parents had been fed DDT, dieldrin, or
endrin during the winter months, but
received insecticide-free diets during the
breeding season.

Reproduction of pheasants was ad-
versely affected by the inclusion of
aldrin, dieldrin, or endrin in the breed-
ing diets (Table IV). Mortality oc-
curred in all groups receiving aldrin,
and surviving birds lost approximately
309 body weight during the breeding
season. Egg production in the groups
receiving 1 or 2 p.p.m. of aldrin re-
mained at normal levels during the first
6 weeks of the test period, but had vir-
tually ceased by the end of the tenth
week. Hatchability appeared de-

creased by feeding of 10 p.p.m. of
aldrin, dieldrin, or endrin, and chicks
from these groups had unusually high
mortality during the first 2 weeks.
Egg production by birds fed 50 or 100
p.p.m. of DDT was below that of the
controls, but fertility, hatchability, and
chick viability appeared unaffected.
Feeding of 50 p.p.m. of strobane
appeared to reduce chick viability.

Literature Cited

{1) Coburn, D. R., Treichler, R., J.
Wildlife Management 10 (3), 208~
16 (1946).

AMINO ACIDS IN FERMENTATION

Pilot Plant Study of Utilization of Leucine

by Saccharomyces cerevisiae

(2) DeWitt, J. B., J. Ag. Foop CHEM.
3, 672-6 (1955).

(3) Goodrum, P., Baldwin, N. P., Al-
drich, J. W., J. Wildlife Manage-
ment 13 (1), 1-10 (1949).

(4) Hotchkiss, N., Pough, R. H., lbid,
10 (3), 202-7 (1946).

(5) Mitchell, R. T., Blagbrough, H. P,
Van Etten, R. C., lbid, 17
(11), 45-54 (1953).

(6) Robbins, C. S., Springer, P. F,,
Webster, C. G., Ibid., 15 (2),
213-16 (1951).

Recetved for review September 24, 1955,  Ac-
cepted April 5, 1956. Division of Agricul-
tural and Food Chemistry, 128th Meeting,
ACS, Minneapolis, Minn., September 7955.

J. W. SPANYER, Jr., and
ALAN T. THOMAS

Brawn-Forman Distillers’ Carp.,
Lovisville 1, Ky.

Much of the flavor of whisky results from esters of the higher alcohols and organic acids

present in the distillate,
fusel oil.

Isoamyl alcohol is a major constituent of this fraction.

The higher alcohols are normally analyzed as a group and called

Much evidence has

indicated that yeast deaminates and decarboxylates a-amino acids to form alcohols.
This study with pilot fermentors has verified that hypothesis.

system has been studied under standardized conditions.

The leucine—isoamyl alcohol
The results indicate that the

amount of fusel oil formed is approximately a linear function of the amount of leucine

added.

DURING THE FERMENTATION OF SUGARS
BY YEAST, many organic com-
pounds, other than ethyl alcohol, are pro-
duced. Some are yeast-metabolic prod-
ucts or intermediary products in the fer-
mentation cycle; others are formed by
foreign organisms or materials in the
medium. The higher alcohols that are
present in new whisky are lumped to-
gether and called fusel oil.

Ehrlich (7-3) showed that the fusel oil
content of spirits could be increased by
the addition of amino acids and con-
cluded that higher alcohols are formed
from their corresponding amino acids by
deamination and decarboxylation.

RCH (NH,) COOH —>
RCH:OH + NH; + CO;

This hypothesis, as modified by Neu-
bauer and Fromherz (4), is known as the
Ehrlich mechanism and suggests the
following sequence of steps.

