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Concentration of Soymilk

Winston Yau-Lai Lo, K, H. Steinkraus and D. B. Hand
New York State Agricultural Experiment Station, Department of I'ood Svience and Technolr zy, Cornell University

QGenova, New York 14450

SUMMARY

A logaritlinic relationship was ob-
served between the apparent viscosity
of soymilk and the solids content.
When soymilk was eoncentrated (o
279, solids, it was a thick, resilient
gel. The addition of 0.5% sodium sul-
fite had the effeet of reducing the ap-
parent viseosity of concentrated soy-
milk at solids contents below 20%.
Sodium sulfite al concentrations of
0.05%5 was found to be relutively in-
effective in reducing the viscosity of
concentrated soymilk, Addition of su-
erose to the soymilk before concentra-
tion had the eftget of inereasing the
viseosity of soywilk. A sweetened ¢on-
densed soymille evaporated at a f{ew-
perature of 82°C showed helter redis-
persibility of the protein thun soymilk
evaporated at lower or higher temper-
atures.

INTRODUCTION

The marketing advantages of con-
centrated cow's milk would also he
applicable to soymilk, if the Iaiter
could be concentrated to a solids level
of 80¢% or above and still retain an
aceceptable viscosity.

The problems in the coneentrntion
of soymilk, one of which is the vis-
cosity behavior of soymilk during con-
centration, have been investigated by
very few workers. Tan (1958) investi-
gated the effeet of solids content on the
viseosily of soymilk. He reported an
abrupt inerease in the viseosity of soy-
milk ns the solids content approached
the 309 level. The term “viscosity-
burrier” was used to describe this phe-
nomenon,

Preliminary observations in this lab-
oratory showed that, when soymilk
was concenfrated to a high solids level,

a gel-like structure was formed, thus
confirming Tan’s finding,

Pre-heating of cow's milk for vari-
ous times and {emperatures (forewarm-
ing) has been found to be effective in
controlling the viscosity of hoth evapo-
rated milk awl sweetened eondensed
milk, Deysher et «l. (1929, 1944), Cur-
ran et al. (1941), Webh et al, (10-43a),
and Webb et al. (1043h). This fore-
warming effect applied to soynilk he-
fore concentration was also investi-
gated by Tan {1935). He concluded
that hoth the temperature and the du-
ration of leating soymilk hefore con-
centration inereased the viscosify of
the concentrated govmulk., Iorewarm-
ing resulted in the establishment of a
“yviscosity-barriet” at a lower solids
level thau was encountered in the ab-
sence of a forewarming procedure.

Ferry (19148) postulated that the
formation of gel structwre in protein
was generally eaused by the denaturing
and unfolding ot the polymers, allow-
ing o waximum exposure of the reac-
tive sites as weli 5 the non-polar
groups, making them less hydrophilie.
During the gel formation, cross-
linkages were formed hetween the ae-
tive .sites nlong the chains, while the
hydrophobie groups tended to repel
water molecules, elfecting o dehydrut-
ing process,

Cirele ¢t al. (1964) attvibuted the
formation of gel-like structures in soy
proteins ns well as the inereases of vis-
cosity in the waler-dispersion of soy
proteins, partly to {he formations of
disnlfide honds between eysteines in the
proteins. They also reported that so-
dium sulfite, a disulfide bond disrup-
tor, had the cffect of reducing the vis-
cosity of the aqueous dispersions of

isolated soy profeinates.

Since the use of sulfite compounds
to control color in food produets is
not an uncommoen practive, for exan-
ple, in the spray drying of ege white,
the effect of this compound in the con-
centration of soymilk was studied.

The viscosity of soymilk was studied
before and after concentration. The
effect of the temperature of cvapora-
tion on the sbility of the concentrated
soymillk to he redispersed was inves-
tigated.

