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Abstract

Heterocyclic amines (HCAs) are food mutagens and carcinogens that are found in cooked fish, meat, and protein-rich
foods. This study examined the inhibitory effect of marinades containing a Nelumbo nucifera leaf fraction on HCA forma-
tion in cooked beef steak. As a result of the Ames assay, cooked beef marinated with the N. nucifera leaf butanol fraction
(2.0 g) cooked at 190°C showed a 61.5% reduction in overall mutagenicity. However, these data revealed no significant
difference in mutagenicity in the ethanol, ethyl acetate, or water fractions. Formation of MelQx (2-amino-3,8 dimethylimi-
dazo[4,5-f]-quinoxalin) and PhIP (2-amino-1-methyl-6-phenylimidazo[4,5-b]-pyridine) was inhibited 60.7-63.5%. Cooked
beef marinated with the water fraction of the N. nucifera leaf significantly (p<0.05) reduced the formation of MelQx, PhIP,
and DiMelQx (2-amino-3,4,8 trimethylimidazo[4,5-f]-quinoxaline) by 65.3, 67.6, and 73.9%, respectively. These results
show that marinades containing the N. nucifera leaf fraction could be an alternative method for reducing HCA formation in

cooked beef steak.
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Heterocyclic amines(HCAsy> F 71 o]’d<] wldliig]
7= W3S SIRMEE Ames assayoll 93] A A
Aol o g A QO (Van Dyck et al., 1995), 3}t
FZol| wg} &g opui=gke] 71HE 3l AHEE<1 amino-
carbolines?} opH|=7|S Zt=
o]} quinoxaline B=i= pyridined]] £ amino-imidazo-
azaarenes®.Z 73 4 ATk 300°C o)ge] ZE]Z2Ad|
A] amino-carbolinesi7} F2 AAE" 300°C v A=
amino-imidazo-azaarenesT | A 3B THSugimura ef al., 1981;
Wogan, 1992). & 25%2] HCAs= 2]%Z} model system
SEHEH sdHoleo R BREII oY Fx27} ¥E

=
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=
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imidazole 112]7} quinoline
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Hth(Priza et al., 1990). 5] HCAsE S5, ©o1F
3 2o o] FR AFoIN F AFxei
shRl 7 Foll A A= (Layton er al., 1995),
7529l amino acid, sugar, creatinine 5= creatine
HCAs2] AAdol] &S X TH(Van Dyck ef al., 1995). T
3 &7} olf T TR Xy =4, 53] 2EeE,
ZP AR HCAsO] Al QS plAle 8 a4
B3 ckKnize e al., 1998).

A A T4 B (International Agency for Research on
Cancer, IARC)°|A= HCAsE Z7}s =2 (possibly
carcinogenic to human)Z &3}l 1o, E3] MelQ(2-
amino-3,4dimethylimidazo[4,5-f]-quinoline), MelQx(2-amino-
3,8 dimethylimidazo[4,5-f]-quinoxalin), PhIP(2-amino-1-methyl-
6-phenylimidazo[4,5-b]-pyridine)= 2BLE (AL 55
Aoz B3t k. Layton 5(1995) A717+e] B&
AAS 3t HCAsO| AFS}H §ho] JHHAE wilon,
A8t zAkste] Ak, 27, ek e 2

