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III. INTRODUCTION AND LITmATURE REVIEW 

One of the most serious problems facing the world is the 

insufficiency and the inadequacy of food supply, especially in the 

developing countries where the food supply per person is diminishing 

and protein-calorie malnutrition is widespread due to rapid population 

growth, poor economy, and primitive agricultural practices. 

Nutritionists and public health nutritionists are trying very 

hard to combat protein-calorie malnutrition in the developing countries 

using various methods. One of the most successful methods they have 

reached is the development of good quality food mixtures from agricultural 

products which are indigenous to the country where the mixture is intended 

to be used. These food mixtures supply most of the nutrients required 

by humans, and they are cheap enough to be afforded by most of the 

people. Incaparina developed in Guatemala under the direction of 

Dr. Nevin s. Scrimshaw, AK-100O developed by Dr. K. w. King for Haiti, 

and Pro Nutro produced by Hind Brothers for South Africa are examples 

of such food mixtures. 

It is true that animal protein is far superior to one single 

plant protein, but it is also far more expensive. This is mainly due 

to the inefficiency of the animal in converting plant protein into 

animal protein. Most animals only retain 10-15% of their protein 

intake. But by development of technological processes for improving 

the yield and quality of plant protein, the protein resources would be 
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extended 7-10 times. This can be seen from Table 1, which indicates 

that plants produce several times more protein per acre of land than 

animals. 

One technological process which might prove to re economically 

feasitle is the use of cellulolytic enzymes for macerating plant fibers 

thus rendering more protein available for human use. 

Soya beans, whose protein content is at,out 3~4~ holds economic, 

agronomic, and nutritional promise for combatting malnutrition. 

A series of processes has been developed involving essentially 

extraction of seed meals with water, isoelectric precipitation of 

protein, and drying in order to obtain products with good nutritional 

qualities as well as long shelf-life under primitive storage conditions. 

With soybean, however, only 5~80% of the protein is extractable ,and 

Hackler .£1 al. (10) have shown that the unextracted protein is of even 

higher nutritional quality than that presently recovered. Furthermore, 

it has been reported that coconut flour protein is of greater nutritional 

value than that of coconut protein isolate, but the high fiber content 

of both soybean residue and coconut flour makes them unsuitaHe for 

infant feeding. Consequently, any process which will degrade filer 

without damaging the protein would make the soy residue and coconut 

flour suitatle for infant feeding. It might also increase the yield of 

protein isolate and improve its quality. 

According to Van Yeen (19) the fiber can be reduced by fennentation 

but only at a considerable risk of bacterial contamination. It is probable 
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Table I {l) 

Comparison of Protein Yield of Plants and Animal Products 

Product 

Grass 

legumes 

Wheat 

Milk 

Beef 

Protein Yield 
(pounds/acre) 

600 

370 

269 

90 

54 
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that bacterial contamination can be avoided by isolating the enzymes 

which degrade the fiber, thereby ma.king it possible to reduce the fiber 

in a shorter period of time. Promising indications, that cellulase 

treatment may be of use in enhancing protein extraction, have been 

reported by Taza.ki !!, &• (27), Oshima tt !l• (20), Toyama (30), Osaki et al. 

(21), Nisiza.wa ~!!.• (18), and Watanabe !!!l• (32). Nisizawa !!l.il• 

(18) using Irpex lacteus cellulolytic enzymes reported that 78% of soy 

residue nitrogen has been extracted by this enzyme treatment. It should 

be mentioned here that Nisizawa !!, !l• used a soy residue which contained 

SO% of the nitrogen of the soybean seed. Since it has been reported by 

lfand ,0.l)that water extraction of the dehulled soybean would leave only 

16.5% of the whole seed nitrogen in the residue, it can be seen that 

the actual extraction achieved by Nisiza.wa !! !l· enzyme treatment is 

about 32%. 

It is of great importance to conduct animal feeding experiments 

on products prepared by use of fungal enzymes to find out if these 

enzyme preparations contain any substance which might be detrimental 

to health. These experiments would also reveal whether the increase 

in yield of extractable protein due to enzyme treatment would improve 

its quality. 

