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Characterization of Isoflavone Profiles in Soy Cookies Using
B-Glucosidase-containing Almond Powder

SeungOk Yang, Pahn-Shick Chang, and JaeHwan Lee*
Department of Food Science and Technology, Seoul National University of Technology

Abstract Distribution of isoflavones and B-glucosidase activity were monitored to increase the aglycone contents in soy
cookies. Soy cookies were prepared with a combination of 50, 75, and 100% (w/w) soy flour, 0 to 3% (w/w) almond powder,
and 0 to 40 min dough incubation time. B-Glucosidase activity from almond and soy flour was 84.4 and 5.4 times higher than
that of wheat flour, respectively. Dough incubation time of 20 min had higher B-glucosidase activity than 0 and 40 min in
dough. Compared to soy flour, aglycones, 6"-O-B-glucosides, and 6"-O-acetyl-B-glucosides increased and 6"-O-malonyl-f-
glucosides decreased significantly in soy cookies (p <0.05). As dough incubation time increased, relative ratio of aglycones
including daidzein and genistein in soy cookies increased significantly (p < 0.05). Dough incubation time seemed to play more
important role in increasing aglycone contents than almond addition in soy cookies.
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21 B-glucosidaseol] 230 aglyconesS = 3= o]
. WHHY aglycones2 AHoIAM HEE FrEo] o]aE
Ao e E4-88 wigA] Fe Hohs aglycones FE| 7}
o 2o AT BaEHYTHI0,11). olol AF] wEol Y HA
@ Frlol 93 aglycone HENQ] o] ATTHEE FIHT|E A
T7F B E S QATh(12,13).
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D1 AhH o7 AZEEE B-glucosidase] F Ei /\}—%Q_L A

57 kA<l B-glucosidase BAE A7l o] EHATH(16). TFo=
= wf) ofRE=E Hysh olEE #d B-glucosidaseP
o|AZTE. ulgA| 7} aglycones® 2 HEE o] olAE
o] Bobd Aog oAEn
EHE Fo072 HA Az Al o|aFaEY F8Hy
A%, AHFHoE P o= vt B Rk A

AEeHE Halkel B-glucosi-

&~ 0 0

eh

j}(_,
:04_5,

3
=3

X2
N

(=13=5]

iz A Yy

M=

B Ay A5Q AR Ass vpRIMHAE-GFHE7H, A
Ehfood dream-TSUI s, A, 2EE(F3E), baking pow-
derMix & Bake-(F)EHEAD), BRAERFAE-EH), o2 715



462 =21 EA e8] R Al 38 A 4 Z (2006)

Table 1. Soy cookie formula (%)

Levels of soy flour substitution (%)

Ingredients

100 75 50
Soy flour 40.5 303 20.3
‘Wheat flour 0 10.2 20.2
Margarine 283 283 283
Egg yolk 7.4 74 7.4
Baking powder 0.2 0.2 0.2
Sugar 224 224 224
Salt 0.4 0.4 0.4
Powdered milk 0.8 0.8 0.8

Mix & Bake-F)HEFEA), &F(GE)RItedAE), F7RE)HE
FAE) T AFE NE EIntECX Y3t B-Glucosidase
T EHE A3 p-nitrophenol-B-D-glucopyranoside(pNPG), p-
nitrophenol(pNP), sodium acetate, sodium carbonate® Sigma
Chemical Co.(St. Louis, MO, USA)A U3} o]AZaHE
B4E 98} daidzein, genistein, 6"-O-B-genistine Sigma Chemi-
cal Co.(St. Louis, MO, USAPIA FA3HL, glycitein, 6"-O-B-
glycitin, 6"-O-acetyl-p-daidzin, 6"-O-acetyl-B-genistin, 6"-O-acetyl-
B-glycitin,  6"-O-malonyl-B-genistine= [C Laboratories(Woburn,
MA, USA)llA F43iich, ol&a&ete 348 3388 A% %
ZEZ=E formononeting Sigma Chemical Co.St. Louis, MO,
USA)el A 48t th. HPLC-grade methanol, acetonitrile, HCI,
acetic acid= Fisher Scientific(Fairlawn, NJ, USA)IA F9i8tadch