EXPERIMENTAL METHODS

Method of concentration of soymilk,
Non-dehulled  soybeans  of  Harasoy
variety were used. Soynilks of 5, 7,
or 99, solids cuntent were prepared
from non-soaked heans ground with
water at 90°C using o ratio of 1:10
(beans:water)  w/w.  Grinding was
done in a1 Waring blendor for 7 min
and filtered through a Buchner funnel
under 135-in. vacnum equipped with
7-in. standurd Agway-GLI milk filter-
ing pads with one layer of coarse pad
on top of a fine pad.

A sawmple size of 600 ml of soymilk
was used for cach concentration, which
was done in a 3-L., round-bottom wide-
mouth evaporating flask. The flask was
attached to u rotary vaenum evapora-
tor. The temperature of each evapo-
ration was controlled by partly immers-
ing the flask under the water surface
in a temperature-controlled wauter hath.
The internal temperatuve of the soy-
milk waz measuved with a thermo-
conple and a potentiometer. An inter-
nal temperature of hetween 63 to 75°C
and a vacuum of 15-in. U, & gauge
were used for each evaporation,

The condensate was recovered in



two suction flasks, hooked in series in
an ice bath, The volume of the con-
densute collected waus used as an indi-
cation of the extent of cach evapora-
tion. "The exaet solids content of each
snmple, however, was determined on a
seneo moisture halance. A sample size
of i g and a drying period of 30 min
were given for each moisture measure-
went on the Cenco halance,

Sodiwm sulfite or sugar to he added
to the soymillk samples was incor-
porated  hefore concentration.  The
additives were mixed with the soymilk
for 30 min on n wagnetic stivver he-
fore evaporation was started. The
time of ecach evaporation, depending
upon the required sofids lovel, varied
from 3 to 5 hr.

Viscosity determinations on soy-
milk. Viscosity of sumples was mea-
sured on a Brookfield viscometer. The
RV aud RVT spindles were employed
to cover, respectively, the low and high
viseosity ranges of the samples. Ro-
tation speeds of 100 and 5 rpm were
used for measurements with the RV
and RVT spindles respectively. The
specd of rotation was generally kept
constant for cach spindle, while aiffer-
ent spindles were used to cover various
viscosity ranges,

The apparent viscosity was ex-
pressed in centipoises by refeiing to
Brookfield conversion charts.

Color of the samples was mearured
in a Hunter color difference meter
(Model 25). The “small-area” of illu-
mination was cmployed to measure the
reflected color,

RESULTS AND DISCUSSION

Viscosity of soymilk at various lev-
els of concentration. A logarithmie
relation was observed hetween the ap-
parent viscosity of soymilk (IMig. 1,
coutrol snmple) and the solids content.
The iunitinl apparent viscosity of n 5%
solids soywilk was 19 eps, while that
of u 21 and 27¢ solids soymilk were
14 > 10" and 1.8 X 10° eps, respec-
tively. The concentrated soymilk of
279 solids was a thick, resilient gel.

Using n soymilk of 5% solids con-
tent, the apparent viscosity of the soy-
milk sample inereased from 8 to 19
eps as the speed of rotation of the
spindle increased from 20 to 100 rpm
(Table 1),

It was also found that a change in
the size of the spindle from the No. 1
to No. 2 vesulted in a smaller varig-
tion in the apparent viscosity than
changes in the speed of rofat m of
the same spindle. Therefore, changes
in the speed of rofation were avoided
as mueh as possible, when samples of
varions viscosity were measured,

UNITS OF BROOKFIELD VISCOMETER READING

CONCENTRATION OF SOYMILK continued

Table 1. Viscosity measurements of soy-
milk containing 5% solids.!

Converted apparent viscosity

Speed of in cps?
spindle e
rotation Measu' d by Measured by
rpm Spindl. Xa.}  Spindle No. 2
20 8.0 10.0
50 12.8 12.8
100 10.4 18.4

! Viscosity mensurements done at 25°0.
2 Visosity mensurementy made in o Brook-
fleld RV-Viscometer,

This indieates that soymilk is a non-
Newtonian fluid, since its viseosity de-
pends npon the foree of shear which
is directly velated to the speed of rola-
tion of the spindle.