o 2L ofN off

2=
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2 FFe 4§17, oF 5o AP WAE By
&} TH(Felton et al., 2001). Ushiyama 5(1991)2 HCAs
o tig =TS sty A8l 2+ oAl e Bd(33-
80A), 4143(13-67)y o= 3lo] 2427k AWl AE
< A% 23} HCAsY 7E %7} 0.03-47 ng/24-h urine
o] FFoleH, 3 AR & MelQx, PhIPE= ZH2} 0.3-3.9,
0.005-0.3 pg A= AFHFS B vhZ 2447k F<t
AFHHAE A RaL ¥ BT ARE JURS TR
AVEE9 A= HCAsZ’t AEHXA] &gt} Rohrmanni
Becker(2002)9] Aol Q172 SHF it 103-160 ng2]
HCAsE 33c}a B 1514331, PhIP, MelQx, DiMelQx(2-
amino-3,4,8 trimethylimidazo[4,5-f]-quinoxaline)2] ¥ #e
Z}z} 63, 34, 2ng/d= UERSTE 2F] EAleke et
SAEELE v AT AEH] AF AF o3 A7
AHog =& WY YFAHS =k o5 Y AE
A2 HCAs =& A=E Zolghal ARk o, F
Toll= EdweldA, By EES B8l e JAA
v el JARIAE FH= Zlo] T3 Th(Shin,
2005). gHg 3t kst aatel AR Y olfE I
2bsHA| 7 ] ARSE AR Wt 7sdo] A7 )= WA
A FisiAle] tigh A7 sk da FeAE
ol Wiy Qe o =RE YA AU, A, XE, &,
AL, ok AL glow ZbE 54 248 Uis F
S-S st AoE dEA YN EARE ARSEO] gt
THLee et al., 2006). Aol WaA Qo] Hejga], AE
B0 tigt A7} o]FolX 2 YoM (Kim et al., 2005;
Choi et al., 2009), W& ), A, A 5o HFE
w2 A8l & B (Park er al., 2007; Choi er al., 2009), ¥
& 9)9] 3 EF(Lee ef al., 2006) So] ATFE o] gkt
olZ3 Wiy Qo] Frk3sl dxfol e AP A7 Ax}
o2 B Ao WH Q] FEEo| 7HES 4
7] Z=H|o|Zol|A1¢] HCAs AT S<dmolddel HX|
Fakol| diste] Brkstnt.

o A

H WE Qle Ay FtellA FlEe
o, XV, A, 5, &9, AR, e, A, AR, S
7, vhs, dEaTs, ST, Hi7] SHETFHS A
=oll #IX|3F ZEVEE (Korea)oll X TU8FT}. 35-2] HCAs
X FE2MelQx, DiMelQx, PhIP)-& Toronto Research
Chemicals Inc.(Canada)oll A T-43}31.S ™, Polysulfonic
acid(PRS) Bond Elute Columns(500 mg), C-18 cartridge
(100 mg), Extrelut-20 columns< Varian (USAXIZ5H
A3l ALeslHY. WHEFEZQ] caffeines Sigmail
(USA)ll A T4kt

HH 9 FEEN RIS E 2EE Y 22N
ZEAE a2 25 goll 1081] 80% o€hE 250 mL
A7kt 3 soxhlet A& o]-8at] 27 WzetH 34]
T 80°C & ol A 33 Wi FE3T o] &
S 40°Col A rotary vacuum evaporator(Korea Bio-Tech
Inc., Korea)E ©]&-3t 73t 53 & 52 7x38t
d 9 gk FEES AFSIYE o] deke FEE
53 Ho] BIZu 7)o Yl ethyl acetateE 37}l
ethyl acetate =3 & TS £33+ &, 71 =314

o AL o

d

225 Table 19 YE} o} £IES Hsl A
Z3I¥t 2ol A¥of= butanol fraction(0.5, 1.0,
2.0, 4.0 g), ethyl acetate(2.0 g), ethanol(2.0 g), water frac-
tion(2.0 gy F7Fete] Zpzhe] g AR Wt
54 B2 HCAse] AA A A 913 water fraction
(2.0, 4.0, 8.0 g)S H7Iete] T& HRE 7|54 &2E A

Z3I3AT

=
2
il

=2|=A

#17) 54 100 ¢& o183l T A A FE2E
< 7A@ 2] Egso] At ks
24 44 ol 7154 2250 AN L7 52 0]
A W 4% A S FRIskT o] AlEE2 ®W
%7} 190°C2} 225°CQ1 Teflon-coated electric frying
pan(Chefline Corp., Korea)ol] 8-S 1087 71Esl3i )
Z A7 5 ol 7ME 25 S H fHe
EAE ARESIaL, 4]37)9] WH-2 == surface tempera-
ture thermometer(Trend Instruments Inc., USA)S A}8-3}
o A5G 719" 7)== ZA A2 FH -70°C deep
freezeroll 3417t B¢ WE3 3, 52 HdZ7](Labeonco,
Kansas City, MO, USA)ZS o]&3t] AZAZ] ok, =2t
APyl E=lt](Hanil Electronics, Korea)S ©]-8-3ta] ZH|

2eint.

