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Properties of Antioxidant Activities and Volatile Flavor Compounds of
Fermented Black Soybean Products by Soybean Cultivar

Dong Sun Shin, Hye-young Park, Ji Young Park, Eun-yeong Sim,
Hong-Sik Kim, Kwang-Ho Jeong, and Hye Sun Choi*

Dept. of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration

Abstract

This study analyzed the nutritional composition properties of soybeans and the antioxidants, isoflavones, organic
acids, and volatile flavor compounds of fermented black soybean products (FBSP). After 24 hours of fermentation,
the range of water uptake ratio was 129.00-131.30%, respectively. Total polyphenols content and DPPH and ABTS
radical scavenging activity were higher in Cheongja-3 FBSP, flavonoids in Socheongja, while DPPH and ABTS rad-
ical scavenging activities were similar in Cheongja-3 FBSP. Isoflavone contents of aglycones (daidzein, genistein,
and glycitein) in Cheongja-4 FBSP increased up to 41.97 pg/g. The rank order of primary organic acids was citric
acid > fumaric acid > acetic acid > lactic acid, with Cheongja-3 FBSP being the highest. This study identified a
total of 34 volatile aroma-compounds, including seven alcohols, seven acids, seven ketones, five phenols, two esters,
one furan, four pyrazines, and one miscellaneous. The result could be applied to determine the suitability of cultivars
and the quality of the process used for fermented soybean products.
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T}H(Bae et al., 2008; Kang et al., 2003; Kim et al., 2005).
HLZ(Glycine max [L.] Merr)2 A AAHozZ dy
A= v E e ZEFe] shE Tl Ao, o]
AZEHE, AEAoH Al GAE 5o AT =2
st Slof A% 7154 AE] AR de] o]&H
A THKim, 2006; Chen et al., 2013). ©]& 3 7HLF 9
T2 ksl g, BRkA], AEAEs T o
3k @37 A=A Myung & Hwang 2008; Kim et al.,
2008; Joo & Park 2010; Lee et al., 2018). o]l wz}
< BUF ] g 3 A ATl tis AeE
B0 dEAEA APA B AHRES] o] ¢ Eo}
Aol Uk ATl gk AF2e o349 Aks 2EH A
2 33#7]% oo & Park 2010; Yamashita et al.,
2020), 8418} T 7H(Peng et al, 2017), AL-Fe] oFEA o}

il
RS
=1 O
Hol U ZHA= vl (Lee et al, 2016), 2%
o] 224 (Hwang et al., 2013) 5°] HiFJom He
T HEE Ut drEe F2 OUSs #5788 HESH
Az FaEo FZE(Chen et al, 2013; Hwang et
al, 2013)°] =SS, WAl AR o]& AT daE
9] 754 (Kim et al., 2017), A% HaEe HLds
(Joo & Park 2010)% R I 7%= AT o}2] wmjw]sh
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ANz o 422 do=E M=

A3 AHEE Y5 TS HA335(Cheongja-3, Miryang,
Korea), 3 A4 (Cheongja-4, Miryang, Korea) 2 A% =}
(Socheongja, Miryang, Korea) 3522 =92 &3} (7
g 2Pl 2018d FEgE RS Aol ARSI
7= @i 150l 53 Bacillus amyloliquefaciens
HI5-22 3=t r A EX A AlE| (Korean Agricultural Culture
Collection, KACC, Jeonju, Korean)Z F-E| &-fwto} A&
SIATE H2F WEE AlZRE 300g9 FE 1A F
33 th2 autoclave (BF-60AC autoclave, Biofree Co.,
LTD, Seoul, Korea)& ©]&-3}o] 121°ColA 30% 53 =
ApstAeh. TAE TS FazdolA 40°C o)Ek= A7l o
< v wi¥E Bacillus amyloliguefaciens HJ5-2 (OD:
0.5, 10° CFU/g)E & FAIY 1%(viw)E HE3AH oA

=54 d=232 A0 ME =8

FEE AT FEEFTE S 44 ARE S¢
A NG B U FRF 45mLE B3 FA g7
of ¥tk 7tz A 8E FIANE 1, 3,5, 7, 9, 12,
17 B 24707 35 Ao, 3549 2ee T2
7] QFellA] 25°CRE frA3hEA S APt o] 3S
T3 AR ARES Ao B85 AAT Tty oA3A
2 xHe] 2718 AAst FA S7pIER SR 58

< ot el 2] o= A4S THShin et al., 2019).

