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ABSTRAC"f 

The effect of infra-red heating (micromzation) on the compositIon and 

texturaI properties of full-fat soybeans and its product (soy isolate, soymtlk and tofu) 

were investigated. There was little dlffereî.cc in the overall proximate composition 

between the micronized and processed soybeans. Yic1d, protem content and 

texturaI properties of tofu made from micronized beans usmg standard proceuures 

(70oC and CaS04.2H20 as coagulating agent) were lower than those of tofu from 

unprocessed beans; tofu prcpared from micronized beans and coagulatcd at 90°C 

using a mixture of ci tric acid (O.OlM) and calcium sulphatc (O.03M) ~howed 

improved characteristics. The microstructure of tofu preparcd from micronizcd 

beans lacked the regularity of honeycomb-like structure as shown by tofu from 

unprocessed be:.J1S. 

Functional, biochemical and nutritional propcrtics of the mlcronized 

soybeans, soy isolate, soymilk and tofu were studied. The resuIts mdlcatc the 

following: the digestiiJility of micronIzed soybean (84.3%) was hlghcr comparcu tu 

the unprocessed soybean (76.5%); the available lysine content of soy Isolatc, soymllk 

and tofu from ffilcronized soybeans werc higher than the C0. "cspondmg product~ 

derived from unprocessed bcans; the ur!p:ocessed soybean Hour dl~playcd maximum 

foam eapacity at pH 9.0 while the micronizcd soybcan nom showcd no foam 

capacity at pH 3.0 and 5.0; polyacrylamlde-di~c gel clcctrophorcsl~ ~howcd that 

heat treatment by microI'ization had little cffect on the protcm COl1!'1tltlltlon ot the 

soybean and on the protcin-carbohydrate interaction but mduced sorne mtcractlon~ 

of protein and lipid components in the soybeans. 
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RESUME 

L'effet de chauffage à l'infra-rouge (micronisation) sur la composition et les 

propriétés de la texture du so)'a entier ainsi que sur ses produits transformés (le soya 

concentré, le [ait de soya et le tofu) a été étudié. Les résultats tendent à montrer qu'il y a 

peu de différences entre la composition de soya micronisé ct celle du soya transformé par 

d'autres méthodes. Li! rendement, le contenu en protéine et les propriétés de la texture du 

tofu fabriqué à partir du soya mlcronisé en utilisant les méthodes normales (70oe et le 

CaS04.2H20, utilisé comme un agent de coagulation) ont été plus faibles que ceux 

obtenus pour le tofu fabnqué à partIr du soya non-traité.. Le tofu, préparé à partir du soya 

mlcronisé et coagulé à 900 e en utilisant le mélange d'acide CItrique (0,01 M) ct le sulphate 

de calcIUm (0,03 M) a montré une amélioration de ses caractères rhéologiques. 

Les propriétés fonctlOneJIes, biocll1mlques I!t nutntionelles du soya mlcromsé, du 

soya concentré, du lait de soya et du tofu ont été aussi étudiées. l.cs résultats tendent à 

montrer que la digestibilité du soya micromsé (84,3%) est supérieure il celle du soya non­

traité (76,5%). D'autre part, le contenu en lySIne dispomble du soya concentI é et du to1'u 

(préparé à pane du soya micronisé) Cl été plus élevé que celui des prodUIts transformés 

(obtenus à partIr du soya non-traité). La fanne du soya non-traIté a montré une capaCIté 

maximale pour la formatIOn d'une mousse à pH 9 tandis que la faf1ne du 'loya mlCfOmsé 

n'a pas pu montré une telle capacité à pH 3 c.t à pH 5. L'électrophorèse en gel de 

polyacry13mlde a montré que le traitement thermique du soya à l'infra-rouge a peu d'effet 

sur la composition des plotémes et sur l'mtérac:tion entre les protémes ct les glUCides. 

Cependant. un tel traitement peut mdUire quelques intéractIons entre les composants 

protéiques et lip~diqucs du soya. 
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A: INTRODUCfION 

Soybean is valued for its high prote in and when properly processcd, is a 

~ource of protein of good quality (Wang and Cavins, 1989). In the orient. soybeans 

have contributed an important part of the human diet for centunes (Norman, 1978; 

Coppock, 1974; Wolf and Cowan, 1971), mainly as soymIlk and assocIated products 

(e.g., curd and cheese) and as fermented products (e.g., soy sauce, mISO, natto, and 

tempeh) (Wolf and Cowan, 1971). Before 1960, China was both a major producer 

and exporter of soybeans (Schmidt, 1976). 

In the Western world, significant soybean production has occurred only since 

the 1960s (Coppock, 1974; Wolf and Cowan, 1971), and the vanety normally 

cultivated is Glyczne max (Norman, 1978; Coppock, 1974). CommercIal procc~smg 

of soybeans was established in the V.S. in 1922 (Smith and Circle, 1978), mltlally as 

a source of inexpensive edible oil, with lipids being the most Important commercial 

constituents of the bean (Orthoefer, 1978). During these carly day~, ~oybcan 

protein was only a byproduct of rclatively little econornlc value, although used as 

caUle feed and fertilizer (Wolf, 1976; Wolf and Cowan, 1971). The proccssmg of 

defatted soybean meal into edible prote in products for human food came bter, and 

today soybeans are major source of food protem. 1lIe dcmand for 011 and me al ha~ 

increased enormously with increasing world populatIOn, and currently the U.S. 

dominates the soybean and soy oil export trade (SchmIdt, 1976). 

There was little doubt that wldespread utilizatlon of soy protem products 

offer important nutritional and econornic advantages (MacLeod and Ames, 1988) 

However, there arc certam problerns assocIated wlth the usmg of soybean a~ human 

food. The fust of thesc involves the presence m the bean, of VarlOll~ antlllutntive 

factors, such as phytic acid, protease mhibitors, antlvltamlO compound~, 

hemagglutinins, flatus factors, saponins, goitrogens, lysinoalamne, and allcrgcnlc 
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factors (Rackis, 1981a,b, 1978; Jaffe, 1981; Liener, 1980), where SOlfie of these are 

heat-stable, others are heat-labile and can be removed by heat processing (Raekis, 

1981a). 

Heat treatment has been shown (Wolf and Cowan, 1971) to be effective for 

II 

the elimination or reduction of antitrypsin factor, "beany flavor" components, and 

hemagglutinins. However, careful control of the thermal pro cess mg conditions is 

essential to prevent functional and nutritional changes which result from excessive 

heat treatment of the prote in (Kakade et al., 1972). Excessive heat can result in loss 

of heat-sensitive nutrients sueh as lysme, cystine, methionine and thiamine 

(Kouzeh-Kanani et al., 1981). Oxidative stability is impaired due to the heat 

induced destructIOn of naturaJ antioxidants present in soybeans. Furthermore, heat 

treatment results in off-colour and off-flavour (Kouzeh-Kanani et al., 1981). 

In addition to the conventional moist heating process (Smith and Circle, 

1972), other tradition al methods for heat treatment of soybeans include ImmerSIOn 

cooking (Albercht et al., 1967), dry heatmg or roasting (Cowan, 1979), extrusion 

(Bookwalter et al., 1971), dielectric heating (Borchers et al., 1972), microwave 

proeessing (Wing and Alexander, 1975), and infrared (micronization) cookmg 

(Livingston, 1977). 

Micronization (infrared heating) IS a relatively recent technology that is 

applied to the processmg of full-fat soybeans. The term "micronization" has often 

been used to refer to a continuous process of heat treatment of cercals, pulses, 

oilseeds, etc. WhlCh is bascd on relatively short-time processmg by mfrared radiation 

(Livingston, 1977). The plesent study was airned at evaluating the cffects of 

proeessing by micromzatlon (infrared heating) on the propertlcs of (a) protem and 

(b) food products derived from micronized full-fat soybeans. The specifie objectives 

were as follows: . 
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1. 

III 

To determine the effects of micronization on the composition of soybeans. 

and on soy isolate, soymilk and tofu prepared from micronized soybean. 

2. To determine the effects of micronization on the composition and texturaI 

properties of tofu prepared from micronized soybean. 

3. To investigate the effects of various coagulation conditions on the 

composition and texturai properties of the tofu prepared from micronized 

soybean. 

4. To study the effects of micronization on the bIOchemlcal propcrtles of 

protein, and on protein-lipid, and protein-carbohydrate interactions. 

5. To study the effects of micronization on nutrition al and functIOnal propcrties 

of soybean, and of soy prote in isolate, soymilk and tofu prepared from 

micronized soybean. 
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B: LITERATURE REVIEW 

1.0: Composition of soybeans 

The major components of soybeans are proteins and lipids. Carbohydrates, 

ash and fibre also make up a significant proportion of the beans. Table 1 gives the 

chemical composition of soybeans. 

Genetic factors and climate have been shown to influence the chemical 

1 

composition of soybeans. DeMan et al. (1975) in a study of the proximate 

composition of 55 soybean varieties grown in Ontario, reported that protein 

contents in the samples tested ranged from 30.3% to 46.13% wlth a mean of 

40.84%; Fat contents ranged from 14.46% to 21.26% with a mean of 17.18%; and 

the moisture content ranged from 4.21 % to 7.8% wlth a mean value of 5.0%. Smith 

et al. (1960) in a comparative study, fou.nd that Japancse beans contamed prote in 

contents Illgher than that of the AmerIcan varietles. 

Carter and Hopper (1942) report cd that, In additIon to vanctal dlfferences, 

geographlcal location also affectcd the prote in, hpid, and mineraI contents. These 

workers also rcported a signifîcant climate ctfect and notcd that c1illlatc was more 

important than locatIOn 111 detcrmming sorne aspects of soybcan composItIOn. Other 

variables winch have been shown to mfluence soybean composItIOn arc agricultural 

practices, crop ycar, and planting datc (Beatty et al., 1982; Knvoruchco et al., 1979; 

Taira et al., 1977). 

2.0: Traditional and current ways cf utilization and processing soybeans. 

Soybeans was first cultivated in China, where, It has becn suggested 

(Watanabe and Kishi, 1984) it has been employed as a food fOl more than five 

thousand years (Watanabe and Kishi, 1984). The Chinese have developed a wide 

variety of processed soybean foods which continue to be important in their diets 

today. These foods can be divided into two broad classes: (1) foods originating with 
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soymilk but are not fermented (eg., tofu and processed versions of it); and (2) 

fermented foods (eg., miso, soy sauce, and fermented tofu). 

2 

In Japan, in addition to these tradltional ways of preparation, soybcans arc 

used in kinako (roasted soy flour), dried frozen tofu, and natto, whlch arc 

distinctively Japanese products (Watanabe and Kishl, 1984). Prcvlously, III both 

Japan and China, defatted soybcans remainmg after 011 ex1tactlon wcrc uscd as 

fertilizer and animal feed and Iater in the production of soy sauce (Watanabe and 

Kishi, 1984). In addition, defatted ~oybeans are employcd in the production of mISO, 

tofu, and amino acid mixtures (Wolf and Cowan, 1971). More reccntly, defatted 

soybeans and derived proteins have becn used widcly In the manufacture of 

simdated processed meat and fish products (Watanabc and Kl~lll, 1984). 

Indoncsians, like the Chincse, Japanese, and Koreans, traditionally eat 

soybean foods, especially tempeh and Chinese-type soybean foods (Watanabe and 

Kishi, 1984). 

In the Western world, food uses of soybeans have followed a diffcrent 

pattern from those of the orient. Watanabe and Kishi (1984) reported that of the 62 

million tons of soybeans grown in the United States m 1982,40 n1lllion wa~ used for 

the production of edibie oil. A large proportIon of the rcmamdcr was cxportcd. 

Only a relatively small proportion was used domcstIcally in the whole bean form for 

foods. This report also indicatcd that more than 80% of the 32 millIon tom. of 

defatted soybcan rcmaming after 011 production was used domestically. Although 

most of the defattcd beans was used for aOlmal feed, a small quantity was uscd as a 

source of prote in food ingredients. 

The traditional soy protein foods are divided into two groups: fermented and 

nonfermented. Fermented foods are soy sauce, miso, natto, sufu, and tcmpeh; 

nonfermented products are soymilk, tofu and its derived products, kori-tofu, yuba, 

kinako and moyushi. 
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2.1: Nonfennenled foods 

Bean curd or fresh tofu is the major soybean food in Japan. It is prepared by 

water soaking, grinding, and cooking beans and filtering off the insoluble residue to 

obtain soymilk. A protein-Oll curd is then precipitated by adding cr gulant such as 

calcium sulfate to the waIID mtlk. After the supernatant or whey is removed the curd 

is carcfully washed and shced (Wolf and Cowan, 1971). ln general, tofu cantains 

88% moisture, 6% protein and 3.5% oil and its curd is very fragile and penshable 

(Fukushima, 1981). 

Dried (Kori) tofu 15 made from soymllk by precipltating the cu rd wlth 

calcium chloride to form a hard and grainy tofu. After removing the whey, the curd 

is ground, shaped, washed and shced. 'Ille sliccs are rapidly frozen at -lOoC and 

then aged at -1 0 to -2°C for 2 to 3 weeks. Dunng aging the tofu IS thawcd, dried and 

packaged (Wolf and Cowan, 1971). Sorne types of tofu arc treated with gaseous 

ammonia beforc packagmg (Fukushima, 1981; Wolf and Cowan, 1971). Ammonia 

treatment Improves the texturai charactenstics when the product is subsequentiy 

cooked (Wolf and Cowan, 1971). 

Soymdk a popular drmk in China is not widely used in Japan because of the 

presence of cg., green beany, rancid and/or throat-catching chalky flavor 

(Fukushima, lWH). The techniques to produce soymilk have Improved and 

packaged soymllk has appeared on the market m Japan (Fukushtma, 1981). A hot 

gnnding mc·nod (Wilkens et al., 1967) for soymilk manufacturing has al 50 been 

introduced. 

"Yuba" is another unique, traditional soymilk product. In yuba-making, 

soymilk is heated at a temperature just below the boiling point in a flat pan. The 

coagulated film forrned on the surface of soymilk is scooped up successively by a 

fine stick and dried at room temperature. The resulting yuba contams 52-53% 



protein, 24% fat, 12% soluble carbohydrate, 8-9% moisture and 3% ash 

(Fukushirna, 1981). 
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Kinako is a nonfermentcd soy proctuct made by roastmg soybeans, dchulhng, 

and then grinding. It is used as a cake base, and when mixed with sugar It IS used on 

baked rice cakes (Wolf and Cowan, 1971). 

2.2: Fermentcd foods 

The three most important fermented soybean products are miso and soy 

sauce which originated in China, and natto, whlch originated in Japan (Watanabe 

and Kishi, 1984). These products result from metabolic and fermentatIve activity of 

microorganisms (Watanabe and Kishi, 1984). 

Soy sauce made by fermentation and acid hydrolysis is weil known m the 

V.S., however, the traditIOn al Japancse product is made by fermentation and has the 

characteristic flavor associatcd wlth fcrmentcd soy sauce (Wolf and Cowan, 1971). 

Cooked defattcd soybean flakes arc mixed with roasted wheat and 100culatcd wlth 

Aspergillus O1}'zae. After an initial growth phase of 45 to 65 h, salt solution ts added 

and the fermentation proceeds for 8 ta 12 months. The IiqUld phase IS then 

separated from the insoluble rcsidue, !lasteurized, filtcrcd, and bottlcd (Wolf and 

Cowan, 1971). 

Miso is also a fermentation product of soybeans and ccreals In the pre~cncc 

of salt (Fukushima, 1981). ft 15 made by cooking soybeam followed by blcndmg wlth 

koji (steamed rice covered with a growth of Ajpelglllu.'Î oryzae), salt, and watcr and 

then inoculating with a yeast. 'nIe mixture IS then fermentcd for several month~ to a 

paste-like consistency (Fukushima, 1981; Wolf anù Cowan, 1971). Miso IS used ta 

f1avor soups and vegetables (Wolf and Cowan, 1971). 

Natto is another popular ferrnented soybean product in lapan and IS made by 

inoculating cooked soybeans with Baczllus natto followed by incubation for 14 to 40 



h at 400 C (Wolf and Cowan, 1971). Fermentation covers the cooked bealls with 

viscous substances which forms long threads when the product is pulled apart 

(Fukushima, 1981; Wolf and Cowan, 1971). Natto is eaten with cooked rice 

seasoned with soy sauce or salt. 
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Another important fennented soy prote in food is tempeh. It is used in 

Indonesia rather than in Japan (Wolf and Cowan, 1971). Soybeans are soaked 

ovemight, dehulled, cooked, and mixed with a previous batch of tempeh. After an 

incubation period of 24 h or less, Rhizopus oligosporous and related organisms grow 

and bind the fermented beans into a cake like mass in which individu al soybean 

cotyledons can still be readily detected (Watanabe and Kishi, 1984; Fulmshima, 

1981; Wolf and Cowan, 1971). The final product is sliced and then fried. It serves 

as a main dish rather th an as a flavoring agent for other foods (Wolf and Cowan, 

1971). 

3.0: Properties and utilization of soy protein 

Technological advances have made it possible to have soybean protein 

available for use in various forms: as whole seeds and flours, as protein 

concentrates and as prote in isolates. These products differ in composition as weIl as 

in functional propertk's (Table 1). However, amino acid patterns on a prote in 

content basis are essentially the same (Bressani, 1981). 



.' 

6 

Table 1. Chemical composition or soy protein products (g/lOOg)a 

Product Proteinb Fat Fiber Ash Carbohydrate 
(Total) 

Whole soybeans 41.0 20.0 2.3 5.4 31.3 

Soy flours 50.5 1.5 3.2 5.8 34.2 
(defatted) 

Soy flours 41.0 20.5 2.8 5.3 25.2 
(full-fat) 

Concentrates 70.0 1.0 4.5 5.0 19.5 

Isolates 96.0 0.1 0.1 3.5 0.3 

~Source: Bressani (1981) 
Prote in (%N x 6.25) 

3.1: Processing or soybeans 

The production of flours from soybeans involves the removal of hlllls to 

produce a tull-fat soy f10ur (-41 % prote in) or removal of both hull and oil fractions 

to produce a defatted f10ur (-50% protein) (Mustakas, 1971). Steps In the 

manufacture of both full-fat and defatted soy flours by procedures convcntlonally 

used in oil extraction plant.s, are shown in Figure 1. Precise cc,ntrol of the dcgrce ot 

heat treatment of the defatted soy flakes during the desolventizmg procc~s and 

during subsequent steps IS critical to both the nutrItive value and the functlOnailty ot 

the defatted me al (Kellor, 1974). 

Soy concentrates ( ... 70% prGtein) are gencrally prcpared from dcfattcd soy 

flakes or flour by removing the oligosacchandes, part of the ash and ~omc of the 

minor components in one of the following thrce InItiaI precipitation proccs~e~ 

(Figure 2): (a) use of a 60% to 80% aqucous alcohol leach, (b) use of a dIllltc aCld 

leach, or (c) u~e of moist heat followerl by a water leach (Wolf, 1970). The 

concentrate is dried at pH 7 in case of a precipitation with alcohol or u~c of the 

-
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water leach, or neutralized before drying if acid predpitation is employed. The 

manufacture of isolated soy prote in (-90% prot:in) requires a separate procedure 

which involves removing the water insoluble polysaccharides as well as the 

oligosacchandes and other low molecular weight components. The prote in can be 

neutralizcd before drying to yield a proteinate which is water soluble, unlike 

isoelectnc prote in (Barraquio and '1",1 de Voort, 1988). 

Numerous workers have reported on procedures for heating full-fat soybeans 

for use in chick diets. The methods include steam cooking (Rogler and Carrick, 

1961), extruding (White et al., 1967), infrared cooking (Featherston and Rogler, 

1966) and microwavc radiations (Wing and Alexander, 1975). White et al. (1967) 

reported that extr~slon process produced beans with nutrition"l values approaching 

those of commercially processed soybean me al. Hull et al. (1968) found that 

extruded soybeans supported chick growth equal or superior to rations containing 

extracted soybcan meal with soybean oil added, while infrared processing was found 

to produce mferior rcsults when compared to the commercial meal. Arnold et al. 

(1971) us mg a stIll air oven, produced soybean that promoted welght gains and feed 

efficiencies when compared to commercial soybean meat. Wing and Alexander 

(1 c)7S) rcportcd that mlcrowave processing yielded beans of high nutritive quality, 

which compared favorably wlth beans processed by conventional heating techniques 

(direct steam-heat treatment). 
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Figure 1. Production of full-fat and defatted soy Dours by conventional 
processes. (Mustakas, 1971). 
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Figure 2. Scheme for soy concentrate and isolate production. (Wolf, 1970). 
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3.2: Utilization 

Waggle and Kollar (1979) and Dobois and Hoover (1981) have reviewcd the 

use of soy protein in cereal grain products. According to the latter authors the 

greatest usage of soy protein by the bakery industry IS as components of other 

ingredients, such as milk replacers. Defatte<i soy flOUfS are commonly us cd as 

ingredients in the replacers but concentrates and isolates may also be used 

(Pearson, 1983). 

