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Concentration of Soyrnilk 
Winston Yau-Lai Lo, K. H. Steinkraus and D. B. Hand 
New York State Agricultural Experiment Station, Department of Food Science and T.clhtol gy, Cornell University 
Geneva, New York 14456 

SUMMARY 
A logarithmic rlationship was ob-

served between the apparent. viscosity 
of soymilk and the solids content. 
When soymilk was concentrated to 
27% solids, it was a thick, resilient 
gel. The addition of 0.5% sodium sil-
fite had the effect of reducing the ap-
parent viscosity of concentrated soy-
milk at solids contents below 20%. 
Sodium sulfite at concentrations of 
0.05% was l'ounld to be i-C ely in-
effective in redocing the viscosity Oif 
concentrated soylilk. Addition of s-
crose to tht soymilk before co entra-
tion had the of tbeeff,:et increasingf 
viscosity of soymnilk. 'i sweetened 0oi-
densed soymilk evaporated at a ten,-
porature o' 82'C showed bhtterredis-
persibility of the protein than soymilk

tit lw te oevperai tpoof e i 
etaporated at lower or higher ttrmep-

INTRODUCTION 

The marketing advantages of con-
centrated cow's milk would also be 

applicable to soymilk, if the latter 
could be concentrated to a solids level 
of 30% or above and still retain an 
acceptable viscosity. 

The problems in the concentration 

of soymilk, one of which is the vis-
cosity behavior of soymilk during con-
enutration, have been investigated by 
very few workers. Tan (1958) investi-
gated the effect of solids content on the 
viscosity of soymilk. lie reported an 
abrupt inerease in the viscosity of soy-
milk as the solids content approached 
lhe 30% level. The term Iviscosity-
barrier" was used to descrihe this phC-
nomenon. 

Pr'eliminry observations in this lah-
oratory showed that, when soymilk 
was ctneentrated to a high solids level, 

a gel-like structu'e was formed, thus 
confirning Tai's finding. 

Pre-heating of cow's milk for vari-
ous times and termpeatures (f'urewarm-
iog) has ben found to be effective in 
controlling tie viscosity of both evapo-
rated milk and sweetened condeiised 
milk, Deysher et ,i.(1929, 1944), Cur-
ran et at. (1944), Webb et at. (1943a), 
al Webb Ct al. (1943b). This fre-
an ffect apl(e to This fe-
w t.flt'et applied to soy'ntilk. b-
fore concentration was also iuvesti-
gated by Tan (1958). li,concluded 
that h.th the temperature and tile do
ration ot' bealing soymilk before con-
centration increased the vis.oity of 
the eomeentrated Soymilk. ri'Oi'1wnrill-
ing resulted iin the estabhishmeot o.a 

I?.aitt ,,m
viscosity-barrier' at a lower solids 

level than was encountered in the ab-

sete of a forewarmig procedre. 

Fr (19.1S) posthted that lte
formation of gel structure iii protein 
was generally eaulsed hy tile (lnatrill,
and unfolding of the polymers, allow-

ing a maximum exposure or the reac-
tive sites as we, ,.; lhe iton-polar 
groups, making theni less hydrophilie. 
During the gel formation, cross-
linkages were formed between the at-
tive.,sites along the chains, while tim 
hydrophobic groups iended to relml 
water molecnles, effecting a delhydrat-
imig proes., 

Circle ct al. (1.064) attributed the 
formation of gel-like strutmturps in s,y 
proteins; as wll as the increases of vi.,-
cosity in the water.di;persion of So.v 
proteins, partly to the fmation.s of 
disnlfide blonl between ey.steiaes in thit 
proteins. Tliy also reported that so-
dilin silfite, a disulfide bond disrup-
tor, bad tie effect of reducing the v'i.-
cosity of the aqueous dispersions of 

isolated soy l)roreiutes. 
Since the use of sulfitt c,,mpoauds 

to control color in food 1,ioduct. is 
not till uiiconlionoii prit'ctie, for exam
pie, in the spray drying of egg whi.t, 
the effect of thi-s v'apollI it the coo
ceitration of soyiiilk was sh lied. 

