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Oleoresin of Capsicum (Red Chilies)— Some Technological

and Chemical Aspects

G. L. TANDON, S. V. DRAVID, and G. S. SIDDAPPA
Central Food Technological Research Institute, Mysore-2

(Manuscript received September 21, 1962)

SUMMARY

The principal source of the dry chili of commerce in India is Capsicum
annuum, variety acuminatum. The oleoresin capsaicin, which is the alcoholic
fraction of the ether extract of chilies, is the active ingredient of several es-
sences and medicinal preparations from chilies. In the local variety used,
the pericarp, which constitutes nearly 40% of the whole chilies, contains nearly
89% of the capsaicin, while the seeds contain 11%, and the stems only traces
of it. Ether is one of the best solvents for extraction of the oleoresin by the
percolation method. Since the pericarp contains considerably less fatty oil than
the seeds, use of the pericarp for extraction obviates the difficulty of separa-
tion of the fatty oil from the oleoresin. The fatty oils, obtained separately
from whole chilies and from the seeds, which are bland in taste, have higher
acid and iodine values, but lower saponification values, than mustard or
groundnut oils. Physicochemical standards have been determined for the
oleoresin, fatty oil from whole chilies and fatty oil from the seeds alone.

Chilies are grown extensively in India.
When the chilies are fully mature and red
in color, they are harvested and dried in
the sun. In 1960, Andhra Pradesh produced
95,000 tons, valued at 155 million rupees,
and Mysore State 24,745 tons, valued at
62 million rupees (Anon, 1961a,b). While
considerable confusion still exists in regard
to classification of several varieties of chilies
which occur in different shapes, sizes, shades
of red and orange, and degree of pungency
the variety acuminatum (Capsicum annuum)
is the principal source of the dry chili of
commerce in India (C.S.I.R., 1950). The
fruits of this variety are bright red, slender
and thin-walled. Other varieties grown are
var. grossum, which includes “Bell Pepper”;
var. longum, grown mainly for unripe fruit,
var. jastigatum, and Bombay Capsicum.
Bombay capsicum is grown mainly for phar-
maceutical purposes.

Dry chili is used extensively as a condi-
ment and also in several medicinal prepara-
tions for the treatment of lumbago, neural-
gia, rheumatic disorder, etc. In most of
these preparations, oleoresin capsaicin
B.P.C., the alcoholic fraction of the ether
extract of Capsicum, is the active ingredient.
The tincture and essence of Capsicum are
used to increase pungency in chewing and

smoking tobacco, ginger, ginger ale, ginger
soda, rum, etc. (Liverseege, 1932).

EXPERIMENTAL

Samples of dried chilies were obtained from the
local market and are fairly representative of
chilies grown in this region. All the three com-
ponents—pericarp, seed, and stem—were separated
by hand. For proximate analysis, further shred-
ding was done in a micropulverizer (30-mesh).

Proximate analysis. Representative samples col-
lected from 50-kg/bulk lots were used for analysis,
Moisture, total ether extract, volatile ether ex-
tract, non-volatile ether extract, total ash, water-
soluble ash, acid-insoluble ash, crude fiber, and
protein were estimated according to methods of
the AOAC (1955).

Minerals and vitamins. Calcium was estimated
according to the method of the AOAC (1955) ;
ascorbic acid by Robinson and Stotz (1945) ; iron
by the method described by Snell and Snell (1954) ;
and phosphorus by the method of Fiske and Subba
Row (1925). The method of the Association of
Vitamin Chemists (AVC., 1951) was followed for
the estimation of total carotene and /3-carotene
using a Beckman, quartz Model DU spectropho-
tometer.

Physicochemical characteristics. Refractive in-
dex, specific gravity, acid value, and saponification
value were determined by the AOCS method
(1946). lodine value was estimated by Wij's
method (Williams, 1950), and peroxide value by



2 OLEORESIN OF CAPSICUM

Wheeler’'s method (1932). A Lovibond Tintometer
was used to estimate visual color in the oleoresin
prepared from the ether extract.

Estimation of capsaicin. Capsaicin content was
determined by the method of North (1949) using
a Klett Summerson photoelectric colorimeter
(Model 8003), using a 62 filter to measure the
blue color developed with phosphotungstic-phospho-
molybdic acid reagent.

Method of preparation of oleoresin of Capsicum.
In the laboratory trials, the method employed for
the preparation of oleoresin of Capsicum was the
one suggested by the Council of the Pharmaceuti-
cal Society of Great Britain (Anon., 1949), and
also the method followed by the industry. The
oleoresin was also prepared from the pericarp of
chilies. Ether, alcohol, hexane, acetone, and chloro-
form were used as solvents. In the conventional
methods, where whole chilies are used, a fatty oil,
bland in taste, separates. When the pericarp alone
was used, there was no such separation.

RESULTS AND DISCUSSION

Table 1 gives data on the physical compo-
sition, capsaicin content, ascorbic acid, min-
erals, and carotenoid pigments in whole
chilies and their component parts. Table 2
gives the proximate analysis of the whole
chilies and the component parts.

In Table 1, it can be seen that chilies,
as used in these studies, contain nearly 40%
pericarp, 54% seeds, and 6% stems. The
pericarp contains nearly 89% capsaicin and
the seeds 11%, with only traces in the stems.
According to Tice (1933) the largest pro-
portion of the pungent principle is concen-
trated in the dissepiment and, while there
may be some in the epidermis, the seeds are
entirely lacking in it. In the samples exam-
ined, it was possible that as the chilies were
dry a small proportion of the inside placenta
might have contaminated the seeds, result-
ing in a capsaicin content of 11% of the
total in the seeds. The pericarp is thus the
most suitable raw material for the prepara-
tion of oleoresin of Capsicum.

It can be seen from Table 1, that about
95% of the total coloring matter is in the
pericarp alone. By the percolation method
of extraction, it has been observed that ether
extracts 66.5% of the total coloring matter,
acetone 67.7%, hexane 58.1%, chloroform
61.1%, and alcohol 19.7%. Alcohol is thus
a poor solvent for extraction of the coloring
matter.
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When the oleoresin is prepared by con-
ventional methods, about 67% of the coloring
matter is carried in the fatty oil, which
separates on treatment with alcohol. The
coloring matter dissolved in petroleum ether
(b.p. 60-80°C) has maximum absorbance
at 450 mg and 452 mg and this may some-
times be useful in detecting any added color-
ing matter in powdered chilies. The color
substances of the fruits of the genus Capsi-
cum were known to belong chemically to
the carotenoids and Shuster and Lockhart
(1954) had shown that the coloring matter
extracted with acetone from Capsicum ex-
hibited a characteristic absorption at 462
mg and these measurements correlated well
with a visible method based upon comparison
with a color standard. The total coloring
matter expressed as /3-carotene in these
samples (1421 to 1812 gg/g; Table 1) was
found to be within the limits (900 to 4060
gg/g) reported by Pohle and Gregory
(1960) in some samples of Capsicum spices
and oleoresin of paprika examined by them.

Table 2 shows that the pericarp contains,
on an average, 7.53%, seeds 25.71%, and
stems 3.75% of bland non-volatile ether
extract. The seeds are thus quite rich in
fatty oil. When the oleoresin is prepared
by conventional methods from whole chilies,
considerable quantities of oil are to be sepa-
rated subsequently to get the pure oleoresin.
If the pericarp alone, which contains very
little oil, is used for preparation of the oleo-
resin, the question of separation of this
bland oil would not arise. Further, the
oleoresin can be obtained directly by ether
extraction alone, without the necessity of
treatment with alcohol. Since the seeds do
not contain any appreciable amount of cap-
saicin, oleoresin of satisfactory quality can
be obtained without the use of seeds.

Oleoresin of Capsicum. During the prep-
aration of oleoresin by the percolation
method it was observed that the yield of
extract was 17.46% with alcohol, 16.14%
with ether, 15.6% with acetone, 15.04%
with hexane, and 16.36% with chloroform.
These variations in yield are due to extrac-
tion by the different solvents of constituents
other than the oleoresin. The extracts had
the following physicochemical characteristics.

OLEORESIN OF CAPSICUM

Range
1.47200-1.47650
0.9286-1.0860

Refractive index at 25"C
Specific gravity at 25°C

Acid value 35.5-65.0
Saponification value 57.0- 101.0
lodine value 125.0- 1952
Peroxide value Nil

701 with ether,

605 with hexane,
587 with chloroform,
523 with alcohol
515 with acetone

Capsaicin (nig/100g)

From the above, it can be seen that ether
is the best solvent for the extraction of cap-
saicin, i.e., for the preparation of oleoresin
of Capsicum.

The oleoresin prepared from the ether
extract had the following composition: re-
fractive index at 25°C, 1.47630; specific
gravity at 25°C, 0.9556; acid value, 36.82;
saponification value, 167.2; iodine value,
190.0; peroxide value, nil; capsaicin, 2010
mg 100 g; and Loviboncl units: red, 11.2,
and yellow, 9.9.

Fatty oil. Oil was extracted from the
seeds alone, by using hexane as solvent, for
a comparative study of the characteristics
of the fatty oil. The fatty oil obtained from
the seeds had the following constants. Re-
fractive index at 25°C, 1.4690; specific
gravity at 25°C, 0.9241; acid value, 9.4,
iodine value. 145.6; and saponification value,
185. The fatty oil obtained from whole
chilies had : refractive index at 25°C, 1.4780 ;
specific gravity at 25°C, 0.9212 ; acid value.
16.28; iodine value, 142.4; and saponifica-
tion value, 180. When compared with mus-
tard and groundnut oils ( 1laltiaugadi.
1958), the acid value and iodine value of
the fatty oils from whole chilies and the
seeds were higher than those of the other
two oils, indicating more unsaturation. The
saponification value of oils from the seed as
well as oil from whole chilies was, however,
lower.

CONCLUSIONS

Particle size determines the extraction
capacity of chilies, the yield of oleoresin
increasing with increasing fineness of the
material.

Ether is the best solvent for extraction
by percolation method.
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In the industry, whole chili powder is
used for the manufacture of oleoresin of
Capsicum. The fatty oil, which is recovered
as a by-product and is rich in color, is a
waste product at present. Further, separa-
tion of this oil from the extract to recover
the oleoresin, is an elaborate process.

The pericarp, which constitutes nearly
40% of the chilies, is the most important
constituent for preparation of the oleoresin
since it contains nearly 90% of the capsaicin.
Use of the pericarp alone for preparation of
the oleoresin has the following advantages.

a) Less of the solvent will be required for
extraction.

b) Loss of solvent through evaporation
will be reduced even when open containers
are used, since the quantity of solvent used
will be comparatively less.

¢) Since the pericarp contains only 7.7%
fatty oil, the problem of separation of this
oil from the extract to recover pure oleo-
resin will not be a difficult one. Even if
some of it separates, being quite small, it
will not unduly affect the color of the oleo-
resin, especially for culinary purposes.

The seeds can be profitably employed as
a condiment or for extraction of a colorless
oil that can be used for edible purposes
or for making soap.

Further work is in progress to study the
nature of the flavoring material in green
as well as in dry chilies and to separate the
coloring matter from the oil obtained from
whole chilies and find a use for it, since at
present it is a waste product.
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Carbonyls in Oxidizing Fat. VI. The Girard T Reagent

in the

Isolation and Determination of Micro Amounts

of N-Aliphatic Aldehydes and 2-Alkanones

A. M. GADDIS, REX ELLIS anda G. T. CURRIE

Meat Laboratory
Eastern Utilisation Research and Development Division
Agricultural Research Service
United States Department of Agriculture
Beltsville, Maryland

(Manuscript received April 27, 1963)

SUMMARY

Complete reaction of the Girard T reagent with n-alkanals, alk-2-enals,
alk-2,4-dienals, and 2-alkanones of carbon chain length up to C-13 was obtained

in anhydrous tertiary butyl alcohol.

However, in practical applications in the
presence of fat these reactions were greatly retarded and inhibited.

Modifica-

tion by the use of water in the reaction gave quantitative recovery of aldehyde

homologous series from the fat.

Quantitative or even uniform

recovery of

2-alkanones could not be obtained. Optimum reaction with the Girard T reagent

was at room temperature, and refluxing tended to decrease yields.

Girard

T hydrazones were converted quantitatively to 2,4-dinitrophenylhydrazones.
The method is useful for the determination of aldehydes generated in autoxi-

dized fats.

The Girard T reagent as a means of iso-
lating carbonyl compounds was first re-
ported by Girard and Sandulesco (1936).
Valuable because of the water solubility of
its hydrazones, this reagent has been used
quite extensively for the isolation of carbonyl
compounds from natural products (Wheeler,
1962). There have been a good many mis-
conceptions regarding the Girard T reac-
tion. Because of the reported relative ease
of hydrolysis it was considered applicable
only for ketones (Girard and Sandulesco,
1936) and therefore specific for that class
of compounds. However, it has been shown
to be effective for aldehydes, the derivatives
being readily decomposed by mineral acid
(Forss and Dunstone, 1954).

There is little in the literature on the
completeness of reaction and subsequent
recovery of aliphatic aldehydes and ketones.
The mild conditions possible for the Girard
T reagent are attractive for studies of the
chemistry of oxidative fat rancidity, and of
the related isolation and determination of
free carbonyl compounds. Earlier work by
the authors (Gaddis et al., 1960) showed
the possibilities of such use, but results did
not check out in some instances, and a

thorough study of the reagent’s application
was indicated. Nothing was known con-
cerning the completeness of reaction with
the various classes of carbonyl compounds
involved, or of the efficiency of conversion
of Girard T hydrazones to 2,4-dinitrophenyl-
hydrazones. The latter derivatives have been
shown to be useful for the characterization
and measurement of n-aldehydes and 2-alka-
nones by already developed procedures (EIl-

lis et al., 1958; Ellis and Gaddis, 1959;
Gaddis et al., 1960; Gaddis and Ellis,
1959a,b).

Preliminary work has indicated that a
major error may result from choice of reac-
tion solvent in the Girard T reaction.
Methanol and ethanol have been the stand-
ard solvents used since it was first reported.
Braude and Forbes (1951) reported that
2,4- dinitrophenylhydrazine dehydrogenates
primary and secondary alcohols containing
two or more ethylenic or phenyl substitu-
ents in conjugation with the alcohol group,
but observed no influence on saturated alco-
hols. Gaddis et al. (1961) found that both
Girard T reagent and 2,4-dinitrophenylhy-
drazine tend to dehydrogenate or oxidize
primary and secondary saturated alcohols in

1
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micro amounts to their corresponding alde-
hydes or ketones. Tertiary butyl alcohol
was found to be a relatively inert solvent
that gave negligible blanks. This alcohol is
also an excellent solvent for fats. Studies
are described in this paper on the complete-
ness of reaction of the Girard T reagent
with n-alkanals, alk-2-enals, alk-2,4-dienals,
and 2-alkanones under various conditions,
and the capability of the reagent in the re-
covery of these types of compounds from
fat.

EXPERIMENTAL

Solvents and reagents. Carbon tetrachloride,
benzene, tertiary butyl alcohol, ethanol, methanol,
and isopropanol were rendered carbonyl-free by
treatment with 3 g trichloroacetic acid and 4-5 g
2,4-dinitrophenylhydrazine per liter, refluxing one
hour, and distillation. Hexane was purified by
the rapid method of Hornstein and Crowe (1962).
The Girard T reagent was recrystallized twice
from anhydrous purified ethanol, washed with ter-
tiary butyl alcohol, and stored in a desiccator over
concentrated sulfuric acid. The 2,4-dinitrophenyl-
hydrazine reagent in 2N HQ was made up fresh
and purified as described by Gaddis ct al. (1959).
Authentic carbonyl compounds were distilled twice
just before use, and their purity was checked by
direct reaction with 24-dinitrophenylhydrazine
reagent and paper chromatographic examination
of the reaction mixture products (Gaddis and Ellis,
1959a). Alkanals and 2-alkanones were obtained
from commercial sources. Alk-2-enals were pre-
pared by the method of Radlove (1959), and
alk-2,4-dienals by the procedure of Pippen and
Nonaka (1958).

Methods. General procedure. The method used
was to react 0.5-1.0 g of Girard T reagent in
20.0 ml of tertiary butyl alcohol (or other alcohol)
containing an aliquot of a stock solution of the
carbonyl compound (0.05-3 mg) in the alcohol.

To determine recovery from fat, 100 g of
mildly rendered fresh lard were combined with
the reaction mixture. To perform the reaction
under aqueous conditions, 8.0 ml of water or
buffer solution were added to the reaction mixture.
For acid catalysis, 2.0 ml of glacial acetic acid
(Girard and Sandulesco, 1936), 0.2 g Dowex 50
(Gaddis ct al., 1960), or Amberlite IRC 50 (Tei-
telbaum, 1958) was included. (Trade names are
mentioned for identification, implying no endorse-
ment.)

The reaction was conducted under an atmosphere
of nitrogen by shaking at room temperature for
a minimum of 3 hr. At the end of the reaction
period, 150 ml of ice water (containing 0.9 equiva-
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lent of NaOH to acetic acid used) were added.
After stirring, the contents of the reaction flask
were transferred to a blender and agitated 1 min.
The mixture was then transferred to a separatory
funnel. The reaction flask and blender were
washed with 50 ml of ice water, and this was
added to the main portion. The contents of the
separatory funnel were extracted three times with
35 ml of purified hexane. Reaction flask and
blender were washed with 50 ml of hexane, which
was added to the hexane extract. The hexane
extract was washed with 50 ml of water.

The two aqueous portions were combined and
added to 100 ml of 2,4-dinitrophenylhydrazine re-
agent. One hundred and twenty milliliters of 2N
HC1 and 50 ml of carbon tetrachloride (optional
in the case of aldehydes) were added, and the
mixture was shaken well for 3 hr at room tem-
perature.

Direct reaction of known amounts of mono-
carbonyl compounds with 2,4-dinitrophenylhydra-
zine was performed in two ways: 1) a 1.00-ml
portion of a stock solution of the carbonyl com-
pound in tertiary butyl alcohol was reacted with
250 ml of 24-cinitrophenylhydrazine reagent;
2) 20 ml of tertiary butyl alcohol containing the
carbonyl compound were reacted with 100 ml of
2,4-dinitrophenylhydrazine reagent, 120 ml of 2N
HQ, and 250 ml of water, the latter conditions
being those used for the Girard T hydrazone
conversion and necessary to compare with reac-
tion of the Girard T reagent. The method of
reaction in diluted 2N HQ is a modified Iddles
ct al. (1939) procedure and is similar to that
described in earlier publications.

The 2,4-dinitrophenylhydrazone derivatives were
extracted with carbon tetrachloride and benzene
(Gaddis ct al., 1959), and monocarbonyl deriva-
tives were purified by passage through hydrated
alumina as described in previous publications
(Gaddis ct al, 1959, 1960; Gaddis and Ellis, 1959).

When determinations were made on fat, the
grade of alumina and solvent systems described
by Schwartz and Parks (1961) and Keeney et al.
(1962) were used to obtain clean separation of
the simple monocarbonyl derivatives from the
ketoglyceride derivatives. Appropriate blanks were
run for all steps and checked for artifacts.

The amount of aldehyde or ketone was deter-
mined by obtaining absorption data and calculating
micromolar amounts from average extinction co-
efficients. All absorbance values were based on
the amount in 100.0 ml of carbon tetrachloride
solution, and absorbance values used for 1 micro-
mole were 0.205/343-52 m/t for 2-alkanones and
alkanals, 0.276/355-65 mu for alk-2-enals, and
0.373/370-380 for alk-2,4-dienals (Ellis and Gaddis,
1959).
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RESULTS AND DISCUSSION

Reaction of Girard T reagent with car-
bonyl compounds. The completeness of re-
action of the Girard T reagent with carbonyl
compounds was evaluated by conversion of
the hydrazone derivatives to 2,4-dinitro-
phenylhydrazones. Condensation of n-ali-
phatic aldehydes and 2-alkanones with 2,4-
dinitrophenylhydrazine is generally consid-
ered to be quantitative. However, Begemann
and De Jong (1959) studied methods of
reaction reported in the literature for small
amounts of aldehydes and ketones and found
much variation in completeness of reaction.
Those investigators showed that passing a
solution of carbonyl compound in petroleum
ether through a Celite column charged with
2N HC1 and 2,4-dinitrophenylhydrazine
gave quantitative results consistently. Direct
reaction of aldehydes and 2-alkanones with
2,4-dinitrophenylhydrazine by procedure 1
gave quantitative results. This method was
used to check the contents of monocarbonyl
compounds in stock solutions. Table 1
shows the completeness of condensation of
n-aliphatic aldehydes with 2,4-dinitrophe-
nylhydrazine by procedure 2, the method

Table 1. Reaction of aldehydes with 2,4-dinitro-
phenylhydrazine.

Absorbance
Weight %
n-Aldehydes (mg) Theoretical Found Recovery
Alkanals
C-4 1.088 3.075 3.145 102
0.242 0.688 0.658 96
C-5 0.242 0.576 0.547 95
C-7 1.758 3.16 3.19 101
0.244 0.439 0.410 93
0.049 0.088 0.080 91
C-9 0.248 0.357 0.322 93
C-10 0.468 0.614 0.618 101
C-12 0.25 0.278 0.252 91
0.05 0.056 0.061 109
Alk-2-enal
C-4 0.571 2.25 2.268 101
0.258 1.014 0.997 98
C-7 0.963 2.37 2.32 98
C-10 1.094 1.96 184 94
Alk-2,4-dienal
C-6 0.596 2.314 2.372 106
C-9 0.282 0.76 0.768 101
C-10 1.040 2.55 243 95
C-15 1.305 2.195 2.06 94

OXIDIZIXC FAT

employed in this work. These data indicate
that reaction under these conditions was
virtually quantitative. However, as shown
in Table 2, the formation of 2-alkanone
derivatives by similar reaction conditions
was very much less satisfactory. With the
exception of acetone, 2-alkanones with car-
bon chains up to about C-8 reacted poorly.
The great dilution necessary in the Girard T
procedure was apparently responsible for
this (Cheronis ct al.. 1957). In connection
with this result. Stone et al. (1962) reported
that 2-heptanone by the gravimetric method
of Iddles ct al. (1939) reacted only to the
extent of 63%. Addition of 50 ml of carbon
tetrachloride to the reaction mixture brought
all yields to a quantitative level. The reason
for the effectiveness of the carbon tetra-
chloride extraction during the reaction mav
be the breaking of an equilibrium by
removal of hydrazones as formed. The
higher-molecular-weight 2-alkanones form
hydrazones that are more insoluble in the
reaction mixture, and the condensation goes
to completion. The solvent extraction did
not affect recoveries of n-aldehydes and the
higher alkanones, and was used regularly
in the remaining experiments.

The reaction of n-aliphatic aldehydes with
the Girard T reagent at room temperature
under anhydrous conditions is shown in
Table 3. The data indicate virtually quanti-
tative reaction under neutral conditions or
in the presence of acetic acid, except for
very high-molecular-weight aldehydes. The
amount of carbonyl compound present was
determined by direct reaction with 24-
dinitrophenylhydrazine; therefore, it follows
that the conversion of Girard T hydrazone
to 2,4-dinitrophenylhydrazone was verv
effective. The reaction appeared not to be
influenced by the presence of acetic acid.
Acetic acid was originally recommended for
the Girard T reaction (Girard and Sandu-
lesco, 1963) and definitely aids the conden-
sation with some 2-alkanones.

The completeness of reaction of 2-alka-
nones at room temperature under neutral
and anhydrous conditions was related to the
molecular weight. As shown in Table 4.
acetone reacted quantitatively; but. with in-
crease in carbon chain, there was a steady
decline in completeness of combination. The
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Table 2. Reaction of 2-alkanones with 2,4-dinitrophe:iylhydrazine.

Absorbance
Carbon tetrachloride b
Weight
2-Alkanone (mg) Theoretical Found % Found %
C-3 1.022 3.612 3.400 95 3.72 103
0.23S 0.830 0.788 94
C-4 1.110 3.163 1.92 61 3.40 107
C-5 1412 3.366 1.58 47 3.42 102
0.241 0.573 0.622 109
C-7 1.874 3.370 2.15 64 3.32 99
0.285 0.515 0.546 106
C-9 2.36 3.407 3.470 102
c-ll 2.62 3.161 3.370 107
C-13 0.248 0.250 0.269 106
3.390 3.506 3.650 104
C-17 3.950 3.188 3.220 101
C-18 4.395 3.19 3.25 102

* Carbon tetrachloride in reaction mixture.

prescribed use of acetic acid increased yields be due to an equilibrium state, since the
to a quantitative level up to about C-II, but high-molecular-weight aldehydes also re-
showed small benefit for the higher-molec- acted incompletely.

ular-weight ketones. This appears not to Recovery of carbonyl compounds from

Table 3. Reaction of n-aldehydes with Girard T reagent under anhydrous conditions.

Absorbance
Neutral Acetic acid
%
Aldehydes Present Found recovered Found recovered
n-Alkanals 0.118 0.114 97
C-3 0.123 0.115 94 0.132 107
0.643 0.621 97 0.641 100
0.780 0.800 103
C-4 0.622 0.636 102 0.621 100
C-5 0.547 0.534 98 0.606 111
2.040 1.970 97 1.870 91
C-7 0.084 0.080 95
0.388 0.374 96 0.418 108
2.570 2.500 99
C-9 0.308 0.319 104 0.349 113
C-10 2.320 2.244 97 2.322 100
C-12 0.058 0.049 85
0.262 0.266 102 0.283 108
C-16 2.45 1.010 41 1.335 54
Alk-2-enal
C-4 0.196 0.203 104
0.997 1.022 103 1.03 103
C-9 5.442 5.03 92
C-10 2.212 201 91 2.215 100
2.212 2.09 95
Alk-2,4-dienal :
c-9 0.768 0.730 95 0.750 100
C-10 2.015 1.987 99
2.158 1.87 87

C-15 2.158 1.405 65 1.055 49
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Table 4. Reaction of 2-alkanones with Girard T reagent under anhydrous conditions.

2-Alkanones Present Found

C-3 0.778 0.779

3.580 3.690

C-5 0.622 0.515

3.334 3.215

C-7 0.546 0.352

3.338 2.865

C-9 3.407 2.170

C-ll 3.161 1.460
C-13 2.548 1.14

C-17 2.318 1.070

fat. The next step in the investigation was
to determine the effectiveness of the Girard
T reagent in recovery of these types of
carbonyl compounds from fat. The difficul-
ties encountered in this practical application
were quite unexpected. As indicated in
Table 5, the reaction of aldehydes under
neutral and anhydrous conditions was re-
tarded to an extent related to chain length
and degree of unsaturation. Aldehydes of
C-l to C-12 chain length showed quantita-
tive to poor recovery, and the high-molecu-
lar-weight compounds, as usual, reacted
poorly. The use of acetic acid made yields
of C-1 to C-12 aldehydes fairly uniform at
a near quantitative level. The reaction of
most of the 2-alkanones was greatly in-
hibited by the fat. Acetic acid improved
yields, but did not make recovery uniform
for the ketones in the volatile range. It
would not be possible, then, to obtain a
representative recovery of a mixture of
methyl ketones. The use of acetic acid is
advantageous in this respect with aldehydes,
but for some applications its use might be
objectionable.

Other investigators (quoted by Lea and
Swoboda, 1962) have observed a declining-
tendency of carbonyl compounds with in-
crease in molecular weight to react with
certain carbonyl reagents. Stenlake and
Williams (1957) used the Girard T reagent
in ethanol and had difficulty in quantita-
tively removing carbonyl compounds from
lemon oil. They considered this to be due
to a solvent effect that was rectified by
changing the proportions of the reaction

Neutral

Absorbance
Acetic acid
% %
recovered Found recovered
100 0.770 99
103
83 0.610 98
97 3.360 101
65 0.518 95
89 3.190 96
63 3.200 94
46 3.020 96
45 1.455 57
46 1.555 67

components. At best, tertiary butyl alcohol
is a barely adequate solvent for the Girard
T reagent, and solution of the fat appeared
to throw most of the dissolved reagent out.
A more polar reaction medium might be
required. Methanol or ethanol is objection-
able because of already stated reasons (Gad-
dis et al., 1961), and reports indicate similar
objections in the case of glycerol and glycols
(Welti and Whittaker, 1962). Isopropyl
alcohol used recently by Stanley et al
(1961) would also be employed with reluc-
tance. Water remains, but the literature
has generally implied that the reaction
should be conducted under anhydrous con-
ditions. However, Wheeler et al. (1961)
reported the successful use of water in
kinetic studies of the Girard T reaction.
Effect of water in the reaction mixture.
The very favorable effect of water in the
reaction mixture on recovery of aldehydes
from fat is shown in Table 6. There was
considerable variation in the requirements
of individual members of the different alde-
hyde classes for volume of water and reac-
tion time. Over-all, 8.0 ml of water and 3 hr
of reaction time were found to give quanti-
tative results. For the first time, reaction was
nearly complete with the high-molecular-
weight aldehydes. Acetic acid under aque-
ous conditions depressed the yield of the
lower-molecular-weight aldehydes to a vari-
able degree, and greatly lowered the recovery
of high-molecular-weight compounds. This
was probably due to a reversible effect of
low pH. Tests with citric acid-disodium
phosphates showed no reaction reversal at
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Table 5. Recovery from fat under anhydrous conditions with Girard T reagent.

Monocarbonyl
compounds Present Found
Alkanal
C-3 1.741 1.639
C-S 1391 1.382
1.786 1.724
2.600
2.170
C-7 1.861 1.699
1.978 1.814
C-10 3.054 2.034
C-12 2.090
2.158 1.53
C-16 2.450 0.74
Alk-2-enal
C-4 3.950 3.244
2.272
2.272
C-7 2.303 1.008
2.372
C-10 2.212
1.878 1.000
Alk-2,4-dienal
C-6 2.328 1.928
2.180
C-10 2.403 0.776
2.140
2.238
C-15 2.158 0.22
2-Alkanone
C-4 2.061 1.990
c-7 2.138 0.350
2.138 0.240
c-ll 2.658 0.170
C-13 2.548 0.035
C-17 2.318 0.00

pH 3.0, but a slowing of reaction rate took
place above pH 5.0. This was not investi-
gated further, since satisfactory reaction of
aldehydes was obtained under unbuffered
conditions.

Reaction of 2-alkanones with Girard T
under aqueous conditions in the presence
of fat was poor. As shown in Table 7,
yields decreased with length of carbon chain,
and acetic acid again depressed the degree
of reaction. Tests with pH 3.0-7.0 buffers
and 0.1-0.2 mole sodium acetate with acetic
acid showed some small improvement in
recovery at the higher pH range. Reaction
had reached equilibrium in less than 2 hr,

Neutral

Absorbance
Acetic acid
% %
recovered Found recovered
94
99
97
2.315 89
1.995 92
91
92
67
2.035 97
71
30 1.615 66
82
1.970 87
1.845 81
44
2.14 90
2.34 106
53
83
2.00 92
32
1.96 92
1.96 88
10 0.82 38
97
16 1.575 74
11 1.465 69
6 1.015 38
1 0.541 21
0 0.145 6

and extension of reaction times to as long
as 16 hr did not improve yields significantly.

Recovery of 2-alkanones. Achievement
of quantitative or even uniform recovery
of 2-alkanones from fat is elusive. However,
these compounds from C-3 to C-Il reacted
quantitatively with Girard T reagent in the
presence of acetic acid under anhydrous
conditions without the fat (Table 4). In-
vestigators (Wheeler, 1962) have used eth-
anol or methanol for other applications with
a degree of success. The effect of solvents
when the reaction was run in the presence
of fat under anhydrous conditions is shown
in Table 8. Ethanol and methanol improved
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Table 6. Recovery of aldehydes from fat under aqueous conditions with Girard T reagent.

n-Aldehydes Present Found
Alkanal
C-3 1741 1.756
C-5 1.391 1.391
2.600
C-7 1.861 1.843
C-10 3.084 2.968
C-12 2.09
C-16 1.90 1.62
245 211
Alk-2-ena!
Cc-4 2.072 1.995
2.272
C-7 1.772 1.725
2.372
C-10 1.842 1.790
2.122
Alk-2,4-dienal
C-6 231 2.17
2.18
C-10 2.06 2.07
2.238
C-1S 2.060 1.92
2.158

reaction considerably, though not to a
quantitative level. Ethanol or methanol
might be useful in obtaining a more repre-
sentative isolation of lower-molecular-weight
2-alkanones. Acetic acid or a longer reac-
tion time of 16 hr did not increase the
yield very appreciably except in the case of
tertiary butyl alcohol and isopropyl alcohol.
Isopropyl alcohol, used recently by Stanley
ct al. (1961), favored 2-alkanone isolation
somewhat better than tertiary butyl alcohol.

Effects of solvent, temperature and acid.
A comparison of the use of the four differ-

Neutral

Absorbance
Acetic acid
% %
recovered Found recovered
101
100
2.230 86
99
97
1.65 79
85
86 0.72 29
96
0.83 37
97
2.010 85
97
1.730 78
9%
2.165 99
101
2.084 93
93
0.605 28

ent solvents for fat under anhydrous con-
ditions shown in Table 9 indicates a lack of
uniformity in reaction with representatives
of the three aldehyde classes. The primary
alcohols accelerated reaction but were in-
complete with alkanal C-12 after 16 hr of
reaction. Tertiary butyl alcohol determina-
tions were incomplete with alkanal C-12
and alk-2-enal C-10, but quantitative with
alk-2,4-dienal C-10 at the longer reaction
time.

Girard and Sandulesco (1936) originally
recommended refluxing, and this step has

Table 7. Reaction of 2-alkanones with Girard T under aqueous conditions in the presence

of fat.

2-Alkanones Present Found

C-4 2.061 2.105
2.228

C-7 2.138 1.100
c-ll 2.658 1.27
C-13 2.548 0.44
C-17 2.318 0.30

Neutral

Absorbance
Acetic acid
% %
recovered Found recovered
102

1.86 84
51 0.99 46
48 0.67 25
17 0.35 14

13 0.04 2
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Table 8. The effect of anhydrous solvent on reaction of C-lII 2-alkanones in the presence

of fat with Girard T reagent.

Absorbance
Neutral Acetic acid
% %
Solvent (20 ml) Present Found recovered Found recovered
3-hr reaction
Tertiary BuOH 2.6S8 0.13 5 2.658 0.575 22
Isopropyl alcohol 2.658 0.20 8 2.578 0.81 32
Ethyl alcohol 2.578 1.47 57 2.578 175 69
Methyl alcohol 2.678 1.18 44 2.678 1435 54
16-hr reaction
Tertiary BuOH 2.658 0.145 6
Isopropyl alcohol 2.578 0.746 29
Ethyl alcohol 2.578 1.37 53
Methy! alcohol 2.678 1.37 51

been more or less adhered to through the
intervening years. This work indicated that,
for the compounds examined, refluxing was
either unnecessary, ineffective, or detri-
mental. Heating actually tended to reduce
recovery, and the effect was particularly
sharp in the case of alk-2-enals and alk-2,4-
dienals. An adverse affect of heat in the
Girard T reaction has also been commented
on by Wheeler et al. (1961). Where reac-
tion was reluctant, as in the 2-alkanones,
there was no indication that refluxing aided
reaction. Where primary and secondary
alcohols were used for solvents, refluxing
greatly increased the amount of dehydro-

genation (Gaddis et al., 1961) and the
carbonyl compound artifacts. For some ap-
plications, it is fortunate that the reaction
goes without heat, which would break down
carbonyl precursors (Gaddis et al., 1960).

Teitelbaum (1958) suggested using a
cation-exchange resin, Amberlite IRC 50,
as a substitute for glacial acetic acid. This
modification has been wused recently by
several investigators (Gaddis et al., 1960,
Stanley et al.,, 1961). Amberlite IRC 50
and a more acid cation-exchange resin,
Dowex 50, were used in numerous compari-
sons under the conditions described above.
They showed nothing of advantage as cata-

Table 9. The effect of anhydrous solvent on the reaction of aldehydes in the presence of

fat with Girard T reagent.

Reaction 3 hr

Absorbance

Reaction 16 hr

Solvent (20 ml) Present Found
Alkanal C-12
Tertiary BuOH 2.158 153
Isopropyl ale. 2.228 0.60
Ethanol 2.228 171
Methanol 2.198 1.84
Enal C-10
Tertiary BuOH 1.878 1.00
Isopropyl ale. 1.618 1.40
Ethanol 1.908 1.88
Methanol 1.918 159
2,4-Dienal C-10
Tertiary BuOH 2.158 101
Isopropyl ale. 1.178 158
Ethanol 2.228 1.95
Methanol 2.228 1.59

% %
Recovery Found Recovery
71 1.32 61
27 1.135 51
77 1.65 74
84 1.86 85
53 127 68
86 1.52 94
99 211 109
82 154 79
47 2.105 98
73 1.925 88
88 2.200 99
71 212 95
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lysts for the condensation. Amberlite IRC
50 was completely ineffective as a replace-
ment for glacial acetic acid in the reaction
of 2-alkanones with Girard T reagent.
These resins, especially the Dowex 50,
tended to decrease recoveries, and this was
particularly serious in the case of the un-
saturated aldehydes. Some of this loss may
be due to irreversible holding of the Girard
T hydrazone by the resin (llornstein, 1962).
()n the other hand, the Dowex 50 resin has
shown promise as a useful means of de-
composition of hydroperoxides into carbonyl
compounds (Gaddis et al., 1960).

Sensitivity and utility of the method.
The sensitivity of the determination began
to fall off at concentrations lower than 0.5
/mi carbonyl/100 ml. This decline was due
to the increasing significance of variation in
the blank. The blank was composed of un-
removable impurities formed from the car-
bonyl reagents. These reaction by-products
had an absorption maximum in carbon
tetrachloride at about 340 m/

The method is believed to be useful for
the isolation of aldehydes from oxidized
fats and oils. Complete evaluation of the
reagent's effect on hydroperoxides and other
oxidative carbonyl precursors is considered
beyond the scope of this paper. It has been
established that aldehydes can be isolated
quantitatively from fat by this procedure.
In view of earlier work by the authors
(Gaddis et al.. 1960), the mild conditions
employed might he expected to recover alde-
hydes to a degree approaching those that
are free. Removal of only the free carbonyl
compounds may be an elusive achievement.
According to Lea and Swoboda (1962),
there appears to be some formation or re-
lease of volatile carbonyl compounds from
non-volatile precursors even under the mild
conditions of vacuum distillation at 50°C.
This may explain the isolation of more car-
bonyl compounds upon repeated treatment
with the Girard T reagent in our earlier
study (Gaddis et al. 1960). Preliminary
studies have shown that this Girard T re-
agent procedure extracts much less aldehyde
than the steam distillation method, and that
values approach those obtained by the vac-
uum distillation technique of Lea and Swo-
boda ('1962). The Girard T reagent under
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these mild optimum conditions hydrolyzes
aldehyde diethyl acetals. However, it does
not split the enol ether-linked aldehydes
present in fresh fats (Schogt et al., 1960;
Parks et al., 1961). Reaction with the natu-

rally occurring ketoglycerides (Keeney
et al., 1962) was incomplete.
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Reactions Involved in Sulfite Bleaching of Anthocyanins

LEONARD JURD
N'extern Regional Research Laboratory,a Albany 10, California

(Manuscript received November 9, 1962)

SUMMARY
The bleaching of anthocyanins hv sulfur dioxide is a reversible process

that does not involve hydrolysis of the 3-glvcosidic group,
pigment, or addition of bisulfite to a ketonic, chalcone derivative.
decoloration the reactive species is the anthocyanin carboniunt ion (R).

reduction of the
In sulfite
The

experimental evidence indicates that this simply reacts with a bisulfite ion to
form a colorless chromen-2 (or 4)-sulfonic acid (R-SOH), similar in structure
and properties to an anthocyanin carbinol base (R-OH).

Although bleaching of anthocyanin pig-
ments by sulfur dioxide is commonly en-
countered in commercial fruit processing,
the reactions involved are obscure. In the
bleaching of discolored foodstuffs it is gen-
erally assumed (Stadtman, 1948) that sul-
fur dioxide is effective by virtue of its re-
ducing properties or by the formation of
additive compounds with substances pos-
sessing active carbonyl groups. On the basis
of limited experimental evidence, both of
these theories have been applied to account
for anthocyanin decoloration. Anthocyanins
are readily reduced by a variety of reagents
to colorless flavans (e.g., Freudenberg et al.,
1925; Charlesworth et al,, 1933; Elstow
and Platt, 1950). However, Genevois
(1956) and, more recently, Ribereau-Gayon
(1959) noted that sulfite decoloration of
anthocyanins at pH 3 is rapidly reversible
on acidification to pH  or on the addition
of such carbonyl reagents as acetaldehyde.
Those authors therefore pointed out that
a reduction (Sannie and Sauvain, 1952)
does not occur, and adopted the alternate
view that an active carbonyl group was in-
volved. Since the rate and extent of sulfite
decoloration is pH-dependent, Ribereau-
Gayon suggested: a) that in aqueous solu-
tion at pH 3 an anthocyanin (l) is in equi-
librium with its carbinol base (11) and the
carbonyl derivative (chalcone) (111), and b)
that the principal decoloration reaction was
the formation of a chalcone-bisulfite addi-
tive compound 1V, thus shifting the equilib-
rium to the right.

aA laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.
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Spectral examination of the equilibrium re-
actions and sulfite decoloration of both nat-
ural and synthetic flavylium salts, however,
has now shown unequivocally that chalcones
are not involved in sulfite decoloration, the
reactive species being the flavylium car-
bonium ion (I).

EXPERIMENTAL

Anthocyanins and flavylium salts. Cyanidin,
pelargonidin  3-methyl ether, and the synthetic
flavylium salts used in this investigation are known
compounds. They were prepared in accordance
with the general methods described by Robinson
et al., viz.,, acid condensation of appropriate o-
hydroxybenzaldehyde and acetophenone derivatives
in ethyl acetate-ethanol (Robertson and Robinson,
1928) or glacial acetic acid solutions (Perkin ct
al., 1908).

Specimens of pure natural anthopyanins—pelar-
gonidin 3-glucoside and cyanidin 3-rhamnogluco-
side—were respectively provided by Drs. E. Sond-
heimer and J. B. Harborne.

Determination of spectra. Stable, standard so-
lutions of the anthocyanins and flavylium salts in
0.5% ethanolic HC1 were prepared containing
0.120-0.130 g/L. One-ml portions of these solu-
tions were diluted to 25.0 ml with aqueous buffers.
For the determination of equilibrium reactions the
buffered solutions were allowed to stand 2-3 hr
at room temperature and their pH and spectra
then measured on a Beckman DK2 recording spec-
trophotometer in 1-cm silica cells. In studying

[ 16]
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sulfite decoloration, sodium bisulfite (20 or 200
ppm) was added to similarly buffered solutions as
described in the text.

