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Abstract

The objective of this study was to compare the effect of hot and cold grinding as well as the effect of direct and indirect ultra high
temperature (UHT) treatment conditions on the level of isoflavones during the manufacture of soymilk. Soymilks were manufac-
tured from dehulled soybeans by hot grinding or cold grinding processes. After inactivation of lipoxygenase at 85 �C, the resulting
slurries were decanted and supernatants were held at 120 �C for 80 s to inactivate the trypsin inhibitor. The decanted soya bases were
cooled and subjected to different temperature/time regimes by direct and indirect UHT treatments. Samples were drawn at different
points in the processing operation and a reversed phase high performance liquid chromatography method was used to determine the
concentration of isoflavones. Results showed that hot grinding caused a higher extraction of isoflavones into the soymilk than the
cold-grinding process. However, direct or indirect heating in the UHT process did not significantly influence the concentration of
isoflavones.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Isoflavones are a group of naturally occurring hetero-
cyclic phenols found in soybean and foods derived from
soy. The major isoflavones (Fig. 1) in soybeans are gen-
istin and daidzin and their corresponding aglucones,
genistein and daidzein. The third kind of isoflavone in-
cludes the glycitein and its 7-O-b-glucoside, glycitin
(Wang & Murphy, 1994). Acetylated (600-O-acetylgeni-
stin, 600-O-acetyldaidzin and 600-O-acetylglycitin) and
malonylated (600-O-malonylgenistin, 600-O-malonyldaid-
zin and 600-O-malonylglycitin) isoflavones were also
found in soybeans (Kudou et al., 1991). These com-
pounds are particularly important due to their diverse
pharmacological and antioxidant properties. It has been
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hypothesized that isoflavones reduce the risk of several
types of cancers including the breast, prostate and colon
(Messina & Barnes, 1991; Wu et al., 1998), heart disease
(Ho et al., 2000; Wong et al., 1998), menopausal symp-
toms (Chiechi, 1999) and bone health (Anderson & Gar-
ner, 1997). Moreover, in 1999, the US Food and Drug
Administration (US-FDA) approved a health claim for
the cholesterol-lowering effects of soy protein, which
are associated with isoflavones.

Soybeans are transformed into many different varie-
ties of foods to create versatility and provide tasty and
easily digestible products. Among these soy foods, soy-
milk has gained much popularity as a healthy food
drink. Wilkens, Mattick and Hand developed the ‘‘Cor-
nell process’’ in Wilkens, Mattick, and Hand (1967) and
later Nelson, Steinberg and Wei developed the ‘‘Illinois
process’’ in Nelson, Steinberg, and Wei (1976) for the
manufacture of soymilk. Though these conventional
soymilk manufacturing processes basically involve the
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Fig. 1. Chemical structures of three parent isoflavones and their
respective glucosides in soy samples.
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soaking, grinding, filtering and cooking steps, many
process modifications have taken place over the years
with the advancement of new processing technologies
and considering consumer requirements. In large-scale
production, continuous high-temperature, short time
processes often substitute normal low-temperature,
long-time thermal processes. The advent of UHT heat-
ing and aseptic packaging has further contributed to
the production of long-life soymilk packaged aseptically
in paper-plastic cartons. They are more convenient for
transportation, distribution and storage (Gosta, 1995).
However, the fate of isoflavones on extraction and
UHT treatment conditions during such type of soymilk
manufacturing is almost unknown. An understanding
on the concentration of these beneficial phytochemicals
in the soymilk prepared by different processing methods
was therefore considered essential. Though there is an
extensive literature available on the analysis of isoflav-
ones in soy foods (Coward, Barnes, Setchell, & Barnes,
1993; Jackson et al., 2002), little information is available
on the effect of extraction methods and UHT treatment
conditions on the level of isoflavones during soymilk
manufacture. Here, we have considered two different
grinding processes for the preparation of soymilks.

The objective of this study was to determine if there
was any loss or improvement in the extraction of isoflav-
ones into the soymilk by hot grinding of soybeans com-
pared to cold grinding during the soymilk preparation.
Studies were further carried out to evaluate the fate of
isoflavones during the UHT treatment process. Two dif-
ferent UHT conditions were applied for this study.
Analyses were performed to understand if a direct or
indirect UHT treatment to soya base could cause any
loss of isoflavones.
2. Materials and methods

2.1. Chemicals

Isoflavone standards such as daidzin, glycitin, geni-
stin, daidzein, glycitein and genistein were purchased
from LC Laboratories (Woburn, MA, USA). All sol-
vents used were of HPLC grade and were purchased
from Sigma Chemical Co. (Jefferson City, MO, USA).