Ai]—s‘}\gm _ == Z}/\E‘j
/‘,\;'_,‘_5:/‘%(0/)=Tu ] Tﬂ] T L ] ‘Tﬂ] % 100
Tw T 0 2=x = )\]EDHI

T Rl =T
=54 2423 da=2 Sitet 2y
5 4oy wEBe F EvE 9% 4L

Singleton et al. (1999)2] ®Hol w2} Folin-Ciocalteu™ >
2 ZAsAT A8 FEE 100 uLell 2% Na,CO, 2 mL
£ 7hste] st & 3% &9t WA ST A7l 50%
Folin-Ciocalteu reagent (Sigma-Aldrich) 100 uL2} Na,CO,
SHS HIF U 303 B A2ollA WA g - 750 nm
N FF=E AU EFEZE gallic acid (Sigma-
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Aldrich, St. Louis, MO, USA)E AMg3te] ARAE 24
sk, o2 FH F EEHs e Altedth &
R o= LS Amerinem & Ough (1958)2] WHS
skl S48t A& 25 uloll S7FF 100 uLok 5%
NaNO, 7.5 uLE 92 th 5%2F A& olF 10%
AICL;-6H,0 15uLE 23 62 5 W& v 1M
NaOH 50 uL 71t & 1132 %o 510 nmolA F3=S
=43ttt BFEZE (+)-catechin hydrate (Sigma-Aldrich,
St. Louis, MO, USA)E AH&-311t}.

E5Y HeF $aE9 DPPH (1,l-diphenyl-2-picryl-
hydrazyl)oll €8] A% free radical A}g-<]Z-&-(electron
donating ability, EDA) =4 Blois (1958)¢] WS 3
22 Z2A3¥t F5E 02mLol 02mM DPPH £
(99.9% ethanolol] €3f) 0.8 mLE & 7I3+ TS vortex mixer
2 10x B FEstaL 30% Fof 33 =AI(UV-1650PC,
Shimadzu, Kyoto, Japan)& ©]-&3}l3 525 nmolA SE%=
£ At ol AT AT AR F7Hret ATt
T §EE AolE WMEE(%)Z AAFSIATH & FitslE
2 ABTS radical £27%522 =43} tHLeong & Shui
2002). =, ABTS (2,2'-Azino-bis-3-ethylbenzo-thiazoline-6-
sulfonic acid) (Sigma-Aldrich, St. Louis, MO, USA) 7.4
mM3} potassium persulphate 2.6 mM< 315 &< Ao
RS o2 735 nmellA FEE ol 14-1.57F HES &
2 3431t 84 E ABTSEY 1 mLe} 59 50 uLs
7K F 308 WA e FYES SYS BER
Z 2 A L-ascorbic acid (Sigma-Aldrich, St. Louis, MO,
USAE &% A7FIA AL, 5 34ikshE2 AEAC(L-ascorbic
acid equivalent antioxidant capacity, mg AA eq/g sample)
= s,

e o

=54 d28 Ye=2 0|aE2k=
AT LaEo] olaZHtE T 42 Wang et al.