The viscos.ity of soyinilk wits stodied 
before and aftr eomcentration. Tile 
effect of the tvil;prahi'e of eraitr.a
tfec of tht teiit of ceated 
tion on the hility of the con'etratd 
snymnilk to lie redispersed was iloves
tigated. 

EXPERIMENTAL METHODS
 
Method of concentration of soymilk. 

Non-dhli ulct siylbt-ans of"iarasoy
aiv were used. Soynilks of 5, 7, 

wer usd f ,7 
or 9% so lids Vot'I t. were prelned 
from nonl-soakl halls ground with 

water at 90 C ung a ratio of :10 

(lien1s:wat.'r) w/w. Grinding was 
done in a Waring blender for 7 min 
and ittered throogh a Buchner funnel 
uder lS-iu1. vactul equipped with 

7-in. standard Agway-G[,F milk filter
ing pads with one layer of coarse pad 
on top of a fine l)ad. 
A s size of 600 nl of sovwtilk 

.d for iaih coneentrati,, whieh 

was done in it 3-L., round-bottom wide
mouth evaporating flask. Th( flnak was 
attached to a rotary vaeltuln evapora
tor. The temperature of each evalio. 
ration was coot rlhled Iypartly immers
ing tle*flask under lie water 'urfa,,e 
in a temlerawtar-coot rolled wth'r bath. 
Tbhe interna' ttilneratore (f the s,,y
ilk wa.-s t'd a thI(,romteltr5 withl 

couple and a poteniiometer. Ai intemi-
Ilal temperati'e of between 65 to 750C 
nold at vactillal or .1f-in. U. 8. gaulge 
wei,- used tor each evaporation. 

The cohimhsatte was recovered in 



CONCENTRATION OF SOYMILK continued 

two suction flasks, hooked in series in Table 1. Viscosity measurements of soy- beyond which the apparent vi.scosity ofan ice hath. 'Tle vehutne of tle con- milk containing 5% solids.' soyinilk increased abruptly ina logadelosatt collected wits IIlld as alliitdi- Converted apparent viscosity ritinic Themnlner. aipparentcation of tie extent of eaeh evapora- Speed of In cps2 
vis

cosity of concentrated soysilk ,'ontain
tioll. 'Tile emet solids content of each rotalion 'easu .db)sample, however, 3|enired by ilng0.5% sodinm sullite at awas determined on a rpm Spindl. N,. I Spindle No.2 soymilk

solids level of 24% wits S.4 X 10' epsCenco moistre balance. A sample size 2 and that of 39% solids waS 0.2 X 10'of 5 g and a d.3ilng period of :10 ain 20 .0 10.0 cpswere given for each (Fig. 1). T the latter ease, theeasure.8went givntheahno tee, 100 12misture11.4 18.4 m ial had a resilient property and,n,,ton th Ceo balance.
Sodium sulfite or sugar to be added .4 .0o .4was too thiek to be poured from a
1 Viscosity reasurements at 2.SVirnmslty niensurenents dine container.mad, In ato soyinilk was incor- field Brook- The residual sulfltL taste of a 0.55Ihe samiplns RV-Viscomneter. 

poiated .l'efre concentration. The
additives were mixed with the soyinilk 

sodium sulfite soymilk was objection
able; therefore, a lower level of 0.05%for 30 moin on aitnagnetic stirrer lIe- This indicates that soyinilk is a non- (500 punt)fore was tested. A sulfite conevaporation was started. The Newtonian fluid, since its viscosity dte- centration of 0.0-5% sodium sulfite was 

tine of eachI evaporation, dipetdilig pends upon theu11o01 the.,,qli s,,lls Ivel, varied force ofspeedshearti t'whichi folnd . inis dire,.tly related to (livL rota- to relatively ieffective5piil r,.,ltia vih , wfront 3 te e if-6y (i t , ,,.ne t trated soyinilk (Fig. 1). The I ga-
Iron 3 t of the spindle.Ii-.tion aViscosity determinations on soy- Concentrated soyinilk of 20n solids rithillie relation was resiuned at themilk. Viscosity of' samples was Inen- ie of a el 12% level, givinga d an opsindicated properiesit p solids ap parents×h10or ×.;;
suricd on a lrookfield visconeter. The material, in which hil c x 10't apparent vis- y of 6 10' and 1 XIV and UVT spinidles were etuploved eiy in with aprenti''o 

