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CHAPTER I 

INTRODUCTION 

Soybeans are a major potential source of protein. 

Unfortunately, certain functional limitations, particularly 

the ability of soy protein concentrates and isolates to re-

disperse in water, prevent the maximization of this potential 

Although many factors may be responsible for this poor 

functional performance, the fact that phytic acid forms 

insoluble complexes with certain fractions of the protein 

during manufacturing, is an important area of research 

interest. 

At present, many of the industrial procedures for 

producing soy protein concentrates and isolates begin with 

preparing alkaline suspensions of the protein from defatted 

soy flakes, adjusting the pH of these suspensions to 4.5 

(the average isoelectric point of these p r o t e i n s ) , and 

centrifuging the mixture to obtain precipitates with rela

tively high percentages of protein. Then, a variety of 

intermediate steps are employed to prepare the product for 

drying into powdered form. 

The purpose of this thesis was to modify the preceding 

procedure by 1) adjusting the pH of the alkaline suspension 

to 3.0 rather than 4.5 and 2) adjusting the pH to 3.0 in 
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the presence of calcium chloride, and then to study the 

effects of these modifications on the phytate-protein 

ratios of the resulting fractions. 



CHAPTER II 

REVIEW OF LITERATURE 

Introducti on 

Protein from the oilseed soybean (Glycine Max) is an 

economical and nutritous source with which to supplement the 

world's protein supply (Smith and Circle, 1 9 7 2 ) . The United 

States has a production potential for soybeans in excess of 

900 million bushels, which translates to more than 27 billion 

pounds of protein (Smith and Circle, 1972; Wolf and Cowan, 

1 9 7 5 ) . Furthermore, the cost of soy protein is dramatically 

less than that for expensive and inefficiently produced 

animal protein. In addition, the nutritional quality of soy 

protein compares favorably with that from the animal (Meyers, 

1 9 7 1 ) . 

In order to maximize the potential of soybean as a 

world food source, it is necessary to provide the food in 

a form that is acceptable to the culture for which it is 

intended (Meyers, 1 9 7 2 ) . Protein concentrates and isolates 

of the soybean offer the greatest opportunity for incorpora

tion into a wide variety of familiar food forms (Meyers, 1971) 

However, functional limitations have inhibited the diversi

fication of soy protein as a food source. More research on 

soy protein concentrates and isolates is needed before 

product development can advance. 
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Concentrates and Isolates 

According to Smith and Circle (1972) defatted soy 

flakes are the starting material for producing both soy 

protein concentrates and isolates. The whole soybean is 

cleaned, dried, dehulled and cracked into six or eight 

pieces. Following tempering, the bean fractions are flaked 

with smooth rolls to disrupt their cellular structure 

(Smith and Circle, 1972; Wolf and Cowan, 1 9 7 5 ) . Residual 

oils in the flakes are removed by organic solvents, usually 

hexane. Finally, the solvent is removed with vapor or 

flash desolventizers. At this point the nitrogen solubility 

index (NSI) of the flake is essentially the same as that for 

the original bean (Smith and Circle, 1 9 7 2 ) . NSI is the 

percent water soluble nitrogen times 100, divided by the 

percent total nitrogen in the sample (Wolf and Cowan, 1 9 7 5 ) . 

Production of protein concentrates from soy flakes is 

based on the concept of immobilizing the major protein 

fractions while permitting the soluble carbohydrates, salts, 

and other soluble low molecular weight components to diffuse 

from the cellular matrix of the flakes (Smith and Circle, 

1 9 7 2 ) . The remaining product contains at least seventy 

percent protein in combination with insoluble polysaccharides 

(Wolf, 1 9 7 6 ) . 

There are three major approaches to producing concen

trates of soy protein. The soluble carbohydrates can be 

leached from the flake with varying concentrations of alcohol 



or aqueous acid solution. Also, soy concentrates can be 

produced by leaching flakes with chilled water in the absence 

or presence of alkaline earth cations (Meyers, 1971; Wolf 

and Cowan, 1975; Smith and Circle, 1 9 7 2 ) . 

In order to produce a soy protein isolate, it is 

necessary to remove a preponderance of the non-protein 

components, so that the final product contains not less 

than ninety percent protein (Smith and Circle, 1 9 7 2 ) . 

Isolates are normally produced by one commercial process. 

Soy flakes of high NSI are suspended in an aqueous alkaline 

solution (pH 8.5-9.0) and are slowly agitated for one or 

two hours. The spent flakes are removed by centrifugation 

or filtering. The resulting supernatant is adjusted with a 

strong acid to pH 4.5 which precipitates the major soy pro

teins. At this point a wet curd is obtained which is usually 

spray-dried with or without neutralization with alkali (Meyers, 

1971; Wolf and Cowan, 1975; Smith and Circle, 1 9 7 2 ) . 

Solubi1i ty 

Solubility is one of the key functional properties 

required of soy isolates and concentrates in order to maximize 

their potential for product development. On a commercial 

scale, however, the processes currently used produce 

products widely varying in solubility characteristics 

(Nash and Wolf, 1 9 6 7 ) . The same source reports that commer

cial soy isolates, in the acid form, exhibit solubilities 



ranging from 6 to 59% in an aqueous system. Sodium 

proteinate forms exhibit a solubility range of 6 to 8^%. 

