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Inhibition Mechanisms of Naringenin and EGCG Against the Formation of the
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Abstract: [Objective] This study clarifies the key roles of naringenin and epigallocatechin gallate (EGCG) in
inhibiting 2-amino-1-methyl-6-phenylimidazo[4, 5-b]pyridine (PhIP) formation in roasted meat and reveals the
molecular mechanisms by which naringenin and EGCG regulate precursor consumption and intermediate
accumulation, aiming to provide a scientific basis for reducing the risk of heterocyclic amines in food processing.
[Method] The changes in precursors of PhIP in roasted chicken breast were determined, and a model reaction
system of flavonoids, methylglyoxal (MGO), and phenylalanine (Phe) was established. The reaction kinetics
curves of key substances were studied to decipher the inhibition mechanisms of naringenin and EGCG against the
formation of PhIP. [Result] Naringenin and EGCG inhibited the consumption of creatine and amino acids,
precursors of PhIP formation, thereby inhibiting the formation of PhIP in chicken breast during roasting.
Replacing glucose (Glc) with MGO in the model reaction system helped to reduce the interference from complex
reaction products, which facilitated the identification of the critical point at which naringenin and EGCG
intervened in PhIP formation. Naringenin and EGCG reduced the production of the PhIP precursor
phenylacetaldehyde and the Maillard reaction intermediate MGO. The reaction kinetic model data revealed that
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the elimination reaction rates of EGCG and naringenin with phenylacetaldehyde were the highest, indicating that

the elimination reaction was a key for the two compounds in inhibiting PhlP formation. [Conclusion] EGCG and

naringenin inhibited the formation of PhIP by reducing the amount of phenylacetaldehyde in the reaction system

through the elimination reaction.

Keywords: heterocyclic amine; EGCG; naringenin; PhIP; inhibition mechanism; phenylacetaldehyde

PRI AATTER A 1 0 32 BRI 2 — (HAE
L BN T PR TR R R, S A B T B
PRI BB ) R —— R IR IR R
BRI AR 5 BN 8RR A 1 R IR 2 — £ A
VA5 45 P Jess i ) R A 0 7L RS R0 2 T A7 E AH 5
PO E AR O I R SR A 28 1 S U A
&, (5 A 240 T PhIP. PhIP 2 £ & 0 T F1 H
WK BE R R R R AR M R e 2 — R
15 AL ] R PRIP W] ks L g set e B e O
5T H/L#J (International Agency for Research on Cancer,
IARC) F 1993 426 PhIP %5 24 3R & 28 i & LA
BEESUB (2B ) . Bk, T 4K A 25000 i = i 4
I PR A IR e AR VR R R
W50 % B, 38 3 VA 0 K 28 TG HE 10) 3  2K A A ) Re
% 2 1) 2% PR B T T, 4% VAR B Tk AR A
A HEST R AT S

Felton 55" i@ i [F] 7 2% % ic 1iF 52 Phe #1012 BT
& PhIP JE B I BT AA 4« Zochling 50 il Y w5 20
AH A5 1% A CHPLC) AR it 3 156 A (GC-MS) £
BT 2 B AR ZR LA B 0% PR H 6 Phe s JULTRR T 55 AT AR 4
DA 2R ¢ 55 s IR v T A gk AT e DU, 3 — 2R S T
PhIP [ 4= il i 42 . PhIP [T Al 32 B4 9 2 N B B -
2B — By Bt , Phe 7E /5 I N 4 Strecker [ it 42 iR &
fi% , Glo ] {12 HF e ok 72 5 58 B B, LR I 5 2K 4 s
ity Gk — RINE IR ] B B 44 A B PhIP, I B
() L s B 3k R o AN B AT A 3B BT TR 1R A AT
IR 2 2R B, B R 2 Ak G P mT DA R0 1) 2% BA e AR
i, Hot EGCG 5 M B 2 &k R & o B
Cheng "™t A R, BRI EM S 5K L
T R0 & 0, BH T 5 LR I % A= 4 & OSE, AT
0] PhIP I o BEAb , - — B FEAL B W MGO
J2 35 A8 RN P A )3 PR R 3 R ] Ak, 23 {2 33 Phe
A K T S VR I S RN B & AR PP, AU
WF 78 3% Wi K0 B 0 o- — B AL B W BRI B2
& AR T M PhIP JE B 5 & 458 . Zhao %5
T 7 QSAR MR A K I, ¥ i AL B WX A8 FE %
T RSP 00 1) 280 SR 5 G it 7K L 3 i R R 9 b 45