Bacterial and fungal enzyme preparations have been used for the 

purpose of increasing animal protein production. Toyama (29) claims a 35% 

increase in egg production as a result of adding crude Trichoderma viride 

cellulase to barley-based rations. Willingham!!, al. (33) reported 
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that there w~s a highly-significant increase in grovth and feed utili-

zation when diets containing barley were supplemented vi.th enzymes from 

bacterial or fungal sources. Later Derg (1959, 1961) (5, 6) reported 

similar results. Leveil !:,! &• (15) using albino rats reported that 

cellulase improved the digestibility of Chlorella pyreooidosa protein. 

In this dissertation an attempt has been made to study cultural 

conditions under which fungal cellulases are capable of rendering the 

protein of soybeans more readily extractable and to find out the 

optimum conditions for enzymatic treatment on a scale sufficient to 

permit evaluation of the nutritive value of the protein isolate in rats. 

Six fungi, Pestalotiopsis we§terdijkii QM:381, Myrotheciwn 
verrucaria QH:460, Aspergillus terrus QM:72f, Cllaetomium globosum QM:459, 

Ba.sidiomycetes sp. QH:806, and Trichoderma viride QM:6a have been screened 

according to their capacity to elaborate on extracellular enzyme systems 

capable of enhancing the extractarility of soy protein. The most active 

culture was selected for production of large amounts of the enzyme system. 

This enzyme system was used for treating the residual fraction of soy 

beans after water extraction, and both the effectiveness of the enzyme 

system in improving the recovery of soy protein as soy milk and the 

nutritive value of soy residue and soy milk before and after treatment were 

studied. 
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IV o l-MTERIAIS AND METOODS 

Six fungi, Pestalotiopsis westerdikii QM:381, MY:rotbeciwn 

verrucaria QM:460, Aspergillus terreusQM:72f, Chaetomium globosum 

QM459, Basidiomycetes sp. QM:806, and Trichoderma viride QM:6a were 

generously supplied by Dr. E.T. Reese. 

Media: 

To one gram of soy residue or wheat bran and Solka floe (2:1 

wt./wt. ratio) 0.7 ml of a diluted trace mineral mixture* was added. 

The medium containing soy residue is called "soy residue medium", and 

that containing wheat bran is called ''wheat bran medium." 

Preparation 9f extracellular enzyme system capable of degrading 

soy fiber_, 

Trays containing four or five-hundred grams of one of the above 

media were inoculated with spores of one of the above fungi obtained 

from potato dextrose agar slants and then incubated for 7-10 days at 

28°-32° C. The contents of the trays were extracted for three hours 

with five volumes of distilled water at room temperature and filtered 

through cheese cloth. The filtrate was fractionated with anmonium 

sulfate. The material precipitated between 30-70% anmonium sulfate 

saturation was collected by centrifugation in a refri,erated centrifuge 

at 2500 X G for 20 minutes. The precipitate was dissolved in an amo\lllt 

of distilled water equivalent to one-sixth of the original volume of the 

* One ml of Reese et al. (24) trace mineral mixture was diluted 1000 times 
with distilledwater. 
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filtrate. This enzyme solution was dialyzed on a Sephadex G25 column 

and the fraction which had all the aryl-~-glucosidase activity was 

collected. 

Preparation of soy fiber: 

One gram of soy meal was boiled for one hour in 100 ml of digestion 

mixture having the following composition: 

80 ml acetic acid, 80 ml nitric acid, 32 gm trichloroacetic 

acid, 720 ml distilled water. 

The digested mixture was filtered on cloth. The fibers were 

collected and washed thoroughly with distilled water to neutrality. The 

fibers were air dried and very finely ground in an agate mill. 

Preparation of soy residue: 

Whole soybean seeds were soaked for 12 hours with 3.5 volumes of 

distilled water, dehulled, extracted with 8.3 volwnes of distilled water 

per kilogram of dry soybeans in a Waring blendor for ten minutes, and 

filtered through cheese cloth,. The filtrate was called "soy milk" and 

the unextractable fraction was called "soy residue." Both fractions 

were freeze dried. 

Soy-fiber-degrading activity assay: 

This assay was essentially the same as that of Ii, Flora and 

King (16) except hydrocellulose was replaced by soy fi~er. 

