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Isoflavones occur primarily as glycosides (namely, malonyl-, acetyl-, and non-conjugated -glycosides)
and a small percentage as the bioactive aglycon. The different chemical structures of isoflavones
can dictate their stability during processing. Therefore, our objective was to determine the effects of
pH and thermal treatments on conjugated isoflavones with regard to interconversions and loss.
Conjugated daidzin and genistin were heated at 25, 80, and 100 °C under neutral, acidic, and basic
conditions. Changes in isoflavone derivatives were monitored using high-performance liquid chro-
matography. Along with interconversions, considerable loss in total known isoflavone derivatives was
noted for each isoflavone, especially under elevated pH and temperature. The malonylglycosides
showed more stability than acetylglycosides, especially under acidic conditions. Overall, loss in
isoflavone derivatives was significantly higher for daidzin than for genistin glycoside forms. Our results
highlighted the significance of chemical structure with regard to stability, which is a key factor in
determining soy processing conditions.
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INTRODUCTION isoflavones in soybean. While all these issues are being studied,
and until they are resolved, isoflavones stability is certainly a

. : . - key factor in the determination of processing conditions of soy-
consumption of soybeans decreases the risk of various d'seaseﬁased products
afflicting humans. A large number of researchers have intensi- o .
fied efforts to determine the active components of soy associated | "€ Production of soy-based food products involves several
with health benefits, where many agreed that isofiavones areYPes and intensities of processing conditions, which might have
the most beneficial groupl(3). Three isoflavone types & substantla_l influence on the amoun_t and profile of the
(daidzin, genistin, and glycitin) are known to exist in soybean. iSoflavones in soy products to a varying extent (4—6). In
These isoflavones occur primarily Asylycosides with a small ~ Particular, the profile of isoflavones has been shown to depend
percentage as the principal bioactive aglycon. The glycosidesOn processing temperature and tinte §). Malonylglycosides
can exist in three forms: malonyl-, acetyl-, and non-conjugated and acetylglycosides are thermally unstable and can readily be
B-glycosides. Essentially,3glycosidic form has a sugar moiety ~ converted to their respective more heat-stable non-conjugated
attached to the aglycon structure, and the conjugated forms have3-glycosides (9). In general, research has indicated that isofla-
either a malonyl or an acetyl group esterified at tHeGs of vones were not destroyed under normal thermal processing
the sugar moietyRigure 1). In raw soybeans, malonylgenistin ~ conditions but rather were subject to interconversions between
and malonyldiadzin are the most abundant forms followed by the different forms$); however, additional reactions might have
their respective non-conjugates and acetyl conjugates; glyciteinoccurred, especially when interconversions were not equimolar
derivatives, however, are found in marginal concentrations (4). (4). Murphy et al. (0) and Wang and Murphyl(l) have shown
Soybeans are commonly processed into a wide variety of soysignificant variation in the total amount of isoflavones among
or soy-based products. The difference in chemical structure several soy products that underwent different processing opera-
among the known forms/types of isoflavones can affect their tions. Along with interconversions, a significant amount of loss/
stability during various processing conditions and, consequently, degradation was apparent under variable processing conditions.
their bioavailability. Research is still at an unprecedented high Researchers have seen up to 65% loss in total amount of
to investigate the health benefits, toxicity level, minimum isoflavones after processing in relation to their initial concentra-
requirements, and the best biologically available form of tion in the raw soybeand®). Measured losses of isoflavones

were mainly related to leaching into discarded cooking water

* Corresponding author. Telephone: 765-496-2864. Fax: 765-494-7953, (2, 13) or any other discarded fractioi2), efficiency of
E-mail: hayesk@purdue.edu. extraction procedures (5, 14—16), aqueous-alcohol solutions

Epidemiological and clinical studies have shown that the
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CHOH isoflavone derivatives are being lost. Although several attempts
have been made to study stability and conversions of isofla-
vones, the literature still lacks a complete understanding of the
| chemical modification of the isoflavone structure as affected
CH directly by pH and heat. Total amount of biologically relevant
O isoflavones is what contributes to the nutritional value of soy
OH products. It is hypothesized that the different chemical structure
of each isoflavone form/type dictates its stability during
Aglycon processing under variable pH and temperature conditions. Since
processing conditions can result in considerable interconversions
and degradation, understanding the chemical modification of
o ) each known isoflavone compound as affected by pH and heat,
\A/ factors that can change dynamically during processing, is a

prerequisite to control degradation. Also, studying conditions
that lead to interconversions might provide new insights for

-

Glycoside

o nutritional studies directed toward the effect of structural form
on bioavailability.

