began to be used. Nail and Hall (1937)
reported using the Carver Laboratory Press
and obtained " 18-25 ml of juice per 100
of cooked heef. This method was modified,
and, as reported by Harrison ct al. (1953)
emploged a gradually increasing pressure
for 15 min. " By this method,” the juice
pressed out was readily available for analy-
Sis.

Journal paper 1967, Agricultural Experiment
Station, Purdue University.

Based on a study carried out by Mabel Sander-
son for the Ph.D. degree at Purdue University.
Present address is Macdonald Institute. Guelph,
Ontario, Canada.
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More recently, the Water-binding,capacitr
of raw meat has been associated with ?ua-
ity and has been emphasized in some of the
research, notably that of Hamm (1959)
Wierbicki and " Deatherage (1958). and
Wierbicki ct al. (1957).

The present report concerns a method
for determining press fluid from cooked lean
beef which_employs filter paper and applied

ressure similar to that of Wierbicki and
_ eathera?e F1958). but uses the difference
in weight of the ‘meat sample before and
after pressmq to determine the amount of
press fluid released.

EXPERIMENTAL PROCEDURE

Preliminary work tested the methods reported
by Wierbicki and Deatherage (1958) and Wier-
bicki ct at. (1957) for determining the water-
holding capacity of fresh meat and the shrinkage
of cooked meat. In the latter, 25 g of meat were
cooked in a special Pyrex tube. This method was
so simple and quick that in later studies a modifi-
cation of this was used and is referred to as
“tube-cooking.”

Tube-cooking. Raw meat approximately % X '4
in. in cross section and 2-2% in. long, freshly
cut from the meat under test and with a thermom-
eter inserted 1/3 of the length, was wrapped in
foil and fitted into a Pyrex tube designed for the
centrifuge method (Wierbicki ct al, 1957). A
foil cover, through which the thermometer ex-
tended, covered the tube. This tube was placed
in a rack in hot water, which was held at 158°F
until the meat reached I-10oF, and then increased
to 176°F for an internal temperature of 153°F
or to 200°F for an internal temperature of 176°F.
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When the required temperature was reached, the
tube was taken from the heat; the meat remained
in the foil wrapping until the temperature dropped
to 104°F, and was then unwrapped and rolled
once on a paper towel to remove excess surface
moisture. _ .

Determination of press fluid (1-minute method).
Samples of cooked muscle weighing approximately
05 g (0.4-0.7 g) were used. These were cut
from the inner portion of the cooked meat, where
the internal temperature was taken, in such a
way that the samples could be expected to have
about the same temperature. Four samples were
cut quickly, wrapped in aluminum foil, carried to
the balance, and removed individually from the
foil with tweezers, and each sample was placed
between two numbered foils of known weight.
The sample and the foils were weighed. Next,
the sample, still between the foils, was transferred
to a tray, and an inverted beaker was placed on
top to anchor the top foil and prevent undue
evaporation.

When the four samples had been weighed, each
sample was transferred to a Plexiglas plate
(6 X 6 X j4 ilt), the top foil was removed, and
a piece of Whatman filter paper No. 42, 9 cm
in diameter, was slipped between the lower foil
and the meat sample, and a Plexiglas plate was
placed on top. A second sample was placed on this
plate in a similar way, and the process was re-
peated with the third and fourth samples. The
whole pile of 4 samples and 5 Plexiglas plates
was then placed in the Carver press with paper
cushions above and below the pile. A pressure of
2000 Ib (hydraulic pressure Ib per sq in.) was
exerted for 1 min.

After pressing, the samples were peeled off the
filter paper, replaced between the same two foils,
as before pressing, and weighed again. The loss
in weight from the original weighing was termed
“press fluid."

To check the reproducibility of the 1-min pe-
riod, 4 pieces of meat each from the semimem-
branosus muscle from 4 different steaks purchased
in the market were tested. Each piece was tube-

cooked for 30 ntin at 158°F to an internal tem-

perature of 140°F. Four samples were pressed

from each piece.

Comparison of two methods for press fluid de-

termination. The L-min press-fluid method de-
scribed above was compared in two experiments
with the method used by Harrison ¢l at. (1953),
here termed the 15-min method.

In the first experiment to compare the 1-min

and the 15-min methods, a pair of semimem-

branosus muscles from a Good-grade carcass were
cut into 4 roasts each. An oven setting of 220°F
was used for internal temperatures of 140 and

158°F. For 176°F the oven temperature was in-
creased to 250°F after the meat reached 158°F. As
each desired internal temperature was reached, the
meat was removed from the oven, samples were
taken as quickly as possible and wrapped in foil,
and the roast was returned to the oven. The roasts
were sampled for pressing at two of the following
internal temperatures: 140, 158, and 176°F.

In the second experiment, muscles from right
and left sides of the same Good-grade carcass were
used for further comparison of the two methods.
Internal meat temperatures of 122, 131, 140, and
149°F were used. Half of each biceps femoris
served to test at four temperatures, while a whole
adductor or semitendinosus muscle was used for
two temperatures.

RESULTS AND DISCUSSION

When the 1-min method for pressing was
used on tube-cooked steak samples in 4 ex-
periments, the results were reasonably con-
sistent (Table 1), o

The tube-cooking method used in this
study had a number of advantages. It was
faster than oven-cooking, used less meat
and gave more even cooking, Meat cooked
in this manner was desirable for testing pur-
poses. This method is reported (Sanderson
and Vail, 1963) to 2gzlve results comparable
to oven-cooking at 220°F. _

The 1-min method for press fluid proved
to he easy, and had the advantage of using
a ver%/ small sample. ,

Tables 2 and 3 compare the 1-min method
with the 15-min_method used by Harrison
ctal. (1953?1, which requires a larger amount
of meat. There was gireater consistency in
values determined by the 1-min method for
both the semimembranosus and biceps fe-
moris for meat cooked to internal tempera-
tures up to, 140°F. The two methods show
similar variation at 140, 149, and 158°F.
At 176°F, the 15-min method has a narrower
range of values. The amounts of press fluid
from meats cooked to 131 and 122°F were

Table L Percent press fluid using 2000 Ib
pressure for 1 min.
Sample Steak 1 Steak 2 Steak 3 Steak 4

[ 494 417 48.4 46.2

> 48.2 48.2 46.2 46.8

3 512 48.0 458 478

4 51.0 478 514 439
Av. 49.9 419 48.0 46.2
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Table 2. Comparison of two methods for percent press fluid determination of the semi-

membranosus muscle.

Side of 1-min method
ca{rceags 140°F 158°F
Left (top) 484
Left 56.5 417
Left 56.7
Left (bottom) 55.9 47,0
Right (top) 55.8 443
Right 56.1
Right 415
Right (bottom) 485
Av, 56.2 452

similar.  This would be expected since the
effect of these degrees of heat on the amount
of press fluid would be small.. In both cases
the meat apP,eared to be practically raw,
The relation between the twd methods
seems to he fairly good, but not reqular.
For each increasé in internal temperature
from 131 to 140 F and 140 to 149°F, the
amount of press flyid decreased hy both
methods. The 1-min method released a
reater percentage. Sanderson and Valil
19632 demonstrated that the amount of
press fluid decreased in a hlghly significant
manner as internal temperaturé rose from
140 to 158”F and from 158 to 176CF.
Meat is not homoqeneous, s0 the smaller
sample should reflect the spread of valyes
more accurately, and where fat or connective
tissue is visible at least part of any difference
can be accounted for bY observafion of such
tissues. Where a small strip of meat can he
cut so that a representative portion of lean,
intramuscular fat, and connective tissue can
he accounted for as well as any variation in
degree fit" doneness, then the average of four

15-min method

176'F LHIF 158°F 176CF
35.9 33.6 19.6
47.2 31.2
376 42.0 204
381 2.1
384 26.8
33.2 39.2 19.6
32.7 26.0 20.0
316 29.2 21.2
342 41.0 29.3 20.2

E,z-g samples, suitablr spaced, should give
ne_over-all value of the press fluid.

The 15-min method affords greater op?,or-
tunity for loss of press fluid by evaporation
during grinding and by adhérence to the
press _Parts or absorption by the cheesecloth
and filter paper. An additional hazard was
the POSSIbIIIty that the protein in the fluid
would be coagulated by tbe high pressure
and then exuded in a relatively solid state.
The 1-min method avoided these difficulties,
although some fat was pressed out and re-
mained on the Plexiglas plate. With lean
meat this was a relatively small amount.