Carbogmethylcellulase assay ((}{Case Assay): 

Hash and King's (12) method was followed. 
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Ar:yl-~-glucosidase assay: 

King's (14) method was used. 

Chemical Analysis: 

The Johnson (13) method for microkjeldahl, Somogyi (25) method for 

reducing sugar and the A.O.A.C. (3) method for proximate analysis were 

used. 
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V. RE5ULTS AND DISCUSSION 

1. Selection of Fungus 

The fungul which elaborated ai extracellular enzyme system 

having the highest soy fiber-degrading activity and the highest carbo.xy-

methylcellulase activity was chosen for further study. 

The spores of the previously-mentioned fungi were grown 

on soy residue medium as mentioned under Materials and Methods for 

ten days at 28° c •. The enzyme system was prepared as mentioned under 

Materials and Methods, except the gel filtration step was omitted. 

The enzyme preparations produced by these fungi were tested 

for their soy fiber-degrading activity and cari>oxymethylcellulase 

activity. The results are shown in Table 2. 

Table 2 indicates clearly that Pestalotiopsis westerdijkii 

elaborates the most active extracellular enzyme system. It was, therefore, 

chosen for further study. 

2. Selection of Cultural Medim 

Spores of Pestalotiopsis westerdijkii were grown on soy 

residue or wheat bran medium,and the enzyme system was prepared as 

mentioned under Materials and Methods. The activity of the enzyme 

system produced on each cultural medium was assayed as follows: 

One gram soy residue samples were treated with 10 ml distilled 

water or purified enzyme at pH 4.0 and 37° C for six hours. Toluene 

was added to prevent bacterial contamination. At the end of the 
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Table 2 

Comparison of soy fiber degrading activity and (>fCase 
activity of extracellular enzyme aystems 

produced by different fungi 

Fungus 

Pestalotiopsis weaterdijkii 

Chaetomium globosum 

Trichoderma viride 

Ba.3idiopq:cetes !R.• 

M:pythecium verrucaria 

Aspergillus terreus 

Soy fiber 
degrading actiTity 

( AKlett)* 

- 10 

- 8 

- 4 

0 

+ 2 

+ 2 

a-tease 
activity 

units of enzyme 
per ml-ff 

15.9 

8.8 

1.5 

6.2 

13.l 

12.0 

* ~IUett denotes the decrease of turbidity of soy fiber suspension 
treated with 1 ml en&yme for 1 hour above or below a control 
soy fiber suspenaion treated with only buffer. 

-H One unit of OfCa.se enzyme is defined as the amount of enzyme per 
ml which causes the production of ten micrograms of reducing 
sugar in one hour. 
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incubation period, the reaction mixtures were filtered t,y suction on 

Whatman No. 1 filter paper. The nitrogen content of the filtrates 

va s determined by the microkjeldahl method, and the nitro1en extracted 

as a result of enzyme treatment was calculated as well as the percent 

of nitrogen extraction. The results are shown in Table 3 which 

indicates that Pestalotiopsis w;esterdijkii when grown on wheat bran 

medium produces a more active enzyme system for making soy residue 

protein more available for water extraction than that enzyme system 

produced on soy residue medium. 

3. Optimum Cultural Conditions 

a) Optimum temperature 

Pestalotiopsis westerdijkii was grown on wheat 

bran medium for 10 days at 27°, 31.5°, 34°, and 36° c. There 

was no growth whatsoever at 34° and 36°. At 27° the mold 

sporula.ted on the fifth day and on the tenth day at 31.5° c. 
The enzyme system wa.s prepared from cultures grown 

at 27° and 31.5° C. The activity of the enzyme preparations 

was ctetennined as percent increase in nitrogen extraction 

and as percent loss in weight of one gram of soy residue 

when treated for six hours with 10 m.1/~nzyme at 37° C and 

pH 4.8. Table 4 suggests that the optimum temperature for 

the production of a potent enzyme system is 31.5° c. 
b) Age of culture 

The mold was grown on wheat bran medium at 31.5° C 

for 4, 6, 8, and 10 days,and the purified enzyme system was 
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Table 3 

Elctraction rates of nitrogen from aoy residue by 
enzyme systems from different media 

% 
Source of enzyme 

mg nitrogen 
extracted* Extraction-ff-

Wheat bran medium 

Soy residue mediwn 

7 

3 

17 

7 

*The nitrogen content of the control (9 mg) and the enzyme from wheat 
bran medium (1 mg/ml) and from soybean residue medium (2.5 mg/ml) 
are subtracted. 

