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CHAPTER I 

INTRODUCTION 

Considerable interest is being shown at the 

present time in increasing the protein supply in foods, 

Cne area of research connected with this problem is 

involved with using yeast for this purpose. 

Simultaneously, interest is being shown in ways 

to more effectively utilize the large amount of grain 

sorghum available as a human food source. This is impor

tant because the grain sorghum plant is adapted to suitable 

growth in so many regions of the world and is considered a 

staple food in several countries. For example, fermented 

sorghum mush called "atoles" is popular in Latin American 

countries, and a comparable product in the African conti

nent is consumed in large quantities. The major short

coming of these foods appear to be that the quantity and 

quality of protein obtained in a serving is inadequate for 

the daily requirements of human beings. 

Research efforts are being made internationally to 

improve the nutritive qualities of such grain sorghum prepa

rations. Accordingly, the purpose of this study was to use 

yeast preparations in preparing a potentially high protein 

food from a certain fraction cf grain sorghum kernels. 



CHAPTER II 

REVIEW OF LITERATURE 

During World War I, Delbruck and his coworkers, 

at Berlin's Institute for the Fermentation Industry recog

nized the fact that Torulopsis utllls could be used to pro

duce protein for food and feed supplements (32), According 

to Pyke (52), the commercial potential of propagating food 

yeast was realized by German workers in Berlin at the 

Institute fiir Garungsgewerbe during the World War I period. 

Prior to and during World War II, a critical shortage of 

protein stimulated the growth and development of this food 

and fodder yeast industry. During this period yeast be

came a partial substitute for meat (3, 73). 

The German pulp industry was producing a plenti

ful supply of fermentable sugars from hardwood hydroly-

zates v/hlch, due to the pentose assimilating ability of 

Torulopsis utllls (Torula utilis or Candida utilis), be

came the substrate for yeast propagation (12, 52, 66), By 

19^3 the plant at Tornesch, under an arrangement with the 

German Ministry of Nutrition, was producing 20,000 long 

tons of yeast annually for both human and animal consump

tion (66), 

During this same period in the United States, 



brewers* yeast was being recovered for use in animal feeds, 

A smaller portion of the yeast was debittered and fortified 

with B vitamins and used in foods and pharmaceuticals (6), 

Hence, food yeast was originally considered a by-product 

of the brewing industry, but food yeast today has a certain 

advantage over the brewers' yeast in that it grows more 

readily and has a more pleasing flavor (26, 66), 

Production of food yeast in the United States was 

initiated by the Sulphite Pulp Manufacturers' Research 

League, Inc., in 1939 (32). This League established a 

pilot operation to investigate the possibility of using 

T, utilis in waste hydrolyzates from the pulp industries. 

This research was directed as a pollution control measure 

and would not have been financially practical had the pro

tein and vitamin demand been less critical. As a result 

of this research, the first plant in the United States to 

commercially produce fodder yeast was the Lake States Yeast 

Corporation at Rhinelander, V/isconsin, in 19^8, 

T. utilis, often called Torula yeast, is a major 

food or nutrient yeast and is called fodder yeast when used 

for the manufacturing of protein for animal feeds (11, 12). 

Food yeasts, in general, are good sources of the B complex 

vitamins, proteins, fats, and minerals. Depending upon 

the conditions of propagation, T. utilis averages over 

50^ protein in the dry matter (Kjeldahl N x 6.25), is 



high in the B complex vitamins, and is high in certain 

minerals (9, 12, 33, 35, 38, 73). 

The "technological suitability" of yeasts has en

abled them to be the forerunner in the microbial world for 

the production of high quality protein (̂ , 32). Pyke (52) 

described Torula utilis as "robust" in character. This 

yeast strain is capable of assimilating such carbon-

containing compounds as sugars (glucose, mannose, arabi-

nose, xylose, fructose, galactose, and sucrose); acids 

(malic, glyceric, fumaric, lactic, acetic, pyruvic, tar

taric, aspartic, and other acids); alcohols (glycerol, 

ethanol, methanol, n-butanol, n-hexanol, and other alco

hols); and other compounds such as propionaldehyde and 

acetaldehyde. Torula yeast assimilates nitrogen-containing 

compounds such as urea, ammoniacal salts, ammonium hydrox

ide, pyrimidine, peptones, asparagine, and other amino 

acids (̂ , 11, 27, 30, 3^, 36, ̂ 7, 68, 72). As well as 

naturally occurring substrates, this yeast can be grown 

successfully on synthetic substrates (37). T. utilis 

utilizes most substrates in high yields, is easily accli

mated to most carbon and nitrogen substrates, is easily 

separated from the impoverished slurry since cells are of 

suitable size and uniformity, is agreeable in odor, is re-

sistent to bacterial infection, and has a generative time 

of eighty-four minutes under optimum conditions (̂ , ̂ 7). 



The search for more protein (especially during 

critical protein shortages) and problems associated with 

waste disposal have turned scientists to studies of food 

yeasts, especially in the areas where low-grade protein, 

potential protein from wastes, and cheap carbohydrate ma

terial is plentiful. Such investigations have ended with 

such substrates for yeast propagation as wood hydrolyzates, 

potato starch waste, citrus press liquor, barley, dairy 

by-products, petroleum, and many others (13, 16, 18, 25, 

26, 53, 69). Most of these waste materials have a large 

3. 0. D. value (biochemical oxygen demand) which must be 

reduced according to legislative decrees before disposal 

of effluent wastes may be effected (32, 3^, ̂ 3, 52). 

I'unierous food yeasts have been studied for their 

adaptability for growth in various waste materials and in 

other sLT.ilar substrates. Dunn (11) has extensively re

viewed the literature concerning this subject and has 

listed some of the microorganisms and raw materials studied. 

V/iley and associates (73) compared the growth and composi

tion of T. utilis on various substrates with the same yeast 

grown of wood effluents. Graham et^ aĵ , (18) and Porges 

et al. (50) experimented with T. utilis and T. cremoris 

using cheese whey as a propagation medium. T. utilis was 

found unsatisfactory because of its inability to utilize 

lactose. Harris et^ aJL. (23) grew both T. utilis and 



^. cereviseae on wood hydrolyzates and found S, cereviseae 

was inferior in this medium because of inhibitory materials 

present. Harris and associates (2^) later reported in

creased yields of ̂ . cereviseae after additional toxic sub

stances were removed. Kurth (3^) found T. utilis, Myco-

torula lipolytica, and Hanisenula suaveolens comparable 

in the utilization of sugars and organic acids present in 

wood stillace waste. Peterson e^ al. (W7) reported com

parable sugar utilization and yeast yields using T. utilis, 

Hanisenula suaveolens, and Candida tropicalis. Peterson 

and associates also used bakers* yeast but found it unsuit

able for growth on wood hydrolyzates since it could only 

utilize the hexoses present. Of the yeasts studied, 

Peterson selected T. utilis for subsequent experiments be

cause of its established nutritive value. 

For feed protein production, most workers have 

preferred T. utilis and other food yeast to S. cereviseae, 

commonly referred to as brewers* or bakers* yeast (3^, 35, 

h7). The latter removes only the hexoses in alcohol pro

duction and leaves the pentoses unfermented (3^). There

fore, even after the alcohol has been removed by distilla

tion, the stillage waste still has a considerable B. 0. D. 

value. Alcoholic fermentation of waste wood sugar by brew

ers* yeast removes only 63-82^ of the sugars present (26), 

Three methods have been used, directly or indi-



rectly, to render the carbohydrates of various raw mate

rials available for yeast growth. The cellulose and hemi-

cellulose of wood and other similar raw materials are bro

ken down either by acid saccharification (15, 21, 62, 66) 

or by anaerobic microbial degradation (19). A third method 

involves enzyme saccharification of complex starch mate

rial (16), 

Wastes from the wood processing industries (sul

fite pulping and fermentation) have been found to be ac

ceptable media for T. utilis propagation. These materials 

represent a readily available carbon source which is neces

sary for proper yeast production and energy expenditures 

(19, 36, 51, 72). With these substrates, incremental a-

mounts of nitrogen and phosphorus (and in some instances, 

potassium) are required (2^, 32). However, Carter and 

Phillips (9) have reported Torula yeast will grow in the 

absence of any organic nitrogen source. 