The 1-min method ?a\_/e hl?her values for
the percent of press fluid released, but the
correlation between tbe methods is good, r
being 0.89 when computed from wide ranges
of correlated values. These ranges are from
196 to 47.2 for the 15-min method, and
from 31.6 to 56.7 for the 1-min method. As
is usual, the value is less when the ranges of
correlated values are less, the average within-
temperature r being 0.39.

Table 3. Comparison of two methods for percent press fluid determination of the hiceps

femoris, adductor, and semitendinosus muscles.

1-miii method
Muscle 122=F 131cF 140eF
Biceps femoris  55.0 55.1 532
55.6 56.4 44.6
5517 56.4 49.6
55.6 57.3 494
Av. 553 56.3 49.2
Adductor 53.3 493 479
Semitendinosus  56.4 54.5 49.7

15-min method

149 F 122°F 131°F 140°F 149 F
447 35.0 33.0 29.0 21.5
39.3 38.8 3715 24.2 193
435 447 404 34.0 218
484 408 33.6 29.6 24.8
44.0 39.8 36.1 29.2 234
465 40.8 35.0 328 21.0
424 422 39.8 34.0 26.4
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SUMMARY

One hundred and six samples representing 57 species and varieties of
edible plants were collected (Mar. 4—Oct. 27, 1955) in Cuba. Eighty of the
collections were made in the field, 19 in market places, and 7 in factories.
In most instances, the food samples were trimmed to remove the portions

not commonly eaten by the Cuban people.

The edible portions were an-

alyzed for content of moisture, lipid (ether extract), crude fiber, nitrogen,
ash, calcium, phosphorus, iron, carotene, ascorbic acid, thiamine, riboflavin,

niacin, tryptophan, lysine, and methionine.

Results are expressed on the

basis of grams or milligrams per 100 grams of edible portion, and are com-
pared with data obtained from samples of similar food collected previously

in Cuba.

INTRODUCTION

Initial steps in the development of a food
and nutrition program for Culta were taken
several years ago. when 360 samples of 137
representative edible plants were collected
and analyzed for nutrient content. The re-
sults have_ been published 5(chez et al.
1956; Navia et al., 1954, 1955a,6, 1957).

*This investigation was carried out with the
initiative and support of the Comité Cubano Ameri-
cano Pro-Fundacion de Investigaciones Medicas
(FIM) and the Banco Nacional de Cuba, and ir
cooperation with the Atkins Garden and Research
Laboratory of Harvard University at Cienfuegos.
Tlie analyses were made at Laboratorios FIM de
Nutricidn in Habana.

dPublication No. 3 Fundacion de Investigaciones
Medicas, No. 22 Journal Series, Atkins Garden
and Research Laboratory, Harvard University;
and No. 533 Department of Nutritirn and Food
Science, M.L.T.

r Present address: Department of Nutrition and
Food Science, Massachusetts Institute of Tech-
nology. Cambridge 39. Mass.

«'Present address: National Science Foundation,
Washington 25. D. C.

The Present report is concerned with the
nutrient content of 106 additional samples
representing 57 species and botanical vari-
eties. The geographic origins of these sam-
ples were as follows: Oriente Province, 3;
Camaguey Province, 4; 1-as Villas Province,
67; Matanzas Province, 15; Havana Prov-
ince, 15; undetermined, 2. Eighty collections
were made In the field, 19 in markets, and
7 in factories. Many of the foods were
sampled because they” were commonly con-
sumed by the people; others were” taken
for analysis even though seldom eaten, be-
cause the5ﬁ_represen,te,d plant species reputed
to have high nutritional value and there-
fore potentially of greater use in the diets
of the people.

METHODS

The techniques used in collection, preparation,
shipment, and analysis of both fresh and dry
samples were as reported for the earlier studies
(Navia et al.. 1955a, 1957), and by Munsell €t al.
(1949, 1950a,b.c.d.e.f.g) in their study of the com-
position of Central American foods. Thus, a
direct comparison may be made between the nu-

1300 1
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tritive values of Central American and Cuban
foods. The following nutrients were determined:
moisture, ether extract, crude fiber, nitrogen, ash,
calcium, iron, phosphorus, carotene, ascorbic acid,
thiamine, riboflavin, niacin, tryptophan, lysine,
and methionine.

DESCRIPTION AND USES OF FOODS
STUDIED

Earth vegetables. Asiatic lotus (Nelumbo nuci-
fera). The Asiatic or sacred lotus (Yuca china),
is closely related to the water chinkapin and I
grown in the New World principally for the
beauty of its large pink and white flowers. In
Asia, it is a sacred symbol of Buddhism and is
widely grown for its edible seeds and starchy
rhizomes. The rhizomes, the parts used in this
sample, are usually cooked by boiling or steaming.
The locally grown sample was purchased at a
Chinese vegetable stall in the Cienfuegos market
and was identified with the plant grown as an
ornamental in the Atkins Garden. In preparing
the sample, the roots were thoroughly washed
and the outer part scraped off. ]

Garlic (Allium sativum). Garlic (ajo) is a
basic flavoring material among peoples of Mediter-
ranean origin, but the plant has been grown since
remotest times for its underground bulbs and
bulb offsets, or “cloves.” The finely chopped or
mashed “cloves” of garlic are used to add piquancy
to other foods, such as lime juice, peppers, and
cherry tomato, and to make a “sofrito" or season-
ing for soups, meats and fish. The papery outer
skin of the “cloves" was removed in preparing
the_present sample.

Turnip (Brassica rapa). The turnip (nabo) is
an ancient crop plant of the Old World that pro-
duces flattened or globular white-fleshed roots.
It is not grown as widely in Cuba as in cooler
countries, but is occasionally found in markets,
as was this sample. o )

Fruit vegetables. Akcc (Blighia sapida). A
tree native of West Africa, the akee was intro-
duced in the West Indies many years ago. The
fleshy gray arils that cap each of the three seeds
of the fruit look like pieces of brain tissue (hence
the name “seso vegetal,” vegetahle brain) and
are considered safe as food only when the scarlet
apple-sized fruits have opened naturally to expose
the shiny black seeds and the arils. It has not
found much acceptance in Cuba, although it is
immensely popular in Jamaica, where the na-
tional dish 1is of the arils cooked with salt cod
ang feasoning. _ _ .

Balsam pear (Monwrdica charantia). Native of
0ld World troF]i_cs, the balsam pear ﬁcundcanwr
or cundiamor chino) is a highly variable climbing
herb that has escaped from cultivation throughout
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the warmer parts of the world. The small, warty,
yellow fruits are attractive when fully ripe, at
which time they open to show the bright red arils.
At this stage they are violently purgative and
it has heen reported that they are used as an
abortifacient. In tropical Asia, they are soaked
in salt water while still unripe and cooked as a
vegetable or as an ingredient of curries. In Cuba,
the plant is prepared in the same way as a vege-
table, but it is used far more commonly in country
medicine, with a host of virtues and special uses
attributed to it. The sample was prepared from
the whole green fruits purchased in a market.

Maya (Bromelia pinguin). A relative of the
pineapple and similar to it in general appearance
and, In manner of fruiting, the maya {pma de
raton) bears a fruit that is used primarily as an
antihelminthic in country medicine. The white,
mealy pulp of fully ripe fruits, which are rather
like acid pineapples in taste, is occasionally eaten
as fresh fruit. The plant is native in the Carib-
bean region and was formerly much used as an
impenetrable cattle fence, before barbed wire be-
came popular. The pulp alone was used for the
three samples, after the hard outer rim had been
discarded. )

Herbage vegetables and flavorings.  Allspice
((jP|mcnta dioica). Commercial allspice (pimienta
e Jamaica) is made from the dried, unripe berries
of this small tree, which is native to the West
Indies, Mexico, and Central America. The spice
is recorded as one of the many ingredients used
in the preparation of beverage chocolate in pre-
colonial Mexico, and the plant caught the atten-
tion of the spice-and-gold-seeking Spaniards in
the earliest days of exploration and settlement. In
its native region the leaves are used for flavoring
since they contain the same aromatic oils, although
in lesser quantity. The sample was of the fresh
leaves.