RESULTS AND DISCUSSION

In this laboratory, the experimental obser-
vations of Genevois and Ribéreau-Gayon on
the sulfite decoloration of natural anthocya-
nins were first confirmed. For example, pure
cyanidin 3-rhamnoglucoside V (Amx. 510,
loge 4.47 in aqueous solution at pH 0.7)
was completely decolorized on the addition
of sodium bisulfite (80 ppm) in an aqueous
buffer, pH 3.04. Re-acidified to pH 0.7,
the decolorized solution rapidly gave 95.6%
recovery of pigment (measured after 1 hr).
The recovered product was identical spec-
trally and chromatographically with cyani-
din 3-rhamnoglucoside (Rf .64 (water, acetic
acid, cone. HC1, 80:40:5 V/V, .74 (Forres-
tal solvent), .20 (w-BuOH/2 N HC1)).
These properties differed distinctly from
those of cyanidin, the aglycone of the glyco-
side (Anmex 514 m/x; Rf .29, .53, .69 in the
above solvents). Thus, these data confirm
that reduction does not occur, and, further-
more, eliminate the possibility that decolora-
tion involves an initial hydrolysis of the 3-
glycosidic grouping to give a potentially
ketonic anthocyanidin aglycone.

Unlike unconjugated carbinol bases 11,
which show little absorption above 300 myx,
chalcones are yellow compounds that ab-
sorb intensely in the region of 340-400 nvx
(Geissman, 1955 ; Jurd and Horowitz, 1961).
The spectra of cyanidin 3-rhamnoglucoside
(without added bisulfite) at equilibrium in
aqueous solutions in the pH range 1-4,
however, give no indication of chalcone for-
mation. In Fig. 1, it is apparent that the
intensity of absorption at 510 m/x, the Amax
of the salt, decreases markedly as the pH is
raised without a simultaneous increase in
intensity of absorption at 350-400 m/x. These
spectral changes should be compared with
those of flavylium salts, unsubstituted in
the 3-position, discussed below. The curves
in Fig. 1, therefore, indicate that the decrease
in the anthocyanin salt V concentration at
higher pH is due only to the formation of
increasing quantities of a stable carbinol
base, e.g., VI. Similar spectral changes were

T T =0 T

VISIBLE SPECTRA OF CYANIDIN 3-RHAMNOGLUCOSIDE
IN AQUEOUS SOLUTION AFTER 2 HOURS

0.7 A mox 510 {logE, 4.47))|

ABSORBANCE
o
S
T

o
w
T

3‘50 400 4;0 5<|)0 55‘0
mu
Fig. 1 Spectra of cyanidin 3-rhamnoglucoside
(1.6 x 10'2g/L) at equilibrium in buffered aqueous

solutions.

observed with pelargonidin 3-glucoside and
3-methyl ether.

OH W o
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In contrast to natural anthocyanins, it has
recently been demonstrated (Jurd, 1963)
that a flavylium salt  chalcone equilibrium
definitely exists in aqueous solutions of
flavylium salts unsubstituted in the 3 posi-
tion. The presence of chalcones at equilib-
rium in these solutions is easily recognized
by the formation of distinct absorption max-
ima in the region of 350-400 m/x. Repre-
sentative spectra of 3'-methoxy-4',7-dihy-
droxyflavylium chloride (V 11), for example,
at equilibrium in the pH range 1-5, are
reproduced in Fig. 2. It is apparent that at
higher pH’s, as the intensity of absorption
at 468 m/x (the Arex of the salt) decreases,
absorption at 373 m/x progressively increases
in direct proportion to the quantity of the
chalcone (VII1) being formed. This and
other unsubstituted flavylium salts, there-
fore, provide an excellent means for deter-
mining simply and unambiguously the rela-

tive reactivities of the carbonium ion VII
OMe 0 OMe
HO 04 /i\>0H OH | OH
2 = O =

vn 'Bm
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I T - T
SPEGTRA OF 3'-METHOXY-4),7-DIHYDROXYFLAVIUM
CHLORIDE IN AQUEOUS SOLUTIONS AFTER 2 HOURS

A mox 468 (log E,4.58)

A max 373 (logE,4.30)

ABSORBANCE
Y .
1

35 400 50 500
m p
Fig. 2. Effect of pH on the spectra of 3'-methoxy-
4" 7-dihydroxyflavylium chloride (5.2 X 10~3 g/L)
at equilibrium in aqueous solutions: (A) pH 0.63
(B) pH 311, (C) pH 380, (D) pH 5.56.

and chalcone V111 forms in sulfite decolora-
tion. Thus, a solution of VII in an aqueous
buffer at pH 3.8 was allowed to reach equi-
librium with the chalcone V111 (Fig. 3, spec-
trum A). Addition of sodium bisulfite to
this solution caused immediate decoloration.
The spectrum of the decolorized solution
(Fig. 3, spectrum B), taken 1 min after
the addition of bisulfite, shows that the fla-
vylium salt (Amax. 468 nip.) has reacted com-
pletely whereas the chalcone (Amex. 373 mp)
concentration decreased only 13%. The re-
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mf
Fig. 3. (A) Spectrum of 3'-methoxy-4',7-dihy-

droxyflavylium chloride (1.04 X 10~2 g/L) after
standing 1 hr in aqueous solution at pH 3.8. (B)
Sodium bisulfite (20 ppm) added to (A) and
spectrum taken within 1 min.

active species, therefore, is not the chalcone
but the flavylium ion V11, the small decrease
in chalcone concentration presumably aris-
ing from its partial reconversion to the fla-
vylium salt during this period.

The results with 3'-methoxy-4',7-dihy-
droxyflavylium chloride were confirmed in
a slightly different manner with 7-hydroxy-
flavylium chloride. This flavylium salt (Fig.
4, spectrum A) is predominantly converted

ABSORBANCE

Fig. 4. Spectra of 7-hydroxyflavylium chloride
(4.8 X10“3g/L) (A) in aqueous solution, pH 0.63
(B) in aqueous solution, pH 3.8, after 3 hr (C)
sodium bisulfite (20 ppm) added to (B) and spec-
trum taken after 1 min (D) acid solution of the
flavylium compound diluted with buffer, pH 3.8,
containing sodium bisulfite (20 ppm) and spectrum
taken after 1 min.

(86%) into the corresponding chalcone
(Amex. 370) at equilibrium at pH 3.8 (Fig.
4, spectrum B). A strongly acid solution
of the flavylium salt, diluted with buffer,
pH 3.8, containing 20 ppm sodium bisulfite,
is instantly decolorized (Fig. 4, spectrum
C). If, however, the flavylium salt is di-
luted with buffer and allowed to stand until
chalcone formation is complete and the bi-
sulfite is then added, only a slow reaction
ensues (Fig. 4, spectrum D).

Emphasis has been placed on the reversi-
bility of sulfite decoloration in acid solutions.
It is noteworthy, however, that the colorless
sulfite compounds from natural and synthetic
anthocyanins are also readily decomposed
in alkaline solutions. The products recovered
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in the alkaline solutions independently con-
firm the conclusions derived from the pre-
vious studies at pH 1-4. It is well known
that in slightly alkaline (pi I 8- 10) solutions
anthocyanins form highly colored ionized
anhydre bases. In strongly alkaline (pH
12) solutions the ionized anhydre bases first
formed, hydrolyze rapidly to fully ionized
chalcones (Robertson and Robinson, 1928).
Pelargonidin 3-glucoside 1X, for example,
treated with sodium bicarbonate (pH 8.3),
formed the blue-red ionized anhydre base
X, Amax. 552, 448 urn. With NaOH this
hydrolyzed rapidly to the yellow-brown
ionized chalcone XI, Amax. < 420, 350 m<

HO 00
pH 8-9 N A
.0

O OH )
y
HO 0O-GL O-GL
X X
v
/
- _0 _
QULL”

F
% 0-6L
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Sulfite decolorized pelargonidin 3-glucoside,
treated with sodium bicarbonate and with
sodium hydroxide under similar conditions,
quantitatively formed identical products, viz.,
the ionized anhydro base and then, with
NaOH, the fully ionized chalcone. It is
clear that if the product formed in the sulfite
decoloration of pelargonidin 3-glucoside had
been a chalcone (XI)-bisulfite additive com-
pound, the addition of sodium hydroxide
would have resulted in direct formation of
the ionized chalcone, without an ionized an-
hydro base intermediate.

Higher concentrations of bisulfite appre-
ciably decolorize flavylium salts even in
strongly acid solutions, e.g.,, 200 ppm of
sodium bisulfite produced 85.6% decolora-
tion of 3Gmethoxy-4fi7-dihydroxyflavylium
chloride at pH 0.63 in 15 min. It is highly
unlikely, therefore, that a carbinol base of
type 1l is involved in the decoloration. The
experimental evidence indicates that sulfite
decoloration of the natural and synthetic
benzopyrylium compounds is dependent on
the carbonium ion, bisulfite ion, and hydro-
gen ion concentrations. The following equi-

librittm reactions account satisfactorily for
these observations :
(1) HSCV + H+%5 HaS03

so3h

+©ﬁ;t@—<:*

Thus, the slow and incomplete reaction at
low pH is explained by a decrease in the
bisulfite ion concentration, which counter-
acts the higher concentration of reactive
flavylium carbénium ion at this pH.

REFERENCES

Charlesworth, E. H., J. J. Chavan, and R. Robin-
son. 1933. A synthesis of pyrylium salts of
anthocyanidin type. XX. Morinidin chloride.
Observations on cyanomaclurin. /. Chem. Soc.
London, 1933, 370.

Elstow, W. E., and B. C. Platt. 1950. The reduc-
tion of flavylium salts to flavans. Chem. &
hid, London 1950, 824.

Freudenberg, K., H. Fikentscher, M. Harder, and
0. Schmidt. 1925. Tannins and similar ma-
terials. XX. Transformation of cyanidin into

catechin. Liebig’s Ann., 444, 135.
Geissman, T. A. 1955. “Modern Methods of Plant
Analyses.” K. Paech and M. V. Tracey, eds.

Springer-Verlag, 450.

Genevois, M. L. 1956. The isomeric keto-enol
forms of anthocyanidins and anthocyanins.
Bull. Soc. Chim. Biol. 38. 7.

Jurd, L. 1963. Anthocyanins and related com-
pounds. I. Structural transformations of fla-
vylium salts in acidic solutions. J. Org. Chem.
28, 987.

Jurd, L., and R. M. Horowitz. 1961. Spectral
studies on flavonoid compounds. Ill. Poly-
hydroxychalcones. J. Org. Chem. 26, 2561.

Perkin, W. H., R. Robinson, and M. R. Turner.
1908. The synthesis and constitution of certain
pyranol salts related to brazilein and haema-
tein. J. Chem, Soc. London. 93, 1085.

Ribéreau-Gayon, P. 1959. Recherches sur les
anthocyanins des végétaux application au genre
Vitis. Librairie Generale de L’enseignement,
Paris.

Robertson, A., and R. Robinson. 1928. A synthesis
of pyrylium salts of anthocyanidin type. XV.
The synthesis of cyanidin chloride by means
of O-benzoylphloroglucinaldehyde. /. Chem.
Soc. London 1928, 1526.

Sannié, C., and H. Sauvain. 1952. Edition du
Museum, Paris, Quoted by Ribereau-Gayon,
1959.

Stadtman, E. P. 1948. Non-enzymatic browning
in fruit products. Advances in Food Research
1, 325.



Fatty Acid Composition as Influenced by Dietary Fatty
Acids and Vitamin E Status in the Rabbit3

ROBERT F. BORGMAN
Clemson College, Clemson, S. C.

(Manuscript received July 21, 1963)
SUMMARY

Weanling New Zealand rabbits

without vitamin E.

received a semipurified diet containing
either semipurified oleic acid or semipurified
Rabbits receiving the oleic acid without vitamin E failed

linoleic acid, both with and

to develop skeletal muscle degeneration at 12 weeks, in comparison to marked

degeneration at 8 weeks in the comparable group receiving linoleic acid.
requirements were very low when oleic acid
largely of cholesterol, were plentiful

would indicate that vitamin E
was in the diet.

Gallstones, composed

This

in rabbits receiving oleic acid at 12 weeks, and a few were noted in rabbits

receiving linoleic acid at 8 weeks.

The gallstones were slightly more plentiful

in females than males, but were not greatly influenced by the vitamin E status.
The influence of the dietary fatty acid upon the fatty acid composition

of the liver, kidneys, heart, adipose deposits,

aorta was profound. The

skeletal muscle, and thoracic

liver of rabbits receiving oleic acid was slightly

less affected than the other organs, while the heart and adipose deposits of
rabbits receiving linoleic acid were affected slightly more than the other organs.

The sex did not appreciably influence the organ fatty acid percentages.
in fatty acid percentages were noted between

differences

Minor

rabbits receiving

vitamin E and their deficient counterparts.

INTRODUCTION

In a previous study (Borgman, 1963), it
was noted that the dietary fat, either lard or
cod liver oil, influenced the fatty acid com-
position of the organs of rabbits, especially
in the adipose deposits and skeletal muscle.
The vitamin E status did not appear to in-
fluence the fatty acid composition of the
organs, but skeletal muscle degeneration was
more severe in vitamin-E-deficient rabbits
receiving cod liver oil than those receiving
lard. In the present study, it was of interest
to determine the effect of specific semipuri-
fied fatty acids in the diet, i.e. oleic and
linoleic, upon vitamin E metabolism in re-
gard to skeletal muscle integrity and to de-
termine their influence upon the fatty acid
composition of several organs.

“From the Department of Food Technology and
Human Nutrition, Clemson College, Clemson,
South Carolina. Technical Contribution No. 450,
South Carolina Agricultural Experiment Station.
Published by permission of the Director.

This investigation was supported in part by
grant No. A-4273 from the National Institute of
Arthritis and Metabolic Diseases, Public Health
Service.

Thanks are due Mrs.
for technical assistance.

D. P. Rutherford, RN,

LITERATURE REVIEW

The prevention of peroxidation of poly-
unsaturated fatty acids in vivo has been in-
dicated to be a major function of vitamin E
(Horwitt et ai, 1956), and the biological
damage resulting from avitaminosis E would,
therefore, be expected to be proportional to
the amount of polyunsaturated fatty acids
in the diet. Lipid peroxidation has been ob-
served in the heart, liver, and adrenals of
vitamin-E-deficient rats fed large amounts
of polyunsaturated fatty acids (Pritchard
and Singh, 1960). Lipid peroxidation has
also been detected in the liver mitochondria
of vitamin-E-deficient rabbits (Zalkin and
Tappel, 1960) and in the liver microsomes
of vitamin-E-deficient rats (Tappel and
Zalkin, 1960).

Skeletal muscle degeneration and creati-
nuria in vitamin-E-deficient rats were in-
creased when cod liver oil was included in
the diet, as compared with results when
more saturated fats such as coconut oil and
olive oil were in the diet (Century and Hor-
witt, 1960). This influence of dietary un-
saturated fatty acids might be expected since
the skeletal muscle fatty acids of rats fed
corn oil, coconut oil, or cod liver oil closely

[20]
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resembled those in the diet (Century et al.,
1961).

EXPERIMENTAL METHODS

Weanling New Zealand rabbits, 3 weeks old,
were maintained at constant room temperature
with food and water ad libitum. The semipuri-
fied rabbit diet described by Wooley (1954) with
the Briggs salt mixture (1952) was employed
with the following changes in contents; 20%. semi-
purified fatty acid substituted for corn oil, corn
starch reduced to 7.3%, and a-tocopherol acetate
increased to 10 mg per 100 g of diet. Analyses of
the semipurified fatty acids are listed at the top
of Table 2. The completed diets were mixed in
amounts sufficient for 5 days and kept under re-
frigeration to minimize deterioration. Rabbits
were randomly assigned by sex with littermates
spread between groups into 4 groups containing
3 males and 3 females each. Treatments were as
follows: |, oleic acid with vitamin E; II, oleic
acid without vitamin E; [III, linoleic acid with
vitamin E ; and IV, linoleic acid without vitamin
E. Rabbits receiving oleic acid were continued
for 12 weeks, while those receiving linoleic acid
were terminated at 8 weeks because of marked
skeletal muscle degeneration in group IV.

The semipurified oleic acid was obtained from
Distillation Products, Rochester, New York, and
contained 1.7 mg vitamin E per 100 g, when ana-
lyzed by the method of Bieri et al. (1961). The
semipurified linoleic acid was obtained from Nu-
tritional Biochemicals Company, Cleveland, Ohio,
and contained 1.8 mg vitamin E per 100 g, when
analyzed by the same method.

Rabbits were sacrificed by exsanguination, and
the heart, liver, kidneys, adipose deposits forming
the kidney pads, a section of the semimembranosus,
and the thoracic aorta were removed. All but the

adipose deposits were trimmed of visible fat, par-
tially sliced into 5-mm sections, dried to a con-
stant weight under vacuum, and finally extracted
with petroleum ether in the Soxhlet apparatus for
24 hr. Methyl esters of fatty acids were formed
in the dried ether extract by the method described
by Stoffel et al. ,1959), and separation and detec-
tion made by gas-liquid chromatography with a
10-ft-Ad-in. diethylene glycol succinate column and
a thermal conductivity detector. Samples from
1 to 3 /z1 were used with the column temperature
at 190°C and the helium flow rate at 100 ml per
min. Identifications were made by graphing the
log of the retention times, employing a silicone
column to verify chain lengths, and by the addi-
tion of small amounts of standards to the samples,
ie. Cl4, Cl6, C16:1, C18, C18:l, C18:2, C18:3,
C20, and C20:4. Percentages of fatty acids were
computed by a disc-type integrator. No attempts
were made to identify the positions of double
bonds.

A portion of the semimembranosus was pre-
served in buffered formalin until slides were pre-
pared by the hematoxylin eosin technique.

Statistical analyses were performed by analysis
of variance technique (Snedecor, 1946).

RESULTS

Rabbits receiving oleic acid remained apparently
normal during the 12-week trial period, regardless
of vitamin E status, whereas rabbits receiving
linoleic acid without vitamin E evidenced muscular
weakness and general debility at 8 weeks. Weight
gains (Table 1) were greater in rabbits receiving
oleic acid than in those receiving linoleic acid, but
were not consistently influenced by vitamin E
status.

Skeletal muscle degeneration (Table 1) was
very slight to aosent in all rabbits receiving oleic

Table 1. Body weight, skeletal muscle, and gall bladder observations.

Av. weekly wt.. gain (g)

Group and treatment Weeks on trial 0—8 wk

1) Oleic acid w/vit. E 12
Males 128
Females 101

I1) Oleic acid w/o vit. E. 12
Males 86
Females 99

I11) Linoleic acid w/vit. E 8
Males 59
Females 62

1V) Linoleic acid w/o vit. E 8
Males 52
Females 55

-Evaluation of muscle  Incidence of gallstones

8-12 wk degeneration “ (3 rabbits each sex)

31 0-v. si. 2—1si. & 1 mod.

18 0-7. Si. 2—1si. & 1sev.

55 0 3—1si. &2 mod.

38 0 3—1si., 1mod. & 1 sev.
0-v. si. 0
0-v. si. 1si.
mod.-sev. 0

mod.-v. sev. 1si.

“ Several sections were taken from each semimembranosus and evaluations made as described previ-

ously (Borgman and Underbjerg, 1962).

Very slight degeneration is not specific for avitaminosis E.
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DIET EFFECTS ON FATTY ACIDS IN RABBIT

Table 2. Averages of fatty acid percentages in organs.

Fatty acids a

Treatment and group Cl4 Cl4:1 06 06:1 08 08:1 08:2 08:3
Semipurified oleic acid in diet 3.2 2.7 3.9 14.0 0 62.1 11.4 i
Semipurified linoleic acid in diet 0 0 6.7 1.8 0 11.0 75.5 5.1
Heart

Weanling males b 4.0 1.9 21.4 5.4 9.2 21.1 16.8 2.0
I-Oleic acid w/vit. E 1.9 1.2 6.1 11.6 15 64.2 9.8 2.0
11-01eic acid w/o vit. E 1.8 1.2 4.9 11.7 1.2 67.3 7.2 2.2
I11-Linoleic acid w/vit. E 0.3 0.1 8.2 1.3 2.6 10.0 73.8 3.0
1V-Linolcic acid w/o vit. E 0.5 0.2 11.0 2.0 2.4 9.5 70.5 2.9
Liver
Weanling males b 15 0.9 22.2 7.8 13.1 22.8 21.1 3.0
| (groups as above) 0.4 0.2 8.7 8.6 5.6 58.4 13.5 2.2
11 1.3 0.8* 7.2 10.4 3.4 53.5 16.9 3.8
11 0.2 t 10.4 1.6 51 13.3 63.8* 2.8
v 0.2 0.1 13.9 2.3 0.3 20.2* 58.6 3.9
Kidneys
Weanling males b 4.1 4.0 19.1 5.9 9.9 20.4 18.4 4.5
| 1.6 1.4 5.9 10.9 1.8 64.6 8.2 3.2
1 2.2 1.3 5.4 13.0 1.5 63.3 6.4 3.2
11 0.4 0.8* 8.0 4.0 2.4 12.5 65.8 2.7
v 0.4 0.2 9.0 3.0 1.4 13.8 63.2 4.8%

Adipose deposits

Weanling males b 4.2 1.9 25.5 5.7 9.7 19.9 20.1 25
| 2.5 1.6 6.0 11.2 1.4 67.4% 5.4 2.6
11 2.4 1.8 5.0 11.4 1.0 61.6 10.4 3.1
11 0.6 0.2 9.5 2.6 1.2 11.3 71.7 2.2
v 0.3 0.2 12.0 1.3 0.8 11.4 68.2 3.7

Skeletal muscle

Weanling males b 3.4 2.5 25.5 5.4 10.8 19.2 20.3 3.3
| 2.8 1.8 7.8 13.0 2.0 63.1 5.8 1.8
11 2.6 1.8 6.2 12.2 1.8 62.4 7.2 2.8
11 0.4 t 10.8 2.0 2.4 11.6 66.4* 4.4
v 0.1 0.1 14.6 2.9 2.7 13.8 61.0 3.4

Thoracic aorta

Weanling males b 5.1 4.6 30.8 6.8 6.4 21.0 10.4 2.2
| 2.6 1.6 6.9 10.6 1.9 64.2 6.0 1.6
11 2.4 1.4 6.2 11.4 1.7 62.4 7.0 4.9*
11 0.8 0.4 11.4 2.4 1.3 14.2 64.7 3.9
v 0.5 0.2 12.0 2.4 1.4 14.0 62.5 4.1

t = indicates values under 0.1%.

* These values were significantly higher (p<0.05) than the corresponding group receiving
the same fatty acid, but a different vitamin E status.

aThe fatty acid percentages are averages of the rabbits in each group. The values for the
sexes were combined since only a very few of the values were different statistically at the
p < 0.05 level while none were significant at the p > 0.01 level. The dietary fatty acid sig-
nificantly (p < 0.01) influenced the percentages in all organs except for 08:3. Only traces
of C20:4 were noted in rabbit tissues. The weanling rabbits had shorter chain fatty acids, C8
through 02:1, in their tissues; but these were almost completely absent in the rabbits on trial.
Very small unidentified peaks were usually noted between 04:1 and 06 in the oleic acid and
in the tissues of groups | and Il. Small unidentified peaks were usually found between 06:1
and 08 in the oleic acid and the tissues of all groups.

bThe percentages of weanling rabbits arc included for reference and were obtained in a
previous study (Borgman, 1963).
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acid, with or without vitamin E. This was a sur-
prising observation for rabbits not receiving vita-
min E, but vitamin E requirements were perhaps
low when the rabbits received oleic acid, and the
amount of vitamin E in the oleic acid was suffi-
cient for muscle metabolism. Rabbits receiving
linoleic acid with vitamin E had little muscle
pathology, compared to those not receiving vita-
min E. It is possible that the very slight degen-
eration noted in rabbits receiving vitamin E and
either oleic or linoleic acid was the result of a
diet containing a relatively high fat content.

Gallstones were observed in the rabbits receiv-
ing oleic acid (Table 1), and were slightly more
prevalent in the females than the males. Rabbits
receiving linoleic acid also had a few stones, but
these were on trial for only 8 weeks, so no direct
comparison between oleic acid and linoleic acid
was possible. Vitamin E status did not appear to
affect the incidence of gallstones. Preliminary
analyses of the gallstones indicated that they con-
tained 35-50% cholesterol on a dry-weight basis.
A residue, 10% of the dry weight, remained after
ashing in a muffle furnace. A more detailed study
of the composition is in progress.

Dietary fatty acid had a profound influence on
organ fatty acid percentages (Table 2) in all
groups, although the time on trial may have con-
founded the results since rabbits receiving oleic
acid were continued 12 weeks and those receiving
linoleic acid were continued 8 weeks. In rabbits
receiving oleic acid, the liver was affected only
slightly less than other organs by the dietary fatty
acid, and the level of C18:2 in the organs of these
rabbits was surprisingly low. In rabbits receiving
linoleic acid, the heart and adipose deposits were
influenced to a slightly greater degree than the
other organs examined. Sex did not appear to
influence organ fatty acid percentages appreciably.
The influence of vitamin E status was not marked.
In rabbits given oleic acid with vitamin E, 04:1
was lower in the liver, 08:1 higher in the adipose
deposits, and 08:3 lower in the thoracic aorta
than in the vitamin-E-deficient counterparts. In
the rabbits given linoleic acid with vitamin E,
08:1 was lower and 08:2 higher in the liver,
04:1 higher and 08:3 lower in the Kkidneys,
and 0 8 :2 higher in the skeletal muscle than in
the corresponding vitamin-E-deficient group.

DISCUSSION

Apparently the two double bonds in lino-
leic acid had a pronounced effect upon vita-
min E requirements, as evidenced by the
marked pathology in the deficient rabbits
receiving linoleic acid when compared to
the absence of pathology in those receiving

oleic acid. The amount of vitamin E re-

quired to prevent chick encephalomalacia

was increased when corn oil, high in linoleic
acid, was added to the diet (Century and

Horwitt, 1958; Horwitt el al., 1959), and

the peroxide erythrocyte hemolysis reaction

in vitamin-E-deficient rats was greater when
the linoleic acid content of the erythrocytes
was increased by dietary means (Alfin-Slater
et al.. 1961). Vitamin E requirements of
infants were increased when the diet was

high in linoleates (Asfour et al., 1963).

Dietary fatty acids had a profound effect
upon the composition of the various organs,
but neither the sex nor vitamin E status of
the rabbits had such a marked effect. How-

ever, Pritchard and Singh (1960) noted a

reduction of polyunsaturated fatty acid con-

centrations in the heart, liver, adrenals, and
plasma of vitamin-E-deficient rats. Hove
and Seibold (1955) found less linoleic, ara-
chidonic, and pentaenoic acids in muscle fat,
and less linoleic and pentaenoic acids and
more oleic acid in the liver, of vitamin-E-

deficient swine. Some tendencies in this di-

rection were noted in vitamin-E-deficient

rabbits.
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Isolation of Beta-Elemene from Orange Oil

G. L. K. HUNTER and G. L. PARKS
I-ruit and Vegetable Products LaboratoryW inter Haven, Florida

(Manuscript received August 31, 1963)

During an investigation of Valencia cold-
pressed orange oil, a sesquiterpene hydro-
carbon was isolated from this source for the
first time. The compound, which was ob-
tained from the oil by distillation, column
chromatography, and gas chromatography,
was identified as ¢3-elemene.

()range oil was distilled on a semimicro
spinning band column, and the fraction boil-
ing between 110 and 120°C/9 mm was
chromatographed on a 1-inch X 2-ft column
containing a 50:50 mixture of silicic acid-
cellulose. The material eluting with w-hex-
ane was collected. The residue, upon evapo-
ration of the solvent, was gas chromato-
graphed on a (4 in. X 10-ft column contain-
ing 30% carbowax 20M on Chromosorb P.
The column was operated at 150°C with a
helium flow rate of 60 cc/rnin. The ma-
terial represented by the third peak in Fig. 1
was due to ylangene, reported by Teranishi
et al. (1963). The material represented by

RECORDER RESPONSE, MV.

J

[ 5

20 25 3 3B 40 45
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Fig. 1 Chromatogram of /3-elemene from orange
oil, (1) octylacetate, (2) decanal, (3) ylangene,
(4) /3-elemene.

L)

* A laboratory of the Southern Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agricul-
ture.

Mention of brand names is for identification
only, and does not imply recommendation.

the fourth peak in Fig. 1 was trapped, and
the infrared curve obtained on the substance
is shown in Fig. 2. The material had a

I\ wm/”“
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3000 2000 1500 1200 10 900 800 700
™
Fig. 2. Infrared spectrum of /3-elemene.

molecular weight of 204 by mass spectros-
copy, indicating the sesquiterpene structure
having an empirical formula of C15H24. The
sesquiterpene was reduced to the saturated
parent structure with platinum oxide in
ethanol, resulting in a molecular weight in-
crease of 6 to 210. The uptake of three
moles of hydrogen showed the presence of
three double bonds. The infrared spectrum
indicated at least one terminal double bond
by its absorption at 890 cm“l, and at least
one vinyl group by its absorptions at 910
cm ' and 1000 cm"1on a hydrocarbon struc-
ture (Bellamy, 1958). The peak at 790
cm"l is due to an impurity that has been
shown to decrease by repeated gas chroma-
tography. The ultraviolet spectrum showed
no absorption in the region between 3500
and 2100 A, indicating a hydrocarbon with
three nonconjugated terminal double bonds.
Nuclear magnetic-resonance (NMR) spec-
tra show seven vinyl protons, one singlet
methyl at 1.0 ppm, and two vinylic methyl
groups at 1.5 ppm and 1.7 ppm. The NMR
of (3-elemene was obtained in deuterated
chloroform with tetramethylsilane as the
internal reference. The /3-elemene structure
was indicated and conclusively established
by comparison of the infrared curve with
that published bv Asselineau and Asselineau
(1957).

[25]
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rophyllides, Pheophytins and Pheophorbides
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The Antioxidant Activity of Vegetable Extracts
I. Flavone Aglycones3

DAN E. PRATT "ana BETTY M. WATTS
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SUMMARY

Hot-water extracts of several plant tissues showed the following descending
order of antioxidant activity, both as cover solutions of meats and in artificial
systems: green onion tops, green pepper seeds, green peppers, celery, potato
peels, green onions, and tomato peel. The over-all antioxidant activity of ex-
tracts was not changed by hydrolysis of flavone glycosides, indicating that
the naturally occurring glycosides possessed the same activity as the aglycones.
The antioxidant activities of several known aglycones were compared and re-
lated to structural characteristics. Quercetin derivatives were the principal
flavones of the extracts studied. Quercetin isolated from hydrolyzed extracts
accounted for a large portion, but not all, of the antioxidant activity of the
extracts. Because of their effectiveness in heme-catalyzed systems, the most
significant role of the extracts as antioxidants is apparently their ability to

break the chain reaction in lipid oxidation.

Workers in this laboratory (Lewis and
Watts, 1958; Cofer, 1963; Ramsey, 1962)
have shown that some hot-water vegetable
extracts are effective in retarding lipid oxi-
dation. Cofer (1963) screened approxi-
mately 40 vegetable extracts and found that
antioxidant activity varied widely; however,
nearly all extracts tested possessed some
antioxidant activity. Ramsey (1962) stud-
ied six vegetable extracts as antioxidants in
heme- and copper-catalyzed systems. The
tested extracts possessed the ability to
chelate copper as well as to provide protec-
tion in heme-catalyzed lipid oxidation sys-
tems. In the above studies, unfractionated
vegetable extracts were examined.

Hot-water extracts of plant tissues are
complex mixtures containing several classes
of compounds that might contribute to their
antioxidant capacity. In addition to phenols,
aromatic amines, sulfhydryl compounds and
others may function as primary antioxidants.

“Presented at the 23rd Annual Meeting of the
Institute of Food Technologists, Detroit, Michigan,
May 28, 1963.

bPresent address:
Nutrition, University of
Wisconsin.

Thanks are expressed to the S. B. Penick Co.,
New York, for gift samples of flavonoids.

Department of Foods and
Wisconsin, Madison,

Ascorbic and citric acids may contribute
to antioxidant activity as synergists.

Flavonoids, a major group of plant
phenols, include compounds that are potent
antioxidants. The antioxidant ability of
flavonols (3-hydroxy flavone derivatives)
has been well established in both non-aque-
ous lipid systems (Richardson cl ah, 1947,
Kurth and Chan, 1951; Heimann et al,
1953; Simpson and Uri, 1956; Mehta and
Seshadri, 1959) and in aqueous-lipid sys-
tems (Simpson and Uri, 1956; Kelly and
Watts, 1957).

(]

Antioxidant activity of flavonols is appar-
ently due to their ability to act as free radical
acceptors (Heimann et ah, 1953; Simpson
and Uri, 1956; Lea, 1958; Mehta and
Seshadri, 1959; Crawford et ah, 1961) and/
or to complex metal ions (Lewis and Watts,
1958; Kelley and Watts, 1957; Mehta and
Seshadri, 1959). Heimann and Reiff (1953)
studied flavone derivatives as antioxidants

[27]
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in ethyl linoleate and concluded that the
following structural characteristics were cor-
related with antioxidant activity: 1) the
2-3 olefin group and the ketone in position
4 of the pyrone ring; 2) 3-hydroxylation ;
3) ortho hydroxylation of the B ring;
4) meta hydroxylation of the chromone
system (i.e., 5,7-dihydroxy). The first three
reportedly increased activity whereas the
latter had an adverse effect.

The factors considered by Heimann and
Reiff (1953) to be involved in antioxidant
activity have been considered by other
workers (Kurth and Chan, 1951 ; Simpson
and Uri, 1956; Mehta and Seshadri, 1959;
Crawford et al,, 1961; Lea, 1962). Con-
siderable confusion exists as to the impor-
tance of 5,7-meta-hydroxylation, the 2,3
double bond, and 3-hydroxylation. Mehta
and Seshadri (1959) found that 5,7-meta-
hydroxylation did not decrease antioxidant
activity. Kurth and Chan (1951) and Craw-
ford et al. (1962) found dihydroquercetin to
be an effective antioxidant, thus minimizing
the importance of the 2,3 double bond.
Crawford et al. (1961) also found that
méthylation of the 3-hydroxyl group of
quercetin lowered antioxidant activity only
slightly. In a recent review, however, Lea
(1962) reported that work in his laboratory
demonstrated that methylating the 3-hy-
droxyl group or hydrogenating the 2,3
double bond greatly reduced the effective-
ness of polyhydroxyflavones as antioxidants.

Flavones occur in nature mainly as glyco-
sides, which may be hydrolyzed by acid-heat
treatments to form aglycones and sugars.
Flavone aglycones are readily separated by
paper chromatography using water as the
developing solvent. The flavone aglycones
do not move in water development, whereas
the glycosides and non-planar aglycones
(flavonoids without the 2,3 double bond,
i.e., flavanones, flavanonols, and catechins)
travel appreciably (Bate-Smith, 1948; Har-
borne, 1959; Seikel, 1962). Free amino
acids and sugars also move with the solvent
front (Seikel, 1962).

The present study was designed: 1) to
investigate the use of hot-water vegetable
extracts in retarding lipid oxidation in aque-
ous-lipid systems, 2) to isolate and identify
flavone aglycones of the extracts and ascer-

tain their effectiveness as lipid antioxidants,
and 3) to correlate structural features with
antioxidant activity.

EXPERIMENTAL

Preparation of extracts. Vegetables were pur-
chased at local retail markets. All vegetables and
equipment were thoroughly washed and rinsed
several times with distilled water. The potatoes
used were white varieties of the previous year’s
crop. Tomatoes were firm ripe. The peels of the
potatoes and tomatoes were obtained by hand
peeling with a stainless-steel knife; approximately
1-2 mm of vegetable flesh remained on the peels.

Hot-water extracts of vegetables were prepared
by adding one part of finely chopped vegetable
tissue to five parts of boiling distilled water; on
returning to a boil the mixture was heated 5 min.
The vegetable residue was removed by filtration.
To facilitate subsequent hydrolysis and chromato-
graphic treatments, the extracts were concentrated
by boiling to 20% of the volume of the water used
for extraction. When reconstituted to the original
volume, these concentrates did not differ signifi-
cantly in antioxidant activity from the original
extracts. Herein the “percentage extract” is used
to denote the grams of plant tissue to prepare
100 ml of extract solution.

Hydrolysis of extracts. Hydrolysis methods for
flavonoid glycosides described in the literature
vary widely in concentration of acid and heating
conditions. Unfortunately, evidence for the effec-
tiveness of the procedures used has not generally
been included. With hydrolysis in 0.5N HC1 at
100°C for 30 min, the maximum aglycone concen-
tration could be separated from the extracts, and
quantitative yields of aglycones from standards
were greatest. These hydrolysis conditions were
used by Jurd ct at. (1957). As shown in Table 1,
the aglycone recovery was approximately 100%

Table 1 Effect of acid concentration on glyco-
side hydrolysis (30 min at 100°C).

Recovery of quercetin

Concentration a

Glycoside N HC1 X 10-5M %
Quercitrin 0.1 0.68 4
0.25 0.96 59

0.5 1.68 102

1.0 132 8l

15 1.00 61

Rutin 0.1 0.88 54
0.25 1.38 84

0.5 1.60 98

1.0 148 90

15 1.32 8l

Linitial glycoside concentration 1.64 X 10 SM.
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following hydrolysis. With lower concentration of
acid, hydrolysis was not complete, and further
degradation of the molecules apparently occurred
when more severe conditions were employed.

For comparisons of hydrolyzed and unhydro-
lyzed extracts, the concentrated extracts were di-
vided into two portions. One portion was hydro-
lyzed by making 05AA in respect to HC1l and
heating 30 min at 100°C. Following hydrolysis
the extracts were neutralized with NaOH. Ali-
quots of the hydrolyzed and unhydrolyzed extracts
were adjusted to 20% for use in antioxidant
studies.

Chromatographic fractionation of extracts. Fla-
vonoids of hydrolyzed and unhydrolyzed extracts
were separated by paper chromatographic tech-
niques. Generally, square sheets (46.5 cm) of
Whatman No. 3MM filter paper were used. The
concentrated extracts were alternately streaked
and dried until a total representing 4 g of vegetable
had been deposited three inches from one edge of
the paper. In the initial separation, descending
chromatography was used with water as the de-
veloping solvent. The chromatograms were irri-
gated until the solvent front had migrated approxi-
mately 30 cm. In this system the flavone
aglycones remained essentially at the origin, while
glycosides, non-planar flavonoid aglycones, free
amino acids, sugars, and other water-soluble
components moved in the solvent.

The water-developed chromatograms were cut
into three bands: 1) the origin, including approxi-
mately 5 cm of the developed chromatogram (band
A) ; 2) the next 15 cm of developed area (band
B) ; and 3) the section adjacent to the solvent
front, including approximately 10 cm of the chro-
matogram (band C). The bands were eluted by
three extractions in boiling water. Spectrophoto-
metric comparison of the eluates with fractions
eluted in boiling methanol and u.v. examination
of the chromatographic paper following elution
demonstrated that elution was complete. Eluted
fractions to be used for antioxidant studies were
diluted so that the concentration represented that
which would be present in a 20% extract of the
original vegetable.

To separate flavone aglycones and remove pos-
sible contaminating material, the A fractions were
streaked and chromatographed using the upper
layer of a 4:1:5 two-phase mixture of 1-butanol-
acetic acid-water (BAW).

Identification of aglycones. The aglycones were
identified by comparing chromatographic Rt values
and u.v. spectral curves with known compounds.
Two-dimension chromatographic techniques were
used in identification studies. The solvents included
BAW, 15% acetic acid, 80% phenol, and water.
Spectral analyses were carried out in absolute

ethanol using a Bausch and Lornb “505” recording
spectrophotometer for obtaining absorption curves
and a Beckman D’ spectrophotometer for quanti-
tative absorbance data at established peaks.

Tests of antioxidant activity. The antioxidant
effectiveness of the extracts, isolated compounds,
and known standards was ascertained by deter-
mining: 1) the malonaldehyde concentration of
beef slices covered with test solutions, and 2) the
bleaching time of carotene-lard solutions in con-
tact with the test solutions.

For the former determination, eye round of
beef was used. External fat was trimmed from
the surface of the roast and the beef was roasted
to an internal temperature of 74°C in an oven
preheated to 149°C. The roasted beef was me-
chanically sliced to a thickness of approximately
3 mm.

Thirty-five grams of beef slices were placed im-
mediately in 100-ml beakers and covered with 35
ml of test solution, covered with aluminum foil,
and stored at approximately 3°C in a refrigerator.
At specified intervals, samples were removed, the
cover solution decanted, and thiobarbituric (TBA)
tests run on the beef slices. For the TBA tests,
30 g of the meat were blended with 60 g of water,
and 30 portions (10 g of beef) of the blended
materials were used for each analysis. The dis-
tillation technique reported by Tarladgis et al.
(1960) was employed.

The second means of determining the antioxi-
dant effectiveness of the test materials was by
twO modifications of a method reported by Scar-
borough and Watts (1959). Initially, 1.0 ml of test
solution was absorbed onto a 7.5-cm filter-paper
disc in a Petri dish. A second filter disc (7.0 cm
in diameter) was dipped into melted lard contain-
ing 0.01% carotene and placed over the first,
eliminating air bubbles from the system. The
Petri dishes were sealed with rubber sleeves and
stored in an incubator at 55°C. The fat diffused
through both papers, thus coming into immediate
contact with the aqueous phase. Peroxide forma-
tion was accompanied by bleaching of the carotene.
Visual observations were made at 12-hour inter-
vals. The ratio of time required for the sample
to half-bleach to time required for the control
to half-bleach was considered the antioxidant index.

To test small amounts of extract fractions, a
second modification of the carotene-lard system
was used. Four discs, 12 mm in diameter, were
placed on a 7.5-cm filter paper, saturated with the
carotene-lard solution in a Petri dish. To each disc
0.05 ml of test solution was added. The Petri
dishes were sealed with rubber sleeves and stored
at 38°C. As before, the time required for the
discs to half-bleach was used to calculate the
antioxidant index.
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RESULTS AND DISCUSSION

Antioxidant activity of vegetable extracts
by two different methods. The data in Ta-
ble 2 show that the two methods used to

Table 2. Antioxidant activity of vegetable ex-
tracts.