2.2. Pilot plant scale preparation of soymilk

Identity preserved soybean seeds (Harovinton) were
obtained from a local seed supplier who provided the
same cultivar for all the trials. Dehulled soybeans
were either hot ground or cold ground, using a disc
mill with water at 95 or 45 �C, respectively. Soybeans
were added at the rate of 70 kg/h and water was
added at the rate of 300 l/h. The resulting slurry
was passed through a colloid mill and then through
a holding tube at 85 �C to inactivate the lipoxygenase
(EC 1.13.11.12), an iron containing dioxygenase which
otherwise can cause the oxidation of fatty acids result-
ing in off-flavour development. Further it was passed
through a decanting centrifuge for separation of the
insoluble residue (okara). The soymilk thus obtained
was held at 120 �C for 80 s to inactivate approxi-
mately 80% of the Kunitz trypsin-inhibitor and there-
by improving its soy protein digestibility (Kwok, Qin,
& Tsang, 1993), flash-cooled to 75 �C and further
cooled to 25 �C. The cooled soymilk base was sub-
jected to two different UHT treatment conditions:
one was a direct UHT process and the other was an
indirect UHT process. This was mainly to understand
the influence of the type of UHT process on the level
of isoflavones in the end product. For the direct UHT
system, steam was injected into the product and soya
base came in direct contact with the heating medium.
The direct UHT process was carried out at a temper-
ature of 143 �C for 10 s. The indirect system was
based on tubular heat exchangers whereby heat was
transferred from the heating medium to the product
through a heat exchanger. The indirect UHT process
was carried out at a temperature of 140 �C for 4 s.
These conditions were chosen from the normal indus-
try practices used for UHT treatment of soymilk in
the region.

The flow diagram (Fig. 2) shows the processing of
soybeans to soymilk. The sampling points at different
stages of the manufacturing process are also indicated.
Soymilk preparations were carried out with the repli-
cate trials being further carried out to confirm the
reproducibility of the results obtained. Every trial in-
volved either a direct UHT process (injection of steam
into the product at 143 �C for 10 s) or an indirect
UHT process (using a heat exchanger at 140 �C for



Fig. 2. Flow diagram for processing of soybeans to soymilk.
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4 s). Two pilot runs were carried out on each of the
trials, one involving hot grinding (grinding of dehulled
soybeans with hot water at 95 �C) and the other
involving cold grinding (grinding of dehulled soybeans
with water at 45 �C).

2.3. Extraction and analysis of isoflavones

The extraction procedure followed the method of
Klump, Allred, MacDonald, and Ballam (2001), which
used 80% methanol as the extraction solvent (AOAC
Method No. 2001.10). A mild saponification step was
further carried out to convert the isoflavone glucoside
ester forms to their corresponding glucoside forms,
leaving the three aglucones intact. This permits the
analysis of both the b-glucosides and the aglucones in
a single chromatographic run. Hence, a total of six iso-
flavones were quantified from the extracted test sam-
ples. Using the Klump�s method for extraction
allowed a direct comparison of stable and readily avail-
able isoflavone glucoside and aglucone reference stan-
dards. All extraction experiments and analysis were
performed in triplicate and each isoflavone value is re-
ported as the mean value as obtained. UHT process
may cause changes in the acetyl or malonyl isoflavone
conjugates, however, it is the total amount of isoflav-
ones that were evaluated in this study to understand
the effects of processing.
2.4. HPLC instrumentation and chromatographic

conditions

The HPLC apparatus was a Waters 2695 separations
module with inline degasser, a Waters 2996 photodiode
array detector capable of monitoring UV absorbance
from 200 to 350 nm and the Waters ‘‘Empower Software
System’’ (Waters Corp., Milford, MA, USA). Reversed
phase HPLC analyses of isoflavones were carried out on
a YMC-pack ODS-AM 303 (5 lm, 25 cm · 4.6 mm i.d.)
column (Waters Corp., Milford, MA, USA).