AR HERMEGYTRGE S BEIERK CBHE
Wr PhIP [ 7 bR, 1 7T B8 5 - — B 340 & 0 40 B AE
20 PhIP [ A 1, 1B X 2 b id 42 140 AR X o ik B F
FHEAE F B AR IR . DR Ik, R 90 S 2R A 4 %
T I TV B0 R R S B 77 2 R 5 ), R 2R 2
A oy AT 38 e 3K 2 i A5 52 e PhIP [ JE B, 6 4
71~ 0 BEL T 2% B () T i AL o 22 00 B B

VE 2 38 it A4 2 3 B .M GO H1 Phe A1 7 £ 7Y J2
LA Z L BN T RSB T R VEAE S B T A
% M EGCG 5 PhIP 8 M4 2 8] 1) I BL T8 2, 1 €
EGCG M Jz Z 75 40 1] PhIP £E pit i FE rp 1 5% 4 1
R A5, TG R N R 98 A B2 3 A1 EGCG X PhIP (1) 417
HIVE FALER , DUSH B AR08 O 2R BRI I & &2, 9 %
6K PR i) o 1 00 1 1 (L B0 A o
1 MES5Jiik
1.1 MRS

BEE Y P - b 5K W B T PhIP: 4E >
99%, Il & K Toronto Research Chemicals 24 &) ; Hll
B F ol FE>98%, db 5t H R BB A BR A Al
EGCG: 41 & >98% , i #B 3 57 B AE VR A R A
& 5 ILER BF WLER  H & 82 (Gly) < 757 & 82 (Thr) 57
SRR (1e) - PR IR (Cys) 2 R (Pro) « T &R
(Ala) VERZE IR (Met) A R (Val) 222 FR (Ser)
IR (Arg) A E R (Glw) «E &R (Lew) A & R
(Trp) - Phe. 4 % FR (His) « #i & 1R (Lys) « I & IR
(Typ : - #ral, AL B AR AR AR K L
i MGO- BB 2K % .2,4- K o brat, Ll
FMAENRE R ARAR  ZHE R %
B BEER NV, N- R - oy A A, T 2 SR AL
2RANERA A LR OHE NG I (il 4l , 55
Fisher Chemical 2 &) ; Oasis MCX [#& #H &% B AL .
5 [H Waters A 7 -
12 NBFE5EE

43 M1 K P : MS105DU 2, Hi -+ Mettler Toledo
o] IR ETR ¥ 2% - VORTEX-5 B, VT 950 1] 1
MR DL 7R AN 2% 1l 3% A BR A &) s HPLC: LC-20AT ¢, H
A BN 7] 3 GC-MS: Thermo TSQ8000Evo Y, 5

129



130

Journal of Food Science and Biotechnology

28 2R Gt R B4 A Al s B EYELAOSB-
2100, big % B A PR & Al s B0 L - 3-18K 4,
% [# Sigma /A A .
1.3 A&
1.3.1 M5 38 14 Py &9 %) 4F

W B 5 XS I PR 4 TR T K A R S . FREX
40 g A BE , Il B ELAE 6 e J5 1 em (1 [ 2 AL 19 5 9 B
80 g PRI BE~1- 451 43 B 2 473 » 73 7l I N 2 mL 0.025 mol/L
Tl Bz 2 — W EE VA WO 2 mL 0.025 mol/L EGCG —H
REVE T, 78 B HE I 2 N B4R 6 em J5 1 em [ 5]
JERYE. BT 4 cCOKFEMER] 12 h, BE J5 TN il # 2
220 °C [¥) B 1% 48 1 B 20 min, 10 min I § 1 . 4% 58
Jei P R I A R O R R RAE— B FRA A
J& » FA R BE MUK DR 1 L T T -20 °CHiE A7 -
1.3.2 Z23r 69 4R B 5 UPLC-MS/MS 5 #1

