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ginkgo biloba seeds in different cooking conditions

Seo Jung Hong, Jin A Jang, Hyun Jung Hwang, and Mi Sook Cho*

Department of Nutritional Science & Food Management, Ewha Womans University

Abstract The purpose of this study was to examine the best cooking condition to decrease 4'-O-methylpyridonxine
(MPN, ginkgotoxin) and increase the antioxidative effect. We also examined the change in color of ginkgo biloba seeds
after different cooking methods and times. MPN content was decreased with an increase in the cooking time. For the
reduction of MPN content, the most efficient cooking method was pan-frying. In particular, MPN content was largely
reduced after 8 min of pan-frying. 1,1-Diphenyl-2-picrylhydrazyl radical scavenging activity and total flavonoid content
were increased after 11 min of pan-frying and this level was maintained until 14 min. The total phenolic compound
content was maintained for up to 30 min by steaming and 11 min by pan-frying. Therefore, the optimum condition was

established by pan-frying from 8 to 11 min.

Keywords: ginkgo biloba seeds, ginkgotoxin, 4'-O-methylpyridoxine, antioxidant activity
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et d2A Aok7). MPNS Itk A3 Al AelA vitamin
B6st A2 737 28-S 3lod glutamate decarboxylase =8 4~9]
28-S JAAF]L, gamma-aminobutyric acid (GABA)2] 3=
ZaNA A AEE 28I 6), oo wet A e 7
g w=l 3B a2a 94 A 5o Sode] yehdtla g
A AThE®9). olet T ol Z AFUFIAA M= 23S
22 &F 10¢ P9, ojolE 23Y oJUlE HH S Adket
colEe AgkE ) wiEe] 23 AYakekel] vls] 4w
o|FXA] a1 =, fElvieke] 23 F AR 2010
T 3,600202 1 AkE gR|NE ) 29 AMgRRe &
Abge] 20% o™, UHA] 80%e 7HEEAl & dEE
FE JEoZ $EHT e AAoltH10).
olEE o3 AF 9] A Fapgol FANA FHIL on A
F7Fo] Alsts]o] UAT, 239 HA H3t A= HloMe=
79 glom, e 3t A7Ee F2 23 P QUrh
2o gk ) M3 AFERE o3 T4 2
2kl gael] tie AG@), WeAA 23 ATQ),
A7kt & 9 "ol ek A1), 29 TS MUkt A
218 = At
Ao g o Ag a2 AFHs| Rk 4A
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Ze|Z27e) 1 23¢9 4'-0-methylpyridoxine (Ginkgotoxin) 3 2 &4k}

st} xelxge] we 2o A Ws, B4 I

A ] Pzl W7t AAY Y5 Hew
A% TS P LA W00 BRI
49 9 W waw gl el 147 A F A

A28 T} Ginkgotoxin standard (supplied as chloride salt)=
PhytoLab (St. Dutendorfer, Germany), B-glucosidase, quercetin,
1,1-diphenyl-2-picrylhydrazyl (DPPH), tannic acidv Sigma-Ald-
rich (St. Louis, MO, USA)IA T3} TE. Acetonitrile (HPLC
grade)> J.T Baker (St. Broad, NJ, USA)°|4], methanol (HPLC
grade) Tedia (St. Tedia Way, Fairfield, CA, USA)l 4, phos-
phoric acid (CAS(7664-38-2))= Daejung (Gyeonggi, Korea)oll 4]
T4sted ARg-sT

AlEel M=
232 W7t AAE FEE A7), A7), E719 371 WY

o2 ztdnt. 7t Ry wE e A7k AL 4 A

g duidds 53 A3E ngoez, d5doz HF shed

HE el ey ¥ 7R AIZF 202 445t

1. 7= &3 FA9 sHjd sgse

=
#7] AP 28S Wl 7F 5%, 15%, 25%, 35%, 45%7F &

30%, 50%, 70%, 9027 W & 238 A2 AAH =715 AA
stk B7le 71ES FEA &2 Zepolals o] g3l Ao
AR A (SK-8900, SATO, Japan)® AlZ3le] 180°ColA 8%,
1132, 143, 1732, 2027 Ao7h JokohFig. 1) 23 =] A
o= =% 3+ o] E(SHP-15001, SHINIL, Chungnam, Korea)Z
o]-g3tRom, 2% g1 A LMIARZEA(SATO, Japan)E ©]
£3lo] 52 1oz FRIE AxE Ase dUE e &
Z2]o| 2 (LDPE) A #wol] o} Wrale] 20°ColA] Ws H
ARk AlE7E 25 WEsH T 2 7Z7](1IShinBioBase,
Gwangju, Korea)g ©]-83t 2 & AF AME-sIT).

