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CHAPTER I 

INTRODUCTION 

In countries where certain varieties of grain sorghum 

are used for food, there is concern among scientists that 

1) the product does not contain a percentage of protein high 

enough to meet the daily requirements of the consumer and 

2) that the protein present in the material does not con

tain a satisfactory essential amino acid balance. Many ex

perts in the field of human nutrition agree that one of the 

first requirements to be considered in developing new and 

nutritious foods for underdeveloped countries is one which 

takes into consideration palatability characteristics of 

the food. There is agreement that one of the major factors 

contributing to food palatability for a particular nation of 

people is the eating habits handed down from generation to 

generation. Logically, progress toward supplying the world 

with nutritious food could include studies which would have 

as their prime objectives the altering of existing foods to 

improve nutritional characteristics while preserving the 

aesthetic values of these foods. 

Recently, work was initiated at Texas Tech University 

to modify the protein content of a dry-milled fraction of 

grain sorghum by using it as a substrate for the growing of 

a strain of the yeast, Candida utilis. In this work a 



product was obtained which when dried and ground resembled 

the original grain sorghum in appearance, but which had a 

significantly higher protein-starch ratio. The material 

appeared to have possibilities of meeting the palatability 

characteristics of people who aspire toward grain sorghum 

foods. 

The major concern in that study was to obtain quanti

tative information concerning the process for manufacturing 

the product, and no effort was made to study the nutritional 

characteristics of the protein in the food. It is known 

that the lysine and methionine contents of grain sorghum 

protein are lower than the amounts of these amino acids in 

protein recognized as being "nutritionally balanced." 

Accordingly, the purpose of this study was to evaluate 

by microbiological assay techniques, the lysine and methio

nine contents of the modified grain sorghiam product, and to 

determine if the protein in it could be recommended as a 

satisfactory source of these two amino acids. 



CHAPTER II 

REVIEW OF LITERATURE 

A considerable amount of work is being conducted in 

searching for new sources of protein, and in providing meth

ods for properly supplementing protein deficient diets. 

Some of the work includes synthesizing protein from waste 

products while other studies are involved with modifying 

existing plant sources to produce higher concentrations and 

better quality protein, to supply this all important nutri

ent to the human diet. 

As is commonly known, protein is an indispensible 

constituent of every living cell (12, 22). It is needed 

for growth, maintenance, multiplication, and normal func

tioning of human cells (10). In order for a protein to be 

efficient as a nutrient it must be "complete," that is, it 

must contain sufficient amino acids (including the essential 

amino acids) to promote life during growth, maintenance, and 

reproduction of the human being (12). 

The major sources of protein in the U.S., namely, meat, 

fish, poultry, milk, and eggs, are balanced in that they 

each contain all of the essential amino acids. Another 

major protein source is from grain, but in many cases, these 

materials are low in some of the amino acids, especially 

lysine (12, 30, 38, 51, 54). Since grain is considered the 



staple food in some countries, it follows that the diets of 

these people would be low in lysine, and in order for them 

to have adequate nourishment, their diets should be supple

mented, in some way, with this amino acid (13, 14, 30) . 

Also, since grains are not considered "concentrated" sources 

of protein, it would be difficult for a person to consume 

enough grain to supply his daily protein needs, if this ma

terial were the only protein source in his diet. If his 

intake of protein were too low, malnutrition could occur 

and the result would be that the person would have poor 

growth, lack of resistance to infection, a loss of a sense 

of well being, and a loss of body weight. Increased mor

tality rates among such individuals would inevitably result 

(10, 12). 

Protein Requirements of Man 

Protein requirements have been stated in a number of 

ways. Geiger (22) suggested that one gram of protein per 

kilogram of body weight is needed per day in adults, and 

that five times this amount is required by infants (15). 

Table 1 relates protein, lysine and methionine requirements 

for man as reported by several other workers. It may be 

noted from this table that there is considerable variation 

in requirements from standard to standard. 

Several suggestions for protein requirements have been 

offered, including those of National Research Council, 
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(NRG) (22), Food and Agriculture Organization (FAO)(20), 

and British and Canadian Standards. In describing the nutri

tive values of given proteins, the particular protein in 

question may be compared with standard proteins (from milk 

or eggs) to determine whether or not it will support growth 

as well as those standard materials. Another way of evalu

ating the "balance" of a protein (that is, whether it has 

the correct amounts of amino acids in relation to each other) 

is by chemical methods (48) . In this case, after chemical 

analyses are completed, calculations are made to determine 

the "Requirement Index" (a number reflecting the suitability 

of the protein for food purposes). There is some concern 

(22, 50, 51) that conclusions concerning the "nutritive 

value" of a protein, based on these two tests alone may not 

be valid. First, the biological value of a protein may not 

be truly measured since experimental methods may not take 

into consideration the effects of the remainder of a diet, 

over and above the protein; and the protein may have palat

ability characteristics which would hamper its effectiveness 

in a diet. Secondly, most standards recommend that deficient 

protein diets be supplemented with amino acids, and many 

times this does not provide desired results because of an 

"imbalance" of amino acids in the mixture (22, 50, 51), 

thereby resulting in variations in human nutritional require

ments (30) . 



