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The Volatile Constituents of Passion Fruit Juice
DAWES N. HIU bana PAUL J. SCHEUER

Department of Chemistry, University of Hawaii, Honolulu 14, Hazvaii

(Manuscript received March 29, 1961)

SUMMARY
The characteristic flavor of passion fruit was found in the water-insoluble

0il, which constituted ca. 36

ppm of the juice.
caproate n-hexyl butyrate, ethyl caproate
95% of the oil, and, among these four, n-

Four components, n-hexyl
and ethyl butyrate, made up ca
exyl caproate was found to be the

h

principal component accounting for ca 70% of the volatile passion fruit

gssence.

The unidentified portion of the oil (ca. 5%) very likely contains compounds

of greater structural complexity than those identified.

Evidence for this assump-

tion comes from the appreciable specific rotation of the crude oil. It is also
reasonable to assume that the olefinic unsaturation encountered in the crude
oil (Table 1) has its origin in the unidentified portion of the oil.

Gas-liquid partition chromatrf rp h has
become a powerful research tool ‘for the |
vestigation of volatile plant onstrtuents
srnce the method was developed by James
Martin (1954), in 1952 An ‘example
of a recent aﬁolrcatron to the study of a fruit
essence 1S the, Work on strawberries by
Corse and Dimick 2
Research on the cons ituents of tropica|
fruits has been |argel¥ confined to nutrrtronal
aspects, and genérally restricted qross
analyses of sugars, vitamins, efc. A notahle
exception is pioneering Work b Haaqen
Smit et al. (1945) on'the volatife constitu-

ents of pineapple.
processing of passjon

The rowrnIg
fruit (Passitlora edulis ) have assumed im-
%ortance In recent yeas In Australia, New
ealand, South Affica, and Hawall. Most
of the edible s(oecres of the %enus Passrflora
are en emrct trogrca Am nc% The frrf
see s of P. eu(f s, which ears purB
frult, were introduce to Hawail from A
tralia about. 1880 and were planted in the
LrIrk | drsﬁrrct of East Mau ( Anon)(m s,
This circumstance has resulte
the trvraI name lilikor for passion fruit rn

and

EFrom the Ph.D. thesis of Dawes N. Hiu, Uni-
versity of Hawaii, 1959.

bPresent address: Chaminade College of Hono-
lulu, Honolulu, Hawaii.
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Hawaii. The variet
Hawgn is not the orle
U

?rown commercially in
hat bears |:our ple frurt
h t a yellow-fruited variety, f ulis 1
favrcarga Deoener P. edulrs I stil ?
mon vine In the mountains of most of the
islands in the Hawaiian chain. Prior re-
search on the constituents of passion, fruit
have been nutritionally oriented studies n
India. That work has heen summarized
Pru thi an

In. view of our lack of kn?wledge of the
voIatrIe constrtuents of P. edulis, a fruit with

a unjque and geasant flavor, a study of this
problem seemed desirable.

EXPERIMENTAL METHODS

[solation of the essence. Fresh passion fruit
from the University of Hawaii Experiment Sta-
tion farm at Waimanalo, Oahu, was graded to
remove unripe, decayed, and damaged fruit. It was
then stemmed and washed, and sliced by a rotary
slicer. The rind was removed by a centrifugal
separator. The seeds and other solid particles were
removed by two pulping machines, first to pass a
7.9-mm screen, then a 60-mesh screen.

The resulting juice was diluted 1:2 in water and
processed through a fruit-essence recovery unit of
the flash-heater-vaporizer-concentrator type de-
scribed by Walker and Patterson (1955). An oily
layer possessing the characteristic passion fruit
odor separated above the steam distillate. The
aqueous condensate was returned to a reflux column
above a reboiler. The stripped material was
checked by periodic taste tests.
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The aqueous distillate was extracted with petrol-
eum ether (b.p. 35-43°), which had been purified
by shaking with concentrated sulfuric acid, washing
with water, drying, and fractionating. The effi-
ciency of this extraction was demonstrated by con-
tinuous extraction of the remaining agueous phase
with diethyl ether for 24 hours. The ether ex-
tract contained only a trace amount of residue with-
out the characteristic passion fruit odor.

The petroleum ether extract was dried over an-
hydrous sodium sulfate, and the solvent was re-
moved by distillation through a 1.8 X 25-cm column
packed with glass helices. A yellow oil remained.

Examination of the organic phase. The fragrant
yellow oil was subjected to the standard qualitative
tests. The results are summarized below.

Gas-liquid partition chromatography (GLPC)
was used in order to determine the complexity of
the oil. The apparatus was built into a Cenco
Dekhotinsky constant-temperature oven. The de-
tection device was a Gow-Mac Pretzel heated fila-
ment type. The electronic circuitry of the bridge
was essentially as described by Dimbat et al.
(1956), and the sample introduction system as re-
ported by Tenney and Harris (1957). The column
support was Johns-Manville C-22 fire brick (40-
60-mesh) treated with concentrated hydrochloric
acid to remove iron. Two partitioning agents were
used, silicone and Carbowax 1500, 4 g in each case
for 10 g of fire brick. For the silicone column,
Dow-Corning silicone high-vacuum grease was dis-
solved in ethylene dichloride with heating, and the
fire brick was added with stirring. The mixture
was heated on a steam bath, with occasional stirring,
to remove most of the solvent. It was then dried
overnight at 100°. The material was packed into
10 ft of copper tubing, 5/16-in. diameter, by use of
a vibrator. The column ends were plugged with
Pyrex wool, and the column was coiled to fit the
oven. The Carbowax 1500 (Union Carbide and
Chemical Co.) column was constructed similarly.
Column temperatures were 184, 143, and 100°. The
carrier gas was helium flowing at 45 ml/min. The
columns were calibrated at the three operating
temperatures with series of known compounds.

Quantitative estimates of the percentage com-
position of the oil were obtained as follows. The
GLPC apparatus was calibrated with known stand-
ard mixtures. The areas under the component
peaks were cut out and weighed. The areas were
plotted against percentage composition. The areas
under the peaks of chromatograms of the volatile
011 were then compared with the standard.

Preliminary GLPC runs of the oil indicated the
presence of one major and at least four minor
components. Subsequent separation was fashioned
accordingly, and a combination of reduced pressure
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distillation and column chromatography led to the
desired results.

Reduced pressure distillation under a nitrogen
atmosphere in semi-micro equipment (Synthetical
Laboratories, Chicago, 111) allowed clean separa-
tion of the major component, which was identified
by standard analytical methods and by synthesis.

Column chromatography was carried out in dry-
packed Florisil (Floridin Co., Tallahassee, Fla.)
columns (18 mm X 38 c¢cm). The successive eluants
were petroleum ether (b.p. 30-43°), diethyl ether,
and acetone.

The minor components were identified by paper
chromatography and spectral analysis. Infrared
spectra were determined with a Beckman IR-2A,
and ultraviolet spectra with a Beckman DU, in-
strument.

Paper chromatography was carried out on W hat-
man No. 1 paper in two solvent systems, n-
Butanol-glacial acetic acic-water (40:10:50) and
benzene-glacial acetic acid-water (100:75:100) were
used with upward irrigation and overnight equi-
libration. The chromatograms were dried after
the solvent front had traveled 20 cm. Comparison
of the spots was carried out as described by
Meigh (1955).

RESULTS AND DISCUSSION
Over aII yield of water rnsoluble yeIIow

cgva?elded 5)4 of |I géo raw
11958y267k e gafon (k. J)J) )
The (tlwo 3|Is were Identical |n com

posrtrbn as demonstrated by GLPC.
1 shows the results of standard

qua rtatrve tests Densrtgy of the orI Was
found to be 04%° and optrca rota
tTrch]n OLfJ \t/he urte oil ga](d : 0
g spectrum ea compiexi
hibiting @ maximum of low mteﬁsrty% t 280
Table 1 Qualitative tests on the volatile oil
of passion fruit juice.
Test Result
Solubility v.s. diethyl ether, chloroform,
benzene, MeOH
Elemental analysis  halogen
nitrogen
sulfur -
Functional group carbonyl -
analysis OH .
gster +
acid -
olefin +
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mix a minimum at 266 m” in addition to end
absorption, The IR spectrum had mabor
bands at 2,89, 3.45, 5.75, 6.83, 7.25, 8.01,
850, 9.09, 11.09, and 13.7" 'GLPC analysis
]lcn t¥,vo systems showed five clearly defined
ractions.

_ The major component. Vacuum_distilla-
tion |n|t|alfy glelded four fractions. The ma-
terial up t0 30°/0.4 mm represented high-
ol mq components of the_ extraction solvent
(petroleum ‘ether). Fractions 3 and 4 were
redistilled and cut into 3 fractions, The
highest boiling_fraction, 61-62°/0.2 mm,
was shown by GLPC to be essentially pure.
This compound had the foIIowm% Proper-
ties; d420°= 0.8707, nD0° = 14282, [a]D26°
= 0°. All but two IR bands of the crude ol
(2.89 and 7.25 g.) were present in the spec-
trum of this component:3.44, 5.77, 6.81, 8.04
8.52, 9.05,9.90, and 137 i The new band
at 9.90 xwas unresolved in the spectrum of
the crude oil. The structure of this com-
ponent, which was shown by GLPC to be the
major constituent of passion fruit oil, was
proved as follows: _
1) Combustion analysis (performed by

Dr.” A. Bernhard, Miilheim/Ruhr, Ger-
many) gave the foIIowmg) results, ~Calcu-
lated “for Ci2H2402: C, 71.95; 2.08;

' H, 1
0, 15.98: C-methyl, 15.03. Found: C, 71.54,
71.84:H, 1155, 11.71; 0, 1662, 16.77; C-
methyl, 0.45, o

2)" The compound was reduced by lithium
aluminum hydride to an oil that lacked the
carbom(l band at 5.77 xand exhibited a new
band at 3 jx The 3,5-dinitrobenzoate of this
alcoholic material was prepared in the usual
manner and furnished a single 3,5-dinitro-
benzoate, m.p. 56-57°, after several re-
crystallizations from MeOH-water, Analg-
sis: Calculated for CiHioN206: C, 52.70;
H. 5.44: N, 9.46. Found: C, 5268, 52.72;
H, 546, 5.44; N, 9.21, 9.45,

3? The major component was hydroIYzed
by IN potassium hydroxide in boiling ethyl-
ene glycol. The resulting acid and “alcohol
were isolated. An anilide of the acid had
m.P. 92-94°, comgared with the literature
value, (Vogel, 1951; £ 361) of 95° for
caproic acid anilide. A 35-dinitrobenzoate
of the alcohol melted at 57-58°, compared
with 61° (Vogel, 1951; p. 267) for W-hexy(]l-
3,5-dinitrobenzoate. Infrared Spectra of the
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hydrolrms products were, identical in_all
respects to those of caproic acid and of w
hexyl alcohol. ,
4)  w-Hexyl caproate was synthesized
from caproyl “chloride and hexyl “alcohol,
The, resultirig ester was purified by repeated
distillation in vacuo until the cuf, b.p. 73-
74°/0.3 mm, was shown to he pure by
GLPC. Infrared and NMR spectra of syn-
thetic w-hexyl caproate were identical in”all
resgects to those of the major component.
The only anomalous—and very puzzling—
result in the entire structure proof was the
essentially zero value in the C-methyl deter-
mination "of & compound that has fwo such
groups. This result lent support to, an early
working hypothesis that the major com-
onent'was a lactone rather than ‘an ester.
ubsequent experimental results (vide su-
pra) made this hypothesis untenable. In
order to correct or confirm the early analyti-
cal results, samples of natural and éynthetlc
w-hexyl caproate were subﬁected to C-methyl
determination with the following results:

Natural Synthetic

0.7, 113% 00, 0.0%

% C-methyl found: 2
U370

Calculated"for 2 C-methyl:

Itis therefore_apparent that w-hexyl caproate
IS indeed resistant to oxidation “under the
conditions of the Kuhn-Roth determination
and gives anomalous results. .

_ The minor components. Initial separa-
tion. A crude separation was achieved hy
column chrom_atograp,hY on Florisil. Five
?rams of volatile o1l yielded: 1) 4 g of color-
ess petroleum ether eluate possessing an
odor very similar to that of w-hexyl caproate;
2) 0.78 g of straw-yellow diethyl ether
eluate having an odor strongl¥ reminiscent
of peaches; and 3) 0.01 ¢ of dark-yellow
viscous oil eluted ‘with acetone having an
odor not unlike that of apricots. No GLPC
plot could be obtained, for the acetone eluate
since the oil was_too viscous to be introduced
satisfactorily. _Flgi. 1 compares GLPC plots
of the crude oil, the petroleum ether eluate,
and the diethyl ether eluate. The petroleum
ether fraction a parentIK had a composition
very similar to that of the crude oil, and the
diethyl ether eluate contained components
not previously encountered. All identifiable
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c-11

RECORDER RESPONSE , MILLIVOLTS

TIME, MINUTES

_Fig. 1 GLPCs. (a) volatile oil; (b) petroleum ether eluate; (c) ethyl ether eluate.
Silicone on fire brick; 184°; helium at 45 ml/min.

peaks are numbered successively with in-
creased retention time, and are referred to by
these designations hereinafter.

|dentification.  Since ethyl alcohol had
been identified as a component of the
aqueous phase (unpublished data) and n-
hexyl caproate as the major constituent of
passion fruit oil, it seemed reasonable to sus-
pect the _presence of other ethY_I and hexyl
esters. The relation of retention time 10
boiling point was therefore determined for
a series of authentic esters under our ex-
erimental conditions, The results are in
able 2. To allow bmlmg-gomt assignments
to be made on the basis of retention times,
the above data were plotted. It should be
pointed out that ,bmlmq points correspond-
Ing to very brief retention times ~(one
minute, or less) are not reliable, since the
respective compounds are eluted. very
nearly as fast as it takes for the carrier gas
to pass through the column. For very Iong
retention times the accuracy of the estimate
boiling points diminishes; since diffusion
effects tend to broaden the GLPC peaks.
This 1s particularly apparent with fractions
in very low concéntration, which give rise
to broad peaks of small deflection. "Table 3

shows retention times of component peaks
and estimated boiling points.

Petroleum ether eluate. Fig. 1 indicates
that the column fraction eluted with pe-
troleum ether consisted of four émnmpal
components, C-Il, C-9, C-6, and C-4, cor-
res%ond_llng to the major constituents of the
crude oil.

Component C-Il, having a retention time
of 10.8 min, was se‘parat_ed by GLPC and
collected. It had a refractive index of 1.4237

24°), compared to a value of 1.4282 (20°)
determined earlier for n-hexyl caproate. The
infrared spectra of C-11 and n-hexyl caproate
were identical in all respects.

Table 2. Retention times of six known esters on
a silicone gas—llqmd partition chromatography col-
umn at 184°.

Bt Iy Eollggon
Ethyl acetate 114 I
Ethyl butyrate 1.64 121
Ethyl caproate 2.82 168
»-Hexyl acetate 2.84 169
»-Hexyl butyrate 534 208
»-Hexyl caproate 108 245
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Table 3. Retention times and estimated boiling
Eom_ts of all component peaks on a silicone gas-
iquid partition chromatography column at 184°.

. Estimated
Component tﬁmeete%?n bOﬁlUgC[}O'm
C-l 0.96
C-2 112 I
C-3 136 9%
C-4 1.64 120
CS 2.16 145
C-6 2.82 170
C-71 3.60 185
C-8 4.40 198
C-9 S 208
C-10 8.66 238
C-ll 10.80 245
C-12 14.44
C-13 165
C-14 23

Component C-9, with a retention time of
5.34 min, corresponded to a compound hav-
ing a b.p. ca 208°. Its identity was proved
RX comparison with an authentic sample of

-hexyl butyrate. Its refractive index was

1.4165 (20°), compared to a literature value
Huntress and Mulliken, 1941) of 14188
15°) ;. paper chromatography of its hy-
roxamic acid derivative showed it to be an
ester of butyric acid; and its infrared spec-
trum was identical in all resgects to that of
aDésg/nthetlc sample, b.p. 52-53°/0.5 mm,
nD2& 1.439.

Component C-6, retention time 2.8 min,
corresponded to a compound having a b.p.
ca 167°. The material was separated b
GLPC and collected. A paper chromatg-
%ram of the hydroxamic acid derivative in

UOH-AcOH-water exhibited two spots,
Rf 0.83 and 0.08, respectively correspond-
Ing to caproic and acetic acids. An infrared
spectrum’ of this component was identical

with the spectrum of ethyl caproate, with
one deviation: our compound had at 12.4 k
a band that was lacking in the spectrum of
ethyl caproate. Component C-6 therefore
represents slightly impure ethyl caﬁroate.

To allow identification of C-4 the GLPC
apparatus was recalibrated at 143°. Stand-
ard retention times were found in the man-
ner described above for the higher tempera-
ture. In this manner C-4 was identified as
ethyl butyrate, and the identity of C-6 as
ethyl caproate was confirmed.

Dleth¥l ether eluate, Further gross sepa-
ration of this material into two fractions was
obtained by rechromatoqraphy on Florisil
and elution with petroleum” ether-diethyl
ether (1 1). Decreasing amounts of yellow
oil were eluted in fractions 1-7 and a Viscous
ellow oil of different odor in fractions 8-10.

he first seven fractions were combined
rechromatographed on Florisil, developed
with petroleum ether, and eluted with ‘in-
creasing concentrations of diethyl ether.
GLPC “analysis of the resulting 24 chroma-
tographic fractions yielded the following in-
formation : Fractions 1-4 consisted eSsen-
tially of solvent; fractions 5-8 consisted . of
a mixture of C-4, C-6, C-9, and C-Il, which
had been previously encountered in the pe-
troleum ether eluate and identified. None of
the remaining fractions were  obtained. in
sufficient amount for qumve identification.
Spectral data were obtaingd, of several frac-
tions having the characteristic odor of roses,
apricots and peaches.

QUANTITATIVE ESTIMATES OF THE
IDENTIFIED COMPONENTS

Three standard mixtures of n-hexyl
caproate, w-hexyl butyrate, ethyl caproate,
and ethg/l butyrate, corresponding to C-II,
C-9, C-6, and ‘C-4, were prepared in propor-
tions similar to those found in the passion

Table 4. Composition of quantitative standards for estimation of C-4, C-6, C-9, and C-II.

Standard 1
Comporert W a
Ethyl butyrate C-4 00774 770 94
Ethyl caproate C-6 01289 128 140
ra-Hexyl butyrate C-9 01989 198 191
1Hexyl caproate C-Il  0.6000 59.7 57,6

Standard 2 Standard 3

 d t ak
0.0484 481 69 0.0305 3.04 47
02061 1206 110 00683 680 82
01482 148 148 0.0983 9.79 106

0.7023 699 673 0.8067 804 765
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Conponert

Ethyl butyrate C-4 0.0023 33
Ethyl caproate C-6 0.0087 124
«-Hexyl butyrate C-9 0.0101 144
«-Hexyl caproate C-Il  0.0492 700

fruit oil. The data are in Table 4. When
known percentage composition was plotted
a?allnst corresponding areas under the peaks,
straight lines  were “obtained for the three
experimental points in all cases. The plots
are reProduced in Fig. 2. A GLPC trace, of
the total volatile oil ‘was used to determine
the relative areas under the Peaks reP_re-
senting C-4, C-6, C-9, and C-II by cutting
out the peaks and weighing the paper. Per-
centage composition was then read from the
calibration curves (Fig. 2). These data are

20

sl e o—o n-hexyl butyrate! |
a——a ethyl caproate

PERCENT COMPOSITION BY WEIGHT
S
1
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0 | | 1 1
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I

40 [D—u n-hexyl caproate |—
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7
oL | 1 L |
o 20 40 60 80 100
PERCENT AREA BY WEIGHT

Fig. 2. Calibration curves for quantitative an-
alyses of components C-4, C-6, C-9, and C-II.

l%SUOll
Wodr WO W o
10 0.0028 3.7 2.0
11.6 0.0074 07 9.0
142 0.0118 155 15.2
73.0 0.0543 71.0 740

in Table 5. The peaks C-l and C-2, which
had been shown {0 be caused by petroleum
ether, were neglected, and all' remaining
peaks were weighed. Comparison_ of this
weight with the ‘weight of peaks C-4, C-6,
C-9, and C-Il showed that the four identi-
fied components represented 94.7% of the
total volatile oil. The percentage figures ar-
rived at in Table 5 were then corrécted for
this factor. The true percentage composition
by weight is shown in Table 6.

DISCUSSION

It is interesting to compare these results
with some of those reported for other fruits.
The volatile oil of banana (13 ppm) is com-
posed largely of amyl esters of acetic, iso-
valeric, isocaproic and caprylic acids in addi-
tion to a number of unidentified compounds
(Haagen-Smit ct al, 1945) Prapefrun
essence (15.7 ppm) is made up largely of
limonene (Kirchner and Miller, 1953) ; and
strawberry oil (75 ppm) contained over 40
compounds of which ca. 20 have been identi-
fied. The esters among the identified com-
pounds were eth)(l butyrate, isovalerate, and
caproate, as well as ‘isoamyl and «-hexyl
acetates (Corse and Dimick, 1958). To our
knowledge this is the first report of the oc-
currence” of w-hexyl caproate in a natural
product. The component alcohol and acid

Table 6. Percent composition by weight of
volatile passion fruit oil.

Weight percent conyaosition
Component ]£7 1%8
Ethyl butyrate C-4 0.9 19
Ethyl caproate C-6 110 85
«-Hexyl butyrate C-9 134 144
«-Hexy! caproate C-lI 69.1 701
Unidentified components 555 51



HIU AND SCHEUER

have, however, been found in strawberry
essence (Corse and Dimick, 1958).

ACKNOWLEDGMENTS

Financial support of this work was provided hy
the Western Utilization Branch, ARS, U. S. De-
Partment of Agriculture, through a grant to Pro-
essor G. Donald Sherman, Hawaii® Agricultural
Experiment Station. _

NMR spectra were determined by Dr. A A

Bothner-Bﬁ/, Harvard University, and Professor
L. Mandell, Emory University.

REFERENCES
Anonymous. 1956. “Passion Fruit Culture in

awaii.” Extension Circ. 345, University of
Hawaii College of Agriculture.

Corse, J., and K. P. Dimick. 1958. The Volatile
Flavors of Strawberry. In “Flavor Research
and Food Acceptance.” Reinhold Publishing
Corp.,, New York, p. 303.

Dimbat, M., P. E. Porter, and F. H. Stross. 1956.
Gas chromatography. | Apparatus require-
ments for quantitative application of gas-liquid
partition chromatography. Anal. Chem. 28, 290.

Haagen-Smit, A. J., J. G. Kirchner, A. N. Prater,
and C. L. Deasy. 1945. Chemical studies of
pineapple. 1. The volatile flavor and odor con-
igltlgents of pineapple. /. Am. Chem. Soc. 67,

563

Huntress, E. H., and S. P. Mulliken. 1941, “Iden-
tification of Pure Organic Compounds.” p. 321.
John Wiley & Sons, Inc., New York.

James, A. T., and A. J. P. Martin. 1954, Gas-liquid
partition _chromato?raphy; the separation and
micro-estimation of volatile fatty acids from
formic to dodecanoic acid. Biochem. J. 52, 238,

Kirchner, J. G, and J. M. Miller. 1953, Volatile
oil constituents of grapefruit juice. /. Agr.
Food Chem. 1, 512

Meigh, D. F. 1955, Volatile alcohols, aldehydes,
etones and esters, In “Modern Methods of
Plant Analysis.” Vol. II, p. 441, K. Paech
?_nd M. V. Tracey, eds. Springer-Verlag, Ber-
in,

Pruthi, J. S, and G. Lai. 1959. Chemical composi-
tion of passion fruit (Passiflora edulis Sims).
[. .S0. Food Agr. 10, 188.

Tenney, H. M., and R. J. Harris. 1957. Simple in-
troduction system for gas chromatography.
Anal. Chem. 29, 317.

Vogel, A. I. 1951 “A Text-Book of Practical Or-
ganic Chemistry.” Longmans, Green & Co,
second ed.

Von Loesecke, H. W. 1949. “Bananas.” p. 107.
Interscience Publishing Co, Inc., New York.

Walker, L. H., and D. C. Patterson. 195. A
laboratory fruit-essence recovery unit. Food
Technol. 9, 87.



Volatile Esters of Bartlett Pearsal

WALTER G. JENNINGS

Department of Food Science and Technology
University of California, Davis

(Manuscript received June 10, 1961)

SUMMARY

Esters are responsible for the typical desirable aroma of Bartlett pear. Hy-
drolysis products of these esters were resolved by gas chromatography. The
major ester acid is an unsaturated 10 carbon acid, which hydrogenates to yield n-
capric acid, as identified by relative retention volume and infrared spectroscopy.
Nonanoic acid is present In relatively large amounts, and smaller amounts of
acetic, Eropmmp, butyric, caproic, and caprylic acids are involved. The major

ester a

cohols include n-butyl alcohol and” n-hexyl alcohol. Two other still

unidentified alcohols, ossib[y(folyfunctional or cyclic, occur in large amounts.

The author was unable to fin

_ Most fresh fruits are characterized by par-

ticular natural aromas that strongly “influ-
ence buyer appeal and consumer agceptance.
These volatile flavor compounds, thoulgh the
object of much study, remain largely un-
identified. Red?rqve (1939), reporting on
s¥nthetlc formulations, implied that a blend
of several materials was essential for satis-
factory imitation of the pear flavor. Elis list
included, in decreasm? order of importance,
isoamyl acetate, ethyl acetate, citrus oils,
butyl “acetate, isobutyl acetate, ethyl butyr-
ate, and isoamyl butyrate.

Mehlitz and Matzik (1956) studied the
volatile acids of several ﬁear varieties, not
including the Bartlett. They report
tile acid” contents ranging _
mg/L for vp-' .~ Volatile

. A'the Guyot.
... __cr-3 identified by paper

. ..grip.iic techniques, were found in
all varieties ; no other acids were reported.

Antoniani et al. (1954), Antoniani and
Serini ﬂ1955), and Serini 81956) demon-
strated the presence of 2,3-butylene glycol
and acetoin ‘in pears and apples, and” Sug-
gested that, because the amounts and ratio

“This project was supported in part by funds
from Pear Zone No. 1
"Presented as paper No. 25 at the 21st Annual

Meetinq, Institute of Food Technologists, New
York, 1961

evidence of ethyl esters.

varied with fruit maturity, these might
serve as an index of ripeness. Amoore
1952), attempting to relate certain meas-
urable’ chemical or Physwal properties of
specific compounds to"the odor response
generated, predicted that methyl-carbo-
methoxypimelate would have ethereal, floral,
and faint minty components that together
would yield a pear aroma. Johnston (1960)
submitted this ester to an odor panel” under
closely controlled conditions, ‘and found
that, "though flow rate and concentration

affected ré' e, at most levels a fruity-
unr
i

p—

or with floral overtones was

, study designed to identify the vola-

of Bartlett pears and evaluate their
roles in determining flavor, an enclosed
processing system has been utilized that per-
mits recovery of the volatiles in an aqueous
essence (Jennings et al, 1961). The work
reported here concerns the identity of sev-
eral of the esters in this essence.

METHODS

Preparation of essences. The essences used were
recovered from fresh, ripe Bartlett pears processed
in an enclosed system previously described (Jen-
nings ct al., 1961). N

Preparation of essence hydrolysate.  Sufficient
C.P. potassium hydroxide was added to agueous
essence to achieve a solution Q.lili in hydroxide.
Thllsdwas boiled under reflux for six hours, and
cooled.
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Preparation of extracts. Aqueous essences, satu-
rated with C.P. sodium chloride, were extracted
four times with ca. one-tenth their volume of
AR. ethyl ether. The ester alcohols were ex-
tracted as described above from the alkaline
essence hydrolysate. Ester acids were recovered
by acidifying the residue from the alkaline extrac-
tion with C.P. hydrochloric acid. The fatty acids
liberated by the  hydrolysis were then extracted
with ethyl ether, as desCribed above. Control ex-
fractions indicated_ that none of the comPounds
discussed below originated from the ethyl ether.

Preparation of methyl esters. The ether extract
of the acidified essence hydrolrsate was dried over
C.P. sodium sulfate and filtered into a small
round-bottom flask, and most of the ether was
removed in a rotary flash evaporator. Boron-
trifluoride-methanol FgA plied Science Laboratories
Inc., State College a.g was added in excess, and
the mixture was heated 5 min on a steam bath,
The mixture was poured into five times its volume
of cold water, and S cc isopentane was added to
assist in the separation of shorter-chained esters
(suggested by R. E. Kepner, Chemistry Depart-
ment, Univ. of Caln‘orma}’. The ether layer was
separated, dried over CP. sodium sulfate, and
concentrated in a rotary flash evaporator.

Gas chromatography. A commercial gas chro-
matograph was used, with a four-filament thermal
conductivity cell, and helium as the carrier gas.
Columns were stainless steel, % in X 10 ft, packed
with 20% diethylene glycol succinate (DEGS)Z on
chromosorb. The column was maintained at 175°C
and the injector at 250°C, and in those runs where
fractions were collected, the collector was main-
tained at 250°C. Flow rate was 30 cc per minute.

Hydrogenation. Hydrogenation was performed
by placing 1-2 /;I of the methyl ester mixture
in a ?Iass-stoppered 20-cc Erlenmeyer flask. Five
ml of isopentane and 3 mlg of palladium black
catalyst were added. The flask was flushed with
hy_dro?en and placed on a ma%netlc stirrer. Peri-
odically, fresh hydrogen was flushed through the
flask. “After 2 hr, the mixture was filtered into
a conical test tube, and the major portion of the
solvent removed in a rotary flash evaporator.

RESULTS AND DISCUSSION

Fig. 1 illustrates a chromatogram typical
of the ether extract of pear essence, and
FI(%. 2 shows the chr,omatogram of the ether
extract of the alkaline hY’ rolysate of pear
essence. Even under alkaline conditions, the
typical pear aroma is quite strong, but when
conditions for hydrolysis are made stringent
enough that the' chromatograms are similar
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Fig. 1 Chromatogram of the ether extract of
ear essence. 175°C, 30 cc/min. Column, (4 in.
10 ft, DEGS.

Fig. 2. Chromatogram of the ether extract
(alkaline condmon? of the alkaline hydrolysate
of pear essence. 175°C, 30 cc/min. Column, (4 in.
x 10 ft, DEGS.

to that in Fig. 2, the desirable pear aroma
disappears and other odors hecome apparent.
This indicated that the desirable pear aroma
IS Iargelsy due to volatile esters.

_Fig. 3 shows a semilog plot of the reten-
tion, relative to that of »-hexyl alcohol, of a
series of known alcohols_as”a function of
their molecular welqht,s. The arrows at the
top indicate the relative retentions of the
four major peaks in Fig. 2, which are pre-
sumably”pear ester alconols. Note that the
first two of these agree with »-butyl and
w-hexyl alcohol. Thé third and fourth do
not agree with any normal straight-chain
alcohol, Because an unsaturated compound
generallly exhibits a slightly greater reten-
lon volume on DEGS "than does its satu-
rated counteri)art ‘Llpsky et al, 1959), it
seemed possible that pear alcohol 3 could be
an unsaturated C-7 alcohol. Experimental
determination showed that its' retention
volume on the DEGS substrate agreed pre-
cisely with that of 3-heptene-I-ol.

UHunmNtsfuge mylriyiw itfM
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Fig. 3. Comparison of the relative retentions of
pear alcohols éop arrows) and a series of known
primary »j-alcohols. Ji-hexyl alcohol = 1.0.

When the pear alcohols were chromato-
?ra_phed on a diglycerol substrate, a ma-
erial that resolves alcohols to a delgree that
was previously impossible, pear alcohols 1
and 2 were confirmed as «-utyl alcohol and
«-hexyl alcohol. The relative retention of
?ear alcohol 3, however, was shown to differ
rom that of 3-heptene-1-ol on this column.
(These chromatograms_were run on equip-
ment of Professors R. E. KePner and
A. D. Webb, respectively Departments of
Chemistry and Enology, University of Cali-
fornia, Davis. A report on the use of this
substrate will appear shortly.)

Infrared spectroscopy of pear_alcohols 3
and 4 showed similar spectra. The spectra
show evidence of hydroxyl groups, carbonyl
group.s, and methyl"groups. One fraction has

een isolated from a commercial preparation
of acetoin whose retention on DECS agrees
with that of pear alcohol 3. There are dif-
ferences, which might be reconciled, in their
infrared spectra, Their retention values on
the diglycerol column have not yet been com-
pared. "The possibility of terpene alcohqls
or other cyclic structures cannot he dis-
counted at “this time. Strong infrared. ap-
sorption at 5.6 ji can be interpreted as indi-
cating a stram_ed double bond in pear alcohol
3, Beyond this, the structure and identity of
pear alcohols 3 and 4 remain to be elucidated.

The author was somewhat surprised at
the absence of ethyl esters. It was con-
sidered possible that the extracting solvent,

VOLATILE ESTERS OF BARTLETT PEARS

being in vast excess, was masking the pres-
ence” of ethyl alcohol. A preparative-scale

%as chromatograph was used to check this,

y collecting "that area of the ether peak

where ethyl alcohol would have been—what

mlg?ht be fermed an ethanol center-cut. Sev-
eral such collections were combined, re
chromatographed, and then retrapped at the
oint where ethanol would have emerged.
his material was then examined on /i=in.
analytical columns containing DECS, and on
another of dlgl)(cerol, whose retention time
permits_ethanol to separate further from
ether. Ethyl alcohol was not demonstrated.
Thus, if any ethyl esters do exist in pear,
they appear to be present in relatively in-
significant amounts, e
he ester acids were isolated by agldlfymﬁ
the alkaline hydrolysate and extracting wit
ethyl ether. Fig. 4 shows a chromatogram
of the methyl esters of pear ester acids on
DEGS at 175° and a flow rate of 40 cc/min.
Fig. 5 shows a__hydro%\elnated sample under
the same conditions. Note that two major
changes are occasioned by hh/.drogenatlon.
The major peak in Fig. 4, which Talls be-
tween the positions that would be occupied
bcythe methy! esters of the normal C-II and
-12 acids, ‘is shifted to agree with methyl
caprate. There were several other changes,
somewhat less striking, such as the disap-
pearance of three other peaks and the
appearance of another on hydrogenation.
On two previous occasions, hydrogenation

Fig. 4. ChromatoPram of methylated pear ester
%cllzdé.s 175°C, 40 cc/min. Column, 44 in. X 10 ft,
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~Fig. 5 Chromatogram of methylated hydro-
genated pear ester acids. 175°C, 40 cc/min. " Col-
umn, 14 in. X 10 ft, DEGS.

resulted in a decrease of this maLor peak,
and the appearance of a new peak with a
much longer relative retention. Together
with absorptions in the infrared spectra that
could be explained on the basis of more than
one,non,e(iuwalent carbonyl grouP this was
at first interpreted as evidence of keto acids
that hydrogenated to the hydroxy form. On
this column, such a conversion would cause
a longer retention time (Llﬁsky et al,
1959)." Later work indicates that these re-
sults ‘were artifacts caused b?/ exP_erlmentaI
procedure. These earlier méthylations were
done by refluxing over concentrated sulfuric
acid ; in the currént work, the relatively new
BF3reagnent was used, resulting in méthyla-
tion with much milder treatment. Even
when samples were drawn out before hy-
drogenation had proceeded to any great ex-
tent, evidence for production of ‘the slower
component no longer exists.

Fig. 6 shows a chromatogram of the freg
unmeéthylated pear ester acids on Empol aci
dimer column at 198°C, and a flow rate of
87 ml He/min. A report on the use of this
substrate (suggested by Drs. Webb and
Kepnerz will “appear shortly in Anal¥t|cal
Chemistry. Fig. 7 shows a sample of hy-
drogenated pear ester acids_ chromato-
graphed under the same conditions. The
numbers and arrows at the very bottom of
each figure represent the positions occupied
by the appropriate straight-chain w-fatty
acids. Study of Fig. 6 suggests that pear

esters contain some acetic acid, a trace of

5%/

propionic acid, evidenced as a shoulder, a
small amount of butyric acid, one that mlqht
be_isovaleric acid, caproic acid, and capr%lc
acid. There is a major component that
agrees with nonanoic acid, one agreeln? with
capric acid, and a very large one that is.in
the neighborhood_of, “but “doesnt coincide
with, ladric acid. Though hydrogenation ex-
erts little influence on the first portion of this
curve, it has a profound effect on the major
component, which shifts and now occupies
a position corresponding to that assigned to
w-capric acid. .

Fig. 8 shows, in the upper half, the infra-
red Spectrum of the major pear ester acid,
unhydrogenated, and in" the' bottom curve,
the same material after hydrogenation.  This
bottom curve agrees precisely with the infra-
red spectrum of w-capric acid. The major
differences hetween these two_ spectra, €.g.,
the disappearance of absorption bands at
6.2, 7.1, 10.1, and 115 ix can all be accounted
for on the hasis of hydrogenation of methyl-
ene groups. . _ o

On the basis of relative retention times of
the pear acids and their methyl esters on

o
@
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Fi% 6. Ch(omato?ram of pear ester acids.
198°C, 87 cc/min. Column, 44 in. X 10 ft. Empol
dimer acid.
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Fig. 7. Chromatogram of hydrogenated pear ester
acids. 198°C, 87 cc/min. Column, 44 in. x 10 ft.
Empol dimer acid.
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Fig. 8. Comparison of the infrared spectra of the
major pear ester acid before (top curve) and after

(bottom curve) hydrogenation. Approx. 2% solu-

tions in CCU, micro-cavity cell.

these two columns, it seems reasonable to
conclude that small quantities of acetic,
butyric, caproic, caprylic, and caft])rlc acids
are” involved in these esters. There is a
trace of propionic acid,, and,dpqssmly some
isovaleric acid. Nonanoic acid is présent in
larger amounts, and the major pear acid is
an ‘unsaturated C-10 acid. _

We are currently engaged in preparative-
scale ,(t;,as chromatography to isolate larger
quantifies of pear “esters and investigate
which acids are normally esterified with
which alcohols.

VOLATILE ESTERS OF BARTLETT PEARS
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SUMMARY

A method is presented for gas chromatographic identification of the chain
length and structure of methyl esters of lower-molecular-weight fatty acids.
The chemical identity of the “cheese-like” off-odor of sauerkraut was estab-
lisned. Abnormally high concentrations of n-propionic, n-butyric, and n-caproic
acids were found in samples of kraut that had been graded low because of this
off-odor defect. A very poor sample that had been discarded, contained isobu-
tyric and isovaleric acids in addition to n-propionic, n-butyric, n-valeric, and n-
caproic acids. In this sample, n-butyric acid was found in the largest concentra-

tion— 103 ppm.

INTRODUCTION

The primary reaction occurring during
the fermentation of cabbage to sauerkraut by
the lactic acid bacteria is the conversion of
carbohydrates to acids and alcohol. The
identification of acetic and lactic acids and
ethyl alcohol as the major end products
of “fermentation has been well-established
(Pederson, 1960). At times, abnormal fer-
mentations occur, producing  sauerkraut
with various types of off-odors. An off-
odor that 1s observed on occasion has been
described as “cheese-like” to ﬁ_utrld. Al-
though relatively rare today, this off-odor
still Presents a problem of serious economic
loss to the industry. _ _

In attempting to establish_the chemical
nature of this off-odor, it was initially postu-
lated to he associated with the breakdown
of the sulfur-containing constituents of the
cabbage, particularly_ the thioglucosides and
sulfur-containing amino acids.” Many of the
unpleasant odors produced during the cook-
mgi of some vegetables have been associated
with the breakdown of the various labile sul-

aApproved for publication by the Director of the
New York State Agricultural” Experiment Station
as Journal Paper No. 1212

6  Presented in part at the 21st annual mestingThe_disti

of the Institute of Food Technologists, New York,
May, 191,

fur compounds. The possible role of hy-
drogen sulfide or volatile mercaptans was
eliminated by the use of a “chemical odor
filter” (Brenner et al, 1955). The addition
of a 5% copper sulfate solution, which com-
pletely screens out the odor of both hydrogen
sulfide and mercaptans, produced no signifi-
cant chanEe In the “cheese-like” aroma of the
off-odor Kraut. However, neutralization of
the steam distillate removed the off-odor,
suggesting that lower-molecular-weight fatty
acids, other than acetic, were responsible for
the off-odor defect.

EXPERIMENTAL

The material studied was samples of canned
sauerkraut graded according to U.S.D.A. standards
for canned “sauerkraut (“United States Standard
for Grades of Canned Sauerkraut.” United States
Department of Agriculture, Agricultural Marketing
Service, Washington. D.C., May 10, 1957). The
off-odor samples consisted of one sample ?raded
substandard and discarded because of the off-odor
defect, and four others showing varym[q degrees
of the off-odor. Controls were two samples graded
excellent.

