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Short Communication

Low aglycone content in commercial soy drink products
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The effectiveness of soy isoflavones to prevent bone loss in postmenopausal women is controversial. While con-
sumption of soy in Vietnam is very high, we recently reported a prevalence of osteoporosis comparable to that of
many Western populations. In the present study, we analyzed the isoflavone content of soy drink products com-
mercially available in Vietnam and Sweden, and we also compared these products to “home-made” soy drink
from beans of different origin. The amounts of the bioactive aglycones (daidzein, glycitein and genistein) and
their glycoside isomers were quantified by high-pressure liquid chromatography. We found that the total isofla-
vone content was low in all preparations, around 70-100 mg/L and of this only 10% were bioactive aglycones. Of
these, the Vietnamese products contained significantly lower levels of glycitein than the products from Sweden
and “home-made” soy drink preparations. The results show that consumption of several liters of soy drink per day
would be needed to achieve threshold levels for a protective effect on bone. There was no significant association
between total protein and isoflavone content in different products. Accurate labeling of soy drink and other prod-
ucts eg of aglycone and glycoside content would allow health professionals and researchers to better explore the

possible benefits of soy in dietary intervention studies.
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INTRODUCTION

Osteoporosis and its consequence of fracture represent a
global public health problem, associated with increased
mortality, concomitant morbidity, and reduced quality of
life. Plant derived phytoestrogens may offer a cheap and
non pharmacological alternative for the prevention and
treatment of bone loss." The most important biologically
active phytoestrogens (aglycones) recognized are daidze-
in, glycitein and genistein and their inactive glycosides
daidzin, glycitin and genistin.” The chemical structure of
these isoflavones is similar to that of estrogen.

It is often assumed that Asian populations have a lower
rate of osteoporosis because of a high phytoestrogen con-
tent in their traditional diet.’ In Vietnam it has been esti-
mated that between 200-300 thousand tons of local soy
bean are consumed every year in eg soy drink, tofu and
soy sauce.® Still, the prevalence of osteoporosis in Viet-
nam is high, and comparable to that of many Western
populations.’

The effectiveness of soy isoflavones to maintain bone
in postmenopausal women is controversial, since inhibi-
tion of bone resorption, stimulation of bone formation and
no significant effects have been reported.”” The minimal
threshold intake of dietary phytoestrogen to exert signifi-
cant effects on bone is between 90 to 120 mg per day of
aglycones.® In the present study, we analyzed the isofla-
vone content of soy drink products commercially avail-
able in Vietnam and Sweden.

METERIALS AND METHODS

Commercial soy drink products

Three different brands of soy drinks are commercially
available in Vietnam (VNl-Vinamilk®; VN2- Vinasoy®;
VN3-Unisoy”) and three from Sweden (S1-Provalmel®;
S2-Gogreen”™; S3-Alpro™) were purchased from local
supermarkets. All products were manufactured within the
last 30 days.

“Home-made” soy drink prepared in the laboratory

Soy drink was prepared from beans of different origin
R1-2 (US); R3 (UK) and R4 (Vietnam). One hundred g of
whole dry soybeans and 1000 mL of tap water were
mixed in a common soy drink homogenizer (Soja-queen,
Miko, GmbH, Frankfurt, Germany). The original process-
ing time for homogenizing and heating at 80°C was 18
min (R1). For preparations R2-4, heating was prolonged
until 3 hours. Each soy drink preparation was freeze-dried
in 10 mL aliquots until extraction.
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Isoflavone extraction from soy drink

Isoflavone calculation was based on 10 mL of soy drink.
Samples were extracted in 50 mL of 80% methanol
heated at 80°C and simultaneously shaken at 100 rpm in
water bath (Heto, Denmark) for 60 minutes.

All samples were immediately filtered (Munktell's
Swedish paper No 8) into disposable tubes, and centri-
fuged at 300xg for 20 minutes. The solvent was evapo-
rated under a steam of nitrogen at 55-60°C to complete
dryness. Dried samples were kept at -20°C until analysis
by reverse phase high-pressure liquid chromatography
(HPLC).

Prior to injecting into the column, sample extracts were
re-suspended in 1 mL of acetonitril 16%, vortex-mix and
centrifuged at 13000 x g for 20 min. 500 pL of super-
natant of each sample was transferred into a clean HPLC
vial and analysed for their aglycone and glycoside con-
centrations.