-ff-
One gram of soy residue contains 42 mg nitrogen. 
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Table 4 

Nitrogen extraction and loss of weight of soy residue by 
enzymes produced at different temperatures 

Source of 
Enzyme 

27 ° C culture 

31 .5° C culture 

% Nitrogen* 
Extraction 

7.8 

9.5 

% loas in 
Weight 

8.7 

19.3 

*rhese values were corrected for nitrogen contributed by the enzyme 
(1 mg/ml) and by the control (9 mg). 
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prepared as mentioned. The enzyme activity and the age of culture were 

studied. The results are shown in Tables. This table indicates that 

ten-day-old cultures give the most active enzyme preparation. 

4. Optimum Conditions for iJ!me Actintr 

a) pH optimum 

The pH optimum of the purified enzyme system was 

determined by treating one gram of soy residue with ten ml 

ensyme preparation and adjusting to various pH values by 

addition of hydrochloric acid or sodiwn hydroxide. The mixture• 

were then incubated at 37° C for six hours and filtered through 

Wbatman No. 1 filter paper by suction. The nitrogen content 

of the filtrates was determined, and the amount of nitrogen 

extracted due to ensyme action was calculated. It can be 

seen from Table 6 that although the absolute amount of nitrogen 

extracted. by the same amount of enzyme at the same pH for two 

independent experiments differs, the percent of maxi.mum activity 

agrees very well for the two experiments. The data in Table 6 

and Figure 1 indicate clearly that the pH optimum ia 4.6. 

b) Optimum Temperature 

The optimum temperature for soy residue protein extraction 

waa determined aa mentioned before under optimwn pH except the 

pH was fixed at 4.6 and the temperature was varied. Figure 2 

suggeat1 that the temperature optimum for ensyme activity ia 

3ao C. 
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Table 5 

Effect of culture age on enzyme activity for 
extraction of soy residue nitrogen 

Age of Culture % Nitrogen Elctraction 

4 days 26.3 

6 days 27.9 

8 days 29.2 

10 days 29.6 

Control 21,4 

% Increaae 
over control 

4.9 

6.5 

7.8 

s.2 



pH 
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4.8 
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Table 6 

pH Optimum of enzyme system acting on say residue 
* protein extraction 

Experiment No. 1 Experiment No. 2 
mg N Extracted % of Maximum mg N Extracted % of Ma.ximlim 

actiTity activity 

1.6 28 o.o o.o 
5.7 100 1.1 100 

2.6 45 o.s 46 

1.7 30 0.3 27 

* Control without enzyme treatment resulted in extraction of 9 mg N. 



- 21 -

Figure l" 

Effect of pH on the activity of the extracellular enzyme system 

preparation. Ba.rs indicate highest and lowest of duplicate values. 
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Figure 2 

Effect of temperature on the activity of the extracellular 

ensyme ayste111 preparation. 
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c) Optimum amount of enzyme for maximum extraction of protein 

for soy residue: 

Figure 3 indicates the extraction of nitrogen from soy residue 

increases rapidly with the increase of the amount of enzyme. Then the 

efficiency of extraction decreases. The same figure indicates that the 

optimum amount of enzyme to be used for large scale soy residue extraction 

is 40 ml. Beyond this level added enzyme had little effect. 

d) Incubation time vs. enzyme system activity on extraction of 

nitrogen from soy residue: 

Samples of 1 gram of aoy residue each were treated with 40 ml 

enzyme at pH 4.6 and 37.5° C. for different periods of time. 

Figure 4 suggests that nitrogen extraction increases rapidly 

the first 20 hours, and for longer periods of time the increase in 

nitrogen extraction ia slow. It also 1uggests that the optimum incubation 

time is 20 hours. 