TBA no. of roast beef
slices at 3°C Antioxidant index

carotene-lard

Extract 3 days 6 days system at 45°C
Control 8.6 12.4 1.0
20% tomato peel 8.4 10.2 1.0
20% green onion 4.0 4.7 6.0
20% potato peel 3.6 43 75
20% celery 3.2 41 75
20% green pepper 24 3.9 9.0
20% green pepper

seed 17 32 >12.5
20% green onion top 11 24 >12.5
50% green onion top 0.1
evaluate antioxidant activity are in very

good agreement. The hot-water extracts
varied widely in their ability as antioxidants
in lipid-aqueous systems. The effectiveness
of the extracts in retarding lipid oxidation
of the beef slices, which is a heme-catalyzed
reaction, indicate that the principal anti-
oxidant activity is that of free radical accep-
tors. The antioxidant components of the
extracts cannot be envisaged as chelating
the iron of heme compounds.

An interesting observation is that extracts
from inedible portions of the plants had
greater protective effect than those from the
edible portion. Extracts of green onion top
had greater activity than extracts of the
onions; green-pepper-seed extracts were
more effective than green-pepper extracts,
and potato-peel extracts gave greater pro-
tection than extracts from potatoes. In
another experiment, celery leaves had

Table 3. Effect of hydrolysis of

Unhydrolyzed
Extract y y

(20%) Extract A B
Potato it 0.9 10
Green onion 5.2 19 4.0
Green pepper 55 18 43
Potato peel >7.2" 18 6.9
Green onion top >7.2a 3.8 55
Green pepper seed >6.5 4.2 51

ANTTOXIDANT ACTIVITY OF VEGETABLE EXTRACTS

greater antioxidant capacity than celery
stalks. Flavonoids have been found to occur
more abundantly in inedible portions of a
number of plants (Bate-Smith, 1954; 1959;
Swain, 1962).

The antioxidant activity of the extracts,
except for tomato peels, agrees with other
observations in this laboratory (Cofer,
1963). Cofer found 20% tomato-peel ex-
tracts to have an antioxidant index of two,
whereas tomato peels in the present study
were void of antioxidant activity. Wu and
Burrell (1958) studied three varieties of
tomatoes, and found considerable concentra-
tions of flavonoids (quercitrin, dutin, and
naringenin) in the peel but not in the flesh.
The flavonoid concentrations of the toma-
toes used in this experiment were extremely
low, and were not investigated further.

Hillis and Swain (1959) pointed out that
concentrations of flavonoid may change
markedly during maturation and storage.
Kefford (1959) reported qualitative varia-
tions related to cultural varieties.

In using the unfractionated vegetable ex-
tracts as antioxidants for meat, typical vege-
table odors were usually detectable in the
beef samples. Green-pepper-seed extracts
imparted a pungent odor resembling that
of acrolein.

Antioxidant activity of hydrolyzed and
unhydrolyzed extracts. The effect of hy-
drolysis of extracts on antioxidant activity
is shown in Table 3. Hydrolysis had no
apparent effect on over-all activity of the
extracts. The activity of fractions separated
by paper chromatography with water as the
chromatographic solvent was considerably
changed, however, after hydrolysis.

Fraction A, which did not move in the
water solvent, includes the flavone aglycones.

extracts on antioxidant activity.

Antoxidant indices

Hydrolyzed
C Extract A B c
10 12 12 10 0.9
2.2 5.0 38 3.2 15
2.7 5.2 4.0 2.3 19
4.6 >7.2" 43 6.5 20
5.0 >7.2" 7.0 45 25
4.7 >6.5" >6.5a 39 25

aExperiment discontinued because of mold growth in Petri dishes.
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Eluates from the A hand were devoid of Identification of aglycones. Chromato-
vegetable odors as well as amino acids and graphic and u.v. spectral analyses of agly-
sugars. Except for the potato extract, which cones isolated from the A fractions of
did not possess any significant antioxidant hydrolyzed extracts are summarized in
effect, hydrolysis markedly increased the Table 4. Chromatographic studies failed to
activity of the A fractions. The activity of demonstrate the presence of compounds
the B fractions decreased slightly from other than flavonol aglycones in the A band.
hydrolysis, and the C fraction activity de- Isolated and standard aglycones exhibited
creased considerably. The increase in A nearly identical u.v. absorbance spectra in
fraction activity and the decrease in activity absolute ethanol.
of the other fractions demonstrate that Quercetin derivatives are the principal
hydrolyzable components are responsible for  flavones of green onions, green onion tops,
a considerable amount of the antioxidant green peppers, green pepper seeds, and po-
activity of the extracts. Coupled with the tato peels. Only in green onion tops was a
fact that hydrolysis did not alter the activity, second flavone aglycone, myricetin, detected.
this indicates that the glycosides and agly- The myricetin concentration in the several
cones of the extracts possessed approxi- green-onion-top extracts analyzed was ap-
mately the same activity. proximately one-tenth the concentration of
Kelley and Watts (1957), using a caro- quercetin (in 20% extracts the quercetin
tene-lard system similar to the ones used concentration was of the magnitude of
in this study, also found that 3-glycosides 10“W and myricetin 106M). The fore-
of quercetin had approximately the same going statements should not be construed as
protection as quercetin. Crawford ct al. meaning that quercetin derivatives are the
(1961) found that methylation of the 3-hy- principal flavones of all plants. Although
droxyl group lowered the antioxidant ca- quercetin is the most common of the flavones
pacity of quercetin only slightly. However, (Gripenberg, 1962) some plants are devoid
considering the importance attached to the of quercetin yet contain appreciable quanti-
free 3-hydroxyl by others (Heimann and ties of other flavones. In this laboratory.
Reiff, 1953; Simpson and Uri, 1956; Lea Gofer (1963) recently found that the prin-
and Swoboda, 1956; Mehta and Seshadri, cipal flavone aglycone of turnip greens was
1959; Lea, 1962), the reason that the apparently not quercetin. The aglycone has
3-glycosides have the same activity as the not as yet been identified.
aglycones is not readily apparent. Quantitative recovery and antioxidant
Bands B and C still possessed appreciable activity of quercetin. The quercetin con-
antioxidant activity after hydrolysis. This centrations of the extracts were determined
means that vegetable components other spectrophotometrically in absolute ethanol at
than flavones are also important. The au- 258 nifu on chromatographically isolated and
thors are currently studying the identity of purified quercetin. For this comparison the
these components. molar absorptivity (2.1 X 104) was deter-

Table 4. Characteristics of flavone aglycones.

Rf values from two-dimensional chromatography

Second solvent X'max
No. Firstsolvent in
Extract aglycones BAW 15% acetic acid 30% phenol ethanol

Green onion i 0.63 0.04 0.32 258 369
Green onion tops 2 0.64 °0 0.33 ™v 370

0.44 0.12 0.15 254 373
Green pepper 1 0.63 0.06 0.31 257 o8
Green pepper seed 1 0.62 0.05 0.32 260 369
Potato 0
Potato peel 1 0.61 0.05 0.50 258 369
Quercetin 0.62 0.05 0.31 258 368

Myricetin 0.42 011 0.14 255 375
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mined from standard quercetin solutions.
The quantitative recovery of quercetin and
its antioxidant activity for 20% extracts are
shown in Table 5. The extracted quercetin

Table 5. Quercetin fraction from vegetables as
antioxidants on roast beef slices.

Quercetin

concentration TBA number

Source X 10-5M (3 day at 3°C)
Control 8.2
Potato peel 2.1 4.6
Green onion 2.4 41
Green pepper 2.6 3.8
Quercetin 5.0 2.9
Green onion top 6.3 25
Green pepper seed 6.8 2.2

represents a quercetin content in 100 g of
the original plant tissue ranging from 2.7 mg
for potato peels to 13.1 mg for green onion
tops. Since the tissues were not extracted
exhaustively, these figures were only ap-
proximations. From three to seven assays
were made on different samples of each
plant material; the variations in quercetin
for any one plant source were within +20%
of the mean value.

The antioxidant activity of standard quer-
cetin is compared to other standard flavone
aglycones in Table 6. In the present study,

Table 6. Antioxidant activity of standard flavone
aglycones.

Antioxidant
index
Aglycone (5 X 10'aM)
Quercetin
(3,5,7,3",4'-pentahydroxy) 35
Fisetin
(3,7,3',4'-tetrahydroxy) 3.7
Myricetin
{3.5,7,3". I"'5' hexahvdroxy 1 4.3
Robinetin
(3,7,3',4',5'-pentabydroxy) 4.3
Rhamnetin

(3,5,3",4'-tetrahydroxy 7-methoxy) 19

hydroxylation at both the 5 and 7 positions
did not lower antioxidant activity. This is
evidenced by the findings that quercetin and
fisetin had relatively the same activity, and
myricetin possessed the same activity as
robinetin. The antioxidant activity of rham-
netin was considerably below that of quer-

cetin, showing that the 7-hydroxyl group
is desirable. Dihydroquercetin was found
to have the same antioxidant activity as
quercetin, indicating either that the 2,3
double bond is not of major importance to
antioxidant activity or that conversion of
dihydroquercetin to quercetin took place
while the compound was in contact with the
oxidizing fat. However, chromatographic
tests demonstrated that dihydroquercetin
was not converted to quercetin by the hy-
drolysis procedure. Mehta and Seshadri
(1959) suggested that conversion might
account for the antioxidant activity of dihy-
droquercetin.

An additional hydroxyl group at the 5'
position increased antioxidant activity over
compounds having 3',4' hydroxylation only.
Robinetin and myricetin had greater activ-
ity than quercetin and fisetin. No flavone
aglycones were tested that possessed mono-
hydroxylation of the B ring.

Since all flavones have the carbonyl group
in the pyrone ring, no conclusions can lie
drawn from the data presented concerning
the importance of this group. However,
comparison of dihydroquercetin to D-cate-
chin (the only structural difference being
the carbonyl at the 4 position of dihydro-
quercetin) shows the importance of the
carbonyl in flavonoids without the 2,3
double bond. The respective antioxidant
indices for dihydroquercetin and catechin
are 3.7 and 14.

Summarizing the relations between struc-
ture and antioxidant activity from the limi-
ted number of comparisons available in this
study, it appears that, in the artificial aque-
ous lard system used: 1) dihydroxvlation
of the B ring increases antioxidant activity,
2) unsaturation of the pyrone ring is not
essential for activity, 3) 5,7 hydroxylation
of the chromone system did not decrease
activity, and 4) 3-glycosylation of 3-liy-
droxylflavone does not alter its activity.
More work is needed to determine the in-
fluence of glycosylation at other positions
in the flavone structure.

REFERENCES

Bate-Smith, E. C. 1948. Paper chromatography
of anthocyanins and related substances in
petal extracts. Nature 161, 835.



PRATT AND WATTS 33

Bate-Smith, E. C. 1954. Flavonoid compounds in
foods. Advances in Food Research 5, 261.
Bate-Smith, E. C. 1959. “Pharmacology of Plant
Phenols.” (J. W. Fairbairn, ed.) Academic

Press.

Cofer, A. 1963. Unpublished data.
University.

Crawford, D. L., R. O. Sinnhuber, and H. Aft.
1961. The effects of methylation upon the
antioxidant and chelating capacity of quercetin
and dihydroquercetin in a lard substrate.
J. Food Sci. 26, 139.

Gripenberg, J. 1962. Flavones. Chapter 13 in
“The Chemistry of Flavonoid Compounds.”
(T. A. Geissnian, ed.) Macmillan Company,
New York.

Harborne, J. B. 1959. The chromatography of the
flavonoid pigments. /. Chromatography 2, 581.

Heimann, W., and F. Reiff. 1953. The relation
between chemical constitution and antioxidant
activity of flavonols. Fette u. Seifen 55, 451.

Heimann, W., A. Heiman, M. Gremminger, and
H. H. Holman. 1953. Quercetin as an anti-
oxidant. Fette u. Seifen 55, 394.

Hillis, W. E., and T. Swain. 1959. The phenolic
constituents of Prunus domestica. Il. The
analysis of tissues of the Victoria plum tree.
/. Sci. Food Agr. 10, 135.

Jurd, L., T. A. Geissmann, and M. K. Seikel.
1957. The flavonoid constituents of Spirodela
oligorrhiza. Il. The flavone constituents.
Arch. Biochem. Biophys. 67, 284.

Florida State

Kefford, J. F. 1959. The chemical constituents of
citrus fruits. Advances in Food Research 9,
286.

Kelley, G. G., and B. M. Watts. 1957. Effect of
copper chelating agents on the pro-oxidative
activity of ascorbic acid with unsaturated fats.
Food Research 22, 308.

Kurth, E. F., and F. L. Chan. 1951. Dihydro-
quercetin as an antioxidant. J. Am. Oil
Chemists’ Soc. 28, 433.

Lea, C. H. 1958. Some nutritional and allied

problems confronting the food manufacturer:

Technological aspects of antioxidants. /. Sci.
Food Agr. 9, 621.

Lea, C. H. 1962. The oxidative deterioration of
food lipids. Chapter 1 in “Symposium on
Foods : Lipids and Their Oxidation.” ( H. W.
Schultz, ed.) Avi Publishing Co.

Lea, C. H., and P. A. T. Swoboda. 1956. On the
antioxidant activity of the flavonols, gos-
sypetin and quercetagetin. Chem. & Ind. 1956.

Lewis, E. J.,, and B. M. Watts. 1958. Antioxi-
dant and copper binding properties of onions.
Food Research 23, 274.

Mehta, A. C., and T. R. Seshadri.
noids as antioxidants. J. Sci.
18B, 24.

Ramsey, M. B. 1962. Unpublished thesis.
State University.

Richardson, G. A., M. S. El-Rafey, and M. L.
Long. 1947. Flavones and flavone deriva-
tives as antioxidants. J. Dairy Sci. 30, 397.

Scarborough, D. A., and B. M. Watts. 1949. The
prooxidant effect of ascorbic acid and cysteine
in aqueous fat systems. Food Technol. 3, 152.

Seikel, M. K. 1962. Chromatographic method of
separation, isolation and identification of flavo-
noid compounds. Chapter 3 in “The Chemistry
of Flavonoid Compounds.” (T. A. Geissman,
ed.) Macmillan Company.

Simpson, T. H., and N. Uri. 1956. Hydroxy-
flavones as inhibitors of anaerobic oxidation
of unsaturated fatty acids. Chem. & Ind. 1956.

Swain, T. 1962. Economic importance of flavonoid
compounds : Foodstuff. Chapter 16 in “The
Chemistry of Flavonoid Compounds.” (T. A.
Geissman, ed.) Macmillan Company.

Tarladgis, B. G., B. M. Watts, M. T. Younathan,
and L. Dugan, Jr. 1960. A distillation method
for the quantitative determination of malon-
aldehyde in rancid food. /. Am. Oil Chemists’
Soc. 37, 44.

Wu, M., and R. C. Burrell. 1958. Flavonoid pig-
ments of the tomato (Lycopersicum esculen-
tum Mill.) Arch Biochem. Biophys. 74, 114.

1959. Flavo-
Ind. Research

Florida



Seasonal Changes Occurring in the Pectinesterase
Activity and Pectic Constituents of the
Component Parts of Citrus Fruits
Il. Pineapple Oranges3

A. H. ROUSE
University of Florida Citrus Experiment Station
AND

C. i). ATKINS anD E. L, MOORE
Florida Citrus Commission, Lake Alfred, Florida

(Manuscript received June 24, 1963)

SUMMARY

Pectinesterase activity, 3 pectic fractions, and other characteristics were
determined periodically on 5 component parts of Pineapple oranges during
a 9-month maturation cycle for 2 seasons. Generally, PE activity was greatest
in the peel, membrane, and juice sacs in March, April, and May, when the
Brix/acid ratio was highest. However, the activity varied in similar com-
ponents for like months during the 2 seasons. The order of component parts
for PE in most cases, from highest to lowest activity, was juice sacs, membrane,
peel, seeds, and juice. Total PE in the average whole orange attained maxi-
mum activity in March and April. Over 52% of the activity present was found
in the juice sacs, which represented about 22.5% of the whole fruit. Water-
soluble pectin increased slightly in the peel and membrane, remained some-
what irregular in the juice sacs, and decreased to a constant level in the seeds
throughout the growing season. Ammonium-oxalate-soluble pectin in the
peel decreased slightly, and in the other components was either irregular or
increased slightly, during maturation. Quantity of protopectin was greatest
in the membrane and generally decreased toward the end of the sampling
period in the various components. Total pectin and weight of the average
whole orange was greater in the 1961-62 season than in the preceding season.

INTRODUCTION

The authors (Rouse el al., 1962) recently
reported on the pectinesterase activity (PE)
and pectic content occurring in the com-
ponent parts of the Valencia orange during
maturation. The present paper is concerned
with the enzymic activity and pectic content
in the various component parts during
growth and development of the Pineapple
orange. It is the most widely grown mid-
season orange in Florida, and, because of
the excellent flavor and color of the juice
(second only to the Valencia orange), ap-
proximately 35 million boxes were processed
into frozen orange concentrate and single-
strength juice during the 1961-62 season.

* Cooperative research by the Florida Citrus Ex-
periment Station and the Florida Citrus Commis-
sion. Florida Agricultural Experiment Stations
Journal Series, No. 1682.

Research on seasonal changes in the pec-
tic substances has placed emphasis upon the
Valencia orange. Gaddum (1934), Sinclair
and Jolliffe (1961), and Rouse et al. (1962)
have reported on the pectic changes in the
various components of the Valencia orange
at different stages of maturity. Rouse (1953)
reported the distribution of PE and total
pectin in 6 component parts of matured
Pineapple orange, and that juice sacs con-
tained the most PE units, while the great-
est amount of pectin was found in the
membrane.

This investigation was made to determine
variations due to seasonal changes in PE
activity and in the 3 pectic fractions of com-
ponent parts of Florida Pineapple oranges.
These pectic fractions are water-soluble,
aniinonium-oxalale soluble (the insoluble
pectates and pectinates), and sodium-hv-
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droxide-soluble or protopectin. Changes in
weight, total solids of the whole orange, per-
centage by weight of the component parts,
and soluble solids/acid ratio of the juices
were also determined during maturation of
the fruit. The component parts of the fruit
consisted of peel, membrane, juice sacs,
seeds, and juice. Data are also presented
on the PE activity and total pectin present
in the whole orange during the growth
cycle.

EXPERIMENTAL PROCEDURE

Preparation of samples. Pineapple oranges
grown on rough lemon rootstock were picked the
first of each month (September through May) for
2 years from the same trees, washed, dried, and
separated by hand into peel, membrane, juice sacs,
seeds, and juice. These components are briefly
described as follows:

1) Peel consists of the flavedo, or epicarp, which
is the outer colored portion of the peel, and the
albedo, or the white spongy portion, known as the
inner mesocarp. This also includes the central core.

2) Membrane is the segment membrane, or endo-
carp tissue, enclosing the juice sacs. This is some-
times referred to as the rag.

3) Juice sacs are the vesicles that hold the juice.

4) Seeds.

5) Juice is the liquid expressed from the sacs.

From IS to 24 oranges, depending on fruit size,
were used in preparing the samples of component
parts. The peel, membrane, and seeds were in-
dividually comminuted in an Osterizer, whereas
the juice was expressed from the juice sacs by a
Watson-Stillman hydraulic press to 40 psig.

Procedures in preparing the component parts for
PE determination and for alcohol-insoluble solids
(A1S) were as described by Rouse et al. (1962)

35

for Valencia orange. Pectic fractions were ex-
tracted from the AIS of the various components.

Methods of analysis. PE activity and the 3 pectic
fractions were determined and reported on a dry-
weight basis as described by Rouse et al. (1962).

Soluble solids as degrees Brix by spindle at
17.5°C, total acid as citric, and moisture contents
were determined by conventional methods. Ratios
of total soluble solids to acid were calculated.
Obtained by calculation were total solids, PE ac-
tivity, and total pectin of the average whole orange.

RESULTS AND DISCUSSION

Eleven healthy Pineapple orange trees
were selected from Block Il at the Citrus
Experiment Station. No appreciable differ-
ence was noted in growth, production, or
fruit quality of these trees during this study.
Seasonal differences were found in some
characteristics of Pineapple oranges during
the two growth seasons, as were found
for the Valencia oranges (Rouse et al,
1962).

Table 1 presents some general character-
istics of Pineapple oranges for a 9-month
period during the 1960-61 and 1961-62
seasons. The weights of the average oranges
in the two seasons were, respectively, 128
and 165 g in September, and 181 and 245 ¢
in May. Also, for corresponding months
during the two seasons, the average total
solids of the whole oranges were from 15.7
and 16.1% to 18.1 and 18.8%. Total soluble
solids in the juices were respectively 8.55-
12.96° and 9.38-14.10° Brix in 1960-61 and
1961-62. The Brix/acid ratios of the ex-
tracted juices were slightly higher for the
1960-61 season, with slightly lower soluble

Table 1. Comparison of Pineapple orange characteristics in relation to maturity during
2 citrus seasons.

1960-61

Orange Total solids .
° Brix

Sampling average of av. whole

time wt. (g) orange (%) of juice
September 128 I1S.7 8.55
October 162 15.0 8.65
November 164 16.2 9.90
December 158 17.6 11.70
January 172 18.1 12.00
February 170 18.1 12.28
March 174 184 12.80
April 177 18.0 13.15
May 181 181 12.96

1961-62

Brix/acid Orange Total solids i Brix/acid
ratio average of av. whole ° Brix ratio
of juice wt. (g) orange (%) of juice of juice
5.12 165 16.1 9.38 4.62
7.21 196 17.0 10.05 6.57
9.71 175 181 11.40 9.19
12.58 199 18.2 12.10 10.80
13.64 201 181 12.85 12.36
15.35 233 18.7 12.90 13.87
17.30 227 18.2 13.15 15.84
19.63 222 185 13.90 17.38
22.34 245 18.8 14.10 20.14
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solids than those found for juices during
the 1961-62 season.

Component parts of fruit. The percent-
ages of component parts in Pineapple
oranges examined during this 2-year study
are presented in Table 2 for each month,
September through May. Actually, the per-
centage of an individual component did not
vary greatly during this part of the matura-
tion period, except for the seeds, which
generally decreased as the fruit matured and
became larger. In 1960-61 the quantity of
extracted juice was greatest (44.2%) in
oranges harvested in November, whereas
in 1961-62 the juice yield was greatest
(approx. 40.0%) in November, December,
and March. The order of least to greatest
quantity of component parts was seeds, mem-
brane, peel, juice sacs, and juice. However,
in 1961-62 the percentage of juice sacs was
less than that of the peel. This was due to
the sudden increase in peel and decrease in

juice sacs during the last 3 months of ma-
turation. The respective average percent-
age values for each of these components
were 3.8, 13.7, 19.9, 23.6, and 39.0 in 1960-
61, and 3.5, 14.2, 22,7, 21.9, and 37.7 in
1961-62. There was slightly less peel and
more juice sacs and juice in the average
whole orange the first year, and practically
no difference between the 2 citrus seasons
in membrane and seeds.

Pectinesterase activity. Table 3 shows
the distribution of PE activity, on a dry-
weight basis, in the component parts of
Pineapple oranges for 2 seasons. Peel, mem-
brane, and juice sacs were the most active
in PE, and in most instances these 3 com-
ponents were more active in PE the last
3 months of this maturation study, when the
Brix/acid ratios were greatest.

The order of component parts for PE,
from lowest to highest activity, was juice,
seeds, peel, membrane, and juice sacs. This

Table 2. Distribution of the component parts in Pineapple oranges during 2 citrus seasons.

1960-61

Sampling Peel Membrane Juice sacs Seeds

time (%: (%) (%) (%)
September 24.9 132 201 5.3
October 19.1 12.7 28.8 4.0
November 17.3 131 21.6 3.8
December 16.0 141 245 35
January 18.9 153 21.6 3.7
February 20.1 139 24.5 33
March 19.8 13.6 225 3.9
April 21.8 124 24.6 3.2
May 21.1 15.0 23.9 33
Av. 19.9 13.7 23.6 3.8

1961-62

Juice Peel Membrane Juice sacs Seeds Juice
(%) (%) (%) (%) (%) (%)
36.5 25.6 14.7 18.9 4.7 36.1
35.4 21.4 14.1 22.8 4.8 36.9
44.2 20.4 14.0 22.2 3.6 39.8
41.9 21.4 144 20.5 39 39.8
40.5 20.1 12.8 28.8 3.2 35.1
38.2 23.4 138 25.8 2.8 34.2
40.2 22.8 15.8 18.2 31 40.1
38.0 24.0 145 19.7 3.0 38.8
36.7 254 139 19.7 2.2 38.8
39.0 22.7 14.2 21.9 35 37.7

Table 3. Distribution of pectinesterase activity in the component parts of Pineapple
oranges during 2 citrus seasons.

1960-61
(PE.u.)g total solids X 1000

Sampling

time Peel Membrane Juice sacs Seeds
September 455 52.2 221.4 75
October 61.8 515 300.9 55
N ovember 73.8 147.6 313.9 5.2
December 50.8 59.5 298.4 2.2
January 54.9 112.8 3375 4.0
February 51.1 79.7 286.4 35
March 141.3 198.4 597.4 3.0
April 143.2 184.5 479.8 4.1
May 84.3 158.0 408.3 3.6
Av. 785 116.0 360.4 4.3

1961-62
(PE.u.)g total solids X 1000
Juice Peel Membrane Juice sacs Seeds Juice
2.6 69.9 54.5 3415 9.8 12
2.6 61.0 57.1 296.7 4.1 3.3
11 68.9 79.0 2725 3.8 19
0.3 72.0 120.1 367.6 51 2.6
0.9 63.8 80.7 281.1 51 25
0.9 51.0 85.4 251.5 25 1.6
0.8 83.5 129.5 349.0 6.6 3.2
16 725 122.6 362.8 4.9 2.2
0.8 64.7 123.6 294.4 4.7 0.7
13 67.5 94.7 313.0 5.2 21



ROUSE, ATKINS, AND MOORE

37

Table 4. Total pectinesterase activity and total pectin in the average Pineapple whole
orange during 2 citrus seasons.

1960-61
Sampling Total PE X 103  PE due to

time in fruit juice sacs (%)
September 1,303 56.8
October 2,261 67.1
November 2,510 60.1
December 2,277 69.7
January 3,014 63.0
February 2,614 65.7
March 5,830 60.5
April 5,203 55.9
May 4,292 59.8

order was the same as found in Valencia

oranges by Rouse et al. (1962). The respec-
tive average PE values for these components
were 1.3, 4.3, 78.5, 116.0, and 360.4 in 1960-
61, and 2.1, 5.2, 67.5, 94.7, and 313.0 in
1961-62. The highest PE value reported by
Rouse (1953) in mature Pineapple oranges
was 794.5 units for juice sacs, whereas the
highest value for this component was found
to be 597.4 units during this 2-season study.

Total PE activity for the average whole
orange is shown in Table 4 for each month of
the maturation study. Over 52% of the en-
zymic activity came from the juice sacs,
which represented approximately 22.5% of
the whole orange for the 2 seasons.

Pectic substances. Individual values of
the water-soluble, ammonium-oxalate-solu-
ble, sodium-hydroxide soluble, and total

pectins for each component part for each
month during 2 seasons, were averaged to-
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Fig. 1 Changes in the pectic fractions of the
peel during maturation of the Pineapple orange.
Each curve represents the mean values for 1960-
61 and 1961-62 seasons.
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Fig. 3. Changes in the pectic fractions of the
juice sacs during maturation of the Pineapple
orange. Each curve represents the mean values
for 1960-61 and 1961-62 seasons.
gether (Figs. 1-4). Because of the low con-
centration of pectic fractions in the juices,
their average amounts are not shown. Total
pectin ranged from 0.37 to 0.60%, of which
the water-soluble pectins corresponded to
74-84%.
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Total pectin for the average whole orange
is shown in Table 4 for each month of the
maturation study. The quantity of total
pectin per average orange was greater in
1961-62 than in 1960-61, but the fruit was
also heavier (Table 1) during the second
year. However, the range of percent total
pectin was similar in the whole fruit, being
respectively 14-2.0% and 1.5-2.1%, for
1960-61 and 1961-62.

Peel. Fig. 1 shows changes in pectic frac-
tions on a dry-weight basis for the peel of
Pineapple oranges. Water-soluble pectin
generally increased slightly throughout the
growth cycle. The quantity of ammonium-
oxalate-soluble pectin was greatest in this
component, varying from 10.23 to 8.69%
and decreasing slowly with maturity. So-
dium-hydroxide-soluble pectin, protopectin,
increased to a high of 5.36% in November,
and decreased to its lowest (1.39%) in De-
cember, after which it increased and leveled
off for several months and then, in May,
dropped suddenly to 1.72%. Total pectin,
of course, resulted from the sum of the 3
pectic fractions, the highest (17.46%) in
November and the lowest (13.03%) in May.

Membrane. Fig. 2 shows the percentages
of the pectic fractions in membrane. Total
pectin is most abundant in the membrane be-
cause of its excellent source of water-soluble
pectin, and particularly of the sodium-hy-
droxide-soluble pectin present. Trends in
the curves for both water- and ammonium-
oxalate-soluble pectins were to increase gen-
erally throughout the maturation season.
Water-soluble pectin varied from 2.90%, in
September, to 5.57%, in May. In September
and October, the immature fruit contained

PECTINS AND PECTINESTERASE IN PINEAPPLE ORANGES

12.06 and 11.57%, respectively, of the so-
dium-hydroxide-soluble fraction, which de-
creased to 7.63% in November and contin-
ued to diminish during maturity to 4.58%
in April. Total pectin (20.18%) was great-
est in September and least (14.23%) in
March.

Juice sacs. This component is of more
concern to the citrus processor of frozen
concentrated orange juice because it con-
tains a high potential of PE activity in the
tissue, and a large portion of the pulp in
citrus juice consists of juice sacs. Because
of the importance to processors and varia-
tion of PE in this component, PE activities
were plotted for each season (Fig. 5). In
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Fig. S. Changes in the PE activity of the juice
sacs during maturation of the Pineapple orange for
the 1960-61 and 1961-62 seasons.

1960-61 an activity of 597.4 units was ob-
tained in March, whereas in 1961-62 two
peaks of activity were reached, one in De-
cember and the other in April, respectively
367.6 and 362.8 units.

All 3-pectic fractions (Fig. 3) were very
irregular during the first 3 months of the
maturation cycle. Generally, the water- and
ammonium-oxalate-soluble pectins varied
very little from December to May, whereas
the sodium-hydroxide-soluble fraction de-
creased from a high (5.01%) in November
to a low (1.89%) in May. Total pectin in
the juice sacs is the primary source of pectin
in citrus juices, varying from 9.82 to 5.77%.

Seeds. Seeds account for approximately
3.6% (Table 2) of the average whole Pine-
apple orange, being somewhat greater when
the orange is immature and generally less
as the fruit becomes larger (Table 1). Total
solids of the seeds varied from 26.6% to
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53.4%, the lower percentage when the Brix/
acid ratio was low, and the higher percentage
when this ratio was greater. This coincided
with that found for Valencia orange seeds
(Rouse et al., 1962). Water-soluble pectin
(Fig. 4) definitely decreased from 7.50%
in September to 3.05% in November, and
continued to be almost constant for the re-
mainder of the growing cycle. General pat-
terns for the oxalate- and sodium-hydroxide-
soluble fractions were low, the former rang-
ing from 0.97 to 1.50% and the latter from
0.86 to 1.97%. In most cases, total pectin
was influenced by the large quantity of
water-soluble pectin present.
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Effect of lonizing Radiations on Plant Tissues.
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SUMMARY

A study was conducted of changes that occur in peede and cellulose con-
stituents of apple, carrot, and beet tissues as a result of treatment with gamma
radiation. In apple tissues, degradation of both these constituents occurred
at approximately the dose at which tissue softening could be first demon-
strated, and progressed with increasing dose. The degradation of pectins was
demonstrated by several criteria, such as the loss of viscosity in the individual
fractions, the loss of specific viscosity calculated for a constant uronide or
calcium pectate value, and by change in the soluble-insoluble pectin ratio.
Cellulose degradation was characterized by a decrease in the specific viscosity
calculated for 0.15% cellulose solutions.

Although these findings were corroborated in carrot tissues, the softening
of beets does not seem to be as clearly accompanied by such marked changes
in pectins and cellulose. Whereas previously published data indicated that
beets have a higher softening threshold dose than either carrots or apples,
this does not explain the differences found. It is suspected that other factors,
such as cell turgidity, are involved in the softening process, and is here respon-

sible for this phenomenon.

There are many observations in the liter-
ature that, when plant tissues are exposed
to ionizing radiations exceeding approxi-
mately 25 krads, changes take place in the
texture or firmness (Brasch and Fluber,
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1947 ; Morgan, 1955 ; Hannan, 1955). The
threshold dose (TD) at which this change
occurs differs significantly for various plant
tissues (Glegg et ai, 1956; Boyle et al,
1957). It is possible that such softening
may be desirable in a few instances, but in
most cases it is regarded as an undesirable
side-effect.

The relation between the softening of
plant tissues by ripening and exposure to
heat and concurrent changes in the various
pectic constituents is well established for
many fruits and vegetables (Kertesz, 1951).
ITowever, only a few articles deal with the
relationship of radiation-induced texture
changes to in vivo alterations of pectins and
none of cellulose. Roberts and Proctor
(1955), wusing microchemical methods,
found that irradiating potatoes with 2-3
mrads of cathode rays produced noticeable
alterations in the middle lamellae and that
these changes were accompanied by a soften-

[40]



KERTESZ, GLEGG, BOYLE,

ing of the potatoes. Those authors did not
measure the texture changes and the pectic
alteration quantitatively. McArdle and Ne-
hemias (1956) reported texture measure-
ments on apples and carrots irradiated with
gamma rays up to 2.5 rnrads and found that
the softening was accompanied by decrease
in both protopectin and total pectins,
whereas the proportion of soluble pectins
and pectates increased. They state that the
lowered viscosities of the various extracts
indicated a “depolymerization of the pectin,
pectate, and protopectin.” Previous com-
munications from this laboratory have also
presented evidence for the depolymerization
of both pectin (Skinner and Kertesz, 1960;
Kertesz et al., 1956) and cellulose (Glegg
and Kertesz, 1957), but in model in vitro
systems.

Of the various fruits and vegetables that
might be likely prospects to exhibit certain
benefits from radiation treatment, apples,
carrots, and beets appeared to possess tex-
ture properties that might be critical to
product acceptability, and at the same time
were readily adaptable to the types of meas-
urements and analysis planned in this study.
We have previously reported some objective
measurements of the radiation-induced firm-
ness changes in several varieties of these
tissues (Glegg et al., 1956; Boyle et al.
1957). The present paper deals with con-
comitant changes in the pectic constituents
and cellulose of these samples. Although
our primary interest involves the early stage
of radiation-induced tissue softening rather
than the advanced stages, where the tissue
characteristics have been extensively
changed, data were obtained on a wide range
of firmness.

METHODS AND MATERIALS

The apples used were of the varieties MciIntosh,
Rome Beauty, and Baldwin. The fruit was grown
in the Experiment Station orchards, picked at a
“commercial” state of maturity, and stored for a
maximum of 3 months at 31°F until use. Carrots
of the variety Red Core Chantenay were harvested
from Experiment Station plots in early November,
and held in common storage for approximately
2 months before use. The beets, of the variety
Detroit Dark Red, were obtained from local
sources and held in common storage for less than
2 months before use. All fruits and vegetables
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were in excellent physiological condition at time
of use. Because of the physical limitations of the
radiation source used, it was not possible to irradi-
ate intact samples in numbers sufficient for sta-
tistical significance or for dose uniformity. Hence,
pieces of tissue were used in the form of cylinders
18 mm in diameter and 10 mm in height, wrapped
in Saran film and sealed with cellophane tape.
This packaging almost completely prevented the
browning of apple tissue during the duration of
the experiment and also averted any serious change
in moisture content. No other physiological
changes were observed. Although atmospheric
composition in and around the tissue was not
measured, almost certainly conditions of high car-
bon dioxide and low oxygen were built up under
the 22-26-hour period of handling at ambient tem-
peratures between 21 and 25°C. Other experi-
ments have indicated that no significant change in
composition of the pectin and cellulose content
of these tissues may be attributed directly to the
specific environmental conditions experienced here.
Further, other experiments conducted with intact
apple tissues have verified the validity of the
changes observed in more detail in these experi-
ments. The possibility of artifacts due to the
experimental protocol must be borne in mind,
however. Other details of these samples have
been previously reported (Boyle et al., 1957).

Irradiation. Irradiation with Cobalt-60 gamma
rays was performed in the same manner as pre-
viously described in another report of this series
(Glegg et al., 1956). Briefly, irradiation was
conducted at various dose rates established by
varying the distance from the source over an
18-hour exposure period. This was accomplished
by placing the tissue pieces in horizontal planes
directly over the source, at locations previously
determined to afford radiation-field uniformity to
within *+5% . W.ithin 4-8 hours of irradiation,
the firmness of the tissue cylinders was measured
in resistance to crushing load in a device de-
scribed previously (Glegg et al., 1956; Moyer et al.
in preparation).

Preservation of tissue samples. Immediately
after firmness measurement, the tissue cylinder
remnants were weighed and put into a twofold
weight of boiling 95% ethanol. The ethanol was
brought back to a boil, and boiling was continued
for 3 min. After cooling and standing overnight
at room temperature, the samples were ground
in a Waring blender and again allowed to stand
overnight at room temperature. Following a series
of filtrations through nylon cloth and replacement
with 70%, then with 95%, and finally with abso-
lute ethanol, the tissue samples were allowed to
drain. Further drying was accomplished first in
air and then in vacuum over p205. These samples
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of alcohol-insoluble solids (A1S) were stored for
subsequent determinations of pectin fractions and
cellulose.

Pectin extraction and evaluation. The pectin
extractions were accomplished by a maodification
of methods described in detail elsewhere (Ker-
tész, 1951). Briefly, the extractions were made
through fritted-glass filters under constant tem-
perature conditions as described by Weihe and
Phillips (1947). Samples of AIS weighing 0.25 g
were extracted with three solvents. The first
three extractions were each made witli 15 ml of
water, at 30°C. Then the residue was extracted
3 times with a solution containing 0.2% Calgon
and 0.8% NaCl at 30°C, and finally three times
more with 0.05N HC1 at 80°C. Then the residue
was rinsed with 3 ml of water, and this was added
to the acid extract. The water, Calgon and acid
extracts were collected separately and made up
to 50 ml each with enough Calgon and NaCl added
to give respective final proportions of 0.2 and 0.8%.
The extracts were all adjusted to pH 6.0+0.2.
Following viscosity measurement, the residues
were kept in aqueous suspension for subsequent
use in cellulose determination.

Viscosities of the three separate fractions
were determined at 30°C in Ostwald-Cannon-
Fenske pipettes. In many cases the viscosities
were also determined in a series of dilutions,
using a solution containing a 0.2% Calgon and
0.8% NaCl as diluent. The “average specific
viscosity” values were obtained by averaging the
results obtained on the water, Calgon, and acid
extracts. Uronic acids were determined by the
McContb and McCready (1952) method.

Cellulose extraction and evaluation. Each of the
residues from the pectin determinations was di-
gested overnight with 1% (filtered) Pectinol 100D
solution, and washed four times with hot water,
twice with 95% ethanol, twice with absolute etha-
nol, and finally with ether, using about 25 ml
liquid each time and centrifuging after each wash-
ing. The residue was then dried in vacuum over
P=Or, and weighed.

For the determination of cellulose solution vis-
cosity, 125 ml of water was added to the residue
in a 25-ml Erlenmeyer flask and allowed to stand
overnight. Residue was then broken up into fine
pieces with a stirring rod, and 25 ml of cupri-
ethylenediamine (CED) were added. The flask
was next flushed out with nitrogen, and the sample
was swirled for 10 min. Then 10 ml more of CED
were added, the flask was again flushed with
nitrogen, and the sample was shaken for 15 min.
The solution was transferred to a centrifuge tube
with glass stopper, flushed again with nitrogen,
and centrifuged for 15 min at 2,000 rpm. At least
16 ml of the supernatant was poured off to be

used for viscosity determinations. Viscosity was
determined on the original solution, and on 3
further dilutions made with mixtures of equal
volume of CED and water. The solution was
recovered as completely as possible from pipettes,
flasks, etc., plus the washings from the residue.
The CED-insoluble matter (the insoluble residue)
was washed into a weighed fritted-glass filter and
washed once with 50% alcohol. Then it was dried
3 hr at 105°C, cooled for 0.5 hr, and weighed.

The cellulose was precipitated from the com-
bined recovered CED solutions by the slow addi-
tion of 27 ml of 5N H2SO4 The mixture was
centrifuged for 15 min at 2,000 rpm, and the
supernatant was removed by filtration. The cellu-
lose residue was resuspended, and washed 3 times
with water and once with 50% alcohol. The pre-
cipitate was aspirated as dry as possible, and then
oven-dried overnight at 105°C. The percentages
of cellulose were then calculated as previously re-
ported (Kertesz et al., 1958).

RESULTS AND DISCUSSION

Alcohol-insoluble-solids (A1S) content of
our samples (irradiated and unirradiated)
ranged as follows: Apples, Baldwin 1.56-
2.21%, Rome 1.53-1.74%, and Mclntosh
1.73-2.03%; carrots, 2.20-2.42%; beets,
2.33-3.16%; apple purée, 3.01-3.80%; and
beet purée, 2.57-2.86%. There was no sig-
nificant correlation between AIS and radia-
tion dose. Therefore it is concluded that
irradiation within this dose range has no
detectable effect on this constituent.

In respect to the pectin analysis with
apples (the tissue studied most extensively)
viscosity measurements (both independent
of and corrected for a given concentration
of uronide) have been emphasized. In-
creased doses of radiation caused a progres-
sive increase in the viscosity of the water
extracts. The Calgon extracts showed a
slight viscosity increase at first, but above
100 krad showed a progressive decrease.
The most pronounced and consistent change
occurred in the acid-extracted fractions,
which in all instances showed a definite pro-
gressive decrease in viscosity. For the sake
of brevity, only the data for the Mcintosh
determinations are presented in Table 1
The data for other varieties followed all
trends indicated.

The changes that occur in the pectins of
all the irradiated apple tissues are shown
graphically by plotting the average specific
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viscosities of isolated pectins (independent
of pectin concentration) vs. log dose of
gamma radiation applied (Fig. 1). A thresh-

T T T T Ll T ‘|—‘
L ]
.
+80 u
+60| |
_ +of i
®
=
£ ook ]
3 o
Q
a
> 0 < i
S +
£
&
a -20f
5
4
6 -40} -
z PECTINS
z ACID-SOLUBLE +
v e -
-60 WATER.SOLUBLE .
CALGON-SOLUBE — — — O
-80+ o
1 1 i 1 1 1 i
0 1.0 20 30 4.0 50 60 70

LOG RAD

Fig. 1. Changes in the viscosities of three differ-
ent pectin extracts from irradiated apple tissues.

old value for pectin changes of about 37
krad was obtained, which is very near to
the 32 krad TD previously found for the
softening of these tissues (Bovle et al.,
1957).

