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# E: BN HREFEDZmAES Y I N (acrolein, ACR)MIBRIVER]. A R ZRAR A
- M B A 4G I 4% (high performance liquid chromatography-diode array detection, HPLC-DAD)ll & T #40l &
SN C 454 /N2 5% B (cardamonin, CAR) ., 11122 & (alpinetin, ALP). 77442 (pinocembrin, PIN), #ffz & . 28
. WRm. mRZREAMTX ACR MG, JFRYE Chou-Talalay 30T & ALK, 1 CompuSyn
UG PRI ACR B4 4. %F CAR. ALP. PIN F:f7 o b ur Gk opy, b o 5 1 FH i & A
FIEHL ACR, S5R  7EMEIh, BXH CARTALP, CAR+PIN, CAR+ZEHHE | CARHM T | CAR+ILIZW, 1
AT LA ACR. 7EZ SRR, HHS N 6% GE, I ACR ZUR AT IAF 50.3%, W& 0T MR, @
R AR €8 1% - BR B T s (ultra. performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS)
K BRH SE H # CAR . ALP il PIN 4b, 45X 3 Fi#iS ACR B AN Y CAR-ACR-1, ALP-ACR,
PIN-ACR-1. %5 CAR 7Jl'5 ALP., PIN, 8K, T IREHAX A FY) ACR F] A P [R140  £f:
FH, FCU R0 ) 358F DA B SR8 R B A E 28 Rl A P AR LUSRUE, B0 akFE FHLEH A 3R ACR JE SNG4 A#F5E
AT AT e IR ACR IR A T & B Ao B B A S L il
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Study on synergistic inhibition of acrolein by multiple polyphenols in spices
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ABSTRACT: Objective To study the synergistic effects of polyphenol compounds in spices on inhibiting acrolein
(ACR) activity. Methods High performance liquid chromatography-diode array detection (HPLC-DAD) was used to
investigate the inhibitory effects of polyphenols [cardamonin (CAR), alpinetin (ALP), pinocembrin (PIN), quercetin,
curcumin, kaempferol, galangin and rutin] on acrolein under simulated food processing conditions. Considering the
moderate activity of cardamonin, binary combinations were performed with other polyphenols in turn to investigate
the synergistic effect of polyphenols on acrolein and quantify their synergy according to the Chou-Talalay rule.
Moreover, Alpinia katsumadai Hayata was applied to the boiled pork process in view of the coexistence of CAR, ALP
and PIN in it. Results CAR combined with ALP, PIN, curcumin, rutin and kaempferol had synergistic inhibitory
effects on ACR. When Alpinia katsumadai Hayata was applied to the boiled pork process (6% addition), the inhibition
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rate could reach 50.3%, which was significantly better than using any polyphenol compound alone. In addition to CAR,
ALP and PIN, the adducts CAR-ACR-1, ALP-ACR and PIN-ACR-1 formed by these 3 substances and ACR were
detected by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Conclusion CAR

combined with ALP, PIN, curcumin, rutin and kaempferol respectively can play a synergistic inhibitory effects on

harmful acrolein. Its synergistic inhibitory effect is verified in the boiled pork with Alpinia katsumadai Hayata as the

carrier, and the mechanism is to capture ACR to form adducts. This study can provide a new idea and theoretical

basis for the development of food derived acrolein inhibitors which are resistant high-temperature.
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TN 45T (acrolein, ACR)JE— i fi] HLAY o f- AN RFNEE,
Ivi) s HL A 1 4SS 7 5 (C=C AU C=0 $i3%), 1EE4ik
AN R R ST A, 7E AR E RS TS R4y
TWHEFT, DNA | IR |\ Ble S5 B AL R R A 4 &,
SHEOIRIGTIEAAE OB IR . BT IR R IEERAE | JRAE
St bR AR SMNENE ACR [ EEDRIEZ —,
KA A P USSR A BB L T B K B B R
AR U R R B A BRI BE PR ACR, 4
B LA AR R KU o PR & A s SRR AR
FUBE, ELN o A e R A el i G 4
2, WHTE ACR, W . KeA-HE. BeasHEY), Kt
M =3, R P S b ACR [ & B AE
50~100 pg/kg. ACR 5 DNA | FEEMAE AR INGHE
AE A W AR 95 28 ORI T b T e R A bR AR