Soy prote in is also widely used in dairy whiteners and artlficial creams, cither 

sour or sweet (Pearson, 1983). Isolated soy proteins are used in yogurt, artlflcml 

cheese and cheese dips (Pearson, 1983), Isolated soy proteins and soy concentrates 

are also used in snack foods and cereals (Waggle and Kollar. 1979); thelr lISe III 

beverages, soups and a variety of other products has been discussed by a numbcr of 

workers (Morales et al., 1981; Pereira and De Campos, 1981; Wagglc and Kollar, 

1979). 

Incorporation of soy proteins in ground meal and sausagc products ha~ becn 

singularly successful in expanding consumption of soy proteins wlthout any scnolls 

effects upon acceptability (Pearson, 1983). Waggle and Kollar (1979) and Wagglc et 

al. (1981) have reviewed the funetional and nutritional advantages of adding !',oy 

proteins to ground meat and sausages but have indlcatcd the Importance of limltmg 

the levels used so as not to impair the acceptability of the extcnded meat, poultry 

and fish products. 

3.3: Physico-chemical properties 

On the basis of sedimentation rates, soy proteins can be fractlOnatcd mto 2:-, 

7s, Ils, and 15s fractbns (Table 2), wlth the major fractIOns bemg the 7s globulin ({3-

and'Y-conglycinin) and the Ils globulin (glycmm). The 2s fractIOn uf soybean protCIll 

(a- conglycinin) includes cytochrome C and ihe group of trypsin lI1hlbltor~ (Wolf, 

1969). Catsimpoolas and Eckenstam (1969) have shown thata-,~-, and'Y-conglycllllll 
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and glycinin are antigenically distinct proteins. The 7s globulin fraction accounts for 

50% of the total 7s protein or about 18% of the total soy proteins (Wolf and Sly, 

1967). Koshiyama and Fukushima (1976) identified ~-conglycinin (27.9%) as the 

major component while ')'-conglycinin was only 3% of 7s gIobulin. Approximately 

80% of soy protelOs have molecular weight greater than 100,000 implying a high 

degree of structural order. 

Table 2. 

Soy prote in 
fraction 

2s 

7s 

11s 

15s 

Proportions and components of ultracentrifuge fractions of water 
extractable soy proteinsa• 

% of total 
protein 

22 

37 

31 

11 

Prote in 
component 

Trypsin inhibitors 
Cytochrome C 

Hemaglutinin 
1 i poxygenase 
Beta amylase 
7s globulin 

115 globulin 

Molecular 
Weight 

8,000 - 21,500 
12,000 

110,000 
102,000 
61,700 
180,000 -
210,000 

350,000 

600,000 

aSource: Wolf, 1970 

~-conglycinin, a major 78 protein, exists in mono me rie (7s) and dimeric (9s) 

forms at 0.5M and O.lM ionie strength, respectively (Ibuchi and Imahori, 1978a,b). 

The origlOal 7s fraction is a glycoprotein (Koshiyama, 1969) and contains 

carbohydrate with one unit attached to the aspartic acid residue at the N-terminal 

end of the molecule (Yamauchi et al.,1975). The carbohydrate mOiety consists of 38 

mannose and 12 glucosamine residues per molecule of prote in. The molecular 

weight of the 7s form is in the range of 150,000 to 175,000 daltons and that of 9s 
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weight of the 7s form is in the range of 150,000 to 175,000 daltons and that of 9s 

form is approximately 370,000 daltons (Thanh and Shibasaki, 1978). The 7s form is 

composed of three subunits (a,a; andlJ) which interact to produce SIX isomeric forms 

(BI to B6) with varying properties. 

The 7s prote in fraction is especially low in sulfur-containing amino acids. It 

contributes only ln of the total methionine of soy protein (Roberts and Briggs, 

1965). It also contains relatively few sulfhydryl groups. This scarclty of sulfhydryl 

groups probably aceounts for Its greater heat sensitivity compared to the Ils fraction 

(Hashizume et al., 1975). No intra-cham disulfide bonds were found in 7s globulm 

(Thanh and Shibasaki, 1977). Hoshi et al. (1982) reported the presence of sulfhydryl 

groups in 7s globulin but noted that they were located at the mtcnor ot the molcculc 

with limited potential for disulfide interchange reactions. 

The Ils globulin (glycinin) is made up of 6 aCIdic and 6 baSIC subumts, and 

has a molecular weight of 302,000 to 375,000 daltons (Utsumi et al., J 981; Kltamura 

et al.) 1976; Badley et al., 1975). Kitamura et al. (1976) reported that the aCldlc and 

basic subunits are Iinked together in specifie comb matIOns through dlsulfide bridges 

resulting in the formation of intermediary subunits. 

Glycinin contains more th an twicc the quantity of rncthionmc 10 conglyclnIr. 

although the amount relative to proteins from other sources IS still low (Fuku!->hlma, 

1968). Similarly, the number of half cystine resldues found !fi glycInm I~ more than 

twice that found in the 7s globulin (Fukushima, 1968). Catsllnpoola~ et al. (1969) 

found 48 moles of half cystine rcsldues per mole of protein !fi the Ils globulm. 

Moreira et al. (1979) abo found large amounts of glutamate and aspartate in 

glycinin. 

Protein-protein interactions occur 10 soy protcms wlth both the 7s and Ils 

proteins capable of forming intermolecular disulfide bonds leading to 1I1solubility, 

turbidity, and increased viscosity (Kil ara and Sharkasi, 19~6; Nash and Wolf, 1967; 
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Circle et al., 1964; Briggs and Wolf, 1957). Both 7s and Ils proteins have cornplex 

quarternary structure and exhibit different degrees of ionic strength-dependent 

association-dissociation reactions (Kil ara and Sharkasi, 1986). They have low 

content of a-helix (Hermansson, 1978) and are primanIy made up of antiparallel~­

structure and disordered regions (Fukushima, 1968). A 15s protein often 

accompanies punfied Ils as a minor component of low elcctrophoretic mobllity 

(Derbyshire et al., 1976). The association of glycinin via disulfide bndges dunng 

isolation rnay expIain the occurrence of the 15s form and the presence of the 18s 

fraction could be due to the association of a 7s globulin, which usually a major 

constituent of species havmg the 18s component (Kil ara and Sharkasi, J 986). 

4.0: 

4.1: 

Preparation and properties of soymilk and tofu 

Soymilk preparation 

Preparation of tofu involvcs first, the preparation of soymilk followed by the 

coagulation of proteins in the soymilk by adding the coagulant. A traditional method 

of tofu preparation is described by ShurtIeff and Aoyagi (1984) and is outlined in 

Figure 3. 

Dry soybean is rinsed and soaked ovemight in water. The soaking pro cess not 

only facil~tates grinding but enables better dispersion and suspension of soybean 

solids during subsequent extractIon. The rate of water absorption by soybean is 

related to the temperature of the watcr. Wang et al. (1979) found that the rate of 

water absorption mcreased with increasing hydration temperature. As the 

temperature increascd from 20° to 37°C, the time required for maximum hydration 

decreascd from 5.5 h to 2.5 h. Johnson and Snyder (1978) reportcd a time of 14 h 

for maximum watcr absorption at 4°C comparcd to 9 and 2 h for absorptIOn at 21° 

and toOOe respcctivcly. Watanabc et al. (1964) found that soakmg bme at 700 F and 

at 50°F wcre 10 h and 18 h, respectively. 
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1.oss of solids is associated with the soaking step in soymilk preparation. A 

5% loss of solids occurred after 24 h at 10 C, the loss increased to 10% after 72 h (La 

et al., 1968a). The solids lost werc carbohydrate (76.4%) and prote in (23.6%), the 

loss of protein was reportcd to oceur during the initial 24 h period. Wang et al. 

(1979) found incrcased losses at elcvated hydration tcmperatures and increase in 

the ratio of prote in lost to total solids lost wlth inci ea~mg tempcraturc. 

AJter an overmght soakmg period the soybean is draincd and ground wlth 

water to extra ct proteins. Water is added to hydrated beaD'l to givc a water to dry 

bean ratio of 10:1 (Wang, 1981; Boume et al., 1976; La et al., 1968b; Snuth and 

Nash, 1961). Bcddows and Wang (1987a) reported that thls traditlonal 10: 1 

water:bean ratio gave not only the best protcm yicld but also a tofu thal has a lowcr 

bulk duc 10 less water being hcld. 

A decreasc in prote in extractalJllity is assoclated wlth hlgh tempcraturcs of 

grinding (Johnson and Snydcr, 1978). Yoshino et al. (1982) l'ound a decrease of 

water soluble nitrogen with long storage times. Salo and Ansaka (1978) rcportcd 

similar results and also found a hlgher ratio of 75 to 115 protem fractions wlth longer 

storage times. 

Wilkens et al. (1967b) found that a "hot grind" techmque produccd soymilk 

having a more bland flavor than that produced oy sorne other traditIOnal methods. 

Lo et al. (1968b) also rcportcd Improvcd flavor with the use of hJgh gnndmg 

temperatures but noted substanttdl rcductwns 10 :'lcId at temperaturcs grcatcr than 

85°C. Johnson 2nd Snyder (1978) comparcd the effcctiveness of a 30 mm blanch at 

wooe before a 20° to 250 C grind, with no blanching step. The blanchmg process 

resuIted in il very low prote!n recovery although the product had a very bland flavor. 

Disruption of protein bodies before extensive heating aHowed greater release of 

protein. 
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The grinding step is followed by heating to a boil then holding at this 

temperature for 10 to 20 min (Schaefer, 1986). Cooking of the slurry using proper 

temperature/time combination inactivates trypsin inhibitors and could facilitate 

extraction of soymilk from the slurry (Sing-Wood, 1984). Watanabe et al. (1964) 

reported that cooking of the sluny at lOOoe for about 7 to 14 min rcsuIted in the 

desired recovery of soymIlk solids, soymilk protein, and tofu solids. Saio et al. 

(1973) found that heating the slurry at 600 -800 C for 30 min resulted in higher solids 

recovery in soymilk than heating at lOOoC for 30 min or without heating. Watanabe 

et al. (1964) reported that soymilk made from a slurry cooked at 1200 C required 

more coagulant for prote in precIpitation than that cooked at lOO°e. It was also 

reported that tofu made from sIurry cooked at 1200 e lacked cohesiveness. Heating 

above 1300 e caused off-flavor in soymilk and tofu, and resulted in undesirably soft 

curds (Watanabe et al., 1964). 

After cooking, the hot slurry is filtered to remove the insoluble material 

(okara) from the proteinaceous liquid which is the soymilk . 
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Figure 3. 

Soybeans or dehulled cotyledons 

Wash and soak (8-12 h) 

Grind with water (5x weight of dry bean) 

Cook sluqy, 10: 1 water:beans 
lOOo-nOoe, 10 min 

Press curds to form tofu 
0.05-0.2 psi, 15-20 min 

Cool in water (5°C, 60-90 min) 
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Procedure of traditional regular toru manufacturing (Japanese). 
(ShurtiefT and Aoyagi, 1984). 

..... 
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4.2: Tofu preparation 

Proteins are precipitated from hot soymilk by the addition of a coagulant. 

Watanabe et al. (1964) investigated the effect of tempe rature of soymilk on solids 

yield, volume yield and firmness of tofu and showed that the solids and volume yield 

of tofu increased sIightly whcn cooking tempe ratures was mçreascd from 600 to 

lOO°e. 'The tofu firmness was Iow at cooking tempera turcs ranging from 600 to 

800 e, but was mcreased markedly at temperatures from 800 to lOO°e. 

Va nous coagulants have becn used and may be classificd into three general 

types: 1) chloride or mgan types, 2) sulfate types, and 3) aCld types. Chlonde or 

nigari coagulants included sea water, natmal nigari, calcIUm chI onde and ferric 

chloride. Nigari, the most traditional coagulant, is prepared from dehydratcd sea 

water with sodium chloride rcmoved and is composed pnmarily of rnagneslUm 

chloride. Chlonde types scem to be faster rcactmg than sulfate coagulants (SalO, 

1979), sulfate type coagulants include magncsmffi sulfate and calcIUm sulfate which 

is widely uscd commcrcially (Lu et al., 1980). The primary aCld type of coagulant is 

glucono delta lactone (GDL) used in the manufacture of sllken tofu, a very soft tofu 

product which Îs not prcssed. Acctic acid (Lu et al., 1980; Kawaguchi, 1979; Chiu, 

1960) and Icmon juice (Pontecorvo and Boume, 1978) may also be used in tofu 

preparation at the dames tic scale. 

Several other coagulants have been used with varymg degrees of success. 

Tsai et al. (1981) reported that calcium acetate and calcIUm gluconate failed to 

pro duce a curd. Kamel and DeMan (1982) obtained a curd with calcium acetate, 

but found no coagulation using calcium citrate, calcium hydroxide, calcium 

carbonate and calcium hydrogen phosphate. 

The concentration of coagulant affects cu rd formation. DeMan et al. (1986) 

reported that the minimum concentration required for coagulation were 0.5% 

calcium sulphate, 0.15% calcium chloride, 0.3% magnesium sulphate, 0.2% 
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magnesium chloride and 0.37% GDL Wang (1981) obtained curd formatIon using 

0.008M to 0.080M calcium sulphate, calcium chloride, magnesmm sulfate, and 

magnesîum chloride. No curd was obtained at concentratIon below O.006M and 

above O.lM. Saio (1979) reported that the optimum calcIUm concentration for 

coagulation was O.02N. Beddows and Wong (1987b) found that 9-lOmM calcIUm 

sulphate gave tofu w!th smooth texture and maximum contents of protelll and solids. 

The quantity of coagulant rcqUlrcd is rciated to the type of coagulant 

(DeMan et al., 1986; Kamel and DeMan, 1982; Wang and Hesseltme. 1982). 

Minimum coagulants levels necessary for coagulation were 0.10% for a chlondc 

coagulant, 0.25% for sulph<Jtc coagulants, and 0.20% for an acctatc coagulant 

(Kamel and DcMan, 1982). 

Lu et al. (1980) compared the uses of calcium chloride, ealclllm aectate, 

acetic acid, calcium lactate, calcIUm sulfate and glucono delta lactonc and ..,howed 

that soybean cunIs prcparcd with calcium salts had a higher welght ylcld than thm,e 

with non-c<llcium compounds. In addition curds prepared with calcium chi onde, 

calcium acctatc and acctic acid were softer than those from the rcmaining 

coagulants. Thcse researchers pomtcd out that the rcason for the softe!" curds wa~ 

related to the sm aller quantity of coagulant used. 

Lu et al. (1980) also mvestigated the cffeet of pH on coagulation of ~oymIlk 

by acetic acid, GDL, and the calcium salts of the followmg amons: ~ulfatc, 

carbonate, acctate, gluconate, chlondc, and lactate. PreClpltatlOI1 occurrcd when a 

sufficient amount of coagulant was addcd to cause a decreasc 10 pH to 

approximately 6.0 from an orig!na! soymilk pH of 6.4. Thcse authors concluded that 

pH, and not coagulant concentratIOn, was the important consideration In soy curd 

formation. 

Soymilk can be coagulated over a range of temperatures. Wang (1981) 

reported that the optimum temperature for tofu curd formation is between 600 and 
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70°C. A change in coagulation temperature affects moisture content and texture of 

tofu; higher temperatures result in a decrease in moisture and a firmer product 

(Wang and Hesseltine, 1982). Beddows and Wong (1987b) reported that the net 

yield of tofu decreased wlth increase in tempe rature over the range SOo-90oe and 

that tofu produccd bclow 700 C was soft and \Vatery. In the range 700-800 e, the 

texture was very desuable; above this temperatùrc the texture was unacceptable. 

After the addition of coagulant to form the tofu curds, a 3110rt settling period 

is required for the completion of curd formation. The cu rd IS th en transferred to a 

c1oth-lined perforated pressing box, pressed and the whey \s allowed to drain, 

usually for a period lasting from 20 min to l h. The weight used for pressing and the 

time of pressmg affects the texture of tofu (Schaefer, 1986). Schroeder and Jackson 

(1972) found that a pressure of 1 psi resulted in a smooth, rubbery texture while 

lower pressures resulted in a pastelike consistency. 

4.3: Soymilk composition 

The composition of soymilk has becn determined by several workers. DeMan 

et aL (1975) reported on the composition of soymilk \Jrepared from 55 soybean 

varietics. Average mobture, prote in and lipid contents were 94.02%, 2.71% and 

1.24%, respectlvely, W"ang and Cavins (1989) reported that !1rotein contents of the 

soymllk from thrce varicties of bcans samplcs testcd rangcd from 3.1 % to 3.5%, fat 

contents rangcd from 1.5% to 1.8%, and the moisturc contents ranged from 93.2% 

to 93.4%. Shurtleff and Aoyagl (1975) rcportcd the followmg values for moisture, 

protem, fat, and ash contents, rcspcctively: 90.8%,3.6%, 2.0%, and 0.5%. 

Investigations on the effect (' ~ various lengths of soybean hydration on 

soymilk composition showed that soakmg bcans for up to 72 hours dld not have a 

significant effe..:t on the gross composition of the soymilk (Lo et al. 1968a). 
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There are relatively few reports on the minerai composition of soymllk 

(Schaefer, 1986). Chang and Murray (1949) found that on a dry basis, calcIUm, iron, 

and phosphorus in soymilk were 0.195%, 0.0072%, and 0.65%, respcctlvely; on a 

moist basis ( 5.98% moisture), calcium, phosphoric, and magncsmm concentrations 

in soymilk were 0.10, 0.53 and 0.20 mg/g, respectlvely. The recovencs of the bean 

calcium, phosphorus ~r.d magnesium in the soyrndk were 6'2%, 82% and 72%, 

respectively (DeMan et al., 1975). 

Soyrmlk has becn shown (Del Valle, 1981) to contain hlgher Icvcls of Iysme 

and aromatic amino acids but lower levels of threonme, tryptophan, leucIne, and 

valine th an the soybeans from which it is prepared. Wang and Cavins (1989) found 

that the sulfur ammo acids were the most limitmg amine aClds 10 soymllk. Miller et 

al. (1952) reported that 50% to 90% of the thiamine, 90% of the ribof1avll1, and 

60% to 8:'% of the niacin found in soybeans was retamed in soymllk. 

4.4: Tofu composition 

Proximate analysis has shown that tofu contains 88% moisture, 6% protcm, 

and 3 to 3.5% lipid (Fukushima, 1981; Kinsella, 1978). Shurtleff and Aoyagl (1975) 

reported values of 84.9%, 7.8%, 4.3%, and 0.7% for moisture, protcm, IIPld, and 

ash, respectîvely. Chang and Murray (1949) rcported the followmg compOSitIOn of 

tofu: 76.5% moisture, 15.0% protem, 7.1% hPld, and 0.9% ash. More rcccntly, 

Wang and Cavms (1989) showed that thc compOSitIOn of tofu prcpared trom thrcc 

soybean vanctlcs were 84.9-87.3% mOI sture, 6.5-8.8% protclrl, and 4.1-46% IIpld. 

Tseng et al. (1977) rcported calcium Icvcls on a wct basl:~ lrl tafu of 

approximately 0.2%. Chang and Murray (1949) found calcIUm conccntratlon~ 

0.24% and 0.69% (DM basis) whcn magncslUm chloriJe and calclllm chlonde, 

œspectively, werc used as coagulants. Kantha et al. (1983) found 1.64% calcIUm m 

tofu (DM basis). Phosphorus lcvels 10 tofu have becn reportcd as 0.80% (DM 



basis) (Chang and Murray, 1949) and approximately 0.08% (on a wet basis) (Tseng 

et al., 1977). 
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Chang and Murray (1949) found 105 ppm iron in tofu (DM basis), while 

Kantha et al. (1983) found a value of 70 ppm. Miller et al. (1952) noted that tofu 

retained from 50% to 60% of the iron found in the soybean. The zinc content of 

tofti was reported to be 60 ppm (Kantha et al., 1983). 

S.O: Nutritional properties of soy proteins 

There arc numerous reports in the literature dealing with the potential of 

soybeans for meetmg the protein needs of the world (Scrimshaw, 1981; Young et al., 

1979; Bressani et al., 1974; Graham and Baertl, 1974). 

Soybeans contain approximately 30-45% protein depending on the variety 

(Smith and Cirde, 1977). Soy proteins for human food have been shown to be of 

relauvely high nutritIOn al value when compared to weIl known plant proteins 

(Pearson, 1983). Soy proteins contain relatively high levers of lysmc (Table 3) 

which is the most hmlting amino acid in cereal-based diets (Liener, 1978). 