Concentrates exhibit a lower solubility than do 

isolates largely because the process used in their pre

paration is based upon attaining minimal solubility. In 

addition to denaturation, the greater degree of competition 

for water by residual polysaccharides limits concentrate 

solubilities (Hutton and Campbell, 1 9 6 7 ) . 

Diminished solubility is exhibited after a variety of 

processing conditions. Acids, alcohols, alkalis and iso

electric precipitation all curtail this functional property 

through denaturation of some of the proteins in soy (Wolf 

and Cowan, 1 9 7 5 ) . Since most commercial processes involve 

one or more of these denaturing agents the wide variation 

in solubilities reported by Nash and Wolf are not 

unexpected. 

To a certain extent, the solubility of soy proteins 

can be raised through manipulation of the ionic strength 

of the aqueous solution (Megen, 1974; Wolf and Cowan, 1 9 7 5 ) . 

At pH 7.0 Wolf reports that when 0.2M NaCl is added to a 

soy protein solution, solubility decreases from 58% to 28%. 

However, as the ionic strength of the system is raised, 

solubility actually increases (Wolf and Cowen, 1 9 7 5 ) . Megen 

(1974) states that even at the isoelectric point, soy protein 

can be easily dissolved even at \/ery high concentrations. 



provided the ionic strength of the solution exceeds a 

critical value (0.7 NaCl, Na2S04; 0.25Ca C l ^ ) . 

Denaturation 

One of the principal reasons for minimized solubility 

of soy protein products is denaturation. As cited earlier, 

the principal causes of denaturation in soy protein are heat, 

alcohol, acid, alkali and isoelectric precipation (Wolf, 1972; 

Wolf and Cowan, 1 9 7 5 ) . Each agent has a specific effect on 

the structural integrity of the protein. 

Heating of soy proteins at any point during their 

handling must be carefully controlled to prevent protein 

disruption (Wolf and Cowan, 1 9 7 5 ) . Heating at temperatures 

above 65°C disrupts the quaternary structure of the major 

soy proteins, 7S and IIS globulins (Wolf and Cowan, 1 9 7 5 ) . 

According to Wolf (1972) heat disrupts the quaternary struc

ture into 5S and 2S fractions, and if continued, converts them 

entirely to 2S fractions or smaller. Moist heat is especially 

damaging. Although the soy protein subunits retain their 

immunoreactivity during disc electrophoresis, their solu

bility is dramatically reduced (Wolf, 1972; Wolf and Cowan, 

1 9 7 5 ) . 

A second major form of denaturation occurs during the 

isoelectric precipitation step of isolate production. Two 

types of denaturation occur at this point: polymerization 

and acid sensitivity (Anderson, 1974; Wolf and Cowan, 1 9 7 5 ) . 

Apparently, 7S and U S proteins form disulfide-1inked 
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polymers in the isoelectric region to cause insolubility 

of the isolates. Addition of disulfide-cleaving reducing 

agents, such as mercaptoethanol , cysteine and sodium sulfite, 

reverse this form of denaturation (Nash and Wolf, 1967; 

Wolf and Cowan, 1 9 7 5 ) . However, even after the reducing 

agents have been added, a fraction of the soy proteins 

remain insoluble (Anderson, 1 9 7 4 ) . Anderson (1974) attributes 

this reduction in solubility to acid-sensitive 2S and 7S 

ultracentrifuge components. 

Alkali denatures the soy proteins by disrupting the 

internal structure of the IIS molecule and dissociating 

it into 7S and ultimately to 2 and 3S subunits (Wolf, 1 9 7 2 ) . 

According to Wolf (1972) a pH of 12 will irreversibly 

dissociate the 7S globulin. 

Organic solvents are effective denaturants of soy 

proteins (Wolf, 1 9 7 2 ) . Alcohols unfold the protein molecule 

and reduce its solubility (Catsimpoolas and Meyer, 1971; 

Kavanau, 1 9 6 3 ) . The effectiveness of alcohol is dependent 

upon its hydrophobicity. N-Butanol is a more effective 

denaturant than either ethanol or methanol (Wolf and Cowan, 

1 9 7 5 ) . 

A final mechanism of denaturation is that which is 

caused by sub-isoelectric pH. Wolf (1972) reports that a 

pH of 2.0 to 3.8 converts protein fractions irreversibly 

to 2S, 3S and 7S fractions. Even after neutralization. 



one-third of the globulins are insoluble and all other 

globulins show reduced solubility (Wolf and Cowan, 1 9 7 5 ) . 

Phytate 

A second inhibitor to soy protein solubility involves 

the formation of protein-phytic acid complexes. Phytic 

acid is the hexorthomonophosphate ester of myoinositol; 

it occurs as about 70% of the total phosphorous in soy 

meal and in higher percentages of phosphorous in soy isolates 

(Okubo, et al., 1975; Rolas, 1976; Smith and Circle, 1 9 7 2 ) . 

The phosphorous content of soy isolates commonly accounts 

for 0.7-0.8% total weight, indicating that 2 to 3% of total 

weight is phytin (Okubo, et al., 1 9 7 5 ) . It is claimed that 

phytates seriously impair the solubility and nutritional 

value of soy protein products (Circle, et al., 1964; Okubo, 

et al . , 1 9 7 5 ) . 