Amaranth, fruiting spikes (Amaranthus dubius).
This is one of several species of amaranth (bledo)
that are common weeds of wastelands and culti-
vated areas throughout the Americas, and are
often used as pot-herbs. Other species, of South
America and Eastern Asia, are cultivated for
their seeds, which are used as pseudo-cereal
grains. For these samples, the fruiting spikes
containing the chaffy bracts and numerous small
seeds in all stages of maturity were collected
from the weedy planss. i

Amaranth greens (Amaranthus hybridus). This
amaranth (bledo blanco) is found Tfairly often in
the markets, in the form of tender young plants,
where it is sold as “espinacas,” in substitution for
European and Malabar spinaches. Sample (a)
was of this nature and the other (h) of mature
plants in flower.
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Cauliflower (Brassica oleracea var. botrytis).
Tlie cauliflower (coliflor) is one of the many culti-
vated races of a wild species of the European
coasts. In this race, a monstrous overgrowth and
condensation of the flowering parts forms a struc-
ture, which when wrapped by the grower in the
outer leaves, forms the tender, white edible mass.
Although not common in Cuba, the vegetable was
gaining increasing acceptance. It is easily grown
as a winter (dry-_seasong crop with irrigation,
Justicia ﬁJustma pce oralls?{ Justicia (tila or
tilo) is a low herb native throughout much of
tropical America. In Cuba it is widely cultivated
in dooryard gardens or in pots as a home medicine.
From it is made a syrup for coughs and a mildly
sedative tea for treatment of “nervousness.” It is
widely accepted in Cuba as a substitute for the
true “tilo” of Spain, made of the flowers of
European linden FTIlIa europea?, and is similarly
prepared from the flower heads or, when these
are not available, from the leaves. Freshly-col-
lected 2-4-inch shoots were washed to remove
soil and used for the sample. i

Manioc shoots FMamhot esculcnia). The ac-
tively growing leafy stem tips of the manioc or
cassava plant (yucag were collected because other
laboratories (Munsell ct al., 1949) had reported
it to have a high nutritional value. Only the
starchy roots, previously reported on, are used
for food in Cuba.

Mint (Mentha nemorosa). The samples of mint
(yerba buena) were of the kind commonly grown
in Cuba as a digestive stimulant and, less com-
monly, as a flavoring herh. The specific identifi-
cation given here is tentative; it may be no more
than a variety of the European horse mint (Men-
tha IonglfollaBS. The two samples were of freshly-
picked upper stems and leaves,

Purslane (Portulaca oleracea). Purslane (ver-
dolaga) is a common, succulent weed found
throughout the warmer parts of the world. It is
an ancient vegetable, and a number of selected
races are grown in Europe as pot-herbs. Al-
though it Is widely used throughout its range,
in either the weedy or the improved forms, it is
not popular in Cuba except in the eastern province.
The sample was of terminal shoots about 4 inches

long.

Fgoyal palm cabbage (Roystonca regia).. The
“cabbage” of the Cuban royal palm (Palmito dc
palma real) is a delicacy, since this stately single-
trunked palm is protected by law. It is composed
of the tightly rolled creamy-white immature
leaves in the center of the long, apical leaf bud
of the palm, which is primarily a texture food,
of a mild slightly nutty flavor, which may be
eaten fresh as a salad or_cooked like cahbage.

Spring onion (Allium fistulosnm). The spring

NUTRIENT COMPOSITION OF CUBAN FOODS

or welsh onion (cebolla dc la tierra) was incor-
rectly jdentified as the chive (Allium schocno-
prasum) in the second paper of the series (Navia
ct al, 1957). It is similar to the chive in appear-
ance and in use. .

Squash  (Cuclrbita moschata). The flowers,
vine tips, and shoots of the squash (calabaza),
were reported by other laboratories to have hig
nutrient content” (Munsell ct al., 1950a) These
parts of the plant are not known to be used as
food in Cuba.

Szvect potato (Ipomoea batatas). . Terminal
shoots of the sweet potato vine (bOniato) were
sampled, although there is no evidence that they
are used for food in Cuba. Sample (a) was of
3-5-inch growing tips of the “Alquizar” variety;
sample (b) of the same kind of material from
a mixed planting. .

Tea weed (Sida rhombifolia). The tea weed
tmalva de cochino) is a vigorous herbaceous or
semi-woody weed found along roadsides and in
disturbed soils throughout the warmer parts of
the world. It is widely used in Malaya as a
medicinal herb and is reported to be browsed by
pigs in many parts of its range. The leaves and
some immature fruits were stripped by hand from
the strong fibrous stems of freshly-collected
plants. In Cuba, the species appears to have only
a limited human use—as a medicinal.

Le?umes and oil seeds. Adsuki bean éPIta_sequs
angularis). The Adzuki bean (frijol diablito) is
a twining annual from eastern Asia. It produces
small, flattened, rounded, oblong, dark-red beans
that have a white crest around the hilum. In
Cuba it is grown primarily in the eastern prov-
ince, where it is used like other dried beans, par-
ticularly with rice as a variant of the dish called
“congri.” It history of cultivation in Cuba is
obscure, and even its identification, until now,
has been in doubt. The sample was purchased in
a market near the place of origin.

Cashero nut (Anacardium ~occidentale). The
cashew nut (semilla de marafian) is the seed con-
tained in the small, green, kidney-shaped fruit
borne at the end of the swollen peduncle, which is
called the cashew apple, also reported here. The
shell contains a violently caustic oil, which is
driven off or detoxified in the roasting, after
which the nut meats are extracted. The sample
was of freshly roasted nuts harvested locally the
year before. ) )

Corojo (Acrocomia anncntalis). The corojo
(corOJol) is a tall palm whose single, rather carrot-
shaped stem is heavily covered with long spines
when young. Native throughout Cuba, the palm
is especially common in  Camaguey province,
where there was a small local industry for the
preparation of an edible fat, “manteca de corojo,"
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from the oily meat of the fruits. The fruits are
yellow and about an inch in diameter, and are
borne in large clusters. The hard, inner shell
was cracked by hand, and the fresh meats ex-
tracted for the sample. ) o

Macadamia nut (Macadamia tcrnifolia). The
macadamia nut (nues dc Macadamia), the prod-
uct of a tree native to northeastern Australia,
is now increasingly planted in the tropics and
subtropics as a tree crop. The nut itself is
very hard-shelled except in a few improved vari-
eties, and is round and about an inch in diameter.
It is rarely planted in Cuba. Freshly extracted
meats were taken from a thick and hard-shelled
seedling variety, )

Pigeon pea (C_aianus cajan). The pigeon pea,
or cajan pea (frijol gandul), is a small erect shrub
native of the Olfd World, now grown widely in
the tropics and warm temperature zones either
as a forage crop, or for its seeds, which are used
either green (sample @) or dry (sample b) for
both human and animal food. It is frequently seen
in Cuba in farmyard and dooryard plantings,
where it provides food for poultry, and is grown
less commonly for human food.

Royal palm' fruit (Roystonca regia). The large
clusters of small, round fruits of the Cuban royal
palm (palmiche dc palma real) are cut while still
on the palm and stored under cover until the outer
skin and pulp are dry and fall off. The seeds
are then used as pig food and are reputed to give
the meat a fine texture and flavor. An edible fat
for human consumption, once prepared from the
oily endosperm of the seed, is apparently made
no longer. The two samples were of fully ripe
fruit, one green and one dried.

Squash seed (Cucurbita moschata). This sample
was of whole seeds (Scinillas dc calabaza) taken
from a locally grown squash, washed free of ad-
herent pulp, and dried. Little use seems to be
made of cucurbit seeds in Cuba except in country
medicine, where a few entire seeds are swallowed
as a remedy for intestinal parasites. In other
countries, such as Mexico, pumpkin seeds are
a popular nibble. .

Fruits. Apple banana (Musa paradisiaca var.
sapientum).  The small apple banana (platano
manzano) is the sweetest ar.d most aromatic of
the varieties used in Cuba as dessert fruits. Un-
fortunately, it is highly susceptible to the serious
Panama disease. The sample was prepared from
ripe fruits purchased in a market.

Barbados cherry (Malpighia glabra).  This
small fruit (accrola or cereza del pais), produced
by a small shrubby tree native from Texas to
northern South America, is eaten raw or cooked.
Most wild plants bear rather small and acid fruits,
and in Cuba are seldom eaten by humans. With

the discovery of the extremely high ascorhic acid
content of fruits from some plants of this species
(Asenjo and Guzman, 1946) there has developed
a selection and breeding program to improve the
quality of the fruit while maintaining its high
vitamin content. i ]

Bignay (Antidcsma bunitts). The bignay (big-
nay) is a much more commonly grown relative of
the Antidesma discussed in the second paper of
this series (Navia Ct al, 1957). It is a small tree
bearing long, many-fruited clusters of small, dark-
red to black berries, and is found wild from
India through Malaya to northern Australia.
Widely cultivated in the tropics, although spar-
ingly in Cuba, it makes excellent jelly and jam
but is of little importance as a fresh fruit. The
juice of ripe fruits pressed through a jelly cloth
was used for the sample. = .