XY M=

Z FA Az A AL AB9) %S Table 13 Zth vl
o, A%, AT =245 H/t 2 Efel] Ay Az 5
Az A WFES F7IEE 50:50, 25:75, 0: 100(ww) B2 4
3L ol et B8 EFsIATh ot Wik FF
THE T IFELR 0, 1, 3%Www)S A7FEIETh ¥EEL 37°C
230, 20, 40%-7F FRAIA B-ghicosidase HHE- A7+ Rl 3
AR E 2 WSS 22 £ 9, ol 47 130, 150°C)
E(Hanyoung, Hanam, Korea)ollA 158 &<t 9t

o I 2

b

B-Glucosidase BMHT =X

G7ME, F7HE, oOR2E JHE, F HA 9 05 1SmL €
ool gt b 187 ik F 308 7 AAAT A,
10,000 1pm(8,832 x g), 4°CllA] 20%7+ YA E2)(Hanil, Incheon,
Korea) 31Tt A5 0.1 mLol pNPG(pH 4.6, 9inM) 0.1 mL2}
sodium acetate buffer(pH 4.6, 0.1 M) 08mLE &3 ¥ 37°C B
®7](Jeio Tech, Seoul, Korea)oll4] 30&7F WH--AlAT) Whgo] &
d Al 4°C sodium carbonate (pH 8, 100 mM) 1 mLS 7}
A, UV-spectrophotometer(UV—ZlOlPC, Shimadzu, Tokyo, Japan)
E AME3FS] 400 nmolA EFEE =389t B-Glucosidase
1 unit 1% 5 pNPGEHR-E 1 umol pNPE Aikehs 58o=g
=

 Ixle| o|AEE £4

Az B F HA 1S FAAPER B sl 223} 3 & 50
mL 719} A)EH (Nalgene company, Rochester, NY, USA)oll 2
3 2mL 100 mmolL HCL, 7mLe] acetonitrile, 3 mL Eo]&%

2 HArtst, 187 2N & 247 B9 A"tk £
ABE 5,000 rpm(2,208 x )2 2 102 B¢ HES)A7|S, What-
man No. 2 3|2 HEjAz] & 20mLel 1mL¥ Fich Ao
TEEE A7 2ARAT) A, o]AFEHE B4 o183 w7k 40°C
ol EAsgTh olAEHE FEo| IFEE FA7] A
daidzein®] WE3ldeiel formononeting internal standard® 7}
skt

AZE AFo] 1mL methanots H7tsled o]AZetEdg =<1
% 02pum syringe filter(Alltech associates Inc., Deerfield, IL,
USA)EZ sl th Ultraviolet detector’t “3€8 HPLC(Waters
Associated, Milford, MA, USAYE »01%‘5}01 o) AZEEE B}
Atk 10 uLE HPLC injectorol] FAFS}AS™ stationary phases=
Novapak Cj, statioﬁary phase guard column¥ 0.5pm pre-col-
umn filter(Vydac, Hesperia, CA, USA)7} 992 H 4mm Waters
Novapak C; column(150X3.9mm 1D.)yE, mobile phase= 1%(v/v)
acetic acid(A)¢t 100% acetonitrile(B)YZ 0.6 mL/min 553} F=+
WS HEsl9) AHEE FRTHE 04 SEAE &0 AE
85%=, SEollA 47 = & A 65%7HA AAEAAL 44
BollM 45270 &7l AZ T 85%F 7ML - 85%AA
SE B AXANA HES ARIAHL FHoERNY &8
E2& 260 nmollA AEsIch

olAZE T 2 FFL FYUT Il BFEEE T Beer-
Lambert Law® ©|-&-3l9) 73t} FE=dol gle 3709 ol&
ZglE = §"-0-B-daidzin, 6"-O-malonyl-B-glycitin, 6"-O-malonyl-
B-daidzin ZFzte] 6"-O-acetyl-p-glucoside®] AFAZ ©) &3t A
sttt