RCH (NH:) COOH —
RCOCOOH 4+ NH; (oxidation)

866

RCOCOOH — RCHO -+
CO: (decarboxylation)

2H
RCHO —» RCH;OH (reduction

O
RCHO —> RCHOH

Strickland (7-9), working with bacteria,
found that amino acids could be classi-
fied as either hydrogen donors or ac-
ceptors. The reaction occurring be-
tween a pair of opposite types is:
R,CH(NH,)COOH +

or
oxidation)

H.O

R.CH(NH,)COOH —>
R,COCOOH + R:CH:COOH + 2NH;
Thorne (70, 77) confirmed Ehrlich’s
postulations for the formation of several
alcohols and succinic acid, and reasoned
that if deamination of a-amino acids is
the normal mechanism for nitrogen as-
similation by yeast, then ammonia should
be superior to any amino acid. He
found that ammonium phosphate was
superior to all single amino acids except
aspartic and glutamic acids, but that
complex amino acid mixtures were much

AGRICULTURAL AND FOOD CHEMISTRY

superior to the ammonium salt as a
veast nutrient. Thorne concluded that,
when all of the necessary amino acids
are present, they are integrated intact
into the yeast protein, and that deamina-
tion takes place only to synthesize un-
available  nitrogenous  compounds.
Thorne also presented evidence that
yeast could, at least to a small extent,
utilize the Strickland mechanism as a
source of nitrogen.

To simulate normal distillery opera-
tions and check the utilization of leucine
by yeast, a series of fermentations was
conducted with varying amounts of
leucine in pilot plant fermentors.

Fermentation and Distillation

Ten liters of medium were fermented
in two 40-liter stainless steel fermentors,
equipped with agitators and automatic
temperature controls (Figure 1). The
fermentors were agitated at 250 r.p.m.
for approximately 4 hours after setting,
then the agitators were turned off.
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Figure 2. Relation between leucine and fusel oil formation in large pilot

fermentors

Table IV. Distribution and Over-All Balance of Leucine in Fermentation

Products
Added, g./liter 0 0.3 0.615 1.23 2.40
From yeast, g./liter 0.10 0.10 0.10 0.10 0.10
Total, g./liter 0.10 0.40 0.715 1.33 2.50
Caled. as a-amino N, mg./ml. 0.011 0.043 0.077 0.143 0.267
Control 0.011 0.011 0.011 0.011 0.011
Difference 0 0.032 0.066 0.132 0.256
Recovered
From fusel oil, g./liter 0.312 0.335 0.399 0.607 1.14
a-Amino N, mg./ml.
Calcd. from fusel oil 0.050 0.053 0.063 0.097 0.181
From yeast 0.011 0.012 0.010 0.010 0.012
From centrifugate 0.00 0.011 0.039 0.069 0.122
Total 0.061 0.076 0.112 0.176 0.315
Control 0.061 0.061 0.061 0.061 0.061
Difference 0 0.015 0.051 0.115 0.254
Unaccounted for . 0.017 0.015 0.017 0.002

0.8,
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oil

T

formation

in one-liter

Table lll. Leucine Levels and Fusel
Oil Analyses of Erlenmeyer

Fermentors

DL-Leucine
Flask Added, Fusel Oil,
No. G./liter G./liter
LF-1 0 0.093
LF-2 0.3 0.172
LF-3 0.6 0.310
LF-4 1.2 0.357
LF-5 2.4 0.598

tion chromatography requires a large
number of individual determinations to
assure reliability—e.g.,, 86 chromato-
grams were used to determine the leucine
content of yeast from butanol-formic acid
resolutions.

Discussion

An examination of Figures 2 and 3
indicates that the amount of fusel oil
formed is practically a linear function of
the amount of leucine added. Calcu-
lated as isoamyl alcohol, the slope of the
line in Figure 3 indicates a conversion of
31 mole 9. If the 24-gram leucine level
isdisregarded in Figure 2, the leastsquares
line would have a slope of 32 mole 7
conversion, shown by solid line. The
amount of isoamyl alcohol found at the
24-gram level is equivalent 1o 51 mole 9.
The high fusel oils on runs 27 and 28
(24-gram level) were probably caused by
an insufficient veast growth adjustment
period prior to use.

The relationship between the leucine
added and that recovered, as shown in
Table IV, indicates a constant amount
of leucine unaccounted for, again exclud-
ing the abnormal runs 27 and 28. The
number of yeast cells remaining at the
end of the fermentation period was prac-
tically the same in all cases, an indication
that yeast growth was constant.

The disappearance of a constant
amount of leucine must be associated
with assimilation by the yeast to form
nitrogenous compounds other than pro-
teins.
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