The mobile phase consisted of (A) 0.1% glacial acetic
acid in filtered MilliQ water and (B) 0.1% glacial acetic
acid in acetonitrile. The injection volume was 20 ll, and
the components were eluted using the following solvent
gradient: from 0 to 5 min 10% B; from 5 to 50 min 10–
35% B; then held at 35% B for another 10 min and re-
equilibrated back to 10% B. The flow rate was 0.8 ml/
min and UV detector wavelength was set at 260 nm.
The total run time was 80 min including the equilibra-
tion of column.

Stock solutions were prepared for the six isoflavone
standards and calibration standards were further pre-
pared by diluting the stock solutions. Linear responses
were obtained for the six standards after injection on
HPLC and calibration curves were plotted by using
peak area vs. corresponding isoflavones concentration.
The identity and purity of isoflavones in the samples
were confirmed by matching the retention times and
mass spectrum analysis of the standards. This was per-
formed on a Finnigan Quadrupole Mass Spectrometer
(San Jose, CA, USA). Isoflavones were separated by re-
versed-phase HPLC on YMC pack ODS AM-303 col-
umn using a gradient run. No significant difference in
the chromatographic resolution was observed between
HPLC-UV detection and HPLC-MS. Selected peaks
were then extracted using positive and negative acquisi-
tion mode over an m/z range of 160–800. Results of
analysis showed that an HPLC-MS run using ESI was
sufficient to obtain the most sensitive and structurally
useful information about the isoflavone conjugates.

2.5. Moisture determination

The moisture contents of soybean seed powders were
measured in triplicate as the loss in weight of a 2 g
ground sample after 24 h at 105 �C in an air oven. Mois-
ture contents of all other samples were determined using
vacuum-oven method (AOAC, 2002, Method No.
925.09).

2.6. Statistical analysis

Isoflavone values reported are the means of three
determinations with their standard deviations (±SD).
Test for analysis of variance were carried out using SPSS
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version 12.0 (SPSS, Inc., Chicago, USA) to determine
the significant differences between the isoflavone values
in soymilk obtained by hot and cold grinding methods
as well as between the two UHT treatments. p Value
of 0.01 or less was considered significant. On compari-
son of isoflavone levels in hot-grind vs. cold-grind soy-
milks, a highly significant relationship (p < 0.01) was
observed.
3. Results and discussion

In this study, the concentrations of isoflavones in soy
samples were expressed as micromoles per gram of dry
matter (lmol/g DM). Seeds used for the trials had
nearly the same concentration of isoflavones. Soybean
seeds used for the direct and indirect UHT trials had iso-
flavone concentrations of 4.50 lmol of glucosides and
0.25 lmol of aglucones (Table 1).

The processing system used for this study had a par-
ticular advantage of grinding the soybeans directly with
cold or hot water rather than a �soak and grind process�
used conventionally. The traditional soymilk making
process, termed as the �soak and grind process� involves
the soaking of soybeans in water for a prescribed period
of time (4–12 h) followed by grinding them in fresh
water. Earlier Wang and Murphy (1996) did a mass bal-
ance study during the preparation of soymilk, where the
raw soybeans and soaked beans were analyzed for their
isoflavone concentrations. Soaked beans contained a les-
ser concentration of isoflavones than the raw soybean
and the differences in their content of isoflavones was ex-
plained as due to the leaching of isoflavones into the
soaking water. Such losses of isoflavones in soaking
water were avoided by using the direct grinding process
Table 1
Isoflavone concentrations reported as lmol/g of the sample (on dry matter

Sample names (hot-grind process trial) M (%) Glucosides

Din Gln G

Soybeans for indirect process 10.0 1.94 0.41 2.
Ground beans 86.4 2.46 0.50 2.
LOX treated 85.8 2.44 0.47 2.
Okara 73.0 1.50 0.32 1.
Soy puree 90.0 3.36 0.61 2.
Soymilk after TI deactivation 90.8 3.30 0.64 3.
Soymilk after indirect UHT 90.4 3.05 0.62 3.