Six hundred grams of sauerkraut were steam
distilled at the rate of 5 ml per min. A Friedrich
condenser and ice bath served to collect the dis-
tillate. Af)prox. 1200 ml of distillate were collected.

lates were addu.sted to pH 8.3 with 0.IN

NaOH and concentrated in a rotary film evaporator.
Following acidification of the sodium salts, the free
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acids were recovered by extraction with ethyl ether.
The comFaratlver large excess of acetic acid, which
is normally present in" sauerkraut, was removed by
silicic acid chromato%raphy by the method of
Marvel and Rands (1950) as modified by Rice and
Pederson  (1954). " The effluent-volume pattern
showed that all of the, Iower-mole_cular-wel(};ht fatty
acids, except for acetic and formic, were found in
the first eight fractions. After titration with 0.0LAT
methanolic NaOH, these fractions were combined
and evaporated to dryness. The acids were liberated
with 10% H=SOi and extracted with a minimum
of ethyl ether. The efficiency of recovery of the
acids “from the silicic acid” column was 97%.
The ether extract was concentrated in a stream of
nitrogen at 4°C. The fatt?/ acids were converted
to the correspondm% methy[ esters by reaction with
diazomethane (Vorbeck et al., 1961%.

A Barber-Colman Model 101gas chromatograph,
employing an ionization detection cell containing
56 microcuries of Radium 226, was used for quall-
tative and quantitative determination of the methyl
esters of the fatty acids. Since retention data on’a
single stationary phase can be misleading, two
chemically distinct tyﬂes_ of stationary phases were
used to define the chain length and structure of
the_unknown acids.

The U-shaped columns were of heavy-walled

boro-silicate glass tubing, 5 mm 1D and 6°ft long.
The stationary phases used were Apiezon L, a
non-polar saturated paraffin hydrocarbon, and 14-
butanediol succinate (BDS), a polar polyester of
succinic acid. The Aglezon L was packed on
Chromasorb W, 80-100-mesh, in a ratio of 15
éw/'w). The BDS was packed on Chromasorb P,
0-80-mesh, in a ratio of 1:5 (w/w) (Vorbeck et
al. 1960). Both columns were grecondltloned by
bakmg prior to analytical use (90°C for the AP_|e-
zon L and 85°C for the BD I) The operating
garameters were: Apiezon L column: temperature
4°C. cell 235°C, flash heater 206°C, argon pres-
sure 30 PSI, flow rate 79 ml per min. BDS column:
temperature 79°C, cell 245°C, flash heater 216°C,
argon pressure 17 lpsL flow rate 33 ml per min. A
potential of 500 volts was applied to both detectors,
and argon was used as the carrier gas for both
columns. N .

A mixture of known composition containing both
normal and branched-chain saturated acids was
prepared and chromatographed to obtain relative
retention data. Fig. 1 shows the relationship ob-
tained by plotting the log of the relative retention
volume n"a polar and nonpolar statmnarr phase.
The retention volumes were calculated relative to
methyl butyrate. The slope of the line is dependent
on the relative interactions of the esters with the
two stationary phases. Differences in London dis-
persion interactions with the stationary phase con-
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trol the separation of the normal and branched-
chain saturated esters (James, 1959). In the polar
BDS phase, the retention volumes are smaller than
in the nonpolar Apiezon L because the London dis-
persion interactions hetween the esters and the polar
phase are smaller in magnitude. With this tech-
nique, 2-methyl butyric, 3-methyl pentanoic, and 2-
methyl pentanoic acids can be Separated and iden-
tified (unpublished data).

RESULTS AND DISCUSSION

Fig. 2 shows a tracm% of the chromato-
grams of the esters from the lower-molecular-
weight fatty acids of the off-odor kraut and
excéllent kraut. A considerable difference is
observed between the two samples in both
the nature and amounts of the lower-
molecular-weight fatty acids Bresent. The
relative retention volimes in both Apiezon
L and BDS were calculated, and the peaks
are identified from the data presented in

Fig. 1

gfable 1 shows the distribution of the
lower-molecular-weight fatty acids in the
two samples of sauerkraut. ‘The amounts of
the various acids were calculated by triangu-
lation from the peak areas. Previous work
from this laboratory (Vorbeck et al., 1961)
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LOG RETENTION VOLUME (APIEZON,L)
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%,NO. CARBON ATOMS AND STRUCTURE
-1.0 | ] | 1
-0.5 00 0.5 1.0 1.5 2.0

LOG RETENTION VOLUME (BDS)

Fig. 1 Relationship between log of relative re-

tention volumes of normal and branched-chain sat-

urated acids in a polar (BDS) and nonpolar

(Apiezon, L) substrate. Retention volumes calcu-
lated relative to methyl butyrate.
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Table 1 Distribution of lower-molecular-weight

fatty acids.

Concentration (pom)

_ nt
Add

Propionic 01 6.7
«-Butyric 01 103.0
wo-Butyric — 39
«-Valeric — 192
¢Jo-Valeric — 99
«-Caproic 14 53
«-Heptanoic 109 —
«-Caprylic 100 1.

has. shown a molar-area relationship for the
lonization detector used. The standard devi-
ation of the method is £ 0.32%,

The most strlklng difference is in the con-
centration of «-buiyric acid. The off-odor
kraut contained 103'ppm, approx 1000 times
as much «-butyric acid as In the excellent
kraut. Isobutyric, isovaleric, valeric, and

RECORDER RESPONSE

Cunurius
TIME,
EXCELLENT

Fig. 2 Chromatog%rams of methyl esters of lower-molecular-weight fatt¥

o1l

w-caproic acids were also found in significant
concentrations in the off-odor kraut, but
were notably absent or insignificant in the
excellent kraut. The presence of heptanoic
acid in the excellent kraut is interesting.
«-Butyric, «-valeric, and «-caproic acids
added to the excellent kraut in the concen-
trations found in the off-odor kraut Pro-
duced a similar “cheese-like” off-odor defect.
A flavor panel could detect a concentration
of «-but}/,rlc acid of about 7 ppm in an aque-
ous solution. The effect of degree of ioniza-
tion of the butyric acid on flavor intensity is
currently receiving investigation. _
Four other samples of sauerkraut, with
less pronounced off-flavor but scored low be-
cause of the “cheese-like” odor, were found
to contain «-butyric acid as well, as other
lower-molecular-weight  fatty acids,. The
concentrations of the“acids were 5|%n|f|cantly
higher in these samples than in the second
control sample (Table 2). Three of these
(19, 45, 287[)J, like the sample previously dis-

il

OFF

ODOR
acids in off-odor and ex-

cellent kraut. BDS stationary é)hase. 1) solvent (ethyl etherg; 2) methyl propionate; 3) methyl iso-

butyrate; 4) methyl butyrate;
methyl heptanoate.

) methyl iso-valerate ; 6) me

hyl valerate; 7) methyl caproate; 8)
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Table 2. Analysis of sauerkrauts graded low because of “cheese-like” off-flavor.

Control 9 ) B 27
Lower-molecular-wt. Concentration (ppm)
fatty acids
Propionic 721 86.7 201 142
n-Butyric 03 426 211 309 376
n-Caproic — — 41 17 8.1
n-Heptanoic 16 15 — — 0.9
ra-Caprylic 39 38 0.3 21 12
Grading
Score % 89 8 9 8
Grade A C C B C
Total Acid 142 1.9 1.39 121 1.26
Salt 1.60 170 164 163 2.26
Salt/Acid Ratio 106 132 118 132 18
/(-:\s?orblc Acid 187 5.1 15 11 145
olor
Rd 290 24 214 210 293
a 0.0 -1.1 -0.3 -1.0 +2.0
cussed, had been graded high in all respects REFERENCES

except flavor. The objectionable odor and
flavor were not so pronounced as in sample
PK, and the samples otherwise showed nor-
mal analyses for total acid, salt, ascorhic
acid, and"color. .

The mechanism by which the lower-
molecular-weight fatty acids were formed
is not explained. The large concentrations
of these acids in the off-odor krauts appear
not to have resulted from simple hydrolysis
of the lipid material of the cabbage. A study
was made of the fatty acids in the extracted
crude lipid of the samPIes. No detectable
amounts of lower-molecular-weight fatty
acids were found in the phospholipid or neu-
tral fat of any samples. Whether these acids
were the result of a breakdown or synthesis
during an abnormal fermentation "is not
known, It is known that the lower-molecu-
|ar-weight fatty acids'are responsible for the
h¥qrolytlc rancid flavor of butterfat and are
of importance in the flavor development of
many types of cheeses.
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SUMMARY

Purified amyloses have been obtained from four widely different varieties
of rice by alcohol fractionation of the corresponding starch. Each variety
of amylose was found to bind 18.9 mg of iodine per 100 mg of amylose on
the basis of solvent-free carbohydrate. Viscosity measurements in potassium
hydroxide solutions have made possible the “calculation of the viscosity-
average molecular weights. These molecular weights were found to be:
Century Patna 231, 100,000; Caloro, 140,000; Rexoro, 325,000; and Zenith,
310,000, Beta-amylase action on Century Patna and Rexoro amyloses in-
dicated that the structures of both were similar.

From previous investigations (Rao et al.,
1952; Williams et al., 1 58?}, rice varieties
may now he characterized by the amylose
coritent of their starches as well as sizé and
shape of the whole grain. Little information
is_available, however, as to whether any
differences exist in the amylose molecules
themselves. The molecular weights of sev-
eral amyloses extracted from rice have heen
determined previously in this laboratory by
a periodate oxidation method (Tsai ef al,
1960). Although the amyloses prepared for
that study were not completely purified, it
was nevertheless possible to calculate min-
imal molecular we|g|hts,on the assumption
that all varieties would bind the same amount
of iodine by weight when completely purified.
The present study was undertaken to ap-
Pralse the validity of that assumption and
0 provide additional information on the
physicochemical nature of rice amyloses.

EXPERIMENTAL METHODS

[solation and purification of the amyloses.
In obtaining the four varieties of rice chosen for
this study, no attempt was made to secure uniform
nursery ‘samples. Caloro rice was obtained from

*Presented at the 21st Annual Meeting of the
Institute of Food Technologists, New York.
b1960-1961 General Foods Fellow of the Insti-

tute of Food Technologists.

Biggs Station, California; the Rexoro, Zenith,
and Century Patna 231 were obtained from Crow-
ley, Louisiana. All were 1958 crop. _

The procedure for extraction of starch, defatting,
and subsequent fractionation and Bur!f!cat[on has
been described (Tsai et al., 1960). Purification was
extended, however, by repeated washings with bu-
tanol-saturated water and recrystallization from
hot water as the butanol-amylose complex by the
addition of excess butanol. All of the final prod-
ucts were recrystallized five times and washed
fifteen times. _ o .

The amylose was dried by stirring a suspension
of amglose vigorously in butyl alcohol for 1 hr.
The butanol ‘was decanted "and the treatment
repeated three or more times until the product was
sufficiently powdered. The product was collected
on a suction filter and dried overnight in a vacuum
desiccator over concentrated sulfuric acid. The final
products were stored in a desiccator over phos-
phorus pentoxide.

Moisture and ash anaIYses were made on repre-
sentative samples of all varieties, including the
“standard sample.” Moisture content was Oeter-
mined from the weight loss upon drying 18 hr at
80"C in a vacuum oven. Samples were ashed for
2 hr at 500°C in a _Lindberg electric furnace.

lodine affinity. Two methods were employed
for determining total iodine bound. The first was
a modification of a colorimetric procedure devel-
oped in this laboratory (Williams et al., 1958). The
amylose was weighed Into a volumetric flask and
covered with IN “potassium hydroxide (usually 5
ml in a 50-ml flask). This solution was allowed
to stand 2-4 hr at 4°C. Longer solution time per-

513
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mitted dissolving a greater quantity of amylose,
but mvanably led to a decrease in iodine hinding,
presumably through oxidative degradation, After
solution was c.omlplete, the flask was diluted to
volume with distilled water, and an aliquot con-
tamm% 1.0-1.6 mg of amylose was removed to a
250-ml beaker. To this was added SO ml of dis-
tilled water and the pH was adjusted to a pre-
determined arbitrar 8H meter r_eadmg 10.8 in
most cases) with 0.0629 hydrochloric acid. A meter
reading of 10.8 corresponded to an indicator paper
reading of pH 6-7. This solution was then trans-
ferred “to a 100-ml volumetric flask, 2 ml of an
iodine reagent containing 0.2% iodine in 2.0% po-
tassium_iodide was added, and the flask contents
were diluted to volume. The color was read in a
Klett-Summerson photometer with the K591filter.
The solution color and reading varied with the pH
of the solution, but by adjusting to a meter value
of 10.8, even a solution containing as little as 10
mg of amylose was always a deep blue. The rela-
tion of concentration to oBtlcaI ensity was_linear
in the range employed (1.0-1.8 m(i amylose).

The second method investigated to provide iodine
sorption data was a potentiometric titration. Two
procedures were followed: the classical titration
method for starch (Bates et al, 1943), and an un-
published method circulated by Dr. T. J. Schoch
r(1960). ~This latter method differed from the
ormer in that dispersion of the amylose was
carried out for 15 min in concentrated calcium
chloride solution (40° Baume) in a boiling water
bath. This avoids the possibility of degradation
due to overexposure to strong alkali. =~

The iodine " titrant solution for use in either
method was prei)ared fresh daily by a tenfold
dilution of 10 ml of a stock solution containing
2,000 g of iodine and 83 g of potassium iodide per
liter as determined by standardization against
arsenic_trioxide and sodium thiosulfate. The con-
centration of the stock solution did not change
appreciably over a 2-month period when stored
in the dark, Titrations were performed on 10-mg
samples with a 10-ml microburet. A Beckman
Model G pH meter was used in conjunction with
bright platinum and saturated calomel electrodes
for"determination of the potential.

Total carbohydrate analyses. The anthrone
method gLoewus, 1952) was used for determina-
tion of total carbohydrate, using as standard a
sample of Rexoro rice a_mKIose prepared by J. T.
Hogan (1961), bg a slightly different procedure
(Wilson et al, 1943). ~ _

Viscosity studies. Viscosities of each variety of
amylose prepared in this laboratory were measured
in IN potassium hydroxide solufions not over 4
hr old.  The viscometer was an Ostwald-Fenske
pipette, No. 100, with a flow time of approx 60

IODINE BINDING BY RICE AMYLOSES

sec for solvent. Flow times were measured to the
nearest 0.01 second with a stopwatch; the tem-
Berature was controlled with a circulating water
ath thermostated at 30.0°C. For each determina-
tion, the alkaline solution was allowed to warm to
room temperature, then was diluted to volume with
additional potassium hydroxide solution, and filtered
through a coarse sintered-glass funnel. The pipette
was_filled with 10.0 ml of solution and allowed to
equilibrate 10 min in the bath. Four or five read-
ngs were made per filling.

nzymatic analyses. The Rexoro and Century
Patna 231 varieties were subjected to the saccha-
rogenic action of crystalline beta-amylase. The
enzyme was obtained from Nutritional Biochemicals
Corp. The reaction was conducted for 24 hr at
30°C in 0.2M acetate buffer, pH 4.8. Reducing
su?.ars formed were determined by the dinitrosali-
cylic acid method (Sumner, 1925), using maltose
a5 the standard.

RESULTS AND DISCUSSION

~To obtain reliable information on the
|od|ne-b|nd|nF capacity (IBC) of each amy-
lose, complefe purification was necessary.
When purification had been extended until
the iodine sorption became constant, the
amylose was assumed pure. On this hasis,
the” pure amyloses from the four varieties
were found ‘to bind essentially the same
amount of iodine by weight. However, when
compared to the “Standard sample” of Rex-
oro rice amylose suplied by J. T. Hoglan the
amylose samples were found to be only 83%
amylose by both colorimetric IBC and carbo-
hydrate dnalyses (Table 1). For further

Table 1 Carbohydrate and blue values.

Variety %carh. BW@a
Century Patna 231 83.0 0.306
Rexoro 825 0.312
Caloro 84.0 0.316
Zenith 820 0.309
“Standard” 100.0b 0.366

top OBl e SERPIY, SPITESpONCIRG 9 & SPrcenie
hAssumed.

confirmation, potentiometric titrations were
then conducted on each variety and the
standard. Fig. 1 shows the results of two
Fotentlometrlc titrations; the Zenith amy-
0se shows only 15.7 mg for IBC, comparéd
to 18.8 mq for the standard sample. By this



PHILLIPS AND WILLIAMS

IODINE SORPTION per 100 mg AMYLOSE

"STANDARD"

n
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Fig. L Potentiometric iodine titration of Zenith
and “standard” amylose, both corrected to dry

weight but not corrected for total carbohydrate
content.

method, along with the carbohydrate content
anaIYses, it was possible to determing that
the 1BC of all the amyloses prepared in this
laboratory was 18.9 mg iodine per 100 mg
of amylose. Japanese workers (Inoue an
Onodéra, 1952) reported that the intensity
of the iodine coloration with amylose varies
with the variety of rice. The results with
these four American varieties do not indicate
this, but instead that any variations reported
in [BC must be due to differences in the
method of preparation and ;f)urlty of amylose
rather than any varietal differences.

The nature of the non-carbohydrate con-
taminant was also investigated, Because pro-
tein, lipid, and ash content of the amyloses
was negh?lble, and because moisture con-
tent of "all the amylose varieties had been
determined, the impurity present in the amy-
lose is felt to be solvent bound into the
crystal. Carbon and h drogen analysis of
the Century Patna amylose Dy an in e{)end-
ent laboratory (Weiler and Strauss, 1961)
revealed the presence of approx 10% bound
water when calculated on the basis of an
analysis of 40.26% C and 6.34% H. These
analytical data cannot be_explained if either
butano] or any combination” of butanol and
water is the contaminating agent; only water
is indicated present, The failure of the an-
alysis to account for all 17% of the con-
taminant must be due to the predrying (tem-
perature and time unavailable) hefore the
analysis. All attempts made in this labora-

18]

tory to remove the contamlnatm? material
by ‘moderate heating (less than 100°C) or
vacuum sublimination (0.05 mm pressure)
were unsuccessful. On heating IS hr in vacuo
at 100°C (with 18 hr in vacuo at 80°C as
base} weight loss was 2% ; heatlnﬁ 16 hr
at 175°C, Weight loss was 10%. Thus this
contaminating Water cannot be merely pres-
ent as moisture in the sample (true mipisture
content varied from 3-5% in the samples and
was taken into consideration in all instances).

Since the incorporation of complexed
water into the amylose crYs,taIs, may have
resulted from rapid crystallization, an ex-
tension of the time of Crystallization might
avoid mcorgoratlon of large amounts of sol-
vent and obviate the need for carbohydrate
analyses. All of the recrystallizations of the
“standard” amylose were carried out slowly
In insulated flasks (Hogan, 1961) and were
free of bound solvent. “This point is being
investigated, _

Other viscosity studies (Everett and
Foster, 1959) have made it possible to deter-
mine the viscosity-average molecular weights
for the amyloses examined here. The investi-
?atlon cited provided some idea of the con-
ormation of amylose in solution, thereby
furnishing data that might be used under
similar conditions to estimate the molecular
weights of any amylose.

Intrinsic viscosities were obtained with
Wagner’s equation (Wagner, 1947) :

foge Vtel
C

where ¢ = concentration in g/deciliter
and k= empirically determined constant

Preliminary investigations of the apf)llcablllty
of this equation revealed that it could be used
with high accuracy in. the concentration
range of 0.1-0.4 %/deC|I|ter. For a concen-
tration of 0.2%, k was found to be 0.038.
This is in good agreement with the value of
k determined previously for amylose in po-
tassium hydroxide (Wolff et al., 1950).

The infrinsic viscosity calculations from
relative viscosity data at’0.2% concentration
are given in Table 2. These represent the
average of two separate determinations at the
same “concentration. All determinations on
the same samples were within 2% of one
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Table 2. Molecular constants.

Variety " M W
Century Patna 231 084 29000 100,000
Caloro 110 52000 140,000
Rexoro 209 41,000 325,000
Zenith 200 41000 310,000

From Tsai et al., 1960.

another. All weights of samples were cor-
rected for moisture and other non-carbohy-
drate content. .
The viscosity-average molecular weights
of the amYIose,s were calculated from “the
modified S audlnger equation, using the con-

stants evaluated Dy Everett and Foster:

IV =KMa
where K' = 0.85 X KT1 deciliters/g

= 0.76 _
M = molecular weight X 10~5

In addifion to the viscosity-average molecu-
lar weights (Mv), Tablé 2 also includes
molecular welghts (Mn3 obtained previ-
ouséy (Tsai cf al, 1960) using periodate
oxidation techniques. It has been shown
(Schaefgen and Florv, 1948) that for
linear polymers having a most probable_dis-
tribution, "Mv/Mti would be ap?rox 1.85 for
a equal to 0.76. In every case for our amy-
loses, the ratio of Mv/Mn is greater than
this value, indicating a predominance of
larger molecules. This provides good evi-
dence that relatively little or no degradation
has taken place as & result of the pref)ara,nve
procedure or the presence of alkall. 1t might
also indicate that the numerous recr5[/stalllza-
tions produced a subfractionation of the amy-
lose, and that the smaller molecular speciés
were absent. If that be the case, it should
have occurred to nearly the same extent in
aIIl_dsampIes, and the comparisons are still
valid.

The values of the intrinsic viscosities (and
the viscosity molecular weights) appear to
be sufficiently different for the different amv-
lose varieties so as to reflect true variations
in molecular size. No positive statement can
be made until the extent of variation among
several samples of the same variety can be
determined.  Whereas the number-average
molecular weights gave a minimum valle

IODINE BINDING BY RICE AMYLOSES

for the_molecular W,e|?ht and showed little
indication of varietal differences, the
“true” molecular weight (as expressed by a
weighted value such as the viscosity-average
molecular weight) Bomts up a muc ?reater
difference in size. Before attempting to cor-
relate other varietal studies with the molecu-
lar weights as presented here, it will be
necessary to obtain some know]ed?e of dif-
ferences” in the molecular weights of the
amylopectins.

The action of beta-amylase was studied on
the Rexoro and Century Patna 231 am>{-
loses. Since heta-amylasé is apparently able
to degrade completely olnI?/ glucose POIV'
sacharides containing” uninterrupted alpha-
14 linkages, this method could be used to
show théir similar chemical nature even
though these varieties exhibited the greatest
difference in intrinsic viscosity. With"a com-
mercial thrice-crystallized enzyme prepara-
tion reported free of alpha-amylase activity
these amyloses were respectively convertéd
96% and 99% to maltose. These values for
the beta-amvlase limits imply that the amy-
loses are identical in structiire and possess
an essentially linear arrangement,

FOOTNOTE TO THE STUDY

Since submitting this paper the authors
have obtained a re-anaI}/sm of the Century
Patna amylose referred to above as contairi-
!nq, 10% Complexed water at the time of the
initial analysis. After 3 mo. of storage over
P20-, the sample was found to be 44.5% C
and 6.17% H, compared to the theoretical
values of 44.4% C and 6.23% H for anhy-
drous amylose. Not O”IE’- was it free of sol-
vent, but it was also partially retrograded as
evidenced by the slight turb|d|1ty produced on
dissolving it in IN" KOH. These fmdmgs
suggest that the solvent that could not be
removed by moderate heating was gzrgdually
released as the amylose aged over P20g
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SUMMARY
~An ionization-detector gas chromatographic unit was used to analyze the
acids extracted from a pre-ferment typical of those used in commercial bread-
making. At least 45 acids were separated as esters on a column containing
an adipate polyester of dlethxlene glycol. Seventeen of the monocarboxylic

acids were 1dentified by rela

ive retention times in free acid form. Their

identities were confirmed by preparing and separating their esters directly
by flash exchange gas chromatography. The acids thus identified are: formic,
acetic, propionic, Isobutyric, butyric, isovaleric, valeric, crotonic, isocaproic,
caproic, heptylic, caprylic, pelargonic, capric, lauric, myristic, and palmitic.

The recent trend in the baking industry
toward replacing sponge fermentation in
bread-making by procedures usmg pre-
ferments haS créated an increased Oemand
for knowledge of flavor substances produced
during fermentation. 1t is well established
that the main end products of panary fer-
mentation are ethyl alcohol and carbon di-
oxide; however, many other compounds are
formed that have definite flavor values. For
a complete flavor picture, these must be
determined. Of the many compounds re-
leased info the surrounding media by yeast
cells during fermentation, Organic acids can
be separatéd most easily. This, coupled with
the observation made in our laboratory that
a mixture of organic acids isolated from a
typical pre-ferment gave rise on heating to
a strong aroma reminiscent of freshly baked
bread, prompted an investigation into the
organic acids of bread pre-fefment.

\mong earlier investigations on the or-
%amc acids produced duting bread-making
3aker et al. (1953), using colorimetric_and
titration techniques, found acetic acid. This

aA laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.

Reference to a com?any and/or product name
does not imply approval or recommendation of the
protdglct to the exclusion of others that may be
suitable.
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acid was present in verK small amounts and
was felt by them to Rave little effect on
flavor and"aroma. Johnson et al. (1958)
used paper and column chromatography to
separate acids and derivative formation, as
well as infrared spectra to identify acetic and
lactic acids in pre-ferments, A third acid
found by them was not identified.

With"the advent of gas chromatography,
the number of acids found increased” some-
what. Wiseblatt (1960) identified acetic, n-
butyric, iso-valeric, and w-caproic acids in
fermented dough, bread extracts, and oven
vapors.

he present work describes identification
of seventeen organic acids in pre-ferments
typical of those used in commercial bread
production.

MATERIALS AND METHODS

The gas chromatoPrafhlc unit used was a
Barber-Colman Model 10 with an ionization-
detector cell containing 20 millicuries of strontium-
90. The cell was operated at 220°C and a potential
of 1100 V. The U-shaped column, heavy-walled
Pyrex glass tubing, 4 mm ID and 8 ft IonP, was
packed with LAC 1-R 296 gglyco_ladlpate t?o ymer
ES parts) on acid-washed fire-brick (40-60 mesh
95 partsg. The column temperature was varied to
accommodate the type of material being analyzed.
A preheater maintained at 275°C surrounded the
inlet to the column. Gas (argon) flow rate was
100 ml/min, with an inlet pressure of 10 psig and
atmospheric outlet pressure. Except in Fig. 1, all
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Fig. 1 Programmed heating (35-130°C) of the ethyl esters of the organic acids of a bread pre-
ferment prepared by flash exchange gas chromatography.

data reported here were obtained with a fixed
column temperature.

~ Fermentation, liquor. A pre-ferment such as used
in certain methods of bread production was prepared
by incubating the following mixture aerobically for
6 hr at 37°C while stirring, and centrifuging to
obtain the clear, cell-free liquor:

Grams
Glucose 330
Salt 110
Brew improver * 3
Compressed yeast 220
Water 5000

Organic acids. The carboxylic acids used for
comparative purf)oses were commercial samples.
All yielded single peaks when tested individuall
in the gas chromatographic apparatus. These acids
were used in making up synthetic acid mixtures
and also in preparing standard solutions of sodium
or potassium salts to be used in making synthetic
salt mixtures as described in an earlier publication
(Hunter, 1961).

_Potassium ethyl sulfate. Prepared following the
direction of Evans and Albertson (1917).

The organic acids were extracted from the
described “cell-free pre-ferment with methylene
chloride and concentrated as sodium salts essen-

aA mixture of salts having the following com-
position : ammonium monohydrogen phosPhate 200
g, potassium sulfate 50 8 magnesium sultate 25 g,
and calcium carbonate 50 g.

tiallv as described by Hunter et al. (1960) except
that the last 100 ml”of solution were concentrated
to dryness in a tray lyophilizer under vacuum
(0.05°'mm Hg) with the trays at 33°C. The or-
ganic acids were regenerated with dichloroacetic
acid and separated by gas chromato rath as de-
scribed earlier ;Hunter et al, 1960%. The main
features of the flash exchange procedure used for
the preparation and separation of the ethyl esters
of the organic acids have also been described
(Hunter, 1961). However, the following slight
modifications were introduced for these analyses.
Twenty-two-gauge three-inch-long hypodermic
needles were used as well as two-inch-long needles.
The contents of the filled needles were “dried 10
min under vacuum (500 mm Hg) at 100°C.

Separations of unknown and synthetic mixtures
of the acids or esters were carried out isothermally
at several temperatures. Appropriate compounds
were selected at each temperature for determina-
tion of the retention times relative to these com-
pounds.

RESULTS AND DISCUSSION

The relative retention times shown in
Table 1 provide tentative identification of
17 monocarboxylic acids in a pre-ferment,
Identity of the acids was confirmed by flash
exchange preparation and chromatographic
separation of the ethyl esters of pre-ferment
aclds and of knownacids. Relative reten-
t2|on times of the esters are shown in Table
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Programmed flash exchange chromatog-
raphy “of the organic acids in" an extract of
a pre-ferment revealed at least 44 compo-
nents (Flg, 1). These include mono- and
Brobably Ji- a5 well as other types of car-
poxylic “acids, the dicarboxylic dcids appear-
mqrboth as mono- and di-ester.

The appearance of the hlqher-bomng fatty
acids among the free acids leads to speculg-
tion that they may play an unsuspected role
in bread flavor “and “aroma. They could
conceivably hinder the volatility of lower-
boiling components and increase the time
required for their evaporation out of bread.
Fairly generous amounts of the acids between
Isobutyric and caproic were observed by
Hunter el al. (1960). However, it is inter-
esting to note that in aggregate these acids
give rise to the delighttul "aroma that is
usually associated with™ baking bread.

The odor of the mixture of acids extracted
from pre-ferments is pleasant, tho,u%h not
Rartlcularly bread-like ‘until the mixture is

eated. Upon warming over an open flame
the acid mixture gives off a persistent and
pleasant aroma quite reminiscent of bread.
A similar faint odor is always noted when

Table 1 Relative retention times of ali[)hatic
carboxylic acids from a bread pre-ferment and
synthetic acid mixture.

Relative retention time
ad WEE
Formic 0.16 0.17 ¢
Acetic 0.28 0.26
Propionic 0.40 0.40
Isobutyric 0.49 0.48
Butyric 0.60 0.60
Isovaleric 0.76 0.74
Crotonic 0.84 0.83
Valeric 1.00 1.00
socaproic 142 142
Caproic 168 168
Heptylic 2.94 2.9
CaFryllc _ 482 482
Pelargonic 8.12 8.16
Capric 1.00 1.00 175
Laurie. 22 2.5
M){flSt_lC 550 551
Palmitic 120 121

VOLATILE ORGANIC ACIDS IN PRE-FERMENTS FOR BREAD

Table 2. Relative retention times of ethyl esters
of aliphatic carboxh/ll(; acids from a bread pre-
ferment and a synthetic acid mixture.

Relative retention time &ﬁ _
Parent acid %{BEH?F&C fe?r[}fent g{é’ﬂ
Formic 0.11 0.11 50
Acetic 0.17 0.18
Propionic 031 0.31
Isobutyric 0.40 0.40
Butyric 0.59 0.60
sovaleric 1.00 1.00
Crotonic 120 Wil
Valeric 139 141
Isocaproic 0.83 0.86 7
Caproic 1.00 1.00
Heptylic 150 149
CaFryllc _ 2.39 2.39
Pelargonic 3.94 393
Capric 6.61 6.60
Laurie 1.00 1.00 175
M¥r|st_|c 2071 2.06
Palmitic 4.60 458

aliquots of the free acids from a pre-ferment
are injected into the heated entry port of the
chromatographic column.
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SUMMARY

~ The lipids extracted from beef and Cm _ :
trlglycerlldes, cephalins, and a mixture of lecithins and sphingomyelins. The
acid composition of these fractions was determined, and the possible

fatty

ork muscle were fractionated into

effect of phospolipids on meat flavor was evaluated.

Cold-water extracts of lean beef and lean
pork contain desirable meat-flavor pre-
cursors. These extracts do not, however,
contain any appreciable proportion of the
lipids Fresent I the lean meat. Lipids, par-
ticularly the phospholipids, are among the
more Unstable constituents of lean meat;
and Younathan and W atts (1960?, have re-
cently suggested that the phospholipids ?Iay
a major role in accelerating flavor deteri-
oration in cooked meats. This paPer IS con-
cerned with the effect on flavor of the |IP_IdS
?resent in lean meat prior to preparation
or consumption. Our studies have there-
fore been made on aged lean beef and lean
pork. The meat tissué lipids have been sepa-
rated into neutral lipids and phospholipids,
the fatty acids present in these fractions de-
termined, and the possible contribution of
these fractions to either desirable or unde-
sirable flavor evaluated.

EXPERIMENTAL

_Extraction of lipids from muscle. As in Bre-
vious flavor studies {)Hornstem and Crowe, 1960,
Hornstein et al., 1960b), fresh meat was aged 10
days at 36-38°F. Several of the muscles were
then dissected and stored at 0°F. As needed,
samples of meat were thawed, fat was removed,
and the trimmed muscle was cut into small sec-
tions. The extraction gprocedure was essentially
that of Folch et al. (1957). One hundred grams
of the diced meat were blended for 5 min with
900 ml of cold 2:1 chloroform-methanol (all sol-
vents are reagent (_1rade and all solvent ratios are
vIv) in an Oster blender (mention of trade names

is for identification and. imf)lies_ no endorsement).
The slurry was immediately filtered, then mixed
with 0.2 its volume of water in a 2-L separator
funnel, and allowed to stand overnight at 3-5°C.
The separation into two phases was clean-cut.
The lower phase was drained and, without further
washing, dried over anhydrous sodium sulfate, con-
centrated to a small volume on a rotary evapo-
rator at room temPerature under partial“vacuum,
quantitatively transterred with several ml of chlo-
roform to a fared 125-ml Erlenmeyer flask, and
dried on the rotary e\_/aﬁorator. Residual solvent
was removed under high vacuum. The WEIPhed
residue was redissolved in 20 ml of 20:1 chloro-
form-methanol. Small amounts of undissolved ma-
terial were removed by centrifugation.
Separation of neutral fat from phosphol!inds
by column chromatography. Fifty grams of silicic
acid (Mallinckrodt AR "100-mesh) heated over-
night at 130°C were slurried with chloroform and
poured into a 25X90-cm column fitted with a
3|ntered-?lass disc. Air bubbles were removed by
stirring the mixture with a long glass rod. The
silicic acid was allowed to settle and the chloro-
form drained under slight nitrogen pressure. When
the column was compact and with at least 15 cm
of liquid above the interface, anhydrous sodium
sulfate was added to form a 2.5-cm-thick layer on
top of the silicic acid. The column, after washing
with 300 ml of chloroform, was ready to use. The
entire IiFiq sample, containing as much as 1 g of
prhospho ipid and 7 g of neutral fat, was added.
he column was developed with successive 300-ml
portions of chloroform-methanol 20:1, chloroform-
methanol 1:1, and methanol. Flow rates of apgrox
3-5 ml/min were obtained by applying 5 Ib of
nitrogen Fressure to the top of the column. Frac-
tions collected were dried as described for the
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total lipid fraction, and the residues were weighed.
Analytical methods. Each fraction was made
UF to 50 ml with the solvent mixture used for its
elution, and aliquots were taken for the determina-
tion of phosphorus, total and amino nitrogen, re-
ducing sugars, and fatt* acid composition. The
infrared spectrum was also recorded. Phosphorus
was determined after wet oxidation of an aliquot
containing 1-10 yg of phosphorus. The Phosphate
formed was measured by reduction of the phos-
phomolybdate complex according to the procedure
of Chen ct al. (1956). Total nitrogen was deter-
mined by the micro-Kjeldahl procedure with mer-
curic oxide as the catalyst. Amino nitro?en was
determined bg the ninhydrin procedure of Moore
and Stein (1948) as modified by Lea and Rhodes
(1954). Reducing sugars were “determined bg the
anthrone method used by Radin et al. (1955) in
determination of cerebrosides. Infrared spectra
were obtained bY deposition of a film of the ma-
terial by solvent evaporation on sodium chloride
plates and scanning the region of 2.5-15 n- The
Instrument used was a Perkin-Elmer 137 Infra-
cord spectrophotometer. Patty acid determinations
were made on aliquots taken to dryness and con-
taining 100-200 mg of material. Twenty-five ml
of 0.5N alcoholic KOH were added to each residue
and the mixture gently refluxed for 6 hr. The con-
tents of the flask were transferred to a 125-ml
separatory funnel, 50 ml of water were added, and
the solution was made acid to phenolphthalein by
dropwise addition of concentrated HC1 and then
1 ml excess added. The solution was extracted
with three successive 25-ml portions of petroleum
ether, and the combined ether extracts were washed
three times with 25-ml portions of cold distilled
water. At this point, apFrox 20 mg of Jl-heﬁ-
tadecanoic acid Frecrystal ized twice from met
anol), accurately weighed, were added to the
solution to act "as an internal standard in gas
chromatographic analysis of the fatty acid esters
(Hornsten et al., 1960a). The fatty acid methyl
esters were prepared as prekusli/ described, and
dissolved in 'L ml of petroleum ether. An appro-

FATTY ACID COMPOSITION OF MEAT TISSUE LIPIDS

priate aliquot, containing approx 500 jig of total
esters, was used for gas chromatography. The gas
chromatograph was a Beckman GC-2 equipped
with a 1-mv recorder, and the detector was a
4-filament thermal conductivity unit. The column
was an 8-ft. X 44-in OD coiled Cu tube containing
polgvmylacetate on acid and alkali washed Chromo-
sorb R, 15:85 w/w. The operating temperature
was 221° and the He flow rate 100 ml/min. Quan-
tltatlve_d results were based on recoveries of the
Cn acid.

RESULTS AND DISCUSSION

Solvent systems. Initial attempts. to seF-
arate the phospholipids by rr]Jrec_lé)ltatlon with
acetone and magnesium “chloride left phos-
Fhorus in solution. ' To avoid phospholipid
0sses, acetone precipitation was discarded
and chromato?r%phy on silicic acid used
(Borgstrom, 1952). The elution solvents
were chloroform-methanol mixtures (Hana-
han et al, 1957); increasing the percent
methanol in chloroform by small increments
resulted in smeared bands. The, sharpest
separations were obtained startlngi with
20:1 chloroform-methanol (Solvent 1), fol-
lowed by 1:1 chloroform-methanol (Solvent
[1), and finally eluting with anhydrous
methanol (Solvént [11). " Each of the eluted
fractions contained a ‘mixture of |IPIdS in
which one class predominated. Solvent |
eluted the nonphosphorous-containing lip-
ids. This eluate was collected as two frac-
tions. Fraction la contained 85-90% of the
neutral lipid fraction; collection was stopped
prior to the emergence of a heavily pig-
mented band. Fraction Ib contained” these
pigments as well as neutral lipids. Silicic
acid and Solvent | had similar refractive
Indices, and the column was translucent.
The progress of Solvent Il through the

_.Table 1 Chemical analysis of fractions obtained by silicic acid chromatography of muscle

lipids.

Frcton PTES ni@%n n%%ﬁ g jitase
00 00

Ib 01 0.0
Il 36 17 17
I 40 19 0.1

weak, positive

s

Triglycerides

Triglycerides
absent Cephalins
strong Lecithins and

sphingomyelins
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column caused the column to become Pro-
%resswely opaque. Just before Solvent Il
roke through, Fraction Il was collected:;
the last 150" ml of Solvent Il eluted only
trace amounts of material. Methanol eluted
the final fraction. Further elution with
methanol, F'“S 5% water, Ylelded only traces
of material. This, same elution pattérn was
obtained with lipid extracts from both lean
beef and lean pork.

Classification of fractions. N order to
classify these fractions, extracts from sev-
eral muscles were anaiyzed. The data fell
into a similar pattern”for all muscles; a
typical analysis Is shown in Table 1 Frac-
tions la and Ib, as. mentioned, were pre-
dominantly triglycerides, and for the pur-
Pose of this study were_not further charac-
erized. The weak positive tests for phos-
phorous and reducing sugars suggested the
presence of small amounts_ of phospholipids
and cerebrosides in Fraction Ib. "Infrared
sRectra of Fractions 11 and 111 gave typical
phospholipid spectra (Nelson and Freéman
1959: Smith and Freeman, 1959). Without
pure reference standards, slight variations
In spectra cannot be interpréted properIY.
The ‘major difference between I1 "and Il
resided in the 10.3-" region (Fig. 1). The

INFRARED RED SPECTRUM FROM LEAN PORK

) | 1 |
7 8 9 10 1N 12 13 14 15
WAVELENGTH (microns )
Fig. 1 Infrared spectrum of Fractions 2 and 3
obtained from pork.

absence of absorption at 10.3Xx in Fraction
I was indicative of cephalins, and the strong
absorption in Fraction Il at this wave
length was characteristic of lecithins and
sg)h[ngomyelms (Nelson and Freeman, 1959;
mith and Freeman, 1959). Fraction If
had the expected 1:1:1 molar ratio of amino
nitrogen/total nitrogen/phosphorus. How-
ever,” cephalins accounted for only about
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90% of this fraction since these_analyses
were 10% lower than expected. The very
weak test for amino nitrogen in Fraction
[I1 excluded cephalins except in trace
quantities. Total nltroqen_ was 1.9% (com-
parable figures are Tlecithins 1.7% and
sphingomyélins 3.0% ). The. observed value
indicated " about 15% sphingomyelins i
Fraction II. _

The phospholipids in Fractions |1 and I1I
were assoclated” with protein. Folch and
Lees %1951) described a class of lipopro-
teins that had the solubility characteristics
of lipids; when dried, even under the mild-
est conditions, these hpoprotelns yielded an
insoluble protein fraction. The cephalin
fraction we obtained contained about 20%
of this “proteolipid” material. For example,
a typical Fraction II, weight 331.8 mgi, Was
dried and then redissolved'in Solvent I1, and
50.3 mg .of residue remained. Successive
dryings Yielded 8.2 mg and 4.0 mg of resi-
due. “Analysis of thiS residue showed no
phos?hqrus and 6.1% nltroqen. Fraction
[l typically contained about 2% of this
proteinaceous material. This protein denatu-
ration is minimized in the presence of fat
since the total extract, when taken to dr}/-
ness, did not exhibit this phenomenon 1o
as great an extent. Our analytical data are
reported on the basis of profein-free phos-
pholipids.