Table 3. Typical essential amino acid composition of soy protein products 
(g/lOOg protein, DM basis)a 

Amino acid 

Isoleucine 
Leucine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 

aSource: 

Soy flour 

4.7 
7.9 
6.3 
1.4 
1.6 
5.3 
3.8 
3.9 
1.3 
5.1 

Pearson (1983) 

Soy prote in 
concentrate 

4.8 
7.8 
6.3 
1.4 
1.6 
5.2 
3.9 
4.2 
1.5 
4.9 

Soy protein 
isolate 

4.9 
7.8 
6.4 
1.3 
1.3 
5.4 
4.3 
3.6 
1.4 
4.7 
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In summarizing the nutrition al value of soy ploteins for human food, 

Williams (1970) stated that the most limiting amino acid is methionine, followcd by 

threonine. Table 3 presents the amino acid composition of soy flour, soy protem 

concentrates and soy prote in isolates. Williams (1970) indicated that 

supplementation of soy isolates with 1.5% of OL-mcthionine incrcascd the PER 

from 1.75 to 2.00-2.45. Bradford and Orthoefer (1983) rcportcd that whcn 

antinutritional factors su ch as trypsin inhibitors and Iectins in soybeans arc rcduccd 

or eliminated by heaL denaturation during processing of soy meal and suppIcrncnted 

with methionine, the PER value of soy protein concentrates reqchcd values of 2.5 or 

greater. Similar rcsults were obtained by Meyer (1967) on work on thrcc 

commercial soy protein concentrates. This researcher rcportcd that whcn 

supplemented with 0.15% methionine, the soy protem concentrates gave PER 

values higher than casein (Table 4). 

Table 4. Protein efficiency ratios of commercial soy protein concentrates and 
caseina 

PER 
Methionine SupplementatlOn 

Concentrate None 0.15% 

Casein 

A 
B 
C 

aSource: Meyer (1967) 

2.29 
2.16 
2.36 
2.50 

3.00 
2.88 
3.06 

The nutritional value of soy proteins has been improved by the formation of 

mixed disulfide be .1ds resuiting from heating soy flour III the presence of cysteine or 
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N-acetylcysteine (Friedman et al., 1984). Conventional processing of soy isolate is 

known to result in the loss of me thionine and cysteine/cystine by their 

transformation to unavailable forms (Chang et al., 1985), up to 10% of the 

methionine present IS oxidlzed to methionine sulfone resulting in Iow PER. 
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The use of PER nssays can lead to underestimation of protein quality since 

less protein is required for growth in rats th an maintenance in man (Barraquio and 

van de Voort, 1988). Furthermore, the rat's requirement for suIphur-containing 

amino acids and lysine are higher th an for humans~ suggesting that the PER method 

is more directly proportion al to the quality of the prote in (Walker, 1983); therefore 

caution should be exercised in I!xtrapolating animal data to humans. 

The use of soy protems in combination with other proteins to meet the 

nutritional nceds of human is weIl documcnted (Hopkms and Stelnke, 1981; 

Bressam et al., 1979; Bressam, 1977). It has been shown that " )v protein can be used 

to supplement and/or cxtcnd meat and fish proteins and to supplement single or 

mixcd vegctable-baseci protein diets (Hopkins and Steinke, 1981; Bressani, 1981, 

1977). Soy prote in fortificd foods have becn shown to be useful in relieving 

malnutritIOn among specifie segments of the population, such as infants and children 

(Chavez, 1981; Sgarbieri et al., 1981; Aguilera and Lusas, 1981; Torun, 1981). 

Mixtures of soy proteins with other food proteins ean therefore make a sigmficant 

contribution to the quality of human dicts (Bressani, 1981). 

It has bccn suggested that the essential amino aeid reqUirements in human 

could be mct with soybeans as the only source of proteins (Wilcke et al., 1979; 

Young et al., 1979; Bressam et al., 1974). The amino acid content of soybeans in 

comparison to other foods IS shown in Table 5. 
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Table 5. Essential amino acid content (g/16g N) of soybeans, maize, meat and 
mil ka 

Amino acid Soybean Maize Meat Milk 

Isoleucine 5.37 4.62 5.23 6.51 
Leucine 7.71 12.96 8.19 10.02 
Lysine 6.32 2.88 8.74 7.94 
Phenylalanine 4.94 4.54 4.11 4.94 
Tyrosine 3.18 6.11 3.39 5.20 
Cystine 1.78 1.29 1.26 0.91 
Methionine 1.34 1.85 2.48 2.50 
Threonine 3.94 3.98 4.42 4.70 
T~tophan 1.38 0.61 1.17 1.44 
Valme 5.25 5.10 5.55 7.01 

aSource: Bressani (1981) 

Bressani (1981) repûrted that the digestibility of soybean prote in by humans 

is lower th an that of animal prote in (Table 6). In addition protem Isolates and 

concentrates have a higher digestibility than soybean flour (Bressalll. 1981). 

Hopkins (1980) suggested that with soy flours, the processmg conditions or other 

compound s, whlch were not prese.lt in concentrates or Isolates, could be factor~ 

responsible for reducing the digestibility. 

The beneficial effeet of heat treatment on the nutntive value of soy protein~ 

has been the subject of numerous studies. Bressani (1981) pomted out that it I~ 

generally believed that the improvement in nutritive valuc of soy protCIIlS re~ults 

from inactivation or destruction of antmutritlonal factors. SmIth et al. (1964) 

reported that moist heat is essentiaI for marked improvement III nutntlve value of 

soy proteins, and that steaming under pressure produced this effect at a faster rate 

th an steaming under atmospheric conditions. 



Table 6. Protein digestibility of various foods3 

Prote in Source 

Whole egg 
Milk 
Beef 
Casein 
Soy fIour 
Soy fIour (Extruded) 
Soy protein (Isolated) 
Soy protein (Spun) 

aSource: Bressani (1981) 

Apparent 

73-86 
69-77 
73-82 
71-78 
70 
66-79 
81-82 
83-88 

Digestibility (%) 

True 

93-100 
90-98 
91-99 
94-97 
75-92 
84-90 
93-97 
101-107 
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In the preparation of soymilk as weil as tofu by the traditional method, 

proteins are separated from the beans. In the first case, water soluble or dispersible 

proteins are separated from insoluble or nondisperslble proteins, which remains in 

the residue. In the second case, proteins which are precipitated by acid, calcIUm or 

magnesium ions are septiratcd. According to Del Valle (1981) this fractionation of 

proteins resulted in a fractionation of amino acid and this change modified the 

nutritional value of the proteins separated. The extent of amino acid composition of 

soybeans and sorne dcrived products is shawn in Table 7. 

Del Valle (1981) showed that the amino acid content of soymilk and curd 

proteins arc similar with soymilk proteins containing somewhat higher levels of 

lysine, sulfur-containing amino acids, threonine, tryptophan and valine (Table 7). 
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Table 7. Average ami no acid composition (g/16g N) of soybeans and sorne 
derived productsa 

AminoAcid Soybeans Residue Soymilk Tofu Whey 

Aspartic acid 12.01 11.63 11.91 11.70 12.48 
Threonine 4.11 4.42 4.01 4.00 4.52 
Serine 5.74 5.47 5.19 5.32 4.15 
Glutamic acid 19.76 17.71 19.61 19.26 23.62 
Proline 5.53 5.66 5.33 5.47 4.87 
Glycine 4.46 4.61 4.16 4.14 4.87 
Alanine 4.49 4.36 4.14 4.11 4.42 
Valine 3.73 5.28 4.88 4.99 2.65 
Cystine 0.78 trace 0.03 trace 2.40 
Methionine 1.34 1.67 1.59 1.43 2.61 
Isoleucine 3.46 4.50 4.66 4.85 2.92 
Leucine 7.90 8.31 7.94 8.32 3.89 
~rosine 3.90 3.74 3.91 3.99 3.39 
P enylalanine 4.85 5.20 5.15 5.41 2.52 
Lysine 6.19 6.36 6.08 6.14 8.56 
Histidine 2.60 3.07 2.64 2.64 3.21 
Arginine 8.64 8.61 8.65 8.52 9.69 

aSource: Wang and Cavins (1989) 

6.0: Functional properties of pro teins from soybeans 

With increasing world population and increasing demand for food, more use 

will be made of plant proteins. These proteins must retam esthetic, organoieptlc and 

other functional properties ta be useful (Bressani. 1981). 

An important attribute of soybean protem is rclatcd to the fact that, by 

controlling processing conditions, soybcan products wlth dlffcrcnt fllnctlOnal 

properties can be prepared for a variety of food applicatIOns. Thcsc fllnctional 

properties which include emulsificatlOn, fat and water absorptIOn, texture, dough 

and film formation, adhesion, cohesion and clastlclty, foaming, color and flavor 

control, have becn weIl describcd (Kinsclla, 1979; Wolf, 1970). Sorne functlOnal 

properties of different soy protein preparations are shawn in Table 8. 



The ability of say proteins ta bind off-f1avors (Kinsella and Damodaran, 

1980) and the marked thermal stability of glycinin (German et al.,1982) Iimit their 

use in many food systems. The high heat stability is gencrally believed ta be the 

result of extensIve disulfide bridge formation within tilC major Ils globulin 

(Kinsella, 1979) and results in its ability ta form gels; this is an important functional 

property for many texturai foods su ch as tofu. 

Table 8. Sorne functional capacities of different soy protein preparationsa 

Water- Fat Emulsification 
Soy Solubility holding c~aCity c~acity 
products (%) (%) ( 0) ( 0) 

Rour 21 130 84 18 
Concentrate A 2.3 227 133 3 
Concentrate B 6.0 196 92 19 
Isolate C 17.4 447 154 25 
Isolate D 71.1 416 119 22 

aSource: Kinsella (1979) 

6.1: Gelation 
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Dispersions of soy protein form true gels when heated and cooled (Circle et 

al.,1964) and by the addition of calcIUm salts (Catsimpoolas and Meyer, 1971a,b; 

1970). A mmimum prote in concentration of 8% is required for gelatlOn; dlsulfide 

cleaving agents (I.e. sulfite, merc3ptoethanol, cystemc) 

gelation (Catsimpoolas and Meyer, 1970). Aoki and Sakural (1969) attnbuted the 

anti-gelatlOn effect of sulfites and thiols ta the involverncnt of dlsulfIdc bonds in the 

gelation phenomena. However, hydrophobie interactions are considered to play a 

role smce lipid materials enhance gelatlOn (Catsimpoolas and Meyer, 1970; Circle et 

al., 1964). 
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Gels formed from Ils globulins are firmer and more resilient than those 

formed from 7s globulins (Hashizume et al., 1975; Saio et al., 1975a). Both hydrogen 

and disulfide bonds have becn implicated in the dcvcIopment and mamtenance of 

gel structures (Utsumi and KInsella, 1985). The diffcrcnccr. in thermal dcnatUlatlOn 

of 11s and 7s globulins, especially in the presence of varymg salt concentrations 

(Hashizume et al., 1975), may be exploited to prepare gels with different physlcal 

eharacteristics. 

Saio et al. (1974) reported that gels which formed after autoclavmg of tofu 

eurds made from Ils globulin showed the greater expansIOn and a softer cla~tic 

texture than 7s protems (Table 9). Kinsella (1979) pointed out that disulfide bonds 

played a role in the formatIon and expar.sion of calcium gels. This explamed the 

faet that the Ils proteins formed superior gels. 

Table 9. 

pH 6.7 
pH 7.3 
pH 8.0 
pH 8.4 

Thermal expansion of calcium-precipitated gels from 7s protein, Ils 
protein, and soy isolatea 

7s 
prote in 

2.46 
2.74 
3.14 
2.66 

Average expansion ratio 
Ils Soy isolate 
protein 

2.69 
4.27 
5.70 
4.72 

3.26 
3.36 
5.11 
4.46 

aSource: Saio et al. (1974) 

Babajimopoulas et al. (1983) suggested that both van der Waals mteraction 

and hydrogen bonding are involved in the gelation of soy protein with nrgliglblc 

contribution from hydrophobie and electrostatic interactions. 



29 

6.2: Watcr holding capacity 

~ Soy protein gels have considerably higher water holding capacities than gels 

formed from milk proteins (Barraquio and van de Voortt 1988). For examplet tofu 

has a moisture content greater than 80% (Smith et al.,1960) while rennet casein curd 

has a moisture content of approximately 50% (Lee and Marshall, 1979). The water 

holding capacity (WHC) of acid precipitatcd soy proteins can be doubled by heat 

treatment while the WHC of the 11s protein is incrcased in the presence of protease 

bromelam (Mohri and Matsushita, 1984). The hlgh WHC of soy prote in gds has 

hmited their incorporation in dairy products where syneresis is desirable (i.e. hard 

cheeses), however thesc gels may be used in systems where syneresis is not required, 

cg., in yoghurt (Schmidt and Morris, 1984; Kollar et al., 1979). 

6.3: Solubility 

The solubility of soy protcin is an important functional property for use in 

bcverages. Treatment of soy protein products with combinations of heat and organic 

solvent improves tlavor (Honig et al., 1976) but reduces solubility. Anderson (1974) 

dcmon~trated that the acid precipitation process used for isolating soy protems 

rC~1I1ts in "acid denaturation", whlch adversely aIters the solubility of the proteins. 

Solubility is affected by the degree of agglomeratIOn which oceurs during the 

ccntnfugation and/or drymg steps during isolation. 

604: Emulsifying 

Many important propcrtics of foods mvolve the interaction(s) of proteins and 

Ilplds. c.g., cmulslons, fat cntrapmcnt in meats, flavor absorption. The capacity of 

say protein to mteraet with lipid materials is important in food formulation and 

procc~smg (Kmsclla, 1979). Kamat et al. (1978) reported tbat native soy proteins 

intcract to a ncgligible cxtcnt wlth leclthin; however, following dissociation of soy 

protcms into subunits (posslbly unfolded polypeptides), lipoprotein formation with 
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phospholipids and triglycerides can oeeur. Lipoproteins of denatured soy proteins 

with polar lipids can be used as emulsifiers in cake mixes and as substitutes for egg 

yolk (KinseIla, 1979). 

Soy isolate shows greater (six-fold) emuIsifying eapaeity than soy protein 

eoncentrate (Hutton and Campbell, 1977); other rcsearchers have shown that this is 

related to method for preparation of the prote in (Shemcr et al., 1978; Lin and 

Humbert, 1974). 

6.5: Foaming 

Soy protein preparations exhibit good foaming propertics (Table 10) with 

isolates having superior foaming eharacteristics than conccntrates (Fleming et al., 

1974; Lin and Humbert, 1974). However, the presencc of residual Iipid matcrial in 

soy preparations can destabilize the protein foams. Hcxane and aqucous alcohol 

trcatment of soy proteins which rem ove neutrai and bound polar lipids, rcspcctivcly, 

markedly enhance foaming propcrtlcs (Glabc et al., 1956). Partial protcolysl~ or 

hcating to 70-800 C improvcd the foaming propcrtlcs of soy prote in (Honuchi et al., 

1978); the heat applied inereased the tcndency 01 polypeptides to unfold at the 

interface and facilitated hydrophobie associations, thereby increasing fIlm thickncss, 

foam stability, viscosity and reducing air leakage. 

zr 



Table 10. Foam formation and stability of soy protein preparationsa 

Flour 
Concentrate A 
Concentrate B 
Isolate C 
Isolate D 

Volume 
increase 
(%) 

70 
170 
135 
235 
230 

aSource: Kinsclla (1979). 

Volume (mU6g) after time (min) 

1 10 

160 131 
400 28 
370 265 
670 620 
660 603 

30 60 

108 61 
13 8 
142 30 
572 545 
564 535 

120 

20 
5 
24 
532 
515 

7.0: Biochemical properties of proteins from soybeans 

Initially, the globulin fraction of soybean has been loosely referred to as 

soybean globulins (Nash and wolf, 1967; Roberts and Briggs, 1965; Rasegawa et al., 

1963), soybean caseins (Koshiyama and Iguehi, 1965), acid percipitable soybean 

proteins (Smith et al., 1955), or glyeinin (Rackis et al, 1957; Osborne and Campbell, 

1898). 
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Early workers relied almost solely on the solubility eharacteristics of pro teins 

to effeet fractionation. Osborne and Campbell (1898) and later others (Jones and 

Csonka, 1932; Rartman and Cheng, 1936; Smiley and Smith, 1946) isolated the 

principal soybean prote in which was narncd glycinin. However, ail glycinin 

preparations were later found to be heterogenous (Briggs and Mann, 1950). Smith 

and Rackis (1957) rcported that sorne of the heterogeneity of glycinin was due to 

the formation of dissociable protein~phytate complexes. Briggs and Mann (1950) 

also showed that a "cold- insoluble" (CI) fraction was a constituent of glycinin. 

Ultracentrifugal data showed that red~ced soybean globulin in alkaline 

buffer manifest four resolvable constituents corresponding to 2s, 7s, lIs, and 15s 

(Naismith, 1955; Wolf and Briggs, 1956), and an unresolvable fraction with values 
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greater than 15s (Wolf and Briggs, 1956). The ultracentrifugal pattern was 

influenced by ionic strcngth, neutral salts, urea, and pH (Kelley and Pressey. 1966; 

Wolf et al., 1958; Rackls et al., 1957; Wolf and Briggs, 1956; Nalsmith, 1955). ln 

acidic media three resolvable constituents (2s, 7s and 13s) were found (Rackls et al., 

1957), whereas In highly alkaline media, 3s to 5s coroponents werc observed (Kellcy 

and Pressey, 1966). In 6M urca there was a propenderancc of matenal m the 1s to 

2s region and a sm aIl amount of 4s component (Kelley and Pressey, ] 966). Sorne ot 

these constituents were isolated by gel filtration on Sephadex (Koshiyama and 

Iguchi, 1965; Hasegawa et al., 1963) and calcium phosphate gel colurnns (Wolf et al., 

1962). 

Knox et al. (1965) used DEAE-cellulose colurnn chromatography to study the 

prote in content of five varieties of soybeans and found that protem patterns of 

"Harosoy", "Lindarin" and "Hawkeye" were somewhat similar, whereas the patterns 

for the whey proteins of "Adams" and "L59g-3R" differed substantIally, these author::-. 

concluded that the Adams variety contained prote ms not found in other vanetles. 

Morrison (1962) found that paper and starch-gel clectrophoresis were not effective 

in establishmg differences among the five varieties and that DEAE-ccllulose 

chromatography was a better analytieal tool for this pm pose. 

Larsen (1967) analyzcd seed proteins of 61 soybean vaneties by dise 

electrophoresis te determine whether dlfferences in behavlOur could be uscd to 

supplement morphologlcal eharacters for Identlfying soybean vanctlCS. In each gel, 

approximately 21 bands were observed and the general intenslty of stammg and 

spacial arrangement of the bands were similar for the prote ms of ail varietles. 

Larsen (1967) also reported that on the basis of polyacrylamlde electrophoresis, the 

varieties could be separated into two major groups: component "A" was present in 

13 varieties, and component "B" was present in 48 varieties. In no instance were A 

and B observed in a single variety. 
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Catsimpoolas et al. (1971) reported that the 11s globulin is composed of an 

acidic and a basic subunit having molecular weights of approximately 22,300 and 

37,000, Daltons, respcctively. Saio et al. (1975b) reported that unheated cold 

insoluble fraction (CIF) showed two principal bands and a minor one, derived from 

Ils globulin and a few minor bands derived from 7s globulin. 
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Thanh and Shibasaki (1976) dcveloped an effective procedure for 

fractionating 7s and 115 proteins the two major storage soybean proteins 

(Damodaran and Kinsella, 1982; German et al., 1<";82; Gayler and Sykes, 1981; 

Meinke et al., 1981; Utsumi et al., 1981). Brooks and Morr (1984) modlfied the 

fractionation procedure of 11-lanh and Shibasaki (1976) to determine the P and 

phytate contents of the resulting soy prote in fra-::tions by gel electrophoresis, the 

authors concluded that most of the P of Ils prote in is non-phytate and phytate 

accounts for a major portion of the P content of 7s and soy whey fractions. 

8.0: Texture profile analysis 

Texturai properties of food may be measured either by sensory tests or by 

objective mensures of mass, time, and distance. Szczesniak (1972) cautions that 

texture mcasuremcnt devlces do flot measure texture but measure sorne physical 

property -.vluch can be related to texturai attnbutes. Texturai attributes may be 

detected only by scnsory systems. Objective methods of measurement may be 

divlded into thrcc groups: 1) fundamental tests, 2) empirical tests, and 3) Imitative 

tests (Boume, 1982). 

Fundamental tests measure fundamental rheological properties, such as 

viscosities and elastic moduli. However, fundamcntal tests usually correlate po orly 

with sensory evaluation of the texturai properties of foods. Empirical tests, su ch as 

punctures, shear and extrusion, can be correlated with texturaI qualitles of foods. 

