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ABSTRACT 

The effect that pr es oaki ng of s oy beans i n  s oluti ons of 

vari ous chemi cals has on the reducti on of "beany" fl avour i n  s oymi lk 

was i nves tigated . Of the chemicals use d ,  s odi um carbonate a nd s od i um 

hydroxide had a si gnific ant e ffec t. Sodiu m c arbonate s oaki ng at 0.4 M 

c onc e nt rati on f or 1 8  - 24 h ours was signific antly bet ter tha n a ny other 

pres oak tre at me nt .  Soymilk prepared from carbonate pres oaked bea ns 

c ontai ned m ore pr otei n a nd had a hi gher vi s c osity tha n milks prepared 

from wat er or s odi um hydroxi d e  pre s oaked bea ns . Beans pre s oakod i n  

car bonate w ore easier t o  proc es s t han bea ns pr es oaked i n  water or 

hydr oxide. There was no s i gnifica nt diffe re nc e  i n  the ami no acid 

pattern of th e prot ei ns i n  the s oymi lks pre p ared by the three m eth ods . 

The acti vity of lipoxid as e  as a ma jor s ource of "be any11 fla vour i n  

s oymi lk has bee n  questi oned . 

The rate of i nacti vati on of trypsi n  i nhi bi t ors i n  s oymilks 

prepared from carbonat e pre s oaked be ans was fas t er tha n t hat i n  the 

0 
wat er pres oaked preparat i on whe n heated t o  98 C.  Thi s eff ect was 

primari ly as s oc iated with the ri se i n  pH that occurred i n  the s oymilks 

from carbonate pre s oaked beans . The e ffe c t  of alka 1i ne pHs at 98
°

C 

on the i nacti vati on of tryps i n  i nh :lbi t or vms exami ned and it was f ou nd 

that the rat e  of i nact i vati on was c ha nged from zero order at pH 6. 8 

t o  first order ki netics at pH 9 . 9. This effect of p retreatme nt was 

0 
not not i c ea ble whe n both milks wer e  pr ocessed at 1 1 5 C i n  s eal ed c ans 

because of the c onsta ncy of p H  under thes e c onditi ons . 

The i nflue nce of h eat proc es s i ng c ondi ti ons on the e nzymatic 

digesti bi lity of protei ns in both s oymilks was als o studied . Th e 

digesti bi lity with trypsi n i ncreased with the degree of heat treatme nt 

up t o  the p oi nt \'Th ere the t rypsi n i nhi bi t or had bee n  destroy ed ,  after 
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whi ch further he at i ng re su lted i n  lowe r dige stibi liti es . The optimum 

he at proce s sed so ymi lk s  prep ared from c arbo nate pres o aked be ans gave 

higher di ge stibi li ti e s  than tho se of t he water pre s o aked pre p arati o ns 

under t he condi ti o ns u se d .  

Pepsi n dige s tio n ( at 0 . 1 25% o f  1 : 2,500 pepsi n) showed no 

appreci ab le di ffere nces betwe e n  s o ymi lks pre pared by either pre so aki ng 

procedures . 'rhe degree of diges tibi li ty wi th pe ps i n  p lus tryp si n of 

the protei ns in the o ptimum he at proces sed c arbo nate pr eso aked pre­

p arati o n  was simi lar to  the digestibi li ty of acid precipi t ated fre eze ­

dried c asei n  u nder ide ntic al co ndi tio ns .  

The ch ange s i n  vi sco sity d uri ng proc es si ng of so ymi lk s  

prepared fro m c arb onate pre so aked be ans was differe nt from t hat o f  the 

water pre so aked so ymi lk . Of the f actors whic h affec t  the vi scosity of 

so ymi lk duri ng proce ssi ng, de natur atio n, aggre gati o n  and hydratio n­

dehydratio n  processe s pro b ab ly p lay t he mo st import ant ro le s. Never­

the le s s ,  t he protei ns in both so ymi lk s  were very s t ab le u nder the 

proce ssi ng co ndi t i o ns u sed . 

l1.bout 0 . 1 perce nt of sodiu m chloride w·as formed i n  the 

c arbo nate preso aked pre par ati o n  duri ng neutralisat i o n  wi th hydro ­

ch loric acid . \Vhe n thi s  amount of sodiu m ch loride was added to the 

w ater pre so aked prep arati o n  ei ther i n  the r e.�T state or duri ng he at 

t re atme nt , the pro tei ns be c ame u nst ab le .  Thi s effect cou ld be 

e limi nated if the additi o n  of sodi um chloride "1-Tas made after eve n 

s light de natur ati o n  of the pro tei ns. Additi o n  of up to 0. 25 perce nt 

o f  sodi um chloride h ad no effec t  o n  t he st abi li ty of protei ns i n  the 

c arbo nate pre so aked prep aratio n. The i nst abi lity of protei ns i n  

s o ymi lks i n  prese nce o f  sodi lm ch loride was c o nsidere d to be prim ari ly 

due to aggregati o n. 
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So ymi lk th at has bee n he at tre ated to de stroy the tryp si n  

i nhibitor i s  difficu lt to co nce nt r ate bec ause it s vi sco sity i ncre ase s 

expo ne nti ally wi th i ncre ase of so li d s  c o ntent .  Thi s impose s  a co n-

c e ntrati o n  limit of arou nd 1 7 - 1 8  pe rce nt to t al so lids due to  the 

fo rmati o n  of a ge l- like structure b eyo nd thi s. The pos sib le f ac tors 

l'fhic h co ntribute to thi s g el fo nnatio n duri ng co nce nt r atio n .-rere 

i nve sti gated .  A su lphydry l-di su lphi d e  i nterch ange re actio n w-as mostly 

re sp o nsible for the i ncre ase i n  vi sc o si ty of t he c o nc e nt r ate up to 

about 1 6  perc e nt to t al so lid s  but above thi s c o nc e ntratio n other 

forc e s  predom i nated . Tho po ssi bi li ty th at gelatio n oc curred through 

i ntermo lecu lar cro ss-li nkage s by c alci um i o ns 1vas e limi nated. Sodium 

su lphite and N-ethy l m ale imide were e ff ective i n  reduci ng thi s 

vi sc o sity i nc re ase to  some e xtent b ut 1vh en th e co nc e ntrat e  w as he at 

st eri li sed so dium su lphite ce ased to h ave any effe ct o n  the vi sco si ty 

and with N-ethyl maleimide the vi sco si ty of the steri li sed c o nce ntrat e  

w as about 5 0  pe rc ent o f  the unst abi li sed sam ple .  Fo re\'fanni ng by 

he at i ng to 1 1 5°C/5 mi n. c au sed an i ncre ase i n  vi sco si ty duri ng 

c o nc entration bu t eff ectiv ely st abi li sed the product agai nst further 

i nc rease s i n  vi sco si ty o n  st eri li sati o n. 

The e ffect of proce ssi ng co ndit i o ns o n  the nutri ti o nal 

quality of pro t ei ns i n  soymi lks was studied u si ng a number of i n  

vitro method s. T he re su lt s i ndic ated that the nutri tive v alue s o f  

th e so ymi lk s  pre p ared from c arbo nate pre so aked be ans b y  thre e 

d iffere nt proce sse s ( 98°C for 40 mi nute s; 1 1 5°C for 1 8  mi nute s; 

.. 

0 . 
prehe ated at 1 1 5 C for 5 m lnute s, c o nce ntrat ed to 1 5 . 5 pe rce nt so lid s  

c o nt e nt and the n steri li sed t o  a F0 value of 5.5 ) were about the same 

and were be t ter than th at pre p ared fro m t he w ater pre so aked 

p rep ar atio n proce ssed at 115°C fo r 18 mi nute s. Me thod s of proc e ss 
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control and quality assessment of soymilk are discussed .  Flov< and mass 

balance sheets for the process developed have been presented . 
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CHAPTER 1 

GENERAL INTRODUCTION 

It has long been recognised that proteins, essential 

constituents of living cells, are essential food components for man 

1. 

and other animals and that the protein requirements vary, sometimes 

considerably, during various stages of human life ( 1 4) .  Thus protein 

is required in different quantities for (i ) maintenance and subsistence; 

(ii ) for growth; (iii ) for special purposes such as in pregnancy and 

lactation; ru1d ( iv ) in various physiological and pathological 

conditions. 

A large part of the human race does not consume sufficient 

protein foods of good oiological value to sustain satisfactory health, 

growth and physical vigour (2 1 2). In the Far East, the Near East and 

in parts of Africa and Latin America consumption of protein of good 

biological value is particularly low. Figure 1 puts into sharp contrast 

the estima.ted per caput supply of total and animal proteins in 

developed and developing countries. While the total estimated amount 

in developed areas is high, its proportion from vegetable sources is 

low. On the other hand the bulk of the small amount of protein 

available in developing countries come from plant sources and is of 

low biological value. 

Several reviews of protein deficiency diseases are now 

available ( 1 29, 222, 265), these summarise the hundreds of papers 

that have appeared over the last 25 y ears dealing with those diseases 

of both children and adults that are now thought to be due in whole 
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or in part to defic iencies in dietary protein with or wi thout calorie 

deficiency. Special a ttention has b een focused on kwashiorkor, whic h  
I 

i s  a consequence of dietary imbalance in early chi ldho od , that i s, a 

diet whi ch contains low protein but high carbohydrate c al ories and on 

nutritional marasmus whi ch is a con sequence of a diet very low in bot h  

protein an d  calories , s o  called balanced s tarvation ( 1 29). These 

nut ritional defec ts are oc curring in many parts of Afri ca, Asia and 

Central and South .Americ a  (Figure 2 ). Surveys have shown that 

kwashiorkor and marasmus have their highest incidence of c linical 

symptoms in children between the ages of six months and three years, 

the period when the protein requiremen ts are much higher than in older 

children an d adults (224) .  

The w·eaning period is a critical and somewha t difficult 

phase in any part of the world and in the tropic s and s ubtropics it is 

a time of extreme danger for the child and t here is a high consequential 

mortality. It is during this phase that the infant cros ses the 

precarious bridge between adequat e  growth while bein� fully breast-fed 

to later relative sel f-sufficiency on the adult diet. Some s taple 

diets may be so poor in protein that a tiny child li terally c annot eat 

enough of them to supply his protein needs (129 ) . Protein cal orie 

malnutri tion also lO'I'Ters the resis tance to disease and fac i li tates 

infection. Unde.r the circumstances , it is no t surpris ing that in many 

populations as many as 40 percent of the children die before reaching 

s chool age (41 ). Furthermore , even where the sufferer from severe 

malnutri tion survives, he or she is most likely to be both mentally 

and physic ally stunted, and so to be a liability rather than an as set 

t o  an advancing society. Today, there are over 300 million chi ldren 

suffering from protein and calorie malnutri tion and i t  has been 

est imated that the world's population is going to be doub led by the 
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yea r  2000! The U.N . publication , Interna tional Ac tion to Avert the 

Impen ding Protein Crisis , states "i t is essentia l that the Uni te d 

Na tions family u rgen tly takes ac tion ai med at closing  tho p res en t  gap 

5 .  

between Horld p ro tein ne eds and p ro tein suppli es and at preven ting oven 

mo re wides pread pro tein deficiency in future generations" ( 1 24 ) .  

Dr Aaron M. Al tschul , special assis t·ant fo r nutri tion improv ement to 

the U.S. Sec retary o f  Agri culture s ta ted "uo emphasi ze protein as the 

majo r quali ty c o mponent. The re are other quali ty componen ts - the 

vi ta mins an d minerals - an d thes e too are deficient in poo r  di ets . 

We a ro confi ning this  discussion to pro tein, no t becaus e the 

cons equenc es of the other defici ences a re loss s erious , but becaus e 

the o thers are requi red in small qu antities and  c an be made relatively 

cheaply, honc e thei r  defi ciency is easi er to remedy" (8).  

Animal protein foods are scarc e  and expensive in the tropics 

and sub-tro -pics  and from availa ble evi denc e i t  't'lOul d appear that thi s  

si tuation is no t li kely to improve signi fican tly in tho near future. 

The o bvious solution to the pro blem o f  protein malnu tri tion mus t  li e 

in the us e of the mo re plen tiful and c heape r plan t p rotein foods , 

mainly puls es and oilseeds (4 1  ) . Soybeans a re a particula rly 

a ttrac tive possi bi li ty for a number of reasons . (i ) Soybeans grow 

relatively easily and wi dely; (ii ) Soybe ans have exc ep tionally high 

p rotein conten t  and the pro tein i s  p ractically equivalen t  to animal 

p rotein in biolo gical value ; and (iii ) th e pro ducts made fro m  soybeans 

have been use d  in hu man die ts fo r cen tu ries (s ee Appen dix I) . 

Lager (147 ) s tated "the his to ry  o f  the soybean is a fascinatin g s to ry 

of a li ttl e ro und bean tha t has litera ll y  be en a gol den nugget to the 

o ri ental wo rl d. Soybeans are perhaps the wo rld's ol des t foo d  c rop. 

For centu rie s ,  nutri tionally they have meant meat, milk, chees e, bread 

and oil to the people of Asia . Soybeans can righ tfully c lai m the 
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honour of being one of the most concentrated and nutritive foods kno\ill 
I 

to man". In recent years, the soybean has received a great deal of 

attention as a possible source of extra protein in the human diet in 

attempting to alleviate part of the world's continuing protein deficit 

( 223 ) .  

The need of liquid nourishmen t following birth is eviden t from 

the fact that the young of all mammals, in cluding the human, have no 

provision for taking solid food. As a starter food, a lacteal 

secretion is by n ature supplied, and to meet the further n eeds of the 

growing child various animal milks have been used. However, the supply 

of animal milk is meagre in Asia, Africa and Latin America. Even in 

countries vlhere covr's milk is available, 7-1 5 percent of infants, 

children and adults show a sensitivity to it ( 1 85 ). The problem of 

providing a substitute for animal milks in the diet of infants and 

children has b een engaging the attention of research workers in 

different countries (64, 1 1 0 ) .  Soymilk is of particular interest 

since it can be prepared to yield a readily digestible food for infants 

and young children in those countries where protein malnutrition is a 

serious problem. It can also be used for babies who are allergic to 

cow's milk, even in highly developed dairying countries. Dr Harry 1<1. 

Miller ( 1 85) , Director of the International Nutrition Research 

Foundation, stated "soymilk, with physical characteristics and formula 

similar to human milk, has proved to be the most dependable milk 

food in all cases of allergies in humans. Soybeans are gro>m in 

large quantities in many lands where we do not find a dairy industry. 

Soymilk can also be marketed within the economic range of most 

n ationals in n on-dairy countries". 

Although soybeans are becoming an increasingly important 
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source of high quality proteins, they possess a characteristic "beany" 

flavour which affects their �se as food for hu�an consumption (238 ) .  

E ven in the orient, where other soybcan foods are traditionally 

accepted, soymilk has never achieved much popularity because of the 

absence of a method to reduce its beany flavour (241 ) . The very 

numerous attempts to improve tho flavour of soymilk date from ancient 

Chinese history up to the present time and ha ve met with b ut little 

success ( see C hapter 2 ) .  

v!i th an aim of developing a �·Tholesome soymilk of acceptable 

quality, this study was undertaken to examine the preparation and 

processing of soymilk and to establish w hether importa nt changes take 

place in the chemical, physical and nutritive characteristics of the 

milk during preparation and processing. 
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CHAPTER 2 

DEVELOPMENT OF A !IIETHOD FOR THE HANUFACTURE OF BLAND-FLAVOURED SOYMILKS 

2 . 1 Introduc� 

Soymilk is the name given to aqueous extracts from soybeans 

or to fine emul�ions of soybean flour because of their milky 

appearance. The pH of this soymilk is very similar to cow ' s milk ,  

about 6.7 , and when the milk is allowed to sour in a normal way , the 

pH will drop to about 4.9 and cause precipitation of most of the 

protein. Soymilk, as ordinarily produced, does not have the bland 

flavour or smooth texture of cows milk. Casein, the principal 

protein of C0'\'11 s milk has the characteristics of contributing 

consistency to the milk but soy proteins lack this property and there­

fore the soymilk possesses an unpleasant vm tory taste nnd poor mouth­

feel. 

Soymilk has been known for a long time , probably over many 

c enturies in a fmv Far Eastern countries. It is mostly produced in 

the homes and sometimes on a cottage industry scale. The milk prepared 

by the oriental method , possesses an unpleasant "beany" flavour and 

that is why soymilk is one of the minor uses  compared with other 

soybean products. This flavour is less obvious when prepared as bean 

curd. Bean curd is prepared by coagulating soymilk with calcium salts 

and the product is popular with oriental people . 
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2 . 2  Review o f  lit erature 

The original method us ed in the FaT Fpstern countries for the 

preparation of so ymi lk is kno 'l'm as the ori ental metho d. The metho d  is 

si mpl e and straight forward. The soybeans are first thorou�hly washed 

with 1vat er and then soaked in wat er for about 10 ho urs in summer an d 

24 hours in v1inter,  aft er 'I'Thic h  they are groun d usi ng a stone mill 

an d th e c rus hed mass is extract ed >vi th water at a ratio of about 

8 parts o f  wat er to 1 part o f  dry beans . Un di sso lved solids are 

removed vli th a c oarse cloth filt er and the milk is boi led for 20-30 

minutes (242). 

Several metho ds have been developed ai med at i mproving the 

composition for better nutritional quali ty or mo di fying the flavour 

ei ther by incorporating c ertai n flavour co mponents or treati ng the 

milk with enzymes or bacterial cultures to impart a more acc eptable 

flavour , or  expelling the beany flavour o r  remo ving  the bitter 

principles .  

Early workers attempted t o  vo latilis e the "beany" flavo ur 

by boiling or steamin g, an d  to i mprove the nutritional balanc e o f  the 

milk by addition of sugars and vegetable fats . For example, Miller 

( 1 84 )  boil ed the finely ground slurry aft er so aking an d then centri ­

fuged it  to remove the undissolved soli ds .  Also , to reduce the beany 

flavour, he us ed the vari ety o f  soybeans used in the Ori ent as a 

vegetabl e  and not the "field" soybeans gro wn for oil pro duction.  

Sugar, vegetabl e fat , and salt are added in order to make a balanc ed 

milk . The mi xture is then actively boiled with �gitation for 30-60 

minutes under conditions that prevent  coagulation o f  the prot ein on 

the surface o f  the milk. This boiling proc ess is credited with 

i mproving the flavour o f  the mi lk w·hich is finally ho mogenis ed and 
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bottled or spray-dried. H orowitz et al ( 1 18 )  have worked out the 

follow ing procedure. The g round soybeans a re soaked for eight hours 

and treated 1-ri th steam at 1 00°C for deodorisation. This is follow ed 

by the extraction with w ater and the separation of the residue. The 

emulsion is cooked for five minutes and then 0 .  25% sodium chloride, 

0 . 5% glucose, 2�t soyoil, and 0 . 02% vanilla or 0 . 2% almond essence are 

added. 

Tso (259) also modified the soymilk formula prepared by the 

oriental method. The protein constitutes 20-22?b of the calories, he 

supplemented it l'lith cane sugar, corn or rice starch, cod liver oil, 

calcium lactate, sodium chloride and cabbage w ater - the later as a 

sou�ce of vitamin C.  Monahan and P ope (192 , 1 93 )  improved the flavour 

of soymilk by using malt, chocolate or cocoa. Thevenot ( 256 ) suggested 

that the mashed beans should be digested with proteolytic enzymes or 

the beans be treated with alcohol to remove some of the undesirable 

principles. l'Telhuish ( 1 77) improved the flavour of soy milk by 

incorporatins milk ripening bo.cteria or by using butyric acid as 

flavouring material. 

Wilkens et al ( 269 )  modified the oriental method by using 

the temperature of water during grinding above 80° C to inactivate 

lipoxidase present in soybeans 1-rhich is thought to be responsible for 

the oxidative off-flavour in soymilk. 

De and Subrahmanyan ( 63 )  and Desikachar et al (66 ) effected 

a number of improvements in the oriental method of preparing the 

soymilk. The soybeans are soaked overnight in w ater. They are then 

germinated and the skin is peeled by gentle rubbing. The beans are 

then extracted with 0 . 04% sodi1un bicarbonate at 70°C for half an hour 

to remove the bitter principle and colouring matter. The beans are 
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then made into a fine paste, stirred up with about 6 volumes of water 

and boiled for 20- 30 minutes. The mixture is allowed to settle and 

then filtered through cloth. Bieringer ( 22 ) devised a procedure in 

which the soaked beans were ground to a slurry and shaken with an 

aqueous chlorophyl'li:n solution in an attempt to absorb bitter 

material and to deodorise sulphur containing compounds. Sakata et al 

(235 )  attempted to reduce the off-flavour of soymilk by treating it 

0 
with a weak solution of sodium sulphite at 80-90 C. It has also been 

reported that soaking the soybeans in a 1% solution of sodium bicar-

bonate gives a slight improvement in flavour of the beans as a pre-

treatment for producing soyflour (199 ) .  After the completion of the 

present loJ"ork, patent literature has come to our notice in 1'lhich Okumar 

ana. Wilkinson ( 205 ) developed a method to remove the beany flavour by 

treating the sprouted soybeans "1-Ti th sodium hydroxide solution. 

Badenthop and Hackler (15 ) also indicated that sodium hydroxide mark-

edly reduces the off-flavour of soymilk. 

Tan (255 ) investigated various �recessing steps used in the 

oriental method and reported that extr2ction of soaked flour in a 

10 percent ratio, gave milk containing 7.6-7.9 percent dry matter, 

about half of which was crude protein. The yield of dry matter uas 

about 59 percent and about 68 percent of the total protein was 

recovered in the milk. Extraction of soaked flour yielded more milk 

than extraction of beans. With the flour as well as with the beans 

better grinding yielded more milk and increased the dry matter and 

crude protein content of the milk. The influence of the extraction 

ratio is important for if the ratio of beans to water increased, the 

dry matter and crude protein content of the milk also increased. 

The yields of both, however, decreased. The extraction pH also had 

an important influence, for, if the pH was increased the dry matter 
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content of the milk did not increase at the same rate as the crude 

protein content .  At pH  g.5 the yield of  crude protein was 80 percent . 

The extraction temperature had little effect on the yield in range 

20° to 50°C. After a certain minimum (about 2t minutes ) the extraction 

time had little influence on the yield. 

Using the original oriental method ,  the yield of soybean 

solids in the form of soymilk is limited to about 65 percent .  To  

improve the yield of soymilk solids, a number of  methods have been 

developed recently. Hand e t  al (111) reported a method that involved 

dehulling and fine grinding of steam-dried soybeans and slurrying the 

powder with water to produce a soymilk . This utilised 90 percent of 

the soybean solids. Mustakas and Mayberry (200), in cooperation with 

the Wenger machinery company, developed another process for manufacturing 

soymilk. By thi s procedure dehulled soybean flakes,  properly conditioned 

with moisture , are fed into an extruder and forced through an orifice 

under conditions of short-time , high temperature , high-pressure 

treatment from which the bean mixture emerges cooked, puffed and 

dried. The puffed material is then finely ground and can be slurried 

with water to form soymilk. 

Mile s ( 182 ) described a method in which the hulls are 

removed at the outset from the unmoi stened soybeans by cracking and 

winnowing. The dehulled cracked beans are passed through flaking 

rolls between which they arc rolled under heavy pre ssure into very 

fine flakes of a thickness in the range of 0.003 to 0.008 inch. Water 

is added to the flakes at a ratio of 1 pound of beans to 10 pounds 

of water. A stabiliser of phosphate type or a sequestering agent 

such as EDTA i s  added to the slurry. The slurry is  then cooked at a 

temperature in the range of 220° to 250°F for a period of time in the 
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range from a mere flash to a maximum of 1 0 t minutes . The cooked slurry 

is subjected to homogenisation at a pressure in the range of 5000 to 

8000 psi . The slurry is then clarified by centrifugation. Oil ,  

carbohydrate (including sugar ) ,  vi tamins , and minerals are added in 

accordance with the requirements for a whole type milk or a skim type 

milk. 

To improve the palatibility and nutritional quali ty,  Johnson 

( 1 34) developed a method comprising three principal ingredients :  

soybean flour , sesame flour and coconut meal . The three components 

are ground to extremely fine powder wi th the soybean being provided 

preferably in four parts by weight to three parts by weight of the 

sesame seed and two parts by weight of the co conut meal . A small amount 

of lecithin , usually in the range of 0 . 5 to 2 percent by weight of the 

three principal ingredients ,  is desirably incorporated as a water 

di spersing agent,  and a better product is obtained by incorporating a 

small amount of an edible emulsifying agent . 

Hand ( 1 1 0 ) noted that the yield of soymilk can be increased 

to 90 percent by suspending all of the solids of dehulled soybeans .  

The fluid milk thus produced is not  as  smooth or as  stable in 

suspension as the milk made by water extraction. 

Miller (183 ) stated that some researchers have made milk 

from the whole dehulled soybeans used entirely, giving 3 percent fibre 

on a dry basis .  Older children and adults can do  well on this when 

formulated . Miller objected to the presence of fibre on two grounds , 

(i ) that animal milks are fibre free ,  and (ii ) on coagulation a 

rough , tough curd is obtained as compared with a smooth , jelly like 

curd when made from a fibre-free liquid . He believed that human 
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nutrition was so  important that he could afford to sacrifice to animal 

feed the fibre and small amount of ingredients that cling to it in 

order to obtain the important ingredients in soluble form. The non­

fibrous product was still economical when compared with other similar 

products on the market .  

Modern trends in manufacturing soymilk start with isolated 

water soluble soyprotein and make an emulsion by adding emulsifiers , 

oil , minerals ,  vitamins and sugars. The method permits much better 

control of the composition and concentration of milk , also the milk 

has a less beany flavour than when the whole bean extract is used . 

In making isolated soyprotein , the beany flavour is mostly removed, 

part of it goes into the whey solution and part is destroyed or steam­

distilled during drying.  Tho milk prepared by  this method will be 

more expensive because isolated protein may cost 3-5 times an equal 

amount of protein in the form of soyflour (243 ) .  
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2 . 3 Objective and Experimental Plan 

From the literature , it appears that many attempts have been 

made to improve the quality of soymilk but as yet no simple procedure 

has been found which will adequately reduce the beany taste to give a 

bland-flavoured product. A number of workers have employed some form 

of chemical pretreatment of soybeans or of the gruel to improve the 

flavour . No systematic study of the effect of presoaking soybeans in 

dilute chemical solutions appears to have been made . The purpose of 

the present work was to investigate this effect on the beany flavour 

of the resulting soymilk . 

A wide range of chemicals , \vhose effect on the product will 

not result in it  becoming inedible , was selected for the pretreatment 

of the soybeans . The intensity of the beany flavour of milks prepared 

from these beans presoaked in chemical solutions were compared with 

that of a standard milk prepared from water presoaked soybeans using a 

taste panel .  The effect of  temperature during the grinding operation 

on the lipoxidase activity and the beany flavour of the milk was also 

investigated . 



2 . 4 Experimental 

2 .  4 . 1 Materials 

Soybeans (Harasoy variety) grown in New Zealand were used 

throughout the experiment . Their proximate composition on a dry 

basis was fat 1 7 . 3%, protein 45 . 6%, ash 5 . 5% and crude fibre 7 . 6%. 

Moisture content averaged 1 1 . 3%. 

2 .  4 .  2 1.fethods 

Preparation of soymilk 

1 6 .  

1 00g of soybeans were washed with water and then soaked in 

various solutions of differing concentrations for specific time periods 

at room temperature ( 1 7-21 °C ) .  The soaked beans were then dehulled by 

gently rubbing them on a rough surface (6-mesh sieve ) and the skins were 

removed by flotation in water .  The dehulled soybeans were washed 

thoroughly with water, drained ,  and then ground into a slurry, after 

adding 250 ml water , in a Waring Blender (3-4 min ) . This slurry was 

then made up to 700 ml with water. After adjusting the pH to 7 . 0 , 

when necessary, the extract was boiled for 30 ruin and then filtered 

through a double layer of 80 lb cheese cloth .  The pH  of the resulting 

milk was adjusted to 6 . 8-7 . 0 , if necessary, by adding 0. 1 M-HCl , and 

the volume was made up to 800 ml with water. In the hot grinding 

procedure the drained beans were added to 250 ml of boiling water to 

bring them up to grinding temperature . 

Determination of sodium chloride 

Sodium chloride content in soymilks was determined according 

to the standard method (86 ) .  
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Flavour evaluation 

The beany flavour of the various soymilk preparations was 

evaluated by a trained taste panel of eight judges who had demons trated 

an ability to di stinguish correctly the intensity of beany flavour in 

different dilutions of the same soymilk sample . The sodium chloride 

content of all soymilks within each series was adjusted to an equal 

level before presenting them for flavour evaluation . The judges were 

asked to score samples within a range from 6 points for very strong 

beany flavour to 1 for no beany flavour. 

Lipoxidase activity 

Lipoxidase activity was determined by the cup-plate 

technique of Blain & Todd (25 ) in which the extent of enzyme activity 

is indicated by the diameter of the zone of carotene bleaching . 

2 . 4 . 3 Results 

Effect of nature of the soaking agent on the beany flavour 

of soymilk 

A series of soymilks was prepared from beans  soaked in 

solutions of Na2co3 , NaHC03, NaOH, Na2so4 , Na2so3, Na2HP04 , Na3Po4 , 

NaCl , or Na2s2o5 plus NH40H. These milks were then presented to the 

taste panel for evaluation of intensity of the beany flavour. The 

control milk sample used in the experiments was made from soybeans 

soaked in water. The results are given in Table 1 .  Of the differen t 

soak solutions examined, at the concentrations used , sodium carbonate 

and sodium hydroxide were found to produce highly significant 

reductions in beany flavour. The results also indicate that the 

effec t  of sodium carbonate is significantly greater than that of 

sodium hydroxide . During the experiments ,  it was found impracticable 

to use sodium hydroxide concentrations higher than 0. 2 M and still 
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maintain constant conditions of processing because beans soaked in 
' 

stronger canstic solutions absorbed all the available water during 

grinding and the gel could not then effectively be re-dispersed ,  or if 

originally dispersed in a greater quantity of water it would still not 

filter. Centrifugal separation was possible but the product was still  

not as  good as  that from beans presoaked in 0 . 4  M sodium carbonate . 

TABLE 1 .  r·Tean sensory scores for beany flavour o f  soymilks 

prepared from beans soaked for 24 hours in the pretreatment 

media . 

Soaking medium 

Water 

O. 5 ri-Na
2

co
3 

0.2 l\1-NaOH 

0. 5 r.f-Na
2

so 
4 

0. 5 M-Na
2

so
3 

0. 5 I I-Na
2

HPO 
4 

0. 5 M-NaHC0
3 

0. 5 T.f-Na
3

PO 
4 

0.8 M-NaCl 

a Mean scores 
(n = 8 )  

4.90 

5.00 

5.25 

4.90 

4.75 

5.25 

5 . 1 2  

Significance of 
difference from t 

*** 

** 

n . s .  

n .  s .  

n . s .  

n . s .  

* 

n .  s .  

n . s .  

a Score of 6 = very strong beany flavour ; 1 = no beany flavour 

* ,  **, **·* significant at P (0 . 05 ,  P (0.01 , P (0.00 1 , respectively 

Difference between t and tt is significant at P (0.05 
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Effect of concentration of soaking agent and time of soaking 
I 

on reduction of beany flavour of soymi lk 

The beany flavour of soymilks prepared from beans soaked in 

varying concentrations of either sodium carbonate or sodium hydroxide 

vras al so assessed and the re sults are shown in Table 2.  In the case of 

preparations soaked in sodium carbonate , the best scores in terms of 

reduced beany flavour were obtained using concentrations of 0 . 5 M and 

0. 4 M in the soaking medium . Since both mil ks conce rned rece i ved 

identical mean score s  the re was no advantage in us ing sodi um carbona te 

concentrations highe r than 0. 4 M under the conditions u sed. The other 

milks te sted received significantly higher scores in terms of beanine ss. 

TABLE 2. Effect of variation of concentrat ion of Na2co3 and 

NaOH in soak solution on reduction of b eany flavour in soymilks 

prepared after 24 hours of soaking. 

r'fe<:m score s 
a 

Soaking medium (n = 8 )  

\'later 5 . 75:1: 

0 . 5  f.1-Na2co3 2 . 62 

0. 4 M-Na2co3 2 . 62 

0 . 3  :t-i-Na2co3 3. 75 

0. 2 H-NaOH 4 . 1 2  

o. 1 M-Na OH 4 . 75 

a 
Score of 6 = very strong beany flavour ; 

Significance of , 
difference from + 

*** 

*** 

** 

** 

* 

= no beany f lavour 

*, ** , *** significant at P (0. 05 , P (0 . 01 , P (0. 001 , re spectively 
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TABLE 3. Effect of variation in time of soaking in 0. 4 M-Na2co3 
and 0.2 M-NaOH solution on reduction of beany flavour in soymilks . 

Soaking Time of 
soaking, medium h 

Ne an a scores  
(n = 8 )  

Significance 
of difference 

from -1-

Significance 
of diffetence 

from 

vlater 24 5 .  75+ 

0.4 H-Na2co3 24 2.62t 
1 8  3 . 00 

*** 
*** n . s .  

12 4. 00 *** ** 

0.2 M-NaOH 24 4 . 1 2  ** 
1 8  4.25 ** 
1 2 4 . 25 ** 
8 4 . 50 * 

a Score of 6 = very strong beany flavour ; = no beany flavour 

*, -l(·*, **�� significant at P (0.05,  P (0.01, P (0.001 , res pe ctively 

Table 3 shows the results of the taste panel evaluation of 

the intensity of beany flavour in various soymilk preparations from 

beans soaked in 0.4 M sodium carb onate or 0. 2 M sodium �droxide for 

various time s .  These demonstrate that there is no significant 

difference in the beany flavour of soymilk whether the beans were 

soaked for 18 or 24-h (sodium carbonate ) or 1 2, 18 or 24-h (sodium 

hydroxide ) . Once again it was found that sodium hydroxide , at the 

maximum possible concentration used for the optimum t ime period , was 

considerably less effective than sodium carbonate in reducing the 

beany flavour. 

Effect  of extraction temperature on the lipoxidase 

activity and beany flavour of soymilks 

Soybeans were soaked in solutions of water for 24-h, 0.4 H 

sodium carbonate for 24-h and 0.2 H sodium hydroxide for 1 2-h. Two 



series o f  soymilks were then prepared from these beans , using in one 

series a grinding temperature above 70°C to destroy the lipoxidase 

2 1 . 

activity whilst the other grinding was done at room temperature . Both 

milks were presented to the taste panel for evaluation of the intensity 

of beany flavour and were also  tested for lipoxidase activity. The 

results ,  reported in Table 4 ,  show that there is no significant 

difference in intensity of beany flavour in soymilks prepared using 

either cold or hot grinding temperatures ,  although lipoxidase activity 

was not measurable after grinding at the higher temperature . 

TABLE 4 .  Effect of water temperature during grinding on the 

lipoxidase activity and the beany flavour of soymilks 

Soaking Temperature pH Diameter Mean a during during of the scores medium . d '  ° C  grinding (n = 8 )  gr1n 1ng , zone , cm 

vla ter 1 9  - 30 6 .8 2 . 05 5 ,  1 1  X 
80 - 82 0 5 . 1 1  X 

0. 4 M-Na2co3 1 9  - 30 9 . 7  1 . 68 2 .88y 
70 - 75 0 2 . 55y 

0.  2 1-1-NaOH 1 9 - 30 1 0  1 . 60 4. 33z 
70 - 75 0 3. 78z 

a Score of 6 = very strong beany flavour; = no beany flavour 

Mean scores  associated vli th the same letter are not significantly 

different . 

2 . 4 . 4  Discussion 

The results demonstrate that soaking soybeans in dilute 

solutions of sodium carbonate and sodium hydroxide as a pretreatment 

for the production of soymilk markedly reduces the beany flavour when 

compared with milk prepared by the standard water soak proce.dure . 



