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PRODUCTION OF FODDER YEAST FROM BARLEY
I. Preliminary Studies on the Use of the Waldhof Fermentor!

K. J. GoEriNG2 AND M. J. HouLE?

ABSTRACT

A severe shortage of protein in Montana has stimulated interest in con-
verting inexpensive carbohydrate and fertilizer-grade nitrogen into yeast pro-
tein. With the use of barley, yeast yields of over 509, dry yeast, based on
initial carbohydrate in the barley used, have been obtained in a continuous
fermentation by the use of a Waldhof fermentor. The effect of feeding rate,
rate of aeration, nitrogen concentration, phosphate concentration, and reuse
of spent beer on yield and protein content of yeast has been studied. Of the
four yeasts studied, Candida utilis appears best adapted for use in this unit.

The intermountain area of the United States is blessed with a
large surplus of low-cost carbohydrates, but at the present time it
does not have an adequate source of protein. Recently there has
developed a great demand for protein to feed livestock for West
Coast markets. As a result, there has been increasing interest in de-
veloping a local source of protein, since high freight cost makes
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imported soybean meal a very expensive protein source. This situa-
tion led to the suggestion that it might be feasible to utilize cheap car-
bohydrates as an energy source for converting fertilizer-grade nitro-
gen into good-quality protein by means of yeast. On the basis of
. published reports, it was decided that a ‘continuous fermentation
. would be most practical for this work.

Materials and Methods

Betzes barley was used throughout this study. It was converted
into fermentable sugars by the following procedure. Sufficient ground
barley was mixed with water to constitute a mash strength of 10%
by weight. Then 0.5, of bacterial amylase? was added and the mix-
ture was heated to 75°-80°C. and held at this temperature for 2
hours. The mash was then cooled to 55°C. and 109, distiller’s malt
~ was added. Both enzyme percentages were based on the total weight
of grain in the mash. The mash was maintained at this temperature
- overnight. The grain residues were then removed by filtration, and

the wort was diluted to the desired sugar strength and boiled to
sterilize it. Pressure cooking did not improve the conversion of bar-
ley mashes. Sugar determinations were made on the wort and spent
beer by a modified dinitresalicylic acid procedure (3). The total car-
bohydrate was determined by direct acid hydrolysis (2, p. 289) and
the resulting sugars by the method of Dubois et al. (4). The nitrogen
- determinations on the spent beer were made by the method of Folin
and Youngberg (5), except that a standard urea curve was used in-
stead of color comparison with ammonium sulfate standard; and in
the ammonia runs by a modified Kjeldahl procedure (2, p. 119). The
phosphate determinations were made by wet-ashing with nitric and
perchloric acids followed by colorimetric determination of phosphorus
as described by Allen (1). The sugars from the wort were chroma-
tographed on paper using the procedure described by Gordon et al.
(6). The yeast was dried by mixing a weighed amount of yeast with
‘approximately three to four times its weight of weighed clean dry
sand. The protein analyses of the “as-is” yeast were made by the
official Kjeldahl determination (2, p. 12), and corrected for moisture.
Preliminary experiments on the requirement of minerals and
nitrogen for adequate yeast growth of Candida utilis NRRL Y-900
on barley mash media were made by growing this yeast in I-liter
shake flasks containing 110 ml. of wort. The yeast was grown for
20 hours, then removed by centrifugation, and the weight of dry
yeast was used as-a criterion for optimum conditions. This informa-
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tion was then used in starting the 20-liter Waldhof fermentor.
The Waldhof fermentor is an apparatus designed for continuous
production of yeast. Figure 1 is a picture of this unit, which is a stand-

\

Fig. 1. Pilot-plant Waldhof fermentor.

ard manufactured item?. It consists of an open, jacketed, stainless-steel
vessel equipped with temperature control, constant-level control, air
humidifier, pH control, and a mechanical foam breaker. The wort is
drawn down the interior of the draft tube shown in Fig. 2. The air
passes through a rotameter and is forced down the two tubes, where
(it is intimately mixed with the wort by the impeller. In Fig. 3 the
impeller has been removed from the draft tube to show how the
air is supplied. In spite of the large size of the tube, aeration is very
efficient in this unit. Figure 4 is a schematic illustrating the principal
parts of the Waldhof unit. Although this unit is rated as a 20-liter
fermentor, under our operating conditions it held only from 9 to 12
liters of wort.