Soybeans for direct process 10.0 1.92 0.42 2.
Ground beans 84.5 2.63 0.44 2.
LOX treated 84.6 2.68 0.44 2.
Okara 73.8 1.79 0.01 1.
Soy puree 90.0 3.58 0.61 3.
Soymilk after TI deactivation 91.0 3.91 0.62 3.
Soymilk after direct UHT 90.6 3.16 0.56 3.

M (%), moisture%; Din, daidzin; Gln, glycitin, Gin, genistin; Dein, daidzein
Means with different letters in the same column are significantly different at

a Mean of three determinations with standard deviation.
utilized in this study. However, this was not a mass bal-
ance study of isoflavone fractionation during UHT pro-
cessing, but a study on the comparison of isoflavone
concentrations between hot grinding and cold grinding
of soybeans, as well as between direct and indirect
UHT treatments. Moreover, there is a difficulty in com-
paring the isoflavone levels in the soybeans with those
found in the final soymilk on a dry weight basis, because
the composition of dry matter in the whole beans and
soymilk differ as a result of removal of okara in the soy-
milk manufacturing process. Hence, a comparison of
isoflavone levels between two different grinding proce-
dures (hot vs. cold) and between the different UHT
treatment methods (direct vs. indirect) were carried
out to understand the effects of processing on the iso-
flavone levels in soymilks obtained.

3.1. Isoflavone levels in soymilk prepared by hot-grind vs.

cold-grind method

The type of grinding process most probably caused a
difference in the activity of glucan endo-1,6-b-glucosidase,
popularly known as the b-glucosidase. Grinding of
soybeans at a lower temperature resulted in an increase
in the action of b-glucosidase, as shown by the increase
in the concentration of aglucones. HPLC data showed
that the samples of �ground soybeans� along with the
�LOX treated beans� and the �okara� obtained from the
cold-grind process had a higher concentration of total
aglucones (Table 2). The respective samples from a hot-
grind procedure had very minimum amount of total aglu-
cones in them. The same trend was observed in every trial
carried out. The cold grinding of soybeans at a tempera-
ture of 45 �C favors an enhanced activity of the b-glucosi-
dase, whereby the unconjugated isoflavone aglucones,
basis) during the hot-grind process trial

Aglucones Total a (lmol/gDM)

in Dein Glen Gein Glucosides Aglucones

20 0.08 0.18 ND 4.55 ± 0.07a 0.26 ± 0.004a

33 ND ND ND 5.29 ± 0.08b ND
30 0.03 ND 0.04 5.21 ± 0.01b 0.07 ± 0.010b

48 0.08 ND 0.06 3.30 ± 0.01c 0.13 ± 0.002bc

98 0.08 ND 0.05 6.95 ± 0.02de 0.13 ± 0.004bc

13 0.02 ND 0.04 7.08 ± 0.02e 0.05 ± 0.001b

06 0.03 ND 0.04 6.74 ± 0.02d 0.06 ± 0.004b

19 0.09 0.19 ND 4.53 ± 0.07a 0.27 ± 0.007a

40 0.04 ND 0.03 5.47 ± 0.12b 0.07 ± 0.007b

45 0.04 ND 0.03 5.57 ± 0.03b 0.07 ± 0.001b

76 0.05 0.02 0.04 3.57 ± 0.02c 0.10 ± 0.014bc

46 0.05 ND 0.03 7.65 ± 0.09e 0.08 ± 0.003b

43 0.05 ND 0.04 7.96 ± 0.02e 0.09 ± 0.001b

06 0.04 ND 0.03 6.78 ± 0.02d 0.08 ± 0.001b

; Glen, glycitein; Gein, genistein.
p < 0.05. ND, not detected.



Table 2
Isoflavone concentrations reported as lmol/g of the sample (on dry matter basis) during the cold-grind process trial

Sample names (cold-grind process trial) M (%) Glucosides Aglucones Total a (lmol/gDM)

Din Gln Gin Dein Glen Gein Glucosides Aglucones

Soybeans for indirect process 10.0 1.94 0.41 2.20 0.08 0.18 ND 4.55 ± 0.07a 0.26 ± 0.004a

