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g, e s AR AR AR s M HLLL 2 R B A A PE T
OISR o i DS I SR 5 (0 L 2K ) 22 R K
(CYP), VIFXIE A i EER RN bR, 45R%
B2 CYP 8 3 mg/mL B, X2 B 3
HIVE BR R m A 97%, T A SN U212 0 A
AL, A L 24 B2 U R Wt 5 N
2 R A I ROR . LA BB HT R 9 (ULIR2 L
I AW U A AR ) IR B AL AR AR
FEAR, BEFE TSI L 2 4 SO R A rh 2 3 e
BT A BB Ao 4 e XU A A, DA S in L 24
P& B 0 9 By A 0 XU 520, AT B T8 #E
it A N T e 2% S HE
s I T H 2% R B RN A0 i) 2 (6 A5 i

1 #MEFE
1.1 RS

R A T RER 25, -20 CR RFFH
LU 25 4 W e ) R R AR R A R wl R

He PR hR el , 35 AR TR 22 KR -3 HY R
W I (4, 5k (1Q) 22— -3 FH JEBRmE (4,5~
] W bk (1Qx ) (22 33, 4— — F JLBRIR IF:[4, 5]
Bk (MelQ) 22— % 3 -3, 8— — HI JL bk wk Jf:[4, 5]
W I b (8—MelQx ) \2-JHe3-3, 4, 8— = H1 HE-3H-PkK
e I [4, 51 IR Bk (4, 8—-DiMelQx) 2 3L -3,7,
8— = HI JE3H-WK M I [4,5-f] MWW (7,8-
DiMelQx) 3-&FE—1,4- " F F_SH-MLIEF-[4,3-
b]"IWk (Trp—P-1) 3-% 3~ 1-H FE-SH-ML BE IF[4,
3-b]"5[ W (Trp-P-2) \2— %24 B -9H -k BE Jf-[2,3-b]
Mk (AaC) 22— FE -3 H FE-9H - Mt BE Jf:[2,3-b]
e (MeAaC) 2—%d JE—1- 1 -6 4% JL— R mk 5
[4,5-b] WELRE (PhIP) 9H-MEWE I [3,4-b] M5
(Norharman) . 1-H 3£ -9H Mt BE 3 [3,4-b] Ml W
(Harman) ; & 1157 e & % 522 4 I 425810 £, Solarbio
3]s WU &, B at AR W TR 5 T 5 L
[N G TR R el T W3-y P R AW R 72
%, i e kAR A IR A v =8/ R
K Bk A AR AR Y Sy T AR
1.2 FEHEE

AR T B, Agilent 23 7 ; 8 148 R S 0>
Bl , Thermo 23 ) ; LASOSO 1 i 24 ik iR 43 #77 {X , HI-
TACHI; FlavourSpec® XUk 73 71X , Gesellschaft fiir

Analytische Sensorysteme mbH,

1.3 Ak

1.3.1 Biapfls KSR AY 4 cmx5 cmx
0.5 cm (R, 4318 2 41, 43 5k % BEAL 5 45 i 1y
RN B 3 R o — VB EATIR G . kL
B .1 AT A (2 6.8 g),2 AT (2 146 ) ,6 A
MR (29 31.0 g) ,2 AT RHBE (29 15.4 ¢),0.2 g BR
F,1.0g W, 1.5 ¢ T MM 3 Frfak, iy
B hom AR 19%(0.5 ¢) B 1 25 3R 5L
1E 240 CHZAF T 7% 10 min,

1.32 WA LIl sE (TBARS) AR 1 g i
M A A S mL 1 TBARS % # (0.375%11) 2—
TARE L 212, 15%1) =5 L2 ,0.25 mol/L R 7R )
WKV 20 min, S B L1 5 KR A 78
4 CZAFF 8 000 r/min 50> 15 min, B W 7E
532 nm P N MWOGEE , # X () BRI E AL
.