Practically all workers agree that diet protein must 

contain at least eight essential amino acids (two of which 

are lysine and methionine) in addition to sufficient nitrogen 

for the synthesis of non-essential amino acids. Lysine was 

first isolated from casein hydrolyzate in 1889; the struc

ture of this amino acid was described in 1902 and it was 

obtained in the free crystalline form in 1928 (39, 40). 

Muiller isolated methionine in 19 22, and Burger and Coen 

determined the structure of this amino acid in 1928 (39, 40). 

The human body can utilize only the L-forms of most 

cimino acids, but in the case of methionine both the D and L 

forms are usable. When there is a low intake of nitrogen, 

utilization of the D form of this acid is decreased (22, 37, 

39, 43, 57). A deficiency of methionine causes a reduction 

in the synthesis of choline (essential for lecithin forma-

tion), a lipotrophic effect and cirrhosis of the liver (10, 

15, 40, 48). 

Lysine is one of the amino acids in which only the 

L-forms is utilized by man. A deficiency of this amino acid 

causes nausea, dizziness, hypersensitivity to sound, and 

excretion of non-ketone organic acids (10, 40). 

As amino acid intake increases, caloric requirements 

must be raised (33, 51). Therefore when supplementing a diet 

with additional protein, maximum benefits may be realized 

only if an adequate amount of carbohydrates and fat are 
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provided to supply sufficient diet energy. The protein con-

sumed would be used for energy, and therefore would not be 

available for amino acid sources (13). 

When studying the nutrient value of amino acids by 

using synthetic diets, a danger arises in making the proper 

conclusion, in that the synthetic diet used may not present 

the same protein requirements in the subject as would a 

natural diet (33). Individual amino acids from different 

foods could possibly vary in their contribution to nutri

tion (37). Often there is a decrease in growth rate (over 

that calculated from gross amino acid analysis) if a food 

is supplemented with particular groups of acids. One excep

tion to these observations was when the report of Westerman 

et al. (57) stated that the supplementation of rat diets 

with lysine produced no ill effects regarding growth of rats. 

There is little difference in the utilization of amino acids 

in the purified forms (33). Sometimes in such studies, the 

addition of amino acids to a diet will cause an "amino acid 

imbalance" resulting in reduced growth rate. Pond et al. 

(45) found that rats fed a grain sorghum diet supplement with 

lysine improved growth rate with respect to that experienced 

when rats were fed unsupplemented grain sorghum. Jansen (30) 

raised questions concerning the desirability of supplement

ing crystalline lysine into human diets. He believed that 

the human body could not efficiently use crystalline lysine 

(30). 
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As was stated earlier, cereal grains are staple foods 

in many parts of the world (13). Since protein supplementa

tion is necessary in these countries, several methods are 

being evaluated to find suitable ways of obtaining this ad

ditional protein. In some cases foods are combined on the 

basis of amino acid content and in other cases foods are 

supplemented with synthetic amino acids. Also, efforts are 

being made to improve methods in fish cultivation, isolation 

of protein from oilseeds and nuts, production of algae, im

provement of cereal by genetic modification, and production 

of single cell organisms (13, 30, 37). 

Grain Sorghum as a Food 

Brackeen (7) used a combination of two of these methods 

in his work. He attempted to improve dry-milled grain sor

ghum by growing yeasts in slurries of that cereal. If a 

new product could be developed from this process, it would 

be more acceptable to many undernourished peoples of the 

world than would a totally new food (6, 7, 13). 

Regarding grain sorghum as food, Boren (6) reported that 

yellow endosperm varieties are preferable to regular vari

eties grown on the South Plains of Texas from the stand

points of appearance, flavor, overall acceptability, and 

cooking quality of food prepared with these products. 

Bressani and Rios (8) found wide variations in protein con

tent of grain sorghum varieties, but reported that in general. 
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protein content of this cereal compared with that of corn. 

Pond et al. (45) stated the first limiting amino acid in 

grain sorghum protein was lysine, and this was confirmed by 

Bressani and Rios (8). Bressani and Rios (8) also found the 

product to be low in tryptophan and methionine (with refer

ence to FAO standards). Pond et al. (45) on the other hand 

thought that threonine was a limiting amino acid for rat 

growth and that there was either sufficient methionine or 

enough cysteine present to meet sulfur amino acid require

ments. Bressani and Rios (8) reported that grain sorghum 

contained from 1.28 to 2.03 grams of methionine and 2.32 to 

3.66 grams of lysine per 16 grams of nitrogen. Pond et al. 

(45) found 2.19 grams of lysine per 16 grams of nitrogen in 

grain sorghum. 