Governor's plum (Flacourtia, indica). The Gov-
ernor's plum, or Ramontchi (cirucla gobernadora),
is a species from southern Asia closely related to
the Paniala reported on previously (Navia Ct al,
1957) and is also called “ciruela gobernadora”
in Cuba. The small, spiny bush or tree bears
round, plum-like but many-seeded fruits, which
may be eaten out of hand or made into preserves.
The plant is not well known in Cuba. The sample
was of the soft, tan pulp of fresh fruit, which
was separated from the skin and seeds by pressing
through a j@ll)ﬁ_cloth. _

Litchi (Litchi chincnsis).  The litchi (mamon-
cillo chino) is a small tree of subtropical and
tropical China whose fruit is highly prized either
fresh or sun-dried, the latter being the “litchi-
nuts” of Chinese restaurants. It is now cultivated
widely throughout the warmer parts of the world
and exists in a number of varieties. The straw-
berry-red , ovoid fruits, borne in clusters, are
about one to two inches in diameter and are
covered with blunt angular tubercles. The outer
leathery skin is peeled off, exposing the white
parchment-like covering of the subtly-flavored,
translucent, white juicy pulp. There is a single
stone in the pulp, quite large in ordinary varieties
and small in the best. The sample was prepared
from the pulp of fresh fruits of the “Brewster"
variety. _

Mombin (Spondias purpurea). The purple mom-
bin <tirucla campechana 0 morada) and yellow
mombin (cirucla criolla o amanlla? are now con-
sidered to be two races of a single species. The
plants are small trees native to the American
tropics that are now widely planted for their
fruits. _The)i were given the Spanish name for
plum (Ciruela), presumably because they resemble
plums in having a single large stone, a slightly
acid but agreeably flavored pulp, and a smooth,
firm skin. These varieties are propagated easily
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by planting branch cuttings, and this has led to
dual use of the plant as a live fence post and
fruit tree.

Miscellaneous. Invert molasses . (Saccharum hy-
brids). Invert molasses (miel rica invertida) s
produced by sugar mills when they have cane in
excess of that needed to produce granular sugar.
The processing method is the same as that used
in the manufacture of granular sugar up to the
point of partial concentration. Then about one
half of the total sucrose is “inverted” to fructose
and glucose by treatment with acid or, more
commonly, by enzymatic hydrolysis. Since the
resulting syrup cannot be crystallized it is not
included in the granular sugar quota. After fur-
ther evaporation to reduce the water content, the
invert molasses is sold mostly to distilleries, and
minor amounts are used in cattle feed. This sam-
ple was collected during the grinding season at a
commercial sugar mill that produced invert mo-
lasses by use of a commercial preparation of
invertase. . .

Su?ar cane juice (Saccharum hybrids), These
samples of sugar cane juice (Quarapo Ge cana)
were taken in order to determine differences in
composition of the juice taken from the first
crusher rolls (guarapo del primer molino) and
the last, or fifth, rolls (quarapo del quinto molino).
P0J2878 was the main cane variety being ground.
A third sample of cane juice was purchased from
one of the many small retail establishments that
sell fresh juice extracted by small hand or power
crushers. The sample was from the cane variety
“Pepe Cuca," a rather tender-rinded variety that
crushes easily in such machines.

RESULTS AND DISCUSSION

Table 1 presents the data obtained. It
must be remembered that these data relate
to raw foods and that the content of certain
nutrients may be somewhat lower after
preparation for human consumption. It
would be ideal if each of these foods could
be evaluated and compared in terms of the
contribution that one serving would make
toward supplying the dietary requirement
of each nutrient.” This_ is not possible, be-
cause no data are available relating to the
size of food serving in Cuba. It is not satis-
factory to compare these foods on the basis
of the amount of each nutrient per 100
?rams or per 100 calories, since certain
00ds (such as ﬁarsley) are consumed in
small amounts whereas’ others (such as. po-
tatoes or rice) are eaten In_ large, quantities
dailv. In the following discussion, there-

NUTRIENT COMPOSITION OF CUBAN FOODS

fore, the comments are made in terms of
similar types of foods consumed by people
In other ‘areas of the world. ,

In the following paragraphs the figures
quoted refer to “m% per 100 g wet weight”
unless otherwise noted.

Cereals. Corn. The whole com meal con-
tained more iron (6.51 mg) but less thi-
amine (.26 mg) than usual.” The green corn
contained normal amounts for™ carotene,
iron, and thiamine. o

Earth vegetables. Asiatic lotus. The
Asiatic lotus contained the most ascorbic
acid (65.9 mg) among all the earth vege-
tables studied. o

Carrots. Carrots are usually rich in car-
otene (Navia et al, 19553, 1957). Of the
three samples analyzed, a was_highest (7.05
m?) in total carotene, even higher than the
valle reported in_a previous publication
(Navia et al., 1957). o

Garlic. This sample contained mﬁ_nlflc_ant
amounts _of phosphorus, iron, and thiamine,
but its limited use as, a seasoning Preve,nts
it from making a significant contribution
to the diet.

Malanga. Though consumed abundantly,
this root” does nof have outstanding nutri-
tional value and its use as food should be
discouraged. The white varletY contained
much less carotene than the yellow variety.

Potato. Besides starch, thé Prmmpal nu-
trient found in the potato sample was ascor-
bic acid (32 to 41 mg), an amount equiva-
lent to an equal weight of citrus jnu_lce. of
the two varieties, sample a_was higher in
ascorbic acid, in niacin, and in iron_Content,
_ Fruit vegetables, Akee. Akee is richer
in _lipid content (15%) than any other
fruit 'vegetable in Cuba except for avocado
(Navia "et al, 1955a,_1957f. It containg
moderate amounts of nitrogen (1.12%) and
i a good source of iron and carotene, It
was rePorted recently  (Fox and Miller,
1960) that akee contains an antimetabolite
of riboflavin that may have significant effect
on its nutritive valug.

Balsam pear. The fruit of the balsam
Pear is commonly used_in_infusions. It was
ound .to contain a significant amount of
ascorbic acid . (75.0. mg). ,

‘Maya. This fruit is" a relative of the
pineapple, but is seldom consumed except
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for medicinal purposes. It contained ver
sllglnglcr%nt amounts of ascorbic acid (93.8,

. Pepper.” The six samples of peppers stud-
ied represented three pairs of green and
ripe fruit. In agreement with previous re-
ports (Navia et al, 19553, 1957) the car-
otene, riboflavin, and ascorbic acid values
¥verte higher in the ripe than in the green
ruit,

Plantain. Even though the plantain is
usually a good source of carotene, the three
samples analyzed were only fair (.50, .71
mg). The green samples (a, b) contained
less carotené than the ripe sample (r).

Squash. The carotene and niacin con-
tents of hoth samples of squash were nearly
the same _as previously reported (Navia
et al,, 1957). :

Tomato, “cherry. This type of tomato,
which is used to season foods, was unusu-
a”ﬁ high in carotene, ,

erbage vegetables.  Allspice, leaves.
The allspice leaves contained very signifi-
cant amounts of carotene (4.73 mg), cal-
cium (209.0 mg), and " ascorbic’ acid

9 myg).
_/-\marzgnth, fruiting spikes. The fruiting
spikes of amaranth were higher in nitrogen
and lysine content than the amaranth greens,
but lower in carotene and ascorbic aCid.
Amaranth, ?reens. The two amaranth
samples were found to be excellent sources
of iron (4.16, 6.30 mg), calcium (361.5,
238.0 m%} carotene (357, 3.29 mg)

bic acid [113.0, 675 mg), and IYsme (244,
120 qu2. The nitrogen” content was only
fair (.73, .38

Cabbage. The two samples of cabbage
were moderately rich in ascorbic acid.

Cauliflower. "The one sample gave a high
value for ascorbic acid. , ,

Chard. The chard was_lower in calcium,
carotene, and ascorbic acid_than previously
reported (Navia et al.. 1957). ,
JJusticia. These fragrant leaves were sig-
nificantly high in calcium (663.0 mg) and
iron (7.40 msq), and were rich sources of
carotene (3.05 mg) .and niacin (251 mﬂ]).
However, only the infusion is used by fhe
eople.
d Lpeek. The leek is usually a fairly good
source of carotene (Navia ct al.. 1957) but

, 45c0r-
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the s_amPIes analyzed proved to be somewhat
low in this nutrient (.24, 41 mg).

Lettuce. Previous Studies (Navia et al,
19554, 1957) demonstratm? that this vege-
table is a good source of carotene were
confirmed by the results obtained for the
sample analyzed here. It contained rela-
tively large amounts (1.27 mg).