H The prevalence of malonyl- and acetylglycosides, mainly

5 e | \@ those of daidzin and genistin isoflavones, in processed soy

ot OH products (10) warrants the investigation of parameters that will

directly affect the chemical modifications of these glycosides

occurring during processing, regardless of protein—isoflavone

interactions. Therefore, our objective was to perform basic

0 B research to determine the direct effects of pH and thermal

Y\ treatments on conjugated isoflavones with regard to intercon-
versions and loss.

Acetylglycoside

MATERIALS AND METHODS

Materials. High-performance liquid chromatography (HPLC) grade
Q acetonitrile and methanol were purchased from Fisher Scientific
(Hanover Park, IL). Isoflavone standards genistin, daidzin, genistein,
daidzein, malonylgenistin, acetyldiadzin, and acetylgenistin were
purchased from LC Laboratories (Woburn, MA). Malonyldiadzin was
purchased from Fisher Scientific. Standard solutions of 500 ppm were
prepared using 80% aqueous methanol.

_\O
2
2 o

Malonylglycoside

Figure 1. Aglycon, glycoside, acetylglycoside. and malonylglycoside where HPLC Analysis. A Shimadzu HPLC system, equipped with SIL-
R1 can be H in the case of daidzin and genistin or CH3O in the case of 10A VP autoinjector, SPD-10A VP UV detector set at a wavelength
glycitin, while R2 can be H in the case of daidzin and glycitin or OH in of 256 nm, and a 250 mm 4.6 mm S-5um, YMC pack ODS AM-

the case of genistin. 303 C18 reversed-phase column was used for isoflavone analysis.

Separation and quantification of isoflavones was achieved using the
used in the production of certain soy products like soy protein HPLC method outlined by Ismail and HayeX § with one modification
concentrates and isolatek7, and process temperature and pH regarding calibration. For the malonylgenistin and non-conjugated
with regard to soy matrice< 8). genistin_dgtermipations, a ca_llibration §che_me was followed vyith only

Jackson et al. (12) have measured isoflavone contents in thethe genistin series present in t_he_ call_bratlon standard s_olutlons, and
waste stream, and although the amounts represented a significa atwas to provide a better statistical fit. The % CV (relative standard
portion of the loss observed (65%), 20% loss still remained the;']ag;” (std dev/mean 100)) of the method, in all cases, was less
unexplained. Rostagno et al9) referred to the occurrence of > .
isoflavone degradation with prolonged storage. Park e2@), ( Effects of Heat and pH Treatments on the Conjugated Forms

. T ! of Genistin and Daidzin. A two-factor experimental design, performed
on the other hand, measqred thellsoflavone profiles in soy flour in triplicate, was used to examine the effects of heat, pH, and their
and showed a decrease in total isoflavones (2046%9 SD) interaction on the conjugated forms of daidzin and genistin (malonyl-
for all cultivars after heating at 12%C for 40 min. A kinetic daidzin, MDin; acetyldaidzin, ADin; malonylgenistin, MGin; and
model was developed by Chien et &) for the four known acetylgenistin, AGin). Diluted HCI (0.01 N HCI) solution (pH 2)
derivatives of genistin under dry and moist heat conditions in for acidic conditions, deionized distilled water (DDW) for neutral, or
a closed model system. Their results not only showed conver- a diluted NaOH (0.0001 N) solution (pH 10) for alkaline conditions
sions but also significant degradation of isoflavones that was were used. The extreme pH treatments were purposely chosen to
not related to soy matrices, waste streams, or extraction magnify the pH effect if any. Since the pH range chosen was wide, the

procedures. The rates of degradation observed as compared t§Se of one type of buffering agent could not be achieved, and using
the rates of conversion were relatively high. However, their different buffering agents might contribute to unaccounted for variations.
kinetic model did not include pH variation as a factor. Also, Therefore, on the expense of risking some shifts in the pH throughout

their model included only genistin derivatives; therefore, there the treatment, no bufering agents were used. And even if shifts in pH

indication to wheth imil - dl Id were to occur, it would still be in acidic, neutral, or alkaline ranges for
was no Indication to whether simiiar conversions and l0Ss would ., starting pH 2, pH 7, or pH 10 solutions, respectively. An aliquot