epsI 
cosity decreased with increasing tie at the 20 a,,d 26'0 solids level.Following is the theoretical estimato c over', respectively, tle low and bigli of slicarin-. The Brookfield viscolneterviscosity ranges of tle samples. ]to- showed it decrase in viscosity of a tion of a oin inuu level of sodium sui

tation speeds of 100 til 5 rl)l we,'e 20% solids soylnilk with increasing filereqired ioprevent the formationused for iiieasurllients with thi 1\k time of measurements (Fig. 2). of disillide heads between eysteino

RVT spindhles Theand i respectively. Tie above characteristic of co',cen- grouls in soymilk diring evaporation.spi'ed of rotation was go1rtally kept trated soymilk required that its "iseos- The level of cystino inl soymilk proconstant for caeh spindle, w'hile (lit ier- ity be determined by using tl,.:.Brook- toin was estimated to I1v at. a level oft'iit spindles were used to cover various field lt\VT spindles and th, Ilelipath 1.7 g per 10 g of nitrogen, ilderviscosity ranges. stand which lowered the inverted T- t al. (1007). The average nitrogenThe apparent viscosity was pN- shapwd spindle into tile material as it Content in soymilk solids was 8% on 

pressd in centipoises by ree"%ing to was rotated. Il this manner the spin- a isloistire'e-fre basis; therefore, 100 g
Bronkifield conversion charts, die traced the t1ens of a helix, and only of soyvntilk solids contain 0.85 g ofColor of the samples was mearured new materials were sheared tlroughout cyst('ile. Therefore, 600 tll(per samin a Hunter color difference meter a illeasuretlent. The slicar thitting pie of soytltilk concentrated) of 7%(Model 25). The "sntall-area" of illu- effect also required that eaci santl)e solids soymilk 42 solids andhas g omination was e0ployed to easarethe be meuslred only once, as stecond |sea- Since 2 inoles of soditn. sulitLarereflected color. sureltlents on the sailtsatiple gave 
RESULTS A1D DISCUSSION unreliable results (Figure 2).

The addition of 0.5% of sodium sill-Viscosity of soymilk at various lev- 6fite had the effect of reducing the np- to APPARENTV.OSISt OFSOYMIuels of concentration. A logarithnic parent viscosity of coneentratild- toy- ATAROUS SOtOSCONN 
relation wais ob)served between thei ill)- milk ait solids content of below 20%, 
parent viscosity of soyinilk (Fig. 1,
control sample) and the solids eonteot. 
The inititM appalrent viseosity' of' a 5%
solids soyitilk was 19 eps, while that . No2 S03of a 21 and 27% solids soyinilk were VISCOSITY OFA20%MEASUREMENTS
1.4 X .10' and 1.8 X 10' eps, respee- to SOlIDS SOYM/IK AT VARIOUSTIMEINTERVALS CONTROL 

tivy. Cllect[eetr tll soyllillk of
27% solids was a thick, resi lient gel. / 

Ustga syitilk of 5%/( solids con- " 
tent, tlhe appairent viscosity of tihe soy-
milk samtple inereaed front 8 to 19 

t, 80 
0 EMENT 

5 No.SO,
o o 

eps Its the speed of rotation of the .SUCROSE % 
spindle in'reased front 20 to 100 rpi
(Table 1). 

It wits also found that a chancge ill 
the size of tillespindle from tle No. 1 
to No. 2 resulted in a smaller varia-
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tion ill the ap)arent viseosity thl t? 
changes in the speed of rotla tn of 
the -time spindle. lierret'11,hanges 
in titspeed of rolation wetre avoided 
as iluehl it' possile, whenl sallples of 
Various viscosity were me'asu'd. 