(1990)2] i3S I 2 &tk A& 2 g9 acetonitrile 24
mL2} 1M hydrogen chloride 6 mLZ 2204 1A]7} &
3}o] o] 3 (Whatman No. 2, Whatman, Clifton, NJ, USA)%t
T SHSE o) 348U, 022 uM membrane filter=
filtration A]# ultra performance liquid chromatography
(UPLC, Waters Co., Milford, MA, USA)&E #4353t}
Column ACQUITY UPLC?HSS CI8 column (1.8 um,
2.1x75 mm), ©]FAE 0.1% acetic acidE T3+ 10% ™|
S (& A 0.1% acetic acidE T3+ HEH-2(E7 B)
S AHEEISTE &9 gradient= €7 BO FEE 1727
26%A 50%=2 F7HAZAL, 42 0.3 mL/imin, T4 %
0.8 uL, UV detector (254 nm)Z #H &3t}

¢
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g A=2T de=2 U1kt
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(2014)%] WS FA=E SIATH AR 1 gol
mLE H7bste] 1A17F %2 3K(Sonicatior, BKUP-600N,
Biokonvision)*] 2] ¢F T 0.22 um membrane filter (Merck
Millipore)= 25k Z1& A& N o= ST} {714k 4
2 HLB Sep-pak Cl18 cartridge (Waters Co., USA)°ll &3}
A1Z1 & HPLC (Dionex Ultimate 3000, pump, autosampler,
USA)Z #4313t AFEE columne Aminex 87H (300
mmx6.5 mm, Waters Co., USA)®] 1 2™ mobile phase=
0.0IN sulfuric acid®]21t}. Injection volume 10 uL, flow
rate= 0.5mL/minZ 3} UV detector (Shodex RI-101,
RefractoMAX520, Japan)Z ZHZ3At EFEZZE
citric acid, lactic acid, fumaric acid, succinic acid % acetic
acid (Sigma-AldrichyE A}-&-3}31t}.

ZZH H=2ZF dUo=9| U Siera
Y HeF HaEO YA E E4LS GCMS

(TRACEI1310, Thermo, USA, TSQ8000, Thermo, USA)E
o] &3lF . A FIE FrAHE TS SPME
(solid phase micro extraction)®'H o2 3} 3L, fiber=
carboxen/polydimethylsiloxane fiber (CAR/PDMS, 75mL,
Supelco, Bellefonte, PA, USA)°] B ¥ A& o] &3}
FE 23S T injectorol| A 5E T BAA o
NIST library (Mass spectral program, version 4.5, USA)E
7 ol%é}OﬂE} AHEE Y& DB-WAX ZH (Agilent
60 mx0.25 mm, ZF F7 0.5 um)°]$1 2™, injectore] <

£ 240°ColaL A AEE HE 9 AWLEE 250°C

2 39t GCMSE AL mass spectrum= Wiley 275
data baseZ library searchdt A& ]85l F3IHTh
(Park et al., 2017).

SAXE

2 AE dlo]E = SPSS A]2E(Statistical Pack-age for
Social Sciences, SPSS Inc, Chicago, IL, USA) soft-ware
package (version 12.00& ©|&3ty H#3 ZFAAE 2
=319tk H T3S one-way analysis of variance (ANOVA)
Z v #4392 M, Duncan's multiple range testo]] <]
sted p<0.05 frelFEolA Ht 7 oErlas AAlske
AR skt

Aoy g

=34 4239 FEAZ| [HE EeT=
A%

o
o3 WwEE Az A A8FY FINNL 2
o #5—%%% 2749 A3} Fig. 1904 BE
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Fig. 1. Water absorption of fermented black soybean of
according to cultivars.
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ark 2 010 Lee et al, 2016). A% Yo &
% HE ‘:}37'” e, & 29
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mg (CE)gZ 7P ve d3e Yeiddet 7] Rad o
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Table 1. Antioxidant activities of fermented black soybean of according to cultivars