Before wood waste can be used for T. utilis propa

gation, it v/as found that extensive pre-treatment is usu

ally necessary. Toxic materials must be removed by clari

fication techniques; the hydrogen-ion concentration must 

be neutralized to the desired pH; the precipitates must be 

removed; the sugar concentration must be adjusted; and 

supplemental nutrients must be addod (2^, 32, 3^, ^7). 

Wood waste residues, especially wood hydrolyzates 
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from sulfite pulp mills, contain considerable amounts of 

toxic materials (sulfur dioxide and complexes of sulfur di

oxide) which are inhibitory to yeast growth (32), These 

toxic materials are removed by clarification procedures 

which usually involve neutralization and subsequent heat 

treatment. The precipitates are removed by filtration. 

Following filtration, the sugar concentration is adjusted. 

Various pre-treatment procedures have been studied and are 

presented by Peterson et. aj.. (̂ 7) and others (2^, 32, 3^), 

The sugar concentration appears to be a critical 

factor in the production of Torula yeast from wood hydrol

yzates. Peterson ̂  aj.. (^7), using batch propagation, 

reported reducing sugar concentrations of 2% gave yeast 

yields which were less than 50^ of those obtainable on con

centrations of 1% reducing sugars. Peterson and coworkers 

believed this loss in efficiency was partially due to ex

ceeding the toxicity threshold of yeast. They also report

ed that solution concentrations less than 1% reducing sug

ars were of no significant advantage over 1% concentrations. 

Harris and associates (2^) reported maximum yeast growth 

when 6^0 sugar concentrations were fed into a continuous 

propagator. Harris et^ aj,. (26) earlier reported sugar con

centrations of 1% were more satisfactory in the convention

al batch propagators. In continuous propagation the ini

tial sugar concentration must be held at a minimum until 



the yeast become acclimated to the medium whereas, in batch 

propagations, the sugar concentration remains critical 

throughout the fermentation. Initial sugar concentrations 

of 0.2 to 2.5^ reducing sugars have been used in batch and 

continuous production and increases in concentrations to 5 

to 6% reducing sugars are feasible in continuous propaga

tion after a short inductive period (2»f, 26, 32, 3^, ^7), 

Following the adjustment of sugar concentration, 

the wort is fortified with sources of nitrogen and phospho

rus. v;ood slurries are notably deficient of these two el

ements (26, 3^, ^7). In some instances potassium was also 

a recommended supplement (2^). Harris ^ ajL, (2^) found 

wood hydrolyzates to contain sufficient amounts of magne

sium for yeast growth. The source and concentration of nu

trients have varied from installation to installation pri

marily because of availability and economics. The follow

ing nutrients and amounts (per gram of reducing sugar) were 

most commonly used: 0.03 to 0.032 grams nitrogen as urea, 

0,05 grams phosphorus as monobasic potassium phosphate, and 

1,1 grams of potassium chloride (2^, 3^, ^7). 

Peterson et^ aj.. (̂ 7) found more nitrogen recovered 

in the yeast (based on nitrogen supplied) using urea as 

the nitrogen source, than that recovered when ammonium salts 

were used. Harris and his coworkers (2^) also found a 

greater nitrogen recovery using urea but when excess amounts 
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were added, the nitrogon recovered in the yeast cells was 

lower. During the course of his experiment, Harris found 

3.2 pounds of urea nitrogen per 100 pounds of sugar a-

chieved the maximum recovery of nitrogen in the yeast. The 

yeast yield was not affected by phosphate levels as long as 

there was sufficient quantities present. However, the 

yeast will absorb phosphorus if excess amounts are added 

(̂ 7, 73). 

The hydrogen-ion concentration of the wort is gen

erally adjusted during the extensive pre-treatment proc

ess. Various reagents, such as ammonium hydroxide, calcium 

carbonate, calcium hydroxide, and lime have been used to 

adjust the hydrogen-ion concentration to an optimum of pH 

^,5 to 5»5 before inoculation (2^, 25, 26, 32, h7). Kurth 

(3^) found ammonium hydroxide formed an amorphorus precip

itate when used to neutralize wood stillage waste, Peterson 

et al. (̂ 7) satisfactorily used ammonium hydroxide simulta

neously as a basic reagent and also as a source of nitrogen 

for wood hydrolyzate worts. 

Small amounts of organic acids in wood liquor worts 

are utilized during yeast growth. Therefore, an increase 

in pH is realized. Consequently, care must be exercised 

to maintain optimum pH during incubation (2^, 26). Harris 

et al. (26) reported bacterial contamination of the wood 

hydrolyzate wort at pH 6 to 6,6, but this dissipated when 
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the pH was adjusted to 5. 

Generally, T. utilis utilizes the fermentable sug

ars present within a twenty-four hour incubation period at 

25 to 35 C (26, 3^). Using batch propagation, Peterson 

et al. (W7) reported approximately 90^ of the reducing 

su!̂ ars in wood hydrolyzates were utilized in 16 hours at 

30 C with a standard inoculum (1 pram of dry cells per 

liter of medium). After an initial laboratory inoculation 

of T. utilis, fermentation, using continuous propagation, 

is ccmpleted in approximately h hours at 37 C (32). Harris 

et al. (2^) achieved maximum yeast growth in 3 to ̂  hours 

at 29 to 30 C using a laboratory continuous fermentor. 

Petersen e_t a],. (̂ 7) reported high incubation temperatures 

(35 C) favored yeast growth but alcohol was produced, 

Kurth and Cheldelin (35) stated that time periods 

longer than that required for maximum yeast growth usually 

resulted in rapid autolysis and reduction of yeast yields, 

Peterson and associates (̂ 7) also observed loss in yeast 

if not harvested immediately following fermentation. In 

this same report, Peterson and coworkers further demon

strated that inoculum size had no obvious effect on yeast 

yields, 

Harris e_fc al. (25) used T. utilis as an alcohol 

producer from waste v/ood hydrolyzates. In this respect, 

the yeast was found to be more desirable than brewers* 
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yeast since it propagated more readily and removed as much 

as 80-83^ of the fermentable sugars. Since maximum carbo

hydrate utilization and yeast yield were desired, aerating 

procedures were employed by Harris et^ al. (2^) and Peterson 

et, ajL, (̂ 7) to achieve this poal. By aerating, they found 

that T. utilis utilized as much as 86-9^1 of the reducing 

sugars present. Yeast yields approximating 50 grams dry 

yeast per 100 [̂ rams of sugar consumed have been consist

ently reported (2^, 26, 3^, 35). 

Adequate aeration is essential for efficient con

version of carbohydrates to yeast protein (37). Aeration 

of the propagation wort serves as an agitator which aids 

in the suspension and distribution of yeast cells to pre

vent fer:^entation in isolated areas, removes toxic end 

products such as accumulated carbon dioxide, dissolves in 

the medium to become available for yeast respiration, and 

stimulates vegetative growth (3, 51, 52). de Becze and 

Liebmann (3) reported that only the oxygen dissolved in 

the liquid is available for yeast and that this amount is 

small (about 0.0009^ at 20 C), 

In this respect, Kurth (3^) reported that the 

fineness of the air bubbles is more important than the 

total volume of air passed through the fermentor. Kurth 

and Cheldelin (35) obtained optimum yields of T. utilis 

in 18 to 2k hours. However, they felt this minimum in-
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cubatlon period could be reduced by using better aerating 

techniques. 