=HO| M Al

EdRo)dA AlFS Ames 5(1975)2] WRol we} s-
9 mixture(Molecular Toxicology Inc., USA)EA] s}ol|A] .
Typhimurium TA98(Molecular Toxicology Inc., USAYE I
T2 AFE3Fe] 33T} Dimethyl sulfoxide(DMSO)E
negative control(spontaneous revertant colonies)@A] A8
3L 2-aminoanthracene= S. Typhimurium TA98 75-2]
positive controlZ AFE-E|UTE EAWHo|UdAde] Axp A
© Moore9} Felton(1983)2] HIHol| wlg} AAEIoH &
FHE-S-22 9] liner portione 7FEE {72 &0l

22k Uehhzd AgEI9ich
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=4 & HCAs & 3 MX|

573 71355] 71914 HCAsS Al FZ317] $18iA4
Gross®} Gruter(1992)2] A4t FE3PHS HEst] ALE-
B9t A2 4 ¢ 3k 1M NaOH 16 mLE 7}t
& 34|17t 2t sonication(JAC Ultrasonic 2010, Kodo Co.,
Japan)yS- $F |, UISETE29 caffeine(5 pg/mL)S- spiking
SjRes| homogenizer(Omni macro homogenizer, Omni Co.,
USA)Z 231399t} Chem Elut Extraction cartridge®]]
#A7 £AL 75le] 105 2ot & FAYTE & 5,
0.1 M HCl 6 mL¥} 0.1 M MeOH:0.1 M HCI(6:4, v/v)}& 5
mL¥ 33] 7}k & H,0 2mL< F7iste] mlg] &350
Z1 Bond-Elut PRS A#d] F3AIZ T} 1 5 CH,Cly:
Toluene(95:5, v/vyS Chem Elut Extraction cartridges®l] 20

mL 4 33] 7}5le] &443}E Bond-Elut PRS A &%
H BEHES EH3EE 51th Bond-Elut PRS A
H,05 5mL% 33] 7}5le] washinggt & MeOH 5 mL%}
H,0 5mLZ "]g] EASIAZ] C-18 cartridges AZA|7]
I 0.5M AcONH,(pH 8) 20 mLS 7|5l 8ZA1 2T &
Zo] 1P C-18 cartridged]l H,0 2 mLE 71+ 5| MeOH:
NH,;(9:1, v/v) 0.8 mLZ F& BXES 8327 o] &
B 40°ColA A F5(MGS-2200, Tokyo Rikakikai Co.,
Japan)3t ¥ 1 mL2] MeOHZ mass upste] LC/MSO F
R

HCAs &4 =2

7FE® #ar7]elMe] HPLC 245 #J8) A% HPLC
ZH]= Agilent 1100 series(Agilent Technologies, USA)®]
Atk 7HEE 2ar]oAe] HCAse] #4918 93 22w}
Eadd 288 9k LC E4F2712 23} £} Zorbox
RX-C8 column(Agilent Technologies, Narrow-Bore 2.1x
150 mm, 5 pL)S AF8-8}993L column temperature= 25°C
olr], AZ29] injection volume 5 puLolch ZF ¥F &
o] BYE 98l 02 mL/minY F&o2 HAAstdoH
°]%5% A= 30 mM ammonium formate buffer(pH 3.7)
AR89l o] B acetonitrileo] 10 7]-&7] Sl
25 ARSI 71 7] SR 2719k 0-15% <t
o= olFA AZ 88%, 15-258 F<holl= 50%, 25-33%
o= 88%= AAsl] EeFNom, AR ABEFS -‘?4
3l 1583 88%= ST} AR A BX7]= Agilent
1100 series LC-MSD©o]lo.™, o] 23}= o] (positive
ion) WHe] AR} BE o3} (electrospray ionization, ESI)

o]it}. quadrupole mass analyzere} AZ2H AR 7|E
AFE-31$.0. 1, capillary voltage®} nebulizer pressure> 4
kVe} 30 psige] ¥l drying gas flowe} drying gas tem-
perature= 600 L/h2} 350°C]iT).

SHXE|

EE Y datax 33 HHES Aol window§ Sigma-
Stat 2.0Jandel Co., USA)S o]&3te] A3 & 7k &4
s} $40] o FolFlTh. 7} wabel 23 e one-
way analysis of variance(ANOVA)E A|3)3}3 o f2oA
= AT p<0.05901A4 SJrlE Fofsitt. Aol Hlul
£ 93} Student-Newman-Keuls testS ©]-83}3 o™ A
HolgdAd AEe &Rk }\*ﬁﬂﬂ:ﬂ‘j@.(hner re-
gression analysis)S 53 79 & EdWHo] HFES A
ATt

cE

[

W2 Qg B8EH 7|5 Aao] SHIHOlUY o B

B ATl WA 0g ol&se] plehlols A2t
H7h Aol Sl Ry AFET WPk
d 421 HCAsY A A &9E5 LolR YT} Choi