R SCHR A B R WY, K AR 2 W 28 W) o RE A 803 3K
ACR, itz =, s R (Y RRETIL
FRBETFEREE"Y . RE RN Jub AR LRI
R F-3-0- T H U5, HME R 52 R L0 A
B PR EN S G @ b Y ACR, KM A 52T 72%, T
FH—Z WG, Rl X s 2 A REE B T
a b, HERIN TR 2 @it s, W 2 5
A €88 T3 AR KUBR RS 77 it i Bt 23 i — RE Y T4 b
A B RRIE TR AR L, b Zm e a Y
wEE, ﬁHEE%(AIpinia katsumadai Hayata)ﬂPé\ﬁ/J\E
5% B (cardamonin, CAR). 1122# (alpinetin, ALP)FIFFFAE
(pinocembrin, PIN)!'8 /N 123029 T#/REY R
ZPIh S I A I, C A D 5T R X 2 2 i 3 HA il
ACR ({24, B8 st ml DA = ek e Rt 70 T £
P ACR I, I — 20 i 58 AN 7] 2 T i 2 Tic 42
FHEIN T Y B R G 38 A A W 2 A Db R s
POHR R4 &I Q. S8k FREREIRE .
Chou-Talalay 3:0|4:5-261 H:if Chou-Talalay 0] 5
1255k, S CHOU M TALALAY #(#2T 1984 4F SR
(A2 K R 1) 2 7122, 2005 4 MARTIN B BAitE— I &

2R VR TR -R TR F CompuSyn, MU PR E 1Y
11 3 L W25 WA A T 5 R 2580 2 8 (i 8OR 55
KA WESEAR L, 4 H A HE 5 (combination index, CI),
HOATREAE iR A 25 B BRI T ARV E I Fndd i
FH, RSN 25 2 0= -ROKF T M A800 A 72 e, %
5Tz R AEAG G D BRIP4, JLIPAIROR W3
TeF oAty )5 7527

KL, AR BSO8R AL i i 2% 1, 25 B
TR e H ACR 0I5, SEmixd s 2 mAA &9
HATEACECH, SR Chou-Talalay 1 I 5 126 H B[R] B8 45 1 B¢
HER A G Rz b, AR TRE(E S CAR. ALP
FIPIN 3 F57), VEAAFERDNH T AR D, SRR
SEXT R A A A R AR ACR R AR A AL,
VIHASH & PSSR T &R ACR #7558 PRIe 5L,
Xof 4 e T L B 2 A EAR IS R SCRIN B

1 MR5ERZE

1.1 #R5RF

¥ G 5% (Alpinia katsumadai Hayata, FEHE FEKA B
2o

CAR. PIN(4LE 98%, VPG%KFAYRHLARAH);
ALP(ZEBE 98%, WERRIEA VIR A BRA F]); MR 2
HR (LI 98%, P oM A LRI BRARD; s .
FRFERGEE 98%, mmS TAEYIKAARAR), T
(4 98%, BIhr Tl (A IRAF M. PR
g, fEE Merck 72y wl); —H 3V (dimethyl sulfoxide,
DMSO), —F&Mbe. MR HTat, b 24 5 Ak~ )
A BR A FD; 2,4- i & K BF (2,4-dinitrophenylhydrazine,
DNPH, 4l 97%, 3% Sigma-Aldrich A H).
12 HF5RE

1290/6460 Triple Quad WA (A 3- STk AL . 1260
e RO T A (SRR (R B A R 7)1 N-EVAP &
KRTFAY(ZE E Organomation /A 7)); Nanopure #8 2l /K HL(3&
[E Thermo Fisher Scientific %/ H]); ZQTY-70 & E %
B IR (H IR GRA IR wl); HYQ-3110 i iER 51 #w (36
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[E Crystal 228]); PWC 254 43 RE(REE 0.1 mg, JifE
ADAM /A #); kromasil 100-5 Cg 348 (250 mmx4.6 mm,
5 um)(Fi i AkzoNobel A H]).