The effect of sodium hydroxide soaking was not as marked as that of 

sodium carbonate . 
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The optimum conditions for reducing the beany flavour in 

soymilk were : presoaking the beans in 0. 4 M-Na2co3 for 1 8-24-h. Under 

these conditions a very significant reduction in beany flavour was 

achieved over that in soymilks prepared from beans presoaked in water 

or from beans presoaked in 0 . 2 M-NaOH for 1 2-24-h. 

In discussing oxidative off-flavours of soymilk Wilkens 

et al ( 269 )  state that an acceptable ,  bland milk can be produced by 

grinding unsoaked, dehulled soybeans with water nt temperatures between 

80 and 1 00°C and by maintaining this temperature for 1 0  min to inactivate 

the lipoxidase enzyme completely. Mattick and Hand ( 1 73 ) state that 

the oxidative activity of lipoxidase contributes to the overall total 

ra1oJ" bean flavour of the soymilk ;  they identified ethyl vinyl ketone as 

one of the ra-vr , bean-like flavour components and they postulate thn t 

this is derived from linolenic acid through lipoxidase enzyme action.  

The results from this study suggest that the contribution to 

the beany flavour by lipoxidase activity is relatively small ,  as 

indicated by the small difference in flavour scores of the extracts 

after cold and hot grinding of the alkaline presoaked beans.  With the 

beans presoaked in water, lipoxidase activity did not appear to affect 

the beany flavour at all unle ss its action had occurred during the 

presoak period or during the fraction of time before the soaked beans 

reached the grinding temperature . 

Lipoxidase activity in the samples ground at the lower 

temperature was similar for the two alkaline soaks and the pH of the 

slurry was wi thin the range for optimum activity of soybean lipoxidase , 
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yet there was a significant difference between the beany flavour scores  

of these two milks . Despite the milder conditions of the carbonate 

soaking system which should have favoured lipoxidase activity more than 

the conditions in the hydroxide soak , the beany flavour is  much less 

in the former sample . It seems very likely that there are more signi­

ficant factors than lipoxidase activity responsible for this beany 

flavour. 

Recently Sessa e t  al ( 238 )  reported that the beany, bitter,  

green and o ther flavour characteristics  of raw full-fat ,  and defatted 

flakes may preexist in the whole soybeans . The apparent low level of 

oxidation that does occur contributes little to the overall soybean 

flavour . 



CHAPTER 3 

EFFECT OF PREPROCESSING CONDITIONS ON THE COiviPOSITION AND THE 

QUALITY OF THE RESULTING SOYMILKS 

3. 1 Introduction 

The compOsition of soymilk will have a relatively wide 

variation for several reasons . There are some marked variations in 

the composi tion of different varieties of soybeans ( 1 97 ) ,  but more 

important deviations will result from those factors which influence 
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the extraction procedures such as the fineness of grinding of the mass ,  

ratio of  the water to beans (255 ) ,  and the temperature of  the extrac­

tion ( 1 62 ) .  The addition of oil o r  fat , sugar , salt and flavouring 

materials may be the cause , however, of the greatest variation in the 

milk composition . The composition of soymilk, compiled from various 

sources by Burnett ( 46 ) ,  is compared 1'1'i th cow milk in Appendix 2 .  

v/ilkens and Hackler (270 )  studied a range of possible pre­

processing soaking conditions to determine the influence of such para­

meters on the composition and yield of soymilk using water as the 

soaking medium. They showed that the time and temperature of soaking 

as well as the temperature during grinding affects the yield and 

composition of soymilk. It has long been knmm that the dispersibili ty 

of soyprotein is higher in alkaline solution than it is  either in 

potable waters or in neutral salt solutions and usually the extraction 

is carried out at pH 9. 0 (244 ) .  

Cystine i s  unstable in the presence of alkalies (62,  1 00 ) .  
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Deamini sation , elimination of sulphur from the molecule , racemi s�tion 

and reduction to cysteine are knovm to occur. Jones and Gersdorff ( 1 36 )  

showed that the method commonly used for the preparation and purifi­

cation of casein by dissolving in dilute sodium hydroxide and 

precipi tating the protein from the alkaline solution by addition of 

acid causes an appreciable destruction of cystine . The amino acids of 

casein other than cystine are not greatly affected by this alkaline 

extraction process . 

3 .  2 Ob.jecti ve and Experimental Plan 

The method deve loped for the production of bland-flavoured 

soymilk involves presoaking the beans in alkaline solutions . This 

pretreatment may cause variation in crude composition of soymilk as 

well as the amino acid pattern of proteins . The work reported in this  

chapter was ,  therefore , initiated to investigate the effect of  pre­

treatment on the product quality and processing characteristics .  

3 . 3 Experimental 

3 .  3 . 1 I1ethods 

Preparation of soymilk 

Soymilks used in the present study were prepared from beans 

presoaked either in 0 . 4 M-Na2co3 solution for 24 hours or 0. 2 M-NaOH 

for 1 2  hours or w·ater for 24 hours according to the method described 

in Chapter 2.  

Proximate analysis of soymilk 

Moisture , ash and crude fibre contents were determined by 

the methods of analysis of the A. O . A. C .  ( 1 3 ) .  Nitrogen was deter­

mined by the Kjeldahl method using a macro-digestion procedure 

followed by a semi-micro distillation of the ammonia produced into 
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two percent boric a1cid solution containing mixed indicator ( 203 ) and 

protein c ontent was calculated using a conversion factor of % N x ? . 25 .  

The fat content was determined by the Gerber method ( 42 )  and carbo-

hydrate level was estimated by difference . 

Viscosity measurement 

The viscosity of the soymilk samples 1vas measured at 25° C 

with an L .V .  Model Brookfield Synchro-lectric viscometer at a speed of 

30 rev/min using U .L .  adapter. The absolute viscosity ( Y\ abs . ) was 

calculated using appropriate factor as follovTs : 

)
\ abs .  = (Dial reading - 0. 1 )  x 0 . 2  cps . 

The specific viscosity ( Y\ ) was then calculated by using 
· lsp 

the formula ( 1 32 ) .  

.'>'\ sp = 
\.\. ' 

· call  

'r'\eo 1 .  

1'1here Y\ = absolute viscosity of the colloidal solution and coll 
y \sol = absolute viscosity of the solvent . 

The reduced viscosity is then obtained by dividing the 
)''

lsp specific viscosity by the concentration of the colloid , i . e .  C 

The concentration C is usually expressed in grams per 1 00 cm3 of 

solution .  

Amino Acid Analysis of Proteins in Soymilks 

(a ) Preparation of sample for amino acid analysis othe r  

than for cystine and tryptophan . Sample ,  containing 36 

mg protein , was introduced into a pyrex-glass tube of 40 ml capacity 

followed by 36 ml of 6N-HC1 . The tube had been constricted at the 

neck by the use of heat before connecting with a vacuum pump. The 
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mixture was frozen by placing the tube in liquid air and the tube was 

evacuated to a residual pressure of about 50 microns of Hg , the contents 

were then allowed to melt so that any entrapped air bubbles could 

escape ; after refreezing the contents , the tube ,.,as sealed . 

Hydrolysis of the sample vras carried out at 1 1 0  ± 2°C in a ho t air 

oven for 24 hours .  After removal from the oven and cooling to  room 

temperature , the tubes w·ere broken open . Tho acid from the hydrolysate 

was removed under vacuum to near dryness  '1i th a .Buchi rotary evaporator 
0 using a bath temperature of 50 C ,  follo>-Jed by evaporation three times 

vTi th small amounts of added water. The hydrolysate was a very pale 

yellow and any insoluble humin was removed by filtration through 

Whatman No . 52 filter paper. The concentrate w·as made up to 1 0  ml with 

sodium citrate buffer, pH 2 . 2 ,  and the sample was kept frozen unti l 

analysed. The samples were analysed within a week of preparation . 

(b ) Preparation of sample for the analysis of cystine . 

Cystine content in soymilk was determined in the form of the more 

stable derivative , cysteic acid,  by using the method of Schram et �1 

(237 ) .  

Sample , containing 36 mg protein ,  lvas weighed into a 250 ml 

round-bottom flask, 25 ml of performic acid reagent , previously cooled 

to 0°C ,  were added .  ( The performic acid reagent was prepared b y  the 

acid .  The solution vras allovmd to  stand for 1 hour at  room temperature 

to permit the performic acid concentration to reach maximum v�lue ) .  

0 The oxidation was allowed to proceed at 0 C for 4 hours. At the end 

of the reaction time most of the reagent was removed under reduced 

0 pressure at a bath temperature of 40 C on a rotary evaporator. To 

hydrolyse the proteins , the residue from the oxidation was immediately 
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dissolved in 36 ml of 6N-HCl and boiled under reflux for 24 hours at 

atmospheric pressure in an open system . The rest of the procedure was 

the same as described in (a ) . 

(c ) Preparation of sample for the analysis of tryptophan . 

The tryptophan content was measured in an alkaline hydrolysate . To a 

sample representing 36 mg protein in a pyrex-glass tube (0 . 9  x 25  cm ) ,  

2 . 0  g of barium hydroxide octahydrate , previously ground to a fine 

powder was added, followed by 1 ml of 1vater. The contents were fro'zen, 

the tube was evacuated to a residual pressure of 50 microns of Hg ,  

sealed and hydrolysis was then carried out at  1 1 0° ± 2°C in a hot air 

oven for 24 hours as in (a ) .  After hydrolysis ,  6N-HCl vms added slowly 

to the mixture until the pH had dropped to 2 and then 1 . 0 g . of 

anhydrous sodium sulphate was added to remove Ba2+ by precipitation 

as BaS04 ( 1 86 ) , The precipitate was removed by filtration through 

Whatnan No . 52 filter paper. The rest of the procedure was the same as 

in (a ) .  

(d ) Amino Acid Analysis . Analyses for the amino acid con-

tent were made by ion exchange chromatography according to the 

procedures of Spack:man et al ( 249 ) and Moore et al ( 1 94 )  vrith a 

Beckman-Spinco model 1 20C amino acid analyser. Type PA-35 resin was 

used for the separation of basic amino acids and type PA-28 resin for 

all acidic and neutral amino acids .  Basic amino acids were 

separated on a 5 . 5 cm column using pH 5 . 28 buffer . The acidic and 

neutral amino acids were separated on a 56 cm column using pH 3 . 25  

buffer followed by  pH 4. 26 buffer (for composition of  buffers , see 

Appendix 3 ) . The standard 4 hour procedure was used and the operation 

conditions are summarised in Appendix 4 .  
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(e ) Calculations .  The amount of each component amino acid  

in  the sample analysed was determined by measuring the area enclosed 

by its corresponding peak on the chromatograms. The height-width (HW) 

method was used for the integration of peaks . The height of the peak 

was easily determined from the chart . The width of a peak was measured 

in terms of time by counting the number  of dots printed above the 

half-height of the peak . The micromoles of each amino acid were 

calculated by using the following formula , which relates the peak area 

(H x W) , the concentration (in p moles ) , and the HW constant Cmv' 
H x itl i . e .  )A moles = CHW 

3. 3 . 2  Results 

Effect of soak solution on the composi tion and viscosity of 

the soymilk and on the protein recovery 

The composition of soymilks prepared from beans soaked in 

water for 24-h , 0. 4 l\1 sodium carbonate for 24-h and 0. 2 l-1 sodium 

hydroxide for 1 2-h are compared in Table 5 .  The gross composition o f  

soymilk prepared from beans soaked in sodium carbonate does not show 

measurable differences from that of the control milk prepared 

from beans soaked in water. The milk prepared from beans soaked in 

sodium hydroxide contains lower percentages of protein , fat , ash and 

carbohydrate (by difference ) than either  of the others . 

Table  6 shows that the viscosity of the soymilk prepared 

from beans soaked in sodium carbonate i s  much higher than that of the 

control milk or of the milk prepared from beans soaked in sodium 

hydroxide . The recovery of  protein in the form of soymilk is  s lightly 

higher for sodium carbonate than for the control water soak but in the 

case of sodium hydroxide soak it was signi ficantly reduced. 



TABLE 5 .  Proximate analysis of various prepared soymilks . 

Soymi lks from beans presoakcd in 

Water 0. 4 M-Na2C0'7. 0. 2 M-NaOH 

rlloisture , % 93. 36 93 . 62 95 . 01 

Crude protein , % 3. 62 3 . 76  2 .87 

Fat , % .  1 .  50 1 . 50 1 . 20 

Ash , % 0. 50 0 . 43 0 . 36 

Crude fibre , % 0. 05 0. 06 0. 09 

Carbohydrate , % 0. 97 0 . 6 3  0 . 47 
(by difference )  

TABLE 6 .  Effect of soaking a s  a pre-treatment on the protein 

recovery and viscosity of the prepared soymilks . 

Time of Protein recovery Reduced 
Soaking medium soaking, as % of protein viscosity 

h in cotyledon 
of milk ( Y\�P) fraction 

Water 24 74 . 0 0 . 32 

0 . 4  M-Na2co3 24 76 . 8  0 . 83 

0.2 r1-NaOH 24 45 . 1  

0 . 2  M-NaOH 1 2  52 . 3  0 . 42 

Loss of crude proteins in the soaking solution 

The loss of soluble nitrogen , calculated as crude protein, 

in the soaking solution is shown in Table 7 .  The data indicate that 

the loss of crude protein into the sodium hydroxide soak solution is 

7 - 8 times more than the loss  in water and is 4 times more than the 

loss in the sodium carbonate soak solution . The l oss  in the sodium 
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TABLE 7 .  Loss o f  soluble nitrogen , expressed as crude 

protein , into soaking solution .  

Soaking medium Time of soaking at Protein loss , 
room tempera tu re , h soybean 

Water 24 0 . 43 

0 . 4  N-Na2co3 24 0 .77  

0 . 2  N-NaOH 24 3 . 36 

0 . 2  M-NaOH 1 2  3 . 01 

g/1 00 g 

carbonate soak solution was less than twice that with the water soak 

and amounted to less  than 2 percent of the original nitrogen in the 

bean s .  

Effect o f  soaking on the amino acid composition of 

protein in soymilks 

31 . 

The amino acid analysis of soyprotein in the form of various 

soymilk preparations are set out in Table 8 . The results show that 

histidine content in soymilk prepared from beans presoaked in sodium 

hydroxide is less than that either in water or carbonate presoaked pre-

parations . The recovery of cystine is slightly lower in milk from 

carbonate presoaked beans and even lower in hydroxide preparation than 

it  is in milk prepared from water-presoaked soybeans.  However ,  

s tati stical analysis of  the results showed that there was no  signi-

ficant difference (at the P = 0 . 05 level ) between the amino acid 

contents in milks prepared by the three different procedures . There-

fore , the pretreatment given to the soybeans by soaking in 0 . 4 M 

sodium carbonate solution for 24 hours and 0 . 2 M sodium hydroxide 

soluti on for 1 2  hours before manufacturing soymilk had no signi-



ficant effect on the amino acid composition when compared with the 

milk prepared from water presoaked soybeans.  

TABLE 8 .  Amino acid composition of  proteins in various soymilk 

preparations (g amino acid/ 1 00  g protein ) 

Soymi lk prepared from bor-ms sonkod in 

Lysine 

Histidine 

Arginine 

Aspartic acid 

Threonine 

Serine 

Glutamic acid 

Proline 

Glycine 

Alanine 

t-cystine 

Valine 

�1ethionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Tryptophan 

3. 3 . 3  Discussion 

1-later 

5 . 42 ± 0 . 1 6  

1 . 7 1  ± 0 . 02 
5 . 89 ± 0 . 03 

1 2 . 5 1  ± 0 . 03 

3. 69  ± 0 . 33 
4 . 31 ± 0 . 3 1 

23. 57 ± o. 35 
7 . 98 ± 0 . 29 
3 . 44 ± 0 . 07 

3 . 41 ± 0 . 03 
1 .  39 .± o. 1 1  
3. 90 ± 0 . 06 
1 . 00 ± 0 . 02 
4 . 60 ± 0. 04 

8. 25 ± 0 . 06 
3. 1 7  ± 0 . 04 

4. 50 ± 0 . 22 
1 . 28 ± 0 . 03 

5 . 72 ± 0. 20 

1 .  70 ± 0 . 05 
6 . 1 8 ± 0. 08  

1 2 . 1 8 ± 0 .05 

3 . 24 ± 0. 01 

4 . 5 1 ± 0. 1 7  

23 . 49 ± 0 . 04 
8 . 07 ± 0 . 1 4  

3 . 6 3  ± 0. 02 
3 . 50 ± 0. 03 
1 .  34 ± 0 . 04 
4 . 03 ± 0 . 06 
1 . 03 ± 0. 04 
4 . 6 1  ± 0. 1 2  

8 .  26 ± o. 00 
3 . 04 ± 0. 09 

4 . 26 ± 0 . 20 
1 . 20 ± 0, 03 

O. 2I"iJ.ITaOH 

5 . 48 ± 0 . 1 7  
1 . 42 ± 0 . 02 
5 . 67 ± 0 . 29 

1 2 . 43 ± 0 . 06 

3 . 21 ± o. oo 
4 . 1 3  ± 0 . 02 

24. 30 ± 0 . 43 
8 . 33 ± 0. 1 2  
3 . 47 ± 0. 1 0  
3. 5 1  ± 0. 07 

1 . 22 ± 0 . 00  
4 . 05 ± 0. 04 
0 . 95 ± 0 . 06 
4 .  78 ± 0 . 02 

8 .  21 ± 0 . 05 
3 . 2 1  ± 0. 08 

4 . 45 ± 0. 07 
1 . 20 ± 0 . 08 
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Lo et  a l  ( 1 62 ) have reported that there i s  a loss of soluble 

solids into the water presoak liquor and that the extent of this loss 

increases with time . The present results confirm that a loss of 

soluble nitrogen occurs into the soak solution ; that the loss 

increases in the presence of alkali ; and the loss in 0 . 2  M-NaOH 
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after only a 1 2-h soak is four times greater than that in 0. 4 M-Na2co3 
after a 24-h soak. 

Soaking in sodium hydroxide solution reduced the yield of 

soluble protein , fat and ash when compared with both the beans soaked 

in water and in sodium carbonate . The yield of both fat and protein 

was lower by about 20 percent .  The smal ler amount of  protein 

extracted into solution and the lower vi scosity of the milk prepared 

from the beans soaked in sodium hydroxide suggest that the protein 

had swelled or interacted to a far greater extent during the soaking 

than it did in the sodium carbonate soak . This modified protein was 

then unable to diffuse from the cotyledon residue during the sub-

sequent grinding and extraction operations . The loss of nitrogen into 

the presoak medium was also much greater in the hydroxide presoak 

system. The effects are a disadvantage if soymilks having the maximum 

soluble protein are to be  produced economically. In the hydroxide-

soaked system, there was als o  a lesser extraction of fat into the 

milk , suggesting that there was a direct interference with the 

diffusion of small molecules as well as of the larger protein molecules .  

Wilkens and Hackler (270 ) also report a drastic reduction in the total 
0 solids of milk prepared after soaking in water at 80 C or higher .  

The mechanism here is  probably different . 

The soymilks prepared from beans after alkali presoaks b oth 

possessed higher reduced viscosities than that made from beans pre-

soaked in water ,  and the milk after carbonate soaking had a vi scosity 

which was appreciably higher than that of milk prepared after 

hydroxide soaking . This again suggests that there had been selective 

diffusion of only the smaller protein molecules into the milk after 

sodium hydroxide soaking . 



The increased viscosity of the milks prepared after alkali 

presoaking was noted by the taste panel who expressed preference for 

the carbonate presoaking process as giving a milk with a better 

mouthfeel and body. 
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It vms also found much easier t o  dehull beans soaked in 

carbonate solution than those soaked in water,  there being less 

breakage of the c otyledons and less loss of  cotyledon material . On 

the other hand ,  beans soaked in 0 . 2  ��NaOH became very soft and there 

was a greater loss of cotyledon material during dehulling .  

The treatment given to the beans in tho present study does 

not significantly affect the amino aci d  composition of the protein in 

soymilk. 

3 . 3. 4 Conclusion 

Presoaking in 0. 4 M sodium carbonate thus has advantages in 

three important aspects - better flavour and body ,  better yield of 

protein and fat , and easier processing - and this has been achieved 

"ri thout significant effect on the amino acid composition .  



CHAPTER 4 

EFFECT OF PROCESSING CONDITIONS ON THE DESTRUCTION OF 

·rRYPSIN INHIBITOR ACTIVITY IN VARIOUS SOYMILK PREPARATIONS 

4 . 1 Introduction 
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It is ironic that nature having generously provided man with 

a liberal supply of plant protein foods , has as the same time seen fit 

to contaminate these foods with a variety of "toxic " or "antinutritional " 

substances . The soybean contains a number of antinutritional sub­

stances which interfere with the utilisation of its protein , The 

tremendous amount of work which has been performed on these anti­

nutritional substances stems from the important role \'l'hich  the soybean 

has assumed in the fields of animal and human nutrition .  

4 .2  Review of  literature on the "antinutritional a substances 

Osborne and r'lendel (200 ) observed that young rats fed on a 

diet in which the soyflour component had been heated in an autoclave , 

grew much better than those receiving the same diet but with the 

soyflour in the ravr state . This observation has been confirmed by 

numerous investigators who established that the favourable  effect of 

heat treatment upon the nutritive value of soyproteins appears not 

only in rats but also in other monogastric species including humans 

( 1 54 ) .  Three constituents are often associated with the poor 

nutritive value of unheated soybeans : a ) trypsin inhibitors ; 

b ) haemagglutinin ; and c ) saponins .  
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a ) Trypsin Inhibitors .  In 1 944, the presence of  a trypsin inhibitor 

in soybeans was discovered independently by Ham and Sandstedt ( 1 09 )  

and b y  Bowman (36 ) . A year later, Kunitz ( 1 43 )  reported crystallisation 

of a trypsin inhibitor. The general molecular properties of the 

Kunitz inhibitor are well established . The molecular weight is 

close to  2 1 , 500 ( 27 5 ) .  The molecule consists of a single polypeptide 

chain , cross-linked by two disulphide bridges ( 252 ) .  The solubility 

properties are those of a globulin , with a distinct minimum in 

solubility at the i soelectric point , pH 4 . 5  ( 1 44 ) .  The best kno�m 

property of the Kunitz inhibitor is its ability to form, at neutral 

pH, a one-to-one stoichiometric complex with trypsin ( 1 48 ) .  The 

complex which can be crystallised is devoid of proteolytic activity. 

While appreciable interaction also occurs with chymotrypsin , the 

magnitude of the association does not approach that for trypsin ( 1 48 ) . 

Bowman ( 37-39 ) believes that soybeans contain three 

different substances capable of inhibiting trypsin . These sub­

stances are distinguished on the basis of their solubility but have 

not been isolated in a very highly purified form . Recently, four 

(227 ) to seven ( 25 1 ) inhibitor fractions have been separated from 

soybean whey proteins by diethyl aminoethyl (DEAE ) cellulose 

chromatography . One fraction had properties similar to  the crystalline 

inhibi tor ( 227 ) .  

Several biological activities are attributed t o  the trypsin 

inhibitor. The literature on this subject is voluminous and often 

controversial (see review in Appendix 5 ) .  

b )  Hae�agglutinin. Liener ( 1 57 )  observed that a concentrate of the 

crude extract of  soybean trypsin inhibitor caused the death of rats 

when administered by intraperitoneal inj ection ,  while the crystalline 



material �ms innocuous under the same conditions . Continuin� his 

studies Liener ( 1 58 )  was able to i solate and purify another protein 

from the crude inhibitor concentrate which, when injected into rats 

was fo�md to have toxic properties . 

In contrast to the crystalline trypsin inhibitor ,  the 

haemag�lutinin is an albumin , being soluble in water at its  
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isoelectric  point . Its i soelectri c  point is  6 . 1  and molecular weight 

is between 89 , 000 - 1 05 , 000 , which is higher than that of the trypsin 

inhibitor.  Another major difference is in its  multichain structure 

(2 1  3 ) .  

Liener ( 1 5 9 )  reported that haemagglutinin compri sing 1 per-

cent of a diet containing heated s oybean meal caused a significant 

depression in the growth of rats .  It was estimated that the soybean 

haemagglutinin accounted for about one half of the growth inhibition 

that is obtained when raw soybean replacen the heated soybean in a 

diet .  Growth im)clirn.J.cnt by haemagglutinin vms originally attributed 

to a decrease in the quantity of food consumed . 

Experiments  by JaffJ and eo-workers ( 1 27 ,  1 28 )  provide a 

pos sible explanation for the deleterious e ffects  of the orally ingested 

haemagglutinin . JaffJ believes that the action of the haeuagglutinin 

is to c ombine with the cells lining the intestinal wall (in much the 

same fashion as it combines with red blood cells ) , thus c ausing a 

non-specific interference with the intestinal absorption of all 

nutrients .  Liener is also in agreement wi th Jaff& ' s  theory ( 1 60 ) • 

• 

c ) Saponins . Saponins are known to cause haemolysis of  red blood 

cells in vitro ( 23 ) . Potter and Kummerow (221 ) reported that 

incorporation of saponin into feeds for chicken caused retardation of 



growth . Birk et al (23 )  found saponins inhibi t to some .exten t  the 

proteolytic activity of chymotrypsin and of jribolium castaneum 

larval midgut enzyme solution but in a later report , Ishaaya and 
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Birk ( 1 25 )  showed that considerable  amounts of saponins can inhibit 

these enzymes to only a certain extent and this inhibition is not a 

specific one but results from a protein-saponin interaction and this 

enzyme inhibitory effect can be  overcome by adding casein and soybean 

proteins . Recently Gestetner et  al (98 )  showed no growth impairment 

of chicks , rats or mice when soybean saponins are added to their diets . 

Birk et al ( 23)  presented evidence for the heat stability of soybean 

saponins in contrast to the earlier suggestion that cooking of meal 

caused hydrolysis of saponin ( 222 ) .  

Recently, it has been concluded (23 ,  27 1 ) that soybean saponin 

may be considered as not interfering with digestion or metabolism. 

Elimination of Anti-nutritional Effect 

The literature on the anti-nutri tional factors of the soybean 

suggests that the retardation of growth using raw soybean products is 

the result of the inhibitors first accentuating the digestive losses 

of  nutritive material and secondly of increasing the need for certain 

nutrients . 

There is no doubt that by correcting the nutritional 

deficiencies of a raw soybean produc t ,  the retardation effect on 

gro�rth can be cancelled or at least mitigated (31 , 32 , 84,  1 1 4 , 1 1 5 ) 

but this symptomatic treatment is neither specific nor profitable .  

Since they do not act upon the inhibitors , the addition to the diet 

of sulphur amino acids or of a mixture of essential amino acids ,  

although preventing inhibition of grm-Tth, do not prevent either the 
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hypertrophy of the pancreas with the consequent loss of endogenous 

nitrogen , or the increased consumption of cystine.  Moreover, the 

supplementation with these amino acids is very expensive . Therefore , 

i t  was concluded that this solution is not practicable (99 ) .  

The possibility of inactivating anti-nutritional substances 

contained in raw soybeans was indicated by the fact that trypsin 

inhibitors as well as haemagglutinins are thermolabile and numerous 

experiments have shown that heat treatmen t improves the nutritional 

value of s oybeans ( 1 54 ) .  

Klose et al ( 1 42 ) showed that the effect of heat treatment on 

the nutritional quality of soybean products depends on the intensity 

(temperature and duration of exposure ) of heat and upon the state of 
s the sul}.trate exposed (presence or absence of water ) to the heat.  

Osborne and Hendel ( 208 ) reported that dry heat in an oven at 1 1 0°C 

for up to 4 hours produced no improvement in growth promoting 

activity of soybeans.  However, if the beans were cooked with water 

as a thick paste at 80 - 90°C for 3 hours and incorporated in the 

ration ,  they permitted rats to grow at a normal rate . Maximum improve-

ment in the protein efficiency ratio (PER) occurred when the raw 

soybean meal was steamed at atmospheric pressure for 30 minutes . 

When autoclaved at 1 5  psi ( 1 21 °C )  maximum improvement in the meal 

occurred after 1 5  minutes of heating. Longer heating produced a 

linear reduction in PER with the meal autoclaved for 1 80 minutes 

having the same value as the unheated meal . 

In contrast to  this , Smith et al ( 246 ) reported that 

regardless of whether the soybean flakes containing 1 9  percent 

moisture , were steamed at 1 00°C for 1 5  or 1 20 minutes ,  the same 



improvement in biological value occurred .  When soyflakes containing 

only 5 percent moisture were steamed at 1 00°C for 1 5  minutes they 

produced as good growth as those that had 1 9  percent moisture prior 
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to heating. Hm-Tever ,  heating the soyflakes that .had 5 percent moisture 

for :periods longer than 1 5  minutes reduced both body 1-reight gains in 

rats and the biological value of the protein . 

Jacquat ( 1 26 )  showed that using the same temperature and 

time of treatment ,  the improvement in nutritive value obtained by 

dry heat amounted to 25 percent whereas in the presence of �t least 

1 0  percent of water the improvement reached 360 percent and when 

water was in excess the improvement rose to 500 percent . 

Fritz et al (93 )  reported that the best biological value was 

obtained when ground soybeans were autoclaved at 1 5  lbs pressure ( 1 2 1 °C )  

for 20  - 30 minutes v1hereas Rackis (228 ) showed that at 1 00°C only 1 5  

minutes of steaming is required to obtain maximum protein efficiency 

values and to inactivate the trypsin inhibitors of either full-fat or 

defatted soybean flakes of about 0. 01 inch thickness . These 

differences may merely represent the effects of heat transfer con­

sequent on the different thicknesses of the raw materials used. 

Diser (66 ) reported that maximum nutritional value is 

obtained when raw soybeans are treated with steam at 1 5  lbs pressure 

( 1 2 1 °C )  for 1 0 - 1 5  minutes or at atmospheric pressure for 30 minutes 

or when soybean flour is heated at 5 lbs pressure ( 1 08°C)  for 1 5  - 30 

minutes .  Gontzea and Sutzeseu ( 99 )  stated that it has been observed 

that for soy products the maximum advantage can be obtained by 

autoclaving at 1 1 5°C for 20 minutes or at 1 07 - 1 08°C for 40 minutes , 

but with some varietie s of beans it may be necessary to keep them for 

at least 30 minutes at 1 21 °C .  
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Hackl er et al ( 104) r eported on the effect s of both tempera-

· ture and time on the destruction of the trypsin inhibitor in soym il k 

prepared from water presoake d beans. Thei
'
r dat a gives such a wide 

range in the percen ta ge destru ction of the trypsin inhibitor b oth at 

93° C and 1 2 1 ° C in different experiments that no consistent pattern is 

apparent. Th ey attribute these variations to inadeq uate cool ing in 

some of their t reatments. 

All of the heat treatm ent s  discussed above 1v er e  car ried out 

at neu tral pH val ues. Kunitz ( 1 45 )  studied t h e  e ffect of heating at 

acid pH on the inac tivat ion of trypsin inhibitor and repor ted that 

when a sol ution of the soybean trypsin inhibitor in dil ute acid at pH 

2 . 5 to 3 . 5  is heated to 90° C ,  the inhibitor is imme diat el y and 

compl etel y denatur ed. The dena turation was r ever sibl e since t he 

protein on cool ing gra dua l l y r evert ed t o  t he na tive, sol uble state. 

The re ver sal is compl ete if the cool ing is initiated within a minute 

or so a ft er the pr ot ein sol ution has been brough t to 90°C .  The l onger 

0 
the pro tein sol ut i on is kept at 90 C ,  the l ess wil l be the reve r sal 

on cool ing. 

Since haemaggl utinating activity in raw soybean is mor e  

readil y destroyed by moist heat than i s  the trypsin in hibitor ( 1 6 1  ) ,  

then there sh oul d not be any probl em wi th it in soym il k  t hat has 

receive d an adequate heat treatment to inac tivate the trypsin 

inhibitor, Van l3ure n e t  al ( 26 1 ) stated " the l evel of tr ypsin 

inhi b itor re maining i n  the soy product can serve as an index of the 

adequacy of heat treatme nt" . 

Westfal l and H auge (267 ) stated " th e  determ ination of the 

i nhi bi tor as a pra ct1 ca i na �  

of the e ffectivene ss of the he ating ne ce s sary to incre ase the protein 
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quality , providing that the heating is not continued beyond the time 

required  for the total destruction of inhibitors " .  

4 . 3 Obje ctive and Experimental Plan 

The literature indicates that very little information is 

available on the inactivation of trypsin inhibitor in soymilk . Most  
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of the reports on the effect of heat-treatment on nutri tional quali ty 

were cantered on soybean meal . There is , however, no unanimi ty as to 

the quantitative effect of different heating conditions . The method 

developed in this  study for the manufacture of soymilk is different 

from the conventional method , and therefore , it was necessary to 

establish the optimum processing conditi ons for completely destroying 

the anti-nutritional factors and for avoiding over-processing which 

could cause damage to the proteins (see Chapter 5 ) .  The purpose of 

this aspect of the study was to determine the rate and extent of the 

destruction of the trypsin inhibitor under various heat processing 

conditions applied to milk prepared from carbonate presoaked beans as 

well as from beans presoaked in water. 

The use of the alkaline soaking method for the production of 

bland-flavoured soymilk made it necessary to establish more clearly 

the action of heat on the destruction of trypsin inhibitor activity 

under alkaline conditions . From the literature , it appears that the 

destruction of the trypsin inhibitor activi ty of soybeans has been 

studied at near neutral pH and at acid pH but the effect of alkaline 

pH at elevated temperatures on the trypsin inhibitor activity has not 

been reported . A stu� was therefore made of the effect of a high 

temperature ( 98°C )  at pH' s between 6 . 8  and 1 0  on the rate and extent 

of destruction of the trypsin inhibitor activity of soybean milk . 



4 . 4 Experimental 

4 . 4 . 1 Materials 

Haemoglobin - Laboratory Reagent ,  Hopkin & Williams Ltd . , 

England . 

Folin & Ciocalteu ' s  Reagent - Laboratory Reagent ,  

The British Drug House Ltd , England . 

Trypsin - � . 54 .An son Unit per gramme , 

The British Drug House Ltd , England . 

Tyrosine - Mann Research Laboratories ,  Inc. New York . 

4 . 4 . 2  Methods 

Preparation and processing of soymilks 
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The soybeans were soaked in 0 . 4  N sodium carbonate solution 

at pH 1 1 . 1  or in water for 24 hours as a pretreatment .  The soymilks 

were prepared from the presoaked beans according to the method 

described previously ( Chapter 2 ) .  The prepared soymilks , ei ther from 

carbonate or from water, presoaked beans were adjusted to pH 6 . 8  where 

necessary and were then divided into two portions . One portion was 

processed at 98° C and a sample was taken after every 1 0  minutes up to 

60 minutes .  The o ther p�tOn was divided among seven 21 1 x 309 cans 

wi th a net headspace of 3/1 6 "  and processed for 5 ,  1 0 ,  1 5 , 20 , 2 5 , 30 

0 and 40 minutes a t  1 1 5  C .  Each milk sample after processing at the 

specified time and temperature was cooled immediately to 1 5°C .  The 

pH of all the samples was measured and adjusted to 6 . 8 .  Each sample 

was then freeze-dried. 

Fbr the study on the effect of pH and heat on the destruction 

of  t rypsin inhibi tor activity, the pH o e miTR pre parea-Iro'IIrwat-e-r-
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presoaked soybeans was adjusted to different levels  by adding 1 M-NaOH 

solution and then processing at 98° C for varying lengths of time . 

Thereafter the proce ssed milk samples were treated in the same way as 

above . 

Nitrogen determination 

The nitrogen con tents of the freeze-dried soymi lks were 

det ermined according to the me thod described earlier in Chapter 3 .  

Preparat ion of tryesin inhibi tor extract 

Freeze-dried soymilk samples each containing 85  mg N were 

suspended in 1 0  ml of 0 . 05 N HCl and were shaken vigorous ly for 1 5  

minutes using a Griffin flask shaker. The mixture was ke pt overnight 

0 (J� ) 
at 34 FAand the insoluble materials were removed by centrifugation at  

1 0 , 000 x g for 1 0  minutes (35 ) .  The supernatant was used as the 

trypsin inhibi tor extract .  