Manioc, shoots. In contrast to the re-

sults obtained in the roots of the manioc,
which were nearly devoid of all nutrients
except starch (Navia et al, 19553, 1957)
the shoots were found to be high in caro-
tene (3.39 mgﬂ and ascorbic acid (218.0
mg). content. "Lysine (207 mg) and" ribo-
1 (.27 mg) were moderate,”
‘Mint. The two_samples of mint were
high in carotene (2.13, 2.89 mg) and iron
(2.23, 5.89 mg% but only. moderate in
riboflavin (.15, >20 mg). This food is used
in limited amounts to flavor dishes.

Parsley. In accord with_previous reports
(Navia ct al, 19553, 1957?, this vegetable
Proved to be rich in iron (3.49 mg), caro-
ene (3.33 mg), and. ascorbic acid’ (145.3
mc11). Its valug'is limited, however, because
only small quantities can be consumed in
the diet due to its strong flavor and aroma.
_ Purslane. The sample analvzed was high
in_carotene (2,14 mg? and low in ascorbic
acid (41.9 mg).

Squash, shoots. The squash shoots con-
tained less nutrients than the manioc shoots.

Squash, vine-tips. The two samples of
squash vine-tips "vrere low'er in carotene
than the s?uash, shoots or manioc shoots,

Squash, tlowei's. The three samples of
squash flowers were fairly rich in iron con-
tent (4.23 mg) and moderate in carotene
and niacin content.

Sweet potato, shoots. The two samples
were moderately high in ascorbic acid, caro-
tene, and riboffavin” content.

Tea weed. This sample contained remark-
able. amounts of carotene (6.91 mg), ribo-
flavin (.47 mg), calcium (466.0 mg), and
iron (4.96 mg), and moderate amounts of
thiamine (.22 mcfl) and ascorbic acid (89.5
mg). This vegetable appears to be one of
the ‘best of all the foods studied.

Watercress. The cress sample was moder-
atelsy rich in calcium (1231 m % iron
(351 myg), and ascorbic acid (66.3 mg).
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food samples from Cuba.

Nitro-
gen
(9)

181
1.00

.82

73

.38

.56

.06

.18

.13

Constituents measured and yields

2.56
2.00
1.68
2.16

3.26

.56
.50
.69
1.46
>90
.54

.59
iii

129

Cal-
cium
(mg)

19.8
10.9

39.4
36.3
35.8
345
28.2
21.7

36.0

12.2
113
64.9

37.7
185
98.4
1429
1134
58.2

19.9
20.7
13.4
14.0

10.0
11.0
13.0
10.2
17.8
17.8
114

14.4

209.0

361.5

238.0

206.8

3945

65.0

65.8

313

105.5
663.0
58.7
59.5
44.9
170.8
138.3
193.0

41.2
36.7
40.1

62.3
31.0
16.9
17.3
16.7
55.8

27.0
26.7
215
28.0
181
212
40.2
37.8
455
331
67.0
29.8

185

44.8
82.7
50.7
135.3

1246

25.1
218
447

29.9
if
313
24.0
711

42.9
38.4

Iron
(nig)

no
ou

2.27

4.16

6.30

6.30

17.76

.75

.52

.78

>44
7.40
1.02
152
1.30
1.80
2.23
5.89

Caro-
tene

4.73

3.57

3.29

194

167

.04

(mg)

Thia-

mine
(nig)
Ribo-
flavin
(nig)

.06

.01

.04

.02

.01

.04

per 100 g of edible

.14
.14
.09
.27
21

.03
.03

portion

Niacin
(mg)

.55

159

91

143

2.06

44

.36

acid total

Ascorbic
(mg)

65.9
115

9.1
107

172
133
414
36.9

46.1
73.0
121.2
97.9
93.8
13.0

108.6
153.9
72.7
132.8
255.4
2315
31.4
216
34.0
35.2
20.6
48.4

47.4

80.9
113.0
67.5
72.9
65.6

58.9
51.9
1143

48.0
27.5
151
18.0
20.3
218.0
325
40.0

o~-
~
o

37
27

46

54

36

7

83

17

34
29
15

17
50
15
26

1Methio-
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(mg)

i
~ o
o &

12

40
20

34

20
19
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23
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41

12
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12

13
21

144

244

120

330

317

63
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Parsley
Purslane

Royal palm cabbage
onion
shoots
vine-tips (a)
vine-tips (b)
flowers (a)
Squash flowers (b)
Squash flowers (c)
Sweet potato shoots (a)
Sweet potato shoots (b)
Tea weed
W atercress
LEGUMES AND OIL SE
Adzuki bean
Asparagus bean (a)

(b)

Spring

Squash
Squash
Squash
Squash

Asparagus bean

Bean, black
Bean, spotted red
Cashew nut (roasted)

Corojo
Hindu cowpea
Macadamia nut

Peanut (a), raw
Peanut (I>), roasted
Pigeon pea (a)
Pigeon pea (b)
Royal palm fruit
Royal palm fruit (
Royal palm fruit (c)
Royal palm fruit (
Squash seeds
RUIT: CITRUS
Grape fruit

Sweet lime

l

l

RUIT: OTHER
Banana, apple

Barbados cherry
Bignay
Cashew apple,
Coconut meat
Coconut milk
Guava (a), ripe
Guava (b), semi-ripe
Guava (c), Peruvian
Litchi

Mango

Monihin (a)
Mombin (b)
Myrobalan

Papaya

Plum, Governor's
Sapodilla

Sweetsop (a)
Sweetsop (b)

M ISCELLANEOUS:
Molasses, blackstrap
Molasses, invert
Sugar cane juice (a)
Sugar cane juice (b)
Sugar cane juice (c)
Sugar cane syrup

juice

%Iﬁdn‘E:fisctﬁfgsum L.

Knacar

Petroselinum cnspum
M ansf. ,

Portnlaca oleracea L.

Roystonea regia

Duch.
Duch.
Duch.
Duch.
Duch.
|ta moschata puch.
Batatas L.
I tas L.
m

S
EP[ﬁaseolus angularls Wight

Clgna sesquipcdalis
Fr

I‘|gna scsquipcdalis
Fruw,. .
Pnaseolus vulgaris .
aseolus vulgaris .

occlden I
Acrocomla armcntalls

1|gna cyllndrlca
Maca(famla ternifolia

uell

Arucn R 0gaca L.
rac )ogaca L.

all Millsp.
S cajanl milisp.
onea regla o. r.
onea regla o. r
onea regla o. r.
nea regla o. r
|

ta moschata Duch

itrus paradisj f.
itrus urantlg fwaac

Swingle
Musa garadmaca var.

?[PI hla gnﬁnfﬁéL

Antld sma
0CCl

Anacardiu
Co0cos nucjfera L.
cra L.

0Cps nucl
SIglum guajava L.
Sl [um guajava .

L

Ium. guajava .
|tch| sinen; |§ Sonn.
ifcra indica L.

it s
51 ?A%ntgﬁs Em[ﬁiac'a Y
Ela%courﬁap%mi&a' Merr.
chras zapota L.
nnona s§

uamosa L.

nona squamosa L.

p
A
A
A

acc M hybrids

M hybrids

M hybrids

M hybrids

m hybrids

aru
aru
aru
aru
aru
arum nybrids

um ?ﬂcmale R. Hr.

Cook
. Cook
Cook
. Cook

Porejil

Verdolaga,
ramas
Palmito de palma real

hojas y

Cebolla de la tierra
Calabaza, tallos y puntas
Calabaza, puntas
Calabaza, puntas
Calabaza, flores
Calabaza, flores
Calabaza, flores
Boniato, puntas y hojas
Boniato, puntas y hojas
Malva de cochino

Berro

Frijol diablito
Habichuela china

Habichuela china

Frijol negro
Frijol chino
Marafién, semilla tostada

Corojo

Frijol precioso

Macadamia, nuez de
Mani, crudo

Mani, tostado

Frijol gandul

Frijol gandul
Palmiche

Palmiche

Palmiche

Palmiche

Calabaza, semillas

Toronja
Lima

Platano manzano

Acerola (cereza del pais)
Bignay
Maranon, rojo,
Coco, masa de
Coco, agua de
Guayaba, madura
Guayaba, pintona
Guayaba del Peru
Mamoncillo chino
Mango mamey
Ciruela criolla
Cirucia campechana
Mirobalanos

Fruta bomba
Ciruela gobernadora
Nisporo (zapote)
Anén

Anén

jugo

miel final
miel rica
guarapo
guarapo
guarapo
melado de

Cafa,
Cafa,
Cafa,
Cafia,
Cana,
Cafia,

88.6
88.8
91.6

89.4
91.1
92.0
94.1
935
94.8
96.(1
87.1
86.6
80.2
94.3

151
89.9

89.1

113
117
9.1

125
4.8
2

705
16.4
24.8
50.7
49.5
50.3
16.8

90.7
88.7

731

93.