Further experiments on the concentration-
viscosity relationship were conducted by de-
termining uronide content and calcium pec-
tate values. One series of such measure-
ments is also presented in Table 1. The
large change in the soluble vs. insoluble
pectin ratio in both calcium pectate and
uronide determinations substantiates the
viscosity data and also indicates progressive
solubilization of the originally Calgon- and
acid-insoluble pectins.

The transient increase in viscosity of Cal-
gon-soluble pectins noted at doses slightly
above the threshold is of interest. Two pos-
sible explanations were considered. First, it
seemed possible that the concentration of this
fraction might have increased, resulting from
reinforcement by products from partial
degradation of the relatively more radiation-
susceptible acid-soluble fraction. Second, it
also seemed possible "hat an actual increase
in the viscosity of this fraction might have

resulted from radiation-induced cross-link-
ing (Wahba et al., 1963). To this point, we
have found that the increase in viscosity of
the Calgon-soluble fraction in the 10-100-
krad range is accompanied by a correspond-
ing increase in the anhydrogalacturonic acid
content, an observation in harmony with the
first of the above alternatives. The possi-
bility of an actual increase in viscosity
through radiation-induced cross-linking, al-
though not specifically ruled out, is also
considered relatively remote in view of the
rather sharply restricted pil range through
which this effect has been noted in model
systems (phi 14—2.6).

Calcium pectate determinations were
made on most, but not all, pectin extracts.
For the apple samples, an average ratio of
0.569 for galacturonic acid anhydride vs.
calcium pectate was obtained with a range
of 0.434—0.734. This indicates that the cal-
cium pectate values were almost twice as
high for the pectin contents as those calcu-
lated from the uronic acid determinations.
This is not entirely surprising in that cal-
cium pectate values for purified pectins run
about 110%, and that the calcium pectate
precipitates were not purified or further
analyzed for correction for non-pectic im-
purities. However, the ratio was constant
enough to help in evaluation of the radiation-
induced changes.

The total proportion of calcium pectate
was found to be similar in the unirradiated
and irradiated apples, an observation in har-
mony with the lack of changes in AIS con-
tent. The soluble-insoluble pectin fraction
(calculated on the basis of the calcium pec-
tate contents of the fresh tissues) increased
irregularly with radiation dose. However,
the degradation of the pectin in all three
fractions brought about by increased irradi-
ation dose is clearly demonstrated by both
the direct viscosity measurements and the
specific viscosity values expressed on the
basis of 0.05% calcium pectate content.

Table 2 presents data obtained from the
analysis of carrot tissue. Only two radiation
doses were applied in these studies, both of
which are above the softening threshold pre-
viously reported (approximately 170 krad).
A progressive degradation of all pectin frac-
tions with increasing radiation dose is indi-
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KERTESZ, GLEGG, BOYLE.

cated. The doses are not extensive enough
to indicate the possible occurrence of the
transient increase in viscosity of the Calgon-
soluble pectins at doses slightly above the
threshold, as in the apple data, and hence it
is not known whether this phenomenon oc-
curs in this tissue. With this possible excep-
tion, we conclude from these data and others,
from both this laboratory and elsewhere
(McArdle and Nehemias, 1956), that the
preceding discussion of the relation between
pectin content of irradiated and unirradiated
apple tissue applies equally well to the
results of our analysis of irradiated and
unirradiated carrot tissues.

The data obtained from our analysis of
beet tissue are presented in Table 3. Here
the results are quite irregular, and not
nearly as clear as those presented (in ap-
proximately the same detail) for apple tis-
sue. Despite the high dose these tissues
received, resulting in considerable softening,
little or no evidence was obtained of con-
sistent changes in the pectin constituents.
The TD for softening of beets has been
shown by Glegg et al. (1956) to be approxi-
mately 300 krad, a value considerably in
excess of that found for apple tissue, and
approximately double that of carrot tissue.

The changes in cellulose of irradiated
Mclntosh apples (Table 1) indicate pro-
gressive loss of viscosity with increased dose.
The relatively large experimental variation
in these cellulose determinations is a re-
flection of the rather complex procedure
used for isolation of this component. Al-
though both the intrinsic and specific viscos-
ity values calculated for a given cellulose
concentration show a decrease with increas-
ing radiation, the decrease in the specific
viscosity values calculated for a 0.15% cellu-
lose solution appears to express this rela-
tionship best. The cellulose results presented
for carrots (Table 2) indicate somewhat
similar results, although, as with pectin, not
to the marked extent in apple tissue. With
beets, however, no consistent trend was ob-
tained (Table 3).

Fig. 2 summarizes the over-all relation-
ship between softening of irradiated apple
cylinders and degradation of tissue pectins
and cellulose. The TD for the degradation
of pectins and cellulose is nearly identical
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Fig. 2. Over-all relation between softening of
irradiated apple tissues as measured by the crushing

load and degradation of tissue pectins and cellulose
as measured by changes in viscosity.
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with the TD where the first measurable
radiation-induced softening occurs. Pectin
appears to be somewhat more susceptible to
degradation by ionizing radiation than does
cellulose. It will be noted that there is not
a complete coincidence of the dose response
of either pectin or cellulose degradation to
that of tissue softening ; however, it is pos-
sible that the additive effect of the two
responses could account for the resultant
softening.

This relationship is apparently not nearly
as clear, however, with all plant tissues. Al-
though measurable degradation of both pec-
tins and cellulose of carrot tissues has been
shown to occur in a manner similar to that
of apple tissues, the softening of beets by
irradiation does not seem to be as clearly
accompanied by changes in these constitu-
ents. Whereas we have established that
beets have a somewhat higher softening
threshold value than that of the other two
tissues examined, this is not sufficiently
higher to explain the absence of the relation-
ship. It is suspected that some additional
factors, perhaps including changes in cell
turgidity, are involved in the softening of
plant tissue by gamma irradiation.
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Changes in Chicken Muscle Proteins During Aseptic
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SUMMARY

Analysis of chicken muscle proteins of 10-week-, 4-month-, and 8-month-
old birds, stored under aseptic conditions at 0, 2, and 5°C, showed quantita-
tive changes in the total extractable, myofibrillar, sarcoplasmic, and non-
protein-nitrogen fractions during 7 weeks storage. Changes were small in the
stroma-protein fraction, actomyosin fraction, and the myosin-adenosinetriphos-
phatase activity of the actomyosin fraction. The myosin fraction increased
during storage except in breast muscle of 10-week-old birds. The sarcoplasmic-
protein fraction decreased in the leg muscle of 10-week-old birds and the
breast muscle of 4- and 8-month-old birds, but not in the breast muscle
of 10-week-old birds. The non-protein-nitrogen fraction and the amount of
protein-breakdown products increased in both breast and leg meat, irrespective
of bird age. Proteolysis increased with storage time and temperature. The
significance of proteolytic changes in quality deterioration is discussed, and
the results are compared with those previously obtained for storage at below-

freezing temperatures.

INTRODUCTION

Changes in chicken breast and leg muscle
proteins during frozen storage were previ-
ously investigated (Khan et at., 1963) as
part of a wider study on the effects of freez-
ing and frozen storage on poultry meat. The
work has been extended to compare changes
occurring during storage at above- and
below-freezing temperatures. Microbial
growth and oxidation, which in normal stor-
age would not permit such a comparison,
were minimized by storing the samples under
aseptic conditions in nitrogen. This paper
describes quantitative changes in myofibril-
lar, sarcoplasmic, stroma, and non-protein-
nitrogen fractions of breast and leg muscle
from chickens of different ages.

EXPERIMENTAL METHODS

Tests were made with meat from 10-week-,
4-month-, and 8-month-old chickens (male, Ottawa
Meat Control Strain). Birds in each age group
were obtained from a single flock, and 4-8 birds
were used in each test. The birds were Killed in

aPaper presented at the Annual Meeting of the
Institute of Food Technology, May 26-29, 1963,
Detroit.

Contribution from the Division of Applied Biol-
ogy, National Research Council, Ottawa 2, Canada.
Issued as N.R.C. No. 7699.

the laboratory by cutting the jugular vein and
carotid artery, bled for 2-3 min, scalded for 2 min
at 53-54°C, plucked by hand, eviscerated, and aged
for 24 hr in drained ice. Meat was deboned and
dipped in chlortetracycline solution, 10 ppm, and
sodium hypochlorite solution, SO ppm. Each sam-
ple was placed in a sterilized Cry-O-Vac bag, and
the bag was flushed with nitrogen. To obviate the
effect of bird-to-bird variability, comparisons were
made between two or four samples of breast and
leg muscle of one bird stored at 0°C for different
periods during maximum storage life of chicken
meat (up to 7 weeks). To test the effect of stor-
age temperature, some experiments were also made
at 2°C and 5°C. Microbiological examination of
samples at the time of analysis (van den Berg
ct ai.,, 1963a) showed no bacterial contamination
in most cases. Results from experiments with
samples found contaminated were discarded.
Preparation of samples, and extraction and frac-
tionation techniques found most suitable for analy-
sis of chicken muscle proteins (Khan, 1962), were
used. In brief, extraction and fractionation of
muscle proteins was carried out in KClI-borate
buffer, pH 7.5 and ionic strength (T/2) 1.0. The
non-dialyzable-nitrogen fraction soluble at r/2 =
0.50 and insoluble at T/2 = 0.25 is reported as
actomyosin, that soluble at T/2 = 0.25 and insolu-
ble at T/2 = 0.08 as myosin, and that soluble at
T/2 = 0.08 as sarcoplasmic proteins. The non-
protein-nitrogen fraction was obtained by precipi-
tating proteins with trichloroacetic acid. Protein-
breakdown products were estimated in the

[49]
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non-protein-nitrogen fraction both by Folin-Ciocal-
teu reagent (Folin and Ciocalteu, 1927) and by
ninhydrin reagent (Rosen, 1957) and were ex-
pressed in terms of tyrosine equivalent. Stroma-
protein nitrogen (collagen and elastin) was deter-
mined in the unextractable-nitrogen fraction
according to Lowry et cii. (1941), and the myosin-
adenosinetriphosphatase activity (ATPase activity)
in the actomyosin fraction according to Khan ct al.
(1963). Losses of nitrogen in the liquid exuded
from meat during storage were also determined.
All analyses were made in duplicate.

RESULTS AND DISCUSSION

Changes in nitrogen extractability during
storage at above-freezing temperatures de-
pended on age of bird and kind of meat
(breast or leg), but storage temperature
(0, 2, and 5°C) had little effect on nitrogen
extractability in breast muscle (Table 1).
Nitrogen extractability did not change in
breast and leg muscle of 10-week-old birds,
increased slightly (up to 3% over fresh
samples) in breast muscle of 4- and 8-month-
old birds, and increased up to 14% in leg
muscle of 8-month-old birds during storage.
The increase in nitrogen extractability, par-
ticularly in leg muscle of 8-month-old birds,
is not accounted for by the small increase in
solubility of the stroma-protein fraction
(Table 3).

Table 2 gives results of quantitative frac-
tionation of extractable nitrogen into acto-
myosin, myosin, sarcoplasmic, and non-pro-
tein-nitrogen fractions of breast and leg
muscle of 10-week-old birds and breast
muscle of 4- and 8-month-old birds stored
at 0°C. The myosin fraction increased in
all samples during storage except in breast
muscle of 10-week-old birds, where it de-

creased slightly. In all tests, the quantitative
changes in the actomyosin fraction were
small. The sarcoplasmic-protein fraction de-
creased in leg muscle of 10-week-old birds
and breast muscle of 4- and 8-month-old
birds but not in breast muscle of 10-week-old
birds. The non-protein-nitrogen fraction in-
creased during storage in all these samples.
This may indicate that sarcoplasmic proteins
are broken down as a result of proteolysis.
However, the decrease in sarcoplasmic nitro-
gen during storage (100-500 mg/100 g of
muscle) could not be completely accounted
for by loss of nitrogen in drip (30-90 mg
N/100 g of muscle), nor by the increase
of non-protein-nitrogen (30-170 mg N/100
g of muscle). Since an increase in the my-
osin fraction occurred without appreciable
loss of the actomyosin fraction, an aggre-
gation or an interaction between myosin
and sarcoplasmic proteins is indicated. Ben-
dall and Woismer-Pedersen (1962) have
shown an interaction between actomyosin
and denatured sarcoplasmic proteins with
the loss of extractability at higher ionic
strength in muscle from watery pork. In
chicken muscle stored at 0°C, the gain of
proteins in the myosin fraction occurred
without the loss of extractability. The my-
osin-adenosinetriphosphatase activity of the
actomyosin fraction did not change appre-
ciably (Table 3), but this would not exclude
the possibility of limited proteolysis in myo-
fibrillar proteins (Gergely et al., 1955;
Mihalyi and Szent-Gyorgyi, 1953).

The amount of protein-breakdown prod-
ucts increased with storage time and tem-
perature in both breast and leg meat
(Table 4). The amount of Folin-Ciocalteu-

Table 1 Effect of storage time and temperature, kind of meat, and age of birds on

extractability of muscle protein.
the same bird).

Storage
Bird Kind of temp.
age muscle (°C) 0
10 weeks breast 0 88.4“
leg 0
4 months breast 0 88.T
2 86.1"
5 85.3'
8 months breast 0 85.4"
leg 0

(Values having the same superscript are for samples from

Extractable nitrogen (% of total N)

Storage time (weeks)

1 2 3 4 5
88.3 88.4* 88.3"
2.8 78.2" 79.6" 78.8"
87.3" 89.4" 90.3"
87.2" 86.0" 90.0"
8 86.8r 90.9B
85.7" 88.7" 88.4"
61.3’ 60.8k  71.3J 75.1"
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reagent-positive materials (tyrosine, trypto-
phan, phenols, sulfhydryl compounds, and
other reducing agents), increased by 100%
in 4 weeks at 0°C and by the same amount
in 3 weeks at 5°C, in both breast and leg
muscle. The ninhydrin-positive materials
increased by 30% at 0°C and by 60-70%
at 5°C in 3 weeks of storage. A comparison
of these results with those obtained by or-
ganoleptic tests on chicken meat stored un-
der similar conditions (van den Berg et al.,
1963, 1964) shows that protein-breakdown
products and odor scores increased con-
comitantly, and indicates that further
investigation of the changes in the Folin-
Ciocalteu-positive materials and in the
ninhydrin-positive materials may suggest
objective tests for quality changes in poul-
try.

A comparison of results in this paper
with those obtained in a previous study on
frozen chicken muscle (Khan et al., 1963)
shows a similarity in the accumulation of
the protein-breakdown products only, but
the rate at which the protein-breakdown
products accumulated in meat stored at
above-freezing temperatures was 20-30
times as fast as that in meat stored at below-
freezing temperatures. The loss of protein
solubility and denaturation of the actomy-
osin fraction with the loss of myosin-
ATPase activity observed in meat stored at
below-freezing temperatures and not in
meat stored at above-freezing temperatures,
appears to be a result of frozen storage.
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Table 3. Change in stroma-protein fraction and myosin-adenosinetriphosphatase activity
of actomyosin fraction after 4 to 5 weeks of storage at 0°C (values are averages of three

samples).
Stroma nitrogen ATPase activity

i Storage (% of total N) (/ig of P released/mg N/min)

Bird Kind of time

age muscle (weeks) F resh Stored Fresh Stored
10 weeks breast 5 10.0 9.8 240 230
10 weeks leg 5 19.6 19.0 200 210
4 months breast 4 10.6 9.3 190 180
8 months breast 4 136 114 180 170
8 months leg 5 25.7 234

Table 4. Effect of storage time and temperature, kind of muscle, and age of birds on
accumulation of protein-breakdown products (values are averages of three samples).

Storage Storage time (weeks)
Bird Kind of temp.
age muscle (°C) 0 1 2 3 4 5 6
Folin-Ciocalteu-reagent-positive materials as tyrosine,
mg/100 g of muscle
10 weeks breast 0 333 425 525 63.8 66.3 75.0 83.8
leg 0 225 313 47.5 52.5 54.0 58.8 62.5
4 months breast 0 29.4 313 40.7 59.4 78.2
breast 2 29.4 313 42.0 70.0
breast 5 29.5 31.2 46.2 719
8 months breast 0 31.2 40.6 56.2 62.5 65.0 67.5
breast 5 34.2 51.2 61.8 67.3
leg 5 24.8 35.0 425 55.0
Ninhydrin -positive materials as tyrosine, g/100 g of muscle
10 weeks breast 0 121 151 167 1.94
leg 0 0.70 0.75 0.97 1.03
4 months breast 0 125 131 1.63 1.78 2.34
breast 2 1.25 1.47 172 2.04
breast 5 125 1.56 1.94 2.10
8 months breast 0 115 125 1.78 215
leg 0 0.75 1.06 1.22 1.38
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SUMMARY

Purified cyanidin 3-gentiobioside, cyanidin 3-rhamnoglucoside, and pelar-
gonidin 3-glucoside are decolorized by horseradish peroxidase in acetate buffer.
Among the optimum conditions for the reaction are pH 4.5-5.5, a hydrogen
peroxide concentration of 1(U to HUM, and a temperature of 60 70°C. A Kk,
value equal to 110 X 10IM 1X sec1 was estimated for the reaction horseradish
peroxidase-hydrogen peroxide-pelargonidin 3-monoglucoside at pH 4.7.

INTRODUCTION

Anthocyanins are generally unstable pig-
ments. Several physical and chemical factors
have been found to influence the rate of
degradation of these pigments in fruit prod-
ucts and model systems (Nebesky et al.,
1949; Sondheimer and Kertesz, 1952 ; Mar-
kakis et al., 1957).

Studies on the enzymatic degradation of
anthocyanins have been rather limited. In
1921 Nagai observed that, in the presence
of H20 2, aqueous extracts of scarlet pop-
pies were decolorized by a crude enzyme
preparation obtained from the hypocotyls
of soybean seedlings. Huang (1955) showed
that enzyme extracts of Aspergillus hydro-
lyzed the anthocyanins of blackberries to
anthocyanidin and sugar, with subsequent
spontaneous decolorization of the aglycone.
Bayer and Wegmann (1957) obtained from
the leaves of Coleus hybridus a “cyaninoxi-
dase” that rapidly decolorized the antho-
cyanin of red roses in the presence of
catechol. More recently van Buren et al.
(1959) and Scheiner (1960) tried to iso-
late an enzyme that specifically decolorizes
anthocyanins, and Peng and Markakis
(1963) reported on the effect of phenolase
on anthocyanins.

This investigation was made to study the
effect of a typical peroxidase, the horse-
radish peroxidase, on purified anthocyanin
pigments under controlled conditions. Per-

aThis research was supported in part by the
U. S. Public Health Service (Grant RG 9025).
This paper has. been assigned Journal Article
No. 3182 by the Michigan Agricultural Experi-
ment Station.

oxidase activity has been found in many
plant tissues, and the specificity of the
peroxidase-hydrogen peroxide complex
toward hydrogen donors is known to be
quite low (Joslyn, 1949). Peroxidase ac-
tivity has also been detected in red tart
cherries (Bedford, 1962), one of the two
kinds of fruits used as sources of purified
anthocyanins in this study.

MATERIALS AND METHODS

Preparation of anthocyanins. Two cyanidin and
one pelargonidin glycosides were prepared from
red tart cherries and strawberries, respectively.

Fresh or frozen pitted Montmorency cherries
were placed in boiling 95% (v/v) ethanol in
such a proportion as to achieve a 70-75% (v/v)
final ethanol concentration. The mixture was
boiled for 45 min and allowed to cool. This
treatment extracted the anthocyanins, precipitated
the pectins, and inactivated the enzymes. The
extract was passed through a milk filter disc, and
the filtrate was concentrated under 2-3 cm Hg of
pressure in a rotary film evaporator thermostati-
cally controlled at 37°C. The concentrate was
applied to a column of Dowex 50 W-X8 resin (100-
200-mesh, H-(- form), large enough to retain
almost all of the red pigment. The column was
then washed with water, and the red pigment
was eluted with a mixture of methanol (98 vol)
and cone. HC1 (2 vol). The eluate, after concen-
tration in the vacuum evaporator, was applied
as a narrow band onto Whatman 3 MM paper.
The paper was irrigated ascendingly with [iV
acetic acid in a chromatography cabinet for 15-20
min. Then the two cherry anthocyanins appeared
as well-separated zones, which were cut off and
eluted with methanol containing a trace of cone.
HC1. The eluates of the separated pigments were
again concentrated in vacuo, and they were further
purified by zone electrophoresis on cellulose powder

[53]
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with liV acetic acid as the electrolyte (Markakis,
1960). The absorption spectra in the ultraviolet
and visible regions, the paper chromatographic
behavior, and the sodium carbonate test of the
purified pigments agreed with those observed by
Li and Wagenknecht (1956) for cyanidin-3-gen-
tiobioside (C-3-Gb) and cyanidin-3-rhamnogluco-
side (C-3-Rg).

The major strawberry anthocyanin, pelargoni-
din-3-monoglucoside (P-3-G), was purified by the
same general method used for the cherry pigments,
except that ra-butanol-acetic acid-water (40:10:
125, v/v) was employed as solvent in the paper

chromatographic step, and the irrigation lasted
16 hr.
The enzyme. A lyophilized soluble preparation

of horseradish peroxidase (HRP), supplied by
General Biochemicals, Inc., was used. We found
the degree of purity (Am/A™) of the preparation
to be 1.00.

The reaction. Four factors likely to affect the re-
action between HRP, H:0», and anthocyanin were
studied: pH, H202 concentration, enzyme concen-
tration, and temperature of incubation. For study
of the pH effect, 3.0 ml of a IOTVI solution in ace-
tic acid and 10™A/ in H202 were mixed with 0.5 ml
anthocyanin solution, and the pH of the mixture
was adjusted to the desired level by adding LY
NaOH from a 1-inl graduated pipette and using
a combination glass-silver-silver chloride elec-
trode. Sufficient water was added to make the
total volume 45 ml. One ml of this mixture was
transferred to 3.0 ml of 1M citric acid solution to
which 0.1 ml of a 10'W KCN solution had just
been added. The absorbancy of the transferred
portion, obtained 15 min after mixing it with the
citric-cyanide solution, was used as a measure of
the zero-time concentration of anthocyanin. Im-
mediately after the first transfer, 0.1 ml of enzyme
solution was added to the magnetically stirred
reaction mixture, a timer was started, and at
30-sec intervals 1-ml portions were transferred to
a citric-cyanide solution identical with the one
used for zero time. Fifteen minutes after each
transfer the absorbancy was measured with a
Beckman DU spectrophotometer set at the follow-
ing wavelengths for the different pigments: 520
m# for C-3-Gh, 515 m” for C-3-Rg, and 500 mft
for P-3-G. In the study of the other factors, 0.1M
acetate buffer of pH 5.0 was used. Since H20:2
alone can oxidize anthocyanins, reaction mixtures
without peroxidase were prepared and the destruc-
tion of pigment due to the single effect of H20:2
was subtracted from that of the combined peroxi-
dase-peroxide decolorization. The differences were
plotted against time, and the initial rate of the
reaction was estimated by sight-fitting of the
tangent at the origin.

RESULTS AND DISCUSSION

The data on the effect of peroxidase on
cyanidin 3-gentiobioside are graphically pre-
sented in Figs. 1, 2, 3, and 4; those on
cyanidin  3-rhamnoglucoside and pelargo-
nidin 3-glucoside are given in Tables 1 and
2, respectively. These data are the average
of two initial reaction rate values not differ-
ing from each other by more than +5%.

These results indicate that the anthocya-
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Fig. 1. Effect of pH on the initial rate (And de-
crease per min) of the horseradish peroxidase,
H202, cyanidin 3-gentiobioside reaction (2.8x101
mg enzyme per ml of reaction mixture; 6.5X 10'kU
H202; 26°C).
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Fig. 3. Effect of enzyme concentration on the
initial rate (A decrease per min) of the horse-
radish peroxidase, H202, cyanidin 3-gentibioside
reaction (8.6x10 *1/ H202; pH 5.0; 26°C).

nins tested are degraded faster at pH 4.5-5.5
than at other pH levels under the specified
conditions. Chance (1949b) found that the
velocity of the reaction of the peroxide-
peroxidase Complex Il with some hydrogen
donors is affected only slightly by pH in
the region 3.5-5.3, and in cases in which
the rate is definitely changed with pH, either
the donor molecule or the oxidation prod-
ucts change with pH. The structure of
anthocyanins is known to change with pH,
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Fig. 4. Effect of temperature on the initial rate
(Am, decrease per min) of the horseradish peroxi-
dase, H20z2, cyanidin 3-gentiobioside reaction (2.8 X
10'5 mg enzyme per ml of reaction mixture; 8.6X
10/1/ H202; pH 5.0).

and this perhaps explains the effect of pH
on their oxidation rate by peroxidase.

The concentration on H2C2 also appears
to affect the initial rate of anthocyanin de-
struction by peroxidase. The rate increases
with H20 2 concentration up to a certain
level (ICC4 to 10 3M )f above which the
H2()2 probably becomes deleterious to the
enzyme.

Table 1. Effect of various factors on the initial rate (Aon decrease per min) of the horse-
radish peroxidase, H202, cyanidin-3-rhamnoglucoside reaction in acetate buffer.

pH 2.3 41 4.8 51 6.8 enzyme 2.8x10 4 mg/ml;
Reaction rate .056 134 152 .096 .050 H202 6.5x10Tli; 26°C
H202 concn. (M) 8.6x10 = 8.6x10'3 8.6x 10'l 8.6x10'= enzyme 2.8XIO-4 mg/ml;
Reaction rate .022 .150 .090 pH 5.0; 26°C
Enzyme concn. 2.8x10'3 2.8X10'1 28X 10  2.8x10™ H.Cb 8.6 X 10r'M;
(mg/ml) pH 5.0; 26°C
Reaction rate .152 .148 134 .206

Table 2. Effect of various factors on the initial rate (Asm decrease per min) of the horse-
radish peroxidase, 11) 1-, pelargonidin-3-glucoside reaction in acetate buffer.

pH 4.2 4.8 51 55 6.7 enzyme 28 X 105mg/ml ;
Reaction rate .008 .016 .027 .024 .012 H202 6.5X10T1/; 26°C

H202 concn. (M) 8.6X10' 8.6x10'3 8.6X10'1 8.6x10'5 enzyme 2.8x10'5 mg/ml;
Reaction rate .000 021 .030 .022 pH 5.0; 26°C

Temp. (°C) 26 42 50 60 70 74 enzyme 2.8xI0O'Bmg/ml;

Reaction rate .030 .060 .084 .220 .280 230 H2028.6x104A/; pH 5.0
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The effect of the enzyme concentration
is rather typical inasmuch as the reaction
rate increases with concentration and then
levels off.

Temperature definitely affects the reac-
tion rate, which increases rapidly as the
temperature is raised, reaches a maximum
in the region between 60 and 70°, and then
falls. This high-temperature optimum is
compatible with the well known thermo-
stability of peroxidase.

On the basis of this work, anthocyanins
should be added to the already long Ilist
of substances oxidized by the peroxidase-
peroxide complexes (Joslyn, 1949). Since
Chance (1949b) has measured the peroxi-
dase oxidizability of various hydrogen do-
nors in terms of the kinetic constant k4, it
was deemed desirable to estimate this con-
stant for at least one of the available antho-
cyanins.

Calculation of k4 for pelargonidin 3-glu-
coside. The rate-determining reactions in a
system containing peroxidase (£), hydro-
gen peroxide (S'), and a hydrogen donor
{AH) are:

E+ S * ES [1]

ES + AH - — > E+A+SH [2]

ki measures the velocity at which complex
ESI is formed; in the presence of a hydro-
gen donor this complex is transformed to
£511 as rapidly as it is produced and £511
oxidizes the donor. k4 is taken as a measure
of peroxidase activity toward a particular
donor. Chance (1949a,b) was able to cal-
culate k4 from the kinetics of the disappear-
ance of substrate, and also from the rate
of oxidation of some donors on the basis
of the equation:

o —
dt /w [AH]

in which is the rate of disappearance of

H2C2 or the rate of oxidation of AH, pmx
is the maximum concentration of enzyme-
substrate complex during the cycle and
[AH] is the initial concentration of donor.

Since the molecular extinction coefficient
of P-3-G is known (Markakis ct a!., 1957),
this pigment was chosen for the calculation
of k4. The horseradish peroxidase concen-

tration was determined by the method of
Maehly and Chance (1954) on a shipment
of commercial enzyme received after most
of this research had been done. A reaction
system was set up: 2.2x10"8M in HRP,
5.3x ICK'Af in anthocyanin, 6.5x10"'4Af in
HoCC, and 6.5X\Qr~-M in acetate buffer,
pH 4.7, the pH at which Chance (1949b)
had obtained k4 values for other donors.
The initial rate of the A"oo decrease, cor-
rected for the single effect of H202, was
used to calculate dx/dt, and the following
value was obtained:

k4 = 1.3X10-6.

110X104

This value is between the Xsec_1X
10~4) for hydroquinone (250) and catechol
(230) on one hand, and those for pyrogallol
(21) and ascorbic acid (1.2) on the other.
However, in a mixture of P-3-G and ascor-
bic acid, the anthocyanin is not oxidized
first. On the contrary, ascorbic acid seems
to protect the pigment. In a test in which
ascorbic acid was added to the enzymatic
system at the concentration of XO"M, the
initial rate of anthocyanin oxidation was 10
times as small. This can probably be ex-
plained by the “cyclic” process that Chance
proposed for the retardation of guaiacol
oxidation by peroxidase in the presence of
ascorbic acid. That is, the ascorbic acid
reduces the primary oxidation product of
the anthocyanin, which is again oxidized
enzymatically, and so on.

1
2.2x10-8x5.3x10-3
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SUMMARY

An investigation was made of postharvest variations in the concentrations
of glutamic acid, 7-aminohutyric acid, and aspartic acid in green peas that
were stored in pods, vined but not damaged, and vined and damaged by me-
chanical pressure. Oxygen consumption and carbon dioxide production by
damaged peas were determined, and the correlation of these values with
y-aminobutyric acid production is discussed, (j'*labeled glutamic acid, gluta-
mine, a-ketoglutaric acid, and aspartic acid were added to the peas, and the
distribution of radioactivity after a short time was analyzed. The approximate
distribution of proteolytic activity, glutamic acid decarboxylase, and glutamic
acid—exalacetic acid transaminase was determined, and was correlated with the

biochemical effect of damage.

INTRODUCTION

Glutamic acid is said to improve the natu-
ral flavor of certain foods. The effect of
added glutamate to various foods has been
described (Sjostrom and Crocker, 1948;
Norton et al., 1952; Hanson et al., 1960).
Glutamate added to fresh vegetables har-
vested under conditions optimum from the
flavor point of view has no effect (van
Duyne et al., 1957). The concentration of
free L-glutamic acid in unblanched green
peas decreases rapidly during one day’s
storage, whereas the concentration remains
unchanged in blanched peas stored under
the same conditions. This indicates the re-
moval of L-glutamic acid by enzyme activi-
ties (Hac et al.,, 1949).

On the plant, the concentration of free
L-glutamic acid in green peas also decreases
during ripening, when protein is being syn-
thesized (Danielsson, 1952). The proteins
of ripe peas, especially the globulins, are
very rich in L-glutamic acid, vicilin contain-
ing 22.7% and legumin 30.1% (Danielsson
and Lis, 1952). However, the amino acid
composition of protein in ripe peas differs
from that in unripe peas, the latter being
richer in arginine but poorer in essential
amino acids. Also, different-sized unripe
peas differ in amino acid composition, the
smaller ones being even poorer in essential
amino acids (Schuphan and Postel, 1960).

[

Since L-glutamic acid occupies a key po-
sition in the metabolism of the living cell,
its concentration can change in several ways.
Factors such as temperature, gas phase,
aerobic and anaerobic conditions, and degree
of maturity are important for the balance of
the L-glutamic acid metabolism. Green peas
harvested for canning or deep-freezing are
not ripe from a physiological point of view.
The harvest means a drastic and sudden
interruption of the ripening process, in
which the pea, the pod, and the rest of the
plant take part. This means that the time
and treatment of the peas between harvest
and stabilization are critical.

Proteolytic enzymes in peas have been
investigated (Mergentime and Wiegand,
1946; Soedigdo and Gruber, 1960). The
activity has been shown to be higher in
unripe peas than in ripe peas (Danielsson,
1951).

For comparison, it might be mentioned
that the proteolytic activity is higher in dam-
aged wheat than in undamaged, whereby
the concentrations of threonine, alanine, and
y-aminobutyric acid are increased, whereas
that of L-glutamic acid is not. Deterioration
of wheat is correlated with this increase of
y-aminobutyric acid at the expense of L-glu-
tamic acid (Linko, 1960).

y-Aminobutyric acid has also been identi-
fied in peas (Auc.lair and Maltais, 1952),

1
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and it can be produced by enzymatic decar-
boxylation of 1-glutamic acid. This enzyme
occurs in higher plants, including peas
(Schales et al, 1946). Other L-glutamic
acid enzymes are L-glutaminase and L-glu-
tamic-oxalacetic acid transaminase (Stumpf,
1951), L-glutamic acid dehydrogenase.

In this work the postharvest changes of the
concentration of L-glutamic acid, y-amino-
butyric acid, and L-aspartic acid in green
peas stored in the pod, vined both damaged
and undamaged, were studied. The oxygen
consumption and carbon dioxide produc-
tion in damaged and undamaged peas were
measured and correlated with the y-amino-
butyric acid production. To trace the main
steps for the production and removal of
L-glutamic and L-aspartic acid, labeled L-glu-
tamic acid, L-glutamine, L-aspartic acid, and
a-ketoglutaric acid were added to damaged
and undamaged peas. The distribution of
radioactivity after a short time was ana-
lyzed. The distribution of certain enzymes
among different parts of the pea fruit was
estimated to assess the effect of damage on
the enzyme substrate contact.

MATERIALS AND METHODS

Peas. Green peas (Pisum sativum sensu amp.
(L) Govorov var. pachylobum, the wrinkled type),
medium size, were collected from plants in south-
ern Sweden at a tenderometer value of 104.

Chemicals. All amino acids and other acids were
of pro analysi quality or chromatographically pure.
L-Glutamic acid C14 specific activity 23.3 nC/mg,
L-aspartic acid CH specific activity 33.3 jiC/mg,
and a-ketoglutaric acid C“ specific activity 16.1
/iC/mg were purchased from Radiochemical Cen-
tre, Amersham Bucks., England, and L-glutamine
CH specific activity 15.8 ,uC/mg from California
Corporation of Biochemical Research, Los Ange-
les, Calif, USA. All compounds— uniformly
labeled—were dissolved in sterile water before use.
L-Glutamic acid decarboxylase, Escherichia coli
ATCC 11246 specific activity 300 /iC/mg for
manometric determination of L-glutamic acid (Gale,
1957) was purchased from Worthington Biochemi-
cal Company, Freehold, N. J., USA.

L-Aspartic acid and y-aminobutyric acid were
determined after one hour’s paper electrophoretic
separation of 10-/4 samples in 0.05.1/ pyridinum
acetate buffer at pH 4.2. The dry papers were
dipped in ninhydrin solution (1 g ninhydrin, re-
crystallized, in acetone, acetic acid, and water
180: 10: 10) and heated for 30 min at 80°C, after

which they were left for 15 min at room tem-
perature. The separation curve was drawn by a
scanning photometer (Analytrol, Beckman-Spinco
Company) with 600-m/i interference filter. The
area under the curves corresponding to L-aspartic
acid and y-aminobutyric acid was taken as a
measure of the amount of the acids.

EXPERIMENTAL

Variation in L-glutamic acid, y-aminobutyric
acid and L-aspartic acid. Freshly harvested peas
were: a) stored in the pods. After 0, ki, 1, 2, and
8 hours, samples were taken out to proceed ac-
cording to b) or c); b) aseptically vined by
hand and stored in a glass jar with a loose lid;
c) aseptically vined by hand and rolled between
glass plates under moderate pressure to cause
slight damage (the skin was not ruptured) and
stored with shaking at a low rate.

Samples of 15 g were withdrawn at 0, yi, 1, 2,
4, and 8 hr. The samples were immediately frozen
and stored in liquid nitrogen until analysis. The
peas were homoger.ized together with solid carbon
dioxide and extracted with 80% alcohol. Alcohol
was then removed by extraction with chloroform.
The water phase containing the amino acids was
freeze-dried and dissolved in 10 ml of pyridinium
acetate buffer, pH 4.2, just before analysis. Sam-
ples were also taken for determination of non-
dialyzable bound and total free amino acids.

Respiration experiment. To measure respira-
tion, peas were taken directly from the plant and
aseptically damaged as before and transferred to
Warburg flasks (total volume of 110-115 ml each).

Tracer experiment. Four fi\ of radioactive solu-
tion corresponding to 40 m/xC and not more than
3 /ig substance were injected in peas still attached
to the pod. After injection, some peas were left
in the pod whereas others were removed, damaged,
and stored in a glass beaker. Thirty minutes after
injection, all the labeled peas were frozen in liquid
nitrogen and extracted as described.

After electrophoretic separation of 10 /tl extract,
the papers were cut and the radioactivity meas-
ured on dried water extracts of each piece. The
extract from the L-aspartic CY4 experiment was,
in addition, tested for radioactive oxalacetic acid
by treating the water extracts from the proper
parts of a few papers after electrophoresis with
dinitrophenyl hydrazine. The dinitrophenyl hydra-
zones obtained were separated chromatographically
on Whatman 4 in n-butanol-glacial acetic acid-
water (4:1:5). The paper was cut, and each
piece was extracted with chloroform. Each ex-
tract was evaporated on planchets, and the radio-
activity was measured. The time to obtain 10.000
counts was in all experiments registrated on a
paper strip in an automatic /3-ray counting system
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Fig. 1. From the left: slicing of the pea, skin,
outer and inner part of cotyledon.

(Frieseke-Hoephner, Germany). The experiments
were run in duplicate.

Enzyme localization. Frozen peas were cut with
a double knife (Fig. 1) through the center parallel
to the plane of division of the cotyledon, and the
latter was subdivided. The slices, thickness 2.5
mm, were separated and thoroughly washed in
distilled water and weighed.

Proteolytic activity was measured in 0.1M
phosphate buffer, pH 6.5, as the increase in
absorption at 570 nv¥x of ninhydrin-positive com-
pounds soluble in 5% trichloro-acetic acid after
[, 1,and 2 hr.

L-Glutamic acid decarboxylase was determined
as the increase in 7-aminobutyric acid concentra-
tion at 37°C in 01A/ L-glutamic acid in 10 ml
0.13/ phosphate buffer containing 10 /xg pyridoxal-
phosphate per ml. A parallel control run contained
only slices and buffer. L-glutamic acid-oxalacetic
acid transaminase was determined as the increase
in L-glutamic acid concentration when slices were
incubated at 37°C in 0.13/ L-aspartic acid and
0.13/ a-ketoglutaric acid in 10 ml 0.13/ phosphate
buffer containing 10 /xg pyridoxalphosphate per
ml at 37°C. A parallel control run contained only
slices and buffer. Samples were withdrawn for
analysis at /i, 1, and 2 hr.

RESULTS

In peas stored in their pods, the concentration
of L-glutamic acid increases during the first 2 hr.
A very slight increase in 7 -aminobutyric acid con-
centration also occurs. The L-aspartic acid con-
centration shows a small but clear decrease
(Table 1). One can see that in peas taken out of
their pods the L-glutamic acid concentration in-
creases once again during the first 2 hr after
vining (Table 2) and then decreases again when
the peas have been stored for a short time in pods
before vining, but remains constant when prestored
in pods for 2-8 hr. i.-Aspartic acid shows the

Table 1 Variations in the concentrations of
L-glutamic acid, L-aspartic acid, and 7-aminobu-
tyric acid in peas stored in pods.

fi mole per g fresh weight

Hr Glutamic Aspartic 7 -Aminobutyric
in pod acid acid acid
0 7.8 3.5 0.9
0.5 8.7 2.7 1.3
1 9.4 3.1 1.0
10.1 2.8 1.0
10.6 1.9 1.3

opposite picture. Its concentration decreases and
passes a minimum value when prestorage time
in pods is short, and decreases continuously when
this time is long.

Damaged peas behave like undamaged ones
regarding L-glutamic acid, whereas the concentra-
tion of L-aspartic acid falls to zero at higher rates
when prestored for a long time in pods (Table 2).
Most striking is the behavior of 7-aminobutyric
acid (Table 2). The concentration of this acid
is low in fresh peas, but increases when vined
peas are stored. If the peas are damaged, the
rate of production is very much increased, and
its concentration then equals that of L-glutamic
acid in a few hours, irrespective of the time the
peas have been stored in their pods before vining.

Another well known fact is that oxygen con-
sumption is lowered and carbon dioxide produc-
tion is increased in damaged peas, but the increase
in carbon dioxide production is much greater than
that corresponding to decarboxylation of L-glu-
tamic acid (Table 3).

The main pathways for production and removal
of, especially, L-glutamic acid can be seen from
the tracer experiments. Radioactivity from labeled
L-glutamic acid is transferred mainly to 7 -amino-
butyric acid among the substances soluble in 80%
alcohol (Fig. 2). There was also much radio-
activity transferred to a nondialyzable fraction,
which after hydrolysis was found to contain active
L-glutamic acid. The transfer of radioactive
L-glutamic acid to 7 -aminobutyric acid was more
abundant in the damaged peas.

The radioactivity from L-glutamine is very rap-
idly transferred to active L-glutamic acid (in
damaged peas this effect is even greater), and
activity also occurs in 7 -aminobutyric acid (Fig.
3-a,b). The same picture is obtained when a-keto-
glutaric acid Cwu is added to the peas. Radio-
activity is transferred to both L-glutamic acid and
7 -aminobutyric acid (Fig. 3-c).

Radioactivity from L-aspartic acid Cu is trans-
ferred to stronger acid compounds (Fig. 3-d),
and, as expected, radioactivity is found in oxal-
acetic acid chromatographed as dinitrophenyl-
hvdrazone.
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Table 2. Variation of the concentrations of L-glutamic acid, i.-aspartic acid, and 7-amino-
butyric acid in peas after prestorage in pods and vining. UD = undamaged, D = damaged peas.