Fatty acid determinations. Table 2 tab-
ulates the lipid fractions extracted from
typical samples of beef and pork. In gen-
eral, beef muscle contained 2.CM-0% of
nonphosphorqus-contammg lipids, and pork
muscle contained 5.0-7.0%. The phospho-
lipid content was 0.8-1.0% in beef and 0.7-
0.9% in pork. The approximate composi-
tion of the phospholipid fraction for hoth
beef and pork was cephalin 40-45%, leci-
thin 40-45%, sphmPomyelln 10-15%, and
protein 5-10%, Table 3 shows the fatty acid
composition of the fractions isolated” from
these samples. The absolute recoveries of
fatty acids in Fractions la and Ib, based on
90% fatty acid content, were about 95%.
Recoverigs based on 75% fatty acid content
for protein-free Fractions Il ‘and 111 were
respectively approx 50 and 80%. In part,
these low " recoveries can he attributed to
the presence of plasmalogens as evidenced
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Table 2. Weight in grams of lipid fractions iso-
lated from 100 g of muscle by chloroform-methanol
extraction, followed by silicic acid chromatography.

Begf Pork

Total lipids 4.5699 6.6098
N_onaphosphorus
I|E| S 35539 58615

raction la

(triglycerides) 2.8962 54473

Fraction Ib

(triglycerides) 0.6577 04142
Phospholipids 1.0040 0.7462

Fraction Il

(cephalins) 0.4330 0.3155

Fraction |11

(lecithins and

sphingomyelins) 0.4990 0.3737

Denatured

proteins 0.0720 0.0570

Total recovery 45489 (99.5%) 6.6077 (99.9%)

by the formation of 2, 4-dinitrophenylhydra-
zones of long-chain carbonyl compounds after
mild acid hydrolysis of these fractions, and
to the formation” of oxidized phospholipids
as shown bY the characteristic ultraviolet
absorption_at approx 235 mfi and 275
(Lea, 1957). | _

The identities of the saturated acids and
oleic, linoleic, linolenic, and arachidonic acids

FATTY ACID COMPOSITION OF MEAT TISSUE LIPIDS

were established by direct comparison of
retention volumes of the methyl esters with
those of authentic specimens. The other
assignments were based on plots of the lo
of retention volumes versus the number o
carbon atoms. Saturated fatty acid methyl
esters fall along a straight line—those con-
taining one double bond along a parallel
line, those with two double bonds along a
second parallel line, etc. &Hornstem et al.,
1960a). As the number of double bonds in
the molecule increases, the distance between
these parallel lines tends to decrease; and
it is possible, for example, that the “en-
velope” assigned to arachidonic acid may
contain hlgher unsaturated Coo acids. The
assignment made_for. tetradecenoic, tetra-
decadienoic, palmitoleic, eicosatrienoic, and
docosadienoic should be considered rendered
highly probable rather than absolute, since
th,e% were not based on _direct comparison
with authentic samples. Table 4 shows the
fatty acid comPosmon of the combined tri-
glyceride, fractions and of the combined
phospholipid fractions. Unsaturated acids
containing two or more double bonds make
ug 10% " of the trlglxcerlde_f_ractmn and
about 50% of the phospholipid fraction;
however, the actual milligrams of these acids
contributed by the two fractions are similar
since the ratio of triglycerides to phospho-
lipids is about 4: 1in"beef and about 8: 1 in

Tahle 3. Fatty acid_composition of lipjd fractions (% of total fatty aci tained fr
Ieana%get3 an gprﬁ.c dF?g_ct o%ss ?a gnd %d trlag(fygerslde(s, Foracﬁon ﬁ %epﬁaqlsr?s,olqraacﬁgn WI]
lecithins and sphingomyelins.

. Fraction la Fraction I Fraction |1 Fraction |11

Add Pok Beef Pok Beef Pork Pork
Capric 127
Laurie. 02 06 04
Myristic 21 11 28 20 14 36 36 10
Tetradecenoic 10 15 06 01 11 03
Tetradecadienoic 06 06 06 08 13 05
Palmitic 83 240 198 25 28 41 20 305
Palmitoleic 46 72 59 98 18 24 24 24
Stearic 170 121 162 70 214 206 66 46
Oleic . 25 4H8 306 04 138 U3 69 14
Linoleic 30 719 112 13 162 152 236 363
Linolenic 09 17 25 17 21 04 17 14
Eicosatrienoic 40 32
Arachidonic 12 12 383 R4 86 56
Docosadienoic 21
Weight of fraction (g) 2.8962 54473 06577 04142 04330 03155 04900 03737
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Table 4. Fatty acid composition of combined

triglyceride fractions and of combined Tphospho_l(iipid
fractions from Table 3 (% of total fatty acids).
Triglycerices ~ Phospholipics
Aad Bee% Pok  Beef &xk
Capric 01 01
Laurie 01 02
Myristic 22 12 26 20
Tetradecenoic 10 09 02
Tetradecadienoic 0.6 13 06
Palmitic 215 239 132 200
Palmitoleic 47 4 22 23
Stearic 169 116 156 110
Oleic 43 452 22 162
Linoleic 44 87 202 279
Linolenic 11 16 18 10
Eicosatrienoic 18 16
Arachidonic_ 01 01 192 163
Docosadienoic 09
Total saturated
acids 467 370 34 30
Total monounsatu-
rated acids 11 526 243 188
Total dienoic
acids 50 87 25 293
Total trienoic
acids _ 1 16 37 26
Total tetraenoic
acids 01 01 191 163

Pork. The major quantitative difference is
he large amount of arachidonic acid (pos-
sible maximum 150 m8 per 030 % of muscle
in beef and 100 m%/lo g of muscle in pork)
contributed by the phospholipid. fraction
that has no counterpart in the triglyceride
fraction (Table 3).

Flavor characteristics. We attempted  to
evaluate, the aromas developed by heating
freshly isolated lipid fractions in air. The
odors of the beef and pork triglyceride frac-
tions were respectively reminiscént of “fried-
fat” and “bacon.” The cephalin fractions
from both beef and pork produced strong
“fishy” odors, probably attributable to the
high “arachidonic acid content of these frac-
tions, The heated lecithin-sphingomyelin
fractions from both beef and pork were also
alike in odor, the “fishy” smell less pro-
nounced than in the cephalin fraction and
superimposed . 0 ,
liver. Total lipid and phospholipid extracts
of pork and beef were exposed to air, and
their odors noted at 24-hr intervals. Rancid

on an aroma SUQ%GS'[IVG of
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odors developed mare quickly in these sam-
ples than in neutral fat. At'the end of one
week, the samples were all ,h|gh|¥ rancid.
The odor of the pork total lipid extract was
the least objectionable; the large amount of
triglyceride “present either dissolved the po-
tent"odor compounds produced, thus lower-
!n%_ their vapor. pressure, or mecham_ca_l(ljy
inhibited the oxidation of the phospholipids
by I|m|t|nP their surface exposed to air. It
was concluded that phospholipids did not
contribute to desirable meat flavor and that
the possibility existed that in excessively
lean ‘meat they could contribyte to poor
flavor. The triglyceride contribution "was
similar to that previously described (Horn-
stein and Crowe, 1960). Changes in color
were also noted in these fractions. The
FhQSphth_ldS darkened rapidly, the total
ipid fraction changed color more slowly,
aﬂd the neutral lipids showed the least color
change.
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SUMMARY
Cornstarch sols (2%) were frggared at a series of gelatinization tempera-

tures (80-127°C) and stored at

,and 70°C. At 1°C storage, rétrogradation

was slower as the temperature of gelatinization was greater. At 37°C storage
no rétrogradation occurred in samlples gelatinized at lower temperatures, and
e

solubilization took place in samp

s gelatinized at higher temperatures. At

70°C storage, solubilization occurred in all samples, but more rapidly as the
temperature of gelatinization was greater.

It has generally been found that rétro-
gradation (i.e., decreasing solubility and in-
creasing crystallization) of a starch paste is
more or less inhibited at holdln% tempera-
tures in the vicinity of 60°C and that it tends
to be accelerated with decreasmq temperature
(Katz and Rientsma, 1930; Kaiz and Weid-
inger, 1934: Maquenne, 1903, 1904: W hist-
ler, 1954). According to Lampitt et al.
(1941% however, re_tro%radatlon IS the same
at 37°C as at 62°C in 2% pastes of fractions
of thorou?hly milled wheat starch; and at
lower paste concentrations, retrogradatlon at
21°C is equal to that at 37 and 62°C. Results
of Lampitt et al. (1948% were essentially
similar with potato starch fractions. Like-
wise, Hull and Schoch (1959) showed little
difference in solubility between starch films
dried at 80°C and those dried at 30°C.
Sterling (19603 recently reported that 13%
starch gels held at 70°C become less disper-
sible than those held at room temperature.
Thus, there are cIearI¥ discrepancies in re-
ports on the role of storage temperature in
rétrogradation, _

A Tew studies have heen directed to the
relationship of rétrogradation with temper-
ature of gelatinization. = Maguenne (1904)
showed that rétrogradation in pastes_of po-
tato starch was Iéss in those gelatinized at
120°C than in those gelatinized at 110°C,

*This stud%/ was supported in part by the U. S.
Public Health Service, under Grant RG-5726. For
this help the authors are truly thankful.

and less in those gelatinized at 110°C than
In those gelatinized at 100°C. Comparable
fmdmgs were reported bY van Itallie (1930),
who stated that, with gelatinization tempera-
tures of 120, 100, and 65°C, retro?radatlon
was greater the lower the temperature. No
other” systematic studies have been per-
formed. ,

Because of this fragmentary or contro-
versial state of knowledge, it ‘was believed
fruitful to explore further the relation be-
tween temperature and the retro?_ra,dat!on
of starch. Both temperature of gelatinization
and temperature of storafg]e are variables in
this study. The authors have elected to use
2% cornstarch sols as raw material and to
measure retro?radatlon by the sensitive tech-
niques of cold-water solubility and enzy-
matic digestibility. To some extent, a new
X-ray diffraction method has also been
essayed.

MATERIALS AND METHODS

Slurries were made of 2% native cornstarch in
water, neutralized to pH 7 with ammonium hy-
droxide. The starch was gelatinized by heating the
slurry for 10 min in a round-bottom flask eqmprpe_d
with “a stirrer, condenser, and thermometer. (This
arrangement made it possible to prevent the forma-
tion of a surface film) The heating temperatures
were 80, 90, and 100°C. When the temperatures
used were higher than 100°C (110, 120, and 127°C),
the slurries ‘were heated to 100°C in the above-
described flask and |mmed|atel¥ transferred to an
autoclave for further heating. The additional heat-
ing periods were 10 min for 110 and 120°C, and
30" min for 127°C.
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The starch solutions were then stored in tightly
capped vials with 5 drops of toluene added for pres-
ervation.  Storage temperatures were 1, 37, and
70°C for each gelatinization temperature.

The determination of water-soluble starch, hoth
by iodine adsorption and by hydrolysis of the super-
natant with HCL, has been “described (Kalb and
Sterling, 1961). Similarly, enzymatic hydrolysis
of the whole sol was carried out by the technique
given in that same report.

X-ray measurements, following the method of
Hermans and Weidinger (1949?, were made to
ascertain the relative crystallinity of the starch
material. The rationale of this approach is the pre-
sumption (Meyer, 1952; Schoch, 1952; Sterling,
1957) that rétrogradation is essentially a process
of crystallization of the starch molecules. How-
ever, the amorphous background of the photometric
traces was (1u|te IarEe relative to the size of the
small crystalline peaks, and the areas of the latter
could be determined only with difficulty.

A new X-ray method was developed” that proved
useful in ascertaining the rate of crystallization.
It has been demonstrated that a freshly prepared
starch paste shows a so-called V-pattern when
wmpltated with_alcohol (Bear, 1952; Katz, 1930;

iegel, 1941). Durlng rétrogradation, the alcohol-
precipitated paste gradually displays an increasing
Intensity of the B-pattern “(Katz, 1930) and a de-
creasing intensity of the V-pattern.

Consequently, a 50-ml portion of the starch sol
was precipitated with 16 volumes of 95% ethanol,
filtered, washed with fresh ethanol, and dried at
room temperature under vacuum. The dry powder
was packed in a sample holder with a drop of 2%
commercial resin (Harleco) in toluene and ex-
posed to an X-ray beam (Cu-Ka, monochromatized
with a crystal of pentaerythritol) collimated to
0.8 mm diameter. A film in a flat cassette, 4.0 cm
from the sample, was used in the production of a
Photometnc frace of the scattered intensity. In
his trace, both the major V-peak (d =6.9A) and
the strong B-peak (d'=5.4A) are individualized
at an early stage in rétrogradation, being most
distinct at about 5 days. (Before 5 days, the
B-pattern is_usually not obvious, and after5 days
V-patterns in more rapldIK retrp%radln samples
tend to be indistinct). The heights of the two
peaks of interest were evaluated, at their maxima,
above the interpolated amorphous background. The
index of rétrogradation is ?wen as the ratio of the
height of the B-peak to that of the V-peak (B/V).

RESULTS

~ The relative effect of gelatinization temperatures
is readily shown in Fig. 1 Here is represented the
ratio of the B- to V-peak heights after 5 days’
storage at 1°C. It is apparent that the lower the
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temperature of gelatinization, the greater the rela-
tive amount of subsequent rétrogradation.

A feature of interest is_shown in_the course of
re_trogzrqdatlon during the 28-day period of stora%e.
Fig. 2 illustrates the change in content of soluble
starch as measured by hydrolysis. It may be seen
that the amount of “soluble “starch is |_n|t|alg a
function of the temperature of gelatinization. Dur-
ing storage, rétrogradation occurs in all specimens.
The trends of decreasing soluble starch content
seem to be %pproa_chlng_a common level, with that
level attained earlier with the lower gelatinization
temperatures. In fact, starch gelatinized at 127°C
apparently is highly soluble for about 9 days, after
which it retrogrades rapidly. The same trends are
shown in the analysis of Soluble starch via iodine
adsorption (Fig. 3) and in the enzymatic digesti-
bility of the whole sol (Table 1).

At storage temperatures of 37 and 70°C the
relative retrogradative tendencies of samples gelat-
inized at different temperatures are maintained.
Samples gelatinized at 80°C have the greatest
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Fig. 1 Retrogradation, as measured by B/V
ratio, at 5 days in starch sols held at 1°C after

?elatinization at different temperatures. Inset shows
.yg_lcal dscatterlng pattern, with B and V peaks
indicated.
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Table 1 Content of maltose (7/ml) produced by
e{]zw&atlc hydrolysis of 2% corn starch sols stored
a .

B e

80
90

690 570 520 480 460
670 590 540 500 450
10 700 600 580 530 490
o 6/0 600 620 540 480
20 6% 600 630 580 500
127 740 680 680 640 560

amount of rétrogradation, and samples gelatinized
at 130°C have the least, with samples gelatinized
at intermediate_ temperatures exhibiting Intermedi-
ate rétrogradation. Actually, as is shown below,
stora(ie at higher temperatures results in a re-
versal of rétrogradation, i.e., solubilization.
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Fig. 2. Soluble starch content in sols held at 1°C,
after gelatmlzatmn at different temperatures as in-
dicated. Soluble starch determined via HCL hydrol-
}/.SI_S of the supernatant material. (Limit of ‘sensi-
ivity of method is at upper edge of graph.)

The effect of 37°C stora?e is indicated in Fig. 4.
Here it may be seen that, in general, no retro-
gradation occurs. With lower  temperatures of
gelatinization, the starch sol remains more or less
unchanged, or experiences a slight solubilization.
With increased gelatinization temperature the solu-
bilization effect 1s more definite.

~ During storage at 70°C, solubilization is marked
in all the samples, and both the solubility of the
starch and its enzymatic digestibility are increased.
Again, the higher“the temperature of gelatinization
the greater is the extent of solubilization (Fig. 5).
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DISCUSSION

As a preface to the discussion of the gen-
eral results, it is well to emphasize that the
role of glelatlnlzatlon temperature may be
intermingled, to some extent, with the  role
of heating time. Because of the experimental
difficulties it was not possible to eliminate
the differences in time involved in bringing
the starch pastes to the required tempera-
tures of gelatinization. However, Katz
(1928P has reported that doubling the period
of holding a starch paste at & particular
gelatinizafion temperature seems fo be with-
out additional effect on the swelling proper-
ties or the solution properties of the starch.

When a 2% cornstarch sol is stored at
1°C, it is quite evident that the retrograding
tendency is s,tr_on?er the lower the tempera-
ture of ‘gelatinization. Perhaps the simplest
explanation is, in agreement with the prin-
ciple of Occam’s razor, the correct one: the
lower the temperature of gelatinization the
less the dispersal of the Starch molecules.
In fact, at 80°C, which is just barely over
the specific gel point for native starch, it
might be supposed that rather large extents
of the molecules are still held together in
micellar regions. The higher the gelatiniza-
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Fig. 3. Soluble starch content in sols held at
1°C, after gelatinization at different temperatures as
indicated. ~Soluble starch determined via iodine
adsorption of the supernatant material.
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tion temperature the more dispersed are the
starch molecules, which eventuall]y become
free in solution (cf, Katz, 1928). Thus, it is
justifiable to imaging that the ‘starch mole-
Cules can associate in a much shorter time
when they are closer together than when
they are " farther apart. ~ Moreover, when
micellar regions are aIreadY present, a%%re-
%atlon proceeds faster: Hollo et al. (1959
ave shown that the presence of such crystal-
line domains facilitates renewed molécular
association when a starch sol is cooled, in
the manner of crystalline nuclei in super-
saturated solutions. o

In this way, starch gelatinized at lower
temperatures “will aggregate more rapidly
than will starch gelatinized at higher tempei-
atures. The common level toward which all
solutions would be tending is perhaps the
original state of association within the starch
grain—hence the validity of the term “rétro-
gradation.” Note that & sort of “Iaq” ferlod
exists for the sample gelatinized at 127°C.
This may be the perio necessary for nucle-
ation centers to reach a stable size and
thereby initiate rapid crystallization.
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Fig. 4. Soluble starch content in sols held at
31°C, after gelatinization at different temperatures
as indicated. Soluble starch determined via iodine
adsorption of the supernatant material.
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When the sols are held at higher storage
temperatures, the same order of the effect of
gelatinization temperature obtains. In the
stora?e_te,mp,eratures used here, the ranking
of gelatinization temperatures from higher t0
lower values is. related to decreasing disper-
sion or decreasing solubilization during stor-
age. It is evident'that, in a?reement with the
data of earlier workers, little retrogradation

oceurs durmP storage at 37°C. In fact, a
slight solubifization ~ effect has been docu-
mented.
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Fig. 5 Soluble starch content in sols held at
70°C, after gelatinization at different temperatures
as indicated. Soluble starch determined via HCL
hydrolysis of the supernatant material. (Limit of
sensitivity of method is at upper edge of graph.)

At 70°C_ all samples become more and
more solubilized. Maquenne (1904b) re-
ported a similar effect with Bartlally retro-
graded starch pastes. Katz (1928), however,
Stated merely that at 60°C there is n retro-
%radanve tendenC}/. Obviously, effective hy-

rogen-bond rupture is occurrl\r}\?_m the
starch sol at 70°C (Scf. Katz and Weidinger
1934%., Roux (1905) and others believed
that this could take place only at significantly
higher temperatures, at which, however, the
possibility of hydrolytic scission of the gluco-
sidic linkages s 8reatly enhanced.

These results differ" markedly from those
of Hull and Schoch (1959) and Sterling
%1960). The discrepancy is possmll;(/ due to
the fact that the latter obServers worked with
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much more concentrated systems. When
concentrated starch s¥stems re heated, the
tfraction Ela tern of the resultrng
cr sta ites is near- r A (Bear an
Fench 1941 : Katz and Der sen 933 : Sair
Fetzer, 1944: Sterling, This Is
|n agreement with the evi nce that H- starch
has a lower degree of hgdratron than does
B-starch (Badenhuizen, 1959 : Heilman et al.,
lso, according to Badenhuizen
2195 ), starch that Is assocrate? In A- cr}/
tallites’is more rigid and swells less than the
same starch in B-crystallites. This concep-
tion will exPIarn the discrepancy noted above
as well as the results of hrttenberre;er and
Nuttrng (1948) with potato starch h&ated In
the predence of limited moisture.

An additional possibility, of grobably
lesser consequence, s that thie soluble amylg-
pectin-amylose ratiq increases continually
ith, inc easrn? ﬁel tinization temperature
or increases at'a higher storage temperature
as the time of storage increases). This re-
sult could presumaply bring about a concomi-
tant retardation of molectilar assocratron In

so utron—rf the effect of drssolve longer
lose chains did not work In the oggosrte
ctron However It is to be recalled that

amyopectrn molecules also do participate In
retro%radatron (Schoch, 1952), and" hence

may Not exercise a marked hindrance to that
Process at least In the proportions present
n corn starch).
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SUMMARY
Changes were followed in fresh weight, juice content, soluble solids, total
acidity, and ascorbic acid of lemon fruits during 4, 8, and 12 weeks at 4, 13,
and 24°C and after 3 and 14 days at 24°C following 4, 8, and 12 weeks at
4 and 13°C. Juice content, soluble solids, and total acidity increased during

storage.

The increase was greatest for fruit held at 24°C and least for fruit

held at 4°C. Upon transfer to 24°C from 4 and 13°C, all three constituents
increased. Changes in ascorbic acid in the lemon fruit do not appear related
to the mechanism of chilling injury, but the losses observed in chilled fruit
when transferred to 24°C were secondary, probably associated with symptom

development.

INTRODUCTION

Most of the lemon crop is, prcked during
Perrods when the commercial demand IS
ight. Therefore, lemon fruits are stored for
various periods, depending on their condi-
tion and market demands. ~Lemon fruits are
normally_harvested by size rather than color
or magurity. In addifion, this storage period
IS desirable because Iemon fruits.do"not pro-
duce the maximum amount of juice or the
highest quality of juice when prcked but
require condifioning to develop color, juice
content, and flavor. “The ljterature on storage
conditions and changes In_the Jemon fg
durrng1 storage has been reviewed (Bartho
mew and Sinclair, 1951: MrIIer 46, 1958;
Rose et al., 1951, Wright et al., 195)

In general the optrmum storage conditions
and Some of the physical and . chemical
changes occurrrn% in “lemon fruit during
storagge are known (Bartholomew and Sin-
clair,”1951; MrIIer 946, 1958; Rose et al,
1951; Wrrg t et al, 1954), whereas compo-
sitional ch ges in relation to storage tem-
rsaerature havé not been fully evaluated. Of
pecial Interest is the influence of lower stor-

"Paper No. 1317, University of California Citrus
Experiment Station, Riverside, California.

age temperatures partrcularl in the chrIIrnrh;
F Ascor J(t aciq has %en drﬁcussed

Waron to chilling rnJury or ot er croB

ith

Fna as gHarrrs and Poland, 1931
prneapg Miller, 1951; Miller and " Hei
52) and sweet potato 6Lreberman
et al,, 1058; 1959& loss. fascor Ic acld has
been ‘associated With chil rng Injury. How-
ever, changes In ascorbic acid content of to-
mato fryits did not apaoe r to, be related to
chil Irng injury (Craft'ana Heinze, 1954).
gorte ere are ohservations on, some
Ph[%sr al and chemical ¢ ang]eg occurrrng
on fruits during 4, 8 2 Week
stora e at 4° 13 urrng3

S at 24’° anf%llowﬁr a?td8 and” 12
weeks at 4¥ and y

MATERIALS AND METHODS

Freshly harvested and processed light-green
Eureka femon fruits (Citrus limonia Osbeck) were
obtained from commercial packing houses in the
coastal and interior lemon-producing areas of Cali-
fornia. The bulk supply from each area was di-
vided into random samples of 20 fruits each,
weighed, and placed in paper bags, and the bags
were placed in lemon storage boxes and put in
storage, except for samples from each area that
were analyzed immediately. All storage treatments
from each area were replicated eight times. The
storage treatments consisted of 4, 8, and 12 weeks

593



594

at 4, 13, and 24°C and 3 and 14 days at 24°C
following 4, 8, and 12 weeks at 4 and 13°C. These
storage temperatures cover the range from low-
temperature (4°C), reported to he injurious, to
optimum storage temperature (13°C), to marketing
temperature (24°C).

Two sets of samples from each treatment and
replication were used; one was juiced and the
other was peeled and the peel and pulp analyzed
separately. Characteristics investigated were : a) ap-
pearance, both internal and external ; b) incidence
of decay; c) fresh-weight changes of the whole
fruit, rind, and pulp; d) amount of juice reamed
from the fruit; e) soluble solids in the juice, cor-
rected for acidity (Stevens and Baier, 1939) ;
f) total titratable acid expressed as anhydrous
citric acid; g) pH ; h) ascorbic acid content of
the juice, rind, and pulp excluding seeds, by a
colorimetric method (Loeffler and Ponting, 1942) :
and i) dry weight of the rind and pulp. The data
obtained made possible the expression of the chemi-
cal composition either as a concentration, based on
the fresh or dry weight at sampling, based on
original fresh or dry weight, or on a per-fruit
basis. The data for the fruit from the two areas
were combined, obviating unwieldy tables and con-
fusion in the figures. The results appeared most
relevant when based on concentration and on orig-
inal fresh weight of the fruit. Presenting the
results based on dry weights or on a per-fruit
basis would have been redundant. Changes in the
fresh and dry weights of the rind and pulp and
pH of the juice are not presented, since they do
not appear pertinent to the discussion. Statistical
analysis, according to accepted techniques, was ap-
plied to the data; confidence limits are shown in
the figures and tables.

EESULTS AND DISCUSSION

The selection of quality fruit
handli rng and cIean storag conditions dd
muc t suppress decay urrn? storage
the nearl 00 fruits nvo ved on%/
decayed Penrcr |um spp. ). eose
were In samples held 3 an 14 asat 24°C
that had sffered chrIItn ng rg from 1
weeks at 4°C. _Corrections, accounting
the decaged fruit were applied to the other
ata collected

External appearance remained good with
all treatments except for the fruit heId 3
and 14 qays at 24° after 12 weexs at 4°C:
|n addition to decay, It egan to show sur

DIttin earance, an
co(foratron %f t?te uttorf)sp |narcatrn Foss of
vitality,  Also, the nternal appearance of

careful

EFFECT OF TEMPERATURE AND HOLDING PERIOD ON LEMON FRUITS

these fruits showed signs of hysrologrcal
breakdortrvn |nte orm fmem ra/plous 13in
and pathological decay from Alternaria,

ouP %g? the frults nheld 14 days at
24 after 12 weeks at 4° C had a translucent,
water-soaked appearance when cut

Weight loss IS considerable durrng the
first 4 weeks when the turgidity of thé rind
was reduced g % In"accordance with
previous experre ce the rate of weight loss
was a function of the va or ressure” deficit.
Following transfer from 13°Ctg 24°C
the fruits Jost werght raprd durrn% the first
3 days, after which tne rate of w ght loss
8Ilosse parallele thatlffrurt held ¢ontinu-

Th/e Increase  in {urce content after the
varioys storage treatments is iflustrated in
Fig. 2. By expressrng the results as, grams
of” juice _per gr ms of original “fresh
weight of the lemons, the actual ‘cthanges In
the ‘amount of Juice reamed from the fruits
were determinéd. Many reports nave ex-
pres?]ed the results as ercentagi Aurce based
on the fresh werght 0 the fru tat the time
of samg % O th rs basis the (percentagBe
urce reamed from the fruits after 0

12 weeks at 24°C was respectivel 359

36 280, and 52.1, which shows the effect
of werght 'loss in exaggerating the mcrease
In Juice content.

he soBrce of the .increase In reamable
juice has been the topic of consrdera Ie drs
cussion.  The grams change per 1 %p
orrdrnal fresh werght of the rurt In the whole

frutt, rind, RI and_juice (Table 1) indi-
Cafes thg nta onf(v of this |ncrﬁase ,n
Juice s derived from ctfanges within the pu

|ssue and not a movemen of water |nto the
rom i e rind, as previously reported
n der Plank et al. 140 althqugh some
|n ease inp ulp weroht did”occur 1t was not
sufficient to"account Yor the increase In Juice.
ofth]ee |ncrea(se in squbIe soiflrndss as Ipercent
ul

of orr naffresh%ver ht of t efrurP 4
ref ec the chan%e In"concentration Fa 3
ane tuhlger crease in total solids available 1n

Fr S. 5andg 6 respectrvely give the changes
in ercent total tit atable acid as anhydrous
citric acid %d the mil equrvalentls %ftrtratabe
acidity in tne juice per 100 g of the origina
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Figs. 1-6. 1) Weight loss of lemon fruits during 4, 8, and 12 weeks at 4°, 13° and 24°C, and after
3and 14 days at 24°C following 4, 8, and 12 weeks at 4° and 13°C (broken line). 2) Juice obtained
(grams per 100 g original fresh weight [OFW ] of fruit) after storage as described for Fig. 1. 3) Soluble
solids in the juice (percent) after storage as described for Fig. 1. 4) Soluble solids (grams per 100 g
OFW of fruit) after storage as described for Fig. 1 5) Titratable acid (percent anhydrous citrus acid in
the juice) after storage as described for Fig. 1. 6) Acid in the juice (millequivalents per 100 g OFW
of fruit) after storage as described for Fig. 1

fresh weight of the frun The Eercer] ld andc essenttally no change in fruit held at
In_ fruits "held at 4°C. decreased Iq
Whereas the gercent a(:|d In fruits held &  The c an es leading to_ increases in {Ulce
13° Cremalne essentially constant and fruits content soIH le solids,”and Fud auaqmen
held at 24°C éhowed a progressive mcrease culinar Iprocessmg value of emon
|n (percent acid. However, Upon removal to  fruit. Most %ocessors of lemons pay accord-
C from 4 and 13°C th(er as. a marked |n%to the amount of acid per ton of lemons.
mcrease In the percent acid. The mcrease In  Likewise the housewne |s interested In a
concentration of acid as shown. by the per- maX|mum of |tg quality juice. Lemon
cent acid and the Increase In jUI e content runs entenn resh- frU| channels from
resylts In: a) a considerable increase In total sora% (Cl are ex os to tg[nrneratures
acld available_ from the fruit held at 24°C, near 24°C durl Ing who esae han [%; In the
b) moderate increase in fruit held at 13°C, retail store, and In the home to brirg about
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Table 1. Fresh-weight changes of the whole lemon fruit, rind, pulp, and reamable juice
during storage for 4, 8, and 12 weeks at 4, 13, and 24°C per 100 grams original fresh weight
(OFW) of the whole lemon fruit.

Storage conditions Change (g) per 100 g OFW"

==
==
==

Tem(g%rature [zv%aetl!g)n Rind Pulp Juice

[nitial weight (g/100 g) 100.0 40.7 593 35.9
4 4 -2.9 - 23 0.6 + 05

8 -5.3 - 49 - 04 + 11

12 -6.6 - 6.2 - 04 + 30

13 4 -3.9 - 43 + 04 + 31

8 -6.2 - 15 + 13 + 11

12 -8.1 -10.2 + 21 + 88

24 4 -4.9 - 49 0.0 + 56

8 -6.7 - 88 + 21 + 89

12 -8.8 -11.3 + 25 +11.6

LSD 05 0.7 0.6 05 0.6
01 0.9 08 0.7 0.8

sufficient addrtronal changes to_give good ongrnal fresh weight increased for fruit held

quantities and ﬂua rtg %urce The changes at 13 and 24°C an remarned essentially con-

reported here i g Sare In stant for fruit held at 4CC. The changes after

eral agre ment With previous regorts and transfer to 24°C from 4 and 13° were sim-

review gBarthoIome and Sinclair, 1951: |Iar to those described for the concentration
Miller, 1946: Van der PIank et al., 1940).

ITowever RreVIous reports have normaly 1%e concentratron of ascorbrc acid in the
expressedteresu ts 1n terms of concentra-  edible ou f of fruit held at 13°C F'g 9
N riod.

tlon or based. upon the fruit weight at the
time  of samplrngp Thus, 1t Is drffr%ult to de- VAvlasSocorrltstte ctgaun”ggotggu?r(e%erarf]teep t%

termine quantrta Ive changes Expressrn the davs at 24°C fo Iowrng storage at 13° c The

data rn terms 0f quantrtrs er unit of ng p of fruit held at 24°C_ showed small
inal fresh WEItg ht of the fruit (Figs, Erogressrve losses in ascorbic_acid concen-
and ) presenfs the actual chan €s drrect ration after 4 and 8 weeks, followed by a
Changes |n the ascorbrc acid vrtamrn ) considerable decrease In ascorbic_acid con-
content of the juice, P g and rind of the centration hetween the 8th and 12th weeks,
lemon fruit are of |n erest nutritionally as  The ascorhic acid concentration in the pulp
well as ghg/srologrca The milligrams of of fruits held at 4°C remained at essentially
ascorhic er-100 grams, of juice (Frg the same level after 4 weeks, hut showed
shows a consrderable loss for fruits “held Fd progressive losses from the "4t to 12t
“C and, to a lesser degree, for fruit held weeks. After fransfer to 24°C from 4 and
at 4°C. Fruits held af” 13°C" maintaned  13°C " only. minor changes 0 cg]rred in the
about. the same concentration  of ascorbic ascorbrc acrd concentrat on o epu
acid in the juice. The SCOFb]JC acid con- cept for the samples held 12 weeks a 4C
centratron in the gurce rom frujts moved ereaconsrdergble Ioss Was (gbserved The
from 4° fand 13° 024Cshowed small but concentratron of ascorbjc acid In the juice
nonsrgnr cant changes, except for  those Ig rnte?ulp § rg J |n gen-
rt(rjrts held gveeks at 4°C, which showed era demonstrates imilar trends durrng
Erastrc 05 otasccar trc acid. " f stoTrarr] et ucent £ e nulo f
xpressing the data as milligrams ¢ e translucent appearance of the pylp
ascorgrc acrdgper 100 grams of ori ?nal ?resh about 25% tC the Pr%rs hefd 12 wg kE at
g\derlng Iteteclj rth?fereﬁtt |(ctugre 81Theret8?a[1]ltsasa t4 o%edandret eon davs alt02se atN ar? -
r VIOu r vali -
coerc acr}d found in Phe Juice based on the cated th%t two addrtrona samp es S ouldq (h
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.) in the juice (mg per 100 g juice) after 4, 8, and 12 weeks at

4°,13% and 24°C, and after 3 and 14 days at 24°C following 4, 8, and 12 weeks at 4° and 13°C (broken

line).

8) Ascorbic acid in the juice (mg per 100 g original fresh weight [OFW ] of fruit) after storage as

described for Fig. 7. 9) Ascorbic acid in the pulp (mg per 100 g pulp) after storage as described for
Fig. 7. 10) Ascorhic acid in the pulp (mg per 100 ¢ OFW of fruit) after storage as described for Fig. 7.
11) Ascorbic acid in the rind (mg per 100 g of rind) after storage as described for Fig. 7. 12) Ascorbic
acid in the rind (mgq per 100 g OFW of fruit) after storage as described for Fig. 7.

taken, Accordingly, after all fruits in each
sample had been” sampled for ascorbic acid,
the norma procedure a sample was taken
from the pulp of the healthy- appearrng fruits
and from he pulp of the translucent-appear-

fruits . the Jesgectrve average milligrams

o ascor rc aCl ramso pulpwere
52 and 9 ranPe115 he eat ppear-
ing pulp had fost only a small amount of as-

corbic acid whereas the translucent, water-

soaked-appearing pulp, had lost more than
80% of Its ascorbic acid during the 14 days
at 24°C foIIowrng the weeks at 4°

Thus, the normal Samp rn? 3ave onl amo -
fre ﬁrcture of the tr ]y tatron his Is a
?rap ic 1l ustratron thﬁ se ectrvrt of chill-
g | ury Th reet ourt s 0 srm lar frurts
sowe symptoms of _chillin rnur
Whereas te ¥erh)arnder display edg severd|
symptoms ~ (internal drscoloratron loss  of
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semi-permeability resul_tln([; in the transjucent
appearance, Susce tl,bl||'[|y 0 decaé/ and break-
down, and, secondarily, foss of ascorbic acid).
_The rind of the lemon fruit contains much
higher concentrations (Fig. 11) and amounts
(F1g. 12) of ascorbic acid than the pulp or
{UIC,e. The increase In ascorhic acid concen-
ration in the rind during storage at 4 and
13°C (Fig. 11) was not expectdd. At first
It was thought that this was not actual syn-
thesis or a real Increase but a reflection” of
water loss from the rind. However, when
based on_the original fresh welght of the
samplg (Fig. 12) it was foun that ascorbic
acid does, ‘In fact, increase during storage
under these conditions. The ascorbic_acld
content of the rind of samples held 16, 20
and 24 weeks at 13°C sflowed a ﬁradual
decrease to ahout the initial level by the 24th
week. At 24°C the ascori¢ acid “decreased
proo%resswel. Upon_ transter from 4 or
13°C the ascorbic acid content decreased In
all cases of those chilled élZ_weeks at 4°C_21,
again showing a drastic 10ss in ascorbic acid.
or those fruits that were not chilled the de-
crease In ascorbic acid might be expected
since there agloears to betwo conditions
present depen n%,upon temperature, 16., at
4 and 13°C ascorbic acid appears to accumy-
late during storage, whereas at 24°C ascorhic
acid decrdases. ©~

These data definitely indicate that the
destruction of anorblc acid 1S not the first
Ph,ase In the development of Iow-tempe[fture
niulrsxé 8 suggested by Miller and Heilman
119 2 from “their studies with plneapﬂle.
The lemon_ fruit held 12 weeks at 4°C had
sufrered chilling injury yet the, ascorbic acid
content remained near the initial level ex-
ceapt In the rind, where an actual Increase
was observed. Upon removal o 24°C the
symPto,ms of chilling developed gmternal dis-
coloration, surface rPlttmg, loss  of semi-
permeability—resulti g In"a translucent ap-
pearanceg and the ascorbic acid _ content
decreased, This resembles results with pine-
agple (Miller, 1951). Pineapple fruits chilled
48 hours at 5°C and ripened at room tem-
perature contained essentially the —same
amount of ascorbic acid as fruits ripened
without chilling. However, pineapple fruits
with physiological breakdown (presumably

EFFECT OF TEMPERATURE AND HOLDING PERIOD ON LEMON FRUITS

as the result of chilling injury) had less than
80% as mych ascorbiC acid &s' healthy fruits,
which is similar_ to the chilled lemon fruits,
The ascorbic acid content of plneapgles Was
about 40% less in those held 7 days at 6°C
and 2 days at room temgerature than in
those held"2 days at room temperature (Mil-
ler and Heilman, 1952). Since the ascorbic
acid content of the O,omeaP les was not de-
termined at the end of the 7-day chilling
period, the decrease observed two days later
cannot be considered ,af, the first phase In
the eveloEment of chilling injury.
_Although, from the data presented and the
discussion, changes In ascorbic acid did not
aﬁpear 10 be associated with [ow-femperature
| +ury in tomatoes (Craft and Heinze, 1954),
a Truit whose chemistry is somewhat similar
Lo that of the emon, cértain analogjes appear
etween the data on tomatoes and the data
for lemons presented here. The ascorhic acid
content of chilled tomatoes after ri enm%
19-22 days at 65°F after 4 and 9 days d
2 and 40°F) showed little change and”may-
be similar in’ degree of injury and response
to the 4- and 8-week exposure for lemons to
4°C. However, the tomatoes held 14 days
at 32 and 40°F were reported decayed after
18 days at 65°F. Had samPIes of . these
fruits ‘been analyzed periodica Ig, eglnnmg
Immediately aftér transfer to 65°F, the re-
sults may have been simjlar to those found
for lemons upon removal to 24°C after 12
weeks at 4°C, 1.e., a rapid decrease In ascorbic
acid as the symptoms of chilling develop.
Sweet potatoes (Lieberman et al, 1958,
1959) maintained ascorhic acid at the non-
ChI||In9 temperature b};t lost |t at the chllllnq
temperature. - Lemon fruits, In contrast, los
ascorbic acid at 24°C and maintained or In-
creased it at 4°C. However, after a chilling
exposure that resulted in chllllng symptoms
6 weeks ?t 1.5°C thﬁ sweet Pot t0 ngeber-
an et al., 1959), like the lemon after 12
weeks at 4°C, showed a marked decrease in
ascorhic acid at the _nonc_hll_lln% temperature.
Changes in ascorbic acid in the lemon fruit
do not anoear to be related o the mechanism
or initial changes of chilling injury.  The
loss of ascorbic acid after a severe chﬂlmg
ex_Posure IS secondary, probably associate
with the symptoms that develop.
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Probable Identity of the Pectinase Inhibitor in Grape Leaves
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SUMMARY

Studies were continued on the chemical nature of the water-soluble sub-
stance in Muscadine grape leaves that was previously reported as inhibiting
pectinase and cellulase. The inhibitor is a tannin or tannin-like material,
removable from leaf extracts by hide powder, caffeine, gelatin, and nicotine

sulfate.
tested.