Lo L Cultivars
Antioxidant activities
Cheongja-3 Cheongja-4 Socheongja
Polyphenol and flavonoid contents"
Total polyphenol (mg GAE/g) 473.41£6.22% 470.33+3.64° 469.31+8.32°
Total flavonoid (mg CE/g) 16.50+£0.67° 11.50+0.67° 17.72+0.51*
Radical-scavenging activity?
DPPH (mg AEAC/g) 19.64+0.15* 18.0120.30° 19.2140.26°
ABTS (mg AEAC/g) 58.97+0.06° 57.67+0.05° 57.06+0.11¢

" Polyphenol and flavonoid contents: mg GAFE/g; mg gallic acid equivalent/extract g, mg CE/g; mg catechin equivalent/extract g.
? Radical scavenging activity: mg AEAC/g; mg ascorbic acid equivalent antioxidant capacity/extract g.

 Mean separation within columns by Duncan's multiple range test at p<0.05.

ZF ZgH0]=E 32.7 mg (CE)/ge2 2 A3
ALt olH g o)== MAE #o S
FE B 2% T Baxe] wE 2484 o ik
siido] tEA Yehd Aoz AlE¥Th DPPHS ABTS
racdical AASE Table 19014 H+= vpe} o] &tz A
el & ZYved SetE ol =9 Hlzg e R A}
3% %‘3501 2 48 JeRTh oA F EdE
3+eke] A7} ABTS racdical 2A% Aze}e] SAMe 74
S BT Kim et al. (2017)S 73T WaEo) iks}

of AAAS EA A3 F EY#HEI ABTS
racdical 2452 &4ke E44719) fFoF ¢l AAAS F
o1stA Tt S tHKim et al., 2017). ©]&3 AT @Ha
o] tsg AxE akspdo] 93 HeT HaE
F5 A AGA N 715 AFLEA o] &7
g Ag Aol

i
N
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X
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A=<l = 2=
Table 20 YR ATE 23 LA Z] 8 o|nIehd
2 HHIFAIQ! daidzein, genistein, glycitein 35-F<} vl
A daidzin, genistin, glycitin, Z}ZFe] HJ =] <1 malonyl
s}, acetyls} WG 5 127119 FF7F A=A vl
Aol F 2 FEEE A tHEQ] FA3ZIE 40.85
ng/g, BAFAE 7t 41.97 pg/gel AL AHFQ! SHA7F 3430
ng/gl® Ueh tigs Bk £2gFo] W e vE
Wt} Shon et al. (2001)S HLF H=4e] o]aZghE
o] &S 2k A} vu|FA 5 daidzein 2T} genistein
Btefo] Totom AEEo B3 YPEOZ AR =2
Oﬂ/\‘] ]/\:LE}-E 6‘1-\3]:0] E}‘)\—L‘]_l 6]— E__L_g]. B /\13‘]‘/] g
Fob frAFeRATE B3 LREls W o] STkl
27}\:‘ ey F daldzem-w)r genisteing $H+3F Hi A

SEHEFAAN GH FAto]l EalE7] wEol2tal &%l
‘:]'. A 0 2 o] AZEEH-L glycosided & Ell (malonyl-, B-
9 acetyl-)9] o]AFEhE oA e} vluEA FEjE =
A= Fo #3 2 7td T 7heA el o& &&E9
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Table 2. Isoflavone contents of fermented black soybean of
according to cultivars (ug/g, dry basis)

Cultivars
Isoflavone

Cheongja-3 Cheongja-4 Socheongja
Daidzein 16.05+3.64°Y  16.30+£0.96°  13.05+2.42°
Genistein 20.05+2.46  20.29+6.02°  17.75+0.65°
Glycitein 4.7542.62° 5.38+3.45° 3.50+1.27°
Daidzin 188.75£4.56° 190.35+5.67° 172.80+5.52°
Genistin 494.30+6.26°  527.52+7.15°  416.75+4.79°
Glycitin 72.80+£9.63°  75.40+2.56°  64.40+1.95°
Malonyl-daidzin 7.25+1.14* 7.19+0.95% 5.34+0.15°
Malonyl-genistin ~ 18.55+2.34*  18.63+4.53*  16.70+0.81°
Malonyl-glycitin ND? ND ND
Acetly-daidzin 38.60+£7.92°  39.91+1.34°  26.65+1.13¢
Acetly-genistin 39.50+2.41*  39.75+3.84*  31.74+0.64°
Acetly-glycitin 8.50£2.05° 8.75+0.78" 8.001.72°