Determination o f  trypsin inhibitor activity 

The method of Anson ( 1 1 )  as modified by Borche rs et al ( 35 )  

was used throughout these s tudies .  As carried out in thi s  experiment ,  

1 m l  of the t rypsin inhibi tor extract was added to 1 ml of 0 . 1 pe rcent 

trypsin so lution and then made up to 5 ml wi th di stilled water .  Thi s  

was then incubated with 5 m l  of 2 . 2  percent haemoglobin solution , pH 

7 . 6  ( See Appendix 6 )  at 37° C fo r 7 minut es . The reaction was stopped 

by adding 1 0  ml of  0 . 3 M trichloroac etic acid . The preci pi tated 

pro teins were removed by fi ltrati on through Whatman No . 3  fi lter paper.  

To 5 ml  of  the diges ti on filtrate were added 1 0  ml of 0 . 5  M sodium 

hydroxide solution and 3 ml of the di lute Folin and Ciocal teu ' s  

reagent ( 1  part reagent plus 2 parts water ) .  The se were mixed 

tho Toughly and all-o-we-d to -stand fur-S- mtnute-s to develop-colour. The 
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intensity o f  the devel oped c o l our was read 9n a Hitachi spe c t ro photo­

meter mod e l  1 01 at 730 nm afte r experimental establi shment that thi s  

was the o ptimum wave l ength f o r  adso rption . Fo r experiment s  wi thout 

incorporation of t rypsin inhibit o r ,  the inhib i t or ext ract was re placed 

by disti lled wat e r .  The blank de t ermination was carri ed o u t  in the 

same way as above except that tri chloroace t i c  acid was added immediately 

without prio r  incuba ti on . The level of chromogenic substance s ,  

e xpressed a s  tyro sine , l i berated due t o  the action of the t ryp s in were 

o btained by reference to a standard curve . By using the trypsin 

inhibitor activi ty pre s ent in raw s oymilks pre pa red from beans pre­

eoaked in water for 24 hours as the maximum activity pre sent (i . e .  1 00  

percent t rypsin inhi bi tor activity ) the pe rcentage inhibi t i on re sult­

ing from the heat t reatment has been calculated . 

Determinati on of optimum wave length for maximum ab sorpt ion 

The wave length of maximum ab sorp t i on might have changed from 

that reported in the lit erature (750 nm ( 1 67 ) )  because the system us ed 

in thi s  study contains co mpounds other than the spec ific chromogenic 

substance s .  The absorption spectrum o f  a typical syst em wa s measured 

from 680 - 760 nm (Fig .  3 ) .  The optimum wave length was found to be 

730 nm and thi s was used throughout thi s  study . 

Preparat ion of standard curve 

Into a seri e s  of test tubes , 0. 1 ,  0 . 2 ,  0 . 3 ,  0 . 4 ,  0 . 5 ,  0 . 6 , 

0 . 7 ,  0 .8 ,  0 . 9  and 1 . 0 ml of s tandard tyros ine s olution containing 1 

mole tyro sine per l i t re were introduced . To make the conten t s  1 ml 

in each tube , disti l le d  water was added . In each tube 4 ml o f  

fil trate from the haemoglobin pre ci pitati on , 1 0  ml o f  0. 5 M sodium 

hydroxide and 3 ml of di lute Fo lin and Ciocu l t eau ' s  reagent were added .  

The blank was the same as above except that the tyro sine s o lution was 
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replaced by distilled water. The intensity of the developed colour 

was measured . Optical densi ty is  plotted against the concentrati on 

of tyrosine in Fig .  4 .  

4 . 4 . 3  Results 

Effect of heat treatment on the inactivation of trypsin 

inhibitor in soymilks 

�-

The results are presented in Fig .  5 and Fig. 6 .  Fig.  5 

shows that there exists a linear relationship between the time of 

heating at 98°C  and the percentage of trypsin inhibitor inactivation 

in soymi lk prepared from water presoaked beans but the relationshi p  is 

curvilinear in the case of milk prepared from carbonate presoaked 

soybeans . The rate  of inactivation of trypsin inhibi tor is much 

faster with the latter pretreatment. The time taken fo r complete 

destruction of the inhibitor activity in soymilk prepared from water 

presoaked beans was 76 minutes whereas 40 minutes were a sufficient 

treatment for the milk prepared from carbonate presoaked soybeans .  

Since the inactivation of trypsin inhibitor in soymilks is slow at 

98°C ,  an experiment was designed to use a higher temperature ( 1 1 5° C )  

and the results are given in Fig. 6 .  Th e  rate o f  inactivation in both 

soymilks was about the same irrespective of the pretreatment and 

about 1 7  minutes were taken for 1 00 percent inactivation of the 

inhibitor. The change of pH in soymilks during processing has also 

been shown in Fig .  5 and Fig. 6 .  The change was significant only with 

the milk prepared from carbonate presoaked soybeans when processed at 

98°C .  
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Effect of alkaline pH at elevated temperature (98°C) on the 
. 

destructi on of trypsin inhibitor activity of soymilks 

The results are given in Figs . 7 - 9 .  Fig. 7 shows that 

when the samples of soymilk were heated at 98°C  there was an increased 

rate of inactivation of the trypsin inhibitor with increase in pH. 

The time taken for complete destructi on of the inhibi tor  activity in 

soymilk was reduced from 76 minutes to 1 1  minutes by increasing pH 

from 6 . 8  to 9 . 9  under the same conditions of heat-treatment � Fig. 8 

illustrates that as the pH of the soymilk samples was raised from 6 . 8  

t o  9 . 9 ,  the rate o f  inactivati on o f  trypsin inhibitor a t  98°C 

progressively approximates more closely to that of first order kinetics .  

In Fig. 9 the relationship between the time a t  98°C and p H  i s  plotted 

for different levels of inactivation . The range of pH for which these 

plots apply i s  limited to the alkaline side of neutrality , because 

Kunitz ( 1 44 )  has shown that for a specified time and temperature , 

inactivation al so increases with increased hydrogen ion concentration. 

At 98°C and zero time , the extent of inactivation is indicated by 

extrapolation .  This inactivation at zero time may be reversible ,  

Kunitz ( 1 45 )  working wi th a temperature of 90°C up to pH 1 1 . 0 and time 

of less than 2 minute s ,  found that the inactivation could be reversed 

on cooling, but the extent of this reversal became less as the time 

of processing extended beyond 2 minute s .  Our minimum time of heat 

treatment was 5 minutes,  but at zero time and at the pHs used no 

trypsin inhibitor destruction was observed prior to heating. 

The regression equation between pH and time for 1 00 percent 

inactivation at 98°C is 

Y = 1 0 . 63 - 0 .05 X 

where Y = pH and X = time 
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4 . 4 . 4  Discus9ion 

The inactivation of the trypsin inhibitor in the milk 

prepared from water presoaked soybeans (pH 6 . 7 )  was very slow at 98°C 

and 76 minutes  were necessary to complete destruction of the inhibitor 

activity. Results of other studies on the inactivation of trypsin 

inhibitor in solvent extracted soybean meal ( 35 ) ,  soybean oil cakes 

( 276 ) and soymilk ( 1 04 )  support our findings . The rate of inactivation 

of the inhibitor in soymilk prepared from carbonate presoaked beans 

was faster than that in the water presoaked preparatio� when bo th 

were processed at 98°C (Fig. 5 ) .  This is due to the fact that during 

heating , the pH of the carbonate presoaked preparation increased from 

6 . 7  to 8 . 7  due to loss of dissolved co2 • It i s  evident from Fig.  8 

that using the same temperature (98°C )  for processing , the rate of 

inactivation of the trypsin inhibitor increased as  the pH of  the milk 

was increased from neutrality and approached first order kinetics at 

pH 9 . 9 .  When both the milks were processed at 1 1 5°C in 21 1 x 309 cans 

wi th standard net head space , there was no opportunity for co2 to be 

lost from the system , the pH remained about the same for milks from 

both pretreatments and the rate of inactivation of the inhibitor was 

found to be about the samo . 

The alkaline conditions during presoaking in 0 . 4  M sodium 

carbonate solution (pH 1 1 . 1 ,  room temperature 1 5 - 1 8° C )  cause no 

i rreversible loss of activity of the inhibitor (Fig. 5 and Fig .  6 ) .  

This could be predicted as Kunitz ( 1 44 )  showed that the soybean 

trypsin inhibitor is stable over a wide range of pH at tempe ratures 

below 30° but it i s  gradually denatured if heated to highe r tempera-

tures . This denaturation is reversible if the degree of heating 

has been brief . However,  prolonged heating causes irreversible 



denaturation of the inhibitor . steiner and Edelhoch ( 253 ) have also 

shown that at pHs up to 1 2  and at 25°C there i s ,no indication of any 

irreversible or time-dependent structural change occurring in the 

soybean t�psin inhibitor .  

56 .  



CHAPTER 5 

EFFECT OF PROCESSING CONDITIONS ON THE DIGESTIBILITY 

IN VITRO OF PROTEIN IN VARIOUS SOYMILK PREPARATIONS 

5 . 1 Introduction 

From the literature reviewed in the previous chapter 

( Chapter 4 ) ,  it appears that for soybeans to provide a maximal con­

tribution to nutrition , deleterious substances must be removed from 

the raw beans . Fortunately, through the applicati on of heat , it is 

possible to inactivate such harmful material s ,  but at the same time , 

there is  a danger of over-processing which could cause damage to the 

proteins as a nutrient source , particularly through the destruction 
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or modificati on o f  certain amino acids and an increased tendency of 

the protein to be resistant to enzymatic diges tion (230) . Since the 

value of soybeans as a food is due in large part to their high content 

of protein , it  is  important to be able to measure the extent to which 

the nutri tional quality of the protein may have been harmed during 

processing. 

Evans (7 5 )  studied the influence of autoclaving soybean oil 

meal on the liberation of amino groups by different enzymes or  enzyme 

combinations and found that when trypsin or trypsin and erepsin were 

used, a marked increase in digestibi lity resulted from autoclaving 

the soybean oil meal at 1 00°C for 30 minutes . Autoclaving at 1 30° C 

for 60  minutes very markedly decreased the liberation of amino groups 

by any of the enzyme combinations .  
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In later studies ,  Evans et al (76 ) reported that the soybean 

oil meals whi ch had been autoclaved at temperatures between 1 00°C and 
0 1 20 C for 30 minutes were more completely digested by the chick, or by 

trypsin and erepsin in vitro , than the raw meal or the meals which had 

been autoclaved at 1 30°C for 30 or 60 minutes using undigested total 

protein ,  or sulphur ,  cystine or methionine in the undigested protein as 

criteria. Significant correlations were ob served bet�een in vitro 

trypsin and erepsin digestion and chick digestion of these soybean oil  

meals when di gested protein , organic sulphur or cystine were the 

measured criteria .  

Clandinin et al  (59 ) indicated that a meal of  as  high 

nutritive value could be provided by proces sing solvent extracted 

soybean flakes in an autoclave at 4 pounds pressure (about 1 05° C )  for 

45 minutes as by processing similar raw flakes at 1 5  pounds pressure 

(about 1 21 ° C )  for 4 minutes .  Working with soymilk prepared from water 

presoaked beans , Hackler et  al ( 1 05 )  reported that the highest protein 

efficiency rati o (PER) was obtained when the milk was processed at 

1 21 °C for 5 - 1 0  minutes . 

In a study of the release of essential amino acids by 

enzymatic hydrolysis from properly heated and overheated soybean oil 

meals , Riesen et al (231 ) reported that the decreased nutritive value 

of the overheated meals was associated wi th a decreased liberation of 

essential amino acids and that in vitro enzymatic hydrolysis values 

may constitute an index of the relative nutritive value of different 

meals .  

Melnick and Oser ( 1 79 )  stated "for optimal utilisation of 

protein all essential amino acids must not only be available for 



ab sorpti on but also be l i berated during dige s tion in vivo at rat e s  

permit ting mutual supplementation . Heat-pro c e s s ing influenc�s the 

re lative rate of liberation o f  the amino ac i ds . " 

From growth s tudi es as wel l as s tudi e s  of in vitro rel ease 
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o f  amino acids and alpha-amino-ni t rogen , Clandinin an d collaborators 

(60, 6 1 ) s howed tha t  once the peak of enzymat i c  re lease i s  reached , 

meals of progres sively decrea sing quality are produced . Venkat esan and 

Rege ( 26 2 )  also not ed that the exten t  of breakdown in vi tro of pro­

t e inaceous ma terials by enzyme s often gives valuable informa tion on 

the avai labi lity of the amino acids to t he hos t in vivo and on the 

presence of any enzyme inhibitors as wel l  as on the e ffe c t s  re su l ting 

from pro c e s sing condi t ions . 

5 . 2  Objec tive and Expe rimental Plan 

The purpose of the wo rk reported in thi s chapter was t o  

c ompare the dige s tibil i ty i n  vi t ro o f  protei n s  i n  vari ous he at-treated 

soymilks prepared ei the r from carbonate or wa ter pre soaked soybeans , 

t o  determine whe ther any change of p rotein quali ty take s p lace due t o  

pretreatment in alkaline solut i on and also t o  evaluate the opt imum 

heat processing condi t i ons . The rat e  of enzymatic hydro lys i s  o f  

vari ous optimum heat-proc e s se d  so ym i lks was c ompared . A compari so n  

was also made o n  the suscept i bi l i ty t o  enzyme a ttack o f  optimum he at­

processed so ymi lks and o f  case in . 
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5 . 3  Experimental 

5 . 3 . 1  Materials , 

Freeze-dried soymilk samples used in this study l'lere the 

same as used in the previous chapter (Chapter 4 ) .  

Pepsin - 1 : 2500, The British Drug House Ltd . , England . 

Trypsin - same as in Chapter 4 .  

Casein - Freshly prepared in the laboratory by isoelectric 

precipitation using the me thod of Wallace and Aiyar ( 263 )  

5 . 3 . 2 Methods 

In vitro digestion studies using pepsin and trypsin 

The enzymatic hydrolysis was carried out according to the 

me thod of Venkatesan and Rege ( 262 ) with minor modifications . Freeze-

dried soymilk or casein samples each containing 0. 1 9  g protein were 

sus9enclcd in 20 ml of 0, 05 M HCl containing 25 mg pepsin at pH 1 • 6 or 

in 20 ml of 0, 2 M-Na2HPo4-HCl buffer containing 25 mg of trypsin at pH 

8 . 2 .  The mixture was incubated at 37°C for 24 hours with occasional 

swirling. 0 . 5 ml of toluene was added to the mixture before incubation 

as preservative . The undigested proteins and larger peptides were 

precipitated by adding 6 ml of 50 percent trichloroacetic acid  and 

the precipitates were removed by filtration. 

Pepsin followed by trypsin digesti on was carried out by 

incubating samples containing the same amount of protein wi th the 

same amount of pepsin as above in 1 8  ml of 0 , 05 M-HCl at 37° C for 

24 hours at pH 1 . 6 .  After pepsin digestion , the pH of the digests 

was brought to about 8 with 0 ,  5 f'I-NaOH and 1 .  0 g of :NaHCO� was added 
:J 

to bring the pH 8 , 2 . The final volume was made up to 20 ml , then 

25 mg of trypsin were added and the digestion mixtures were incubated 



0 for an additional 24 hours at 37 c .  Enzyme blanks were prepared by 

incubation under the condition d€scribed above wi th the soymilk or 

casein omitted . 
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In the experiment for the determination of rate of hydrolysi s 

by pepsin or trypsin , only optimum heat processed soymilks were used 

and samples were taken nfter specified times of digestion to determine 

the degree of hydrolysi s .  

Acid hydrolysis of the samples 

Samples either of freeze-dried soymilks or of casein contain-

ing 0 .095 g of protein were introduced into pyrex glass tubes followed 

by 26 ml of 6 M-HCl . After the contents were frozen each tube was 

evacuated and then sealed .  Hydrolysis was carried out under the con-

ditions described in Chapter 3. The insoluble humin was removed by 

filtration . 

Examination of the digests 

The amino nitrogen in all the di�ests was determined by 

using the method of Pope and Stevens (2 1 9 ) . The degree of hydrolysis 

of the proteins by enzyme (s ) was calculated by considering acid 

hydrolysis to be 1 00 percent.  The results reported have been corrected 

for the enzyme (s ) blanks . 

5 . 3 . 3  Results 

Effect of heat-treatment on the enzymatic hydrolysis 

of proteins in soymilks 

The influence of heat-treatment on the digestibility of 

proteins in soymilks prepared from water or carbonate presoaked beans 

by trypsin is  shown in Fig.  1 0 . The results demonstrate that the 
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diges tibi l i ty o f  proteins in �oymi lks increases wi th increas e  of heat­

treatment and coincide s  with the dec rease of trypsin inhibi tor ac tivi ty. 

Once the trypsin inhibitor has been destroyed further hea ting result s 

in a lower digestibili ty. The extent of hydro lysis of proteins under 

the specified condi tions is higher in soymilk prepared from carbonate 

presoaked beans than in mi lk prepared from water presoaked soybeans . 

This difference i s  1 9 . 1  percent of the total enzymatic hydro lysis when 

both the mi lks have been proc e s sed a t  98°C bu t the difference i s  only 

5 . 6 perc ent when bo th mi lks were p ro ce ss ed at 1 1 5°C. Wi th the soy­

milks pre pared from water presoaked beans the increase of hydro lysi s 

is 1 4 . 1  percent when the milk had been processed at 1 1 5°C ins tead of 

98°C ,  but wi th the carbonate pre soaked beans the maximum dige sti bi lity 

was the . same , irrespective of the temperature us ed in proces sing. 

In the study o f  pepsin di ges ti on o f  the vari ous heat­

processed soymilks , it was found that dige s tibi l i ty of the proteins in 

the unpro cessed soymi lk was the highest , and after treatment nt both 

98°C and 1 1 5°C thi s gradually dec reased as t he time of heating 

increased ( Table 9 ) . 



TABLE 9 .  Effect o f  processing on the peptic digestibility 

of proteins in soymilks . 
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Processing 0 Temperature 98 C Processing Temperature 1 1 5° C 

Time Water Alkali Water Alkali 
of presoaked presoaked presoaked presoaked 

processing preparation preparation preparation preparation 
i::J.in . percent percent pe rcent percent 

hydrolysis hydrolysis hydrolysis hydrolysis 

0 26 . 3  27 . 2  26 . 3  27 . 2  

1 0  25 . 9  26 .7 25 . 9  26 . 3  

20 25 . 9  26 . 3  25 . 4  25 . 9  

30 25 . 9 26 . 3  24. 6 25 . 0  

40 25 . 4  25 . 9  24 . 6  24 . 6  

50 25 . 0  24 . 7  

60 24 .7  24 . 7  

This decrease amounted to about 6 . 3  pe rcent using mi lk 

prepared from water presoaked soybeans whether  processed at 98° C for 

60 minutes or 1 1 5° C for 40 minutes and there was a 9 . 4  pe rcent 

decrease when milk from carbonate presoaked soybeans was processed 

under the same conditions . 

Rate of enzymatic digestion of proteins in vari ous 

optimum heat-processed soymilks 

Fig. 1 1  shows that the rate of hydrolysis , by pepsin , of the 

proteins in various soymilks was about the same irre spective of pre-

treatment or method of heat processing but Fig. 1 2  shows that  the 

tryptic digestion of the protein in milk prepared from carbonate pre-

soaked beans was faster and more extensive than that of milk prepared 

from water pre soaked soybeane .  
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I 
Comparison of ,enzymatic hydrolysis of heat-proc&ssed 

soymilks wi th that of casein 
1 

The results of pepsin , t�psin and combined sequential 

digestions of various properly heat-processed soymilks and of casein 

are set out in Table 1 0 . 

TABLE 1 0. Digestibility in vitro of heat-processed 

soymilks and casein .  

Heat processing Percentage hydrolysis with 
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Substrate Temp . Time Pepsin + oc Pepsin Trypsin min . Trypsin 

Milk prepared from 
water presoaked 98 60 25 . 4  23 . 7 34. 0 
soybeans 1 1  5 1 8  2 5 . 3  27 . 4  37 . 9 

Milk prepared from 
carbonate pre- 98 40 25 . 9  28 . 9 39 . 5  
soaked soybeans 1 1  5 1 8  25 . 9  29 . 1  40. 3  

Casein 1 6 . 8  30. 2 37 . 9 

The data indicate that casein was less susceptible to pepsin attack 

and slightly more susceptible to t rypsin attack than the proteins in 

soymilks .  The proteins of  soymilks were susceptible to  pepsin attack 

to about the same extent  irrespective of method of presoaking or heat-

treatment . The trypsin digestibility of proteins in soymilk prepared 

from water presoaked beans was inc reased when the higher processing 

temperature ( 1 1 5°C ) was used and approached that of soymilk prepared 

from carbonate presoaked beans . The exten t  of hydrolysis  wi th pepsin 

plus trypsin of proteins in soymilk prepared from water presoaked 

0 beans and processed at 98 C was appreciably lower than that of the 

other processed soymilks and of casein . 
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5 . 3 . 4  �iscussion 
i 

Using soymilk prepared by the water presoaking method this  

study has shown that a processing temperature of 1 1 5°C  instead of  98° C  

had the advantages not only of destroying the trypsin inhibitor more 

quickly (see Chapter 4 ) , but also of increasing the digestibility in 

vitro of the protein by trypsin .  Although complete inactivation of 

trypsin inhibitor occurred vThen the milk was processed at 98°C for 76 

minutes ( see Fig .  5 , Chapter 4 ) ,  there was no increase in trypsin 

digestibi lity after 40 minutes processing and the maximum trypsin 

digestibili ty was still only 80 percent of that found wi th the other 

soymilks . ll1elnick and Oser ( 179 )  showed that heating soybean meal in 

boiling water caused no improvement in the rate and degree of digest-

ibility of the protein component whereas autoclaving progressively 

increased digestibility concomitant vli th an increase in bi ological 

value up to a limiting time-tempe rature combination after which both 

values decreased. Riesen et al ( 23 1 ) stated that , in order to obtain 

a meal of  maximum nutritive value , sufficient heat must be applied not 

only to destroy the trypsin inhibitor but also to alter the protein in 

such a way that it may be more readily attacked by proteolytic 

enzymes.  Fukushima ( 95 )  reported that most soybean proteins are 

globular , the molecules being compactly folded, including in the 

interior a hydrophobic regi on , and the chains have lit tle susceptibi lity 

to proteinases before disruption of the internal structure. The same 

author ( 96) also showed that when soybean flour,  to which an equal 
0 volume of water had been added, was autoclaved at 1 00  C a smal l amount 

of native protein still remained after three hours heating whereas 

the native protein completely disappeared after a few minutes heating 

at either 11 0°C or 120°C .  Hayashi and Ariyama ( 113 ) sho1'1ed that the 

in vitro pancreatic digestibility of soybean protein is higher when 
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autoclaved with water at 1 1 0°C ,  than when boiled wi th water. Rackler 

et al ( 1 05 ) reported that the effect of processing soymilk at  1 21 °C 

was very striking, the peak of nutritional quality was reached in 

5 - 1 0  minutes of  heating at 1 21 °C,  whereas essentially no clmnge in 
0 nutritive value was noted for soymilk protein cooked at 93 C even 

after 90 percent of the trypsin inhibitor was inactivated.  

The trypsin digestibility of the protein from the soymilk 

prepared from carbonate presoaked beans was much higher than that  of  

th t k d b h b th  l h d b d at  98oc e wa er presoa e eans w en o samp e s  a een processe 

to adequately destroy the trypsin inhibitor activity. This is due to 

the fact that the combined effects of heat and alkalinity resulted in 

more complete unfolding of the globular proteins . This was also 

observed but to a lesser extent when milks prepared by the two methods 

were autoclaved at 1 1 5°C .  This suggests that the action of soaking 

and grinding the beans under alkaline conditions results in a change 

in protein sturcture further favouring trypsin attack and this  is  

apparent even after the protein has been exposed to  an appreciable 

heat treatment.  

On the other  hand , heat treatment was not found effective in 

improving the digestibi lity by pepsin of proteins in soymilks under 

the conditions used ,  since the proteins in unheated soymilks showed 

slightly higher digestibi lity possibly b ecause at lower pH (i . e .  pH 

1 . 6 )  the native proteins are unfolded anyway ( 236 ) .  The peptic 

digestibi lity of the alkali presoaked sample was 3. 4 percent higher 

than that of the water presoaked sample prior to heat processing but 

during processing the digestibility of the alkali presonked sample 

dropped more quickly than that of the water presoaked sample until all 

samples reached the same level of digestibility (Table 9 ) . The effect 
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of the alkali presoaking on the peptic digestibility was not directly 

related to the higher pH the milk reached during heat processing 

because a greater los s of digestibi li ty was observed for both the milk 

0 processed at 98 C where the pH reached 8 . 7  and for the milk that was 

autoclaved where the pH was the same at the beginning and the end of 

the process . The alkaline presoaking must thus result in a structure 

more exposed for pepsin attack prior to heat treatment . Table 1 0  

demonstrates clearly that the digestibility of soymilks prepared by 

0 the water presoak method and autoclaved at 1 1 5  C and of soymilks pre-

0 pared by the alk�line presoak method and then processed at 98 C were 

similar to the digestibili ties obtained "Ti th acid procipi tated freeze-

dried casein under identical conditions .  This suggests that the soy-

milk protein in these milks was as available to enzyme attack as was 

the reference casein sample . 

This study has shown that the alkaline presoak treatment 

followed by processing at 98°C gives digestibilitics which can be 

obtained only when milks prepared by the water presoak me thod are 

autoclaved at 1 1 5°C .  

5 . 3 . 5  Conclusion 

In addition to the advantages mentioned in the conclusion of 

Chapter 3, the alkaline presoaking t reatnent for the manufacture of 

soymilk has the further advantage that there is a more rapid 

destruction of trypsin inhibitor and this can be achieved using a 

simple system of heat �recessing and is wi thout any deleterious 

effect on the digestibility as creasured by the systems described . 



CHAPTER 6 

EFFECT OF PROCESSING CONDITIONS ON THE STABILITY OF 

PROTEINS IN VARIOUS SOYMILK PREPARATIONS 

6 . 1  Introduction 

It has been known for a long time that treatment of 

7 1 . 

solution of proteins with heat, acid or alkali causes denaturation of 

the protein and this  generally involves uncoiling of the relatively 

tightly folded native protein molecule to a more open and extended 

form ( 1 1 2 ) .  Due to the exposure of functional groups previously 

buried in the interior of the molecule , the potential energy of inter­

action increases when the protein undergoes denaturation . As a con­

sequence of this increase in potential interaction energy, the state 

of dispersion of the protein molecules in solution may change , for 

example , aggregation or even coagulation may occur during the 

denaturation ( 1 35 ) .  

The nature of the bonds between the molecules in the 

aggregate or in the coagulum varies between proteins , but frequently 

the molecules seem to be linked together through hydrogen bonds 

formed between the carboxyl and amino groups of neighbouring peptide 

chains which were liberated during the configurational perturbati on 

of the intramolecular secondary structure ( 1 30 ) .  In some proteins 

aggregation occurs through the sulphydryl-disulphide interchange 

reactions between the molecules ( 277 ) .  Divalent metals such as 

calcium and magnesium are able to form inter-chain or inter-polymer 

links between proteins resulting in a progressive increase in size of 



72 .  

the protein particles . The process of polymerisati on , if permitted to 

occur, must necessarily increase the tendency of the protein to 

coagulate (24 ) .  

Moist  heat treatment i s  necessary to inactivate the anti-

nutritional factors present in raw soybeans (see Chapter 4 ) .  One of 

the important changes that takes place during heat treatment of soybean 

meal  in an aqueous solvent is  the insolubilisati on of the maj or 

proteins ( 1 7 ) .  Mann and Briggs ( 1 7 1 ) reported that heating aqueous 

extracts of soybean meal resulted in the precipitation of protein in 

varying amounts , the quantity being precipitated increasing with 

increase in temperature and with increase in length of heating period . 

This precipitation was probably the result of a heat accelerated inter-

action of the protein components and involved primarily those protein 

frac tions other than globulins . However ,  although the isolated 

globulins alone were unaffected in their dispersibility by heat treat-

0 ment up to 90 C for 2 hours,  they became increasingly more non-

dispersible when heated in the presence of the other protein components 

of the soybean extract .  

Since the formation of a S oybean Protein Nomenclature 

Committee under the sponsorship of the Oilseeds Divisi on , American 

Associati on of Cereal Chemists , the names used in the past for soybean 

proteins are discontinued except for Glycinin , the name given by 

Osborne and Campbell to the major reserve protein of soybeans . It 

appears that various proposals are under study as possible solutions 

to the nomenclature problem . Most of them are based on the ultra-

centrifugal behavior of the proteins ( 272 ) .  Ultracentrifugal studies  

showed that the soybean proteins consist of four components having 

s20w of 2 ,  7 ,  1 1  and 1 5S respectively, of which the 7S  and 1 1 S  com-
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ponents c onstitute the maj or part of  the proteins (for detai l see the 

recent review by Wolf (273 ) ) .  The 1 1 S  protein corresponds to elycinin . 

Catsimpoolas et al ( 55 ) showed that on heat treating a 0 . 3 

percent solution of  glycinin at temperatures above 70°C it dissociates  

at  first into subunits and the solution then becomes increasingly 

turbid due to the aggregation of the dissociated subunits and the 

protein partially precipitates when heate d  to 90°C .  Glycinin appears 

to be stable to heating up to 50°C and very little change is observed 

between 50° and 70° C .  

Tt/olf and Tamura ( 27 4 )  reported that heat treatment disrupts 

the quaternary structure of the 1 1 S protein and separates the subunits 

into two fractions . Denaturation of 1 1 S  protein at 1 00°C proceeds 

through at least three steps  designated (a) to (� in the following 

reation scheme : 

(a) ' � _7 1 1  S _ __.;;..�.._-:i':: A-subuni ts + LB-subuni t.21 

l (b ) 

soluble aggregates 

6 . 2  Objective and Experimental Plan 

__ ( ... c .... ) __ )'*' insoluble 
aggregates 

It appears from the above discussion that soy proteins 

undergo reaction or interaction during heat treatment and the extent 

of this depends on the degree of heat t reatment . In Chapter 4, we 

demonstrated that heat processing at 1 1 5° C for about 1 7  minutes must  

be applied to destroy the antinutritional factors in soymilks pre-

pared either from water or carbonate presoaked beans . The wo rk 

reported in the present chapter was carried  out to investigate the 

effect of this optimum heat treatment on the viscosity and the 
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insolubility of the solids which will  indicate any changes of protein 

structure in soymilks . Any significant role calcium ions had in the 

aggregation process was also investigated .  

6 . 3  Experimental 

6 . 3 . 1  Materials and Methods 

Preparation and processing of soymilks 

Soymilk was prepared either from water or carbonate presoaked 

beans according to the method previously described (Chapter 2 ) . 

Distilled water was used throughout the study starting from the washing 

of the beans through to diluting the slurry. The prepared milk was 

further filtered through a sintered glass funnel no . 1  (pore dia. 1 00 -

1 20 p ) ,  followed by no . 2  (pore dia. 40 - 50 p ) . The processing of 

0 the resulting soymilk was carried out at 1 1 5  C for 1 7  minutes  in a 

21 1 x 309 can with the standard net head space . 

Viscosity measurement 

The viscosities of the various soymilks were measured 

according to the method described earlier ( Chapter 3 ) . 

Determination of insolubility of solids in soymilks 

The �uantity of insoluble solids in soymilks either raw or 

after processing at 1 1 5°C for 1 7  minutes  was determined by two methods .  

The first method was the New Zealand standard method for the deter-

mination of the solubility index of dry milk powder (250 ) . Results 

of this method would indicate suitability of the processed soymilks 

as a commercial product .  The second method involved centrifugation 

at 38 , 000 x g for 20 minutes ,  using the high speed attachment to a 

model UV International centrifuge . The results from this method gave 
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a measure of the extent of aggregation o f  the protein occuring during 

processing . In both methods the dry weight of sediment was recorded 

as a percentage of total solids and, "l'rhere indicated in the table , 

the volume of sediment per 1 0  ml of milk is  recorded. 

Determination of volume of the sediment 

Transparent nitrocellulose centrifuge tubes of 1 0  ml 

capacity were carefully calibrated into 0 . 1 ml division with vmter. 

The volume of the sediment was recorded as millili tres in the tube to 

the nearest graduated scale division. 

Determination of calcium content in sovmilks 

The calcium content in the soymilk was determined according 

to the method of the A. O.A . C .  (1 3 ) .  

Treatment of  the milk with metal chelating agents 

(a ) Sodium hexametaphosphate-(NaP03 )6 • 0 . 05 ,  0. 1 0 , 0 . 1 5 ,  

0. 20 , 0. 25 ,  and 0. 50  g of (NaPo3 )6 vms added respectively to 1 00  ml 

samples of raw soymilk prepared by the water presoaking procedure and 

to samples of the same milk which had previously been heat treated to 

1 1 5°C for 1 7  minutes . The raw soymilk to which (NaP03 )6 had been 

added was then processed at 1 1 5° C for 1 7  minutes .  

(b ) Ethylene diamine tetra-acetic acid-(EDTA) . 0 . 05 ,  0. 1 0 , 

0. 1 5 , 0 . 20, and 0 . 25 g of EDTA (disodium salt ) was dissolved 

respectively in 1 0  ml aliquots  of disti lled water and the pH of the 

solution was adjusted to 7 . 0  by adding a few drops of 1 M-NaOH solution . 

To thi s  were added 90 ml of soymilk prepared from water presoaked 

beans either raw or previ ously heated at 1 1 5°C/1 7  min. The total 

solids content in 90 ml of milk was the same as in the 1 00 ml of milk 

used in (a ) .  The raw soymilk which had been treated vrith EDTA was 
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then processed at 1 1 5° C for 1 7  minutes as in (a ) .  

(c ) Trisodium polyphosphate-(Na3f}Q1 0) and sodium 

dihydrogen orthophosphate-(NaH�4. 2H� Na3P3o1 0  
and NaH2Po4. 2H20 ( 1  : 1 )  were used to treat the soymilk prepared from 

water presoaked beans . The pH of this combination was about 6 . 8 .  

Using these two chemicals combined,  the treatment given to the soymilk 

(water presoaked preparation ) was the same as in (a ) ,  

6 • 3 .  2 Results 

Effect of processing on the viscosity of soymilks 

The results are given in Table 1 1 .  

TABLE 1 1 .  Effect of processing conditions on the 

viscosity of  soymilks . 

Processing conditions 
&l.mples Temp. Time o c min 

Soymilk prepared from 
water presoaked beans Nil Nil 

Soymilk prepared from 
water presoaked beans 1 1 5 1 7  

Soymilk prepared from 
carb9nate pres oaked beans Nil Nil 

Soymilk prepared from 
carbonate presoaked beans 1 1 5  1 7  

Reduced 
viscosity 

( � red )  

0 . 23 

0. 36 

o. 41 

0. 4 1  

Table 1 1  shows that the viscosi� of  soymilk prepared from 

carbonate presoaked beans prior to heat-treatment is very much higher 

(about double ) that of the soymilk prepared by water presoaking 

procedure . On heating the viscosity of water presoaked preparation 



is increased whereas that of the' soymilk prepared by the carbonate 

presoaking procedure remains the same . After identical heat 

processing conditions ( 1 1 5°C/1 7 min ) the viscosi ty of the carbonate 
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presoaked preparation is  still higher than that of the soymilk prepared 

from water presoaked beans . 

Effect  of processing and time of ageing after processing 

on the viscosity of soymilks 

The similar visco sities of raw and heat processed ( 1 1 5° C/1 7 

min) soymilks prepared by carbonate presoaking procedure as shown in 

Table 1 1  made it  necessary to further investigate the effect  of time 

0 of heat-treatment at 1 1 5  C and the time of ageing on the visco sity of 

soymilk and the results are set out in Table 1 2 , 

TABLE 1 2 . Effect of processing and time of ageing after 

processing on the vi scosity of soymilks . 

