resemble ginger ale to darker products
similar to hydrolyzed vegetable protein.
The enzyme filtrates can be vacuum-
concentrated and then be standardized
to the desired potency.

Precipitated purified powdered
materials are either sold as concentrates
on the basis of their potency, or diluted
with various agents to standard activities.
For this purpose, the ground enzyme
concentrate powders are assayed for
their enzyme potency, and are then uni-
formly blended with necessary amounts
of edible diluents consistent with their
end uses. Examples of the edible diluents
are: dextrose, lactose, sucrose, starch,
flour, salts, gelatin, and casein. Where
the food product is filtered after enzyme
treatment, the diluents may include
diatomaceous earth. Buffers and other
salts, such as citrates or phosphates,
calcium sulfate, etc., are also used in some
instances in order to maintain favorable
pH conditions, enzyme activity, and
stability. Frequently it is necessary to
dilute the enzyme concentrate beyond
the point normally required for
standardization, because for certain uses
the small amount of enzyme required
cannot be handled by the customer with
accuracy.

Summary

Microbial enzymes have a long
history of safe usage in food products.

The procedures used in their com-
mercial production involve combinations
of an appropriate, potent strain of
organism, the right medium composition,
and the correct conditions for fermenta-
tion and enzyme recovery. Continuous
rigid control of all steps of the operations
is necessary to assure maximum enzyme
yields, and reproducibility, safety, and
quality of the enzyme products.

FOOD YEAST PROTEIN
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were made, including eventually a shift
from calcium base to ammonium base.
Spent sulfite liquors (SSL) shunted to the
food yeast propagators during this period
differed greatly in content of available
sugars and nonsugar carbon. Wide
fluctuations in yeast yield occurred.
The irregularities prompted some con-
cern for product quality, particularly in
the yeast protein which makes up more
than half the dry yeast weight. Of the
several factors examined in this study,
only the results of determinations of



Food yeasts (Candida utilis), produced continuously on supplemented calcium- and am-
monium-base spent sulfite liquor, were assayed at intervals over a 9-month operating
period to determine the uniformity of amino acid composition and the folic acid content.
The range of values for 18 amino acids remained narrow throughout the period of
major changes in fermentation substrates, and the composition of yeast produced on
ammonium-base liquor differed little from that of yeast grown on calcium-base liquor.
Folic acid data, obtained over a 3-year period, indicate essentially similar valuves for
Candida utilis food yeasts and molasses-grown Saccharomyces cerevisiae, but both types

of yeast contain only half as much folic acid as stated in earlier reports.
acid contents of each type of food yeast average less than 1 .g. per gram.

The free folic
All folic

acid values are well within the permissible levels established by the Food and Drug