FEE9| M=
FE2EY FE2UHE AF 20¢0 119 F/HSE 758t &
B3] &3 & SR AX7F B2 FE4X(DH.WHM12038,

Heating Mantel, Wise Therm, Wertheim, Germany)Z 80°COllA] 4
AZE Bt FESI9eH, o5 A9kl Z(Filter Papers No. 2, What-
man™, Buckinghamshire, UK)3}32. 3351 57| (Rotavapor R-
3, BUCHI, Flawil, Switzerland)2 %3t ¥ ¢43] 223} 3l
Ag ARE-sIATH

Table 1. Cooking conditions at different methods and times

Method Time (min) Temp())erature
(‘0
Boiling 5 15 25 35 45 100
Steaming 100 30 5 70 90 100
Pan-frying 8 11 14 17 20 200
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Fig 1. 4'-O-methylpyridoxine (MPN) content of ginkgo biloba
seeds at different methods and times (A: Boiling, B: Steaming,
C: Pan-frying). "Values with different superscripts are significantly
different by Duncan’s multiple range test (p<0.05).

AHC=
f [ Y

A e= AR A (Spectrophotometer CM-600D, Konica Minolta,
Osaka, Japan)3 ©]&3le] 248191 0m, Lik(lightness), a%k(red-
ness) 2 bt(yellowness)S =743+ Th.

4-O-methylpyridoxine (MPN) &2 24

289 ZXAEA 4-O-methylpyridoxine (MPN)2| &k £
S AOACY] HH(13)S & Aol @A HIsle] AdS W33t
St E A= 0.1 M HCl 87flol] =<1 ginkgotoxin standard
(1,000 ppm)E FEHEZE 3|45t FFEN R AMESINTE 54
Az % 1gS 10mL &9 =21 $ ZI"wHS7](Shaking Incu-
bator, DAIHAN Scientific, Gangwon-do, Korea)o|Al 2A]7F 59t
FE3AJTHE7°C, 100 pm). FE3 A5E A4E2](2500 rppm, S
)3 o 1mLE #H3l 10mg B-glucosidase 32 unitS %o
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Table 2. HPLC conditions for MPN analysis of ginkgo biloba
seeds at different methods and times

Table 3. Color of ginkgo biloba seeds at different methods and
times

Instruments Shimadzu HPLC systemL.C20-A Method Time Color
column Phenomenex, Gemini 5u C18 (S5um, 4.6x150 mm) (min) L* a* b*
A (%) B (%) 0 69.61£1.15)  13320.16°  22.15+0.08
Time Water+pH 1.8 A solvent/MeOH 5 60.75+0.40°  2.06£0.19°  18.17+1.21°
(H;PO,) (U1, viv) = 15 57.90+1.68  2.11%0.11°  17.512028°
Mobile 0 100 0 Boiling o5 6705073°  248£020°  1743£0.54
phase 15 15 85 35 66494179 1.69£021°  18.351.13°
16 15 85 45 58.19+027°  2.87+0.04°  15.82+0.66°
17 100 0 0 6961=1.15  13320.16°  22.15+0.08"
35 100 0 10 58.66£2.67°  2.84+0.11°  18.36x0.61°
Flow rate 0.5 mL/min . 30 58244135 2.69+0.18  16.23+0.19%
Temperature 30°C Steaming g0 53951075 3.02:003°  12.88:1.18°
Detector Fluorescence (295 nm/395 nm) 70 5824+1.76°  2.86+0.04™  15.19+0.71°
I:g)e;lc;f; 10 L. 90  56.05+0.78  4.73+0.18"  17.19+0.32°
0 69.61£1.15  13320.16°  22.15+0.08
8 5495:0.71°  4.83£025°  18.08+0.18
_ 11 5391£1.01° 4412047  16.11+0.60°
ginkgotoxin glucoside”} 7Hr2 8l H == 37°CoIA] 100 rpm o= Pan-fiying 1) 54190310 46320190 16.18£0.59°
M7 &<k RR = 23 ¥, 045 pm Syringe filter (Min- 17 49.784059°  4.43+£0.18°  13.04+0.26"
lUanrep, Whatman, Piscataway, NJ, USA)Z o7} & A|&-8-40 20 4733+1.12°  6.18£0.40°  8.69+0.73°

2 3}o] HPLC (LC20-A, Shimadzu, Japan)2 243}tk Gem-
ini 5u C18 column (4.6x150 mm, 5 pm, Phenomenex)2 A3}
3L, column oven?] == 30°C, ©]5732 H,PO, (solvent A)e}
MeOH (solvent B)E ©]-83}%9 3, 0.5mL/min 4522 295 nm/
395nm ZALZ B89 tH(Table 2).