Closely associated with phytate is the indigenous 

calcium ion in soy meal. In addition to binding phytate 

to protein, the calcium ion also activates lipoxygenases 

which cause undesirable flavors in the final product 

(Wolf, 1972; Zimmerman and Snyder, 1 9 7 4 ) . 

At pH's above the isoelectric point, the soy protein 

exhibits a negative charge which attracts the calcium ion. 

Since the calcium ion is divalent, it can also bind the 

negatively charged phytate to form a tightly bound complex 

(Okubo, et al., 1975; Paul, 1 9 7 2 ) . 
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Several schemes for removing the phytates from soy 

products have been devised. Often researchers measure 

phytate reduction in terms of total phosphorous reduction 

(Okubo, et al., 1975; 1 9 7 6 ) . However, a method for deter

mining phytate directly has been described for wheat by 

Wheeler and Ferrell (1971). 

Smith and Rackis (1975) removed phytin by passing a 

water extract of meal over an ion exchange resin, which re

duced the phosphorous content of the precipitated protein 

to 0.2% (Smith and Circle, 1 9 7 2 ) . 

Goodnight and Hartman (1977) reported that phytate 

could be eliminated from soy protein solutions by extracting 

protein from soy flakes at pH 11.6 in aqueous suspension. 

Subsequent filtering and centrifugation was able to lower 

phytate contents to below readable levels. 

Chang, et al . (1977) recently reported that indigenous 

phytase reduced phytate by 62% in 10 hours by enzymatic 

hydrolysis in whole dry white beans. A similar study by 

Okubo, et al. (1975) showed that indigenous phytase in soy 

protein promoted phytate reduction. However, this method 

is too slow to be of commercial value. 

Okubo, et al. (1975) also studied phytate removal by 

two other procedures. At a pH of 8.5 they report that EDTA 

promoted dissociation of the phytin-calcium-protein complex 

in soy protein suspensions. The protein was suspended in 
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an EDTA solution and surrounded by a semipermeable membrane 

The EDTA was removed by ultrafiltration after dissociation 

occurred. This method was inefficient when compared to 

other methods for phytate reduction. 

In a third procedure, Okubo, et al. (1975, 1976) 

report that CaCl2 promoted phytate dissociation at pH 3. 

The protein was suspended at pH 3.0 in a semipermeable mem

brane. A 110 fold equivalent excess of CaClp was passed 

through the membrane promoting phytate dissociation. The 

CaCl2 was removed by ultrafiltration. Okubo, et al. (1975) 

report that calcium dissociation acts by competing with the 

protein for the anionic phosphate groups. 

Smith and Circle (1972) report that when phytate is 

removed the dispersibi1ity of soy protein is enhanced at 

low pH. 



CHAPTER III 

PROCEDURE 

A flow diagram of the experimental design is given in 

Figure 1. Two-hundred gram samples of low-heat defatted soy 

flakes (obtained from the Ralston-Purina Company and stored 

at 4°C until used) were weighed into 2000 ml erlenmeyer flasks 

and slurried in 1100 to 1300 ml of distilled water. The 

pH of the slurry was adjusted to pH 8.5-9.0 with IN NaOH 

and stirred continuously with a magnetic stirrer for one 

hour. During this time pH was continuously monitored and 

adjusted as necessary. After stirring, the slurry was 

diluted to 2000 ml in a volumetric flask, quantitatively 

transferred to centrifuge tubes, and centrifuged for 15 

minutes at 1500 r.p.m. in a VWR, Model GF-8 centrifuge. 

The resulting supernatant was filtered through glass 

wool into a 2000 ml erlenmeyer flask and labelled "alkaline 

soy flake suspension." Aliquots of this suspension were 

treated by the three procedures I, II and III shown in 

Fi gure 1. 

Procedure I consisted of adjusting the pH of 400 ml 

of alkaline soy flake suspension to 4.5 with IN HCl, 

centrifuging as above for 15 minutes, and recovering the 

precipitate and supernatant (precipitate A and supernatant B 

12 
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Defatted Soy Flakes 

1 
Alkaline Soy Flake Suspension 

i 
II III 

pH4.5 

PPT A 

SUP B 

pH3.0 

SUP D 

PPT C 

pH4.5 

SUP F 4-

PPT E 

pH3+CaCl2 

SUP H 

PPT G 

Oxalate 

PPT I < — SUP J 

pH4.5 

SUP L f 

4/ 
PPT K 

Figure 1. Flow diagram for procedures 
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in Figure 1 ) . Both products were analyzed for nitrogen by 

the micro-kjeldahl method of the AOAC (1975, Appendix A ) , 

and precipitate A was further analyzed for total phosphorous 

by AOAC method 3.062-3.064 (Appendix B ) . Results associated 

with nitrogen were reported as percentages of original nitro

gen in the original soy flake suspension, and results per

taining to phosphorous were reported in terms of the ratio 

of total grams phosphorous to total grams nitrogen (P/N ratio) 

in the particular fraction. 

Procedure II involved adjusting the pH of an aliquot 

of alkaline soy flake suspension to 3.0 by dropwise addition 

of IN HCl, and centrifuging as in Procedure I, to obtain 

a precipitate and supernatant (Ppt. C, Sup. C in Figure 1 ) . 