Coneentrated soymilk of 2055 solids
indicated properties of a thixotropic
materinl, in whieh the apparent vis-
cosity deereased with increasing time
of shearing, The Brookfield viscometer
showed n decrease in viscosity of a
209% solids soymilk with increasing
time of weasurements (Fig. 2).

The above characteristic of coucen-
trated soymilk required that its viscos-
ity be determined by using th: Brook-
field RVT spindles and the Helipath
stand which lowered the inverted T-
shaped spindle into the aterial as it
was rofated. In this manner the spin-
dle traced the Ysens of a helis, and only
new materinls were shearved throughout
a wmeasurement, The shear thiuning
effect also required that cach sample
he measured only once, as second mea-
surements on the same sample gave
unrelinhle results (Figure 2),

The addition of 0.5¢5 of sodium sul-
fite had the effect of redueing the ap-
parent viscosity of concentrated® soy-
milk at solids content of helow 209,

100 VISCOSITY MEASUREMENTS OF A 20%
SOLIDS SOYMIK AT VARIOUS TIME INTERVALS
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Ll‘ig. 1. Apparent viseosity of soymilk
I

it various % solids content,

heyond which the apparent viscosity of
soymilk inereased abruptly in & loga-
rithmie mamer. The appuvent vis-
cosity ol concentrated soymilk contain-
ing 0.5% sodium sullite at u soymilk
solids level of 249, was 8.4 X 10° eps
aud that of 39% solids was 6.2 X 10°
eps (Fig. 1). Tu the latter case, the
material had a resilient property and
was too thick to he poured from a
contniner,

The residunl sulfite taste of a 0.5%
sodium sulfite soymilk was ohjection-
nhle; therefore, a lower level of 0.05¢%
(500 ppm) was tested. A sulfite con-
centration of 0.05¢5 sodimn sulfite was
found to Le relatively ineffective in
reducing the viscosity of the coreen-
trated soymilk (Iig. 1). The loga-
rithmie relution was vesumed ut the
129, solids level, giving an appurent
viscosity of 6 X 10* and 1 X 10°* eps
at the 20 and 269, solids level.

Following is the theoretical estima-
tion of a winimum level of sodium sul-
fite required fo prevent the formation
of disulfide honds bhetween cysteine
groups in soymilk during evaporation.

The level of eystine in soymillk pro-
tein was estimated to be at a level of
L7 g per 16 g of nitrogen, Hackler
et al. (1967). The average nitrogen
content in soymilk solids was 855 on
a moisture-free hasis; therefore, 100 g
of soymilk solids contain 0.55 g of
eysteine, Therefore, G00 ml (per sanm-
ple of soymilk eoncentinted) of 79
solids soymilk has 42 g of solids and
contains 0.36 g of cystine.

Sinee 2 mnles of sodium sulfite are

6
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Fig. 2. Viscosity mensurementy of q
tervals,



required to sulfonate 1 mole of cys-
teine, the weight of sodium sulfite ve-
quired {o react with 600 ml of soy-
milk is:

036 g .

240 -E'(mol wt)

—molﬁ)mtine
252 ¢ (mol wt)
‘moles of Nu,S0;, = 0.38 il

or 630 ppm of sodium sulfite is re-
quired per 600 ml of soymitk, .

Caleulations showed that the mini-
mum effective level of sodium sulfite
required to prevent the formation of
disullide honds between the cysteines
in soy protein was approximately G610
ppm. This enleulnted level and the ex-
perimental data seem to substantiate
the hypothesis of Cirele et «l. (1964),
who attributed the gel formation and
the thickening effect of soy protein
partly to the formation of disulfide
cross-linkages hetween cysteines,

An alternale mechanism that may be
involved is that described by Swan in
Benesch et al, (1959) in which the
disulfide bond is cleaved by sulfite
through au oxidation-reduetion reae-
tion with half of the disulfide appear-
ing as a thiol and the other half as an
S-alkylthiosulfate, representing oxida-
tion of the sulfite ion:

RSST -+ SO, S RS 4 RSSO
TFuether study will be necessary to de-

Teble 2. Dispersibility of sweetened
condensed soymilk evaporated at various
temperatures.! ' v

Originnl nitrogen

Evaparation % remaining in
temperature suspension after

‘0 centrifugation?