Harris and associates (2W) demonstrated the effect 

of air and yeast cell number when grown in concentrated 

wood sugar solutions under continuous operation. It was 

found when the air volume was held constant at 0.5 cubic 

feet per minute and when the sugar concentration was In

creased to 85S, alcohol was produced. It was believed that 

the alr-to-yeast cell ratio was considerably lower in the 

concentrated wort than In the dilute wort. Sim liarily, 

Peterson e^ al. (̂ 7) noticed a loss in efficiency, using 

batch propagations, when the reducing sugar concentration 

was Increased from 1% to 1,25^ reducing sugars. 

Harris et al. (2^) found that addition of oxygen 

to the air supply had about the same effect as Increasing 

the volume of air passed through the propagator. It was 

found, however, that although sugar utilization by the yeast 

was enhanced there was no effect on yeast yields. 

Air volumes have varied from operation to operation 

(17, 22, 32, ̂ 7). The air requirements and rates depend upon 

the fermentor used, design of the aerating system, and many 

other variables. The subject of propagator designs, prin-

clples, and systems has been adequately presented by de Becze 

and Liebmann (3), Kixon and Goden (31), and other authorities 

(2, 55). 
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The principal outlet for Torula yeast is as a feed 

supplement. The Lake States Yeast'Corporation commercially 

produces large quantities of Torula yeast for the poultry 

Industry, and lesser amounts for food purposes (32). Using 

Torula yeast produced by this plant. Cam bell and Ringrose 

(8) compared Its nutritive value with that of brewers* yeast 

as a feed supplement for growing chicks and laying pullets. 

It was concluded that Torula protein was comparable to 

brewers* yeast as a poultry feed supplement. 

They found, however, that both yeasts were deficient' 

In some unknown nutritive fraction required by chicks and 

laying pullets, Klose and Fevold (33) stated that Torula 

yeast could be used to supplement 80;̂  of the animal protein 

In poultry rations without loss in feed efficiency. Poor 

gains made by chicks on a high yeast diet were attributed to 

methionine deficiencies of the yeast protein, 

Harris et al, (22) conducted feeding experiments with 

rats using Torula yeast harvested from wood sugars. The rats 

showed a gain in body weight of only 60^ of gains achieved 

when milk casein supplied the protein. The rats receiving 

yeast protein also exhibited loss of hair which was indica

tive of the absence of an essential amino acid. Weight gains 

comparable to gains on casein diets and hair restoration oc

curred when the yeast protein diet was supplemented with 

methionine. Klose and Fevold (33), feeding similar diets to 
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Pats, also reported weight losses and denudation. Both 

deficiencies were corrected when the rats received a sup

plemented diet of methionine. It was also demonstrated that 

feed supplementation with cystine partially corrected the 

methionine Imbalance, Klose and Fevold also reported that 

high concentrations of yeast protein Ingested by chicks and 

rats over a limited period of time appeared to be non-toxic. 

Food yeasts are good sources of the water soluble 

vitamins, Ringrose (5^) found the riboflavin content of 

Torula yeast sufficient for growing chicks and for the hatch-

ability of eggs from pullets. Wiley and coworkers (73) pro

duced yeast from sulfite liquor which assayed high in ribo

flavin and pantothenic acid. Kurth and Cheldelin (35) re

ported similar observations when T. utilis was grown on waste 

wood sugar. 

The thiamine content of yeast is directly related to 

the thiamine content of the medium. With proper aeration, 

almost all thiamine present in the medium is absorbed by 

the yeast cells (68), Kurth and Cheldelin (35) reported 

yeast thiamine contents of 6.2 micrograms per gram of dry 

matter when grown in wood sugar having a thiamine concen

tration of 2,7 micrograms per gram of sugar. Substrates 

high in thiamine content produce yeast with high thiamine 

values (73). 

Wiley et a]., (73) reported consistently high con-
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centratlon levels of the three important vitamins—blotln, 

niacin, and folic acid. Other vitamins found In Torula 

yeast which are nutritively significant are pyridoxlne hydro

chloride and £-amlnobenzolc acid (35, 52, 5^, 73), 

The waste from cannery dehydration plants processing 

citrus fruits has presented these industries with waste dis

posal problems. This waste, which consists of the peel, 

seeds, and rag, has been concentrated and used for animal 

feeding. This method, however, results in an objectionable 

bitter flavor due to the presence of narlngin. Other methods 

of disposal—trucking to remote areas, running waste into 

deep wells, or flooding waste lands—were likewise found un

satisfactory for public health reasons (̂ 3, 69). 

Investigators found that citrus press liquor re

quires only minor pretreatment before Inoculation with T. 

utllls. Nolte and associates (̂ 3) prepared the press juice 

by screening, boiling for five minutes, filtering, adjusting 

the sugar concentration, and fortifying with the necessary 

nutrients. 

The soluble solids in press liquor is approximately 

8-10^ (Brix) of which, 66^ is sugar (69). Nolte and as

sociates (̂ 3) found sugar concentrations over 1,8^ in

hibitory for the propagation of T. utilis. It was also 

found that yeast yields were much higher at a more dilute 

sugar solution (1%) of press liquor, Veldhuis (69) recom-
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mended 2.5 Brlx or less for efficient yeast proiiuctlon. At 

this concentration Veldhuis report'ed a 9^^ sugar consumption 

by T. utllls using batch propagating techniques. 

The composition of press juice varies from season 

to season but on an average contains 2.k% sucrose and ̂ .23^ 

total reducing sugars, Nolte and coworkers (̂ 3) reported 

yields of 37-^7.7!^ dry yeast (based on total sugars present) 

In press juice containing 1,8^ sugars and yields of ̂ ^,3-

h8% dry yeast with juice containing 1,0^ sugars by batch 

propagation, Veldhuis (69) reported yields of 70^ dry yeast 

(based on total sugars present) in 1,5 Brix press liquor 

and yields of 29^ dry yeast with juice of 6.6 Brix, Lewis 

et al, (38) reported yields of 55 grams of dry yeast per 

100 grams of sugar present. 

Although press liquor contains nitrogen and phos

phorus, these quantities were Inadequate for yeast growth 

(65). Lewis e_t al, (38) used ammonia as the nitrogen source. 

Veldhuis (69) added ammonium sulfate and trisodium phosphate 

to correct the nitrogen and phosphorus deficiencies, respec

tively. Nolte ei ̂ . (̂ 3) used the same compounds at the 

rate of 6^, based on total sugars present. Throughout the 

course of propagation, Nolte and coworkers found it necessary 

to add additional ammonium sulfate since the initial forti

fication did not supply the necessary nitrogen for propa

gation. Additional ammonium sulfate was added at the rate 
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of 1%75% (based on total sugars present) at the end of the 

first hour and for the following three hours. If the entire 

quantity were added In one fortification, excessive foaming 

occurred during aeration, propagation was depressed, and the 

yeast yields were low, Owens et^ al, (65) report 0.19 pound 

of ammonium sulfate, O.OM-5 pound of anhydrous ammonia, and 

0.0*+5 pound of 75% phosphoric acid are necessary nutrients 

for each pound of yeast produced. 

Other nutrients, such as potassium and magnesium 

sulfates, were tried by Nolte and associates (̂ 3) to en

hance yeast growth. It was found that these two compounds, 

alone or in combination, had no significant advantage. 