S 4 
o 0 20 30 
NO.OF MINUTES BETWEENEACH MEASUREMENT
"P" 'a of g. 1. Apparcnt vise2,t of soyllk 

Lit varioas % solis content. 
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ig. 2. Viscosiy20% sdits soyltilk 
tervals. 
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CONCENTRATION OF SOYMILK concluded 

required to sulfonate 1 mole of cys- termilne whether the effect of silthe on consisteney can be produced. Since 
teine, the weight of sodium sulfite re- retarding the thickening effect during added suerose increased the vi -osit~v 
quired to react with 600 ml of soy- concentration of soy protein, is due to (if concentrated soyinilk, it wuitl~l he 
milk is: breaking of disulfide bonds thrimugh diflicult to produce a sweetenlpt s,,y

sulIfonation or througlh formiation of milk containing eugh sur.,e to pre
0.30 g 	 S-alkylthiosulfates. serve tIhe finlal product. ]itt steil
240 	 f (nml wt) The addition of 7% sucroet4o soy- ization is still reinred to prevent

ole of cmilk before conceitration had the ef- microbial spoilage.
252 g (inol wt) 	 feet of increasing the viscosity of soy- l1owever, t I ossihlitv of rod 

iinoleS of XNaSOQ = 0.38 g 	 iilks having solids contents of 10 and ilg at evaporated ,oynilk with 12 or 
11% solids to 2.5 X 10' and .. X 10 1.5, oilitls tan he v'.tiit-redl Al

or 630 ppm of sodiuin sulflte is re- cps, respectively (1ig. 1). though sodiili sitlfite at I,.vel Ibelow 
quired per 600 nl of soymilk. Relation:hip of the temperature re- 630 prin was not effet.tive in ri.t,'ig, 

Calculations showed that the nini- dispersibility. A sweetened condensed the viscosity of cotncentr',ted smi.ilk 
mum effective level of sodiurn sulfite soytnilk wtieh was evaporated at it for hilth sIills v,,tten t, it dit ha lh
required to prevent the foriation of tenperature of 82'C showed better re- effTtet of redtliiig ti, vi-e,,,itv of' s,.N
disullide bonds between the cystines dispersibility of the proteii than sov'- milk at the 12 to 15% solids hIv.l. 'Tle 
in .:oy prot,in was approxilnately 630 viiillc 4'vapr"It. .' tt loweru. and hi,,her it Jr,,i'...,,iI ,.!, 1 1 ,11, , t' 
jipin. Thiis catuhtted level atld tle VX- tt.tt'ltelttitlos. At this t"liiStlttit,' ',f ttllfil, jlit., k b,.t.r. .vap
perimental data scent to substantiate evaporation, !,/92%of tile original pro- oration t y rcduce t'he heat-thi ckining
the hypothesis of Circle et ol. (196-4), tein in tle initial soytnilk retminied inl effect that take.s plae,. aft'er hat trat
who attributed the gel fortnation and suspension (Table 2). nient it, soyinil, Til (195S).
the thitlening effect of soy protein However, stability of the protein to 
partly to the formation of disilfide remain redispersed decreased duritig LITERATURE CITED 
Cross-linkages between eysteines. the concentration pIrocess, sine only Benoeseh, IPinhol, itpneseh, It. T loyevr,


AinnlternafeIochanisn that nt ay be 92% of: [he initial pr'otein remained P. D., Kintz, T. M., Mihllebrof.k,

involved is that describel by Swan in in snspelsion after centrifugn tion,, W. S., A. told
.zen t.yiirgyi, 0. 
Benesch et al. (1959) inl which the whereas in the control saiiple, .PS% of Stltwarz, T). IC 1959. "Sulfur inl 
disulfide boind is cleaved by sulfite the initial protein reuained su:lu nded. Proteins." Atide'iie ress. N.'" 
through an oxidat iou-red tiction reae- A babstanutial decrease il fhe sta- York 1). .1-5.
 
tion with lialf of the disitlfide appear- bility athd the redispesihilitv or Circle,. .T., Moer. E. W. anditWhitony,
il• aW. adteeology1- 1914. of soy pro."g as 	a thiol and tle other half as n protein was found in tile sample which toin dipCrsilns. .Iffeet of het and 

-nll ylhlhiostlfate, representing oxida- had been eVaporated at a teniper:,tuie other factors on gelatiolt. Cereal 
tiot, of the slfite ion: of 93°C (Table 2). This could be Chein. 41, 157--171. 