FREL 6 g ¥ A, N\ 25 mL 1 mol/L NaOH % ¥ Al
ARV IR, 35 )50 10 min JG 0N 15 g i i -, bR 45 H
7oA BN 50 mL .2 2.1 , #8 75 fihi $2 30 min,
HEEBAEME LK, &H20ER, 2 2 G LR
g2, e Z5 W45 2 10 mL. K A Oasis MCX [ AH %5 HY
FEHEAT REEL, Y 6 mL 0.1 mol/L £ R 6 mL H %
A6 mL F i — 2 7KV (P R R 227K R AR AR B 950 5)
e M 2% I %, B AW T 45 °C TR P VR, N
I mL F 2 B % ,0.22 um JE e &1 L e 5% 5 3 5 b AT
UPLC-MS/MS 4 #1H . €4i #: A Zorbax Eclipse Plus
C18(50 mmx2.1 mmx1.8 pm) ; i 3 A A AR 4 %
0.1% FF R I3 W, RS A B N &I - o B 0l i 2% 14
N+ 0~10 min, it 3 #H B & 1 4 % 10%~60%; 10~
12 min, Ji 3l #H B A& F1 73 30 60%~90% ; 12~13 min, Jit
Bl A B AR A 43 $90%~10% ; 13~15 min, it 3 A B {4
TR 0 10%. i B 0.2 mL/min, #F £ & 1 pL, AR
25°C. BFH A NEEFHEA, BEHEBRERN
3.5 kV, filf 1 BE & M 28 eV, B T YR N 120 °C, it
TR FE 2R 350 °C, < & 4 10 L/mine
1.3.3 #2814 B3 & PhIP AT 4k 4 89 5 47

1) i 25 2 ik R 1 20 A« AR 5.0 g % g Y BE ,
A 20 mL 2 F 7K, 21 10 min, 5 000 r/min & 0
10 min J5 Y5 EiE W, 5 20 mL AR 2 205% 11 =
ACBMAKBWFTENRAE 4°CHE 120 IIEEA
Jii . JEWF S mol/L KOH ¥ ¥ I %% pH % 6.0, I H
EBETFKBBRESOmL. HRAERUTAESS
HPLC ¥ #1707 3 & FE R 1 ™. ¥ 0.5 mL A
MmIEHR NS mLER B A BN, BE S KA

BE305H1 2025 8 A | RRE5EYEARFER

0.5 mL pH 24 9.0 ¥ § /% 2% pP ¥ A1 0.5 mL 2, 4- — 4§
BREMHEARF . 7E 60 °CCHIZKIE T, T s 4b ) |3
1he f7 BV H 4 500 J5 8 F pH 7.0 1)1 B2 2%
MR EREZIE, 5 E 15 min, i 0.45 pm EFLIE
J% J5 #E 4T HPLC A& 0 » €838 4 SHIMADZU-GL
InertSustain C18(250 mmx4.6 mmx5 pm) ; it 2 AH
A NE IR B0 1% N, N-— F 3 i 0 20 R B
G2 W (pH 6.8) , T Bl AH B AR FR 43 %1 50% (1 &
K VA . i 1.2 mL/min, £ 35 27 °C , & I % K
360 nm. #f B BE AL P08 0 min, Ji3hAH B AR RS
$16% 54.0 min, 3t 2 A B A& F 4 %7 31%:9.5 min,
WA B AR F 4> $36% 5 17.0 min, Ji 35 41 B 4k #1
43 B 55%; 28.0 min, it &) A B 1A FL 4 BL 65%;
34.0 min, Jit 3 AH B A& 73 4 100% 5 36.0 min, Ji 3]
FHBARTR 73 20 16% .

2) JL TR AL ER BT 1 23 A1 < FK HL 500 mg X8 1 PR
JBEF 10 mL & 4, il N 5 mL 0.5 mol/L HC10, %
W, 2126 5 min. 4 °C'F T 5 000 r/min & > 10 min,
W B B 3% ¥, B 5 mol/L KOH ¥ ¥ i 7% & pH 7.0,
FRRES 0 10 min, FIEWOL 0.45 pm Gl AL I8 R 5 2t
47T HPLC A& Y . 22 HE 2 e 48 5510 1) 4G W 2% 1
4% F£ 4 SHIMADZU-GL Inert ODS-SP(250 mmXx
4.6 mmx5 pm), A AN MG I8 A B AR
3 400.2% 1 H PO, /K IE W - KA 2 4% 1)
WENH A BEAT S B VR . AP K N 210 nm, Wi
N 1 mL/min, #3825 °C, #EF£ 58 20 pLo
134 HFHBEAIKRGE S