Although the average pH of press juice Is 5>7i 

Nolte ei al,. (̂ 3) reported using sodium carbonate to main

tain the pH between h,h and 6,5. Sodium carbonate was not 

generally required until after the completion of two hours 

Incubation, Veldhuis (69) maintained the pH at h by using 

varying ratios of ammonium sulfate and sodium phosphate. 

Owens and associates (65) controlled the pH between h and 

h.5 by varying the ratio of ammonium sulfate to ammonia. 

Nolte and coworkers (̂ 3) incubated the citrus press 

liquor between 29 to 30 C with "violent" aeration. Yeast 

growth was complete in the 1% (total sugars) slurry after 

8 hours incubation using a batch fermentor, A h% (by 

volume) of previously acclimated yeast was added to the 
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batch as starter. Yeast containing 52 to 55^ protein 

(N X 6.25) were harvested from the medium, Lewis, Stubbs, 

and Noble (38) grew T, utllls in fruit juice media In 

laboratory fermentors and obtained 10-fold increases In 

yeast (based on initial Inoculum size) within 6 to 8 hours. 

The sugar concentration was maintained at 0.5^, and 1.5 

liters of air per minute per liter of media were supplied. 

Veldhuis (69) Incubated 2.5 Brlx press liquor with fine 

air bubbling through the wort at a rate of 0.19 cubic feet 

per minute per gallon of liquor. With a detention time of 

2.5 to 3 hours, 1005̂  sugar utilization and yeast yields 

of 63^ (based on total sugars present) were realized. 

The riboflavin content of yeast grown on citrus peel 

juice (̂ 8,2 micrograms per gram of dry yeast) is lower than 

when grown in fir wood hydrolyzates (80,8 micrograms per 

gram of dry yeast) according to microbiological assays made 

by Wiley et al. (73). The thiamine content of Torula yeast' 

grown on citrus peel (13.7 micrograms per dry gram) is con

siderably higher than yeast from wood .hydrolyzates (6.9 

micrograms per dry gram), Lewis et^ ajL, (38) demonstrated 

that the thiamine content could be increased in yeast grown 

In fruit juices by removing the air supply and encouraging 

a fermentative metabolism in thiamine fortified worts. 

Thiamine is depleted from the media under aerating con

ditions (^5). 
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The pantothenic acid and niacin contents of yeast 

grown In citrus press are slightly lower than the contents 

of yeast grown In wood sugar but the blotln content Is 

higher (38, 73) • However, the content of pyridoxlne Is 

comparable• 

Tsllenls and Hedrlck (62) Investigated the possi

bility of growing food yeasts In olive residue hydrolyzates. 

T. utllls, Plchla membranaefaciens, S, carlsbergensls^ 

Candida krusel, and Geotrlchum species were eventually se

lected for this purpose, T. utllls was found to be the 

most effective yeast for propagation in olive hydrolyzates 

and favored a sugar concentration between 1,5 to 2% reduc

ing sugars. 

Urea did not effectively serve as a nitrogen 

source for T. utllls when grown in olive hydrolyzates. A 

combination of malt extract (1 gram per 100 ml hydroly

zate) and yeast extract (1 gram per 100 ml hydrolyzate) 

resulted In a much higher cell population after M-8 hours 

of Incubation in shaker flasks. 

T. utllls utilized approximately 80^ of the re

ducing sugars present In olive hydrolyzates within ̂-8 

hours when Incubated at 28 C. The hydrogen-ion concentra

tion of the liquor was pH 5.2, Under these conditions, 

Tsllenls and Hedrlck reported 50 to 65^ dry yeast yields 

based on total sugars consumed. The protein content of 
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the dried yeast was approximately 50%. This is about a 

^.5 to 5.5^ conversion of dry olive hydrolyzates to protein 

(62). Tsllenls and Hedrlck predicted 90 thousand tons of 

dry yeast could be produced from the 2 million tons of 

olive residue produced annually In the Mediterranean. 

Protein waste water—liquor remaining after pro

tein precipitation and separation—from the potato pro

cessing industries is an almost complete substrate for 

T. utllls propagation (53, 67). This waste contains ap

proximately 1.2^ solids analyzing 37^ protein, 12?̂  sugar, 

and 0.8^ starch (53). Dawson and associates (67) reported 

that almost all of the original sugar extracted during the 

processing of sweet potatoes remained in the wash waste. 

The sugar content varied from 0.75-1%. 

Dawson e^ a^. (67) found the 0,1^ soluble nitro

genous compounds in sweet potato waste insufficient in sup

plying the nitrogen required for yeast growth. The nitrogen 

present Is readily assimilated by the Torula yeast but only 

supplies one-third to one-half the nitrogen requirement. 

The ammonium hydroxide needed to maintain the pH of the 

waste at 3.8 to 6,5 supplied the necessary nitrogen for 

growth. Dawson and coworkers found all other essential 

nutrients present in sufficient quantities. Reiser (53) 

added phosphorus, potassium, and calcium but found no 

advantage with this fortification. Reiser recovered 50% 
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of the original solids as yeast product without the addi

tion of any supplemental nutrients. 

Yields of M-0-50^ dry yeast (based on sugars pres

ent) were obtained by Dawson and associates (67) within 8 

hours of Incubation by using batch propagation methods with 

adequate aeration. During propagation, the sugar concen

tration was reduced to approximately 0.05%. Reiser (53) 

reported yeast product yields of ^0^ (based on total solids 

supplied) when potato waste with a pH of 5 was Incubated 

at 30-32 C and when air was supplied at the rate of 1.2 

volumes per solution volume per minute. 

Limited chick feeding experiments were conducted 

by Reiser (53) using yeast material harvested from potato 

waste. The yeast product contained approximately 55% pro

tein and, according to Reiser, was nutritionally equiva

lent to a blend of fish, meat, and soybean meal as a sup

plement In poultry rations. 

Due to the high purine content of yeasts, large 

quantities may have deleterious effects (9, 60). However, 

feeding human subjects special diets using yeast protein 

as the principal protein source, Smith et. al., (59), Pierce 

(^8), and Still and Koch (60) found no significant increase 

of uric acid nitrogen In the urine. However, when the 

yeast diets were supplemented with meat protein. Still and 

Koch (60) reported Increases in uric acid excretion. After 
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several weeks of feeding, either the high or low purine 

supplemented yeast diets. Still and Koch reported no In

creases In the uric acid content In the blood of their sub

jects. Smith et ^ . (59) and Hawk et al. (29) reported 

laxative effects on some of their subjects after yeast In

gestion. 

The demand for animal feed protein stimulated in

terest In the conversion of readily available carbohydrate 

material into yeast protein. Accordingly, Montana Investi

gators used barley as a carbon source, and fertilizer-grade 

nitrogen for the propagation of T. utilis (16). 

Goerlng and Houle (16) saccharified the carbohy

drates present in a barley mash with 0.5^ bacterial amylase 

and 105̂  distillers* malt (based on total grain present) 

preparation. The mash was cooked, filtered, and sterilized. 

The sugar concentration was then adjusted to 1% reducing 

sugars. Using a continuous pilot-plant Waldhof fermentor, 

maximum sugar utilization was achieved when wort contain

ing h% reducing sugars was fed at the rate of 1,5 liters 

per hour. At this sugar concentration, approximately 99^ 

of the reducing sugars present were utilized. 

Goerlng and Houle also investigated the sugar uti

lizing preferences of T, utilis. It was found that pen

toses were preferentially utilized from the wort which, as 

Indicated by paper chromatograms, contained higher oligo-
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saccharides, glucose, maltose, and Isomaltose In addition 

to the pentoses. A marked reduction In the oligosaccha

rides and Iscmaltose after fermentation Indicated saccha

rifying ability of T. utllls. The most surprising result 

for Goerlng and Houle was the Identical concentration of 

glucose and maltose In the spent beer, although the Ini

tial concentration of maltose was approximately ten times 

the glucose concentration. These workers found that the 

addition of 3% urea, 1% primary calcium phosphate, and 1% 

potassium chloride to the wort (based on sugars present) 

gave maximum yeast yields. 