1.3 LWHE

13.1 8 FF % @y e idn T 44 F 3- ACR 741 % 64 &

¥ B BUKEE N 0.5 mmol/L i ACR ¥4 0.5 mL(H
0.1 mol/L. pH 7.0 MM EE S sy B il), 43 m A
0.125~4.000 mmol/L ¥k FE A FIFZE Z ik &4 DMSO &
0.5 mL, IWHERST, BT 100°CIHEKIEIRG # N 2 h,
SERJEH 0.5 mL WS ARSI ) P, L DNPH
A AR AR, TR R R A 3 - A A I R T 2
(high performance liquid chromatography-diode array
detection, HPLC-DAD)Jll % DNPH-ACR FUETEAL 4;,
DMSO 103 £ B Ve g %ot BRI 2 0 AR 4, #8303t
TR RN R B Z B G X ACR il . A4
AR R 8 ML Bmxt ACR (W ERME A, A SPSS
Statistics 25.0 #4318 H N 2 h i B3R 8 FhZ2Ey %t ACR
B9 2 B804 i ¢ B (50% inhibitory concentration, 1Csq)o
4 — 4
1.3.2 8#4F % B = LELFA 4T ACR #4947 HI4E A 947

(WA i R B

PSR FAE 2 EL 3R s gl DA RIB ) B RY 1Cso
B L3, DLHER ICs (o a5, FH 0.125.0.250.0.500
1.000, 2.000, 4.000 f5Hy SR =G . PR BTEA
YEMIT i) Fa-CI(H AR EO IS, CLEX Q)15 4
Cl=1 i, BB ARIER; 24 CI<t i, Wiy Ch U EIfE
FH, H CUE M/ FISON 5 4 CI>1 B, BB k44t
YEA, H CLEM RIS PIALN 58 .

_ Dl D2
CI » + B Q)
KA Dy A Dy HIEAE RN ZCh Fa BT E Y 1 ME R
Yy 2 4% A BIHRIE, mmol/L; D,y Fl Dy B4 HIM ] <4
Fa Bf &2 HC4) 1 ML) 2 AYHEE, mmol/L,

(2)CAR 5 7 Fh 28 — el T ACR B4 HI/E

A3 AR 0.125 ICse. 0.250 ICsg. 0.500 ICso. 1.000
ICso. 2.000 ICso. 4.000 ICso ¥EJE ) 8 FhZ WA (DMSO
YEH ), L DMSO A3 2 Wi e o st BE, in A5 (AR
0.5 mmol/L i ACR FIIATEIR 515, & T 100°CIEIR/KIE
PRTras RN 2 h, NI 0.5 mL gt 1.3.1
7V DNPH-ACR.,

BEI A FIHE A CAR 5 ALP/PIN/A Y R/ % #H K/
RZR/NDEB /S THW, 5 AZRS CAR 5
ALP/PIN/Hi fz R /B E R /m RZER /LB T LW
J3 54 0.125 1Csg. 0.250 ICsg. 0.500 ICsq. 1.000 ICs., 2.000
ICsp. 4.000 ICspo K¢ FRTR AW 555K 0.5 mmol/L ACR

T /%=

x 100% 1

WIERAIR, BT 100°CEE/KBIRG #H RN 2 h, %5
JEHL 0.5 mL KB 1.3.1 HEK I DNPH-ACR. hi
CompuSyn {4, 4 Chou-Talalay J7 #1145 I GAE TR
# ClL, P CAR 5 7 M Z Bk &P A1E SR .

133 AZANEZRER IS EH ACR $9FHREA

FERATR, B d CAR, ALP il PIN B& 7
351k 5,53, 3.30 F1 8.27 mg/g®, % 2%, 4%. 6%E
SEV IR TR 3 Al —Z Wb AUt . ERACE A
AL, WEEEIRFR AR, YA 2 omx2 cmx2 cm 7
Hotkpask, KNS5, 43Ty, Bk 500 g, 435
70 CAR #37K(55.3.110.6., 165.8 mg/500 g) . ALP #57K(33.0.,
65.9. 98.9 mg/500 g). PIN #}#(82.7. 165.4, 248.1 mg/500 g)
DA SRR A(10, 20,30 /500 g), A AR 1.5 /%K,
FKGEW U/ KEE, #E 2h B0 G, WSREHT.
JIE PR K 988 PR PR B 43 331) T8 0 C oK A R 45 FH

S AMER PRI 3.0 g KIS B TR0,
A 5.0 mL ZEMK, WEEIRA 3 min J5 752 60 min,
8000 r/min Z.0> 10 min, BEVER, B ELOE A S.0 mL
50%IP BRI, e A E A A 60 min, 8000 r/min
40 10 min, FRAICEIHIE, BRI EIERGIHESD, 8000 r/min
B0 15 min, B EVETR 0.5 mL 4% 1.3.1 J 7 P46 DNPH-
ACR i, T — ] 30) B 0 58 1) S [ o e X 2 A
1T ACR HUHIHIR
134 REKAEMEE-BIRNEESARNFTE S EW
#| ACR #U|