1) PhIP B 8 4k &« 2 B8 SCik[20] , ok FR =
0.1 mmol Phe. 0.1 mmol UL & 1 0.05 mmol Glc
T A E L MNS mL &R AR 7 40 14% K =1
B VS, R % IR 2 5, 175 °CHn#A 30 min. # 4
RN 24 10.0 mmol/L 1l J7 & 5 EGCG, [ W
SRS, SLEDH UKOK ¥ 20, Bl S 6 AR & PhIP )i
IR AT M.

2) Phe-Glc 1 % : 7] 5 mL & 20 mmol/L Phe.
10 mmol/L Gle Fl & 7 A2 43 H 14% /K 1) — H B 44 R
a3 A INAS [R1AR B2 A B2 22 B EGCG(042.5.5.0,
10.0 mmol/L) , LA ¥R Gle [ J B AR & AFE 2 A
YR . 175 °ChHIFA T h, S B 45 o Ja BCHE , TRON UK K
A 10 min, W E SR 2R SRR EE .

3) Phe-MGO & % : [] 5 mL % 20 mmol/L Phe.
40 mmol/L MGO 1 & 14 1 43 $ 14% /K 1) — H B 44
Z 4 AN AS B RE A 2 3R B EGCG(0.2.5,



Vol. 44 No. 8

5.0.10.0 mmol/L), 175 °CHn#k 1 h, J .25 3R Ji5 , ¥K
KAV EN 10 mine W52 e B H R 2B R B
135 REHNFHRZGE S

1) Phe-MGO £ £ : [7] 5 mL & 20 mmol/L Phe.
40 mmol/L MGO Fl & 1A R4 $ 14% /K 1) — H I
M4 Z H i AN 10.0 mmol/L i Z & 5 EGCG,
175 °C %3 5 m#4 2.5.5.0.7.5.10.0.12.5.15.0 min,
NG5 R JE UK KB A H 10 mine 52 &N TR
Phe MGO HI K £ 8 K FE

DX LEER R 17 5 mL & 20 mmol/L 7K 2, %
B AR 4 B 14% K B = H R RO RLAR R M
10.0 mmol/L i 7 % 5 EGCG, 175 °C 4 %l fin #
0.5.1.0.1.5.2.0 h, Jx B &5 W J5 , K K ir % H)
10 min. W78 2 RLR A 2R 20T I BE
1.3.6 R B3/ FARR M E

2 2% Knol %P HE L (1 8l ) AL AL, )N AT A
¥) Phe . MGO . 25 il LA 2 e B 7= ) 2% & T 1 I
EWoF

k,

Phe + MGO —— £ 7, i
k,

MGO + #H il — F=#¥1

2+ B 2

AL B 47 25 5 72 LR (D ~(4)
&:—klx Crhe (D

dt
ﬁ]:'j:
Cppe—Phe FIHIT 46 S5 , 20 mmol/L
k,——Phe Jx N 3% R 5 H
t— VLI ]
Mz_kl X Cyigo—k2 % Cyiao (2)
dt
v
ky——MGO- 5% fifi [ I 38 %5 $ 5
ki——Phe J N3 % 5 £
Cuco——MGO I HI 46K FE , 40 mmol/L;
t— J NI [E]

dc‘ck XCy~kyxC (3)
dl 2 1 3 1

K
C,—— H i W] 45 < &, 10 mmol/L
k,——MGO- 7 il )2 8733 22 5 5
ks 2K £~ ¥ T J . 3 2 H R
t— S VLI ]

dc,

de

:kl XCphe_k3 XCQ (4)

T U #RE N EGCG HIHI 2 RBZ PhiP 4 AR B9/ A AL 38

vl

k,——Phe & N 2 5 4L

ky— 2K T — 35 Tl e S 3 26 R

C,— R LM AIUE W L, 10 mmol/L;

Cpre—Phe FIHI L6 JE , 20 mmol/L;