©
oW W
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88.
56.2
951
85.7
81.7
87.5
83.1
84.8
86.0
86.9
78.3
90.8
81.7
78.0
78.6
75.2

221
17.9
76.8
96.2
74.1
311

5.70
121

121

3.83
3.63
143

6.60

4.43

6.53

4.16
241
2.57
4.19
23.52
12.25
13.49
12.37
24.76

.07
.14



.88
3.67
4.42
3.30

1.96

131

101

.04

3.43
3.72
212

148

3.26

148
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but the carotene (.70 mg) and riboflavin
revrous?y vallluae\sI grvere eIow those reported
P

Legumies and or seeds dZUk
Thrsgbean sample is noted or its thaah
nrtrogen content (4.04 m% which makes
it valuable as a ‘source protern The
o e iy 139
i el e
?222 29%‘r peron pg
clum 252 ng thiamine
nracrn vaIues weehrg and the
lipid content s low (
nutrrent content of this bean mdrcates that
be cons ume more extenswely

It iﬁou
The results on the ‘two
samp es ere quite srmrlar and revealed

significant amounts of carotene and iron,
gﬁ't’i\(ﬁ( a]ndﬂ Wted) era These bean
sam es, like the adz | were extremely

rrc rn nrtro en value (3.67, 4.42%), lysine
; g?} and aIso i, fron_ (8,50,
05 mg% rrch thiamine (42, 55 mg

rrboflav 19 m%) and” niacin (2
376 mg). B I ck beans are commonly " in-
cIuded in

the dret of the People and there-
fore Its hrgTh values |n nutrients make it an
Important actor rn therr nutritjon.
This put sample was found
e rich |n lipids™ (45.9%)" and nitrogen
(?3 %), and moderately g ood as a_ source
of iron 56 04 mg), thiamin 3 g r1po-
flavin g 9 mg),“and niacin ( % g The
amrno cld co tent was qurte hi ecially
tryrﬁ ﬁt}p an (478 mg) and” met |on|ne
I0J0.  Exceptionally high in lipids
%74 10%) and alspo In, crﬁde fgb 8 ,
the corojo Is low In nrtrg en | 196/0 e%o
pared to other nuts analyzed (Navia

9553, 1957r) While the thramrne and ribo-
%\&n contents were low, niacin content was

du (DZ\gIa The cow ea was harac-
d b high i

g one [ nitrogen
3.97%), cru e Tier Zrt 43%) phos ho us
585.5 Mmg),. iron thrﬁmrne
mg%, and” niacin .38 IS Sa
ontaine

less thramé[ne than 'thrsse reporped

terize

c
reviousty (Na 553
: ia tll% This nut was analyzed
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to be nearly as rich as the corojo_in lipid
content 7 55%) It was hrgh in_ cryde

frber ngG %), iron (301 m thramrne
and niacin “(2.14 mg), and low

mlgetro[gfn 169% content.
f the two samples of ea/r&gé

studied, @ was a raw Peanut and
roasted, Corrected to the same moisture
content, there were no.important differences
In the ether extract, nrtro§en and 1ron con-
tents The nra n contet of the roasted
sample wtas slig ow%r and ther7e6were
S nr ican oses in__thiamine (.76 vs
0% and rrbof?avrn (.28 Vs, 21? he pea-
nut is an excellent ‘Source_of Iysine, tryp-
tophan and methionine, The amino 4cid
content of these samples of peanut? was
- but the niacin content” was egw a{
than rewously reported  (Navia

% e Sample_a was green fresh,
wher as 0'was drred The nrtro en and. lh
sine _contents of both samples were hi
and the tryptophan and methronrne contents
Wexe |0\H
seeck. The squash see
in lipid (0070 crude f 2
nitrogen 5 %), .iron (16,47 mg),
aming (.4 ) rrboflavrn m%, and
niacin (2.9 . Values |n anin acrs
were_also hi h |n tryptophan (360 m
me hronrne Cand lysine (1383
(glls of s% ash seeds are gener-
remove prepar tory to eating.
these sees been peeled before analysrs
t] Il values exc d)t the crude iher woud
ave een Increase near 2/0
squash, seeds_are an ér t oo
The out-

Fruits (citrus),
standin nutrrent In this frurt was ascorbic

ds were rrch

- a0l (459 m g) the value reported here

f(ell withi alte range of_previous analysis
Via
el lIe. Tevalue for scor ic acid

(48.1 mg) Was not eas Igh as at observed
previous (:itvra 1957). but |Ss iron
content Was slight /7 mg

higher
Fruit (other). Je. THe sam-
ge ana r¥zed here was farrly rich.in ascorbic
cid co tent mg and its iron content
was, moderate h 1.09 mq).
eBarbaHos cherr %
noted for its excéptionally high” conten
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ascorbic acid. Aseng) 61946 reprorted varj-
eties that have 2000-3000 mg. The samB
g(nadlyzed here contained 1093 mg of ascoroic

Cashew apple. The e!urce of this fruit is
consumed I preference to the whole_fruit.
The sample anal zed here was high in as-
corbic acid (253, , but was lower than
the value (372,0 mg "reported previously
(Navia et al. 1957

Coconut, meat and milk.. The coconut
milk contained IrttIe of nutritional value_but
can Serve as a sae source of water, The
meat Was hi 7g |&)rds E32 0%).and crude
frbetr 17%) quite low “in nitrogen
content,

Guava. Two of the three samples were of
one variety, one was ripe a and the other
f mi- rrIp Ripening tended Ao reduce the
ipid, fiber, nitrog en ash, phosphorus
content, and to |ncrease the carotene and
ascornic acid cgntent he. thirg_sample ¢,
representrnr_i ifferent variety (Peruvian),
was generally less nutritious. Guavas are
an excellent Source of ascorbic acid et the
values reported here (2250, 175,
were lower than those (4840 “and 45

areported previously (Navia et al.

Litchi. This fruit is not important nutri-
tionally, _even thourT;h it is & fairly good
source” (71.9_mg) or ascorbic acid. _

Mango. . The sample of mango studied
was rich in carotene (2.32 mgJ, but ex-
tremely low 1n ascorpic acid (15.0 mg).
Samples of other varieties reported previ-
ous¥ (Navia_et al, 1957) were lower in
caro ene (1 07 mg) "and higher i ascorbic

acr m%

ombrn e mombin is not important
nutrrtronaIIy

Myrobalan. The sample analgzed had a
h h content of ascorbic acid t

this was only one -third the amount
(6250 9 grevrousy recorded (Navia
et al.. 1957) for this frit.

Papaya. The sample froved to be a fairly

ood source of iron Q ). and ascorbrc
,bu on a arr sourc
carotee ( ples of this rurt

Prevrous studre Navra et al,, 1957) cop-
ained less 8231, 461 mg) ascorbic acid
than that reported here.

609

Sweetsop.  The sweetsop was found to

rgarn moderate amounts of iron and as-
cornIc acld.

Miscellaneous. Molasses, blackstrap. The
nutritional value of the sample_analyzed was
lower. than n the sample_ previqusly studied

Navia ﬁ 1957), The calcium values

ere high (4705 m

Molasses Invert, This sample showed in
ge ekra Iower nutritional value than the

ackstrap molasses.

Sugar cane juice, The three samples
stlirdre Wwere taken from the first crusher
rolls a, firth crusher rolls b, and a retail
store ¢. None of the samples were found to
be Impartant nutritionally, except as a source
or calories.