Yeast as a Food 

Yeast has been suggested as a source of protein for 

countries where suitable carbohydrates are available and 

abundant (9, 12). Carter and Phillips (11) stated that 

yeast protein is readily digested and absorbed in humans, 

but Duddington (17) stated that one of the disadvantages 

to using yeasts as a supplement was related to the fact 

that concentrated yeast possesses strong flavors. Regard

less of this fact, large amounts of Candida utilis were 

produced during recent war periods on wood sugars, sulphite 

liquors, whey, and molasses (9, 17, 47). The British 
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produced large amounts of yeast in Jamacia during World 

War II (9, 17). Today food yeasts are being produced on 

cane molasses, sulphite wastes, sawdust, potato starch waste, 

bagasse hydrolyzate, citrus press liquor, orange juice, 

spent amyl-acetate liquor from Penicillium recovery opera

tions, seaweed hydrolyzates, prune juices and a wide vari

ety of media containing pentoses and hexoses (even in the 

absence of organic nitrogen) (11, 17, 23, 24, 32, 46, 47). 

Although food yeasts are considered excellent sources 

of the B complex vitamins, if live yeasts are consumed they 

may utilize vitamin B from the alimentary canal (17). 

This could be important because the utilization of cysteine 

depends on the presence of vitamin B and cysteine may in 

some cases have a sparing effect on methionine (31). 

Yeast contain more non-protein nitrogen than is present 

in most protein sources. Carter and Phillips (11) found 12 

to 18 per cent of the total nitrogen in yeast to be non

protein; Klose and Fevold (31) reported 15 to 20 per cent, 

and Prescot amd Dunn (46) said that 24 to 36 per cent of the 

total nitrogen in yeast was non-protein. Prescot and Dunn 

(46) stated that 10 per cent of this non-protein nitrogen 

was purine bases, 4 per cent was contributed by pyrimidines 

and 15 per cent was a mixture of nucleotides, amino acids 

and nitrogen products. The purines are thought by some 

workers to be detrimental in diets in that they are converted 
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to uric acid (9, 11), and therefore could cause kidney dam

age if consumed in quantities greater than 20 grams per day 

by adults (9). 

Most nutritional data is based on crude protein values. 

Klose and Fevold (31) used a factor of 6.25 and Eddy (19) a 

factor of 6.45 to convert Kjeldahl nitrogen to crude protein 

in yeast. Brackeen (7) used the factor of 6.25, but he sub

tracted NPN (as determined by a modified Kjeldahl procedure) 

from total nitrogen and reported results as per cent protein. 

Eddy (19) suggested that yeast protein does not vary 

appreciably in amino acid content when developed under dif

ferent cultural conditions, but that the free amino acid 

contents may vary greatly. Frobisher (21) stated that 

L-adipic acid added to the media would increase the lysine 

content of yeast and that by this method Candida utilis 

could be used for producing commercial quantities of L-lysine 

Several workers have found that yeast protein is lower 

in methionine than casein, but that this deficiency is some

what overcome v;hen cysteine is present (4, 9, 11, 17, 23, 27, 

31). Prescot and Dunn (46) found that when inorganic nitro

gen was added to molasses substrates tlie methionine content 

of Saccharomyces cerevisiae was increased. 

Even though yeast protein is somewhat low in methionine, 

it may be used for human consumption, and for chicken and 

rat feed without severe toxic effects (11, 31, 45, 49). 
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Carter and Phillips (11) suggested that further work should 

be done on the effect of yeast on human beings before it is 

to be considered as a major source of protein for man. 

Microbiological Assay Techniques 
for Amino Acid Analysis' 

At least three techniques have been used for quantita

tively determining amino acid contents in protein hydroly

zates. Dunn et al. (18), Horn et al. (28, 29), and Pomeranz 

and Miller (44) have recommended certain microbiological 

assay techniques (53) for this purpose, and Pomeranz and 

Miller (44) has found that such methods compare favorably 

to ion exchange procedures for making the analyses. They 

also stated that a third method, involving two-dimensional 

paper chromatography, gave low results (as compared with 

figures obtained by microbiological assay techniques) in 

analyses of wheat products and cereal foods. Microbiological 

assay techniques seem particularly satisfactory for quantita

tive lysine analysis when it is the only amino acid in the 

siobstrate (44) . 

In making a microbiological assay of amino acids, a 

basal medium is used which contains everything needed for 

growth of a test organism except the amino acid to be assayed 

Difco media (commercial preparations of basal media) are 

suitable for these purposes (1, 18). 

Test organisms which have been used in this technique 
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include Lactobacillus plantarium for determination of methio

nine (54), Streptococcus faecalis R for lysine and methio

nine (26, 32), and Leuconostoc mesenteroides for a number 

of amino acids, including lysine and methionine (1, 8, 18, 

26, 42, 55). 

Leuconostoc mesenteroides requires seventeen amino 

acids for growth, thereby making it an excellent test orga

nism for microbiological assay techniques (18). It exhibits 

optimum growth at pH 6 to 7, although some grov/th will pro

ceed at pH 4.0 or less (26). The optimum temperature for 

growth is 37 to 38 C (18, 26). Assay procedures may be 

conducted at either 34 C (56) or 37 C (16, 26) for 24-48 

hours. 