A=

Z4¥ A= SPSS program&(SPSS Inc., Chicago, IL, USA)
ol g3ty RN F FAAT} e AFele dsHamd
Duncan’s multiple rage testS ©]-83}%] p<0.05 |-l v
AT
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B-Glucosidase EMT

THA AZE A% AR F8 AR W, FONE, ok
E 7F79] B-glucosidase BH=E Z47F 0.08, 045, 7.01 U/gel2d
o). F7HF9 o= B-glucosidase activity B4 %= AR
Ztzk 54v)e} ga4ufolict. dwtH oz F7HEE B-glucosidase
activity’s Z712HT e Aoz HEATKI3). Zhang S(13)
2 F7VRe YR Bglucosidase activityZ} ZHzF 10.7 U/gh
41U/gelEt L BA FgoH, Sue T17)2 LolM #FHg p-
glucosidase”t p-nitrophenol-B-glucoside, flavone 2 isoflavone glu-
coside® E3 3= ALE BB

F7Fe ot E F7HE B W AAALE gEske] Axd
Z #HA} Wk=9] Bglucosidase % W3 Table 29 2t} o}
B 237} vk Bglucosidase B4 TI7HE Byl Folde
2 5e FXE BYt & 100% T A uEe] A4S F/RE)
Z HAe] 405%F AF I Jorg FIME B-glucosidase T
Ax2] 40.5%21 0.18 Ulgol ZAZ=]ofof 3ht oF 934l 1.68 U/
gol AEFHATH EAER] F7HR vlE] wiseld 84 SH=
7 felHog F7t der ol W A Al AV He b
F R 59 Hrh 4ol o 249std 71 ® Re
2 JdXAHETE ofEE ko] 0ollA] 1, 3%E F71E A% 50,
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Table 2. Effects of almond addition and dough incubation time on B-glucosidase activity from soy cookie dough containing 50, 75, and

100% soy flour (U/g)
Soy flour content Dough incubation time Almond content (%)
(%) (min) 0 1 3
0 1.12£0.018202 1.25+0.003% 1.31£0.005*
50 20 1.53 £0.0094 1.67 £0.007 1.86+£0.010%
40 1.25+0.005* 1.43 £0.003% 1.580.011
0 1.49£0.016* 1.59 +0.0024 1.87+0.002%
75 20 1.74 +0.008* 2.15+0.015% 2.44 1 0.006%°
40 1.52+£0.012A° 1.64 +0.006* 2.03+0.016™
0 1.68 +0.006* 1.74 +0.007*® 1.82 +0.0048
100 20 1.94 £0.006% 2.00£0.005% 2.04 £ 0.006%°
40 1.34 £0.009* 1.54+0.011" 1.80£0.004%

UCapital letters are significant in the same row at p <0.05.
ASmall letters are significant in the same column at p < 0.05.
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Fig. 1. Typical HPLC chromatogram of isoflavone distribution
in soy cookies.

75, 100% F A wise] AX A FofMut Bglucosidase BT
7t frejFor Z7RBItHp < 0.05)(Table 2). ¥Ho] wlE A=A
7ve] 739 oo} 405 BT} 208 AR Al 50, 75, 100% T
2} W&o g AEAA] B-glucosidase’} FolFo Fe #A
S BYtHp <0.05)(Table 2). ¥ A4 2= F A i)
X9 B-glucosidase B4 Z7he olET A7} MU= uNkE X
Alzbel B oAl geks Wyl

k

Z AXe| o|a~E2k= 24

HPLCE ol&std 7ig 9 & A &FH e
AEFES gzl AdA o] =A B 4+ Ut HPLC
A3 12714 isoflavoned} internal standard 91 formononetin
E3HSE peaksE T F YATHFig. 1). Reversed-phase
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Fig. 2. Relative contents of isoflavones in soy flour.