However, these tests are often poorly dcfined. Imitative tests, such as texture profile 



analysis (TPA), attempt to imitate, with the instruments, the conditions to which the 

food is subjected in the mouth or on the plate. 
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The General Foods Texturometer and the General Foods Texture Profile 

Analysis arc dcve10ped to descnbe the range of texturai charactem)tlc~ of foods. 

Texture profile consists of parametels of hardness, coheslvcness, dastlclty, 

adhesiveness, brittleness or fracturabihty, chewiness, gumminess, and vlscosity whlch 

dre measured in l'ovo compressIOns of the food sample (Fnedman et al., 1(63). The 

texture profile system was Jater adapted for use with an Instron UI11versal Testmg 

Machine (Boume, 1968). A sample trac mg from an Instron IS shown III Figure 4, the 

parameters measured arc described in Table 1 L 

The General Foods Texturometer, the General Foods Texture Profile 

Analysis and the Instron UmversaJ Testlllg Machllle have becn extenslvcly u~cd III 

studies of tofu texture. Salo et al" (1969a) measured hardncss, ~pnngmc~s, 

adhesiveness, chcwlIless and gummmess of tofu usmg the texture profile analysls. 

Other work by this group also utiltzed the texturomcter for evaluatlon (If totu 

texture (SalO, 1979; Saio et al., 1971). Furukawa et al. (1979) and Furukawa and 

Ohta (1982) studicd the texture of thermally induced soy protClIl gcb u~lIlg the 

General Foods Texturometer. 

The Instron Univcrsal Testing Machine is the most commonly used tool for 

the texturaI evaluation of tofu. Lu et al. (1980) measured tofu hardne~~ wlth an 

Instron usmg 75% compressIOn. Simllar procedures have bcen uscd by other 

researchers (De Man et al., 1986; Schacfcr, 1986; Wang et al., 1983; Karncl and 

De Man, 1982; Wang and Hcsscltll1c, 1982). Skurray et al. (1980) mea!)Ufed hardne~~ 

and coheslVene~!) with an Instron at 90% compressIOn. Johnson et al. (1983) u!)ed an 

Instron at 75% deformation ta measurc a numbef of texture profile analysl!) 

parameters including hardness, bnttlcness, elastIcity, and gumminess. 



A number of other devices have also been used in the measurement of the 

texturai characteristics of tofu. Hashizume et al. (1975) studied tofu texture using a 

curdmeter. Breshnan et al. (1981) used the Warner-Bratzler Shear and the Ottawa 

Texture Test to evaluate integrity of a tofu-like product. Tsai et al. (1981) measured 

tofu gel strength, softness, and chewiness using a rheometer. 

---------~~~- ---

35 



Table' !. 

Term 

Hardness 

Cohesiveness 

Elasticity 

Adhesiveness 

Brittleness 

Chewiness 

Gumminess 

Texture profile parameters8 

Texture profile 
definition 

Height of first 
compression 

Ratio ùf 2nd peak 
~rea to 1st peak 
area 

Distance food recovers 
between 1st and 2nd 
compressions 

Area under curve 
011 upward stroke 

Hei~ht of 1st 
sigmficant break 
in the 1st compression 

Product of hardness, 
cohesiveness and 
elasticity 

Product of hardness 
and cohesiveness 

aSzczesniak (1963), Friedman et al. (1963) and Boume (1968) 

Represented in 
Figure 4 

b 

c-d 

a 
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Figure 4. 

Hardness 

/' 

Fracturability 

" 

1-downl---. ~- up -~~""I-"I""--lllUWn--!-up 
,L ____________ ,,~----------J 

c 
~~--------~,,~--------/ 

d 

Tracing of force/distance curve obtained using an Instron Universal 
Testing Machine. Modified from Boume (1968). 
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8.1: Toru texture 

Tofu texture is affected by many factors, several of which have alrcady becn 

mentioned. Another factor influencing tofu texture is the coagulant choscn. CalcIUm 

and magnesium chloride produced firmer tofu than cither calcIUm or magneslUm 

sulfate, when tofu was tested using the Instron Universal Testmg Machll1e (Wang 

and Hesseltine, 1982). Saio (1979) found that tofu produced by GDL reqUlrcd more 

force to penetrate than a calcium sulfate coagulated product but that the II1tenor 

was softer. Lu et al. (1980) reported that tofu prepared using calcium chlonde was 

firmer than tofu using other coagulants, while that prcpared wlth GDL was the 

softest. When cohesivefiess and elasticity were measured no difference was found 

among the coagulants tested. The coagulants included calcIUm and magnc~1Um 

sulfate and calcIUm and magnesium chlonde. The chio ride type coagulants rc~ultcd 

in a more brittle product than the sulfate type coagulants (Wang and He~~cltme, 

1982) 

Coagulant concentration also lI1fluenccs tofu texture (Schacfer, 1(86). 

In~reasing coagulant concentration incre2ses the firmness of the product (Schacfer, 

1986). Because of the limlted solubility of calcium sulfate, II1crea~lI1g the 

concentration of this coagulant does not produce as .narkcd an IOcrcasc 10 totu 

firmness as is scen with other coagulants (Wang and Hesseltll1e, 1982). At coagulant 

levels greater th an 0.03N, TS31 et al. (1981) found that the texture of the tofu 

became more coarse and hard. 

Saio (1979) reported greater hardness of tofu with hlgher coagulatIon 

temperatures. Wang and Hesseltine (1982) confirmed this phcnomcnon notmg 

greater elasticity with highcr coagulation temperaturcs; no ctÎxt on totu 

cohesiveness was sccn. Agitation of the coagularcd product mcrca~cd totu tlrmnc~~ 

by disrupting the gel nctwork, the subseql"-::nt rclease of whey producc~ a Ic~s mOI~t, 

firmer curd (Wang "nd Hesseltinc, 1982; Saio, 1979). 
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Hashizume et al. (1978) reported that tofu hardness deereased with increased 

heating time for soymilk. This effeet was partieularly noticeable in the first 15 to 20 

min of heating. Escueta (1979) found increases in hardness and gumminess of tofu 

which were not significant when soymilk was boiled for up to 12 min, this worker 

reported a significant decrease in hardness and gumminess after 30 min, no effect 

on cohesiveness of tofu after boiling for 30 min but decreased cohesiveness after 60 

min and no effect on elasticity after bOlling for 60 min. 
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Using a General Foods Texturometer, Saio et al. (1969b) studied the texture 

of tofu prepared from the 7s and Ils fractions. Tofu prepared from the Ils fractions 

was finner, more gummy, and more chewy than that made using 7s prote in. Tofu 

made from the 7s protein was softer and more adhesive than the Ils product. On 

the otherhand tofu prepared from 7s and l1s fractions mixed m varying proportions, 

hardness decreased with mcreasing proportions of 7~ prote in. These authors 

conduded that the Ils fraction was primarily responsible for a firm tofu texture 

while the 7s prote in softened the gel. Skurray et al. (1980) found no relationship 

between the 7s to Ils ratio and tofu quality. 

Kantha et al. (1983) prepared a tofu-like product by the coagulation of 

winged bean protein, the very soft curd produced was attributed to lack of the Ils 

component. Murphy and Resurreccion (1984) found high correlatIOn between 

glycinin content and hardness, brittleness, elasticity, and gumminess of tofu, no 

relationship between conglycinin content and texturaI characteristics of tofu was 

observed. 
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C: MATERIALS AND METROnS 

1: MateriaIs 

Unprocessed and micronized (infrared heated) full-fat soybeans were 

obtained from a soybean proeessing plant, Micrograin Ine., St-Robert, Quebec, 

Canada. The micronization process for the fullafat soybeans involved infrared dry 

heating for 90 seconds during which the soybeans reached an average tempera turc 

of Uoo-usoe. The unprocessed and micronized soybeans were ground to a full-fat 

flour (100-200 mesh) using a Wiley mill, and stored in Mason jars at room 

temperature. 

Methods: 

2: Preparation ~f protein isolate 

Protein isolate was prepared from full-fat soybeans using the procedure of 

Fan and Sosulski (1974). Figure S shows a flow diagram of the procedure. Freshly 

ground soybeans (10 g) were mixed with NaOH solution (100 mL, 0.02%) and 

allowed to stand for 1 h with intermittent stirring. The mixture was centnfugcd 

(400Ox:g) for 10 min. The extra ct was filtered (glass wool) and the resldue wa~ 

discarded. The pH of the extra ct was adjusted to 4.5 by dropwise addition of Hel 

(2N) witt! continuous stirring. The precipitated proteins were recovered by 

centrifugation (400Oxg, 10 min) and freeze dried. 
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Figure 5. 

Freshly ground soybeans 
(10 g) 

~ 
Mix with NaOH solution 
(0.02 %, 100 mL, 1 h) 

Centrifuge 
(400Oxg, 10 min) 

Filter 
(glass wool) 

Cen rifuge 
(400Oxg, 10 min) 

Prote in isolate 

Flow diagram of procedure for preparation or protein isolate by 
sodium hydroxide extraction of unprocessed and micronized 
soybeans. 
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3a: Preparation of soymilk and tofu 

The laboratory procedure for preparation of soymilk and tofu from 

unprocessed and micronized soybeans is summarized in Figure 6 (Shurtleff and 

Aoyagi, 1984). 

Soybeans (250 g) were rinsed, soaked in water (1,500 mL) ovemight (10-12 

h) at SoC, then homogenized with water in a Waring blender (2 min). The soybean 

siurry was heated to boiling, simmered for 10 mm then filtered hot through 2 laycrs 

of cheesecloth to separate the whole soluble components (soymlik) from the 

insoluble matcrial (okara). 

The soymilk (1,500 mL) was heated to boiling, then cooled to 700 e. CalcIUm 

sulphate solution (7.5g CaS04.2H20 in 250 mL hot water) was added to the soymilk 

at 700
1""' (coagulating tempe rature ) with stlrring until the proteins coagulated; the 

mixture was allowed to stand for a further 10 min without agItation 10 order to 

achieve complete coagulation. 'nle coagulatcd soymilk was pourcd gcntly 10 a 

perforated plastic mold (15xl2x5.5 cm) lined with 3 layel~ of checsccioth. The curd 

which remaincd in the chcescdoth was presscd with a weight of 0.5 kg for 30 mm. 

The resultant tofu cake was weighcd and refrigerated (SoC) untll analyzcd further 

Samples of soymilk and tofu were freeze dried and stored at SoC for subsequent 

analysis. 

The pH and transparency of the whey obtained dunng pressmg of the curd, 

were measured using a pH meter (Fisher, Model 610) ancl a LKB Biochrom 

Novaspec 4049 Spectrophotometer (400 nm), respectivciy. 

3b: Effect of coagulating temperature 

Tofu was prepared from micronized soybeans at coagulating temperaturcs of 

70°, 80° and 900 e by using the procedure described above (section 3a); calcium 

sulphate (reagent grade, Anachemia LTD, Montreal, Canada) was used as 

coagulating agent. 
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3c: EfTect of coagulating concentration 

Tofu was prepared from micronized soybeans at coagulating temperature of 

900C by using the procedure described above (section 3a); calcium sulphate at three 

different concentrations (O.02M; O.03M; O.04M) was used as coagulating agents. 

3d: EfTect of coagulating agents 

Tofu was prepared from micronized soybeans at coagulating temperature of 

90°C by using the procedure described above (section 3a); calcium sulphate 

(O.03M), citric acid (O.OlM) (reagent grade, Anachemia LTD, Montreal, Canada) 

and a mixture of citric acid and calcium sulphate (O.OlM citrate/O.03M sulphate) 

were investigated as coagulating agents. 



Figure 6. 

Whole soybeans (soaked in water overnight) , 
Remove water 

Add la~ waler (5x weighl of dry bean) 

Grind raring blender, 2 min) 

Heat tt boil (simmer 10 min) 

Filter (cheesecloth) 
1 

Diagram of procedure for preparation of tofu and soymilk. 

170o,800,900C (as deseribed in section 3b). 
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2CaS04.2H20 (0.02M, 0.03M, 0.04M) (as deseribed in section 3b); 
CaS04.2H20, cUrie acid, sulphate/citrate mixture (as describfd in 
section 3e). 
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4: Proximate analysis of soybeans, soy protein isola te, soymilk and toru 

4a: Moisture 

Moisture content was determined using the procedure of the AOAC (1984). 

Weighed quantities (2 to 3 g) of full-fat soybean, soy isolate and soymilk were oven 

dried at 1100 C until constant weight was obtained. Weighed quantity 

(approximately 3.5 g) of tofu was dricd on a steam bath for 15 min then by forced 

air aven drying at 1100 C for 12 h. 

4b: Ash 

Ash content was determined by procedure described in the AOAC (1984). 

Weighed quantities (approximately 2 g) of full-fat soybean, say isolate, tofu and 

soymilk werc preashed before placing into a preheated (6000 C) muffle fumace for 2 

h. 

4c: Cru de protein 

Crude prote in conter.t was determined by the Kjeldahl method (AOAC, 

1984) using a Labconco Rapid Still III (Labconco Corporation, Kansas City). A 

factor of 6.25 was used to convert % nitrogen to % crude prote in. 

4d: Cru de fat 
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Crude fat was determined on aven dried samples using the Soxhlet fat 

extractor and petroleum ether (350 -600 C boiling range) as the solvent (AOAC, 

1984). WClghcd quantities (approximately 2 g) of dried matr;ials were extracted for 

16 h. The rcsidues remaining after removal of residual solvent were weighed and 

convertcd ta percent cru de fat. 
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5: Mineral analysis 

Calcium, phosphorus, magnesium, copper, zinc and iron were determined 

using the procedure of the AOAC (1984). Weighp,d quantities (O.5g) of full-fat 

soybean, soy isolate, soyrnilk and tofu were placed in Kjeldahl flasks (100 mL) and 

digested with a mixture of concentrated HN03 (10 mL) and HCl04 (4 mL, 70%). 

The digests were transferred to volumetrie flasks (100 mL) and made to volume 

with deionized water. 

Standard solutions with the concentration ranges shown in Table 12 werc 

prepared. The minerais were analysed using an automated atomic absorptIOn 

spectrophotometer (Perkin Elmer Model 2380). The conditions used for the 

minerai analysis are shown in Table 12. The concentration of the various minerais 

in the sampI es was read directly from the instrument after applying the appropriate 

standards. 

~-~-------------------
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Table 12. Conditions used in minerai analysis1 

Stock 
Concentration ranges 
of the standard 

Mineral solution solution (uglmL) 

Calcium 500 mgtL: 1.249~ CaC0ft + 0-50 
10 mL HCl, ma e to vo ume 
in deionized water. 

Copper 1000 mgtL: ~ Cu metal in 0-50 
5 mL (1+1) NO~,made to 
volume with 1% v/v) HN03' 

Iron 1000 ~: 1 g Fe wire in 5 mL 0-50 
(1+ 1) 03' made to volume with 
deionized water. 

Magnesium 1000 mrct.: l g Mn metal in 0-5 
(1+1) l Cl, made to volume 
with 1% (v/v) Hel. 

Phosphorus 2000 mgtL: 8.79g KH2P04 in 0-15 
1 L deionized water. 

Zinc 500 mgtL: 0.5 g Zn metal in 5 mL 
(1+1) Hel, made to volume with 

0-10 

1 % (v/V) HCL 

1 Flame used in atomic absorption spectrophotometer: Air-acetylene 
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Wavelength 
(nm) 

422.7 

324.8 

287.4 

313.0 

400.0 

213.9 
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6: Texture and microstructure of toru 

Texturai characteristics of tofu samples were measured using the Instron 

Universal Testing Machine. Cubes (2 cm3) of tofu were eut from the interior of 

prepared tofu cake (15xl2x5.5 cm). The cubes were compressed to 25% of the 

original height (5 mm) at a probe speed of 30 mm/min. The compression force was 

recorded at a chart speed of 200 mm/min. The full scale load used was 1 kg. Figure 

7 shows à typical force/distance curve obtained for tdu samples using an Instron 

Universal Testing Machine. Firmnes3 and cohesiveness were calculated using the 

following equations: 

Firmness (N/mm) ::: l2~ak hei~ht x full scale (k~) x 0.098 
peak distance Factor 

Cohesiveness (N) = peak height x full scale (ki:) x 0.098 
Factor 

where, Factor = InstrQn speed }{ 0.98 
chart speed 

Instron speed - 30 mm 'min 

Ch art speed ::: 200 JT,m/min 

(Eqn. 1) 

(Eqn.2) 

(Eqn.3) 

Microstructure of tofu was determined using a Stereoscan 600 Electron 

Miscroscope (Cambridge Scientific Instruments Limited, Cambridge, England). The 

tofu samples werc fixed in gIutaraldehydc solutIon (2%, pH 7.2) for 2 h at roc,rn 

temperature then rinsed 3 times with water. The sampi cs were postfixed ln o~mlUm 

tetroxide (1%) for 1 h at room lcmperature then washed 3 tlmes wlth water. The 

fixed sarnples were frozen in liquid nitrogen and freeze dfled. The dned sam pics 

were mounted on aluminum stub and coated with gold. The specimens were 

observed and photographed with scanning electron microscope. 
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Figure 7. 

{ 
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Typical force/distance curve obtained for tofu samples using Instron 
Universal Testing Machine. 
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7: Nutritional quality 

7a: In vitro digestibility 

A multi-enzyme technique of Hsu et al. (1977) was used to measure the zn 

vitro prote in digestibility of full-fat soybeans, soy isolate, soymilk and tofu. Sodium 

caseinate and the following enzymes were obtained from Sigma Chemicals (St. 

Louis, Missouri): pancreatic trypsin (type 11), bovine pancreatlc chymotrypsin (type 

11) and porcine intestinal peptidase (Grade 111). A suspension consisting of trypsin 

(1.6 mg/mL), chymotrypsin (3.1 mg/mL) and peptidase (1.3 mg/mL) was prepared 

using deionised water. An aqueous suspension (50 mL) of each sample contaming 

6.25 mg protein/mL was prepared; the actual weight of each sam pie uscd was 

calculated on the f)asis of its protein content (%N x 6.25 ). The suspension were 

adjusted to pH 8.0 by addition of HeL (O.lN) and/or NaOH (O.IN). The 

multienzyme solution (5 mL) was added to the suspension of each sam pie and the 

mixture was incubated (20 min, 370 C). The changes in pH, at 5 min intcrvals durmg 

the 20-min incubation was measured (Fisher accumet selective Ion Analyser Model 

750 fitted with a pH mmbination electrode). This procedure was performcd m 

triplicate for each sample. The in vitro digestibility of each sam pie was calculatcd 

according to the following equation (Hsu et al. 1977): 

y = 210.46 - 18.lOX (Eqn.4) 

where 
y is the % in vitro digestibility 
X is the pH recorded after 10 min of in vitro digestion 
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7b: Determination of available lysine 

Availablc lysine was determined by a procedure described by Carpenter 

(1960) using modifications suggested by Booth (1971). This method is based on the 

formation of a yellow complex [dinitro-phenyl-lysine, (DNP-lysine)] when 1-fluoro-

2,4-dmltrobenzene (FDNB) reacts with epsilon-amino groups of lysine as shown in 

the equatlon bclow: 

F 

H 

"-+ N-lysine prote in 
/' 

H 

- .. 
N-lysine 
1 

H 

(FDNB) (protein-bound lysine) (DNP-Iysine) 
(yellow complex) 

Reagents: 

i) Lysine standard solution: Mono- ~ -N-dinitro-phenyl hydrochlonde (0.314 g; 

Sigma Chemlcals, St. Louis, Missouri) was dissolved in Hel (8.1M). A 

quantlt"j (10 mL) of this solutIOn was dIluted to 100 mL wlth ciistilled watcr. 

ii) 1-fluoro-2,4-dimtrobenzene (FDNB) solution: 2.7% (v/v) FDNB in methanol 

(80%). 

ilÎ) Methyl chloroformate (Anachemia Ltd., Montreal, Can~da). 

IV) Sodium bicarbonate solutIOn: 80 g NaHCOYL distilled water. 

v) Pcroxldc-frce dlcthyl ether. 

vi) Phenolphthalem solutIOn: 400 mg phenolphthalem/L ethanol (60%). 

vlÎ) SodIUm hydroxlde solution: 120 g NaOH/L distilled water. 

viii) Buffer solutIOn: pH 8.5; t 19.5 g NaHC03 and 1 g Na2C03 dissolved in 250 

mL distilled water). 
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Procedure 

Sampi es (1-1.5 g) of full-fat soybean flour, soy isolate. soymilk and tofu were 

placed in round bottomed flasks (100 mL) fitted wlth condensers. SodIUm 

bicarbonate solution (8%, 10 mL) was added t'J each flask and the l1ask wa~ 

agitated. Fifteen millilitres of FDNB solution was addcd and the mlxtUl e ~tIrfcd on 

a magnetic stirrer (2 h). The ethanol in the FDNB solution was evaporated over a 

water bath (7So-8SoC) and the mIxture cooled to room temperature. HydlOchlonc 

acid (30 mL; 8.1 M) was added followed by refluxmg (16 h) usmg a heatmg mantle. 