be obse_rved for diadzin, which is also present in significant (20 uL) of each of the conjugated isoflavone solutions (500 ppm) was
amount in soy products. placed separately into three 2 mL screw-cap Eppendorf tubes, and then
Along with the interconversions between the known chemical 980 4L of pH 2 solution, DDW, or pH 10 solution was added. The
forms of isoflavones resulting in a variable profile that might three Eppendorf tubes of each conjugated isoflavone then were placed
affect their biological activity, a significant amount of known into a 25°C water bath (GCA model 260, Precision Scientific, Chicago,
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Table 1. Mean Amounts (nmol) of MDin, ADin, Din, and Dein Present in Samples of Malonyldaidzin and Acetyldaidzin Subjected to 2 h of Various

pH and Heat Treatments?

starting total known total loss in known
isoflavone treatment MDin ADin Din Dein Din derivatives®? Din derivatives®

malonyldaidzin control 425a 0.00 b 0.15h 0.00 439a Oe
pH7,25°C 4.02a 0.00 b 0.26 h 0.00 429a 0.1le
pH 2,25 °C 411la 0.00b 0.20h 0.00 43la 0.08e
pH 10, 25 °C 3.73b 0.00b 0.50¢g 0.00 4.23 ab 0.16 de
pH 7,80 °C 30¢c 0.00b 1.08e 0.00 4.03b 0.36d
pH 2,80 °C 3.54b 0.00 b 0.68 f 0.00 4.22 ab 0.17 de
pH 10, 80 °C 162¢e 0.00b 2.00¢c 0.00 3.62¢c 0.77¢
pH 7,100 °C 0.91f 0.00b 2.39b 0.00 3.30de 1.09b
pH 2,100 °C 1.97d 0.00b 151d 0.00 3.48 cd 0.91 bc
pH 10, 100 °C 0.18¢ 0.14a 2.78a 0.00 310e 113a

acetyldaidzin control 0.00 411a 0.00¢g 0.00 411ab Oe
pH7,25°C 0.00 4.18a 0.00g 0.00 4.18a Oe
pH 2,25 °C 0.00 412a 0.00g 0.00 4.12 ab Oe
pH 10, 25 °C 0.00 234e 1.17d 0.00 3.51d 0.61c
pH 7,80 °C 0.00 3.69b 0.07¢g 0.00 3.76¢ 0.36d
pH 2,80 °C 0.00 3.15¢ 0.84e 0.00 4.00b 0.10e
pH 10, 80 °C 0.00 0.069 319a 0.00 3.24e 0.88b
pH 7,100 °C 0.00 2.96d 0.49 f 0.00 3.45d 0.68¢
pH 2, 100 °C 0.00 1421 2.04¢c 0.00 3.46d 0.66 ¢
pH 10, 100 °C 0.00 0.00¢g 2.93b 0.00 2.93f 119a

2 Mdin, malonyldaidzin; ADin, acetyldaidzin; Din, daidzin; Dein, daidzein. Means in each column per starting isoflavone, followed by the same letter, are not significantly
different according to the Tukey—Kramer multiple means comparison test (P < 0.05).  The summation of all remaining known derivatives (MDin, ADin, Din, and Dein).
¢ Amount of undetected isoflavones as compared to the control.

IL) for 2 h, with temperature fluctuation af 1 °C. The exact procedure Effects of Heat and pH Treatments on Non-Conjugated Genistin

was repeated using heat treatments of’80and 100°C. After heat and Daidzin. The effect of pH 2,pH 7, and pH 10, at 106G on non-
treatment for 2 h, 4 mL of methanol (99.95%) was added to the content conjugated daidzin (Din) and genistin (Gin) was studied following the
of each tube to result in 2 ppm isoflavone solutions. Each isoflavone exact procedure outlined in the previous section.