In the actual procedure of making the assay, subcul

tures are taken from the stock culture and grown in inoculum 

broth (1, 16). After centrifuging to obtain the live cells, 

the cells are washed with saline solution, and resuspended. 

The resulting suspension is used for making the assay (1, 16) 

When preparing cereal grains for amino acid analysis, 

the sample must be hydrolyzed 1) to break down all carbohy

drates, and 2) to break the protein into its amino acid 

components (3, 4, 5, 8, 18, 32, 34, 35, 40, 42, 44, 52, 56). 

Care must be taken to remove any partially hydrolyzed ma

terial before analyses (35). Furthermore one must realize 

that some lysine may be destroyed during the heating process 
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associated with hydrolysis, if care is not taken to avoid 

1) burning of the protein (44), and 2) tying up the amino 

acid with carbohydrate decomposition products (4, 34, 45). 

However, even though lysine and starch can react during 

hydrolysis Pomeranz and Miller (44) was able to recover 99 

per cent of total lysine in hydrolyzed cereal grain, when 

using recommended hydrolysis procedures. 

Block and Boiling (4) and Meister (40) recommended that 

the hydrolyzing procedure for food products be one in which 

the product is exposed to hydrochloric acid (3 to 12 N) at 

120 C for 3 to 4 hours, Pomeranz and Miller (44) and Miller 

et al. (42) used 2.0 N hydrochloric acid and they hydrolyzed 

at 120 C for five to ten hours; Schiaffino (52) used 3 N 

hydrochloric acid and hydrolyzed for 8 hours at 120 C; and 

Bressani and Rios (8) refluxed 1 gram of grain sorghum in 

6 N hydrochloric acid for 24 hours. Kurth and Cheldelin 

(32) dried Scimples for 24 hours at 70 C and then hydrolyzed 

with either 10 per cent hydrochloric acid or 20 per cent 

sodium hydroxide. 

After hydrolysis samples should be cooled and excess 

hydrochloric acid should be evaporated before adjusting to 

a pH of 6.8 to avoid excessive salt formation (8, 18, 44, 

52) . 

After suitable dilutions of the resulting product have 

been made, and accurate aliquants taken for testing (4, 8, 
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18, 31, 40, 42, 44, 52), the sample should be placed into a 

suitable basal medium and incubated at 35 to 37 C for a def

inite period of time (1, 2, 16, 26), depending on the test 

to be run. Then an analysis should be made for amino acid 

content. 

Amino acid analyses may be made by one of at least two 

methods, titrametric or turbidimetric. Bressani (8) incu

bated assay tubes for 72 hours and titrated with 0.01 N 

solium hydroxide using bromthymol blue as the indicator. 

Horn et al. (28) and other workers (1, 2, 34) used a similar 

procedure. The theory of the method is that when Leuconostoc 

mesenteroides grows, it produces lactic acid in direct pro

portion to maximum growth (1, 2, 16, 26, 34). When these 

titration values are plotted against amino acid contents (in 

control assay tubes), a standard curve results which can be 

used for determining the content of the particular amino 

acid in an "unknown" sample. 

Another way of estimating cell growth (and correlating 

it with amino acid content) is to measure the turbidity 

produced as a result of cell growth by spectrophotometric 

procedures and plotting the corresponding degrees of tur

bidity against known amounts of amino acid in the assay tube 

(1, 2, 8, 16, 26, 34, 44, 52). Schiaffino (52) found this 

procedure to have an advantage over titrametric techniques 

in that the test was more sensitive, the process detected 
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growth response quicker, and results could be calculated 

more rapidly. 

For an accurate correlation between cell growth (tur

bidity) and amino acid content in the sample, the spectro

photometric procedure should measure the maximum amount of 

growth (not the rate of growth). The inoculated test medium 

should be incubated for 18-24 hours prior to testing (1, 2, 

16, 34, 52). A spectrophotometer set at wave length of 550 

millimicron has been found satisfactory for the test (34, 52) . 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Seven samples of slurries of a dry-milled grain sorghum 

fraction were treated with hydrolyzing agents and inoculated 

with a strain of Candida utilis, ATCC 9950. After incuba

tion for twenty-four hours, the resulting solids were col

lected, dried, and analyzed quantitatively for L-lysine and 

L-methionine along with control samples of untreated grain 

sorghum fraction, and samples of yeast inoculum. Comparisons 

were made between the experimental product obtained and the 

control groups with respect to lysine and methionine contents 

in order to evaluate the product with reference to FAO stan

dards (26) . 

The grain sorghum fraction used was similar to that 

described by Marshall (36), and it contained approximately 

11.4 per cent crude protein, 10.1 per cent protein (obtained 

by subtracting non-protein nitrogen from total nitrogen) , 

10 to 13 per cent moisture, 5.0 to 5.5 per cent fat, 3.4 per 

cent ash, and 60 to 6 6 per cent starch. 

Yeast inoculum preparations were made by first hydro

lyzing 250 grams of germ fraction in 600 ml of boiling water, 

plus 50 ml HCl concentrated HU. The mixture was refluxed for 

2.5 to 3 hours. The hydrolyzate was then allowed to cool to 

room temperature and filtered through No. 1 filter paper. 