INTRODUCTION

The importance in cucumber brining of
the softening problem caused by enzymatic
degradatron of cell wall pectin was distussed
t/ Etchells et al. (1958a,b). That paper
also_reported studies. showing that the pec-
tinolytic enzyme activity is chiefly the re-
sult of the growth_of higher fungl” (molds
In the, cucumber flowers before they reac
the brmrnd station.  Many of these flowers
remain attached to the ~cucumbers when
brmed BeII and Etchells 19583 and Bell
et a (1960) reported in Muscadine grapes
& gernong varret)(l) a factor that ‘Inhib-

tinase and 06 uase activity.

érra pe leaf Inhibitor was “found
BeII and Etchells %958 {0 ewter so]lu-
ble, stable to heat aI zable t roug
cellophane membrane, and not complétely
recrﬂrtable b acetﬂne or concentyated am-
onjum- sulfate.. They also found that re-
duction in pectinase “activity was directly
related to the inhibitor concentrations used

aEastern Utilization Research and Develop-
ment Division, Agricultural Research Service,
U. S. Department of Agriculture.

hOne of the laboratories of the Southern Utiliza-
tion Research and Development Division, Agricul-
tural Research Service, U. S. Department of
Agriculture, New Orleans 19, Louisiana. Pub-
lished with the approval of the Director of Re-
search, North Carolina Agricultural Experiment
Station, as Paper No. 1309 in the Journal Series.

Muscadine leaves had the highest inhibiting activity of the plants

and that the reaction between pectinase, sub-
strat)e and inhibitor was that of competitive
Inhibition.

Pectic enzymes are destroyed by the usual
enzYme and” protein denaturants such as
heal, heavy- metal salts, strong  acids, and
strong alkalis, Kertesz (1951)  reviewed
the pectinase literature and foynd that com
pounds 3uch as tannins, glycine, and
maldehyde were reported as eing in |b|torx
Later work, however, did not Confirm the
earlier findings on the Iatter two compounds.
Rahman and"Joslyn (1953) studied a num-
ber of the usual “inhibitors such as mono-
loloacetic  acid, mercuric chloride, sodium
azige, sodium fluoride, ammonrum arsenate
and sulfur dioxide against purified pol Kga ac-
turonase (pectinase) and concluded that the
enz me Was generally resistant or only
slrg;\| y affected by these compounds.
aturaII occurrrn

? rnhrbrtors have been
grevrousy rePorted or the h |ytri;
mes tors for amylases w oun
IN wheat b?]/ Militzer et & 1946 and
Leotr sorg um b Kneen and andstedt
19 Mifler and Kneen (1947).
eur an ( 953) was the first to report a
thermolabile inhibitor of pectinase, which
he_precipitated, from pear sap with acetone.
Man rnvestr%ators have, demonstrated the
inhibition of ehzyme activity by tannins.
Ehrenber% (19 54{ reported that the phos-
phatase aCtivity of leaves of Kalanchoe was
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|nh|b|ted b¥ the naturaI tannin_content of
the plant. e|n | bition was eliminated b
addmg a slightly chromated hide owder 0
the extract Caneg hem and Spier (1955
showe tat tannln g 0sp otun StIC acl
so |um laury | sulfonate, thiazole dye low, and
o¥] orettn hos hate inhibited’ the action
%j ur nid Is Imatsu and . Kibesaki
hibite

rep orted
vente t e

%tannlc acid.  Friedrich %955)
at the natural tanmh prese t pre-
rPant enzymes from Splitting ar-
uttn ayri Og the extractton process, ~ and
ypothesized” that such protective action
babl¥ accounted for the greater medicinal
value of the extract over that of crystalline
arbutin. Jackson and Woo % demon-
strated in rose hIRS an _Inhibitor ‘that was
effective against the oxidation of ascorhic
aclg, and postulated that tannin may be the
active pri mple
Other work has shown_that tannins are
effective inhibitors for pectinase. Grossmann
1958)F reported that pectmolyttc enzymes
rom _Fusarium oxysporum COPErsici
were inhibited by add/e% tannins, thyat Ehe ou-
linic acids were Jess effective, and that D-Cafe-
chins, were ineffective. Hathaway and  Seak-
Ins (1958), reporting on the mhibition of
ectmase %/ several tannins showed that
mplra olan tannin inhibited the rate of h}/
drol 3|s but_that the hydrolysis went o
com letion If sufficient {ime was allowed.
|s sugr%ests a competitive type of inhibi-
tign. bir tannin was shown to have no
effect. Cole (1956) demonstrated the, iphi-
bition of pectinase” by tannin and oxidized

le
pF()Zadjma (1959) howed thﬁt extractton
of minced rasphe fy eaves with 2.5% nico-
ting gave a tay n|n ree extract that was ve g
poor as_an Inhibitor in the prevention

virug Infection. Barngs (1956) showed that
tannin can be precipitated from water soly-

tlon by N-bases such as caffeine and anti-

Screentn studies bt{] the authors, on pec-
tinase and ceIIuIase irnipition by 61 species
In 37 families of plants, have beén completed
and prepared for publication.  The present
work was Initiated to obtain further infor-
mation_on the chemical nature of the gec
tinase inhibitor substance(s) in grape leaves

owe t at agarase actwlty Wwas Ifn-
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of the

as compared to a selected gmuﬁose I
wi

screened plant samPIes Including t
and without Innibitory activity.

MATERIALS AND METHODS

Plant materials. Samples of grape leaves and
of other plant leaves were collected at North
Carolina State College and vicinity in the summer
of 1960. The samples were washed with water,
surface dried, and placed in polyethylene bags.
All samples were stored at —15°C or below.

Extractions. Weighed samples (40.0 g) of the
frozen leaves were cut with scissors and placed
with 300 ml of distilled water in a Waring blender
(mention of company and trade names does not
imply endorsement over others not named). Tolu-
ene (1 ml) was added as a preservative, and the
blender was run 30 sec at low speed and then
increased to high speed for 2.5 min. The slurry
was filtered through four layers of cheesecloth on
a Buchner funnel and washed with 150-175 ml
water. The filtrate was made to 500 ml. For
viscosity measurements (inhibitory power), ali-
quots of this solution were centrifuged 15 min at
3000 rpm. For tannin analyses, the solutions were
filtered according to the filtration procedure em-
ployed in the official hide-powder method of the
American Leather Chemists Assoc. (1957).

Enzyme solution. A new enzyme solution was
prepared each day. A weighed sample (0.100 g)
of Pectinol 10-M (Rohm and Haas Company,
Philadelphia, Pa.) was made to 100 ml with water.
An aliquot of this solution was diluted to a con-
centration of 0.0002 g/100 ml.

Enzyme substrate. Six g of sodium polypectate
(Sunkist Growers, Ontario, California) was dis-
solved in 500 ml of 0.02M NaOH-citric acid huffer
at pH 5.0 and 55°C by mixing in a Waring blender.
The resulting solution was filtered through several
layers of cheesecloth and preserved with 1 ml of
toluene. This is the solution used by Bell et al.
(1955).

Measuring enzyme and inhipitor activity. The
viscometric method of Bell et al. (1955) was modi-
fied by employing a more concentrated enzyme
solution and by taking measurements after a re-
action time of 1 hr and 2 hr instead of 20 hr.
Using 100 units of pectinase activity as equivalent
to a 50% viscosity loss in 2 hr of reaction time,
a table was set up relating loss in viscosity to
units of pectinase activity. This table was calcu-
lated from a curve relating the log of pectinase
activity units to the percent loss in viscosity. Since
a 10-fold enzyme concentration and only a 2-hr,
instead of a 20-hr, reaction time were employed,
the viscosity-activity relationships reported in the
original method were the same as those calculated
for this work.
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Standard enzyme activity (control) was meas-
ured by mixing enzyme solution with water
(2:1 v/v) and using 1 ml of this mixture added to
5 ml of substrate at 30°C in an Ostwald-Fenske
viscosity pipette (uncalibrated, No. 300). Inhib-
itor activity was measured by substituting one
volume of the inhibitor solution for the water.
The enzyme and inhibitor were mixed at least
IS min before the viscosity measurement was
started. Correction was made for the flow time
for pure water for each pipette.

Tannin analyses. Tannin analyses were made by
the official hide-powder method of the American
Leather Chemists Assoc. (1957). The percent
of tannin and the tannin purity values were calcu-
lated by the following formula:

% tannin = ( .......... )100

Lannin purity =

where A =
B

g solids per ml of extract

g solids per ml of extract after hide-
powder treatment

wt sample per ml extract.

C

RESULTS AND DISCUSSION

Influence of concentration olf: griape leaf
on inhibitory power of extract. or fams
of Creek grape leaves (Muscadrneyg?oup)
were. extracted and made to 500 ml. ~ Serial
dilutions from 80 mg/ml t0 0.6 m%/ml Were
made, and_ the. reSulting solutions were
tested for_ inhibitory Power The data are
Presented in Frg 1 “All concentrations down
0 and mcIudr 9.48 mg/ml gave 95% or
rnore reduction” in. pectinase ac(srvrtg

e basis of the tannin content (hide ?wder
of this sample (16.5% on a moisture-free
Dasis t}te tannin concentr?tron% ranged from
5.2 mg/ml to 0,04 mg/ml. The cOncentra-
tron c rrespondrn? to”4.8 mg leaf/ml was

tannin/ml. ~As pointed out by Bell
and Et eIIs 958 Ieaves from. species of
?ra pes other than Muscadine varretres have
ess Inhinitor actrvrth/ and the inhibition
starts t? trorgv at a mach ﬁiter concentra-
tion of lear material per milliliter.

Relationship of type and quantity of tan-
nin to inhibitory power lant extracts.
The pr senc of ectrnase mhr'Brtors In Plants
othe tant %ae nas been demonstrated
(Bell et ai.. 1901). Several of these plants

pectinase inhibitor in grape leaves

were. selected to San the range of inhibitor
actrvrty from 95% to 0%, for’use In a study
o the reIatronshrp of tannin (as determined

hide powder) to mhrbrtory actrvrtY The
rsults are re orted In Table"L In all cases
the hide-powder treatment used in the tannin
analgses removed essentially all of the active
Prrn iple, and removal was completed by
urther adaitions, Flowever, the Inhibitory
Power of the untreated extract was not per-
ectly correlated with 1ts tannin content, be-
cause of three factors.

The first factor i that an increase in
tannin content beyond a certain point pro-
duces Ilittle or rio increase in inhibitory
power (Fg r) An extract of Muscadrne
?ra e leavés, If diluted from 80 mg eaf/ml

d [eaf/ml, contained 0.3 m% tannin/
ml and produced about 94% | hrbrtron
Undiluted irls leaf extract (0.3 mg tannin/
mI and sericea extract (0.6 md tannin/ml)
h prepared from 80 mg leaf/ml, J)roduced
88A> and 80% reductron |n pectinase activit
resgectrvel This would indjcate that these
thr epan sources on a tannin basrs appear
{0 e'it bout equalv effective, However, on a
fresh eaf bas 280m g leafiml) the Musca-
|ne rape leave apPear to have 8-17 times
the inhibitory capacr ey because of the higher
tannin content of th drae legves,

The second factor Is the varying inhibitory
nower of different types of”tafnin. This
difference in activity Que to tannin source Is
exemplified by tests on commercial tannins.
Myrabolan tannin had a relatively high ac-

MG TANNN/ML.OF EXTRACT

016031 052 1.03 1.55 2.06 258
T T T T Ll T T T

80 -

60 —/ —

a0 —

20 —
o

[} it 1 1 L L L 1 1

o] [[*] 20 30 40

MG CRAPE-LEAM TISSUE/ M (F EXTRACT
Fig. 1. Relationship of grape leaf concentration

and tannin concentration to reduction in pectinase
activity.

%

REDUCTION IN PECTINASE ACTIVITY,
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Table 1 Inhibitory activity of plants as related to tannin content.

Plant a Mo(h/sotyre
(Plants with inhibitory activit %
Muscadine Vitis rotundifolia
Grape var. Creek 60.0
Iris Iris sp. 82.8
Sericea Lcspcdesa Cuneata 453
Raspberry Kubus strlgosus
var. Latham 61.1
Strawberry  Fragaria chiloensis 726
Dogwood Comus florida 58.5
Peach Prunus persica 597
Rose Rosa odorata 61.8
Blueberry Vaccm|um %she 543
Sweet Potato  Impomoea hafatas 8L7

(Plants with negative to doubtful inhibitory activity)

Tomato Lycoperslcon esculentum 6.3
Pear Pyrus communis 55.9
Cherry Prunus cerasus 63.9
Holly Hex cornuta

var. Burford|i 62.1
Apple yrus malus 53.0
Magnolia gnolla grandiflora 515
Fig Ficus carica 68.6

Inhibition of pectinase

in . Tanpin i W ater n|n
EA?%@ IF egﬁaﬁt gl?rnl >E 3ct ex}qu
16.5 5.3 437 ) 7
2.0 0.3 54 88 14
14 0.6 111 80 12
5.2 16 16.2 70 0
74 16 19.6 60 0
9.7 3.2 26.0 64 0
2.9 0.9 9.4 60 0
3.9 1.2 142 57 14
19.3 7.1 42.6 54 21
1.2 11 33.2 36 0
2.6 0.3 6.7 12 3
6.0 2.1 194 1 19
2.4 0.7 8.8 0 13
41 12 20.2 0 4
49 18 124 0 8
3.7 14 141 2 16
4.0 1.0 11.9 0 0

All samples consisted of 80 g fresh leaf tissue extracted 3 min in Waring blender at high speed with
600 mI of water, filtered through Cheesecloth, and made to one liter, including” washings.

1Tannin Burltv = g %otlaﬁngollds X 100

¢ This column indicates residual inhibitory power after treatment with hide powder for tannin analy-
sis. Further hide-powder additions produced” extracts having no residual inhibition of pectinase.

and Wattle tannin had little or no
activity. This confirms the work of Hatha-
way and Seakins (1958). It would appear
that Muscadine grape, ifis, and Sericea may
contam the same tg/fe of tannin. BIueberr%/
w ich gave only 54% reductlon In activity
t our%h |ts extracts contained 7.1 mg tannin/
be a second type of tannln Mont-
morenc cherry, Xa ple, and fig, which
gaven reduc |on | actmty, thou?%;h thelr
xtracts contained g tannin/ml,
probabl contain tannlns dlffer nt from any
of thosé above, It Is apparent that atannln
with @ low Inhibitory efficiency wauld Pro-
duce less enzyme. dctivity reductlon
1 would predict, sincé the curve is ap-
parently based upon a tannin of high

efficienc
The }%lrd facior tannin ur|t (‘% tannin
X 100/total solids), comp |cats he above

considerations. Tannln extracts of low pu-

tivity,

ritv are known to give high tannin values
by the hide-powder "method, because of ad-
sorption. of non-tannins by the hide powder.
Since iris and sericea gave water extracts
of mu?h lower purity than the Muscadine
grape eaves, the actual tannin content ma
e lower_than indicated by the analytica
method. This would Indicate that the tannin
from these two sources may be more effec-
tive than the actual data show. For this and
other reasons, further work is in progress
on the identity of the types of tannins of
high inhibitory capacity.

Influence of extractant on the inhibitory
pover of the extracts. A sample of Scup-
Pernong grape leaves (Muscadine) was ex-
racted"in the usual manner with ‘water. A
second sample was extracted with 1.3%
caffeine solution, and a third was extracted
with 2.5% nicotine sulfate solution. The
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Wwater extract g%ave 95% inhibition, and the
two alkaloid extracts gave no mhibition. Ad-
ition o cafferne to ‘the water extract fol-
Iowed by centrifugation gave a solution pro-
ducrng No Inhibition. Caffeine and nicotine
sylfaté alone had no influence on the rate
ofvrscosrt){ change due to the enzyme, Addi-
tion of ge atrn t0 the leaf samo(le while ex-
fracting with water gave an extract having
no inhibitory Power

Influence”of treatment of water extracts
on inhibjtory power._ The dial srs experi-
ments of Bell and Etchells (1958) were
re eated in more detail. An extract of

uppernon e leaves was pregare

dilute to a concentratron of

Ieaf/ml This concentration_produced 80%
inhibition before dialysis. . The_extract was
dialyzed with stirring”against distilled water
for 2 hr, with four” changes of the water
outside the cellophane membrane. The dia-
lyzed solution rgave 82% Inhibition, and the

aIvsatte attet cotncentratron In vzitctuothat
room temperature 1o a volume equal to the
startin v%fume gave 7.5% rnhr%rtron An
extract containing” 40 m? leaf/ml gave 98%
Inhibition before “and, affer dialysis, and the
dralvsate ave 9@ inhibition. ~ The inhibi-
tion of te )(sate IS |nsr nificant_when
consicered wrth he total innibition. There-
fore, the actrv? Inhibitor must be of rela-
tively high molecular weight.

Adsori)tron on Amberlite RA-410 QO HQ
completely. removed all inhibitory materia
Elution with_ ammonium h droxide and ge-
ronrzatron with Dowex 50 (H+) produced
b DN i’ e shoge e
ﬁovr}e ePn %rtor ower about 25% of
that ofteorrgrna xtract.

A horate complex was made and adsorbed
on Duolite A-4 resin charged with 0.1M
Na2B40 710 HoO. Al rnhrbrtorré actrvrty
was removed, and the ammonium nydroxid e
and sodium hydroxide eluates from’ the col-
umn were completely inactive. This indi-
cates that the borate inactivates the tannin,

Using the technique employed by Bell
and EtChells (1958) on grape "leaf extract,
we have been able to show’ that pectinase
inhibition by myrabolan tannin is of a com-
petitive nature,

PECTINASE INHIBITOR IN GRAPE LEAVES

with Sephadex G-50" (Pharmagia, Uppsala
Sweden), a grape leaf extract mdrcated 5 b
comﬁounds re}present ?/ elufion . peaks,
as shown by the activity of the fractr s as
rnhrbrtorso ectrnase Ferrrcc loricle tests
on th e mdrvr ual fractrons mdrcate a Close
corre |ation l%tvveen the_polyphenol content
and the inhibitor actrvr Ince the Peaks
Wwere ver% qurck eute from the_column
It must De assumed that the active com-
ponents were of relatively. high molecular
wertght The fact that muyltiple™peaks of ac-
tivify were obtained indicates a range of
molécular werghts
All of the éxperimental work on the re-
Iatron of tannin to inhibitory actrvrty—re
moval of activity by hide powder, gelatin,
ot]alkalords Pra srs lon- xch%g gdres
o on natural extracts and on borated ex-
trfacts resrstance to he%t and the relatjon
henols to inhi tory ower after
crue eparatron according” o molecular
weight by means of qel filtration—indicates
that” the “active Inhibitor of pectinase found
In Scuppernong grape Ieaves 1s a fannin or
3 tannin-Jike comrt)ound There s, always
the possibility that some pon-tannin co
pound, havirig many of the ?hysrcal and
chemical characteristics of the tannins, may
lie responsible, but,_considering the number
of positive correlations, this thance seems
remote. Work Is continying on characteri-
zation of the type of tannin,
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SUMMARY

Solubility measurements have shown that the “myosin” of Baltic herring
is denatured rapidly In SItu even in a 2% sodium chloride solution at 0°C.
This dénaturation is inhibited by various alkali phosphates and citrate. A higher
concentration of sodium chloride requires a higher concentration of phosphate
to prevent dénaturation by the former. This action of alkali phosphates varies
with the pH of the solution, probably as a consequence of changes in the net
charge of the proteins and in the dissociation of the phosphates. Possible
mechanisms of the inhibiting effect of the phosphates and citrates on the
dénaturation by sodium chloride are discussed.

The muscle proteins of fish m 3/ undergo
denaturatron from man dyfferent causes :
reezin thawmg, reeze drying, heating
varr us salts, etc. The mechanism need not

the same. I all cases, however. Thus,
Lur Een g1957) stated that the denaturatron
of fish ro teins caused by freezrng ITfers in
nncrpe from that cused by heating. There
are also, marked differences hetween the
effects of freeze drying and heat denaturation
(Hamm and Dedtherage, 1960). In con-
frast, m% fac ors inqicate tha there is an
apprecra srmranty etween the enatura
|ono |s muscle cProterns cause freez
Ing and that cause by sats ovez
SImi
amon

Simidu and  Simidu ~(195
Hibiki $1951 ), and Lurﬁ]en 19572
enaturation 0
hs IS causedb the

otherf oncluded that
muscle Protern offrozen
%oncent ation of tissue salts that results from
reez

uerr and 1952
19523 stated tHXt when cod ets are h)
|n stron NaCl. solutions at 02
structura roterns are rapl enature
when a cer am “eritical” § oncentratr
(8-10% 1S reache |n ne musc
However den turatron o te protems of
Baltic h errrngr IS produced by a 2%  NaCl
squtron the maI saIt concentratron in tkhe
Linko

musc Del
3 n |Ia?/ results wlrlh dl fferent fish
specre have been obtained by Simidu and

U arid

d Fou ere
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(1951) and Simidy and Simidu
who showed that denaturatron 0C-
curs In 2-3% NaCl solutions, the rate of de-
naturatron depending on_the’ saIt concentra-
tion and the size of efrhf
Duerr and Dyer (1 and Nrkkrla and
Linka (1954b) “also showed that NaCl spe-
cifically” denatlres the “myosin” fraction of
muscle. . This denaturatjon of “myosin” by
salt is similar to the denaturatron resuItrng
from freezrn d tawrnr%; (Nrkkrla an
Lmko ry Yosr IS ere meant
that ractron ext actable from the muscle
5% NaCl but subseiruently found to
be msqubIe |n
Shimizu and

NaC
|m|du (1953) observed
with fish m scle that for" equimolar solu-
fions the e ectiveness o denaturatron Was

In_the foll owmfg order M_%CI2> NaCl >
KCL > Baltic h
Ve, Nrkkrla and Linko $1954b) found the
ollowing order of ertectiveness : NaC
& g 0%
alter the sofubility of myos
In the present Stu an Investigation was
hates, sodium citrate, and_sodiu aetate
gn the dgnaturatron %y sodium cmon de of
METHODS
Skinless fillets of Baltic herring (Chtpea haren-

? ﬁ With erring, how
I
wh reas Pnucose did not
F B ot oL
made of the effect of Uifferent so lum phos-
the myosin of Baltic herring n situ at 0°C.
gus var. membranus) of as uniform a size as possi-
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ble were immersed in 2 or 5% sodium chloride
solutions containing sodium ortho-, nieta-, or poly-
phosphate, sodium citrate, or sodium acetate in
various concentrations at 0°C and pH 6-8. In most
of the experiments the concentration of sodium
chloride was 2%, because the myosin of Baltic
herring is denatured In SIU rather rapidly in a
sodium chloride solution of this strength. The
brine was stirred occasionally during the experi-
ments. Jars were taken at intervals for the analy-
sis of fillets and salt solutions (cf. Nikkila and
Linko, 1954b).

The extractable myosin of the fish fillets was
determined by a procedure described previously
(Nikkila and Linko, 1954a,b).

RESULTS

Fig. 1 shows the variation of the solubility of
myosin in 5% sodium chloride solution after the
fillets had been kept for different periods in solu-

A. 2%NaCl B. 5% NaCl

L 1. No phosphate
80 M. O0S5%— v —
m M 1% —w—

70

60f

50f

30-

20r

10 x\’( t
L‘«TTUW‘W‘ U I A

TIME IN HOURS

Fig. 1. The changes in the solubility of myosin
from Baltic herring fillets stored in sodium chloride
solutions containing added sodium pyrophosphate
at pH 7.5 and 0°C.

SOLUBLE MYOSIN NITROGEN
PERCENTAGE OF TOTAL PROTEIN NITROGEN

tions containing 2% (A) -or 5% (B) sodium
chloride and 0.5 to 3% of a phosphate mixture of
1:2 tetrasodium pyrophosphate and disodium pyro-
phosphate. The pH values of all the salt solutions
were adjusted to 7.5 before the experiments were
begun. The results show that the solubility of
myosin decreases markedly in the solutions con-
taining 2 or 5% sodium chloride (A and B, curves
[), but this decrease is clearly decelerated in the
presence of sodium pyrophosphate. The rate of
dénaturation depended on the concentration of
both sodium chloride and phosphate. Thus, the
concentration of phosphate mixture needed to pre-
vent dénaturation completely was 1% in the 2%
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sodium chloride solution (A, curve I11) and 3% in
the 5'/ sodium chloride solution (B, curve 1V).
Results were similar when the fillets were allowed
to stand for 1, 3, and 6 days in the phosphate solu-
tions before the addition of sodium chloride. The
undenatured myosin N finally found in the sodium
chloride solutions amounted to about 10% of the
original protein N (cf. Nikkila and Linko, 1954b).

z 1 Phosphate addition otter 1 hay
6 700 J— 6 days
z Zz
gz ™
o |
=N
£ g sy
=z a 1
% 2 0 x 1
9 ’<_: LO{ / \
e "\
wu 30 X
- O
g w ‘\
39 20N
e | N o
z S S,
o 1‘— A —. e e = A 0
@
wl
a

TIMENHOIfe

Fig. 2. The changes in the solubility of myosin
after the addition (at 0 hours) of 1% sodium pyro-
phosphate to brine solutions of pH 75 in which
Baltic herring fillets had been stored at 0°C. The
initial myosin N percentage was 63% in all
experiments.

Fig. 2 shows the variation in solubility of myo-
sin when Baltic herring fillets were kept first for
1 (curve 1), 3 (curve I1), or 6 (curve I11) days in
a 2% NaCl solution, and an amount of the above-
mentioned solution of sodium pyrophosphate suffi-
cient to raise the final concentration of the latter
salt to 1% was then added to each solution. It
appears that pyrophosphate is able to inhibit the
denaturation of that portion of the myosin un-
affected by treatment with sodium chloride but
cannot reverse the denaturation already accom-
plished.

To check the possibility that pyrophosphate en-
hanced the extractability of myosin, fillets were
kept in a 2% NaCl solution for 1, 3, or 6 days and
then extracted in the same solutions after salt solu-
tions had been added until they contained 5%
sodium chloride or 5% sodium chloride and 1%
sodium pyrophosphate.

The results (Table 1) show that addition of
pyrophosphate to the extraction medium has no
effect on the extractability of myosin under these
conditions.

Sodium pyrophosphate alone decreases the solu-
bility of myosin only to a small degree, as may he
seen in Fig. 3 from curves | (1% of the phosphate
mixture), 11 (3%), and 111 (5%). The loss in
solubility reached its lowest level in the solution
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INHIBITING MYOSIN DENATURATION IN HERRING

Table 1. Effect of sodium pyrophosphate on extractability of “myosin."

. Duration of .
pig e i

. .
% 5°|”b|ep%¥gﬂ{"y\]\l of total

5% NaCl 5% NaCl + 1% NaiPaOi
1day 47.2 478
3 days 24.8 21
6 days 115 13.6

containing 5% phosphate. At the end of the ex-
periment, after about 140 hr, the amounts of solu-
ble myosin in the samples containing 1, 3, and 5%
phosphate were respectively 65.0, 57.0, and 50.3%
of the total protein of the muscle, the initial value
being 60.9%.

0 4 60 8 10 XV ro 10

TINE INHDBS

Fig. 3. The changes in the solubility of myosin
from Baltic herring fillets stored in sodium pyro-
phosphate at pH 7.5 and 0°C.

The next series of experiments investigated the
effect of different sodium phosphates on the dé-
naturation of the fish myosin in the physiological
pH range. Fig. 4 illustrates the solubility of myo-
sin after the fillets had been kept for 210 hr at
0°C in solutions containing 2% sodium chloride
(curve 1), 2% sodium chloride and 2.8% sodium
orthophosphate (curve 11), 2% sodium chloride
and 2.7% sodium pyrophosphate (curve I11), 2%
sodium chloride and 2.5% sodium tripolyphosphate
(curve 1V), and 2% sodium chloride and 2%
sodium hexametaphosphate (curve V), the pH
values of the solutions being adjusted with HCL or
NaOH to 6, 7, or 8. The percentages vary hecause
the amounts of phosphate salts added were such
that the phosphorus contents of the solutions were
equal. The figure shows that the myosin is almost
completely denatured at all these pH values in the
presence of sodium chloride alone (curve 1), the
amount of the soluble myosin being less than 10%
of the total protein. All the phosphates studied

inhibited the denaturation of myosin, but their
efficiencies varied with pH. Sodium orthophos-
phate had the weakest effect at all the pH values
studied, the soluble myosin varying from 30 to
36% of the total protein. Sodium pyrophosphate
prevented the denaturation of myosin much more
effectively than sodium tripolyphosphate or sodium
hexametaphosphate at pH 6, the soluble myosin
being respectively 56, 39, and 35%. At pH 7, all
three were nearly equally effective, the amount of
the soluble myosin varying from 55 to 57%. The
effects of sodium pyrophosphate and sodium hexa-
metaphosphate at pH 8 were the reverse of those
at pH 6. The effects of the other salts were
approximately the same at pH 8 as at pH 6.

Two percent trisodium citrate also prevented
the denaturation of myosin caused by sodium
chloride (Curve Il in Fig. 5). In contrast to the
citrate, addition of 1-6% sodium acetate increased
the rate of denaturation, but after approx 170 hr
the extent of denaturation in the solution contain-
ing sodium chloride and sodium acetate was simi-
lar to that in the solution containing only sodium
chloride.

DISCUSSION
These experiments confirm that a concen-

tration of sodium chloride as low as 2%
rapidly Iowers the solubility of the myosin

L 2% NaCl
II. — » — 4 2.8 % disodium orthophosphate
70 M. — = — + 2.7 % tetrasodium pyrophosphate
TL. — n— +2.5 % sodium tripolyphosphate
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Fig. 4. The solubility of myosin from Baltic
herring fillets stored for 210 hr in sodium chloride
solutions containing different alkali phosphates in
the pH range of 6 to 8, at 0°C.



LINKO AND NIKKILA

I. 2% NoCl
—_——

+ 2% trisodium citrate
I — v — + 1.6% sodium ocetote

o ~3
o, o
]
]
)
\
[}
]
I
!
]
!
!
!
1

o
=)

N ow
o o
—
- /x
x/
~

3
!
]
i
»
I
!
I
9/

Al

SOLUBLE MYOSIN NITROGEN
PERCENTAGE OF TOTAL PROTEIN NITROGEN
~
o

0 20 40 60 60 100 120 10 160 180
TIME IN HOURS
Fig. 5. The changes in the solubility of myosin
in Baltic herring fillets stored in sodium chloride
solutions with the addition of sodium citrate and
sodium acetate at pH 7 and 0°C.

of Baltic herring in situ. This decrease in
solubility we have taken as the criterion of
dénaturation. This denaturation of myosin
i sodium chloride solutions may, as our
experiments show, be slowed down and even
comPIeter inhibited b sma amounts of
alka hosphates n f dutron If the
concentration of sodium ¢ Iorr e IS Inreased,
the nhibjtion of myosin denaturation re-
quires a hrgher concentration of pyrophos-
F ate Variations were gréat when
he denaturatron -Inhibiting effect of differ-
ent. phosphates ws studred in the physio-
logical p ran? r% Such varjations
In“the action of the phosphates may be due
to ditferences in the charges of the muscle
roteins ang jn the dissociation of the phos-
hates at different pH values,

The time and order of addition of the
phosphate._and sodium chloride were varied
In the different, experiments. Phosphates
rnhrb}rted denaturatron If the?/ were added
to, the storage solution eoe or to ether
with sodiunt chloride (Fig. 1), If only
phosbhate Was presené ( |? no defrnrte
denaturation _occurre the Bhosphate
was added after the_ fillets had been’ first
ke Pt In_sodiym chloride solution for differ-
? erio SQ g % twas able fo prevent
urt er denaturation of the myosin, but no
reversa of denaturatron (i.e;. Increase n

solubility) ook place. The adgrtron ofdph

ate t g the extrzircttron medium I tnot
rncrease e solubili osrn hus
seems that the pthosbhates irectly inhibit
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the dénaturation of myosin by sodium
chloride and that [he effect IS not due to an
Increase. In the solubility of myosin.

Alkali %rtr%tes also. hav? an |nh|b|t|n
effect on the denaturation of the Batrc er-
ring myosin causeq bg soduim c orrde
Th s, .two groHps of ? stances pho ates

citrates, that differ greatly fro each
other in chemical structure can function as
denaturation |nhrbrtors All these substances
moreover, Increase the water-hind rn]g
Pacrty of muscle, although. they. do not follo
he series of ofmerster in this respect (c
Hﬂmm 1955. In contrast sodium acetate,

Ich "accor rno Hamm 0) exerts
a weak dehy dra rngneffect In low ¢oncentra-
trons u- as an opposite effect

aner are varioys mechanisms, by which
P (os hates .and cifrates, could infilhit the
eduction of solubility of natrve Balfic her-
ring myosin by soditm chloride. and at the
same trme rncrease the hydration of t rs
protern P osphates and trates may,
am(b be taken up drrecty Brotern
ecules, therey rncreasrnrrr the” numbers
of polar roups in the latter. In addition,
condense phosphates hind to actomyosin,
h the, myosrn of this study ﬁlosey re-
sem les, rnc ease Its negative charge” and
cause |t to dissociate. Actording to Bendall
Kotter and Prandl (1956),
such process leads to an rncrease In the
solubility of thrs Protern Phosiﬁ ate
cltrates ‘may also remove ca Cil zrnc
long that are bound %o mu?ce proterns and
S0 Increase the number of polar groups In
the _latter (Hamm and Grau, A

similar abrIrt)() to bind calcium “and’ zinc
IS Bossesse y ethylene |am|netetraacetate

OWeVEr, in experimen
{ormed zrvrth P

Ba tic herrrn %r[rjb blrs ed
experiments of the autI or§), EDTA was
unabIe to prevent the lowe mo of m osrn

he remova

oubr ity b sdodrumc loride.
calcium and zinc_ions. th ere or not
be the correct explanation for te e ects
of phosphates and citrates shown in this

Daper.
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SUMMARY

Uncured bacon, irradiated with 5.58 megarads of gamma rays was compared
with similar uncured unirradiated bacon by feeding to 757 mice. There were
no major differences between the control and experimental groups. No gross
or histopathological lesions attributable to irradiation of the lipid were ob-
served. The incidence of spontaneous cancers showed no significant differences
among the diet groups and indicates that irradiation of the bhacon did not pro-
duce carcinogens or growth-altering substances demonstrable under the con-

ditions of these experiments.
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"The Experiments reported were undertaken
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Office of The Surgeon General. The opinions ex-
pressed are those of the authors and are not neces-
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also described wholesomeness testlng and
undertook an analysis of available data.

The work described here IS part of the
contractual Rroqram of the office of the
Surgeon Generdl, Department of Defense.
It Was undertaken to determipe if gamma
irradiation of bacon has an?/ Influence™on the
bacon lip |ds that would ater the Incidence
of rate o apé)%arance of spontaneous neo-
Pnlacsems and “other pathological changes In

|

EXPERIMENTAL

[rradiation and storage. It was considered ad-
visable to use uncured bacon because nitrites (Hu-
ber, 1957) in processed bacon might have the
effect of decreasing the side reactions secondary
to irradiation.

The Quartermaster Food and Container Institute
for the Armed Forces obtained uncured bacon
packed in 4.5-lb amounts in No. 10 cans, and
shipped it to the Materials Testing Reactor, Phil-
lips Petroleum Company, Idaho Falls, Idaho. Half
of the bacon was shipped, frozen and unirradiated,
to Los Angeles, where it was kept at —20° until
use. The other half was retained at Idaho Falls
for radiation. A month’s supply of bacon for the
irradiated lipid diet was gamma-irradiated (Read
et al., 1959) with 558 megarads and then shipped
to Los Angeles. For the first six months of the
project the irradiated bacon was kept at 5° until
used, but for the remainder of the time it was
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stored at room temperature. In the last eleven
months of the experiment, the bacon was gamma-
irradiated at Savannah River, Georgia.

Animal feeding. The C3H/Crgl (formerly des-
ignated as the C3H/He Crgl (Snell et al., 1960)
and hereinafter referred to as C3H) and the
AICrgl (Cancer Research Genetics Lab., 1959)
(formerly designated as the A/He Crgl and here-
inafter referred to as A) female mice used in the
experiment were obtained from the Cancer Re-
search Genetics Laboratory (Crgl), University of
California, Berkeley, California. Some sub-lines
of the C3H mouse have up to a 90% incidence of
spontaneous mammary cancer by the time they
are 10 months old (Fawcett and Wilson, 1955),
and incidence is 5-10% in the A mouse (DeOme,
1956). A comparison of the incidence of mammary
cancer in the different diet groups could thus be
made between the two strains of mice.

Although the C3H female mice have a less than
1% incidence of hepatoma (Barnewell, 1957), an
indication of the incidence of hepatoma in females
surviving past 12 months of age could also be
obtained. Likewise, the occurrence of lung cancer
was studied in the A mice, which have a normal
incidence of 17% (DeOme, 1956).

The C3H animals were 134-147 days old when
placed on the experimental diets, and the A mice
were 63-152 days old. Both strains were main-
tained on a Laboratory Chow diet before being
placed on the experiments, the C3H for 2(-4-3
months and the A mice for 2 weeks to 3 months.
With both strains, animals of different ages were
evenly distributed among the 3 diet groups.

The animals were caged in groups of 4-7 ani-
mals in 17.9 X 28.4 X 16.5-cm stainless-steel boxes
with solid bottoms and screen tops. Six months
after the project was started, the pine sawdust
bedding was changed to 2/3 sawdust and 1/3 cedar
shavings, which helped control mites on the ani-
mals. The mice were housed in an animal room
maintained at approx 255+1°.

Three hundred and ninety-four C3H and 362 A
mice were employed. There were 98 C3H and 91
A mice on the basal diet, 149 C3H and 136 A
mice on the unirradiated bacon lipid diet, and 147
C3H and 135 A mice on the irradiated lipid diet.

The basal diet and the diets to which the un-
irradiated and irradiated bacon fats were added
were Ralston Purina Company Laboratory Chow.
It was ground fine in a Wiley Mill. The chow
contains not less than 23.0% crude protein, 4.5%
crude fat, and 44.0% nitrogen-free extract and
not more than 6.0% crude fiber and 9.0% ash.
Hereinafter the three diet groups are coded: C =
control basal diet, BUO = unirradiated lipid +
grr]ound chow, and BU6 = irradiated lioid + ground
chow.

After six months, the lipid content of the diet
was increased from 10% to 15%, and after an
additional three months to 20%. For the lipid
diets, the irradiated and unirradiated bacon was
sliced and then fried in the regular manner until
thoroughly cooked. The bacon was fried at weekly
intervals. The lipid was strained through a fine
metal sieve into cans, which were kept at 5° until
needed. The lipid was weighed and melted over
low heat before it was added to the ground Purina
Laboratory Chow. Quantities of diet were mixed
in-a Hobart Mixer for one week’s supply, and
then stored in ice cream cartons at 5° until fed.

The animals were fed daily ad libitum, and no
attempt was made to record food intake. Mice on
all three diets ate their food readily and appeared
to find the bacon lipid diets palatable.

During the entire experiment, cages were checked
daily for deaths. During the first 2(4 months of
the diet, the animals were examined and weighed
by cage groups twice a week. For the remainder
of the experiment the animals were weighed once
a week. Animals with palpable neoplasms or other
gross abnormalities were weighed separately and
inspected daily.

Chemical studies on lipids. Unsaturation of
fatty acids was determined by the Wij’s iodine
titration method (Gunstone, 1958) on each can of
bacon lipid. The values are expressed as the ml
of 0.2N ‘iodine absorbed per gram of lipid.

The peroxide number was determined by a
slight modification of the method of Polister and
Mead (1954). The peroxide numbers were ob-
tained by multiplying by 1000 the ml of 0.0LV
sodium thiosulfate used per gram of lipid.

RESULTS

Growth and weights. Table 1 shows the average
animal weight in grams by diet group at different
intervals during the experiment. In view of the
relatively high percent lipid in the unirradiated
and irradiated diets as compared to the approxi-
mately 4.5% crude fat in the basal die, it would
be expected that the animals on the lipid diets
would weigh more. Although the control-diet ani-
mals of both strains show a consistently lower
average weight, these lower weights were only
0.1-85 below the standard deviation of the three
diet groups.