The mixture was filtercd hot (Whatman No.l); the filtrate allowed to cool and the 

volume adjusted to 250 mL 

Aliquots (2 mL) of the filtrate were pipetted II1to two stoppered graduated 

test tubes labelled A and B. The contents of tube B were extracted once wlth 

peroxide free ether (5 mL); the ether layer was removed wlth a droppmg pipet. The 

tube was placed in a water bath (750 -850 C) ta remove the residual cthcl Alter 

cooling, phenolphthalein solution was added dropwlse untii the fm,t pmk colour 

was observed. Sodium carbonate buffer solutIon (2 mL; pH 8.5) was addcd, followed 

by methyl chloroformate (S drops; fume hood). The tube was stoppercd and the 

mixture shaken vigorously with occZ'slOnal release of the pressure. After 8 mm, 

concentrated HCl (0.75 mL) was added slowly, the mlxtur~ wa~ agltated 

intermittently, extracted four times with ether. The resldual ether wa~ rcmoved over 

a water bath (7So-8SoC). The volume of the solution was adju~ted to 10 mL wlth 

distdled wateT. 

The contents of tube A were extracted with the peroxlde-frce ether (3x5 mL). 

After removing the residual ether, the cortcnts were made up to 10 mL wlth Hel 

(lM). The absorbance (435 nm) was thcn read on a Perkm-Elmcr Lambda 2 

Spectrophotometer. The absorbancc of A mmus that of B IS the absorbancc duc to 

the DNP-Iysine. The hydrolysis procedure was rephcated four tlmc~ for cach ~ample 
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and each hydrolysate was analysed in duplicate. Available lysine was calculated 

using the following equation: 

Available lysine = 

where 
Yi.s = weight of standard (mg in a 2 mL aliquot) 
Wu = weight of unknown sample (mg) 
.t\ = absorbance of the standard 
Au = absorbance of the sample 
V = total volume of the filtered hydrolysate 
a = aliquot of filtrate taken 
cp = crude prote in content of the sample (%N x 6.25) 

(Eqn.5) 
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Booth (1971) suggested that a correction be applied for the destruction of the 

2,4-dinitrophenyl-lysine, (.\)flsequently aIl calculated values obtained in this study 

were divided by the correction factor 0.89. 

8: Functional properties of proteins 

8a: Foaming capacity and foaming stability 

Foam capaclty and foam stability were determined using the procedures 

described by Satterlee et al., (1975) and Gierhart and Potter (1978). Dispasions 

(2%) of the full-fat soybcan floue, soy Isola te, tofu and commercIal soy protein 

(Ardex D Dispersible, Frank E. Dempsey & sons Llmited. Lachme, Quebec) were 

prepared. The pH of the dispersIOns were adjusted to 3.0, 5.0, 7.0 and 9.0 by 

dropwise addition of HCI (2N) or NaOH (2N) with contmuous stirring. The volume 

of the disperSIOns were adjustcd to 20 mL us mg distilled water after the pH 

adJustment. 

The protem dtsper::',')ns were whipped for 2 min al room temperature using a 

Virtis homogcmzer (Model 45) at a speed of 6000 rpm. The whlpped slurries were 

--------------------- --- - -----
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immediately transferred to graduated cylinders (100 mL) and allowed to stand for 2 

min. Foam volume was recorded at 2 min and 30 min after whipping. 

Foam capacity was calculated using Equation 6 (Satterlee et al., 1975). Foam 

stability was calculated using Equation 7 (Gierhart and Potter, 1978). 

Foam Capacity = Foam volyme after standin~ (2 min) x 100 
volume of slurry before whipping 

Foam Stability = Foam volume after standin~ (30 mm) x 100 
Initial foam volume 

Sb: Water absorption 

(Eqn.6) 

(Eqn.7) 
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The water absorption characteristics of the full-fat soybean flour, soy Isolate, 

tofu and commercial soy isolate (Ardex D) were determined usmg the method of 

Sosulski (1962). Excess \lfater (20-30 mL) was added to the frceze dried sample (1.5 

g) in weighcd centrifuge tubes (50 mL, 28.5x103 mm). The ~uspenslOn was Imxcd 

vigorously 4 times wlth a 10 min rest penod between each m1Xmg. The supernatant 

was decanted; the tube air-dned (10 min) until no residual I!qUld could he seen and 

the precipitate was weighed. Water absorption was expressed III percentage as the 

amount of water absorbed by 100 g samp!e (EquatIon 8). 

Water absorption (Eqn.8) 



Sc: Fat absorption 

Fat absorption of the full-fat soybean f1our, say isolate, tofu and commercial 

soy prote in (Ardcx D) were determined using the method of Lin and Humbert 

(1974). The sample (0.5 g) and corn ail (3.0 mL) were placed in centnfuge tube (50 

mL, 28.5x103 mm). The contents were stirred for 1 min with a thm brass wire ta 

disperse the sample In the ail. The mixture was allowed ta stand for 30 min then 

centrifuged (3200 rpm, 25 min). The 011 layer was poured into a graduated cylinder 

(15.0 mL) and the volume of oH was measured. Fat absorption was expressed in 

percentage as the amount of corn oil bound by 100 g (Equation 9). 

Fat absorption = Volume (mL) of oil bound x 100 
Weight (g) of dry sample 

(Eqn.9) 
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9: Electrophoretic analysis 

Full-fat soybean, soy isolate, soymilk and tofu were subjected to 

polyacrylamide-dlsc gel electrophoresis (PAGE) and sodium dodcl.:yl sulphate 

(SDS)-PAGE. 

9a: Polyacrylamide-disc gel electrophoresis 

Procedure of Mauer (1971) was used for PAGE. The solutions used for the 

preparatIOn of the gels are given in Table 13, the mixing ratios of these solutions arc 

given in Table 14. The solutions used in the electrophoretic analysis are given 10 

Table 15. 

i: Preparation of gels 

Glass tubes (length = 100 mm; external diameter = 7 mm; internai dlameter 

= 5 mm) were c1eaned (chromic acid cleaning solution) and dfled. One cnd of each 

tube was sealed securcly wlth parafilm. The tubes were placed vertlcally on a rack 

with the sealed end at the bottom. Separation gel solution (1.5 mL) was placed ln 

each tube wlth the a'd of a syringe. Water was placed on the top of the separation 

gel to give a layer of approxlmately 2 mm, care was taken to avoid mixmg of the gel 

solution and the water. The gels were left to polymerize for 1 h. 

The water layer was removed by means of small fil ter paper wlck~. Spacer gel 

solution (0.2 mL) was placed on top of the separation gel wlth the ald of a synngc. 

The tubes were placcd under a fluorescent lamp for 20 mm to allow photo­

polymerization of the spacer gel to take place. A sample gel solution wa~ prcparcd 

in exactly the same manner as the spacer gel solution. A quantity (100 uL) of thl~ 

solution was placed on top of the spacer gel. The tubes were placcd under a 

fluorescent lamp for 20 min for photopolymerization of the sam pie gel to take place. 



Table 13. MateriaJs used in the preparation of polyacrylamide gels (basic 
conditions) 

Separation gel 

Solution No.1 (pH 8.9) 
IN HCl 48.0 mL 
TRISa 3tl.6 g 
TEMEDD 0.23 mL 
Distilled water added to 
to adjust volume to 100 mL 

Solution No.2 
Ac~lamide 30.0 g 
BIS 0.8 g 
Distilled water added to 
adjust volume to 100 mL 

Solution No.3d 
Ammonium persulphate (0.14 g) 
in 100 mL (aqueous) solution. 

Spacer gel 

Solution No.4 (pH 6.7) 
IN HCl 48.0 mL 
TRISa 5.g8 g 
TEMED 0.46 mL 
Distilled water added to 
adjust volume to 100 mL 

SOLUTION No.S 
Ac~lamide 12.0 g 
BIS 3.0 g 
Distilled water added to 
adjust volume to 100 mL 

Solution No.6 
Riboflavin (4.0 mg) in 
100 mL (aqueous) solution. 

Solution No.7 
Sucrose (40 g) in 100 mL 
(aqueous) solution. 

a TRIS: tris (hydroxymethyl) aminomethane 
b TEMED: N, N, N', N'-tetramethylethylenediamine 
c BIS: N, N-methylenebisacrylamide 
d Solution No.3: prepared immediately prior to use. 
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Table 14. Mixing ratios for preparation of gels (basic conditions) 

Separation gel 

la part Solmion No.1 
2 parts Sùlution No.2 
1 part distilled water 
4 parts Solution No.3 

a parts ùy volume 

Spacer gel 

1 part Solution No.4 
2 parts Solution No.5 
1 part Solution No.6 
4 parts Solution NO.7 

Table 15. Solutions prepared for electrophoresis and staining of gels 

Solution 

Electrode buffer 

Indicator solution 

Fixative solution 

Staining solution 

Destaining solution 

Storage solution 

Composition 

Trisa (0.60 g), glycine (2.88 g), 
in 1 L (aqueous) solution. 

Bromophenol Blue (1 mg), in 1 L 
(aqueous) solution. 

Trichloroacetic acid (12.5 g) in 
100 mL (aqueous) solution. 

(a) Coomassie Brilliant Blue (1 g), 
in 100 mL (aqueous) solution. 

(b) Trichloroacetic acid (12.5 g), 
in 100 mL (aqueous) solution. 

Mixture of 1 volume of solutIon (a) 
and 19 volumes of solution (b). 

Trichloroacetic acid (10 g), ID 100 
mL (aqueous) solution. 

Glacial acetic acid (7 mL), in 100 
mL (aqueous) solution. 

a TRIS: tris (hydroxymethyl) aminomethane 

58 



( 

( 

( 

59 

ii: Electrophoresis 

The parafilm was carefully removed from the end of the tubes which were 

inserted into the openings on the manifold of the upper buffer reservoir of the 

electrophoretic apparatus (Figure 8). Buffer solution was added to the upper and 

lower reservoirs to completely cover the electrodes. Bromophenol blue solution (1 

mL, 0.001 %) was added to the buffer solution contained in the upper reservoir. The 

electrodes were connected to the power supply (anode, lower reservoir; cathode, 

upper reservoir) and the current (D.C.) was turned on. The current was adjusted to 

1 ma per tube for the first 2 min and then increased to 4 ma per tube for the 

remainder of the electrophoretic run. Electrophoresis was stopped when the 

bromophenol blue indicator reached the bottom of the tube; this took 

approximately 1 h. 

The gels were removed from each tube with the aid of a flexible needle 

which was passed between the gel and the inner wall of the tube. 

iii: Protein Staining 

The gels were placed in test tubes (13x100 mm) containing fixative solution 

(trichloroace!ic acid, 10 mL, 12.5%) for 0.5 h. The fixative solution was replaced 

with staining solution (Coomassie Brilliant Blue, 10 mL, 1% in 12.5% 

trichloroacetic acid) for about 18 h. The staining solution was replaced with 

destaining solution (trichloroacetic acid, 10 mL, 10%). The gels were kept in the 

destaining solution for several days with bi-daily changes of the solution. After 

destaining, the gels were transferred for storage to test tubes (13x100 mm) 

containing acetic acid (10 mL, 7%). 

iv: Glycoprotein staining 

Staining of gels for glycoprotein was done according to the method described 

by Zacharius et al. (1969). The fuchsin-sulphite staining solution was prepared by 

'1 
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-' 

60 

dissolving basic fuchsin (2 g, Allied Chemicals, special for Flagella stain) in distilled 

water (400 mL) with warming and then cooled and filtered. HeL (10 mL, 2N) and 

sodium metabisulphite (4 g) were added. The solution was plaeed in a stoppered 

bottle and kept cool ic! the dark ovemight. A small amount (approxlmately l g) of 

activated chareoal was added and the mixture was filtered tlllough filter aid. 

Hydrochloric acid (10 mL or exeess of 10 mL, 2N) was then added untll a drop 

diJeà on a glass slide did not tum red. The resultant clear, colourless solution was 

stored at 4°C. The gel was placed in triehloroacetie acid solutIOn (10 mL, 12.5%) for 

15 min, rinsed lightly with disttlled water, then placed in HI04.2H20 solution (10 

mL, 1 % in 3% aqueous acetic acid) for 50 min. Excess of the iodate ion was 

removcd by prolonged (ovemight) washing of the gel with distilled water untll the 

wash water was free of iodate as indicated by negative reaction ta sllver mtrate. The 

gel was immer3ed in a fuchsin sulphite staining solution (10 mL, 0.5%) for 2 h ln the 

dark and then washed thrice with freshly prepared sodium metablsulphite solution 

(10 mL, 0.5%). 

v: Lipoprotein staining 

The gels were stained for lipoprotein using the method described by Swahn 

(1952). After electrophoresis, the gels were placed in an alcoholic solution of Sudan 

Bla(~k B (10 mL, 0.1 % in 60% ethanol) for 6 h then destained with ethanol (10 mL, 

50%). 
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Figure 8. Electrophoresis apparatus. 

l 



9b: SDS- Electrophoresis 

The procedure described by Weber et al. (1972) was used for sodium dodecyl 

sulfate (SDS) - phosphate polyacrylamide gel electrophoresis. 

i: Preparation of gels 
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Gel solution (22.2 g acrylamide; 0.6 g methylenebisacrylamide in 100 mL 

aqueous solution) was prepared along with a buffer solution (pH 7.2; 7.8 g sodlllm 

dihydrogen phosphate, 38.6 g disodium hydrogen phosphate and 2 g sodIUm dodecyl 

sulfate in 1 L aqueous solution). Acrylamide solution (10.0 mL), distilled water (3.4 

mL), gel buffer solution (pH 7.2, 15.0 mL) and N, N, N', N' -

tetramethylethylenediamine (TEMED) (0.045 mL) WCle mlxed. The resultant 

solution was refrigerated (5 min). Ammonium persulphate solution (1.5 mL, 1.5%) 

was added to the coolcd solution. 'nle resultant solution was placed In 

electrophorellis tubes (internâl diameter = 5 mm, height 100 mm). A sm ail volume 

of dlstilled watcr was placed on top of thc gel solution to cnsure a nat gel ~urtacc. 

The solution was allowed to stand (25 min, 25°C) to allow the gels to polymenze. 

ii: Sample preparation 

A sample (2 mg) of pIOtem and of protein standards [Bio-Rad's SDS-PAGE 

Molecular Wcight standards, containing phosphorylase b (97,400); BovlOe serum 

album in (66,200); Ovalbumm (421699); Carbonic anhydrase (31,000); soybean 

trypsin inhibltor (21.500); lysozyme (14,400); dilutcd 1:20 10 sam pic buffer] were 

placed in screw cap tc~t tubes aIong wlth sodium dodccyl sulfatc/2-mercaptocthanol 

solution (0.5 mL, 2%) and sodium phosphate buffer solutIon (0.5 mL, 0.01 M, pH 

7.2). The samples and standard protell1~ werc heated In a boiimg water bath lor 3 

min and then at 37°C (2 h). Sucrase (50 mg) was arlded, followed by bromophenol 

blue solution (1 drop, 0.05%). The sam pie solution (100 uL) and the ~tandard 
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solution (50 uL) were placed on top of the gel. The gels were transferred to the 

opening on the manifold of the upper buffer reseIVoir. 
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iii: Electrophoresis 

An initial current of 1 ma per tube was used for the first minute and then 

increased to 8 ma per tube. Electrophoresis was allowed to continue until the 

bromophenol tracking dye reached the bottom of the tube. 

iv: Protein staining 

The gels were removed from the tubes and then immersed in a fixative 

solution (10 mL, 40% methanol-7% acetic acid solution) for 24 h. The solution was 

changed twlce. The gels were immersed in staining solution (10 mL, 0.025% 

Coomassie Brilliant Blue in 40% methanol-7% acetic acid) for 3 h, rinsed with 

water, then allowed to stand in a destaining solution (10 mL, 5% methanol~7.5% 

acetic acid) until the gel background was clear. The destaining solution was changed 

twicc daily. The gels wcre stored in the destaining solution. 

v: Glycoprotein staining 

Staining for glycoprotein was do ne according to the method described by 

Neville (1971). The gels were placed in a fixative solution (10 mL, 40% methanol-

7% acetic acid) for 24 h which was replaced with HI04.2H20 solution (10 mL, 1% 

in 3% acetic acid solution). The gels were allowed to stand in thlS solution (SaC) for 

t h in the dark, then washed wlth acctlc aCld solutIon (10 mL, 7%) until the wash 

water was free of iodate as indicated by a negative rcachon to silvcr nitrate test. The 

gels were Immersed in fuchsin-sulphite staining solution for 1 h in the dark and then 

washed thrice with treshly prcpared sodium metabisulphite solution (0.5%). 
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vi: Lipoprotein staining 

The gels were stained for lipoprotein using the method described by Swahn 

(1952). After electrophoresis, the gels were placed in an alcoholic solution of Sudan 

Black B (10 mL, 0.01% in 60% ethanol) for 6 h. The gels were destained with 

ethanol (50%). 

10: Statistical analysis 

Analysis of variance for the data was carried out using the McGilI University 

System of Interactive Computing (MUSIC). Means were determined by the 

Duncan's New Multiple Range Test (Steel and Torrie, 1980). 
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D: RESULTS AND DISCUSSION 

1.0: EtTect of micronization on composition of soybeans, soy protein isolate, 
soymilk and tofu 

Table 16 glves the proximate composition of the soybean and ItS product. 
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The !nfrared heating resulted in a small reduction of water content of the whole 

beans. In general there was httle effect of micronization on the overall composition 

of the soybcans or on the protem isolated from the beans. The prote in content of 

soymilk prepared from the nllcronized beans was hlgher than that of soymilk 

prepared from the unprocessed beans. This suggests an incrc3se 10 the water 

dispersablhty of the soybean protein as a resuIt of the micromzation process. On 

the other hand, the protein content of tofu from the micronizt:'d beaHS was lower 

than that from the unprocessed beans. ThIS :;uggests that micronization affects the 

coagulation propertles of the protems. 

Table 16. Chemical composition of soybean and soy products1 

Components Soybean Soy isolate Soymilk 

(%) U2 M3 U2 

Moisture 9.83 7.81 6.10 

Ash 5.16 5.23 2.58 

Fat 20.0L 18.19 11.67 

Protein4 39.10 38.38 79.04 

Cal'bohydrate 25.89 30.33 0.61 

1Results are means of triplicatc measurements 
3 U nprocessed soybean 
4 Micronized soybean 
Prote~n (%N x 6.25) 

5Carbohydrate (by subtraction) 

M3 U2 M3 

4.38 93.73 93.92 

3.32 0.32 0.28 

11.71 1.43 1.73 

80.88 2.77 3.66 

0.00 1.75 0.41 

Tofu 

U2 M3 

81.37 82.43 

1.46 1.68 

5.43 5.17 

9.56 6.58 

2.9'; 4.14 
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Table 16 also shows that there W.1S little effect of micronization on ash 

content of the whole beans, soy proteir. lsolate, soymilk and tofu. Analysis of 

content of indivldual minerais in the soy products (Table 17), indlcates that the 

infrared heating resultcd in reduction of phosphorus, copper and zmc contcnb ot 

the soy prote in isolatc, soymllk and tofu. ThIs suggest. that the heat trcatment ot 

micronization mlght have an effect on the mteractlons betwecn the~e mmc:-ab and 

other component'l in soybean e.g., protem, carbohydrate and lipids; re~ultmg m the 

alteration of solubility or extractability properties of thesc mmerals. 

Table 17. Mineral content of soybean and soy products1 

Mineral Soybean Soy isolate Soymilk Tofu 

U2 M3 U 2 M3 U2 M3 U2 M3 

Calcium (%) 0.17 0.20 0.07 0.06 0.14 0.13 1.44 2.06 

Phosphorus (%) 0.68 0.62 0.74 0.66 0.78 0.55 0.86 0.60 

Magnesium (%) 0.23 0.24 0.08 0.09 0.24 0.15 0.18 0.12 

Copper (ppm) 23.3 18.4 24.3 14.5 22.8 17.7 18.5 13.8 

Zinc (ppm) 57.0 49.7 37.2 22.6 62.0 53.5 73.4 53.5 

Iron (ppm) 114 111 154 183 87.6 74.6 107 114 

iResults are me ans of duplicate measurements 
3 U nprocessed soybean 

Micronized soybean 

Soybean: 

The mean prote in content in the unprocessed and micronized soybean~ 

tested was 39.10% and 38.38%, respectively. This is within the range of protcin 

content reported for soybean grown in OntarIo by DeMan et al. (1975), but slightly 
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lower than the mean value of 40.84% reported by these authors. The Iipid content of 

20.02% and 18.19% were found in this study for the unprocessed anà micronized 

soybeans, respectlvely. De Man et al. (1975) reported a mean lipld contents of 

17.18% wlth a range of 14.46% to 21.20%. Knvoflcho et al. (1979) found 14.8% to 

22.0% lipid m soybeans with a mean value of 19.51 %. 