' Mean separation within columns by Duncan's multiple range test at p<
0.05.
2 ND: not detected

B-glycosidase®] ZH-&-¢l 2J3)] HMFA R == AL
d# A AhLee et al, 2016). WEtA], £ Agor HL
F 2a3y F uyEo] 7KL e B-glucosidasedl] 2
gk iR 7 7S He AE7F TR wid] 5
2 o|aFTE e A7t Al AL R ALSHET

f

Table 33} Fig. 204 X &= ule} 7o acetic acid, citric
acid, fumaric acid % lactic acid 4%°] AZF AT}t F7]4F
e HA45 AHFEo] 7 o] AZE o 74k
% citric acid’} 7 =2 &g YEMIATE Gil et al
2016y H=742] f714 T2 nAE HE #5794 A
#glol lactic acid7b 7Hg =2 FEFS UERlth= B2
9]r Youn et al. (2002)¢] AFolA FFE& FS o] &3 &

o] FH {§714Re acetic acid?t 7 Bol AEEH AT

= EJ_Q}~ B 4ye] Asfsl B P42 Bk Oh e
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Table 3. Organic acid compositionof fermented black soybean
of according to cultivars (%, dry basis)

Cultivars
Organic acid - - -

Cheongja-3 Cheongja-4 Socheongja
Acetic acid 4.67£0.0542  3.21+0.03% 3.11+0.03B*
Citric acid 80.99+0.81%  87.56+0.88"  81.30+0.79%
Fumaric acid 14.01£0.14% 8.93£0.10%°  15.29+0.15%
Lactic acid 0.34+0.012¢ 0.30£0.01*  0.30+£0.01*¢
Succinic acid ND? ND ND

) Any means in the same row followed by the capital letter (A-C) are not
significantly different by Duncan's multiple range test (p<0.05).

? Any means in the same column followed by the small letter (a-m) are
not significantly different by Duncan's multiple range test (»<0.05).

9 ND: not detected

al. (2003)> 98 Fodl= F714F 5 citric acid7F Bol| 3
fr Hof JAIRE LRIl mA =] oA PR o] &
HHA F43] ZAAE T lactic acides WWEA Zakol 9
3 A=Al acetic acidi= Bacillus sp.2] 2802 715
= Ao® BIFHAY. o3t Aol FHET YaE B
o A2 a =9 AFEAOPI SR Q13 A=< oA
9 olgo] T Ao HolY, T3k F HaEe] {7
b EFe] Aole F EFE 9 daxy, davAdE BX

o] zpelol M 71l E = o= Azt

CAEA RS - A

B Acetic acid O Fumaric acid
@ Citric acid MLactic acid

100%

50% -

Organic acid composition

0%
Socheongja

Cheongja-4

Cheongja-3
Soybean cultivars

Fig. 2. Organic acid composition ratio of fermented black
soybean of according to cultivars.

SH =28 da=e| FUN SiEt=E

E23H AT YaE9 Y 31dES SPMEE o] &
3le] GC/MSE BA18 A3= Table 4004 B vpe} 7+
ek T HaEe] WA FES BaIH A nYE
of 9Jgt @4 ofu=at At {714 2GR 5o A

Table 4. Volatile compound of fermented black soybean products according to cultivars

. RTY Relative Peak Area (%)
Possible compound .
(min) Cheongja-3 Cheongja-4 Socheongja

Alcohols

2,3-Butanediol-(S-(R*,R*)) 41.81 4.57+0.05499) 4.21£0.24%" 2.11£0.12"¢

2,3-Butanediol-(R-(R*,R*)) 60.02 27.35£1.67° 28.89+1.145 30.98+2.4342

3-Octanol 12.95 0.04+0.005™ 0.23+0.01" 0.78+0.00"