Then, supernatant D was adjusted to pH 4.5 with IN NaOH and 

precipitate E and supernatant F were obtained by methods 

described earlier. All products were analyzed for nitrogen, 

and precipitates C and E were analyzed for phosphorous. 

As in Procedure II, Procedure III involved adjusting 

an aliquot of the original suspension to pH 3.0 with IN HCl, 

but additionally, in this procedure, 109 ml of 0.5M C a C K 

were added to the suspension before centrifugation (Appendix 

C ) . The resulting products were labelled precipitate G and 

supernatant H. The supernatant was treated with 0.5M 

potassium oxalate and 0.5M oxalic acid in order to remove 

excess calcium ions (precipitate I, Appendix C ) . The pH 
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of the resulting supernatant (J) was adjusted to 4.5 to 

obtain precipitate K and supernatant L. Precipitate K was 

analyzed for phosphorous and nitrogen, while all other pro

ducts were analyzed for nitrogen only. 

The nitrogen contents of the various products were 

used to estimate the amounts of protein in each product, 

and the phosphorous/nitrogen ratios (P/N) represented 

relative ratios of phytin to protein. These results were 

used to describe and analyze procedural effects among the 

products with respect to 1) amounts of original protein 

(nitrogen) recovered in the various fractions and 2) quality 

of potential isolates which could be made from important 

fractions in terms of phytin-protein ratios. 

The F test and Duncan's New Multiple Range Test were 

used to help evaluate the data (Steel and Torrie, 1 9 6 0 ) . 



CHAPTER IV 

RESULTS AND DISCUSSION 

The amounts of nitrogen in precipitates and supernatants 

obtained by the procedures in Figure 1, are presented in 

Tables 1, 2, and 3 as percentages of original nitrogen 

in aliquots of the alkaline soy flake suspension. It 

may be seen that, on the average, 85-95 percent of the 

original nitrogen was accounted for in the products of each 

procedure. For example, the percentages of original nitro

gen recovered in precipitate A plus supernatant B equalled 

approximately 87 percent; similarly, the nitrogen associated 

with precipitates C and E, and supernatant F, equalled about 

91 percent; and the nitrogen contents of precipitates G, 

I and K, and supernatant L, amounted to approximately 90 

percent of the original. Since the nitrogen recoveries 

were comparable, the nitrogen recoveries of the supernatants 

and precipitates were used to compare and contrast procedural 

effects when appropriate. 

For clarity of discussion, data associated with the 

principal supernatants (B, D and H) and principal precipitates 

(A, E and K) are represented in Tables 4 and 5. 

16 
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TABLE 1 

THE PERCENT OF ORIGINAL NITROGEN IN ALIQUOTS 
OF ALKALINE SOY FLAKE SUSPENSIONS FOUND IN 
PERCIPITATE A AND SUPERNATANT B OBTAINED 

BY PROCEDURE I 

Ppt. A Sup. B 

1 2 1 2 
Trial (Percentage of Original Alkaline Nitrogen) 

Product 

12.50 

11 .33 

14.96 

12.31 

9.06 

12.80 

10.92 

11 .89 

Observations 68.4 75.45 

66.7 79.62 

69.1 94.56 

69.1 74.62 

Trial 

X" 68.3 82.3 12.8 11.1 

S.D. 1.1 8.4 1.5 1.6 

COV 1.6% 10.2% 12.0% 11.1% 

Treatment 

X" 75.32 11.97% 

S.D. 9.30 1.69 

COV 12.3% 14.1% 
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TABLE 2 

THE PERCENT OF ORIGINAL NITROGEN IN ALIQUOTS 
OF ALKALINE SOY FLAKE SUSPENSION FOUND IN 

PRECIPITATES (C,E) AND SUPERNATANTS 
(D,F) OBTAINED BY PROCEDURE II 

Product 

Trial 

Ppt . C Sup. D Pp t . E Sup. F 

1 2 1 2 1 2 1 2 
(Percen tage of O r i g i n a l A l k a l i n e N i t r o g e n ) 

Obse rva t i ons 42.5 30.6 59.7 59.7 33.8 55.2 12.2 14.8 

33.0 41.4 58.1 62.6 34.3 43.6 11.4 11.7 

34.9 36.5 58.6 62.0 31.9 51.6 11.9 12.6 

39.6 30.2 57.5 62.7 33 .0 52.4 11.9 13.0 

T r i a l 

X" 

S.D. 

COV 

37.5 34.7 58.5 61.7 33.2 50.7 11.9 13.0 

4 .3 5.3 0.9 

11.4 15.3 1.5 

1 .3 1.0 5.0 

2.2 3.1 9.8 

0.3 1 .3 

2.8 10.0 

Treatment 
I 

S.D. 