Sugar cane syrup, The sample studied
showsd values “similar to the brevrously
reported value (Navia et al,

CONCLUSION

The foIIowrng foods are judged to have
significant valué as sources of “lipid: akee,
cashew nut, coro{ro macadamia nut, Peanut
roya [Uit, squash  seeds; nitrogen:
adzuki bean bIack bean, spotted red bean
cashew nut, Hindu cowp ea eanut, pigeon
pea, Squash seeds; calcrum a Zuki bean; all-
spice, amaranthus %reens and spikes, Austrcra
[aves, manioc shoofs, tea weed and mo-
lasses; phosphorus: heans (adzuki, black,
spotted- red asparagus), cashew nut, Hindu
cowpea, Peant Squash seeds: carotene;
allspice leaves, amaranthus greens and
sgrkes carrots _justicia, manioc shoots, pars;
teaweed: iron: amaranthus greens and
srkes adzuki- beans, black beans,. spotted
beans ‘cashew, Hindu cowpea sJustrcra mint,
molasses, royal palm fruit, "squash seeds;
thiamine: adzuki' bean, black bean, spotted
red bean, cashew nut, macadamia nut, pea-
nut o}rgeon pea, squash seeds; ibafiavin:
Squas seeds tea weeg niacin: adzuki bean,
spotted red bean, Hindu cowE peanut,
pigeon Rea ascorbic acig: allspice Ieaves
Emarant s oreens anét sprk%s Asratrc Iotus
alsam Barbados cherry, - cabbage,
cashew arbgle caulitlower, chard guava
manjoc  Snoots, maya myrobalan, papaya,
Earsle¥ a{peo/tzlrers sweet potato shoots, sweet-
e watercress: tryptophan:
cashew nut, peanut; methioning: cashew
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nut Iysrne black and red bean, adzuki bean,

éwrll e noted that cashew nut, squash
seed, adzuki bean, peanut, and black bean
are mentioned most frequently, and there-
fore are rich in over-all nutritional value.
The data indicate that mombir., litchi nuts,
coconut meat, coconut milk, and sugar cane

uice are So. low In nutrient ¢ ntent that
{herdr use as food should perhaps %e discour-
age
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Nitrogen Balance of Dogs Fed Lime-Treated Corn
Supplemented with Proteins and Amino Acids3b
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(Manuscript received November S, 1962)

SUMMARY

The effect on the nitrogen balance of young dogs of supplementing lime-
treated corn with small amounts of black bean flour, skim milk, fish™ flour,
and torula yeast was investigated. Although the diets were kept |son|tro?enous,

all supﬂleme_nts increased nitrogen retention significantly, as did suppleme
|n% with lysine and tryptophan. The gain was most marked for skim milk
flour, and torula yeast plus I¥5|ne, and_of sufficient magnitude to be of
eeding. The better the protein

fis
practical significance for human

ement-

quality of

the supplement, the greater the decrease in nitrogen retention after its

removal.

It is well reco?nlze,d, that lime-treated
corn protein is most deficient In the essential
amino_acids_lysine. and tr%%tofi)han_ Bres-
sani, 1960: Bréssani ct al., 1958; Scrimshaw
etal, 1958). It is also well documented that
corn is thé most _|mﬁortant stalple of the
rural Central American diet (Flores, 1961).
Therefore, efforts should tf_e made to find
ways of impraving the quality of corn pro-
tein, Synthetic dming acids are still tog
costly to be practical for the enrichment of
c?real foods. How?_ver, the nutritive vaIBe
of the proteins of lime-treated cor can be
improved by supplementing them. with other
proteins_that are rich in jts limiting amino
acids. This method has the further advap-
fage that the enriched product will contain
higher amounts of protein, as_well as be
improved in_protein quality. The present
work determines the etfect on nitrogen bal-
ance of supplementing lime-treatéd com
with small amounts of [yisine and tryptophan,
or proteins rich in these two amind" acids.

MATERIAL AND METHODS
The lime-treated maize flour was prepared by
methods _described previously (Bressani et al,
1958). The supplements tested were: skim milk

*This investigation was supported by grant
A-3811 from the National Institutes of " Health.
bINCAP Publication 1-235.
~ cPart of thesis by the junior author for a degree
in Chemistry and Pharmacy from the Universidad
Auténoma de EI Salvador, EI Salvador, C. A.
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powder gsupplied bY UNICEF), torula yeast
Lake States Yeast Corporation, Rhinelander

|se.g, deodorized fish flour (VioBin Corp.) and
cooked black bean powder prepared by cooking
beans in the autoclave for 10 minutes “(Bressani
et al.. 1962). The effect of adding these foods to
lime-treated maize flour was studied by the nitro-
gen balance method in young mongrel do?s 4-5
months old. The basal diet was: 78% lime-treated
corn, 7% corn gluten, 2% mineral mixture (Hegi-
sted et al, 1941), 10% hydrogenated vegetahle
fat, 1% cod liver oil, and 2% cornstarch. Three
ml of a complete vitamin solution (Manna and
Hauge, 1953) were added per 100 g of diet. The
average nitrogen content of the basal diet was
L77% with a calculated calorie content of 425
cal/100 g.

The mtrogen content of the corn gluten was
7.60%, of the skim milk 4.48%, of torula yeast
8.00% and of the fish flour 12.14%. The protein
and amino acid supplements, added to the basal
diet, replaced part or all of the mtroHen from
corn gluten gup lied by Dr. E. L. Powell, Ameri-
can Maize Products Co., Roby,_lnd(.}, and the
composition of the diet was adjusted to 100%
with cornstarch. Thus, all diets were approxi-
mately isonitrogenous and isocaloric.

The amounts added were 5% skim milk, 3%
torula yeast and 4% fish flour. The amounts of
lysine and tryptophan added to the diet were
equal to the ‘quantities found in 5% skim milk
or in 3% torula yeast. The cooked dehydrated
hlack beans contained an average of ~3.44%
nitrogen and were fed in two periods in an
amount equivalent to about 32% and 22% of
the daily nitrogen intake of the dog respectively.
This quantity of beans represents the range In
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daily family consumption in Guatemala (Flores
and” Garcia, 1960: Flores, 1961). The diets were
fed for 10 days, allowing two days for adaptation
and the remaining eight for two balance periods
of 4 days each. _ .

Four “series of studies were carried out. The
two dogs used in the first weighed an average of
ATL kg at the start and 7.32 kg at the end of
the series. The diets fed were: basal plus 5%
skim milk, basal plus 0.179¢ L-lysine plus 0.02591
DL-trggtophe_m, basal plus black "bean flour, basal
plus 59 skim milk, and basal plus 59 skim milk
Blus black bean flour, with basal diet feedings in
etween each supplement feeding. Three dogs
were used in the second Series of experiments n
which the sequence of diets tested was: basal
plus skim milk, basal plus 3% torula f/east, basal
plus 39c torula yeast plus 0.149c L-lysine HCL,
with basal diet feeding in between ‘supplement
feedes. The average weight of the animals was
7.00 kg at the start and 801 kg at the end of
the series. _

In the third series of tests 3 dogs were also
used, welghmg 506 kg at the start and 7.28 kg
at the end of the scries. The order of diets fe
was; basal plus 5% skim milk, basal plus 3%
torula yeast, and basal plus 49c fish flour, with
basal diet feedings in between the other treat-
ments. In the fourth series of experiments, 4
animals were fed the basal diet plus 5% skim
milk, basal and basal plus 4% fish flour. The
average weight at the start was 6.36 kg and 6.79
kg at the end of the experiment.

_Table 1 Nitrogen balance of
lysine “and tryptophgn anda %Iack qbean .

Nitrogen

SUPPLEMENTING LTME-TREATED CORN PROTEIN

Protein and calorie intakes differed with each
series of exﬁerlments but remained as constant as
possible within each series. Feeding was carried
out twice daily at 8:00 am. and 4:00 p.m.. and
water was available at all times. Feces and uring
were collected twice a day and stored at 4°C until
analysis was performed. Urine was collected with
1 cm3of concentrated acetic acid. The feces and
urine were pooled every four days and after
homogenizing they, as well as all diets fed. were
analyzed for nitrogen by the Kjeldahl method.

RESULTS

Table 1 summarizes nitrogen-balance results of
the first series of tests. The addition of 59 _skim
milk powder increased nitrogen retention signifi-
cantly over the values obtained with the basal
diet. " The addition of 0.179c L-lysine plus 0.025r7
m._-tryPtophan, the quantities of “these two amino
acids found in 5% skim milk, also improved nitro-
(I;en retention significantly; In fact, to the same
evel reached with skim milk. The addition of
beans increased nitrogen retention, but supBIemen-
tation with both skim_milk and beans  brought
further improvement. The retentions of nitrogen
decreased markedly and sometimes became negative
with a return to "the basal diet after feeding the
basal F'“S any of the supplements. _

Table 2 shows the results of individual periods
as well as averages per treatment of the second
series of experiments. The addition of skim milk
again improved nitrogen retention  significantly.

e additions of torula yeast and torula yeast plus

do$g§ fed lime-treated corn supplemented with skim milk,

Average change

Intake Fecal

Basal o o718 165 3%
B - 5% skim milk 643 1719 3
Basal 560 194 405
B - L-lysine HC1 4-

DL-tryptophan ' 611 197 283
Basal 50 189 299
B -}- black beans 1 6% 24 A0
Basal o 394 143 289
B -f 5% skim milk 457 133 215
Basal 30 4 28
B 4“ 5/7 skim milk i

black beans ” 59 193 25

*Average values from.
bﬁltrog%n _retentlonmltro g

Urine Retained Absorbed Retained

in XR /N |'mto
basal diet
After

9c of intake Before

714 2.6
B 722 23 187 283
-39 63 - 70
B 617 214 284 183
32 636 6.1
13 600 206 145 0 302
B 637 - 96
09 709 238 334 189
18 665 49
Im 66l 300 Al

2 do%s |%?5<e2 balance periods per dog per treatment.