Samples 

Processing 
condi tions 

Apparent viscosities of soymilks 
after different time intervals 

after processing. cps 

Soymilk prepared 
from water pre­
soaked beans 

Soymilk prepared 
from water pre­
soaked beans 

Soymilk prepared 
from carbonate 
presoaked beans 

Soymilk prepared 
from carbonate 
presoaked beans 

Soymilk prepared 
from carbonate 
presoaked beans 

Temp . oc 

Nil 

1 1 5 

Nil 

1 1  5 

1 1 5  

Time 
min 

Nil 

1 7  

Nil 

5 

1 0  

2 . 24 

2 . 60 

3 . 28 

2 .88 

2 . 88 

2-h 4-h 8-h 

2 . 60 2 . 66 2 . 6 3  

2 , 88 2 , 90 3 . 1 0  

2 . 96 3 . 06 3 . 22 

Table 1 2  continued over page • • • • • • • • • • •  
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Table 1 2  continued • • • • • •  

Samples 

Processing 
conditions 

Apparent visco sities of soymilks 
after different time intervals 

after processing. cps 

Soymilk prepared 
from carbonate 
presoaked beans 

Soymilk prepared 
from carbonate 
presoaked beans 

1 1  5 

1 1  5 

Time 
m in 

1 7  

1 
2-h 

3. 06 

3. 20 

2-h 4-h 8-h 

3 . 20 3 . 26 

3 . 22 3 . 28 

The results demonstrate that the visco sity of raw soymilk , 

prepared by the carbonate presoaking procedure decreased from 3 . 28 t o  

2 . 88  after 5 minutes of heating at 1 1 5°C and remnined the same a t  1 0  

minutes of  heating and then gradually increased as the time of heat­

treatment increased . The viscosi ty of the soymilk heated at 1 1 5°C/1 7 

minutes was still lower than that of the same milk in the raw state . 

This viscosity measurement was done vli thin half an hour after process-

ing . As the time of ageing was increased the visco si ties of the heat 

treated soymilks also increased . I t  is  also interesting to  note that 

the viscosity on ageing reached that  of the raw sample more quickly 

in the soymilks which had been processed for the longer times . 

Effect of processing on the insolubility of the total 

solids in soymilks 

Soymilks , raw and heated ( 1 1 5° C/1 7 min ) , prepared either 

from water or carbonate presoaked beans were centrifuged using a 

relatively low speed centrifuge according to the solubili ty index 

method and also using a high speed centrifuge ( 38 , 000 x g ) . The 

dry weight of the residues obtained by both test methods and the wet 

volumes of the residue in the high speed centrifuge method are 



presented in Table 1 3 . 

TABLE 1 3 . Effect of processing on the insoluble solids 

content of soymilks . 

Insolubility of solids content 

Processing Using Using high speed 
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conditions solubility centrifuge at 38 , 000xg 
Samples index 

method % of total wet vol .  of 
Temp. Time Dry wt . 1{, solids sediment per oc m in present  in 1 0  ml of 

the milk . 
sediment ml 

Milk prepared from 
water presoaked beans Nil Nil Nil 3. 52 0 . 70 

11 1 1  5 1 7  < 0 .0 1  6 . 00 0 . 40 

Milk prepared from 
carbonate presoaked 
beans Nil Nil Nil 5 . 50 0 , 60  

11 1 1 5  1 7  <O .  01  7 . 1 6  0 . 45 

The centrifugal separation of solids from raw soymilks pre-

pared either from water or carbonate presoaked beans is  nil and less 

than 0. 01 percent of the total solids is sedimented from the heated 

soymilks in both cases when measured by the solubility index method . 

Using the high speed centrifuging method , b.oth the raw and 

the heated soymilk samples prepared by carbonate presoakin.g procedure 

gave higher quantities of  sediment when compared with the correspond-

ing samples prepared from the 1·mter presoaked beans. The results 

also indicate that the insoluble solids content increased due to 

heat-treatment ( 1 1 5° C/1 7  min) in the same order of magnitude in the 

soymilks prepared from b oth the water and the carbonate presoaked beans . 
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The wet volumes of the sediments are higher in the raw soy-

milks than those of heated soymilks 'I'Ti th both presoaking procedures . 

The difference between the raw and heated samples is  higher with the 

water presoaked preparation than with that of soymilk prepared from 

carbonate presoaked beans . 

Calcium content in soymilks 

The results are shown in Table 1 4 . 

TABLE 1 4. Calcium content in soymilks 

Soymilk prepared from 

mg/1 00 ml 
milk 

"YTater  presoaked beans 28 

Soymilk prepared from 
carbonate presoaked beans 25  

Cow ' s  milk 1 20 

The Table 1 4  shows that the soymilks prepared either from 

water or from carbonate presoaked beans contained about the same level 

of calcium which is much less than that in cow ' s  milk .  

Effect  of treatment with calcium chelating agents on 

the viscosity of soymilks 

The soymilk prepared from water presoaked beans was treated 

with various chelating agents such as sodium hexametaphosphate 

(NaP03 )6 , ethylene diamine tetra-acetic acid ( EDTA) , and trisodium 

polyphosphate (Na�3o1 0 ) plus sodium dihydrogen orthophosphate 

(NaH2Po4 ) ,  to establish what effect complexing of calcium would have 

on the aggregation process . The viscosities o f  the variously treated 



soymilks are reported in •rables 1 5  - 1 7 . 

TABLE 1 5 . Effect of treatment with sodium hexameta-

phosphate- (NaP03 )6 on the viscosity of soymilk (water 

presoaked preparation ) .  

Reduced viscosity ( 1 red . ) 

Addition of  After After After 
addition additi on to addition to 

(:NaP03 )6 to milk raw soymilk 
raw previously and then 

% soymilk heated at heated at  
1 1  5° c/ 1 7 min 1 1 5°C/1 7 m in 

Nil 0 . 23 0 . 36 o .  36 

0 . 05 0. 24 0 . 36 0. 5 1  

0. 1 0  0. 25  o .  36 0 . 57 

0 . 1 5  0 , 24 0 . 37 0. 58 

0 . 20 0. 24 o .  37 0 . 56  

0 . 25 0 . 24 0 . 38 0 . 58 

0 . 50 0 . 23 o .  39 Gel 

The results in Table 1 5  show that addition of (NaPo3 )6 to 

raw or  heated ( 1 1 5° C/1 7 min ) soymilks results in no change in 

viscosity from the control samples which have not been treated 'nth 
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(NaPo3 )6 • But on heat-treatment , the viscosity of raw soymilk which 

has previously been treated with (NaP03 )6 , increased with the 

increasing quantities of (NaPo
3

)6 and at  0 . 5 percent concentration 

the milk gels .  



TABLE 1 6 . Effect  of combined treatment wi th trisodium poly­

phosphate (Na3P3o1 0 ) plus sodium dihydrogen orthophosphate 

(NaH2Po4 ) on the viscosity of soymilks (water presoaked 

preparation ) . 

Addi tion of 
Reduced viscosity ( � � d ) -'- e  • 

polyphosphate After addition After addition After addition 
and to to to raw soymilk 

phosphate ( 1 : 1 ) raw soymilk soymilks and then 
% nreviouslt heated at 

� heated a 1 1 5°C/1 7  m in 1 1 5 ° C/1 7  min 

Nil 0. 23 o .  36 o. 36 

0. 05 0. 25 0. 36 o. 39 

0 . 1 0  0. 25 0. 40 

0. 1 5  0. 24 0 . 40 

0 . 20 0 . 24 0. 40 

0 . 25 0. 24 o. 36 0. 39 

0. 50  0 . 24 o. 36 0. 39 

Table 1 6  shm'ls that the viscosi ties of  phosphate treated 

soymilk samples either raw or preheated at 1 1 5°C/1 7  min are about 

the same ee those of the control samples .  A slight increase in 
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viscosity is  observed when the raw soymilks pretreated wi th phosphates 

0 are heated at 1 1 5  C for 1 7  minutes .  
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TABLE 1 7 .  Effect of treatment wi t h  ethylene diamine 

te tra-ac e t i c  acid- (EDTA) on the vis cosi ty of soymi lks 

(water pres oaked p re parati on ) . 

Addi tion of 
EIDTA 

Ni l 

0 . 05 

0 . 1 0  

0 . 1 5  

0 . 20 

0 . 25 

0 . 50 

Reduced visco si ty ( >; 
d 

) 
re • 

Aft er addi tion 
t o  

raw soymi lks 

0 . 23 

0 . 23 

0 . 24 

o .  31 

0 . 36 

0 . 54  

0 . 70 

Afte r  addi tion 
t o  

soymi lk s  
previ ously 

heated at 
1 1 5°C/1 7 min 

0 . 36 

0 . 37 

0 . 37 

0 . 38 

0 . 39 

0 . 40 

0 . 44 

After additi on 
t o  

raw soymilks 
and then 

hea ted at 
1 1 5°C/1 7 min 

0. 36 

0 . 62 

0 . 98 

Gel 

The resul ts in Tab l e  1 7  show that t reatment of raw s oymi lk 

samples with EDTA caused an inc reas e  in vi s c o si ty .  Subsequent heat-

t reatment of these sampl es increased the vi sco s i ti e s  more rap i d ly and 

gelation o ccurred at 0. 1 5  percent conc entrati on .  When the previ ously 

heated samples are treated wi th EDTA a t  the concent rati ons us ed , the 

vi scosi ty is affected to a much smaller extent than in the o ther two 

case s .  
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6 . 3 . 3  Discussion 

Soymilks prepared from water presoaked beans behave 

differently in their changes in visco sity when processed at 1 1 5° C from 

the milks prepared by the carbonate presoaking procedure . 

At high alkaline pHs ( soaking at  pH 1 1 . 1  and grinding at 

pH 9. 7 ) ,  protein particles hydrate more extensively and swell thus 

contributing to the increase in visco sity ( 1  ) .  If the particles are 

compact ,  hydration is restricted to surface layers . If the particles 

have a loose structure , hydrati on does  no t depend only on the surface 

area of the particles because the water mclecules can now penetrate 

the frame work of the molecules ( 1 33) . I t  is  known that the soy 

proteins are globular, compactly folded and include an interior hydro­

phobic region (95 ) .  In the present study at the high alkaline pH 

during the carbonate presoaking , the -COOH groups of proteins would be 

expected to be dissociated into ions and the protein particles swell  

or unfold due to the mutual repulsion of the negatively charged groups .  

Glutamic and aspartic acids together represent around 32 percent of 

the total amino acid content and c ould thus be significant sources of 

these ionisable carboxyl groups .  Since the protein particle is  

electrically charged and its structure is  consequently loosened , it is  

rendered capable of becoming more hydrated. Nakajma and Scheraga ( 201 ) 

showed that the degree of hydration of ribonuclease at pH 9 . 53 is more 

than double that at pH 5 . 87 at 60° C .  !1cAnelly ( 1 76 )  found that 

increasing the pH of spent soybean flakes before desolventising and 

toasting , and heating the treated flakes for a short peri od of time 

greatly improved the water absorption properties . This is  supported 

by the data presented . 



In summary the following change s appear to be o ccuring 

during the prepara ti on and pro cessing of the two type s of soymilk 

Original mi lk 

Heated 1 1 5° C/1 0 min 

Heated 1 1 5° C/1 7 min 

Rehydrati on 

Apparent vi s c o s i ties ( cps ) 

Water pre s oaking 

2 .  24 ( 1 )  

2 . 60 ( 5 )  

2 . 66 (7 )  

Carbonate pre s oaking 

3 . 28 (2 )  

2 .88 (3 )  

3 . 06 (4 ) 

3 . 28 ( 6 ) 

These effe c t s may be e xplained as fol l ows : 

( 1 ) and (2 )- this di fference i s  probably the consequence of the 

swelling of the s oy prot eins unde r the effe c t  o f  the alkaline con­

diti ons and the pers i s t enc e of t hi s  enlarged structure through 

inc reased hydration - a struc tural change as a consequenc e of the 

carbonate pre s oaking has already been sugge s ted in Chapter 5 .  
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(2 ) and ( 3 )- t lri s di fference repre sents reduc tion in the s i z e  o f  the 

prot ein particles due to dehydration during heating and sugge s t s  that 

at this point there i s  no effect of he at denaturation on t he prot ein 

s truc ture because of the pri or e ffect of the alkaline treatment . 

( 3 )  and (4 )- thi s  di fference represent s furthe r  unfolding o f  the 

protein and pos s ib ly some aggregati on due t o  heating to give a larger 

apparen t vo lume desp i te the vo lume reduc ti on effect of dehydration .  

( 1 ) and ( 5 )- thi s di f fe rence c on s equen ton unfo lding duo t o  he at 

denaturat ion ( 1 30 )  s ugge s t s  that the unfo lding o f  the pro tein and 

po s s ibly s ome aggregat i on have made a greate r  c ontri bution in thi s  

case to the inc rease in "swept " vo lume than the relative los s in 

parti c le vo lume consequent on dehydrati on . 
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( 4 )  and ( 5 )- the effect of carbona te presoaking on the swelling of t he 

protein i s  permanent and unfo lding due to hea t  denaturation does not 

contribute as much to the increase in "swept " volume as does the effect 

of alkali . 

( 4 )  and (6 )_  rehydration occurs on cooling and ageing for on 

denaturation protein doe s  not l o se its water binding capaci ty to any 

great extent ( 1 1 2 , 1 35 ) .  The return to the same apparent viscosity is 

probably c oincidental in view of the obvious heat denaturati on that 

has o ccurred with it s cont ributi on to vi scosity change s . 

( 5 ) and (7 ) - further rehydration in this system contributes very 

li ttle to viscos ity changes . 

( 6 )  and (7 ) - heat denaturati on and rehydrati on ha s le ss effect than 

alkaline soaking on the vi scosity .  

There i s  thus evidence that carbonate presoaking causes a 

readily di scernible change in the structure o f  the protein .  

The vi scosity of soymi lk prepared from carbona te pre soaked 

b eans reported in Chapt e r  3 is highe r than trut in the present s tudy 

b ecause o f  the di fferenc e s  in bo th the fi l tration and the processing 

o f  the resulting soymilks . 

The proteins in the soymilks prepared ei the r by the water 

or by the carbonate presoaking procedures are highly s tabl e  under the 

processing condi tions us ed in the pres ent study as indicated by the 

negligible precipitates obtained even when using high speed c entri­

fugation (38, 000 x g ) . The wet volume s of the sediment in the case 

of raw soymi lks are higher (highes t  in water presoaked preparation ) 
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than those of  heat processed soymilks in both the presoaking procedures .  

This higher volume of  the sediment from the · raw soymilks i s  principally 
I 

due to the higher quantity of water both bound and free which 

accompanied the protein particles .  I t  was observed during the 

experiment that the sediment from the raw water presoaked preparation 

was more loosely packed at the bottom of the centrifuge tube than that 

from the raw carbonate presoaked preparati on . The sediment from the 

heated soymilks were firmly packed in the sediments from both the 

presoaking procedures probably because lower quantities of water 

accompanied the sediment . It appears that measuring the volume of the 

precipitate after high speed centrifugati on does not give a true 

measure of the extent of insolubi lity caused by processing . 

The possibility of involvement of calcium ions in the 

aggregation process and the increase in viscosity during heat-

processing is ruled out . This i s  probably due to the low level s of 

calcium present in the soymilk (Table 1 4 ) .  

It can be seen in Tables 1 5 - 1 7  that the viscosities are 

increased during treatment with calcium chelating agents.  This  is  

probably due to  electrostatic effects .  Similar effects will be  

studied in detail in Chapter 7 .  



7 . 1 Introducti on 

CHAPTER 7 

EFFECT OF ELECTROLYTES ON THE STJU3ILITY 

OF PROTEINS IN SOYMILKS 
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The viscosities of heated protein solutions , in general , are 

very much greater than the vi scosities of native protein solutions , 

particularly when salts are present (277 ) .  The heat alters the shape 

of the protein molecule by denaturation wi th concomitant viscosity 

increases and also cross-reacti ons between the protein molecules 

affected by the heat are increased by the presence of salts  and are 

greates t  near the i soelectric point . Due to these cross reactions an 

abrupt inc rease of visco sity takes place . The extent of cross 

reactions which lead to this viscosity increase is  limited by the 

presence of like electric charges on the molecule since these lead to  

electrostatic repulsion be tween molecules ( 1 30 ) , but this effect is  

overcome by an increase in ionic strength . 

Zittle and Della Monica ( 277 ) showed that maximum vi scosity 

is  achieved when a solution of 1 . 8 percent j3 -lactoglobulin is  heated 

at 90°C for 30 minute s  with o. 25 M sodium chloride at pH 6 . 7 .  Below 

pH 6 . 7 the solution gel s .  Zittle (278 ) reported that an aqueous 

solution of K-casein at pH 7 . 0  is  not affected by heating at 1 00°C 

for 5 minutes. If , however, 0. 05 M sodium chloride is present the 

K-casein is �e to heat. 
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Frensdorff et al  (92)  studied the effects of various electro­

lytes  on the gelling time of  a 3 percent solution of ovalbumin 

denatured in 1 0  M urea at pH 7 . 6  - 8. 0 .  They reported that two 

important effects may be noted : (a ) increasing the electrolyte 

concentration accelerates gelling ; and (b ) electrolytes wi th more 

highly charged anions are more effective gelling agents than those 

with monovalent anions . This effect i s  so strong that gelling occurs 

at a protein concentration as low as 2 percent in the presence of 0. 2 

M sodium sulphate . The cationic charge seems to be unimportant , sinc e 

the gelling time is the same in 0 . 1 r1-NaCl ::ts in 0. 05 M-CaC12 • 

Zubay and Doty ( 279 )  shoived that heating a solution of 0. 5 

percent bovine serum albumin at pH 5 . 5  caused partial heat coagulation 

as evidenced by the formation of a milky opacity in the solution 

(Note : isoelectric point of BSA is 4 . 5 )  but at pH 6 . 5 ,  no heat 

coagulati on occurs . They suggest that  as the pH becomes higher,  the 

negative charge on the albumin rises and apparently the repulsion 

between albumin molecules becomes great enough above pH 6 . 0 to 

prevent effective contact . The repulsion caused by this charge effect  

should be  overcome in a medium of high ionic strength , and accordingly 

when the albumin at pH 6 . 5 i s  heated in 0 . 04 M-NaCl coagulation occurs . 

Smith e t  al ( 245 ) found that sodium chloride disperses less  

of  the nitrogenous materials from soybean meal than is  dispersed by 

water and that soybeans have a minimum point of dispersion at about 

0 . 1 M-NaCl . On increasing the concentration of the sodium chloride 

extractants over 0 . 1 M,  the extractability of the nitrogenous 

materials from soybean meal also increases and reaches a maximum of 

0 . 5 M-NaCl but is  still much less than that extracted by water .  They 

attributed the lower dispersibility of the nitrogenous materials to 



the flocculation of the protein during extraction . 

7 . 2  Objective and Experimental Plan 

The literature , reviewed above , clearly indicates that the 

stability of proteins is affected by the presence of electrolytes .  

The method developed by us for the production of bland flavoured 

soymilk involves presoaking and grinding the beans in an alkaline 

medium (sodium carbonate ,  see Chapter 2 ) .  Neutralisation of the 

extract from pH 9 . 7  present during grinding to pH 6 . 7  wi th hydro-

chlori c  acid before heat-treatment results in the formation of about 
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0. 1 percent of sodium chloride . Therefore , a study was undertaken to 

inves tigate the effect of electrolytes on the viscosity of soymilks 

wi th particular reference to sodium chloride . 

7 . 3  Experimental 

7 . 3 . 1  Materials 

Electrolytes 

1 )  Sodium chloride (NaCl ) - Analar grade 

2 )  Sodium nitrate (NaNo3 ) - Analar grade 

3 )  Calcium nitrate ( ca (No3 ) 2 ) - Reagent grade 

7 . 3 . 2  Methods 

Preparation of soymilk samples 

Soymilk was prepared from carbonate and water presoaked beans 

according to the method described in Chapter 2 .  Distilled water was 

used for the washing , soaking the beans and diluting the slurry after 

grinding. The milk was finally fi ltered through a sintered · glass 

funnel no . 1  porosity followed by filtering through a no . 2  porosity as 

in Chapter 6 .  



Treatments of soymilk wi th various electrolytes 

O . C)5 ,  0. 1 0 ,  0. 1 5 ,  0. 20 , 0 . 2 5 ,  and 0. 50 g either of .NaCl , 

NaN03 or Ca (No3) 2 was added at room temperature ( 1 7° - 20°C )  

respectively to 1 00 ml of raw soymil�: or preheated (1 1 5°�1 7  min ) 

91 . 

soymilks prepared from water presoaked beans . The raw soymilks 

treated with electrolytes were then processed at 1 1 5°C for 1 7  minutes .  

Conductivity measurement 

The measurement of electrical conductivity in the various 

soymilk sample s was carried out according to the British Standard 

�1ethod (43) at a temperature of 20°C and a frequency of 1 000 c/s . The 

apparatus used was a Philip resistance meter type-GM 4249/1 0 which 

measures the resistance between the electrodes of the cell (Philips , 

PR 95 1 0 ) .  From this information the conductivity was calculated 

(see Appendix 7 ) .  

Viscosity measurement 

The viscosity of the various soymilks was determined accord-

ing to the method described previously ( Chapter  3 ) .  

Determination of degree of aggregation of protein in soymilks 

treated with sodium chloride 

The extent of aggregation of the proteins in the raw soymilk 

after treating wi th different concentrations of sodium chloride at 

room temperature ( 1 7° - 20°C )  was determined by centrifugation at 

38 , 000 x g for 1 0  minutes and the results were compared with data 

from control sample . 



7 . 3 . 3  Results 

Effect  of electrolytes on the stability of proteins in 

soymilk (water presoaked preparation) 
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Three electro lytes , sodium chloride , sodium nitrate and 

calcium nitrate, were used. Their effects on the stabi lity of 

proteins were measured in terms of changes in viscosity and in the 

formation of a c oagulum. The results are reported in Tables 1 8  - 20 . 

Table 1 8  shows that with the increase in concentration of YaCl in 

raw soymilk the visco sity also increases and reaches a maximum at a 

concentration of 0 ,2  percent . On further increase in concentration of  

NaCl over 0. 2 percent , the viscosity of the sample decreased and a 

c oagulation occurred , When these sodium chloride treated raw soymilk 

samples were heated at 1 1 5° C for 1 7  minutes , the viscosities of the 

samples were greatly increased even at the lower concentrations of 

NaCl and maximum viscosi ty was reached in the sample which contains 

0 . 1 percent NaCl . The proteins were coagulated in samples which 

contained NaCl concentration over 0 . 1 percent .  On the other  hand if  

sodium chloride 'I'Tas added to  samples of the same soymilks which had 

been preheated at 1 1 5°C for 1 7  minut e s ,  no change in vi scosity was 

observed even at a concentration of 0 . 5 percent NaCl . 

The results in Table 1 9  demonstrate the effect of sodium 

nitrate on the viscosity and the protein coagulation of soymilk 

samples (water presoaked preparation ) which had been treated in the 

same way as in the case of sodium chl oride . The behaviour of sodium 

nitrate in increasing the viscosity of soymilks , and in coagulating 

the proteins was similar to that of NaCl except that the effect  was 

milder in the case of NaN03 • The maximum reduced viscosity of raw 

soymilk treated with NaN03 was 0 . 60 at 0 . 2 5  percent concentration 



:NaCl 
added 

% 

Nil 
0 . 05 
0. 1 0  
0. 1 5  
0. 20 
0. 25 

0. 50 

Vis co s i ty 
of 

TABLE 1 8 .  Effect o f  sodium chloride on the stability of 
proteins in soymilk (water presoaked preparation ) .  

Addition to raw soymilk Addition to s oymi lk 
Preheated at 1 1 5° C/1 7 min 

Addition to raw so�ilk and 
then heated at 1 1 5  C/1 7 min 

solvent* ----------------------------------------------------------------------------------------
cps 

0. 893 
0. 894 
0. 895 
0. 897 
0. 898 
0 . 899 

0 . 905 

Conduc tivi ty Reduced 
pmho s/cm visco s i ty 

( "!red ) 

2 . 25 X 1 03 0. 23 
2 . 88 X 1 03 0. 27 

3. 60 X 1 03 0 . 60 

4. 50 X 1 03 0. 76 

5. 1 4  X 1 03 0. 87 

5 . 33 X 1 03 0. 79** 

9 . 00 X 1 03 0 . 7 5** 

Conduc tivi ty 
pmho s/cm 

2 . 25 X 1 0 3 

3. 00 X 1 03 

3. 60 X 1 03 

4. 60 X 1 0  3 

5 . 1 0  X 1 03 
':<: 

5. 50 X 1 0"" 

9. 00 X 1 03 

Reduced Conductivi ty Reduced 
Viscosity )llllhos/ cm v-iscosity 

( 'ted ) ( Y]red ) 

0. 37 2. 25 X 1 03 0. 37 
0 . 38 3. 00 X 1 03 0 . 67 
o. 38 3 . 60 X 1 03 1 . 1 5  
0. 38 4 . 50 X 1 0  3 coagulation 

0 . 38 
o. 38 

0 . 38 

* Taken from : Handbook of Chemistry, N . A . Lange ( Chief Editor ) , 1 Oth edition ,  Hc Graw-Hi ll 
�ook Company ( 1 96 6 ) p . 1 67 7  

* *  Slight separation of the phases 

\.0 VI . 



NaN03 
Added 

% 

Nil 
0. 05 
0. 1 0  

0 . 1 5  
0 . 20 

0 . 25 

0 . 50  

TABLE 1 9. Effect  of sodium nitrate on the stability of 
proteins in soymilks (�m.ter presoaked preparation ) .  

Viscosity Addition to raw soymilk Addition to soymilk Addition to raw so�ilk and 
of preheated at 1 1 5°C/1 7 min then heated to 1 1 5  C/1 7 min 

solvent* 
Conductivity Reduced Conductivity Reduced Conductivity cps pmhos/cm viscosity )llllhos/cw. viscosity )JJilhos/cm 

( "'flred ) ( ')red ) 

0 .893 2 . 00 X 1 03 0 . 23 2 . 1 0  X 1 0  3 0 . 36 2 . 1 0  X 1 03 

0 .893 2 . 60 X 1 03 0 . 24 2 . 70 X 1 03 0 . 35 2 . 60 X 1 03 

0 . 894 3 . 1 0  X 1 03 o. 3 1  3 . 1 0  X 1 03 0. 36 3 . 1 0 x 1 o3 

0 . 895 3 . 60 X 1 03 0 . 43 3 . 40 X 1 03 o. 35 3 . 60 X 1 03 

0. 896 4 . 00 X 1 03 0. 57 4 . 00 X 1 03 0 . 37 4 . 00 X 1 03 

0 .897 4 . 40 X 1 03 0 . 60 4 . 50 X 1 03 0 . 37 
0 .898 6 . 50 X 1 03 o. 58** 6 . 50 X 1 03 0. 36 

* Taken from : Handbook of Chemistry,  1� . A. Lange ( Chief Editor ) , 1 0th edi tion , 
�1cGraw-Hill  .3ook Company ( 1 966 ) p .  1 677 

** Slight separation of the phases 

Reduced 
viscosity 

( 11r:::i ) 

0 . 36 
0 . 49 
0 .74 
0.85 

coa;Tllation 

\.0 
.p.. . 
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compared wi th 0 . 87 at 0.  20 percent concentration of NaCl . ':'/hen the 

raw samples pretreated with NaN03 were heated at 1 1 5° C for 1 7  minutes , 

the maximum reduced viscosity was 0.85  at 0 . 2 · percent concentration 

whereas under identical conditi ons of processing the maximum reduced 

viscosity is 1 . 1 5  at 0. 1 5  percent concentrati on of NaCl . Once the 

maximum viscosity was reached, proteins in samples which contained 

high concentration of NaN03 were coagulated . 

Table 20 shows that the effect of calcium nitrate on the 

viscosity of soymilk and on protein coagulation was more pronounced 

than that of sodium chloride . Unlike sodium chloride and sodium 

nitrate , calcium nitrate affected the viscosity and protein coagula-

bili ty of preheated soymilk. To coagulate the proteins in preheated 

soymilk less calcium nitrate was required than was necessary for the 

raw sample. 

The effect of these three electrolytes on the viscosity of 

raw soymilk (water presoaked preparation ) is shown in Fig . 1 3 in 

which the conduct;i.vities of the samples are plotted against their 

corresponding reduced viscosities . The figure indicates that the 

degree of change in viscosity is not dependent on the conductivity of 

the sample , for example , up to a conductivity of 3 . 25 x 1 03 pmhos/cm , 

the viscosities in samples treated with either NaCl or NaN03 are about 

the same but as the conductivity is increased over this range the 

viscosities are more rapidly increased in the samples treated 1ri th 

NaCl than those wi th NaNo3 • At a conductivity of 3. 0 x 1 03 �hos/cm, 

the viscosity of calcium nitrate-treated sample is  about 4 . 5  times 

higher than that either of NaCl-or NaN03-treated sample . 
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FIG.13. EFF ECT OF ELECTROLYTES ON THE V ISCOSITY OF RAW SOY M I L K  
(WATER PR ESOAKED PR EPARATION ) .  



TABLE 20. Effect of calcium nitrate on the stability of 
proteins in soymilks (vrater pre s o aked preparation ) .  

Ca (No3 )2 Vi scosity Add ' t ·  t ' lk Addition t o  soymilk Addi t i on to raw so�ilk and 

of 1 lOn ° raw soyml preheat ed at 1 1 5°C/1 7 min then heated to 1 1 5  C/1 7 min 
added 

% 

Nil 
0 .05 
0 . 1 0  
0 . 1 5  
0. 20 
0 . 25 
0 .  50 

solvent* --------------------------------------------------------� 

cps 

0 .893 
0 .893 
0 .894 
0 . 895 
0 . 895 
0 . 896 
0 .897 

Conductivity Reduced Conductivity Reduced Conductivi ty 
prnhos/ cm vi s c o s i ty pmhos/ cm vi s c o s i t y  p11hos/ cm 

2 . 25 X 1 0  3 

2 . 40 X 1 03 

2 . 60 X 1 03 

2 . 80 X 1 03 

3 . 00 X 1 03 

3 . 20 X 1 0  3 

4 . 50 X 1 03 

( l'J red ) ( "'')
red ) 

0 . 24 2 . 30 X 1 0  3 0 . 36 
0 . 29 2 . 50 X 1 03 0 . 38 
0 . 40 2 . 70 X 1 03 0 . 46 
0 . 87 2 . 90 X 1 03 0. 60 
1 .  34 3 . 00 X 1 03 coagulation 
0 .75** 
0 . 48** 

2 . 30 X 1 03 

2 . 50 :;:: 1 0  3 

2 . 60 X 1 03 

* Taken from : Handb o ok of Chemistry ,  N . A .  Lange ( Chief Edi t o r ) , 1 0th edition , 
Nc Graw-Hi l l  Book Com:pany ( 1 966 ) p .  1 677 

** Slight separation of the phases  

Reduced 

vi scosi ty 

( \e d ) 
0 . 36 
0 . 8 3  

coagulation 

1..0 -...J . 



Effect of s odium chloride on the stabili t:y of  protein 

in soymilk (carbonate presoaked preparation) 

<£ .  

Three soymilk sample s differing in sodium chloride level were 

prepared from the carbonate presoaked beans . The different concentra-

tions of sodium chloride were made by differing the degree of washing 

of the cotyledons with water before grinding . The sample whose NaCl 

level was 0. 1 2  percent was divided into five portions and four of them 

were further treated wi th additional quantities of sodium chloride so 

that the salt levels were the same as those added previously to the 

soymilks prepared from the water presoaked beans . After measuring 

the conductivities and viscosities , these samples were processed at 

1 1 5°C  for 1 7  minutes after which the conductivities and visco sities 

were again measured . The results are set out in Table 2 1  and indicate 

that s odium chloride addition up to 0. 25 percent had no effect on the 

viscosities of soymilks prepared from carbonate presoaked beans 

either in the raw state or after heat treatment . 

TABLE 2 1 . Effect  of sodium chloride on the stability of proteins in 

soymilk (carbonate presoaked preparation ) . 

Addition to raw soymilk Addition to raw soymilk and 
NaCl level Conductivity Reduced then processed at 1 1 2°CL11 min 
in sample pmhos/cm viscosity Conductivity Reduced 

% 
( '2red ) 

)liDhos/cm viscosity 

( >"lred ) 
0 . 055  2 . 90 x 1 03 0 . 41 2. 90 X 1 03 0 , 39 
0 . 005 3.  30 X 1 03 0 . 40 3. 30 X 1 03 0. 42 
0 . 1 2  4 , 40 X 1 03 o .  41  4 . 40 X 1 03 o .  41 
0 . 1 5  4 . 80 X 1 03 0 . 43 4. 80 X 1 03 o. 41 
0 . 20 5 . 50 X 1 03 0 . 42 5 . 50 X 1 03 0 . 42 
0.25 6 . 00  X 1 03 0 . 42 6 .  00 X 1 03 0 . 42 
0 . 50 9 . 3 X 1 03 0 . 63 9. 40 X 1 03 0 . 78 



Effect o f  sodium chlo ri de on the s tabi lity of proteins in 

soymi lks (water presoaked preparation) pre treated with 

NaOH at pH 1 1 . 1 fo r various l engths of time 

9g. 

The results in Tabl e s  1 8  and 21 reveal that the pro te ins in 

wat er presoaked preparation are very sensitive to NaCl whereas those 

in the carbonat e  p re soaked preparation are insensi tive to the same 

level of sodium chloride . This insensitivene s s  o f  prot eins to NaCl 

was also observed when the water presoaked preparation was heated at 

1 1 5
°

C for 1 7  minutes pri or to treatment wi th sodium chloride . This 

means that the alkaline pH (pH 1 1 . 1 during soaking and pH 9 . 7  during 

grinding ) or/and the heating had induced changeS to the structure 

whi ch made the proteins less sensi tive to sodium chlori de . If thi s 

was the case , then the soymilk p repared from wate r p re soaked beans i f  

treated wi th alkali should give similar re su l ts . 

An experiment was designed to investigate the effect of 

sodium c hloride on the proteins in the vmt er presoaked preparation 

aft e r  pretreatment vTi th NaOH. The pH of the milk was adjus t ed to 1 1  . 1  

and sam,les were taken after various int erva ls of time and were 

neutrali sed wi th 0 . 5 M-HCl . The sodium chloride level , conduct ivi ty 

and vi scosi ty of each sample were dete r.nine d .  The further addi t ion 

of 0 . 1 p ercent NaCl was made to each sample including a c ontro l 

sample which ha d no t b een pret reated wi th NaOH . The conductivities 

and vi sco sities were again measured. All these samples were 

0 
proce ssed at 1 1 5 C for 1 7  minu tes and conduc tivi ties and vi scos ities 

of these processed samples were measured , The re sults a re p re sented 

in Table 2 2 .  Th e  results indicate that after pretreatment o f  soymi lk 

(water pre soaked preparation ) wi th NaOH at pH 1 1 . 1 at room t empe rature 

( 1 7  - 20
°

C ) fo r t an hour the proteins l ose their sensitivi ty to 

LIBRARY 
MASSEY U N i tE SITY 



Time Ha Cl 
after formation 

pretreat- during 
ment to neutralisa-
pH 1 1  • 1 tion of 

pretreated 
sample s  

q; 
Control 
sample Nil 

1 5  min 0 . 26 

"*- h  "' 0. 26 
1 h 0. 26 
1 t h 0 . 26 
2 h 0. 26 

2t h 0 . 26 

3 h 0 . 26 

3t h 0 . 26 

4 h 0 . 26 
9 h 0 . 26 

24 h 0 . 26 

TABLE 2 2 .  Sffect of sodium chloride on the stabi lity of  proteins in 
so;ymilks ( i•rater pre soaked preparatj on ) pretreated r;ri th NaOH to pll 1 1  . 1 . 