B 1.3.3 HER N 2% G R R 0 B AR S, 43
FREL 3.0 g AT, 3.0 g IERAM 3.0 g A, M ET
B, S ROCEK[30]1 A 5.0 mL ZHE RN IE C
PE WO IR BEIR 2T 2 min, FIMA 15 mL IEC M 2
WG IR BEIR S 2 min, M 30 min, #ENE, WM
EEe ARG, BRI 2 K, I IR RBOR A I,
i R 28 KA =T, A 1 mL 2R, 0.22 pum
BHLIENEL UGS, o R R SO €033 - R I 3% 7 (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS)/ 3 i 55 th Z2 B 254 CAR. ALP F
PIN 5 ACR W& 724

R & F: A% kromasil 100-5 Cig (250 mmx
4.6 mm, 5 um); LM, FEE: 30°C; Kl 300 nm.
VEMLAE: WA A: 4iK(F 0.1%HR); WishitH B: ZMF
(& 0.1%H1R); WahAEEE: 0~3.0 min: 30% B; 3.0~28.0
min: 30%~75% B; 28.0~28.1 min: 75%~100% B; 28.1~31.0
min: 100% B; 31.0~31.1 min: 100%~30% B; 31.1~36.0 min:
30% B, ii#: 0.6 mL/min; #FFER: 20 pl,

FUi 250 Mm% 1 2 F1h(electron spray ionization,
ESI+), HIMTEE N m/z 50~1000; BEZEH T 3.5 kV; LS
JE 45 psi; HiBRE 5 psi; BAEIRE 300°C; ZefFHE
200 V; S 5.1 L/min,
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K F Excel 2019 BT8R T, IGERESR 3
W, SR EAARER 2R . SR SPSS Statistics 25.0
B X B 9 2 AT BRI R Jr 2% 43 BT (one-way  analysis of
variance, ANOVA) ! Duncan #5672 H 4%, P<0.05 F /R FAE T
FEZER . SR CompuSyn 4, #i4E Chou-Talalay 521t
BHHBEAERTREL CL TP AS R 2 B & B A4 1 AR .

2 GRE5SH

21 SEPRBAERBMNIEZEH T ACR #IFHE M
A0

NE ML B i 8 FiEiE LAY, 430510 CAR
ALP. PIN, M3, R, IIEH. mREZMST, A
1 53R, BEE N HBERIIENN, CAR . ALP, PIN, 3EHE,
WZREy  RIRZER . T 7 R Wt ACR R HIiETESE, H
FTEREMEZEF(P<0.05) (K 1A, B, C. E. F. G. H). #itk
B o Bt o R B, B SR vk B R 3
1.000 F1 1.500 mmol/L F([& 1 D), Z7MA B2 (P>0.05).

AL G P ACR (1 1Cso fE#R/]S, DUHIEIE P fiE
i, 18 1 45, 8 Bl W%t ACR (il th s SR AR
itz . FHE . PIN, CAR. ALP. IIEH. AT . mR
Z#E., BT CAR Ml ALP MR h % H A, miiiirse
FERI S A AN T, R B AT R R R
LEn 2 WA, CAR TEF W HEERE A& C FREEI
ALP, ALP HEEEITFTIT C IFEHh CAR, FEmRAA 1 F Wi
I EFEAR T A TP, Rt — 58 CAR HH:
fib 7 PP BRI, A58 B X ACR M52
2.2 CAR #3715 7 #Z 8= LB AXT ACR B9H0H!
PES

4G Chou-Talalay 2H-& € B A&, 7E 100°C, 2h, pH

A 100 uCA
gol IC

R
=0.403 mmol/L

50

7.0 55 F, CAR+2 15 % . CAR+PIN, CAR+ALP. CAR+
FT . CAR+HIIAS B AT X ACR A9 Bl HAT B R 1 A,
CAR 55t Bz 2 Ay [ 22 R W AT FEH/E -

