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Biological Activities of Soyasaponins and Their Genetic
and Environmental Variations in Soybean

Yong-Ho Kim'
Div. of Life Sciences, Soonchunhyang Univ, Asan, Chungnam 336-745, Korea

ABSTRACT : There is much evidence suggesting that
compounds present in soybean can prevent cancer in
many different organ systems. Especially, soybean is one
of the most important source of dietary saponins, which
have been considered as possible anticarcinogens to
inhibit tumor development and major active components
contributing to the cholesterol-lowering effect. Also they
were reported to inhibit of the infectivity of the AIDS virus
(HIV) and the Epstein-Barr virus. The biological activity
of saponins depend on their specific chemical structures.
Various types of triterpenoid saponins are present in soy-
bean seeds. Among them, group B soyasaponins were
found as the primary soyasaponins present in soybean,
and the 2,3-dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-
one(DDMP)-conjugated soyasaponin og, Bg, and B a were
the genuine group B saponins, which have health benefits.
On the other hand, group A saponins are responsible for
the undesirable bitter and astringent taste in soybean. The
variation of saponin composition in soybean seeds is
explained by different combinations of 9 alleles of 4 gene
loci that control the utilization of soyasapogenol glycosides
as substrates. The mode of inheritance of saponin types is
explained by a combination of co-dominant, dominant
and recessive acting genes. The funtion of theses genes is
variety-specific and organ specific. Therefore distribution
of various saponins types was different according to seed
tissues. Soyasaponin Pg was detected in both parts
whereas og and § a was detected only in hypocotyls and
cotyledons, respectively. Soyasaponins Yg and Ya were
minor saponin constituents in soybean. In case group A
saponins were mostly detected in hypocotyls. Also, the
total soyasaponin contents varied among different soy-
bean varieties and concentrations in the cultivated soy-
beans were 2-fold lower than in the wild soybeans. But the
contents of soyasaponin were not so influenced by environ-
mental effects. The composition and concentration of
soyasaponins were different among the soy products (soy-
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bean flour, soycurd, tempeh, soymilk, etc.) depending on
the processing conditions.

Keywords: soyasaponin, DDMP-conjugated, biological activ-
ity, anticarcinogen
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vone 50| 11 a2 ol52 | LEE AA, q=HE, Y]
A, Aepd=], H7)E Y Bl B3t e Ao B
(Hawrylewicz & Zapata, 1995; Klein, et al., 1995; Messina,
1995; Shamsuddin, 1995; Sirtori, et al., 1995) HIc}. o]}
2ol Aeigd 7eo] Ue T AEEL] 9EE sok Y
© 7 dds} Feh 7itEl peptide= E%5 S 2EE
T 7 2 B steroid HlIAES EFEA @ F £83F
(stachyose, raffinose}> A -89 ML F3s @ 4
ol dfre FHIZEIE v 31, Arieel uish Adglas 2 4
T g3 g el BHE gAls @ AREL A k]
o= ¥yls P = A WA, EF EYaHE &
S WAE © AU AR st 212 F3S Al
AIDS vlo|EAHIV) 79 Aalake- 2 gAY, gekke-S
315 ® isoflavone estrogen &3 3| ¢t 2 d4lsl 7
£& 3l @ phytic acide I A&, A4S, SY2HE
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=388 SE P 7hsde] e Rew e
Tole B Y B4 F 53] FU2ElE A @
S AlEde) s @

T AEYL d & JI=EFE o Bo] dEiev
(Okubo et al., 1992) HT 2] 7] @A 7150] W
Z(Huang et al, 1982; Kennedy, 1995; Messina et al.,
2002; Sohn er al., 2000; Tokuda, 1988)] wa} Bo F2
£ B3 o FAEUS 2 7] FRE FRAAY giF
o] AJelgd2 DDMP ALEd] @33hH, group A AREH
S 235]] FUr ol8FE Ah TY W YYH a8 Ao
74 At} DDMP AREHS HZ7E]9] Bl =2 d5
cholesterol Zr2> & ¥}Hendrich, ef al, 2000; Rao & Sung,
1995), ¥ E3+(Jeon & Sung, 2000; Potter, 1995; Sung &
Park, 2000), B9 &3 &3KKoratkar & Rao, 1997; Sohn et
al., Sung, 1996; Sung er al., 1995; Vlietinck et al., 1998)
52 Flske AoE WKk E 12 ov] HEE ErHK
F Al A EAE UEe Zlolt.