Continuous propagation was conducted at 30 C and 

pH lf.U-lf.7 with approximately 7.5 liters of air supplied 

per minute. Yeast yields of 61-78^ based on sugars pres

ent were obtained using these conditions and 75-99^ of the 

sugars present were utilized. 

Concerning the nutritive value of yeasts and of 

cereal grains, Wiley and associates (73) reported that 

high thiamine contents of food yeast may be achieved by 

growing yeast in substrates high in thiamine, such as grain 

worts used by brewers. 

Owens et al, (65), discussing T, utilis in general, 

stated, 

. , ,it is deficient in methionine, one 
of the essential amino acids, which, however, 
is present in cereal proteins, A ration con
taining this yeast with some cereal would 
provide all the essential amino acids. 
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Rosenberg (57) and Pond et al. (h^) found cereal 

grains to be deficient In the essential amino acids, lysine 

and threonine. For proper cereal supplementation Rosenberg 

(57) suggested the first limiting amino acid, lysine, 

should be supplemented in an amount that would obtain a 

balance with the second limiting amino acid. Pond, 

Hllller, and Benton (M-9) calculated grain sorghum to be 

deficient In methionine. However, no growth response was 

observed when methionine was used to supplement grain 

sorghum fed to rats. It was concluded that the cystine 

level of mllo was sufficient to meet the sulfur-containing 

amino acid requirements. Pond at al, achieved rat growth 

rates equivalent to a purified diet containing 11^ casein 

when a mllo ration was supplemented with 0,5^ L-lysine and 

and 0,2.̂  DL-threonine, Riboflavin, nicotinic acid, panto

thenic acid, and blotln are present in grain sorghum in 

larger amounts than in yellow corn (^1). 

Before World War II, grain sorghum was used largely 

for feeding purposes. Today it is used in many areas of 

the world, such as India and Europe, as a basic food source. 

Corn crop failures and shortages of certain foods and 

materials after the war stimulated grain sorghum production 

in the United States (6*+), Grain sorghum, being similiar 

to corn in composition, has been since used as a partial 

substitute for corn and corn derivatives in certain areas 
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(»+l, 6»+, 71, 7k). 

Grain sorghum Is now used In the fermentation, 

dry-mllllng, and wet-mllllng industries (^1), Three sorghum 

fractions are produced during the dry-milling process— 

brewers* grits, Industrial flour and concomitant, or germ. 

The approximate composition of the germ fraction 

is 10.̂ 5̂  protein, 5.7^ fat, 66,7^ starch, and h.1% ash 

(^0). Its principal use is presently as a feed for live

stock. 

Harden (20) believed this fraction to be good 

for protein supplementation in foods for human consumption. 

Skinner (58) has already demonstrated the biological value 

of grain sorghum protein when properly supplemented. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Procedures for converting carbohydrate material 

to products containing considerable quantities of yeast 

protein (16, 25, 32, 3^, ̂ 7, 53, 73) were modified for 

use In treating the **germ fraction** from dry-milled grain 

sorghum In an attempt to increase the quantity of protein 

In that fraction. A commercial source of Torulopsis 

utllls obtained from the American Type Culture Col

lection (1) served as the microorganism in this study 

and an enzyme preparation, Diazyme 160, was purchased 

from Miles Laboratories, Inc. (̂ 2) for use in starch 

conversion to monosaccharides. 

The so-called **grain sorghum germ fraction** 

used as the substrate was obtained from a local dry-

milling concern (28). This fraction contained 11.M-̂  

protein, 10-135̂  moisture, 5.3^ fat, 3.k% ash, and 66-70^ 

starch (by difference) (^0). The kernel components con

tained in this fraction have been described by Marshall 

{ho) and Harden (20). 

At the outset considerable work was involved 

in developing suitable equipment and laboratory procedures 

for the experiment. This preliminary work consisted 

27 
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mainly of 1) developing a suitable propagator for 

growing the yeast, 2) establishing proper methods for 

hydrolyzlng the grain sorghum substrate for yeast utili

zation, and 3) determining proper laboratory procedures 

for evaluating the results. The propagator designed 

for the experiment consisted of a series of one gallon 

glass jars capped with lids equipped with three holes 

through which tubing was Inserted for the purposes of 

serving as an air exit, sampling valve, and air supply. 

A dlagramatlc sketch is shown in Figure 1. The air, 

supplied by a portable air compressor (Champion Pneumatic, 

Model 20 B 7H), was saturated by passing through a 

container of water at -̂0 C (see saturator in Figure 1). 

The air rate was controlled by regulating the air out

let valve on the compressor storage tank. Air flow rate 

was not measured but air was passed through the propagator 

at a rate to Insure adequate agitation without mechanical 

carryover. The propagation jars containing the prepared 

samples were held in an incubator at 31-33 C during the 

propagation period. Usually the experimental samples 

were incubated under these conditions of temperature and 

air flow for a period of l8-2^ hours. 

In preliminary work 51 sets of data were collected 

to establish proper operational procedures (e.g., air 

volume, air control, sample size, inoculum size, inoculum 
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maintenance, and laboratory procedures to be used in 

evaluating experimental conditions and results). Based 

on this preliminary research, the various phases of pro

cedure were developed and are described in the following 

paragraphs. 

Inoculum Maintenance 

The starter inoculum was prepared by transferring 

yeast cells from the original stock culture of IVj. utilis 

to malt agar slants which were incubated for ^8 hours 

at 32 C. These yeast cells were then transferred to 

test tubes containing clear hydrolyzates of the germ 

fraction. The hydrolyzate was prepared by pouring 600 

ml of boiling water over 250 grams of germ fraction con

tained in a 1,000 ml Erlenmeyer flask. A teaspoon of Dow 

Corning antifoam and 50 ml of concentrated hydrochloric 

acid were then added to the flask and mixed. The flask 

with a condenser v/as placed on a hot plate, and the mixture 

refluxed for 2.5 to 3 hours. At this time the flask was 

removed and allowed to cool to room temperature. The 

hydrolyzate was then filtered through No. 1 filter paper. 

The clear filtrate was diluted with 1,500 ml of water. 

Approximately 30-^0 ml of concentrated sodium hydroxide 

was added to adjust the pH to ^.0-5.5. A precipitate 

was formed upon addition of the sodium hydroxide which 

was subsequently removed by filtration through No. 1 filter 
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paper. The clear, dark filtrate was then stored under 

refrigeration for future use In 1)"acclimating the 

yeast to the grain sorghum sugars and 2) maintaining a 

ready supply of yeast cells. The test tubes were incubated 

at room temperature while shaking on a shaking apparatus 

(Burrell Wrist-Action Shaker) at approximately 125 strokes 

per minute. After 2̂ - hours of incubation, the tubes were 

removed from the shaker and the contents were added to 

250 ml centrifuge tubes. The yeast suspension was 

centrifuged, using an International centrifuge, type SB, 

size 1, at 3,000 r,p,m, for 10 minutes. The liquid was 

decanted and the yeast cells were collected and used to 

relnoculate fresh filtrate preparations. This procedure 

was continued over a period with the container capacity 

and hydrolyzate volume becoming progressively larger^ 

Yeast cells collected in excess of that required 

for immediate experimental use were washed, drained of 

excess water, air dried, and stored under refrigeration. 