B 2A AT 51, CAR 522w EBHE M CLEIRZ/N T
1, HFEMH TR TR, XUhREEM
BT, 24 CAR MRETE 0.024~9.911 mmol/L. FEEHEH
JELE 0.022~2.157 mmol/L i, B+ ICs, Hu B T Pr )0
il ACR 1t H11& 2B AT, (KU & HLAT, CAR 5 PIN Bk
M CI>1, HEHALUN; ME BRI — 2T, CAR HkE
£ 0.075~9.911 mmol/L. PIN ¥¢JE7E 0.046~6.198 mmol/L I,
Wi ICso LU R AT & 44 UM RIfE A o T 2C ]I, CAR ¥
BEFE 0.024~1.395 mmol/L. ALP ¥REFZE 0.023~1.295 mmol/L
BIPIE e 1Cs, LI hEAVER, BEE &2 B 5,
PRI ST, PR AR RE A . F B 2D AT, CAR W
£ 0.024~0.679 mmol/L, T ZIKEAE 0.030~1.510 mmol/L
A4 1Cso LB AT U RIVE R - B I&] 2E RTAL CAR MR
T 0.842~9.911 mmol/L, ILIZSEHKRIEN 2.098~85.061 mmol/L
BF, WiEH 1Cso LB A M FEH, ZROREBK, P
[E 1 bR 2%

23 BEOEFIHEALEYITEAST ACR §IHIH]
S
231 HEe2BERAE T ELZHFMEITFANT ACR 943K
R TR

HE 3 AT, AR R O R R 2 Wik
) CAR. ALP FI PIN ¥ B — & O ImhilscR, HKE
R, X R H ACR MPI I S L . ARFEES I T
FERE 0 HIOR Y B T M — R 2 ik A,
MR SR U R 6%, IIHIZIKRF] 50.3%, AIILE G
SEHY 3 2 U E A RIVE

=PIN
IC,;=0.308 mmol/L
b

20
0 0 0 0
0.125 0.250 1.000 1.500 2.000 0.250 0.500 1.000 1.500 2.000 0.125 0.250 0.500 1.000 1.500 0.125 0.250 0.500 1.000 1.500
e /(mmol/L) ¢ & /(mmol/L) ¢ /(mmol/L) W i /(mmol/L)
E 100 "EEE b 2 F 100 ail 25 a G100 apjREE H o
IC. =0.236 mmol/L Gl = 100 rw T
; sl % mn'éo go| 1C5=0.547 mmol/L b g0l 1C4=0.907 mmol/Lb a g0 | 1C,=0.719 mmol/L
S S : RS
£ 40 E 40 £ 40 =
= = = 4w
20 20 20 20
0 0 0 0

0.125 0.250 0.500 1.000 1.500
e JE/(mmol/L)

0.250 0.500 1.000 1.500 2.000
& /(mmol/L)

T A/NG 5B R oR [F] — ) BUIE AN [7) J 0 9 B 22 53 {35 (P<0.05).

B 1 ARMEE R 2 B A& Pk ACR Y315 (n=3)
Fig.1 Inhibitory effects of different concentrations of polyphenols on ACR (n=3)

0.250 0.500 1.000 2.000 4.000
e /(mmol/L)

0.125 0.250 0.500 1.500 2.000
e /(mmol/L)
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0 0
5@ “;:\Q AR SN T 6\0"\0 ‘f)xo e xo" N Z\Q GRE \Q“ & 6\0 A "“\Q R \Q
NN v NN NV (»f»q
¥R ¥ /(mmol/L) o )% /(mmol/L) S e /(mmol/L) YZ‘EJE/(mmol/L)
2 2 2
@ @)
0 0
0 05 1.0 1 1 0 05 10
HIRI% % /% R
F100 . oa g A2t G100 40y ne
= a —-Aafid
N 80 B 80 AR Fazy cs
B 4 60 H B o 00 H E
= 40 H B =40
: Hl = 20 H E| 20
=N H. 11 E H 0 Ll 1l 5
Qs“ By Qe Qa (RO Qs“ Qa“ R[OS OO QLS Qs R[OS OO
AR $oE SR $TE R
{\f"\?u" > NN '\f’S” P .'\'?ﬁ’q" >
o Ve i /(mmol/L) o Y /(mmol/L) o Vi FE/(mmol/L)
o o o
0 0 0
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
/% /% /%

T NRKRE FH2ORFE— Y FAEARR AT 8825112 5(P<0.05); RRVNG FFR AR RIYIFRAER—WRIE T 58222 5(P<0.05); &3 [Fl,
2 CAR 53%#%(A). CAR 5 PIN (B), CAR 5 ALP (C). CAR 5T (D). CAR SILZME(E). CAR S5Hit 2 (F).
CAR 5 R ZEZE(G)/ 7 ¥ & e B X ACR BYHI/E AN Fa-CT i 2k (n=3)