TBARS (mg/kg)=A 5:,x2.77 (1)
1.3.3  HEAEAMNE (EHRRAERGN &) &
AU SR B 1 o e B a0 i o o I s B Dy
RIS 2,4- AR, 7 370 nm A AL AR
AIE W A
1.3.4 pHEMIE #HE GB 5009.237-2016 K
SE [ OB b pH SR BRI RE 1 £ 1A
2 g T 50 mL B8, fTA 20 mL (9 0.1
mol/L S ALV W5 , #4903 2 min, A pH 1 &
(IO 77 I3t 6 30 B A 202 °C)pH {H, 7§ pH 3T
BeEteE e, e, AT 3 G HER E 0.01,

1.3.5 Rk e

1.3.5.1 LRI & PREL (0.25£0.00)g YI#E M) fi
T A BRI A 100 mL () 30 /L. =% LR A
)5 5 min(8 000 v/min ) B I 15, 200 uE 4Rt U
FHFBR LB A TRUIE , 2520 mL I8 & T 50
mL B0EH ZJE A 10 mL £ 8, %} 20 mL /4
PRI AT I A A 3 4 35 4 51 JE B 10 min, LA
GBS AAH B4 mL B BEIE 2 B R Z A 2 mL Y
TERA 2 mL By 1-Z8 . AN RS YITE 40
C TSI S min, HJ57E 520 nm 3K 4b il
PRSI 7 2 A B OB RE . 22 05 A HE i b
HE LR, T RE S P LR & & B0 mg/g
1.3.5.2 WLEFIE  FF 1 g DIRRA AR IA 20
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2023 455 1 #

mL 119 30 g/ =& LW, ¥ BALEL 9 000 r/min
J5i 5 min, BUCEVE RO E LG U8, bR AR A RULTE
B8 mL UBIRE T B0 T I 4 mL ST R
FE5), W E 10 min, BURJZ RIRVE A REAS

filt WU &0 e, 78 96 FLFLAR il
WE A 6 WL AEAJ5 I AU 1 (BFA R A)ERL
180 wL, FRyELLIMA 6 WL k57 3 (b i ) F- A
180 L 1M 1(BHAW A), 25 F12H 6 L X ZE /K N
A 180 pL il 1 (B A), ZJ5 37 CIHE 5
min J&, 7F 546 nm KA EWAE A, Z)5 3
Fl M 60 L 5% 2 (B K B) , 78 37 “ClH 5
min, 7E 546 nm P AR E WO A, 0 (3) 1t
SRR S LR 52

WL 7 & (umol/L)=

(I 5E A=kl E A))—(
(PRHE A=k xBRIE A )= (25 F A —kx

THE i e B (3)

A AR UE AR EE R 442 wmol/L,
1.3.5.3 R JEBENE B S g MR R EE S, 0
A 30 mL (58 FKFIMA S mL ZBREFR, i
JEIMA 5 mL RS AL B W (DIVERR A1 ), & T
2450 mL #E0AEH, Z IR IRTER AT, 7E 50 CK I
A 20 min, ZJEBECF, PL 4 000 r/min B0 5
min, B EHW, BT 100 mL & H . HRADT
JEMMA 20 mL 7K, 215 LA 4 000 v/min &0 5
min, IR _EIE A A Z AT 100 mL 45 5
hOERBRZIEL, WmAEE AR HE B
B IE) B 1 mL B 235 W, A 1.5 mL DNS %
W B 30 B K I 5 min, 2Z 05 B K
EE A 7.5 mL K&K 85 . ZJETE 540
nm I A0 FH AR A 2 W6 B2 | 22 05 AR A A o it
LTS,
1.3.54 @ EERWE  FESTTAR I B3 g B AN
A 15 mL 0.02 mol/L FyE: R, %% 4 6 000 1/
min, 2] %€ 1 min, 7€ 4 °C, %% 3£ 10 000 r/min 2%
TL,EL 10 min, B2 mL EWE®INA 8 mL R,
WA JEHFE,10 000 v/min &0 10 min, B 3 mL |
HWAE 60 CHNH#ATHEZR G, A 2 mL 19 0.02
mol/L. HCI, XFHES AT R, f/aiid 0.22 pm
i uk , SR A LASOSO oy i 4 ik il 43 M AN 0t 17
5