Control 98

50 —_—

70 74.6

76 84.5

82 03.4

03 85.8

1 8amples contnined 99 of soy solids and
965 of rucrose hefore being concentrated to o
total solids of 50GhH.

2 8amples reconsgtituted to thelr Initial solida
level hefore heing centrifuged at 8500 rpm for
10 min,

CONCENTRATION OF SOYMILK concluded

termine whether the effeet of sultite on
retarding the thickening effect during
concentration of soy protein is due to
breaking of disulfide bouds through
sulfonation or through formation of
S-nlkylthiosullutes.

The addition of 7¢5 suerose to soy-
milk hefare concentration Lud the ef-
feet of inereusing the viscosity of soy-
milks having solids contents of 10 and
119 solids to 2.5 X 10° and 9.8 X 10°
eps, respectively (Iig. 1).

Relationship of the temperature re-
dispersibility. A sweetened condensed
soymilk which was evaporated at a
tempernture of 82°C showed better re-
dispersibility of the protein than soy-
milk evaporated at lower and ligher
temperatures. At this tanperature of
evaporation, 92¢% of the original pro-
tein in the initial soymilk remained in
suspension (Table 2),

However, stability of the protein to
remuin redispersed deereased during
the concentration process, since only
929 of the initial protein vemained
in suspension after eentrifugation,
whereas in the eontrol sample, 93¢ of
the initinl protein remained suspended.

A substantial decrease in the sta-
bility and the redispersibility of the
protein was found in the sample which
had heen evaporated at a tewperature
of 93°C (Tuble 2). This conld he
attributed to the effeet of heat de-
naturation of the protein, when a sub-
stantinl amount of dehydration had
taken place in the colloidal suspen-
sion during the concentration process,
The proteins in soymilk were heal-
stable under the normal conditions of
extraction and heat treatments; henee,
the effeets of dehydration enhanced the
heat denaturation of proteins. Sodium
sultite also reduced the formation of
yellow color in the reconstituted soy-
milk (Talle 3).

CONCLUSION

At the present state of onr under-
standing of the thickening effeet and
gel formation in concentrated soymilk
at high solids content, it is unlikely that
a eatisfactory sweetened condensed
product with a reasonably neceptable

Table 3. Hunter color difference measurements of soymilk with and without sodium

sulfite treatment.

Reflected enlor values

Samples Lt n b a/ud Val - 12e
Control 74.3 0.4 15.0 0.03 15.0
NayS03! 0.60%% 706.1 —1.6 15.6 0.10 15.0

1 Sample was initially trente(i with 0.055% of sulfite and the solids cuntent was concenieated to

165 ; mensurementa were mada after the re-addition of water to give o final solids content of 765.

L, vulue
8a/b -—hue mensurement,

¢ VT;'.':i~_i»:i—lrlvnn|lroment of saturation,

~—the higher the value the lighter the color,

consistency can be produced. Since
added sucrose increased the viseosity
of concentrated soymilk, it would bhe
diffienlt to produce a sweetened soy-
milk containing enough suerose to pre-
serve the final produet. Heat steril-
ization is still required to prevent
microhial spoilage,

However, the possibility of produe-
ing an evaporated soymilk with 12 or
156, solids ean he  considered.  Al-
though sodium sulfite at bvels helow
630 ppm was not effective in reducing
the viseosity of concentrated sovmilk
for high =olids content, it did have the
effect of reducing the viseosity of soy-
milk at the 12 to 153¢% solids level, The
neorporation of o small raoung of
sindium sulfite into say itk heiore evagp-
oration may reduee the heat-thickening
cffeet that takes place ufter heat treat-
ment in sovmilk, Tan (1938).
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