Glutamic
acid
Hrin Hrafter 1
pod vining ub D
0 0 7.8
0.8 9.3 9.2
1 9.6 9.6
2 11.0 10.7
4 101 10.5
8 9.8 10.2
0.5 0 8.7
oS 9.2 9.1
1 111 101
2 10.4 11.7
4 10.6 12.7
8 9.4 12.1
2 0 101
05 111 11.4
1 11.0 125
2 12.3 131
4 12.7 133
8 12.7 14.6
8 0 10.6
05 11.0 8.2
1 11.3 10.6
2 11.4 11.9
4 115 10.7
8 121 11.4

fi mole per g fresh weight

Aspartic 7 -Aminobutyric
acid acid
ubD D ubD D
35 0.9
3.2 2.0 10 1.5
25 15 12 1.8
1.2 0.0 10 3.1
21 0.0 12 51
2.3 0.0 3.2 10.1
2.7 13
2.7 1.9 13 1.6
16 1.0 13 1.6
2.0 0.0 13 3.5
2.4 0.0 12 6.2
21 0.0 3.9 12.6
2.8 10
2.7 0.0 13 1.8
25 0.0 12 3.2
21 0.0 18 4.6
0.0 2.3 7.2
00 0.0 3.7 11.5
19 13
16 0.0 14 2.3
11 0.0 10 3.5
16 0.0 12 4.9
15 0.0 19 10.1

Table 3. Oxygen consumption and carbon dioxide production in undamaged and damaged

7 -Aminobutyric

peas.
Undamaged
fi mole/g fresh weight
Min 02 CO2
0 0 0

10 2.1 2.1

20 3.8 3.6

40 7.1 6.7

60 10.0 9.3 <
In general, the actual enzyme activities are

located in the skin and outer parts of the cotyledon
(Fig. 4, 5 6). Most striking in this respect is
L-glutamic acid decarboxylase. The water used
to wash the pea slices contained no such enzyme
activities.

DISCUSSION

Material, mainly sucrose, is transported
to peas in pods on the plant. During ripen-
ing the concentrations of free amino acids

Damaged
/ mole/g fresh weight

7 -Aminobutyric

acid 02 CO2 acid
0 0 0 0
1.8 2.9
3.2 6.1
5.6 12.3
0.1 8.2 20.5 1.2

decrease. L-Glutamic acid and L-aspartic
acid tend to decrease when vining follows
soon after harvesting; L-glutamic acid, after
passage of a maximum value. It has been
proposed that a hormone controls the ripen-
ing process as long as the pea is attached
to the plant (Wager, 1962). Most interest-
ing, however, is the effect of even slight
damage to the pea. Oxygen consumption
decreases and carbon dioxide production
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Fig. 2. Distribution of radioactivity 30 min

after injection of L-glutamic acid Ci in peas

a) stored in pod
b) vined undamaged
¢) vined damaged.
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increases markedly. This indicates that the
metabolism in the peas becomes anaerobic.
Undamaged peas have skins that are dry
and waxy, but peas damaged by mechanical
pressure, rolling, etc., become wet, intro-
ducing other permeability characteristics. If
the skin is ruptured or taken off, the pea
will also change its metabolism, e.g., carbon
dioxide production increases 30% (Wager,
1957). The increase in carbon dioxide pro-
duction, 11.2 /gmol per gram, during the first
hour cannot be explained by y-aminobutyric
acid production, which is only about 10%
of that value. It has been reported that eth-
anol is produced by anaerobic peas (Wager,
1959), but there is still an excess of carbon
dioxide produced.

The formation of y-aminobutyric acid
indicates that decarboxylation of L-glutamic

acid is a main reaction in the removal of
this acid. Further evidence for this theory
is obtained in the tracer experiment, although
part of the radioactivity was found in pro-
tein.

The higher activity of L-glutamic acid
decarboxylase in damaged peas is explained
by the fact that the enzyme is located mainly
in the skin, where L-glutamic acid concen-
tration is normally low. In damaged peas,
however, there is a better enzyme-substrate
contact. However, there must be a continu-
ous supply of L-glutamic acid since the in-
crease in y-aminobutyric acid is not reflected
in a corresponding decrease in L-glutamic
acid concentration.

The experiments show that L-glutamine
and probably protein, sugar, and starch are
sources of L-glutamic acid, and secondarily
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100
E
b 4
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Fig. 3. Distribution of radioactivity 30 min
after injection in peas of

a) L-Glutamine CH#4 undamaged peas

b) L-Glutamine C¥4 damaged peas

c) a-Ketoglutaric acid C14 undamaged peas
d) L-Aspartic acid C4 damaged peas.

The peaks are the same as in Fig. 2.
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Fig. 4. L-Glutamic acid decarboxylase activity in
washed tissue slices of peas. Temperature 37°C.
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Fig. 5 i.-Glutamic acid-oxalacetic acid trans-

aminase in washed tissue slices of peas.
ature 37°C.

Temper-

X = skin 1.40 g
# = outer part of cotyledon 1.92 g
O = inner part of cotyledon 0.99 g. Volume of so-

lution 10 ml.

of y-aminobutyric acid. By the action of
L-glutaminase, proteolytic enzymes, and
L-glutamic acid dehydrogenase, the concen-
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Fig. s. Proteolytic activity in washed tissue

slices of peas. Temperature 37°C.

outer part of cotyledon 4.60 g

skin 1.65 g

inner part of cotyledon 2.01 g. Volume of so-
lution 10 ml.
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tration of L-glutamic acid is kept at a high
value even though the decarboxylation rate
is high, as in damaged peas.

Transamination between L-aspartic acid
and a-ketoglutaric acid also produces L-glu-
tamic acid at the expense of L-aspartic acid.
This reaction, indicated by the fact that
radioactive L-aspartic acid is converted in
oxalacetic acid, is interesting, because the
enzyme L-glutamic acid-oxalacetic acid
transaminase is located mainly in the outer
parts of the pea, and the L-aspartic acid loss
is explained by the better enzyme-substrate
contact caused by damage. This reaction
will go to completion, because the amount of
L-aspartic acid, both free and bound, is not
very high in peas and because the L-glutamic
acid produced is decarboxylated by L-glu-
tamic acid decarboxylase at the same site.

If the y-aminobutyric acid content can be
shown to represent a measure of the post-
harvest time and treatment of peas, it will
provide a new possibility of quality control.

ACKNOWLEDGMENT
The authors thank Mrs. A-M. Olsson for skillful
technical assistance.



64 POSTHARVEST METABOLISM OF GREEN PEAS

The work was supported by grants from the
Swedish Technical Research Council.

REFERENCES

Auclair, J. L., and J. B. Maltais. 1952. Occur-
rence of 7-amino butyric acid in extracts of
Pisum sativum (L) and in the honeydew of
Myzus circumflexus (Buck). Nature 170, 1114.

Danielsson, C.-E. 1951. Studies on a proteolytic
enzyme from seeds of peas. Acta Chan. Scand.
5, 791

Danielsson, C.-E. 1952. A contribution to the
study of the synthesis of the reserve proteins
in ripening pea seeds. Acta Chan. Scand. 6.
149.

Danielsson, C.-E., and H. Lis. 1952. Differences
in the chemical composition of some pea pro-
teins. Acta Chan. Scand. 6, 159.

Gale, E. F. 1957. Determination of amino acids
by use of bacterial amino acid decarboxylases.

In “Methods of Biochemical Analysis.” Vol.
4, 255. D. Click <ed.'.

Mac, L. R, M. L. Long, and M. J. Blish. 1949.
The occurrence of free L-glutamic acid in

various foods. Food Tcchnol. 3, 351.

Hanson, H. L., M. J. Brushway, and H. Line-
weaver. 1960. Monosodium glutamate studies.
| and Il. Food Tcchnol. 14, 320.

Linko, P. 1960. Paper chromatogram patterns of
free amino acids of wheats at various stages
of deterioration. Suomcn Kcmistilchti B 33,
144,

Mergentime, M., and E. H. Wiegand. 1946. Low
temperature characteristics of a pea proteinase.
Fruit Prod. J. 26, 72.

Norton, K. B., D. K. Tressler, and L. D. Farkas.
1952. The use of monosodium glutamate in
frozen foods. Food Tcchnol. 6, 405.

Schales, O., V. Mims, and S. S. Schales. 1946.
Glutamic acid decarboxylase of higher plants.
Arch. Binchcm. 10, 455 and 11, 155.

Schuphan, W., and W. Postel. 1960. Biologische
Wertigkeit des Erbseneiweisses im Spiegel der
essentiellen Aminosauren. Z. Lchcnsm. Un-
tersuch. u. -Forsch. 113 223.

Sjostrim, L. B., and E. C. Crocker. 1948. The
role of monosodium glutamate in the seasoning
of certain vegetables. Food Tcchnol. 2, 317.

Soedigdo, R., and M. Gruber. 1960. Purification
and some properties of a protease from pea
seeds, Pisum sativum L, S.SP. Arvense A and
G. Biochim. ct Biophys. Acta 44. 315.

Stumpf, P. Iv. 1951. Transaminases in higher
plants. Federation Proc. 10, 256.

van Duyne, F. O., V. R. Charles, M. C. Titus, and
E. H. Wheeler. 1957. Effect of addition of
monosodium glutamate on palatability of fro-
zen vegetables. Food Tcchnol. 11, 250.

Wager, H. G. 1957. The effect of artificial wilt-
ing on the carbon dioxide production of de-
veloping pea seeds. New Phytologist 56, 230.

Wager, H. G. 1959. The effect of artificial wilting
on the production of ethanol by ripening pea
seeds. Neva Phytologist 58, 6s.

Wager, H. G. 1962. The physiology of green peas
in relation to storage. Paper B 2. 1. Part 2,
First Intern. Congr. of Food Sei. and Technol.,
London 1962 (in press).



Biochemical Properties of Pork and Their Relationship
to Qualityab 1. pH of Chilled, Aged and
Cooked Muscle Tissue

R. G. KAUFFMAN,0Z L. CARPENTER,d R. W. BRAY,
and W. G. HOEKSTRA

Departments of Meat and Animal Science and Biochemistry
University of Wisconsin, Madison

(Manuscript received May 10, 1963)

SUMMARY

Values for pH were obtained from the chilled, aged, and cooked loin and
ham muscles originating from 439 pork carcasses. Muscle pH was compared
to a number of objective and subjective measurements related to the qualita-
tive and quantitative values of pork products. Increased muscle acidity was
associated with pale, soft tissues, which yielded higher percentages of expres-
sible juice. Chilled-muscle pH was associated with the pH of aged and cooked
muscles, and there was also a positive relationship between the pH values of
different muscles within each carcass at any stage of comparison. Dark, dry,
firm muscle tissue exhibiting a relatively high pH, shrank less during curing
and cooking and was more juicy and tender than pale, soft watery muscle
tissue of low pH. Regardless of muscle acidity, the curing process raised all
palatability ratings to a comparable and acceptable level; therefore it was con-
cluded that the primary importance of a higher pork muscle pH, especially

for hams, is its association with less shrinkage during processing.

INTRODUCTION

The pH of muscle tissue has been studied
by a number of workers, and its change un-
der varying conditions has been associated
with the water-binding capacity of the
muscle proteins, visual color appearance,
and storage life of the product. Even though
it has been assumed that muscle acidity is
important in regulating shrinkage during
processing and in influencing palatability,
insufficient evidence is currently available.
A study was therefore made of the relation-
ship between muscle pFl and some quantita-
tive and qualitative traits of pork.

LITERATURE REVIEW

The ultimate pH of muscle post-mortem
has been shown to be related to the amount

“ Published with the approval of the director of
the Wisconsin Agricultural Experiment Station,
Madison.

hThis study was supported in part by research
contract 12-25-010-577, U. S. Department of Agri-
culture, Marketing Research Division, and Oscar
Mayer and Company, Madison, Wisconsin.

o Present address: Department of Animal Sci-
ence, University of Illinois, Urbana.

tPresent address: Department of Animal Hus-
bandry, Texas A. & M. University, College Station,
Texas. Contribution No. 372.

of glycogen present at slaughter, and pos-
sibly with the activity of various enzymes,
the concentrations of myoglobin and of cer-
tain inorganic ions, and the buffer capacity
of the muscle (Hamm, 1953; Lawrie, 1955;
Wismer-Pedersen and Briskey, 1961). It
has also been implied (Briskey, 1958; Hall
et al., 1944; Wierbicki et al., 1957) that as
pH decreases to about 5.5, the isoelectric
point of major pork muscle proteins is
approached and these proteins consequently
decrease in their electrostatic attraction for
local water molecules, which results in in-
creased amounts of “free,” expressible water.
In addition, water may be released by a
reduction of forces dependent on capillary
action, surface tension, and water dipole
interaction. As water retention is lowered,
protein molecules form a “closed” or “de-
natured” structure, which prevents deep
penetration of light rays and therefore physi-
cally reflects greater quantities of the light,
giving the muscle surface a lighter appear-

ance. Furthermore, muscle rigidity lessens,
which results in a soft, watery, pliable
muscle.

Contradictory findings have been reported
concerning the relationship of muscle acidity
to the palatability characteristics of muscle
tissue (Judge, 1958; Briskey, 1958; Stran-

[65]
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dine et al., 1949). Some workers report an
enhancement of tenderness accompanying
a lower pH, whereas others imply that
higher pH values are associated with more
flavorful and tender pork; still others find
no relationships between these variables. It
has also been suggested that a dark, dry
muscle of high pH shrinks less throughout
processing but is less resistant to bacterio-
logical spoilage.

EXPERIMENTAL METHODS

General procedure for this series of publications.
The general procedures were described in an
earlier report by Carpenter ct al. (1963).

Specific procedures for the pH study. Data were
obtained from 439 carcasses; however, because the
carcasses representing animals of known history
were analyzed separately from those from animals
of unknown history, only the results of 233 car-
casses from the latter group are discussed except
when there were contradictory findings for the
206 carcasses of the known-history group. In ad-
dition, this paper includes a comparison of 199
hams (from the original 439), segregated into
three groups according to color and firmness
characteristics. The first group included soft,
watery hams with light-colored muscles occurring
adjacent to darker-colored muscles, causing a two-
toned color; the second possessed “normal” gray-
ish-pink muscles accompanied by moderately firm
muscle structure; the final group were dark in
color and extremely firm in structure. These
groups represent the normal, and the two extremes
in muscle color and firmness found in pork process-
ing plants. All hams fitting these group specifica-
tions were included in this phase of the study.

At 24 hr post-mortem, a Beckman pocket pH
meter was employed to obtain single pH values
for the chilled longissimus dorsi muscle opposite
the eighth rib, and for the gluteus medius and
gluteus profundus muscles exposed in the surface
of the ham butt. A Beckman Model G pH meter
was used to measure the pH of the aged (5-8
days) muscles, which included the longissimus
dorsi, semimembranosus, and biceps femoris. The
pH of the same muscles was again measured after
cooking and rechilling to 4°C. The semimem-
branosus and biceps femoris were not evaluated
for pH 24 hr post-mortem, because it was con-
sidered important to leave the ham intact during
the aging period.

Color and firmness scores were determined sub-
jectively by visual appraisal and physical handling.

RESULTS AND DISCUSSION

As indicated in Table 1, the pH values of
chilled, aged, and cooked muscles were gen-
erally related. Nevertheless it was shown
that the pH value of the chilled longissimus
dorsi was not a good indicator of its pH
after the muscle had been aged or cooked.
This can possibly be attributed to the small
pH variation for a majority of the chilled
loin muscles studied. One might suspect
that processing would reduce pH variation
among samples; however, a highly signifi-
cant relationship (r = .32) existed between
the pH of aged and cooked longissimus
dorsi. The correlation coefficients were also
higher for the pH of aged vs. cooked ham
muscles than for the pH of chilled vs. aged
muscles.

Table 1. Relationships between pH values of chilled, aged, and cooked pork."

Cooked
Chilled muscles Aged muscles muscles
Longissimus Gluteus Gluteus Longissimus Biceps 1Semimem- Biceps
doi)si profundus medius dorsi femoris  branosus femoris
r r r r r r r
Chilled muscles
Longissimus dorsi 53
Gluteus profundus .28%* 55**
Aged muscles
Longissimus dorsi A3¢ 38** .35
Biceps femoris A0 46%* .83+ H1**
Semimembranosus 41 52+
Cooked muscles
Longissimus dorsi .15° .32%*¢
Biceps femoris .35%* .35%* 51
Semimembranosus 29% 37 52+ 51 78*
aN = 175 ] cN = 168.
bSimple correlations. * P S7.05.

¥*p A o1,
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Most of the comparisons between pil
measurements of ham muscles were signifi-
cantly related. Generally, the correlation
coefficients were highest between the pH
values of different muscles at similar stages
of comparison. The relative pH of the
chilled gluteus medius reflected that of the
chilled gluteus profundus and longissimus
dorsi. These data further suggest that differ-
ent chilled, aged, and cooked ham muscles
from the same carcass underwent similar
acidity changes. About 25% of the variation
in the cooked pH values was accounted for
by the pH of aged samples, and 13% of the
variation was associated with that of the
chilled samples. This difference may be par-
tially explained because the gluteus medius
and gluteus profundus, which provided the
chilled pH values, were not used for subse-
guent aged and cooked pH evaluations. The
correlation coefficient between pH values of
the chilled longissimus dorsi and the chilled
gluteus medius was about double that be-
tween the chilled longissimus dorsi and the
chilled gluteus profundus. This has been
previously reported (Briskey, 1958) and
suggests that the gluteus medius, like the
longissimus dorsi, is most susceptible to the
development of pale color and is primarily
responsible for the variations in color of
the ham butt surface. Even though the
standard deviation for the gluteus profundus
pH equalled that for the gluteus medius, its
pH was sufficiently high to maintain a rela-
tively dark color. The loin pH could there-
fore be used as an indicator of the gluteus
medius pH and associated properties when
only a cross-sectional surface of the longissi-
mus dorsi was exposed in the intact carcass.

As anticipated from previous research
(Briskey et al., 1959; Lawrie, 1955; Wier-
bicki et al., 1957), increased muscle acidity

was associated with greater quantities of ex-
pressible juice. In addition, darker-colored
muscles were firmer and exhibited higher
pH values. Even though pH and firmness
were related, it should be explained that
muscles having higher pH values also con-
tained more internal fat, which also may
have contributed to greater firmness.

As shown in Table 2, muscle acidity and
processing shrinkages were statistically re-
lated, but the magnitude of the correlation
coefficients was relatively low. Muscles of
high pH exhibited less shrinkage during
curing and cooking, which can probably be
explained by the decrease in total expressible
juice with an increase in pH (r = —35).
Apparently the ability of muscles possessing
a high pH to bind a greater percentage of
water in the chilled state, is maintained
throughout processing.

Table 2 also indicates a significant trend
toward lower lean-cut yields from carcasses
containing muscles having higher pH values.
This would support the claim that, regard-
less of intramuscular fat content, muscles
from leaner pork carcasses tend to have
lower ultimate pH values and, consequently,
softer, more watery muscles (Briskey,
1958).

Table 3 illustrates relationships of pH to
palatability. Ham muscle acidity was not
related to flavor. However, juiciness and
tenderness were significantly enhanced when
ham muscle pH values were higher. The
significant relationships between subjective
tenderness measurements and pH values of
the ham muscles were supported by the
highly significant negative correlations be-
tween pH and shear force. This plT-tender-
ness relationship is interesting in view of
the fact that less acid muscle has a greater
water-binding capacity. Also, expressible

Table 2. pH of three pork muscles vs. carcass leanness and shrinkage during processing.

pH values for:
1) Drilled longissimus dorsi
2) Olilled gluteus medius
3) Aged semimembranosus
4) Cooked semimembranosus c

aSimple correlations.
bN = 233
oN = 175.

% curing % cooking % lean cuts
shrink shrink of carcass
—.23* .09
— 21 _.38% -.18**
—.28% -.46%F -17*
_37** -.39%** -8+
*p<.05.
**p < 01.
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Table 3. pH ys. palatability factors for chilled, aged, and cooked pork.“1"

pH values for:

1) Chilled longissimus dorsi .

2) Chilled gluteus medius

3) Aged semimembranosus .

4) Cooked semimembranosus”

“Simple correlations.
"N = 233.

Tenderness
Panel Shear
Juiciness Flavor score force
13*(.18**)c .04 .03 i
20%* 01 32 _ ot
27** .06 A3 —.28**
22%* .02 .30 —.20%*

‘ Partial correlation holding % of intramuscular fat constant (applies only to coefficient in

parentheses).

"N = 175

*psg.05.

**p<.01.
juice, which varies inversely with pH, was
associated with taste-panel scores for juici-
ness (r = —35) and further substantiated
the juiciness-pH relationship. The fact that
lower pH values were associated with an
increase in the production of free water,
upholds the assumption that the end product

originating from muscles with low pH
would usually be drier after processing and
thus reflect less acceptable juiciness ratings.

Results obtained for the 199 hams segre-
gated according to color and firmness are
shown in Table 4. The following general
observations may be made : 1) over one-third

Table 4. Comparisons of quantitative and qualitative traits for 199 hams segregated accord-

ing to color and firmness.

“Normal” in
| color 11
Light in color, moderately Dark in color,
soft and watery firm dry and firm
62a 94 @ 43a
35.5» 16.0b 23.3Db
X sa X sa X sd
Physical and chemical properties
% Intra- and intermuscular fat 7.12 1.87 7.72 2.48 8.83s 2.48
% expressible juice’ 65.90 14.70 56.20"  15.40 52.60" 11.80
pH, chilled gluteus medius 5.71 20 5.84s 18 6.04s .23
pH, aged semimembranosus 5.69 .23 5.84s .27 6.06s .30
pH, cooked semimembranosus"’ 1 6.13 20 6.17 22 6.34s .29
Quantitative properties
Chilled fresh weight (Ib) 21.30 9.30 15.90" 6.50 16.80" 6.40
% curing shrink 4.50 5.50 3.30 5.50 0.50s 3.70
% cooking shrink, fresh hams' 40.60 2.00 39.20s 2.60 37.40s 2.80
% cooking shrink, cured hams: 1 11.40 1.90 11.20 2.00 10.90 2.00
Palatability ratings'
Fresh ham scores 9.40 1.10 10.50" 1.20 10.90" 1.70
Cured ham scores1 12.40 0.70 12.70" 0.70 12.90" 0.80

* Total number of hams.
b% of hams originating from sow carcasses.

' Expressed as a percent of total moisture content of the sample.
“Some values missing; Group I N = 39, Group Il N = 69, Group Il n = 24.

" Includes both evaporation and drip losses.

' Based on a composite taste-panel score of separately determined and equally weighted
values of tenderness, juiciness, and flavor; a composite score of 10.5 was considered acceptable.

e Mean is significantly different from other

group means.

hMean is significantly different from Group | mean only.
'All means are _significantly different from means of pH of aged semimembranosus and

chilled gluteus medius muscles.

1 All means are significantly different from means of % cooking shrink of fresh hams

kAIl means are significantly different from

means of fresh-ham palatability scores.
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of the soft and light-colored hams were pro-
duced from sow carcasses, yet they repre-
sented only about one-fourth of the total
number of carcasses in the study; 2) the
percent intra- and intermuscular fat was
higher in firm and dark hams; 3) pH values
were higher in dark-colored hams, regard-
less of stage of comparison; 4) the cooked
muscles possessed pH values about .35 unit
higher than those of uncooked muscles;
5) percent expressible juice was lower in
dark, firm hams; 6) curing losses were
about 4% (absolute) lower for dark, firm
hams than for soft, light-colored hams;
7) fresh hams shrank about 3jd> times as
much as cured hams during cooking; 8)
cooking shrink was less for dark and firm
fresh hams, but little difference existed in
cooking shrink among cured hams; 9) dark
and firm hams received more desirable
palatability ratings than did soft, watery
hams; and 10) regardless of raw muscle
color or firmness, cured hams were more
acceptable in palatability than were fresh
hams. It should be noted (data not pre-
sented) that when the variations of intra-
and intermuscular fat and carcass weight
were held constant, the magnitude and sig-
nificance of the differences reported either
did not change or were increased.

Even though a higher muscle pH was
associated with more desirable juiciness and
tenderness traits of fresh ham muscles, and
to a less extent with their cured counter-
parts, in this study the curing process raised
these quality attributes to an acceptable
level of palatability, regardless of raw muscle
classification. Therefore, the importance of
pH level in the pork ham musculature was
established through its association with
shrinkages throughout processing. The pH-
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protein water-binding phenomenon was
probably responsible for this relationship, as
suggested in earlier research (Hamm, 1953).
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SUMMARY

Pork loin and ham muscles from a total of 439 carcasses were analyzed
for total intramuscular fat, and the results were compared to certain qualita-

tive and quantitative carcass traits.

Greater quantities of fat were associated

with higher flavor, tenderness, and, especially, higher juiciness ratings of the

cooked fresh product.

This increase in fat content was also accompanied by

lower curing and cooking shrinkages and greater carcass fatness.
The curing process elevated palatability scores and lowered cooking shrink-

ages to a level that minimized the effect of intramuscular fat.

It is therefore

suggested that recognition of the importance of intramuscular fat be essentially

confined to fresh pork products
cookery.

INTRODUCTION

Knowledge about animal fat is increasing
rapidly, yet many features of its metabolism
and function have not been clearly defined.
Fat deposited subcutaneously, abdominally,
intermuscularly, intramuscularly, intracellu-
larly, and intravenously exists in a dynamic
equilibrium. Intramuscular fat is of particu-
lar interest to meat scientists because there
is evidence that it enhances the palatability
traits of meat products.

This study was initiated to determine the
relationships of intramuscular fat content
to the qualitative and quantitative charac-
teristics of fresh and cured pork. Further-
more, an attempt was made to determine
the approximate amount of intramuscular
fat necessary for acceptable palatability.

“ Published with the approval of the Director
of the Wisconsin Agricultural Experiment Station,
Madison.

bThis study was supported in part by research
contract 12-25-010-577, U. S. Department of Ag-
riculture, Marketing Research Division, and Oscar
Mayer and Company, Madison, Wisconsin.

o Present address: Department of Animal Sci-
ence, University of Illinois, Urbana.

aPresent address: Department of Animal Hus-
bandry, Texas A. & M. College, College Station,
Texas. Contribution No. 373.
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to dry or semi-dry methods of

REVIEW OF LITERATURE

While researchers have only recently
studied the significance of intramuscular fat
in pork, its relationship to beef quality has
been studied extensively. Cover and Hos-
tetler (1960) and Cover et al. (1958) re-
ported that the amount of intramuscular fat
in beef was not consistently related to meas-
ures of tenderness, and therefore was not
a good criterion for deciding between moist
and dry methods of cooking. Hankins and
Ellis (1939) and Wellington and Stouffer
(1959) made similar findings. It was their
conclusion that palatability is associated
more closely with heredity and method of
cookery than with intramuscular fat. From
research involving over 300 pork loins,
Judge (1958) concluded that intramuscular
fat did not enhance tenderness. In contrast,
other workers (Backus, 1958; Kropf and
Graf, 1959; Palmer et al., 1958; Simone et
al., 1958) showed that intramuscular fat in
beef was related positively to the various
palatability factors. In studying pork,
Batcher and Dawson (1960) reported that
the variation of intramuscular fat content
accounted for about 65% of the variation in
tenderness and juiciness; however, later re-
search at the same experiment station
(Batcher et al., 1962) refuted previous find-

]
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ings by demonstrating that intramuscular
fat was not responsible for the improved
palatability of 283 pork roasts originating
from 32 pork carcasses. Saffle and Bratzler
(1959) reported a positive relationship be-
tween amounts of intramuscular fat and
improved quality in pork. Even though
Judge’s (1958) findings indicated little sig-
nificance for tenderness and flavor, they did
show that intramuscular fat content was
significantly related to juiciness (r = .40).

At present, little information exists re-
lating intramuscular fat to such measure-
ments as over-all carcass leanness and proc-
essing shrinkages. However, Saffle and
Bratzler (1959) indicated that bacon curing
shrinkages decreased with an increase in
carcass fatness. In addition, defrosting drip
losses in loin chops decreased significantly
as fatness increased. Furthermore, no effect
of carcass fatness was found on cooking
shrink regardless of the cut of pork (except
bacon) tested or the method of cooking
employed.

EXPERIMENTAL METHODS

General procedures for this series of publica-
tions. The general procedures were described in
an earlier report (Carpenter, 1963).

Scientific procedures for the intramuscular-fat
study. Representative samples from the longissi-
inus dorsi muscle opposite the 9th to 13th ribs and
a set of eight composite muscles from a one-inch-
thick center-cut ham slice were semi-frozen, ground
three times in a food grinder, and stored at —20°C.
Duplicate 3-g portions from each sample were
dried 24 hr at 105°C for moisture analysis. Total
fat from the dry samples was then extracted with
diethyl ether for 24 hr by a Soxhlet extraction
apparatus. Weight loss due to extraction was
designated as total lipid content, and was ex-
pressed on both fresh-weight and moisture-free
bases. The reported lipid values for the ham
samples include, in addition to intramuscular fat,
the portion of the intermuscular fat that was not
removed prior to grinding.

Data are presented for the 233 unknown-history
carcasses, which were selected according to carcass
weight and degree of intramuscular fat in the
loin. When results from the 206 known-history
carcasses differed from those of the above group,
the conflicting values were included in Table 1

RESULTS AND DISCUSSION
Fig. 1 and Table 1 illustrate the the rela-
tionships between quantity of intramuscular
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fat and qualitative and quantitative consider-
ations. As indicated by the partial correla-
tion coefficients (Table 1), percent intra-
muscular fat was highly and directly-
associated with the three palatability charac-
teristics of flavor, juiciness, and tenderness
for the fresh loins and hams. Fat variation
accounted for 50% of the variation in juici-
ness and, to a lesser extent, for variations
in tenderness and flavor in the fresh loin
samples. The coefficients were of a lower
magnitude for the hams. The variation in
internal fat of cured hams accounted for
about 16% of the variation in juiciness
score; however, the correlation coefficients
for tenderness and flavor were somewhat
lower, and also differed between the known-
and unknown-history groups. These differ-
ences for hams may be partly due to the
effects of the curing process and to the fact
that a portion of the fat was intermuscular
fat, which probably had little influence on
the palatability of the muscles tested.

It is apparen: from Table 1 and Fig. 1
that carcasses with higher lean yields pos-
sessed lower quantities of intramuscular fat.
This association was anticipated, because
increased intramuscular fat reflects to some
extent a general increase in total carcass fat.

It was of particular interest to note that
increased intramuscular fat content was, in
some comparisons, related to lower curing
and cooking shrinkages. Some disagreement
prevails between the known- and unknown-
history groups and between fresh and cured
products; however, it was concluded that
increased fat did not increase shrinkages,
and may in fact have decreased them. For
the cured hams, no significant relationship
was observed between intramuscular fat and
cooking shrinkage. This would suggest that
the curing process may increase the water-
holding capacity of the muscle proteins to
such an extent that the effect of fat becomes
insignificant. When the ham muscles con-
tained greater quantities of fat, shrinkage
during the curing process was significantly
lower. Perhaps one might conclude that the
water in meat products is more easily lost
than is the internal fat that is surrounded
by connective tissue and which is insoluble
in brine. Consequently, muscle tissue con-
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Table 1.

Partial correlation coefficients of intramuscular fat content of loin and ham

muscles with other qualitative and quantitative traits.”

Longissimus
dorsi
Palatability traits
Flavor score .38%*
Juiciness score 70%*
Tenderness score aax
Shear force (cooked) -.35%*
Quantitative traits
% carcass lean cuts - 37
% cooking shrink
Fresh —.04(—,23*")b
Cured

% curing shrink

* Carcass weight statistically held constant.

% intramuscular fat of:

Composite of 8 ham muscles

Fresh Cured
,17*%(.31*%)b 14
S1* A0
27*(.12)b ,27%%(.08)b
12 —,19**(—,13)b
_.38**
—24%
-.04
—24%

Data from 233 carcasses are represented.

bKnown-history-carcass coefficients that differ with those of the unknown-history carcasses.

*p A 05,

**p < o1.

taming more fat and proportionately less
water would be subject to relatively less
shrinkage when subjected to curing. It is
assumed that the losses of the moisture
added during the curing process are equal
for ham muscles possessing either high or
low levels of fat.

The variance between the results of
known- and unknown-history carcasses may
have resulted from the lower content of
intramuscular fat in the known-history
group, especially for comparisons that gave
correlations coefficients low in magnitude.

Fig. Llillustrates the relationships of intra-
muscular fat to a composite palatability
rating consisting of equally weighted values
of panel scores of flavor, juiciness, and ten-
derness, and to a measure of carcass lean-
ness. An “acceptance-rejection” line was
established on the basis that the average
composite palatability score for the three
organoleptic traits on the hedonic scale was
10.5 and through the assumption that this
level differentiated between acceptable and
less desirable pork. This was an attempt to
establish a demarcation point to provide for
postulations concerning the data. Assum-
ing that the line was realistic, it would ap-
pear that about 18-20% intramuscular fat,
on a moisture-free basis (subjective score
no. 3 = modest amounts of marbling), was
necessary for acceptable palatability of fresh

pork chops prepared by dry or semi-dry
methods of cookery. Furthermore, a com-
bination of about 30% inter- and intramus-
cular fat would be needed for braised fresh
ham slices; however, the cured-ham palat-
ability was acceptable regardless of fat
content. When least significant differences
were determined, the results indicated that
differences existed in composite palatability
scores for the wvarious levels (marbling
scores) of intramuscular fat in fresh pork,
but in the ham most of these differences
were masked by the curing process.

As previously noted in Table 1, there is
a negative relationship between carcass lean-
ness and percent intramuscular fat; this
association is again demonstrated in Fig. 1
The study indicated that a lowering of lean-
cut yields could be anticipated if palatability
was to be maintained or improved. On the
basis of present economic conditions, lean-
ness is more important than the palatability
characteristics of pork. Therefore it would
be fatuous to suggest that intramuscular fat
should be increased at the expense of lean-
ness. Since intramuscular fat has not been
included in a selection index for swine, little
is known of its heritability. However, there
is some evidence that leanness and intra-
muscular fat traits are not necessarily in-
herited in an antagonistic relationship and
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Fig. 1. Relationships of intramuscular” fat to palatability and leanness.b
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aAlso includes intermuscular fat for hams.
b233 unknown history carcasses.

hams

may therefore be used together as selection
tools for swine improvement.

This research suggests that the presence
of some intramuscular fat is important to
maintain acceptable palatability, but it does
not explain how intramuscular fat may
affect eating quality. Nonetheless, the au-
thors postulate that intramuscular fat may
serve as a lubricant between the muscle
fibers and consequently improves juiciness.
As juiciness is enhanced, flavor and tender-
ness may also be improved directly, or they
may be rated higher psychologically solely
because the product is more juicy. Although
desirable flavor in pork may be partially the
result of an increase or change in the nature
of water-soluble constituents, the presence
of rendered fat undoubtedly plays some part
in the development of flavor. In addition,
it is possible that the separation of muscle
fibers and groups of muscle fibers by in-
creased deposition of intramuscular fat may
mechanically improve tenderness simply by
reducing the concentration of connective
tissue and by providing for a greater disper-

cNumbers in parentheses refer to loin marbling scores for carcasses yielding the corresponding fat contents of the

sion of degraded collagen (American Meat
Institute Foundation, 1960).
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SUMMARY

Degree of unsaturation and the moisture content of subcutaneous fatty
tissue were compared to certain quantitative and qualitative traits of 247 pork
carcasses. Degree of unsaturation and percent moisture of this tissue de-
creased as the fat content of the young animal increased; with mature packer
sows, however, this pattern was not evident. Subcutaneous fat depots contain-
ing a greater amount of moisture and a relatively higher content of unsaturated
fatty acids as determined by iodine number, were related to softer and leaner
pork carcasses and were associated with less favorable palatability character-
istics. Because lean, less firm carcasses possessed less intramuscular fat and
therefore yielded pork cuts that generally had less desirable palatability, the
subcutaneous fat characteristics may be associated only indirectly with quality
attributes. Neither extent of unsaturation nor moisture content of the sub-
cutaneous fatty tissue was related to the odor, as measured subjectively, of

heated samples of fat.

INTRODUCTION AND REVIEW OF
LITERATURE

Researchers (Hankins and Ellis, 1926;
Ellis and Isbell, 1926 ; Hankins et at., 1928;
Blumer et al, 1957; Dahl, 1958) have
clearly demonstrated that the character of
the subcutaneous fat of pork can be altered
by nutrition. When swine were fed diets
high in unsaturated fatty acids, soft pork
fat resulted. Sinclair (1931) reported that
no parallelism existed between iodine num-
ber of dietary fat and that of tissue phospho-
lipids; however, the diet did alter the un-
saturation of the body neutral fats. Cole
(1955) subjectively determined the firmness
of 59 pork carcasses and found that fat*
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Madison.
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contract 12-25-010-577, U. S. Department of Agri-
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ence, University of Illinois, Urbana.
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bandry, Texas A. & M. College, College Station,
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firmness was not as important in indicating
over-all carcass firmness as reported in
earlier studies. His studies indicated that
firmness and degree of fatness were related
directly. When Cole compared fats origi-
nating from soft and firm carcasses, he found
that peroxide numbers did not differ after
six months of storage; that no differences
resulted in curing or cooking shrinkages;
that palatability ratings were not altered;
and that no marked rancidity was detected
in either fat source after 12 months of
storage.

Pork fat is susceptible to change in its
degree of unsaturation during the growing
and fattening period of swine; however,
some studies imply that the firmness of fat
post-mortem may also be the result of other
factors not thoroughly understood. With
the present emphasis on an accelerated pro-
duction of trim, muscular pork, the relative
importance of firmness of fat in evaluating
pork must be established. Soft carcasses are
presently criticized seriously even though
this “softness” may be due primarily to su-
perior muscling and not to highly unsatu-
rated fat. This research was conducted to
more clearly define the associations between
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two chemical measures of fat firmness
(iodine number and moisture content of the
fat) and some quantitative and qualitative
traits of fresh and cured pork.

EXPERIMENTAL METHODS

General procedures for this series of experi-
ments. The general procedures were described in
an earlier report by Carpenter et al. (1963).

Specific procedures for the study of subcutaneous
fat. Fat samples from 137 carcasses, randomly
selected from the unknown-history group, and
from 110 carcasses selected from the known-history
group provided the data; however, results with
known-history samples are reported only when
they vary from those of the unknown-history
group.

lodine numbers were determined by the Hanus
method as described by the AOAC (1960). A
600-g fat sample (including both inner and outer
layers as delineated by the aponeurosa) was re-
moved from the midsection (opposite the 7th and
8th ribs) of the fatback. Randomly selected cores
of fat (i|f X 2 inches) were removed from the
samples, and the lipids were extracted with di-
ethyl ether. The ether was evaporated at 40°C
in a vacuum oven, and duplicate 0.3-g portions
of extracted lipids were analyzed for iodine number.

Moisture content was determined on 2-g dupli-
cate portions dried 36 hr at 105°C in shallow
aluminum drying pans. Loss of weight during
the drying period was recorded as percent moisture
although it was realized that a small portion of
this loss could have been attributed to volatile
constituents other than water.

Carcass odor was analyzed subjectively. A 200-g
fat sample was removed from the flank area of
the chilled pork carcass, stored in a plastic bag,
and then tested for odor within 24 hr. The fat
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sample was diced into small pieces and thoroughly
mixed to provide a 30-g portion for analysis. This
portion was added to 100 ml of distilled water
contained in a 250-ml Erlenmeyer flask which was
subsequently stoppered and slowly heated to 100°C
in a hot-water bath. Two experienced panel mem-
bers subjectively evaluated (by smell) the detect-
able volatile components released by the hot water-
fat solution. The samples were classified into one
of the three general groups. Group 1 consisted of
normal odors producing mild sensations considered
acceptable and pleasing. The second group in-
cluded samples that yielded especially strong, ob-
jectionable sensations, which were often described
as resembling “barnyard” odors. The final group
involved odors not as severe as those in the second
group but slightly abnormal and of questionable
acceptability.

The bellies from the carcasses were subjectively
evaluated for firmness and placed in one of five
groups. The fluctuation of the 24-hr chilling tem-
peratures and the fact that heavier carcasses
failed to “chill out” as thoroughly as lighter ones
undoubtedly affected the subjective firmness ap-
praisal ; however, the wide variation in firmness
and the restriction to a five-group classification
allowed for a reasonably accurate separation into
firmness groups for statistical comparison.

RESULTS AND DISCUSSION

Data in the first two tables substantiate
some of the relationships established by the
previous research. When carcasses con-
tained more total fat, the subcutaneous fat
was more highly saturated and contained a
lower percentage of moisture.

Even though the partial correlation coeffi-
cient for the known-history group (Table 1)

Table 1 Relationships between carcass traits and subcutaneous fat characteristics of 137

unknown-history pork carcasses.

Carcass traits

44%%

lodine number
ri2.345a

% yariation of each

trait accounted for
iodine number and

% moisture of fat

% moisture of fat
n32ba 23a

Subjective belly firmness score r - 11 (-.38%%) 32 (4b)
Fatback thickness (inches) -.28%% (-.18*)" -.38*x 29 (52)
% Moisture—loin 05 (.21%) 19% (.30%%) 17 (34)
% Moisture—ham .19* (.00) 15 (.30%%) 16 (35)
Carcass weight (Ib)'1 05 (.48%%) - 29%F (-.45%¥) 9 (43)
*p A0S,
**p sg .OL

‘ ldentification of variables. 1 =
ture of fat; 4 =

son) ; 5 = carcass weight.

individual carcass trait; 2 r= iodine number; 3 z= % mois-
% intramuscular fat of loin (fatback thickness for the belly firmness compari-

6 All values in parentheses refer to 110 known-history carcasses.

cA score of 1 — soft; a score of 5 = firm.

dOmit variable no. 5 in this series of comparisons.
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Table 2. Comparisons between subcutaneous fat characteristics and carcass traits classified

according to origin and type of carcass.

Unknown history

Butchers
114a
Carcass traits
Weight (lb) X 163.1
Si 39.9
% lean cuts X 46.4
S 4.0
Fatback thickness (in.) X 1.76
Sa 37
% intramuscular fat of X 193
loin b Sa 8.8
Subcutaneous fat traits
lodine number X 61.7
Sa 38
rix: —21*
r2c -.39%*
% moisture of fat X 7.1
Sa 1.7
risc —.40*
i’ =21
*p .05,
**p .01

* Number of carcasses.

bExpressed on a moisture-free basis.