Ground beans 86.2 0.84 0.23 0.98 1.54 0.25 0.10 2.05 ± 0.02b 2.79 ± 0.022b

LOX treated 85.0 1.01 0.21 1.07 1.06 0.20 0.75 2.30 ± 0.04b 2.01 ± 0.046b

Okara 74.0 0.87 0.21 0.97 0.68 0.10 0.39 2.05 ± 0.01b 1.17 ± 0.003c

Soy puree 89.4 2.79 0.49 2.70 0.29 0.03 0.19 5.97 ± 0.06c 0.50 ± 0.007d

Soymilk after TI deactivation 90.4 2.79 0.49 2.66 ND 0.02 0.12 5.95 ± 0.02c 0.14 ± 0.003a

Soymilk after indirect UHT 90.8 2.93 0.52 2.76 0.29 0.03 0.20 6.21 ± 0.01d 0.51 ± 0.008d

Soybeans for direct process 10.0 1.92 0.42 2.19 0.09 0.19 ND 4.53 ± 0.06a 0.27 ± 0.007a

Ground beans 84.2 1.39 0.23 1.36 1.13 0.19 0.78 2.98 ± 0.02b 2.06 ± 0.011b

LOX treated 85.2 1.30 0.21 1.27 1.13 0.19 0.78 2.77 ± 0.03b 2.10 ± 0.022b

Okara 74.6 0.76 0.16 0.81 0.88 0.18 0.60 1.73 ± 0.01e 1.67 ± 0.029c

Soy puree 90.2 3.50 0.57 3.21 0.27 0.03 0.17 7.29 ± 0.03f 0.47 ± 0.050d

Soymilk after TI deactivation 91.2 3.30 0.55 3.09 0.29 0.03 0.18 6.93 ± 0.03df 0.49 ± 0.001d

Soymilk after direct UHT 91.0 2.88 0.47 2.80 0.27 0.03 0.17 6.16 ± 0.03d 0.47 ± 0.001d

M (%), moisture%; Din, daidzin; Gln, glycitin, Gin, genistin; Dein, daidzein; Glen, glycitein; Gein, genistein.
Means with different letters in the same column are significantly different at p < 0.05. ND, not detected.

a Mean of three determinations with standard deviation.
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daidzein, genistein and glycitein are formed. This resulted
in higher aglucone concentrations in samples of the cold-
grind process. Studies by Matsuura, Obata, and Fuku-
shima (1989) observed an enhanced b-glucosidase action
under special conditions of processing, such as soaking.
The optimum condition for b-glucosidase activity was
also observed at a temperature of 45 �C by these research-
ers (Matsuura, Sasaki, & Murao, 1995). Our studies
shows that a soaking process was not necessarily required,
but the grinding of soybeans with water at 45 �C was rea-
sonably enough for an enhanced action of b-glucosidase.
The length of time for which the soybeans resided at 45 �C
during the grinding of bean was lesser than that would
have happened during a soaking procedure. However,
this short period of time was found enough for b-glucosi-
dase to cause its action. Our studies shows that the
temperature of contact of soybeans (45 �C) have had a
major influence towards the enhanced action of the
enzyme resulting in the formation of aglucones.

Isoflavone levels in the final soymilks obtained by
hot-grind and cold-grind processes are shown in Tables
1 and 2, respectively. It was found that soymilk prepared
by hot-grind process contained significantly higher
(p < 0.01) isoflavone concentration than that prepared
by a cold-grind process. For example, the total amount
of isoflavone glucosides in soymilk prepared by a hot-
grind process was 6.74 lmol/g DM and that from a
cold-grind process was 6.21 lmol/g DM. Such a trend
was observed in the main trials as well as in the replicate
trials (data not shown) independent of whether it was di-
rect UHT treated or indirect UHT treated. ANOVA re-
sults showed high MSE values (0.661) proving
significant differences in the level of isoflavones in soy-
milk of a hot-grind vs. cold-grind process. Hot grinding
caused an increase in the extraction of isoflavones into
the soymilk compared to cold grinding. This improve-
ment in the extraction of isoflavones into the soymilk
could be due to the high solubility of isoflavones in
hot water than in cold water extract (Gugger & Grabiel,
2000). This highlights the need for soymilk manufactur-
ers to give a greater preference for hot grinding over
cold grinding from the point of view of an improvement
in the extraction of isoflavones into the soymilk.