COV 

36.10 

4.73 

13.1% 

60.10 

2.05 

3.4% 

42 .00 

9.90 

23.6% 

12.40 

1 .08 

8.7% 
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TABLE 3 

THE PERCENT OF ORIGINAL NITROGEN IN ALIQUOTS OF 
ALKALINE SOY FLAKE SUSPENSIONS FOUND IN 
PRECIPITATES (G,I,K) AND SUPERNATANTS 

(H,L) OBTAINED BY PROCEDURE III 

Product 

Trial 

Ppt. G Sup. H Ppt. I Ppt. K Sup. L 

1 2 1 2 1 2 1 2 1 ; 
(Percentage of Original Alkal ine Nitrogen) 

Observation 1.6 10.0 71.8 85.0 

1.6 11.6 70.1 81.2 

2.4 9.6 78.7 81.4 

1.9 13.7 87.2 92.6 

12.0 38.8 43.3 11.0 25.0 

13.9 43.8 39.1 18.4 37.0 

8.3 42.7 36.8 13.8 30.2 

12.3 41.8 37.9 16.9 30.8 

Trial 

X" 1.9 11.2 77.0 85.0 

S.D. 0.4 1.9 7.8 5.3 

COV 19.5 16.5 10.1 5.3 

11.6 41.8 39.2 15.0 30.7 

2.4 2.1 2.9 3.3 4.4 

20.2 5.1 7.2 22.0 16.0 

Treatment 

J 

S.D. 

6.56 

5.15 

81.00 

7.50 

11.60 

2.35 

40.50 

2.68 

22.90 

9.20 

COV 78.4% 9.3% 20.2% 6.6% 40.4% 
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TABLE 4 

THE PERCENT OF ORIGINAL NITROGEN IN ALIQUOTS OF 
ALKALINE SOY FLAKE SUSPENSIONS FOUND IN 

SUPERNATANTS B, D AND H OBTAINED BY 
PROCEDURES I, II AND III 

Procedure 

Product 

Trial 

I II III 

Sup. B Sup. D Sup. H 

1 2 1 2 1 2 
(Percentage of Original Alkaline Nitrogen) 

Observations 12.5 

11 .3 

15.9 

12.3 

9.1 

12.8 

10.9 

11 .9 

59.7 

58.1 

58.6 

57.5 

59.7 

62.6 

62.0 

72.7 

71 .8 

70.1 

78.7 

87 .2 

85 .0 

81 .2 

81 .4 

92.6 

Trial 

X" 

S.D. 

COV 

12.8 

1 .5 

12.0 

11 .2 

1.6 

11 .1 

58.5 

0.9 

1 .5 

61 .7 

1 .4 

2.2 

77.0 

7.8 

10.1 

85.0 

5.3 

6.3 

Treatment 

J 

S.D. 

COV 

11 .97 

1 .69 

14.1% 

60.10 

2.05 

3.4% 

81 .00 

7.50 

9.3% 
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TABLE 5 

THE PERCENT OF ORIGINAL NITROGEN IN ALIOUOTS OF 
ALKALINE SOY FLAKE SUSPENSIONS FOUND IN 

PRECIPITATES A, E AND K OBTAINED BY 
PROCEDURES I, II AND III 

Procedure 

Product 

Trial 

I II 

Ppt. E 

1 2 

Ppt. A 

1 2 
(Percentage of Original Alkaline Nitrogen) 

III 

Ppt. K 

1 2 

Observations 68.4 

66.7 

69.1 

69.1 

75.5 

79.6 

94.6 

79.6 

33.8 

34.3 

31 .9 

33.0 

55.2 

43.6 

51 .6 

52.4 

38.8 

43.8 

42.7 

41 .8 

43.3 

38.1 

36.8 

37.9 

Trial 

X" 

S.D. 

COV 

68.3 82.3 

1 .1 

1 .7 

8.4 

10.2 

33.2 

1.0 

3.1 

50.7 

5.0 

9.8 

41.8 

2.1 

5.1 

39.2 

2.9 

7.2 

Treatment 

X" 

S.D. 

COV 

75.3 

9.3 

12.3% 

42.0 

9.9 

23.6% 

40.5 

2.6 

6.6% 
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From Table 4 , it can be seen that the nitrogen content 

of supernatant B (11.97%) prepared by procedure I, was 

significantly lower (P<.05) than the nitrogen contents 

for either supernatant D (61.0%) or supernatant H ( 8 0 . 1 ) % 

prepared by procedures II and III, respectively. This in

dicates 1) that soy protein is far more suspendable at 

pH 3.0 than at pH4.5, and 2) the addition of CaCl2 signi

ficantly improves protein suspendabi1ity at pH 3.0. 

The difference in protein suspendabi1ity between pro

cedure I and procedure II can be explained, in part, by the 

generally accepted fact that protein is more soluble at pH 

values above or below its isoelectric point than at that pH 

level. In the case of soy protein the average isoelectric 

point is near pH 4.5 (Smith and Circle, 1 9 7 2 ) . Consequently, 

as the protein approaches pH 4.5 it reaches minimum solubility, 

while at pH 3.0a significant amount of the protein resuspends. 

The difference in protein suspendabi1ity between pro

cedures II and III was obviously due to the presence of 

calcium ions and, as will be discussed later, this effect 

was attributed to the premise that calcium ions, at low pH, 

form esters with the phosphate radicals of phytic acid, 

thereby substantially reducing the amount of phytate 

available to form complexes with soy protein. 

It was expected at this point that large amounts of 

calcium phytate would appear in precipitate G. However, 
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only 15% of the accountable phosphorous in the fractions 

obtained by this procedure, appeared in that precipitate. 