5(2009)9] ATFAM Y B FE WHoE WE Q9

ethanol, ethyl acetate, butanol, water fraction® 4 4 U

ATt

Bjeldanes 5(1983)0l] 2J&1A frame shift =<1 0]
A8k uj] 20]= TA98 7} base pair EHoO| =4 A]
AREEl= TA100 Rt} HCAsY S90S <ol uf ¢
@o| 2ol= Ao 1A Table 19] YR 7S]
butanol fraction 0.5, 1.0, 2.0, 4.0 g& 713t vlgjyjo|=
A=) Har7] ZHo]AE A9 0°CollA] 4x]7F 1k W
Z=XA|A 225°Col| A 7HE3E F, Salmonella Typhimurium
TA98(Molecular Toxicology Inc., USAYS T2 3 =<
ol AAa dFe] ZFE Table 20 YERARIT
Butanol fraction 0.5, 1.0, 2.0, 4.0 g2 FH7ISIHE w Z}
7} 49.8, 51.0, 61.5, 64.9%°] & EH] SAH| LA
AR EH= eSS, butanol fraction 7 HE ol A

2 il

=
=

Table 1. Ingredients of marinade sauce added with fractions
of Nelumbo nucifera leaf

Ingredients Contents (g or mL)

Garlic 15 (g)
Ginger 5(g)
Lemon juice 15 (mL)
Oinon 75 (g)
Oligosaccaride 22 (mL)
Pear 45 (g)
Pepper 3()
Refined rice wine 15 (mL)
Sesame 5(g)
Sesame oil 30 (mL)
Soy sauce 120 (mL)
Sugar 15 (g)
Water 45 (mL)
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Table 2. Effects of butanol fraction of Nelumbo nucifera leaf
on the mutagenicity measured by Salmonella Typhi-

murium TA98
Sample Frying temp. 225°C Inhibition
(8 Mutagenicity (Revertants/g of meat)" (%)
Control 1987+86" 0.0
0.5 997+68" 49.8
1.0 974+68° 51.0
2.0 765+61° 61.5
4.0 698+51° 64.9

DData represent the mean and standard deviation (n=3).
Means in the same columns bearing different superscripts differ
significantly (p<0.05) by Student-Newman-Keuls methods.

53] 2.0 g oS F7RIGS W SAZRCE 1oI8Hp<0.05)
EdoldAd dAEAE YERIRIH olelg A7E vt
B0 2 ethanol, ethyl acetate, water fraction 2.0 g& 22+
A7 mlglo|= AXE At Hav] ZHo|AE
et FE& 2o F xEete Mol JAEHE
37} ™ buthanol fractions 713 Ao} vl sl
ot 7zt & BgE9 vlulole AnE AP 1VE
225°Col| A 71483t 23} butanol fraction®] ESHHO| LA
A ET= 61.5%2] xS YERNRIAL ethyl acetate, ethanol,
water fractione Z}z} 559, 55.7, 55.1%%] SGAaH=E B
oFo =M, &n ¥ fraction®] MUY AR &A=
2182l zjo)7) gitkar AlEE T Table 3). Kikugawa(2004)
7HEE 7oA EdAelE HAslehe WY F Shu
Maillard reaction Z7|SA|9| A pyrazine cation radical
P AAE Bl o™ o]+ polyphenol 3RHE=
Holsks o2 AARIG o]y Fled £
# 219] butanol, ethanol, ethyl acetate, water fraction®l 4]
122.72-341.39 pg/g 9H EA1SHs Ao2 B 1= THChoi
et al., 2009). olol we} wiEd Q) guf EYES FHrlsted]
7FEE Hav)e] =2 Sddeldd dAEe F ds
AR e AdEE Ao AlsEh

o Lo o

Table 3. Effects of fractions (2 g) of Nelumbo nucifera leaf on
the mutagenicity measured by Salmonella Typhimu-

rium TA98
Sample Frying temp. 225°C Inhibition
(® Mutagenicity (Revertants/g of meat)" (%)
Control 1987+86° 0.0
Butanol 765+61° 61.5
Ethylacetate 797+58° 59.9
Ethanol 881+48" 55.7
Water 892+45P 55.1

DData represent the mean and standard deviation (n=3).
Means in the same columns bearing different superscripts differ
significantly (p<0.05) by Student-Newman-Keuls methods.