solution then was filtered through 0.45 syringe filters into two vials Statistical Analysis. Analysis of variance (ANOVA) was carried
and stored at-20 °C. A control was prepared, for each heat treatment, out utilizing SPSS 11.5 for Window®2). Data were analyzed using
where 20uL of each conjugated isoflavone solution (500 ppm) was two-factor factorial analysis in a completely randomized design with
mixed with 980uL of DDW, then diluted to a 2 ppm isoflavone solution  heat and pH as factors when studying changes within each isoflavone
as stated above, and stored-&0 °C. All samples and controls were  form. Percent interconversions between detected known isoflavone
subjected to HPLC analysis, where isoflavone concentrations (ppm) derivatives and percent loss in known isoflavone derivatives were
were calculated based on peak areas using calibration curves plotteccompared among the four conjugated isoflavones, within each treatment
in Microsoft Excel (2003). Isoflavone concentrations (ppm) were (pH and heat), using one-way ANOVA with isoflavone type as factor.
converted to moles for better comparisons since each isoflavone has aVhen a factor effect or an interaction was found significant, indicated
different molecular weight. Percent interconversions between detectedby a significantF test (p< 0.05), differences between the respective
known isoflavone derivatives and percent loss in known isoflavone means were determined (2 0.05) using the Tukey—Kramer multiple

derivatives were calculated as follows:
Equation1:

% interconversionss A+B+ C

A = % conversion into respective conjugated form
[(conjugated form produced after treatment)]/
[starting isoflavone in control
(amount of specific isoflavone from prior to treatment)[LO0

B = % conversion into respective non-conjugated ferm
[(non-conjugated form in treated samptenon-conjugated form
present in control (conjugated isoflavone controls sometimes
contain minimal amounts of non-conjugated glycosides)]/
[starting isoflavone in controlk 100

C = % conversion into respective aglycon form
(amount of aglycon form produced ater treatmenti 00
starting isoflavone in control *

Equation 2:

% loss in total known isoflavone derivate=2[
(total isoflavones in the contret
total isoflavones in the treated sample)]/
[total isoflavones in the control (starting isoflavotie
other isoflavone form present in control, if any]100

means comparison test.

RESULTS AND DISCUSSION

Effects of Various Heat and pH Treatments on Conju-
gated Daidzin Forms. The various heat and pH treatments
exerted a significant (& 0.05) effect on the conjugated forms
of Din (Table 1). As compared to the control, MDin concentra-
tion decreased under alkaline conditions and as temperature
increased, with a subsequent increase in the formation of Din
(Table 1). It has been reported that alkaline conditions promote
conversions of conjugated forms to their respective non-
conjugates (14). Conversions of MDin into Din were observed
under acidic conditions; however, they were less significant as
compared to neutral and alkaline conditions, even with elevated
temperatures. Wang et ak3) reported that heating Din and
Gin conjugated forms under acidic conditions released free
isoflavones. In the present study, no conversions into daidzein
(Dein) were noted in any of the treatments. This observation
could be due to the low molarity of the acid used (0.01 M) in
the present study as compared to a molarity of up to 3 M used
by Wang et al. 23). Decarboxylation of MDin into ADin did
not seem to occur in any of the treatments, except for pH 10 at
100°C, where only about 3.3% of MDin was converted to ADin.
Decarboxylation is normally favored under dry heatirndLb0
°C) conditions (89, 24). Heating soymilk, however, at 8C
caused malonlyglycosides to be converted almost exclusively
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Table 2. Mean Amounts (nmol) of MGin, AGin, Gin, and Gein Present in Samples of Malonylgenistin and Acetylgenistin Subjected to 2 h of Various
pH and Heat Treatments?

starting total known total loss in known
isoflavone treatment MGin AGin Gin Gein Gin derivatives? Gin derivatives®

malonylgenistin control 4.01a 0.00d 0.12f 0.00c 4.13a 0d
pH7,25°C 38la 0.00d 0.18 f 0.00c 3.99 ab 0.15cd
pH2,25°C 4.04a 0.00d 0.13f 0.08 b 425a 0.02d
pH 10,25 °C 38la 0.00d 0.24 f 0.00c 405a 0.14d
pH7,80°C 248¢ 0.04c 1.12d 0.00¢c 3.64 e 0.50 abc
pH2,80°C 3.17b 0.00d 0.63e 0.12 ab 3.92 abc 0.21 bed
pH 10, 80 °C 2.00d 0.03¢c 1.60¢c 0.00¢c 3.63 bc 0.50 ab
pH 7,100 °C 0.82e 0.17a 2.63b 0.00¢c 3.62 b 0.51ab
pH 2,100 °C 2.02d 0.04c 1.60c 0.18a 3.84 abc 0.30 abcd
pH 10, 100 °C 037e 0.05b 312a 0.00c 354c¢ 0.60 a