18 
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The pH of the filtrate was adjusted to 4.0-5.5 with concen

trated sodium hydroxide and 1500 ml of water was added. The 

filtrate was then refiltered because of a precipitate that 

formed. Yeast were then allowed to grow in the filtrate for 

twenty-four hours with agitation by a Burrell Wrist-Action 

Shaker at room temperature. The yeast mixture was then 

centrifuged, and the resulting yeast cream was worked. The 

purified yeast was then inoculated into the test sample. 

Percentages of total nitrogen, non-protein nitrogen and total 

solids were determined on all samples by the methods proposed 

by Brackeen (7). 

Prior to collecting the experimental data, seventy-two 

samples similar to the product in question were prepared and 

analyzed by various procedures. As a result of these pre

liminary efforts, refinements in technique were made and the 

experimental procedure described herein was adopted and 

followed throughout the study. 

In general, the procedure used for growing the yeast 

on the grain sorghum substrate was similar to the one fol

lowed by Brackeen (7) in that pasteurized slurries containing 

approximately 10 per cent grain sorghum solids, 0.26 per cent 

of a commercial preparation of amyloglucosidase (45), and 

0.10 per cent of dibasic ammonium phosphate were inoculated 

with 10 ml of a 24 hour broth culture of Candida utilis, ATCC 

9950 per 100 grams of grain sorghum solids and incubated with 
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air agitation for approximately 24 hours at 37 C. Prior to 

adding the yeast and enzyme preparations, the slurries were 

pasteurized at 65.5 to 71.1 C for 2 hours. 

The procedure used for preparing the dried experimental 

product for subsequent lysine and methionine determinations 

resulted from modifications and combinations of several rec

ommended methods (3, 4, 5, 8, 18, 32, 35, 37, 40, 42, 44, 

52, 55) : 

1. Add 25 ml of 6 N hydrochloric acid to 0.25-0.35 
grams of test sample. 

2. Heat mixture in an autoclave at 120** C for 10 
hours. 

3. Dry sample in food dryer (General Electric Home 
Dehydrator FM 8dll) at 170 F for 24 hours. 

4. Adjust pH to 6.8 with 2 N sodium hydroxide and 
dilute to 100 ml with distilled water. 

5. Filter through Whatman No. 40 ashless filter 
paper (use this filtrate for subsequent lysine 
and methionine determinations). 

Samples for amino acid analyses were tested by micro

biological assay techniques similar to the ones recommended 

by Difco (16). According to their recommendations the amount 

of growth of a test organism, Leuconostoc mesenteroides ATCC 

8042, was measured in both control media (containing known 

amounts of lysine or methionine) and media containing the 

experimental product. Stock cultures of the test organism 

were carried on Bacto Microbiological Assay Culture Agar 

(Difco B 319). 
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In preparing for the tests, the organism was transferred 

from the stock culture to tubes, each containing 10 ml of 

Micro Inoculum Broth (Difco B 320), and allowed to incubate 
« 

at 37 C for 24 hours (16). After incubation, cultures were 

centrifuged in a Clay-Adams Safeguard Centrifuge for 15 

minutes in order to concentrate the cells. The resulting 

cells were resuspended in 10 ml of 0.85 per cent saline 

solution and 5 ml of this suspension was added to 95 ml of 

0.85 per cent saline solution. Then, one drop of the re

sulting cell suspension was added to each assay tube and 

incubated at 37 C for either 20 or 72 hours (depending on 

which of two types of quantitative measurements were used) 

at which time the amounts of lysine or methionine were cal

culated. 

The assay tubes mentioned above contained either known 

amounts of lysine or methionine or varying amounts of the 

unknown Scimples to be tested. To prepare standard curves 

for lysine analyses, appropriate assay tubes contained 5 ml 

of Bacto Lysine Assay Medium (Difco B 422) , known amounts 

of L-lysine (amounts varied from 0 to 300 micrograms per 

tube), and sufficient water to make volumes of 10 ml in each 

tube. Correspondingly, assay tubes for preparing standard 

curves for methionine analyses contained 5 ml of Bacto Methi

onine Assay Medium (Difco B 423), known amounts of L-methio

nine (0 to 30 micrograms per tube) and sufficient water to 
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make a volume of 10 ml in each tube. The unknown samples 

were prepared in a similar manner except that each of these 

tubes contained a known amount of the sample filtrate de

scribed earlier (rather than pure amino acid) . Usually, fo\ir 

tubes were prepared for each test, containing 2, 3, 4, and 

5 ml of the filtrate, respectively. Each tube was then 

brought to 10 ml volume by adding the appropriate amount of 

distilled water (all tests were run in duplicate and each 

test was repeated three times). 

Two procedures were used for making amino acid analyses. 