Furthermore only about 15% of the total phosphorous was 

found in precipitate I, following removal of calcium ions 

by oxalate. Therefore, as an additional measure, a phos

phorous analysis was performed on supernatant L, the final 

supernatant of this procedure. Almost half of the accountable 

phosphorous in all fractions of this procedure was found 

to be present in this supernatant. Consequently, it was 

assumed that although the calcium ion dissolved the protein-

phytate complexes, it did not force the precipitation of the 

free phytate molecule. It was beyond the purview of this 

study to determine the mechanism by which calcium acts 

upon phytate, however, these findings may be of future 

interest. 

Table 5 p r e s e n t s the percentages of original nitrogen 

found in the principal precipitates (A, E and K ) . The term 

"principal precipitates" is used to indicate that, accord

ing to the experimental design, these materials could, 

conceivably, in future work, be dried, designated as isolates, 

and compared with respect to physical properties (emulsifi-

cation, foaming, solubility, e t c . ) . As may be noted, for 

every hundred pounds of nitrogen extracted from defatted soy 

flakes, approximately 75 pounds would be contained in the 

precipitate from procedure I, and approximately 40 to 42 



24 

pounds would be contained in the principal precipitates 

resulting from procedures II and III. 

From Table 6, it can be seen that the P/N ratio of each 

of the principal precipitates reflected a significant procedural 

effect ( P < . 0 5 ) . Precipitate A had a high phytate/protein ratio 

( P / N - 0 . 0 8 2 ) , whereas precipitates E and K had significantly 

lower phytate contents (P/N=0.063, P/N=0.040, respectively). 

The differing P/N ratios of precipitates A and E may 

be attributable to the generally recognized fact that soy 

proteins consist of many fractions with varying isoelectric 

points, acid sensitivities and binding affinities for 

impurities, such as phytate (Smith and Circle, 1972; Wolf, 

1972, Anderson, 1 9 7 4 ) . In procedure I, the preponderant 

amount of available protein was precipitated at pH 4.5. 

Therefore, proteins with both high and low phytate binding 

affinities were included in the precipitate. 

In contrast, procedure II yielded two precipitates 

(C and E ) , with significantly different phytate contents. 

The first, precipitate C, with an average P/N of 0.161 (Table 

7) apparently contained proteins with many available binding 

sites for phytate, while the second precipitate ( E ) , exhi

bited a rather low phytate affinity. This is to be expected, 

however, since if a majority of the phytate was bound to 

proteins in precipitate C, then the precipitate prepared 

from the resulting supernatant D, should contain proteins 

with low phytate contents. 
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TABLE 6 

THE RATIO OF PHOSPHOROUS TO NITROGEN (g/g) 
OF PRECIPITATES A, E AND K OBTAINED BY 

PROCEDURES I, II AND III 

Procedure 

Product 

Trial 

I II 

Ppt. E 

1 2 

Ppt. A 

1 2 
(Ratio of Phosphorous to Nitrogen) 

III 

Ppt. K 

1 2 

Observations 076 

073 

057 

.113 

.081 

090 

.075 

.053 

.064 

.066 

.057 

.063 

.030 

.038 

042 

048 

041 

.043 

Trial 

X" 

S.D. 

COV 

.069 

.010 

.095 

.018 

14.9 17.4 

.064 

Oil 

17.2 

.062 

.005 

7.4 

.037 

.006 

16.6 

.044 

.004 

8.2 

Treatment 

J 

S.D. 

COV 

0.082 

0.019 

22.9% 

0.063 

0.0076 

12.1% 

0.040 

0.006 

14.9% 
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TABLE 7 

THE PERCENT PHOSPHOROUS, PHOSPHOROUS TO NITROGEN 
RATIO, AND PERCENT NITROGEN OF ALKALINE SOY 

FLAKE SUSPENSIONS FOUND IN PRECIPITATE 
C OBTAINED BY PROCEDURE II 

Trial 

% Phosphorous 

1 2 3 

P/N Ratio 

1 2 

% Nitrogen 

1 2 

Observations 0.50 1.80 1.49 0.037 0.134 0.132 42.5 30.6 

1.86 3.70 1.38 0.138 0.275 0.123 33.1 41.4 

2.72 3.44 1.71 0.202 0.255 0.152 34.9 36.5 

39.6 30.2 

Tr ia l 

X" 

S.D. 

COV 

1.69 2.98 1.520 0.125 0.22 0.135 37.5 34.7 

1.11 1.03 0.168 0.083 0.076 0.015 4.3 5.3 

66.1 34.6 11.0 66.2 34.5 10.9 11.4 15.3 

Treatment 

X" 

S.D. 

COV 

2.07 

1.03 

49.8% 

0.161 

0.07 

45.3% 

36.1 

4.73 

13.1% 
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The principal precipitate from procedure III (precipitate 

K) had a clearly lower P/N ratio than did the corresponding 

material from procedure II (precipitate E ) . Since the key 

difference between these two methods was the addition of a 

competing cation source, in the form of CaCl2, to the sus

pension at pH 3.0, the calcium ions apparently attracted some 

of the negatively charged phytate ions away from the posi

tively charged soy proteins (Okubo, et al . , 1975, 1976; 

Paul and Palmer, 1 9 7 2 ) . The dissolution of the electrostatic 

complex between protein and phytate not only improved the 

suspendability of soy proteins, as discussed previously, 

but it also provided a suspension of proteins from which a 

low phytate precipitate (K) could ultimately be obtained. 