Fig.2

Inhibitory effects and Fa-CI curve of CAR and curcumin (A), CAR and PIN (B), CAR and ALP (C), CAR and rutin (D), CAR and

kaempferol (E), CAR and quercetin (F), CAR and galangin (G) on ACR (n=3)

60
A 42
a CAR

k2%

4
IR %

3 SRR I 1 35 K258 R H: 22 Ak 45 b 288 DA P 1 11
ACR 3l 5 FH (n=3)
Fig.3 Inhibitory effects of ACR by Alpinia katsumadai Hayata and
its polyphenols with different additions in boiled lean pork (n=3)

232 FaZEIPH AN T ACR AL

K UPLC-MS/MS 53 U8 I B 15 588 AR 2 A 2o i
) ACR BITEFIBLN, 25500 4, 5. FE 4A FioR, WA
g BT 4 B B 8] (retention time, £3)4 16.2, 21.0.
23.9 min [ 3 M B 1] SA B AT, {04 (4=16.2 min)
AT (4,=23.9 min) B F BRI 0 m/z 271 [M+H]', H
TR ETEHIT miz 167 [MAH] I m/z 103 [M+H],

5 ALP/CAR #H[F], 20 {7 B4 B 7] 5 ALP/CAR Arif fh—
2, B A EIEIERIR ) ALP Fil CAR. HIEl 5C ATHI,
G (1r=21.0 min)iEF BTN m/z 257 [M+H]", H
TR AETFEIT m/z 103 [M+H]H m/z 153 [M+H]",
5 PIN A, ZER R BB BT 5 PIN prfiih—2, Fix
{6314y PIN,

P 4B i, WO il B i B0 T R B s R) ok 18.9
21.7. 25.7 min /Y 3 MEREE, HE 5D, E WAL @i
(tr=18.9 min)FI &% (1r=25.7 mm)E‘Jﬂﬁ%?}ﬁEi’%jﬂ mlz
327 [M+H]', [k ALP/CAR [JHEF i m/z 271 [M+H]
% 56 (MW acg=56), Fi i i T4 B m/z 283 [M-44+H]',
W Ry A A WA A I 2 2k — AN [-CHOH-CH,-] 3% ] fiv
A AR B R R B S AR S 5 45 Y ALP-ACR
(ALP 5 ACR HJ—&#1) M CAR-ACR-1 (CAR 5 ACR 1Y
— A W) B UE G A 7] B9, RO 3 T A 2 3% 0 4 T
ALP-ACR fil CAR-ACR-1 ./ &l SF i[ 4l, i (5x=21.7 min)
HIEEES TN m/z 313 [M+H]", I PIN BYEEE T & m/z
257 [M+H]'% 56 (MW acp=56), H SRR ETHIT m/z
269 [M-44+H]", FIHEHN PIN JII5—43F ACR 35 £k —
A~ [-CHOH-CH,-] 3 H B 15 BU [H 1 4 90 3% 0 3% 04
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PIN-ACR-1 (PIN 5 ACR —lII&#0).

AP 4A AR, fE 5 EUE IR 7 /£ CAR . ALP 5
PIN, JFf H 518 i o 05 4 5 I, A6 1A 9 AR TR Fh

ALP 5 PIN ##i# ACR B A &4 ALP-ACR

K 2)5x 3 Fhik-& (& SB~D), 758 N T3] T CAR, =4 i) ACR,
10?
A X3O CAR B x10? CAR
255 D3.0F PIN
F - PIN T2s5f CAR-ACR-1
=2 =20F . .
Bls w201 ALP-ACR
=10 ALP 2oL ALP|
205 Zost
= I 1 1 I 1 1 I‘ 1 1 ‘i = 0 C_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
{4 54 Bis} ] /min {4 £4 His} [] /min
C  x10 D 2
x10
230 PIN 230 P
£ %(5) ALP T25 ALP|
% %:(5) = fg CAR
= 1. o |
Zos e 210 ) | | B
0 T T T S R T T T s = 0 T S S R S ST ST SO S SR S S S
2 4 6 8 1012 14 16 18 20 22 24 26 28 30 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

£ 8 B[] /min

&4 HH

jrasy

&

{5 B3 B} 18] /min

RIGHE(A) . EB). AF(C). JIEP D) BAR A

Fig.4 Liquid chromatograms of the extract from Alpinia katsumadai Hayata (A), lean pork (B), pork broth (C) and fat pork (D)
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