acetylgenistin control 0.00 452a 012e 0.00b 4.63 ab od
pH7,25°C 0.00 4.67a 0.13e 0.00b 4.80a 0d
pH2,25°C 0.00 460a 0.16 e 0.00b 476 a 0d
pH 10,25 °C 0.00 3.10¢c 134c¢ 0.00b 4.44 abcd 0.19 bed
pH7,80°C 0.00 3.80b 0.24e 0.00b 4.04e 0.59a
pH2,80°C 0.00 3.40c 1.10cd 0.00b 4.51 abc 0.13cd
pH 10, 80 °C 0.00 0.23e 3.89a 0.00b 4.13 de 0.51ab
pH 7,100 °C 0.00 3.20¢c 1.0d 0.00b 4.19 cde 0.45 abc
pH 2,100 °C 0.00 1.61d 2.55h 0.22a 4.39 bcde 0.25 bed
pH 10, 100 °C 0.00 0.12e 39a 0.06 b 4.13 de 0.51ab

@ MGin, malonylgenistin; AGin, acetylgenistin; Gin, genistin; Gein, genistein. Means in each column per starting isoflavone, followed by the same letter, are not significantly
different according to the Tukey—Kramer multiple means comparison test (P < 0.05). ® The summation of all remaining known derivatives (MGin, AGin, Gin, and Gein).
cAmount of undetected isoflavones as compared the control.

to their respective non-conjugateé®.(In that study, production  Din was noted (data not shown). The drop in total amounts of
of acetyl conjugates, monitored over a period of 3 h, was found known Din derivatives in treated ADin samples was less
to be minimal. Furthermore, the slight decarboxylation that significant under neutral and acidic conditions as compared to
might have occurred under the present moist conditions wasalkaline conditions at both 80 and 160G (Table 1).

most likely followed by a consequent de-esterification, as will  Regyts indicated that ADin was most stable at pH 7 and least
be shown when discussing conversions of the acetylglycosides.qiaple at pH 10, an observation that was slightly different from

Chien et al. (8) showed that, under both dry and moist heating ¢ of MDin. Overall, and regardless of pH, percent intercon-

of MGin, AG".] fo_rmat|on increased then decreased With e gjons and loss in known Din derivatives increased as
pr_olong_ed _heat!ng time (up to 3 ). The total amounts Qf known temperature increased. The best condition for ADin intercon-
Din derivatives in treated MDin samples decreased mainly under versions was specifically pH 10 at 8C treatment. Increasing

gle_vated F.)H and temperature qondmons_. This observatlonthe heat treatment to 10, under alkaline conditions, led to
indicated either complete degradation of the isoflavone or further _ . ... . ; . S
a significant increase in percent loss of known Din derivatives

conversions into other unknown isoflavone derivatives that are
(Table 1).

undetectable by the HPLC protocol used. ) )
Effects of Various Heat and pH Treatments on Conju-

Overall results showed that MDin was most stable at pH 2 - i
and least stable at pH 10. Ungar et @5 studied the thermal gated Genistin Forms.Under various pH and heat treatments,
changes in the Gin conjugated forms (Table 2) followed a

stabilities of the aglycon forms of Din and Gin at pH 7 and pH *~. i hat of the Di . f ith
9, where their kinetic analysis showed that the degradation ratesSiMilar trend as that of the Din conjugated forms, with some

for both isoflavones were higher at pH 9 than pH 7. Regardless €XCePtions. As was observed in treated MDin samples, MGin
of pH, stability of MDin significantly P < 0.05) decreased as concentration decreased under alkaline conditions and as
temperature increased. The highest percentage of loss in knowrfémperature increased, with a subsequent increase in the
Din derivatives was observed under pH 7 (25%) and pH 10 formation of Gin. Our findings were similar to the results
(30%) at 100°C. However, the highest percent of interconver- reported by Chien et algf, who showed that MGin was readily
sions (65%) was observed only under pH 10 at 160 converted to Gin under moist heat treatment at 160 Our