Benzeneethanol 59.66 0.47+0.04"! 0.53+0.00%* 1.2240.034"

2-Furanmethanol 15.08 0.19£0.014™ 0.14+0.00" 0.15+0.00"*

Benzyl alcohol 41.81 0.25+0.00¢™ 0.71+0.028% 1.48+0.124

Oxirane 51.73 0.40£0.014 0.46£0.014¢ 0.58+0.00"
Acids

Acetic acid 52.28 4.22+0.16" 2.94+0.075%¢ 0.76+0.02¢

Butanoic acid 46.77 0.42+0.00" 0.35£0.00"¢ 0.27+0.00%*

Propanoic acid 38.02 0.35+0.02% 0.42+0.014% 0.29+0.015%

Dimethyl-propanedioic acid 53.78 0.98+0.045* 1.2440.014 0.72+0.00

2-Mehtylbutanoic acid 60.10 1.78+0.02¢ 2.15+0.028h 2.73£0.024f

3-Mehtylbutanoic acid 60.02 2.15+0.06%" 2.67+0.04"¢ 2.53+0.044"

2-Ethyl-butanoic acid 35.68 1.19+0.025¢ 1.72+0.05% 0.72+0.02¢
Ketones

Acetoin 52.30 20.54+2.524° 16.27+1.06° 16.70+0.245¢

3-(Acetyloxy)-2-butanone 59.46 0.10+0.00™ 0.10£0.00" 0.12+0.004*

2-Nonanone 74.19 0.43+0.00"! 0.59+0.00"* 0.46+0.014

2-Tridecanone 48.79 0.44+0.014 0.41£0.014% 0.47+0.00%

D Retention time

? Any means in the same row followed by the capital letter (A-C) are not significantly different by Duncan's multiple range test (p<0.05).
 Any means in the same column followed by the small letter (a-m) are not significantly different by Duncan's multiple range test (p<0.05).
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) RTV Relative Peak Area (%)
Possible compound .
(min) Cheongja-3 Cheongja-4 Socheongja

Ketones

2-Tetradecanone 79.46 0.14£0.00" 0.1120.00" 0.110.00"*

Maltol 88.68 4.64+0.42 6.16£1.02% 6.70£0.67*

Acetophenone 93.60 0.20:£0.00° 0.38+0.00% 0.40+0.034
Phenols

Phenol 35.71 0.41£0.015¢ 0.45£0.01% 0.64+0.04"

2-methoxy-phenol 26.60 1.59£0.07% 1.30£0.04 3.24+0.06"

2-Methoxy-4-vinylphenol 32.62 1.03+0.04%* 0.42+0.03* 1.2340.14""

Butyl hydroxy toluene 77.55 2.20£0.274" 1.45£0.02" 1.05£0.03

Geraniol 74.19 0.26+0.00"™ 0.2940.00" 0.27+0.00**
Esters

2-Mehtylpropanoic acid-ethyl ester 53.79 0.30£0.00" 0.38+0.02% 0.31£0.01*

Ethylester-butanoic acid 67.33 3.36+1.045%¢ 5.31+0.36 1.60+0.02"
Furan

2,3-Dihydro-benzofuran 90.45 0.65+0.03" 0.5240.025 0.8620.02%
Pyrazines

2,5-Dimethyl-pyrazine 38.70 1.42+0.02% 1.25+0.07% 0.52+0.02¢

2,6-Dimethyl-pyrazine 38.50 0.16+0.00"¢ 0.20+0.00" 0.08+0.00**

Tetramethyl-pyrazine 49.14 3.67+0.67 1.39+0.035 0.19£0.00*

Trimethyl-pyrazine 44.40 4.2240.76" 2.9440.27%¢ 0.76£0.04
Miscellaneous

Styrene 34.03 9.89+1.02¢ 13.39+0.86™ 18.95+1.24"

D Retention time

2 Any means in the same row followed by the capital letter (A-C) are not significantly different by Duncan's multiple range test (p<0.05).
9 Any means in the same column followed by the small letter (a-m) are not significantly different by Duncan's multiple range test (p<0.05).