One of these was a modification of the procedure of AOAC 

(1, 2) . In this method, a Bausch and Lomb Spectronic 20 

Spectrophotometer, operating at a wave length of 550 milli

micron, was used to determine optical density values of the 

prepared test samples. Standard curves were then used to 

convert optical density to amino acid content. An example of 

the calculations and preparation of samples is made as 

follows: 

1. Suppose a sample containing 90 per cent total solids 
and 20 per cent protein 

2. Then add 0.35 grams of sample to 25 ml of 6.0 N 
hydrochloric acid, hydrolyzed, dried, and 
neutralized 

3. The resulting material was diluted to 100 ml, 
filtered and 2 ml of the filtrate assayed 

4. Assume the optical density reading from lysine 
curve corresponded to 100 micrograms per tube 
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5. The weight of sample (0.35 gm) times per cent 
protein (0.20) equals grams protein in sample 
(0.07) 

6. mg lysine per tube (0.1) times sample dilution 
factor (5.0) equals mg lysine in sample (5.0) 

7. mg lysine in sample (5.0) divided by mg protein 
in sample (70.0) times 100 equals gm lysine per 
100 gm protein (7.01) 

8. Since 100 gm protein is equivalent to 16 gm 
protein nitrogen, there would be (7.01) gm 
lysine per 16 gm protein nitrogen 

The other procedure used for making lysine and methio

nine determinations was also a modification of a method 

proposed by AOAC (1, 2). By this method, the assay procedure 

was identical to that used on the spectrophotometric method, 

except the assay tubes were incubated for 72 hours (rather 

than 16-20 hours) and acidity was used as a measure of 

maximum growth (rather than turbidity). 

In order to prepare standard curves for this procedure, 

assay tubes containing known amounts of the respective amino 

acids were titrated to pH 6.8 with 0.0 825 N sodium hydroxide. 

The number of ml of alkali used was plotted against the 

amount of amino acid present in each case, and the resulting 

curves were used for subsequent sample analyses. After hav- ^ 

ing determined the number of micrograms of amino acid per 

tube of unknown, a conversion procedure similar to the ex

ample given earlier (for the spectrophotometric procedure) 

was used to convert micrograms per tube to grams of amino 

acid per 16 grams of protein nitrogen. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Descriptions of the samples for which data are given 

are shown in Table 2 (no effort was made to report results 

obtained in preliminary trials performed for the purpose 

of perfecting technique). It may be seen from the data in 

Table 2 that Sample 1 consisted of untreated grain sorghum 

germ fraction; Sample 2 was a dried yeast inoculum; and 

Samples 3 through 9 were dried materials obtained from 

slurries in which yeast had been allowed to grow on the 

grain sorghum substrate. In Samples 3 through 9 the per 

cent protein in the dry matter ranged from 14.14 per cent 

in Scunple 6 to 31.75 in Sample 8 for an average of 22.32 

per cent in all seven samples. These percentages compared 

with 11.21 per cent in Sample 1 and 33.84 per cent in Sam

ple 2. 

Standard curves for lysine and methionine determina

tions were prepared for each of three replicates on each 

of the four tests (lysine spectrophotometric, lysine titra

metric, methionine spectrophotometric, and methionine titra

metric procedures). Examples of each of these curves are 

given in Figures 1 through 4. 

In Tables 3 through 5 the lysine and methionine con

tents of the various samples as determined by the 

24 
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TABLE 2 

DESCRIPTION OF SAMPLES USED FOR DETERMINATION OF LYSINE 
AND METHIONINE 

Per Cent 
Per Cent Per Cent Protein in 

Sample (a) Total Solids Protein Dry Matter 

1 89 .96 10 .08 1 1 . 2 1 

2 87 .19 29 .50 33 .84 

3 91 .10 18 .86 20.70 

4 76 .19 1 7 . 8 1 23 .39 

5 7 3 . 4 6 14 .47 19 .69 

6 7 1 . 7 5 10 .16 14 .13 

7 74 .74 14.49 20 .00 

8 83 .60 26 .55 31 .75 

9 72 .40 19 .27 26 .60 

(a) Sample #1 was Dry Grain Sorghum Germ Fraction alone; 
sample #2 was Yeast, Candida utilis ATCC 9950, grown on a 
filtrate from hydrolyzed grain sorghum, centrifuged, and 
dried; and samples #3 thru 9 represented a product obtained 
by growing yeast on grain sorghum fractions with Diazyme 160 
and dibasic ammonium phosphate. 

spectrophotometric and titrametric procedures are given in 

grams of amino acid per 16 grams of protein nitrogen. The 

replicate data shown in these tables for each sample repre

sent the average data obtained from 4 to 8 tubes which were 

incubated and analyzed. Earlier in the procedure section it 

was pointed out that for each test, amounts of sample varied 
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from 2 to 5 ml per tube, thus accounting for the 4 to 8 tubes. 

The dilutions used caused amino acid contents to be either 

too large or too small to fall on the standard curves and so 

some of the averages given in these tables represent less 

than four (or eight) readings per sample. 