Acetyldaidzin reaction to various pH and heat treatments results showed that less conversions of MGin into Gin occurred

seemed to be quite different from that of MDiFeple 1). After unde_r_acidic condi_tions as compared to neutral_and alkaline
an alkaline treatment at Z& for 2 h, ADin dropped by 43%. conditions, even with el_evateo! temperatures. Unh_ke \_Nhat was
The drop in ADin became even more dramatic under alkaline 0bserved for treated Din conjugated forms, genistein (Gein)
conditions as temperature increased, where a complete depletiorﬁ)rOdUCt'On was noted under acidic conditions, which increased
was noted at 100C. Less conversions of ADin into Din were  Slightly as temperature increased. It seemed like production of
observed under neutral conditions as compared to acidic andGein occurs more readily than production of Dein under the
alkaline conditions, even with elevated temperatures. No tested acidic conditions. In the study carried out by Chien et al.
conversions into Dein were noted in any of the treatments. Under (8), production of aglycons occurred only under dry heat (200
alkaline conditions, significantly higher Din was observed in °C) and not under moist heat. However, their moist heat
ADin sample heated at 8 than that heated at 10C, which treatment was carried out under normal pH conditions. In the
indicated degradation of Din at higher temperature. This presentwork, slight decarboxylation of MGin into AGin seemed
observation was confirmed when Din was heated at D0  to occur as temperature increased, more so under neutral
under alkaline conditions for 2 h, where a drop of 16% in total conditions. Decarboxylation under acidic conditions seemed to



Heat and pH Effect on Conjugated Isoflavones J. Agric. Food Chem., Vol. 54, No. 20, 2006 7499

[

A

w
5 (A)
® 25
U
-
SN
[*)
g
ES
&
= 10
1]
=
g A
= 5
A
& ,_| " AB L AB - B
0 | - —
pH7 pH2
25°C
Treatment
w 90
H B
£ 80 (B)
w
S 70
-
£ 60
[*)
& 50
2
= a0
&30 4 A i
£ A
g < B
Z
Ml s
pH 7 pH2 pH 10
80°C
Treatment

@i

Percentage Inter-converstions
e

pH7 pH2 pH 10

100°C

Treatment

l:‘ Malonyldaidzin
B Acetyldaidzin
. Malonylgenistin

Acetylgenistin
Figure 2. Interconversion percentages of the conjugated forms of daidzin and genistin after 2 h treatment under pH 7, pH 2, and pH 10 at 25 °C (A),
80 °C (B), and 100 °C (C). Interconversion percentages were obtained from the data presented in Tables 1 and 2. Different letters over the bars indicate
significant differences between the four conjugated forms within each treatment and not across, according to the Tukey—Kramer multiple means comparison
test (P < 0.05).

be the least favored, which is most probably due to the systemamounts of known Din derivatives in treated MDin samples
being moist versus dry. As for decarboxylation that occurred (Table 1).

under alkaline condition, it was most likely followed by de- Overall, and as was noted for MDin, MGin was most stable
esterification as observed in treated AGin samples under alkalineat pH 2 and least stable at pH 10, with the stability significantly
conditions (Table 2). The total amounts of known Gin deriva- (P < 0.05) decreasing as temperature increased. Treating MGin
tives in treated MGin samples decreased mainly under elevatedat 100°C under acidic conditions showed considerably higher
pH and temperature conditions. However, the decrease notedotal interconversions with minimum loss. Treating MGin at
here seemed to be less pronounced than the decrease in totdl00°C under alkaline conditions, however, showed the highest
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Figure 3. Percent loss in known isoflavone derivatives of the conjugated forms of daidzin and genistin after 2 h treatment under pH 7, pH 2, and pH
10 at 25 °C (A), 80 °C (B), and 100 °C (C). Loss percentages were obtained from the data presented in Tables 1 and 2. Different letters over the bars

indicate significant differences between the four conjugated forms within each treatment and not across, according to the Tukey—Kramer multiple means
comparison test (P < 0.05).

total interconversions (74%), without much increase in total loss produced under alkaline conditions did not vary in AGin samples
(Table 2). heated at 80C and at 100°C, unlike what was noted for the
As was noted for Din conjugated forms, AGin reaction to hon-conjugated glycoside (Din) produced from ADin under the
various pH and heat treatments seemed to be quite differentsame conditions. Genistin produced did not seem to undergo
from that of MGin (Table 2). After an alkaline treatment at 25 degradation as Din did, which was an observation confirmed
°C for 2 h, AGin dropped by 32%. The drop in AGin was even after heating Gin at 100C under alkaline conditions (data not
more significant under alkaline conditions as temperature shown). It has been noted by other researchers that Din
increased. Unlike Mgin, Agin seemed to be sensitive to not only derivatives are more prone to degradation than Gin derivatives
alkaline conditions but also to acidic conditions and even more (25, 26). As temperature increased, the total known Gin
so0 as temperature increased. The non-conjugated glycoside (Ginflerivatives, of treated AGin samples, dropped more significantly
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under alkaline conditions as compared to neutral and acidic range of pH and at various temperatures similar to the current
conditions. soy processing conditions, which includes dry and moist

Although AGin was most stable under neutral conditions,
overall minimal loss was observed under acidic conditions
(Table 2). Regardless of pH, percent interconversions signifi-

processing.