Mortality and life span. The life span of all
C3H and A animals on the three diets is shown on
Figs. 1 and 2. Animals were sacrificed when they
showed clinical symptoms of illness or appeared to
be terminal from their carcinomas. Although it
was realized that the life span of animals so sacri-
ficed may have been shortened artificially, these
animals were included with those found dead in
the life span data in Figs. 1 and 2.



Table 1 Average weight (g) of C3H and A strain mice fed control unirradiated lipid, and irradiated lipid diets.
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Two hundred and five of the 305 C3H mice that
developed mammary cancer were 265-457 days old
when tumors were first noted. Average age at
time of sacrifice or death of tumor-bearing C3H
mice was 480 days in the C group, 463 days in the
BUO group, and 507 days in the BU6 group. For
the group of 89 C3H mice that did not develop
mammary cancer, average age in days at the time
of sacrifice or death was 624 for the C diet, 623
for the BUO, and 650 for the BU6. Animals hav-
ing hepatomas were sacrificed at average ages of
635 days for the C group, 639 for the BUO and
692 for the BUS.

No mammary-gland cancers were found in A
mice on the C diet. In the BUO group the 2
animals with mammary cancer were sacrificed at
an average age of 383 days. In the BUG group the
average age at the time of sacrifice for three ani-
mals was 433 days. Average age at the time of
sacrifice or death for A mice with lung cancers
was 540 days on the C diet, 570 days on the BUO,
and 539 on the BUS.

Neoplasms. The mice studied for pathological
changes totaled 744. Clinically ill or terminal
tumor-bearing animals were sacrificed by ether
anaesthesia, and autopsies were performed imme-
diately. Animals found dead were autopsied as
soon as possible. Tissue sections were taken of
all neoplasms and of other gross abnormalities hy
the pathologist. Tissues were fixed in 10% for-
malin. Paraffin sections were stained with hema-
toxylin-eosin.

In these experiments the C3H mice had mam-
mary cancer incidences of 75.5% in the C diet
group, 81.2% in the BUO diet group, and 75.3%
in the BUG diet group. Approx 45% of the C3H
mice with mammary tumors developed 2-8 sepa-
rate tumors. The tumors were weighed at the
time the animals were autopsied. Table 2 indi-
cates the average tumor weight in each diet
group ; the mean of the average weights in each
diet group were 8.18 g, with a standard deviation
of +0.23 g.

An attempt was made to find an estimate of
the rate of mammary tumor growth in each diet
group. The tumors were measured when first
noted, each time the animals were weighed, and
finally when the animal was sacrificed. Tumor
size was obtained by multiplying the three dimen-
sions of the tumor in centimeters. The “average
rate of growth of mammary tumors” was taken
as the difference between the initial and final
“cubic centimeters” (cc) of each tumor divided
by the number of days the tumor grew. The
average values obtained by this method were
0291 cc per day for the C group, 0.282 cc per
day for the BUO, and 0.275 cc per day for the
BU6. There was a wide range of “rates of
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Fig. 1 Mortality and life span of C3H strain
mice on C, BUO, and BUG diets.

growth” within each diet group, and also in the
“rate of growth” of several tumors in the same
animal. Ranges recorded in the diet groups were:
0.0184-09460 cc per day in the C, 0.0036-1.2455 cc
per day in the BUO, and 0.0017-1.9568 cc per
day in the BUS.

Pulmonary metastases were found in 80 of the
305 C3H mice with mammary cancer. Metastases
were present in 27.8% of the C, 25.6% of the
BUO, and 26.4% of the BU6 mice with mammary
tumors.

Hepatomas were observed in 20 of the 392 C3H
mice that were autopsied, with an incidence of
5.2% in the C group, 6.0% in the BUO group,
and 4.1% in the BU6 group. The Berkeley strain
of C3H mice has been observed to have less than
1% incidence of hepatoma (Barnewell, 1957). Al-
though the incidence of hepatoma is higher in this
experiment, there appears to be no significant dif-
ference among the three diet groups (P > 0.50,
chi-square test).

The Berkeley strain of A mice has a 5-10%
incidence of mammary cancer and a 17% incidence
of lung cancer (DeOme, 1956). In this experi-

IRRADIATED BACON LIPIDS AND CANCER IN MICE

ment, no mice on the C diet developed mammary
cancer whereas 2 mice (1.4%) in the BUO group
and 3 (2.2%) in the BU6 group developed mam-
mary cancer. Observed incidence of lung cancer
was 3.4% in the C group, 6.1% in the BUO, and
3.8% in the BU6 (P > 0.50).

Table 3 summarizes the incidence of benign and
malignant neoplasms in C3H and A mice in the
three diet groups.

Non-neoplastic pathological changes. Table 4
records the incidences of the most common non-
neoplastic pathological findings observed in this
experiment.  Many other non-neoplastic patho-
logical changes were observed as single cases
among the 3 diet groups, but are omitted because
of the lack of significant numbers. Infections
noted most frequently in A mice were interstitial
disease and cystic change in the kidneys (P >
0.50) and granulomatous abscesses in the liver
(P> 0.50). Salpingitis was often found in the
uterine horns of both A (P > 050) and C3H
mice (P > 0.50). As indicated by the P values,
there was no significant difference in the occur-
rence of these infections among the diet groups.
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Fig. 2. Mortality and life span of A strain mice
on C, BUO, and BU6 diets.

Table 2. Average weight (g) of mammary neoplasms in C3H and A mice fed control,

unirradiated lipid, and irradiated lipid diets.

C3H
Diet
coae
c 74 0.1-254
BUO 121 0.2-31.9
BU6 110 0.5-24.3

. No. animals
wwﬁn%%lﬁaaslrsns wﬁr?@g&ggm Avne\ﬁplasm neo%@ms wﬁﬁggﬁlgsfm

A

Av neoplasm
W

79 0 0 0
8.2 2 3.4-4.4 39
5 3 28-7.0 51
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Table 3. Summary of neoplasms in C3H and A strain mice fed control, unirradiated

lipid, and irradiated lipid diets.

C3H A
Unirrad.  Irrad. Uuirad. — Iprad.
Coptrol I g Coptrol |
oo W e W
No. animals beginning of diet 98 149 147 9 136 135
No. animals autopsied 96 149 147 88 131 133
Neoplasms (Malignant)
Adenocarcinoma
1. Lung 0 3 1 3 8 5
2. Mammary gland 74 121 no 0 2 3
3. Ovary 2 0 0 0 0 0
4, Other organs 0 0 [ 1 1 0
Carcinoma-squamous cell 0 0 I 1 0 0
Carcinoma in Imyph nodes
unknown origin 0 1 0 0 0 0
Hepatoma 9 9 6 0 2 0
Lymphoblastic Leukemia 0 1 3 6 6 3
Sarcoma [ 1 1 0 1 0
Thymoma 0 0 0 0 0 1
Neoplasms (Benign)
Bronchial adenomas 0 0 4 23 2 23
Cysts
L. Ear 0 0 0 1 1 0
2. Liver 0 0 1 0 0 0
3. Mesentary 0 0 1 1 0 0
4, Qvary 9 10 2 3 6 9
5. Skin 0 1 0 0 0 0
Hemangioma 0 0 1 0 0 0
Lymphangioma 0 0 0 0 1 0
Squamous papillomas 0 0 0 0 1 2
Total neoplasms
Malignant 84 136 123 1 20 12
Benign 9 1 2 28 30 34
A similar cystic change inkidneys was re- the BU6. With BUO lipid, the unsaturation values

ported by Gorer (1940) in about 100% of Strain
A mice more than 487 days old. The A mice in
this experiment having cystic kidneys when autop-
sied averaged 562 days old inthe C group, 520
days in the BUO group, and 522 days in the
BU6 group. Strain A mice without evidence of
this renal disease when sacrificed averaged 433
days old on the C diet, and 410 on both the
BUO and BUG diets.

Dunn (1944) found a high incidence of renal
disease in A strain mice, but found only one case
in 150 C3H autopsies. In this experiment renal
disease was observed in one C3H mouse on the C
diet, in 2 on the BUO diet, and in none on the
BUG diet.

Chemical studies of lipids. Unsaturation of fatty
acids and peroxide number were determined on
each can of hacon lipid.

W ij’s iodine method for unsaturation gave aver-
age values of 49.7 for the BUO lipid and 50.1 for

ranged from 465 to 541 among the 53 cans, with
a t1.6 standard deviation. The unsaturation val-
ues for the BUG lipid ranged from 46.2 to 54.0
among the 56 cans, with a £1.5 standard deviation.
The average peroxide number of the BUO
bacon lipid was 7.9, and of the BU6 lipid 12.1.
The peroxide numbers ranged from 2.9 to 17.0
for the BUO lipid, with a £3.0 standard deviation.
The range of peroxide numbers for the BU6 lipid
was 5.8-30.6, with a £4.6 standard deviation.
Before the storage temperature of the irradiated
bacon was changed from 5° to room temperature,
an experiment was conducted to see if the higher
storage temperature would affect the peroxide
number of the lipid. Cans of BU6 bacon were
stored at room temperature and opened after 2
and 4 months of storage. The bacon was fried
and the peroxide number of the lipid determined.
The peroxide number was 9.8 after 2 months and
15.3 after 4 months of storage at room tempera-
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ture. These values fall within the range of values
obtained for the 56 cans of BU6 bacon lipid.

In another experiment cans of BUO and BU6
bacon were fried, the lipid was stored at room
temperature, and samples were taken periodically
for peroxide determination. The results are shown
in Table 5.

DISCUSSION

Rub| and Metlitsky (1958) reported that
the USSR Central nspectorate ol PUb|IC
Heath on the basis of test carne out
while_feeding potatoes treated with 1
and 50,000 r’t0 two generations of rats and
dogs, has authorized the use of potatoes If-
ra |ated with a dose of 10,000 r as food In

T?te research of Teoly and Kline %1956)
failed to demonstrate he oroductlon f
cinogens on ra |at|n of brain. and eqg
preparations, a milk-beet-pork-fish-cheese-
mixture, beef and yeast sterol concentrate
mixture, peanut -corn-cottonseed ol emul-
sion and | Uld lard. The matenals were fed,
Hecte gatnte employing mice 2
the ex enment animal.

?served in rats no

Poli |n t a
lesions attribut-

g()?esstooa raatatJ dhg?ee%lgtaet The small and

IRRADIATED BACON LIPIDS AND CANCER IN MICE

occasionally statistically significant decreases
In ?rowth food efficiency, reproduction,
adult boay size, and survival ‘were con-
sicered 0" be due to slightly
tritional guallt sjmilar to that which occurs
uring heat sterilization—not an indication
of toxic ef e%s
. Research of Burns et al. (1960) on feed-
ing gamma irradiated potatoes to rats dem-
onst ated no effects on growthh reproduction,
hematology, or_pathologic changes.

Cole bygy 8 des%nbed s%me of the
complexmes |nvoIved In determlnln% the
chemical changes produced in lipids Dy ir-
radiation. In %eneral each fat, when irradi-
ated, behave3| a characteristic fashion, with
vegetab e 0]l often more re3|st nt to chanthes
tan animal fats— Tpresuma ly because of the

gher content of natural “antioxidants in
ve etable

organ 1958) has mcluded as reactlons
in irradiated lipid material Xlrogen ab-
straction, add|t|ono f H+and OH' to doyble
honds, |somenzat|on ha/drolyds polymeriza-
tion, and decarhoxylation

Our results |nd|cate no significant differ-
ences between the degree OF unsaturation
and peroxide numbers~of the cans of lipid

decreased nu-

Table 4. Summary of most common non-neoplastic pathological changes in C3H and A
strain mice fed control, unirradiated lipid, and irradiated lipid diets.

C3H

5”@

roI
No. animals autopsied 96
Kidney
Hydronephrosis
Interstitial disease:
cystic change
Liver
Fatty changes
Granulomatous abscess
Lung
Atelectasis
Pulmonary edema i
Mesentery & mesenteric vessels
Infarction with fatnecrosis,
inflammation and fibrosis i
Mesenteric lymph nodes
Dilatation of sinuses with
hemorrhage and edema
Uterine horn

Salpingitis 29

12

39

A

[rrad. Unirrad. Itrad.

(QU%) Copyel (Q'B'@) (QH@)

147 88 131 13
0 5 9 7
0 0 o1 105
5 5 5 5
0 1 i 7
2 10 9 g
5 6 1 19
8 0 0 0
4 0 0 0
4 1 1 5
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Table 5. Effect of room-temperature storage on
lipid peroxide number.

Peroxide number
frying BUO BU6
2 hours 10.9 8.1
24 hours 121 9.6
2 weeks 15.7 29.6
2 months 167.6 231.8

used in the diets. Storage of the lipid ma-
terial at room temperatUre for up to two
months resulted |n a hi dgher peroxice number
for the Irradiated

Imp ortant varrables to be controlled be-
cause (o their effects on éensrtrvrty to radi-
ation damage of food J s are such factors
as rate and amount of raiation dose, oxygen
Presence during irradiation, and length”and
emperature of storage.

It is clearly evidént that the three diets
in this exPenment Sup rPorte a goo rate
of growth tor both str s of mice.. The ten-
denicy for anrmals of t e unirradiated and
irradiated lipid diets to gain more. weigh
than those ontecontro et |s ereved to
be due to the. additional 10-20% Irprd |n
these diets, whrch were fed ad libitum.
trol and ex erimental animals drd not drffer

srgnr icantl
he incidence of benign and maIr nant
tumors, was quite similar” for b ug
mdrcatrng that irradiation of the bacon id
rh produice carcrn%%ens demonstrabe under
econdrtrons of these experiments.

Other histological abnormalrtres observed
showed_no signiticant differences among the
three digt groug It |5 possible that the hrqh
Incidence of r nal disease and earl
In A mice contri uted to an incl ence
adenocarcrnomas of the mammanb8
109\%%5 than previously observed (De
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Bacteriological and Serological Studies of Organisms of the
Arizona Group Associated with a Food-Borne
Outbreak of Gastroenteritis!

ELIZABETH VERDER

(Manuscript received June 26, 1961)

SUMMARY

The biochemical and antigenic characteristics of a strain of the Arizona
group (1, 2:1, 2, 5) that appears to have heen responsible for the illness of
51 nurses in a food-borne outbreak of severe gastroenteritis in an Institution
in Washington are described. A custard prepared from fresh, unbroken eggs,
was probably the vehicle of the infecting organism. The agglutination reactions
of the blood serum of exposed individuals with antigens of several Entero-
bacteriaceae, including the Arizona strain isolated during the outbreak, are

recounted.

INTRODUCTION

A food- borge outbreak of severe gastr?
enterrtrs (Verder et al., 1946: Vivino'et a
Murphy and Morris, 1950) occurred
rn a rouﬁ of 158 nurses in an Institution
hington, D. C, in August, .
Fr tX one nurses became acutely ill" within
2-24 h oursfoth ea/r\rng a custar contarnrnq
organisms of the Arizona grou IS no
kn%wn how many of the 15% nurrses had the
custard: it was serve at lunch and again
with the evenrng meal to some of the qirls
but since it was a Saturday many did” not
have either meal in the drnrn% r00
The more severely ill pati
Prtalrzed for more than a week: rn some the

ever persisted [n days. r%t oL the
more evere?/ il &Ja ents who ad_shown
no response (o so tera

fonamid es an penrcr lin, were ven strep-
tomycin  both rntramuscularlgl orally
Organisms of the Arizona ? up were res
ent’ In the stool cu tures 0

all erghﬁ before
therapy was begun. 3patrentst

erature fell to normal rapidly, n 3 a drop
ﬁemperature was dr matrc%flg ragrd and
rn the other 2 a ess aorupt drop occurred.

aFrom the U. S. Department of Health, Educa-
tion, and Welfare, U. S. Public Health Service,
National Institutes of Health, National Institute
of Allergy and Infectious Diseases, Laboratory of
Bacterial Diseases, Bethesda 14, Maryland.

nts were hos-

with sul-

€ tem-

The type-specific Arizgna strain was _still
gresent in the stools of 4 of these Patrents

days arter completion of the streptomycin
therdpy (Vivino et al., 1947). Two months
later, When 18 of the’ %rrls Were questioned
about recovery from their illness, 15 com-
plained of their hair faIIrn? out and 10 re-
ported_ the persistence of Toose stools with
?ramprn . grolon?ed period of malaise
ollowed™ the acute [liness In most patients
(Verder et al., 1946).

METHODS

Specimens.  Since the National Institutes of
Health was invited to assist with the investigation
of the outbreak more than 48 hours after the onset
of illness in most of the patients, there was no
opportunity to examine specimens before therapy
was instituted.

Stool specimens from 22 patients were exam-
ined; single specimens only were available for 19,
and 2 from each of 3 other patients. Fortunately,
the Laboratory of the District of Columbia Health
Department had isolated the organism from the
stools of an additional S patients. No specimens
were obtained from the other 24 patients. How-
ever, 16 nurses who were not ill supplied us with
stools for study, and the cook, who suffered a
mild illness, contributed a stool for examination.

Blood samples were secured from 9 acutely ill
girls; the serum was separated from the clots for
use in the serological work and the clots were
cultured. Eight urine samples from hospitalized
patients were cultured.

618
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Blood serum was available for 42 nurses: 32
who had been ill and 10 who did not become ill
though living in the nurses’ residence at the time
of the outbreak. Multiple samples were available
for 17 patients; they were obtained during the
acute illness and/or 6, 14, or 26 weeks after the
clinical onset. Only eight samples were collected
from the nurses who had not been ill; 7 were
obtained 14 weeks after the contaminated custard
was served, and three 26 weeks afterward. Since
many of the nurses had transferred to other insti-
tutions immediately after their recovery, it was
difficult to procure convalescent serums.

Bacteriology. Four plates of different media and
2 enrichment media were inoculated with each
stool specimen: one plate each of hismuth sulphite
medium (modified Difco), MacConkey’s medium,
SS agar, and 5% rabbit blood agar; and 2 tubes
each of Selenite F (BBL) and tetrathionate (modi-
fied Difco) enrichment broth. Only the enrichment
media were used with urine specimens. Heart in-
fusion broth containing para-amino-henzoic acid
was selected for the blood cultures. Every effort
was made to culture the material within a few
hours of collection of each specimen.

All colonies with any resemblance to those of
enteric pathogens were selected for further study.
Both the biochemical characteristics and the anti-
genic components of all cultures with properties
that indicated a similarity to recognized pathogens
were examined.

Biochemical methods. In an attempt to distin-
guish the group or division to which the selected
cultures belonged, tests were made for production
of indol, hydrogen sulfide, acetyl-methyl carbinol,
and urease; for utilization of sodium citrate; and
for fermentation of dextrose, lactose, and sucrose.
When it appeared that organisms resembling
Salmonella strains were being isolated, the fer-
mentation of additional sugars and the liquefaction
of gelatin were studied in an effort to identify the
strains more closely with the Salmonella or with
related groups (Ewing and Edwards, 1960; LA.M.,
1954, 1958).

Antigenic analysis of isolated strains. As soon
as the biochemical studies indicated that the iso-
lates had many of the properties of Salmonella,
slide agglutinations with pooled Salmonella 0
serums were included for preliminary screening
of living cultures. Tube tests with pooled Salmo-
nella H serums and formalinized broth cultures
were employed for examination of flagellar com-
ponents. When it appeared that the O components
were related to those of 5\ poona (13,22:z:1,6)
and S. zvorthington (1,13,23 :1,w :z), and the H
components to those of S. CEITO (1e:za.z.»). these
specific Salmonella antiserums were utilized to
identify other freshly isolated strains. Recriprocal
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absorption studies were needed to clarify the sero-
logical findings because of the close relationships
between both the H and O antigens of some of
the Salmonella and Arizona strains. Two of the
strains, freshly isolated from patients of the out-
break, were used for the preparation of specific H
and O antiserums by the methods described by
Edwards and Ewing (1955) for Salmonella anti-
serums. When both the biochemical and the anti-
genic characteristics of the isolated cultures proved
atypical for previously described strains of true
Salmonella, cultures of 6 of the isolates and the
specific H and O antiserums were forwarded to
Dr. P. R. Edwards for further study.

Agglutinins in patients’ serums. Each serum
was tested for agglutinins for each of 6 antigens:
O antigen of an “outbreak™ strain, H antigen of
the same “outhreak” strain, O antigen of 5" pooNa,
and O antigens of S. typhi, S. paratyphi A, and
S, paratyphi B. In this way the rise in the specific
agglutinins of the infecting organism could be
compared with those of an organism with the same
minor O agglutinogens (S. poona) and also with
the agglutinins previously stimulated as a result
of T-A-B vaccination. The O antigens consisted
of living organisms washed from agar slants and
suspended in 0.85% NaCl. The H antigens were
actively motile organisms grown in broth and
killed in formalin: a 16-hr broth culture was di-
luted with an equal amount of 0.85% NaCl solu-
tion containing 0.6% formalin. All tests were
incubated at 50°C; those with O antigens for 18 hr
and those with H antigens for 2 hr.

RESULTS

A strain of the Arizona group (1,2:1,2,5)
was isolated from the stools of 18 (67%) of 27
nurses from whom specimens were available; speci-
mens were not obtained from the other 24 who
were ill. None was found in the stools of 16
nurses who were not ill. Eight urine specimens
and 9 blood clots were cultured, but none was
positive. The same strain was isolated from the
custard that was probably the vehicle that spread
the infection; it was also isolated from the stools
of the cook, who ate some of the custard for her
lunch and suffered a mild illness. (The Labora-
tory of the District of Columbia Health Depart-
ment kindly forwarded to us 25 strains isolated
early in the outbreak, including the culture from
the custard and also cultures from stools of 5
nurses from whom we did not obtain specimens.)

All of the strains had the biochemical charac-
teristics of t{pical cultures of the Arizona group
(Edwards €t al, 1959). All produced acid and
gas in the fermentation of arabinose, dextrin, dex-
trose, galactose, glycerol, levulose, maltose, manni-
tol, rhamnose, sorbitol, trebalose, and xylose. All
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failed to ferment adonitol, amygdaline, dulcitol,
erythritol, inositol, inulin, raffinose, salicin, and
sucrose in 21 days. The length of time required
for detection of the fermentation of lactose varied:
2 strains produced a slight acidity in 6 days, 12
showed definite fermentation in 14 days, and the
remainder gave no evidence of splitting the sugar
in broth in 21 days. However, a very slight acidity
was usually noticeable in most cultures in brom
cresol purple milk within 1C-14 days. Gelatin
(12%) was liquefied in 16-21 days when incubated
at room temperature in stoppered tubes. Hydrogen
sulphide was produced in abundance, urea in
Christensen’s medium was not hydrolyzed, and
indol was not formed. The methyl-red reaction
was positive, the Voges-Proskauer test negative.
A very slight acidity developed in Jordan’s tar-
trate medium.

The mouse pathogenicity of 2 freshly isolated
Arizona strains was tested by injecting intraperi-
toneally 0.5 ml of mucin suspensions of varying
densities. Between 150 and 200 organisms of each
culture killed 8 of the 10 inoculated mice within
36 hours. A strain of A poona, studied similarly,
proved to be equally pathogenic. A strain of S.
CCrro failed to kill unless 500 million organisms
were given.

ARIZONA GROUP IN A GASTROENTERITIS OUTBREAK

Antigenic analysis of strains isolated. All of
the strains isolated during the outhreak were agglu-
tinated by each of the specific H and O antiserums
prepared for 2 cultures obtained from patients.

The isolated strains were agglutinated also by
A. poona (13,22:z:1,6) O serum and by S. CCITO
(18:z4zii) H serum. These reactions were help-
ful in selecting cultures for further study during
the early work on the outhreak. However, when
specific O serums for the strains associated with the
outbreak were available for recriprocal absorption
agglutination tests, A. poona did not absorb the
major agglutinins from the specific O serum;
the 2 strains possessed only similar minor agglu-
tinogens. In contrast, the major antigenic factors
of the flagella of the freshly isolated strains and
of S. CCIr0 were identical : cultures of each of the
strains completely removed the agglutinins for both
strains from both antiserums.

The 6 cultures forwarded to Dr. P. R. Edwards
were identified as strains of the Arizona group
of the same serological type as the one originally
isolated by Caldwell and Ryerson (1939), with
the antigenic formula 1,2:1,2,5 (Edwards and
West, 1959).

Agglutinins in blood of patients and contacts.
Table 1 shows the changes that occurred in the

Table 1. Results of agglutination tests on serums of blood taken during acute illness and convales-

cence of 17 nurses.

Reciprocals of titers of a%lr%

ining in 3ewms obtained at following times for
us O and H antigens

. Acute illness 6 weeks later 14 \eeks later 26 weeks later
& %"9@ '

I Arizona Arizona B Poona §-\ E}lﬁ Arizona  S. Poona é\ E}@ Arizona

Patient  stools 0 H 0 H 0 0 0 H 0 0 0 H
i + 0 0 640 320 40 40 320 80 - 40 0 0
2 t 20 20 160 80 20 40 160 160 - 20 0 0
3 + 40 40 640 320 40 20 0 0 0 0 0 0
4 + 0 0 80 320 40 20 160 160 20 20 40 160
5 + 40 40 320 160 20 80 320 80 20 80 0 0
6 - 0 0 0 0 0 0 160 40 — 20 20 20
7 + 160 80 1280 640 80 40 0 0 0 0 80 160
8 + 0 0 640 320 320 40 160 80 - 40 0 0
9 + 0 0 640 160 40 20 80 40 — 40 0 0
10 + 0 0 640 320 40 20 160 160 20 20 0 0
1 0 80 40 640 320 160 160 0 0 0 0 0 0
12 - 80 80 0 0 0 0 320 80 20 20 0 0
13 0 80 320 1280 640 40 160 160 320 20 40 0 0
14 + 0 0 320 320 40 20 80 80 - 40 80 40
15 + 0 0 320 160 20 20 160 160 - 20 0 0
16 + 0 0 0 0 0 0 160 160 20 20 — 80
17 + 40 40 80 80 20 80 80 160 - 80 0 0

- gbtg%%.dAWiét%B-O, 0 anfigens of A. typhi, S. paratyphi A, and A. paratyphi B. Titer given is highest

any one o
0, serum not available.
-, Titer <1:20.,

antigens.
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specific agglutinin titers in the blood serum of
some of the nurses during the weeks following
their acute illness. The reactions with several
antigens are included in order to demonstrate vari-
ous types of antibody response—specific and non-
specific. The titers obtained with the O antigens
of 5. typhi, S. paratyphi A, and 5\ paratyphi B
show the response to antigens previously received
in a vaccine. The very slight rises in antibodies
combining with the O antigen of A. poona indicated
the reactions to an organism antigenically related
through minor agglutinogens to the Arizona strain.
The much higher and rising titers of specific
agglutinins for both the H and O antigens of an
isolate obtained from an ill nurse point toward
the strain of the Arizona group as the etiological
agent.

At least one serum sample of 25 of the 32 ill
nurses (78%) from whom blood was obtained
showed a titer of 1:80 or greater for both H and
0 antigens of the Arizona strain. Only 2 of the 10
nurses who did not become ill and had blood
examined, possessed specific agglutinins in these
dilutions: it is possible that they had had mild
unrecognized infections.

DISCUSSION

This qutbreak is the first mass food in-
fectton In which a completely identified
rtzona tﬁ/ge Was reco ized” Although

Edwards has now studied Arizona strains
from mare than 159 outbrfaks Edwards
et al, 19563, b, 1959), the laboratory fingd-
mg{s accumulated durtn? Investigation”of this
outbreak are somewha unique.

The vehicle by which the organtsms of
he Arizona ¢ rouP were spread aFRears 0
ave been a Ccus ar pr%pared wit fresh
unbroken eggs Althou rr%/espect ic
Artzona srain’ was |soIated fron the stools
of tecook It |s very unlikely that she cap-
to'iamtnate Since she exPertenced a mild
iarrheal il nes? after eat the custard
|t Is not probable that she was a carrier of
the agen TEOﬂSIbe for the outbreak. It
was dn explosive outbreak and there Is no
reason to suspect that earljer scattered in-
fections had occurred jn the group. [t I
much, more probable that the™ eqgs, either
contained large numbers of the organisms or
their shells were heavily contaminated, and
the custard proved to be an excellent medium
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for their multiplication since it stood In a
warm kitchen on an August da awatttn%
gdtttonal refrigeration. The egg had bee

tained directly from a warenotise, It was

eame tha the eqgs delivered to the |HS’[I
tutton ad een ta en from several hundred
dozen picked up from various farming areas,
S0 N0 urther effort was made to locate eggs
for stud 3/ f the 2634 cultures of this grou
that Edwards (1959) and his co-workers
have tlyped 136 were obtained from eggs or

eqg products.
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Evidence for Heat Injury in Enteroccocci

RICHARD A. GREENBERG anda JOHN H. SILLIKER
Research Laboratories, Swift & Company, Chicago, Illinois

(Manuscript received May 10, 1961)

SUMMARY

The death rates of stationary-phase brain heart infusion-broth cultures
of S. faecium and S. faecalis were independent of nitrite at 148.5+1.5°F,

but were accelerated at 155+1.5°F and 1.185
the culture at the time of heating reversed the nitrite effect.

.5 F. Ascorbic acid added to
Evidence was

obtained for thermal injury of enterococci surviving thermal processing in a
cured-meat product. One half of the pack received a slightly longer process at

159°F than did the other.

The enterococci surviving the lesser schedule

eventually multiplied in the product, whereas those still viable after the
lengthier process died out during storage at 50°F.

Nitrite has been described as the in-
gredrent prrmarrly responsiple for the sta-
It rocessed unrefrigerated
cure meats |I |ker et al, 1958). The
aythors presented e\Qdence tgat the level of
nrtrrte commonyuse In cyred meat products
g ~In _compination with mild
terma processing, rendereq the survrvm%
hacterial s'oores | cagabe 0 growth In th
product athou%h subculture Of the meat in
BPrO riate media resulted In outgrowth of
surviving sPores
Nitrité also ag ears to be important in the
stabrlrt of perishable ¢ red m ats mw hich
the [) odurr coccl are guent % %sgol)g
problem.  Streptococcus Taeciu
|m I|cated as fhe Iactrc acid or%amsrrlr r&rotst
0 survive roces Ing applied to
perrsrratble canned am and ?un he%Pt meata
Barnes and In gram 1955: Ingram an
arnes, 1955 Drake et al. 960
The present studies were concerned with
the res onse of N faecrum and S, raecalis to
etm the presence of nitrite. The results
e tha these %regamsms under certain

indl

conr%rtrons show a héat nury henomenon
smilar to that o serve N “spore-forming
hacteria.

MATERIALS AND METHODS

Cultures of 8" faecium HS-5 and 8 faecalis 3
GAP-2 were obtained from the American Meat

“Presented at the Twenty-first Annual Meeting
of the Institute of Food Technologists, New York,
May 8, 1961.
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Institute  Foundation culture collection through
the courtesy of Dr. C. F. Niven, Jr. Eighteen-
hour cultures grown at 98°F in tubes containing
5 ml brain heart infusion broth (Difco) were
stored frozen until used as inocula for 100 ml of
brain heart infusion broth in screw-capped 8-o0z
bottles. The 100-ml cultures were incubated 24 hr
at 98°F, at which time the population had leveled
off at 1-2 billion cells per ml. The pH of these
cultures was 6.3-6.4.

Sodium nitrite and ascorbic acid solutions were
prepared fresh on the day of use, and Seitz filtered.
These reagents were added aseptically to the cul-
ture bottles at the beginning of each experiment.
Thermal death studies were carried out by heating
the culture bottles in a constant-temperature circu-
lating water bath. Samples were withdrawn at
intervals and plated in tryptone yeast extract agar
(Difco). A water-blank bottle fitted with a ther-
mometer permitted following the temperature of
the culture bottles throughout the experiment. The
tryptone yeast extract agar plates were incubated
48 hr at 98°F before being counted.

The test product used in the inoculated pack
tests was prepared as follows: 35 Ib of pork was
ground through a (Gin plate and mixed with the
following materials: 550 g NaCl, dextrose, 320 ¢
corn-syrup solids, 7 g white pepper, 7 g corrander
79 NaNO?, 7 g NaNOa and 450 g water. One hun-
dred grams each of 24-hour cultures of N. faecium
and ', faecalis were then added, and the emulsion
was vacuum-mixed for 5 min. This was followed
by regrinding the product through a 3/16-in plate
and vacuum mixing for an additional 5 min. Six-
ounce (300 X 200) cans were hand filled and sealed
under 20 in. of vacuum. One half of the cans were
processed 69 min in an open kettle at 159°F. A
maximum center temperature of 156.5°F was
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Table 1 Effect of nitrite or survival of stationary phase Streptococcus faecalis cultures

subjected to heat.

Log y. faecalis per ml brain heart infusion broth

tg\/rlningtea 'rne 1485+ 15°F 155+ 15F 1585+ 1.5°F
rasn ep[hen(g)re Control !%%Mﬂ_m Control ng\%@ Control 1\?3!\?8@
0 8.08 8.05 7.08 1.3 6.01 6.26
10 768 7.63 6.04 6.45 485 486
40 6.65 6.68 3.73 281 3.5 2.84
70 590 6.00 373 2.30 3.36 123
100 383 405 3.32 1.69
130 3.19 3.86 3.20 1.04

reached, as measured by geometrically centered
copper-constantan thermocouples. The ™ remainder
of the pack was processed 78 min at 159°F and
reached a maximum center temperature of 158°F.
The cans were incubated at 50£1°F. Duplicate
or triplicate cans were removed periodically and
their contents analyzed for the presence of viable
enterococci as follows:

Presumptive test. Serial dilutions of samples
were placed in tubes of azide dextrose broth
(Difco). The tubes were incubated 24 hr at
98°F. Growth indicated presumptive evidence of
enterococci.

Confirmed test. A 0.1-ml sample was taken
from each positive presumptive tube and inocu-
lated into trypticase soy broth (Difco) containing
6.5% NaCl.” The tubes were incubated 24 hr at
113°F, after which the tubes showing growth were
examined for gfram-posmve streptococci. The cata-
lase reaction of these cultures was tested by placing
0.2 ml of culture in a spot plate and adding a few
drops of 10% hydrogen Fe_romde._ Absence  of
bubbles during a ‘S-min holding period was con-
sidered a negative catalase reaction.

RESULTS

The data in Table 1 show that, at 148.5+1.5°F,
death rates were similar throughout the test in
both nltrlte-contammg. and control cultures. At
15541.5°F a tenfold difference in viable cell count
was apparent less than 40 min after the cultures
reached the temperature range. Samples taken
at 100 min showed 2,100 survivors per ml in the
control culture, and 49 per ml in the nitrite-treated
culture. At 130 min, the ratio was 1600:11. Re-
sults were similar at 158.5+1.5°F. Within 70 min
of reachlng 157°F, the viable count of the nitrite
culture had fallen from 1,820,000 to 17 per ml, and
that of the control had fallen from 1,030,000 to

2,300,
Table 2 shows the results of experiments with 3.
faecium cultures at 148.5+1.5°F and 158.5+1.5°F.

Again, no difference in thermal tolerance was ob-
served at the lower temperatures. At 158.5=fcl.5°F,
however, the nitrite effect was apparent, with
1,300 survivors per ml in the control bottle and
only 20 per ml of the culture to which nitrite had
been added.

Table 2. Effect of nitrite on survival of station-
?ryhphtase Streptococcus faecium cultures subjected
0" heat.

Log S, fael%n;i ger ml, brain, heart

n"broth
t'éﬂrr']n%t%we , 18 15°F 1585+ |.5°F
" ep?nare Control WQI\P(PW Control WQI\P(BE]

0 8.00 1% 6.36 5.98
10 151 7.80 520 5.40
40 6.76 6.60 3.90 2.97
10 5.59 .37 351 251

100 3.66 348 311 1.30
130 2.5 2.10 2.80 1.08

~Ascorbic acid has proved to be extremely useful
in enhancing the bright color of cured meats.
Since this substance reduces nitrite to nitric oxide
under acid conditions ,%Hollenbeck and Monahan,
1953), it seemed possible that the nitrite effect
might be overcome by the simultaneous addition
of ascorbic acid to the test system. The data in
Table 3 were obtained from an experiment in
which 5' faecium cultures were treated with 100
gpm sodium nitrite, 112 #)pm ascorbic acid, and
oth reagents. The pH of the three test cultures
and the “control culture were all 6.4£0.05. The
temperature chosen was 154.5£1.5°F. The results
showed that ascorbic acid, under the conditions of
the test, did overcome the ability of nitrite to in-
crease the thermal susceptibility of S. faecium.
Table 4 shows the results of a test in which a
batch of enterococcus-inoculated canned luncheon
meat was divided into two parts and subjected to
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dEable 3. Reversal of nitrite effect by ascorhic
add.

Log StreP]teoacr c%u@ sfforef% tﬁee{tml brain

. 112 ppm NOa +
TTST IR R L
0 192 8.19 8.14 8.05

10 1.25 144 131 1.39
2 442 4,08 487 490
3 3.60 2.00 483 443
65 2.85 0.00 3.04 357

slightly different processes at 159°F. One group
of “cans was held 78 min at 159°F, attaining a
center temperature of 1S8°F: the other was proc-
essed 69 min at 159°F, reaching an internal tem-
perature of 1565°F. The “78-minute” cans were
above 150°F for 35 min; the “69-minute” cans
were above 150°F for 28 min. As might be ex-
pected from the previous work, the number of
surviving enterococci  was  considerably hlgher
(about sixfold) in the lighter-cooked product than
in the comP_anlon product. It was extremely inter-
esting to find, however, that, during storage at
50°F, multiplication was substantial within 90 days
in the lighter-processed luncheon meat, whereas
the enterococcl surviving the somewhat longer
process died off steadily until they were no longer
detectable.

DISCUSSION

The results with the brain heart infusion
broth cultures, though reproducible, did not
show a _Io?arlthmlc order of death, White
found this To be the case in some of her ther-
mal death work with 5. faecalis (Richards

Table 4. Fate of enterococci in luncheon meat
during storage at 50°F.

Enterococci per ¢ of luncheon meat a

Proc sngz min Proc nggﬁ min
ST 4
0 960 5,750
C19- 2 500 5900
48- 50 620 5,300
62- 64 310 2,000
89- 91 115 12,150,000
94- 96 2 8,000,000
111-113 10
124-126 1
158-160 <0.3

aAverage of 2-3 cans per sampling period.

EVIDENCE FOR HEAT INJURY IN ENTEROCOCCI

and White, 1959, White, 1952). Brown
et al. (1960) obtained a logarithmic death
rate at 150°F with cocci isolated from
canned ham when the organisms were sus-
pended in broth, but not"when the heatmg
menstruum consisted of hromelin-digeste
meat or comminuted baby-food meat, Young,
vigorous cultures are usually used in deter-
mining the thermal death characteristics. of
nonsporing bacteria, The unusually high
enterococcus thermal resistance encountered
in our experiments can probably be traced
to the age of the cultures. Our choice of
stationary-phase cultures was based on the
grounds that the physiological status of such
Cultures parallels most nearly that of the
enterococci present in cured-meat emulsions
at_the time of processing. The lactic acid
microflora of raw cured-meat emulsions s
not typically in exponential growth, and
must “comprise cells embracing all physi-
ological ages.

Perishable canned cured pork products
are processed at heating schedules that re-
sult in_maximum internal temperatures in
the 150-160°F range. This ensures destruc-
tion of Trichinae and_ is optimal for yield
and general organoleptic quality.

The data suggest that the specifics of the
process affect profoundly the concentration
of enterococci in the finished product and the
ultimate fate of these organisms durmg re-
frigerated storage. The longer such products
aré in_excess of 150°F " during thermal
processing, the greater will be the syner-
gistic enterococci-killing effect of the nitrite
in the emulsion. _

The_ difference in the fate of enterococci
surviving the thermal treatments applied in
the inocilated cured-meat pack deserves fur-
ther consideration. The viable enterococcus
concentration of product processed to. an
internal temperature of _158°F declined
steadily durin storagze at 50°F. Eventually
(after“about S months of incubation), no
enterococci  were recoverable from™ the
product. Cans prepared from the same
emulsion, held a shorter time in the same
processing tank and reachm% a_center tem-
perature of 156.5°, developed high numbers
of enterococci—and acid spoilage—within
90 days. It is thus apParent that™ nitrite, in

combination with a crititcal amount of ther-
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mal energy, can render enterococci incapable
of outgrowth in_perishable cured meats—a
situatjon not unlike the thermal injury effect
described by Silliker et al. (1958)" in"regard
to bacterial ‘spores in shelf-stable cured-meat
Products. Much of the stability_inherent in
0ods receiving less than a sterlllzmﬂ1 ther-
mal process may be traceable to sublethal re-
actions that prevent outgrowth in the micro-
environment of the survivors. Ability to
grow in subculture is by no means a definite
indication that an or%amsm can (I;row in the
product unit from which it was Taken.
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SUMMARY

|V|I|d|?/ heat-shocked spores of four strains of Type E Clostridium botulinum
(VH, Beluga, Iwanai, and SE% were inoculated into a heat-sterilized beef stew
substrate and incubated at 34, 36, and 38°F. Inoculum levels of approx
4-12 million spores per tube were used with different strains. At 38°F, toxin
production and visible outgrowth as evidenced by gas formation beneath a
vaspar seal occurred in one or more tubes of each of the strains within 31-45
days. No evidence of growth was visible after 14 days at 38°F, and at this
time duplicate tubes of each strain were not toxic, After 31 days, strains Iwanai
and Beluga showed 2 of 8 tubes with gas and toxin. None of § tubes of the VH
and 8E strains showed ?as after 31 days. Two tubes of each strain were not
toxic. After 45 days, tubes of the VH and 8E strains showed visible gas
production and toxin. Inoculated tubes incubated at 34 or 36°F showed no
gas production during 104 days. Samples of all strains at both temperatures
were toxin assayed at 54 days and 104 days, and toxin was absent in all cases.