TABLE 3 

L-LYSINE CONTENT OF SAMPLES AS DETERMINED BY 
SPECTROPHOTOMETRIC PROCEDURE 

(GRAMS OF L-LYSINE PER 16 GRAMS OF PROTEIN NITROGEN) 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

4.70 

8.45 

5.31 

4.99 

7.14 

12.26 

4.90 

4.03 

3.08 

Replicates 

2 

4.07 

8.03 

7.62 

10.94 

3.01 

3 

2.53 

7.14 

6.72 

5.39 

6.75 

8.60 

7.11 

Average 
of 

Replicates 

3.77 

7.87 

6.01 

6.19 

7.17 

10.60 

6.01 

3.52 

3.08 

AVERAGE OF THE AVERAGES OF SAMPLES 
3 THRU 9 5.94 
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TABLE 4 

L-LYSINE CONTENT OF SAMPLES AS DETERMINED BY 
TITRAMETRIC PROCEDURE 

(GRAMS OF L-LYSINE PER 16 GRAMS OF PROTEIN NITROGEN) 

Sample 

Replicates 

2 

5.28 

4.37 

6.42 

8.71 

4.35 

4.65 

3.89 . 

3 

2.53 

6.42 

6.43 

4.43 

6.60 

8.50 

6.85 

3.40 

5.10 

Average 
of 

Replicates 

3.07 

5.76 

7.29 

4.92 

7.12 

9.31 

4.90 

3.76 

4.50 

1 

2 

3 

4 

7 

8 

9 

3.61 

5.59 

8.14 

5.95 

8.33 

10.72 

3.15 

3.24 

AVERAGE OF THE AVERAGES OF SAMPLES 
3 THRU 9 5.97 

A comparison of lysine in the samples reveals con

siderable variations in data among replicates as seen in 

Tables 3 and 4. No absolute reasons can be offered for 

these variations, but possibly the hydrolysis procedure for 

breaking the protein into its component amino acids may have, 

in some cases, been too harsh, thereby inactivating small 

amounts of lysine. This is feasible since the autoclave 
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used may not have been at constant temperature throughout its 

heating area, and there could possibly have been some inter

action between the carbohydrate and protein portions (4, 34, 

45) . 

TABLE 5 

L-METHIONINE CONTENT OF STAPLES AS DETERMINED BY 
SPECTROPHOTOMETRIC PROCEDURE 

(GRAMS OF L-METHIONINE PER 16 GRAMS OF PROTEIN NITROGEN) 

Sample 

Replicates 

1 2 

Average 
of 

Replicates 

0.63 

0.78 

0.91 

1.00 

1.00 

1.01 

1.22 

1.14 

1.40 

0.82 

0.78 

1.07 

1.07 

1.20 

6 

7 

8 

9 

1 .86 

0 . 3 3 

0 . 7 0 

2 . 2 7 

1 . 0 5 

0 . 8 4 

0 . 6 5 

2 . 0 7 

0 . 6 9 

0 . 7 7 

0 . 6 5 

AVERAGE OF THE AVERAGES OF SAMPLES 
3 THRU 9 1.07 

Lysine contents (from Table 3) for samples 3 through 9, 

and the average of the averages of these samples, may be 

compared with the average lysine contents of samples 1 and 2. 

Samples 3 through 9 ranged from 3.08 to 10.60 grams of lysine 
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per 16 grams of protein nitrogen, with the average of the 

averages being 5.94. This compared with 3.77 for the pure 

grain sorghum fraction. It is interesting to note that 

although the value of 5.94 was less than the 7.87 value for 

the yeast inoculum, it was higher than the figure of 4.2 

grams of lysine per 16 grams of nitrogen recommended by FAO 

(20). This offers the possibility that, if a product such 

as the one studied in this thesis were prepared commercially, 

blends of this product could be made with pure grain sorghum 

to more nearly approach the palatability characteristics of 

untreated grain sorghum. 

The results of lysine contents obtained by the titra

metric procedure are reported in Table 4. It may be noted 

that Samples 3 through 9 varied in averages from 3.76 grams 

in Sample 8 to 9.31 grams in Sample 6. In some cases the 

titrametric results were lower, and in other cases higher, 

than those shown by the spectrophotometric procedure. The 

lysine content reflected by this procedure was lower than 

those related in Table 3 with reference to Samples 1 and 2. 

The average of the averages for the Samples 3 through 9 in 

Table 4 compared favorably with the corresponding value in 

Table 3. 