The yeast culture was built up to a concentration of 109, (wet
basis) by centrifuging out the cells and adding them back to-the fer-

4 Stainless and Steel Products Co., St. Paul, Minn.
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Fig. 3. Draft tube with agitator removed.

Fig. 4. 1, pH control unit; 2, variable speed impeller drive motor; 3, delivery
tank and delivery line; 4, air humidifier and air injection line; 5, liquid level con-
trol; 6, water-jacketed fermentor well; 7, impeller and air injection tubes; 8, water
discharge line of the temperature control system; 9, yeast cream delivery line; 10,
thermostatically controlled water input for the temperature control system; 11, re-
ceiver tank. )
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mentor. Once a culture was obtained, it was observed that the cells
could be kept active by washing several times in water, centrifuging,
and storing the concentrate at pH of 3.0-3.5 in a refrigerator. This
yeast cream was viable for as long as 10 days. When a new run was
started, the fermentor was seeded with enough yeast cream to make
109, by weight of wet cells. After aeration for several hours, the feed-
ing could begin. The usual practice was to feed for 6 hours so that
replacement of “yeast cells was nearly complete before collection of
data was begun. If the yeast culture was viable, under our conditions
no build-up of sugar occurred during the feeding period. After the
first 6 hours, the sugar concentration in the fermentor had dropped
from 19, to a negligible value. All runs were made on a continuous
basis for periods of 6-8 hours or longer. An analysis was made of
the fermentor at the start and completion of each run, and the yields
were based on the yeast produced and materials entering fermentor
during the run. Corrections were made for any differences in fer-
mentor composition at the beginning and completion of the run.
Yeast yields on the pilot-plant runs were determined by centrifuging
the yeast from the beer in a Westfalia Yeast Separator, resuspending
in water, and centrifuging a second time. The recovered yeast was
- weighed and the moisture determined on an aliquot so that the dry
weight could be calculated. Although it was recognized that slightly
better yeast growth could be obtained at pH 5, all pilot-plant runs
were made in the pH range 4.4-4.7 as insurance against contamina-
tion. o

Although Candida utilis was used for most of the work, several

~ other yeasts were examined.

Results and Discussion

Effect of Added Nutrients on Yeast Yield from Barley Wort as-
Determined by Shake Flasks. No attempt was made to study-optimum
production of fermentable sugars, since this investigation was con-
cerned only with the yields of yeast to be obtained from barley wort
produced under certain conditions. It was suspected that this wort
would have inadequate amounts of essential minerals and nitrogen.
Therefore, a series of experiments involving shake flasks was run
to study these requirements. In this experiment barley wort was
diluted to 19, sugar as determined by reducing power, and the
effects of the concentration of urea, primary potassium phosphate,
primary calcium phosphate, ammonium sulfate, and potassium
chloride were studied. h

-Since analysis of the barley wort indicated an average phosphate
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content of 1.919, based on sugars present, an additional 1%, primary
potassium phosphate was added as a starting point to determine
optimum urea concentration. Once the optimum urea concentra-
tion was established, other combinations of minerals were deter-
mined ‘at this nitrogen content. Figure 5 shows that yeast yields