DPPH radical 271

X 8¢ DPPH radical 227152 Brand-Williams S(14)¢] W<
HEsle] =431} Methanolo] £31A171 0.2mM DPPH 100
pLell A& 100 g &35t 208 5 x| ¢ & E3
Z=A(SPECTRAmax 340 Microplate Reader, Molecular Devices,
Sunnyvale, CA, USA)E ©]&-3l¢] 517 nmollX S8=5 5783}
A& H7Hret TR FRE Aolg WMEE(%E HAE
2T E YERITH

(%)=[1-(A1-A2)/A0]x100

AO: Control®] T4%
Al: Sample?] &4=

A2: Blank(without sample)?] &35

off
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it
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i
ol
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2 Absh-gkel whgol o]k Af9] ‘i‘iﬂi a
4e =2Hs= W Folin-DenisH (15)S HE sl AA| AT
HA Folin-Denis reagent 80 Lol A& 40 LS &3k 2 1—9—01]
A 387 eEg3} 13tk ©F 10% sodium carbonate 80 uLE 3

7vek F A2olx 1A7F REEAIZ] F —‘7'*’*5'* AE o83t 760
mollA FFEE SAHEA ol T dAs s=Ee TS
tannic acidE AMS-8l] 2AJE HEF J:"dﬂi—rﬁ phenol 3}5H&E
S AHsted A8 1g 9 mg tannic acid equivalents (TA)/gZ
BT

O

EtEL0|E EE

% SR kol SRS DavisH (16)2 M slo] ARSI o,

DDate was the mean+SD of triplicate experiments. Means in the same
column with different letters are significantly different (p<0.05).

A& 20 pLell 80% ethanol 160 pL} 10% AICL, 10pL, 1M
potassium acetate 10 pLE E331] 4087+ GaolA] WAl &
BB EAE o]&dte] 760 nmolA S =S AU XFE
ZZ querceting AFESIG oM, FAHE HYF FAHOZHE fla-
vonoid ¥ AT AlE 100g 52 mg quercetin equiva-

lents (QE)100 g&= JERAATE

SHXZ|

A Ao et SAAE = SPSS program (Version 19.0,
SPSS Inc., Chicago, IL, USA)S ©| &3ty Hg3 TFHAAZ
ERNRISL, ZF Al 7] f °W<>ﬂ 2 FAHEA (ANOVA)
< ol &3t Fode Flg ¥ p<005 <= Duncan’s
multiple tests ©]-8-3t] 4] 0}93\3]'.

M

FelEel] me A= #4 AIR= Table 39 Lk HES
ERfi= Lt H7100A gk ¥sts Jepidedl, H71
o] ALz A7) 7P #&LSol® Lito]l 7P =A Ak
t} ol 220 % Qs &3] A Hwo] ZHo R Wl
Fog Algdrh FACES YehlE aghs xg Wy E tE
7A%E HeERISITE d719k A7le z] ARkl mebd e 5l
7AE HolA AN, 2] M3} vlwste] BE AIZHH oA
ol foFow ZkENTh £71E 28 #(1.33+0.16)3 ¥
o, T2 x2] Whgd Hlal] aglo] E Zog Zrlelge
20%%(6.18£0.40) x| A 7P A S7skATh ol L
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(22.15+£0.08)3 Hlwale] RE 28] 2N FoHog 74d
€ Ao yeith F7le Z8 AlRte] AojdSE bgke] #9
Aoz 7HAEioen, 53] ] 208(8.69£0.73)0] & Fo= 7t
Zon o=

[
o
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rlo
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1o,
H
s
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rlo
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e o2
2
ol
%
A,
2
¥o,
rr

o 9% Aer, ETHo
Bolm ok, & dH=7], g9 ¥
GHA ATH17). & AFelMe x7] Aol Hojel wet 5
849 ZTEwo|=7t §EH ] bito] Aadhe R Alsd
th 53] £719 A% g2 g 24 v§) 2oz x5
7] wiel o whe Wshrh Ueon, ojg 22 AiE wiEo
2 yeow zske F7I7F a1 2 A7l vis 2] Az o)
H] &3)o] o gl Ao] Wishrt o yEehston Al xg
W F H719 el M 2 dFE iAe =2 Y 2