5. Nature of Hzdrolztic Products 

a) Carbohydrates 

Total carbohydrates (28) and reducing sugars (25) liberated by 

the action of 10 ml enzyme system on one gram soy residue at optimum 

pH and temperature for six hours were deterndned. Sugars liberated were 

identified chromatographically ua~ Trevelyan's et al. (31) method and 

detennined by Somogyi.ts (25) method after eluting ea.ch spot. The results 

are presented in Table 7 which suggests the presence of hemicellulolytic 

enzymes. The data also suggest that in addition to the liberation of 
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Figure 3 

Effect of ..,'llllt of extracellular eu:,ae on the rate of 

aitrogm extraction from residue. 

One 1ru1 807 resid•e was treated with different amount• of 

eu,ae• tor 2-4 hours at pH 4.6 and 37° c. The reaction were 

filtered through Whatman lo. 1 filter paper. litrogm coateata of 

filtrate• were detend.Jled and the perceat Ditro1ea extraetecl waa 

c:alc.:lated after con-ectiq for coll'trol ftlaea. 
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:&ffect of incubation tiae on the total nitrogen and non-proteiJI 

aitrocea content of ao7 residue filtrate after treatment vi.th the 

extracellular enzyme ay-atea. 

One gram of s07 residue samples va• incu.bated with 40 ml (32 

me nitrogen) extracellular msyme 37stm preparation at 37° C and 

pH 4.6 for different periods of tim.e. The reaction mixture• were 

filterecl thro\llh Wha.tman No. 1 filter paper. Nitrogen and non-protein 

Ditrogen were detend.ned in the filtrate. Cttn'e A shows the effect 

of incubation time on the amount ot nitrogen in the filtrate. CUrYe 

B •hows tlae effect ot iacllbation tiae on the •a-protein nitrogea 

colltmt of the filtrate 
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Table 7 

Carbohydrate liberated due to the action of enzyme system 
on soy reaidue 

Residue and Residue 
Carbohydrate Boiled Ensyme * Treated Increaaes 

mi mg mg 
Total carbohydrate 36 128 92 

Reduci.Dg sugars 38 74 36 

Unknown 2.s 2.s 0 

Ga.lactose 3.8 18.1 14.3 

ro.ucoae 3.8 10.0 6.2 

Arabi.Dose 17.S 15.0 0 

Xyloae 2.5 2.0 0 

*&1syme solution was boiled for 10 minute•. 
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glucose and galactose other carbohydrates with an average chain length 

of three were produced. 

b) Non-Protein Nitrogen 

Non-protein nitrogen produced when one gram of soy residue 

was treated with 40 ml of enzyme system under optirnun pH and temperatures 

for different periods of time was determined l:y the method of Becker 

tt Al.• (4). The results in Figure 4 suggest that there is a rapid 

increase in the amount of non-protein nitrogen and then a slow increase 

after 10 hours. When one gram of soy residue was incubated with 40 ml 

of distilled water for two hours, there was no production of non-protein 

nitrogen, but when incubated for three days, it was found that 75% of 

the nitrogen extracted was non-protein nitrogen. In both cases, that 

is, treating with enzyme or distilled water, toluene was added to 

prevent bacterial contamination. It can be suggested from these results 

that the formation of non-protein nitrogen is due to proteolysis by 

proteases present in both the enzyme system and the soy residue. 

6. Feedin,g Experiments 

a) Large scale preparation of untreated and treated soy residue. 

Two samples of six-hundred grams of soybean seeds each were soaked 

with 3.5 volumes of distilled water for 12 hours. The soak-water was 

drained and the seeds were dehulled. The dehulled beans were then 

homogenized for ten minutes in a Waring blendor with 8.5 volumes of 

distilled water per kilogram of dried soybean seeds. The homogenates 

were filtered through two layers of cheese cloth by aqueesin,g. The 
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filtrates (soy milk) were boiled for one hour at 100° c. then freeze 

dried. The residues were freeze dried and used for treatment with 

either distilled water or enzyme* at a rate of 40 ml per gram of dried 

residue for two days at pH 4.6 and 37.5° C. Toluene was added to prevent 

bacterial contamination. At the end of the incubation period the 

mixtures were filtered through w'hatman No. 1 filter paper under suction. 

The filtrates and the residues were boiled for one hour at 100° c. and 

freeze dried and weighed. The dried filtrateswere combined with the 

two soy milk fractions to produce control milk and treated milk. The 

material balance of the fractions prepared and their proximate analysis 

is shown in Tables 8 and 9. 