9] 3 eEL & 34%F0] HAEEH A=, alcohol 7E,
acid 7%, ketone 7%, phenol 5%, ester 2, furan 1§
pyrazine 4% % miscellaneous 1522 FHFHAUTH 7
ol A&HE A 3FEL 2,3-butanediol-R-0] ] 0.
I T3S F acetoin, styrene, maltol -2 2 YEISTE F

g Eolu A=A 5o EFAFHE &3] butanoic acidse
BE UgEAAN AT HAEEAE=T, 7] il Ao} vl
22319 CH(Choe et al,, 1999). 53], & WFE9| 34 3}
92 5 pyrazineFE amino-sugar HH-3- ] ofsl A==
o= 7t &gk oAt G Es, B dhEe] vhg-
o7 AEE I SIPER A F Pl e 9T
S e Aoz A AtH(Choe et al, 1999; Park et

al, 2017). ¥ A3e] AijoA 7
pyrazinef++= 2,5-dimethyl

A=H AH]—/H pﬂrﬂﬂ =
pyrazine, 2,6-dimethyl pyrazine,
tetramethyl-pyrazine, trimethyl-pyrazine 5 4%°]3°oH, &
THEE FA3T LR EC] 947%, AT LR EO]
5.78%, A WEEO] 1.55% wO2 EA e o]
= 7] B32E Park et al. (2017)2] AFollA F TdaE9)
3 3ES 5ol3 02 pyrazine 3tEEC] AEEHU
The Baeh & A A7) vsst 43S S=HAdT
wehd, I 2R El A e T F5, das

2 Ao whet A SHEhE o] A el Apel
7h e B & 5 FES5AC Ug A7 AL
2 o] Rk F IEAF FAFE B AMAde] o] F
o]d Ao 2 ALEHU(Shin et al., 2019).

(=] (o]

B AqdME Y ggol $5% PeFg olgate]
1B AxG T PAsH, olaBeR, 714, Y
shehe 5o 545 2Atekelth A8 FEETFES
e 55004 3 Aol Aastel wet Srteril e,
FEFTEC] P L olF= A 12-17A17 A2
Epstth. @4st 2o =2 AEE & EYdlel Av
HAA3S g E473.41 mg GAE/g), ZefH o= 4%

2} WEE(17.72mg CE/g)e- 2 JEFTH DPPHS} ABTS
racdical A% HIs8 o2 FA3E FaEANAM =
< BAE Bk o]AaZTHES HuiBAIQ] daidzein,
genistein, glycitein 3% 79} WA daidzin, genistin,
glycitin, Z}z}2] ¥l A2l malonyl3}, acetylilr g 5
1270 9] F77F gAY BgA o] T FFS A
WrgEo] 7 Bkt 5714 S acetic acid, citric
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acid, fumaric acid 2 lactic acid 4F°] AZHAL H=H4
3 28 Eo] /Mg =dTh S8 skekE2 aleohol 7F,
acid 7, ketone 7, phenol 5%, ester 2%, furan 15,
pyrazine 4% % miscellaneous 15 5 34%°] SHFHUS
™ 23-butanediol-R-3}5H=0] 71 Ho| AZEH U} &3
FHZ 47 butanoic acidsStES E WG Eo|A AT
AZHAT 2 A3 Ax2 5 T daAEe] &
A2 RS flete] §xol Bt AErlsA E4
NS4S IHg FEE A9 s o F4 71544

()
Nel] o] 82 5= & Ao e
AAel 2

B =R 323353 AGENDA ATFANY(FAWHE
:PJ01350803)2] Aol 93] o] Fojx1 Zd.
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