These dried cells remained viable throughout the course 

of this study and required only a short inductive period 

before maximum yeast activity was realized. Cells not 

dried or used im'î edlately as inoculum were washed and 

stored at pH 3.5-^.5 in the refrigerator. This yeast 

cream remained viable for approximately one week. If not 

used within this period, acclimation was nullified. 
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The modified washing procedure was adopted from 

Kurth et ^3^ (3I+) and was as follows: 

1. Suspend the yeast precipitate in 25-50 

ml of 0.35^ HCl (1 ml cone HCl per 100 ml water). 

2. Centrifuge for 5 minutes at 3,000 r.p.m. 

3. Decant acid solution, 

h. Resuspend yeast in 25-50 ml of 1% sodium 

carbonate solution. 

5. Centrifuge for 5 minutes at 3,000 r.p.m. 

6. Decant basic solution. 

7. Add 25-50 ml distilled water and adjust pH 

to 3.5-^.5. 

8. Store in refrigerator. 

Preparation of Grain Sorghum Fraction Slurry 

Protein and total solids data were collected 

from a representative sample of germ fraction. An 

approximate 10$̂  slurry of germ fraction was prepared 

in bulk cream cans and pasteurized between 65.5-71.1 C 

for 2 hours in a buttermilk culture cabinet. The 

temperature was maintained just below the gelatinl-

zatlon temperature range of grain sorghum starch which is 

generally between 67.5-75 C (36), The can was then placed 

in a refrigerated vault and sample aliquots were taken 

as needed. 
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Laboratory Tests Utilized 

The laboratory tests used for describing the var

ious components of experimental slurries and for describ

ing the end products obtained after Incubation were 1) 

a modified Kjeldahl for total protein determination, 2) 

a modified non-protein nitrogen determination, and 3) a 

quantitative total solids determination. 

The modified Kjeldahl procedure was as follows: 

1, Weigh a 15-30 gm sample (7-8^ total solids) 

of slurry suspension into a Kjeldahl flask. 

2, Add one teaspoon of digest mixture (3.2 parts 

copper sulfate and 96.8 parts anhydrous sodium sulfate). 

3, Add 25-30 ml concentrated sulfuric acid, 

h. Digest on standard Kjeldahl digesting unit 

15 to 20 minutes after the solution turns a clear green. 

5, Cool the flask and contents to room tempera

ture and add 200 ml of water. 

6. Allow to cool and add a small quantity of 

pumice powder or boiling chip. 

7, Add concentrated sodium hydroxide until char

acteristic blue layer forms, 

8. Connect to Kjeldahl distilling apparatus, 

which has a previously placed receiver flask containing 

50 ml of h% boric acid with indicator, (boric acid in

dicator: 2.5 ml of 0,1^ bromocresol green solution and 
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1.5 ml of 0.1^ methyl red solution dissolved in 95^ 

alcohol per liter of acid). 

9. Distill and collect 150 ml of distillate. 

10. Titrate excess base with standard hydro

chloric acid solution and record figures. 

11. Calculate percent protein using factor of 

6.25 times percent nitrogen. 

The non-protein nitrogen determination was a 

modified procedure by Ling (39) for non-protein nitrogen 

determinations of milk. The procedure consisted of the 

following steps: 

1, Weigh a 25-^0 gm sample (7-8^ total solids) 

of slurry suspension into a 100-110 ml Volumetric flask, 

2, Add 25 ml of 15;̂  trichloroacetic acid, 
• 

3, Mix, allow to stand for 5 minutes, and add 

distilled water to the ICO ml dilution mark, 

h. Allow precipitate to settle and filter through 

No, ̂ 0 filter paper, 

5, Pipette 25 ml of the filtrate into a Kjeldahl 

flask and proceed in accordance with previously described 

Kjeldahl nitrogen determination, 

6. Compute percent nitrogen with proper consider

ation of the dilutions. 

Total solids percentages were determined by weigh

ing samples into aluminum solids dishes and placing in an 
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oven at 100-105 C for 2^ hours. 

Sample Preparation and Data Collection 

For the purpose of obtaining quantitative data 

for evaluating experimental methods, the following pro

cedure was adopted: 

1, Collect and record empty weight data on glass 

propagators and add 50C-600 gm of previously prepared 

germ slurry, 

2, Collect and record total weight of propagator 

plus slurry, 

3, Add Diazyme 160 at the rate of 0.63 gm dry 

enzym.e per 50 gm grain sorghum solids. Diazyme 160 is 

a commercial preparation by Miles Laboratories contain

ing the enzyme amyloglucosidase obtained from the mold 

Aspergillus niger and converts starch completely to glu

cose (10, ̂ 2, ̂ -6, 63). Optimum pH range is 3.35-̂ .*+ and 

optimum temperature is 60 C, 

h. Add yeast inoculum at an approximate rate of 

10^ wet cells, based on total slurry weight. (Total 

solids and protein determinations were made periodically 

on the yeast cream), 

5, Add dibasic ammonium phosphate—(NHL,_)2HP0I^— 

at rate of l.O^ (based on total slurry weight). 

6. Mix the slurry thoroughly to solubilize the 

added ingredients. 
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7. Take an aliquot for testing, 

8. Collect and record weight data on propa-

tor plus final slurry, 

9. Place propagator in Incubator at 31-33 C 

and connect saturated air supply, 

10. Determine total solids, protein, and non

protein nitrogen in accordance with previously described 

procedures. 

11. Remove propagator after l8-2^ hours incuba

tion and rinse solids collected on sides with distilled 

water, and collect propagator weight data, 

12. Determine total solids, protein, and non

protein nitrogen concentrations. 

Experimental Design 

Data were collected for six sets of control 

groups and eleven sets of experimental samples in which 

percentages of protein, non-protein nitrogen, and total 

solids were obtained. The control groups consisted of 

1) two sets containing the prepared germ fraction slurry 

only; 2) two sets containing the prepared germ fraction 

slurry and Diazyme 160; 3) two sets containing the pre

pared germ fraction slurry and ammonium phosphate; h) 

four sets containing the prepared germ fraction slurry, 

Diazyme 160, and ammonium phosphate; 5) two sets con

taining the prepared germ fraction slurry and yeast; 
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and 6) five sets containing the prepared germ fraction 

slurry, Diazyme 160, and yeast. The experimental samples 

consisted of eleven sets containing the prepared germ 

fraction slurry, Diazyme 160, ammonium phosphate, and 

yeast. 

Interpretation of Datŝ  

Utilizing the data regarding slurry weights, 

total solids, and percentages of total nitrogen and non

protein nitrogen, quantitative amounts of protein and 

total solids were computed on the basis of 100 grams of 

grain sorghum solids, A comparison was made of the quan

tities of these components before incubation and the quan

tities present in the slurries after incubation. 

Although representative samples of incubated 

slurries were oven dried, ground into a fine powder, and 

placed in storage, no data concerning physical charac

teristics, organoleptic qualities, solubilities, or bac

terial contamination were routinely recorded. These dried 

samples were surrendered to another party for further anal

ysis. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The experimental work was divided into three phases: 

1) to develop propagating techniques and analytical pro

cedures, 2) to accumulate control data concerning the effect 

of various components added to slurry preparations, and 

3) to evaluate data obtained from actual experimental runs. 

With respect to the first portion of the study, 51 

sets of data concerning material balances involving total 

solids, protein, and non-protein nitrogen contents before 

and after incubation were tabulated. The actual results 

obtained were not recorded in this thesis since the work 

was exploratory in nature. However, the results of these 

experiments indicated 1) that propagating techniques de

scribed earlier in the Experimental Procedure section. 