Administration.
Table 1. Yeast Performance on Table . Amino Acid Composition Table IV. Folic Acid Content of
Ammonium- and Calcium-Base of Food Yeast Grown on Ammonia Yeasts
Spent Sulfite Liquors Spent Sulfite Liquor Following Cal- Aver-
“alei i cium Spent Sulfite Liquor Range,  age,
C.g{;::m Am;n:;:um P ) ) 4 Samples ug./G. rg./G.
Sugar in feed, (%0, protein basis) Saccharomyces
g/l 20.2-21.7 15.3-20.7 Ca Base® NH; Base? cerevisiae 61 17 7.8-12.9 9.8
Sugar loading, A B A B (molasses
ib. /hr. 939-1081 750-1076 grown) 62 23 8.4-16.1 11.5
Sugar utilization, Valine 3.8 6.1 3.0 6.1 63 19 8.3-16.2 12.1
o 77.6-89.7 77.5-88.8  Leucine 7.6 7.1 6.2 7.2 IS
Retention time, Tsoleucine 38 51 38 57 2 Conddawnisc 6114 7.9-12.9 9.1
min. 197-219  182-217 Threonine 54 54 56 5.4 (sulfie liquor 62 23 9.2-17.1 12.7
Yeast yield, % Methionine 1.1 1.0 08 1.0 grown) 65 17 0. 4181 12.6
on sugar 50.2-68.0 54.2-67.3 Phenylalanine 8.6 4.3 7.8 4.1 ' ' '
Tryptophan 2.4 1.3 28 1.3
Histidine 1.2 1.9 2.6 1.9
. . . . Lysine 48 6.6 5.6 6.6
amino acids and folic acid are reported Glycine 3.6 4.8 3.4 5.1 Table V  Free Folic Acid of Yeasts
here. Alanine 5.8 3.4 56 3.4 R A
The vitamin assays were extended Serine 5.0 5.1 6.4 47 cngz Vemgé’
o Proline 6.0 34 62 3.6 mug./G.  mug./G.
over a 3-year period. Both total and .
. ) . Tyrosine 6.2 3.2 4.8 3.3 Saccharomyces cere-
free folic acid content were determined Aspartic acid 9.2 4.2 9.8 4.3 visiae 219-350 269
for both types of commercial, primary- Glutamic acid 15.6 14.9 17.0 14.9 Candida utilis 730-964 821
grown food yeasts: Candida utilis grown Arginine 54 54 52 53

on spent sulfite liquors and Saccharomyces
cerevisiae grown on blended worts of
beet and cane molasses.

Procedure

Preliminary test periods were co-
ordinated with pulp mill schedules in
order to obtain a fair supply of SSL
for the yeast fermentors. After allowing
time for yeast adaptation to the test
liquors, a 10-day observation period of
yeast production on each of the two
bases was chosen. Yeast performance
was judged primarily by the rate of
sugar utilization and the yield of dry
yeast solids per unit of total reducing
sugar (Table I). Propagations followed
established procedures and process con-
trol (9, 70). Continuous additions of
ammonia, phosphoric acid, and potas-
sium chloride were made at rates based
on the reducing sugar content of the
feed liquor (74). Daily composites
of dried yeast produced on each test
SSL were combined and assayed for
amino acids and ccmpared with data
(Table IT) obtained chromatographically
on similar production samples (5, 5).

@ Different samples of same production
period. A. Column chromatography (6).
B. Microbiological assay.

Tablelll. Amino Acid Composition

of Yeast during Prolonged Prop-

agation on Ammonia Spent Sulfite
Liquor

(%, protein basis)

Range Average

Valine
Leucine
Isoleucine
Threonine
Methionine
Phenylalanine
Tryptophan
Histidine
Lysine
Glycine
Alanine
Serine

Cystine
Proline
Tyrosine
Aspartic acid
Glutamic acid
Arginine

L
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After the switch from calcium base
to ammonium base became permanent,
its prolonged effect on the amino acid
composition was studied. Samples in
this period were taken at four points:
at the start, and after 3, 13, and 25 weeks
of discontinuous yeast production (Table
I1D).

Vitamin samples were reserved in-
dependently of the amino acid studies.
Daily composites of dried torula yeast
N.F. XI (Candida utilis) and dried yeast
N.F. XI (Saccharomyces cerevisiae) (72)
were collected at random every 2 to 3
weeks over a 3-year period. The total
folic acid content of 59 samples of
Saccharomyces primary-grown yeast was
compared with 54 samples of Candida
food yeast (Table IV). Only 11 samples
of each kind of nutritional yeast were
spot-checked over a 2-year period for
free folic acid content (Table V).