— ] BB [A]
1.3.7 RTEEGDH

0.5 mL ) B B T 40 W =k, R om
0.5 mL /KM 2mL Z 8 2B, k% 5 min, 8 &
10 min, IN4E TR B8 )2« BEE F IR A BUE
B A OTRE g, 1T GC-MS KM .
K (30 mx0.32 mmx0.25 pm) , EAEE 1 pL, B 5
HERE IR B 280 °C, SR FH 30 1 A0 M L b AT #/E . 1%
M2 ASENEA I EEHAE 1.1 mL/min. %587
FEREF W - W1 4R 3R FE 40 °C, £ 45 1 min, B J5 LA
10 °C/min 1) F+ 353 2 T+ 22 250 °C, FFAE Z iR E IR
FF 5 mine 0TI AS IS5 AR R R A BLUEARE 9 L B
P58 TR IR L F AR 280 °C, Y B AT IR B E N
150 °C . ¥ 771 4E IR I [8] 5 min, MS & 0 5 4 3 BBl
50~500 AMU , K A% 5 Hzo
1.3.8 MGO # % #7

23 BLAR AN AR 7 ik BT mL OB, N
1 mL 1)1 g/LARIR — W, FH 0.1 mol/L NAOH %
ST pH N 9.0, A E 5 mL, 60 °C/KIE XN 4 h,
AT HPLC A&l o 1% 44 4 SHIMADZU-GL Inert
ODS-SP(250 mmx4.6 mmx5 um) , i Eh A A A
3 E0.1% SRR IK VWL, BN AH B O HE . B FE Ik
Jiit #2 F7 40 R < 0~35 min, ¥ 3 AH B AR A 4 3 35%~
70% ;35~40 min, Jii 3 £ B AR5 %0 70%~35% ; 40~
50 min, Jit 3 AH B AR 3 30 5% . A I3 K 314 nm,
it & 0.7 mL/min, £ 40 °C, £ & 20 uL.
1.3.9 Phe®y 047

5] 1.3.3 Ui &9 2 2 1R 49 #r 7 2 o
1.3.10  #4 ab 2 5 73 Hr

W g5 R DL T S+ hr E I 2E R, R H
SPSS 19.0 ¥ A #EAT B DK 2 J7 22 43 M, 2 H LR
F Duncan:,P<0.05 N ZEZ R B % .
2 #iRkS5ihwe
2.1 MK ZEMEGCG XT#E3BHI A+ PhIP fR £ 5 Y

=AU

Bl 18R, Bl R A EGCG X 4 39 i 1A o PhIP
) 400 81 2243 1) 9 (55.29+0.68)% F1(57.29+1.37) %,
Z )NS50 R B, 2 Bl B IR 2R Ak A P x4 AR I

131



132

Journal of Food Science and Biotechnology

(1) PhIP ¥ B A B A /E Y, o JeRb AR 2 Ll 42
Ty Rl Bz 2R 00 ) 250 B U (40%~60%) , EGCG -
M Rz 2R VAR B 1 4100 1) 2% SR d A (>60%) » Cheng
eI D 1R N R RN
PhIP A= f A B 2 40 il 4 AT, G o A B 3% 1% 40 o 4
FI W 58 . Oguri 252 % B EGCG i fz 2 % B 4l
A 2 Hh PhIP A= Js 1R 4110 1) 250 R 5 B (>80% ) , 17T A JB
B (10 0 1) R TR B (40% FE AT ) o AT A4S
7, Ml B2 2 AT EGCG X PhIP () 300 1) 2% 5 & 3% 1
5, IX 5 FIRSCER I 25 R — 80, 4K T RE A2
T 450 R A R 5 IR R SN IR T T
A, Tkl R 2 C-6 A1 C-8 i £ BA K EGCG [f) A B
C-6 5L C-8 i i, IX B8 {7y 35 R 4 3R 0% 1 e B L &
Wt AT AT 2 ] PhIP JE A

7 4/(ng/g)
S

i

PhIP)