T AR E@Ets dyske g SYaHE 38 A
glsty, o]k 7|=teo] Aot aHStE Ado] dlzHE F
AL gt 3ot Fde & Mo dig 54 2 AR Al

Ag, Wel 27 4§ 5 T AEUe] FaE] B 2

ne rf

-0
FAREYLS 7 &4 oA, dElE7] oA, vlelgls oA 5
o] AAFAHE AU Y= AeZ BuEHAUTKSohn et al.,
2000; Sung, 1996).

Table 1. Examples of different types of biological properties
reported for soyasaponins.

References
Huang et al (1982)

Type of biological properties

Cytotoxic to sacroma cells in culture

Inhibit the expression of an oncogenic
virus Tokuda(1988)
(Epstein-Barr virus genome expression)

Cholesterol-lowering effect E%ﬁ%ﬁlﬁgj)c’l 1(2000)
Rao er al .(1995),
Inhibit tumor development Koratkar er al.(1997),
Jeon et al. (2000)
Antihepatotoxic activity against carbon  Kim et al.(1997),
tetrachloride damage Miyao et al.(1998)
Chemotherapy of human -
immunodeficiency virus(HIV) infection Vlietinck et al (1998)
Ant10x1dan.t effects on human Sung et al.(2000)
hepatocarcinoma cells
F AMEUQ| Fxef 2 REX}
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oF 50004%F2] AEo] ARIYE 3L e AR deAint

Folie A8 FTFY Alxdo] EAsk=dl aglycon =
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dihydro-2,5dihydroxy-6-methyl-4H-pyran-4-one®] F-2}=]of Q)
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Fig. 1. Structure of soyasapogenols in soybean seeds.
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Soyasaponin Pg CH,OH a-L-Rhamnosy -
Soyasaponin | CHOH a-L-Rhamnosyl -
Soyasaponin Ba H a-L-Rhamnosy! -
Soyasaponin t H a-L-Rhamnosy! .
Soyasaponin vg CH;OH H +
Soyasaponin 11 CHOH H -
Soyaseponin ya H H +
Soyasaponin IV H 3] -
Soyasaponin ag CH,OH p-D-Glucosy! +
Soyasaponin V CH.OH B-D-Givcosy! -

Fig. 2. Structures of group B soyasaponin.
DDMP: 2,3-dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-
one

C-39] F-2te gol] w2} soyasaponin og, Pa, Bg, va, Y& T
o2 YroiFrh DDMP AE S Fol 71sdel wet group
B 9] 7|27zl DDMP7} €837 =&H)| o]2°] DDMP
71 g2t F£F/E52 YA soyasaponin 1, I, 11, IV, V& +
HUAHHU et al, 2002). 28]} o]E AREY-L standard
g Eesly) olge AEo= Qsle] FEs FhakrAlo]
HMurphy er al., 2002; HFAMY, 1993)% FAJoL &
Hu 5(2002)c] ©j3le] 3212 913 AM2¢ HPLC %
o] A=A},

rE 2 rl do e

T A=Y & |FHX

Tsukamoto 5(Tsukamoto, er al., 1998; ¥FALNL, 1993;
Tsukamoto et al., 1993} F AP §FHAZE 4 gene loci
2] 9 alleles® HHITHE 2). 2¥ 32 group A, B AHEH
oM 7} §RHAE ks B8 eI ol fAAE
= F5 e £ AEr vEr 2] organdl wEMAE
BFEe7F tEnka itk

3 2% 19 30llA B upe} o] Sg-13} Sg-2+ group A
AbEHS] €22 F-919F Ao} HREEUTE Sg-2+= hydroxyl
group®] acetylation®] ©]5Foi=|= Zlo] §/dolm 18=] Egh
Aol Mg oz FEH WA, Sg-12- xylosylation}
glucosylation®] Yojuh= Zlol] B3l 242t Sg-1a9} Sg-1bZ 1
Fomoen FHArael EAEA Re AL H6gDoE #

Table 2. Characteristics of gene products controlling polymor-
phism of soybean saponin sugar chains attached at the
C-3 and C-22 positions of the soyasapogenols.