Chapter III, were satisfactory in promoting growth and sugar 

utilization, 2) that enzyme preparations added with the 

inoculum were superior to acid hydrolysis in providing 

monosaccharides for yeast growth, probably because of toxic 

effects of high concentrations of sugars (26, ̂ 7), 3) that 

quantitative material balances could be made by using ana

lytical techniques chosen for the experiment, and^) a pro

duct could be obtained in a dry state which was higher in 

38 
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total protein than the original grain sorghum substrate. 

With respect to phase two of this experiment, the 

data concerning control samples are shown in Tables 1 and 2. 

It may be noted from these tables that results were con

verted to a 100 grams grain sorghum solids basis. This 

means that, although the sample preparations may have con

tained anywhere from 25-75 grams grain sorghum solids, the 

control data related to components added and nitrogen and 

total solids recovery were converted to a 100 gram basis 

and placed into the tables. 

It may also be noted that Table 1 contains data con

cerning the control groups before they were incubated, and 

Table 2 contains data on the same groups after incubation. 

The controls were chosen in such a way as to reflect the 

effect of each ingredient and combination of ingredients on 

the experimental protein gains. For example, control 1 con

sisted of a slurry containing only water and grain sorghum 

fraction. It will be noted that from the accompanying data, 

the protein nitrogen and non-protein nitrogen before incu

bation averaged 1,72 and 0,50 grams per 100 grams of grain 

sorghum solids, respectively. It may be noted from Table 2 

that these two components did not change appreciably after 

the controls had been incubated. Concerning this same group, 

100 grams of total solids were in the control before incu

bation, whereas, practically no total solids were lost during 
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Incubation as reflected by the fact that 9B,9 grams of 

total solids were recovered. However, this loss in total 

solids caused an Increase in the percentage of protein in 

the dry matter from 10.8 to 11.2^. 

Control group 2, containing grain sorghum fraction 

plus enzyme, showed a similar amount of total nitrogen and 

non-protein nitrogen (columns 3 and h of Table 1) to control 

group 1 before Incubation. However, after this group of 

controls had been incubated (column h of Table 2), a con

siderable amount of total solids was lost (100.6 grams 

before vs. 80.5 grams after incubation). Simultaneously, 

the total nitrogen, non-protein nitrogen, and protein 

nitrogen did not change appreciably. This indicates that 

the combined effect of enzyme action and propagating pro

cedures caused a loss of total solids. Since the nitrogen 

content remained relatively constant, it was assumed the 

loss was due to conversion of some of the carbohydrate 

material to carbon dioxide and water. Because of the loss 

in total solids, the percent protein in the dry matter in

creased from 11^ before to 17.2^ after incubation with an 

apparent gain of 0,31 grams of protein per 100 grams of 

grain solids. 

Control group 3, containing grain sorghum fraction 

plus ammonium phosphate, obviously showed an increase in 

total nitrogen when compared to control groups 1 and 2 
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(column 3 of Table 1 and column 1 of Table 2) with an ac

companying Increase in non-protein nitrogen (column k of 

Table 1 and column 2 of Table 2). The Increase of approx

imately 2.0 grams In non-protein nitrogen compared favor

ably with the actual grams of nitrogen added in the form of 

dibasic ammonium phosphate. It may be noted from a compar

ison of column 5 of Table 1 and column 3 of Table 2, that 

the protein nitrogen (obtained by difference of total ni

trogen and non-protein nitrogen) compared favorably with 

similar data concerning control groups 1 and 2. It will 

also be noted from column 6 of Table 1 and column h of Table 

2, that no appreciable loss of total solids was incurred 

during the Incubation period. Furthermore, as would be 

expected, the percentage of protein in dry matter in the 

final product (9.8) was practically the same as the percent

age In dry matter before incubation (9.6), The gain in pro

tein of 0.18 grams per 100 grams grain solids (column 6 of 

Table 2) was considered insignificant in view of the fact 

that small gains were also encountered when grain sorghum 

alone was subjected to the propagating procedure. 

Control group h contained grain sorghum fraction 

plus ammonium phosphate and enzyme. It compared favorably 

with control group 3 with respect to total nitrogen, non

protein nitrogen, and protein nitrogen, but the total solids 

retained in the slurry (column h of Table 2) after incubation 
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decreased considerably. This was expected since control 

group 2, which contained grain sorghum plus enzyme, also 

showed a significant decrease in the percent total solids. 

Because of this decrease in grams of total solids, the per

cent protein in the dry matter increased frcm 9.5^ before 

Incubation to 1̂ .6̂ ? after incubation. Columns 6 and 7 of 

Table 2 Indicate a somewhat larger gain in protein than 

one would expect. But again, this amount of gain will 

prove to be rather insignificant when the data concerning 

experimental samples are discussed later. Another grati

fying result reflected by the data is that total nitrogen, 

non-protein nitrogen, and total solids of control group 3 

were comparable to data accompanying control ^, thereby 

showing the propagating procedure and analytical technique 

were satisfactory. 

Control groups 5 and 6 both contained grain sor

ghum fraction and yeast but to group 6 was added enzyme. 

It may be noted from Table 1 that the quantitative data 

regarding total solids, total nitrogen, and non-protein 

nitrogen for the two groups were comparable, from Table 2 

that there was a slight decrease in non-protein nitrogen 

accompanied by a comparable increase in protein nitrogen, 

and from Table 2, that the grams total solids recovered were 

much less in control group 6 than in control group 5. Also, 

comparison of column 6 of Table 1 with column h of Table 2, 
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reveals yeast action alone, during propagation, caused a 

slight decrease in total solids content of the slurry 

(110.7 vs. 105.1). This was expected since there probably 

was some yeast action on the carbohydrate material even 

without the aid of enzyme to provide monosaccharides. 

A comparison of control group 5 to both control groups h 

and 1, with respect to gain in protein (column 6 of Table 

2), shows that yeast action alone caused a considerable 

Increase in protein over that of the controls (0,92 vs. 

0.68 and 0.31, respectively). 

It Is Interesting to note that the increase in 

protein reflected by control group 6 surpassed the gain as

sociated with control group 5 by approximately 57% (1.62 vs. 

0.92), column 6 of Table 2. This indicated that enzyme 

action made available more carbohydrate material for yeast 

utilization. Since this gain in protein was accompanied 

by a loss In grams of total solids, the percentage of pro

tein in dry matter naturally increased and the amount of 

Increase Is reflected in the fact that before incubation 

the slurry contained 13^ protein in the dry matter while 

after Incubation the figure was 27.3%. The gain in protein 

was also described in column 7 of Table 2 as amounting to 

1.3^ of the original dry matter. 

Data associated with results obtained from ex

perimental samples (those containing grain sorghum fraction. 
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yeast, enzyme, and added ammonium phosphate) are shown in 

Tables 3 and h. Again, these data were reported on a basis 

of 100 grams grain sorghum solids. Table 3 contains data 

concerned with the samples before incubation and Table h 

contains Information on those samples after incubation. 

Column 1 of Table 3 shows that the grams of ammonium phos

phate added varied from 16,6 to 10.2 grams per 100 grams 

of grain sorghum solids. This amounts to an approximate 

range of 2-3.2 grams of nitrogen added from this source per 

100 grams of grain sorghum solids and is comparable to ni

trogen amounts recommended by other workers (2U, 3^, ^7). 

Although this point was not studied, it is believed that 

gains in protein would not have diminished considerably 

had this amount of ammonium phosphate been reduced. This 

premise is based on the fact that the non-protein nitrogen 

in the final products (column 2 of Table h) were well above 

the non-protein nitrogen content of control groups discussed 

earlier. It seems plausible that since all of the non

protein nitrogen added was not utilized, it would not have 

been necessary to add so much ammonium phosphate. This 

observation should be of interest in the event subsequent 

studies are made on this subject. 