i olg #8575 249 HCAs M X LI}

A 1xd HarE A FEFHEPE)S o83t
o AA| F=3AL o] AAFZES o83t 479
HCAs @74 Aa3 H715 Ldotrsint. st vid o
fraction& 2]-80] 7}=3t water fractionS AFE-3tich. Wi
A Q] water fractione H7}3}A] & A317] 100 goll
HCAs2] %8NS spikedtd] FAHE o &, IS
TSRt DA B GE-L 31-76%0|H, PhIP= 37+4%2] W
< Fga2 UeSlaL 2 stells of 70% o3 34
S5 HAFET Knize 5(1997)2] A2 = MelQx,
PhIP, DiMelQx®] 3]5-&°] 67, 30, 72%°]|%13L, Abdulkarim
I} Smith(1998)91A = 42.0, 30.5, 45.7%2] 342 Y&}
=S

FEH2E7F 190°CS] Zejoldlo A H317)E 7FEe 74
- PhIP7} 26.05+1.2 ng/gZ 7 o] AZEAL, MelQx
E 12.23+1.9 ng/g AE%ATHTable 4). WM& o] water
fraction 2.0, 4.0, 8.0 g= J7I3t mlEyjo]= AAE A
g Ha7) ZEolaE 99k & o= 719E A,
7} FEoA MelQx= 30.9, 48.4, 63.5%, PhIP= 31.6,
474, 60.7%°] FE|EZAR] AAEAE YR ATH Table
4). Trp-P-1(3-amino-1,4-dimethyl-5H-pyrido-[4,3-b]indole),
AaC(2-amino-9H-pyrido[2,3-b]indole), MeAaC(2-amino-3
methyl-5H-pyrido-[1,2-a:3,2-d]imidazole), MelQx, DiMelQx,
PhIP, IQ(2-amino-3-methylimidazo[4,5-f]quinoline)= T}
g 230 wet AE 4] oM vYehve =9
oldeoz 4R vt spAITE & A9 o] oF 200-
300°Ce] =2 2%ollA 237)E 2T 49-ole MelQx,
DiMelQx, PhIPo] AZEHE Ao 2 A2 EtH(Felton ef al.,
1986).

FH2E7F 225°CR1 Zetoldol M Hars 71dg 4
7 MelQx= 21.4143.2 ng/g AZH %13l DiMelQx, PhIP
= 77} 14.61+1.4, 38.21£3.7 ng/g®] AZEH o] 190°C A
Z23k ZFET Bo] AEHATK(Table 5). T7Fs&4
l HCAs @70l QoM zeleee vif- T8% 84 T
shtoltt. Shin?} Ustunol(2004)2 2F 200°C7HA = Z&]-&

Table 4. Effects of water fraction of Nelumbo nucifera leaf
on the formation of heterocyclic amine in cooked

meats at 190°C
Sample MelQx Inhibition PhIP Inhibition
() (ng/g)" (%) (ng/g) (%)
Control ~ 12.23+1.9* 0.0 26.05+1.2° 0.0
2.0 8.45+1.4° 30.9 17.81%1.4° 31.6
4.0 6.31+1.7° 48.4 13.70+1.0° 474
8.0 4.46+1.3° 63.5 10.24+0.8° 60.7

DValues are expressed on a cooked beef basis.

Means in the same columns bearing different superscripts differ
significantly (p<0.05) by Student-Newman-Keuls methods.

Data represent the mean and standard deviation (n=3).
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Table 5. Effects of water fraction of Nelumbo nucifera leaf on the formation of heterocyclic amine in cooked meats at

225°C
Sample MelQx Inhibition DiMelQx Inhibition PhIP Inhibition
(2 (ng/g)"” (%) (ng/g) (%) (ng/g) (%)
Control 21.4143.2° 0.0 14.61+1.4 0.0 38.21+3.7° 0.0
2.0 13.25+3.6 38.1 9.23+1.8° 36.8 29.05+3.1° 33.9
4.0 9.14+2.8° 57.3 7.50+1.6* 48.6 20.24+3.8% 47.0
8.0 7.43+2.1° 65.3 3.81+1.2° 73.9 12.37+1.2¢ 67.6

DValues are expressed on a cooked beef basis.

Means in the same columns bearing different superscripts differ significantly (p<0.05) by Student-Newman-Keuls methods.

Data represent the mean and standard deviation (n=3).