Gene Characteristics of gene products

C-22 Position of soyasapogenol A

Sg-1*  B(1—3)xylosylation of arabinosyl moiety

Sg-I°  B(1—3)glucosylation of arabinosyl moiety

Sg-2  acetylation of the hydroxyl groups of glucosyl moiety
C-3 Position of soyasapogenols

So3 B(1 —2)glucosylation of galactosyl and arabinosyl
3 moieties attached to GlcUA

Sg-4  ofl—2)arabinosylation of GlcUA

Source : Tsukamoto, C. et al. (1993)
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Fig. 3. Characteristics of genes controlling elongation and
modification of soybean saponin sugar chains attached at
the C-3 and C-22 position of the soyasapogenols.
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Table 3. Estimation of the whole saponin composition in soybean seeds based on genetic and chemical analysis of polymorphism of the
sugar chains attached at the C-3 and C-22 positions of the soyasapogenols.

C-22 position structure

Soyasapogenol A B E*

C-3 position structure AcXyl(1—3)Ara- AcGlc(1—3)Ara- DDMP*- nst ns?
Glc(1—2)Gal(1—2)GlcUA- Aa Ab g Ba Bd
Rha(1—2)Gal(1—>2)GIcUA- (Au) Ac g Bb Be
Gal(1—2)GIcUA- Ae Af g Bb' (Be")
Gic(1—2)Ara(1—2)GIcUA- Ax Ad (a) Bx Bf
Rha(1—2)Ara(1—2)GIcUA- (Ay) (Az) a Bc Bg
Ara(1—2)GlcUA- Ag Ah a Bc (Bg)

*Soyasapogenol E contains a ketone function at the C-22 position.

*2,3-dihydro-2,5-diydroxy-6-methyl-4H-pyran-4-one.
No sugar chain is attached at the C-22 positioin.
Unreported saponins are shown in parenthesis.
Source : Tsukamoto, C. et al. (1993)

o] Botth 1%t o] 7k WHHOE o|F Bpisk] %
A7t AlEEger, 21822 Tsukamoto o(Tsukamoto ef
al, 19959°] DDMP AtXdE HPLCE AR&ste] UV
(ultraviolet) M 9]olA Z&3I5Th

olv] AF3IATIAT FolA AT ALELS DDMP ARE
Hele] gl o g Kudou <, Tsukamoto 5 B& A+AE
o] DDMP Alxde] 8t g 40 B2 =88 712X
o1} DDMP AtEYo] 843, pH Soll ®17H8H 74 (Yoshiki,
et al., 1998)0l F Zx} 2L 7}3-Fol|A DDMP-conjugated
soyasapoins¥ non-DDMP soyasapoinsS F5l3}A &3l
A5k Wl ofglgo] BITHZE 4). Z22vt <ol Hu
5ol group B AFEUS A BT F de WHE B
I(Hu et al, 200FC2HR tog F Alxde] B4 2 A4
F Ao B Tl 2 ZeE AlgEh

Y 20l
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Fraol BebE oz Agate] FHeF wolo JIE 7]H|
Aoz B I%EcHShiraiwa ef al, 1991; Shiraiwa er al.,
1990; Tsukamoio et al, 1998; Tsukamoto er al., 1993). St
H o]E fAxE E5 F 2R BojHoR Agdh= A
Z 48] F ci(Shimoyamada er al., 1990, Tsukamoto et al.,
1998). Anderson 5(1995)y2 F Ak FoH=E Alxd e
< 243 v el F49 0.1-05%F AREde] 2|8k
1o, cotyledon} hypocotyl ZHzh A H-2]2] 0.2~0.3%
o} 2%E AbEYo] A &t 2] Kudou §
1992y F9) ZF F9lo) we} group A, B, E AlEH0]
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Fig. 4. HPLC patterns of group B saponin in whole soybean seeds.