' ldentification of variables: 1 =
fat; 4 r= % intramuscular fat of loin.

indicated that iodine number increased with
an increase in weight, the simple correlation
for the butcher carcasses of this group
(Table 2) suggests that there was little
relationship between these two variables.
The partial analysis between carcass fatness
and unsaturation simply implied that degree
of unsaturation decreased with an increase
in fattening rather than with carcass weight
per se. Table 2 further illustrates this phe-
nomenon. Correlations for the butcher

carcass weight; 2 =

Known history

Sows Total Eutchers Sows Total
23» 137a 82« 28a 110a
2979 1857 150.2 314.2 192.0
124 62.4 39.4 78.6 88.5
46.1 46.3 49.4 46.6 48.7
3.2 3.9 33 4.3 3.8
2.18 1.83 145 2.18 1.64
37 40 .29 48 47
19.0 19.3 126 18.2 14.0
9.3 8.9 53 6.5 6.1
63.1 61.9 61.7 65.5 62.7
42 39 43 3.0 43
01 -.00 .09 .10 .35%*
-.29 =37 _41v .16 -.08
6.6 7.0 8.0 5.7 74
2.4 1.8 2.3 2.6 2.6
-.21 —29% -.48* -.36* —.54**
-.02 -.16 _Al™ 29 _AT™

iodine number; 3 = % moisture of

groups indicated that the iodine number de-
creased with an increase in intramuscular
fat deposition; however, this relationship
was questionable for the heavier packer sow
groups. In addition, the simple correlations
showed that percent moisture in the fatty
tissue also decreased with an increase in
intramuscular fat content for butcher car-
casses but not for the mature packer sows.
These findings suggest that the biochemical
nature of the fat depots from a mature

Table 3. Relationships between processing traits and subcutaneous fat characteristics of

137 unknown-history pork carcasses.

lodine number

% variation of each
trait accounted for
by iodine number and
% moisture of fat % moisture of fat

Processing traits m.345a n.3.245a R~1.231
% lean cuts of total carcass .31 AT 39
% curing shrink of ham -.04 i 4 (19)
% cooking shrink of fresh loins .23* (.06)" -.04 (.28*) 5 (21)
4, cooking shrink of fresh hams 14 .30** 14
*p A .05,
**pit .0L

* Identification of variables. 1 =

moisture of fat; 4 =

individual processing traits; 2 =
% intramuscular fat of loin; 5 =

iodine number; 3 = %
carcass weight.

bAIl values in parentheses refer to 110 known-history carcasses.
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animal, regardless of degree of fatness, may
be different from that of a young growing
animal; however, the data do not explain
this observed difference.

As anticipated, more highly saturated fats
containing a minimum of moisture were
physically firmer. Combined variation of the
iodine number and water content of the
fatty tissue statistically accounted for 32-
46% of the changes in firmness. When io-
dine number was compared to the moisture
content of the fatty tissue, no statistical rela-
tionship existed. This suggests that the two
variables exerted their effect on firmness
independently. Moisture content of the
muscle was significantly correlated with
iodine number; however, when the varia-
tions of intramuscular fat, carcass weight,
and percent moisture of the fat were statis-
tically held constant (Table 1), the correla-
tion coefficients either failed to be significant
or were of such low magnitude that they
were of little predictive value. Percent
moisture in the muscle tissue was related
to percent moisture in the fatty tissue, espe-
cially for the carcasses from the pigs selected
according to age. This was an anticipated
relationship because the moisture content of
fatty tissue decreased in carcasses containing
more total fat and because an increased
quantity of intramuscular fat was accom-
panied by a decreased moisture content of
the muscles.

Comparisons between subcutaneous fatty
tissue characteristics and some processing
traits are presented in Table 3. The more
muscular carcasses appeared to be less firm
and contained fat of higher iodine number
and higher moisture content. Because of the
low correlation coefficients between the fat
characteristics and curing and cooking
shrinkages, and the disagreements between
known- and unknown-history analysis, no
definite conclusions could be reached. There
was a tendency for meat with firmer fat
characteristics as measured by iodine num-
ber and water content to exhibit a lower
processing shrinkage.

Table 4 shows the relationships between
fatty-tissue characteristics and measures of
quality. Firmer subcutaneous fat depots
with a lower iodine number and less water
content were associated with higher palat-
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ability ratings for fresh, baked loin chops.
This may be explained by the observation
that the more muscular carcasses, which
were usually less desirable in palatability
characteristics, also contained a softer fat
(as defined chemically). Collectively, degree
of saturation and moisture content of the fat
accounted for 10-29% of the variation in
the various organoleptic traits. Nonetheless,
when the results of odor tests were compared
to the subcutaneous fat traits, little rela-
tionship existed. Because of conflicting re-
sults between the two groups studied, there
was doubt as to the importance played by
fat saturation or moisture content of the fat
in predicting undesirable odors of pork fat;
however, it should be noted that a large
majority of samples received an acceptable
rating, and thus the odor variation was
minimized. Even though the fat was not
analyzed for degree of rancidity, it is as-
sumed that softer fats throughout the carcass
may be more susceptible to rancidity and
might therefore have some influence on the
flavor and odor of cooked pork.

The data reveal differences between the
known- and unknown-history groups. The
values usually agreed in direction of rela-
tionship ; however, the coefficients were gen-
erally higher for the known-history group.
One explanation may be the difference in
muscling between the two groups. As illus-
trated in Table 2, the mean lean yield was
2.4% higher (p ~ .001), the fatback thick-
ness was .19 inch less (p — .001), and
intramuscular fat content of the loin was
5.3% less for the known-history group.

These differences may reflect a different
basic population with greater variability in
the fatty tissue composition. Breeding and
management practices were unknown for
the other group, and it was therefore im-
possible to account for any effect that these
factors may have had.
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SUMMARY

The radiosensitizing activity of a series of naphthalene derivatives against
Streptococcus faecalis and Escherichia coli was examined to determine the
essential molecular substituents and configurations required for effective
sensitization when the compounds and organisms were irradiated with Co“
gamma rays. In general, compounds with hydroxyl or amino groups in the
ortho and para positions, such as I-amino-2-naphthol and 4-amino-l-naphlhol,
were particularly effective sensitizers for S. faecalis irradiated in air or in
anoxia. E. coli was particularly sensitive to 4-amino-l-naphthol and 5-amino-I-
naphthol when irradiated in anoxia, and less sensitive in air. Both organisms
displayed marked sensitivity when irradiated with iodoacetic acid in air and in
anoxia. It was determined that the bacteria and chemicals must be irradiated
together for maximal radiosensitization to take place, for it was possible to

almost eliminate
prior to irradiation.

INTRODUCTION

An increasing number of radiosensitizers
are being reported, and various mechanisms
are proposed to explain their ability to am-
plify radiolethality. These are TV-ethyl-
maleimide, iodoacetic acid, and phenylmer-
curic acetate (Bridges, 1961, 1962a) ; iodo-
acetamide (Dean and Alexander, 1962) ;
chloral hydrate (Burns et al., 1963) ; and
the naphthalene compounds structurally re-
lated to vitamin K5 (El-Tabel Shehata,
1961 ; Silverman et al., 1962). In a sense,
the expanding number of compounds studied
can be attributed to an increased awareness
that experiments with radiosensitizers may
contribute significantly toward explaining
mechanisms involved in radiolethalitv.

This work was undertaken to compare
the behavior of different classes of radio-
sensitizers and to attempt to elucidate cer-
tain aspects of the action of naphthalene
derivatives in radiosensitization.

" Contribution number S46 from the Department
of Nutrition and Food Science, Massachusetts In-
stitute of Technology, Cambridge, Massachusetts.

radiosensitization by washing the cell-chemical

suspension

EXPERIMENTAL

Organisms.  Strains of Streptococcus faecalis
(ATCC 10C1) and Escherichia coli (ATCC 9637)
were propagated and enumerated by techniques
used in previous studies (El-Tabey Shehata, 1961 ;
Silverman et al., 1962).

Chemical compounds. The sources of the chemi-
cals used were: Vitamin K5HC1 (Ks, Parke Davis
and Co.) ; 1-naphthol (IN), 1-naphthylamine HC1

(INA), 4-amino-lI-naphthol HCI (4A1N), 14-
naphthalenediol (4H1N), 1,4-diaminonaphthalene
diHCI (1,4ANA), 5-amino-l-naphthol HC1

(5A1N), l-amino-2-naphthol HCI (1A2N), hydro-
quinone (HQ), />-phenylenediamine diHCI
(PDA), /»-aminophenol (PAP), from Distillation
Products Inc.; 2-aminoT-naphthol HCI (2A1N),
2-amino-3-naphthol (2A 3N), beta-thionaphthol
(2S1N), 2,3-dihydroxynaphthalene (3H2N), 2,3-
diaminonaphthalene (2,3ANA), from K and K
Lab.,, Inc.; maleic acid, 2-methylnaphthalene
(2MN), from Matheson, Coleman and Bell; 1,2-
dianiinonaphthalene (1.2ANA), from Aldrich
Chemical Co.; Ar-ethylmaleimide (NEM), naph-
thoresorcinol (3H1N), from Schwarz Bioresearch,
Inc.; malonic acid, from Calbiochem ; />-chloro-
mercuribenzoic acid (PCB), iodoacetic acid
(IAA), from Mann Research Lab.; sorbic acid
from Carbide and Carbon Chemicals Co.

[80 1
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Buffer. Anhydrous sodium monobasic phosphate
(9.2 g) was dissolved in 600 ml of distilled water
and the pH adjusted to 7 with sodium hydroxide
and diluted to a final volume of 1 L. Before use,
the buffer was diluted further to a final concen-
tration of 0.0223/.

Sparging and irradiation. In most experiments,
evaluation of radiolethality of suspensions of or-
ganisms and chemical was done in sealed ampoules,
but for certain experiments (see Table 6) con-
tinuous sparging was found to be necessary during
irradiation. This apparatus consisted of four 100-ml
tubes, each containing 50 ml of either a cell sus-
pension or chemical, into which a coarse fritted-
glass sparger was inserted so as to reach almost
to the bottom of the liquid. Air or nitrogen was
sterilized by passage through sterile glass wool
placed at the manifold inlet and discharged
through a filtered outlet. Samples were with-
drawn with a hypodermic syringe containing an
8-in. 18-ga. needle through a stopcock valve on
the side of the tube. Results with continuous
sparging were found to be more precise than the
ampoule technique. The artifact due to trapping
of microorganisms on the fritted-glass filter, noted
by Ginsberg and Jagger (1962), did not occur
with this apparatus.

Table 1. The ability of various groups
Streptococcus faecalis.”

Relative survival fraction

Compound

Air
(35,000 rad)

81

Irradiation. Irradiation was conducted in a sub-
merged pool-type Co® source. The dose rate aver-
aged 5250 r/min over the duration of these ex-
periments.

Lysis. To determine whether or not radio-
sensitization might be due to lytic activity, 9 ml
of A. faecalis cells prepared in the same manner
as for irradiation were mixed with 3 ml of the
appropriate concentrations of Ks, 4A1N, or dis-
tilled water. Percentage transmission at 450 mg
(Schaechter and Santomassino, 1962) was taken
initially, every 30 min for 4 hr, and at 24 hr.

RESULTS

Radiosensitization. Table 1 compares the influ-
ence, during irradiation, of 16 naphthalene com-
pounds against S'. faecalis in air and nitrogen.
Some essentially non-toxic compounds were found
to have sufficient radiosensitizing activity to per-
mit only 10% of the cells irradiated with chemical
to form colonies, compared to the number of sur-
vivors (here considered 100%) when cells were
irradiated without chemical. The dramatic activity
of many of the compounds examined suggested
that the designation “radiosensitizer” be restricted
in this discussion to chemicals that gave survival

on naphthalene to increase radiolethality for

Irradiated Unirradiated
Percent survival

Nitrogen

Code (10-4M) (100,00Urad) Air Nitrogen
Buffer, pH 7, 0.0223/ 1.0 1.0 100 100
Ks Vitamin Ks 0.14 0.00083 89 69
2MN 2-methylnaphthalene 0.79 0.36 97 122
IN 1-naphthol 0.12 0.02 87 78
INA 1-naphthylamine 0.0000038 0.16 60 80
4AIN 4-amino-I-naphthol 0.00012 0.000046 46 47
4H1IN 1,4-naphthalenediol 0.083 0.0001 45 62
1,AANA 1,4-diaminonaphthalene 0.019 0.00016 17 32
5AIN 5-amino-l-naphthol 1.78 0.0079 44 64
1A2N 1-amino-2-naphthol 0.0054 0.000026 76 23
1.2ANA 1,2-diaminonaphthalene 0.15 0.014 45 2
2A1IN 2-amino-l-naphthol 0.27 0.0016 0.027 0.14
2S1N beta-thionaphthol 0.95 1.26 91 »
3H2N 2,3-dihydroxynaphthalene 1.58 0.0013 93 111
2,3ANA  2,3-diaminonaphthalene 0.56 1.26 65 90
2A3N 2-amino-3-naphthol 0.17 0.73 73 83
3HIN naphthoresorcinol 0.85 01 69 61

number of organisms after irradiation

aSurvival fraction (SF) =

viva, = number of organisms in chemical®

number of organisms in buffer

number of organisms before irradiation
X m

N
- —, percent sur-
Ny

. relatiye survival fraction (RSF) =

SF in the presence of chemical. Rsp Qf CQntrol samples = L

SF in buffer
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values of less than 1% of those for controls
irradiated without chemical. It will be demon-
strated herein that many chemicals sensitized cells
so that much less than 1% of the irradiated popu-
lation was viable. In agreement with previous
work (El-Tabey Shehata, 1961; Silverman et al,,

RADIOSENSITIZATION OF S. FAECALIS AND E. COLI

under anoxia in the presence of 1A2N than in
the presence of 2A1N.

The radiolethal effect noted for Kb is also
demonstrated for S, faecalis by phenols and phenyl-
amines (Table 2). These compounds not only are
less effective sensitizers in anoxia than the corre-

Table 2. Other compounds that increase the radiolethality of Streptococcus faecalis.

Irradiated . .
Unirradiated

Relative sur ir

Percent survival
>Th

Compound Air .
Code (10~*M) (35,000 rad) (100,000 rad) Air Nitrogen
Buffer, pH 7.0 1.0 1.0 100 100
HQ Hydroquinone 0.5 0.00043 85 110
PAD /i-Phenylenediamine 121 0.00065 84 92
PAP /)-Aminophenol 0.15 0.00026 76 86
NEM .V-Ethylmaleimidc 0.13 0.000079 85 97
PCM />-Chloromercuribenzoic 0.00074 0.00000029 74 61
acid
1AA lodoacetic acid 0.0000033 0.00000025 80 89
Sorbic acid 1.78 0.07 62 82
Maleic acid 1.22 0.98 88 81
Malonic acid 0.57 0.26 124 93

1962, 1963), the effectiveness of amino- and hy-
droxynaphthalene compounds related to Kbis more
evident in nitrogen than in air. In addition to KB
4A1N, 1A2N, and SAIN, compounds 4H1N,
1,AANA, 1,2ANA, and 2A1N were also active
in nitrogen and either inactive or less active in
air. One compound, 1NA, behaved quite differ-
ently, being active in air but not in nitrogen. The
location of the amino and hydroxyl groups on the
naphthalene ring influences whether or not radio-
sensitization occurs. The activity of the Ks mole-
cule is due to the presence of the hydroxyl and
amino groups; for if these groups are absent,
as in 2MN, the activity is lost. A compound hav-
ing amino or hydroxyl groups in the ortho and
para positions, or even on the second benzene ring,
as in 5AIN, can cause radiosensitization. Placing
a sulfhydryl group adjacent to the hydroxyl in
2S1N appears to impart protective activity to IN,
a weak radiosensitizer. Although 3H2N was active
in nitrogen, the corresponding naphthylamine,
2.3ANA, and the compound 2A3N were ineffec-
tive. Naphthoresorcinol (3H1N), which has two
hydroxyl groups in a meta relationship, was also
inactive. Four compounds, 4A1N, 4H1N, 14ANA,
and 1A2N, not only w'ere effective in nitrogen
but also appreciably decreased the radiosurvival
of S. faecalis in air. In general, it appears that
compounds having either amino or hydroxyl
groups in the para position are most effective sensi-
tizers against S'. faecalis. Their interchangeability
is not evident in the 1- and 2-positions, since a
greater radiolethality for S. faecalis was noted

sponding naphthalenes but also differ in being-
inactive in air. Included for comparative purposes
were two sensitizing compounds, NEM and IAA,
reported by Bridges (1962a) for a Pseudomonas
sp. Bridges had found that although NEM and
IAA were ineffectual radiosensitizers in air,
phenylmercuric acetate was active in air and in
anoxia. In this study, at concentrations of 10r'M
they were comparable to, or greater sensitizers
than, 4A1N or 1A2N. />-Chloromercuribenzoic
acid (PMB), a sulfhydryl reagent, w'as also
tested, and found to be an effective radiosensitizer
in both air and nitrogen.

Three additional compounds, sorbic, malonic,
and maleic acids, were similarly examined. Of
the three, sorbic acid was of interest; it appeared
to be protective when the organisms were irradi-
ated in air, and displayed a slight radiosensitizing
activity in nitrogen.

Table 3 presents the results of experiments with
E. coli and seven compounds that had increased
the radiolethality of N. faecalis. Except for IAA,
which showed a greater effect in air, the effects
were most notable in nitrogen. E. coli differed
from S. faecalis in being indifferent to the presence
of INA in either air or nitrogen. Some results
with E. coli are in agreement with a previous
study by Bridges (1961).

Bridges investigated the effects of NEM on
Escherichia coli B/r, Staphylococcus aureus, a
Pseudomonas sp., and Bacillus subtilis. NEM
activity at 10~3Af was more pronounced in anoxia
against E. coli and S. aureus and only in anoxia



NOAMAN, SILVERMAN, DAVIS, AND GOLDBLITH

83

Table 3. The modification of radiosurvival of Escherichia coli in air and nitrogen by

various chemicals.

Irradiated

Unirradiated

Relative survival fraction

Compound Air
10-4V1) (20,000 rad)
Buffer, pH 7.0 10
Vitamin Ks 0.73
4-Amino-1 -naphthol 0.16
5-Amino-I-naphthol 0.16
1-Naphthylamine 0.67
/>-Aminopheno! 0.73
V-Ethylmaleimide 0.95
Todoacetic acid 0.000033

in the case of the Pseudomonas sp. The radio-
survival of B. subtilis was not altered by NEM
in either air or nitrogen.

Toxicity. Silverman et al. (1962) discussed
certain aspects of the concepts of radiosensitiza-
tion. The definitions usually state that a radio-
sensitizer should increase radiolethality without
notable toxicity and manifest its sensitizing action

Table 4. The effect of chemical
jaecalis in air and in nitrogen.

concentration on the raciosurvival

Percent survival

Nitrogen . .
(60,000 rad) Air Nitrogen
1.0 100 100
0.0039 7 78
0.00015 65 43
0.00015 65 62
0.58 85 91
0.013 90 94
0.05 84 100
0.0027 87 130

(1A2N, 1,2ANA, and 2A1N). Two of the most
toxic (1,2ANA and 2A1N) were only moderate
sensitizers. The other appreciably toxic compound
was 1,4ANA—an effective sensitizer.

It was thought most pertinent to determine
whether these compounds could be radiosensitizers
in the absence of toxicity (Table 4). Although
no data are presented for E. coli, both organisms

of Streptococcus

Irradiated . i
Unirradiated a

Relative survival fraction

Molarity Air Nitrogen — ----------mmmoomoeo ———n

Compound X 10-« (35,000 rad) (100,003 rad) Air Nitrogen
Buffer, pH 7.0 1.0 1.0 100 100
Vitamin Ks 100 0.14 0.00088 89 69
50 0.29 0.0025 104 80
10 0.48 0.014 118 91
4-Amino-Il-naphthol 100 0.00012 0.000C46 46 48
50 0.011 0.00012 71 58
10 0.24 0.0003 98 107
5-Amino-I-naphthol 100 0.0025 72
50 0.015 89
10 0.036 100
1 0.6 111
1-Naphthylamine 100 0.000012 0.22 76 81
50 0.0042 0.22 91 86
10 0.39 0.21 95 99
lodoacetic acid 100 0.0000042 0.0000003 86 82
50 0.37 0.00083 96 103

aThe initial concentration of organisms was 10s per ml in 0.022M buffer, pH 7.

only during irradiation (Bridges, 1962a; Eldjarn
and Pihl, 1960). A certain amount of bactericidal
action was encountered in this study (Tables 1,
2, 3), as in previous studies. Toxicity appeared
to vary with the molecular configuration of the
compound. The most toxic classes of compounds
were those having amino or hydroxyl groups in
the 1 and 2 positions of the naphthalene ring

reacted to these chemicals in a similar manner.
It is interesting to note the low concentrations of
chemical at which sensitization occurs. Wherever
an increased toxicity was noted, the magnitude of
radiosensitization was always greater.
Elimination of the bactericidal action may not, of
course, prevent partial damage to a cell. This
problem has been recognized and discussed by
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Jacobs and Harris (1960) in their study of disin-
fectants. Exposure of cells to heat or chemicals,
such as phenolic substances, can result in loss of
essential cellular materials, and may make an or-
ganism susceptible to further lethal stresses (heat,
etc.). Certain vitamin K derivatives can increase
the thermal destruction of microbial spores (Mich-
ener et al,, 1959). In preliminary experiments to
test this point 5. faecalis was heated in the pres-
ence of buffer, and in concentrations of 10 'A/ of
K5 and 4A1N. The thermal rate of destruction
was considerably greater in air than in nitrogen,
but the extent of thermal death was equally as
great. Since these chemicals exert a greater radio-
sensitizing effect in nitrogen than in air, an addi-
tional factor (s) may be operative in the case of
radiosensitization.

Lysis. Schaechter and Santomassino (1962)
reported that cells in the logarithmic stage of
growth are lysed in the presence of />-chloromer-
curibenzoic acid (PMB). They observed that cells
in the stationary phase were immune to this lytic
phenomenon. Although the cells used in the pres-
ent experiments were stationary-phase cultures,
spectrophotometric measurements for possible lysis
were taken at intervals after the addition of Kb
4A1N, and PMB, and no lysis was detected.

Chemical contact with cell. El-Tabey Shehata

(1961) for Kh and Bridges (1961) for NEM,
noted that, for sensitization to occur, these chemi-
cals had to be present during irradiation. This is
also true for 4A1N and 1NA, and is also likely
the case for the other sensitizing compounds dis-
cussed here (Tables 5, 6). The results in Table 5
substantiate the necessity for K-, or 4A1N to be
present during irradiation, and show that the
influence of these chemicals is either minimized
or eliminated by subsequent removal by washing-
prior to irradiation. A certain amount of residual
activity was noted, but this was likely due to the
additional washings involved. Experiments to
verify this fact indicated that cells without chemi-
cal washed 4 times (the equivalent for this experi-
ment) have an increased radiation sensitivity. This
was verified when the greater radiosensitivity dis-
played upon readdition of the chemicals to washed
suspensions of S. faecalis was compared to the
values obtained by direct dilution. The results in
Table 6 show that S. faecalis was not subject to
the sensitizing action of Kb or 4A1N unless
both organism and chemical were irradiated to-
gether. Sensitization was not detected when the
organism and the chemical were irradiated sepa-
rately and then mixed in various irradiated and
unirradiated combinations. This suggests that the
lethal combination of either 4A1N or Kr, and

Table 5 The influence of washing suspension of various chemicals and Streptococcus

faecalis before irradiation.

Compound
(10-*M)
Buffer
Vitamin K,
a) control (washed cells and chemical)
b) cells washed two additional times
after chemical was added
c) cells and chemical diluted 1/1000
before irradiation *

d) cells washed twice to remove the chemical

and the chemical readded before irradiation
4-Amino-1-naphthol
a) control (washed cells and chemical)
b) cells washed two additional times
after chemical was added
c) cells and chemical diluted 1/1000
before irradiation *

d) cells washed twice to remove chemical and

the chemical readded before irradiation
1-Naphthylamine
a) control (washed cells and chemical)
b) cells washed two additional times
after chemical was added

Irradiated

Relative survival fraction

(:’:5,0%(3r rad) (1(E\loi,t0r(?t?err?’:ld)
10 10
0.00038
023
011
0.000021
0.000045 0.000025
0.065 0015
0.13
0.0000044
0.0000045
073

* Unlike the other suspensions, of 108 cells/ml, this suspension contained 105 cells/ml.
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Table 6. The effectiveness of vitamin Kr and 4-amino-I-naphthol (4A1N) on Streptococcus
faecalis when mixed in various irradiated and unirradiated combinations in nitrogen.1l

Compounds

Irradiated
(100,000 rad)

(10r*M) Survival fraction
Irradiation of a mixture of chemical and organisms

Buffer 0.04

4A1IN 0.00000023

Vitamin «r, 0.0000032
Addition of unirradiated chemical to irradiated organisms

4AIN 0.10

Vitamin «r, 0.22
Addition of irradiated chemicals to unirradiated organisms

4A1N 1.06

Vitamin «r, 0.93
Addition of irradiated chemicals to irradiated organisms

4AIN 0.081

Vitamin «r 0.34

llrradiation was conducted on the continuous sparging apparatus.

A. faecalis may be due to a short-lived activated
molecule that is in intimate contact with the cell.

DISCUSSION

Of the hydroxyl-naphthol and phenolic
compounds tested, those compounds possess-
ing amino or hydroxyl groups in the para
or ortho configuration possessed the greatest
radiosensitizing activity. Compounds hav-
ing hydroxyl or amino groups in the less
reactive meta or 2,3-positions are inactive.
Bachofer and Hartvvig (1956) examined
the effect of o-, p, and »«-hydroxy- and
amino-benzoic acids on the radiosurvival of
coliphage TIl. Ortho- and para-aminoben-
zoic and hydroxvbenzoic acids gave a
higher protective action than the meta com-
pound, the aminobenzoic acids being more
efficient than the hydroxylated acids. Irra-
diation by Bachofer and Hartwig was in air
only, so that possible anoxic sensitization
would not be detected.

A wide variety of compounds are known
to be capable of combining with sulfhydryl
groups, and those sulfhydryl reagents ex-
amined in this study (NEM, 1AA, PMB)
also displayed an ability to act as radio-
sensitizers.

Bridges (1962b) in studying mutation
rates concluded that, if NEM is involved
primarily with S—H groups, the initial

lesion should occur on sulfhydrvl-contain-
ing proteins associated with DNA instead
of DNA itself. It is therefore possible that

radiosensitization events may occur as spe-
cific targets that may not be nucleic acids.
Alper (1961) reviewed the evidence against
necessarily considering nucleic acids as the
site of the primary lethal lesion in radio-
lethality. Dean and Alexander (1962) Dbe-
lieve that iodcacetamide acts primarily in
preventing restoration of the original physio-
logical state of the cell surface and mem-
brane. In a recent study, Silverman et ai.
(1963) demonstrated the neutralizing effects
of the sulfhydryl moiety (cysteine and glu-
tathione) and food constituents on radio-
sensitization by I\5 4A1N, and 1A2N.
Until further work is done to correlate the
sulfhydryl binding capacities of those com-
pounds examined in this study with their
sensitizing activity, the possibility still ex-
ists that neutralization by sulfhydryl com-
pounds may reflect an associated reaction
and not the specific mechanism involved
in radiosensitization by naphthalene com-
pounds.

The responses of the organisms studied
in this and other investigations indicate that
a variety of responses are to be encountered
in regard to anoxia, microbial species, and
structure of the sensitizer. Certain bacteria
produce compounds possessing vitamin K
activity (Jacobsen and Dam, 1960) ; and
naphthoquinone can also be microbial
growth-promoting factors under anoxia
(MaciasR, 1961). It is not likely that an
organism’s susceptibility is due to its vita-
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min K content, since a wide variety of pro-
tective compounds are also present within
a cell.

A number of structurally different classes
of protectors exist which react with the en-
ergy of ionizing radiation in different man-
ners. There are many postulates as to why
protectors are effective, especially those per-
taining to sulfhydryl compounds (Alper,
1961; Eldjarn and Pihl, 1960). It is not
unreasonable to suppose that distinct classes
of sensitizers may also exist, which can
exert their synergistic action in a manner
predicated by their structures.

The observations that anoxia is more
conducive for sensitization, that certain
naphthalene compounds are effective only
if present during irradiation, and that sulf-
hydryl compounds and proteins tend to
neutralize their activity, indicate that these
compounds can interact with certain cell
constituents and that the radiolethal action
on a cell is governed by the cell’s response to
products formed during irradiation. Further
confirmation will depend upon experiments
that are expected to determine the extent
of penetration of these compounds into a
cell and their behavior during irradiation.
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SUMMARY

Study of the

incidence of putrefactive anaerobic spores

in fresh and

cured pork trimmings and in canned pork luncheon meat from several com-

mercial meat packing plants in

lowa indicated that the level of contamina-

tion was very low. The mode of putrefactive anaerobic spores in fresh pork

trimmings was less than 0.18 per gram and
pork trimmings and canned pork luncheon meat.
found in any sample tested was 51 spores per gram.

from different plants were similar.

work has been reported on the inci-
dence of putrefactive anaerobic spores in
meat. This is rather surprising since the
higher the level of these organisms, the
greater would be the possibility that Clos-
tridium botulinum might be present. Harri-
man et al. (1948) indicated that there was
an average load of 2-4 anaerobic spores per
gram in fresh and cured pork trimmings and
in pork luncheon meat. The highest count
they obtained was 110 spores per gram of
meat. No spores of Clostridium botulinum
were found. Burke et al, (1950), in 43
determinations on the incidence of putrefac-
tive anaerobic spores in fresh, cured, and
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less than 1 per gram in cured
The maximum spore count
Spore counts on samples

heat-processed pork trimmings, found that
the average load in each of the three types
of samples was less than one spore per gram.
Ayres and Adams (1953) later reported
that, in a study of 36 matched sets of
knuckle, inside round, and outside round of
cutter and canner grade beef, the usual num-
bers of putrefactive spores growing anaero-
bically were 0.7-6.0 per 100 g of meat.

An investigation was made to extend ear-
lier work on the incidence of putrefactive
anaerobic spores in fresh, cured, and proc-
essed pork trimmings. Brief attention was
given to the incidence of putrefactive anaero-
bic spores in fresh beef trimmings.

EXPERIMENTAL

Meat samples. Fresh pork trimmings were se-
cured from four commercial meat packing plants
in different sections of lowa, hereinafter desig-
nated as plants A, B, C, and D. The samples,
collected during a three-year period, represented
production for all seasons of the year.

Fresh beef trimmings were purchased from a
retail outlet handling meat from plant E. The
beef was held 6-10 days in the store at 2.5+2°C,
chuck and plate trimmings were then ground
through a 5/16-inch meat plate.

Bacteriological media. Linden thioglycollate
starch medium (Difco - 0.1% soluble starch)
was used for all determinations of incidence of
putrefactive anaerobic spores in meat. Final pH
of the medium was 7.2. When a solid medium
was desired for growing surface colonies of or-
ganisms or for anaerobic plates, 1.5% agar was
added. Usually, 10-ml quantities of media were
placed in each 18xI50-mm test tube. When low

]
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spore counts necessitated the use of large inocula
of meat, 25-ml amounts of media were placed in
25x200-mm test tubes.

Preparation of spore suspensions. Linden thio-
glycollate starch medium with 1.5% agar added
was used to grow organisms for production of
spores. The medium was placed in tubes and
allowed to solidify in slants, providing a large
surface area. The anaerobic organisms were
streaked on the surface of the medium, and the
tubes were incubated 2 weeks at 37°C in an
atmosphere of nitrogen. Sterile physiological saline
solution was used to wash the organisms from
the surface of the medium and as the suspending
liquid. The spore suspensions were placed in 6-0z
Blake bottles containing several glass beads to aid
in breaking up clumps of spores and were heated
20 min at 80°C to destroy vegetative cells. Blake
bottles containing sterile physiological saline were
used for diluting concentrated spore suspensions.
Each spore dilution was shaken vigorously for
2 min to produce a uniform distribution of spores
in the suspending liquid before making the next
dilution. The spores were counted by using the
most probable numbers method with 10-told dilu-
tions and 5 or 10 tubes per dilution. Spore suspen-
sions were stored at 4.4°C.

Procedure for determining incidence of spores.
Cans or glass jars containing meat samples were
opened using aseptic precautions. Sixty-gram por-
tions were carefully removed, weighed, and placed
in sterile Waring blender containers having a ca-
pacity of 1 L. Two hundred and forty ml of
sterile physiological saline solution were added to
the meat, and the mixture was blended for 10 min.
Then 3 series, each consisting of 5 test tubes
(18x150 mm) having 10 ml of Linden thioglycol-
late starch medium, were respectively inoculated
with 5, 0.5, and 0.05 ml of the meat-saline mixture.
The first series of 5 tubes contained 1 g of meat
per tube, and the second and third series respec-
tively held 01 and 0.01 g of meat. In the case
of very high or very low counts, it was necessary
to vary the size of the inoculum. Inoculated tubes
were heated 20 min at 80°C to kill the vegetative
cells and were then sealed with sterile paraffin
layered over the surface of the medium. The
tubes were incubated 10 days at 37°C. Tubes
showing visual evidence of growth and putrefac-
tive odor were counted in each of the dilutions, and
the combination of positive tubes was noted.
Growth without putrefactive odor was not con-
sidered sufficient evidence of the presence of po-
tential spoilage-producing spores.

The most probable number of spores was de-
termined by referring the combination of positive
tubes to MPN tables devised by Halvorson and
Ziegler (1933, pp. 30-32). The most probable

number of spores was of value, but of greater use
was knowledge of the range within which the
actual spore population had been established. It
was possible to determine the 95% confidence
limits of the spore population by using factors
supplied in a table for this purpose by Cochran
(1950). Using 5 tubes per dilution and 10-fold
dilutions, the factor for determining the 95% con-
fidence limits was reported to be 3.30. The upper
confidence limit of the spore population was deter-
mined by multiplying the most probable number
of spores by 3.3. The lower confidence limit of
the spore population was found by dividing the
most probable number of spores by 3.3.

All tubes were subcultured by removing three
loopfuls of the old culture and inoculating them
into fresh media. The tubes were heated to 80°C
to destroy vegetative cells, sealed with sterile
paraffin, and incubated 4 days at 37°C. Positive
tubes were again noted in each series of dilutions,
and the positive tube combination was referred to
MPN tables to determine the most probable num-
ber of spores present in the tubes.

RESULTS AND DISCUSSION

Incidence of putrefactive anaerobic
spores in meat. Fresh pork trimmings.
Fresh pork trimmings were obtained in
each of the four plants; those obtained
from plant D were collected so that nearly
every hour during the day’s production was
represented. The incidence of putrefactive
anaerobic spores in fresh pork trimmings
was determined by using the general method
described for this purpose. Results are
summarized in Table 1

Usually, less than 0.18 putrefactive anaer-
obic spores per gram were recovered from
fresh pork trimmings. The maximum count

Table 1 Comparison of frequencies with which
various spore counts occurred in fresh pork trim-
mings from different plants.

No. of samples containing spore count

Range of MPN Total

spore count/ Plant Plant Plant Plant for all

g. meat A B C D plants
Below 0.18 2 I 2 18 23
0.18- 1 2 2 4 12 20
1- 2 4 3 1 8
2- 3 3 1 i 5
3- 4 2 2
7- 8 1 i
18-23 i 1 2
51 1 i
Total samples n 5 13 33 62
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of spores of any sample of pork trimmings
was 51 spores per gram. The conclusion
must be reached that: 1) the spore count of
fresh pork trimmings is low, and 2) there
is no practical difference in the spore counts
of meat obtained from the different plants.
The counts were so low that no differences
could be ascribed to geographical, yearly,
or hourly differences in the collection of
samples.

Cured pork trimmings. Cured pork trim-
mings were secured from two packing plants
in different parts of lowa. Putrefactive
anaerobic spore counts were determined by
the general method. Results are summarized
in Table 2. The mode of putrefactive anaer-

Table 2. Comparison of frequencies with which
various spore counts occurred in cured pork trim-
mings from two plants.

No. of samples containing spore count
Range of MPN

spore count/ Plant Plant Both
g meat A B plants
Below 0.18 I 0 I
0.18-1 5 10 is
1-2 2 1
2-3 2 2
17 1 1
43 1 1
Total samples 12 n 23

obic spores in cured pork trimmings was
less than 1 per gram. The maximum spore
count was 43 putrefactive anaerobic spores
per gram. The spore counts, in general,
were similar to those obtained from fresh
pork trimmings even though the cured pork
trimmings had undergone more processing
than the fresh samples.

Sir-pound canned pork luncheon meat.
Six-pound cans of pork luncheon meat were
secured from two commercial packing plants.
These cans had received a heat process con-
sidered insufficient to destroy spores. There-
fore, it would be expected that the spore
count in this product would approach that
of cured pork trimmings. Results of this
study are shown in Table 3. As with cured
trimmings, most of these samples contained
0.18-1.0. Of samples of six-pound canned
pork luncheon meat tested, 94% contained
less than two spores per gram. It may be
seen (Table 3) that spores count levels
were similar for the two plants.
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Table 3. Comparison of frequencies with which
various spore counts occurred in canned pork lunch-
eon meat (6 Ib) from two plants.

No. of samples containing spore count
Range of MPN

spore count/ Plant Plant Both
g meat A B plants
Below 0.18 4 0 4
0.18-1 5 4 9
1-2 2 1 3
3-4 1 1
Total samples 12 5 17

Twelve-ounce canned pork luncheon meat.
Commercially sterile 12-ounce cans of pork
luncheon meat were secured from two pack-
ing plants. The spore count of each of 14
samples tested was less than 0.18 spore per
gram. Since this product keeps at room
temperature, a low spore count was ex-
pected.

Fresh beef trimmings. A limited study
was carried out on the incidence of putre-
factive anaerobic spores in fresh beef trim-
mings. Two lots of meat were secured from
a retail outlet handling meat from plant E.
The spore count obtained on two lots of
meat are summarized in Table 4. On the

Table 4. Comparison of spore counts obtained
on two lots of fresh beef trimmings.

MPN spores/g meat

Sample

no. Lot 1 Lot 2
| 0.80 0.70
2 55 46

3 0.23 55
4 0.39 11
5 23 25
Total 9.22 55.80
Mean 18 n

basis of these data, it appears that the inci-
dence of putrefactive spores in fresh beef
is low but represents approximately a hun-
dredfold increase over the level reported by
Ayres and Adams (1953). While the latter
workers reported an average load of 0.7-6.0
spores per 100 g of meat, the mean spore
count for the fresh beef trimming samples
run in the present study was 650 spores per
100 g of meat. Conclusions as to the inci-
dence of putrefactive anaerobic spores in
beef would not be warranted without addi-
tional tests.
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Effect of preliminary enrichment of vege-
tative cells on spore count. The incidence
of putrefactive anaerobic sporeformers in
three types of meat was determined with and
without preliminary heat treatment. All
tubes were heated at the time of subculture
so that counts reported represent the most
probable number of spores as determined by
combinations of positive tubes after subcul-
ture. Results are summarized in Table 5.

Table 5. Spore counts obtained with and without
preliminary destruction of vegetative cells.

Spore count/g meat

No preliminary

Preliminary
heat treatment

heat treatment

95% conf. 95% conf.

Type of meat MPN interval MPN interval
Fresh pork

trimmings l.i  0.33-3.6 Li 0.33-3.6
Cured pork

trimmings 0.2 0.06-0.66 0.78 0.21-2.6
Pork luncheon

meat (6 Ib) 0.2 0.06-0.66 0.18

The above data indicated that there was
no significant difference between spore
counts obtained either with or without pre-
liminary destruction of vegetative cells. This
was particularly interesting since all tubes
containing fresh and cured pork trimmings
were positive before subculture. The count
of anaerobic vegetative cells was at least 100
cells per gram of meat. Even tubes contain-
ing processed meat (6-lb perishable pack)
showed a vegetative content of 30 cells per
gram of meat before subculture. Of this
number, none of those capable of surviving
subculture were able to form spores and con-
tribute to the count. Therefore, most of the
vegetative cells present were facultative an-
aerobic rods.

To follow the process under controlled
conditions, a known load of spores of Clos-
tridium sp. (National Canner’s Association’s
putrefactive anaerobe PA3679) was mixed
with fresh pork trimmings in a Waring
blender. The mixture was used to inoculate
a series of MPN tubes that were incubated
without preliminary heat treatment. In or-
der that the inoculated spores be recovered
in the highest dilutions, it was necessary
that they germinate, multiply, and again
sporulate in the presence of a variety of

anaerobic vegetative cells which outnum-
bered the spores added. Results are pre-
sented in Table 6.

Table 6. Recovery of a known load of Clostri-
dium sp. PA 3679 spores from fresh unheated pork
trimmings.

MPN spores/ 95% conf.
g meat interval

Spore count of

meat alone li 0.33- 3.6
Spores added

to meat 10 0.43- 2.3
Spore count * of

inoculated meat 3.2 0.97-11.0

1Spore count determined after subculture; sub-
culture tubes heated 20 min at 80°C to destroy
vegetative cells.

Table 6 reveals that inoculated spores
apparently were recovered and that prelim-
inary enrichment of anaerobic vegetative
cells in meat failed to increase the count of
putrefactive anaerobic spores. It is possible
that the putrefactive anaerobic vegetative
cells may have been selectively destroyed by
oxygen during the mixing process, but it
was shown earlier that a high count of ana-
erobic vegetative cells did come through the
mixing procedure. It is of interest that few
of these cells formed spores. This, again,
is an indication that the vegetative cells
present were mainly facultative anaerobes.

The above experiment also indicated that
vegetative facultative anaerobic cells did not
interfere with germination, multiplication,
sporulation, and recovery of spores of the
obligate anaerobe PA 3679.

Recovery of inoculated spore loads. A
method for evaluating the counting proce-
dure was to add known numbers of putre-
factive anaerobic spores to the meat and to
determine their percentage recovery. This
procedure was satisfactory, assuming that
the meat did not inhibit development of the
organisms. If all inoculated viable spores
were not recovered, either the counting
method was in error or the meat inhibited
development of the spores.

Dilutions of meat and known numbers of
spores were mixed in two ways for recovery
studies: 1) directly in tubes of media, and
2) in a Waring blender. The first method
required separate inoculation of dilutions of
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meat and of spores into tubes of media; the
second method necessitated only a single
inoculation into tubes since the spores and
the meat were already combined, and it also
brought the meat and spores into more inti-
mate contact than did the first method. Re-
sults were similar with either procedure,
and in later work the Waring blender was
used exclusively. The general method was
to determine spore counts on: 1) the spore
suspension, 2) the meat, and 3) the combi-
nation of meat and spores. If the count of
spores in the combination was equal to the
sum of the spores naturally present in the
meat and the spores added to the meat, re-
covery was considered complete. Typical
recoveries are cited in Table 7.

On the basis of numbers of spores added
to and numbers of spores recovered from
fresh and cured pork trimmings, no inhibi-
tion was evidenced by these two types of
meat. Therefore, counts of putrefactive ana-
erobic spores in fresh and cured pork trim-
mings, using the general method, may be
considered to be valid estimates of the spore
population.