Table 8 indicates that enzyme treatment increases the protein 

yield in soy milk 2o,C more than water extraction treatment. The signi-

ficance of such a treatment can be more appreciated if the following 

is taken into consideration. 

The annual world production of soytean is 40 million tons. 

If this were processed for production of soy milk and residue, then 3.4 

million tons of protein would be left in the soy residue which is not 

suitable for human use because of its high fiber content. Since enzyme 

treatment makes 60% of soy residue protein available for extraction, 

an additional two million tons of protein would be availatle for human 

use. If we ass\llle that protein requirement for a hwnan adult weighing 

* . . 0 ml Nitrogen concentration in enzyme preparation is .8 mg per • 
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Table 8 

Dry wei1hts of control and treated soy residue and soy milk 
and the percentage of original crude soy protein 

in each fraction 

Fraction Dry Weight % Protein 

gm. 

Control Residue 182.5 24.3 

Control Milk 304.9 69.8 

Treated Residue 79.0 9.4 

Treated Mille 392.6 89.5 

*one gram of soybean seeds used has 33% crude protein. 

* 
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Table 9-a 

Proximate analysis of soybean fractions 

% % % Ether % % % 
Fraction Protein Ash Extract Moisture Fiber Other Total 

Control Residue 24.7 1.1 16.7 6.4 16.9 34.2 100 

Control Milk 43.9 5.5 19.0 3.2 0.3 28.l 100 

Treated Residue 22.4 3.1 20.6 4.8 11.9 21.2 100 

Treated Mille 41.1 5.7 10.8 8.9 1.6 31.9 100 



Fraction 

C.ontrol Residue 

C.ontrol Milk 

Treated Residue 

Treated Milk 
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Table 9-b 

Composition of Soybean Fractions 

Figures in grams per 100 gm dry matter 

Protein 

26.3 

45.3 

23.5 

45.1 

Ash 

1.2 

5.7 

3.3 

6.2 

Ether Extract 

17 .9 

19.6 

21.7 

11.9 

Fiber 

18.l 

0.3 

12.s 

1.9 

Other 

36.5 

29.1 

39.0 

34.9 
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70 kg is 36 kg protein per year and the protein requirement for a five 

year old child weighing 20 kg is 12 kg of protein per year, then the 

amount of protein made available by enzyme treatment would meet the 

protein needs of 55 million human adults or 165 million children five 

years old. 

b) Amino Acid Composition of Soybean Fractions 

The amino acids were determined according to Spackman £1 al. 

(26) and tryptophan was determined by the method of Graham £1 al. ( 9 ). 

The results are smmiarized in Table 10. The requirement index was 

calculated for each fraction according to the Rao (22) method. The 

results are summarized in Table 11 which indicates that all the five 

fractions have protein of considerably good quality. Table 12 shows 

the essential amino acid requirements for infants and the percentage 

of the requirement met when the infant consumes his protein requirement* 

(23) as treated soy milk. Table 12 also suggests that more than 100% 

of the essential amino acid requirements for infants are satisfied 

by treated soy milk protein with the exception of methionine where only 

64% of the requirement is satisfied and isoleucine where only 87% of 

the requirement is satisfied. 

c) Detennina.tion of Protein Quality of Soybean Fractions. 

Diets containing 10% protein from soybean fractions and a 

control diet containing 10% protein from casein were prepared according 

to the Derse (7) method. The salt mixture and vitamin mixture used were_; 

those recoillllended by Campbell (8). 

*protein requirement is 2.6 gm/kg body of protein with biological value of 70. 
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Table 10 

Amino Acid Composition of Soybean Fractions 
gm per 100 gm protein 

c.ontrol Control Treated Fraction Treated 
Ami.no Acid Residue Milk Residue Extracted Milk 