HPLC conditions : column, YMC ODS-AM-303(5 pm, 4.6x

250 mm); mobile phase, acetonitrile-water-TFA(42:38 :0.05,

viv); flow rate, | ml/min. A, the butanol extract from whole

soybean seeds (unheated); B. after heating at 100°C for 1 h.
Source : Kudou, S. er al. (1993)
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Table 4. Classification of saponin types of 800 cultivated soybeans(G. max) and 329 wild soybean(G. soja) accessions according to the
saponin composition of the seed hypocotyl.

Saponin Frequency no.(%) Group A Group B Group E

type G. max G. soja Aa Ab Ad Ae Af Ba Bb Bb Be Bd Be
Aa 19924.9) 71(21.6) - - & - T+ 1 - P
Ab 572(71.5)  32(9.7) - o+ - - L + o+ 4+ + 4
AcAf 1.1  00) - - - g -+ o+ -y
AaAb 1215 4(1.2) + o+ -+ 4 + o+ - + 4
AaBc  2(03)  192(58.4) - -y - o+ o+ 4 L 4
AbBc  14(18)  I5(46) -+ -4 o+ o+ 4 P
AOBc 0(0) 1(0.3) - - - - - + + + + + +
AaAbBc  0(0) 14(4.3) + + + + + + + + + + +
Total 800 329

Source : Tsukamoto, C. er al. (1993)

Table 5. Soybean saponin contents in seed hypocotyl part of
cultivated and wild soybeans

Sample

Saponin content (%, +S.D)

Variety No. Group A DDMP

saponin saponin
Cultivated soybeans 414 1.6240.60 1.8310.60
Wild soybeans 149 4.30+£1.00 4.35+0.85
Nattoshoryu 1 3.7240.07 6.0540.11
Col/Naral1983Nobuka-2 1 5.84140.23 7.201£0.22

Source : Tsukamoto, et al. (1994)
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=
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Table 6. Number of saponin types of G. soja collection detected in different areas

Saponin type
Country & area Sum Aa Ab AaAb AaBc AbBc AaAbBce
Japan Hokkaido 18 3 12 1 2 0 0
Tohoku 59 16 6 1 24 8 4
West area 35 8 1 0 26 0 0
East area 58 7 5 0 46 0 0
Korea West area 10 5 0 0 5 0 0
East area 16 2 0 0 14 0 0
China Heilungkiang 8 6 1 0 1 0 0
Jilin 15 7 4 0 4 0 0
Total 219 54 29 2 122 8 4

Source : A

(1993)
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Table 7. Observed and expected segregation of F, seeds derived from crosses A-b(F) x Shirosennari and A-b(F) x Suzuyutaka for the
presence or absence of group A acetyl saponins

Cross Saponin No. of seeds x” value o
Probabilit
(Parental phenotype) phenotype Obs. Exp. (3:1) Y
A-b(F) x Shirosennari Aa 146 145.5 0.007 >0.93
) (Aa) - 48 48.5
A-b(F) x Suzuyutaka Ab 137 142.5
0.849 >0.35
=) (Ab) - 53 475

Source : Kikuchi, A. et al. (1999)

Table 8. Mean values of seed component analysis in four groups composed of seventy different samples belonging to seven soybean
varieties based on the difference in locations and harvest periods in 19919

Location Haryest Sa{nple Isoflavone Isoflavone Saponin C18:2+C18:3
period size (whole seed) (hypocotyl) /Total FA
Kyushu before 9/15 24 44.4420.5 803.7£148.8° 216.2+61.8* 46.11+8.4°
later than 9/15 16 132.4445.4° 1001.7+161.2% 243.6142.6° 61.243.4°
Tsukuba before 9/15 10 107.6x17.9° 914.9+103.9% 214.9£27.5% 46.515.8°
later than 9/15 20 22991789 1152.54246.9° 215.7+46.9* 59.249.6°

DValues are expressed in mg/100 g seed (isoflavone and saponin contents) and in % (fatty acid ratio). Means with the same letter in the
same column are not significantly different at 1% level by #-test.
Source : Tsukamoto, C. et al. (1993)

Table 9. F values and levels of significance of ANOVA of seed components of three cultivars grown at different temperatures during seed
development in growth cabinets®