Furthermore, the yield of protein in precipitate K was 

approximately equal to the protein yield for the principal 

precipitate of procedure II. 

These results corraborated the findings of Okubo, et al . 

(1975, 1 9 7 6 ) . In their work, protein was suspended within 

a semipermeable membrane and saturated with a 110 fold 

equivalent excess of calcium ions, in order to promote 

dissolution of the protein-phytate complex. The calcium 

ions were removed by ultrafiltration. The results of 

procedure III indicated that a similar effect could be 

achieved by simple addition of calcium ions to a protein 

suspension, and subsequent precipitation of the low-phytate 

protei n. 
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In conclusion it can be seen that two procedures have 

been outlined by which significant quantities of low-phytate 

protein may be obtained from soy flakes. Future investiga

tions will determine if the functional qualities of these 

products are superior to the conventionally processed pro

tein isolates, currently available. 



CHAPTER V 

SUMMARY 

Current commercial processes for obtaining soy protein 

concentrates and isolates from alkaline suspensions of de

fatted soy flakes, produce protein products with limited 

water solubilities, due in part to the insoluble complexes 

formed between the protein and phytic acid. This study 

modified present industrial procedures by 1) adjusting the 

pH of the alkaline suspension to pH 3.0 rather than pH 4.5 

and 2) adjusting the pH to 3.0 in the presence of calcium 

chloride. The associations of phytate with the resulting 

protein fractions were studied. 

It was found that both modifications resulted in 

improved protein suspendability at p H 3 . 0 . The improved 

suspendability associated with the first modification was 

attributed to the fact that p H 3 . 0 i s well below the isoelectric 

point of soy proteins, whereas p H 4 . 5 i s close to the average 

isoelectric point of these proteins. The second modifica

tion resulted in an even higher percentage of protein 

suspendabi1ity at this pH. This effect was probably caused 

by the dissolution of phytate-protein complexes by calcium 

cations. 

The principal precipitates of the two modified 

procedures exhibited low phytate/protein ratios as compared 

29 
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to the conventional process. Apparently in the first 

modification, most of the phytate precipitated at pH 3.0, 

therefore less phytate was available to precipitate with 

the final precipitate at pH 4.5. 

The second procedure resulted in a precipitate with 

an even lower phytate content. Apparently, the calcium 

ions attracted some of the phytate away from the suspended 

protein, thereby allowing the protein, which later preci

pitated from this supernatant at pH 4.5, to be low in phytate 

In the future, these precipitates could be neutralized 

and dried in order to study their physical properties and 

therefore their potential as commercial products. 

II 
•II 
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APPENDIX A 

PROCEDURE FOR MICRO-KJELDAHL DETERMINATION 

OF NITROGEN 

This procedure is a verbatum transcript of AOAC (1975) 

method 47.021-47.023. Any deviation from the official 

procedure is noted. 

47.021 Reagents 

(a) Sulfuric acid.--Sp gr 1.84, N-free. 

(b) Mercuric oxide.*--N-free. 

(c) Potassium sulfate.*--N-free. 

(d) Sodium hydroxide-sodium thiosulfate soln.**--

Dissolve 60 g NaOH and 5 g Na2S203 in H2O and dil. to 100 ml 

or add 25 ml 25% Na«S^0.3.5HoO .̂  inn ^n cno/ M^nu ,.«i« 

2 2 3 2 to 100 ml 50% NaOH soln. 

(e) Boric acid soln.--Satd soln. 

(f) Indicator soln.--(1)Methyl red-methylene blue.--

Mix 2 parts 0.2% ale. Me red soln with 1 part 0.2% ale. 

methylene blue soln; or (2) Methyl red-bromo-cresol green 

soln.--Mix 1 part 0.2% ale. Me red soln with 5 parts 0.2% 

ale. bromocresol green soln. 

Catalyst consisted of 3.2 g CuSO^ and 96.8 g andyrous 
sodium sulfate. 

* • 
60% sodium hydroxide was used instead. 
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(g) Hydrochloric acid.--0.02N. Prep, as in 50.011 and 

stdze as in 50.015 or 50.017. 

47.022 Apparatus (9) 

(a) Digestion rack.--With either gas or elec. heaters 

which will supply enough heat to 30 ml flask to cause 15 ml 

H2O at 25° to come to rolling boil in > 2 but <3 min. 

(b) Distillation apparatus.--One-piece or Parnas-Wagner 

distn app. recommended by Committee on Microchemical 

Apparatus, ACS (9). 

(c) Digestion flasks.--Use 30 ml regular Kjeldahl or 

Solty-type flasks ( 9 ) . For small samples, 10 ml Kjeldahl 

flasks may be used. 