These results suggest a rather sharply defined critical temperature above and
below which spores of Type E CI. botulinum are or are not capable of germinat-

ing and initiating toxic out

rowth. The significance of these results in relation

to extended refrigerated s?orage of food products is discussed.

INTRODUCTION

Dolman et al. (1950) reported growth and
toxin production of the VFI strain of Type
E Cl. botulinum at 43°F. Ohye and Scott
(1957) Fresented a detailed “study of the
effect of temperature_on the growth’ rates of
10, strains of Type E Cl. botulinum. Also
using a. cooked meat medium they found
growth initiation from spore inoculd in 3"1
weeks at 41°F, with toxin detectable after
8 weeks of incubation. Six other strains
showed growth, but the cultures did not kill
mice _ although some appeared to_ produce
transient symptoms. However, since this
work was “done _before_recognition of the
potentiation of Type E toxin hy trypsin
(Duff et al. 1956% the complete absence of
toxin in any of these cultures is uncertain,
Schmidt et al, (1961a) reported that small
numbers of Type E spores permitted to sur-
vive radiation”pasteurization doses were able

“Presented at the 21st Annual Meeting of the
Institute of Food Technologists, May 8, 1961.
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to germinate and produce toxic outgrowth
at 43 and 49°F durlng comparatively short
periods of storage. Strains VH, Beluga
and Iwanai were used in that work, and it
was also shown that mildly heat-shocked
spore inocula germinated and produced toxic
outgrowth at those temperatures. Schmidt
et a. (1961a) discussed the results of ex-
periments from 3 different laboratories in
relation to the extension of the refrigerated
storage life of food products by radiation
?asteurlzatlon. Ohye and Scott (1957&
ound no growth initiation of 10 Type

strains inctbated 22 weeks at 36°F. "How-
ever, it must be pointed out that those ex-
periments consisted of duplicate tubes each
Inoculated with 10,000 spores of the strain
being studied. Schmidt et al. (1961a) also
sugqested that the implications of the various
reSults obtained to date make it desirable
that an intensive study be conducted to deter-
mine the absolute minimum temperature that
ﬁermlts outgrowth of Type E spores using
igh-spore-Ievel inocula: " This ‘paper pre-
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sents the results of studies that attemg_t,m

a prellmlnar){] wa;g to_determine the anilit

for outgrowth at 34, 36, and 38°F of heat-

_srhockeE spores of 4 strains of Cl. botulinum
ype E.

EXPERIMENTAL METHODS

~ Spore suspensions. The spore suspensions used as
inocula were dilutions of stock suspensions pre-
pared and used for determining radiation resistance
as described by Schmidt et al. (1961b). Portions
of the stock _suspensions were centrlfuqed and
washed three times by resuspending in sterile water
and centrifuging at 6000 rpm in a Servall angle
centrifuge. After the third washing the sedimented
spores were resuspended to the original volume
heat-shocked for 13 min at 140°F, and diluted
10-fold to provide the final inoculum.

Substrate. Frozen beef stew used as a sub-
strate for determination of the radiation resistance
of spores of Ti/]pe E CI. botulinum (Schmidt et al.,
1961b) was thawed and distributed in approxi-
mately 30-g %uantltles,m 25 X150-mm  screw-cap
tubes. After the addition of 5 ml of water, the
tubes were sterilized for 15 min at 250°F.

Inoculation. Tubes of the sterilized beef stew
were inoculated with 1-ml quantities of suspension
and sealed with a layer of sterile vaspar. The tubes
were then immersed 5 min in water at 140°F to
reset the vaspar into a smooth layer, and then
chilled for about 1 hr in cold tap water, Following
this, the tubes were held at least 2 hr in ice water
with melting ice. The tubes were dried rapidly
and placed at the desired incubation temperature
in Lo-Temp BOD incubators. For each incubation
temperature, 10 tubes of the beef stew substrate
were inoculated with each strain tested. The in-
oculum level per tube varied between 4 million and
12 million for the different strains.

Incubation and observation. Sets of tubes for
each of the 4 strains tested were incubated at
34, 3, and 38°F. The tubes incubated at 38°F
were examined each week, and those incubated at
34 and 36°F were examined every two weeks. The
tubes were removed from the incubator and ex-
amined for visible gas production beneath the vaspar
seal. This observation could be conducted quite
readily by tapping the sides of a pair of tubes
against each other. Since complete observation of
a rack of 40 tubes required less than 5 min, there
was little opportunity for a significant temperature
rise in a 25-mm tube of this quite viscous product.

Sampling and toxin assay. After certain peri-
ods of incubation, samples were removed from the
incubators and assayed for Type E toxin. The
vaspar seal was removed and the contents of the
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tubes blended 1:1 with sterile water. Toxin assay
was_conducted usin trygsm dlgesuon as described
by Schmidt et al. 81961 ). Tubes showing no gas
at the respective Incubation temperatures at the
time of sampling were placed in water at 95°F for
at least 2 hr to determine whether gas was detect-
able under these conditions.

RESULTS AND DISCUSSION

Tables 1 and 2 show the results with the
spore inocula of 4 different strains incubated
at 38°F. After 14 days’ incubation no gas
was detectable either “in 10 tubes of each
strain at 38°F or in 2 tubes of each strain
subsequently warmed to 95°F. These 2
tubes of each strain also were nontoxic after
this period of incubation. After 31 days of
incubation, 2 tubes of the Iwanai strain and
one tube of the Beluga strain showed definite
evidence of gas production at 38°F. The
tube of the Beluga strain and one of the
lwanai tubes showed detectable toxin. After
45 days of incubation additional tubes of the
lwandi and Beluga strains showed gas at
38°F, as did also 2 tubes of the VH “strain
and one tube of the 8E strain. All tubes
showing gas at 38°F after 45 days’ incuba-
tion were’ shown to contain Type E toxin.
After 31 and 45 days of incubation, when
tubes of the strains showing gas were toxin
assayed, a tube not showing gas at 38°F
was” also tested by warming o 95°F and
then assayed for toxin. Tubes of the T¥pe
8E strain” that showed no gas at 38°F atter
60 days of incubation wefe also tested by
this procedure. _The results of these tests
are included in Tables 1and 2 and summar-
ized in Table 3, The data in Tables 1 and
2 show that, with each strain tested, toxic
outgrowth with visible gas production can
occur within 31-45 days at 38°F in at least
a ﬁart of 10 replicate samples inoculated.
Other replicate tubes of the same inoculum
may require 53-60 days at 38°F to produce
detectable gas. The"data summarized in
Table 3 show that 2 of the 4 strains after
45 daYS of incubation may produce an
amount of gas not detectable at 38°F but
detectable upon warming to 95°F, The 8E
strain requires about 60° days of incubation
to prodyce the same result. ~Also, with 3 of
the strains at certain periods of incubation,
it is evident that a detectable toxin titer may
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Table 1 Gas formation and toxin production from spore inocula of strains VH and
lwanai incubated at 38°F.

Days incubation Toxin assay
For gas efore Djlution
Strain TH(?.e prﬁg?{ agé(al& %°Et Results b tellsteJ

VH 1 0/14 14 0 NT 80
2 0/14 14 0 NT 80
3 0/31 3l 0 T 80

4 0/31 3l 0 NT 8

5 S3 —-R — — —
6 4S 45 — T 80

7 45 — - - —
8 0/4S 45 + T 80

9 S3 - - — —
10 60 60 — T 80
Iwanai 1 0/14 14 0 NT 80
2 0/14 14 0 NT 80
3 31 31 — T 80

4 31 31 — NT 8
S 38 45 — T 80

6 0/45 45 + T 8
7 45 - - — —
8 45 - - — —
9 47 - - — —
10 47 — — — —

aNo t d ]
bNT on-toxic, T = Toxic.

Table 2. Gas formation and toxin production from spore inocula of strains Beluga and
8E incubated at 38°F.

Days incubation Toxin assay
For gas efore
Strain Tnuob.e rod% asé(ala?/ C@%S"Et Results b tested

Beluga 1 0/14 14 0 NT 80
2 0/14 14 0 NT 80
3 K| 31 — T 80

4 0/31 31 0 NT 8
5 38 45 - T 80

6 0/45 45 0 T 8
7 38 —a — — _
8 47 - — — _
9 53 — — _ _

10 53 — — — —
b= 0/14 14 0 NT 80
2 0/14 14 0 NT 80

3 0/31 3l 0 NT 8

4 0/31 31 0 NT 8
5 4 45 — T 80

6 0/45 45 0 T 8

7 53 — - _ -
8 53 60 T 80

9 0/60 60 T 8
10 0/60 60 + T 80

“Nat tested. . )
qu'[: non-toxic, T = toxic.
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of toxin assay of samples
38°F at time of examination.

Toxin assay

Table 3. SummarY
that showed no gas a

Inclgrqa- D'Iuti?n
Strain Tn%be (lfa[i?/es) %@‘%Et Result tlleesYgd
VH 3 K| 0 T 80
. 8 4 + T 80
Iwanai 9 45 + T 8
Beluga 7 45 0 T 8
8E 6 45 0 T 8
9 60 0 T 8
10 60 + T 80

8%(!’% without gas being apparent even at

At 36°F, 3 tubes of each strain were tested
following 42 days of incubation, 2 tubes
foIIowmg 54 days, and 5 tubes following 104
days. AT 34°F, 3 tubes were examined-after
54"days, and 7 tubes after 104 days. None of
the tubes showed gas either at the respective
incubation temperatures or after warming to
95°F, AlI tubes of strains Iwanai, Beluga
and 8E were negative for toxin at a level
equivalent to 8 MLD per gram. Some of the
tubes of the VH strain showed toxicity at a
level equivalent to 8MLD, but all samgles
were negative at 16 MLD. It was, subse-
quently Shown that, in spite of washing and
Prehe_atmg, there was a slight carrvover_of
rypsin-digestible toxin in the inoculum. The
washed preheated suspension of the VH
strain _contained approx, 200 MLD per ml
following trypsin digestion. When one ml
was inoculated into fubes containing 35 g of
substrate, this would account for a toxin
level of ,aﬁpro_x. 8 MLD per gram, as was
found with this strain. The results obtained
at 36°F provided some confirmation of the
data of Chye and Scott (1957), who found
no.growth of 10 strains in 22 weeks at 36°F,
using much lower spore inocula levels.

These experiments seem to indicate con-
clusively that a refrigerated storage temper-
ature of 38°F is not safe over extended
periods with respect to preventing outgrowth
and toxin production by spore inocula of
Type E CI. "botulinum, It could be expected
that somewhat less optimal culture media and
lower spore inocula levels might somewhat
mitigate the hazard of out?rowth at this
temperature, or markedly delay the time at
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which it occurs. The effect of such factors
remains to be revealed by future investiga-
tion. At Present one must hesitate to stg-
gest the storage of food products capable of
Supporting growth of T%/pe E Cl. botulinum
at a maximum temperature of 38°F beyond
a stora?e time_of approx 3 weeks. The Ttests
conducted at 34 and 36°F, within the limits
of the small number of strains and the spore
inoculum level of each used, indicate a sig-
nificant and very favorable effect of these
temperatures in”preventing the hazard of
Type E_ botulism ‘in refrigerated foodstuffs.
Comparison of the results at 38 and 36°F
however, suggests a very sharply defined
critical temperature_zone above which spores
of T?/pe E Cl. botulinum can present a public
health hazard during moderately long s oraﬁe
periods. The very” narrow borders of the
upper and lower “limits of this zone must
make us wary of sRemfylng too definitely on
limited evidénce tne temperature at which
the hazard of Type E botulism no longer
oceurs until much more supPort_mg_ evidence
is at hand. The data presented indicate in a
?rellmlnaré/ fashion some of the problems of
he Type E botulism hazard that may be in-
volved in extended refrigerated storage life
of foodstuffs. It is our hope that these results
will stimulate considerable additional investi-
gation in this field in the near future.
Schmidt et al. (1961a), in an exBetlment
preliminary _to determining the anility of
Spores sur_vwm? irradiation to germinate
and result in outgrowth at refrigeration tem-
peratures, tested the ability of mildly hea-
shocked spores to germinate and develop in
beef stew at 43 and 49°F, Approximately
the same inoculum level of spores and pro-
cedure were used as in this work with strains
YH, Iwanai, and Beluga. Gas production
was detectable in 10-12 da?{s at 49°F, and
in 19-22 days at 43°F. The averagle time
for gas_proddction was estimated as 11 days
at 49°F and 20 days at 43°F. In the work
now presented, we'may estimate 36 days as
the average time at which some tubes of each
of the 4 Suspensions produced gas at 38°F.
Fig. 1 shows the relationship that develops
when the average timeg for detectable gas is
Elotted on a logarithmic scale against dégrees
ahrenheit on"a linear scale. "It is perhaps
surprising that such a complex phenomenon
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Fig. 1 Relation of incubation time for visible
gas_production and incubation temperature for 4
strains of Clostridium botulinum Type E.

as the appearance of detectable gas, which
IS deF[]Jen ent on spore germination, cell
growth, and gas formation, as well as gas
solubility and ‘gas pressure at each tempera-
ture, should appear so regularlg/ related to
temperatures between 38 and 49°F. An at-
tempt was made to establish another point
on the curve by conducting a test with the
same inoculum with 5 tubes of each strain
incubated at 52°F. In this case gas was de-
tectable in tubes of all strains between 5 and

TYPE E CLOSTRIDIUM BOTULINUM BELOW 40'F

7 days, so that the estimated average time
of 6 days falls somewhat below the extra-
Polated curve. The extrapolated portion he-
ow 38°F has been shown to be invalid tlJ:y
the results of our work at 34 and 36°F.
However, the extrapolation did have some
value In suggesting incubation time intervals
at which tubes that exhibited no gas at the
respective incubation temperatures should be
warmed to 95°F so that small quantities of
?as, ml%ht be detected and also assayed for
oxin, ‘1f this relationship between time for
detectable gas production and temperature
holds for ‘spores of additional strains in
various substrates, it should be possible to
conduct surveys for their behavior quite
ra&)ldly at 2 temperatures between 40 and
50°F." The line extrapolated below 40°F
could then be used as a guide for further
observations requiring prolonged incubation.
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SUMMARY

From four market meats (hamburger, pork chops, beef liver, and round
steak) obtained at 28 retail stores, 136 isolates of coatgulase-posmve staphylo-

cocci were recovered. Suggestive of human sources o

Staphylococcus aureus

to the meats were bacterlophagzeoot)/pes of most of the isolates similar to those
0

of human strains. Also, over

of the isolates produced hemolysins char-

acteristic of human strains of S. aureus. Suggestive of non-human sources
was the finding that none of the strains was resistant to penicillin and three
other antibiotics and that 6% were resistant to streptomycin, 3% to chlortet-

racycline, and 12.5% to ristocetin.

The distribution of potentially virulent
Staphylococcus aureus strains, has recently
been ‘shown by many investigators to he
W|de3ﬁread. In _brief, it has "been shown
that these _or?amsm_s exist on almost every
tyﬁe of object and in_most all environments
Where man and certain animals exist (Wal-
ter et al, 1958: Fratta and Mann, 1960;
Clark, Moore, ana Nelson, 196,1%. Such
widespread occurrence might be either con-
sequences of or contributing factors in the
spread of these strains in human outhreaks
of staphylococcal infections, which are so
widespread. Foods, unfrozen meats in par-
ticular, seem to have been overlooked as
possmfe sources of spread of these organ-
Isms. A first consideration in this regard
should perhaps be a survey of market meats
to determine their contént of coagulase-
positive Y, aureus and whether the nimbers
are sufficient to be of possible significance

*This stud! was _squorted by research grant
E-3089 from the Institute of AIIereg and Infectious
Disease, National Institutes of Health, U. S. Public
Health Service.

bPresented in part at the 61st annual meeth
%&he American Society for Microbiology, April,

°Present address: Department of Biology,
Wayne State University, Detroit, Michigan.
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has been
reported (Jay, 1961), A second considera-
tion should “be a Characterization of the
market staphylococci to determine whether
they are similar to strains in human out-
breaks and whether they are capable of
Initiating infection in mai,

This paper reports the bacteriophage and
hemolysin patterns and the antibiotic™ sensi-
tivity ‘of coagulase-positive S. aureus from
4 market meats.

MATERIALS AND METHODS

The fresh meats chosen for study were: ham-
burger or ground beef, round beef ‘steak, beef or
cal I|ver,_and_Pork chops. The first 3 meats were
chosen primarily because they are usuall¥ co0ked
to various degrees of doneness and therefore pre-
sent perhaps the greatest chance for the spread of
staphylococci to the purchaser, the cook, and the
consumer.

The meats were purchased over the counter
from 28 retail grocery stores and meat markets
selected at random in the Baton Rouge area. The
meats were bought in ordinary lots without in-
forming the clerk of intended use. On the day of
purchase, they were treated as follows: SO-g
samples were” taken primarily from the surface
homolgemze_d in Waring blenders with saline, and
O.Tml portions were planted on the surface of
staphylococcus medium  #110 (Difco) fortified
with ‘egg yolk, tellurite-glycine agar, and mannitol

in their sq)read. One such stor



632

salt agar. Colonies resemblingi coagulase-positive
S. aureus were selected from all three media, coag-
ulase tested with Bacto-coagulase plasma, and
phage tyiJed by the method of Blair and Carr
(1960). " In addition to the basic set of 21 phages,
phages 39, 42B, 44A, 70, 81, 83, and 523 were used,
making a total of 28. The basic set of propagating
strains, along with numbers 81 and 83, were sup-
plied by Dr. John E. Blair. The other 5 strains
were supplied by Dr. Jack N. Baldwin.

The production of the alpha, beta, and delta
hemolysins was determined with the agar-plate
technique described by Brgce and Rountree él 36),
Williams and Harper (1947), and Elek and Levy
(1950). Alpha hemolysin clears rabbit and sheep
red-blood cells; beta ‘lysin attacks sheep cells, is
“hot-cold,” and does not lyse rabbit cells; and
delta lysin attacks rabbit, sheep, and human blood
cells. ‘Antibiotic sensitivity tests were run by the
3-disc technique, ,B_er,Dltco instructions, with the
following 8 "antibiotics: penicillin, - streptomycin,
chlortetracycline (CTC), chloramphenicol, novo-
biocin, erythromycin, kanamycin, and ristocetin.
Resistant and moderately sensitive cultures were
further tested by the tube dilution method.

RESULTS AND DISCUSSION

From the 3 media empIoYed, 136 isolates
of coagulase-posmve sta hf/ 0coCCi were re-
covered. Of these, 97 (71%) were phage-
typable, representing 32 phage strains. The
phage groups are given in Table L The larg-

Table 1 Distribution of the typable staphylo-
cocci recovered from market meats within “the
bacteriophage groups.

Group Number Percent
i 10 10
n 5 5
hi 53 %
\% 3 3
Mixed a 26 2

“Mostly Groups | and 111.

est number of typables belonged to Group
Il (55%%, followed by the mixed group.
Five reports taken at random from thé ljter-
ature on hospital staghylococm showed an
average of 53% for Group Il (range 37-
68%). Of interest here Is the fact that a
|arge number of food-pmsonlnq strains have
been shown to fall into Group 111 Twerm(-
seven percent of the typable Isolates fell into

CHARACTERISTICS OF COAGULASE-POSITIVE STAPHYLOCOCCI

~Table 2. Numbers of isolates of coagulase-posi-
tive staphylococci and phage strains from the 28
meat markets.

No. of isolates

0. of
Market No. Typable Nontypable gpaa%es

[N

_
o
& &
Ol N WO PR, LWOT IO WO o1 o
PO OO WOO OO LWNRLWO — PN PO O

4
1
4
8
4
1
2
1
1
2
4
2
1
2
4
2
1
1
1
1
4

Totals 97

w
«©

the mixed group and consisted for the most
Fart of Groups | and I1l. Ten percent be-
onged to Group I, and 5and 3% to Groups
[l and IV respectlvelﬁ. Papavassilioy and
Obiger (1959) found that 68% of 84 phage-
tvpahle staphglococu recovered from milk
belonged to Group 11, and 29% belongled
%o a mixed group composed of 111 and 1V

Es.
ypOf the 28 meat markets, 21 (75%)
lelded meats from which coa?ulase-posmve
., aureus was recovered. Table 2 shows the
number of isolates from each market and
the number of phage strains represented.
The largest number was recovered from
market no. 7: 15 typable and 12 nontypable.
This number was composed of 8 phage
strains, This market is an all-meat market,
specializing in low-priced bulk-rate meats.
A large number of Ehage Strains from one
market is taken to be indicative of several
sources of the orFanlsms in the meats.
Market no. 17 yielded 13 typable isolates
reﬁresentm only 2 strains. ” This, on the
other hand, probably indicates that these



JAY

organisms originated from a fewer number
of “sources, perhaps only one. In general,
however, the larger the number of Tsolates
the greater was the number of different
phage strains. Of the 7 stores from which
staphylococci could not be recovered, 3 were
meat markets, 2 were chain stores, and 2
were neighborhood grocery stores.

The most freque,ntl¥ encountered phage
patterns are shown in Table 3. Of the types

Table 3. Phage patterns of 5. aureus from mar-
ket meats.

No. markets
red

o
—
D
w

Pattern i 0‘1
giA, S2A/80, 44A/52A/80

83(Vad)
GATI53/54175183

i

53/83
42D

42E

81

22 others

[N

v
0
I
1
2
1
2
3
3
1
2
2
1

COrPOPOPPOLWW S —J—JO O

gach

=N

52A, 52A/80, and 44A/52A/80, which all
seem closely related, the total recovered
was 10 from 7 different markets and
about e]qually distributed among the 4
meats, Type 54 was the next-most fre-
guently encountered pattern, followed t%y
3 (Va4g, 6/47/53/54/75/83, 7, 77, 53/8
42D, 42E, and 81. One isolate each of 2
other patterns was recovered, making a total
of 32 phage strains. Of the phage patterns
shown in Table 3, 35% were recovered from
hamburger and 30% from pork chops, while
only 18% came from steak and liver. At
least 8 of the 12 patterns shown have at
one time or another been involved in human
outbreaks. At least 21 of these 32 patterns
have been recovered from humans. No iso-
late of the pattern 80/81 was recovered.

The numbers of N. aureus_recovered from
the 4 meats are shown in Table 4. Ham-
burger Xlelded the largest number, followed
by Steak, pork chops, and beef liver. Al-
though the liver yielded the fewest isolates,
it yielded the most phage strains.

633

Table 4. Meat source of staphylococcal isolates
from 28 markets.

Total isolates No. of

Meat Typable ~ Nontypable ﬁrr]aaﬁ%
Hamburger 30 h 15
Pork chops 26 b 18
Beef liver 23 6 Al
Steak 18 16 13

The hemolysin patterns of all 136 isolates
and of the_predominant phage types are
shown in Table 5. Seventy-Six produced
the alpha-delta I%sms, 28 the alpha-beta-
delta, 22 the alpha, and 2 the alpha-beta
IKsms, and 8 were nil in these regards. Of
the most predominant phage Eatterns, 58%
were alpha-delta producers, 26%" alpha-heta-
delta, 14% alpha, and 2 were nil. Elek and
Lev (f1950) reported that approximately
75% of animal strains produced the beta
lysin whereas onIY 10% produced the alpha-
elta lysins. Only 11% of human strains
were réported to produce the beta hemol¥3|n.
Clark et al, (1961) found that 49 of 51
strains of S. aureus recovered from hulk-
tank  raw-milk samPIe_s produced either
alpha-beta or beta lysins, Richou et al.
(1959% concluded, primarily from hemolysin
and fibrinolysin production, that the coagu-
|ase-positive staphylococci they recovered
from food products were nof of human

on]qm. o _
he sensitivity of these organisms to 8

Table 5. Hemolysin pattern of all isolates and of
predominant phage patterns.
Hemolysins
pattern Total a & af a% Nil

All isolates 1% 22 6 2 28 8
52A, 52A/80,

44A[52A/80 0 3 3 3 1
54 6 3
6/47/53/

54(75/83 7 7

83 (Vad) 8§ 2 5 1

7 4 1 1 2
53/83 3 2 1
42D 2 1 1
Totalsa 6 25 h 1
Percent of types

indicated 4 58 2% 2

"Totals of the phage types indicated only.
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antibiotics is recorded in Table 6. All iso-
lates were sensitive to penicillin, erythromy-
cin, chloramphenicol, and kanamycin. Thrée
of the 136 were resistant to novobiocin, 4
to CTC, 8 to streptomycin, and 17 %12.5%)
to ristocetin. The phage ﬁatterns of the re-
sistant strains indicaté that 40% of them
were nontypable whereas approx 40% be-
longed to”Group 11, the largest number
beln({ type 83. The relatively féw antibiotic-
resistant_isolates, especially to, streptomycm
and CTC, with none being resistant to peni-
cillin, also su qests that many of these or-
ganisms probably had origins into the meats
Other than human sources.

CONCLUSIONS

It is somewhat difficult to draw conclu-
sions from these data as to what is the
main source of Staﬁhylococcus aureus into
market meats and the actual role of market
meats in the P_ossmle spread of staphylococci
in the population. On the one hand, most of
the phage Patterns recovered have been at
times involved in human outhreaks, and
most of them produced hemolysins charac-
teristic of human strains of A. aureus. These

Table 6. Antibiotic sensitivity of the staphylo-
cocci and phage patterns of the resistant strains.

0,
Antibiotics sen’\é?t'ive sen{ﬂlve Pg?%s?s%ﬁgn
Penicillin 136 100
Erythrochm 136 100
Chloramphenicol 136 100
Kanamycin 136 100
Novobiocin 133 918 7, (22a
Nontypable
CTC 12 911 8L (3
_ Nontypable
Streptomycin 128 94.1 (2; 83, 52A,
71, 44A]
52A/80,
3C16/29/
44A/53/80
(2) Non-
S tIpabIe
Ristocetin 119 875 (% 83, EZ)
53/83, 3C,
52A/80, 54,
54/55, 53/
54/80, (6?
Nontypable

aNumber of strains.

CHARACTERISTICS OF COAGULASE-POSITIVE STAPHYLOCOCCI

two findings indicate human sources. On
the other hand, the antibiotic resistance was
considerably lower than is usually found in
clinical isoflates. Also, the rather wide dis-
tribution of the strains among the markets,
the occurrence of 21% with animal hemoly-
sin patterns, and the relatively small num-
bers recovered all tend to suggest that their
sources were other than human. It is qujte
|ke% that both sources are involved, with
the human source perhaps contributing the
smaller number.
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SUMMARY

The limitations of eosine methylene blue or basic fuchsin pol){]pectate els
prompted further investigations to develop a selective pectate gel that could be
used to enumerate or 1solate gram-negative pectolytic bacteria even when
they composed a minor portion of the microbial population. _

Crystal violet and brilliant green with bile proved the most effective of
several selective agents studied. ~Of the two, crystal violet was much less in-
hibitory. Actidione, 10 mg per L added after Sterilization, is helpful in the
control of growth of molds and yeasts on this medium.

The crystal violet medium has a productivity comparable to that of standard
plate-count agar when F_ure cultures are used.” It was successfully used to en-
umerate known populations of pectolytic gram-negative bacteria among mixed
populations of other nonpectolytic gram-negative and -positive bacteria. It is
also heing used routinely for enumeration and isolation of pectolytic gram-
negative bacteria from natural sources. _ _

Thus far, pectolytic bacteria belonging to 5 genera, including Aerobacter,
Escherichia, Paracolobactrum, Aeromonas, and Achromobacter, have been
isolated by use of the crystal violet gel.

Vau?hn et al. (1957) described the first ~ Pectinous gel media described bg Funk
attempts to devise selective pectate gel media  (1937), Baier and Manchester (1943), Mc-
for detection of gram-negative pectolytic Cready et al. (1943), Jones (1946), and
microorganisms associated with softening of  Wieringa (1949), also permitted indiscrimi-
cucumbers, olives, and other plant tissues. nate growth of microorganisms. Therefore,
In investigations of the cause of a charac- the present study was undertaken to develop
teristic softening of olives known as “slough- a medium that would be selective for detec-
ing” it became apﬁ)are,nt to the present au- tion and enumeration of gram-negative
thors that the selective eosine, methylene Pectolytlc bacteria under_ conditions Where
blue, and basic fuchsin gels used b;/ Vaughn they might constitute a minor portion of the
et al. (1957) were sométimes unsatisfactory. natural pectolytic microbial population.
If the gram-negative bacteria predominated
the populations, .no trouble was encountered EXPERIMENTAL METHODS
with the selectivity of these gels, When Test culture collection. A total of 132 pure cul-
species of Bacillus were the most abundant, tres of different microbes_were used' as test
however, isolating gram-negative pectolytic —organisms. These included 76 identified bacteria,
bacteria became impossible. 21" identified molds, and 16 identified yeasts, re-
_ spectively representing 18, 13, and 7 genera. The
aPresented at the 21st annual meeting of the microorganisms are listed in Tables 1 and 2
Institute of Food Technologists, New York, May, Used as controls were 19 partially identified cul-
6L, _ ~tures of pectolytic gram-negative bacteria: 3
bPresent address ; Western Washington Experi-  Achromobacter, 9 Aerobacter, S Aeromonas, 1
ment Station, Puyallup, Washington. Escherichia, and 1 Paracolobactrum.
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Constituents used in media. Bacto-peptone
(Difco) was used as the source of organic nitro-
gen and other accessory nutrients. ~ Potassium
ghosphates (IUHPO* and KHZOt) were used to
uffer the medium at pH 7.0 because bacterial
“polygalacturonases” are most active at pH values
between 75 and 94 (Fernando, 1937; Wood, 1951
1955; Nortje and Vaughn, 1953; Smith, 1958; and
Nagel and Vaughn, 1961a).

Calcium chloride was used in all test media.
Calcium ion s required to activate some pectolytic
enzymes W\/ood, 1951, 1955; Smith, 1958; Nagel
and Vaughn, 1961a2. The calcium acts also to
form a stronger gel through the addition of chemi-
gal dsalt bonds that help strengthen the hydrogen
onds.

Various inhibitory agents were added to sup-
Bress the growth of all but the gram-negative
bacteria (see below). Crystalline actidione (Up-
john Co.), an antibiotic produced by Streptomyccs
griseusj was used in some of the test media to
inhibit 'yeasts and molds. This antibiotic is active
against many fungi, but has no effect on bacteria
in the concentrations tested by Whiffen (1948),
Phillips and Hanel _(19503, Jeffers 51954, and
Green (1955). Phillips and Hanel (1950), Green
%1955), and Ivlis et al. (1957) have. su_ggested
that actidione be used in media to inhibit the
?rowth of yeasts and molds to facilitate the isola-
lon of bacteria.

An aqueous actidione solution (10 mg/ml) was
sterilized with a Millipore filter and added to the
sterilized and cooled (50-55°C) media and thor-
oughly mixed. The antibiotic was used in a final
concentration of 10 mg/L of medium.

The sodium polzpe_ctate used in these studies
was a purified alkaline degradation product of
citrus pectin produced by Sunkist Growers, On-
tario, California. This product was completely de-
methylated and contained less than 1.0% ‘total
invert sugars (Beisel, 1960).

Preparation of gels. The sodium polypectate
was weighed separately. Other constituents were
added to' the desired amount of hoiling distilled
water. It was advantageous to add the |nh|b|torr
dyes, calcium chloride, actidione, sodium lauryl sul-
fate, and other compounds required in small quanti-
ties from concentrated alcoholic or aqueous solu-

%gons to reduce errors in weighing and to conserve
Ime.

~ The hot solution containing all of the desired
|n%red|ents was placed in a Waring Blendor in
500-ml portions, and the required amount of the
Polypecta_te was added in small increments while
he” solution was slowly stirred. A rheostat was
used to control the mofor speed of the Blendor to
reduce the amount of occluded air.

with softening plant tissues

After mixing (3 min or more), the 500 ml of
homogeneous slurry was transferred to a 1-L
Erlenmeyer flask. The medium was then deaerated
by placmgb_lt in a steam cabinet for approx 15
min or subjecting it to a vacuum rapidly released
several times in” order to remove entrapped air.
Deaeration is essential to prevent undue frothing
during subsequent sterilization (15 min at 120°C).
Prolonth]ed heating tends to break down the poly-
mer, thus weakening its gel strength.

Upon cooling, the medium was poured into
standard Petri plates. If actidione was used, a
measured amount of the sterilized antibiotic was
added to the cooled (50-55°C) medium and thor-
oughly mixed before pouring. Since the liquid
medium was quite viscous, It was necessary to
pour the plates at 45°C or above.

The gel can be streaked 4 hr after being poured,
but it 1s firmer if left overnight at room temper-
ature. Plates of gel media should be used while
fresh because the medium dries on storage and
organisms do not readily show pectolysis. If test
tubes were used, the medium was poured into the
tubes and then deaerated and sterilized as de-
scribed above.

EXPERIMENTAL RESULTS

The development of selective media. In all of
the studies on the effect of selective inhibitory
substances, the following standard basal medium
was used: 5.0 ¢ ge tone (Difco), 5.0 g KsHPCL,
10 g KHSPCL 0.6 CaCls «H=0, 70.0 g sodium poly-
Pectate (Exchange Product No. 24), 1000 ml dis-
illed water. . .

Plates of test medium were streaked with un-
classified cultures mcludmg 19 gram-negative and
5 gram-positive rod-shaped bacteria, 3 gram-posi-
tive cocci, and 2 yeast strains. A number of known
inhibitory substances were tested alone and in
various combinations, in this medium at different
H values. _

In the preliminary experiments, brom thymol
blue was used at a concentration of 0.025 g/L at
pH 6.4 and 7.0. A combination of crystal violet,
eosine-y, and methylene blue was tried in respective
concentrations of 0.004, 0.4, and 0.065 g/L. Crystal
violet was tested alone at 0.004 g/L, as was bril-
liant green at 0.0132 g/L. Brilliant green was also
tested in the presence of 20 g Bacto-oxgall/L.
Crystal violet F0.004 g/L) was also tested In the
presence of 0.1 g/L of sodium lauryl sulfate. In
addition, sodium " lauryl sulfate was used alone at
0.2 g/L. Basic fuchsin was tested in concentra-
tions of 0.015 g/L and 0.0075 g/L. Eosine-y and
methylene blue were tested in respective combina-
tions"of 04 and 0.065 g/L. .
~The results of these preliminary experiments
indicated none of these media were selective enough
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Table 1 Effect of selective polypectate media on growth of mold and yeast*

R Ghei o Ghei
Plus 10 mg/L actidione

Molds
Alternaria solani - —1 - -
Aspergillus glaucus - X - x
Aspergillus niger xxD x X x

Aspergillus sp. (yellow) _ —
Aspergillus sp. (black) — —
Byssochlamys fulva — — _ _

Geotrichum candidum XX X X X
Geotrichum candidum xD xD X X
Geotrichum candidum xxD xxD X X
Geotrichum candidum xxD xxD X -
Nematospora coryli - - — -
Oospora lactis xD xxD X X
Pénicillium chrysogenmn - — XX X
Pénicillium sp. xD xD XX —

Pericystis apis — —
Prototheca Sp. — — — —

Pullularia pullulons X - — -
Pullularia pullulons — x - X
Taphrina deformans - - — —
Trichosporon cutaneum XX XX XX X
Ustilago sp. — X — —
Yeasts
Candida guilliermondii X - — —
Candida krusei X x _ _
Candida parapsilosis XXX _ _ _

Debaryomyces quilliermondii _ - - - _
Hanseniaspora valbyensis - _ — _
Rhodotorula gultinis - - _ _
Rhodotorula mucilaginosa X X X X
Saccharomyces acidifaciens X _ _ _
Saccharomyces cerevisiae _ _ _ _
Saccharomyces cerevisiae — _ — _

Saccharomyces cerevisiae X — — _
Saccharomyces fragilis - _
Saccharomyces rouxii X — — _
Sporobolomyces salmonicolor - - _ _
Sparobolomyces salmonicolor X _ _ _
Sporobolomyces sp. - - - _
Torulopsis magnoliae XX _ -

*— no growth:; x_growth limited to area at beginning of streak; xx moderate growth;
xxx profuse “growth : D~ depressions.



638 detecting bacteria associated

to eliminate the growth of all the gram-Fositive
bacteria. Both brilliant green and crystal violet
were promising, however, and it was decided to
concentrate on these two dyes.

_Further studies with brilliant green and crystal
violet. Crystal violet was used in concentrations
of 0.0016-0.04 g/L. Brilliant green was tested at
concentrations varying from 0.0264 to 0.0369 g/L.
The brilliant green media were supplemented with
Bacto-oxgall. "1t was found that concentrations of
0.02 g/L of crystal violet or 0.0264 g/L of brilliant
green plus 20 g/L of Bacto-oxgall resulted in
selectivity for the differential growth of the pecto-
lytic gram-negative test bacteria. The ingredients
of the”se two medlglwerelz -

Brilliant green bile polypectate gel: 5. ep-
tone (Difco), 8.0 04 E%0.0 g %_x%aﬁl
(Difco), 0.6 g CaCh12Hz0, 0.0264 g brilliant
%reen, 70 g sodium polypectate (Exchange), and
0(%0 ml Idlstlllled wa}ter. - el t

rystal violet polypectate gel: 0.0 g peptone
éD|fco), 50 ¢ K:HFeol 10 g KH204 8.6 g
aCL *2H»0, 0.02 g crystal violet, 70.0 g sodium
polypectate (Exchangei and 1000 ml " distilled
wafer.

Pectolysis resulted in a softening of the media.
Crateriform_depressions were always formed sur-
rounding discrete colonies of pectolytic bacteria.
FI?. 1is a photograph of a plate of brilliant green
ge showm? isolated depressed colonies. The indi-
vidual craters produced in either medium are
quite distinct. _ o

The results of several experiments indicated
that these media did not require sterilization.
However, the occluded air was not adequately
released when sterilization was omitted.

Effect of the selective gels on the growth of
molds and yeasts. Cultures of 21 molds and 17

yeasts were grown on the brilliant green bile and
crystal violet %els in both the presence and absence
he inoculated media were incubated

of actidione.

Fig. 1 Plate shoi ectoysis isolated
colonies.

with softening plant tissues

96 hr at 20°C and examined for growth. These
results are recorded in Table 1 A number of
molds were able to grow on either medium in the
absence of actidione and produce depressions indica-
tive of pectolysis. However, actidione reduced the
growth of these cultures so they were not able to
P_roduce depressions in 96 hr at 20°C. The reduc-
tion in growth and activity of the pectolytic molds
is particularly desirable since they are commonly
encountered as air-borne contaminants. It was also
observed that actidione was more effective in
inhibiting the growth of yeasts than that of molds.
As a result, actidione was routinely added (10
mg/L) to either medium.

Effect of the selective gels on the growth of
bacteria. An experiment similar to that described
for molds and yeasts was conducted with 76 cul-
tures of bacteria. The obligately anaerobic bac-
teria of the ?enus Clostridium were inoculated into
deep tubes of gel with a Pasteur.?_lpette._ The sur-
face of the gel was then stratified with sterile
“vaspar” (1:1 w/w Parowax and Vaseling) before
incubation. The inoculated media, both with and
without actidione, were incubated 72 hr at 30°C
before being examined for growth and 2pectolytlc
activity. The results are shown in Table 2.~

[t will be noted that most of the gram-ne?atlve
bacteria tested grew moderately to profusely on
either selective gel. It was also clear that, within
the limits of this experiment, the two media were
of nearly the same ﬁroductlvny. However, it
should be emphasized that the Acetobacter Species
have fastidious growth requirements and would
not be expected to grow under the conditions
provided by these media.

It is possible that the slight girowth observed
with many of the cultures resulted from large
numbers of cells transferred during inoculation.
When a slight amount of growth was observed
under these “conditions it was |_nvar|abIK concen-
trated in the area at the beginning of the streak.

Effect of gH on utility of the selective gels.
It was desirable to deterniine the effect of pH™ on
the usefulness of the two selective gels because it
is known that crude and partially purified bacterial
“Elolygalacturonases” are most active in vitro at
pH values between about 7.5 and 94.