Recoveries of inoculated loads of PA
3679 spores were not as complete from can-
ned pork luncheon meat as from fresh and
cured pork. The range of recoveries was
20- 100% when the 12-0z commercially ster-
ile canned pork luncheon meat was tested.
Recoveries from 6-11) perishable canned pork
luncheon meat were approximately 40-45%.
In all cases, the inhibition was insignificant
if the overlapping of the 95% confidence
intervals was used as a basis. Although the
validity of spore counts on pork luncheon
meat may be questioned on the basis of the
recovery studies cited in Table 7, it is
doubtful whether the inhibition has prac-
tical significance. The lowest recovery ob-
tained was 20% of the inoculated spore load.
The highest spore count obtained on any
can of pork luncheon meat tested was 3.3
spores per gram. Assuming that this count
represents only 20% of the viable spores
present, the total spore count would be 17
spores per gram of meat. Using the general
method for determination of incidence of
putrefactive anaerobic spores in meat, the
95% confidence intervals for a population of
3.3 and 17 spores are 0.10-11 and 5.2-56

spores, respectively. In view of the over-
lapping of the intervals, differences between
such counts are not significant.

Various workers, including Hoffman et al.
(1939), Kodicek and Worden (1945),
Humfeld (1947), and Foster and Wynne
(1948) have reported that the unsaturated
fatty acids inhibit microorganisms. Also,
Foster and Wynne (1948) and, later, 1Tard-
wick et al. (1951) indicated that, during
extraction, the saturated C10-C M4 fatty acids
and the unsaturated oleic, linolenic, and lino-
leic acids that are released may exert tox-
icity. To determine if the fatty components
in pork were responsible, at least in part,
for the inhibition of spore germination and
outgrowth, pork luncheon meat from the
commercially sterile 12-0z can was extracted
with ether in a Soxhlet extractor. The ether-
soluble fraction—after removal of ether—
was added to a known number of PA 3679
spores in a concentration equivalent to that
present in meat. As shown in the last item
in Table 7, only 5% of the inoculated spores
were recovered. There was a significant
inhibition of spore germination and out-
growth in these trials.

Since the concentration of ether-soluble
materials added to the spores was equivalent
to that present in meat samples added to
like numbers of spores, it would be of value
to know why the inhibition was greater after
extraction than before. One explanation
(Roth and Halvorson, 1952) is that the
fats become more oxidized and thus more
toxic as they are being extracted. Another
is that, within the meat, the inhibitory com-
pounds are in combination with other ma-
terials and are less able to exert their full
effect.

General discussion. Since the usual num-
ber of putrefactive anaerobic spores in fresh
pork trimmings was less than 0.18 and less
than 1 per gram in both cured pork trim-
mings and canned pork luncheon meat, the
general level of contamination appears to be
very low. These results extend the work
of Burke et al. (1950), who reported an
average of less than one spore per gram of
pork, and of Harriman et al. (1948), who
found an average of 2-4 spores per gram
of pork.

Gross et al. (1946) investigated the effect
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Table 7. Recovery of known numbers of PA 3679 spores from pork trimmings and from an

ether-soluble extract of canned pork.

95% Spores
Meat conf. added
Type meat MPN interval MPN
Fresh <0.18 47
Fresh 0.20 0.086-0.46 12.
Fresh 0.20 0.086-0.46 35.
Cured 0.20 0.086-0.46 4.7
Cured 0.40 0.17 -0.93 120.
Canned
(61b) 0.20 0.061-0.66 5.0
Canned
(61b) 0.20 0.061-0.66 54.
Canned
(1202) <0.18 8.6
Canned
(12 0z) <0.18 35
Canned
(12 0z) <0.18 35
Canned
(12 0z2) <0.18 35
Canned
(12 02) <0.18 35
Canned
(12 02) <0.18 6.0
Canned
(12 02) <0.18 30.
Canned
(12 0z) <0.18 600.
Canned
(12 0z) <0.18 15.
Ether-soluble
fraction
(12 0z) <0.18 15.

that the numbers of spores of PA 3679 sus-
pended in meat have on destruction times
at 121.1°C. They stated that the heat resis-
tance of PA 3679 is well above that of any
bacterium naturally occurring in or con-
taminating pork. Data available in the liter-
ature were summarized, and the destruction
times were compared with the numbers of
spores used. A curve was drawn that is
described by the equation y = AeBx in
in which A, B, and e are constants, y is the
number of spores per gram of meat, and X
is the thermal process value expressed as
the number of minutes required to destroy
the spores at 121.1°C, assuming instantane-
ous heating and cooling. The values of the
constants were: A = 0.000056, B — 2.02,
and e = 2.7 (base of the Naperian loga-

Spores/g meat

Combina-
95% tion 95% Recovery
conf. meat+spores 4conf. basis of
interval MPN interval MPN (%)
2.0- 11 6.6 28 - 15 140
5.2- 28 17. 74 - 309 139
15 - 8L 54. 23. -130. 150
2.0- 11 6.6 28 - 15 135
52. - 280. 120. 52. -280. 100
15- 17. 2.3 0.70- 7.6 44
16. - 180. 22. 6.7 - 73. 41
3.7- 20 2.8 12 - 65 33
1.5- 81 35 15 - 81 100
1.5- 8.1 17 0.74- 3.9 49
15- 81 15 0.65- 35 43
1.5- 8.1 24 10 - 56 69
2.6- 14 12 0.52- 2.8 20
13. - 70 6.0 26 - 14 20
260. -:1400. 170. 73. -390. 28
6.5- 35. 12, 52 - 28. 80
6.5- 35 0.85 0.37- 20 5
rithms). The formula is more readily em-

ployed in the form:
Bx

In addition to calculating the theoretical
destruction times for various concentrations
of PA 3679 spores, Gross et al. determined
experimental destruction times for several
spore concentrations. Table 8 was con-
structed from data presented by Gross et al.
(1946). As the table illustrates, the thermal
death time decreased with lower concentra-
tions of PA 3679 spores. At least for con-
centrations of ten and of 10,000 spores per
gram of meat, theoretical calculations using
the formula agreed very well with experi-
mental thermal death times. Thus, it appears
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Table 8 Thermal death time for various con-

centrations of PA 3679 spores in meat.

Theoretical Experimental
thermal death thermal
Spores/| time (x) death time
meat (Y, (min at 121.1°C) (min at 121.1°C)
1000,000,000 15.1
10,000 9.4 9.5
10 6.0 6.0
3 5.4

that a TDT of the order of 6.0 min rather
than 15.1 min at 121.1°C is more in keeping
with conditions requisite for freeing meat of
these organisms.

The present investigation indicates that
incidence of putrefactive anaerobic spores in
meat is low. If these findings reflect condi-
tions prevailing throughout the meat indus-
try, future thermal death times studies with
putrefactive anaerobic spores should involve
use of spore loads approximating those nor-
mally occurring in meat.
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SUMMARY

Three sets of egg shell models were devised and used to measure the mean
resistance time of each of the three exterior structures of the egg to penetra-

tion by Pseudomonas fluorescens.

It was found that the inner shell membrane

is the most important harrier, the shell ranks second, and the outer membrane

is the least important.

INTRODUCTION

The exterior structures of the egg (shell
and outer and inner shell membranes) con-
stitute a set of barriers that bacteria must
pass to enter the egg. Elliott (1954) inocu-
lated bacteria into the air cell of eggs and
showed that 48 days elapsed before the
bacteria were isolated from the egg con-
tents. Walden et al. (1956) used Pseudo-
monas fliiorescens labeled with P3 for pene-
tration studies. Their results showed that
the membranes resisted the bacteria for 20
hr. Then the radioactivity of the filtrate
from the shell increased rapidly, indicating
that the membranes had ruptured and al-
lowed passage of bacteria. Kraft et al
(1958) and Garibaldi and Stokes (1958)
showed that the membranes are more impor-
tant than the shell in hindering the entrance
of bacteria into the egg, but they treated
the inner and outer shell membranes as one
unit and did not differentiate between their
protective abilities. No work has been done
on the relative importance of all these egg
barriers, especially on the relationships of
the membranes. A comparative study of
these structures was therefore conducted to
illuminate their importance and help explain
differences in the resistance to bacterial pen-
etration of eggs from different avian species
and among strains of chickens.

MATERIALS AND METHODS
Eggs of one strain of Single-Comb White Leg-
horns were used within 24 hr of lay. Eggs were
washed with a sanitizing detergent, dried, and
stored at 2 | . Before being processed, the eggs
were immersed in a 1% solution of mercuric

chloride for one minute and with 70% alcohol
for two minutes to eliminate superficial bacteria.
They were then coated with paraffin wax. Models
were prepared as shown in Fig. 1

BPARAFFIN

«INNER MEMBRANE

3SHEU 1 OUTER MEMBRANE

Fig. 1. Models coated with wax for studying
bacterial penetration through the exterior struc-
tures (Experiment 1).

Model 1. A circular cut was made at the small
end of each egg with an electric cutter (Dremel
kit Model No. 2) and the contents discarded.
With a sterile spatula the membranes were re-
moved ; care was taken to avoid harming the shell.
An area of one sq cm of the shell at the bottom
was cleared from the paraffin. This model had
the shell as the only barrier.

Model 2. The shell in the area of the air cell
was carefully peeled off with a scalpel. The egg
was then cut as described in the previous model
and the contents discarded. It was then washed
with sterile water. With vacuum the inner mem-
brane was sucked out. This model had the outer
membrane as the only barrier.

Model 3. The shell and the outer membrane in
the air cell region were removed with a scalpel.
The egg was then cut at the small end as described

[94]
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and the contents discarded. It was then washed
with sterile water. This model had the inner mem-
brane as the only barrier.

Model 4. The egg was cut in the small end and
the contents were discarded. The inner membrane
was sucked out and the inside of the egg was
washed with sterile water. An area of one sq cm
of the shell at the bottom was cleared from the
paraffin. This model had the shell and the outer
membrane as barriers.

Model 5. A window was cut in the egg near the
air cell. The shell was cautiously removed without
damaging the outer membrane. The egg was then
cut, the contents discarded, and the interior washed
well with sterile water. This model had both
inner and outer membranes as barriers.

Model 6. The egg was cut, the contents were
discarded, and the interior was washed well with
sterile water. An area of one sq cm of the shell
This

at the bottom was cleared from the paraffin.
model had all three structures as barriers.
Twenty sets of each of the six models were
prepared. Each set of six models was put into a
in Fig. 2.

desiccator as shown Sterile proline

. - _
Fig. 2. Desiccator for studying bacterial pene-
tration.

broth (3 g 1-proline, 05 g MgSCh, and 05 g
K2HPQ1 per liter) was added to the models in
their stands in the desiccators. The same broth
was added to the desiccators outside the models
until the level of the broth was about 2 cm below
their top openings. All of this was done asep-
tically. A sterility test was performed afterward
by incubating the desiccators with the models for
48 hr at 30°C. Then samples were taken from the
desiccators, examined under the microscope, and
streaked on agar. Whenever a desiccator showed
signs of contamination, it was rejected. The sterile
desiccators were inoculated with a high concen-
tration of bacteria to give a final titer of about
1 X 10* Pseudomonas fluorescens cells per milli-
liter. Samples from the broth inside the models

were taken at zero time and at every hour for
25 hr and streaked on agar. Plates were incu-
bated at 30°C and observed after 24-48 hr.

In Experiment No. 2, another type of model
was used as shown in Fig. 3. In these models, all

Fig. 3. Large-area models used in Experiment 2.

of the lower part of the egg, the part immersed
in the broth, was exposed, giving a larger area
of contact between the bacteria and the barrier
under study. Models were prepared as follows:

Model 1. This model was identical to and was
prepared in exactly the same way as model 1 for
Experiment 1, except for the paraffin coating.
The resistance to bacteria was offered by the shell
only.

Model 2. After the alcohol evaporated, the egg
was cut, the contents discarded, and the inner
membrane sucked out completely. The egg was
then put into a solution of heat-sterilized disodium
ethylenediaminetetraacetate (EDTA) (pH ad-
justed with concentrated sodium hydroxide to 7.5)
in a sterile desiccator. After 1 hr the model was
taken out and the shell easily removed. The model
was then washed thoroughly with sterile water
and immersed in a closed sterile container of water
until used. This model had only the outer mem-
brane to resist bacteria.

Model 3. This model presented the most prob-
lems in sterility. About every fourth model had
to be discarded because it was not sterile. Prep-
aration was as follows: After the egg was cut
and the contents discarded, the model was washed
with sterile water to eliminate any adhering albu-
men. The inner membrane was then sucked half-
way up. With the cutter, the bottom of the egg
from which the inner membrane had been sepa-
rated was now cut Sterile water was added after-
ward to the interior of the egg, causing the inner
membrane to return to its original and natural
place. It was then stored in a sterile desiccator
until used. This snode! had the inner membrane
as the only barrier to bacteria.
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Model 4. This model was identical to and was
prepared in exactly the same way as model 4 for
Experiment 1, but for the paraffin coating. The
resistance to bacterial penetration zvas offered by
the shell and the outer membrane.

Model 5. After allowing the alcohol to evapo-
rate, the egg was cut, the contents discarded, and
the shell washed thoroughly with sterile water.
The shell was then put into a sterile solution of
EDTA in a sterile desiccator. It was taken out
after 1 hr, and the lower part of the shell was
easily removed. The model was then washed with
sterile water and kept in a sterile container until
used. This model had the outer and inner mem-
branes as barriers to bacterial penetration.

Model 6. This model was identical to and pre-
pared in the same way as model 6 for Experiment
1, except for the paraffin coating. The resistance
to bacterial penetration zvas offered by the shell
and inner and outer shell membranes.

Six eggs, one of each model, were placed in each
of five desiccators. Broth was poured into the
egg models and into the desiccator outside the
eggs. Bacteria were added to give a final titer of
about 1 x 10” Pseudomonas fluoresccns per milli-
liter to the outside broth. Samples were taken each
hour for IS hr and then at 22 and 30 hr.

Experiment 3 was designed to simulate “in vivo”
conditions, i.e, using whole eggs rather than

Fig. 4. Models used to simulate condition found
in intact eggs (Experiment 3).

dissected models. In this experiment, penetration
from the inside out was studied in the intact egg.
Only three models could be used here, because it
is impossible to remove the membrane and keep
the egg whole. The models shown in Illustration
3 were prepared in the following way:

Model 1. After evaporation of the alcohol, the
shell and the outer membrane in the air cell area
were removed with the aid of a sterile scalpel.
Afterward, the egg was swabbed with mercuric
chloride and alcohol and was then put into a

sterile desiccator until inoculated, hi this model,
the resisting barrier was only the inner membrane.

Model 2. After evaporation of the alcohol, a
window was cut outside of the air cell, and the
shell was removed. The shell parts were swabbed
with mercuric chloride and alcohol. Care was
taken not to touch the exposed membranes. The
egg was stored in a sterile desiccator until inocu-
lated. In this model, the resistance zvas composed
of both inner and outer membranes.

Model 3. This was the untreated whole egg.
In this model, the resistance zvas composed of all
the three outer structures—shell, inner membrane,
and outer membrane.

The models were taken from a sterile desiccator,
where they had been stored. With a sterile needle,
a 1-mm hole was made in the shell at the small
end of the egg (the outer membrane was not
harmed). Two-tenths of a milliliter of a 24-hour
culture of Pseudomonas fluorcscens were injected
into the egg with a sterile tuberculin syringe. The
hole was closed with paraffin, and each egg was
put into a wide-mouth Erlenmeyer flask, which
contained sterile albumen prepared and tested as
described by Garibaldi and Stokes (1958).

Thirty eggs, ten of each model, were prepared.
The 30 flasks were incubated at 30°C, and plates
were streaked every 6 hr for 120 hr. Albumen,
rather than broth, had to be used as an outer
medium because of the high osmotic pressure
existing in this system. When broth was added
outside of models 1 and 2, it caused them to burst.

RESULTS AND DISCUSSION

Results of the first experiment are shown
in Table 1. From these results the mean re-
sistance time for each treatment was calcu-
lated, as shown in Table 2.

Analysis of variance for the first three
treatments is given in Table 3. The results
of this experiment show that the inner mem-
brane is the most important single barrier
to bacterial penetration into the egg. Its
contribution to the entire resistance of the
egg is significantly higher and different from
that of the other exterior structures. Kraft
et ok (1958) showed that the membranes
are the important barriers, but did not dif-
ferentiate between the inner and outer mem-
branes. Elliot (1952) inoculated Pseudo-
monas fluorcscens into the air cell and
showed that it took about four days for the
bacteria to be detected inside of the egg,
but he did not evaluate the resistance of the
other barriers. Garibaldi and Stokes (1958)
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Table 1. Bacterial penetration into six egg shell models (number of samples of each model
penetrated at various times).

Models a
measurement (hr) A B c A+B B+C A+B+C
i i i
2 3 3
3 4 5
4 6 9 1
5 7 14 1
6 8 16 3
7 9 17 3
8 9 19 | 5
9 9 20 2 5 2 1
10 13 3 7 5 2
11 14 5 7 5
12 16 9 9 5
13 17 12 9 8 2
14 19 14 13 12 4
15 20 14 13 12 4
16 16 15 14 8
17 16 15 14 8
18 18 16 16 8
19 19 18 17 8
20 20 20 17 12
21 18 14
22 18 15
23 19 15
24 20 16
25 18
30 20
" A, shell; B, outer shell membrane; c, inner membrane.
Table 2. Mean resistance time of the outer structures to bacterial penetration.
Models a
A B c A+B B+C A+B+C
n t nt n t nt n t nt n t nt n t nt n t nt
i 15 15 19 9 1 20 20 2 20 40 1 24 24 2 30 60
2 14 28 2 8 16 1 19 19 2 19 38 1 23 23 2 25 50
i 13 13 1 7 7 2 18 36 1 18 18 1 21 21 1 24 24
2 12 24 2 6 12 2 16 32 2 16 32 1 19 19 1 22 22
i1 11 5 5 25 2 14 28 4 14 56 2 18 36 2 21 42
4 10 40 4 4 16 3 13 39 2 12 24 2 16 32 4 20 80
1 7 7 2 3 6 4 12 48 2 10 20 4 14 56 4 16 64
1 6 6 22 4 2 11 22 2 8 16 3 13 39 2 14 28
1 5 5 i i 1 i 10 10 2 7 14 3 10 30 i 10 10
2 4 8 20 96 i 9 9 1 4 4 1 9 9 i 9 9
i 3 3 i 8 8 20 262 1 8 8 20 389
2 2 4 20 271 20 297
1 i i
"20 165~~
Mean:
8.3 4.8 13.6 13.1 14.9 195

The number of samples (n) that resisted the bacteria for a certain number of hours (t) was
multiplied by that number of hours. The figures were added up and divided by the twenty

sam ples.
* A, shell; B, outer shell membrane; C, inner membrane.
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Table 3. Analysis of variance for Experiment 1

Source df. S.S. M.S. F
Treatment 2 77 388.5 32.1*
Error 57 690 121
Total 59 1467

LSD (Tukey) = H' = ga (p+n3JS = 428 X
0.78 = 3.34.

The three means are significantly different at
the 1% level.

showed that the shell with the outer mem-
brane on was much more effective in re-
sisting bacterial penetration than the shell
without the membranes, but his results were
obtained using filtration techniques with a
vacuum of 460 mm Hg.

The main concern in this experiment was
the three individual exterior structures.
However, results show that the inner mem-
brane alone (model 3) is at least as good a
barrier as both the shell and the outer mem-
brane together (model 4).

Results of Experiment 2 are shown in
Table 4. Because of lack of cominuity of
sampling (no samples were taken between
IS and 22 hours) , it was impossible to calcu-
late the mean resistance time for the differ-
ent models of this set and to evaluate the
results. It can be seen, however, that they
agree with the results of the previous ex-
periment at least qualitatively.

Results of the third experiment are shown
in Table 5, the mean resistance time in
Table 6, and the analysis of variance in
Table 7. Results of this experiment indi-
cate that conclusions drawn from the pre-
vious experiments in which somewhat un-
natural models were used also apply to

Table 5. Bacterial penetration out of three “in
vivo” egg models (number of samples penetrated
at various times).

Time of Models a
measurements
(hr) Sampling no. B B+C A+B+C
6 1
12 2
18 3
24 4 i 1
30 5 2 1
36 6 4 ? 1
42 7 5 3 1
48 8 5 5 1
54 9 7 5 3
60 10 8 6 4
66 n 9 6 5
72 12 9 7 5
78 13 10 7 7
84 14 8 7
90 15 9 8
96 16 10 8
102 17 9
108 18 10

aA, shell; B, outer shell membrane; C, inner
shell membrane.

Table 4. Bacterial penetration into six egg shell models with large area exposed (number of
samples of each model penetrated at various times).

measurement (hr) A B
|
2
3 i
4 i 2
5 i 2
6 2 3
7 2 3
8 2 5
9 3
10 4
11 4
12
13
14
15
22

30

Models a
c A+B B+C A+B+C
1
2
2 1
1 2 1
1 3 1
1 3 1 1
1 3 2 1
2 3 2 2
2 4 2 2
5 5 4 4
5 5

A, shell ; B, outer shell membrane; C, inner shell membrane.
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2
27
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9.2

S.S

85
344

429

M.S.

425
12.74

+B+C

t nt
18 18
17 17
15 15
13 26
nn
10 10
18

6 6

121

121

3.33

whole eggs. The inner membrane is the

most important single barrier to bacterial

penetration of the egg.

There was no significant difference be-
tween the mean resistance time of the inner
membrane alone (C) and the other two
models which contained the inner mem-
brane: the outer and inner (B+C), and
all three structures (A+B+C). This indi-
cates that the relative contributions of the
outer membrane and the shell are relatively
small.
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SUMMARY

Under anaerobic culture conditions, 120 cultures of sporeforming rods
were isolated from fresh and cured pork trimmings and from pork luncheon
meat; 22 of these proved to be obligate anaerobic putrefactive organisms.
Studied by the Reed and Orr method of rapid identification, the following
species were identified: Clostridium tetanomorphum, CI. novyi, CIl. carnis,
Cl. paraputrificum, Cl. tetani, Cl. histolyticum, and CIl. sporogenes. One cul-
ture was similar to Clostridium sp. National Canners Association putrefactive
anaerobe 3679 (PA 3679). Serological relationships were determined by
using antisera for CIl. sporogenes and PA 3679. No cross agglutination was
obtained between CI. sporogenes and PA 3679. An organism identified bio-
chemically as CIl. carnis agglutinated in dilutions of 1:5120 of PA 3679 anti-
serum, indicating a very close serological relationship. Several organisms re-
vealed antigens in common with Cl. sporogenes. The organism with biochemical
reactions similar to PA 3679 showed no serological relationship to the known

species. Serological
chemical reactions did not.

INTRODUCTION

As part of a study on the incidence of
putrefactive anaerobic spores in pork trim-
mings (Burke et al., 1950; Steinkraus and
Ayres, 1963), 120 cultures of typical spore-
forming spoilage organisms were collected.
These cultures were purified and investigated
biochemically and serologically in an effort
to characterize typical species of obligate
anaerobes occurring in pork.

EXPERIMENTAL METHODS

Purification and determination of oxygen re-
quirements. Serial dilutions were made of each of
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This paper reports research undertaken in coop-
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or indorsement of the Department of Defense.

bPresent address: Dept, of Food Science and
Technology, Cornell University, Geneva, New
York.

relationships correlated with heat resistance while bio-

the isolated cultures in tubes of freshly exhausted
anaerobic agar (Baltimore Biological Laboratories,
Inc.) containing 0.1% soluble starch to which
1:200,000 crystal violet was added to inhibit facul-
tative anaerobes (Soc. of Am. Bacteriologists,
1957, p. 133). These dilutions were poured in
Krumwiede-Pratt plates (Tanner, 1933) ; as soon
as the medium had solidified, the plates were
sealed by applying a sterile mixture of mineral oil
and melted paraffin in the space between the edges
of the inner and outer dishes. At the same time,
similar dilutions were made in melted agar con-
taining 2% trypticase and 0.5% NaCl but no re-
ducing agents. These dilutions were poured in
aerobic Petri dishes. Both series of plates were
incubated 5 days at 37°C. Subcultures of the
highest dilutions were made whenever necessary to
ensure the purity of the cultures.

Organisms that were indiscriminate in their
oxygen tension requirements were considered to
be facultative anaerobes and were excluded from
the study. A stained smear was made of the
obligate anaerobes to confirm that the organisms
were Gram-positive and in the sporeforming stage.
Then each culture was transferred to Linden’s
thioglycollate medium (Difco) to which 0.1% solu-
ble starch was added, and the tube was heated
20 min at 80°C prior to incubation so that vege-
tative cells would be destroyed.

Biochemical identification. When visible growth
was observed on incubation at 37°C, a 0.1-ml
inoculum was introduced in the bottom of tube-
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of each of the media employed in the Reed and
Orr (1941) method for identification of anaerobes.
Each test was performed at least three times; when
reactions were irregular, several additional checks
were made. The biochemical patterns displayed by
the organisms were related to those characteristics
of various species of the genus Clostridium as
described by Reed and Orr (1941) or to those
described by Gross et al. (1946a). Bergey’'s “Man-
ual of Determinative Bacteriology” (Breed et al.,
1957) was consulted when descriptions in the liter-
ature were inadequate.

Serological relationships. Serological relation-
ships among the organisms were studied by pro-
cedures given in the “Manual of Microbiological
Methods” (Soc. of Am. Bacteriologists, 1957).
The serological patterns of the various anaerobes
isolated were related to the antigenic structure of
two organisms that have frequently been implicated
in the spoilage of canned meat, i.e., Clostridium
sporogcnes and Clostridium species, National Can-
ner's Association putrefactive anaerobe strain no.
3679 (PA 3679). Antisera for these two species
and two related strains were prepared by rabbit
inoculation.

Antigens were prepared by growing organisms
on non-antigenic glucose-beef extract media. The
inoculated tubes were incubated 48 hr at 37°C in
an atmosphere of specially purified “Seaford” nitro-
gen in Mason jars by a method described by
Ogilvy et al. (1950). Rabbits were inoculated
intravenously with an initial injection of 05 ml
of the broth culture. The injections were increased
by 0.5 ml at 6-day intervals until the final inoculum
consisted of 3 ml of broth culture introduced peri-
toneally. After the last injection, six days were
allowed for the development of antibodies. Using
aseptic precautions, 25 ml of blood were removed
from the heart of each rabbit, and the blood was
allowed to clot. The sera were transferred to
sterile containers and stored at 4.4°C until used
in agglutination tests.

Serological relationships among these organisms
and other putrefactive anaerobic sporeformers were
determined by a macroscopic agglutination proce-
dure in which a constant amount of bacterial sus-
pension (antigen) was mixed with a series of
increasing dilutions of antiserum. Agar slants of
cultures that were to serve as antigens were incu-
bated at 37°C; after growth was evident, a smooth
suspension of the organisms was prepared in
physiological saline.

The following serum dilutions were used: 1:20,
1:40, 1:80, 1:60, 1:320, 1:640, 1:1280, 1:2560, and
1:5120. After addition of the antigen, the tubes
(13X125 mm) were shaken and incubated for
4 hr at 52°C. The tubes were stored overnight in
a refrigerator and read the following morning. By
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this procedure, both H (flagellar ) and O (somatic)
antigens were involved in agglutination reactions.

In reading the agglutination tests, it was essen-
tial to determine that the control tube containing
no antiserum still showed uniform cloudiness with-
out sedimentation. If this proved to be the case,
then the other tubes were examined for amount of
sediment, granulation, and clumping. Based upon
the total reaction, the tubes were rated 4*++, -H-,
+, or O

In selecting rabbits for immunization, care was
taken that their sera did not contain natural anti-
bodies toward the organisms to be used for anti-
gens. Following injection of cells of the proper
organism, antibodies were produced in the rabbit’s
serum which, when added to a suspension of the
organism, caused it to agglutinate. Rough relation-
ships of various organisms to the injected strain
were determined by noting the titers, i.e., the
highest dilutions of antiserum causing the organ-
isms to agglutinate. When organisms showed a
close relationship, absorbed sera were prepared and
used to determine common antigenic components.

RESULTS AND DISCUSSION

Screening tests of 120 cultures of putre-
factive sporeforming organisms growing
anaerobically showed only 22 to be typical
obligate anaerobic strains. The 22 strains
of anaerobes appeared to belong to 8 distinct
species (Table 1). Strains 7 and 73 differed
in their response to sucrose, salicin, and gela-
tin, whereas strains 74 and 75 were similar
biochemically except for ability to ferment
salicin.

Reactions of organisms in PA 3679 anti-
serum. According to Gross et al. (1946b),
PA 3679 has shown the highest heat re-
sistance of any mesophilic putrefactive
bacterium occurring naturally in or con-
taminating canned meat. Since PA 3679 was
originally isolated from meat products and
since organisms similar to this strain are oc-
casionally found as the cause of canned meat
spoilage, the serological relations between
this organism and other species isolated
from meat were studied. At the same time,
known cultures of several anaerobic species
were tested for agglutination in PA 3679
antiserum. Results are summarized in Table
2.

The only cells showing a strong agglutina-
tion reaction in PA 3679 antiserum were
those of organism No. 17, isolated from
meat. The latter was tentatively identified.
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Table 1. Biochemical relationships of organisms isolated from pork trimmings with known

species of Clostridium.

Species as characterized by Reed

Differences in biochemical

Organism and Orr (1941) or Gross reactions from those
no. etal. (1946a) reported
4 Cl. species, PA 3679 None
7 Cl. tetanomorphum Sucrose fermentation
variable
16 Cl. novyi None
17 Cl. carnis None
26 Cl. paraputrificum Hydrogen sulfide
positive; gelatin
liquefied
27 Cl. tetani None
31 Cl. histoly'icum Dextrose and
maltose variable
73 Cl. tefannnorplutin Salicin fermentation
variable; gelatin
liquefied
74 Cl. sporog "ncs Salicin fermentation
variable
16 Cl. sporogcues None

on the basis of its biochemical reactions, as
Clostridium carnis. Organism No. 4, which
had biochemical reactions identical with
PA 3679, failed to agglutinate in any dilu-
tion of PA 3679 antiserum used. In addi e
tion, absorption of PA 3679 antiserum with
cells of organism No. 4 failed to reduce the

Table 2. Agglutination reactions of various

Organisms 1:20 1:40 1:80 1:160
PA 3679 4+ + o+ -H-+ o+ 4+
Clostridium

sporogcncs

(Spray) 0 0 0 0

No. 17 PR P 4 R
No. 4 0 0 0 0
No. 7 + 0 + 0
No. 26 0 0 0 0
No. 27 0 o 0 0
No. 31 0 0 o o
No. 73 0 0 0 0
No. 74 0 0 0 0
No. 75 0 0 0 0
Cl. novyi 0 0 0 0
Cl. perjringens 0 0 0 0
CL botulinum

type A 0 0 0 0

Cl. botulinum

type B 0 + + 0
No. 16 0 I_x ++ +

titer. Therefore, no serological relation was
indicated.

It is not known why spores exhibit dif-
ferent abilities to survive heat processes.
Undoubtedly heat resistance is intimately
related to the chemical structure of the spore.
It is possible that serological relationships

anaerobic species in PA 3679 antiserum.

Serum dilution

Con-
1:320 1:640  1:1280 1:2560 1:5120 trol
4+ -|-++ + 4+ ++ ++ 0
0 0 0 0 0 0
++ + ++ + +++ ++J- ++ + 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 o
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
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which also depend upon chemical structures
might be correlated with heat resistance of
spores. Organism No. 4, biochemically simi-
lar to but serologically distinct from PA
3679, was added to fresh pork trimmings
in a concentration of 10,000 spores per gram
of meat and heated at 100°C. The spores
of organism No. 4 failed to survive for 20
min. Organism No. 17, biochemically dis-
tinct from but closely related serologically
to PA 3679, added to fresh pork trimmings
in a similar concentration, survived the heat
for 9 hr. A similar heat resistance was found
for spores of PA 3679. In this study, sero-
logical relationship correlated with heat re-
sistance while biochemical reactions did not.

To determine how closely organisms No.
17 and PA 3679 were related serologically,
it was necessary to use absorbed serum.
Antiserum for PA 3679 was absorbed with
cells of organism No. 17. A second lot of
antiserum was absorbed with cells of PA
3679. These sera were then used for agglu-
tination tests with cells of the two organisms.
It was found that cells of either organism,
No. 17 or PA 3679, were able to remove all
agglutinins present in PA 3679 antiserum
capable of agglutinating either organism.
PA 3679 and organism No. 17 are seemingly
identical serologically.

Of interest was the observation that cells
of Cl. sporogenes strain Spray failed to ag-
glutinate in PA 3679 antiserum. The latter
organism was considered by Williams
(1940) to be Cl. sporogenes strain 3679.
To determine if this organism had any anti-
gens in common with PA 3679, antiserum
for PA 3679 absorbed with cells of Cl.
sporogenes strain Spray was used. Cells of
PA 3679 agglutinated in the absorbed serum
yielding a ++ reaction through the 1:5120
dilution. Since the titer of the PA 3679
antiserum was not reduced by absorption
with cells of Cl. sporogenes strain Spray,
the evidence indicates that these two or-
ganisms do not have common antigens. This
apparent lack of relationship is within the
limits of the serological procedures used,
viz. agglutination reactions at 52°C. This
confirms the work of Gross et ah (1946a),
who worked with non-absorbed serum and
came to a similar conclusion.
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Reactions of organisms in Cl. sporogenes
strain No. 74 antiserum. Agglutination
reactions of various putrefactive anaerobes
were determined in antiserum for organism
No. 74, identified biochemically as CI. spo-
rogenes. It was found that organisms No.
74, 75, 73, 7, and 4 isolated from meat and a
known culture of Cl. sporogenes strain Spray
had some antigens in common. Titers for
these organisms in No. 74 antiserum were
1:1280, 1:1280, 1:320, 1:2560, 1:640, and
1:320 respectively. Similar results were
obtained using strain No. 75 antisefhm.

Studies with absorbed sera indicated that
organisms No. 74 and 75 with the bio-
chemical patterns of Cl. sporogenes were
identical serologically.

Reactions of organisms in antiserum for
organism No. 4. Development of aggluti-
nins in rabbit blood for organism No. 4,
biochemical pattern PA 3679, was poor, i.e.,
a titer of 1:320. The known culture of PA
3679 failed to agglutinate in this serum
substantiating the lack of serological relation-
ship between the two.

This study indicates some of the difficulties
involved in identification of the putrefactive
anaerobes. Serological results do not always
confirm biochemical patterns. McCoy and
McClung (1938) emphasized that serologi-
cal results are not always in harmony with
present taxonomic schemes. Since serolo-
logical tests must eventually be combined
with the biochemical reactions commonly
used in order to adequately describe bac-
terial species, it is desirable that further
studies be carried out along this line.
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SUMMARY
This paper demonstrates how orthogonal polynomials are constructed and
used when the treatment levels have unequal, rather than equal, replications.
These polynomials are applied to hypothetical data on shear force of broccoli

stems cooked for four cooking times with unequal
tion for between cooking times (treatment levels)

replications. The varia-
is broken down into inde-

pendent regression components to determine the simplest regression curve

appropriately
regression equation
with unequal replications.

representing the data.

This paper is a follow up to papers on
orthogonal polynomials applied to taste-
panel scores for broccoli cooked for equally
spaced times (Eisen et al., 1960) and un-
equally spaced times (Eisen, 1960). In
each of these applications, the treatment
levels (cooking times) had the same number
of replications. In another application, Rob-
son and Atkinson (1960) constructed ortho-
gonal polynomials to determine homogeneity
of regression coefficients of gain of weight
on initial weight of pigs for four lots.

Orthogonal polynomials are infrequently
applied when the treatment levels have un-
equal, rather than equal, replications. This
paper demonstrates that orthogonal poly-
nomials can be easily constructed and ad-
vantageously used for treatment levels with
unequal replications. The method of Grand-
age (1958) is adapted for this purpose.

METHODOLOGY
As given by Eisen (1960), suppose the regres-
sion of Y on X is represented by the equation

Y=Y + AP1+ A2P3... + ArPr [1]
in which: P’s are orthogonal polynomials such
that Pi is a function of X, P3of X and X" and in
general, P, of X, X2 . . . and Xr. X denotes
treatment level, n is the number of treatment levels,
r is less than or equal to n—, and A's are functions
of partial regression coefficients.

For treatment levels with unequal replications,
orthogonal polynomials satisfy the following two
conditions :

" Adapted from an M.S. thesis, George Wash-
ington University.

b Present address: Food and Drug Administra-
tion, Washington, D. C.

Also
in terms of orthogonal polynomials for treatment levels

illustrated is how to calculate a

Condition 1. The sum of the weighted values
for each polynomial—Pi, P2, 1 1 1, and P,,-i—is
zero, with the number of replications used as
weights; in symbols, this condition means that

22P, =0, 2?26Pp2= O 2wP1P,.1= 0
in which w is the number of replications for treat-
ment j and the sum is taken over j for j= 12,

..n

Condition 2. The sum of cross products of the
weighted values for any two polynomials is zero,
with the number of replications used as weights
(Guest, 1953) ; for Pi, for example, this condition
means that

2mpP,p2=0, 2WPIiPi=o0,..., 2TP P,-.= 0

The other polynomials P2, Ps, ..., and P ,-1 satisfy
similar relations.

Orthogonal polynomials for treatment levels with
unequal replications are constructed by supposing
that Conditions 1 and 2 are satisfied by the P’s in
Eg. 1 as well as other polynomials differing from
the P's by a constant multiplier.

For convenience in application, the values for
the P polynomials are integers reduced to lowrest
terms and are derived from other polynomials given
by

Ti1= kiPi= aw+ X [2]

P,=k,?2= ax + a, X + X" [3]
and so on up to T,-i. In these equations, the k’s
are constants so chosen to yield integers for the
P values and the r’s are constants with subscripts
designating in turn the degree of the polynomial
and the power of X.

DISCUSSION

To illustrate the use of orthogonal poly-
nomials for treatments with unequal replica-
tions, suppose broccoli stems are cooked for
5 10, 15, and 25 min and these cooking
times have 2, 1, 2, and 3 replications, re-
spectively. For concreteness, let Y in
Eg. 1 represent hypothetical shear force

1105
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values and A’ represent cooking time. The
problem, then, is to obtain an analytical ex-
pression representing the effect of cooking
time on shear value.

The procedure for obtaining such an ex-
pression is illustrated in the following steps:

Step 1. Since there are four cooking
times, Ecp 1 contains at most three poly-
nomials—Pi, P2 and P3. These orthogonal
polynomials are constructed by a simple
algebraic procedure that differs from the
method of Grandage (1958) only by the
introduction of unequal, rather than equal,
replications.

For ease in computation, the cooking times
are coded so that one of the coded values is
zero (column 2, table 1).

Step 2. The polynomial Pi is constructed
as follows : Condition 1 is applied by suppos-
ing that 2kuTi = 0 (column 5). The solu-
tion of this equation yields the value of al0,
from which are easily calculated the values
for and Pi for cooking times of 5, 10, 15,
and 25 minutes (columns 6 and 7).

Step 3. The polynomial P2 is constructed
as follows: The value of a2l (column 10)
in the polynomial To is calculated by apply-
ing Condition 2, which gives the relation
'ZzuToPi = 0. Then, the value of a2c (column
9) is calculated by applying Condition 1,
which gives the relation %i'T2=0. The
values for To and P 2 then easily follow (col-
umns 11 and 12).

Step 4. The polynomial P 3 is constructed
in a similar manner (not shown). The val-
ues of the ff's in the polynomial

7i OioA (fuA A(NA“AA3 [4]

are calculated by solving the three equa-
tions 2w7'3= 0, "2zuT3P 1= 0, ~SWTsP 2= 0, de-
rived by applying Conditions 1 and 2. The
values for Ps (Table 2) are then easily
obtained.

Note that the polynomials Pi, P2, and P3
satisfy Conditions 1 and 2. For example,
the polynomial P2 satisfies the conditions
that

2wW/A = 2(152) AL (-116) A2(-217)
A3(82) =0

A2(—1) (—217) A3(15) (82) =0
Zk>1T I\~ 2(152) (—9)41 (—116) (48)
A2(—217) (—18)A3(82) (2) =0

ORTHOGONAL POLYNOMIALS FOR UNEQUAL REPLICATIONS

Thus, by a simple algebraic procedure,
we have constructed the three orthogonal
polynomials—P\, P 2, and P 3—for four treat-
ment levels with unequal replications.

Step 5. The appropriate regression curve
representing the data is then determined by
an analysis of variance (Table 3) procedure
similar to that given for treatment levels
with equal replications (Eisen, 1960). The
only modification in this procedure is the
use of replications as unequal weights in
computing the sum of squares.

The noteworthy feature of this procedure
is that even for treatment levels with un-
equal replications the method of orthogonal
polynomials enables us to break down the
variation for between treatments into inde-
pendent regression components. Then, the
appropriate regression curve representing
the effect of cooking time on shear force is
determined by testing the significance of
each regression component [by the variance
ratio (F) test comparing the mean square
of a component to that for error—not
shown].

Step 6. The appropriate regression equa-
tion for estimating shear force values from
cooking times (only within the range of
525 min) is then easily calculated; the
procedure is illustrated by Eisen (1960).
For example, suppose that the quadratic
regression component is significant but the
cubic component is not. Then, Equation 1
becomes N

5=Y+ AP1+ AP2 [5]

This equation is derived by substituting the
values of 51 (the mean shear force
value for the four cooking times), Al and
An, and the expressions for P1 and P2 in
terms of X (Table 2). These expressions
are derived from Table 1. For example,
the expression

Pi= 8Z —17= 16A —25
is derived from columns 4-7 in that table,
which give

Pi=fluAZ= —17/8AZ

and

8Pi= 8Z—17= 16A —25 = 1\
The noteworthy feature of using orthogonal
polynomials to derive the appropriate re-
gression equation for treatment levels with
unequal replications is that each successive
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ORTHOGONAL POLYNOMIALS FOR UNEQUAL REPLICATIONS

Table 2. Polynomial values and polynomial expressions for four cooking times with
unequal replications.