(80.14 pg/e)

HPLCEZ AH31710] At os 34T 28 6-0-B-glucosides
7F WA 25000 6"-O-malonyl-B-glucosides$} 6"-O-acetyl-f-
glucosides, 18] aglycones A2 2 HATh

Z A Azl AHEE TR ojAZdE FE E A
¢l W& Fig 29} gt} TR olAZHE TR 2398 ug/
g sample] 9.2 aglycones, 6"-O-B-glucosides, 6"-O-acetyl-p-glu-
cosides, 6"-O-malonyl-B-glucosides 32 Z+7F 9449, 8§55.76,
80.14, 1,368.14 pg/g? aglycones BEN7} 3.93%, 6"-O-malonyl-f-
glucosides, 6"-O-acetyl-B-glucosides, 6"-O-B-glucosides’} 22} F
57.04, 334, 35.67%%2 JEPHT: A E(raw soybean)®] 39 F<]
Ex0 ZF, AMYA, Aupds, A 717F T Aolol] <3|
olaZelre] & otapo] GERAA N HE 1520%2] o|AZE
o] aglycones FEIZ EA8™ 6"-O-malonyl-B-glucosides, 6"-O-
acetyl-B-glucosides, 6"-O-B-glucosides?t F 77, 5.6, 15%% AFA| g
o I HATHS,6,19).
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F7HE H7EE 50, 75, 100%] WE F HApe] ojiFetEo
Wl 47 Table 3, 4, 59 Yellisich W2 0, 20, 402 &
gl weh F7HF 50, 75, 100% H oR2E FH7L FHRpe| o
AZEHE glere zhzt 333-412, 489-583, 649-925 pg/g sample 2
SHATE F/Ee AA o]AFeHE FHge] 2,398 ug/g sample®]
3L FTRE S0% H7F ARG A, gamS F S 203%2] T
717 J7F HYen o|AZEH2 oF 486 ug/g sampleo] T
fHo g RoZ dSHot GdRT oF 152-31.5% RA
FAZHT 75%S 100% F71F oFEE FH7L AR Aol
= FARE 238 2R

Aglycones®l daidzein(DE)yE X A|7to] QollA], 20, 40702
FNETFE FolFoR F7FEH(p<0.05) ©] F7HEE of
2 1%} 3% H7F AlRME #HEAEAT Daidzein®] #9175
ol Z7F= BIRR 50, 75, 2 100% H7t ABAME FrME
o FHshA ZE AsCAM 01 = AUrk(Table 3, 4, ).
Genistein(GE)2] 799l %= daidzeins} §ASH] W= 2 A|7ko]
F7F 95 fFoF o2 St S5tk v glycitein(GY)2] A
ol ZRAZE] B2 o2 F7HE HolA] ¥yt o=
H7PFl 9%k genistein?} daidzein 3] TV AXA7R] &
ol wlsf ZA Fhom felHel Aot gle F AAE UM
THTable 3-5).