47.023 Determination 

Weigh sample requiring 3-10 ml 0.01 or 0.02N HCl and 

transfer to 30 ml digestion flask. If sample wt is <10 mg. 

use microchem. balance (max wt 100 mg dry org. m a t t e r ) . Use 

charging tube for dry solids, porcelain boat for sticky solids 

or nonvolatile liqs, and capillary or capsule for volatile 

liqs. Add 1.9+0.1 g K2S0^, 40+10 mg HgO, and 2.0+0.1 ml 

HpSO-. If sample wt is >15 mg, add addnl 0.1 ml H2SO. for 

each 10 mg dry org. matter >15 mg. Make certain that acid 

has sp gr >1.84 if sample contains nitriles. (10 ml flasks 

and 1/2 quantities of reagents may be used for samples <7 mg. ) 

Add boiling chips which pass No. 10 sieve. If boiling time 

http://acid.--0.02N
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for digestion rack heaters is 2-2.5 min, digest 1 hr after 

all H2O is distilled and acid comes to true boil; if boiling 

time is 2.5-3 min, digest 1.5 hr. (Digest 0.5 hr if sample 

is known to contain no refractory ring N.) 

Cool, add min. vol. of H2O to dissolve solids, cool, and 

place thin film of Vaseline of rim of flask. Transfer 

digest and boiling chips to distn app. and rinse flask 5 

or 6 times with 1-2 ml portions H2O. Place 125 ml Phillips 

beaker or erlenmeyer contg 5 ml satd H^BO^ soln and 2-4 drops 

indicator under condenser with tip extending below surface 

of soln. Add 8-10 ml NaOH-Na2S203 soln to still, collect ca 

15 ml distillate, and dil. to ca 50 ml. (Use 2.5 ml H3BO3 

and 1-2 drops indicator, and dil. to ca 25 ml if O.OIN HCL 

is to be used.) Titr. to gray end point or first appearance 

of violet. Make blank detn and calc. 

%N = [(ml HCL - ml blank) x normality x 14.007 x 

100]/mg sample. 



APPENDIX B 

PROCEDURE FOR DETERMINATION OF PHOSPHOROUS 

This procedure is a verbatum transcript of AOAC (1975) 

method 3.062-3.064. 

3.062 Reagents 

(a) Phosphorus std soln.--0.025 mg P/ml. Dissolve 0.4394 g 

pure dry KH2P0^ in H2O and dil. to 1 L. Dil. 50 ml of this 

soln to 200 ml. 

(b) Ammonium molybdate soln.--Dissolve 25 g NH. molybdate 

in 300 ml H2O. Dil. 75 ml H2SO4 to 200 ml and add to NH^ 

molybdate soln. 

(c) Hydroquinone soln.--Dissolve 0.5 g hydroquinone in 

100 ml H2O, and add 1 drop H2SO4 to retard oxidn. 

(d) Sodium sulfite soln.--Dissolve 200 g Na2S03 in H2O, 

dil. to IL, and filter. Either keep this soln well stoppered 

or prep, fresh each time. 

3.063 Preparation of Solution 

To 1 or 2 g sample in small porcelain crucible add 1 ml 

Mg(N03)2 soln, 2.019, and place on steam bath. After few 

min, cautiously add few drops HCl, taking care that gas 

evolution does not push portions of sample over edge of 

crucible. Make 2 or 3 further addns of few drops HCl while 
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sample is on bath so that as ita approaches dryness it tends 

to char. If contents become too viscous for further drying 

on hot plate. Cover crucible, transfer to cold furnace, and 

ignite 6 hr at 500°, or until even gray ash is obtained. 

(If necessary, cool crucible, dissolve ash in littel H2O or 

alc-glycerol, evap. to dryness, and return uncovered to 

furnace 4-5 hr longer.) Cool, take up with HCL ( 1 + 4 ) , and 

transfer to 100 ml beaker. Add 5 ml HCl and evap. to dryness 

on steam bath to dehydrate SiOp. Moisten residue with 2 ml 

HCl, add ca 50 ml H2O, and heat few min on bath. Transfer 

to 100 ml vol. flask, cool immediately, dil. to vol., mix, 

and filter, discarding first portion of filtrate. 

3.064 Determination 

To 5 ml aliquot filtrate in 10 ml vol. flask add 1 ml 

NH^ molybdate soln, rotate flask to mix, and let stand few 

sec. Add 1 ml hydroquinone soln, again rotate flask, and 

add 1 ml NapS03 soln. (Last 3 addns may be made with Mohr 

pipet.) Dil. to vol. with H2O stopper flask with thumb or 

forefinger, and shake to mix thoroly. Let stand 30 min. and 

measure color intensity with colorimeter equipped with filter 

having max. T at 625-675 nm, or with spectrophtr set at 

absorption max. Report as % P. 



APPENDIX C 

SUPPLEMENTAL PROCEDURAL INFORMATION 

1. In procedure III the amount of 0.5M CaCl2 added to the 

pH 3.0 suspension was determined on the basis of 2.7 ml 

of 0.5M CaClp for every 10 ml of original soy flake 

suspension contained in the aliquot. The resulting 

suspension, therefore, had an ionic strength of greater 

than O.IM CaCl2. The pH of the suspension was relatively 

stable at this ionic strength. 

2. In procedure III 0.5M pottasium oxalate and 0.5M oxalic 

acid were added separately to the pH 3.0 and CaClp 

suspension. Since the oxalates caused an instability 

in the pH of the system, the pH was continuously moni

tored during the addition of both reagents. The 

potassium oxalate was added slowly to the suspension 

until the pH of the system reached 3.5. At that point, 

oxalic acid was added until the pH returned to 3.0. 

This procedure was repeated until no further precipi

tation of calcium oxalate was observed, or until the 

molar concentration of CaCl2 was well exceeded. 
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