In Tables 5 and 6 methionine contents of the samples, 

as determined by the spectrophotometric and titrametric pro

cedures respectively, are given in grams of L-methionine 
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per 16 grams of protein nitrogen. Again, Sample 1 repre

sented pure grain sorghum fraction. Sample 2 corresponded 

to the yeast inoculum used, and Samples 3 through 9 repre

sented the product under question. It may be noted from 

data in Table 5 that the pure grain sorghum fraction (Sam

ple 1) had an average content of 0.82 grams of L-methionine 

per 16 grams of protein nitrogen by the spectrophotometric 

procedure as compared to a value of 1.35 grams by the titra

metric procedure (Table 6). If these two values are aver

aged, the results would indicate that the grain sorghum 

fraction contained approximately 1.08 grams of L-methionine 

per 16 grcims of protein nitrogen. This value when compared 

with the value of 1.04 (obtained by the averages of Samples 

3 through 9 in Tables 5 and 6) shows that the final product 

contained slightly less L-methionine than the original grain 

sorghum fraction. This is logical, for when the L-methionine 

content of the yeast inoculum is considered, it may be noted 

that in limited trials the inoculum contained only 0.77 grams 

of L-methionine per 16 grams protein nitrogen. Protein from 

pure yeast cultures used in this type study has been reported 

to contain 1.44 grams of total methionine (49). No effort 

was made in this study to determine total methionine, but if 

it can be assumed that the L and D forms were present in 

equal amounts because of racemization caused by acid hydroly

sis (16, 25, 50), then the amount of total methionine in 
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the yeast culture was 1.53, and this would compare favorably 

with literature values. The assumption is logical because 

it is known that Leuconostoc mesenteroides (used as the test 

bacteria) utilizes only L-methionine. Based on this premise 

the grain sorghum fraction contained 2.16 grams total methio

nine per 16 grams protein nitrogen and the test product con

tained 2.07 grams. The standards set forth by FAO (20) 

reflects a need for 2.2 grams of methionine per 100 grams 

of protein consumed. 

TABLE 6 

L-METHIONINE CONTENT OF SAMPLES AS DETERMINED BY 
TITRAMETRIC PROCEDURE 

(GRAMS OF L-METHIONINE PER 16 GRAMS OF PROTEIN NITROGEN) 

_ .. . Average 
Replicates ^ 

Scimple 1 2 Replicates 

1 1.43 1.26 1.35 

2 0.75 0.75 

3 

4 0.58 0.58 

5 1.87 0.97 1.42 

6 1.11 1.11 
7 1.22 1.22 

8 0.84 0.84 

9 0.80 0.80 

AVERAGE OF THE AVERAGES OF SAMPLES 
3 THRU 9 1.00 
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After analyzing the data concerning the methionine con

tents of the samples, it may be said that the product ob

tained by growing yeast on slurries of grain sorghum fractions 

did not materially alter methionine contents of the protein 

in the final product with respect to that in the original 

substrate. Since the methionine content of yeast cells is 

reported to be relatively low (4, 9, 11, 17, 27, 31, 49), 

further work should be done on this particular phase of the 

study because of the limited amount of data obtained. The 

data shown in Tables 5 and 6 should be considered as only an 

indication that the methionine content of the final product 

practically meets minimum requirements as recommended by 

FAO (20). 

The results presented indicate that the lysine content 

of grain sorghum fraction can be increased two-fold by grow

ing yeast from grain sorghum fraction, but methionine content 

is not materially changed by this procedure. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Certain varieties of grain sorghum are used as a source 

of human food in several countries, but the protein from 

this crop is notably low in lysine and methionine. In ear

lier work by Brackeen (7), a product was obtained, which 

had a higher protein content than grain sorghum flour, by 

growing yeast on slurries of a particular dry-milled frac

tion of grain sorghum. The purpose of this study was to 

evaluate by microbiological assay techniques, the lysine and 

methionine contents of the protein in that product. 

Two procedures were used for quantitatively determining 

lysine and methionine. One entailed the use of a spectro

photometer for measuring the growth of Leuconostoc mesen-
• • ~"~~ — — — — ^ — — — ^ ^ ^ — ^ — — 

teroides on media fortified with extracts from the samples, 

and the other employed the principle of titrametric analysis 

for making the measurements. 

Seven samples of dry product (resulting from the growth 

of yeast on slurries of grain sorghum fraction) were pre

pared by the method of Brackeen. The percentages of protein 

in the material obtained ranged from 14.13 to 31.75 with an 

average of 22.32, agreeing with data from Brackeen (7). The 

untreated sorghum fraction contained 11.21 per cent protein 

in dry-matter. Also the original grain sorghum material 

37 
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contained approximately 3.42 grams of L-lysine and approxi

mately 1.08 grams of L-methionine per 16 grams protein 

nitrogen. Assuming that the L and D forms of methionine 

were present in equal amounts in the test materials, the 

grain sorghum fraction contained 2.16 grams of total methio

nine per 16 grams of protein nitrogen. 

The final product (after incubation and drying) contained, 

on the average, 5.95 grams of L-lysine and a calculated 2.07 

grcuns of total methionine per 16 grams of protein nitrogen. 

FAO recommendations for these two amino acids are that, per 

100 grams of protein consumed, there should be 4.2 grams of 

lysine and 2.2 grams of methionine. Based on this recom

mendation the yeast product exceeded lysine recommendations 

but requirements for methionine were not met. Furthermore 

since the methionine requirement set by FAO (20) is considered 

low by some workers (10, 22, 39), it was recommended that, 

before the procedure of Brackeen (7) be recommended as a sat

isfactory one for a grain sorghum food, attention should 

be directed toward modifying the procedure to effect an in

crease in methionine content of that product. 
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