T AV 50, 75, 100%d W olE= HybE 2 ukE A
2AxZbel ;e F FHApe] o]AaZEHEe] AUl TR Table 6
I 72t F FRoA o]hAZEHE-L 6"-0-p-glucosides¥} 6"-0-
malonyl-B-glucosides”} 58 FENS21 aglyconess?} 6"-O-acetyl-
B-glucosides®] TS HlHog A AEHUrh AHSE 948
Z7HFY olAZERE X4 vlaL Al F A1) aglycones, 6"-0-
B-glucosides?} 6"-O-acetyl-B-glucosides> FJH 02 F7181aL
6"-O-malonyl-B-glucosides:= A2 744319t} o|AZelE-e
AE Eola] Foll P Aoz LA Jot o] HA ok
ETHE dhke] Aoy Zhzte] HEe R EX 4R 2 &
oA Aol wheh F27F Wlshthe Ao] HAEUTH20-22).
o|AEHE 6"-O-malonyl-B-ghicosides Hells Aoz 9o &
°H4 8] 6"-O-malonyl-B-glucosides< 6"-O-acetyl-B-glucosides =,
6"-O-acetyl-B-glucosides= 6"-O-B-glucosides? A FE= intra-con-
version©] HAsRE A0 2 BRI 0M(20,23-26) ©le F FHA
of| 419] 6"-0-B-glucosides F712} 6"-O-malonyl-B-glucoside?] 7+
£ & AysFEn). o]AFTE aglycone vl HC} Fob3HA
o] & Aoz BWIHIUK23). Chien T(23)& EIA~HL o
£319) 6"-0-B-genistin WIFA 7} 100, 150, 200°CS] 2227 Al
6"-O-malonyl-B-genistin 2 6"-O-acetyl-B-genistin®] 7349} 6"-0-p-
genistin®] F715 H ST I 6"-O-B-genistin Bl B ol A
genistein®] A§A9-& 200°C9] T AxZ 2L FHXE FoAv
FEHA L 100 B 150°CoNA = genistein®] A=A oAk
F A Az FAL 130-150°C014 1558 o] FE o 9
3) MR EZHE aglycone®] FH2 AL 7IhE] A&
Ao AAEH F H7} aglycone?] F23Q Erhe WhEIby
oA AX A B o= Hrtel] &gk ko ® et

OlAZTE aglycones THFE WE FANO) F1B4E F
Aoz Z7EatHp <0.05)Table 6). o]& WE & AAA S
Rodle FANOZE o|AZBE aglycones TS Z7MAE 4
Ueg uigitt. =S 208 Wk X A5 aglycones T7HEF
& BRAAZE 408 A5 FUHE vE) wgken o= 204 W
9] B-glucosidase EAJ¢] 408 HI=ol Mg Aujdez =9kd
Table 298] 2o} UASHAT Wi o2 = H7te] A9 24

Table 6. Relative content of isoflavones in soy cookies with
various almond and dough incubation time

Aglycones
Sov flour Dough Almond content (%)
Y o incubation
content (%) fime (min) 0 1 3
0 7697 639% 5.90%
50 20 10.35% 945 10.15%
40 12.95% 10.68* 11.78% .
0 4412 8.435 9.27%
75 20 9.62%° 12.13% 11.92#
40 12.15%¢ 125740 13.58
0 4.71% 7.738 7.985
100 20 7.43% 8.33% 14.08%
40 7.5840 11.85%° 12.94
6"'-0-B-Glucosides
Sov flour Dough Almond content (%)
Y o incubation
content (%) time (min) 1 3
0 47.16% 34.354 39.63%
50 20 44625 44,645 40.18%
40 36.14* 42.58% 39.36
0 38.63* 44,455 41.76"%
75 20 4488 47394 46.92%¢
40 40.12% 48.528s 43,937
0 45.54% 43,024 43.56"
100 20 44,617 4528 50.85%
40 36.51 48728 47438
6""-0-Acetyl-p-glucosides
Dough Almond content (%)
Soy ﬂo%r incubation
content (%) time (min) 1 3
0 8.57 5.56% 3.66™
50 20 9.228° 7.394 8.024°
40 7.68" 7.56% 7714
0 5.68" 5.674 6.45%
75 20 6.83* 838 11.24%
40 6.84™ 9.16% 8.76"%
0 5,754 6.074 6.134
100 20 7.07% 7214 14.25%
40 5.444 9.17% 9.67%
6"'-O-Malonyl-f-glucosides
Dough Almond content (%)
Soy flour ;.\ - bation
content (%) fime (min) 1 3
0 36.56" 53.68" 50.79%
50 20 35.78% 38.495 41.63%
40 43.20% 39.15% 41.14%
0 51.26% 41.47% 42,494
75 20 38.66™ 32,714 29914
40 40.87% 29.784 33.71%
0 43.994° 43,174 42314
100 20 40.87% 39.16% 20.80%°
40 50.46% 30.25% 29.944°

UCapital letters are significant in the same row at p <0.05.
Small letters are significant in the same column at p <0.05.
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