3‘55 Az—kx7£|3 Al) NS
7 iy ay <

M,

1.3.6  Z4IRRE e FREL 2 g 2245 9 200 1 fa PR
at, AT mL 2585 F/K 4R % 1R 21 8 10 min, il
A9mL IEHEW (P& 1%lm), & 10
min, Il A B (4 ¢ TC/AKBRER BE AT 1 g T /K il iR
), HFIRG 1 min, FHEOHLEL 6 000 v/min 250
10 min, B EVE 6 mL A EOE (5 900
mg Jo/K B R B 300 mg PSA i1 300 mg CISEC),
P 1 min, FHE.OHLLL 6 000 r/min &0 5 min, B
I mL EW AWK T, A 1 mL BB,
WHER % it 0.22 wm JEREJE EAHLIE  ERER .S
wL, FihH A 4 5 mmol/L 2 MR 4% K e (& 0.1%
HR),imahtH B O, i 4 0.3 mL/min, Ji3)
AR EE WL 2

R1 RITEENIERNNBEE

Table 1 Mobile phase gradient of HAs detection
ii/ mfi;1 A A% F A BI%
0.0 0.3 95 5
1.50 0.3 95 5
10.00 0.3 90 10
15.00 0.3 70 30
20.00 0.3 99 1
21.00 0.3 99 1
21.10 0.3 95 5
22.00 0.3 95 5

1.3.7 AAHEIE -2 7% 017 (GC-IMS) %
# Dy A0 AR FRE 1 g BT 20 mL T0ZS i, 80
CIFAL 15 min J5 FEREIR, SEFEERRE By 85 C,
HEREARFN 200 WL, 246 3l 500 v/min, SAHE
TR 2,

k2 SHEGEEEHG
Table 2 GC-IMS conditions

o A Ak A ARk )
A 18] /min BB B
E/mL:min”  E,/mL+min”
00:00,000 150 2 Rec
02:00,000 150 2 -
10:00,000 150 10 -
20:00,000 150 100 -
25:00,000 150 150 Stop
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1.4 HIESKIT

iz I SPSS 19.0 Ge it 8 4F k47 i 35 1 22 57 4y
Br,P<0.05 %22 5 3% . KM Origin 8.5 #ff4:
A,

2 ZRELZH
2.1 \LZHIREN 3T 4 B A £ 2L TR BR A A A 22 i

M 3 s, — LA 1 13 Mg bRl ) A
g LRI 4 PP AR ARG, R 1Q .8 -MelQx
Norharman 5 Harman, X 4 Fh 2% & 5457 0 M
0.294,0.754,14.967 ng/g Fl 15.767 ng/g, ¥ T 1l
RIS, AR B R EREALIQ 5 8-
MelQx & & % % 2] & Ml 4 LT ,Norharman 5
Harman 73 3 F&AIX 59.08%F1 47.99% ., nlREJ& T
W25 Y Y i BRVE BREE T, AE ROV AN [R] &
& b B R 2 BT A 4 4 ) DA D2 % 3R i 1) I
o
22 WLWZHREBMNELD K E B IERE G

A SN A S 7 D e 2 23 S Byl
HNHE S, N4 E N 2R
i MR BT AT LR = R AR AR K A A R AR
WD R 4 AR TSN T I 2 4 O 0
Y i 5 B2 AH F I R 25 R RS i
LG PEIC X % T A a0 R e s, X IR S
A AR EE pH (BB R A, AR T 245 4 )
5% B L, pH (E 3 T+ (P<0.05) .
2.3 WWZREY XS FIABR A Y (ALER  AILET . &
HE SER) NI

M2 5 AR, X BRAH B A fa 0 IS 0 LR &
5 A A L R s WUET S & o E 2 AT
AEZH T S A AN Tt fer, WURRTE =i T 5%
T WURT , 2 PRl & e i 22 0 36 3 AT A B ik
TS =L P TE Norharman X Harman ", 10 1Q .
8-MelQx FIHE 28 3 M & i B2 >, A HF 5 R W
Norharman 5 Harman, HJE W EE 2k H 0 R 5
FHEMR , JLF- A2 WU AYLET A9 52 e =1, 1L 25 32 Y
Yy AR L IRZE LR UIT A5 iR 9 & S A A
)R BG40 B Ly 24 4 BP9 5 el RERH A% 1
A 1] 2 PR R 0 2 Ak, DT 1 T 2% A e 1 2
o WU H AR 2 22 LIOBE it 1 T2 XA A 3X AT e
A A A A AR R A Skog AF1PH]