.
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Fig. 5. 1, 100-ml. wort, 0.01' g. KH,PO,, and varying amounts of urea. 2, 100 ml.
wort, 0.01 g. KH,PO,, and varying amounts of (NH,);SO,. 3, 100 ml. wort,-0.03 g.
urea, and varying amounts of Ca(H,PO,),. 4, 100 ml. wort and varying amounts of
(NH,),HPO,. 5, 100 ml. wort, 0.03 g. urea, 0.015 g. Ca(H,PO,),, and varying amounts
of KCI 6, 100 ml. wort, 0.03 g. urea, and varying amounts of KH,PO,.

varied in the unsupplemented worts. However, each determination
was made on barley converted on different days, and it is possible that
differences in soluble nitrogen content resulted from the variations in
laboratory conversions. The fact that these initial differences dis-
appeared as soon as adequate nitrogen was added would tend to
verify this assumption. From the data reported in Fig. 5, it was con-
cluded that it would be necessary to add 39, urea, 1%, primary cal-
cium phosphate, and 19 potassium chloride based on sugar present
to give the most satisfactory. results. These values were somewhat
less than those indicated by Peterson et al. (8) as optimum for wood
hydrolysates. This was to be expected, since barley wort contains
some protein and considerable amounts of minerals.

Effect of Flow Rate on Yeast Yields in the Waldhof Fermentor.
Although several commercial Waldhof units are in operation in
the United States, no detailed information could be obtained on their
operation. The only extensive information available was that of
Harris et al. (7), and since his fermentor was somewhat different
from ours, it was decided to study this effect in a unit which is a
standard manufactured item. The air flow was arbitrarily set at 1.5

v
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liters per hter of wort in fermentor per minute, approximately the
optimum calculated value based on the data of Harris et al. (7). The
effect of feeding rate on yeast production was studied, using the min-
eral and nitrogen concentrations as determined to be optimum in Fig.
5. This information is reported in Table I. '

i

TABLE 1
EFFECT OF FLow RATE ON SUGAR UTILIZATION AND YIELD OF Candida utilis®
Dry-YeastT Y1ELD CRrUDE
Rare or Frep Suear Usep Based on Based on . - (l:):l?z:';ﬁ‘r
Sugar Carbohydrate oF YEast
liters|hour % % % %
1.00 95 61 52 36.5
1.50 99 65 59 25.6
1.7 . 75 78 53 234
2.00 92 61 52 23.7

aCulture NRRL Y-900, airflow 15 liters/minute, temperature 30°C., 49, sugar wort contammg 3% urea,
1.5% Ca(H, P04)2 and 1% KCI. i

)

- The yeast yields, based on sugar consumed, have little significance
and were reported only because these results frequently occur in the
literature. Since grain wort is a mixture of glucose, maltose, and
higher oligosaccharides, the determination of sugars by reducing power
is an arbitrary figure which varies with conversion conditions. Further-
more, the yield based on sugar consumed is a function of the sugar
utilization, which in a continuous operation can be varied somewhat
by the operator. For this reason, the yeast yield based on initial con-
centration of carbohydrate in the barley was used as a criterion in
this work. It'was recognized that this value could be greatly influenced
if the conversion of starch into fermentable sugars was not uniform.
By using dilute mash strengths and long holding times under carefully
regulated conditions, this variable was rather successfully eliminated.
From Table I it appeared that a flow rate of 1.5-2.0 liters per hour
of 49, sugar was maximum for this unit. One very unexpected result
obtained in the above experiment was the significant drop in the
‘protein content as the more rapid propagation of yeast was induced.
This was surprising, because the spent beer still had an appreciable
urea content. At first it was thought that something had gone wrong,
either in the culture or in subsequent steps leading to the protein
determination, but a rerun verified these results. Apparently the
diffusion of the urea into the yeast cells is a limiting factor when
yeast is being produced at a rapid rate. This indicated that data ob-
tained in the shake flasks (Fig. 5) for optimum COIldlthl’lS were not
reliable for use in the Waldhof unit.
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Effect of Rate of Air Flow on Yeast Yields from the Waldhof Unit.
This fermentor has a draft tube (Figs. 2 and 3) which serves as a
mechanical foam breaker. Considerable aeration was obtained without
introduction of any air through the aerating system. This was espe-
cially true with grain wort, since a rather high agitator speed is
required because of the tendency of this material to foam excessively
and because small amounts of dextrin present may stabilize the foam
(10). The original rotameter was too large for accurate measurement
of air; hence, the data reported in Table 1I were obtained at two dif-.
ferent times with different rotameters. ‘