Conductivity Reduc ed Afte r Conductivity Reduced After heating at 
1 1 5°C/1 7 min of samples viscosity add i ti on of the viscosity 

pmhos/cm ( '1red ) of 0. 1 %  samples 
( �red ) more !JaCl after adding Conductivity Reduced 

To tal further NaCl pmhos/cm viscosity 
NaCl in }lmhos/cm ( \ed ) sample 

a{, 

2 . 40 X 1 03 
0 . 24 0. 1 0  3 . 90 X 1 0

3 
0 . 58 3.80 X 1 0 3 1 . 1 8  

5 . 50 X 1 03 o. 31  0 . 36 7 . 20 X 1 0
3 

0 . 33 6 , 50 X 1 0
3 0 . 6 3 . 

5 . 50 X 1 0
3 

0 . 28 0 . 36 7 . 20 X 1 03 0. 28 6 .  50 X 1 03 0 . 41 
5 . 50 X 1 03 

0. 27 0 .  36 7 . 20 X 1 03 0 . 28 6 . 50 X 1 0
3 

0. 44 

5 . 50 X 1 03 0 . 28 0 . 36 7 . 20 X 1 0  
3 

0 . 28 � 3 
6 . 50 .A. 1 0  0 . 43 

5 .  50 X 1 0
3 

0 . 27 o .  36 7 . 20 X 1 0  
3 0 . 28 6 . 50 X 1 0

3 0 . 43 
r.: ·-o 1 o 3 
) , ) X 0 . 27 o .  36 7 . 20 X 1 03 

0 . 28 6 . 50 X 1 03 
0 . 47 

5 . 50 X 1 0
3 � 

6 . 50 X 1 03 
0 . 27 0 .  36 7 ,  20 X 1 0-" 0 . 28 0 . 47 

5 . 50 X 1 0  
3 

0 .  27 0 . 36 7 . 20 X 1 0
3 

. 0 . 28 6 . 50 X 1 0
3 

0 . 47 

5 . 50 X 1 03 0. 27 0 . 36 7 . 20 X 1 0  3 0 . 28 6 , 50 X 1 03 
0 . 45 

5 . 30 X 1 03 0 . 34 0 . 36 6 . 50 X 1 03 
0 . 34 6 . 50 X 1 03 0 . 48 

5 .  1 0  X 1 03 
0 . 45 0 .  36 6 . 50 X 1 03 

0 . 44 6 . 50 X 1 0
3 0 . 48 

0 0 . 



sodium chloride and after 1 hour of treatment the visco si ty of the 

sample which contained 0 . 26 percent NaCl , was not increased even by 

processing at 1 1 5°C for 1 7  minutes . 

,'!:ffect of sodium chloride on the viscosity of soymilk 

(water presoaked preparation) pretreated with a low 

degree of heat-treatment 

1 0 1 . 

The results in Table 22 showed that treatment of milk pre-

pared from water presoaked soybeans at pH 1 1 . 1 at room temperature 

( 1 7  - 20° C )  for + hour made the protein insensitive to NaCl at the 

concentration used . A s tudy was made of the effect of NaCl on the 

viscosi ty of a water presoaked preparation preheated for short periods 

of time at relatively low temperatures .  The results are given in 

Table 23 .  

TABLE 23.  �ffect of  sodium chloride on the viscosity of 

soymilk (water presoaked preparation ) pretreated with low 

degree of heat-treatment . 

Processing conditions Reduced Addition of Reduced 
Viscosi ty NaCl Viscosi ty 

Temp . Time 
( >z. red ) % ( �red ) o c min 

Nil Nil 0 . 24 o .  1 0  0 . 5 5  

65 5 0 . 25 0 . 1 0  0 . 26 

85 3 0 . 25 0 . 1 0  0 . 25 

95 3 0 . 26 0 . 1 0 0 . 27 

The results in Table 23 demonstrate that heat-treatment 

either at 6 5° C for 5 minutes or 85� for 3 minutes is sufficient to 

make the protein insensitive to NaCl addition . 
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F I G . 1 4. INCR EASE IN VISCOSITY AND OF INSOLUBLE SO L I DS (38,000g) O F  RAW 

SOYM I L K  (WATER PR ESOAKED PR EPARATION) WHEN TREATED W I TH 

SOD I U M  CHLORIDE. 
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Increase of vi scosity of raw soymilk (water presoaked 

preparation) with the progress of aggregation of 

proteins when treated with NaCl 

1 03. 

The results are shown in Fig .  1 4 . The results demonstrate 

that with the increase in concentration of sodium chloride in the 

system ,  both the viscosity and the insolubility of solids content are 

increased .  Up to about 0 . 07 percent sodium chloride concentration in 

the sample , the increase in viscosi ty is  not as great as the increase 

in the insoluble so lids content , whereas at concentrations above 0 . 1 0  

percent the increase in viscosity i s  more rapid than that of the 

insolubility of solids .  The continuous increment of  viscosity in 

Fi g . 1 4  is observed because the highest concentration of NaCl used in 

the present experiment v1as 0. 1 5 percent . At concentrations of NaCl 

above 0 . 2 ?ercent the vi scosity of the sample decreased due to the 

formation of visible coagulum (Fig. 1 3 , Table 1 8 ) . 

7 . 3 . 4  Discussion 

The native proteins in soymilk (about 3 . 5  percent protein ) 
prepared from water presoaked beans are tmstable when treated with the 

electrolytes used in this study both at room temperature ( 1 7 - 20°C )  

and at 1 1 5° C for 1 7  minutes a s  shovm b y  the great increase in viscosity 

and at appropriate concentrations the formation of a coagulum (Tables 

18 - 20 ) .  The behaviour of proteins in the water presoaked prepara­

tion toward sodium chloride (Table 1 8 )  is thus very similar to that 

of j3 -lactoglobulin as shown by Zittle and Della Nonica (277 ) .  They 

presumed the increase in viscosity of the solution of }3 - lactoglohu l j n  

in the presence o f  sodium chloride was due t o  the reduction of 

electrostatic repulsion lri th a concomitant increase in cross-reaction . 

1·lorking with bovine serum albumin , Zubay and Doty (279 ) believe that 
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t he coagula tion of BSA above the i soe lectri c  point when treated wi th 

s odium chloride is due to ove rcoming the repulsi on caus ed by the 

charge effect by a medium of high ionic st rength. 

The re sults in Table s  1 8  and 1 9  had indi cated that at the 

s ame concentration o f  sodium i on and under identical c onductivitie s , 

sodium chloride exerts a more seve re effec t on the des tabi li sation of 

p rot eins in soymilk than sodium ni trate . Therefore , in this case the 

anion seems to be responsible for the aggregation process . There i s  

no doubt that the increase in vis c o sity o f  raw soymilk treated wi th 

sodium chloride is due to aggregati on as is evident from the results 

reported in Fig .  1 4 . The role played by sodium chloride and sodium 

ni trate may be understood if one assume s that they decrease the 

repulsion be tween the elec trical charge s on the mo lecule and permit 

them to approach more clos ely. It i s ,  however ,  somewha t puz zling that 

the anion should be more important than cation at a pH above the i so­

ele ctric poin t ,  where the protein carri es a ne t ne gative charge (i so­

e lectric po int of soypro tein is 4 . 6 and the treatment was c arried out 

at pH 6 . 8 ) .  I t  may b e  that the ani on exert s  i ts effec t  by being 

absorbed at certain critical si tes which carry po sitive c harges 

(d e spi te the net ne�ative charge of the mole cule ) . 

If salt linkages betwe en posi tively charged groups on one 

molecule and negatively charged groups on ano ther were important in 

causing aggregation , one would expect that elec tro lyte s  would inhibit 

aggregation , since they should inactivate the charged groups e i ther 

by direct combination wi th them or by surrounding them wi th an 

atmosphere o f  gegenions ( 92 ) .  The fac t  that electrolytes promote 

aggregation therefore sugges ts that salt linkages play an insigni­

fi cant ro le in causing aggregation .  
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In a study of the effect of sodium chloride on the gelation 

of gelatin at various pH levels ,  loedtker and Doty ( 30 )  stated that 

li ttle can be said with certainty of the nature of the forces involved 

in the crystallites believed to serve as cross-links and branch points 

in the aggregation . It is c lear from the lack of influence of ionic 

strength that electrostatic forces play no dominant role . It  i s  

likely that the remaining possibilities o f  hydrogen bonds , dispersion 

forces and dipole interaction do contribute . 

On changing the structure of the native proteins by heat­

treatment ( 1 1 5°C/1 7 min ) , sodium chloride and sodium nitrate showed 

no effect on the destabilisation of the proteins in soymilk ( Tables 

1 8 - 1 9 ) w·hereas calcium nitrate is more effective in destabilising 

the denatured proteins than the native ones (Table 20 ) .  The cause of 

this insensitivi ty of denatured proteins to sodium chloride and sodium 

nitrate is  not clear but the effect of calcium ni trate may be explained 

on the basis that the denatured protein molecule remained in solution 

in the extended form and the divalent positively charged. calcium ion 

can then form an intermolecular bridge with the monovalent negatively 

charged carboxyl groups of the amino acids in the proteins . 

The �roteins in raw soymilk prepared from carbonate presoaked 

beans behave s imilarly to proteins in the heated water presoaked pre­

paration toward sodium chloride . On the addition of up to 0 . 25 

percent sodium chloride to the raw carbonate presoaked preparation , 

the viscosity of the milk i s  not increased .  On heat-treatment at  

1 1 5°C for 1 7  minutes , the increase in viscosity of soymilk (prepared 

by carbonate presoaking procedure ) containing 0. 25  percent sodium 

chloride was the same as that of the sample containing 0 . 05 5  percent 

sodium chloride (Table 21 ) . This insensitiveness of ei ther alkali 



1 � .  

or heat treated proteins toward sodium chloride is  presumably due to 
� 

the alteration of the protein structure . ThisA furthe r supported by the 

fact that the proteins in the water presoaked preparation after de-

naturing by treatment with NaOH, exhibit the same behaviour as proteins 

in soymilk prepared from carbonate presoaked beans.  From the results  

in Table 23,  it a�pears that after even a slight change in the struc­

ture of the native protein (due to heating at 65°C/5 min ) , .  sodium 

chloride , at the concentration which i s  effective in native proteins , 

is  now unable to  destabilise the modified protein . It can be concluded 

that the level of sodium chloride formed during neutralisati on from 

pH 9 . 7  during grinding to pH 6 . 7  before heat-treatment of the carbonate 

presoaked preparati on has no effect in increasing the viscosi ty of 

the product . 
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CHAPTER 8 

FACTORS AFFECTING CONCENTRATI ON OP SOTIULK .AND 

ITS STABILITY DURING HEAT STERILISATION 

8 . 1 Introduction 

In developing countries where there is little or no dairy 

industry, considerable use has been made of soymilk as a protein 

supplement for post-weaning infants and young children who suffer from 

Protein-Calorie Malnutrition . Since the transport systems of these 

coun tries are general ly poor , �articularly in the rural areas where 

more than 80 percent of population are living , the soymilk must be 

preserved to distribute among them . Concentration by removal of water 

is important in reducing the transport and container cost , as well as 

in reducing the cost of the final drying to a dried produc t .  

Very little information is available in the literature on 

the concentration of soymilk (255 ) .  It appeared from the work already 

reported that there are likely to be some difficulties in concentrating 

soymilk because of the large increase in viscosity occuriug even with 

relatively low solids contents .  Lo et al ( 1 6 3 )  postulated that this 

inc rease in viscosity of soymilk during evaporation is due to the 

formation of a gel-like structure . Circle et al ( 58 )  showed that  the 

formation of a gel-like structure in a dispersion of soyproteinate 

during heating is due partly to sulphydryl-disulphide cross  linking . 

Kelley and Pressey ( 1 39 )  reported that the viscosity of a solution of 

acid-�recipitated soy protein is affected by reagents which influence 

sulphydryl and disulphide groups . On the other  hand , Catsimpoolas and 
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Meyer ( 56 )  reported that non-covalent bonds �re primarily invo lved in 

the gelation of soybean globulins . 

I t  is well known that , as the concentration of cow ' s milk 

increases , the susceptibi lity to coagulation of the protein during 

steri lisation also increases , but forewarming and the addition o f  

stabilisers are effective in controlling this phenomenon ( 260) .  

Working with soymilk,  Tan ( 25 5 )  reported that forewarming has an 

influence on the heat stability of the evaporated products .  He also 

showed that addition of sodium citrate or potassium phosphate prior 

to evaporation increased the heat stability of soymilk with a solid 

content of 1 5 . 5  percent or less  but was ineffective in soymilk with 

higher solids content . 

8 . 2 Objective and Experimental Plan 

The work reported in this chapter was initiated to carry 

out an investigation of factors affectin5 the viscosity of soymilk 

during concentration and sterilisation and of the conditions needed 

to produce a good quali ty canned soy concentrate .  

It has been shown in Chapter 6 that calcium i s  not invo lved 

in increasing the visco sity of fluid soymilk during processing. In 

the concentrated product where the protein molecules are more closely 

packed and where the calcium content also increases there is a 

pos sibility for involvement of calcium in the aggregation process . 

The role calcium plays in the instabi lity of proteins in concentrated 

soymilk was also studied. 



8 . 3 Experimental 

8 .  3 . 1 r-1aterials and J.Ie thods 

Preparation of soymilk 

1 09 . 

Soymilk was prepared according to the method described pre­

viously ( Chapter 2 )  from the beans presoaked for 24 hours either in 

0 . 4  M sodium carbonate solution or in water ; at room temperature ( 1 7  

20°C ) .  The prepared milk was further filtered �hrough a sintered 

glass funnel no . 1  followed by no . 2  as described in Chapter 6 .  

Forewarming of soymilk 

The prepared milk was heated at 90° C for 5 minutes in an 

open pan or at 1 1 5° C for 5 or 1 7  minutes in an autoclave . The heated 

mi lk was cooled immediately to room temperature . 

Concentration of soymilk 

Concentration was carried out using a Buchi rota�J vacuum 

0 evaporator, and a water bath temperature of 65 C .  An initial vacuum 

of 20 inches of mercury was used and then this was gradually increased 

up to 26 inches as the solid content increased . The milk prepared 

from carbonate presoaked soybeans contained dissolved co2 gas which 

was lost during the first  1 5  minute period  of evaporation and the pH 

increased to about 7 . 8 .  At this point the milk was cooled and 

neutrali sed to p:t 6 . 7 wi th 0 .  5 r.i HCl and the evaporation was then 

continued to the desired solids content . During processing the degree 

of concentration was approximately determined by measuring the 

refractive index of the sample at 20°C with an Abbe 60 Refractometer 

( 1 49 )  but a more accurate solid content was determined according to 

the standard method of A. O , A. C .  ( 1 3 ) .  When the sample was treated 

wi th a specific chemical reagent , the reagent was dissolved in the 

milk and the pH was adjusted to 6 . 7 ,  if necessary, prior to evaporation . 



F I G . 1 5. B R ASS TEST TUBE H O LD E RS FOR STUDY I NG H EAT I NG E F F ECTS 

U N D E R  DEVELOPED PR ESSU R E :  (a) HANG E R ;  (b) R U BBER BUNG; 

(c)  THICK WA L L E D  20 ml TEST TUBE ; (d)  RUBBER COR K; 

(e)  P E R FORAT E D  B RASS TUBE; (f) T H E R MOCOUPLE L EADS. 

F I G . 1 6. COMPL ETE SET UP F O R  STE R I L I SAT I O N  ON A SMA L L  SCA L E :  

(a)· CONSTANT T E M P E R ATU R E  G LYCE R O L  BAT H ;  ( b )  T H E RMOMET E R ;  

( c )  BRASS TEST T U B E  HO L D E R S; (d )  H O N E YWE L L  TEMPE R ATU R E  

R ECORD E R ;  (e) TH E R MOCOUPLE L EADS; (f) COO L I NG BATH. 

1 1 0 . 
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Sterilisati on of concentrated soymilk 

A preliminary study on the effect of sterilisation of various 

concentrated soymilks was done on a small scal e ,  using 6 "  x i-" pyrex 

glass test tubes fitted with thermocouples of copper and constantan . 

The hot junction was placed at the geometrical centre of the tube . 

The tube was then placed in a brass test tube holder capable of main­

taining the rubber closures continuously sealed under the pressure 

condi tions that devel oped.  The equipment i s  sho1-m in Fig .  1 5 . The 

thermocouples were connected to a Honeywel l temperature recorder .  

The tube and i t s  contents were immersed in a constant temperature 

glycerol bath at 1 21 ° C (250°F) and a continuous record was made of the 

changing temperature at the centre of this product (Fig .  1 6 ) .  The 

lethality applied was approximately 5 . 2  - 5 , 5  which is sufficient heat 

treatment for the sterilisation of  soymilk ( 1 64 ) .  

The above method was used for the selection of optimum pre­

treatment and concentrati on conaitions prior to furth2r detai led 

studies on the effect  of sterilisation using 2 1 1 x 309 cans fitted 

with thermocouples at the geometrical centre (69 )  ( Fig. 1 7 ) .  The can 

was filled with a concentrated soymilk wi th a standard ne t head space 

of 3/1 6 " .  The can was then processed at a steam temperature of 1 21 ° C 

(250°F )  in a horizontal static retort to a lethality of about 5 . 5  

(Fig .  1 8 ) .  The change of temperature at  the centre of the can was 

recorded by a Honeywell tempe rature recorder .  Precise replication of 

concentration for each of the products presented in Table 28 , was not 

possible since for each pre-treatment the sample had to be separately 

concentrated . 
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a 

FIG.17.  21 1 x 309 CANS USED FOR STE R I L I SATION : (a) CAN W I TH G LAND 

F I TT I N G  FOR T H E RMOCOUPLE SEAL; (b) SECTIONED CAN SHOW I N G  

POSITION O F  THERMOCOUPLE I N SI D E  TH E CAN . 

F I G . 1 8. EXPE R I M ENTAL R ETORT WITH T E M P E R ATU R E  R ECO R D E R .  
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Viscosity measurement 

The viscosity of each sample was determined at 25° C on a 

3rookfield synchro-lectri c viscometer (LVT model ) .  The speed of 

rotation was kept constant at 6 rpm while different LVT spindles were , 

used to cover the various viscosity ranges . This change in the size 

of the spindle resulted in a smaller variation in the apparent 

viscosi ty when measured on the same sample than did changes in the 

speed of rotation of the same spindle ( 1 63 ) .  The viscosity data are 

reported as ap�arent viscosity calculated by using the appropriate 

factor.  It  was observed during this experiment that the viscosity of 

the same sample is different when measured using the LVT spindle from 

that obtained by using the UL adapter and that is  why the viscosi ties 

of soymilks prior to concentrati on in this chapter are higher than 

those reported in Chapters 6 and 7 .  

Determination o f  insolubility of solids in concentrated 

sovmil� 
0 Water at 60 - 70 F was added to a measured amount of 

concentrated soymilk so that the protein content of the reconstituted 

milk would be approximate ly 3 . 5 percent (equivalent to 6 . 7  percent 

total solids ) .  The mixture was dispersed in a r1 . S . E . Micro Emulsifier 

at a speed of 1 700 rpm for 2 minutes . The quantity of insoluble 

solids in this reconstituted milk was determined by the two methods 

use d  in Chapter 6 .  Results from the solubility index method would 

indicate whether a commercially acceptable product had been made . The 

second method invo lved precipitation at 38 , 000 x g for 20 minutes and 

the results from this method gave a measure of the extent of aggre-

gation of protein occurring during heating and concentrating . In bot� 

methods the dry weight of  sediment was recorded as a percentage of 
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t o tal solids or , v1here indicat ed in the tab l e s ,  the vb lume of sediment 

p e r  50 ml re cons t i tuted m i lk a re reco rded .  

8 . 3 . 2 Results 

Effe o t  of concentration on the vi s c o s i ty and the so lubi li ty 

of soymilks (Tables 24 and 25; Fig. 1 9  and 20) 

Soym i lks prepared from bo th wator and carbona te pre soaked 

b e ans , were he ated at 1 1 5° C for 1 7  minutes to inac tivat e  the trypsin 

inhib itor pri o r  to concent rati o n .  Th e  vi scosi ty and the s o lub i li ty 

o f  concentrated so ymi lks o f  d i ffe rent solids l eve l s  are given in 

Tables 24 and 25 .  

TABLE 24 . Effec t  of concentrati on on the vi scos i ty and 

insolubili ty of solids in soymilk from wat e r  presoake� 

beans . (Aft er preheating 1 1 5°C/1 7 min ) . 

Ins olubility 

So lid cont ent Apparent visco sity Using solub i l i ty 
% cps index me t hod 

dry weight % 

7 . 66 6 . 6  < o. o1 
8 . 76 1 2 . 0  < o . o1 

1 2 . 87 860 (0. 01 
1 5 .  1 5 9 , 1 00 {0. 01 
1 6 .  1 0 nd nd 

1 7 . 23 nd nd 

1 8 . 93 62 , 000 
(Gel l e d ) 

(0 . 01 

of solids 

At 38 , 000 X g 
dry weight % 

6 . 00 
6 . 96 

7 .  1 1  

8 . 30 
1 3 .  67 

1 4 . 1 6  
46 . 83 

The vi sco s i ty inc reases exponentially with the increase o f  

so l i ds c onten t  in conc entrated soymi lks prepared ei the r from wat er o r  

from carbona t e  presoaked beans as shown in Fi g .  1 9 . The inso lub i li t y  
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of solids , as measured by the standard solubility index method was less 

than' 0 . 01 percent of the total solids in concentrated products up to 

about 18 percent solid content using both presoaking procedures . Using 

the high speed centrifuge method the 1'leight of sedimented solids 

increased wi th the increase of solids content , the inc rease being 

slightly higher in the milk prepared from carbonate presoaked soybeans . 

TABLE 25 .  Effect of concentration on tho viscosity and insolubility 

of  solids in soymilk from carbonate presoaked beans , (After preheat­

ing 1 1 5°C/1 7 min ) : 

Insolubility of solids 

Solid content Apparent viscosity Using solubility 
% at 38 , 000 x g cps index method dry weight % dry weight % 

7 . 95 7 . 0  < 0 . 01 7 . 1 6  
1 o.  1 2  1 2 . 5  < 0 . 01 1 1 . 23 
1 4 . 21 nd nd 20. 46 
1 5 . 78 nd nd 2 3 . 43 
1 7 . 26 22 , 000 < o . o 1 46 . 59 
20. 1 8  96 , 000 0 . 04 5 4 . 76 

(Gelled ) 

With the water presoak treatment , the rate of increase of 

sediment with the increase of total solids was slovT up to about 1 5 . 5  

percent total solids , above which a rapid increase in the rate was 

observed,  but wi th the alkali presoaking a more uniform rate of 

increase was apparent (Fig. 20)  but even in this case the rate 

increased with increasing concentration . Under the conditions used , 

the rates at the higher concentration were very similar for both milks . 
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Effect of  additives on the viscosity of concentrated 

soymilk (Table 26) 

Soymilk prepared from water presoaked beans , was first 

heated ( 1 1 5° C/1 7  min ) to inactivate th0 trypsin inhibitor and then 

treated with several chemical reagents prior to concentration . The 

results are reported in Table 26 . 

1 1  B. 

TABLE 26 . Effect of additives on the viscosity of concentrated 

soymilk from water ,resoaked beans . (After preheating 1 1 5°C/1 7 

min ) .  (Refer to Table 24 for controls ) .  

Additives Total solid Apparent 
content Viscosity 

Concentration % Type in dispersi on cps 

% 

(NaPo3 )6 0 . 1 0  1 5 . 64 22 , 000 

Na3P3o1 0  + NaH2Po4 . 05 + . 05 1 5 . 89 22 , 500 

Na2 so3 0 . 1 0  1 4 . 58 59  

Na2 so3 0 . 1 0  1 8 . 85 1 0 , 400 

Na2so3 + Na2P3o1 0  • 1 0  + • 05 

+ NaH2Po4 + . 05 1 7 . 25 8 , 800 

N-t�thyl male imide . 05 1 5 . 56 490 

N-ethyl maleimide . 05 1 8 . 96 1 1 , 000 

The results indicate that sodium sulphite and N-ethyl 

maleimide are effective in reducing the viscosity to some extent 

whereas sodium hexametaphosphate ,  trisodium polyphosphate and sodium 

dihydrogen phosphate raise viscosity compared with that of the 

untreated equivalent ( see Table 24 ) .  The effect o f  additives on 

stability during sterilisation of the concentrated products using 
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carbonate  presoaked preparation is  shown in Table 28.  

Influence of forewarmin� on the sterilisation stabi lity 

of concentrated soymilk (Table  27) 

Forewarming has a beneficial effect on the sterilisation 

stability as indicated by fluidity and the insolubility of solids . 

TABLE 27 . Influence of forewarming on the sterilisation 

stabi lity of concentrated soymilk (carbonate presoaked 

preparation ) . 

Fore warming Insolubility of 
Solid Lethality Visual solids . 

Temp.  Time content F value appearance Solubility index o c m in 
0 

after method. % sterilisation ml/50ml recon-
stituted milk 

1 3 . 58 5 . 2  soft gel o. 1 
1 4 . 21 5 . 2  soft gel 0. 2 

Nil Nil 1 4 . 70 5 . 4  hard gel 0. 4 
1 8 . 52 5 . 4  hard gel 0 . 6 
1 9 . 58 5 . 3  hard gel nd 
27 . 79 5 . 2  hard gel nd 

1 2 . 1 7  5 . 5  fluid < 0. 1  
go 5 1 2 . 57 5 . 4  fluid o.  1 

1 3 . 02 5 . 4  fluid 0 . 2  
1 4 . 60 5 . 3  soft gel 0 . 3 

1 3. 1 4  5 . 5 fluid < 0 . 1 
1 1  5 5 1 4 . 33 5 . 5 fluid < 0. 1 

1 5 .  4 1  5 . 4  fluid 0 . 2 
1 6 . 75 5 . 3  soft gel 0 . 2 

1 2 . 24 5 . 5  fluid < 0. 1 
1 1 5  1 7  1 3 . 07 5 . 4  fluid < 0. 1 

1 4 . 76 5 . 4  fluid 0. 2 
1 6 . 08 5 . 3  soft gel 0 . 2  

This is  apparent when the appearance of the sterilised products are 

compared.  Thus the 1 4 . 70 percent concentration wi thout forewarming 

gave a hard gel on sterilisation whereas the 1 5 . 4 1 percent concentra-
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tion that had been forewarmed at  1 1 5° C/5 min was still fluid after 

the same sterilisation procedure . The effec t  of prolonged forewarming 

( 1 7  minutes as against 5 minutes at 1 1 5° C ) does not further improve 

the stabi lity against sterilisation . The results also indicate that 

poor stability against sterilisation al so causes an increased 

insoluble solids content . 

Effect of pretreatment on the viscosity changes of 

concentrated soymilk due to sterilisation (Table 28) 

The viocosi ty of the concentrated soymilk vthich has not been 

forewarmed is  very low 1-1hen compared with the sample which has been 

TABLE 28 . Effect of pretreatment on the viscosity changes of con-

centrated soymilk due to steri lisation (carbonate presoaked preparation ) . 

Forewarming Addi tive pretreatment Apparent viscosity of the 
Solids 12roduct 

Temp. Time Type Concentration content Before After in milk o c min . in dispersion % sterilisation sterilisation 
d. cps cps ;v 

Nil Nil Nil Ni l 1 5 . 1 4 58 1 3, 400 
90 5 Nil �Jil 1 4 . 24 1 6 , 000 1 0 , 800 

1 1  5 5 Nil Nil 1 5 . 32 9 , 200 1 0 , 200 

Nil Nil Na2so3 0 . 1 0  1 5 . 5 2 1 0  1 4 , 400 
1 1  5 5 Na2so3 0. 1 0  1 5 . 98 50 1 3 , 900 
Nil l'Til N-ethyl 

maleimide 0 . 05 1 5 . 38 83 1 3 , 1 00  
1 1  5 5 N-ethyl 

maleimide 0 . 05 1 5 . 66  330 6 , 1 00 
Nil Nil na2HPo4 0. 05 1 5 . 30 78 1 5 , 500 
1 1 5 5 Na2HP04 0. 05 1 5 . 40 1 o ,  400 1 4 , 400 

forewarmed at 1 1 5°C/5 min, but after sterilisation the increase in 

viscosity is higher in the former .  
0 

However when forewarmed at 90 C 



1 2 1 • 

for 5 minute s  a very high initial viscosity was apparent and this was 

reduced due to steri lisati on . · 

The results also demonstrate that although sodium sulphite 

is very effective in reducing the visco sity of concentrated soymilk 

irrespe ctive of whether it has been forewarmed or not , its effect does 

not persist to the sterilised samples .  N-ethyl maleimide is  effective 

in reducing the viscosity in the sterilised product if forewarmed milk 

is treated prior to concentration .  Disodium phosphate is found to be 

ineffec tive in increasing the sterilisation stabi lity of soymilk. 

8 . 3 . 3  Discussion 

It is  possible to produce concentrated milks containing up 

to 30 percent total solids (T . S . ) vrhen the soymilk is  not preheated . 

The viscosi ty increase of these raw concentrates is still very small 

even at 27 . 8  percent T. S.  This  concentrate gels on sterilisation even 

at 1 3 . 6  percent T . S.  In Table 28 the visco sity of the concentrates 

subject to no forewarming is seen to be less than one hundredth of the 

forewarmed sample but on sterilisation it is considerably higher than 

the forewarmed sample . 

Because the heat usually a�plied during concentration and 

drying is  inadequate to destroy the trypsin inhibitor in soymilk it 

was necessary to examine the change in viscosity and in sedimented 

residue with increasing concentration after heating both the water 

pre soaked and the carbonate presoaked milks at 1 1 5°/1 7 min to 

inactivate tho trypsin inhibitor. 

The pattern of increment of visco sity wi th the degree of 

concentration of soymilk prepared from c arbonate presoaked beans is 

very similar to that of the water presoaked preparation and a 
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logarithmic rela�ionship exists between the viscosity of the concentrated 

soymilks and solids content . Lo et al ( 1 6 3 )  showed a similar relation­

ship using milk prepared from water presoaked soybeans .  The increase 

of viscosity and insolubility of solids with the degree of concentra­

tion are probably due to the progressive polymerisati on of protein 

molecules by cross-linking leading to the formation of larger 

aggregates ultimately resulting in the formation of a gel-like struct­

ure . This  polymerisation could be caused by secondary valence bonds 

(83 ) ,  by salt bridges  through multivalent cations (24 ) or by sulphy­

dryl-disulphide inter change ( 1 31 ) . Although increasing concentra-

tion causes a similar rate of increase in viscosity with both milks 

there appears to be a difference in the rates at which the amount of 

sediment increases .  It would thus appear that the aggregati on leading 

to sedimentation differs from the aggregation leading to the inc reased 

viscosity . It was earlier suggested that  the carbonate presoaking 

process results in partial denaturation of the soy protein even prior 

to heat processing ( Chapters 5 - 7 ) .  It thus appears that whereas 

the denaturation due to heat results in a very similar forQ of inter­

molecular reaction in the two milks as indicated by the uniform 

increase in viscosity, for the aggregation as measured by sedimenta-

tion it  is necessary for the water presoaked milk to reach a minimum 

concentration of around 1 5  percent before sufficient reactive sites 

are wi thin interaction range to form a stable aggregate,  and this is  

less  necessary l'l'i th the carbonate presoaked milk because it already 

has more reactive sites exposed . Kelley and Pressoy ( 1 39 )  also 

reported that alkaline conditions favour sulphydryl-disulphide inter­

change reactions . 

Results reported in Tables 26 and 28 suggest that calcium 

in soymilk is  not involved in a cross-linking reaction .  Fukushima 
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and' Van Buren ( 97 )  reported that the polyvalent metal ions are not 

responsible for polymerisation of proteins in soymilk during drying. 

The reduction in the viscosity of the conc entrated soymilks 

which have been preheatcd and then treated with sodium sulphi te , a 

disulphide bond-splitting reagent or 'rli th N-ethyl maleimide, .  a. sulphy­

dryl b locking reagent , confirms that sulphide-disulphide interactions 

are significant in the increase in visco sity on concentration . This 

confirms the observation by Fukushima and Van Buren (97 ) that 

disulphide bonds contribute appreciably to the fo rmation of the 

protein aggregates . Reference to Table 26 indicates that the extent 

of the sulphite and N-ethyl maleimide reduction of viscosity is very 

dependent on the concentrati on of the milk . 

The effect of sterilisation on the viscosity of sulphite 

treated and N-ethyl maleimide treated samples indicated in Table 28 

suggest s  that there are quite distinct differences in the manner in 

which these ttw reagents are involved.  

Although pretreatment wi th ei ther sulphite at 0. 1 percent or 

N-ethyl maleimide at 0. 05 percent resulted in very considerable 

reductions in tho viscosity of the concentrated sam�les prior to 

sterilisation it was only the N-ethyl maleimide treatment of a 

sample which had been previously prehcated which had any significant 

effect on the apparent viscosity of the concentrate after 

sterilisation . It thus appears that N-ethyl maleimide can only 

increase sterilisation stability if the milk has been forewarmed 

first and then the reagent added prior to concentration . It does not 

appear to be capable of reacting during the high temperature 

processing stage of s terilisati on. It thus appears that the -SH 

groups are protected from reacting with the N-ethyl maleimide in the 
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native form of the p ro t ein but b e come expo s e d  as a re su l t  of hea t  

treatment .  Under co o l e d  condi ti ons the N-ethyl male imid e rea c t s  wi th 

the e xposed - SH groups t o  give a heat stable complex whi ch t hen c ann o t  

unde rgo a sul phydryl-di sulphid e po lymerisation during s t eri lisation . 

On the o ther hand sul phite ions can affe c t  t he state of a ggregati on o f  

t h e  protein irrespec t ive o f  whe t he r  t he mo l e cule has b o o n  previ ously 

heat denature d o r  no t but the complex is un s t ab le ��d e r  s te ri l isation 

condi tion s . 

The fo rewarming proce s s  is ono of the �ost inportant steps 

upon which the heat stabi l i ty o f  evaporated c ow ' s  milk depends ( 1 22 ) .  

Using S OJTiilk prepared from water prosoakod b oans , Tan (25 5 )  reported 

that when fo rewarme d under batch condi ti ons the he at s tabi l i ty of the 

evapo rated milk was :r:1aximum whon hoated to 80° C vli th no holding time . 

\tlhen forevmme d  in a continuous "steri l i sa tor " tho maximum heat 

stabi l it y  was obtai ned wi th a pro c e s s  of 90° C for 45 seconds . Tan di d 

not u s o  fo rewarming t emperature s greater than 90° C in his batch 

processing studie s . 

Deysho r ,  l'lebb and Holm (71 ) showed that cow ' s milk o f  l ow 

heat stab i l i t y  gave conc ent rated produc t s  of hi 5h visco s i ty on 

s te ri l i sa tion and they al so showed that variat ions in forowarming 

procedures affected the vi scosity o f  the condensed steri l i sed milk 

through the ir indire c t  effe c t  upon the hoat s tabi lity o f  tha protein . 

They also reported that increasing the t emperature of forewarming 

above the b o i l ing point with a l imited inc re ase of the pe ri o d  of 

exposure to the forewarning t empe rature inc reases the s t ab i l i ty of 

the c oncentrated mi lk unde r sterili sing c onditi ons . Hun z iker ( 1 22 )  

also reported that f orewarming tempe ratures above the b o i l ing point 

produce maximum s tab i l i ty of c oncentrated c ow ' s milk . The fo rewarrrd 11� 
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. effe c t  on the stab i l i ty of c.onc entra ted cow ' s milk to he at has b e en 

attributed to change s in the salt balance pa rticularl y o f  calcium and 

pho sphate ions of the milk and to modifi cation of the serum prot eins 

(260 ) .  

In the s tudy report e d  he re change s in salt balanc e appear 

unl ik el y  to be respons ible for the observed change s in visco sity on 

s teri l i sati on since the addition of pho sphates genera l ly caused an 

inc rease in vi s c os i ty .  The re su l ts reported here do n o t  agree wi th 

tho se of Tan ( 25 5 )  in this resp e c t . 