HPLC quantification of isoflavones

HPLC was carried out on a 4 mmx150 mm C18 reverse
phase column (ReproSil-Pur Column C18-AQ), 5 mm
packing (150 mmx4 mm ID, 70306-21004, R15.AQ.
S1504, Dr Maisch HPLC GmbH, Ammerbuch-Entringen,
Germany) with an auto sampler (Basic Marathon type 816,
Netherlands) to inject 50 pl of sample and flow rate of 0.8
mL/min. Mobile phase was prepared as follows: Solvent
A, 0.1% (V/V) acetic acid in water; Solvent B, 0.1% (V/V)
acetic acid in 90% HPLC-grade Acetonitrile. The solvents
were filtered through a 0.45 pm filter. Detection was by
UV absorbance at 250 nm. The peak areas were integrated
for quantitation by CSW32 chromatographic station pro-
gram for Windows. The retention times (min) of our stan-
dards were as follow: daidzin (12.18); glycitin (12.44);
genistin (14.22); daidzein (18.74); glycitein (19.13); and
genistein (24.23) (Figure 1). Isoflavones were identified
by comparing spectral data retention times to those of
standard references.

Isofavones standards

Daidzin (C;Hy0) from Fluka; daidzein (C,sH,004), gen-
istin (C21H20010), genistein (C15H1005), glyClteln (C16H1205)
from Sigma; glycitin (Cy,H,0,0) from Fisher; The inter-
nal standards formononetin from Fluka. All these stan-

dards were purchased from Sigma-Aldrich Fine Chemi-
cals, St.Louis, MO, USA.

Calculation of isoflavone levels
The amount of isoflavone present was calculated from the
sample peak area calibrated against the peak area of stan-
dards (Figure. 1). Formononetin was used as an internal
standard. The total isoflavone content was calculated as
the sum of 6 isoflavones (daidzin, daidzein, glycitin, gly-
citein, genistin and genistein). All data were mean values
from duplicate measurements. The intra-assay variation
(n=35) was 2.1% and the inter-assay variation (n=35) was
3.1%.

The theoretical maximum yield of aglycone after total
transformation of its glycoside was calculated as: amount
of glycoside (mg/L)/glycoside MW xaglycone MW.

Statistical analysis

All data were expressed as mean from duplicate meas-
urements. Differences between products from Vietnam,
Sweden and “home-made” soy drink were analyzed by
Kruskal-Wallis ANOVA followed by Mann-Whitney U-
test. Correlations were assessed using Spearman's rank-
order correlation. A p-value < 0.05 was considered statis-
tically significant.

RESULTS

The content of isoflavones and proteins for each product
are shown in Table 1. There were no significant differ-
ences between groups. There was also no significant cor-
relation between the amount of total protein and the isof-
lavone content in the soy drink preparations (R=0.39).

The predominant isoflavones in all products were inac-
tive glycosides, accounting for around 90% of the total
isoflavone content. The two most abundant biologically
active aglycones were glycitein and genistein (Table 1).
The glycitein content in the Vietnamese products, was
significantly lower than both the Swedish products and
the “home-made” soy drink preparations (p<0.05, respec-
tively).

In the “home-made” soy drink preparations, the
amounts of isoflavones were markedly increased after
prolonged heating in the R2 preparation compared to the
R1 sample, which was prepared from the same US beans
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Figure 1: HPLC chromatogram of 6 different isoflavone standards and internal standard (Formononetin). Absorbance was detected at
250nm. (1) Daidzin; (2) Glycitin; (3) Genistin; (4) Daidzein; (5) Glycitein; (6) Genistein; (7) Formononetin.
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Table 1. The content of separate glycosides (daidzin, glycitin, genistin) and aglycones (daidzein, glycitein, genistein)
(mg/L) and total protein (g/L) of commercial soy drink products from Vietnam (VN1-3), Sweden (S1-3) and home-
made soy drink prepared from beans of different origin (R1-4).

Glycoside Aglycone Protein
Product daidzin glycitin genistin daidzein glycitein genistein
VNI1 18.34 18.29 17.32 0.84 2.65 3.77 21.42
VN2 19.19 26.08 20.10 0.81 2.60 2.17 16.03
VN3 22.89 26.89 21.45 0.65 2.54 3.10 20.79
S1 3343 34.11 40.24 4.85 5.76 3.40 33.68
S2 21.04 22.92 20.21 1.62 3.37 4.78 29.39
S3 17.79 26.80 21.00 0.81 343 2.71 27.71
R1-US 15.78 38.13 27.38 1.52 5.10 3.62 23.15
R2-US 35.76 46.08 47.06 1.53 5.54 3.01 27.41
R3-UK 24.76 34.78 26.92 1.85 3.72 6.09 24.24
R4-VN 16.29 24.00 17.34 0.68 3.29 1.81 26.59
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Figure 2. Calculated maximum yield of bioactive aglycones in different soy drink preparation. Calculation are based on the assumption
that after ingestion there is transformation of all glycoside isomers into the bioactive compound. (VN1-3, commercial Vietnamese prod-
ucts; S1-3, commercial Swedish products; R1-4, “home-made” soy drink prepared at the lab from beans of different origin).

according to the standard procedure. The difference was
mainly attributed to an increase in the glycoside content
whereas levels of aglycones were quite similar (Table 1).
The theoretical maximum yield of aglycones after total
transformation of its glycosides in all 10 investigated
preparations, is shown in Figure 2. The “home-made”
preparations had higher total isoflavone content than all
commercial products, except for S1. The isoflavone dis-
tribution in the different preparations was quite similar.