The mean calcIUm contents m unprocessed and illicrollized soybeans te~ted 

were 0.17% and 0.20%, rcspectlvely. These values are lower than the values of 

0.26% ta 0.47% reported by Carter and Hopper (1942). The copper contents of 

unprocessed and microllized soybeans were 23.3 ppm and 18.4 ppm, respectively 

(Table 17). Freeland et al. (1977) reported 24.6 ppm of copper while Pennington 

and Callaway (1973) reported a value of 13 ppm. 

Soy protein isolate: 

The fat and prote in contents of the protein isolated from the unprocessed 

and micronizcd soybeans were 11.67%, 11.71% and 79.04%, 80.88%, respectively 

(Table 16). Bressanl (1981) reported that the lipid and prote in content of a soy 

isolate from defatted soy meal was of 0.1 % and 96.0%, respectively. The rclatively 

hlgh lipid content in the isolate prepared In our laboratory might be ~elated ta the 

fact that full-fat soybeans was used and the method of preparation might be 

different. 

The calcium, magnesit.;;:. and phosphorus contents of the say proteIn isolate 

from unprocessed beans were 0.07%.0.08% and 0.74%, respectively, and from the 

micronized beans were 0.06%, 0.0<>% and 0.66%, respcctlvcly. The calcium 

contents are lower than that found by Pearson (1983) who reporteJ calCIUm, 

magnesium and phosphorus contents of 0.18%, 0.03% and 0.76%, respectlvcly. The 

contents of iron, copper and zinc from unprocessed and mlcronized soybeans are 
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similar ta those found by Pearson (1983) who reported the mean iron content of 160 

ppm; zinc content of 40 ppm; and copper content of 12 ppm. 

Soymilk: 

The prote in contents of soymilk from the unprocessed and mlcromzed beans 

were 2.77% and 3.66%, respectively. Chang and Murray (1949) found 2.90% protelO 

in soymilk on a 6% solids basis. DeMan et al. (1975) found 2.72% protcin (6% soIld~ 

basis) in soymilk prepared from 55 soybean varieties grown in Ontano. Lo et al. 

(1968a) reported that soymilk prepared from Clark variety of soybeans containcd 

3.12% protein. Del Valle (1981) also found 3.12% protein in soymilk, while Wang 

et al. (1983) found the average soymilk prote in content of 10 soybean varieties was 

3.2%. 

The lipid content of soymilk from unprocessed and micronized beans wcrc 

1.43% and 1.73%, respectively. This is similar to values reported by Wang et al. 

(1983) who found 1.53% Hpid in soymilk from 10 soybean varietIes. Chang and 

Murray (1949) found 1.14% lipid in soymilk (6% solids basis) while DeMan et al. 

(1975) found a mean lipid content of 1.24% in soymilk prepared from 55 soybcan 

varieties. 

The calcium content in soymilk from unprocessed and micromzcd bean) 

were 0.14% and 0.13%, respectively. These values are simIlar to that rcportcd by 

De Man et al. (1975), but lower than the 0.195% reported by Chang and Murray 

(1949). The latter authors reported soymilk phosphorus content of 0.65% whlch b 

similar to the phosphorus content of the soymilk preparcd from the unproccsscd 

(0.78%) and micronized (0.55%) soybeans. Soymilk l'rom unprocc~~cci and 

micronized beans showed iron contents of 87.6 ppm and 74.6 ppm, rcspcctlvcly; 

Chang and Murray (1949) reported a value of 72 ppm. 



Toru: 

The prote in content of tofu prepared from the micronized beans was 6.58% 

and that prepared from the unprocessed beans was 9.56%. Adams (1975) fo.mJ. 

7.83% protein white Shurtleff and Aoy:.gi (1975) reported 7.80% prote in, Del Valle 

(1981) found 50.79% prote in on a moisture-free basis. 

The Iipid content of tofu prepared from the unprocessed beans and 

micronized beans were 5.43% and 5.17%, respectively. Adams (1975), Shurtleff and 

Aoyagi (1975) and Chang and Murray (1949) reported 4.2%, 4.3%, and 7.1% lipid, 

respectively. 
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The calciur.'! contents of tofu from unprocessed and micronized beans tested 

were 1.44% and 2.ü6%, respectively. Kantha et aL (1983) reported 1.638% calcium 

in tofu on a dry basis. Phosphorus contents of tofu from unprocessed and 

micronized beans were 0.86% and 0.60%, respectively; Chang and Murray (1949) 

reported a phosphorus content of 0.80% (DM basis) while Tseng et al. (1977) 

reported a value of 0.08% (FW basis). The iron content in tofu from unprocessed 

beans was 107 ppm and from micronized beans was 114 ppm. Chang and Murray 

(1949) reported an irou content of 105 ppm, while Kantha et al. (1983) reported an 

iron content of 70 ppm. The zinc content in tofu from unprocessed beans was 73.4 

ppm and from micronized beans was 53.5 ppm. Kantha et al. (1983) reported a zinc 

content of 60 ppm. 

2.0: Elfect of coagulation conditions on composition and texture of tofu 

A study was conducted to determine the effects of micronization on the 

composition and texturai properties of tofu, and to investigate the effects of various 

coagulation conditions on the composition and texturai properties of the tofu 

prepared from micromzed beans. 

Table 18 shows that the yield of the tofu from the micronized beans was 

lower than that from unprocessed beans. This suggests that the micronization 
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process reduced the coagulation properties of the proteins. The results also indicate 

that the light transmission (%T) of the whey from micronized soybeans was 

considerably lower th an that of the unprocessed beans. This suggests that m case of 

the micronized beans, a greater quantity of pro teins remaincd in the whcy and 

therefore a smaller quantity coagulated. 

The results in Table 19 show that tofu from the micromzed beans was lowcr 

in fmnness and cohesiveness when compared to tofu from unprocessed beans. This 

suggests that in the case of the micronized beans, the proteins which coagulated had 

lower inter-molecular binding properties when compared with the coagulatcd 

proteins of unproce3sed beans. This c;ould explain the relatively infenor texturai 

properties of the tofu from the micronized beans. 

Table 18. Composiyon of toru prepared from unprocessed and micronized 
soybeans 

Whey Tofu2 

-----------------------------------------------.------.--------------._-----------------------------------------
Volume pH T3 Yield Protein Sohd 

(mL) (%) (g) (%) (%) 

1167a 5.73(0.1)a 

1260b 5.90(0.1)a 

4o.8(2.6)a 

19.1(0.1)b 

253.6(3.9)a 

179.7(6.8)b 

9.56(0.9)a 

6.58(0.5)b 

iResults are means (standard deviations) of triplicate analyses 
3Coagulated wit~ ÇaS04.2H20 at 70°C 
4Percent transmISSIon 
5 Unprocessed soybean 

17.4(1.1)a 

17.9(\.5)a 

!t)1;icronized soybean 
a, Means in the same column with the same letter superscript are not sigmficantly 
different (p<0.05) 
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Table 19. Texturai properties
1 
ff tofu prepared from unprocessed and 

micronized soybeans ' 

Firmness Cohesiveness 
Soybean (N/mm) (N) 

Unprocessed O.108(0.01)a 0.67(0.0& )a 

Micronized 0.OS8(O.02)b 0.29(0.1O)b 

1 Results are means (standard deviations) of triplicate analyses 
~ofU coa~lated with CaS04.2H20 at 70°C 
a, Means In the same column with the same letter superscript are not significantly 
different (p<O.OS) 

2.1: EtTects of coagulating temperature 

The results in Table 20 indicate that micronized bean tofu obtained by 

coagulation at 90°C, gave maximum yieid and protein content, however these 

characteristics were lower than those of unprocessed bean tofu coagulated at 70°e. 

Micronized bean tofu obtained by coagulation al 90oe, also showed 

maximum firmness and cohesiveness; however the values were lower than those of 

unprocessed bean tofu coagulated at 700 C (Table 21). Wang and Hesseltine (1982) 

reported decreased yield and increased % solids as the coagulation temperature for 

tofu increased from 600 to 80°e. This is different from thé. results obtained in this 

study which shows an mcrease in yield and a decrease in % solids as the coagulation 

temperature for micronized tofu increased from 70° to 90°e. It is likely that the 

decrease in % solids is related to the ability of the curd obtained at higher 

temperatun" ... to form a network which traps liquid efficiently. 

Wang and Hesseltine (1982) also reported increased hardness and elasticity 

of tofu with increased coagulation temperaturcs. Simllar results were obtained for 

the micronized bean tofu in the present study; improved textmal characteristics 

were obtained as coagulation tempe rature increased from 70° to 90°e. Hashizume 
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et al. (1975) found that maximum hardness of tofu coagulated with glucono delta 

lactone resulted from coagulation at 80°e, with a decrease in hardness at higher 

temperatures. Saio (1979) reported that both hardness and yleld of tofu increased 

as coagulation temperature increased from 60° to 100°e. Prote in coagulation was 

probably not complete at the lower temperature used in their study. As coagulation 

temperature increased, more protein May have been precipitated, resulting 10 both 

increased yields and firmer texture. 

Table 20. EtTect of coagulation temperature on properties or torul 

Whey Tofu2 

-------------------------------------------------------------------------------------------------------
T3 Volume pH 'r4 Yield Protein 
(oC) (mL) (%) (g) (%) 

M705 l260a 5.90(0.1)ab 19.1(O.1)b l79.7(6.8)b 6.58(O.5)b 

M80 1240a 5.96(0.1)a 12.2(O.1)c 180.5(2.9)b 6.86(O.3)b 

M90 1223a 5.96(0.I)a 1O.4(0.2)c 219.1(2.3)ab 8.72(0.6)a 

U70 1167a 5.73«O.I)b 46.8(2.6)a 253.6(3.88)a 9.56(0.8)a 

~Results are means (standard deviations) of triplicate analyses 
3Coagulated with CaS04.2H20 
4Coagulation temperature 
Percent transmission 

Sohd 
(%) 

17.9(0.5)c 

14.1(0.8)a 

15.6(0.6)b 

17.4(l.1)c 

5:t1. - micronized beans, U - unprocessed beans 
a, ,cMeans in the same column with the same letter superscript are not significantly 
different (p<O.05) 

Whey clarity is consldered to be an indication of the extent of precipitation 

from soymilk. Tsai et al. (1981) used % transmittance of whey at 440 nm to mdlcalc 

the amount of coagulant needed in tofu preparation. Johnson (1984) employcd a 

similar procedure to determine the degree to which soymilk protem h~',d hecn 
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precipitated. Based on these reports, whey clarity would be expected to increase 

with increasing coagulation temperature. However, the results (Table 20) show that 

whey c1arity was lowest in the sample coagulated at the highest temperature (900 e). 

It is possible that very fine tofu curds were separated with the whey at higher 

temperatures, leading to lowered whey c1arity at these temperatures. Schaefer 

(1986) pointed out that whey transparency did not accurately reflect completeness 

of prote in separation from whey. This suggests that whey transparency may not be a 

use fui indicator of complete separation of prote in. 

Table 21. EtTect of temperature on texturai properties of tofu1,2 

Tet erature3 Firmness 
(0 ) (N/mm) 

M704 O.06(0.02)bc 

M80 0.04(0.01)c 

M90 O.07(0.01)b 

U70 O.11(O.OI)a 

~~esults are means (standard deviations) of triplicate analyses 
310fu coagulated with CaS04.2H20 

CoagulatIOn temperature 

Cohesiveness 
(N) 

0.29(0.10)bc 

0.21(0.02)c 

0.35(O.03)b 

0.67(0.08)a 

4~ _ micronized beans, U - unprocessed beans 
a, ,cMeans in the same column with the same Ietter superscript are Ilot significantly 

different (p<0.05) 

2.2: EO'ects of coagulant concentration 

The effects of coagulant concentration on the composition and texturai 

properties of tofu from mlcronized beans are shown in Tables 22 and 23, 

respectively. The results indicate that use of CaS04.2H20 at a concentration of 

0.03M gave improved yield and higher prote in content of tofu (Table 22); for 

, 
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texturai properties, use of CaS04.2H20 at a concentration of O.04M gave improved 

firmness and cohesiveness (Table 23). 

Sch~efer (1986) reported significantly greater % solids and protein content in 

tofu prepared using 0.03M CaS04.2H20 as coagulant. Similar results were 

obtained by Wang and Hesseltine (1982) who reported decreased yicld and 

moisture content of tofu at higher coagulant concentration; these workers noted that 

this effect was less important when calcium sulphate was the coagulant compared to 

sorne other coagulant types ego chloride salts and they attributed this effect to the 

relatively low solubility of calcium sulfate. 

Saio (1979) reported increased hardness of tofu prepared with the use of 

high concentration of coagulant; the results from our study also indicate that bath 

firmness and cohesiveness of micronized bean tofu increased at higher coagulant 

concentrations (Table 23). 

Table 22. Effeet of coagulant e~neentration on properties of tofu prepared from 
micronized soybeans 

Whey 
____________________________________________________________________________________________________ 8_ 

Conc.3Volume pH 'r4 Yield Protcin Solid 
(M) (mL) (%) (g) (%) (%) 

0.02 12233 6.03(0.1)a 21.3(7.1)ab 170.1( 4.5)a 7.63(1.1)a 

0.03 1240a 5.90(0.0)b 14.6(1.4)b 172.7(7.4)a 8.94(0.8)a 

0.04 1267a 5.90(0.0)b 26.7(3.4)a 162.8(5.0)a 7.96(0.1)a 

~Results are means (standard deviations) of triplicate analyses 
Coagulated with CaSO 4.2H29 at 90De 

~CDagulant con~en.tration in Molarity 

1 ~.8(2.3)a 

16.0( 1.0)3 

14.7(1.9)a 

tercent transmission 
a, Means on the same column with the sa me letter superscnpt are not significantly 

different (p<0.05) 
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Whey clarity was lowest with use of 0.03M calcium sulphate as coagulating 

agent. This supports the suggestion of Schaefer (1986) that whey transparency does 

not accurately reflect completeness of prote in separation fro TI whey since our 

results (Table 22) demonstrated that a coagulant concentration of 0.03M also gave 

tofu with the highest prote in content. Tsai et al. (1981) found no difference in whey 

clarity using coagulant concentrations of O.02M and 0.03M. Tohnson (1984) 

reported whey transparency ta be at a maximum between O.012M and O.013M 

calcium sulphate with no further change through the maximum tested (0.015M). 

Saio (1979) reported similar results showing no change in whey transparency 

between calcium sulphate concentrations of O.OlM to 0.015M. 

Table 23. EtTect of coagulant concentration Q.Il texturaI properties of toru 
prepared from micronized soybeans1r' 

Coagulant 
Conc. 
(M) 

0.02 

0.03 

0.04 

Firmness 
(N/mm) 

0.05(0.01)b 

0.06(0.01)b 

0.09(0.02)a 

Cohesiveness 
(N) 

0.29(0.01)b 

0.32(0.07)b 

0.47(0.04)a 

1 Resui:'i are means (standard deviations) of triplicate analyses 
;tofu co,1gulated with CaS04.2H20 at 900C 
a, SMearls in the same column wlth the same letter superscnpt are not slgnificantly 

different (p<0.05) 

2.3: EtTects of coagulating agents 

The effects of three coagulating agents on composition and texturai 

properties of micronized bean tofu are shawn in Tables 24 and 25, respectively. The 

results indicate that the use of citric acid (O.OlM) and a mixture of ci tric acid 
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(O.OIM) and calciurr .:Iulphate (O.03M) as coagulating agents led to a decrease in 

yield, had little effect on protein content, but led to improved texturai properties of 

tofu. Similar results were obtained by Lu et al. (1980) who investigated calcIUm 

chloride, calcium acetate, ace tic acid, calcium lactate, calcium sulfate and glucono 

delta lactone (GDL) as coagulating agents and showed that soybean curds prepared 

with calcium salts had a higher weight yield than those with non-calcIUm 

compounds; in addition curds prepared with calcium chio ride, calcium acetate and 

ace tic acid were softer th an those from the remaining coagulants. Thcse researchers 

pointed out that the reason for the softer curds was relatcd to the smaller quantity 

of coagulant used. 

The results from this portion of the study indicate that preparation of tofu 

from micronized beans using a mixture of ciaic "cid (O.OlM) and calcium sulphatc 

(O.03M) as coagulating agent and a coagulating teinperature of 900 e gave a product 

of comparable firmness and cohesiveness to tofu from unprocessed soybeans. 



t Table 24. Elfect or dilferent cyagulants on properties of toru prepared from 
micronized s~ybeans 

Whey Tofu2 

------------------------------.-----------------------------------------------------
pH T3 Yield Protein 

Coagulant (%) (g) (%) 

Calcium 
sulphate4 

5.90(0.0)a 14.6(1.4)c 192.9(2.6)b 8.94(0.8)a 

Citr!f 4.21(0.I)d 16.1(0.2)c 127.9(9.5)" 1O.44(1.9)a 
acid 

Citrate- 33.86(0.1)c b 130.8(0.2)c 8.25(0.8)a 
sulphate4 

22.9(0.1) 

Calcium 
sulphate5 

5.73(0.I)b 46.8(2.6)a 253.6(3.9)a 9.56(0.9)a 

~Results are means (standard deviations) of triplicate analyses 
Coagulated at 90°C 

Solids 
(%) 

16.0(1.0)ab 

16.3(1.3)ab 

15.3(0.7)a 

17.4(1.1)b 

3percent transmission 
~Calcium sulphate (0.03M); Citric acid (0.01M); Citrate-Sulphate (O.01M/O.03M) 
~'lProcessed bean tofu coagulated at 70°C (0.03M) 

a, "Means in the same column with the same letter supcrscript are not significantly 
different (p<0.05) 
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Table 25. EtTect of difTerent coagulap~ on texturai properties of tofu prepared 
from micronized soybeans ' 

Firmness 
Coagulant (N/mm) 

Calcium sulphate3 0.06(0.01)b 

Citric acid3 0.11(0.03)a 

Citrate-sulphate3 0.13(0.02)a 

Calcium sulphate4 O.l1(O.Ol)a 

~~esults are means (standard deviations) of triplicate analyses 
:: lofu coagulated at 90°C 

Cohesiveness 
(N) 

0.32(0.07)c 

0.46(0.09)bc 

0.55(0.12)ab 

0.67(0.08)a 

78 

~Calcium sulphate (0.03M); Citric acid (O.OlM); Citrate-sulphate (O.OlM/O.03M) 
~n"processed bean tofu coagulated at ïOoC (O.03M) 

a, ,1.Means in the same column with the same letter superscript are not significantly 
different (p<0.05) 
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3.0: Scanning electron microscopy of toru 

Over the last de cade the electron microscope has become an important tool 

in the study of the microscopie structure of proteins and of foods in geneïal. 

Seckinger and Wolf (1973) suggested that an evaluatIon of protein quality can he 

made by microscopic examination of the proteins. Lin et al. (1976) c1almed that the 

scanning electron microscope is rapidly becoming a useful instrument for examming 

particulate structures involved in biological and food systems. In thls study, 

scanning electron microscopy (SEM) was used to demonstrate differenccs in the 

fine structure of tofu obtained from unprocessed beans and that from micronizcd 

beans. 

Figures 9a and 9b show the electron photomicrographs of tofu prepared from 

unprocessed beans at low (x 500) and high (x 2000) magnificatIOn, rcspcctively. The 

structure showed a typical 3-dimensional honeycomb-like nctwork wlth certain 

regularity or uniformity. The continousity and uniforrnIty of the honeycomb-like 

structure is showed clearly at the high magnification (Figure 9b). 

The fine structure of tofu obtained from micronized beans lacked the typical 

3-dimensional honeycomb-like network demonstrated oy the tofu from the 

unprocessed beans (Figures lOa and lOb). This structure also showed that the 

protein network was collapsed. In addition the structure of tofu from the 

micronized beans showed the lack of regularity associated wlth that of unprocessed 

beans. 