by Enzyme 

Lysine s.o 7.3 8.7 9.9 a.o 
Histidine 3.7 2.9 3.1 2.5 2.8 

Arginine 6.2 6.4 3.5 0.2 4.8 

Aspartic n.s 10.6 10.3 9.5 10.3 

Threonine 4.3 3.6 4.0 3.7 3.7 

Serine 5.1 4.2 4.0 4.0 4.2 

<D..utamic 16.7 16.8 11.7 12.a 15.8 

Proline 6.3 5.2 4.9 5.1 5.2 

Glycine 4.6 3.9 5.0 4.0 3.9 

Alanine 4.5 4.0 5.6 4.5 4.2 

Cystine 1.4 2.7 4.0 1.6 2.4 

Valine 5.4 4.3 5.5 5.3 4.5 

Methionine 1.1 1.1 1.0 1.0 1.1 

Isoleucine 5.4 4.3 4.6 4.1 4.2 

Leucine a.a 6.7 5.1 6.4 6.7 

Tyrosine 2.s 3.4 2.7 2.7 3.2 

Phenylalanine 5.3 4.4 4.5 3.7 4.3 

Tryptoph&n 1.3 1.4 1.3 1.3 1.3 

Ammonia 2.0 1.8 2.5 3.4 2.2 
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Table ll 

Requirement Index of Soybean Fractions 

Protein Source Requirement Index 

Control Residue 89 

Control Milk 89 

Treated Residue 91 

Treated Milk 87 

Fraction Extracted by 
Enzyme 83 
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Table 12 

Essential Amino Acid Requirements for Infants and the 
Percentage Satisfied by Treated Soy MilJc 

Amino Acid 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Total S-AA 

Phenylalanine 

Total Aroma.tic-AA 

Threonine 

Tryptopha.n 

Valine 

Requirements (17) 
mg/kg 

34 

126 

150 

103 

45 

90 

87 

22 

105 

% Satisfied 
by 2.6 gm Soy 
Milk.Protein 

241 

87 

116 

202 

64 

124 

111 

154 

111 
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Forty-seven male rats of the Sprague-Dawley strain, weighing 

45 ± 5 gm each, were fed a casein diet containing 10% protein for five 

days, then starved for 18 hours to empty their intestinal tracts. The 

animals were weighed and diTided into six groups. Ten animals were 

allotted for each of several groups including the protein-free diet, 

casein diet, soy milk control, and treated soy milk diet. Five rats 

were fed the control soy residue,and two rats were fed the treated 

residue diet. 

The animals were placed in metabolism cages, fed !!S. libitum 

for seven days, and then starved for 18 hours. The food consumption 

was recorded and the animals were weighed and sacrificed with chlorofonn. 

The carcasses were dissolved in 50% sulfuric acid solution in a steam 

bath. The urine and feces were collected. The nitrogen content of 

carcasses, urine and feces were detennined by ma.crokjeldahl (13). 

Table 13 shows weight gains, nitrogen intake, body nitro~en, 

urinary and fecal nitrogen per rat. It also shows some of the protein 

quality parameters. Table 13 shows that treated milk is a little 

superior in protein quality when compared to control soy milk or treated 

residue. There was a little improvement in the digestibility of treated 

soy milk. The data in this table also confinn the observation of Hackler 

!?! !l• (10) that soy residue prepared by water extraction has a high 

PER compared to soy milk. It can also be seen from Table 13 that there 

is no sign of toxicity. However, long-term feeding experiments are 

required for detection of any m;rcotoxins which might cause any hepatoma 
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Table 13 

Nitrogen Balance and Estimates of Protein Quality of Casein 
and Soybean Fractions 

Protein Ulntrol Treated Control 
free Casein Milk Milk Residue 

N-Intake, in gm o.o 1.02 0.87 0.94 0.66 

Wt. Gain,in gm - 7.8 24.7 11.0 11.7 10.6 

Urinary N,in gm 0.059 0.094 0.163 0.177 0.154 

Fecal N, in gm 0.039 0.115 0.195 0.159 0.162 

Body N, in gm 1.18 1.82 1.53 1.60 1.54 

Digestibility 92 82 85 81 

Biological 96 85 83 82 
value 

NPU 62 40 49 48 

NPV 6.2 4.0 4.9 4.8 

NPR 5.1 3.5 3.7 4.4 

PRE 81.6 56.0 59.2 70.4 

PF.R 3.9 2.0 2.2 2.s 

Treated 
Residue 

0.67 

3.5 

0.230 

0.280 

1.46 

57 

68 

41 

4.1 

2.6 

41.6 

0.8 
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or other indications of toxicity. Because of the close similarity 

in amino acid composition and requirement index between the soy 

residue and soy milk prepared by water extraction as seen in Tables 

10 and 11., there is no obvious reason to explain why the residue 

protein is of superior quality. 
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VI o CONCWSION 