DISCUSSION

While many scientific panels have now reached a consen-
sus on the effect of phyto-estrogen on cardiovascular dis-
ease prevention,” the same conclusions have not been
reached for prevention and treatment of osteoporosis.'’
There are conflicting data on the effectiveness of soy isof-
lavones on bone metabolism.®” The inconsistent findings
may reflect insufficient amounts of bioactive phytoestro-

gen ie aglycones and individual variations in sensitivity
and isoflavone metabolism.”

In our study of ten different soy milk preparations, the
mean total isoflavone content varied between 70-100
mg/L. All products contained only around 10% of the
bioactive alycones, which can be absorbed directly
through the intestine. Even an individual with a high ca-
pacity to metabolize the glycosides would need to con-
sume several liters of soy drink per day in order to
achieve a threshold of around 90-120 mg per day of agly-
cones, in order to be effective on bone.® Certainly, such
consumption is not feasible in everyday life not even
among high soy consumers as in Vietnam.

A large variety of factors may influence soy bean isof-
lavone content eg type of bean, crop year, growing tem-
perature, location of agriculture, storage and processing."'
The “home-made” soy drink (R1 and R2) was found to
provide a higher total isoflavone content than most of the
commercial products. For the “home-made” preparations,
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the whole beans including the hull were used whereas in
the industrial process VN1 was prepared after removing
the hull (manufacturer personal communication). The hull
of soy-bean itself has a very low isoflavone content but
its removal may cause loss of the hypocotyl axis, which is
a major source of soy aglycones.

We found prolonged heating for 3 hours to markedly
enhance the B-glucoside content of the “home-made” soy
drink preparations. In R2 as compared to R1, the total
isoflavone content increased by 38%. Heating soy drink
at 80°C will convert the conjugated malonyl-glucosides
into the non-conjugated B-glucosides, which have the
potential for further transformation into active isomers.
Also prolonged heating did not change the aglycone con-
tent, which is in agreement with previous data.'?

The present study found considerable variation in total
isoflavone content when soy drink was prepared from
beans of different origins and the differences were mainly
due to glycoside amounts. Previous studies have also
shown significant variations in the content of active agly-
cones and their glycosides in different commercially
available soy foods in the US, Australia and Korea."

Given the increasing interest and consumption of soy
products, there is an apparent need to establish universal
guidelines and uniform industry standards for labeling of
aglycone content. At present, consumers and health pro-
fessionals are confused about what types and amounts of
different soy consumables might confer any beneficial
health effects. The food labeling claim for soy protein in
the prevention of coronary heart disease has been ap-
proved by many health authorities e.g. in the US, UK,
France, and Asian countries, but has also been seriously
questioned.' Variations in the content of active aglycones
and their bioavailable glycosides in different products
could well account for many of the inconsistencies in

reported outcomes from observational and clinical studies.

It is often suggested that the isoflavone content of a soy
product can be deduced from information of total protein
content. The present study showed that such assumptions
may not be justified. We found no significant association
between total protein and isoflavone content in the differ-
ent commercial and “home-made” soy milk preparations.

Accurate labeling of soy foods in general, and soy
drink in particular, would be a major step forward to sup-
port consumers world-wide. Such a measure would also
allow health professionals and researchers to better ex-
plore the health benefits and risks of soy in dietary inter-
vention studies.

ACKNOWLEDGEMENT

We thank Sida for research funds; the Swedish Research Coun-
cil (20324, ALH); Hanoi Medical University; Karolinska Insti-
tutet; and Garvan Institute. We are grateful to Mr Nguyen Van
Huan — Director of Thong Nhat Dairy Factory and to Mr
Nguyen Doan Thang for support and excellent advice.

AUTHOR DISCLOSURE STATEMENT
All the authors declare no competing financial interests.

REFERENCES

1. Albertazzi P, Purdie D. The nature and utility of the phy-
toestrogens: a review of the evidence. Maturitas. 2002;42:
173-85.

2. Cassidy A, Brown JE, Hawdon A, Faughnan MS, King LJ,
Millward J, Zimmer-Nechemias L, Wolfe B, Setchell KD.
Factors affecting the bioavailability of soy isoflavones in
humans after ingestion of physiologically relevant levels
from different soy foods. J Nutr. 2006;136:45-51.

3. Adlercreutz H, Mazur W. Phyto-oestrogens and Western
diseases. Ann Med. 1997;29:95-120.

4. Huong BTD, Dao TM. Vietnam oilseeds and products
soybean meal and vegetable oil update 2004: Gain Report
Number: VM5085. USDA Foreing Agriculture Service,
2005.