The use of coagulating agents other than calcIUm sulphate also affected the 

fine structure of tofu. DeMan et al. (1986) examined the fine structure of tofu 

coagulated with different coagulants using scannmg electron microscope and 

reported that tofu obtained with glucono delta lactone (GDL) showcd supenor 

texture on the basis of smoothness, and the structure showed a fme and uniform 
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honeycomb-Iike structure. They also reported that tofu coagulated with calcium 

sulphate gave a structure similar to that obtained with GDL 

Figures lIa and lIb show the SEM micrographs of tofu prepared from 

micronized beans using citric acid as coagulating agent. The structure is similar to 

the structure of tofu prepared from unprocessed beans but in this case, it is less 

uniform and the holes are larger. At higher magnification (x 2000)(Figure lIb), the 

structure of tofu obtained from micronized beans using citric acid as coagulating 

agent showed a lack of regularity and continousity associated with that of 

unprocessed beans. The structure of tofu obtained from micronized beans using a 

mixture of citric acid and calcium sulphate as coagulating agents showed a "rough­

spongy" like structure (Figures 12a and 12b). 

The resuIts from SEM investigations show that there are differences in the 

microstructure of tofu prepared from the unprocessed and the micronized beans. 
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Figure 9a. SEM photomicrograph of tofu obtained from unproccssed bcans 
using calcium sulphate as coagulating agent (Mag. x 500) (White bar 
= 40 u). 
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Figure 9b. SEM photomicrograph of tofu obtained from unprocessed beans 
using calcium sulphate as coagulating agent (Mag. x 2000) (White bar 
= 10 u). 
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Figure 1Oa. SEl\;1 photomicrograph of tofu obtained from micronized beans using 
calcium sulphate as coagulating agent (Mag. x 500) (\Vhite bar = 40 
u). 
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Figure IOh. SEI\f photomicrograph of tofu obtained from micronized beans using 
calcium sulphate as coagulating agent (Mag. x 2000) (White bar = 10 
u). 

......... ------------------------------------------
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Figure lIa. SE.:\I photomicrograph of tofu obtained from micronized beans using 
citric acid as coagulating agent (Mag. x 500) (White bar = 40 u). 
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Figure lIb. SEM photomicrograph of tofu obtained from micronized beans using 
citric acid as coagulating agent (Mag. x 2000) (White bar = 10 u) . 
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Figure 12a. 
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SEl\'. photomicrograph of tofu obtained from micronized beans using 
a mixture of citric acid and calcium sulphate as coagulating agent 
(Mag. x 500) (\Vhite bar = ""0 u). 
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Figure 12\>. SEM photomicrograph of tofu obtained from micronized beans using 
a mixture of citric acid and calcium sulphate as coagulating agent 
(I\lag. x 2000) ('''hite bar = 10 u). 
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4.0: EtTect of micronization on nutritional quality of soybean and derived 
products 

4.1: In vitro digestibility 

89 

The cffect of mlcroniution on the zn V!tro protein dlgestibilitles of full-fat 

soybeans, soy isolate, soymilk and tofu are shown in Table 26. The plot of thc pH 

versus time of the zn vltra digestlbIllty of unprocessed and mlcronized soybeans and 

derived produc(s arc shown m Figures 13, 14, 15 and 16. The rcsults mdlcatc that 

the digestibility of micronized soybean was highcI than that of the unproccs~ed 

soybean. ThIS suggests that the heat treatment of the micfOmzatlon proccss rcsulted 

in improved digestibility. 'n1e lower protem digcstIlJlhty of the unproccsscd soybcan 

when compared to the micronized soybean could be due to the presence of the 

trypsm mhlbitors (Liener, 19R1). Heat mactivatIOn of trypsm lllllibltor can lead to 

improved protem digestiblllty (Nyotu et al , 1986). TIle soy protcm I~,olatc. 

soymilk and tofu prepared fmm the unprocesscd and the mlcrom2ed soybeans 

showed somewhat similar digcstJbllttlCS. Soy protem Isolate of both unproccsscd and 

micromzed beans showed a hlghcr digestlbllity th an soy bean flour of the 

unprocessed bcans. With soy fIours, the processmg conditlOos or the presence of 

certain compounds, which werc not present 111 soy ,solate could be factor~ 

responslble for the lowcr digcstibility (Hopkins, 1980). 

Kakadc (1974) reportcd that the susccptibility of prote ms ta proteolytlc 

digestion dcpends on the avallabIlity of amine aCld resldues whlch arc compatIble 

with enzyme spcclficlty. nie dlgcstiblllties of the soybean, soy protcm Isolate and 

soymilk from unprocessed and micromzcd soybean~ were lowcr than that of ca~em 

(88.2%). However, the digcstlbihtlcs of tofu obtamcd from unpioce~~cd (972%) 

and micronized bcans (96.7%) \Vere sigmflcantly hlgher (p<O.05) than that of 

casem. Prote in digcstlbility is a measurcmcnt of rôte of protcm hydrolysis by 

digestive enzym';! (Kakade, 1974). Tofu was produccd from soymllk whlch was 

heated and could rcsult in inactivation of toxic factors (Del Valle, 1981). The hlgh 
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temperature (lOOoC) used for heating the soymilk prior to preparation of to~u L .. 

weil as high temperature (110-11SoC) used for the micronization process of the full­

fat soybeans may have been factors resulting in improved protein digestibility. 

Heating of a protein above 500 e results in disruption of secondary and tertiary 

structure and is terrncd heat denaturation (Finmgan and Lewis, 1985). A change in 

the tertiary structure of a protem molccule exposes the enzyme susceptible bonds 

with a resultant mcreased late of protein hydrolysis (Kakade, 1974). In addition, the 

increase in digestibllity observed in the micronized soybeans could have been the 

result of the actIOn of heat on matcrials su ch as carbohydrates and liplds which 

could be involved m blocking the sites for enzyme attack (Nyotu, 1986). 

Table 26. 

Sample 

Soybean 

Soy isolate 

Soymilk 

Tofu 

Casein 

In vitro digestibility of casein, unprocessed and micronized soybeans 
and soybean derived products 

Digestibility (%)1 

Unprocessed Micronized 

76.5 (0.93) 84.3 (0.00) 

89.5 (3.72) 85.3 (0.85) 

83.2 (0.27) 86.5 (0.84) 

97.2 (1.10) 96.7 (1.21) 

88.2 (0.42) 

1 Results are me ans (standard deviations) of triplicate determinations 
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TMElminl 

pH vs time curves for determination of in VItro proi:ein digestibility of 
unprocessed and micronized soybeans and casein. 

O-Q Casein 
~ Unprocessed soybean 
~ Micronized soybean 
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2 4 6 8 10 12 14 16 18 

TIME (min) 

pH vs time curves for determination of in vitro protein digestibility of 
casein and soy isolate prepared from unprocessed and micronized 
soybeans. 

Q-Q Casein 
+-+ Unprocessed 
~ Micronized 
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93 

2 4 6 8 10 12 14 16 18 

TIME(mr.1 

pH vs time curves for determination of in vitro protein digestibility of 
casein and soymilk obtained from unprocessed and micronized 
soybeans. 
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2 4 6 8 10 12 14 16 18 

TIME (minI 

pH vs time curves for determination of in vitro protein digestibility of 
casein and tofu prepared from unprocessed and micronized soybeans. 

a-o Casein 
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4.2: Available lysine 

The effect of micronization on the available lysine contents of full-fat 

soybean, soy isolate, soymilk and tofu is shown in Table 27. The resuIts indicate that 

heat treatment of the micronization pro cess has littIe effect on the avaIlable lysine 

content of the soybeans. The quantlty of available lysine is gcnerally regarded as 

indicator of overheating sincc it is reùuced by excessive heat (Kouzeh-Kanam et al., 

1981)0 Shiau et al. (1976) reported a destructIOn of 15% to 23% lysine in sorghum at 

elevated temperatures. Lawrence (1978) reported 1.76% avallable lysine (on dry 

matter basis) in raw soybeans compared with 2.18% of mlcromzed soybeans. In the 

present work, the available lysine content found in unproccssed and mlcromzcd 

soybeans were 3.74% and 3.71 %, respectively. These results mdlcated that the heat 

treatment of micronization did not resuIt in the reduction of availablc lysine. The 

available lysine contents of soy isolate (5.50%). soymilk (6.14%) and tofu (6.60%) 

from micronizcd beans were higher than those of these corrcsponding products 

derived from unprocessed beans (soy isolate, 3.14%; soymllk, 4.64%; tofu, 5.94% 

available lysine). 

The factors which influence the loss of available lysine include the type of 

carbohydrate present in the foodstuffs, the temperature at whlch the foodstuff i~ 

heated and the time of heating (Smith and Friedman, 1984); the se workcrs reportcd 

that heating casein at 12]oC for 1 h In the presence of glucose, SUCIo~e and starch 

resulted in 54%, 66% and 20% decrca~e In lysmc avallabIllty, rc~pcctlvcly. In thl~ 

study, the temperaturc of the mlcronization process was 11Oo-11SoC, and the Ume 

of heating was 90 seconds. Thcsc conditions of heating are rclatlvcly rmld and could 

explain the relativcly little loss in available lysine which occurrcd during the infrarcd 

heating of the full-fat soybeans. 
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Table 27. 

Sample 

Soybean 

Soy isolate 

Soymilk 

Tofu 

Available lysine content of unprocessed and micronized soybeans and 
soybean derived products 

Available lysine (g/16g N)l _. _____ • _______________ w _______________ •• ______ ~ ________ 

Unprocessed Micronized 

3.74(0.34) 3.71(0.08) 

3.14(0.30) 5.50(0.12) 

4.64(0.11) 6.14(0.30) 

5.94(0.13) 6.60(0.32) 

lResults are me ans (standard deviations) of four determinations (DM basis) 

5.0: EtTect of micronization on Cunctional properties of soybean and derived 
products 

5.1: Foam capacity 

96 

Foam capacities obtained for protein slurries (2% weighttvolume) of 

unprocesscd and micronizcd soybean flour. soy prote in Isolate and tofu and 

commercial soy protein Isolate (Ardex D) are shown in Table 28. The results 

indicate that micronization resuItcd in a rcduction in the foam capacity of the 

soybean flour and the prote in isolatcd from the bcans. The unprocessed soybean 

flour showed foam capacity in the range 116.7-176.7 wlth maximum capacity at pH 

9.0. The micronized soybean flour showed no foam capacity at pH 3.0 and 5.0 and 

similar foam capacitlcs at pH 7.0 and 9.0. The resulî.S obtained for say protem 

isolated from thr, mlcronized beans were slmtlar to those of the ITIlcromzed soy 

flour. In additIOn, say protcin isolate from unprocessed bcans showed negligible 

foam capacity at pH 5.0. The results suggest tllat the foaming properties of the 

unprocessed and micronized soybean fiour and soy protein isolates are pH 

dependent. Since pH affects the overall charge on the protein molecule, it is likely 

that the unprocessed and micronized soybeans and say isolates may have different 

ft 
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isoelectric points. Towsend and Nakai (1983) reported that numerous factors 

including pH, temperature, the presence of salts, sugars and lipids and the prote in 

source affect the foaming behaviour of proteins. 

The tofu prepared from unprocessed and micronized soyheans showed no 

fa am capacity over the pH range studied. Hudson (1987) reportcd that not a1l 

pro teins exhibit the same foaming properties and suggestcd that foamabllity 

depends on the molecular weight, surface hydrophobicity and internaI bonding of 

the protein molecule. As heating is involved in preparation of tofu, the temperature 

(lOOoC) used in this study rnay play an important role in determining the nature of 

the proteins solubilised. The commercial soy isolate showed foam capacity ranging 

from 121.7 to 146.7 over the range of pH values studied (3 ta 9). The foam capaclty 

of the commercial say isolate was higher than that of the say isolate of unprocessed 

and micronized beans over the range of the pH values. 
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Table 28. The etTect of pH on the foam capacity (%) of unprocessed and 
micronized soybean and soybean derived products 

Foam capacity 
._-----------------_._------------~.---------------------------------------

Sample pH 3.0 pH 5.0 pH 7.0 pH 9.0 

Soy bean flour .... 
Unprocessed 116.7(5.77)~ 136.7(2.89) 146.7~2.89~ 176.7~12.58) 
Micronized NF NF 106.7 2.89 110.0 5.0) 

Soy isolate 
118.3(2.89) NF 116.7~2.89~ 120.0~5.0) Unprocessed 

Micronized NF NF 116.7 2.89 116.7 2.89) 

Tofu 
Unprocessed NF NF NF NF 
Micronized NF NF NF NF 

Soy isolate3 
(Ardex D) 

121.7(7.64) 141.7(10.41) 138.3(5.77) 146.7(5.77) 

12% prote in dispersion 
~Results are means (standard deviations) of triplicate measurements 

Commercial soy protein isolate 
NF: no foaming 

5.2: Foam stability 

Table 29 shows the foam stability of the protein slurries (2% weight/volume) 

of the unprocessed and micronized soybeans, soy isolate and tofu and commercial 

soybean protein isolate (Ardex D). The results show that micronization resulted in 

reduction of foam stability of the soybean flour and the prote in isolated from the 

beans. Tofu of both unprocessed and micronized beans exhibit no foaming 

properties over the pH range studied (3.0 to 9.0). Foam stability values ranged from 

90 to 99 for the unprocessed and micronized soybean flour, and 94 to 100 for the 

commercial soy protein isolate. The micronized soybean flour showed no foaming 

properties at pH 3.0 and 5.0. Maximum foam stabilities values were 99 and 100 

obtained at pH 3.0 for unprocessed soybean flour and commercial soy isolate, 



99 

respectively and 96 at pH 7.0 for micronized soybean isola te. Hudson (1987) 

reported that proteins stabilise foams by forming a flexible, cohesive film around air 

bubbIes, as the pH moves away from the isoelectric point (pl), net charges increase 

and film strength and foam stability decrease. At pH 5.0, the foam stability of the 

commercial soy protein isolate was different from that of the soy isolates prepared 

from unprocessed and micronized soybeans. The soy isolate investigated in this 

study was obtained from full-fat soybeans, while the commercial soy isolate IS 

obtained from defatted meal. The presence of lipid materials in soy preparations 

can destabilize the protein foams; hexane and aqueous alcohol treatment of soy 

proteins which remove neutral and bound polar lipids, respectively, markedly 

enhance foaming properties (Glabe et al., 1956). Treatment of commercial soy 

preparations with aqueous alcohol significantly improved their foaming properties 

(Eldridge et al., 1963). 
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Table 29. The etTect of pH on foam stability (%) fC unprocessed and micronized 
soybean and soybean derived products 

Foam stability 
---------------------------------------------------------------------------

Sam pie pH 3.0 pH 5.0 pH 7.0 prl9.0 

Soybean 
99.2(1.31)2 92.7(0.16) 90.9~4.05~ 96.2~1.67~ Unprocessed 

Micronized NF NF 96.9 1.51 92.5 2.40 

Say isolate 
98.6(2.41) NF 94.3~2.57~ 93.2~4.47~ Unprocessed 

Mieronized NF NF 92.9 2.41 95.5 0.12 

Tofu 
Unprocessed NF NF NF NF 
Micronized NF NF NF NF 

Say isolate3 100.0(0.0) 
(Ardex D) 

94.0(2.32) 97.6(2.07) 100.0(0.0) 

12% protein dispersion 
~Results are means (standard deviations) of triplicate measurements 
Commercial soy isolate 

NF: No foaming 

5.3: Water absorption 

100 

In general, there was Iittle effeet of micronization on water absorption 

capacity of soybean flour, soy isolate and tofu (Table 30). The water absorption 

eapacities of the unproeessed soybean flour, soy isolate and tofu were 264.1%, 

163.2% and 360.6%, respectively and of the micronized soybean flour, say isolate 

and tofu were 284.6%, 166.1% and 358.4%, respectively. The results show that the 

infrared heat of micronization did not lower the imbibing capacities of soybeans and 

the derived products. 

A marked difference in water absorption capacity was obseIVed for the 

unprocessed and micronized derived soy products and the commercial soy prote in 

isolate. The commercial soy isolate had a water absorption capacity (596.4%) 

ft 
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approximately twice that of the unprocessed and micronized soybean flour and tofu. 

about 3 times that of unprocessed and micronized soy protein isolate. This higher 

water absorption capacity of the commercial soy protein isolate suggests that it IS 

more hydrophillic in nature than the unprocessed and micronized denved soy 

products. Difference in soy preparations between commercial and laboratory 

prepared soy isolate May aiso attribute to the marked diffcrence in the water 

absorption capacity between the two samples; commercial soy isolate is prcpared 

from defatted Meal while the laboratory prepared soy isolate was obtamed from 

full-fat unprocessed and micronized soybeans. 

Table 30. Water absorption (%) oC unprocessed and micronized soybeans and 
soybean derived products 

Water absorption (%) 

Sample 

Soybean flour 

Soy isolate 

Tofu 

Soy isolate2 
(Ardex D) 

U nprocessed 

264.1(2.97)1 

163.2(3.95) 

360.6(1.57) 

596.4( 6.62) 

~Results are means (standard deviations) of triplicate analyses 
Commercial soy prote in isolate 

5.4: Fat absorption 

Micronized 

284.6(2.42) 

166.1(4.05) 

358.4(7.27) 

The fat absorption capacities of the unprocessed and micronized soybean 

flour, soy isolate and tofu and commercial soy prote in isolate (Ardex D) are shown 

in Table 31. The results indicated that the infrared heat of micronization had no 

effect on the fat absorption capacity of the soybeans and the derived products. The 
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fat absorption of the unprocessed soybean flour (199.3%) was similar to that of 

micronized soybean flour (192.7%). Hutton and Campbell (1977) and Lin and 

Humbert (1974) reported that fat absorption by soy preparations is cIosely related 

to prote in content and is little affected by pH or temperature. 

The unproccssed and micronized soybcans and derived products had oil 

absorption values ranging from 192.7% for the flour to 430.4% for the isolate (Table 

31). Both the unprocessed and micronized soy isolate and tofu bound more ail than 

the commercial soy prote in isolatc (223.3%). This suggcsts that unprocessed and 

micronized soy lsolate and tofu are more lipop!1ilic than the commercial soy isolate 

and the unprocessed and micronized soybean flour. Lin and Humbert (1974) 

reported that soy products had oil absorption values ranging from 84.4% to 154.5%, 

the author al50 reported that aH sunflower products bound more ail than soy 

products and suggestcd that it could be likely that sunflower proteins contain 

numerons nonpolar SIcle chains that have been believed to bind the paraffin chains 

(hydrocarbon chams) of fats (Prqlecki et al., 1935), thereby, contributing to higher 

absorption of 011. The same mechanism could probably expia in the higher 

absorption of oil of the unprocessed and micronized soy isolatc and tofu when 

compared to unprocessed and micronized soybean flours and commercial soy 

isolate. 
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Table 31. 

Sample 

Fat absorption (%) oC unprocessed and micronized soybeans and 
soybean derived products 

Fat absorptIOn (%) 

Unprocessed Micromzed 

Soybean flour 199.3(0.76)1 192.8(11.32) 

Soy isolate 399.2(0.06) 

Tofu 419.7(0.05) 

Soy isolate2 

(Ardex D) 
223.36(3.26) 

~Results are me ans (standard deviations) of triplicate analyses 
Commercial soy protein isolate 

430.4( 10.15) 

421.8(5.84) 
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6.0: Effects of micronization on the biochemical propertïes of soybean and 
derived products . 

The interaction of prote in with lipids or with carbohydrates In food and food 

products are of fundamental importance in food processmg. Both interactions could 

be naturally occurring or chcmically or physically induced (Kare!, 1973). As thesc 

interactions also have significant effect on functional propertlcs such as gclatIOn, 

water binding capacity, foaming and emulsificat:on (Kmsella, 1979), a bettcr 

understanding of these mteractions could enhance the utilIzation of vanous food 

proteins. 

The effects of micronization on the interactions between protcm-lIpid and 

protein-carbohydrate in soybean, soy isolate, tofu and soymilk prepared from the 

unprocessed and micronized beans were investigated ilsmg çolyacrylamide-disc gel 

electrophoresis (PAGE) and sodium dodecyl sulphate-polyacrylamlde gel 

electrophoresis (SDS-PAGE). 

io.-_______________ --~- ---
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6.1: Polyacrylamide-disc gel electrophoresis 

Soybean flour: 

Electropherograms of proteins obtained from unprocessed (Al' A2 and A3) 

and micronized soybean flour (BI' B2 and B3) are shown in Figure 17. The results 

show slight differenccs in the electrophoretic behaviour of proteins in unprocessed 

soybean flour (Al) and micronized soybean flour (B l )· The prote in bands (3,4 and 

13) obtained for the micronized soybean flour (BI) are less intense and sorne of the 

minor 1?rotem bands (7-12) are not present when compared to the electropherogram 

of the unprr,~essed soybcan flour (Al)' This indicates that heat treatment by 

micronization has some slight effeet on the protein constitution of the soybean. The 

mfrared heat of micronization could cause insolubilization of some say protein 

fraction and these insoluble say proteins would not undergo electrophoresis. This 

mlght explain the slight diffcrence in thc electrophoretic behaviour between the 

unprocessed and rnicronized samples. 