TABLE 1I
EFFECT OF RATE OF AIR FLow ON YEAST YIELDS

YEeast YIELD

i CRUDE
Am Frow Svow  Nemoos | Bwedon  Bmedon  Conl
hydrate or Yeast
liters /minute % To % % o
02 89 . 61 49
758 97 - .. 61 54
15.0® 75 .. 78 53 S
0 87 74 63 46 50.5
2.5 92 - 78 66 47 51.0
5.0 95 74 67 47 51.3
10.0 93 75 66 45 51.0

2 These runs were made with 5.3% nitrogen as urea, and optimum salt concentration as determined by
shake flask data. The other runs were made 1 year later using 5.3% nitrogen as aqueous ammonia,
3% Ca(H,PO,),, and 1% KCIL. Culture was NRRL Y-900, temperature 30°C., and feeding rate 1.5

liters/hour of 49, sugar.

From the data in Table II, it was apparent that very little ad-
ditional air was required. However, 'to be on the safe side 7.5 liters
per minute were used for the remainder of this investigation. To ob-
tain an exact requirement, it will be necessary to add a tachometer
to this fermentor so that agitator speed can be recorded and con-
trolled.

Effect of Nitrogen Concentration on Yeast Yields in Waldhof Unit.
Since our shake flask information appeared unreliable in regard to
optimum conditions for maximum yeast yields in the Waldhof unit, a
study was made on the effect of nitrogen concentration on protein
content of the yeast and yeast yields. These results are reported in
Table IIL :

The,protein content of the yeast appeared to be a function of
the nitrogen concentration of the wort up to the 5.3%, level. Higher
nitrogen levels gave some increase in protein content, but in most
cases these increases were insignificant. We were unable to repeat
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TABLE III

EFFECT OF NITROGEN CONCENTRATION ON YEAST YIELDS AND PROTEIN
CONTENT OF Candida utilis®

Dry YEast YiELD . - Crupe’

NITROGEN NITROGEN Sucar ProrEIN

AppED Usep Usep Based on Based on ConTENT

Sugar Carbohydrate oF YEAST

% % % % % %

1.2° : 75 80 65 46.6 26.7
257 72 99 53 48.5 34.9
5.3® 66 97 58 . 51.5 49.8
10.6* 50 99 46 41.0 60.0
53¢ 82 99 77 49.3 - 522
7.9¢ 76 99 60 40.0 52.6

10.6¢ 70 99 50 33.0 53.9
13.5¢ 60 98 ) 50 33.0 53.4
5.3 82 98 66 49.0 49.1

10.6 68 97 62 47.0 58.5

2 Nitrogen based on total sugars present.
b These runs were made 1 year previous to others with 1. 5% Ca(H,) P04)2 and 1% KCI.

¢Runs were made with 3% Ca(H POi),,, 1% KCI, and urea as nitrogen source. Last two runs were made

with aqueous ammonia, otherwise same as 5.3 and 10.6 next above. Culture NRRL Y-900, tempera-
ture 30 C., feeding rate 1.5 hters/hour of 4% sugars. y

the run in which we obtained 609, protein in the yeast. It was ob-
served that this mash was slightly sour, and therefore it was suspected
that lactic souring might be involved. However, other mashes which

- were deliberately soured with L. delbruckii failed to improve our
normal runs. At high protein levels, total yeast yields were always
somewhat lower, and nitrogen utilization less efficient. Ammonia nitro-
gen was not quite as satisfactory as urea at the same nitrogen level,
but more satisfactory results are obtained at hlgher levels, and eco-
nomics would dictate its use.