Our results highlighted that even a small difference in
molecular structure as that between Din and Gin forms, which

cantly increased as temperature increased; however, losss only the presence of OH group at R2 positidtiglre 1),

increased a little as temperature increased td@@nd was
not significantly different from loss at 10CC, mainly at pH 7
and pH 10 Table 2). Maximal interconversions and loss in
treated AGin samples were observed under alkaline conditions
at both 80 and 100C; however, the loss was only 11% of the
total AGin in the control. Considerable interconversions (62%)
were also noted under acidic conditions at @) with loss
being only about 5%.

Comparing the Reactions of Conjugated Din and Gin
under Various Treatments. Results so far indicated differences
in the reactions of the conjugated forms of Din and Gin to

can contribute to major differences mainly in percent loss. Also
the malonyl moiety with the carboxyl group as compared to
the acetyl moiety seemed to provide more stability to the
isoflavone, especially under acidic conditions. These findings
provide basic information to soy food producers aiming toward
enhancing the nutritional value of their products, through
minimizing loss and maximizing the isoflavone form/type of

the most biological significance, without sacrificing the quality

characteristics. This being said, it is worthwhile noting that the
form/type of isoflavone that is most biologically significant is

yet to be known. Therefore, while nutritionists investigate the

various pH and heat treatments. Therefore, data presented irpiological significance of each type/form of isoflavone, it is a

Tables 1and?2 were used to compute percent total intercon-
versions and percent loss in known isoflavone derivatives. And,
to compare stabilities of the four treated conjugated forms,
statistical comparisons of interconversions and loss were carried
out. Under most of the treatments, significaft £ 0.05)
differences were observed in percent interconversibigi(e

2) and percent lossF{gure 3) of treated conjugated forms
(MDin, ADin, MGin, and AGin). Percent interconversion in

treated samples did not seem to vary much under neutral and

acidic conditions at both 25 and 8G (Figure 2A,B). However,
under alkaline condition ADin and AGin showed significantly
higher interconversions than MDin and MGin at both 25 and
80 °C. At 100 °C, under both acidic and alkaline conditions,
AGin showed the highest interconversiosgure 2C), while
MGin under neutral condition showed maximal interconversions.
Percent loss of known isoflavone derivatives did not significantly
differ under neutral and acidic conditions at both 25 and®0
(Figure 3A,B). However, under alkaline condition ADin showed
significantly higher loss than all other conjugated forms, and
at 80°C both ADin and MDin showed significantly higher loss
than Gin conjugated forms. At 10C, under all pH conditions,
Din conjugated forms showed significantly higher loss (almost
double) than Gin conjugated formg-igure 3C). Similar
findings were reported by Grun et aRg) when loss in total
isolfavones of tofu heated in water at 80, 90, and 100vas
mostly due to a decrease in the Din series.

Overall, our results showed that the chemical structure of
isoflavones dictates their stability under variable pH and
temperature conditions. Along with interconversions, consider-
able loss in total known isoflavones, was noted for each type/
form of isoflavones, especially under elevated pH and temper-
ature. This loss could be due to either a complete degradation
or a transformation into isoflavone derivative(s) that could not
be detected (i.e., showed no distinctive peaks) with the current
HPLC method yet still comprise biological relevance. Further
work is needed, using modified HPLC and mass spectroscopy
techniques, to identify these derivatives and confirm whether
or not they are of biological relevance through nutritional
studies. Our results indicated that similar interconversions and
loss in total known isoflavones are occurring during processing
as a result of pH and heat fluctuation, irrespective of interference
of the soy matrix. To complement and further investigate our
findings, it is recommended to kinetically study conversions
and loss of various types/forms of isoflavones under a narrower

necessity to fully understand their distinct reaction to various
processing conditions.
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