Isoflavone Isoflavone Saponin C18:2+C18:3
Source df (whole seed) (hypocotyl) P [Total FA
Between varieties 2 2.20N8 51.62%* 9.53%:* 12.99%*
Between temperature 1 273.85%* 281.20%* 0.05™ 118.73+%*
Variety X temperature 2 2.20M 16.93%* 0.71N 6.55*%

UNS, not significant; * and **, significant at 5 and 1%, respectively.
Source : Tsukamoto, C. et al. (1995)
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Table 10. Soyasaponin content and composition in commercial soy products

Moisture Group B soyasaponin content® (tmol/g)
(%) A I it g g a total
Soybeanflour® 6.43 0.00 0.28 0.21 0.17 2.19 047 331
Tofu® 86.87 0.00 0.31 0.13 0.01 0.11 0.03 0.59
Tempeh® 59.65° 0.00 0.76 0.39 0.01 0.28 0.09 1.53
Soy milk’ 90.75 0.00 0.22 0.12 0.00 0.09 0.04 0.47
Acid-washed soy concentrates® 5.80° 0.00 241 1.05 0.19 4.90 0.86 9.41
Ethanol-washed soy concentrates® 5.80 0.00 0.08 0.12 0.00 0.00 0.00 0.20
Isolated soy protein S00E" 4.87 0.87 5.73 2.39 0.10 1.20 0.31 10.60
Isolated soy protein Supro 670" 4.56 0.00 5.59 2.50 0.07 1.01 033 9.51
Textured vegetable protein® 5.66 0.00 1.89 0.87 0.11 1.26 0.38 451
Soy hypocotyl! 3.55 4.41 5.80 0.00 4.71 12.53 0.00 27.46
Novasoy?® 3.75 0.00 77.55 36.48 0.00 0.00 0.00 114.02

“All samples were analyzed in duplicate. Saponin contents are reported on an "as is" weight basis and are corrected according to the internal
standard. ®Vinton 81, 1994 crop. “Mori-nu, firm. “Quong Hop and Co. “Obtained from USDA food composition database. White Wave. Inc.
8 Archer Danieis Midland Co. "Protein Technologies international. ‘Schouten USA Inc., toasted.

Source : Hu, J. ef al. (2002)
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Table 11. Stability of DDMP-conjugated soyasaponins in food matrices

Soyasaponin content” (Lmol/g)

Treatment
\Y I I og Bg Ba total®

Soybean unheated nd® 0.40+0.13 0.1910.06 0.1410.02 2.0110.11 0.4910.03 3.1310.06
50°C 15 min nd 0.3310.03 0.1610.01 0.1510.01 2.03+0.02 0.5310.01 3.2040.03*

30 min nd 0.3310.02 0.1710.05 0.1410.01 2.0240.06 0.5110.02 3.1940.09*

60 min nd 0.3510.08 0.1710.05 0.1510.02 2.0110.05 0.51+0.01 3.1810.07*

90 min nd 0.3910.05 0.184+0.02 0.1510.01 1.9740.10 0.5010.03 3.19+0.08*

80°C 15 min nd 0.3340.03 0.2010.05 0.1610.01 2.00+0.06 0.5540.01 3.07+0.10°

30 min nd 0.40+0.06 0.1740.02 0.1540.02 1.99+0.05 0.5110.01 3.0440.04°

60 min nd 0.38+0.02 0.1840.03 0.1610.01 1.96+0.04 0.5510.01 3.2340.07*

90 min nd 0.35+0.03 0.1640.01 0.1510.01 2.01+0.01 0.5440.01 3.20+0.03

Soaked soybeans? nd 0.2510.05 0.0740.01 0.1110.03 1.9340.03 0.6240.01 2.9940.09*
Raw soy milk? 0.20+0.01 1.33+0.03 0.71+0.03 0.01£0.01 0.02+0.00 0.0120.00 2.2840.06°

Values are the mean of two duplicate determinations standard deviation. ®Values followed by the same letter in the same column are not
significantly different (p>0.05). °nd = not detected. “Concentrations were calculated as pmol/g of original seeds used.

Source : Hu, J. et al. (2002)
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