5. Nguyen HTT, von Schoultz, B, Pham, DMT, Nguyen DB,
Le QH, Nguyen DV, Hirschberg AL, Nguyen TV. Peak
bone mineral density in Vietnamese women. Arch Osteo-
poros. 2009;4:9-15.

6. Ma DF, Qin LQ, Wang PY, Katoh R. Soy isoflavone intake
inhibits bone resorption and stimulates bone formation in
menopausal women: meta-analysis of randomized con-
trolled trials. Eur J Clin Nutr. 2008;62:155-61.

7. Cheong JM, Martin BR, Jackson GS, Elmore D, McCabe
GP, Nolan JR, Barnes S, Peacock M, Weaver CM. Soy
isoflavones do not affect bone resorption in postmeno-
pausal women: a dose-response study using a novel ap-
proach with 41Ca. J Clin Endocrinol Metab. 2007;92:577-
82.

8. Ma DF, Qin LQ, Wang PY, Katoh R. Soy isoflavone intake
increases bone mineral density in the spine of menopausal
women: meta-analysis of randomized controlled trials. Clin
Nutr. 2008;27:57-64.

9. Erdman JW, Jr. AHA Science Advisory. Soy protein and
cardiovascular disease: A statement for healthcare profes-
sionals from the Nutrition Committee of the AHA. Circula-
tion. 2000;102:2555-9.

10. Weaver CM, Cheong JM. Soy isoflavones and bone health:
the relationship is still unclear. J Nutr. 2005;135:1243-7.

11. Eisen B, Ungar Y, Shimoni E. Stability of isoflavones in
soy milk stored at elevated and ambient temperatures. J
Agric Food Chem. 2003;51:2212-5.

12. Xu Z, Wu Q, Godber JS. Stabilities of daidzin, glycitin,
genistin, and generation of derivatives during heating. J
Agric Food Chem. 2002;50:7402-6.

13. Setchell KD, Cole SJ. Variations in isoflavone levels in soy
foods and soy protein isolates and issues related to isofla-
vone databases and food labeling. J Agric Food Chem.
2003;51:4146-55.

14. Xiao CW. Health effects of soy protein and isoflavones in
humans. J Nutr. 2008;138:1244S-9S.



56  HTT Nguyen, M Pourian, B Bystrom, I Dahlin, PTM Duc, TV Nguyen, B von Schoultz and AL Hirschberg

Short Communication

Low aglycone content in commercial soy drink products

Huong T. T. Nguyen MD"*, Mo Pourian BSc”, Birgitta Bystrom BSc’,
Ingrid Dahlin BSc?, PhamT.M. Duc MD, PhD', Tuan V. Nguyen MD, PhD’,
Bo von Schoultz MD, Php*, Angelica L. Hirschberg MD, PhD

'Department of Physiology, Hanoi Medical University Hospital, Vietnam
2Department of Women’s and Children’s Health, Karolinska Institutet, Sweden
*Bone and Mineral Research Program, Garvan Institute of Medical Research, Australia

i BFeh L NBEME SR

ESRRh S-S R A nyﬁﬁ'—“%%“‘;ﬁiiﬁi;: x P £ ;-c s 54
PR iR eflE s eh TR irEFsa j\
AR TP L A RS g;a\?'éf):r,r._yﬂi 5 ¥
G MOLRT R S 2 ﬂjﬁ%gu$ﬁﬁw%ﬁéﬁ
A ﬁmﬁ%ﬂﬁcé(aglyconesﬁ”\ B EMEGCEFESR 2
EEFam) M2 EMmERMEES,  cBEFR RELH A %;’éi
®E A eiEdp 0 70-100 mg/L o B P R 10%MEH AL A F RN Pafr%
FIR o Axa Bp Wi hg B4 & 0 YT PR B & R PR (glycitein) 0 B F MY I L
@lr‘%”z‘ PP RRZ BRSSO RET &AL /?“’57—‘392’2’1

‘E'Kr‘%”iﬁ‘iii"l P}‘ﬁ%’%’rm%m ERBEME o B S
}n?ﬁ/\ﬂ;—h_@ ﬁﬂ% //\F j';?‘ R R s dﬁr’r’)‘?jg'ﬁifif

ﬁf*%?.ﬂ_%ﬁ’«”lﬁiip F]L_é"}??lﬁ)‘/{ﬂi ’Bbiﬁgz%ﬂg%_@
#Bf‘aéﬁi&%wﬁ%%ig—;@o

“Dﬂ
B dm 8 % gE

(ﬂd\
;w_& \‘:,; TR ey e

il
T

MitF c BEE - BocnAnkit - F2dka o F Fefln o A3