'Amino acid levels used: 0.17% L-lysine HC1 and 0.02597 DL-tr¥ptophan.

Amount of black bean flour fed eguivalent to 3297 of total ni

rogen intake (weight/dav

z_ozgkgm):ount of black bean flour fed equivalent to 22% of total nitrogen intake (weight/dav
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ble 2 itro%fn baIancq of dor%s*fed lime-treated corn supplemented with skim milk,

Table 2.
torula yeast and tor

a yeast plus lysi

Nitrogen Average, change

Intake Fecal Urine Retained Absorbed Retained '"ﬁ?@%ﬂﬁm’%

Period mglkg/day % of intake Before  After
Basal o 1349 8 28 B 162 109
B -f 5% skim milk 1 40 104 204 112 75.2 26.7
2 416 103 172 4 75.2 339

x 418 103 188 127 75.3 04 0195 0284
Basal P45 1Hx 3W - R 682 - 18
2 32 102 242 48 74.0 122
x 408 118 282 8 711 2.0
B+ 3% torula yeast i 447 131 219 o 707 A7
2 469 139 213 107 704 24.9

x 458 1% 216 107 1705 234 0214 0085
Basal i 3% 133 20 52 65.6 134
D309 100 157 52 67.6 16.8
x 48 17 119 52 66.7 149

B -(- 3% torula yeast +

0.14% L-lysine HC1 1 344 128 13 85 62.8 247
A AV K 90 65.7 264

x M 12 1R 89 64.4 259 0110 0175
Basal i 307 112 186 9 63.5 2.9
2 300 1 83 §8.1 137
x 310 106 178 26 65.8 84

bﬁvera e per perlod] of 3 dogs.

Itrogen ‘retention/nitrogen intake.

0.14% L-Igsine HC1 as well as the amount of lysine

found in

%_ torula yeast, also increased nitrogen

balance sigfnificantly, but the values were lower

than that fr 1
lysine addition was shght.lr
torula alone in increasing ni

rom skim milk addition. The torula-
more effective than
rogen retention. Feed-

Table 4 presents the results of the final series
of studies. The addition of hoth skim milk and
4% fish flour significantly improved the nitrogen
retention of dogs fed lime-treated maize flour. In
retention of nitrogen was superior for
ur supplement.

this stud

the fish

ing of the basal diet after any supplemented period
caused a decrease in nitrogen retention. The de-
crease was greatest after skim milk, followed by
torula_ yeast F'”S lysine and torula yeast alone.
This is”indicated by the change in nitrogen reten-
tion/nitrogen intake upon adding and withdrawing
the supplement. _

~ Table 3 summarizes the average results obtained
in the third series of exFenments._ The addition
of skim milk and of torula yeast, increased nitro-
gen balance sl?(nlflcantly, the ‘increase being %reater
with skim milk, followed by the torula yeast. The
fish flour supplement increased retention of nitro-
?en in the first period only, but the lower reten-
lon observed in the second was probably due to
a decrease in nitrogen intake. Food intake with
the basal diet was not maintained at a constant
level, because the animals did not consume all
that was offered, particularly at the end of the
series. As before, nitrogen balance was decreased
by feedm? of the basal diet after any of the
supplements and was lowest after skim™ milk.

DISCUSSION

The results corroborate observations made
with rats in which lime-treated corn flour
was enriched with proteins of animal and

vegetable origin (Bressant and Marenco,
1902; Bressan et al, 19603. The improve-
ment in nutritive value made bg the protein

Ses in nitro-

added, as Indicated ny the Incre
en reten_gon_, IS ?bably due malnl¥] to
e contribution of lysing" and tryptophan,
the most I|m|t|n% amino_acids “in_ lime-
treated corn (Bressani, 1960 ; Bressani et al,
08 Scrimshaw ct al., 1958). _
While it 1s_true that pitrogen retention
varies proportionally with ni rogen Intake
and that, In the experiments repQrted there
In Intake, this is not
he effects noted.
adjusted accorg-

fF e
Imary  cau
Nltro%en Intake, aTthough
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Table 3. Nitrogen balance of dogs fed litne-treated corn supplement with skim milk,
torula yeast and fish" flour.”

Nitrogen
Intake Fecal Urine Retained Absorbed Retained NR.'nT " to basal diet

Period mg/kg/day % of ntake Before After

1 179 460 8 B2 14

78 188 437 13 745 163

129 183 448 B 749 134

813 179 %0 284 780 343

79% 138 294 34 87 457

804 158 322 3 803 403 0209 0.207
684 1L 397 B 7719 199

665 159 378 18 761 192

674 155 3@ 12 770 196

664 121 2714 269  8l8 405

664 159 307 218 767 319

674 140 290 244 792 %2 0166 0.117
552 1% 308 109 755 197

56 124 249 183 764 21

559 19 28 12 761 245

516 165 185 166 es0 322

33 42 180 n 639 181

44 153 183 118 663 260 0015

verage per enod af 3 dogs.
moggen pret ntion/nitrogen intake.

Basal

B - 5% skim milk
Basal

B + 3% torula yeast
Basal

B 4% fish flour

X N op X PO— X N ==X N =X N X N

mq to the weight gain of the animals, could ~ Except for the bean supglement the de
not be kept constant W|thout force feedlnq crease In nltrogen balance after removal of
ecauset iammas ref u?e to consume all the supplemen was reater the better the

the calculated unsupp emented diet. As protein qua lity of the sup ement For ex

gﬁested by Harper (1957-58), it may- ample, the roteln quall g/ of 5|m m|
be"harmful fo the animal fo consume Iargi superior 1o t at of toru east sme
gmounts of deficient proteins. Care should and both are superior to toru a east dlone,
e taken In suggesting increased consump- AIthough torula yeast Is a.good source of
tion of protein With amino acid deficiencies Ksme on Oly 805¢" Is blologlcally available;
since, the refusal of the unsupplemented this would account f [he better quality
diet is probably a defense mechanism. when supplemented wnh ysine,

and LSH eﬂ4 Nitrogen balance of dogs fed lime-treated corn supplemented with skim milk

Nitrogen
Intake Fecal Urine Retained Absorbed Retained

Diet Period mg/kg/day % of intake

Basal + 5% skim milk i 472 103 215 9% 18.2 19.9
2 469 132 270 67 18 143
5 497 132 269 9% 134 193

479 122 271 86 145 179
491 125 323 43 145 8.7
498 129 291 18 41 157
494 127 307 60 143 121
479 109 21 149 7.2 31
481 110 206 1% .1 322
480 109 218 183 13 319

*Each period represents the average of four dogs.

Basal

Basal + 4% fish flour

X PO X PO —- X
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AIthouqh black beans are of a lower pro-
tein quality than skim milk or torula yeast,
the. findings with this supplement after it
emission from the hasal diet_did not follow
the pattern observed with skim milk, torula
yeast with and without Jysine. . This was
robabIX because of the larger increase In
nitrogen Intake when heans™ were fed and
the ngnlflcant decrease in intake when they
were omitted. These results deserve, further
study hecause the rural populations in mam-
areaS In Latin America consume mainly
corn and beans.

Nutntlonal surve& carned out in pre-
school children In Guatemala (Flores ang
Garcia. 1960) have shown that some animal
protein is consumed every two or three
days, and .in some cases every day. The
effect of this sporadic supplement is not well
known though 1t 15 assumed to be good.
However, .as indicated by the dog datd, the
change might he of [ittfe or no”benefif to
the éxtent that it reduces subsequent food
consumptlon The results are o ractlcal
|m ortance for p roulattons oonsummé] diets
W |ch are poor. o both quantlty an quaI-
ity of proteln since |me treate com is the
most importan st%oe food in the rural diet
of most Central American countries (Flores.

Flores and Garcia, . Efforts
should be made to, find effective ways of
Improving Its protein contribution.
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