Effect of Phosphate on Nitrogen Utilization by Candida utilis. The
work reported in Fig. 5 using shake flasks indicated that the efficiency
of nitrogen utilization was influenced by phosphate concentration.
This accounts for the difference in efficiency of nitrogen utilization
observed in the previous table, where the runs made the second year
had twice the concentration of phosphate. An experiment was run to
verify these data, and this information is réported in Table IV.

It was apparent that additional phosphate not only increased the
efficiency of nitrogen utilization, but also increased the yeast yield
and protein content of the yeast. The decrease observed at the highest
level was also observed in-the shake flask results and, therefore, is
believed to be real although the reason for this is not clear. .

Effect of Reuse of Spent Beer on Yeast Yields. One of the major
problems confronting a yeast plant is disposal of spent beer. If a
substantial amount of this liquid could be used in preparing fresh
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TABLE 1V
EFFECT OF PHOSPHATE ON NITROGEN UTILIZATION BY Candida utilis®
Dry Y Y C
gi:lzﬁ:‘; N PHOSPHATE NITROGEN Sucar Ty Thash THRIRS PR?):I;xEN
PHOSPHATE UTILiZED UTILIZED UTILIZED Based on Based on CONTENT
b Sugz_ar Carbohydrate oF YEAST
% % % % % % %
15 : 87 81 97 66.0 43 50.5
3.0 73 86 99 74.5 48 54.0
4.5 65 70 ) 96 75.0 47 53.1

a Culture NRRL Y-900, temperature 30°C., feeding rate 1.5 liters/hour of 4% sugars, airflow 7.5 liters/
minute, 5.3% nitrogen as urea, 1% KCI, and indicated phosphate.

mashes, not only would disposal cost be reduced, but appreciable
savings could be made in the amount of phosphate and nitrogen
needed to bring the levels up to recommended optimums. To test
this thesis, a 6-day continuous run was made in which one-half of the
makeup water for the mash was spent beer, and the run was con-
tinued sufficiently long so that part of the spent beer was recycled a
second time. These results are reported in Table V.

TABLE V
EFFECT OF RECYCLING ON YEAST YIELDS®

Dry YEAsT YIELDS CRUDE
REecycLE PHOSPHATE NITROGEN Sucar ProTEIN
No. UTILIZED UTILIZED UrTiLIZED Based on Based on CONTENT
Sugar Carbohydrate OF YEAST

. % % % % % %
1 64 71 97 65 457 ' 5211
2 63 72 93 65 44.0 50.0

a Culture NRRL Y-900, temperature 30°C., {eeding rate 1.5 liters/hour -of 4% - sugars, airflow 7.5 liters/
minute, 5.3% nitrogen as ammonia, 1% KCl, and 3% Ca(H,PO,),.

. Although the yields reported were slightly lower than our aver-
age values, it is doubtful if this difference is significant. An entirely
unexpected result was observed; namely, these mashes had far less
tendency to foam than did those mashes not containing spent beer.
As a result, the agitator speed was reduced approximately one-half,
and as indicated previously, it is possible that the rate of aeration
* was not optimum under these conditions. This problem is now under
investigation in our laboratory. No apparent contamination was ob-
served during this 6-day continuous run. The recycling of one-half the
spent beer would allow a saving of approximately 209, of the phos-
phate cost and about 10%, of the nitrogen cost over the conventional
procedure. , '
Utilization of Sugars in Barley Wort. During the course of this
investigation, a number of paper chromatograms were made on
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the sugars present in fresh barley wort and on spent beer. A typicalr
chromatograph is reproduced in Fig. 6.