Several experiments were run to determine the
oPn_m_um_pH over the range of PH 5.2 to 85 after
sterilization of the media. The technique used was
to make UP the media and adjust pH to the desired
levels. After autoclaving the pH values were deter-
mined a(t;am. The 19 test organisms were inocu-
lated onto the surface of these test media by the
giant-colony technique. The plates were incubated
at 30°C and observed daily. The results indicated
that the optimum pH was about 7.0 for growth and
formation of the depressions indicative of pectol-



Table 2. Effect of selective polypectate media on growth of bacteria.”

Graﬁg-cqgﬂgtive

Acetobacter _
(10 cultures, 8 species)
Achromobacter parvulus
Achromobacter sp.
Aerobacter aerogenes
Acrobacter aerogenes
Aeromonas hydrophila
Alcaligenes sp.
Alcaligenes sp.
Arthrobacter atrocyaneus
Erwinia carotovora
Erwinia chrysanthemi
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia freundii
Proteus vulgaris
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas mephitica
Pseudomonas mephitica
Pseudomonas putrefaciens
Pseudomonas putrefaciens
Pseudomonas Sp.
Serratia ntarcescens
Serratia marcescens
Vibrio sp.
Bacillus brevis
Bacillus coagulans
Bacillus laterosporus
Bacillus laterosporus
Bacillus macerans
Bacillus polymyxa
Bacillus polymyxa
Bacillus pumilus
Bacillus pumilus
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Clostridium _
(14 cultures, 7 species)
Micrococcus lysodeikticus

Micrococcus pyogenes aureus

Micrococcus pyogenes albus
Sarcina lutea
Staphylococcus aureus
Staphylococcus aureus
Streptococcus jaecalis
Streptococcus lactis
Streptococcus lactis
Streptococcus Sp.

*— no growth; x_growth Jimited to area at beginning of streak; xx moderate growth;
: %; gdepresswns. ginning g

xxx profuse growth; D
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ysis. For practical reasons, a pH at or near
neutrality is best. Alkaline media become soft
whereas acid media become stiff and unworkable.

~ The effect of sodium hexametaphosphate on util-
ity of the selective gels. The formula for polypec-
tate media, described first by Baier and Man-
chester (1943) and later by Vaughn et al. (1954,

1957) , contained food-grade sodium hexameta-
phosphate (Calgon). The action of Calgon is to

sequester calcium and other poIYv_aIent ions. It

was thought that elimination of this sequesterm%

agent from the formula might strengthen the ge

by salt bond formation. Besides, as already men-
tioned, calcium ions are required by some of the

bacterial pectolytic enzymes.

Experiments were conducted with and without
added Calgon as compared to media without Cal-
gon but containing calcium chloride. The results
Indicated that, even without a precise method for
determining gel strength, the media with Calgon
were noticeably softer than the other media, s
Calgon was omitted from the formula and calcium
chloride was always added to ensure firmer gels.

“Productivity of the selective gel media. As in-
dicated in Tables 1 and 2, the two gel media were
effective in preventing the %rowth of nearly all of
the test organisms except the %ram-negatlve bac-
teria. 1t was aﬁparent, th(_)u_?h, that there was some
difference in the productivity of the two selective
media, S0 a Series of exPer|ments were made to
determine (%uantltanve differences between the pro-
ductivity of the two media as compared with the
plate-count and other standard bacteriological
media.

Total plate-count agar was used as the reference
medium ~ (American “Public Plealth Association,
1958? . Levin’s eosine methylene blue éEM B(? agar
was tested because it is commonly used for detec-
tion of the gram-negative coliform bacteria. These
media were compared in productivity with the two

oI{pectate gels, A number of pure cultures of

Pa( lally identified grain-negative pectolytic bac-
eria and two known cultures of Pseudomonas
aeruginosa were used as test organisms. These
cultures were grown 8-24 hr in nutrient broth at
30°C on a rotary shaker. Then the “total” count
per ml was determined. Dilutions were made in the
usual manner, and duplicate 0.1-ml portions were
used as inocula for the spread-plate technique. The
inoculated plates were incubated at 30°C, and
counts were made after 12, 24, and occasionally
48 hr. The results are shown in Table 3.

The count from the total plate-count agar medium
was assumed to represent 100% of the viable popu-
lation in the culture. The counts obtained on the
selective media were then compared with the total
plate count by calculating the percentage of the

detecting bacteria associated with softening plant tissues

of the selective polypec-

Table 3. Productiviéy )
with EMB agar and ‘total

tate media as compare
plate-count agar.

Percentage recovery of viable cells

Cofe Pt S5 G il
24 Acrobacter 100 145 149 44
34 Achromobacter 100 119 7
38 Paracolo-

bactrum 100 37 39 2
46 Aeromonas 100 iy 5% 3
62 Acrobacter 100 106 126 80
159 Acrobacter 100 % 103 62
160 Aeromonas 100 0 100 0
164 Acrobacter 100 67 115 42
164 Acrobacter 100 12 92 20
164 Acrobacter 100 102 82 60
164 Acrobacter 100 100 108 5%
175 Aeromonas 100 43 75 28
177 Escherichia 100" 39 37 0
177 Escherichia 100" 97 86 0
178 Achromobacter 100 86 % 0

1 Pseudomonas

aeruginosa 1001 228 151 87
1 Pseudomonas

aeruginosa 100 167 00 7
2 Pseudomonas

aeruginosa  100- 5% m 0
Average 100 844  BI1 RB1

count of each cultyre . tested.

viabThe count. was assvmed to ge 100% of the
ab utrient agar was substituted.

Populaﬂons that grew in comparison with those on
he standard plate-count agar. _
The brilliant green bile gel was not as productive
as its crystal violet counterpart, and was the most
|nh|b|tor¥ of the three media. It may also be con-
cluded that the crystal violet gel is at least as
productive as the 'EMB agar since the average
count in the crystal violet gel medium is almost
the same as the total plate-count agar under the
conditions described here. . _
Recovery of pectolytic gram-neqatwe bacteria
from in vitro mixtures of two cultures. Several
experiments were conducted to determine the re-
covery of pectolytic gram-negative bacteria from
intentional ‘mixtures of two “cultures, The two
cultures were grown in yeast extract-glucose broth
in individual ‘side-arm "Erlentneyer “flasks on a
shaker at 30°C. After 4-8 hours the cultures were
diluted with sterile distilled water to the same
optical density (0.2). The cultures were then
mixed 1:3, 1:1 and 3:1 and Plated with the spread-
Plate techm(iue on total plate-count agar and the
wo polypectate gels. The plates were counted for
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Table 4. Recovery of gram-negative pectolytic
organisms from a mixture of gram-negative bac-
teria.”

fetiogl e

u .
T A
31 PC 16
cv 57D 19 68D 17
BG 48D 2
11 PC 283
CV 142D 142 136D &7
BG 74D 2
1:3 PC 220
cv 66D 126 66D 126
BG 26D 2
“PC fotal plate-count agar; CV. crystal violet
Bolggectate; % brﬂHant %reen bile ;Yofypectate;
pressions.

bAntic\pated count hased on total plate-count
agar total” count.

total numbers, and on the polypectate gels, for
pectolytic and non-pectolytic colonies. .

“The results are shown in Table 4. The “anti-
cipated” count was calculated on the basis of
“total” count on the total plate-count agar. It
was observed that the actual count was the same
as that expected, and the variation could be in-
terpreted as an inherent error in the plating method.
The brilliant green bile medium permitted less
growth than the crystal violet, confirming the
results above. Ps. aeruginosa Was inhibited to
some extent on the polypectate media, as shown by
the decrease in the “numbers of non-pectolytic
colonies. These results show that these pectolytic
Pells allow nearly quantitative recovery of pecto-
ytic organisms “from mixtures of gram-negative
bacteria.

A second set of experiments were run to examine
the effectiveness of these media in preventing
?rowth of Bacillus species and allowing quantita-
Ive recovery of pectolytic gram-negative bacteria.
The procedure differed” from that described above
in that the cultures were grown on nutrient broth,
and counted with a Petroff-Hauser bacteria
chamber before plating, and the plating procedure
was modified. _ _

The experiments were made with cultures mixed
31, 3:2, 111, and 1000:1 of Bacillus subtilis to the
un_ldent|f|ed culture No. 62, an Aerobacter. Un-
mixed cultures were plated on nutrient agar and
the polypectate gels to determine the “total” count,
anld the mixtures were plated on the two selective
gels. -

The results (Table 5) indicate that the plate
counts were as expected when calculated on the
basis of the polypectate gels as total count. There-
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fore, the selective polypectate media apparently are
effective in preventing the growth of B. subtilis
when it is mixed in equal portions or in massive
numbers with respect to the gram-negative pecto-
lytic test bacteria. Al of the colonies on the
polypectate media were similar and typical of the
pectolytic gram-negative culture. _

On “the basis of these in vitro experiments,
several conclusions appear warranted. Pectolytic
gram-negative bacteria can be separated from
mixed cultures and enumerated on the selective
gels. The ratio of populations of pectolytic gram-
negative bacteria to non-pectolytic bacteria or pecto-
lytic gram-positive bacteria had no effect on the
selectivity of the media. The crystal violet poly-
Fectate_ gel was consistently more productive than
he brilliant green bile medium. . _

Recovery of Fectolync gram-neqatwe bacteria
from mixed cultures " from natural sources. An
important test of the utility of the selective gel
media is, naturally, an evaluation of their usefulness
for recovery of “pectolytic gram-negative bacteria
from mixed cultures from various natural sources.
Pectolytic gram-negative bacteria have been iso-
lated from the following sources on both brilliant
green and crystal violet gels: fermenting cucumber,
olive, and pepper brines; soft, rotten carrots, let-

Table S. Recovery of gram-negative pectolytic
organisms in a mixture of Bacillus subtilis.

Ratjo of culture .
é%s‘u El“?s Media a coAunntWadeb Act%llﬁgunt

0:1 Nut 144" 40
cVv 0
BG 0
1:0 Nut 272¢C 226
cv 283D
BG 93D
13 cv 71 70D
BG YA} 15.9D"
2:3 cv 113 148D
BG 3 33D
11 CcVv 142 136D
BG 37 38D
0:1 Nut 73.8° 127
cv 0
BG 0
1:0 Nut =B 229
cv 208D
BG 88D
1:1000 cv 104 10.3D
BG 44 3.7D

“Nut nutrient agar: CV. crystal violet polypec-
ta%e'uEEG_%nﬁlant %Wreen bl|§ olypecltate. PO
nnunpated count based ‘on” polypectate gels
tota| count. .
ICroscopic count.

lgDepressmns.
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tuce, and potatoes; softened olives undergoing
processm%; well water from an olive processing
Blant; soil samples from olive groves and cucum-
er fields; unblanched dehydrated vegetables;
aseptically shelled almond and English™ walnut
meats; and male human feces. _

In these studies the only cultures producing
crateriform depressions in either gel were gram-
ne?anve rods. Colonies of mold or yeast that de-
veloped were small, isolated, and wsua_llr recogniz-
able. 1t is believed that either gel will be useful
for further studies on the ecology of the pectoiytic
gram-negative bacteria but the .crYstaI. violet med-
lum is recommended because it is less inhibitory, at
least under the conditions described here.

During this investigation several observations
were made that have a bearing on the utility of
these two %els. Some organisms have a_tendency
to absorb the crystal violet from the medium, thus
forming a blue colony. Other organisms do not
absorh the dye, so the colonies remain colorless.
This affords @ means of differentiating these types
of colonies on a plate of crystal violet gel with
mixed cultures. . _

On the brilliant green medium the colonies do
not absorb the dye, and thus appear white against
a green background. In a few instances the back-
?rolu.nd turns yellow, This latter color difference
acilitates the “counting of colonies. In contrast,
the colonies that absorb the crystal violet are
difficult to observe before they form depressions
in the medium. This problem may be solved either
by pouring the medium in a thinner layer to reduce
Its opacity, or by counting the colonies after they
have formed depressions In the medium.

When moisture was present on the surface of
the brilliant green gel, the colonies occasionally
spread. The problem of spreading was not en-
countered with the crystal violet gel. Reduction
of the surface tension by the bile in the brilliant
green medium might explain this difference.

The appearance of depressions on the surface
was %enerally 6-12 hr later with the crystal violet
gel than with the brilliant green medium. The
Imes were respectively after 24 hr and 12-18 hr
of incubation.

Pectoiytic enzymes produced by cultures isolated
on the fwo gels. In vitro demonstration of pec-
tolysis by enzymes produced bY presumably pecto-
iytic gram-negative cultures of bacteria recovered
from ‘either of the two gels would _(I;enerally be
considered as final proof of their utility as differ-
ential media. Pectoiytic enzymes known to be
produced by bacteria Include pectin esterase (PE),
‘polygalacturonase” (PG), and pectic acid elimi-
nase %PAE :

Pectin esterase production was demonstrated by
a modification of the method of McComb and

DETECTING BACTERIA ASSOCIATED WITH SOFTENING PLANT TISSUES

McCready (1958). Instead of using a crude en-
zyme solution on the plates, these organisms were
grown on nutrient agar containing 1% pectin n.f.
at pH 7.0. After 48 hours or more of growth the
test reagents were added. A clear zone surround-
mgi the colony is indicative of PE activity. “Poly-
galacturonase™ production was detected by the “cup
late” assag method described by Nagel and
aughn (1961a). The cultures were grown 48
hr or longer at 30°C in nutrient broth contammg
0.5% sodium polypectate. The cells were remove
b}/ centrlfu%atlon, and 0.05 ml of the supernatant
of each culture was tested in a “cup” for PG
activity on 1% pectic acid contained in 1% agar

at g)H 10. o

AE (Na?el and Vaughn, 1961b), similar in
some respects to the pectin trans-eliminase of
Albersheim et al. (1960), was demonstrated b?/
first growing the 19 gr_am-ne%atlve control cul-
tures In a medium containing 0.5% pectic acid, 0.2%
Bacto yeast extract, and buffered at pH 7.0 with
1% Tris buffer. After incubation for 48 hours at
30°C on a rotary shaker the cultures were cen-
trlfuged. The supernatant was dialyzed, then tested
for PAE activity in a Beckman DU spectrophotom-
eter at a wavelength of 235 mg to measure the
increase in optical density indicative of the forma-
tion of unsaturated bonds during degradation of
the pectic acid. The reaction mixture contained
15 ml of 0.3M Tris buffer at pH 8.0, 1.0 ml of 1%
Becnc acid at pH 8.0, 0.3 ml of O.0IAf CaCL, and
2 ml of the dialyzed crude enzyme supernatant.
The reaction timé varied from “approximately 8
to 30 min at room temperature. _
All of the control cultures produced an active
PAE and non-specific PG, and were able to de-
esterify pectin. ~ Therefore, it may be concluded
th?t the two polypectate gels have good differential
value.
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SUMMARY
Four grape juices differin? in amount of added citric acid were examined

by Palred comparison by 72
re
Prequency distri

mps ) tasters. Some judges preferred sweet and some
erred acid {)UIC_eS, causing pronounced an . ]
utions of the preference ratings. The correlation coefficient

progressive changes in the

between variances and acid differences was 0.98. The direction and de%ree of

preference was much more consistent for larger differences in acid. Mat

emati-

cal models developed by other authors for analysis of Faired comparison data

are of doubtful validity or awkward in application to

INTRODUCTION

The mathematical models detailed by
Dykstra (51960), Scheffe (19522, and Terry
et"al. (1952) for analysis of data for paired
comparison cannot be” easily used when the
distribution of judges” scores are bimodal
with different variances., The method de-
scribed by Pangborn and Nijckerson (1959)
could be applied, but only with certain
awkwardness. _ _

Because the tasters in the é),re,sent experi-
ment separated info two distinct groups
with regard to direction and degfee of
Breference, the factor analysis exemplified

Baker et al. (1955) and explained by

uilford (1954) was uséd.

EXPERIMENTAL PROCEDURE

Juice from White Riesling grapes, close-filtered
twice, was a light yellow and quite brilliant color.
The reducing sugar content of the grape juice was

235 ¢/100 ml. The amounts of citric acid added
to the orlgénal juice to produce the samples desu{
nated A, B, C, and D were respectively 0, .091,

274, and 548 g/100 ml. To prevent precipitation
of potassium acid tartarate the acid additions were
made each day just before the tests. The total
acids, expressed “as tartaric acia/100 ml, for the
three days were:

he present data.

Juice st 2nd  3rd Av. Expected
A 038 039 039 0386 386
B 046 047 053 0486 0503
C 073 069 069 0703 0708
D 099 102 102 1005 1.030

A panel of 72 tasters gave direction of prefer-
ence and degree of preference between each of the
6 possible pairs. Tastings were on 2 consecutive
days immediately succee |n?_ a training run on one
day. The details of presenting the pairs for com-
parison followed procedures worked out over Sev-
eral years in numerous similar experiments. In
{)artlcular, the trials were made in such a way as
0 balance out order in pairs and the effect of days.
The tasters were staff members and students. The
data consist of paired comparisons of each of the
six possible pairs by each of 72 testers. The first
day’s data (which are, as far as method of presen-
tation is concerned, exactly like the last day’s
data) are omitted since the Tfirst day was designed
to be 5|_mpl1y a training run. Thesé data are pre-
sented in Table 1 The direction of Preference
is indicated by minus and plus signs, and the degree
of preference by the scale values 0, 1, 2, 3. Thus
the complete Scale for comparisons of pairs is

) 1 - 1 1 1 i) '

“A (original juice) plus added amount of citric
acid C(tmverted to tartaric acid equals the expected
amount.

644
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Table 1 Preference scores for 72 tasters for
6 paired comparisons. The numbers indicate the
preference for the first member of each pair over
the second.
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Table 1 (Continued)

AB BC AC CD BD AD
93 0 2 1 1 3 3
o4 - 1 2 2 2 -2
% o -1 -2 -2 -1 -2
% -1 -1 - 2 -1 -2
o/ -1 e
8 1002 -1 -2 -2 -2
59 302 -3 22 3 3
60 2 2 3 -2 1 1
6l 2 -2 -2 -1 -2 -1
62 -2 2 -2 -3 -3 -3
63 -2 -2 -2 -2 -2 -2
64 10 12 22 3
65 2 -1 2 -2 -3 -2
66 3 -1 3 1 2 -2
67 2 2 -3 3 3 22
68 -2 2 2 -2 -3
69 -1 0 0 -1 -1 -1
10 11 2 -2 2 -3
it 1 2 3 3 3 3
i o -2 -2 -2 -3 -2
Mean -38 -43 -71 08 -12 -26
rl 198 267 451 450 622 6.76

Sum absolute
values 93 1 BT 1 Mmoo

Neg.values 60 71 100 67 90 100
Pos.values 33 40 50 73 8 81

ANALYSIS AND DISCUSSION OF DATA

Scatter diagrams were made of the gomt
ratings of the’ tasters on palrs of différent

{UICES as detailed |n TabIe appeared
hat a conventional factor anah/m Was
proper. Therefore the correlatio matrlx

glven in Table 2 Was com (}ed The d
gonal elements were assumed to be equal
}% tré% grrﬁgtest coefficient in the correspond-
U

grwo tactors were extractgd as indicated in
Table 3: one we hﬂve called Fi, the “sugar”
factor, and one called F2 the * aud factor.
We rotated the original factors into' FT and
Fa' in such a wa ?s to make the FT Ioadmg
on tne RaerB sarge as possiple. We not
that when this Is_dofe, the F? Ioadlnrqs on

B, BC, and AC are zero.  However, the
FT 'loadings on CD D, and AD are about
equal to the FT oadlns but og O?Ite In
sign._Thus, we have two ver}q usters
0 Ealrs of 3 each: one onteposmveF
axis, and the other on a line that makes a
minus 45° angle with the positive F2 axis.
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h2 gcommunalrty) measures the ability of
the tasters to prefer between the pairs irre-
spective of their direction_ of _preference,
while 1-h2 measures the inability of the
tasters to prefer. It Is noted that h? ranges
rom04 to 0.78. On the hasis of the com-
munarres te6 arrs can be ordered in a
ratron hese fin rn%s are In accord
wrt te rscussrons by Baker et al. (1954,
1958, 1960) and Mrak’et al. (1959).
The detarled frequency distributions rn
Table 4 ndicate the verfy epronounce
changes In the distributions o pr ferences as
successive amounts of citric acid were added.
Progressive ang. extensive changes take
Plac in these distributions as we’ proceed
rom air AB to pair AD. The variances of
t e I tasters increase from 1.98 for the Parr

AB to 6.76 for AD. It is aJ)JJarentt at.a
sugar Juices are comﬁar with “acid
Juices, some people much prefer the sugar
and many others much prefer the acid.

[f we consider the relation between
amount of citric acid added and 00h2 of
Table 1 we %et the results In Table 5. T
correlation coefficient 1s 0.961, indicating a

Table 2. Correlation matrix for the factor analy-
sis for the data of Table 1

AB BC AC CD BD AD

AB (050)a 0% 050 027 030 046
BC 0% (054) 054 030 044 043
AC 050 054 (054) 041 043 054
CD 027 030 04l (064) 062 064
BD 030 04 043 08 (075 075
AD 046 043 054 064 075 (0.T5)

“Communalities. See E. C. Baker et al. 1955,

Table 3. Factor loadings en two factors FFr
sweetness: Faacrdrty? for the six pairs of Table 1
rotated to make the loading of F/ on pair AB a

maximum.
Par F F X-maix ~ F' F2 h2a
AB 57 29 909 -417 64 03 4

BC 62 28 417 99 68 00 46

AC 70 000 59
CD 69 -32 56 -58 65
BD 8 -.34 S -63 12
AD & -23 B —5% 78

alr is the communality or sum of squares of the
factorf aaings. 4 L

FACTOR ANALYSIS OF GRAPE-JUICE PREFERENCES

Table 4. Fre%uency distributions of the prefer-

ence ratings of 72 tasters for the 6 comparisons_of

LattrleDl. he preference scale is in the direction
0 D.

Preference
-3 1 1 3 7 16 19

-2 L 2% 28 U7 10 1
-1 21 16 6 12 8 5
0 b 4 2 3 0 0
1 ¥ R 4 5 2 1
2 § U 10 16 8 4
3 1 2 8 L2 2 A

Totadl 72 7 7 7 7 1

Table 5. Regression of discriminability (100h2
of Table 3) on the difference in citric acid in
grams/ml for the 6 pairs of Table 1

. (y=100h)

Pair d%fe_re?tcc'g Observed ~ Calculated
AB 0.091 41 42,69
BC 183 46 50.22
AC 214 59 5767
CD 214 05 57.67
BD A57 72 72.65
AD 548 8 80.10
Total 1.827 361

SS deviations  0.144753 10508

Least-squares re?ressron ling: y = 81850 x + 35.243
Correlation coefficient r =091

Table 6. Regression of the sums of the absolute
values of the preference scores on the difference in
citric acid added, in grams/ml, for the 6 pairs of

Table 1
: _ .op (y=sumof absolute values)
Pair dEE  oowened  Caloulaed
AB 091 93 99.94
BC 183 1 117,67
AC 214 151 1352
CD 214 140 13521
BC 457 17 17053
AD 548 181 188.01
Total 1827 847
SS deviations 144753 5.804.8
Least-squares regression line :
2.970 x + 82407

=19
Correlation coefficient : ¥: 0.964
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nearly perfect relation between 100h2 and
the difference between the amounts of citric
acld added to the separate juices of a Palr.

Another possible measure of the strength
of preference without regard to the direction
of the preference is the sum of the absolute
values of the preference ratings for each
pair. Table 6 shows the relation between the
sums of the absolute values of the preference
scores and the acid difference between pairs.
The correlation coefficient is about the same
as before, r=00964, showing that these
variables are very closely related.
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The effect of citric acid on the sweetness of sucrose solutions was determined
by a highly trained panel using variations of two basic methods: single strmulus

and paired stimuli. In the former presentation, evaluation of samples sin
or in a series of 4 did not alter responses si
?es to indicate the direction an

ered in sweetness, was slightly more sensitive than the single

requiring jud
ofqa pargr Jdn‘

nificantly. The binary methgdv
the degree to which members

:

presentation, especially when one member of the pair within a set was kept

constant. The following conclusions were drawn from all methods:
from 0.007 to 0.073%, depressed the sweetness
e masking of swestness by acid was greater at

acid, at concentrations ran
of 0.5-20.0% SUCrOSE,

nggh

(a) Citric

lower than at higher sucrose concentrations.

INTRODUCTION

fMethgds (I)ft measuring tastedrntebrlactr%ns
of sapid solutions vary  considerably,
pendrﬁ% on the purpose %f the stud a¥1d the
Prefere ces of the investigator. The litera-
yre contains conﬂrctm% reSults obtained with
drverse methods. In an early study, Kiesow
g Jored solutrons directly’ on” the
tonu and observed te effect of a sub-
thres old concentration of one compoun on
the threshold fasecond comgoun tg
and sour, and salt sweet exhrbrte
srmutaneous maékl %sweet and sour
solutions  affecte each other In an incon-
sistent manner so that no conclusions couId
be_ drawn. orkrn with sucrose
urnrne gdroch oride, and HCl, Heé/mans
1899) f nd that su raliminal” conCentra-
flons o one substance always rajsed
threshold for a second compound.. OnIy
one subject was used in that mvestrgatron
Werner $1933 ‘matched the tastes of Inor-
ganlc salts at “fixed concentratrfo S agamst
ubstances representlng und
tasées He found taé iluting a salt solution
Its taste-matched sugar solutign to the
same deqree did not rgsult N maintenance
of equivalent tastes, and concluded that “in-
teraction relatronshr S between taste stimuli
are e%r ic to the level stimulus Intensity at
which they occur.”

648

. BuAas (1934) and |-fahn (1936) used the
Geschmackslupe” (El-tubg) to” stimulate
one areﬁ of the tongue with sucrose solu-
tions while simultangously determrnrng% the
threshold for NaCl on another Part ot the
tongue. Dilute sucrose solutions lowered the
NaCl threshold, and concentrated sucrose
solutions raised it. Similar results were re-
P,%rted In a later publication (Hahn and Ul-
The “sensitivity threshold " 1.8, the lowest
concentration _distinquishable from  water,
was used by Cragy (1937) to establish the
effect of Na Ian sucrose on the sourness of
HCL. The addition of 18.7% su%ar did not
chanzqe the HC1 threshold but the addition
9% sugar reduced the sourness of

1y 15%. Equi-sweet saccharin
g%gérons proddced the same effects as Su-
In one of the most comprehensrve studies
re orted, Fabian gnd Blum (19 32 sel cted
atchrng metho mwhrchasu rathreshold
concentra on of one compound plus a thresh-
old level of a second compoand was matched
to a series of 5 solutions of Increasing con-
centration of the suRrathreshoId substance.
reported that hydrochloric and acetic

ﬁcr S decr feased the sweetness of dextrose but
no effect on the sweetness. of sucrose.
Lactic, malic, citric, and tartaric acids in-
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creased the sweetness of sucrose but de-
creased the sweetness of fructose. In addi-
tion, all su ﬁrs decreased the sourness of ﬁll
acids, thou§ to varyrng degrees. Usrng
same matching methodology, Pangborn

1960) found that sucrose and citric acid
had a mask mg efect on each other,

Anderson ) used a_single-sample
resentaHon rose sodium chIorrde
uinine droch orre and tartaric acid, all

at threshold levels. In tap, water, sucrose
thresholds for the two subjects used were
0.029M and 0.012M whereas in the presence
of threshold levels of tartaric acid, the re-
Rectrve sucrose thresholds rose to 0.038M
and 0.016M. The correspon m% res ectrve
values for tartaric acid were
0.00035M in taﬁ water and 00010M and
(S)u%985368M in threshold concentrations of
In a study of the taste rnteractronfs of
sucrose and “sodium._chlorie rangrng rom
threshold to solubility limits, Begbe-Center

SCORE CARD FOR SINGLE-SAMPLE PRESENTATION

NAME

649

et al. 51959) employed the “up and down”
metho e tasters indicated” whether the
second sampte WIthin a palr was more or less
sweet than the first. When the com ound
was jud 3 weet than the east con-
centrate stan ard of the scale, or sweeter
than the most concentrated the same stand-
ar was use again rntenext comparison,

e median was used as the measure of
central tendency. The prrncrgal effect was
one of mutual “masking rnde -stimulus
method with a ning- ornt scale OF successive
Integers from 1 (no_taste) to 9 (extreme
Intensity) was described b}/ Kamen et al
(e1960) who_ concluded that suprathreshold
levels “of citric acid generally ncreased the
sweetness of suprathreshold” concentrations
of sucrose whereas sucrose reduced the

sourness f citric acid,
15 difficult to make a critical comparison
of t e precision of the methods discussed

above srnce the results were rnflgenced b
many other experimental variables, i.€.

SET

DATE

DIRECTIONS: CIRCLE THE VERTICAL LINE CORRESPONDING TO YOUR OPINION OF THE
TASTE INTENSITY OF SWEETNESS FOR EACH SAMPLE SEPARATELY.

SAMPLE NO.

None Slight

SCORE CARD FOR PAIRED PRESENTATION

NAME

Moderate Large Extreme

SET.

DATE.

DIRECTIONS: CIRCLE THE SWEETER SAMPLE WITHIN EACH PAIR, THEN INDICATE
THE DEGREE OF DIFFERENCE IN SWEETNESS WITHIN PAIRS.

SWEETNESS DIFFERENCE WITHIN EACH PAIR

SAMPLES
SLIGHT

i

MODERATE

LARGE EXTREME

Fig. 1 Score cards used for single-sample and paired presentations.
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number of subjects, training of judges,
amount of replication, temperarr of “the
solutions, tap water vs. distilled water
buffered vs, émbufferﬁd folutlons, urléy of
the compounds, and the levels compared.

The gresent paper is concerned with evalu-

ation of th? taste reactions of a hlﬁhlg

trained panel to mixtures of suprathresfiol

concentrations of sucrose and', citric acid

%Stlg% variations of single and paired presen-
lon.

METHODS AND MATERIALS

~ Selection and training of the taste panel. Nine
judges, 4 men and 5 women 25-45 years old, were
selected from 23 individuals on the hasis _of their
ability to distinguish small differences in con-
centration between paired solutions of sucrose and
of citric acid. Solutions were freshly prepared each
day and served at room temperature in 40-ml
portions in coded beakers presented in randomized
order. F,reshli/ distilled water was provided for
oral rinsing at the judge’s discretion.” All evalua-
tions were made between 11 and 12 a.m. Monday
through Friday, in individual partitioned booths.
Participants were informed of their accuracy after
each test session.

Methods. Single-sample. The score card de-
scribed by Kamen et al. (1960) was used; a nine-
point ratmghscale of taste intensity, with alternate
points “anchored” by the descriptive terms “none,
slight, moderate, strong, extreme.” Later, the
points were assigned successive integers from 1
10 9 and analysis of variance applied to the scores.
In Method I, udgies received a tra conta|n|ngb4
solutions (randomly selected from the 16 possible
combinations) presented in randomized order. The
sweetness inensity of each solution was recorded
separately; however, comments indicated that the
samples were influencing each other, ie., the sweet-
ness intensity of the first sample affected the ap-
parent sweetness of the subsequent samples within
a set. To offset this contrast effect, the investiga-
tion was repeated using Method I1: one solution
only was evaluated per judge per day. The experi-
mental design was repeated 4 times/judge for
Method | and once for Method 11. Analysis of
variance was applied to individual intensity “scores.
Only replication | in Method | was analyzed
against Method 11, _

Paired samples. After completion of the above
study, paired presentation was tested. Each judge
received a tray containing 8 pairs for Series [, and
12 pairs for “Series Il." Participants c_|rcled the
number of the sweeter sample and indicated the
degree of difference in sweetness intensity within
each pair by checking a four-point scalé labeled

SUPRATHRESHOLD SOLUTIONS OF SUCROSE AND CITRIC ACID

Table 1 Concentrations used in the various

presentation designs.

Single sample, methods | and 11
% sucrose a

e B 10 50 A0
0 A B C D
0007 E . ¢ H
0023 K

0073 v N 0 P

Paired samples, series |
Concentrations same as in single samples, above.

Pairs AE El IM
BF FJ IN
cG GK KO
DH HL LP

Paired samples, series II. Constant stimuli
% sucrose a

—
A 0 20 50 10 200
0 A B C D E
0.005 F G H | J
0.010 K L M N 0
0.020 P 0 R S T
0.040 U Vv W X A
Pairs : A B6 CH DI EJ
AK BL CM DN EoO
AP Bg CR DS ET
AU B Cly DX EY

“Baker analyzed.
bEaEe anéyxgamson Percentages h]ave hee
ﬁ%rt?&t]e for the one molecule of wter of crystal-

“slight, moderate, large, extreme.” This was an
adaptation of a preference method described by
Scheffe (1952%. Upon the recommendation of
Gridgeman (1960, 1961), the central (zero) point
was eliminated so as to force a decision. _
The paired-stimulus method was repeated in
Series 11, using a different range of sucrose and
citric acid. The entire experimental design was
repeated 4 times/judge for Series I, and 3 times/
{udge for Series II. For_statistical treatment of
he data, negative and positive numbers were used
to indicate the direction and Sweetness intensity
of the response, as illustrated below :

A (no acid) >B 50.005% acid)
A (no acid) < B 20.005% acid)
+1) +3, +5, +7

Negative and positive responses were totaled for
each pair, the weighted values plotted, then linear
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regressu)n determined so that the slopes of indi-
vidual lines could be compared for Series I. For
Series 11, the weighted responses were submitted
to analysis of variance to establish the degree to
which citric acid influenced sweetness intensity.
~Score cards for the single and paired presenta-
tions are shown in Fig. 1 _ _

Taste solutions. The concentrations used in the
various deagns are shown in Table L

The paired design was repeated with the con-
centrations indicated in Series 11 when the panel
complained of the extreme displeasure involved in
continuous sampling of the 0,073% level of citric
acid.  Also, no sweetness at all was Percelved in
solutions containing 0.50% sucrose in the presence
of 0.007, 0.023, or 0.073% acid.

RESULTS AND DISCUSSION

Single-sample presentation. = Although
the. methods "of presentation, singly or ‘in
series, had no significant effect on ‘sweetness
scores (Table 2), the plotted data show that
the scoring range was _narrower when
samples were evaluated smFIy than when
tasted in a series of 4 solufions (Fig. 2).
In the latter method, the “contrast error”
may have been influential, ie., a tendency
to Undervalue or overvalue a given character-

EFFECT GF JTRIC AUD ON INEEMESS CF SUCRCE
INGLE SAVALE FRESENTATION

T T

Y T I
Method 1. Evaluated in Series -
----- Method II. Evaluated Singly

f :

20.0

SN o

AVERAGE SWEENESS SCORE

03 04 05
% CITRIC ACID
Fig. 2. «fffect of citric acid on sweetness of

sucrose siﬁgle-sample presentation.
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istic within a series d(_Gquord, 1954, p. 279).
This tendency is indicated by the mﬁnlflcant
interaction bétween sucrose and method, and
I readily seen by determining the difference
in total scores within each method:

% sucrose ethod, |

Series) thma?y)l l Difference
0.50 64 18 -14
1.80 124 122 + 2
580 208 199 +9
20.00 304 283 +21

Judges responded differentially to the two
methods; the difference in total sweetness
scores between methods, ranged from —18
to +14 for individual Judges._The inter-
action between methods and acid level was
not significant, Application of analysis of
variance to. Method |, seﬁ)_arat,ely, Showed
that the variation due to replication (3 reps.)
was not significant, S

With both. methods of presentation, in-
creasing additions of citric acid generally
decreased apparent Sweetness_intensity at
each of the 4 sucrose levels. This obsérva-
tion, although in a([;reement with previous
work in this laboratory 1Pa,ngborn, 1960),
disagrees with the conclusions of Fabian
and “Blum (1943) and of Kamen et al.
(1960), who reported that citric acid in-
creased the sweetness of sucrose. In the
present investigation, all of Kamen’s expen-
mental conditions were followed except for
selection and training of judges and presenta-
tion of 8 stimuli. [n_Kamen’s study, there
were 700 untrained judges selected on the
basis of availability; only some participated
in more than one replication. Kamen’s
group feel that this method increases the
efficiency of the design by avoiding loss of
motwaﬂqn,through testing of all solutigns
at one sitting and that “training and using
more rigorods methods of selecting Os. IS
probably not worth the effort. Instead, using
a larger number of Os is likely to compensate
for Somewhat decreased precision.” This
latter point had been verified by Kamen
previously ,E)1959). The present atithor does
not subscribe to the use of untrained, un-
tested judges in difference testing, because
a judge’s response is greatly modified by
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SUPRATHRESIIOLD SOLUTIONS OF SUCROSE AND CITRIC ACID

Table 2. Analysis of variance. Single-sample presentation. Method I, evaluated in series

Method 11, evaluated singly,

s i
Total 1928319
Sucrose (S) 1575.236
Citric (C 23.847
Judges (R/I 88.069
veen 106
SXJ 35.764
SxM 8.902
CX: 20.153
CXM 1.625
M X 26.500
Remainder 136.391

I

training and familiarization with the tasting
method, as illustrated by increased sensi-
tivity to the 4 basic tastés with subsequent
testing (Panghorn, 1959). Several investi-
?ators have reported improved sensory. per-
ormance as a direct result of panel training
nggnett et al, 1956, Boggs and Hanson,

When data from both methods were
pooled, it was observed that every JudPe
gave a hlghe[ total sweetness score 'to " solu-
jons confaining 0.007% citric acid than to
the unacidified” control. This result is not
readlly explainable. Individual judges fre-
quently commented that the lowest acid level
imparfed a degree of pleasantness to other-
wise insipid sugar solutions. With this par-
ticular method, there is no way of deter-
mining quantitatively how much” of the ob-

Dﬁ%e osmOf s'\(flue i ra’f-io
287
3 525.079 T13.312%+*
3 7.949 11.707+*
8 11.009 16.214**
1 1125 1.657
9 1187 1743
24 1.490 2.194%+*
3 2.967 4.369**
24 0.840 1.237
3 0.542 0.798
8 3313 4.879%**
1 0.679

served variation in scores was due to differ-
tence,st in palatability rather than taste in-
ensity.

Paired presentation. In Series | of the
paired presentation, samples differed in_both
sucrose and citric acid content. A simple
tallﬁ, of the selections of sweeter samples
within pairs, shows a decrease in apparent
sweetness with increasing acid levels FTabIe
3). At lower sugar levels, the acid had a
%[eater sweetness-depressm? effect than at
igher levels, When the data from Table 3
are Wenf]hted in terms of degree of sweet-
ness difference between members of a pair,
.., slight, moderate, large, extreme, a sep-
arate value is obtained for each pair, which
is then plotted at each sucrose level in Fig.
3. The plot shows the same distribution as
the data in Table 3: (a) 0.023% vs. 0.073%

Table 3. Effect of citric acid (percent) on sweetness in three paired presentations,
series | (values represent response to sweetness within each pair).

T [
suchhse na  0.007a 0,007 *
0.50 Zg* h AU
1.80 27 J3***
580 24 iV 25*
200 22 “ 2
Totals 103%** 4] 113%**

T

. at.P.= 0.001.
*Percent citric aug.

[ Totals.
003> 0M3a 0073a  -gusr Higher
9 O]k 5 Qe g
3 sxk 3 R 1
11 %S‘k*‘k 7 7g*‘k* 38
5 25* h 68** 40
3 118+ 26 334x** 08
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T T T T L T

EFFECT OF GITRIC AGID ON SWEETNESS SCORE OF SUCROSE

PAIRED PRESENTATION
SERIES T

% -0 i % Gitric Acid

0.007 vs.0.023
0.0 vs. 0.007

y
T

— 0.023 45.0.073 -]

AVERAGE SWEETNESS >uur
)

o
o
-3

~25}

30 1 L L L s
() 2 4 6 18 20

ét’.sU?ﬂOSEK‘2
Fig. 3 Effect of citric acid on sweetness score
of sucrose; paired presentation, series I.

citric acid gave greater differences than did
the other two pairs; ﬂb) sweetness masking
was greater at lower than at higher concen-
trations of sucrose. The slopes of the three
lines did not differ significantly as indicated
by a statistical comparison of"the b values.
An unexplainable drop at the 1.8% su%ar
level was observed in twp of the plots. Al-
though the paired preseéntation data from
Seriés | involved more comPIex calculation
and interpretation than data obtained by
single-sample presentation, the same general
conclusion. was observed: at the = levels
studied, citric acid decreased the apparent
sweetness of sucrose.