All assays for amino acids and vitamins
were conducted by the laboratories of
the Wisconsin Alumni Research Founda-
tion, employing microbiological pro-
cedures, suitably modified (2, 3, 8).
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Results and Discussion

Yeast performance on calcium and
ammonium SSL over the 10-day test
periods reflects reasonably good control
for this type of substrate when one
considers that a blend of hardwood and
softwood, usually 1 to 1, was used in
most of the cooks. The higher the
proportion of hardwood in such mixtures,
the greater the content of xylose and
organic acids, and the longer the reten-
tion time of yeast in the fermentor;
however, yeast yield (based on sugar) is
enhanced by the additional conversion
of the nonsugar carbon compounds.
Preliminary oxygen-uptake measure-
ments in the Warburg microrespirometer
showed yeast activity on hardwood
liquors from 70 to 759 of that on
corresponding  hexose-rich  softwood
liquors. Oxygen-uptake rates remain
about the same when the hexose-pentose
in hardwood-softwood mixtures is about
1to 1 at equivalent sugar concentrations.
These rates closely parallel those ob-
served for pure sugar solutions and their
mixtures.

Amino acid values obtained by micro-
bial assay were higher than those by the
Moore-Stein method (5, 6) for five of the
nine amino acids considered essential
for man (Table II). In general, good
agreement is shown by the two methods,
and neither assay procedure detected a
change in amino acid composition of
yeast grown on calcium SSL and then
shifted to ammonium SSL substrates.

Similarly, prolonged propagation of
C. utilis on ammonia-base liquor (Table
IITI) produced food vyeast of uniform
amino acid composition. Again, the
first nine compounds listed are those
essential for man. The values for six of
them are higher than those listed pre-
viously for the corresponding amino
acids assayed chromatographically. In
addition, the range of values for all
amino acids is surprisingly narrow over
the 6-month observation period.

NITRATE IN PLANT MATERIAL

While these assays have affirmed the
high quality and uniformity of yeast
protein following drastic changes in fer-
mentation substrates, they also allow up-
dating of product information (7, 76),
and offer reliable data useful in nutritional
projects elsewhere (77,73, 77).

The fresh data on the folic acid
content of food veasts were obtained
after the Food and Drug Administration
removed dried yeasts from the GRAS
list. Folic acid wvalues (Table IV)
accumulated for both types of dried
yeast—Candida utilis and Saccharomyces
cerevisiae—are essentially similar, but
much lower than recorded by the earlier
literature. Both kinds of yeast contain
roughly only half as much folic acid as
reported (4, 9, 77).

Values for free folic acid (Table V)
reveal a consistently higher Candida
food yeast content, about threefold
greater than levels found in primary-
grown Saccharomyces food vyeast. Since
the older data were inadequate (4),
no meaningful conclusions can be
drawn from comparisons with them.

Both kinds of yeast, however, contain
folic acid levels well within the limits
established by a recent Food Additives
Order (7). This order provides that
dried veast (C. utilis, S. cerevisiae, or S.
fragilis) may be safely used in food (as a
flavoring), provided the total folic acid
content of the yeast does not exceed
40 ug. per gram of yeast [approximately
8 ug. of free folic acid (pteroylglutamic
acid) per gram of yeast]. In special
dietary food usage, the limit is 400
ug. of folic acid per day (100 ug. of free
folic acid per adult per day).
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Determination of Nitrate

in Silages and Forages

-\ /I ETHODs for the determination of
nitrate in plant material have
assumed increased interest with growing
reports of nitrate toxicity in livestock
(7, 3, 8, 6, 8 75). The number and
variety of available analytical methods,
according to Morris and Gonzales-Mas
(70), may be an indication that no single
method is completely satisfactory.
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Papenhagen (72) noted the limitations
of colorimetric methods in respect to
interferences by nitrites, chlorides, and
organic and inorganic material. These
criticisms applied wholly or in part to
methods which involved nitration, oxi-
dation, or reduction properties of the
nitrate ion.

Methods which utilize the reduction
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of nitrate to ammonia require a separate
analysis or removal of ammonia orig-
inally present. An error in either com-
ponent analysis may give an amplified
error in the estimate of nitrogen.

The color reaction of nitrates with
ferrous sulfate is the basis of a method by
Swann and Adams (76), which was
modified by Morris and Gonzales-Mas