5 PR IR AL i1 R 2 2 EGCG41

ikl
ANl 7 B RN 22 5 i # (P<0.05).
B 1 Ah & A= EGCG 5 8 4 1 F PhIP i ¥ % # 49 % vh
Fig. 1  Effects of naringenin and EGCG on the PhIP mass fraction

in roasted chicken breast
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A= X il PR R 925 3 ) P 18 i S R R T
SRR 1. ARG P R 18 B A R I R R
43 N 4~400 pg/g, Trp Al Arg it & 2> B0 = » Cys
Jo B A B AR o 9 X I PR e U A R I =
£ 3 2 25 PR AIK, His [ 0@ 5 K (84.58%) , Cys [ i 5
/N(41.08%) . X 5 i U B AR B B AR Cln
g 2 B I 2 A5 ) e L 508 5 B Uk AR 9 A R N
AR TR A R S 2 I A ) A DG B g T
R BT B 5 2% BE Jie T2 B TR A O P B SR A B
A 1% 15 25 00 1) XS B PR % B2 R R Vall Ala F
Cys &M 17 25 20 5L 198 5 52 25 B B, % Trp PRI 1Y
k1) 280 S A e, R ER R R 9 67.90% B 32 32.95%
SR, EGCG X RE 18 i 2% #1 if] Asp. Arg.Pro.Trp I
His Jii & 70 B0 B AR . Al B2 35 R0 EGC G T7E #1 i % it
PR o ot R o i R R O 4 B R A U T AR R
AN IX AT g5 B AT Ak 2 g5 R R B R A R
Ko WX AR 2 TR BRI T e ATAE R R 6 98 R A I
97 A 0 S TR SR AL B T A ) DA Rl R T R AR
(22 o T 9 R TR 2 2 B T I B L T AR



Vol. 44 No. 8

T U #RE N EGCG HIHI 2 RBZ PhiP 4 AR B9/ A AL 38

F1 HMERMEGCCMEBIMAF 18MHIFETERREN HTHHFM

Table 1  Effects of naringin and EGCG on mass fraction changes of 18 free amino acids in roasted chicken breast ¥.47 : ug/g

AR A= 3 i PR 41 5 A R 41 i1 & 4L EGCG 41
Asp 132.85+0.38° 28.95+0.51¢ 41.55+0.46" 32.43+0.44°
Glu 86.92+1.92° 19.26+0.36° 27.99+1.52° 21.84+0.67°
Ser 217.354+2.34° 45.98+0.60° 64.88+0.79° 45.54+0.43°
Arg 363.05+£2.97° 99.44+0.95" 121.24+1.83° 107.24+1.21°
Gly 287.66%3.06" 148.02+4.70° 170.10+2.60° 139.81+1.25¢
Thr 214.6846.07° 74.77+5.05° 100.4140.84° 75.6240.29¢
Pro 241.98+1.83" 85.18+0.84¢ 117.24+2.30° 92.25+0.62°
Ala 78.71+4.67" 31.18+0.35" 38.65+0.99" 27.22+0.29°
Val 89.7840.33" 35.20+0.57° 10.30+1.22° 6.80+0.13¢
Met 75.71+0.40° 22.97+0.30° 30.10+0.28° 23.12+0.32°
Cys 4.43+0.08" 2.61+0.09° 2.82+0.23° 2.32+0.19°
Tle 208.80+1.77° 60.46+1.09° 93.78+2.29° 66.13+0.85¢
Leu 145.14+0.99° 37.99+0.51° 52.95+2.02° 38.85+0.41°
Trp 389.98+3.81° 125.1742.42¢ 261.50+4.64° 199.84+3.87°
Phe 172.56+1.11° 50.58+0.28° 64.66=0.50" 46.75+0.41¢
His 112.36+2.24° 17.32+0.92¢ 30.31£0.26" 24.45+0.84°
Lys 21.81+0.43° 5.96+0.36° 7.27+0.05° 5.09+0.33¢
Tyr 198.85+5.63" 53.11+£2.48° 72.42+3.28" 42.00+3.52¢

T sa~d SR AN [F) A B 22 i) 1 3 1 A R 5 R A R 5 1 22 5 (P<0.05)

IRt A B2 8 A EGC.G ¥ g i ik A5 R sk 20> X8 i P o
U 25 2 R TR IRV #E T 40 PhIP B9 4 . Phe 72
PhIP JE R S i A4, Hoyak /b 5 5 PhIP AR il & 2%
VIFAG o A B2 25 v] A 254 3 XS 119 Y o Phe 7 9% il i
FE B I8 HE 38 1T 40 ) PhIP A o A SR FR I 78 7 2
PR R AL A Y AE A A i B AR AE
BLE, CAAG AR FEREFE S o508 PR i o 16 8 73 0 P Uk
L
23 MK ZEHMEGCG XL F & 8 Kk & o PhIP 2 B