The vi sco s i ty of the concentrated so ynilk general ly ir:-c reascs 

furthe r during steril isation be cause of the progressive unfo lding and 

aggregation of t he pro teins . Mo dificati on of the form of this 

aggregati on or unfo l ding is nece s sary if an increase in vi scosi ty 

during s te rilisation i s  to be contro l l e d .  Alt hough some structural 

modi fica tion o c curs in the pro t eins of S OJl..:lilk prepared from carbona t e  

presoaked beans , forewarn ing is s t i l l  necessary t o  increase the 

steri l i sation s tabi l i ty of the concent rated so ymilk si nc e ,  given the 

proper fo rewarming c onditions , tho inc rement of visc o si ty due to 

steri l i sation is then not as hi �4'h as it i s  vli th the raw conc entrated 

milk . The re su lts reported hero indicate tha t  the s t e ri l i sati on 

stab i l i ty of conc entrated soymilk prepared frofl carbo nat e  pres oaked 

beans is o ptimum when fo rewarmed at 1 1 5°C fo r 5 minut e s . 

As no sati sfactory a l t ernative process i s  avai lab le fo r t he 

destru c tion of the t rypsin inhibitor it i s  necessary to prehe at the 

product to 1 1 5° C/1 7 min prio r to furthe r processing wh enever the 

further p roces s d o e s  not include such a trcat�ent as for example in 

producing a swee tened cond ensed produc t or a dried pro duct .  Th i s  

e s sential preheat treatment so modifies the protein s t ructure t h R t  a 
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maximum · concentration of about 1 8  �crcent only is possible as can be  

seen in  Tables 24  and 25 . 

8 . 3 . 4  Conclusion 

It is  possible to produce a fluid sterilised canned soymilk 

concentrate based on milk prepared from carbonate presoaked beans . 

The concentrated milk could contain up to  1 5 . 5  percent total s olids 

(approximately 9 percent protein )  if it has been forewarmed at 1 1 5° C/ 

5 min prior to  concentration . A readily dispersiblc soft ge l oc curs 

at 1 7  percent total solids and in the light of present knowledge this 

represents the maximun concentration that  i s  marketable as a sterilised 

concentrate . 



CHAPTER 9 

EVALUATION (in vitro) OF NUTRITIONAL QUALITY OF 

PROTEINS IN VARIOUS HEAT PROCESSED SOYMILKS 

9 . 1 Introduction 

1 2 7. 

It is  known that for some processed foodstuffs , individual 

samples can differ w·idely in the nutri tive value of their proteins . 

Processing may actually improve the nutritional value of such proteins 

but under some condi tions may diminish it . Proper processing can 

destroy antitryptic factors in the leguminous proteins and enhance the 

biological values . Nutritional value can be reduced by excessive heat 

especially in the presence of carbohydrate s .  

These changes in nutritive value o f  proteins caused by over­

processing may not be very important in well-fed areas of the w·orld , 

where protein consumption is  more than adequate , but may be very 

important where diets are barely adequate in protein content . .Any 

change in quality is equivalent to a change in quantity. 

The evaluation of proteins and mixed protein diets for 

nutrition in man and animals can be accomplished most accurately in 

the species for which the proteins are intended and under the circu�­

s tances in which they are used . Since this  can s eldom be accompliRhed , 

proteins are more conveniently tested in a variety of other species 

having analogous nutritional requirements , but animal tests are 

cumbersome , time consuming and expensive . Some of the biological 

methods used for the determination of nutritional quality of proteins 

are summarised in Appendix 9 .  
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More recently, through our increased knowledge of amino acid 

requirements , better methods of amino acid analysis , and an appreciation 

of importance of amino acid availability, various laboratory methods 

have been developed which reflect more or less accurately the protein 

quality as applied to specific species and conditions (239 ) .  

9 . 2 General review of literature on the effect of processin.c; on 

the nutritional quality of proteins 

If food processing is  defined to include all t reatments of a 

food-stuff from the place of origin to the point of consumption , then 

more than 95 percent of our food is  processed . Most foods are not 

fully accentable and must be trimmed and co oked to make them more 

palatable . Most foodstuffs are not stable and must be subjected to 

various processing c onditions including heating , freezing , drying , 

irradiation and chemical treatment to preserve them so that they may 

be stored or transported . In most cases ,  food processing causes a 

reduction of the nutritional value of a food .  As a result of advances 

in the science of food and nutrition , the adverse effects of process­

ing of which we were formerly unaware are now becoming apparent . Of 

these  treatments ,  heat is  the most important in its effect on protein 

quality.  The effect may be ei ther benefici al or detrimental . The 

beneficial effect  i s  observed in most of the leguminous proteins 

which contain anti-nutritional factors especially trypsin inhibitors . 

Heat-treatment inactivates these and enhances the biological value 

(see Chapters 4 and 5 ) , but the application of heat must be a 

balance betvreen the beneficial and destructive effects . 

The early work on the effect of heat on the nutritive value 

of  many proteins has been reviewed by Rice and Beuk ( 230 ) and more 
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rec ent ly by Li en er ( 1 54 ) . Althou:sh heat treatment may in many cases 

cause de c reased d i ,gest ibilitie s ,  the ma j o r  cause of heat injury appears 

to be the resu l t  of an impaired as simi lation of one o r  more e ssential 

amino a cids . Thus t he expe riments of Greaves ,  Morgan and Loveen ( 1 02 ) 

indi cated that the de teri oration in the nut ritive value of heated 

cas e in (at 1 20° C for 24 hours ) can be c ompensated for by the udrli tion o f  

lysine t o  the e xperimental diet . Re sul t s  on the s ens i tivi ty of lysine 

to dry heat in lysine-rich human globin were obtained by Devlin and 

Zi t t l e  (70 ) .  They showed that after drying in an oven at 55°C - 85°C 

f o r  approxima t el y  18 hours the avai labili ty o f  lysine had been impair­

ed . llock et a l  (26 ) have shown that dry he atin<; of purified pro teins 

doe s  not re sult in the chemical de struc tion of lysine b e c ause as muc h 

lysine could be iso lated after ac id hydrolys i s  of hea t ed casein (at 

1 50°C fo r 65 minutes ) as from unheated. 8lo ck et al (27 ) reported 

that de struction of lysine in pro t ein may oc cur during toasting of 

food- stuffs vlhe re the pro tein is in the pre s enc e of carb ohydrates and 

fat s .  lVhen a cake mixture was baked a t  a temperature o f  approximately 

200°C  for 1 5  to 20 minute s ,  and tha cake was subsequent ly dried on the 

radi a t o r , the PBR de c reased to 2 . 4  from i t s  original value 3 . 3  - 3. 5 

in an unbaked mixture . If the baked c ake was drie d  in nn oven over­

night at 60°C ,  the PER decreased furthe r to less than 1 . 5 .  When slices 

of the cake we re t oasted in a l ow tempe rature oven at 1 00 - 1 20°C ,  

unt i l  they had the appearance o f  commercial rusk ( Zwi eback ) , the PER 

was l e s s  than 0. 7 and in some cases the animals vrere jus t able to 

maintain vm ight . Howeve r ,  if 0. 49 percen t  of 1 (- )-lysine were added 

to thi s  oven dri ed cake , the PER rose to 2 .  7 ;  vrhi le the addi tion of 

0, 63  perc ent of lysine to the toasted mat erial prac t ic al ly res t o red 

i t s  ini tial nu tritive value (PER 3 . 2 )  



1 30. 

Peters et al (21 6 )  s tudi ed t he effect of vari ous me thods of 

p ro c e s sing oat pro t eins on amino acid compo s i tion and on the in vi t ro 

re le a s e  o f  amino ac ids by tryp t i c  dige s tion as wel l as on the growth 

pe rformanc e of rats . 'I'hey found that inc re asing the s everi ty of he at 

t reatment caus ed a progre s sive decrease in the eas e wi th whi ch l ysine 

c ould be re leas e d  from the pro t e in by enzyme ac ti on . !<lore s evere heat 

t re a tment such as toast ing (at 200°C for 2 minu te s ) and gun exp l o s ion 

(preheated fo r 5 minutes at 1 22° C fo llowed by cooking at 200 lb 

pre s sure ( 1 98°C )  for 2 minutes ) actually caused an apprec i ab l e  

de s truction of lysine as evidenc ed by the decreased amount o f  lysine 

tha t  could be rec overed by a c i d  hydro lysi s .  The addit ion o f  lysine 

re s to red the nutritive value of the oat pro tein damage d by the 

toast ing pro ce s s . Hal evy and �uggenheim ( 1 07 )  have shovm that b y  

aut o c l aving wheat gluten �vi th gl ucose 50 pe rcent o f  the lysine was 

de s tro yed and the amount of lysine re leased by pancrea tin was like­

wi s e  re duc ed by one hal f .  The s e  studies make i t  clear that lysine may 

b e c ome unavai lab l e  to an animal because o f  incomple te enzyma t i c  

diges tion and/o r  ac tual destruction . The fo rmer can oc cur under 

c ond i t i on s  of relatively mild he at treatment whi ch does not n e c e s sar­

i ly cause a de s t ruc tion of lysin e . The s e  two effects are re fe rred to 

as the "inac t ivat i on " and "de s tructi on " o f  amino acid s  ( 1 54 ) .  The 

"inact ivation " i s  defined as the difference be tween the amoun ts of an 

amino acid whi ch can be measured in depro te ini sed hydro lysate s  after 

sub j ec t ing the raw and the he ated protein to in vitro enzyma t i c  

digesti on und er s tandardised c onditions whe reas ''destruction " i s  

de fined a s  the di fference be tween the amount s of an amino acid whi ch 

can be measured in t he acid (o r  alkaline in the case of tryptophan ) 

hydrolysates of the raw and t he heated prot e ins . 
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'rhe mechanism of the chemical changes that take place during 

the interaction of a protein with sugars has been studied extensively 

by Lea and Hannan ( 1 50 - 1 53 )  using casein and glucose as model 

reactants ( 1 70 ) .  They found that the most rapid chemical change 

observed in the system was a loss of amino groups ,  particularly the 

E-amino groups of lysine and the formation of a colour less compound , 

N-substituted 1 -amino-1 -deoxy-2-ketose in a molar ratio of 1 : 1 .  At 

this stage of reaction , lysine could be quantitatively recovered by 

acid hydrolysis . As the interaction between casein and glucose 

proceeded beyond the 1 : 1 stage , the mixture darkened and lysine 

could no longer be recovered by acid hydro lysis .  Failure to recover 

lysine could be caused by the fact that the protein-sugar reaction 

had proceeded to a point where the protein was no longer attached to 

a hydrolysable glycosyl linkage ( 1 54 ) .  

Regarding the availability of lysin e ,  i t  ��s been estab­

lished that trypsin splits a protein molecule at those peptide bonds 

containing the carbonyl moiety of lysine or arginine provided the 

E-amino group of lysine or the guanido group of arginine is 

unsubstituted . Substitution of these groups renders the protein no 

longer susceptible to cleavage by trypsin . 

Earlier work on the effect of processing on nutritive value 

was concentrated on lysine as the sole seat of damage and in certain 

foods and mixtures lysine appears to be the only amino acid that is  

damageg . Later Riesen and associates (231 ) investigated the libera­

tion o f  the essential amino acids from raw , properly heated and ovGr· 

heated soybean oil meals . They found that tho amount of each of the 

essential amino acids liberated by acid  hydrolysis of soybean oil 

meal was unaffected by heat treatment at  1 5  psi for 4 hours , except 
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lysin e , arginine and tryptophan . The l iberation by pancreati c  
I 

hydro lysis of th!3 se amino acids 1·.-as decreas e d  for raw and overhe ated 

mea l s . That there i s  amino a c i d  destruction when pro tein i s  he ated with 

ce rtain carb ohydrate s has been shown conclus ive ly by Pat ton et al (2 1 4 ) . 

By comparing the amino ac id composition of purified casein wi t h  that 

of cas ein whi ch had been refluxed for 24 hours in 5 percent glucose 

solution , they shm·md that very s igni ficant losses of lysine , arginine 

I 
and tryptophan oc curred and that there were l e s s  marked l o sses o f  

his ti dine , leucin e , and isoleuc ine . Pat t on et al (21 5 )  also showed 

that refluxing of so y globulin in a 5 percent glucose so lut i on for 24 

hours resulted in the parti a l  destructi on o f  lysine , arginine , t ryptophan 

and hi s tidine . Re fluxing in wa ter di d no t d ecrease t he t otal amount 

of ess ential amino a c ids in the protein . Evans and Butts ( 77 ) ,  using 

a mix ture of soybean protein and sucrose ra ther than a suspension of a 

pure pro tein in a gluco se solution , obtainod very simi lar resu lts as 

far as destruction of lysine is conce rned . In thi s expe riment i t  

seems that hydro l ysi s of t h e  sucro s e  may have occurred . In sub s e quent 

1·10rk ,  Evans and But t s  (78 ,  79 ) and Evans et al (80 ) report e d  tha t 

autoc laving at 1 5  psi for 4 hours of so ypro tein plus sucrose de s troyed 

more lys ine , arginine and cyst ine than the autoclaving of soybean 

pro te in alone , and that addi t i onal amount s  of the s e  and othe r amino 

acids we re made unavai lab l e  for in vi tro enzyme hydro lysi s .  They 

concluded tha t three types of reac tion are possible when so y pro tein 

is heated in the pre sence of sucro se :  

1 .  Ce rtain o f  the amino acids,  princ ipally lysine , asparti c and 

glutamic ac ids react with other cons t i tuents of the p ro te in 

t o  form enzyme resis tant c ombinati ons . Ac i d  hydrolys i s  o f  

t he se combinati ons wi l l  re lease the intact amino acids ; hence 

they are not destroyed . Thi s type of reac tion can occur 



1 33. 

whether or not carbohydrate is available . 

2 .  Protein-bound methionine , cystine , histidine , threonine , glycine 

and aspartic acid (and perhaps other  amino acids ) react with 

sucrose , presumably after hydrolysis ,  to form enzyme-resistant 

l inkages although the amino acids could be recovered unchanged 

after acid hydrolyses .  

3 . Those amino acids with unbound amino groups may react 1-1i th sucrose , 

with resultant destruction of the amino acids . Acid  hydrolysis 

will  not regenerate the amino acids in such cases .  

Recently Bender ( 1 8 )  reported that in some foods the sulphur 

amino acids suffer  more damage than does the lysine . In tmheated 

fish,  for example ,  methionine is tho limiting amino acid and remains 

limiting in gro ss ly overheated fish meal . Supplementation of those 

poor saLJ.ples vTi th methionine does increase the N .P .U . but not up to 

the levels of undamaged material . Carpenter ot al (48 ) showed thet 

after heat treatment of herring meals a loss due to inactivation 

occurred in tryptophan , methionine , arginine and lysine . 

9 . 3 Review of literature on the nutritional quality of proteins 

in soyrnilks 

The nutritive value of  soyprotein has been recognised for 

many years by both animal and human nutri tionisis and it is 1ofell 

established that the nutritional quality of properly processed soy 

protein is comparable to that of milk protein and the very best rod 

meat protein ( 1 1 6 ) (see also Appendix 1 ) . The present review is 

concerned with the nutritional studies on proteins in soymilks . 
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Fbmon (85 )  carried out an experiment with four normal infants 

aged from 1 1 3 to 1 54 days at the beginning of the study. They were 

fed on experimental soybean formula as a sole source of energy for 

periods ranging from 36 to 72 days . The formula provided 7 percent of 

the calories as protein derived from soy extract made from full fat 

flour from the >-Thole soybean. The mean rate of gain in weight during 

the interval was 2 1 . 3  _g/day , a value nearly identical to that of 

infants of similar age receiving pooled human milk ad libitum . He 

also studied the relation of retention of nitrogen to intake of 

nitrogen '1-Ti th infants fed pooled human milk , those fed the soybean 

formula and those fed a formula providing 7 percent of calories as 

protein from cow milk and reported that proteins from the three 

different sources promote retention of nitrogen in a similar manner. 

�liller ( 1 85 ) reviewed the work of Homma, Takahashi and 

Kavmzura from the Department of Pedia tries , Tokyo University School 

of llledicine , who fed soymilk to a large group of infants averageing in 

age from birth to seven months . Three babies used as cont rols were 

fed on cow ' s  milk for.nulas . Their results were as follows : in all 

cases the soymilk was well taken by infants , no nausea and vomiting 

occurred. The stools were soft , dark yello'I'T to dark green and 

averaged 1 to 5 in number. Body weight gain was more rapid in the 

soymilk fed babies than in the contro l ,  mammalian milk fed babies . 

Blood examination revealed neither �mia nor low serum protein  

levels .  The intestinal flora o f  these 1 0  babies showed moderate 

increases in L . bifidis and the pH of the faeces decreased until 

acidic . The results resembled those of breast fed babies . X-ray 

plates of legs and hands were normal at both the beginning and the 

end of the feeding period with soymilk . 
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Des ikachar et al (68 ) conduc ted a human fe e ding experiment 

to det ermine the nut ri t ive value of soymilk pro tein . They fo und that 

when cow ' s milk curd pro t ein fed along 'I'Ii th a poor South Indian ri c e  

d i e t  i s  replaced by an e quiva lent amount o f  soymilk pro t ei n , the 

mixed pro t eins in bo t h  the cas e s  are ut ilised to about the same exten t .  

By fo l l o wing the nit rogen balance me thod o n  hm adul t sub j ect s ,  they 

(68 ) report e d  that the ave rage diges tib i l i t y  coeffi c i ent and the 

b i o l ogical value of soymilk pro tein compared wi th egg p ro t ein are 

96 . 6 and 94 . 0 , respe c t i ve ly .  Cahill e t  al (47 ) repo rted that the 

ave rage b i ological value o f  s oyb ean protein for maintenance in a dult 

human sub jec t s ,  using the pro tein of whole egg as a s t andard. , was 

found to be 94. 5 pe rc en t  for pro tein in cooked whole so ybean ,  91 . 7  

percent for that in co oked soy fl our and 95 . 3  for that in a so ybean 

milk. 

DeNaeyer and Vander.Sorght (65 ) performed a comparative 

s tudy of nut rit ive value of different pro tein foods on the fee ding o f  

African c hi ldren and reported tha t the percen tage o f  abs o rption , t he 

b i o l ogi c al value (EV) and net pro t e in uti l i z a t i on (NPU ) are 

re spe c t ivel y :  1'1'ho le eggs 97 , 90 9 87 ; c ow ' s milk 91 , 87 , 79 ;  human 

milk 90 , 1 00 , 90 and soymi lk 95 , 80 , 76 . 'I'hey c oncl uded tha t some 

batches o f  soymilk showed a nutri tive value s imilar to that of C OI'I' ' s  

m i lk and i f  the produc t i s  care ful ly standard i s e d ,  i t  might be usefu l  

i n  t h e  f e ed in ; o f  infants when breast feeding o r  coN· ' s milk are 

unavailab l e . Jone s ( 1 37 )  not e d  that cl ini cal observati ons have shown 

the infants can grow and thrive fo r pe riods of over a year wi t h  soy­

milk as the sole source of p ro teins in the i r  d i e t  and that i t  

c ompares favourably wi t h  mammal i an milk from the standpoint of 

availabi l i ty and biol ogical value of i t s  pro tein . 



Gyorgy e t  al ( 1 03 )  using rat s , determined the prot e in 

e ffic i ency ratio (PER) of four commerc ial s oymilk sample s and found 
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PER value s ranging from 1 . 4 to 2 . 2 .  Thre e o f  the se preparati ons we re 

given as sole and first formula (with supplements of vi tamins and 

iron ) to 80 premature infant s  during the ir who le stay in the nurs e ry 

and a l so at home after the i r  discharge . Forty-six premature infants 

as control rec e ived a proprietary cow ' s mi lk fo rmula . The so ymilk 

with the highe s t  PER promo ted gains in weight ove r  the whole peri od 

of ob s e rvation comparab le to that seen in the control group fe d the 

c ow ' s  milk formula . No di s tinct differenc e  in the figures for b o dy 

l engt h  was noted in t he vari ous groups .  In c ontras t ,  the serum 

p ro te i n  value s \vere high in the groups rece iving the b e s t  soymilk o r  

c ow ' s mi lk and l o w  i n  the groups fed the other tuo soymilk preparati ons . 

They conc luded tha t  there were di stinct differenc es in the nutri tive 

value of such soymi lk products wh ich was evident not only v-rhen t e s ted 

on animals out also when tested on infant s .  The s e  differences mus t  

primari ly be due t o  variati ons i n  the und e rlying techn o l ogical 

pro c e s s e s  used and of the s e  the most important seems to be the 

influence of exposure to heat in i ts in tens i ty and/o r  durati on . 

Graham ( 1 01 ) stated "we have evalua ted a vari ety of so y pr odu c t s  for 

infant fe eding and have found important d i f fe renc es whi ch mus t in 

part be at tributed to the effect of pro c e s s ing , with a we l l-known 

s oymi lk giving results very simi lar to tho se of a modi f i ed c m-1 ' s 

milk . " 

Hackler e t  al ( 1 04 )  inve s tigat ed the effec t of proce s s ing 

on the nutritive value of soymilk pro teins when fe d t o  weanling rat s .  

They s howed that the nutri tive value o f  s o ym i lk protei ns was 

affe cted by b o t h  t empera ture and t ime of heating. Heating s oymi lk 



0 for 1 - 6 hr at 93 C had no adverse effect on protein efficiency , 

growth or available lysine .  Heating for 32  minutes at 1 2 1 °C in 

contrast showed that there was a definite decline in the protein 

efficiency ratio (PER) , and an indication that available lysine was 

declining. The drop of available lysine was greater after soymilk had 

been heated 40 minutes , at 1 2 1 °C. However,  the highest PER value of 

soymilk processed at 1 21 °C is somewhat greater than the best PER value 

0 found for soymilk processed at 93 C .  

Van Buren et  al (261 ) showed that  available lysine started 

to decrease after 1 0  minutes of heating at 1 2 1 °C and a high correlation 

was observed between the available lysine level and the biological 

values of the various heat processed soymilks .  

Hackle r and Stilling ( 1 05 )  carried out a further study on 

the effect of heat on the amino acid composition of soymilk and its 

correlation with the nutritive value . Thei r  results indicated that 

heating of soymilk at 93°C for as long as 4 hr . had no significant 

effect on amino acid composition .  When the soymilk was heated at 1 21 ° C ,  

cystine and tryptophan decreased as the time of heating increased from 

0 to 1 20 minutes . Cystine was the most susceptible to damage 

(decrease is immediate ) ,  whereas a decline in tryptophan was noted 

0 only with soymilk heated for 60 minutes or longer at 1 21 C .  They put 

forward an explanation for the decrease of PER with the increase in 

time of heating at 1 2 1 °C suggesting that this drop in PER was directly 

related to a decrease in cystine , followed by a decrease in tryptophan . 

It i s  generally recognised that the total sulphur amino acid content 

of soybeans limits the utilisation of its protein ( 1 88 ) .  
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9 . 4 Objective and Experimental Plan 

It appears from the literature that the variation in 

nutritive value of proteins in various soymilks is due to variation in 

the processing conditions since both under-processing and over­

processing affects the utilisation of proteins in soyproducts . The 

under-processed products c ontain antinutritional factors which inter­

fere with the utilisation of the proteins while over-processing 

lowers the quality by making the proteins unavailable through 

destruction or modification or both. 

The aim of the experiment ,.Tas to evaluate the comparative 

nutritional quality of pl·oteins in soymilks prepared from carbonate 

presoaked beans and processed under various condi tions but always 

under condi tions in which the antinutritional fac tors were completely 

destroyed . Optimum heat pro cessed soymilk prepared from vmter 

presoaked beans was taken as standard . 

The determination of the real nutritional quality of an 

unknown protein or protein food falls in the domain of biological 

assay in humans and test animals . Soy protein has already been 

extensively tested biologically (see reviev; above and Appendix 1 )  and 

since the carrying out of biological tests is cumbersome , time 

consuming and very expensive , ru1d unsuitable for industrial process 

control , a number of standard in vitro methods \vhich appear to 

accurately reflect the nutritional quality of protein (see review 

in Appendix 8 )  were chosen for study of their potential use in the 

industrial situa tion .  

Although properly processed soymilk prepared from carbonate  

pre soaked beans showed superiority in  digestibility to  that of the 
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water presoaked preparation (Chapter 5 )  a conclusion on the nutritional  

quality of the proteins can not be  drawn from this because the method 

used measures total free amino groups and does not distinguish be­

tween individual amino acids . T he quantity of amino nitrogen 

measured 1>1as contributed to by bo th the essential and non-essential 

amino acids and their proportions may vary in different enzyme 

digests . One relatively unimportant amino acid may be  rapidly and 

completely liberated by enzyme ( s )  while other essential amino 
-
acids , 

l ike lysine , may have formed ne1>1 peptide linkages that are resistant 

to enzymatic digestion , thereby affecting the utilisation of this 

amino acid and the quality of  the whole protein . Therefore ,  a 

furthe r evaluation of  nutritional quality of the vsri ous heat­

processed soymilks prepared from carbonate presoaked beans was carried 

out using as a basis the amino acid composition and their 

availability . This data was compared 1>li th data similarly derived 

for a soymilk based on wa+.or presoaking and heated at 1 1 5°C for 

1 8  minutes . 

9 . 5  Experimental 

9 . 5 . 1  Determination of amino acid composition of proteins in 

various heat-processed soymilks by acid hydrolysis 

9 . 5 . 1 . 1  Materials and Methods 

Preparation of soymilk samples for the evaluation 

of nutritional quali ty 

Soymilks were prepared either from water presoaked or 

carbonate presoaked beans according to the method described in 

Chapter 2 .  rhlk from water presoaked soybeans 'l'las -processed at 1 1 5° C 

for 1 8  minutes.  Three different types of processing 1>mre applied to 
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the soymilk prepared from carbonate presoakod beans : (i ) Processed at 

1 1 5°C for 1 8  minutes ; (ii ) Processed at 98° C for 40 minutes ; 

(iii ) Prehoated at 1 1 5°C for 5 minutes , then concentrated to a solids 

content of 1 5 . 5  percent , and sterilised in 2 1 1 x 309 cans to a F0 
value of 5 . 5 ,  according to the method described in Chapter 8 . All 

four processed soymilk samples were freeze-dried and s tored at -20° C 

until analysed . 

Nitrogen determination 

The nitrogen contents of the freeze-dried soymilks were 

determined by semi-micro Kjeldahl procedure as described previ ously 

(Chapter 3 ) .  

Preparation of hydrolysates for amino acid analysis 

Hydrolysates for the determination of amino acids from 

freeze-dried soymilk samples were prepared according to the procedure 

described in Chapter 3 .  

Chromatography of  hydrolysates 

This  was modified by using a modified 2 hour procedure 

instead of the 4 hour run as used in Chapter 3 .  The operating 

c onditions have been summarised in Appendix 4 .  

9 . 5 . 1  . 2  Results 

The amino acid contents of the various heat processed 

soymilks are presented  in Table 29,  on the basis of percentage in 

the c rude protein.  The recovery of amino acids in the soymilk analyses 

was from 98 - 1 00 percent . The data obtained from the above analysis 

i s  not discussed in detail because s tatistical analysis showed that 

there is no significant difference betw0en the individual amino acid  

content in any of  the soymilks analysed . The essential amino acid 
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contents of soymilks (average of four milk samples ) were compared with 

the re ferenc e pattern o f  e s s ential amino acid requirements o f  the Food. 

and Agriculture Organisati on (FAO ) ( 226 ) ,  whole ogg ,  cow ' s and human 

milks in Table  30 .  Although FAO d o  no t give a requirement for 

arginine and hi s t i dine , the requirement of a rginine proposed by Ro se 

(233 ) and of his tidine by the Food and l'Tutri ti on Board of the nati onal 

Academy of Science (74 )  for b o th ht�nn infants and albino rats are 

also inc luded in tho tab l e . Table 30 shows that the percentage of 

sulphur amino acids in soymilk is lo�vor than that of c ow ' s  mi lk but 

both milks are deficient comparod vli th the }!...,AO p::."ovi sional pa. t te rn .  

The essential amino acid index (EAAI )  as modified by rli tche ll ( 1 89 )  

calculated for the heat processed soymilk samples , hUJ'l.an and c ow ' s  

milks arc also given in Tab l e  30. The EAAI of soymilk is the lovmst 

among tho three milks . 
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TABLE 29 . .Amino ac id compo siti on o f  pro teins in various 

heat-pro ce s sed soymi lk s .  

g amino ac id/ 1 00 g pro tein 

Lysine 

Hi stidine 

Arginine 

Aspartic aci d  

Threonine 

Serine 

Glutamic acid 

Prol ine 

Glycine 

Alanine 
1 ' .  ;r cys-clne 

Val ine 

11ethionine 

Isoleucine 

Leucine 

Tyro sine 

Phenylalanine 

Tryptophan 

Iti lk from 
b eans pro­
soaked in 

water ,  
processed 

at 1 1 5
°

C for 
1 8  minute s 

6 . 08  ± o .  04 

2 . 02 ± 0 . 00 

7 . 96 ± 0 , 08 

1 2 . 09 ± 0 . 09 

3 . 77 ± 0 . 03 

4 . 52 .± 0 . 02 

20 . 98 ± 0 . 09 

4 . 30 ± 0 . 07 

3 . 79 ± 0 . 02 

3 . 5 5 ± 0 . 00 

1 • 49 ± o. 1 4  

4 . 90 .± 0 . 01 

1 • 1 3 .± 0 .  01  

tJ- . 57 ± 0 . 01 

7 . 6 3 ± 0 . 01 
3 . 70 ± 0. 04 

4 .  73 ± 0 . 1 1  

1 .  42 .± o . oo 

�ii lk from carbonate }lres oake d beans 

Processed at 
1 1 5

°
C for 

1 8  minu tes 

6 . 38 ± 0 . 02 

2 . 09 .± o . oo 
7 . 6 5 ± 0. 06 

1 2 . 78 .± 0 . 34 

3 . 81 ± o . oo 
4 .  78 .± o .  06 

2 1 . 1 5 ± 0 . 00 

4 . 48 ± 0 . 05 

3 . 84 ±. 0 . 02 

3 . 70 ± 0 . 02 

1 • 39 ± o .  01 

4 . 50 ±_ 0 . 70 

1 . 1 6 ± 0 . 01 

4 . 70 ± 0 . 03 

7 . 89 .± 0 . 09 

3 . 66 .± 0 . 09 

4 . 82 ± 0 . 07 

1 . 40 ± o . oo 

Proces sed at 
98

°
C for 

40 minutes 

6 . 1 2  ± 0. 23 

2 . 1 5  ± 0 . 04 

7 . 8 1  ± 0. 1 0  

1 2 . 64 ± 0. 03 

3 . 88 ± o .  01 

4 . 83 .± 0. 02 

20 . 0 1 .± o. 86 

4.  55 ± 0. 09 

3 . 89 ± 0 . 05 

3 . 70 .± 0 . 02 

1 . 30 ± 0. 02 

5 . 24 .± 0. 06 

1 . 1 5  ± 0 . 1 2  

4 . 66 .± 0. 06 

7 . 86 ± 0, 08 

3 . 72 .± 0. 1 0  

4 . 8 3  .± o. 06 

1 .  38 .± o. 0 5  

Conc entrated , 
sterilised * 

6 . 1 0  .± 0. 02 

2 . 1 5  ± o. 04 

7 . 56 ± 0 . 3 5  

1 2 . 1 5  ± o. 24 

3. 79 ± 0 , 03 

4 . 67 ± 0. 04 

20. 57 ± 0. 04 

4 . 43 ± 0 . 09 

4 . 05 ± 0. 46 

3 . 4 1 ± o . oo 
1 . 35  .± 0. 04 

5 . 1 2 ± 0 . 1 7 

1 • 1 4 ± o. 06 

4. 49 .± 0. 04 

7 . 6 3 ± 0. 1 2  

3 . 41 ± 0 . 03 

4 . 52 ± 0 . 01 

1 .  5 3  ± 0 . 01 

* Preheated at 1 1 5
°

C for 5 minutes , conc entrated to 1 5 . 5% 
so lids content , s teri lised to  a F value of 5 . 5 .  0 



TAB LE 30 . Com�arison of the pattern of the essential amino 

acids in soymilk with that of FAO provisional pattern , egg,  

cow ' s and hum�n milks� 
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Amino Acid 
FAO 

Provisional 
pattern 

Soy­
milk 

Human 
milk 

Cow ' s  
milk 

Hen ' s  
egg 

Isoleucine 

Leucine 

Ly si no 

Total 11aromatic 11 
amino acids 

Phenylalanine 

Tyrosine 

To tal sulphur­
containing amino 
acids 

Cystine 

r1ethionine 

Threonine 

Tryptophan 

Valine 

Arginine 

Histidine 

:CAAI 

4 . 2 

4 . 8  

4 . 2 

5 . 6 

4 . 2 

2 . 8 

1 . 4 

4 . 2 

2 . 0b 

2 . 4c 

2 . 8  

2 . 8  

2 . 0 

2 . 2  

4 . 6 1  

7 . 78 

6 . 1 7  

8 . 35 

2 . 53  

2 .8 1  

1 . 43 

4 . 94 

7 . 75 

2 .  1 0  

77 . 62  

4 . 73 

3 . 62 

1 .  35 

1 .  1 5  

6 . 4 

8 . 9 

6 . 3 

1 o .  1 

4 . 3 

4 . 6 

1 . 6 

6 . 6 

2 . 2 

92 . 9 

4 . 6 

5 . 5  

2 .  1 

2 . 2  

6 . 4 

9 . 9 

7 . 8  

1 0. 0  

4 . 6 

1 . 4 

6 . 9  

3 . 2  

2 . 3  

89 . 74 

4 . 9 

5 .  1 

0 . 9 

2 . 4  

aFAO Pattern of amino acid re�uirements (Ref . 226) 

bAmino acid re�uirements suggested by Rose (Rcf . 233 ) 

cRe�uirement of albino rat or human infant (Ref . 74 )  

6 . 6  

8 . 8  

6 . 4 

1 0 . 0  

5 . 5  

5 .  1 

1 . 6 

7 . 3  

6 . 4  

2 . 6 

1 00 

5 . 8  

4 . 2 

2 . 4  

3 .  1 



1 44.  

9 . 5 . 2  Determination of available essential amino acids 

Qy enzymntic methods 

9 . 5 . 2 . 1  Materials 

Soymilk samples - same as those used in experiment 9 . 5 . 1  

Pepsin - 1 : 60 , 000 (2x crystalised ) Sigma Chemical 

Company, U .S .A .  

Trypsin - 1 : 9 , 000 BAEE per mg, Niles Seravac , 

Grade IV, Maidenhead , England 

Pancreatin - The British Drug House Ltd,  England 

Erepsin - ex hog intestine (2�5 1 h ) , Koch-Light 

Laboratories Ltd, England 

Resin- ' Dowex ' 2-x8 , 20-50 mesh ( Cl ) ,  The British 

9 .  5 .  2 .  2 T1ethods 

Drug House Ltd , England 

The method of Ford and Salter (87 ) 'l'rith slight change 

was used for enzymatic digestion and of Akeson and Stahmann (2 ) for the 

estimation of amino acids . As carried out in the present study, a 

sample of freeze-dried soymilk representing 1 5  mg protein was weighed 

into a conical flask of 50 ml capaci ty, and to  this 1 5  ml of 0 . 05 M-HCl 

containing 4 mg of pepsin ,.,as added . The final pH of the mixture was 

1 . 6 .  0 The flask and contents were incubated at 37 C for 24 hours with 

frequent swirling. After pepsin digestion ,  the pH of the digest was 

brought to  about 8 with 0 . 5 11-NaOH and 0. 5 g of NaHco3 was added to 

bring the pH to 8 . 2 . 2 mg of crystalline trypsin and 8 mg of 

pancreatin were added to the digest . 0 . 5 ml of toluene were added as 

preservative and incubation was continued for a further period of 
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24 hours 1-ri th frequent s1virling . At the end of the second dige s ti on 

period ,  1 ml of 0 . 02 11 phospha te buffer of pH 7 . 6  containing 2 5  mg 

of erepsin was adde d .  Incubation was continue d for ano ther period 

of 24 hours ivi t h  frequent swirling . 

