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liquor was removed and sterilized at 15 pounds steam 
pressure (121 ° C.) for storage. 

Before use the liquor was filtered through a layer of 
diatomaceous earth and resterilized in desired quan- 
tities. This liquor contained an average of 0.820% 
sugars, of which 0.251% was reducing sugars, and 
0.0053% available nitrogen. The pH varied from 4.4 
to 4.5. Waste liquor from protein precipitated with 
sulfur dioxide, however, did not support yeast growth 
unless the sulfur dioxide was removed. 

The organism used for propagation was Torulopsis 
utilis from culture No. Y-957 of the Northern Regional 
Research Laboratory, U.S.D.A. The yeast  used for 
inoculum was grown in sweet potato media containing 
1% sugar, and the quantity of cells present was esti- 
mated from the centrifuged cell volume in 15 ml. The 
amount of a 16-hour culture that contained 10.5 ml. of 
wet cells was used to seed six liters of media. 

Propagations were carried out aseptically using 6- 
liter quantities in 9-liter pyrex bottles, 7½ x 15 inches 
in size, fitted with two 1-inch Aloxite ball aerators 
and a siphon for sampling (see Figure 1). Reducing 

l~m. 1. Propagators used for experimental production of 
yeast from peanut protein waste liquors. 

sugars, pH, and the volume of cells in 15 ml. (ob- 
served in graduated centrifuge tubes) were deter- 
mined every hour. One-fourth of a cubic foot  of air 
per minute was supplied to each propagator, and the 
temperature was kept at 33-34 ° C.--conditions found 
to be desirable in previous work with sweet potato 
waste water  (7). 

Sugars were determined on centrifuged culture sus- 
pensions by the method of Shaffer and Hartmann 
(10) before and after inversion with hydrochloric 

acid. Ammonia- and amino-nitrogen was estimated in 
the waste water according to the Sorenson formol 
titration method (1). Yields of yeast were deter- 
mined by measuring the dry weight of yeast in 15 
ml. at the end of a 24-hour propagation period, sub- 
tracting the weight of yeast added as inoculum, and 
comparing the increase in yeast weight to the amount 
of sugar originally available in the liquor. 

Nutritive Value of, Peanut Waste Liquor 
for Yeast 

A deficiency of nitrogen for yeast propagation was 
apparent when the quantity of yeast grown in plain 
peanut water was compared to that grown in peanut 
water to which ammonium salts were added. Sugar 
was more~rapidly and efficiently utilized with a cor- 
responding increase in cells when ammonium chloride, 
di-ammonium phosphate, or ammonium sulfate were 
added to the media as illustrated in Figure 2, which 
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•Io. 2. Growth of the yeast, T. ~$ilis, on peanut protein 

waste liquor supplemented with salts. 

presents data from a propagation experiment. I t  was 
evident that there was sufficient sulfur and phosphor- 
ous in the peanut water since additions of these ele- 
ments resulted in no increase in growth. 

Maximum yields of yeast were obtained when nitro- 
gen was provided in a ratio of one part of nitrogen 
to 16 parts of carbon, as shown in Table I. As much 
as 50.0 grams of yeast for every 100 grams of avail- 
able sugar has been produced in single experiments. 
It was found that the complete nutrient could be pro- 
vided either at the beginning, or part of the nitrogen 
could be added gradually by keeping the pH adjusted 
to 4.0-4.5 with ammonium hydroxide, with no differ- 
ence in the final yields. 

The sugar was utilized in five hours at 34? C. except 
for the residual 50 to 60 rag. per 100 ml. which al- 
ways remained, but maximum yields of yeast were 
not reached until eight to ten hours of propagation. 
One hour after the +practical +disappearance of sugar 
only 75'% of the maximum yield was produced. 
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TABLE I 

Yields of Yeast on Nitrogen-Supplemented Peanut Water 

Unsupplemented ..................... Carbon/NitrogenRatio GramSlo0 g. of of yeast sugars*per 

63/1 41.3 
(NI54)2 S04 added ................. 16/1 48.5 
( N I ~ ) 2  SO~ added ................. I 8/1 47.8 

*Average values from several experiments. 

Continuous Propagation 
In a system of three bottles similar to that used for 

sweet potato experiments (8), two of which were pro- 
vided with air (as in Figure 1), it was found entirely 
practicable to feed continuously peanut water of about 
0.8% sugar supplemented with nitrogen to an actively 
growing culture of T. utilis and withdraw yeast liq- 
uor continuously. Feeding at a rate of 50% of the 
volume in the propagator per hour, the sugar was com- 
pletely utilized and a yield of 40.6 grams of yeast per 
100 grams of sugar was produced. At increased rates 
the yield dropped considerably. Continuous feed ap- 
pears to be the most efficient method of using equip- 
ment and time for handling large quantities of waste 
water in the propagation of yeast. 

Quality of Yeast Produced 
Although m a x i m u m  yields occur in a nutrient 

medium having a carbon/nitrogen ratio of 16/1, a 
higher-protein yeast is formed in one having a car- 
bon/nitrogen ratio of 8/1. Estimating protein as 6.25 
times the total nitrogen of dried yeast, 54.3% protein 
is formed at a C/N ratio of 8/1 as compared to 46.8% 
at 16/1 (calculated to moisture free basis), which 
correspond to values found by other workers for T. 
utilis (7, 9) and commercial yeast (13). 

The vitamin content of dried yeast grown in pea- 
nut water is apparently similar to dried yeast from 

other sources (2, 11); thiamine averaged 72 gamma 
per gram, and riboflavin 40.9 gamma per gram in 
samples containing about 5% moisture. 

Summary 
Peanut protein waste liquor supplemented only 

with an ammonium salt was found to be an excellent 
medium for the propagation of the food yeast, Toru- 
lopsis utilis, in batch and continuous processes. 

When nitrogen was provided to give a carbon/ 
nitrogen ratio of 8/1, 100 grams of sugar yielded 48 
grams of a high-protein yeast that was comparable 
in food value and vitamin content ~to food yeasts from 
other sources. 
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The Fatty Acids  of Menhaden Oil" 
II .  The Separation of the Methyl  Esters  of Menhaden Oil Into 

Saturated, Monoethylenic ,  and Po lye thy len ic  Fract ions by 
Low Temperature Crystal l ization.  The Composit ion 

of the Saturated and Monoethylenic  Fractions.  
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T H E  fat ty  acids of fish oils constitute some of the 
most complex mixtures of fa t ty  acids encoun- 
tered in the field of fat chemistry. The saturated 

acids alone embrace carbon series from C12 to C24. The 
unsaturated acids occur in an equally wide range of 
carbon series, and in addition include unsaturation 
from one to six double bonds. Thus, with menhaden 
oil for an example, we have shown (1) that the Cls 
series of unsaturated acids includes acids of from one 
to four double bonds. Previous work from a number 
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of laboratories has indicated that the C2z and C22 
series of this oil and of other fish oils are even more 
complex in nature, the unsaturation culminating in 
the presence of docosapentenoic and docosahexenoic 
acids in the C~2 series. 

The acids of two and more double bonds in a fish 
oil may be isolated by the lithium soap acetone pro- 
cedures, originally proposed by Tsujimoto in 1920 
(2). Debromination of the ether-insoluble bromides 
of the esters of the oil, as carried out by Brown and 
Beal (3) in their study of menhaden oil fat ty acids, 
results in a mixture of esters of three and more double 
bonds. In the previous report of this series (1) we 