o7 AREH

4'-O-methylpyridoxine (MPN) &2

ZElzzlo] W MPN 3 4 A3 BE x] delA =
2] AlZko] S7HEE MPNe| §Ho] sk ZloR vehsitt
(Fig. 1). &8719) 7% 5%(0.33£0.00 mg/g)-E] MPN o] f2|
Ao g 7+Asl7] AFEFg o™, 158(0.3020.01 mg/g) 2 35%E
(0.25+0.01 mg/g)oll = &gFo] FolH oz ashe 2o Yehsk
o} A7kl dojyel] whel MPNe] ol Ald sk 4
& vEbllo, 3583 4527k MPN Egelle o)Al A
o7k VA gttt A 719 7, el AlZko] 90o R T
A= MPN| 7Ha7t Atid oz 71 AA Jedtt 10
B 27 Addle 28 A AI8(035£0.01 mg/g)et vkl f-2]4
Ql Apo) 7k YRR @9k, 30%-(0.32+0.02 mg/g)-E] MPN e
o] frojHog Hasly] At 7] Hd 2] Alko] Ao
A4S MPN o] wolAls 23S Bilou 308 o] $HEe
2 AolZ HolA| ek, 90%-(0.29+0.00 mg/g)o] HolAok 305
F froFel Aozt vt {71 @A 9 MPN §Heke]

B et 7 2 o8 askiledl, ol 0% et A
715 7 A3 3 vish AT R 208(0.25+0.02 me/g)
d o 7P 2 e Bt SRHoR BE oA
ze] Al7ke] ZAoiRel weh MPNO] ke adhs AFS B

2 JEpt 23 43 me Hae

g slw %4 gavt
o 9S4 F Ak ALRELh WA, AZE oE] MPN
o gago] 4 e zePEe A7 Aoz et

DPPH radical &71s
DPPH+:= H]w& 9FA 3l free radicalZ, ascorbic acid, tocopherol,
YIS S 5 Pkl B0 o8] Bsle] 2 Aol g

;.ﬂ: AL Jd FEES] st 48 a5 m 4T ¢
Aol g o] &= vt ZFFZe wE 23] DPPH =
Z A4S B4 A= Table 49} 2o, 4719 A9 2|8}
A e 2Y(46.23+0.08%)2 HISIHS wl 158 71K F2lZ<d
WS JERIA] 99k 258 o] $HE] A7t wEt feojHo=
A2k A 719 A9 S0E 7R FelFed WEE UehlA]
2grom 70kl thih S7H47.84+0.05%)3 F 90E7EA] | E]
At} B719) A9 2T sR] &S 28)(46.23+0.08%)0) H|F 8%

Table 4. DPPH radical scavenging activity of ginkgo biloba seeds
at different methods and times

Method 2;111?:16) DPPH radical s(%z\)/enging activity
0 46.23+0.08*)
5 46.05+0.15
Boiling 15 45.90+0.12°
25 41.48+0.05
35 36.90+0.12°
45 31.44+0.07¢
0 46.23+0.08°
10 46.19+0.11°
Steaming 30 46.02+0.09°
50 45.98+0.10°
70 47.84+0.05
90 47.91+0.08"
0 46.23+0.08°
8 52.08+0.14*
Pan-fiying 11 51.99+0.06*
14 48.55+0.07°
17 39.47+0.05¢
20 37.28+0.04°

DDate was the mean+SD of triplicate experiments. Means in the same
column with different letters are significantly different (p<0.05).

(52.08+0.14%) &<+ #2 AlE7F S7HE 245 JERieH, 11
7] o2 AEEHAJTE 147 o] FHE oA 7HAEA
o} ol3e AFAste HAFY Fakst G oigh A &
I AFQ0) SoHE BuEdet FHele A 110°CelA 140°C
7HA] 18.63-84.52%%2 FAE] 2=7t S71EFE ksl 84 =
St Z7FsIAITE 150°CollM = 71.09%2 2358 7+

el AEAE Aoz AFFe ZuE Aol
dstsg 7K fEE FHR AfEEA G40 F
A7 o BRI EY Qe 21,22) 23 3 H 7|9 27
S felde dEsiEe] S7IAY datsl E4E A
N2 slgtEo] APHAS AR AlEHL o]e)} o] 7
sksl @do] FrlEw 8o el 2 AlkE A8ste] &
3 BS ket HEES), 23 2T Uit = 2 g 59
AT} 2ol theFet wlwollA 7154 AR AR o8 s
g Ao oaE.