7-1 (D | = UNKNOWN

D XYLOSE
5-| oz | —— ARABINOSE
3- | G —— GLUCOSE -6

MALTOSE

‘ Jd
—isomaLtose— | ) |-s

—— MALTOTRIOSE — -6
——— PANOSE P —— -6
HIGHER OLIGOSACCHARIDES| (| -3

FRESH WORT SPENT BEER

Fig. 6. Sugars present in fresh barley wort and spent beer.

It was observed that in the fresh wort, a small concentration of
pentoses was present along with glucose and the expected oligosac-
charides. The spent beer failed to show any pentoses, and a marked
reduction in the higher oligosaccharides indicated that the pentoses
were utilized and that this yeast must have some saccharifying ability.
To study this problem more in detail, a quantitative study was made
on the sugars present before and after fermentation (Table VI).

- The results of Table VI confirmed the assumptions made as the
result of our paper chromatographs, namely, that the pentoses were
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v

used and that isomaltose and higher oligosaccharides were greatly
reduced in amount during the fermentation. One surprising result
was the amount of glucose remaining in the spent beer. The fact that

TABLE VI
DISTRIBUTION OF SUGARS IN STARTING WORT AND IN SPENT BEER

CARBOHYDRATE S’k‘ARTlNGVWORT ' SPENT BEER

y/mi ‘ v/ml
Pentoses R . 200 0
Glucose . - - 3,000 200
Maltose 24,800 250
Di and Tri® 9,700 950
Higher® ‘ : 8,200 1,025

aThis includes isomaltose, maltotriose, panose, and isomaltotriose. No effort was made to determine each
as individuals.

b Higher fraction contains all the oligosaccharides left. These were made up of prmcxpally 4-12 glucose
units. Very few, if any, residues were larger than this.

the glucose and maltose were found at nearly the same level in the
spent beer, although the maltose was originally preéent at approxi-
‘mately ten times the glucose concentration, was puzzling. Present
concepts of how sugars are transported across cell membranes involve
either phosphorylation or a so-called “permase.” The mechanism of
the latter is still uncertain. The fact that glucose is supposedly more:
easily phosphorylated than maltose would not fit the above data for
the common phosphorylase mechanism. . Likewise, it is dlﬂicult to
see why maltose should be more rapidly transported across a mem-
brane by a “permase.” Therefore, it would appear to be desirable to
investigate this mechanism using tagged sugars under operating condi-
tions of the Waldhof fermentor.

Production of Other Yeasts of Possible Industrial Significance in
the Waldhof Unit. To compare the growth of Candida utilis with
other yeasts, a high-ergosterol yeast, Saccharomyces cerevisiae NRRL
Y-182, S. diastaticus NRRL Y-2416, and two cultures of a self-aggluti-
nating yeast, S. kluyveri NRRL Y-4288 Code 8 and Code 26 were run
in the pilot plant. These three yeasts gave average yields of 46, 12, and
46.49, respectlvely based on total carbohydrate in the barley. How-
ever, it was observed that the feeding rate used for C. utilis had to be
appreciably reduced, as they did not reproduce mnearly as rapidly
under our conditions. The S. diastaticus did show some saccharifying
ability as determined by sugar analysis, but its rate of growth and
handling characteristics were deemed unsatisfactory. S. kluyver: was
grown to test the possibility of eliminating the centrifuging of yeast
cells in a commercial plant. This yeast was reported to agglutinate
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rapidly and to settle out when the two code strains of opposite-sexed
cells were mixed (9). Although the seed culture indicated these
tendencies, the pilot plant runs failed to show any signs of aggluti-
nation, even after standing several hours. Since extreme care was used
in sterilizing the fermentor between runs, so that the sexes would
not become mixed, it appeared as if something in the barley mash
prevented the agglutination reaction. It is possible that conditions
might be worked out so that this agglutination could proceed. How-
ever, from our observations on the growth characteristics of this yeast,
it would appear doubtful if it could compete with C. wtilis even if
the agglutination reactions were successful.
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