B H0 51 #L51

Tl K7 25 A1 EGCG #1 i) PhIP AE % i) 8 76 1 F AL
il W 3. B o, WLER 78 0 # 5% 1F F e Ak A LR
Iif s Bt J5 , Phe £E I #4268 T AR BOOR 1%, 0 S AT
B Gle B f## 7= % MGO {2 #f 5 & )5 , % & T d i %
W 45 A B 5 LR BF A4E % PhIP. A i 2 F1 EGCG
P E R SRR ] A 3R OK gak b PhIP Y E
Mo, FETT XA DEZNRANRHZN .25
ROWER AR IMED, IR CEAERE 35
MGO B AE BN & 40, #0061 2K 218 T B
2.3.1 A E F A EGCG AL F 4 A 4K & P PhIP 7 A&

79 3% R
WLER 5 Phe #2& 4 i& PhIP (¥) 5 1 454 , Phe F1

LR In 3405 43 90 A2 A 2 6 A LIRR I5F , P 3 40 i
T 45 A NG K S 5 5 Phe FOULER BF & B A= BR
PhIP™" . G [ 4 AT /s , 76 4k 25 A Y A & v, 4 A 6
R 4H (19 PhIP A B B 4 (65.69+2.38) pg/L, Al ¢ &
ZH %) PhIP 4= i% &} (14.87+0.30) ng/L, EGCG 4
() PhIP 4 B B 4 (21.81+£0.41) pg/L. ki &5
EGCG XJ PhIP [ 2E 5t 35 B A il 4F H , Hodl iz 3%
PR R B 4T, X AT BE 5 L RE 8 5 K 2 8 S 2R I ik
AT R TE LB A M o el e 36100 Ty 2 366 0 XL
BT R R 2T R R D S e B R
N A R A g L2 o M2 R L EGCG I fE
FH L1 AT B8 32 SR L Ak i T, 5 2R 2
P45 G A S M RS AR
232 A % A EGCG *f Phe-Glc & B B 1k & &
K CESH %oh

Wi 5 7, Phe IIFVEZ B 28 £ 1#(0.11 mmol/L),
2 Gle &k SN 10 mmol/L i, 78 2,8 () A4 il R 3 &
1.50 mmol/L, ¥t B Glc & & {2 3 Phe 4= Bl K 2 % .
IR B 2 A0 B 5, B & hl 2 IR TE I 0, K &
T 11 2B R S 48 K S 98D o TR R RS IR N
5 mmol/L I , 4% £ % A2 i & i oK (1.78 mmol/L) , {12
k3 AT IA 18.53% 5 £ Ml J¢ 3 S NV J& 9 10 mmol/L
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Fig. 3 Inhibition mechanisms of naringenin and EGCG against PhIP formation
80 J A B B4 s R Ik i R e N ik R e ) 9 R
i S Al A I 2D SR A ) A% ORI 0 T R
ol EGCG 410 1 4 R I Hl U 9 2 221 B A PR AR A T
%50 Ml R 25, 3X AT R 5 H AL 22 A5 A i O B 1 R 1A
= U A BR 1A A7 FR 3 B B C-47 AL I FR R DL R
%40t : . ) - ;
=" C ¥R b C-4 for 55 50 450 B 45 3 DDA 26010
g 01 ) 233 #4b % % 4 EGCG *F Phe-MGO # & B & 1k £
S 20f b & RK T EE 4 # o
0} . 1w [ 6 FF 7 » Phe I #4 % Bl > B 2 S 4
MGO % ¥ J& 4 40 mmol/L i}, 2K 2 B (1) 4= i i N
ARSI il GCGHL . . ,
o e : 3.41 mmol/L, 4 T 30 % . [, MGO %f Phe JE