RSST + SO.- 4 RS- + RSSO," attributed to the effect of lieat de- Curran, H. R., Bell, I?. W. and Eva.s,11, F. I. 1914. Effects (if temparatnrt.
Further study will be necessary to de- natu ration of tile prini,whlnita st, I- and ti ofe sterilizatiot upon, prop. 

stantial aninontt of detlvdhatiot! I had crti.i, of cti orated milk. /. Dairyl
taken place in the colloidal suspen- Sd. 27, ft13-119. 
sion during the enentration pro,.ess. Deyslir, 1'. P., Webl, It. 1l. and Hahn,

Table 	 2. Dispersiblity of sweetened The proteins ill soyntilk were heat- G. F. 1929. Tie telationi of temper-
Tae 2ature nd time of forewarinn,in, ofcondensed soyarlk evaporated at various stable ndotr the hornotl conditions of itilk to theltit stability of its eVtt,

temperaturns.t # extraction and heat treatments; helncce, orated produet. .7. DairY Sri. 12. 
- the effects o dehydration enhiaed the 80-89. 

Evaporation Originalntrogen heat denatuiration of proteis. Soditm Ilcyshier, E. 1'., Webb, T. If. and Ilhn, 
toinperatitro sispenshtin after sultite also rt'duced the forinati~n of G. F. 191t. 'fTIe visvosity of evapo

ceintrifurgation' yelwcolor i 	 mid of ;uliisr 11 different reo
_________ ntr_ _a__n__ yellow color in the reconistitutedl sty- ccutration. .1. Dairy Sri. 27, 345-355.Control 08 miilk (Table 3). Ferry, J. 1). 1949. Protein-g.ls. TI Ad

074.5 	 C0NCiUSION vieS ini Protein Chemistry. IV, 
70 84.5 
S2 02.4 At the present state of our under- 1larkler, L. P.. and Stillintvs,93 85.8 	 standing, of the thickeaing" effect 1. l(. 1967.tilt( Ainio mild eoinpnoition (if h,,at-

ISamples contained 9% of soy, solids antd of thettprocessd soilk and its eorrlitit.e tnei concentrateto a formation concentrtated 	 with 
total sulids of 50%,. at high solids content, it is uilikely that 44(1), 70-77.

'Samples reconstititted to their initial solids a satisfactory sweetenedI condlensed Talt, ]X 11. 1ofS. 'lcehiolo~y of ,ovniilk 

9% of rr liefro being 	 gel in sovnilk ntritive Value. Ct#tr,:l chreti. 

level before h:,iug contrifuge(I at .1500 rpa for 	 ..10 hren. 	 product with a reasonably acceptable and Sone 1)erivatives. 'liezis, .\grie. 

Univ. 	 of WVageningn, N'Mthrlmids. 

Table 3. Hunter color difference measurements of soymilk with and without sodium "Webb,EffectB. of hiigh-tetnjstttre]eml, It. ]shor.short.It..titd W. 
sullito 	 treatment. time iheatiig of coniitetratt.Il iilk 

reflected color valu,- upon its ticat, stability. I. )airy Si. 
26, 1071-1077. 

Sample, Ll n b a/b3 Va2,2 Webb, I., W., P.-L-7 I. iell, P.. 	 ])evsher, E. 
-ttd Ilolit, G.1. 3941b. 'fTh effet of 

Dontrl 74.3 0.4 15.0 0.03 15.0 varinus degre. (if forewarniing itpon
taSO,, 0.50% 70.1 -1.5 15.5 0.10 15.6 ti( lieat stability of milk of dfier

____en.. cut conceittr:tiOts. J. Dairy Sri. 26,
2Sample was InItially treated with 0.05%, of sulfite and the solids content wAascncentrated to 571- 579.

15% ; measureenets were Iitatl' after the ronddilon of witer to give it final polhli runlent of 7 e/.I, vutiuto -the higher the value the lighter the color. %Is.aeeelaed 4/11/68. 
at/b -- hue neasnrePitent. 
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