o e e

=l
HE 3RHEe gkt A8 Fxlo g E¥s 93(23), A
A8l AAES A7, dGAA AT ZHR4) 5 58S
07 HIET o] o5 T&3 HA LAl g A+
o= o]FAR|AL U}
Z70 e 3o F A= IFE g B4 Ade ¢
FO W (Table 5). 41719k R 719 79 &g Algke] Zzgd
o] ZAFATE B3] 258 o Ak u A
£ Zo] EAlY) ol9} H& A= Al7bo] Al ut
33 RO A Eo £EFHo] WU Ao
= A=Y HE SEY 7S =0l
gog o|Fox| 3 =t ATt 7+
AF@25)el W= 150°C, 3hr, JHrEE
AR A Ex2] 3 dEE FEEQ
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Table S. Total phenolics compound content and total flavonoid
content of ginkgo biloba seeds at different methods and times

Total phenolic  Total flavonoid con-

Method Enllrlrrls compound content tent
(mg TA/g) (mg QE/100g)
2.18+0.02Y 5528 +0.04°
5 2.1240.04° 55.04+0.07°
Boiling 15 2.07+0.02° 52.9140.03"
25 1.85+0.04¢ 49.72+0.05¢
35 1.66+0.02¢ 4725+0.04
45 1.42%£0.00° 45.124+0.02¢
0 2.18+0.02° 5528 +£0.04
10 2.1740.05% 55.10£0.05
Steaming 30 2.16+0.01° 54.87+£0.07
50 2.1140.03 54.0140.04°
70 2.08£0.02° 52.59+0.06°
90 2.040.02° 51.01£0.02¢
0 2.18+0.02° 5528 +£0.04¢
8 2.19+0.04° 55.35+0.06¢
Pan-fiying 11 2.20+0.04° 56.17+£0.04°
14 1.9740.03 56.0140.05"
17 1.56+0.02° 42.19+0.05¢
20 1.32+0.04¢ 40.71+0.03¢

YDate was the mean+SD of triplicate experiments. Means in the same
column with different letters are significantly different (p<0.05).

% dA= 35HE 0] (1,391.51 mg/100 g) F-32] 7% ok >
259 v ITE FH(692.23 mg/100g) Bt oF 2u) =A
Eistom, oAzl o Qi FEE] FAitst 24 AT(26)
AME F HiE FEY o] pectinase (2.21%) > a-amylase
(0.95%) > protease (0.69%) > cellulase (0.45%) =22 YERIT) ]
o} 2 AFE MELE FF AFE 53 239 dAE IHE
o] £&57] #YT A4, B, F& T HA¥EAS &9 ¢
o 23 FEES 85 vt 71548 AR e ol& 7t
T & AeR oidEn 7o AE xF A AR T
(2.18£0.02 mg TA/g)# Ml S wl 90%(2.04+0.02 mg TA/g)
g olFox ZrAZL Ao kv A 7EXe] 27 27

= + &8 A Algd H3)
8T 11olA e F7kele AFE BAoW §4 Aol=
UERR] ghokor, 147cA o] TRE 208714 folHog A
2 Zaskednh gk Al 7R e F 7P @A F9F 7
B Aass Bk 82T 11Tl F dHE SPE T

ul

= o]

o .
g meel gueln A2e dE SaEe] A4E] Hrow
ARHT o)t BT AAL LA B AS 7KAAR A
s % A B9 Il Z/kItke Al v

o] g
28 4% ngre). deH & e S9E S A A
M xR 3 o mgke Wzl

doAdes BE
Zgell ashe A UERAI, 308 o2 X
= Al Aok flo] fAEE AR

& EdigLo|= g
Ze}H o]=g anthocyanin?} anthoxanthing E§8h= H]Z A4
7 AEARE, A oF 60o1Fe] LT HASH28), o9 E

goFst ZelEco|l= AR 10, 0,-9F 2% 2FEHS complex
E gAste] AF sl tig A dalsA] 5o2 tst
Al o] &H AL UTH29). ZFx WE 239 F FHiol=
T A A= Table 59 2om, &719 A 5E7HA] 79
Aol Wal7t YehtA] 9gith 1587 E foFos & Z8ins
o= o] hhdhs AES HI 455 A% ulj(45.12+0.02
mg QFE/100 )9} X2 SHA] 282 22Y(55.28+0.04 mg QE/100 g)<]
% ZTlEcol= ¥ zlol= oF 10.16 mg QE/1008] Aoz &
A=At #7198 739 3027FA 7oAl dHEFe] xpolE Ry
A FRo™, 50 o] FHE Fo|HOR Fhdhe AFS B
53] 70% o)de] ATHA o] ksl A oE UERET
Tgk 238 Akl mEl #okg A9 e e 23)(55.08+
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