By use of an extracellular enzyme system isolated from 

Pestalotiopsis westerdijkii about 60• of the nitrogen content of soy 

residue has been made available for extraction. There was an increase 

of 20%, in protein yield of soy milk. In addition, there was a small 

improvement in the protein quB:1-ity of treated soy milk as well as 

improTement in it.a digestibility when compared to control soy milk 

prepared by water extraction. Additional infonnation is needed to 

establish the economic feasibility of such treatment. Infonnation is 

also needed to show if these fungal cellulolytic enzyme preparations 

offer no hazard to human health. Supplementation of the treated soy 

milk with sulfur amino acids and isoleucine should make it considerably 

better as a protein substitute for infants. 
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VII. SUMMARY 

1. Pestalotiopsis westerdijkil is the most suitable producer of 

cellul.olytic enzyme systems among the fungi examined for this study. 

2. Wheat bran medium is superior to soy residue medium for the pro-

duction of the enzyme. 

3. The optimwn temperature for the growth of Pestalotiopsis vesterdiJkil 

and the production of enzyme is 31.5° c. 
4. A ten-day growth period is sufficient for the production of enzyme 

capable of degrading soy residue. 

5. The optimum pH and temperature for the enzyme activity are pH 4.6 

and 38~ c. 
6. Forty ml of enzyme and 24 hoursincubation time with one gram soy 

residue results in the most efficient extraction of protein from soy 

residue (about 60% of soy residue protein). 

7. The amino acid content of the treated soy milk indicates that the 

first limiting amino acid is methionine or sulfur-containing amino 

acids. The second most limiting amino acid is isoleucine. The 

rest of the essential amino acids are present in amounts far more 

than sufficient to meet the infant'• daily requirements. 

8. The en.%)'1Nltic treatment in addition to increasing the protein 

extraction from soy residue, improTed both the protein quality and 

digestibility of soy milk. 
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ABSTRACT 

Enzymatic Modification of the Eictractability of Protein 

from Soybeans (Glycine !5) 

Six fungi, Pestalotiopsis westerdiikii QM:381, tlr;rothecium 

verrucaria 1.11:460, .Aapergillus terrus QM:72f, Chaetomiwn globosym 

QM:459, Basidi0111YCetes sp. QM:806, Trichoderma viride ~l:6a were screened 

according to their ability to elaborate an extracellttlar enzyme syatem 

which has the highese soy fiber-degrading activity and the highest 

carboxymethylcellulase activity. Peatalottopaia westerdijkii QM:481 

gave the most potent extracellular enzyme system. 

When Pestalotiopsis wester~fi jkii was grown on a wheat bran 

medium at a temperature of 31.5° C for ten days, it elaborated the most 

potent extracellular enzyme system. 

It was found that the optimum conditions for this extracellular 

enzyme system, acting on soy residue for the purpose of making soy 

residue protein available for extraction, were pH 4.6 and 38!» c. 
Treating one gram of soy residue, 40 ml (32 mg Nitrogen) ensyme 

preparation, at the optimum pH and temperature for 20 hours caused the 

moat efficient extraction of protein. 

There was an increa.ae in the amount of soluble carbohydrates, 

reducing sugars, glucose and galactoae due to the action of enzyme on 

soy residue. The amo\Dlt of non-protein nitrogen in the extractable 
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traction of soy residue after treatment with enzyme preparation or 

water increaae1 with the increaae of incubation time even in the presence 

of toluene which prevents bacterial contamination. This is probably 

due to the action of proteases from the soybean and enzyme preparation. 

In large scale experiments, when 40 ml (32 mg Nitrogen) of the 

ensyme preparation per gram of soy vere used, about 60% of 

the soy residue protein was made available for water extraction and 

the yield of extractable protein in soy milk was increaaed by 20% 

Feeding experiments using treated or untreated soy residue and 

soy milk showed that the treated milk contains protein of higher quality 

and better digestibility when compared to untreated soy milk or treated 

residue. The most limiting amino acid in these products is methionine. 

The a.mi.no acid composition of these products was very much the same. 
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