Column 2 of Table 3 shows the amount of yeast 

material added to the slurries per 100 grams of grain sor

ghum solids. As is shown in Table 5, the percentages of 

total solids varied considerably in the yeast inoculum 
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preparations and that the non-protein nitrogen in the dry 

matter varied from 0,5 to 3.1. This Is attributed to the 

fact that the yeast inoculum material, being obtained by 

centrifugatlon of grain sorghum filtrate, probably con

tained some grain sorghum precipitates in the solids. 

Also, it is possible that the various samples of yeast 

materials varied in the amount of yeast growth. No effort 

was made to enumerate the number of yeast cells in the 

Inoculum nor determine the amount of total protein and/or 

non-protein nitrogen contributed by the yeast cells them

selves. When comparing the total nitrogen contents of the 

samples before Incubation and after incubation (column 3 

of Table 3 and column 1 of Table ^ ) , it will be noted that 

the two sets of data are identical. Actually, during test

ing, some small differences were noted in this area but 

for the sake of reflecting protein gains clearly the total 

nitrogen content of the samples after incubation were tabu

lated in Table h. 

The amount of non-protein nitrogen decreased during 

incubation as reflected by a comparison of column h in Table 

3 and column 2 in Table k. The average non-protein nitrogen 

content decreased from 3,25 grams per 100 grams of grain 

solids before incubation to 2,37 after incubation for an 

average loss of 0,88 grams. Accompanying the decrease in 

non-protein nitrogen was an increase in protein nitrogen 
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from an average of 2.11 to 3.03 grams per 100 grams of 

grain solids and an average gain of 0.92 grams. 

The grams of total solids decreased during propa

gation as reflected by a comparison of column 6 in Table 

3 and column h in Table h. This was expected since control 

groups containing enzyme showed a similar decrease in this 

respect. The average decrease from 122.6 grams to 7^.1 

grams of total solids shows a percentage decrease, based 

on original total solids, of approximately 38^. Accom

panying this decrease was an increase in protein nitrogen 

content from 2.11 to 3.03%. This amounted to an average 

gain of 5.7 grams of protein per 100 grams of grain sor

ghum solids (column 6 of Table h). 

Expressed in another way, the percent protein in 

dry matter Increased from an average of 10.8^ (column 7 of 

Table 3) to an average of 25.6^ (column 5 of Table h). The 

gain in protein, in terms of percent of original dry matter, 

ranged from 3.^ to 5.8 for an average of h.7% (column 7 of 

Table h). The ratio of final to initial protein content as 

shown in column 8 of Table ^, ranged from 1.28 to 1,65 for 

an average of 1.^5. This indicates that a gain in total 

protein of approximately h5% was accomplished by the propa

gation procedures investigated and studied. 

Although this percent increase in protein content 

is comparable to those of other workers, difficulty would 

be experienced in making exact comparisons, since most of 
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the work reported Is expressed In terms of yeast yields 

per unit of sugar ut i l i zed . Since It was deemed unnecessary 

to determine quantitatively the amounts of sugar and carbo

hydrate materials remaining in the slurries (although these 

determinations were made in preliminary studies), one can 

only estimate comparisons of net yie lds . However, the 

relat ively large increase In protein content found in this 

study was considered grounds for continued study on the 

f inal product with respect to organoleptic and nutritive 

qualit ies should international interest continue to be 

directed toward this area. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

For many people throughout the world, grain sor

ghum preparations serve as a principal protein source in 

their diets. Since grain sorghum and grain sorghum deriv

atives have considerable nutritional shortcomings, inter

est for Improving its food value is a present endeavor by 

many International concerns. Accordingly, it was the pur

pose of this study to use yeast preparations in preparing 

a potentially high protein food from a dry-milled fraction 

of grain sorghum kernels. 

The grain sorghum material used in the study was 

a*feerm" fraction obtained by a commercial concern when 

processing grain sorghum kernels by a dry-milling procedure 

to obtain three major fractions called grits, flour, and 

germ. The germ fraction consisted of the outer portion of 

the kernel and contained approximately 11.^^ protein, 10-13^ 

moisture, 5.3% fat, 3.^% ash, and 66-70% starch (by differ

ence). 

Prior to the actual experimental work 51 sets of 

data were accumulated to develop a satisfactory procedure 

for propagating yeast on the fraction. During this period, 

it was decided that slurries containing grain sorghum 

53 
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fractions should be pasteurized between 65.5-71.1 c for 2 

hours prior to the addition of other ingredients. The 

yeast used was Torulonsic. utilis. obtained frcm the Amer

ican Type Culture Collection and a commercial preparation 

of enzyme called Diazyme 160, purchased from Miles Labora

tories, Inc, was added to break the starch portion of the 

fraction into simple sugars for yeast utilization. Addi

tionally, a nitrogen and phosphorus source of dibasic am

monium phosphate was added to all slurries to provide the 

necessary elements for satisfactory yeast growth. An ap

paratus was constructed to provide a source of saturated 

air, and the propagating media were incubated at 31-33 C, 

Essentially, the procedure adopted consisted of 

1) preparing a slurry of grain sorghum germ fraction of 

approximately 10^ by weight; 2) pasteurizing this slurry; 

3) adding a strain of Torula yeast, a commercial enzyme 

preparation, and supplemental nutrients; h) collecting 

compositional data concerning protein nitrogen, non

protein nitrogen, and total solids on the slurry and 

yeast material; 5) incubating at 31-33 C with a supply of 

saturated air for 18-2M- hours; and 6) collecting the final 

ccmpositional data on the sorghum slurry after incubation. 

In addition to collecting data on the experimental slurries, 

control data were obtained on each slurry component and 

combination of components. 
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Final data Indicated that the modified Kjeldahl 

procedures for determining total nitrogen and non-protein 

nitrogen were satisfactory in that duplicate results could 

be obtained and satisfactory quantitative,protein and total 

solids balances could be maintained on samples before and 

after incubation. The addition of ammonium phosphate to 

the slurries promoted yeast growth beyond that found when 

the slurries were not fortified and the addition of enzyme 

to mixtures greatly enhanced yeast nitrogen assimilation 

over that experienced when enzyme was not used. In con

nection with the enzyme, it was found that its activity 

promoted the loss of solids during incubation, and this 

was attributed to a possible breakdown of a portion of 

the carbohydrates to carbon dioxide and water. This 

phenomenon occurred in control groups with enzyme as well 

as experimental samples. 

Considerable amounts of protein were manufactured 

by the experimental procedure as reflected by the fact that 

an average gain of 5.7 grams of protein per 100 grams of 

original grain sorghum solids was realized. This amounted 

to approximately a h5% increase in final total protein 

over that in the initial grain sorghum product. 

In general, when starting with 100 grams of grain 

sorghum and added ingredient solids, approximately 60 grams 

of final dry matter resulted. This means that a consid-
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erable amount of carbohydrate material was expended as 

energy and/or converted to yeast protein during the process. 

The average percent protein in dry matter before propaga

tion was 10.8 whereas the content after incubation was 25.6. 

Samples of final slurries were dried and stored 

under refrigeration for further study. No attempt was made 

to evaluate the product organoleptically or nutritionally. 

Instead, the samples were given to another group of re

searchers who plan to initiate evaluation studies in this 

area. 

It may be concluded that yeast, similar to the 

type used in this study, can produce protein from water 

slurries containing dry-milled grain sorghum germ fraction, 

when supplemented with small amounts of dibasic ammonium 

phosphate and when an enzyme such as Diazyme 160 is used 

for starch conversion. Also, when a procedure such as the 

one described is followed, one may expect an increase of 

approximately ^5% in total protein over that in the orig

inal fraction. 
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