3.2. Isoflavone levels in soymilk subjected to direct vs.

indirect UHT processes

Soymilk prepared by hot-grind or cold-grind processes
were subjected to direct/indirect UHT treatments and
were analyzed for their isoflavone concentrations. The to-
tal isoflavone glucoside amounts in soymilk obtained by
the hot extraction process followed by an indirect UHT
treatment was 6.74 lmol/g DM, while the same by corre-
sponding direct UHT treatment was 6.78 lmol/g DM
(Table 1). In a similar way the total isoflavone glucoside
amounts in soymilk prepared by a cold extraction process
followed by an indirect UHT treatment was 6.21 lmol/g
DM, while the corresponding soymilk subjected to a di-
rect UHT treatment was 6.16 lmol/g DM (Table 2). Sta-
tistical analysis showed no significant differences
(MSE = 5 · 10�5) in isoflavone levels in the soymilk sub-
jected to indirect vs. direct UHT treatment (p < 0.01).
Hence preference to any one UHT method is therefore
not necessary, where either a direct or an indirect UHT
treatment is good enough for soymilk processing.

3.3. Okara and isoflavone losses

A large proportion of isoflavones were found to be
lost in the soy residue (okara) after a hot-grind or
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cold-grind process followed by decanting. The loss of
isoflavones into the okara during the traditional soymilk
making process was also determined in our studies. Tra-
ditionally, soymilk is made by soaking soybeans in ex-
cess water followed by grinding, filtering, and cooking
(Liu, 1997). The soy pulp residue or okara is removed
during the filtration process. The �soak and grind pro-
cess� of soymilk making was carried out in a local soy-
milk manufacturing factory under industrial
conditions. Soybeans were soaked in water at ambient
temperature for a period of 5 h, followed by grinding
with water (bean:water ratio of 1:4), extraction and
cooking to obtain soymilk. Results showed that the
amount of isoflavones fractionated into the okara dur-
ing the traditional soymilk manufacturing process was
lower than the amount of isoflavones lost in the okara
during a �no soak procedure� followed in our pilot plant
study. The comparison of isoflavone levels in soybean
seeds and okara for the pilot plant processes and the tra-
ditional process, after calculating them on the same ba-
sis of moisture content is shown in Fig. 3. Wang and
Murphy (1996) reported as recovering high levels of iso-
flavones in the soymilk by pressing the okara, similar to
what we found in the traditional industrial process that
we employed for comparison. This highlights the need to
Fig. 3. Comparison of isoflavone levels in soybean seed and okara during th
evaluate automated and advanced processing systems
used for soymilk preparations. It is therefore imperative
to conduct further studies on the ways to minimize the
loss of isoflavones into the okara and maximize the
extraction of isoflavones into the soymilk. Okara is
not utilized fully as food or feed sources, until recently,
okara powder has been used to partially replace wheat
flour for bread making.

Our study reveals the fate of isoflavones during the
extraction and UHT processing of soymilk. Such data
are very useful for process optimization during a soy-
milk preparation. Nowadays, in large-scale production
of soymilks, automated extraction and UHT systems
are being used. Though such systems offer time and en-
ergy savings, the question still remains whether there is a
conflict between an ideal system and optimal retention
of important functional and nutritional components in
the manufacture of soymilk. Much of the research to
date has been done on the understanding of the avail-
ability of lysine, thiamine and riboflavin of soymilk dur-
ing heat treatment (Kwok & Niranjan, 1995; Kwok,
Shiu, Yeung, & Niranjan, 1998). But, to our knowledge,
this is the first study on a continuous pilot plant unit
using different extraction methods and UHT treatments
to process soymilk. Moreover, the results on the fate of
e hot and cold grinding trials and from a traditional soymilk process.
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isoflavones are also useful while defining mathematical
and kinetic models to understand the maximum reten-
tion of nutrients in the soymilk prepared by UHT
process.
4. Conclusion

In conclusion, we found that hot grinding caused an
improvement in the extraction of isoflavones into the
soymilk compared to cold grinding and there was no
apparent difference in the loss of isoflavones due to di-
rect UHT heating compared to indirect UHT heating.
However, the isoflavone analysis method utilized in this
study was insensitive to soy isoflavone conjugates other
than the ones mentioned. The distribution of isoflavones
in the bean and okara highlight the need to consider
optimization of the retention of these functionally
important components in the soymilk. This study fur-
ther highlights the need to utilize okara and converting
it to palatable food products suitable for human
consumption.
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