At the end o f  the dige s ti on period , 1 00  ml of 1 pe rcent 

picric acid soluti on i'Tas added to each flask to precipitate the 

undigested proteins and larger peptides . The preci pitate was removed 

by centrifugati on a t  1 5 30 x g fo r 30 minute s  fo lloivGd by fi ltra tion 

through \fuatman No , 52 fil tor pap er . The fi l trate vw.s passed through 

a column ( 0 . 9 "  x 2 5 11 re sin bed ) containing the anion exchange resin 

(about 1 5  gm ) in chlo ri de form to remove the picric ac i d . This 'lms 

fo llowed by rinsing the column vri th three sma l l  volume s about 2 5  ml 

for each wash ) of 0 ,  02 r-1-HCl . The to tal solution after passing 

through the column was concentrated to a slurry using n rotary vacuun 

t t b th t t f 4oo �v . evapora o r  a a a cmpe ra ure o 

to 50 ml \·ri th pH 2 . 2  sodium ci trate buffe r . 

'l'he sample was then di luted 

.Amino ac id .::malys i s  of 

the sampl e  I'Tas made by the ion exchange metho d  as des c ri bed in 

Chapter 3 ,  usin,'j the 2 hour procedure as in 9 . 5 . 1 . 

9 . 5 . 2 . 3  Re sults 

The re sults are reported in 'rabl e  31 . The table shows 

that the release of mo st of the e s sential amino acids by enzyme s i s  

lowe r i n  soymilk prepared from water presoaked beans than vri th any of 

the carbona te pres oaked preparati ons , The overal l effec t  of the 

three different types of processing as applied to the soymilk 

prepared from c arbona t e  pres oaked beans showed no significant 

di fferences . The be t ter recove ry of lysine and leucine from the 

carbonate presoaked mi lk is highly significant and that of his tidine 

i s  jus t s ignificant . The size and shape of the cystine pe ak  in the 



TABLE 31 . In vitro avai lability o f  essential amino acids (g amino acid/1 00 g protein ) 

·uater presoaked 

Amino Acid preparation , 
processed at  
1 1 5°C/1 8 min 

Lysine 3 . 25 ( 52 . 67 )  
Histidine 0 . 56 ( 26 . 67 )  

Arginine n . s .  6 . 57 (84 . 8 3 )  

Threonine n . s .  0 . 49 ( 1 2 . 85 ) 

Cystine Trace 
Valine n .  s .  0 . 85 ( 1 7 . 21 ) 

Nethionine n . s .  0 . 45 ( 39 . 30) 

Isoleucine n . s .  1 . 02 (22 . 1 5 ) 

Leucine 4 . 78 ( 6 1 . 46 )  

Tyrosine n . s .  2 . 27 (6 2 . 66 ) 

Phenylalanine n . s .  3 . 30 (69 . 84 )  

Total 23 . 54 

Carbonate presoaked preparation 

:.;recessed at 
1 1 5°C/1 8 min 

3 . 9 2  ( 63 . 5 3 ) *** 
0 . 77 ( 36 . 67 )* 
6 . 70 (86 . 5 1 ) 

0 . 49 ( 1 2 . 8 5 ) 

Trace 
1 . 0 1  (20. 45 ) 

0 . 50 (43 . 67 )  

1 • 1 2 (24.  32 ) 

5 . 6 3 (72 . 39 ) -a 
2 . 40 (66 . 25 )  

3 . 80 (80 . 42 )  

26 . 34 

processed at 
98°C/40 min 

3 • 6 1  ( 58 • 5 1  ) *** 
0 . 60 ( 23 . 57 ) * 
6 . 52 (84 . 1 8 )  
0 . 49 ( 1 2 . 8 5 )  

Trace 
1 . 1 7  ( 2 3. 68 ) 

0 . 47 (4 1 . 05 )  

1 . 1 8  (25 . 6 2 )  

5 . 64  (72 . 52 ) ** 
2 . 29 ( 63 . 22 )  
3 . 74 (79 . 1 5 ) 

25 . 7 1  

concentrated a 
and stel'ilised 

3 .  84 (62 . 24 ) ·H* 
0 . 66 ( 3 1 . 43 ) *  
6 . 79 (87 . 67 )  
0 . 48 ( 1 2 . 5 9 )  

Trace 
1 • 02 ( 20 . 6 5 )  

0 . 49 ( 42 . 7 9 )  

1 . 06 ( 23 . 02 )  

5 .  71  (73 . 42 ) -iHt-
2 .  44 ( 67 . 36 ) 
3 . 88 (82 . 1 2 ) 

26 . 37 

The figures in �arentheses give the percentages of the total released for each amino acid.  
a ?reheated at 1 1 5° C  for 5 minutes ,  concentrated to solids content 1 5 . 5%, sterilised to  

a F0 value 5 . 5 
-* , ** , *** Significant at P ( 0. 05 ,  P (0 . 01 , P ( 0 . 00 1 , respectively 
n . s .  Alongside an amino acid means that the release of that amino acid is  not significantly 

different in any of the soymilks . The level of significance indi cated is based on a 
comparison ui th the values for the 1-mter presoaked milk .  

� . 
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cl1romatogram rendered it impossible to calculate its quantity accurately 

and it is , therefore , recorded in tho table as "trace " .  Tryptophan 

was destroyed during the picric acid procedure and so was not deter-

mined in the enzyme hydrolysates (2 ) ,  

9 . 5 . 3  petermination of  available lysine of various heat-

processed soyrnilks by FDNB 1 1difference " procedure 

9 .  5 .  3 .  1 r-111 terials 

Soymilk samples - samo as those used in experiment 

9. 5 . 1 .  

9 . 5 . 3 . 2  Methods 

Available lysine contents in v�rious heat-processed 

soymilks were determined according to the me thod developed by Roach 

et  al (232 ) .  

Determim. tion of "total 11 lysine contents in soymilks 

The lysine contents recovered froi!l the acid hydrolysates 

of  soynilks in 9 . 5 . 1 and reported in Table 29 were taken as the total 

lysine values in the present expe riment . 

Determination of "residual " lysine contents in soymilks 

1 , 0  g of each freeze-dried soymilk sample was taken in 

a ground j oint round-bottomed flask o f  1 50 ml capacity a.nd to this W:J.s 

added 8 ml of 8 percent (w/ ) sodium bicarbonate so lution . The flasks V 

were shaken gently to disperse the material and then allowed to  stand 

for at least 1 0  minutes . 0 . 3  ml of 1 -fluoro-2 , 4-dinitrobenzene (FDNB ) ,  

previously dissolved in 1 2  ml of ethanol was added to each flask , 

which was then stoppered and shaken gently on a Griffin flask shaker 

for 2 hours . Ethanol was then evaporated off on a steam bath. 25  ml 
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o f  8 !11-HCl were introduce d  into each flask and refluxed for 24 hours . 

At the end of the hydrolys i s  period each condens er 1-las washed down 

wi th 50 ml of disti lled 1.;ater . Tho hydrolysates were allowed t o  

s tand fo r more than an hour and then fi ltered through lflha tman Uo . 52 

fil t e r  paper Hith 1vator washing and the fi ltrate was made up to 200 ml . 

0 .  5 ml of the hydrolysate 1-1as appl ie d to the c olumn of the amino acid 

analyser for the separation of residual lysine under the same con­

di t i on s  as used in experiment 9 . 5 . 1 .  The re sidual lysine c ontent as 

measure d  in this expe rimen t  >vas subtracted from the total lysine 

c ontent of tho same sample and the diff0renco is the avai lab l e  lysine 

value of the sanple . 

9 . 5 . 3 . 3  Results 

The result s  are given in Table 3 2 .  Th e  re sults show 

that the lysine avai labi l i ty in soynilk prepared f rom water pres oaked 

beans is slightly lower than that in any of the three samples 

prep�red from carbonate pres oaked soybeans . Statisti cal analys i s  of 

the resul t s  shows that tho ro is no significant di fference among the 

l ys ine availabili ties in the milk samples analysed . The avai lable 

l ys ine value s found are about 90 - 9 1  pe rcent o f  t he total lysine 

re covered from the acid hydro lysate s .  
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TABLE 32 . Available lysine content in vari ous heat-processed 

soymilks (g amino acid/1 00 g .  protein ) .  

Processing Signifi-

Sanples Conditions Available  cance of 
lysine difference Teop. Tir:10 oc r.nn fror:1 T 

fT1 
Water presoaked preparation 1 1 5  1 8  5 .  57 � ( 90. 28 ) 

Carbonate presoaked preparation 1 1  5 1 8  5 . 65 ( 91 . 57 )  n . s . 

Carbonate presoakod preparation 98 40 5 . 63 ( 91 . 25 )  n . s .  

Carbonate  presoaked preparation F = 

( canned ) *  
0 

5 . 64 (9 1 • 41 ) 1 21 5 . 5  n .  s .  

* Preheated at 1 1 5° C for 5 ninutes , concen trated t o  1 5 . 5  percent 
solids content , sterilised at 1 20° C to a F0 value o f  5 .  5 .  

The figures in parentheses give the lysine recovery a s  a percentage 
of the total lysine rec overed froB acid hydrolysate s .  
n . s .  - not significant . 

9 . 5 . 4  Determination of pepsin digestibility of proteins in 

V!:trious heat-·Jrocossod soymilk using lolv pepsin strength 

9 . 5 . 4 . 1  Nateri als 

So�1ilk saBples - same as those used in experiment 

9 . 5 . 1 . 

Pepsin - 1 2 , 500 , The Briti sh Drug House Ltd , England .  

9 . 5 . 4 . 2  Methods 

The method of A. O . A. C .  ( 1 3 )  as modified by Lovern e t  al 

( 1 65 )  was used through out those s tudies.  1 . 0 g of each free ze-dried 

soymilk sample was taken in a conical flask of 250 ml capacity. To 

this was added 1 50 ml of freshly prepared pepsin - HCl solution 

(0. 0008 percent of 1 : 2500 pepsin in 0 . 075 M-HCl ) prewaroed to  45°C .  
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0 
The samples were incubated at 45 C for 1 6  hours in a cons tant shaking 

incubator ( r�llenkamp Orbital incubator ) at 1 50 rev/minute .  To a 

s imi lar sample in a second flask acid alone was adde d .  After 

incubat ion ,  about 1 . 0 g of filter aid ( standard super-cell ) was added 

to each flask and the contents were fil tered wi th suc tion through 

Whatman No . 5 2  fi lter paper . The resi due in the Buchne r funne l was 

washed thre e time s  \'lith w·nrm 1-rater , then the filter vauer and resi due 

1..rere transfe :;:·red to a Kj e ldah l  flask and the ni trogen c ontent vias 

deteTIJined as described previ ously ( Chapte r 3 ) .  

Calculation 

d D - S 
7o 1 1Corrected pepsin dige stibi lity ;' = 1 00 _ 

S 
X 1 00 

vrhere D - % t o tal ni t rogen solu->:> i li sed by acid + pepsin 

S = � to tal nit rogen solubil ised by acid alone 

9 . 5 . 4 . 3  Results 

The re sul t s  Rre p re sen ted in 'l'ab l e  33 . The table shovrs 

t hat the S1J.sceptibi l i  ty of proteins to pepsin at tack in thre e 

differently proce ssed soymilk sample s prepared from carbonate pre soaked 

beans i s  about the same whereas the dige stibi lity of pro teins in the 

water presoaked preparati on i s  significantly l ouer (P ( . 01 ) than that 

in any of the carbonate pre soclced pre parations . 

If the se co rrec ted pepsin digestibi lities of the various 

heat-pro ce ssed soymilks ( Tabl e  33 ) are plotted against available 

lysine values ( Tab le 32 ) , they reveal a signifi cant corre lation 

(r = . 91 3 ,  P ( . 001 ) as shmm in Fig. 2 1 . 



��LE 33.  Pepsin digestibility of various heat-processed 

soymilks . 

Processing Correc ted Signifi- Signifi-
Conditions pepsin cance of cance of 

1 5 1 .  

Samples digesti- difference difference 
Temp . Time bility from X from Y oc m in % 

Vater presoaked 
74 . 31 x preparation 1 1  5 1 8  

Carbonate presoaked 
80 . 29y preparation 1 1  5 1 8  *** 

Carbonate presoaked 
preparation 98 40 79 . 1 4 *** n . s .  

Carbonate presoaked 
pre�aration , 8re-
heatGd at 1 1  5 c 
for 5 nins , con-
centrato to  total 
solids 1 5 .  5%, Fo = 
sterilised 1 2 1  5 . 5  78 . 7 1  *** n. s .  

*** significant at P < . 00 1  

n .  s .  - not significant 

9 . 6  Discussion 

The preprocessing conditions , either presoaking in water or 

carbonate solution , and the processing conditions , either heating at 

1 1 5° C  for 1 8  minutes ,  or 98°C  for 40 ninutos or 1 2 1 °C for a F0 value 

of 5 . 5 ,  used in the p resent study shoued no significant effect  on the 

amino acid composition of proteins in soymilks . Although the amino 

acid composition of  proteins i s  influenced by the varietal differences 

and c limatic conditions in which soybean grows ( 1 97 ) ,  yet the amino 

acid compositions of heat-processed soymilks in the present study 

( Table  29 ) agree qui te well  wi th  the results of the recent reports of 
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Hackler and Stillings ( 1 05 )  on soymilk proteins and of Evans and 

Bandemar (81 ) and Tkachuk and Irvino (258 ) on soybean proteins . 

1 5 3. 

There is an indication that the sulphur-containing amino 

acids in the FAO Provisional Pattern ( 225 ) is too high (Table 30 ) and 

several authors ( 225 ) have suggested reducing the amount to 3 . 04 -

3 . 52 g/1 00g protein ( %N x 6 . 25 ) .  Even so the soymilk proteins are 

deficient in sulphur amino acids (Table 30 ) .  The Essential Amino 

Acid Index (EAAI ) of soymilk in the present study is about the same 

as reported by llackler and Stillings ( 1 05 )  for the optimum heat­

processed soymilks . 

The results  of the amino acid availability as determined 

by the enzymatic method (Table 31 ) show that some of the amino acids 

are very poorly released in all samples and most of the amino acids 

were not released in quantities comparable  wi th those in acid 

hydrolysates (Table 29 ) . l�rthermore , the lysine availability 

reported in Table 32 as determined by the li'DNB-procedure using acid 

hydrolyses was much higher than the value reported in Table 3 1 . 

Therefore , there has been incomplete hydrolysis by the enzymes used 

and in the specified time period , the results reported in Table 31 

are not the absolute values of available amino acids using these 

enzymes . Complete in vi tro enzymatic hydrolysis is very difficult to 

achieve ( 20,  1 80 ) .  Thus the difference between the quantity of the 

same amino acid recovered from enzyme hydrolysates (Table  31 ) should 

not be considered as unavailable amino acid content . However , the 

release of essential amino acids from the various heat-processed 

soymilks is  comparable and will indicate the relative nutritive value 

of proteins . Bender (20 ) stated "enzymatic hydrolyses do not go to 

completion but a c omparison of the amino acids liberated from 



proce s se d  and unprocessed foods gave a m e asure e i the r of nut ri t ive 

value o f  the �ro teins or o f  amino acid avai labi l i ty that agree very 

we l l  wi t h  bi o logi c al measure s . " 

1 54 .  

Very rec ent ly during a cri ti c al discus s i on of the re su l t s 

repo r t e d  by Ford and Sal t er (87 ) of available amino ac ids measured by 

the mi crobi ologi c a l  me thod , r1auron ( 1 75 )  no ted tha t  the micro bi o l ogical 

t e st after prol onged dige s ti on >vi th enzyme s  give s highe r value s f o r  

amino a c ids than t h e  values measure d by the Noore and Stein t e c hn i que . 

De sp i te thi s diffe rence rr.auron conside re d  the replac ing of the mi c ro ­

b i o l ogi cal test <·li t h  a n  enzymatic i n  v i t ro dige s ti on fo ll ovled by 

measuring only the free amino a c ids re leased using the Ho ore and Stein 

t e chnique vras sat i sfac tory . I t  would greatly fac i l i tate the deter­

mina t i o n  of amino a c i d  avai labi l i ty in l aboratori e s  no t equipped for 

microbi o logical tests hut having at the i r  disposal an amino acid 

analyse r . One draw back o f  the ex cl usi vel y  enzy-cia t ic procedure 

pe rs i s t s , hov1eve r ,  for i t  yie lds only relative and not a b so lute value s . 

Al though the recove ry of some of the amino ac ids in the 

pre s ent study i s  very low it is intere s t ing to note tha t their re la tive 

rele ase in all samples is of t he same o rde r . We co uld not cal culate 

the cys tine cont ent in the d ige s t  due to the very shal l ow peak i n  t he 

c hromat ogram . The chromatogram of the o ri ginal me thod of Akeson and 

Stahmann ( 2 )  did n o t  s hmv a cys tine peak e i ther . 

"vle fe e l  tha t  us ing the enzymat i c  dige s tion procedure followed 

by measuring the released amino acids by ion-exchange chromatography 

may be a very useful technique for the evalua t i on of the nut ri t i onal 

qual i ty of pro tein foods but further re s e arch is ne ces sary to improve 

the method. 
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However ,  the stati stical analysis of the results reported in 

Table 31 shows that there is no significant difference in essential 

amino acid availability in the three differently processed samples 

prepared from carbonate presoaked beans whereas the quantities of 

lysine , histidine and leucine released from the 1vater presoaked 

preparation are significantly lower than those in any of the three 

samples prepared from carbonate presoaked soybeans . The average 

percentage of digestibility calculated from the ro loase of essential 

amino acids in the various samples shmvs the same trends as vTere 

found vnth pepsin and trypsin digestibi li� studies , wi th higher 

recoveries from carbonate presoaked preparations irrespective of the 

heat processing ( see  Chapter 5 ) .  

The avai lable lysine value determined by the FDNB-procedure 

in the water presoaked preparation (Table 32 ) is very similar to the 

value reported by Van Buren et al ( 26 1 ) and Hackler et al ( 1 04 )  of 

soymilk prepared from water presoaked beans . Although the FDlTB avail­

able lysine value in soymilk prepared by vrater presoakin� method is  

lower than the values found in the samples prepared from the carbonate 

presoaked beans , the difference is not s tatistically significant . 

'rhe PDNB avai lable lysine value is  a measure of lysine in 

intact protein whose E-amino group is free to react vn th FDNB and Car­

penter and his associates proposed that only the lysine molecule with 

reactive E-amino g�oup is nutri tionally available ( 49 ) .  The 

reduction of availability of lysine is  due largely to the reaction of 

its E-amino group with other reactive groups under conditions o f  

moist heat to form a linkage that resists hydrolysis with enzymes ( 230) . 

In the present study,  under identical heat processing conditions , for 

example 1 1 5°C for 18 minutes , the available  lysine in milk prepared 
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from water presoaked beans is  5 . 57 percent compared to 5 . 6 5  pe rcent in 

carbonate presoaked preparation . The possibility of the lower 

availability of  lysine in water presoaked preparation being due 

largely to the reaction vd th other constituents in this case is  

negligible . The slightly lower availability of  lysine in milk pre­

pared by the water presoaking method than tlmt  in the carbonate pro­

soaked preparation is probably due to the degree of denaturation 

(unfolding ) of the protein molecule which is  higher in the latter case 

due to the combined action of alkali and heat thus enabling more 

E-amino groups to become avai lable to react with FDNB. This is 

supported by the fact that in the native p -lactoglobulin , 1 2  E-amino 

groups o f  lysine reac t wi th FDNB and 3 in native ovalbumin , whereas in 

the denatured proteins 31 and 9 E-amino groups reac t respectively (220 ) . 

Solomons and Irving (248 ) reported tlmt in intact so ft-tissue collagen 

only about two thirds of E-amino groups reacted with FDNB, but the 

concentration of reactive E-amino groups of hard-tissue collagens 

increased from very low levels almost to the theoretical value on 

complete decalcification . 

Since soyprotein is  compactly folded and a high int ensi ty of 

heat treatment is necessary to unfold the protein molecules completely 

(see Chapter 5 ) ,  i.t is  likely that some E-amino groups may be within 

the protein molecule and thus may be unable to react wi th FDNB,  unless 

they are exposed by suitable treatment (262 ) .  Hackler et  al ( 1 04 )  and 

Van Buren et al (261 ) also found that the optimum heat-processed soy­

milks using higher tempe rature ( 1 21 °C )  gave hi �hcr values of 

available lysine than that in milk processed at lower temperature 

(93° c ) .  
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Th e  use of t h e  pe psin te st as m odifie d b y  Lo vern e t  al ( 1 65 )  

is highly successful in the quality asse ssme nt of fi sh me al a nd the 

digestibility ( as mea sure d by soluble nitr ogen ) is hig hly cor re lated 

with the availa ble lysine ( 1 65 , 206 ) and NPU ( 207 ) of the variously 

heat proce sse d fi sh me als. We ha ve te ste d  the method in the pre se nt 

study to find whether it is applicable to soyprotein products in whi ch 

the a nti tr yptic fa ctor ha s  pr evi ously been de stroyed by heat- tre atme nt. 

Our re sults also shmoJ" a h ighly signi fi cant cor r elation ( r = 0. 91 3 ,  

P( 0 .  001 ) betv1e en the cor re cted pep sin digo stibili ties and ava ilable 

lysine value s as show n in Fig . 21 . T he cor re cte d pe psin dige s ti bi lity 

of prote i ns in soym ilk pr epa re d  fr om \v ater pre soa ke d  be ans is sign i­

fi cantly lower tha n that of prote ins in any of the three ca r bonate 

pr esoake d pre p ar ations. A dif fere nce in pepsin di gesti bility of 

pro teins in optimum pr oce sse d soym ilks pr epa re d e i ther f r om water or 

ca r bonate pre soako d bea ns could not be f oun d in the studie s re por te d 

in Chapte r 5 . Th is is due to the f act tha t the concentr ation of 

pe psin used i n  Chapte r 5 was too hig h (0. 1 25%) a nd a t  high pep sin 

s tre ngth the me thod become s insensitive and cannot disti ng uish be tw ee n 

the sligh tly di f ferent pr ote in qualities ( 1 66 ) .  

The low stre ngth pep sin me thod is ve r y  sensi tive and e asy 

to handle, but i s  limi te d  to the dete ction of over-pr oce ssing .  Under­

p roce ssing in soybe an pr oducts or in m ost of the legum inous proteins, 

which cont ain antitr yptic factors, cannot be de te cted by the pep sin 

dige stibility te st because of the lack of action of the tryp sin 

inhibitor on pe psin (226 ) .  T he refore, a com bination of the de te r­

m ination of trypsin inhibitor a ctivi ty \li i th the pe psin te st may be the 

m ost use ful for quality asse ssme nt an d proce ss contr ol of p r oducts 

based on legume proteins. Sim ilarly the FDNB pr ocedur e can only 



measure over-processing . The FDNB method of Carpenter (50)  has a 

furthe r limitati on in its applicati on to p lant -pro t e in products which 

contain large quantities of carbohydrates because of the instabi lity 

of E-DNP-lysine during acid hydrolys i s  in the pre sence of carbohydrate . 

Thi s defect can be overcome by us ing the "di fference " procedure of 

Roach et al (232 ) but cons iderable work is invo lved unle s s  one use s 

an automa tic amino ac id analyser.  

The higher dige s tibi l i ty by enzyme or enzyme comb ina ti ons o f  

prote ins in carbonate presoaked preparati ons found throughout thi s  

study is pos sibly due t o  the alterati on of the structure of protein by 

the ac tion of alkali or of the alkali plus heat favouring enzymic 

atta ck . It illus t rates c l early the ne ed for more extensive s tudy of 

the e ffect of processing fac tors on the nutri tive value of our 

pro t ein foods . 
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WHOLE SOYBEANS 

100 Kg CONTAINED 

1 1 .3% MOISTURE 

CONSTITUENTS 

PROTEI N  40.4 Kg 

FAT 15.3 Kg 

CHO 20.3 Kg 
CRUDE FIBRE 6.7 Kg 

RAW SOYMILK 
TOTAL SOLIDS 51 Kg 

COMPOSITION RECOVERY RECOVERY 

'1(, Kg '1(, 

PROTEIN 3.8 30.4 75.2 
FAT 1 .5 12.0 78.4 
CHO 0.6 5.0 25.3 
CRUDE 
FIBRE 0.06 0.5 7.5 

FIG.23. MASS BALANCE SHEET FOR THE PREPARATION OF SOYMILK. 
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g 

PROTEINS I N  

1 60 .  
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APPENDIX 

THE POTENTIAL OF USING SOYBEANS AS A PROTEIN SUPPLEMFJ!.T.T 

The soybean has been grown in the Orient for many centurie s .  

The first mention of i t  that is  known, dates back to the reign of the 

Chine se Emperor , ffi1eng-Nung ,  who ruled 2838 years before the 

Christian era .  The soybean i s  repeatedly menti oned in later records 

and was considered to be both the most important cul tivated legume , 

and essential to the exis tence of the Chine se civili sation . Being a 

sacred fo od of China , the seeds 1·rere sown wi th great ce remony . The 

oriental people have come to understand by experience,  rather than by 

scientifi c deduct ion , that soybean i s  essential to livelihood and 

canno t ,  wi th safety, b e  omitted from their diet . A Chine se legend 

ha s it that one of the invisible gods is placed in the soybean plant 

to provide food to s e rve al l the needs of the fami ly . Soybean i s  

sometimes referred t o  a s  the "poor man ' s  meat " in China , while the 

general use of soymilk has earned it the title of the 1 1Cow of China " • 

.Ameri can authorities have spoken of it as "Gold from the So il 1 1 ,  

"Universal Protective factor i n  food " .  I t  has also been graced wi th 

such highly signifi cant names as the "rfagic Plant " ,  the ll�![iracle Bean " ,  

etc . ( 1 47 ) .  

Bo tanically the soybean was for a l ong time named Glycine 

hispida , but acc ording to the int ernat ional bo tanical nomenclature i t  

i s  now cited a s  Glyc ine max . In China i t  i s  known as " ffi1i-yu " o r  

"Tatou " .  The Japane se named them ''Soja " after "Saju " ,  a dark ri ch 

sauce made from the bean .  
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Accord ing to Morse ( 1 98 )  the produ c t i on o f  so ybeans , which 

fo r many centuri e s  was confined t o  the c ountri e s  of Asia , spread 

rapidly aft er lvorld '\rlar I to the western world and sinc e ��!o rld �var I I ,  

p rac tically all leading nati ons have become more and more int erested 

in the cul ture and production of the cro p .  I t  i s  e stima ted that there 

are mo re than 3 , 000 distinct vari e t ie s  o f  the soyb ean . During the 

past P�lf-century no le s s  than 2 , 500 different types have b een intro­

duced into the United States fo r experimental purp o ses , and muc h  

valuable knowledge has been gained c once rning the adaptab i lity of 

vari e t i e s  to s o i l  and c l imat i c  condi tions • 

• �ri cultural experimental stati ons t hroughout the world have 

become engage d in the development of the vari e ties of soybeans sui ted 

to their soil and c limat ic condi tions through introducti o n ,  selecti on 

and hybri dis ati on . Successful r e sults have boen obtaine d and the 

crop has become an important fac tor in many nati ons ' a.-sri cul ture ( 1 98 ) .  

Soybeans are the world ' s  la rge s t  o i l seed cro p ,  total ling as 

much as 35 million me tric tons annually and ac count for about 40 

perc ent of the to tal ( 1 87 ) .  Soybean producti on in the Un ited St ates 

has had phenomenal growth during the past four decades . In 1 926 t he 

total produc tion of soybeans was less than 5 mi llion bu she ls . The 

1 968 c ro p  exc eeded a billion bushels repre sen ting a 200-fold 

inc reas e (268 ) . 

\>/'e ight fo r weight t he soybean c on tains twi c e  as muc h protein 

as lean beef, four t imes as much as eggs , whoat and o t he r  c ereal s , 

five time s as much as bread and yet i t  i s  a cheaply-grown foo d .  The 

yi e l d  o f  soypro tein per uni t  o f  area is very high compared with o ther 

foods . Table A-1 shmvs the average output o f  pro tein pe r acre o f  
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land and per 1 00 hours o f  labour . 1 00 hours o f  labour will produce 

only 45 pounds of protein from cattle , against 2 , 82 1  pounds from 

soybeans . If man ' s  approximate yearly need of protein i s  53 pound s ,  

this amount can be se cured from soybeans in only 2 hours of lab our 

( 1 47 ) .  

TABLE A-1 . Ave rage output of pro t ein pe r uni t  of re sourc e s *  

Produc t s  
Pounds pe r 

acre of lands 

Hilk , who l e  39 
Chi ckens 25 
Eggs 26 
Hogs 1 8  
Beef cat t l e  7 
\!fueat , who l e  flour 90 
Whea t ,  whi te flour 56 
Corn , c o rn  meal 57 
Dry beans 1 50 
Peanut s  1 1 6 
Soy beans 339 

* Taken from : Lage r ,  M .  (ref .  1 47 )  

Pounds per 1 00 
h of labour 

89 
74 
56 

58 
45 

1 ' 002 
62 1  
2 1 1 
576 
200 

2 , 821  

Soybeans are one o f  the bas i c  food materials whi ch have 

survived the severe t e s t  of mi l l eniums on a large scale natural 

e xp eriment . As an economic source of exp l oi tab le dietary e l ement s 

s oybean probably has no pee r ,  be ing ri ch in p ro t ein and fat , in 

minera l s  and in many of t he vi tamins . The compo s i ti on of soybean i s  

dependent on the varie ty as wel l as o n  climati c  and soil condi t i on s  

( 1 98 ) .  The averaged c ompo s i ti on of t en vari e t i e s  of soybeans grown 

in five di fferent locati ons in Ameri c a  in five di fferent crop years 

are given in Tabl e  A-2 .  



TABLE A-2 .  Chemical composi tion o f  soybeans ( on a moisture­

frGe basis )* 

Component Lowest Highest Average 
% % % 

Ash 3 . 67 5 . 90 4 . 99 
Oil ,  crude 1 4 . 95 22. 95 1 9 . 63 
Crude fibre 4 . 34 7 . 60 5 . 52 
Crude protein (N X 6 ,  25 ) 36 . 62 53 . 1 9  42 . 78 
Sugars (total as sucrose ) 2 . 70 1 1 . 97 7 . 97 
Phosphorus 0 . 4 1 9 0 .822 0 . 659 
Potassium 1 .  29  2 . 1 7  1 . 67 
Calcium o . 1 69 0 . 470 0. 275 

* Taken from : lVIorse ,  W. J .  (ref. 1 97 )  

Among plant derived �ods , soybeans are unique in their 
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nutritional value because of their high percentage of protein and fat . 

Not only is the protein high in quantity but also it  is of good 

quality,  being practically the same in food value as animal protein 

(see Table A-3 ) .  



TABLE A-3 . Nutri tive value of soyprotein in comparison 

with that of animal proteinsa ,b . 

Food Products True Digestibility Biological Value 

Egg 1 00 94 

Beef 1 00 76 

Soy bean (optimally 
heated ) 96 75 

1'1ilk (whole )  9 5  90 

Fishc 89 88 

a .  Taken from : Mitchell , M . l'-1 .  ( In ref . 1 97 , p. 383 ) 
b .  Taken from : Rice , E . E.  and Beuk , J . F . ( ref. 230 )  
c .  Taken from : Yanez ,  E. , Ballester,  D .  and Donoso , G .  

PER 

3 . 80 

3 . 20 

2 . 34d 

2 . 34d 

2 . 50 

Effect of drying temperature on quality 
of fish protein . J. Sci . Fd . Agric . 2 1 , 426 ( 1 970 )  

d .  Taken from : Jones ,  D . B .  and Divine , J . P .  Soybean and 
o ther proteins and flours , 3bybcan D igest . 
� ( 1 1  ) , 1 0 ( 1 942 )  

1 6  5 .  
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Brock and Autret (44 ) compared the composition of the soy-

proteins with that of animal proteins , bo th in the form of milk , 

(Table A-4 ) . 

TABLE A-4 .  Comparison of the essential amino acid contents 

in cow ' s  milk with those of  soymilk* 

Cow ' s milk Soymilk 
g/litre g/li tre 

Arginine 1 . 26 2 . 82 
Histidine o .  91 1 .  01 
Lysine 2 . 625  2 . 40 
Tryptophan 0 . 525 0. 50 
Phenylalanine 1 .  785 1 .  95 
Hethionine 0 .840 0. 5 6  
Threonine 1 .  505 1 . 57 
Leucine 3 . 434 2. 93 
Isoleucine 2 . 625  2 . 09 
Valine 2 . 52  2 . 00 

* Taken from : .F . A . O .  Nutritional Studies Ho . B  (ref . 44 ) 

The authors conclude thnt the amino acid content of soymilk 

is  comparable to that of cow ' s milk ,  except in methionine . The 

methionine content of soymilk content i s ,  however,  double that of 

European human milk and three times that of African human milk. 



Table A-5 compares the nutri tive value of soyprotein wi th 

that o f  the pro teins from two other maj o r  oil-seeds and c learly 

demons trates i ts higher nutri tional quality. 

�taLE A-5 .  Comparative nutri tive value of proteins 

in three maj or o i l- seeds . 

Ess ential amino 

acid content
a 

Arginine 

Histidine 

I s o l euc ine 

Leuc ine 

Lysine 

P1e thionino 

Methionine + cystine 

Phenylalanine 

Threonine 

Trypt ophan 

Valine 

Protein nut ri tive 
value (PNV)a 

=
wt . gain x 1 00 
v1t . gain o f  rats 
fed casein 

Prot ein efficiency 
ratio (PER) b 

Bi o l ogi cal value
c 

Cot tonseed 
(AX�E) 

50 

1 0 . 6  
2 . 7  

3 . 0  
5 . 4  
4 . 2 
1 . 0 
2 . 4  
4 . 6 

3 . 3 
1 . 5 
4 . 2 

2 .  1 

58 

Peanut 
( Spanish ) 

% 

1 1 . 6 
2 . 3 
3. 4 
6 . 6 

3. 6 
0 . 9 
2 . 0 

4 . 9 
2 . 5  
1 . 7 
4 .  1 

44 

1 . 7 

56 

Soybean 
(Harasoy ) 

% 

7 . 5  

2 . 6  
4 . 2 

8 , 0 
6 . 5  
1 . 0 
2 . 2  

4 . 9  
3 . 7  
1 . 8  

4 . 6 

99  

2 . 4  

75 

a.  Taken from : Evans ,  R. J.  and Bandemer , S . L .  (ref .  8 1 ) 

b .  Taken from : Swaninathan , I1. Availabi li ty of p lant 
proteins , In : Newer methods of nut ritional 
bio chemistry 1, 1 97 ( 1 967 ) 

c .  Taken from : Mi tche ll , H . H .  In :  reference 1 97 ,  p . 383 
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Soybeans contain in nearly o ptimum proporti ons the amino 

acids e ssential fo r the nutri ti on of mnn and animal s ,  and are 

suffi cientl y  complete to sustain life for an extended period of time . 