Shear value  Number

Cooking time (neyv
(min) 7= (Xx/5)-1 (Ibforce)
5 0 150
10 1 48
15 2 18
25 4 8
2wWYPi
2wPt2

Ai=2toF P ,/2wP,2
*Pi=8Z-17= 1.6X-25

of replica- Polynomial values
(«0 Pi* P2
2 -17 152 -9
1 -9 -116 48
2 -1 -217 -18
3 15 82 2
-5208 34188 -996
1336 174014 3126
-3.8982 0.1965 -0.3186

bP, = 83.5Z- - 351.5Z + 152= 3.34A'2- 103.7X + 587
ePs= 1/24 (521723—3039Z2+ 3886A —216) = 1/3000 (521X1- 23010W + 288175X - 957750)

Table 3. Analysis of variance: breakdown of
“between treatments (cooking times)” by ortho-
gonal polynomials into independent components of
regression of shear force value on cooking times.

L D?%%%S of Mean

Source of variation  Sum of squaresa f m square
Between

cooking times 27336 3 9112
Linear component  20301.84 1 20301.84
Quadratic

component 6716.81 1 6716.81
Cubic component 317.34 1 317.34

See Table 2 for values of Zu'YPt and Sru/V.
* Between cooking times:

2icF2—2ivV)22ic = 48144 - 20808 = 27336
Linear component:
(ZwYPiy/ZwPS =(-5208) 71336 = 20301.84
Quadratic component:
(27c;YPa) '/TIu'Ps =(34188)2 174014 = 6716.81
Cubic component:
(XwWYP,)Y2ielY = (-996)73126 = 317.34
The sums of squares for these three com-
ponents equal, except for rounding, the sum
of squares for "between cooking times.”

higher-degree equation is formed by the
addition of lower-degree terms already com-
puted. For example, the quadratic (Eq. 5)
is formed hv adding A->P2 to the linear equa-

tion F= Y+ A\PX
CONCLUSIONS
For a small number of treatment levels

with unequal replications, orthogonal poly-
nomials can be conveniently constructed and
used advantageously as outlined herein. The
algebraic computations are particularly sim-
plified when only the linear and quadratic
components are desired or when the sum of
squares for the highest degree component
is calculated by subtraction. When this
method is inconvenient to use—as in con-

structing all the orthogonal polynomials for
six or more treatment levels with unequal
replications—the matrix inversion method
(Wishart and Metakides, 1953) may be
preferred.

There are numerous areas in which ortho-
gonal polynomials can be advantageously
applied for treatment levels with unequal
numbers of replications. In addition to cook-
ing experiments, as in this example, some of
these areas of application are: Processing
experiments for determining effect of stor-
age times or temperature on vitamin con-
tent of foods with unequal replications for
storage time or temperature levels; longevity
experiments in which the treatment levels
are age of animal survival; and pharmaceu-
tical experiments to determine effect of a
drug administered in various amounts to
different numbers of subjects.
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Determination of Contribution Coefficients
in Sensory Scoring of Over-All Quality
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SUMMARY
A method for mathematical determination of contribution coefficients for
the sensory scoring of food-stuffs was presented and a regression equation for
the over-all product quality on the basis of canned ham specified.
Using the afore-mentioned method, quality factors decisive for the over-
all quality of the evaluated product may be also determined.

The scoring of the organoleptic quality
of foodstuffs is one of the quality evaluation
methods most used in research and indus-
trial quality control. It is based on evalua-
tion of quality factors such as color, odor,
juiciness, tenderness, palatability, according
to an adopted scale.

Many scoring scales are used, of varying
construction and with different scoring
ranges (Wagner, 1949; St. Kaniuga, 1953).
Comparisons based on the scoring evalua-
tion theory have shown that the most appro-
priate are scales with a small and identical
number of scores for each factor (Wagner,
1949; St. Kaniuga, 1953; Tilgner, 1957;
Plank, 1948; Tilgner, 1959).

Using scores (and corresponding descrip-
tive terms) for individual quality factors
over-all product quality is expressed as a
combined score. Such score is necessary
in many cases, especially in quality control,
because it is more comprehensible and easier
to interpret than tabulation of the scores for
several individual quality factors.

The combined score should illustrate the
over-all quality of the product in the best
possible way. There are different approaches
to the determination of this over-all quality
measurement, based on the evaluation of
the partial qualities (scores for the indi-
vidual quality factors). It may be expressed
by: 1) the sum of scores (or their weighted
mean) ; 2) the quality class determined by
the critical limits, i.e., established tolerances
for the original quality factors (those that
have decisive importance for over-all qual-
ity) ; 3) an index of the general quality

(computed with arbitrary contribution co-
efficients for individual quality factors).
Since the quality factors contribute at differ-
ent levels to the over-all quality, a mere
addition of the partial scores clouds the
assessment of over-all quality and therefore
is only of relative value.

The method of critical limits leads to a
more correct assessment of over-all quality,
but its application is confined in principle
to quality assessment from the point of
view of commercial usefulness. Contribu-
tion coefficients allow a differentiation of
the importance of the individual quality fac-
tors as to the degree to which they influence
over-all quality, but only on condition that
they are properly determined. At present,
establishment of these coefficients for each
product by a panel or even single profes-
sional experts is to a high degree arbitrary
(Kaniuga, 1953; Plank, 1948; Tilgner,
1957; Ehrenberg, 1953).

An experiment has been carried out to
assess the quality of the product as a func-
tion of the partial scores. The example used
was the scoring of pasteurized hams.

EXPERIMENTAL METHODS

Several pasteurized ham samples were
presented to an experienced laboratory
panel made up of 8 persons. Quality scoring
was done on color, slice-binding, odor, juici-
ness, tenderness, flavor, and saltiness using
a 5-point scale (Tilgner, 1950, 1957).

The same panel also was asked to give
an over-all quality score. Altogether, 55
evaluations were made.
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The initial data were used for the calcu-
lation of contribution coefficients. In calcu-
lating these coefficients it was assumed that
the greater the score for a given quality
factor (xj) the more it will influence the
over-all quality and the more consistent will
be its score with the over-all one.

Since individual quality factors are usu-
ally correlated with one another, the depend-
ence between scores for given factors and
the general evaluation (y) was studied inde-
pendently of the influence of other factors.
Thus, the problem was looked upon as a
partial regression of the scores for the indi-
vidual quality factors with respect to the
general score. The partial coefficients a and
y (Table 1), calculated by means of the
inverse of the matrix of the simple correla-
tion coefficients, are then the contribution
coefficients.

The degree of interdependence between
the factors M and the general score y (i.e.,
the contribution of the individual factors)
was established by :

1) Partial correlation—ry. The numeri-

cal values are given in column 4 of Table 1

DETERMINING CONTRIBUTION COEFFICIENTS FOR SCORING FOODS

variance is ascribable to flavor. Column 8
gives the relative position according to the
sum of squares j2a;, attributable to the re-
spective regression coefficients.

3) Coefficient ft (i.e., coefficient of par-
tial regression) expressed as a standard
deviation. The values are shown in column
9. Their order is in essential agreement
with that for partial correlation coefficients.

This approach was suggested by Ezekiel
and Fox (1949) and Steel and Torrie
(1960).

The negative values a$y and r3y require
explanation. This is explained by the high
correlation between this factor and the
others which have a high correlation coeffi-
cient with the over-all score. Also by the
fact that, according to Polish export require-
ments, the highest score is given to the
leanest ham and the lowest to the fattest.
This does not agree with the preference
expressed by the panel used (computed on
the basis of the obtained experimental re-
sults).

The regression equation is of the form

Y = - 0.58 + Safari

Table 1 Statistical relationship in quality scores.

Queglty 2 3 4 5 6 7 8 9
Factor no. _ ns Sadiy X 100
() Type (liy Value  Order S 2ij Sy  Order 0
| color .07"6 .2013 6 .0869 5.28 5 .1052
2 fatness -.2182 “ -.6093 3 2378 1.44 8 -.3329
3 slice binding —.0299 .0846 8 .2586 157 7 -.0402
4 odor .3416" .6168 2 3.9626 24.07 2 .3678
5 juiciness .2562 " .5907 4 2.1495 13.05 3 .3306
6 tenderness -.0553 1205 7 4336 2.63 6 -.0583
7 flavor .5514“ 7974 1 7.0745 42.97 1 .5809
8 saltiness 1779 AT745 5 1.4801 8.99 4 .2340
16.4657  100.00

a Significance level a = 0.05.

Column 5 gives their relative magnitude. It is noted that this plane does not pass
2)  Sum of squares attributable to the in-through the origin of the coordinates (y, .r2,

dividual regression coefficients are ssaiv. The . . X0). If the regression plane is forced

advantage of using this is that the sums of to pass through origin then the calculated

squares for the partial regression coefficients values of the a,, are unreasonable and the

are additive. Column 7 of Table 1 gives the
percent share (s2aiy divided by 2ssaf, times
100) of the regression ascribable to each
factor.

Thus it is obvious that ca. 43% of the

plane does not pass through the point (y,-r2.
1 e x9).

For theoretical reasons this variant was
calculated, too. Calculated coefficients val-
ues (a-/) are unreasonable, and this confirms
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the thesis: the supposition is unacceptable
that the hyperplane of the regression passes
the beginning of the coordinates.

The above mathematical interpretation of
the scores for ham quality indicates that it
is possible to: 1) state objectively what
quality factors essentially influence the gen-
eral score of the product; 2) state the con-
tribution of each factor in the general score ;
3) determine the regression equation ex-
pressing the over-all quality based on sums
for the individual quality factors; 4) elimi-
nate the arbitrarily fixed contribution co-
efficients employed hitherto in determining
the over-all quality of the product. It must
be emphasized that the contribution coeffi-
cients will vary in various countries with
consumer preference and acceptability with
regard to the individual quality factors. For
instance in a society that is above all accus-
tomed to visual quality evaluation such
components as color and other optical im-
pressions will presumably have a bigger
share.

The obtained sequence of contribution
must be looked upon as specific for Polish
ham and Polish scoring panels. But the
above approach may—in our opinion—be
also generally used for the objective deter-

mination of critical factors and the method
of critical limits.
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Sensory Comparisons: The 2-Stage Triangle
Test with Sample Variability3
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SUMMARY

The first stage of this test is the attempt to identify the odd member of
a coded AAB or ABB triad formed of samples of two materials, A and B,
that are to be sensorily compared. The second stage is a ranking decision
on the selected item with regard to the specific sensory quality or to prefer-
ence. When the materials, and consequently the samples, are heterogeneous,
the sameness of the duplicates cannot he guaranteed, and a sampling distri-

bution must be postulated before valid
istic model of the test is constructed.

inferences can be made. A probabil-
Experimental data on tenderness of

poultry meats are shown to fit this model.

If two similar materials are to be ex-
amined for a possible sensory difference in,
for example, flavor, the two-stage triangle
test may be used. A judge, presented with
a coded triad of samples (one of one ma-
terial, and two of the other), is asked, first,
“Which of the three samples is odd, with
regard to flavor?” and second, “Do you
think that the sample you have so chosen is
more or less flavorsome than the other two?”
Such an approach seems intuitively reward-
ing ; in the first stage, discrimination only is
at issue; in the second stage, supplementary
directional information is being elicited.
(There is evidence and argument for a spe-
cific faculty of discrimination per sc in this
kind of work, see Gridgeman (1959), al-
though it need not be adduced for the pres-
ent purpose.) In some circumstances the
second stage may be hedonic, with the ques-
tion. “Do you like the sample you have
chosen more or less than the other two?”
and then the two stages are concerned with
different aspects of the material-judge sens-
ory reaction.

The theory of this type of test has been
neglected, and what follows is a first, and
not necessarily the best, approach. It deals
with a specialized form of the test. via., when
the materials are heterogeneous. To this

end the symbols A and B are used to dis-

1N.R.C. No. 7698.

tinguish the actual materials from particular

samples, A and B, respectively. Thus, A
might be cabbages grown under a certain
horticultural regimen, and A would then be
one cabbage, or even part of a cabbage,
from the lot.

Let us begin by recalling the general cir-
cumstances in which an ordinary triangle
test, rather than straight paired comparison,
is chosen as an experimental design. They
are: 1) It is more immediately important to
ascertain whether a difference exists than
to collect sensory evidence of its character
and direction (which aspects may lie obvious
from extraneous considerations). The test
panel's task is thus kept simple, and a mini-
mum of training or indoctrination is called
for. 2) The essence of the possible differ-
ence is hard to define objectively and un-
ambiguously. Various kinds of non-quanti-
tative differences in appearance and color
fall into this class. Again, in checking, say,
freshness in meats, the investigator may find
that paired comparison is bedeviled by the
fact that certain off-flavors are attractive
and palatable to some panel members but
offensive to others.

The greater specificity needed in paired
comparison must be emphasized. You cannot
give a judge one coded sample each of A
and B and simply ask “Do they differ?”
for there is no built-in protection against
psychosensorv bias—consciously or other-
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wise he will be tempted to answer in the
affirmative because he expects a difference
and hopes that his sensory acuity is good
enough to detect it. So, although, generally
speaking, paired comparisons are rather
more efficient than triangle tests (Gridge-
man, 1955; lira, 1960), situations arise in
which the latter are more appropriate. We
now go on to consider circumstances in
which a triangle test can lie supplemented
by some simple "cither or" question.

THEORY

Our test instrument is taken to be a panel of
scrupulous, reasonably concordant, and reasonably
sensitive judges. This is a conceptual simplifica-
tion, of course, for some of the observed variability,
here wholly attributed to material heterogeneity,
will in fact stem from judge variability, but no
serious distortion of the picture is to be expected.

The materials, A and B, as already intimated,
are assumed not to be easy to sample. To ex-
emplify: imagine the experimental treatments that

distinguish two meats A and B to be such as can
be used only on whole carcasses (perhaps even on
the living animal) or large cuts. Because the
normal differences between carcasses are non-
trivial, wide sampling is necessary. Thus, two
ostensibly identical samples of the same treatment,
in a particular trial, may differ between them-
selves—and the difference could be as great as, or
even greater than, that between the two treatments.
In the long run these intra-treatment differences
will cancel out, but this does not erase the statis-
tical problem of the handling of the panel's deci-
sions—when they are not unanimous.

It is not difficult to think of similar situations
in other branches of food research. For instance,
in an investigation of egg-treatment differences,
the variability among samples in any one treat-
ment has to be taken into account. Other small
items of natural produce, such as fruits and vege-
tables, may also be cited.

A triangle trial has two balancing forms, AAB
and ABB; and for reasons of symmetry (see
Appendix 1) these must be equally represented,;
moreover, every judge should carry out the same
number of trials. The 2-stage version of the test
has four possible outcomes, depending upon whether,
in the first stage, the correct choice of the odd
member has been made, and upon how, in the
second stage, this chosen member is ranked (e.g.,
more or less tender; more or less liked). The
totality of results from N trials can be entered in
a 2 x 2 frequency table as follows (here R is the
number of results of each kind, and the charac-
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terizing significance of the subscripts will be
obvious) :
Stage 2

Ranking (decoded) of
selection from Stage 1

Stage 1 A>B A<B Sums
Selection of correct Rea Rch Rc
putative odd sample incorrect R;a Ra Ri
Sums Ra Rb N

Plainly, if the distinctions between A and B in
all trials were clear-cut, the result table would
read

0 N N N 0 N
0 0 a or 0 0 0
0 N N N 0 N

and if the distinctions were imperceptible (or aver-
aged out to zero) the possible results would ran-
domly fluctuate about the expectations

N/6 N/6 N/3
N/3  N/3 2N/3
N/2  N/2 N

provided that the judges were obligated to make
the double decisions on every occasion, regardless.
There is also an intermediate expectation, viz.,

N/2 N/2 N
C 0 0
N/2 N/2 N

which could happen if there was full agreement
about the identity of the odd member (i.e., per-
fect discrimination) allied with maximum disunity
on the second-stage, ranking, decision. There just
might be a tendency in this direction if the second
stage turned on the intensity of a characteristic,
but there could very easily be a strong tendency
if the second stage is hedonic.

These “null” expectations suggest the use of
the two observed sets of marginal data (R c versus
A'. and Ra versus Rb) for binomial significance
tests. Yet second thoughts may raise doubts as
to whether this is the proper thing to do, for the
straight comparison of Ra and Rb means that we
have in effect given equal weight to tenderness
judgments on the correct selections (of the odd
sample) and on the incorrect ones. Let us then
consider the sort of distribution of results that
may be expected in the non-null case, i.e., when
A and B exhibit perceptible (but not obvious)
differences, under a few assumptions about sample
variability.

Suppose that all test samples, A of A or B of
B, are drawn from a symmetrical distribution
centering on some mean value on a psychosensory
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intensity scale of the property at issue—here tender-
ness, We might for instance conceive of a 10-point
scale on which random lots of 100 samples of
A and B are spread in this fashion

Frequency Frequency
Arbitrary distribution distribution
degree of of 100 of 100
intensity ( of samples samples
tenderness) A of A of Bof B
1 4
2 8
3 22 1
4 37 10
S 17 19
6 9 40
7 0 20
8 1 8
9 2
10

Note that the distributions are roughly similar.
That is to say, although the means differ (approxi-

mately 4.0 for A and 6.0 for B), the d spersions
are much the same.

and one sample of B are picked at random from
such lots to constitute a triangle trial, the two
A’s could by chance differ more from each other
than either from the B, in which case one of the
A’s would be the truly odd member. Which in
turn means that the labels “correct” and “in-
correct” in the primary 2X2 result table are
equivocal; they apply to the materials themselves,
not to the test samples. This distinction must be
kept firmly in mind, for it means that a judge can
make what appears to be a misidentification in
Stage 1, and yet make a correct (or at least a
meaningful) ranking decision in Stage 2.

Consider all possible locations of the three
samples along the intensity continuum. Since the
two samples of A are in practice coded differently,
they had better be distinguished in some way here;
so we shall write Ai and As. We shall also
(ignoring hedonic choices for the moment) use
two ranking signs; “> ” to mean “is stronger than”
or “is tenderer than” or some such, and “> > " to
mean the same only more so. Thus “Ai> A2 >
B” means that a triad in which the sample Ai is
the “strongest” in regard to the property at issue,
and B is the “weakest,” but that the difference
between As and Ai is less than that between A~
and B. Now if, for simplicity of presentation, we
ignore the cases in which one or more samples
happen to be identically located, or in which the
three samples happen to be equally spaced along
the continuum, the possible dispositions for an

Now, if two samples of A

AAB triad can be grouped into 12 classes, each
associated with a particular one of the four pos-
sible decisions. They are shown in Table 1
Similarly, but complementarily, another set exists
for the ABB triad.

The probabilities of the four kinds of decision,
a?, cb, ia, and ib, depend on the frequency distri-
bution of the samples along the sensory intensity
continuum, and on the interval between the two

means, A and B (a distance measurable in units
of the common standard deviation of the distribu-
tions). These frequencies are not ordinarily ob-
servable, but we can make a simple distribution
assumption and then go on to the test fit of the
decision frequencies in a well-replicated experiment.

Strictly, symmetry is the only characteristic
of the distribution needed to justify the pooling of
the ranking decisions (A versus B) from both
the “correct” and “incorrect” stage-1 groupings.
To construct a model, however, a specific distribu-
tion must be used, and the natural choice is the
normal (Gaussian) function. The four p’s for any

d=\A —BJ[, can then be calculated. Ura’'s work
(1960) on the analysis of sensory-response fluctua-
tions in “straight” pair and triangle tests provides
a mathematical basis for such calculations—and it
also indicates that the resultant statistical model is
robust. More detail is given in Appendix I1; the
over-all results are shown in the form of proba-
bility curves in Fig. 1

Table 1. The possible samplings to form an AAB
triad, and the resultant decisions.

The decisions

Stage 1 Stage 2
Ma-
terial
(de-
. . coded)
Relative disposition Selection judged De-
of samples in of sample to have cision
regard to intensity oddity in the refer-
of factor at terms of greater ence
issue (e.g., material in- (de-
tenderness) oddity tensity coded)
Ai > AS B correct A ca
As > A j»B correct A ca
B >>Ai > A= correct B cb
B >>A» > A, correct B cb
Ai > B >>A = incorrect B ib
A=> B » A, incorrect B ib
B > Ad- A- incorrect B ib
B > A=»A, incorrect B ib
Aj>>Aa > B incorrect A ia
Ai>>P, > A, incorrect A, ia
Aar»Aa> B incorrect A ia
Aa»B > Ai incorrect A ia
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Probability of decision

Qo
=5 0 +5

Distance, d, between means, "B" minus "A", on intensity continuum,
in units of the stondard deviation of sampling variability.

Fig. 1. Probabilities of decision as conditioned
by difference between sample means.
Key to probability curves:

1st stage f ¢ correct selection of putative oddity
9 (i incorrect selection of putative oddity

?2n,i -tap.J " A judged stronger than B
g | b B judged stronger than A

Some results. Seven experiments on tenderness
of poultry meats were carried out over a period
of months. Each was a comparison of two treat-
ments. The subjective appraisals were done by
means of two-stage triangle tests.

The essential information is assembled in Table
2. For convenience, the experiments are arranged
in order of the stage-two (ranking) probabilities;
that is to say, of the strength of evidence that the
two materials are not equally tender (and the
codings have been switched, where necessary, so
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that the material earning the majority vote in
each experiment is always labeled “B”). Observe
that the correlation between the ability to dis-
criminate and the ability to rank (in terms of
tenderness) is not strong. The rankings made on
the nominally incorrect selections (of the oddity)
in the first stages can be seen to be about as
“good” as those made on the nominally correct
selections—and this is consonant with the proposed
model.

The plausibility of the model is further supported
by goodness-of-fit tests. To this end, estimates of
the distance d= B —A (on the tenderness con-
tinuum, in units of the standard deviation of the
sample distributions) were made by visual spotting
of the maxima of the likelihood curves. The esti-
mates are given in Table 2. The expected fre-
quencies in the four categories were then computed
and checked against the observed values. The re-
sultant over-all goodness-of-fit test yielded a x2
of 17.1 for 21 degrees of freedom, which is plainly
satisfactory.

DISCUSSION
Other ways of handling the data merit
consideration. For instance, a general test
for the absence of either discrimination or
rankability might be attractive, and perhaps

Table 2. Results of some 2-stage triangle tests on relative tenderness of poultry meats.

Experiment reference I

No. of trials per experiment: 36
Rea 9
. \Ra  \ Ria 9
Raw data Frequencies -
. Rci 6
Ri -
l?ib 12
Inference Probability (binomial,
concerning 1-tail) that frequency 018
discriminability  of correct selection of '
(stage 1) odd sample is fortuitous
Inference Probability (binomial
concerning 2-tail) that the observed 100
ranking split, Ra: R's, could be '
(stage 2) fortuitous
Estimated distance, d, between A and B
on the tenderness continuum, in units 0.05

of the standard deviation of samples

Test of over-all goodness-of-fit
of the data to proposed model

1 1 v \Y% \ Vil
36 36 36 36 36 30
7 2 6 4 5 3
10 14 8 7 6 5
8 9 9 5 10 9
n n 13 20 15 13
0.18 0.68 0.18 0.89 0.18 0.26
0.87 0.62 0.24 0.03 0.03 0.02
0.08 0.42 0.32 0.36 0.60 0.82
x;= 17.14; p= 071
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the best method is to calculate the joint
probability for the two null hypotheses from
the single binomial probabilities of the mar-
ginal splits (i.e., the probabilities shown in
Table 2). Twice the natural logarithm of the
product of the reciprocals of these two prob-
abilities gives x2 for 4 degrees of freedom,
and the corresponding tabular probability is
what is required (Fisher, 1946).

In formulating the model we have as-
sumed that Aj and A;, the twin samples of

material A, have zero correlation. This is
in fact one extreme of a range of possible
correlation, the other being unity, when the
twin samples are identical. As the correla-
tion diminishes, the chance of picking out
a sample oddity that is also the material
oddity, will also diminish. Thus the situa-
tion we have been examining is, in one sense,
the hardest.

Whether or not the present picture of the
2-stage triangle test is acceptable (and fur-

ther work, especially with real A, B differ-
ences, is needed to test its acceptability), the
question arises as to the circumstances that
justify its employment. More experience
and thought are needed here. When prefer-
ence is at issue in the second stage, justifica-
tion is of course clear enough, and it has an
important place in consumer survey work.
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APPENDIX 1

Unless the triangles in any one experiment are
equally divided between the two forms AAB and
ABB, scotching of psychosensory bias cannot he
guaranteed. For, suppose AAB only is used and
that the panel cannot really distinguish between
the 2 materials yet has a predilection to declare
that the putative odd sample is the stronger; then
the limiting expectations would be

0 N/3 N/3
2AT73 0 2N/3
2N/3 N/3 N

which is maximally biased. But, with as many
ABB’s as AAB’s the expectations are unbiased,
and wholly independent of the judges’ idiosyncrasies.

The two forms should be allocated at random

TRIANGLE TEST WITH SAMPLE VARTABILITY

among the trials, even when two or more trials
per judge are carried out. At first thought it seems
proper that, if, say, each judge carries out two
trials, he should do one of each form, but this
arrangement is open to psychosensory bias, for a
judge who expected such an alternation would
tend to come up with complementary answers for
his pair of trials.

Allocations should in fact not only be random,
but the judges should be made aware that this is
the case.

These details of experimental design are not of
great consequence, but their application involves
no extra work, and they do ensure the best condi-
tions for the operation of the laws of probability.

APPENDIX I

The statistical model

assumptions :

i) Each member of the triad AA'B is a random
sample from a population of actually or hypo-
thetically available items whose relevant in-
tensities (i.e., of the sensory property, for
example, tenderness or flavor) are symmetri-
cally distributed about a mean point on a
psychosensory intensity continuum,

ii) There are two such distributions, one centering
on A (from which samples A and A' are

drawn), and another on B (from which sample
B is drawn). They are identical in shape and,
in particular, have a common standard devia-
tion, which is used as the unit in which the

distance between d = B —A is measured. (The
object of the test is of course to ascertain
whether d is significantly different from zero.)

in) The relative disposition of the 3 samples on the
continuum governs the answers at each of the
two stages of the trial, the most remote sample
being judged odd.

rests on the following

These assumptions arc sufficient to establish, in
general terms of multiple integration over the 3-
dimensional sample space, the four required proba-
bilities: P(ca), of correct selection, with “A"
judged the stronger; P (ib), of incorrect selection,
with “B" judged the stronger; and P(ia) and
P(cb), homologously. Each probability is to be
thought of as the limiting frequency, as the size
of the experiment becomes infinitely large, of the
corresponding decision frequency. Thus, for in-
stance, P(ca) is the ultimate value of RG/N, as N
increases.

Any pair sum of these 4 probabilities will be
the parameter of a Bernoulli binomial frequency
distribution for an A'-sized sample. However, to
quantify the probabilities we need a fourth assump-
tion, defining a plausible distribution, and it is
natural and convenient to settle for this:
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iv) The cumulative distribution function is Gaus-  Numerical evaluation of the P’s, for d= 0(0.2)5,

sian. That is to say, furnished the data for the plots in Fig. 1
f ) Although the Gaussian function is first choice, it
rixb = _v 1211 ] eXp";&aﬁ may well be asked how crucial this, or any other
—x function, is to the model. In fact, much latitude

and we conceive x to he measured in units of 1S Pemissible, for Ura (1960) has shown that,
the standard deviation along the abscissa, for straight pair tests, triangle tests, and duo-trio
which is also the sensory intensity continuum.  tests, even the rather unlikely rectangle distribu-
On these assumptions the defining equations can  tion yields probability curves close to those based
he shown to be: the normal distribution.

Value when d is

Very large Very large
and Zero and
negative positive
P(ca) = 2 J /(=V 3.r—V 2/3d)dF(.rl 1 1/6 0
0
P(ia) = 1-Fid/ V2) - /'(ru) 0 1/3 0
X
P(cb) =2 ( /+(-VIr+V 2/3</)<(/o(.v) 0 1/6 1
0
P(ib) = Fid/ Vi) - /' (<h) 0 1/3 0
REFERENCES Gridgeman, N. T. 1959. Sensory item sorting.
Fisher, K. A. 1946. *“Statistical Methods for Re- Biometrics 15, 298.
ieoar:;r;nkaers. 10th ed. Oliver and Boyd, Ura, S. 1960. Pair, triangle, and duo-trio tests.
Gridgeman, X. T. 1955. Taste comparisons: Two Repts. Statist. Appl. Research Union, Japan

samples or three? Food Teclinol. 9. 148. Scientists and Flips., 7, 107.
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SUMMARY

Samples of eight varieties of cowpea, both raw and cooked, were analyzed
for their chemical composition and amino acid content by microbiological
methods and were also subjected to biological trials with rats in order to de-
termine their nutritive value. Cooking caused losses as follows: 9.2% nitro-
gen, 17.4% crude fiber, 62% thiamine, 52% riboflavin, and 45% niacin.
With the possible exception of tryptophan, the variation for amino acids was
small among all the samples, both cooked and raw, and there was no difference
in ether extract and ash. The animal experiments showed marked differences
in protein value among the eight samples, even though essential amino acid
composition indicated only slight differences. These differences are probably
due to variation in amino acid availability. The protein efficiency ratio was
higher in the cowpea samples than in the beans. Since cowpeas have a higher
nutritive value than common beans, as confirmed in this study, and can be
grown under many environmental conditions with higher yields, their use in
human feeding should be recommended in developing areas of the world having

RICARDO BRESSAXI

protein in low quantity and quality.

Dietary surveys in the Central American
countries have shown that corn (Zca mays)
and beans (Phaseolus vulgaris) are the two
most important sources of protein in rural
diets (Flores, 1961). From the nutritional
point of view, cereal grains not only are
low in total protein but are deficient in some
of the essential amino acids, particularly
lysine. Leguminous seeds, such as cowpeas
(Vigna sinensis), could supply the limiting
amino acid in corn protein as well as replace
black beans, since the two are very much
alike in appearance, texture, and flavor;
they could also be a better supplement for
cereal-based diets.

The essential amino acid content of the
cowpea has been studied by several investi-
gators (Bressani et a!., 1961; Busson et al.,
1959; Jaffe, 1949; Orr and Watt, 1957)
and the results indicated that methionine
is the most limiting amino acid. The cow-

" Investigation supported by Grant RF-60180
from the Rockefeller Foundation.

bINCAP Publication 1-286.

cFrom a thesis by R. Colindres for a degree in
Chemistry and Pharmacy from the University of
Honduras, Tegucigalpa, Honduras.

pea, like other leguminous seeds, contains
a trypsin inhibitor that has been the object
of several studies. According to Sohonie
and Bhandarker (1954), the cowpea trypsin
inhibitor can be destroyed by heating 1 hr
at 100°C. Jaffe (1950a), from studies of
the relationship between the digestibility of
cowpeas and its trypsin inhibitor, reported
that heating in the autoclave was sufficient
to destroy the inhibitor, but that this treat-
ment did not improve the coefficient of
digestibility. Similar studies have been re-
ported by Borchers and Ackerson (1950).

Biological studies have also been under-
taken by several investigators (Borchers
and Ackerson, 1950; Chavez ct al., 1952;
Finks ct al., 1922; Jaffe, 1949; Sherwood
et al., 1954), who reported that cowpea
protein is limited in methionine but is a
good source of lysine. The present studv
was designed to obtain additional chemical
and biological data on the cowpea.

MATERIALS AND METHODS

Samples and analytical procedures. Eight sample
varieties of cowpea from the United States that
had been introduced into Guatemala in 1959, were
used: 1) Calico Crowder, 2) Brown Eye Crowder,
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3) Black Eye Peas, 4) Blue Goose, 5) Bunch
Purple Hull, 6) Black Crowder, 7) Lady Peas,
and 8) Dixie Lee Peas. The samples were certi-
fied seed obtained from a commercial store. They
were harvested from experimental plots in the
lowlands of Guatemala, of highly fertile soils with
high rainfall. Ten pounds of each variety were
stored at 4°C. Each sample was divided into two
parts; 450 g were used for chemical analysis of
the raw material, and the remaining quantity was
cooked and used in biological trials with rats and
for chemical analysis after cooking. About 7 Ib
of each variety were first soaked in sufficient water
for about 2 hr; they were then covered completely
with more water and cooked 10 min at 126°C in
an autoclave at 15 Ib pressure. The cooked samples
were then dried by air at 88°C for 24 hr. The
raw and cooked material of each variety was
ground in a Wiley mill to pass 40-mesh. The
ground samples were kept under refrigeration at
4°C until needed for chemical determinations and
biological assays.

AOAC (1950) methods were used in the chemi-
cal analyses. Thiamine content was determined by
the thiochrome method of Hennessy and Cerecedo
(1939), and riboflavin by the fluorometric method
of Hodson and Norris (1939). The lysine, methio-
nine, leucine, isoleucine, arginine, cystine, phenyl-
alanine, and tyrosine contents were obtained by
using Difco media and Leuconostoc mcsenteroides
P-60. Used for the cystine and valine analysis were
synthetic media as recommended by Steel et al
(1949) ; and the threonine content was found with
synthetic media and Streptococcus faecalis as
microorganisms. Tryptophan was determined with
Lactobacillus arabinosus and Difco media.

Biological trials. To determine the nutritive
value of the eight varieties of cowpea, 54 wean-

Table 1. Percentage composition

Ingredients 1 3 5
Cowpea 42.44 41.36 40.40
Soybean
Minerals b 4,00 4.00 4.00
Cottonseed oil 5.00 5.00 5.00
Cod liver oil ° 1.00 1.00 1.00
Cornstarch 47.56 48.64 49.60

Total 100.00 100.00  100.00
Vitamin solution,'l ml 4 4 4
% protein in diet 9.44 9.50 9.94

=
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ling rats of the Wistar strain, from INCAP’s
animal colony, were divided into groups of 3
males and 3 females each. Their weight was
distributed so that the average initial weight of
the groups did not differ by more than 1 g. The
rats were kept in all-wire cages with raised
screen bottoms. Food intake and weight gain
were recorded every seven days for 28 days. Food
and water were given ad libitum. Table 1 shows
partial composition of the experimental diets. The
control was a soybean diet having the same protein
level. All diets were supplemented with 4% of
salt mixture, 5% of cottonseed oil, 1% cod liver
oil, cornstarch tc make 100 g, and 4 ml of a
vitamin solution (Manna and Hauge, 1953).

For the protein depletion-repletion experiment,
adult rats, weighing 200 g, were fed a protein-free
diet made of 86% cornstarch, 5% salt mixture, 5%
cottonseed oil, 2% cod liver oil, and 4 ml of a
complete vitamin solution (Manna and Hauge,
1953) until they lost 25% of their original weight.
The animals were then distributed by weight into
9 groups of 3 males and 3 females each and fed
experimental diets for 14 days. The diets were
analyzed for nitrogen content in order to calcu-
late their protein efficiency ratio (PER). A sec-
ond rat experiment, using the procedure previously
described, compared the growth-promoting value
of five cowpea samples to that of cooked black
beans fed at 10% protein level in the diet.

RESULTS
Table 2 shows the chemical composition of the
cowpea samples before and after cooking. As can
be seen, the cocked material showed 9.2% less
nitrogen and 17.4% less crude fiber than the raw
material, but there was no difference between the
raw and cooked samples in the ether extract and

diets used in the biological trials.
Samplesa
6 7 8 9 10 n
39.90 4211 43.01 38.46 44.58
20.00
4.00 4.00 4.00 4.00 4.00 4.00
5.00 5.00 5.00 5.00 5.00 5.00
1.00 1.00 1.00 1.00 1.00 1.00
50.10 47.89 46.99 51.54 45.42 70.00
100.00 100.00  100.00  100.00  100.00  100.00
4 4 4 4 4 4
9.62 9.50 9.70 9.12 9.56 8.06

aNo. 1 Calico Crowder, No. 3 Brown Eye Crowder, No. 5 Black Eye Peas, No. 6 Blue Goose,
No. 7 Bunch Purple Hull, No. 8 Black Crowder, No. 9 Lady Peas, No. 10 Dixie Lee Peas, and No. 11

Soybean Flour (50% protein).

- bSalt mixture, Hegsted, Nutritional Biochemical Corporation, Cleveland, Ohio.

cMead Johnson, Evansville, Indiana.
IManna and Hauge (1953).
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Table 2. Nutrient content of eight varieties of cowpea."

Raw Cooked

Substance Range Av. Std. dev. Range Av. Std. dev.
Protein, g% 24.1-25.4 24.8 0.48 22.4-26.0 241 113
Ether extract, g% 1.1- 30 19 0.62 1.7- 21 19 0.14
Crude fiber, g% 5.0- 6.9 6.3 0.64 3.6- 6.3 5.2 0.87
Ash, g% 3.4- 39 3.6 0.17 3.2- 36 34 0.14
Thiamin, mg 0.41-0.99 0.74 022 0.22-0.39 0.28 0.05
Riboflavin, mg 0.29-0.76 0.42 0.14 0.12-0.36 0.20 0.10
Niacin, mg 2.51-3.23 281 0.26 1.40-1.69 155 0.10

aAll values expressed on a 10% moisture basis.

ash content. The variation among the samples
was not significant.

Table 2 also gives the thiamine, riboflavin, and
niacin content of both groups of samples. It indi-
cates that there were great variations in the
vitamin content of both the raw and cooked sam-
ples. Furthermore, the cooking process caused a
62% loss of thiamine, a 52% loss of riboflavin, and
a 45% loss of niacin.

Table 3 shows the essential amino acid content
of the raw and cooked samples. With the possible
exception of tryptophan, the variation for indi-
vidual amino acids among all the samples was
small. When individual amino acids in both raw
and cooked cowpea samples were compared, only
small differences were found.

The results in growth and PER from the first
growth experiment, summarized in Table 4, indi-
cated that the cowpea samples have different
nutritive values. The weight gains varied from
53 to 26 g, and the PER from 2.30 to 142. The
gain in weight was higher with the soybean diet
than with any of the eight varieties of cowpea.

The second growth experiment, also presented
in Table 4, showed that black beans (Phaseohis
vulgaris) have a lower nutritive value than cow-
pea, as demonstrated by the lower growth and

PER obtained with beans. In addition, the table
shows the results obtained with adult rats, whose
weight gains varied from 63 to 54 g in the 14-day
experimental period. As in the previous experi-
ments, soybean proved to be the best protein.

DISCUSSION

The chemical composition of the cowpea
samples (Vigna sinensis) was found to be
similar to that of beans (Phaseolus vul-
garis), according to data presented by sev-
eral workers in Latin America (Bressani
et al., 1954, 1961 ; Chavez et al., 1952; Jaffé,
1950b; Tandon et al., 1957). Other authors
reported that riboflavin and niacin (De and
Borai, 1949; De and Datta, 1951; Hoover,
1955; Jaffé, 1950b; Jenkins, 1954; Richard-
son et ai, 1950) showed the greatest vari-
ation among varieties.

The variation in essential amino acid con-
tent is smaller in cowpea than reported for
heans (Bressani et al, 1961). When the
average of the essential amino acid content
of the eight varieties of raw cowpea was
compared with that of beans, it was found

Table 3. Essential amino acid content for eight varieties of cowpea.

Cooked (mg)

Raw (mg)

Amino acids a Range Av.

Arginine 0.433-0.572 0.500
Histidine 0.169-0.236 0.213
Isoleucine 0.305-0.333 0.318
Leucine 0.434-0.543 0.484
Lysine 0.467-0.497 0.486
Methionine 0.074-0.082 0.079
Cystine 0.026-0.038 0.032
Phenylalanine 0.251-0.290 0.263
Threonine 0.242-0.281 0.251
Tyrosine 0.113-0.137 0.124
T ryptophan 0.058-0.082 0.068
Valine 0.252-0.368 0.314

Std. dev. Range Av. Std. dev.
0.053 0.430-0.516 0.474 0.043
0.019 0.176-0.256 0.217 0.026
0.010 0.309-0.354 0.327 0.018
0.031 0.427-0.541 0.497 0.036
0.011 0.400-0.466 0.430 0.022
0.010 0.074-0.091 0.079 0.006
0.004 0.025-0.040 0.028 0.005
0.012 0.228-0.268 0.252 0.013
0.013 0.228-0.255 0.239 0.009
0.008 0.111-0.129 0.121 0.006
0.010 0.058-0.084 0.068 0.010
0.033 0.251-0.375 0.302 0.018

“ Amino acids expressed on g of amino acids/g of nitrogen.
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Table 4. Results of biological tests with rats fed cooked cowpea protein.

Sample 1 2 3
Growth experiment “
Gain in weight 42 47 39
PER 1.79 2.18 1.90
Repletion experiment h
Gain in weight 63 58 61
PER 244 2.35 251

Comparison between
cowpea and black beans c
Gain in weight 27 39 25
PER 133 1.49 121
“ Average initial weight: 45 g.
" Average initial weight: 175 g.
cAverage initial weight:61 g.

that cowpea samples had more arginine, his-
tidine, leucine, methionine, tyrosine, and
valine, and less phenylalanine and threonine.

The cooking process affected the proxi-
mate chemical composition of the samples
only slightly, but there was a significant loss
in vitamin content. Similar results have
been reported by several investigators, not
only for beans but also for other leguminous
seeds (Bressani et al., 1954 ; Sherwood et al.,
1954).

Changes were small when the essential
amino acid content of the raw cowpea was
compared with that of the cooked samples.
By comparing the essential amino acid com-
position of the cowpea samples with that of
the FAO (1957) protein reference pattern,
methionine was found to be the most limit-
ing amino acid, while tryptophan and lysine
were found in sufficient amounts. This is
of practical importance if cowpea is to sup-
plement corn protein efficiently, since it is
well known that corn proteins are deficient
in both lysine and tryptophan, and contain
adequate amounts of methionine. Therefore,
the proteins of the two staple foods should
complement each other efficiently.

The results obtained with animals are in-
teresting.  Although the eight varieties
showed only small differences in essential
amino acid composition, the rat experiments
indicated that there is a marked difference,
probably due to variations in amino acid
availability, among the eight samples tested.
In general, the protein efficiency ratio was

Cowpea
Soybean
4 5 6 7 8 our
31 53 26 49 53 94
1.54 2.29 142 2.30 2.16 3.55

54 59 54 62 56 73

2.20 2.38 2.1- 2.64 2.23 311
22 33 13
1.06 1.47 0.71

higher for the cowpea samples than for the
beans. The highest protein efficiency ratio
obtained with black beans by Bressani et al.
(1963) was 1.20, whereas it was 0.71 in
the present study. Richardson (1948) also
found differences in nutritive value among
cowpea samples he studied, while Chavez
et al. (1952), using rats, reported a growth
and PER equivalent to 82.9% of the nutri-
tive value of pure casein.

Since cowpeas have a better nutritive
value than common black beans and can be
grown under wider environmental condi-
tions, it would be desirable to learn whether
they would have the same acceptance by
undernourished populations in the Central
American area if they were prepared like
black and red beans. Previous studies
(Bressani and Scrimshaw, 1961) have also
indicated that cowpea protein complements
corn protein efficiently, a factor of practical
value for those areas where the human rural
population is largely dependent upon corn
protein for most of its protein needs.
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