7} Z7)aeE Sado)YUAE Z7kshY, 200-250°C]
= =elege] ST Hlen 300°C

ol w FASA Assls AoE RudYtd Knize
150, 190, 230°CZ Ag3s}o] 21

7] sEjelAS] HCAs 6&% %*461 A} 257t F7FEl
w} HCAse] A% 71k 21& YERIIAL B8+ Ahn
7} Grun(20052)2 180-220°C| A 7+ 3t A 7] el

HCAs®] 3Heks EA1ske] 220°Co|A 7% ZZ%HV:
£ HoAFRn W QS AN migulo|= A9 H
9] A a¥= B7] 93 water fraction 2.0, 4.0, 8.0
ge H7leted Hav|E 71Es 23 DiMelQx®] 75 7t
FEolA 368, 48.6, 73.9%2.2 7FF JAlEEo] Edar
T2 © 2 PhIP(33.9-67.6%), MelQx(38.1-65.3%) o2
HCAs &4Jo] &A= AtK(Table 5).

Wy Qo= AE]eA AHE S Z A nelumboside, nucifer-
9] alkaloidfF, gallic acid®} methyl gallate

S2] aromatic acidf 2 luteolin, quercetin, isoquercitrin,

ine, coclaurine

hyperoside, rutin, kaempferol 52| flavonoidi7} ATHKim
et al., 2005; Ono et al., 2006). DPPH radical 2752 &
2%} 23} p-hydroxybezoic acid, luteolin & quercetin 3-
O-B-D-glucopyranoside’} 74 9<=3F k3l 3= e}l
Yo E3] luteolin® ETOE AFE-E ascorbic acid
R} 7323k DPPH radical 2753 E3THAhn and Grun,
2005b). Choi 5(2009)2] ATl = WA o= F Hl=
S A0l o5l Hlsd =do] AEd] EAIdTE As
F 4= 9)2lem | DPPH radical 27, ABTS cation radical
AeS B3 IAT & e i) ol HE R
APAo] i B sttt Flavonoidet 22 #Hl&=A

=2 HCAs 84 4 3 maillard reaction®] %7] ©
oA YAEE= free radicalS Ao ZH HR-9] A&
Q1 pyrazine, pyridine, pyridazine®] A4S =H=CtH(Namiki,
1998). = free radicalol] HAAS Fogto gH Aksl= A
gksle] HCAs S AAIske slos i aFn

wEb] WEl Q) FEE-LS heterocyclic amineT AT}
EdRoldAS JAlske At e A= Yy 1
A A AJHA b SHelA AR G v

Hopoe

=]
Rl

o

LIS IR 01949] ”ﬂ =4 EAE Fske AE aA
B3l we ATy} Eﬂﬂ?ﬁﬂ-. Tsen 5(2006)2] Al

AMe 22l FEES 5 HE 7R Ha7) sEE
191, 204°Col|lA SEA oFHe 7183 23 MelQx, PhIP,
Norharman(9H—pyr1do[3,4-b]1ndole), Harman(1-methyl-9H-
pyrido[3.4-b] indole)®] 0] A AL BHerat 4=
Uit o= Z=ul7) HEA GAEA|ZA] free radical
AASH= o] Z7] wjitel] 2Flxe HCAs B4
ATl = AR ASEHK(Tsen et al., 2006). ©] &
He4d 45 Bol Hislal e AFe=E E}Z‘ﬂm
L)) (Pantelidis er al., 2006), % XK Ahn and Grun,
2005b), =2)H. Y (Ha et al., 2009)°] =3}, Salmon 5
(1997)9] AFoXE &, ST BF, A%, vlE, #HE F2,
49 5L ol8d shalMlol= 228 rlde slae
chickenol| 4] 92%2] HCAs A3 A| &35 JeRJAT. o]
o= B8 9}l(Busquets ef al., 2006), A, W]k
vul=(Murkovic e al., 1998), 22|31 (Shin et al., 2003)
Sol F7H HarlelM s =2<1 HCAse| 443
o] dAlET Bt

é mlo tlo

2 ¢

Wi AN AR AL Ay, §F 5o we
A Aol S0, WR7FsA 221 heterocyclic
e} AP, Y S TR U
2 o8 vleMlol= 2258 B7}ele] 21718 HCA
FAAAA BT} FARC)Y dAEHE LolR T

Ames assay 23} #7 ¢l butanol fractions 2.0 g 37}
slod 743l 2a17] ZEo|FdA 61.5%2 w2 B9
ol AAAFAE HERHAARE &l ¥ fraction H7
Kol frel71e) Holg veihA] 2t

A A 207] selol= Azl Ago] bsd W
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