Be cause of their high yield and tolerance of a wide range of 

cultivation and c l imate conditions they represent a very valuable 

source of protein food . 
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APPENDIX 2 

COMPARISON OF COI'fllOSITION OF SOYIVIILK WITH COW MILK* 

Constituent Cow Soymilks Hodern U .  S .  Soymilk 
r'Iilk (probably oriental method ) reconstituted 

For All 
Infants Purpose Canned 

\'Vater % 87 . 30 92 . 00 90 . 00 89 . 25 92 . 50 88 . 00 87 . 97 88. 60 

Protein % 3. 42 3 . 70 4 . 95 3. 1 5  3. 02 2 . 79 3 . 80 3. 03 

Fat % 3. 67 2 . 00 2 . 97 3 . 1 0  2 . 1 3 2 . 22 3 . 50 3 . 48 

Carbohydrate % 4 . 78 1 . 80 1 . 34 3 . 02 0 . 03 6 .  05 5 . 1 0  4 . 5 3  

Other 
substances % 1 . 02 1 . 88 

Ash 0 . 73 0 . 50 0 . 44 0 . 45 0 . 41 • 094 0 . 35 0. 36 

Vitamin A 1 660a 3000a 2000b 

Thiamine mg % 350 1 20a 500b 

Riboflavin mg % 1 660 450 1 000 

Vi tamin D 400a 500b 

* Taken from : Burnett ,  R. S. (ref. 46 ) 
a International unit s ;  
b United State Pharmacopoeia requirement . 



pH 

Sodium concentration 

Sodium citrate . H20 

Concentrate HCl 

Thiodiglycol (TG) 

Pentachlorophenol 

Final volume 

APPENDIX 3 

COMPOSITIONS OF SODIUM CITRATE BUFFERS USED IN THE CEL�OMA-

TOGRJI.PHIC SEPARATION OF AI'UNO ACIDS BY THE HODIFIED r.WORE 

llifD STEIN TECHNIQUE 

4-hour procedure 2-hour procedure 

3hort column Long column Short column Long column 

5 . 28 ± 0 . 02 3 . 25 .±. 0 .  01 4 . 26 .±. 0 . 02 

0 . 35 N 0 . 20 N 0 . 20 N 

1 372 . 6 g 784 g 784 g 

260 ml 503 ml 335 ml 

None 1 00 ml 1 00 ml 

4 ml 4 ml 4- ml 

40 litres 40 litres 40 litre s  

5 . 36 ± 0 . 01 

0 .  35 N 

1 373 g 

256 ml 

None 

4 ml 

40 litres 

3 . 49 ± 0 . 01 

0 . 20 N 

784 g 

468 ml 

1 00 ml 

4 ml 

40 litres 

4. 40 .± o. 01 

0 . 20 N 

784 g 

323 ml 

1 00 ml 

4 ml 

40 litres 

c5 . 



APPENDIX 4 
OPERATING CONDITIONS FOR CHROJifATOGRAPHIC SEPARATION OF THE Al\IINO ACIDS BY THE MODIFIED MOORE & STEIN TECHNI�UE 

Column size 

Packing 

Resin type 

Height of resin column 

Resin dilution buffer 

Buffer flow rate 

.Analysis 

Duration of run 

Flow rate of buffer 

Flow rate of ninhydrin 

Buffer change 

Operating temperature 

Regeneration 

Cleaning (0 .  2 N NaOH ) 

Equilibrium buffer 

Equilibrium buffer pH 

Analysis  of Amino Acids 
Accelerated 4-hour procedure 

Basic 

23 x 0 . 9  cm 

PA 35 
5 . 5  cm 

pH 5 . 28 (0 . 35 N)  
68  ml/hour 

48 min 

68 ml/hour 

35 ml/hour 

None 

50° C  

approx . 3 ml 

approx . 40 ml 

5 . 34 ± 0 . 01 

Acidic 
and Neutral 

69 x 0 . 9  cm 

PA 28 
56 cm 

pH 3 . 25 (0 . 20 N )  

68 ml/hour 

1 95 min 

68 ml/hour 

35 ml/hour 

95 min 

50° C  

approx. 1 5  ml 

approx. 70 ml 

3 . 49 ± 0 . 01 

Accelerated 2-hour procedure 

Basic 

23 x 0. 9 cm 

PA 35 
5 . 5  cm 

pH 5 . 36 (0 . 35 N )  

70 ml/hour 

48 min 

70 ml/hour 

35 ml/hour 

None 

53 . 7° C  

approx . 3 ml 

approx . 40 ml 

5 .  34 .:t 0 .  01 

Acidic 
and Neutral 

69 x 0 . 9 cm 

UR 30 
56 cm 

pH 3 . 49 (0 . 2  N )  
7 0  ml/hour 

1 1 5  min 

70 ml/hour 

35 ml/hour 

30 min 

5 3 . 7°C  

approx . 1 5  ml 

approx . 70 ml 

3 . 49 ± 0 . 01 

::l 



APPENDIX 5 

REVIE1Y' OF LITERATURE ON THE BIOLOGICAL PROPERTIES OF 

SOYBEAN TRYPSIN INHIBITOR 

1 72 . 

Bie l orai and Bondi (2 1  ) reported that the intes tinal cont ents 

o f  chickens fed raw s oybean meal or animal protein fecas supplemented 

wi th tryp sin inhibitor contained a great deal o f  undige s t e d  pro te in 

which wa s absent when the chicks we re fed on animal pro t e in o r  co tton­

seed mea l  devo id of trypsin inhib i t or . The re i s  evidence that 

inhibi ti on of pro te olys i s  oc curs in the upper part of the int e s t ine of 

young chi cks (9 ) and tlm t ove rconing of thi s inhibi tion depends on the 

age of the chicks and on the l ength of t he peri od of feeding wi th ravr 

soybean meal ( 204 ) .  Almqui s t  and Herritt ( 3 ,  4 )  found that the growth 

inhibiti on, of chicks vras almos t  fully apparent �'lhen as lit tle as one­

fourth of the dietary pro t e in vms furnished in the forn of the rmoJ" 

soybean meal and tha t  crude tryp sin was capab l e  of revers ing thi s 

growth inhibi tion . r1o lnick e t  a l  ( 1 78 ) ,  on the basis of observations 

on the in vitro release of amino acids from soybean prot ein by the 

enzymo pancreat in , sugge sted that methionine of raw soybean pro tein 

was liberated more s l owly by the proteol yt i c  enzyme s o f  the intestine s 

than the o ther e s s en tial amino acids s o  that i t  l'l'as no t avai lab le for 

mutual supplementation . Subsequent reports ( 1 2 1 , 1 23 ,  1 55 ,  2 31 ) , 

howeve r ,  did not support suc h a conc lusion , since heat treatment vms 

found to inc rease the enzymatic re lease of o ther amino a c id s  to the 

same proportionate extent as r�ethionine . Almquist and Merri t t  ( 5 ,  6 )  

have que s ti one d the ne cessity o f  pos tulat ing a specific inte rference 

wi th the enzymati c release of me thionine to e xplain the me thionine 
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deficiency provoked by ravT soybean meal .  They believe that the action 

of the inhibitor is a general interference with digestion so that a 

substantial amount o f  the most limiting amino acid of soybean protein , 

methionine (7 ) is  excreted unabsor�ed , thus precipitating a methionine 

deficiency. In confirmation of this concept , these authors have shown, 

with chicks , that the addition of the trypsin inhibitor in the form of 

raw soybean meal to rations containing marginal levels of lysine , 

arginine , isoleucine , or tryptophan caused these rations to become 

markedly deficient in these particular amino acids.  The result of 

these studies suggested that this effect is due to interference with 

the enzymes pancreatin and trypsin leading to reduced digestion and 

absorption of nitrogenous Llaterial from food containing the inhibitor 

in its active form .  

There arc , however , several experimental observations which 

did not agree with this concept .  Thus active antitryptic preparations 

have been shown to retard the grovTth of rats (67 , 1 56 )  and mice ( 266 ) 

when incorporated into rations containing predigested protein. 

Westfall et al (266 ) with concentrates of soybenn trypsin inhibitor 

and Klose et  al ( 1 41 )  vli th an inhibitor preparation froB the limaboan 

were able to produce growth inhibition equivalent to that with the 

whole meal even when adequately supplemented with hydrolysed casein . 

Hill  et  al ( 1 1 7 )  were unable to prevent grow·th depression in chicks 

fed raw soybean when the diet  was fortified i·d th adequate levels of 

essential amino acids .  Consequently , it  was felt  that the trypsin 

inhibitor acted to inhibit  growth other than through its depressant 

effect  on intestinal proteolysis .  

Recent "�<mrk has focused attention on the effect of trypsin 

inhibitor on the pancreas . In 1 948 ,  Chernick et al (57 ) reported that 
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chicks fed raw soybean meal deve l oped hypert rophic pancrease s whic h  

contained abnormally high concentrati ons o f  t �sinogen . It was 

sugge s ted that the s e  change s were tho re sul t  of a reac tion to the 

s oybe an antitrypsin . These initial observations have been extended by 

Lyman and Lepkovsky ( 1 68 )  and Haine s and Lyman ( 1 06 ) .  Lyman ( 1 6 9 )  and 

Booth et al (3 1 ) sugge s ted that t rypsin inhibitors might produce growth 

re tarding effe c ts through st imulat ing increased enzyme s e c re ti on , 

wi th some of the endogenous ni tro gen being incompletely reabsorbed and 

ultimately l o s t  to the animal . The high cys tine content in tho 

undi ge sted enzyme s e c retion pre sumably c au s e s  depletion of methionine 

by i ts c onversion to cystine to me o t  the requi rements of the pancreas 

to synthe size the s ecreted enzyme s .  Be side s ,  e arlier reports of 

r.!o lnick e t  al ( 1 78 ) ,  Barne s  ot al ( 1 6 )  and K1vong and Barne s ( 1 46 )  have 

a l s o  rep orted that there is a fac tor in unhG a ted soybean vrhich 

interfe re s wi th the ut i l i sation o r  me tab o l i s� of the me thionine and 

cystine . Borchers ( 32 ,  34 ) has pre sented evidence l<hi c h  indicates 

that the me tabolism of methionine , threonine and valine may be impaire d  

b y  some fac tor pre s ent in raw soyboan meal . Khaymbashi and Lyman ( 1 40 )  

indi cat e d  that the no c hani sm o f  grouth depre s s ion appears to be due to 

a l o s s  of the c ri t ical amino a c i ds , me thionine (via cystine ) , threonine 

and valine , caused by the soybean trypsin inhibi tor ' s  ab i li ty t o  

st imula t e  the panc reas to discharge exc e s s ive quantities o f  

endogenous pro t e in into the int e s t inal tract . Although much of thi s 

endogenous nitrogen may be reab s o rbed, bact e ri al degradation , 

e specially of tho se amino acids most l imiting for growth , would prevent 

the i r  n o rmal reabsorp tion and sub sequent ut i l i sation in structural 

pro t e in 
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There i s  evidence also to indicate that trypsin 

inhibi tors may have some e ffe c t  on the fat absorption in chi cks (202 ) . 

The method o f  interference in metab o l i sm by the trypsin 

inhibitor i s  thus not clear and s ome of the c onfus ion may be 

consequent upon the presence of some o ther anti-nut ritive fac t o r .  



APPENDIX 6 

PREPARATION OF HA��OGLOBIN SUBSTfu\TE 

A so luti on is made up containing 8 I!ll of 1 H so dium 

hydroxide , 72 ml o f  wat e r ,  36 g of urea , and 1 0  ml of 22 percent 

haei!loglobin (22 g haemoglobin pe r 1 00 ml s o lut i on ) . This alka line 

s olution is kept at 25°C for 30 - 60 minute s  to denature the 

haemoglobin and is then mixed wi th a so lution containing 1 0  ml of 

1 M po tas sium dihydrogen phosphate and 4 g urea . The final pH i s  

7 . 5 .  1 mg merthiolate or thiomersalato is added to each 5 0  ml o f  

haemoglo b in s o luti on a s  a pre servative . 

1 76 .  
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APPENDIX 7 

THE CONVERSION OF RESISTANCE TO CONDUCTIVITY 

The measured resistance using the Philips resistance meter 

and conductivity cell i s  converted to conductivity as follows : 

(a ) the measured resistance (ohm )  i s  multiplied by the 

reciprocal of the cell constant ( the cell constant marked 

on some cells may not be in a form appropriate for this  

calculation ) t o  obtain the resistivity (ohm centimetre ) .  

(b ) the electrical conduc tivity in micro mhos per 

centimetre = 
1 06 

Resistivity in ohm centimetre 

The figure marked on the cell used was the reciprocal of 

the cell constant . This was established by measuring the resistance 

of standard solutions of potassium chloride (0. 02 N) and sodium 

chloride (0. 1 %) .  The cell constant was determined as follows : 

�1easured resistance o f  0 . 1 percent sodium chloride at 

20°C using the cell in question = O . tl 1  x 1 03 ohm 

Conductivity of 0. 1 percent sodium 

chloride at 20°C = 1 . 75 x 1 0-3 ohm-1 centimetre-1 

Since cell constant = 

cell constant = 

= 

( 264 ) . 

Resistance x conductivity 

0. 41 X 1 03 
Ohm X 

-3 - 1 1 .  75 x 1 0  ohm 

0 . 72 cm -1 

- 1  
cm 



APPENDIX 8 

REVIEW OF LITERATURE ON THE IN VITRO METHODS FOR I>!Ei-1.SURING 

THE NUTRITI ONAL QUALITY OF PROTEINS 

a .  Prediction of protein guality based on analyses of 

amino acid composition 

1 78 .  

The fundamental studies of Osborne and Mendel ( 209 ) led to 

a realisation that the nutritive value of proteins is dependent upon 

their content of the a�ino acids required for growth , maintenance and 

other metabolic functions . Proteins are composed of 22 or more 

different amino acids . Eight to twelve of these , depending on the 

species end physiological state of the aninal must  be supplied in the 

diet because of the inability of the body tissues to synthesise these 

in adequate amounts and so they are called essential amino acids ( 1 88 ) .  

The effectiveness of any pro tein as a source of these metabolic 

requirements is obviously limited by its amino acid conposition . Thus 

zein of corn, being devoid of tryptophan and lysine , and gluten of 

wheat wlu ch lacks tryptophan , completely fail to meet the dietary 

requirements of test animals .  Other proteins which contain all the 

essential amino acids but have relatively small quantities of some , 

do not satisfy tho metabolic needs unless they are consumed in 

abnornally large quanti ties . This fundamental relationship beh1een 

nutritive value and amino acid composi ti on has proved the basis  for a 

number of methods of evaluating protein foods . Block and tti tchell 

(28 ) and �ii tchell and Block ( 1 88 )  developed a procedure for determining 

the cheoical score of proteins based on their aoino acid composition 

relative to egg protein which is almost completely utilised by human 



sub j e c ts or growing rats . The chemi cal score 1-1as de termined b y  

c omparing the e s s ential amino acid pre s en t  in l e a s t  amount wi th the 

amount pre sent in the re ference protein (egg pro tein ) . They reasoned 

t hat the runount o f  protein synthe si sed would be l imi ted by the 

e s sential amino ac i d  most defi cient in the fo od . The theor,y might be 

t enab le but at the same time , i t  a s sume s that t he reference pro tein 

has an amino a c i d  compos i ti on identical to that required by the 

o rgan i sm .  Sin c e  preparing thi s revi ew a pape r ,  o f  Cresta e t  a l  (280 ) 

has come to our no tice in whi ch they re c ommend that the value of the 

c hemi cal score �e thod can be consi derab l y  improve d by varying t he 

re ference protein used a c c ording to whe ther the biologic al value or 

the protein effi c i ency rati o: was be ing used as a basis for the chemi cal 

s c ore correlat i on .  

The "chemical s c o re s 11 me thod was improved by Oser (2 1 0 )  who 

has d evelo pe d  a method , called Es sential Amino Acid Index (EP.u\I ) bas ed 

on the contri bution of al l the essent i al amino ac ids rather than the 

one in greate s t  defi c i t ,  as i s  used in chemi cal sc ore . Ho a rgue d that 

t he probabili t y  that all the amino aci d s  are avai lable at the si t e  of 

synthe sis is a func tion of their conc entrat ion product . He inc luded 

h i s t idine and arginine in addition to the li s t  of e ssent ial amino acids 

re c ommended by the j o int FAO/ltmo expe rt group ( 226') in the cal culat i on 

of EAAI becaus e they could not be synthesi sed at a rate sufficient for 

the young adul t male (2 1 1 ) . Oser (2 1 1 ) c laimed EAA Indexes provide 

an e specially useful short cut approach fo r pred i c t ing the nutri t i onal 

value of proteins and fo r estimating the mutual supplementary effe c t  

o f  different pro t eins on each othe r .  
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Later rli tchell ( 1 89 )  modified the Eli..il by dropping arginine 

from the list of "essentials "  and including tyrosine with phenylalanine . 

He claimed closer correlation with biological value. 

In a dis cussion on the deten1ination of the nutritive value 

of  proteins by chemical analysi s ,  Bender ( 1 9 )  has stated that the 

nutritive value of a protein can be forecast froo chemical composition. 

It is necessary to know the amino acid composition wi th some degree of 

accuracy. The obstacle to the usJ of chemical value s is the question 

of avai lability. Chemical analysis normally measures the quantity of 

amino acids present after acid (alkaline in the case of tryptophan ) 

hydrolysis  and this is often not the same as the quantity biologically 

available t o  the animal . 

Nenden and Crenor ( 1 80 )  noted that it is  widely lmown that 

the amount of a nutrient in a food determined by analys is does not 

necessarily represent the amount of that nutrient which is utilised 

when consumed as food . �ieeting the protein requirement is  directly 

clependent on the anino acid composition of food proteins and on the 

release and absorption of amino acids at a proper time during digestion . 

These are important facts in estimating the quality of a protein . 

Consideration of these requirenents suggests  a possibi lity for the 

evaluation of changes of protein quali ty in the laboratory as follows : 

1 )  Deteroine the amino acid composition after acid and alkaline 

hydrolysi s  and estimate the "potential nutritional value " of . 

the proteins ; and then 

2 )  Estimate the presumably available amino acids from proteins 

by using enzymati c hydrolysis and compare this data with 

the results from the chemical hydrolysis . 



b .  Enzymatic method for measuring prot ein quality 

i ) Amino Acid Avai lab i l i ty 
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I t  i s  recognised that the nut ritive value of a protein depends 

no t only on the pat te rn  of i t s componen t amino a c i d s  but also on their 

physiologi cal avai lability. The concept o f  "available " as dis tinc t 

fron "total 11 amino acid pres ent in a protein is used to differentiate 

b e t ween amino acids modi fied or damaged in some way during denaturati on ,  

with the subsequent l o s s  o f  nut ri tive value , and those which remained 

nutritionally avai lab le to t he metabo l i c  proces s .  'rhe denaturing 

pro cess could be b rought about by pro c e s sing , whi c h  causes anino acids 

to deconpos e  o r  to react chemically wi th o ther compounds ( 230 ) .  

Several authors have tri ed to oeasure aQino acid avai lability 

using in vi tro enzyma tic �ethods ( 1 80 ) .  The se me thods were n o t  

intended to establ ish analytical procedure , but to demons t rate the 

fact that the nutriti onal quali ty o f  proteins may be qui t e  di fferen t ,  

e ven though the amino ac id coopo si tion i s  the same ; the s e  differences 

ari s e  froo change s in the abi lity of enzymat i c  dige stion t o  l i berate 

the amino aci d s .  

In vi tro analyt ical pro cedure s for deternining anino a c i d  

avai lability bas ed o n  enzymatic re l ease of amino a cids fron pro teins 

have been deve l oped by Sheffner et al (240 ) ,  Mauron et al ( 1 74 )  and Fo rd 

and Salter (87 ) .  Sheffner et al (240 ) studied the re lati onship 

be tween the pattern o f  anino acids released by dige stive enzyme s and 

the biological value of food pro t e in s .  An amino a cid index was 

devi sed whi ch combined the pattern of e s sential anino acids re leased 

by in vi tro pepsin dige s ti on 'lvi th the amino acid pattern o f  the 

remainder o f  the pro tein to produce an integrated index - the pe psin 
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digest  residue (PDR) amino acid  index . The results obtained with the 

new index were highly correlated with net utilisation values of the 

-proteins studied , including those vlhich were heat-processed with 

various degrees of severity. The work involved was considerable  since 

1 0  amino acids had to be determined in an acid hydrolysate as well a s  

in a pepsin digest by the use of microbiological technique s .  Therefore , 

this method did not appear suitable for evaluation of large numbers of 

food proteins . The procedure was modified by Akeson and Stahmann ( 2 )  

making use of pepsin plus pancreatin - the pepsin pancreatin digest 

(PPD ) index .  The amino acid content -vm.s determined by ion exchange 

chromatography using an automatic amino acid analyser. rienden and 

Cremer ( 1 80 )  prefer enzymati c  hydrolysis with pancreatin only.  

The procedure of Iliauron et  al ( 1 74 )  is concerned with the 

measurement of only three essential amino acids - lysine , methionine 

and tryptophan - the amino acids w'Thich are most likely to be limiting 

in foodstuffs .  Tryptophan and methionine are determined colorimetri­

cally,  lysine with a specific decarboxylase and total amino nitrogen 

gasometrically, using a protein hydrolysate obtained by using pepsin 

digestion followed by pancreatin digestion . 

Ford and Salter (87 ) measured the availability of several 

essential amino acids in various protein products by digesting vTi th a 

combination of enzymes . They used mic robiological techniques to 

measure the amino acids .  

i i ) Pepsin digestibility method at low pepsin concentrations 

In principle the c omplete evaluation of a protein should 

consist  of the determination of the c ontent and availability of all 

the essential amino acids , but under some circumstances this may not 
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always b e  possib le . Therefore , a s ingle parameter to predict the 

nut riti onal quality of a protein would be very he lpful . One such 

pa rame t e r  is the pepsin digesti b i lity at low pepsin concentrat lon ( 206 ) .  

In 1 956 , the As so ciation of Offi c ial Agricultural Chemi s t s  

s e t  up a collaborat ive study of pepsin dige st ibi lity o f  proteins as an 

index o f  prot e in quality. I t  s o on became apparent that the official 

method was no t an ac curate measure o f  the prot ein quali ty because the 

resul t s  did not agree wi th tho s e  from animal feeding tests (247 , 257 ) .  

In 1 96 1 , Kas tell ( 1 38 )  indi cated that reduction of pepsin 

s trength in the t e s t s  gave better resu l t s .  Sub sequent t o  this 

informat ion , pepsin digesti b i l i ty with gre a t ly reduced level s o f  

pepsin was extons i  ve ly studied a t  Tarry Re search Station , Ab e rdeen , 

The Fi shing Industry Re search Ins ti tute , South Africa, and the Coll ege 

Park Laboratori e s  of U .  S .  Bureau of Comme rcial J<'ishe rie s  for assessing 

the quality of fish meals by c o rrelat ing the digestibi l i t i e s  wi th the 

c orre sponding bi o l ogi cal value s .  At Tor�J Re search Stat i o n ,  the 

c orrec ted pepsin digesti b i l i ty of a nu�ber of fish meal s ,  using 

0 . 0002 percent pepsin of 1 : 1 0 ,000 strength instead of 0. 2 percent as 

in A . O . A . C .  me thod , have b e en shown to b e  highly co rrelated vl'i th the 

avai lab l e  lysine value s ( 1 6 5 ) .  In Ameri can and South Afri can me thods , 

the pepsin level used was 0 . 002 pe rc ent , tne pepsin used in the South 

Afri can me thod had an ac tivi ty of 1 : 2 , 700 whereas the Ame ri c an 

method used a pe p s in strength o f  1 : 1 0 , 000. Pepsin digestibi lity by 

the Ame ri can me tho d was co rre lated wi th chi ck growth t e s t s  ( 1 0 )  and 

that o f  the South African me thod with avai lab l e  lysine (73 ) .  
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Nany investigators have used the microbi ological assay of 

enzymatic digests and attempted to correlate the results w·i th the 

corresponding values of biological assay . Iblevy and Grossowicz ( 1 08 )  

hydrolysed a variety of proteins for 48 hours with pancreatin and 

determined the quantities of the hydrolysate needed to promote half­

maximum growth in their test cultures .  Only about 40 percent of  the 

proteins was hydrolysed during the enzymatic digestion , but the results 

of the tests '\'Tero broadly similar to  those of the rat growth tests . 

Horn et nl ( 1 1 9 , 1 20 )  evaluated the nutritional quality of a number of 

cottonseed meals by measuring the increase in growth of Leuconostoc 

mesentoroidos P-60 . The meals were preincubatod for successive 

24 hour periods vli th pepsin , trypsin and a preparation of pig-gut 

mucosa . This method gave good  correlation with the biological value 

of meals which had been subjected to various degrees of heat processing. 

A bacteriological method for determining protein digestion 

coefficients is  presented by Nertz et al ( 1 81 ) . This method combines 

the proteolytic action of pepsin with that of the bacterium 

Pseudomonas aeruginosa . In most cases ,  the bacteriological digestion 

c oefficients of the foods and feeds tested agree within 1 0  percent of 

the protein digestion coefficients obtained in feeding trial 1·li th rats.  

A method of assay was developed by Ford (88 ) in which the 

proteolytic organism Streptococcus zymogenes, NCDO 592 , '\'Tas used to 

provide an estimation of protein quality and the values obtained for 

a variety of food proteins were found to correlate closely with those 

obtained in biological tests with rats .  Using this organism, Ford 

(89,  90) assessed the avai lability of 7 essential amino acids in food 

proteins . Although the organism can hydrolyse the test protein the 
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pro c e s s  i s  re latively slow and the assay i s  improved if the pro t e in 

i s  predige sted e i the r wi th papain or >vi th pep sin . I t  is stated ,  

however, that the value s obtained for avai lable methionine vary wi th 

the degree of predige stion and that the mo s t  appropriate concentration 

of papain to use i s  that whi ch gives resul t s  that agree b e st wi th 

avai lab le amino acids found with highe r anima l s . 'r.his means that the 

condi t i ons of as say must be re -tested wi th each type of pro tein and 

that the results ob tained have only relative and not abs o lute value s 

(20 ) .  

Te sts of protein quality wi th the protozoan Te trahymena 

pyriformis simulate more c l o s e ly the circumstanc e s  of the bi o l ogi cal 

test . The abi l i ty of Te trahymena pyrifo rmis vl to ut ilise a "!'Tide 

varie ty of intac t proteins , and the relative nutri tive values of the 

various protein sources use d ,  were generally s imilar to tho s e  found 

for growing rats (82 ,  234- , 2 54 ) .  She ffnor ( 239 ) rec en t ly no t ed that 

many aspects of the nutri tive requirement s o f  T .  pyrifo rmis 'VT are s t i l l  

unknown , and i t s  u s e  fo r the s tudy of pro t e in quality in natural 

mat erials must be vi ew·ed c autiously. Furt he rmore , culturing and 

measuring grouth o f  the pro to zoan are complex -procedures sub j e c t  t o  

many variable s .  He conc luded that the pro c e dure may no t b e  sui t e d  fo r 

the rout ine assay o f  prot eins for nutri t i o nal quality. 

d .  Es timation of protein quality by dye b inding 

It has been known for s ome time that reactions occur be tween 

pro t e ins and different kinds of dye s ( 91 ) .  Froli ch (94 ) studied a 

numbe r  of dyes for reacti on wi th proteins in vari ous heat processed 

soybean meals and showed that heat proce s sing inc reased the ab s orptive 

prope rty of meals fo r dye s containing a phthalein group . Phenolphth­

al e in was most usefu l  in distinguishing be tween under- heate d, properly-



1 86 . 

heated and overheated meals .  It has ,  however, the disadvantage of not 

being stable 'I'Then made alkaline in presence of substances present in 

soybean oil meal , Cresol red is much more stable , but the absorption 

of dye reflected heat treatments in under-heated to properly-heated 

meals.  Overheated meals could not be measured.  

Fraenkel-Conrat and Coo per (91 ) showed that the acid dye , 

orange G ( 1 -phenylazo-2-naphthol-6 ,8  disulphonic acid sodium salt ) 

combined stoichiometrically with basic protein groups ,  the free amino 

groups , the imidazole groups of histidine , and the guanidyl group of 

arginine , provided they are in a free or dissociated state. Noran et 

al ( 1 95 )  used this reaction of the dye , orange G, with basic amino 

groups to determine the availability of free amino , imidazole and 

guanidyl groups of proteins ru1d showed the dye binding capacity of 

soy "bean meals heated for varying periods of time "I'Tas closely rola ted 

with the grol'lth of chicks fed the meals . Ascarcth and Gestetner ( 1 2 )  

also found that dye binding capacity of soybean meal was a good measure 

of its  nutritional value . On the other hand using llioran ' s  procedure , 

Norrison ( 1 96 )  has not found that the dye binding capacity of 

Canadian foods was related to their protein value . Van Buren et  al 

( 26 1 ) attempted to relate heat damage to the ability of soymilk protein 

to bind the dye , orange G. The extent to which the dye 'I'Tas bound 

decreased as heat damage increased, but the differences were rather 

small . Under heating conditions where 20 to 30 percent of the 

available lysine was lost , the dye-binding ability of the soymilk 

decreased by 5 to 7 percent . Due to this lack of sensitivity the 

authors concluded that measurement of the binding of orange G, while 

it  may be useful with soybean meal , is not a suitable method for use 

in the quality control  of soymilk. 
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Bender ( 20)  noted that some proteins show a decrease and 

others a� increase in dye binding capacity with processing damage and 

therefore the method cannot be used to compare the qualities of 

different types of proteins after processing damage . 

e .  Available lysine value (FDNB - procedure) 

When lysine is  bound intramolecularly or by carbohydrate it  

becomes unavailable and this results in a diminution in biological 

value of the protein so that total lysine estimations are of little  

r yalue . Carpenter an d  associates (45 , 49 ) proposed that it is  only 

the lysine molecule with a reactive E-amino group that is nutritionally 

available .  On the basis of  this hypothesis , n method was developed 

for the determination of "av.::J.i lable " lysine in foods by using the 

Sanger reaction between free amino groups and fluorodini tro-benzene 

(FDNB) and the method is known as "FDNB - procedure " ( 50 ) . Treatment 

of the finely ground protein products with fluorodinitro-benzene yields 

dinitro phenylated proteins which  are then hydrolysed wi th acid .  

Interfering substances are ren1oved from the hydrolysate by e ther 

extract ion . The E-dinitrophenyl lysine (E-DNP-lysine ) is measured 

colorimetri cally. 

Results obtained with the Carpenter �rocedure for a series 

of fi sh , whale and meat products indicated a close correlation wi th 

the corresponding results from chick feeding tests ( 5 1 ) .  Determination 

of available lysine values using the FDNB-procedure 1vere also made 

ground nut , cottonseed and soybean meals but · the results  did not 

correlate so well with the corresponding test  on chickens (40 ) . 

Difficulties are encounted in using Carpenter' s procedure for 

measuring available lysine in products rich in carbohydrate due to 

lower recoveries  of E-DNP- lysine which is destroyed during aci d  

on 
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hydrolysi s in the presence of carbohydrate and also there is formation 

o f  o ther yel l o w  products which are not easily separated from t he 

hydro lysate ( 232 ) .  

A n�unber of modifi cati ons of Carpenter ' s  procedure were 

proposed by several authors . A group of workers have used column 

chromatography to separate DNP-lysine from possible inte rfering 

eo lours ( 229 ) . 

Carpenter (50 ) has introduced a second reagent , methoxy­

carb onyl chloride , to react specifically wi th Dl�P-lysine in the e ther 

i·rashed hydrolysate , the product is then extractab l e  1'fi th e ther vThich 

leave s a b l ank who se extinction can a l s o  be read and the difference 

be tween t he direct reading and the reading on the t reated sample is 

taken as measuring the E-DNP-lysino i'l'hi ch i s  i t s elf , a measure of 

availabl e lysine . 

The de structive e ffect on DNP-lysino by carbohydrat e  mny be 

partially dimini shed :in some materials by increasing the vo lume of acid 

for hydro lysis ( 1 80 ) .  Carpenter ( 52 ) noted,  hmwve r ,  that no 

hydro lysis conditions examined are effe ctive in fully stabilising the 

DN"P-lysine . 

There are some othe r minor limitati ons in the Carpenter 

method , in parti cular, i t  also e s timates hydroxy-lysine an d  

ornithine as lysine and i t  does not estimate N-terminal lysine or free 

l ys ine ( 1 72 )  and the refore lysine supplemented foods cannot b e  

evaluated. 

Considering the various limi tati ons in using Carpente r ' s 

procedure espe cially in p lan t protein product s  whi ch are ri ch in 

carbohydrate ,  Roach et al (232 ) devel oped a me thod cal led the 
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"difference-proc e dure 11 , whi c h  measures the "available " lysine a s  the 

difference be tween the t o tal lysine ob tained afte r  ac i d  hydrolys i s  

and t h e  "bound " lysine 1vhich i s  the non-complexed lysine pre s en t  in 

the acid hydro lysate of the same material aft er it had been pre t reated 

wi th FDNB .  Since lysine i t self i s  re lati vc ly li ttle aff e c t ed b y  the 

condi ti ons of acid-hydro lysi s ,  the re should be no recove ry prob l em 

vri th thi s me tho d and in addi ti on any free lysine in the original 

material would be included in the determinat ion . In a di scussion of 

the vari ous methods being considered as improvements of Carpen ter ' s  

procedure , Carpent er ( 53 )  himself sta.t od "if one has the automati c 

e quipmen t it may prove more sati sfactory to uso the "diffe ren c e " 

procedure rather than bothe r with the rec overy prob lems which have to 

be faced ho�·Tever ono determines Dl'YP-lysine " .  
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SOME OF THE BIOLOGICAL HETHODS USED FOR THE DETERMINATION OF 

THE NUTRITIONAL VALUE OF PROTEINS (239 )  

1 .  Protein efficiency ratio (PER) :- The protein efficiency ratio 

(PER ) is the gain in weight of a growing animal divided by its 

1 90. 

protein intake . It is  a measure of protein quality particularly 

in relation to growth requirements when determined under specific 

conditions . However,  as pointed out by Block and r.li tchell (28 ) 

the PER is not a true efficiency ratio  because not all the protein 

is used for gro�•th , only that consumed nbovo maintenance (29 ) .  

Also , fli tchell  has criticised the PER because it varies with the 

food intake ( 1 90 ) .  The PER is used mainly in feeding experiments 

vTi th sr:�all animals and has been used in study on infants . 

2 .  Biological value (BV) : - The biologi cal value is determined by 

nitrogen balance and is defined by the ratio  nitrogen retained 

nitrogen absorbed ( 1 9 1  ) .  This expression of protein quality 

measures the percentage of absorbed ni trogen retained for growth 

and maintenance 1'1i th its  main emphasis on maintenance , but it  

does not include a correction for incomplete absorption . The 

protein must be fed at or below the level needed for maintenance 

in order to achieve maximum efficiency of utilisation . General ly 

this level i s  9 to 1 0  percent of the diet Cl/ ) . w 

3 .  Eet protein utilisation (NPU) : - The net protein utilisation 

(NPU ) expresses  in a single index both the digestibility and BV 

of a protein . It is the product of the coefficient of digest-
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ib ility and the BV , and therefore repre sent s the proport i on of fo o d  

ni trogen ret aine d ,  i . e . , nitrogen re tained : nitro gen intake . The 

e fficiency wi th v1hich a pro tein is u t i l i s e d  i s  diminished if the 

calori c  intake is too low or if the pro tein is fed in exce s s .  

For compari s on of the quality o f  �rotoins , the NPU i s  measured 

under standardised condi ti ons , 11fi th p rotein supplied nt or b el orr 

maintonD..Ilc e  leve l s  in a diet provi ding adequate calorie s (NPUst ) . 

The NPU o pe rative (NPUop ) refers t o  tho utilisation of a pro t ein 

unde r  those cond i t i ons in I'Thich i t  is ac tual ly eaten . 

4 .  No t die tary prot ein value (NDpV) : - The e ffi c i ency and conc en-

t ration may be combined in a singl e inde x ,  called the net die tary 

pro tein value (21 7 ) .  This expre s s i on is t he product o:f protein 

c oncentration and NPU (determined nt the s 'lliie protein level ) . The 

t e rm  NDp Cal% (2 1 8 )  is used 1-rhen in the h tter expre s si on protein 

c oncentrati on i s  expressed as n pe rc entage of cal orie s in tho 

diet . 

5 . Gross protein value (GPV) : - Growth resul t s  have also bo on 

a s sessed in terms o f  the contri bu tion whi ch a pro tein makes Vihon 

used as a supplement to a standardi sed di e t . For example , the 

gro ss prot e in value for chicks moasu�e s the value of a pro t e in 

source as a supplement fo r cereals ( 54 ) . 
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