AT 7 B ROR 22 57 R 35 (P<0.05) .
B4 Ab i F A EGCG A 2 AL AR £ P PhIP R & R 49 %ok
Fig.4 Effects of naringenin and EGCG on the PhIP mass

concentration in chemical model systems

I, 2% W A Rl & A, #0208 54.67%. A
EGCG & H )5 , fi % EGCG ¥ FE 34 n , 7% 2 B 1)
A A S W D L 7E EGCG R JE 4 10 mmol/L i,
) RN 76.47%. IX e gh BOUL B, Al R &R A
EGCG A DL id i 1 1) 25 20 8 1 A2 B 3k 17 4170 1) PhIP
B4 i . Oguri Z2 0 72t % B, EGCG X 1k 2% 5
R4 Z H PhIP AR R 1 40 1) 20 A0 T Atk it 4 Ak
7 ) R AT Ik 80% . £ Wy 1 i) A% IR L A AR P 2K
SR AR EEREFE 2L — R ERCWERE
SN T 1% R S 1 0 4 5 BEL BT 5 UL IR I e B A=

B LA B B A AR, T AR Glo g 57 B Ak
R W EGCG K B3N, 2K £ 1 1 A= pl i 150
FEAR G e TP 2% . £ EGCG KA 10 mmol/L
I, 2 2T I A R BRI T 55.80%. AHELZ R, Bl
6 B 2RI IR 1A I, 2R 2T I AR R R S I PR AT
JE T B . FEA B2 208 10 mmol/L i, 2K £
(A L B A, 4RI 280 53.46% . X AT A T AE
IV B2 B, Al 2 3R I BT AL BE 0 AN 2 DL 58 A iE BR TS
IR A, SBR O EREE TN, EE
Al 7 2R VR B (3 , B A RO BB 8> T R
M AE B (EAE R BT, F T AR 0N DA e 5 3
ftb S S 1R S A KR ELAE R A5 49 Al B 2R 1 4 o A 2R
WA, PR OEERER T, LR RER,
EGCG #l il % 2, 1% A= ol 1 R0 AL T hh 2 &=, 7
15 mmol/L B It 4 & 3, R 47 1) Bt B E BR g /)
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Fig. 5 Effects of naringenin and EGCG on phenylacetaldehyde formation in the phenylalanine-glucose (Phe-Glc) model

reaction system
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Fig. 6 Effects of naringenin and EGCG on phenylacetaldehyde formation in the phenylalanine-methylglyoxal (Phe-MGO) model

reaction system

DA 5 2 W TR Fn & W e 70, A 3L R BE A AR
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(28 C T B 1 3 15 i & W 7(a) . R &
P8 (1 A Rl B T v e PRI & 4, 7E 1T 5.0 min
SRR L X AT B8 2 BT Phe Al MGO #] 4h ¥K JiE 42
T R B T R R . X R4 R EGCG 417
5.0 min I 28 28 R 5 =i 5 43 79l 29 10.98 mmol/L Al
8.70 mmol/L; fill iz T 40 1F 7.5 min I 2K £ 8 K & i

=59 8.71 mmol/L. Bl 5,3 4 2K L Kk FE 35 T
46 PR HED X 7T e 2 B T 2K S R AR B IR B S
5 H A AL 2 B . EGCG 2H Ml Rz 25 20 o 2K 2 1%
(0 A6 R B AR T FR 4, 5.0 min B A 900 1) 2R 43 5l
N 20.77% F124.04% .

R 2 B AR Z Y Phe [ S B B 77 5 i 28 0
Kl 7(b) . Phe ¥ 46 % £ 24 20 mmol/L, 2.5 min P
Phe WK BE 2 01 T F% B S TR AR . X —&
Ak 35 2% W AE 2 S 4T 30 Phe 3R 55 4k oy 26 2,8, Bt
RN AT A RISz o E 2.5 min I, 0
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Fig. 7 Effects of naringenin and EGCG on the reaction kinetics curves of key substances in the Phe-MGO model reaction system
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Table 2 Reaction kinetics model parameters

B 1 A S 5
157
ky ky ks
W4 -0.312 7+0.000 6°
EGCG#  -0.3315£0.001 4° 0.062 7+0.000 8" -0.404 3+0.001 8°
M2 4 -0.364 2+0.000 8°  0.102 5£0.000 2° -0.370 2+0.001 4°

T A BIA A 7 BE R OR 72 53 . 25 (P<0.05)
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