. A simplification of the paired methodology
IS mcorForated into Series I1, the method of
constant stimulus, where one member of the
pair within each set was constant. The
simple tabulation in Table 4 verifies that a
decreasing _ sweetness accompanied an in-
creasing acid content. Once again, the mask-
ing effects were most pronounced at the
lower sugar levels. At higher sugar levels, a
mutual maska actually” occurred and the
acidified samples did ot taste as sour.
Plotting _ the vv,el%hted_ sweetness scores for
each pair a%ams acid content shows the
degree to which the acid decreased sweet-
neSs (Fig, 4). Although the intermediate
sugar levels follow a somewnhat erratic down-
ward progression, the extremes, 10 and
20.0%, sucrose, substantiate the previous ob-
servation that hlﬁher levels are depressed less
than lower levels. The author agrees with
statements by Werner (1933),” Cameron
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(1947), Kamen (1959), and others that
Percelved_lntensmes of mixtures depend on
he_specific levels of each stimulus,

The individual values plotted in Fig. 4
readily lend themselves to analysis of vari-
ance (Table 5). Both sugar and acid had a
sqnlflcant effect on sweetness differences
between pairs. A v,erg hlaghly significant
variation was due to judge differences. The
3 replications did not difter, and two of the
mtetractlons involving judges were signifi-
cant.

Analysis of variance is as simple to per-
form for the paired comparison data as for
the single-sample scores. The former method
requires that each Ludge replicate every set
n times, so that the values designated as
direction and magnitude of difference be-
tween a pair are_based on the same number
of evaluations. This requisite was not diffi-
cult to achieve, since_only 5 days of testing
(12 pairs/judge/session)’ were necessary to
secure the ‘data analyzed'in Table 5.

‘Although the main advantage of the single
stimulus 1 its simplicity of presentation and

% Sucrose
20.0

AVERAGE SWEETNESS SCORE
1

-3.0

=35

EFFECT OF CITRIC ACID ON SWEETNESS

-4.0f

OF SUGROSE

PAIRED PRESENTATION

-5 SERIES II 7
-0 ol 02 .03 04
% GITRIC AGID

Fig. 4. Effect of citric acid on sweetness score of
sucrose; paired presentation, series 1.
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OF SUCROSE AND CITRIC ACID

Table 4. Effect of citric acid (percent) on sweetness in four paired presentations, series Il
(values represent response to sweetness within each pair).

suc%se 0a 0006a 0a 000
100 2% 6 2% 5
200 19 8 2% 5
5.00 18 9 23%0%% 4
1000 " 18 9 2 5
2000 14 13 16 n
Totals Q™ 45 105%** 30

** Qjg. at P =

** 519, at .P.= (.00

1Pe§é§nt citric acid.

Its resemblance to normal conditions of test-
ing, the evaluation is a memory comparison
based on_previous experience with similar
stimuli.. The ?alred presentation limited the
evaluation to the 2 samples at hand and was
considered more sensitive. This sensitivity
was further increased when one member of
the pair was kept constant within a set.
Scaling of degree of difference between pairs
Iv)lelde additional information, which could
e plotted against the concentration of the
additives.
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I \Y Totals
+ 01 0008 oa o00d0a A A
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Microscopic Structure of Frozen Par-fries

SHIRLEY LYMAN SPIRUTA ans ANDREA MACKEY

Home Economics Research Agricultural Experiment Station
Oregon State University, Corvallis, Oregon

(Manuscript received June 7, 1960)

SUMMARY

When tissue was taken from finish-fried or par-fried potatoes not subjected
to fixing or embedding, Potato cells were found to be plump, and the
surfaces were comparatively smooth, faintly showing the outlines of the
gelatinized starch granules ‘within. Cells from tissue that had been frozen
showed reticulation, especially those from tissue frozen at —18°C as contrasted
with tissue frozen at —78°C.” When tissue was observed during freezing, cell
separation was pronounced, as well asveushm together or shrmka of gelled
starch granules, and cell distortion. When thawed, the potato cells partiall
recovered their original plumpness although breaks between the cells remained.
Recover% of gelation was incomplete in starch (%_ra_nules_from cells from potato
tissue that had been par-fried, frozen, and Tinish-fried. A taste-test panel
preferred French-fried potatoes frozen as an intermediate step in preparation,
especially noting less cohesiveness of texture and greater tenderness of crust.

Preliminary studies in this laboratory indi-  Deep-fat f_r¥|ng might be assumed to have
categ that French-fried I1potatoes prepared bg somewhat differént effects, since in the fry-
Bar- rying, freezing, and finish-fr mg had  ing process partial dehydration occurs. Regve
etter” texture than”similar_potafoes French-  and Neg] ﬁ1960) stated that “deep-fat frying
fried without an_intermediate freezing step IS essentially a cooking and dehydration groc-
In their preparation, This observation was s d_urmﬂ which thé starch content of the
the backgraund for the work herein reported,  cells is gefled and dehydrated and some of the
a stuay “of the microscqpic appearance of water i the tissue IS replaced with oil.
fried potato tissue associated with freezing Theg_ point out that the cellular structure
treatments and taste-panel scores. remains intact and that the cell walls rarel
Durl_ng,cookmg of starch}/ vegetables ru%ure during the deeB-fat_frymg process.
elatinization of Starch granufes s one of . When cooked \_/egeta le “tissue Is” frozen,
e most noticeable phenomena, When moist |c? formation begln on th? outside, of the
heat IS emplolxeFL vegetable tissues soften. cells. If reezmg ceurs slowly, water is with-
Simpson and Halliday™(1941) noted disinte-  drawn from thé cells and larger ice crystals
(r;ratlon of cell mempbrane materials, soften- —are formed, which crush the Cells %Gardne_r,
ng of cellylose, and the changmg of large '19402' Woodroof (1938& reported that in
anounts of protopectin to Pctm., Reeve — jmmature seeds such as peas, corn, and lima
(1953) pointed out, among other histological beans, cell walls separated and ruptureg
observations, on heateE rﬁ)'o ato?s that “Cell durmg freezing, while the contents of each
separation, due to weakening of the achesive cell ¢ agulated Into a shrunken mass. If the
gro?ertles ?f. the middle lamellae, .Iﬁ.alded feed o s were umn\)ured, there Wis little
he SWE|In% of gelled starch within the logs of structure even though cell walls
célls so that their Walls are distended and within the seed were broken “or seﬁarated.
pushed apart.” Under some conditions, cells  Longree d(195,0)L using mashed cooked po-
ru tﬁl_red. He indicated that this is “caused by tato, noted variations i cell appearance asso-
swe m_g of the gelled starch and appears t  ciated with rate of freezing, When shrunken
egin l thle weaker primary pit regions of cells were_allowed to stand at room temP_er-

the cell walls.” ature or in a refrigerator, no reabsorption
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took place of the water that had "frozen out”
of the cells and starch granules On reheat-
Ing, the (differences in"cell appearance due
t0°rate of freezrng tended to rsapPear Leg
et . 81946) teSted the effect 0 freezrng
rates on the ‘eating quality, appearance, an
vrtamrn vaIues of ge S and S

though sower fr

nounced effect on the a earance of "the
trssues bgn favorin the f matron of Iar%

cp/sas d partially shrinking and  den

drating the solids, thawing caused the flui

to be reabsorbed b}/ the tissues so that they
ural appearance.

resumed their nat

beans Al-
zrng rates pro-

657

MATERIALS AND METHODS

Russet Burbank potatoes were obtained at har-
vest time from farms selected at random in com-
mercial potato-growing areas. Tubers of high
specific gravity, 1.115, and of lower specific gravity,
1.085, were selected from each farm in order to
provide a means of determining specific-gravity
effects.

Four methods for preparing finish-fried potatoes
were compared : single-stage fried, unfrozen ; two-
stage fried, unfrozen; par-fried, frozen at —78°C,
held 2 weeks on dry ice, then finish-fried; and
par-fried, frozen at —18°C, held 2 weeks at this
temperature, then finish-fried. Eight samples were

Fig. L

Photomicrographs (X60) of potato tissue prepared for microscopic study by histological

freeze-drying technique: a) finish-fried, unfrozen; b) par-fried, frozen at —18 C; c) par-fried, frozen at
—78°C; d) par-fried, frozen at —185C and finish-fried.
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Fig. 2. Photomicrographs (X60) of potato cells: a) finish-fried,

—18°C;

evaluated per replication,
were carried out.
Temperature during par-frying and finish-frying
was maintained at 177°C. All par-fries were fried
for 5 minutes. When finish-fried, the potato strips
all had a total cooking time of 6% min. Moisture

and three replications

loss and fat absorption were determined. All treat-

ments were judged by a trained panel. Matching

tubers from the same farms and of the same spe-

cific gravities were used for microscopic study.

Several procedures were used in preparing ma-

terial for microscopic study, with the expectation
that more information could thus be obtained. The
histological freeze-drying technique fSci.
ties Corp., 1955) was selected in preference to the
use of dehydrating solutions since tissue that is

Special-

CELL STRUCTURE AND PALATABILITY OF POTATOES

b) par-fried, frozen at

unfrozen;
¢) par-fried, frozen at —78°C; d) par-fried, frozen at —18°C and finish-fried.

frozen very rapidly and dehydrated without thawing
before infiltration with paraffin might be expected
to bear a closer resemblance to untreated tissue.
In addition, small bits of tissue were isolated from
potato strips following par-frying, freezing at
—18°C as well as —78°C, and after finish-frying.
Bits of par-fried tissue were viewed during the
processes of freezing, thawing, and refreezing.

The significance of differences due to specific
gravity and treatment were determined by analysis
of variance for panel scores, moisture loss, and fat
absorption.

RESULTS AND DISCUSSION

croscopic The appear-
ance of potato tissue ifered somewhatpwnh
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the hlstolo%tcal method used in its studRI

However, the effects of cooking and freezi 8
were apparent although tissue Was prepare
by different methods.

Cells,taken from potato strips prepared b
par- frymg or single- sta?e or two-stage fryin
WwithoUt dn intermediate freezing step Wer
similar In. appearance.  When “viewed b
polarized hght no ungelatmlzed starch ?ran-
ules were found. Tissue taken from these
Strips was comgosed of plump cells crowded
mWMr% )cmmewmmmw
reficulated, having an over-all stippled ap-
Pearance on rée (1950 sutggnested that
his effect i ue to pushing of the swollen
smmgmM%amnHMm walls. Reeve

943), In calling attention to this effect in
sectiong cut froni blanched, dehydrated po-
talo after rehydration, wrote, “the semi-
fibrous or retictlate appearance of the gelled
starch may be due to variations in density as
the graing’ swell or to cytoplasmic substa ces
értaapnsd between the “swollen and gelled

|

|ce crystals in cells frozen at —YEf(C must
have been small enough that cells taken from
par-fried tissue frozen and heId for two weeks
at this, temp%rature close h/ resembled  cells
from tissue that had not Peen frozen. Evi-
dence of strain from the freezing treatment
was noted, in that srfaces of glls from
troztenttlsshte were tsI| tt vxlmn”e In con-
rast to the velyety ™stipple arance
fa the surfaces of uhfrozeptp ? Pﬁe strla
t|ons oceurring i te ceI surfaces rom
frozen tlssue reguentﬁr] a tW|ste
pearance ? e cells taken from
strl s that were par-fried and then frozen and
stored at —18°C were generally similar in
dimension and shape t0' those “taken from
m%mnﬂmsmmgmh%mghwmmt
or having a “fast-freeze” treatment except
that the” cell walls were very wrinkled
ﬁparently adjusting fo the Contours of

runken” starch- granules within (FI?

When par-fried tissue that had been rozen
was finish-fried, the cells were pumg and
relatively smooth, probably from™ reabsorp-
tion of mojsture and swelling, of starch gran-
uIes Moisture loss was Righ during the
par-frying operation (Table 2), but enough
remained”to allow the cells to become almost

ISEss-ic)
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Table 2. Moisture loss and fat absorption during French-frying.

Sample %pg\c/ﬁryc Treatment

[ 1.085 Frozen at —18°C
2 1.085 Frozen at —18°C
3 1.115 Frozen at —18°C
4 1.115 Frozen at —18°C
5 1.085 Frozen at —78°C
6 1.085 Frozen at —78°C
7 1.115 Frozen at —78°C
8 1.115 Frozenat —78°C
9 1.085 Single fried

10 1.085 Single fried

1 1.115 Single fried

12 1115 Single fried

13 1.085 Two-stage fried
14 1.085 Two-stage fried
15 1115 Two-stage fried
16 1.115 Two-stage fried

fully restored to therr orrngaI plump con-
dition when finish-fried. “That they were
not com letely restored rs rndrcate by the
trny o sre arnrn In tne cell walls {Fig.
- Accord rnﬁ ongree §1950n) cooked
otato cells t at have een frozen jn such
a way that they become shrunken and reticu-
lated; will regain their orrgrnal plump,
smooth appearance when heated in the pres-
ence of sutficient moisture.

Extensive shrrnkrng of cells was gparent
only when smaII bits” of tissue wer taken
from par-fried potato str:ps and oserve
durrng the roc?soffreezr When handled
In thi cells originall ump an com-
paratrveysmooth chane rnsae becom-
Ing angular and wrinkled. rstortron of
pooked cells, as weII as cell segaratron durrng
reezrn may he seen In photomicrograph

Ij Breaks in Intercellular cemen rnP
materra were marked. When pells were a
Iowe to t aw some reversal of the freezing
c n e took ngce the most notrcea le berng

prnp partial recovery of the shap
o the ellS. Breaks between cells remained
re atrve prominent.

The freeze-dr rng method was used to Se-
cure rnformatro that mrpht not be avarIabIe
from studies of srngﬂe cells or small groulps
of cells isolateq fro cooked or cook
frozen gotato tissue. The cells in tissue
pared Dy the freeze-drying method di rn

0,
res Iuvrrreerlg?ﬁ? tga/gr)s tn""r'é’ Rl “8 ba(s
Par-fry Finish-fry Par-fry  Finish-fry
436 415 58 8.1
44.2 46.9 7.0 8.5
433 465 73 8.7
415 443 5.2 11
43.9 46.4 6.6 9.9
419 443 5.6 9.2
447 411 19 10.8
454 417 79 117
485 6.5
46.5 6.8
465 6.1
47.6 8.4
50.8 9.3
50.1 8.2
49.1 8.7
48.2 7.6

fact differ in aﬁpearance from cells prepared
for study in otner ways. Because the freeze-
dried and embedded trsspe could be ?ectroned
the Interior of many cells was visible
A hrgh percentage of water was lost during
par- rrrgjg .and a sma .additional loss oc-
curre uring finish-frying (ITabI 2).. In
sprte of the resultant partial dehydration,
swel rng and gelatrnrzatron of starch granules
ap peared to eunrm aired when no Treezing
step was _included rn the preparation., The
cross sections of par-fried strips was, similar
In appearance to that of strips finish-fried
rnasrn estarlrle 0f two-stage operation. The
§$arsru esre we Slled with gelatrnrzed starch
The cross sections o p%r -fries that had
been frozen for two weeks had a porous ap-
pearance rndrcatrng the growth of rce crystals
hroughoy tetrssp]e rrg 1), Dehydration
g d star zv rnferred since
granue that had been swollen during cook-
ci to the extent that their outlrnes were
obliterated and they filled the cells, appeared
separate and distinct from each other after
frozen stor? e. When finish-fried after two
weeks of frozen storape at —18°C, cross

sections of the potato, strip showed cells in-
completely frII th gfirtrnrzpd starch
ranules (Fig. 1). Since ceI wa IS are re-

orted 10 be” more h 4yrophr ic than starch
granules (Reeve, 1943), It is probable that
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Fig- 3. Photomicrographs (X270) of finish-fried potato cells:

d) re-frozen.

in the presence of a comparatrvely low per-
centage of water, the short cookin trme after
freezing was not suﬁrcrent to allow full re-
cove{ 0 the de Y drated starch %nules
Swelfing. and gelatinization of stafch was
greater |n trssu s stored for two weeks at

C followed by finish-frying. In" Tact,

661

¢) thawed;

a) unfrozen; b) frozen;

%hrs tissue closel rese[nbled that having ng
reezing treatment, Cell separation was note
In cro?s sections of tissue that was finish-fried
after freezing.

Panel scores, Table 1 shows averaqe
scores and_ significance of difference due
treatment for the characteristics of French
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fried potatoes Prepared by different methods.
Over-all quality, crust crispness, crust ten-
derness, and Interior cohesiveness were In-
fhuenced trea(tment The Ju Mreferred
e French-fried potatoes that ad been par
fHed fro|zen and finish-fried. Accordrnq to
their evaluation, the Interior texture was 1ess
cohesive and the crust was more tencler ﬁ nd
crrsP than In French-ried potatoes that nad
[

no freezing treatment,
High S §ecrfrc ravity of the tubers re-
sulted In a more

listeri ”ﬂ oroaﬁue nterjor,
greater grarnrness drier.and fluffier interior
and [ess cohesive nterjor than was ound
for tubers of lower specific gravity. Although
h]ese drfferenries in texture ng noted
the taste panel, no consistent ferences |
mrcroscoprc |r)pearance were_found in par-
fried or finish-fried tubers of different Spe-
cific gravrty classes.

anly. the most srgnrfrcant relation
between microscopic appearance. and taste-
panel scores was he rupture of intercellular
cementrng materra in the frozen par-fries,
which wou account for the ‘nonco-
hesive” texture cored ni h by the JDdﬁ

Moisture loss and fat a sor ption,

ences dit 0, freatment ere s nificant at
the 1% evel for most re Ioss an fat ahsorp-
tion during fryrn tote |n|se stage.. The
potato strips ‘th a were frozen as an inter-
mediate step in preparation absorbed more

CELL STRUCTURE AND PALATABILITY OF POTATOES

fat and lost less moisture than_did the
French-fries that were nof frozen. The crisp
tender crust of French-fried potatoes that
had been frozen and then finish fried was
probably due to the slightly higher fat ab-
sorptiont by these potatoés.
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SUMMARY

Part of the lysine was destroyed when soybean meal or isolated soybean
protein mixed with sucrose was autoclaved 4 hr at 121°C. Little or no loss

occurred when isolated proteins were autoclaved bg themselves.
In vitro digestion with tr%psrn and erepsin libe
eated soybean proteins if they di

autoclaved than from the un
the trypsin inhibitor,

sine from the
id not contain

rated less |

Partial hydrolysis with hydrochloric acid liberated more aspartic and glu-
tamic acids and lysine from unheated than from heated soybean proterns

Hydrol

dysrs with concentrated hydrochloric acid for 7 dars at 40°C and
in vitro digestion with trypsin and erepsin liberated simi

ar amounts of

lysine (except for the proteins containing trypsin inhibitors), but acid hy-
rolysrs liberated more aspartic and glutamic acids that did enzymatic hy-

drolysis.
¥he data support the hypothesis that autoclaving soybean protein formed
lysine™aspartic acid and lysine-glutamic acid liukages that were resistant to

mild hydrolysis.

Previous investigations have shown that
overheating .soybedn oil meal reduced the
protein nutritive_value for growing chicks
(Evans and McGinnis, 194 and that the
reductron was corrected b d/ supplementation
wrth ysine, methronrne and cystine, but not
Eyan y one_of them alone % cGinnis and
vans, 1947), Autoclavrnrq estroyed 43%

of the lysine |n soybean or mea (mrcrobro-
I acl

Ica ssa aft Sis
ac%vated g ?mrcrobrotbgrcal gsay after
enz matrc di estrom) %Evans Butts,
19 lysine. was destroyed or inacti-
vate by dr%/eheatrng soybean meaI 4

hr at

was destroyed when isolated

sot(bean (Alpha) proter was autoclaved,

30% was inactivated.

BIoc 19406) ostulated for dry-

eate ca e mrx areac lon of the free cdr-

ﬁroupso the dicarboxylic amino_acids

wrt the epsilon- amrno groups of lysine to

form a new gegtr e linkage that would re-

SIst enzymatiC digestion but he broken dur-

*Michigan Agricultural Station

Journal Article No. 2696.

Experiment

mgg acid hgdrol SIS, Lockhart and Abraham
observed such a mkalge In bacitracin
. vans eta 951 obse dthat_aut
cIavrnd of soybea (Alpha) protein for
12 °Cin ctrvated .24mM of hasic
amrno acids (lysing, histiding, and argining)
1.25mM of acidic amino acids (aspartic
% eIuranrltf)re orted herein was copducted
W in w U
fo see if ? sine F|)s both destroyed and bound
In a t%rm not released b¥ zxm tic dtI]
tion when proteins other than a protein
are autoclaved, to determrne how autoclav
Ing. proteins affects release of aspartic_and
9Iutam|c acids and lysine by several diges-
rocedures, and to stady further “the
nature of the lysine linkage resistant to
enzymatic digestion.

EXPERIMENTAL

The materials used, percent nitrogen, and sources
were: a commercial soybean oil meal (7.90%) ; Al-
pha protein (14.39%) and Amisoy (13.51%), both
Glidden Company (now Central Soya Co.) ; Buck-
eye protein (14.32%), Buckeye Cellulose Corp.;
C-l Assay protein  (13.75%),
(now  Archer-Daniels-Midland

Dracket Co.
Co.) ; Protosoy
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(13.64%), Mann Research Laboratory; casein
(13.46%), zein (14.96%), gluten (14.08%), and

lactalbumin (11.79%), all from Nutritional Bio-
chemicals Corp.; and egg white (13.23%). The
egg white was prepared by air-drying whites of
eggs and grinding fine in a Wiley Mill.

Samples of soybean meal, proteins, cr proteins
plus 20% sucrose were heated 4 hr at 121°C in
the autoclave at 15 Ib pressure. Except where
otherwise indicated, acid hydrolyses were per-
formed by autoclaving 8 hr at 121"C with 20%
hydrochloric acid. Enzymatic digests were pre-
pared as described by Evans (1946). In some cases
samples were hydrolyzed by standing several days
in concentrated hydrochloric acid at 40°C.

Aspartic acid and lysine were determined by
microbiological assay with Lcuconostoc mesente-
rnides P-60 on the media of Sauberlich and Bau-
mann (1946). Laclobacillis arabinosns was used to
assay for glutamic acid.

Amino nitrogen was determined by the Van
Slyke method. Amino acids were determined on
some samples by the chromatographic procedure
of Moore and Stein (1951).

RESULTS AND DISCUSSION

In agreement with earlier findings (Evans
and BUtts, 19513 42%. of the | sme in Soy-
bean 0|I meal, but none in Ap a grotem
was destroyed yautoclavm le 1).
When another 1solated so ean roteln
Buckeye. protein, was autoclaved 14% of
the Ilysine was destroyed (Tahle 1).
The atmount of ly tsme made available to L.
mesenterold cs rypsin and ere
tion was nearl o L%Ffe d when B LP T<ere8
tein was autoc ave Lhrat 121°
Lysine availability in C-| Assay roteln
Amisoy, and Protosoy was also mcreased b?]/
autoclaving, but not nearly as much as |
Buckeye protein ( Jq Evans and Mc-
Gmnl? &1946 observed at chicks fed SO}I/\/
bean fla 5 toclﬁved 30 min at &c re
twice as_fast as chicks feq unheated soybean
fIak?s The poor growt n raw soybean
meal_ has been parti ”Z aitributed to tryP
Sin |nh|b|tor t t wa destroged or Inacti
vated by heating (Bowman, 1944; Ham and
Sandstedt, 19 4) Buckeye profein aIso
Qrobabl contained the tryevsm |nh|b|tor
ause the neated protein” was more rea|
L%ested by trypsm than the unheated pro

Ten per cent of the lysine was destroyed
when casein was autoclaved, and 64% when

SOYBEAN LOSSES OF LYSINE AND ASPARTIC AND GLUTAMIC ACIDS

casein plus sucrose was autoclaved (Table
1). Destruction of lysing was |ns|gn|f|cant
when zem or ze|n plus. sucrose was auto
claved. The epsilon” amino group of lysine
|n Zeln aﬁpear f0 be shlelde in some wa
reve reactlon with carbohydrate an
try tic release of lysine, because”very little
lysine (6% of tofal) was liberated” from
Zein by enzymatic digestion in vitro.
Enzymatic digestion of Alpha protein,
gluten and Iacta umin released Iess aspartic
d glutamlc aclds and lysine_from auto
claved than #mheated roteins IgTabI
Because of the possible presence 0 tr¥ Sin
inhjbitor In some isolated soybean proteins,
such as Buckeye protein, a- non-enzymatic
mild digestion procedure was needed to study
the resistant linkage of lysine. Sanger and

Percent Lysine

Hours Heated

Fig. 1 Inactivation of lysine by autoclaving.
Microbiological assay. Top curves: hydrolyzed 8
hr with 20% hydrochloric acid. Bottom curves:
hydrolyzed with Irypsm and erepsin. 0 ---m-er 0:
Buckeye protein. O—'— O : C-l assay pro-
tein. O -~ 0 e 0: Protosoy or Amisoy.
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SOYBEAN LOSSES OF LYSINE AND ASPARTIC AND GLUTAMIC ACIDS

51 artially _hydrolyzed the
%yaa anPof |ns)rIJI|nywrty [V hy-
roc loric acr for 3 days a 37 C. The
lysine- contarnrng pegtr es of unheated and
dutoclaved Alpha rP tern were studied In the
Present expenmet g/ R/ro yzrngtepro
eins, with concentrated ydrochloric acid at
°C for from 8 hr to 7 days or with 20%
3/drochlorrc acid at 121°C for from 15 min
. The amount of lysine, released in a

form avar lable to L. me enterordes mcreased
wrt fgestron fime, Cftn srne Was re eased
faster from unheate from autoclaved
proteins (Fig. 2). Thrrty seven percent less

Percent Lysine
r w

Fig. 2 Release of lysine from soybean (Alpha)
protein in a microbiological available form by acid
hydrolysis. 1) unheated protein hydrolyzed with
20% hydrochloric acid at 121°C; time in hours.
2) autoclaved protein hydrolyzed with 20% hydro-
chloric acid at 121°C; time in hours. 3) unheated
protein hydrolyzed with concentrated hydrochloric
acid at 40°C; time in days. 4) autoclaved protein
hydrolyzed with concentrated hydrochloric acid at
40°C; time in days.

Iysrne was released from autoclaved than
from unhea e% rot |n by h?/(d ySis wrth
concentrate roc loric” ac or 7 days
ardestlr%rf) less was released by enzymatrc
he formation when soybean protein is
ﬁut claved of a |ysine Irnkaﬁe that reérsts
roI sIs 1S indicated py tfle ab ove ala
fart and Abraham 156 after %dr%
ysrs of bacitracin A [
iwith 1LAThy drochlorrc acrd at 80 C |so lated
one rr)eptrde gontarnrng isoleucing, Iysine, and
aspartic acid, and another more Stable one
contarnrng lysine and aspartic acid. Results

with DNP derivatives indicated that aspar-

tic acid was linked to the epsilon-amino
r[qrou % lysine. Evans et al. §951 postu-
ated that” when so bean protein 1s " auto-

claved the free carb oxa/ groups of aspartic
acld and Iutamrc acr react with th freg
amino_ groups. of lysine and arginine an
with tge nﬁrdazoley rouE of hrstrdrne 0
form a_ pepticle-type” lin age resistant to
enﬁymatrc Cleavage.  Several comm rcdally
ISolated soybean proteins were stugied to
determrne If equivalent amounts of dicar-
boxy |e acrds and lysine would be inacti-
vatd autocavrng the proteins, Amino
acid. availability was defermimed by enzy-
matrc and mrId acid digestion.

Soybean oil meal, Amisoy, Buckeye pro-
ern CI Assa rotein, an Protosoy were
¥ rolyzed ge Z matrc and acid drgestron
procedures stug the release of “aming
ntrogen aspartic dnd glutamic acids, and

H droI sis of Alpha rotern with concen-
rated rochIorrc acld for 7 days
totBa‘%ara P thresamsenSmdt”m" ”t'n%?
lolog vai Ing but. mu

r%rc a)org I%d/ amic acrd tﬁan drg
gestron With aco natr n of tr sin and
erépsin In vitrg ( 8 Ver, en-
zmatrc drgestron Irb(erated sIr htly Iess
dysrne from” autoclaved _protein han acld

Igestion.  Pepsin, trypsin, and erepsin dj-
estion released more_ of all .amino acids

an ir eypsrn and erepsin drriestron Increas-
|ngt time of acr drofysis to. 14 days
at40°C and fo 8 h our at 121°C increas
amino acid release. Hrgher values o[)amrno
nrtrogen ysing,. and aspartic acid but not

r glutamic acid were obtained by chro-
matogra hic determination than by” micro-
biological assay. Less lysine ang” aspartic
acrd were released from autoclaved than raw
protein by enzymatic d%estron or

Ydro%srs by concentrated hydrochloric acid

Acid hydrolysis at’ 121°C released
equal amounts o amrno acids from raw or
autoclaved proteins. Data for Amisoy, Buck-
eye protein, C-l Assay protein, an 'Proto-
sdy are not presented in tabular form be-
cause for the most part they are similar to
those for Alpha proteins. ~ The following-
differences were observed, however.
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Table 2. Liberation of amino acids from Alpha protein (percent amino nitrogen or amino acid).
Trvasin t?e E{H Cone. HC1— 4°C  20% HC1-—121°C
Amino acid Total  Pepsin  Trypsin erggsin e%%sm 3days 7days l4days 30min  8hr

Amino groups 1439 199 398 490 452 586 7.4 767 9.02 1144
Autoclaved 1437 151 377 451 513 534 687 1.5 910 1128

% loss 0 24 5 8 -14 9 4 2 | 1
Lysine 545b 0 177 373 436 284 386 449 382 486
Autoclaved 4.766 0 100 239 364 204 293 336 323  4.68
% loss 13 44 36 17 28 24 25 15 4

Aspartic acid 1270 070 087 206  3.94 322 447 595 904 1081
Autoclaved 11.06" 088 042 144 425 267 368 500 786 1072
% loss 13 -26 52 30 -8 w18 16 13 1

Glutamic acid ~ 19.18” 400 530 443 624 992 1186 1352 1787 20.74
Autoclaved 18.84" 266 352 196  6.66 1020 1187 1332 1727 21.29
% loss 2 34 34 56 -7 -3 0 2 3 -3

“Total nitrogen by Kjeldahl method.
“Chromatographic method.

Table 3. Lysine, aspartic acid, and glutamic acid made unavailable by autoclaving. (Milli-
moles per 10 g of protein).”

. . .
Aspartic Glutamic Agsﬁﬁgtrhﬁg Lysine LVSLT& %M
Trypsin-erepsin digestion

Alpha protein 47 1.68 2.15 92
Amisoy +.57 +1.26” +1.83” 2
Buckeye protein .04 20 24 01
C-I Assay protein A1 13 1.14 1.46
Protosoy 39 57 96 1.33
Cone. HC1 40°C 7 days
Alpha protein 59 .00 59 .64 12
Amisoy 40 52 92 85 16
Buckeye protein 56 +.227 56d 1.03 40
C-l Assay protein A4 10 54 88 36
Protosoy 55 .00 55 96 29

"The millimoles of each amino acid made unavailable to the assay organism by autoclaving
the protein were calculated by subtracting the amino acid content of the digest of autoclaved
protein from the amino acid ctontent of the d_|?_est of the raw protein to givé g of amino acid
per 10 g protein, which was divided by the millimolecular weight of the amino acid. )

_“Lysine unavailable after digestion with 20% hydrochloric acid for 8 hr at 121°C. This
lysine was presumably destroyed by the Maillard reaction with carbohydrates, _
’ CA + sign beforé the number means that autoclaving increased the availability of the amino
acid.
. "The glutamic acid value was not used in calculating the total dicarboxylic acids, because
it increased in availability.
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More free alpha- amrno nitrogen, aspartrc
acid, and glutamic acid were reIease rom
autoclaved than from (ynheate Amrsog
ryrrrbsrn or tr grpsrn an erepsrn Indicatin

IS0 cont ned the soybean trypsin In-
hib rtor sine linkages resistant to mild
acld does( lon W re 8rmed when Amrsog
was autoclaved, estruction of amin
acrds was not signi rcant

Blickeye grot%rn was affected b
cIavrng ess ntially m the same

Autgclavrng destroyed 10% of the Iysrne
sscy groern and ?o of that in
Protoso herwise, autoclaving affected
tese ﬁwo proteins in_the same Way as_it
pha protein.  Thus Algh grotern

CI Assay protein, or Protosoy cou
used to stud the nature of the Tysine link-
%e resrstan to_enzymatic digestion, ang
any one of the five proteins could be’ used
fo” stugy the nature of the acid-resistant

lysine linkage.
eal conta}ned 1. 90% nitro-

auto-
By as

Soybean il
{50% crude protein). No other con-

gtrtuents were determined, but soybean oll
eal IS usual y about ZM carb hydratea
6% sucrose),” 23%> mojsture, of
iher. and little or no reducing sugar . Pec

1939). The cons tuerét in soybean or meal
responsible for t estruct on o %srne

appears tQ be sucrose, which roba

rydrolryzed to reIease reducrng sugas whic
turd react with the epsilon-amino group
lysine by the Maillard Reactiop. Auto-

cIa Ing of "soybean oil meal resulted in a
?reater decrease of alpha-amino nitrogen
berated. by Fnzlymatyc digestjon than did
autoc avin the “Isolated soybean
roterns v (1951 bserve that
ome rotein- ound amrno acigs of soybean

g ?ter react with sucrose or glucose to"form
(P éa e resistant to enzymatic but not to

acid drgestion.

In vitro digestion of 10 g of Alpha protern
with trypsin_and Trelosrn released 0,92ml/
Iess I sr e 047m/ ess asPartrc acid, and

mic acrd rom utoolaved

t an rom t e un eated Protern e 3
These data are not drrect compara e Wi

those of Evans ct 4. 5951 hecause no
hrstrne or arﬂrnrne terminations were
made. Digestion with concentrated hydro-

chloric acid for 7 days at 40°C broke some
of the Irnkages that enzymatrc digestion drd
not, becayset e mild acid drr%estron released
064m| ess lysine and 0.59m/ less aspartic
ﬁ d from the autoclaved than from he un-
eate protein. - Similar amounts of glutamic
a were [e eased. The rndrcatrons from
ata wrt Ap a protein and Amrsoy are that
autoc avrn t the protein caused Tormation
o a link a%e between Iysrne and_aspartic aciq
uta rc acid that was resistant to mild
acr yarolysis, because the mM. of lysine
and of as artrc lus glutamrc acrds released
were nearly the same
The resence of the trgrﬁsrn inhibi Jor in
Amrsoy and Buckeye protéin interfered with
enzymatic digestion studies on these pro-

Buckeye protern C-I assay protein, and
Protosoy Eeare to contain suffrcrent car-
bohyarate S0 that Part of the_lysing was de-
stroyed by the Maillard reaction. Wnen tne
m | of lysine destroyed are subtracted from
the total m I/ rnactrvated for these Proterns
the m|/ oﬁ ysrn made unavrabe ree
well with the ‘m 1/ of aspartic_plus glutamic
acids also made unavailable (Table"3).
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An All-glass Laboratory Apparatus for Concentrating
Volatile Compounds from Dilute Aqueous Solutions
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SUMMARY

An all-glass apparatus for the concentration of volatile compounds from
dilute aqueous solutions on a laboratory scale is described. 3—6 L of solutions
are stripped in 1 hr under reduced pressure at temperatures at or below 37°C,
and concentration increases of over 10 times are obtained in a single pass. A
scale drawing of the apparatus and some examples of its operation are given.

The concentration of a great number of
the odorous, volatile compounds in the aque-
? hase of food._| |f] on the order_of parts per
million or less. The concentration must be
Increased befﬁre fracttonal distillation, eg
tractlon or other isolation groce ures can be
The nitial concentration mcrease
obtalned with any procedure should prefer-
b/ he some 10 times_or more, but may_have
to e reduced, dependlng on the rPrope ties of
te com ounds |n the” solution. 'No heat
a(age ﬁn be allowed, and care should be
taken In this respect. particularly when. non-
volatile materlal IS also Bresent in th Ilswd
A number of devices f rstrlpgmgte
ge com oun s from |uée solutions  have
een describ e |m|ck an a ower 1051
KePner and Webb % 9562 of
which the all- Iass clim mg mevaP ator
Scott resemb In somé aspects he
paratus descn(b hereln One of tem St
advanced, producing exce Lent results, is_the
gﬁaratus ?veoe bP/ Eskew et al. ql959
smtmq a st ppe andafractlona distil
Iat|on column In"a compined arrangement.
The method, with modifications, 1 Uised by
manl}/ |nVﬁst| ators but re m[)es an eIaborate
IS not easily built in smaller
Patorles and is more practical for large-
scae opera lons.

All-glass rotating_ film evalo

rators are eas
to use and to huild for

oratory wor

8Present address: Central Institute for Nutri-
tion and Food Research, T.N.O., Utrecht, The
Netherlands.
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‘<

(Kohn 19562 but are deslgned primari
and better suited, for concen rat|n nonvola
tiles. Fyrthermore, their speed operatlon
IS Iow ca 300/ml/hr at non-elevated tem-

perat
aborator scaeconcen rators for vo a-
li% tory-scal trators f
t|Ie ét e fractional dlst lation DtyR]
sscrle orlge\t_)lgher atmfosp eric IC an
Imone, rred uce ressure
\S p ﬁherd 1926 3 the?qwd from which the
atiles are to be recovered IS temporarily
heated to rather hlah temperatures g 00 and

80°C, respectively). Such an apparatus Is
therefore more satisfactory for secona-step
f?(ncentrators where heat’ damage is less

Re/centl an arrangement (Cotner et al.
19602 was described for the strlgﬁmg of
odors, with or without steam, which séems
t0 have some advantages over a number of
earlier steam strippers. No performance
Calg are AR aoparatus cescrbed
e all-glass apparatys described here
(Fig. 1) ca% e buﬁ)lrt) easily and Is slmble 0
0 erate onaIaborattor scae Thte functional
sign- was _suiqaeste e stripper em-
F ge[tt Eg c%workersppbut the
onstructlon utlllzes some of the main struc-
tural features o (eom[nerua} ab aratus
Jena cott 1960) developed for the con-
centration of nonvolatile co pounds,

APPARATUS AND OPERATION

When a vacuum (e.g., water jet) is established
throughout the apparatus and the jacket of the heat
exchanger A is well heated by steam from B, the
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solution to be stripped is sucked in at C. By
regulating the stream with a stopcock or needle
valve at D, the concentration increase can be chosen
to some degree. As long as sufficient water is left
unevaporated, the temperature is determined by the
pressure in the system and is indicated by the
thermometer at E.

The vapors developed in the heat exchanger are
condensed in the condensor F and collected in the
ice-cooled receptacle G. A small part of the highly
volatile compounds will be found in the —80°C trap

H. The residual liquid is recovered in the 5-L suc-

tion flask K, connected by way of an additional
—80°C trap M to the vacuum source at N. The
size of the suction flask K determines the amount
of solution that can be stripped in one pass. By
minor alterations, however, the apparatus can be
made to operate continuously for any sample size.

PERFORMANCE

In one hour, 3-6 L of an aqueous solution, de-
pending on its properties and on the concentration
increase desired, can be run through the apparatus.
Examples of solutions that were stripped without
difficulties at 43-46 mm Hg and 36-37°C product
temperature are: an aqueous solution containing 10
ppm of acetone and 10 ppm of ethyl acetate, apple
juice, coffee brew, and beer from which part of the
C03 was removed by standing 10 hours at +4°C.
The increase in the concentration of volatile com-
ponents for a single pass, determined by comparing

£
I
—v
Al T
I
[ N ot
- 1
AN Yy
“'ll(t'l't'l'.'l'l ‘ H
: M c7
K |
Fig. 1 Scale drawing of stripping apparatus.

Outside diam. I, 10 mm; I, 4 mm; IIl, 11 mm.
Not shown is the exit for condensed steam at the
bottom of the heat exchanger A.
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gas-liquid chromatograms of vapor samples before
and after stripping, was found to be between 10
and 30 times, depending on the product and its
composition,

RESPONSE

RECORDER
-

§-
e —————— m e e

T

TIME

Fig. 2. Gas-liquid chromatograms of headspace
vapors over commercial pasteurized milk (bottom
graph) and its single-pass concentrate (top graph).
Column 130X0.6 cm; 10% di-/z-decylphthalate on
firebrick, 80-100-mesh, at 50°C; Sr%® ionization de-
tector at 1750 V; 95 ml argon/min. Sample size,
5ml.

Re-stripping of the first concentrate from the
synthetic mixture gave total respective concentration
increases of 119 and 126 times over the initial con-
centration of the acetone and the ethyl acetate.

The odor of the concentrates in all applications
was very much strengthened and of excellent qual-
ity as compared with the original solutions.

Normally, the apparatus is not recommended for
stripping milk with a high fat content. The odor
of the concentrate obtained from such milk, how-
ever, was excellent, and the increase in concentra-
tion of the volatiles was Ca. 18 times on the first
pass, but the narrow tubes in the heat exchanger
tended to clog and required cleaning after 4 L had
been stripped in 40 min at a maximum temperature
of 38°C. The results of the milk-stripping test are
demonstrated in Fig. 2 by two superimposed gas-
liquid chromatograms of samples of headspace
vapors taken over 25 ml of concentrate and of the
corresponding original liguid in 250-ml Erlenmeyer
flasks at room temperature. The increase in con-
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centration can easily be read from the two graphs,
since the peak heights have been found to be directly
proportional to the concentration of the volatile
compounds in solution (Weurman, 1961).
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