Thc electrophoretic patterns also show that at least two of the protein 

cornponents of the soybean protcms arc bound ta carbohydrate as shown by the two 

pink bands m clectropherograrns A2 and B2' 1l1e similarity in electrophoretic 

behaviour of glyeoproteins frnrn the unprocessed (A2) and microl1lzed (B2) 

soybeans suggcsts that mieronization has Httle effeet on the protem-carbohydrate 

cornplex present in the soybcan Gour. 

When stamcd for hpoprotcm ("'Iectropherograms A3 and B3), the results 

showed that al lcast threc of the say protClTl fractlon« of the mlcronized bean (B3) 

were bound to Iipid while for the unprocessed soybean flour (A3) only a single 

lipoprotem band was observed. ThiS suggests that heating by mlcronizatIOn induce 

sorne interactions of protein with lipid component in the soybeans. 
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Soy protein isolate: 

Figure 18 shows the electropherograms of proteins obtained from the say 

prote in isolate of unprocessed bean (Cl, C2 and C3) and micronized bean (Dl' D2 

and D3)' The results showed that there was no difference in bchavlour of the 

prote in isolates from unprocessed and micronized beans (Cl and Dl)' The 

electrophoretic behaviour of protein fractions in say isolate from unprocessed bean 

(Cl) and from micronized bcans (Dl) were similar bath 111 the number (10) and 

intensity of the bands and in relative mobilities. The importance of thiS IS that it 

indicates that micronization has no effect on the behaviour of the protcins that are 

extractable during the prote in isolation. As the soy isolate IS the primary say 

products used as protein ingredients in food systems (Kmsella, 1979), thls result 

suggests that soy isolate from micronized beans could be Just as uscful as protem 

ingredients as soy isolate from the unprocessed beans. 

The results also show that at least two protein fractions of the soy i!mlatc of 

the unprocessed (C2) and micronized (D2) beans are bound to carbohydrate. Both 

electropherograms (C2 and DZ) showed simllar clcctIOphoretic patterns, indicatmg 

that micronization had liule effeet on the protein-carbohydrate interactions in the 

say prote in i~ : lates. 

Eleetropherograms C3 and DJ showcd that at lcast one protei'1 fraction In 

the unprocesr-ed soy isolate (C3) and two prote in fractions in the mlCf0nI7CG -:''1y 

isolate (D3) werc bound to lipid. 111is indicatcs that micromzation has an cffeet on 

the interactions between the protem and lipid present in the soy protem Isolate. 

Soymilk: 

Ekctropherogra"1S of protems obtaincd from the soymllk preparcd from 

unprocessed (El <lnd E2) and ITIlcromzcd (F land F2) arc shown m Figure 19. The 

results showcd that thcre was no dlffcrencc m the behaviour betwccn protcms of 

soym;lk prepared from unproccsscd (El) and mlcronlzed (FI) soybeans. This 
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indicates that micronization has no effect on the protein components of soymilk. 

Most of the prote in materials remaining in the soymilk of both unprocessed and 

micronized beans appeared as unresolved dlffused bands (E2 and F2), and these 

unresolved protein components are bound to carbohydrate as shown by the diffused 

glycoprotein bands (pink) in electropherograms of soymilk from unprocessed (E2) 

and micronized (F2) beans. No lipoprotein band was observed in soymilk of both 

unprocessed and micronized beans. This suggests that the process for preparation 

of soymilk from the unprocessed and micronized soybeans affected the protein-lipid 

interactions in the soymilk. 

Toru: 

Figure 20 shows the electropherograms of proteins obtained from tofu 

prcparcd from unprocessed (Gl and G2) and micronized (Hl and H2) beans. The 

results show that the electrophoretic behaviour of protein fractions of the tofu from 

unprocessed (GÜ and micronized (Hl) beans were similar. One of the major 

prote in fractions of tofu from both of unprocessed and micronized beans was bound 

to the carbohydrate as shown by the single glycoprotein (pmk) band in 

electropherograms G2 and H2- No Iipoprotein bands were observed in proteins of 

tofu from unprocessed and micronized beans. This indicated that either the protein­

lipid complexes component was not precipitated by the coagulant (CaS04.2H20) or 

the proce::;s for preparation of the tofu ilffected the interactions between the protein 

and lipid components. 
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Figure 17. Electropherograms for polyaerylamide dise gel electrophoresis with 
tris aminoethane-glycine butTer (pH 8.9). 

Al' A2' A3 : Soybean flour from unprocessed beans 
BI' B2' B3 : Soybean flour from micronized beans 

Gels of each protein sample were stained for protein (AV Bt), 
glycoprotein (A2, BÛ and for lipoprotein (A3, B3). 
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Eleetropherograms for polyaerylamide dise gel electrophoresis with 
tris aminoethane-glycine butTer (pH 8.9). 

Cl' C2, C3 : Soy protein isolate from unprocessed beans 
Dl' D2' D3 : Soy protein isolate from micronized beans 

Gels of each protein sample were stained for protein (Cl' Dt), 
glycoprotein (C2' D2) and for Iipoprotein (C3' D3). 



Figure 19. Electropherograms for polyacrylamide dise gel electrophoresis with 
tris aminoethane-glycine butTer (pH 8.9). 

Soymilk from unprocessed beans 
Soymilk from micronized beans 

Gels of each protein sample were stained for protein (El' FI) and for 
glycoprotein (E2' F2). 
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Figure 20. 

, 
.' 

Electropherograms for polyacrylamide dise gel electrophoresis with 
tris aminoethane-glycine buffer (pH 8.9). 

Tofu from unprocessed beans 
Tofu from micronized beans 
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Gels of cach protein sample were stained for protein (GI' "1) and for 
glycoprotein (G2, "2)' 
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6.2: SDS-Electrophoresis 

Phosphorylase b, bovine serum album in, ovalbumin, carbonic anhydrase, 

soybean trypsin inhibitor and lysozyme with molecular weights of 97000, 66200, 

42699,31000, 21500 and 14400 daltons, respectively were used as molecular weight 

markers. A linear regression equation (r = -0.9954) was generated from the plot 

(Figure 21) of the log of the molecular weight of the standard proteins versus their 

migration distances (Weber and Osborne, 1972). 

y = 5.2022 - 0.0163X 

where Y represents the molecular weight 

and X the migration distance 

In the present work, the various protein preparations of unprocessed and 

micronized soybeans and the derived products were subjected to electrophoresis in 

the presence of SDS; and gels were stained for proteins, glycoproteins and 

Iipoproteins. However, when stained for lipoprotein, no lipoprotein band was 

observed in any of the unprocessed and micronized soybeans and the deriveu 

products. This suggests that interaction between prote in and lipid present in the 

unprocessed and micronized soybeans and derived products might be affected by 

the presence of the SDS. 

Figure 22 shows the electrophoretic patterns obtained by dectrophoresis of 

the prote in standards (electropherogram s), the unprocessed (electropherograms al' 

cl' el and gÜ and micronized (electropherograms bl' dl' fI and hl) soybeans, and 

the derived products in the presence of SDS. The molecular weights of the 

unprocessed and micronized soybeans and the derived products ranged from 11954 

to 113632 daltons. 

Soybean flour: 

SDS-PAGE electrophoresis revealed the presence of at least eleven subunits 

for both the unprocessed (electrophoragram al) and micronized (electropherogram 
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bl) soybean flours (Figure 23). The molecular weights ranged from 12885 to 117978 

daltons (Table 33). TIuee of the bands represented major protein components; 

these major components and one minor compone nt appeared to be glycoproteins 

(electropherograms a2 and bV. The results indicate that the electrophoretic 

patterns of the pro teins obtained from the unprocessed and micronized soybean 

flours were somewhat similar. This suggests that micronization does not have an 

effect on the cleavage of peptide bonds of protein. 

Soy protein isola te: 

Figure 24 shows the electrophero.l!r:l':";3 obtained from electrophoresis of say 

protein isolate of unprocessed (electropherograms cl and c2) and micronized 

(electropherograms dl and d2) soybeans in the presence of SDS. The 

electrophoretic pattern (electropherogram cl) of the unprocessed soy protein 

isolate showed at Ieast eleven bands. The molecular weights ranged from 13378 ta 

97791 daltons (Table 34). Three of the bands represented major prote in 

components; two of the major proteins appeared to be glyeoproteins 

(electropherograms c2). The electrophoretic pattern (electropherogram d 1) of the 

micronized soy prote in isola te shows at least twelve bands with moleeular weights 

ranging from 13890 to 117978 daltons (Table 34). lluee of the bands represented 

major protein components; one of the major protein appeared to be glycoprotein 

(electropherograms d2). The results indicate that the eleetrophoretic patterns of 

the proteins obtained from the soy proteir isolate of unprocessed and micronized 

beans were somewhat different. This suggests that micronization might have a 

minor effeet on the constitution of protein of the soy isolate. 

Soym il k: 

Figure 25 shows the electropherograms obtained from electrophoresis of 

soymilk of unprocessed (eleetropherograms el and e2) and micronized 

( electropherograms fI and f2) soybeans in the presence of SDS. The eleetrophoretie 
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pattern (electropherogram el) of the soymilk of unprocessed beans shows at least 

eleven bands. The malecular weights ranged from 13890 to 97791 daltons (Table 

35). Three oi the bands represented major prote in components; two of the major 

proteins appeared to be glycoproteins (electropherogram e2). The electrophoretic 

pattern (electropherogram fI) of the soymilk of micronized beans shows at least 

twel';e bands with malecular weights ranged from 12885 to 113632 daltons (Table 

35). Three of the bands represented major prote in components; one of the major 

protein and a minor component appeared to be glycoproteins (eleetropherogram 

f2). The results indicate that electrophoretic patterns obtained from the soymilk of 

unprocessed and micronized soybeans were somewhat different; thls suggests that 

micronization might have an effect on the nature of pra teins in the soymllk. 

Toru: 

Figure 26 shows the electropherograms obtained by electrophoresis of tofu of 

unprocessed (electropherograms gl and g2) and micronized (e1ectropherograms hl 

and h2) soybeans in the presenc.! of SDS. The eleetrophoretic pattern 

(electropherogram gl) of the tofu of unprocessed beans shows at least ten bands 

with molecular weights ranging from 11954 ta 87378 daltons (Table 36). Three of 

the bands represented major protein components, one of which appeared to be 

glycoprotein (electropherogram g2). The electrophoretic pattern 

(electropherogram hl) of the tofu of micronized beans shows at least eleven bands 

with molecular weights ranging from 11954 to 81058 daltons (Table 36). Three of 

the bands represented major prote in components, one of which appeared to be 

glycoprotein. The results indicate that electrophoretic patterns of the proteins 

obtained from unprocessed and micronized tofu were somewhat dlfferent; 

suggesting that micronization might have an effeet on the nature of proteins in the 

tofu. 

t 
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Table 32. Migration distance of six standard proteins 

Protein Molecular weight Migration Distance 
(Daltons) (mm) 

Lysozyme 14400 62 

Soybean trypsin inhibitor 21500 56 

Carbonic anhydrase 31000 44 

Ovalbumin 42699 33 

Bovine serum album in 66200 23 

Phosphorylase b )7400 14 



Table 33. Migration distance and molecular weights of the proteins obtained 
from unprocessed and micronized soybeans 

Molecular weight Migration distance 
\Daltons) 

M2 1 (mm) 2 
U U M 

12885 12885 67 67 

20989 21792 54 53 

30549 31718 44 43 

36855 35498 39 40 

42825 42825 35 35 

49762 49762 31 31 

67190 67190 23 23 

75197 72427 20 21 

78073 78073 19 19 

90719 90719 15 15 

117978 117978 8 8 

~ U nprocessed beans 
Micronized beans 
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Table 34. Migration distance and molecular weights of the proteins obtained 
from unprocessed and micronized soy protein isolates 

Molecular weight Migration distance 
~Daltons) 

M2 U1 (mm) 
M 2 U 

13378 13890 66 65 

20989 20989 54 54 

30549 30549 44 44 

34190 36855 41 39 

44463 44463 34 34 

53641 51665 29 30 

62330 64714 25 24 

67190 69760 23 22 

72427 75197 21 20 

81059 78073 18 19 

97791 01531 13 12 

117978 8 

~ U nprocessed beans 
Micronized beans 

117 
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j Table 35. Migration distance and molecular weights of proteins obtained from 
" 

unprocessed and micronized soymilk 

Molecular weight Migration distance 
\Daltons) 

M2 U1 (mm) 
M2 U 

13890 12885 65 67 

21792 20216 53 55 

31718 29424 43 45 

36855 34190 39 41 

44463 41248 34 36 

53641 51665 29 30 

67190 62330 23 25 

69760 67190 22 23 
. 75197 72427 20 21 ~ 

78073 75197 19 20 

97791 94189 13 14 

113632 9 

~unprocessed beans 
Micronized beans 

. 
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Table 36. Migration distance and molecular weir~hts of the proteins obtained 
from unprocessed and micronized tofu 

Molecular weight Migration distance 
\Daltons) 

M2 VI 
(mm) 

M2 V 

11954 11954 69 69 

18754 19472 57 56 

28340 28347 46 46 

31718 32931 42 43 

38265 38265 38 38 

46164 47929 33 32 

62330 57823 25 27 

67190 62330 23 25 

72427 69760 22 21 

87378 72427 16 21 

81058 18 

~ U nprocessed soybeans 
Micronized soybeans 
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FIgure 22. Electropherograms for sodium dodeeyl sulfate-polyaerylamide dise 
gel eleetrophoresis of soybeans and derived produets. 

s : Protein standards (1- phflsphorylase b, 2- bovine serum 
albumin, 3- ovalbumin, 4- carbonic anhydrase, 5- soybean 
trypsin inhibitor, 6- lysozyme) 

al: Soy flour (unproeessed) 
bl: Soy flour (micronized) 
cl: Soy isolate (unprocessed) 
dl: Soy isolate (micronized) 
el: Soymilk (unprocessed) 
fI: Soymilk (micronized) 
g 1 : Toru (unproeessed) 
hl: Toru (micronized) 

Gels of each protein sample were stained for protein. 
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Figure 23. Electropherograms for sodium dodecyl sulfate- polyacrylamide dise 
gel electrophoresis of soybean Dours. 

Soybean flour (unprocessed) 
Soybean flour (micronized) 

Gels of eaeh protein sample were stained for protein (al' bl ) and for 
glycoprotein (32' b2). 
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Figure 24. Electropherograms for sodium dodecyl sulfate-polyacrylamide dise 
gel eleetrophoresis of soy protein isolate. 

Soy protein isolate (unproeessed) 
Soy protein isolate (micronized) 

Gels of eaeh protein sample were stained for protein (cl' dl) and for 
glycoprotein (c2' d2). 
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Figure 25. Electropherograms for sodium dodecyl sulfate-polyacrylamide dise 
gel electrophoresis of soymilk. 

123 

Soymilk (unproeessed) 
Soymilk (mieronized) 

Gels of eaeh sample were stained for protein (el' fI) and for 
glycoprotein (e2' f2). 
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Figure 26. Electropherograms for sodium dodeeyl sulfate-polyacrylamide dise 
gel electrophoresis oC toCu. 

Toru (unprocessed) 
Toru (micronized) 

Gels oC each sample were stained for protein (gl' hl) and for 
glycoprotein (g2' h2)· 
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SUMMARY 

1. There was Iîttle difference in the ove rail proximate composition between the 

micronized and unprocessed soybeans. The protein content of soymilk from 

the micronized beans was higher than that of soymilk prepared from the 

unprocessed beans. The protein content of tofu from the micronized beans 

was lower than that from the unprocessed beans which suggested that 

micronization affected the coagulation properties of the proteins. 

2. Tofu made from micronized beans using standard procedures (700e and 

calcium sulphate as coagulating agent) showed lower yield, protein content 

and texturaI properties than those of untreated beans. Tofu prepared from 

micronized beans using a mixture of citric acid (O.OtM) and calcium sulphate 

(O.03M) as coagulating agent and a temperature of 900 e gave a product of 

comparable firmness and cohesiveness to tofu from unprocessed soybeans. 

3. Scanning electron microscopy demonstrated differences in the microstructure 

of tofu prepared from the unprocessed and the micronized beans. The 

microstructure of tofu prepared from micronized beans lacked the regularity 

of honeycomb-like structure as shown by tofu from unprocessed beans. 

4. The digestibility of micronized soybeans (84.3%) was higher th an that of the 

unprocessed soybeans (76.5%). Soy protein isolate, soyrnilk and tofu 

prepared from the unprocessed and the micronized beans showed similar 

digestibilities and the digestibilities of tofu obtained from the unproœ.,sed 

(97.2%) and micronized beans (96.7%) were found to be significantly high 

when compared to casein (88.2%). 
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5. The available lysine contents of the unprocessed and micronized soybeans 

were 3.74% and 3.71 %, respectively, which indicated that heat treatment of 

the micronization process had liule effect on the available lysine contents of 

the soybeans. The available lysine contents of the soy isoJate (5.50%), 

soymilk (6.14%) and tofu (6.60%) from the micronized beans were higher 

than the corresponding products derived from the unprocessed beans (soy 

isolate, 3.14%; soymilk, 4.64%; tofu, 5.94% available lysine). 

6. The foaming properties of the unprocessed and the micronized soybean flour 

and soy prote in isolates were pH dependent. The unprocessed soybean flour 

displayed maximum foam capacity at pH 9.0, the micronized soybean flour 

showed no foaming at pH 3.0 and 5.0 and similar foam capacities at pH 7.0 

and 9.0. The tofu prepared from the unprocessed and micronized beans 

showed no foam capacity over the pH range studied (3 to 9). 

7. 

8. 

The unprocessed soybean floue, soy isolate and tofu showed water absorption 

capacities of 264.1 %, 163.2%, and 360.6%, respectively which were similar to 

the water absorption capacities of the rnicronized soybean fIour (284.6%), 

soy isolate (166.1%), and tofu (358.4%). The results showed that the 

infrared heat of micronization did not lower the water irnbibing capacities of 

soybeans and the derived products. The unprocessed and the micronized 

soybean flour, soy isolate and tofu showed similar fat absorption capacities 

which indicated that the infrared heat of micronization had little effeet on 

the fat absorption capacity of the soybeans and the derived products. 

Polyacrylamide-disc gel electrophoresis of soybean flour revealed that heat 

treatment by micronization had liule effect to the prote in constitution of the 

soybean and on the protein-carbohydrate interaction but induced sorne 



127 

interactions of prote in with lipid component in the soybeans. Electrophoresis 

of soy prote in isolates showed that micronization had no effect on the 

behaviour of the proteins that were extractable during the prote in isolation 

and had httle effect on the protein-carbohydrate interactions in the soy 

protein isolate but had an effect on the interactions between the protein and 

lipid present in the soy prote in isolate. Electrophoresis of soymilk and tofu 

prepared from the unprocessed and micronized beans revealed that 

micronization had no effect on the protein components of soymilk and tofu 

and on the protein-carbohydrate interactions in the soymilk and tofu. No 

lipoprotein band was observed in the electrophoregrams of both soymilk and 

tofu from the unprocI'!ssed and micronized soybeans indicating that the 

process for preparation of soymilk and tofu from the unprocessed and the 

micronized beans affected the protèin-lipid interactions in the soymilk and 

tofu. 

9. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of 

the unprocessed and micronized soybean fIour revealed the presence of at 

Jeast eleven protein bands with four of the bands (three major and one minor 

prote in components) were bound to carbohydrate. The molecular weights 

ranged from 12885 to 117978 daltons. SDS-PAGE of the unprocessed and 

micronized soy prote in isolates revealed the presence of at Ieast eleven and 

twelve prote in bands, respectively, with twü of the major protein components 

of the unprocessed soy isoJate and one major protein component of the 

micronized soy isolate bound to carbohydrate. The molecular weights of the 

protein subunits ranged from 13378 to 97791 daltons and from l3890 to 

117978 daltons, for the isolates from unprocessed and micronized beans, 

respectively. SDS-PAGE of the soymilk from the unprocessed and 
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micronized beans revealed the presence of at least eleven and twelve protein 

bands, respectively, with two of the major protein components of the soymilk 

from unprocessed and one major and one minor protein components of the 

soymilk from micronized beans bound to carbohydrate. The molecular 

weights of the protein subunits ranged from 13890 to 97791 daltons and from 

12885 to 113632 daltons, for the soymilk from the unprocessed and the 

micronized beans, respectively. SDS-PAGE of the tofu from the 

unprocessed and micronized beans revealed the presence of at least ten and 

eleven protein bands, respectively, with one major protein component of the 

tofu from the unprocessed and the micronized beans bound to carbohydrate. 

The molecular weights of the prote in subunits ranged from 11954 to 87378 

daltons and from 11954 to 81058 daltons, for tofu from the unprocessed and 

the micronized beans, respectively. 
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