®3 WHRRYMNESRKERFEREENFME(ng/g)
Table 3 Effect of yam extracts on the content of HAs

in roasted Eleutheronema tetradactylum (ngl/g)

EEN 3 xF R840 b 2528
10 0.29 + 0.00" Ak
10x At At
MelQ AA At
Trp—p-1 AAE A
8-MelQx 0.75 £ 0.01" A o
Norhaman 14.97 £ 0.07° 6.13 £0.25*
4,8-DiMelQX A A AA
7,8-DiMelQX Kb A
Harman 15.77 £ 0.06 8.20 + 0.28"
PhIP At EN
AaC AAL E o
MeAaC AAL A
Trp—p-2 A At

T BB R R P B bR E 2 (n=3) , A A LAs TR RN 2 5 0
#(P<0.05),

x4 LARBYMNEFEIRERER pH EH T
Table 4 Effects of yam extract on weight loss and

pH value of roasted Eleutheronema tetradactylum

28 7] % F/g- (100g)™ pH 14

N5 6.38 +0.00°
xt RE 48 53.57 £ 0.04 6.15 £ 0.00°
Wb 2528 52.60 +0.03" 6.18 +0.00

VE O R P bR 27 (n=3) , R I L bR 8 7% % 5 18
#(P<0.05),

4G A7 R AR 0 B TE SE ok BT A R ok R T S
DK WA s W AR AT A= ) 45 6 B B 1Qx .8 —MelQx 1 4,
8-DiMelQx . AW 5% AT g J2 L 25 4 U RHLIE 1 A% 2R
¥ T S 0 A A Y e Ak, DT R AR T 2% B G 1Y
T,

AT 2GR G, AR R SRR A A
FEAET R, AUFSRIE H AR RN AR N
iR N 3% B2 TR A5 5 5 TR 2 2 B e ) iy R S R R 1),
AR R R R B 0 TR S A AR
&, W T 2GR B A H R R Y T
MR, H & R B IE & MelQx Y 1 M40 28 3 iR,
R B 4G 6 A o L 24 B B T e BHLAS
T H BRI 1) 2% FR R B e Ak o LI X MelQx
A —E WA EIEH]
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Table 5 Concentration of creatine, creatinine and glucose in roasted and raw Eleutheronema teiradactylum

28 3 AUBR /mg - ™! LB /mg - g™ # # 4 /mg - mL™!
N 0.0092 + 0.00004" 0.0011 = 0.00002° 0.0554 + 0.0009"
xF 8 20 0.0083 + 0.00005* 0.0031 + 0.00007" 0.0619 = 0.0004*
WL 0.0084 + 0.00006° 0.0103 + 0.0001° 0.0659 + 0.0008*

L BUE R R S E bR (n=3) , AT EAr 51 £ R 22 5 W3 (P<0.05) .

*6 DREESEREATEERNEE(MY/Q)

Table 6 Concentration of amino acid in roasted and raw Eleutheronema tetradactylum (mg/g)

AR ER5| P WL 25

R A Z B (Asp) 0.35 £ 0.00° 0.13 +0.00 0.09 = 0.00*
7 & 5% (Thr) 0.29 +0.00° 0.09 + 0.00 0.09 = 0.00*
% R (Ser) 0.16 = 0.00° 0.07 = 0.00" 0.06 = 0.00*
%28 (Glu) 0.96 + 0.00" 0.27 £0.11° 0.36 = 0.00°
H A8 (Gly) 0.13 +0.00" 0.05 £ 0.04* 0.07 = 0.00*
7 & R (Ala) 0.51 +0.00¢ 0.34 +0.01" 0.28 +0.01*
F AR (Cys) 0.00 = 0.00* 0.01 + 0.00 0.01 + 0.00
4B (Val) 0.41 +0.00 0.13 £ 0.00* 0.13 £ 0.02*
B R (Met) 0.45 +0.01° 0.03 = 0.00* 0.02 £ 0.01*
5t 5 & B (1le) 0.25 = 0.00° 0.06 + 0.00" 0.05 = 0.00°
7 &R (Leu) 0.43 £0.01° 0.09 + 0.00" 0.07 £ 0.00°
B& 2 8% (Tyr) 0.43 +0.01" 0.08 + 0.00* 0.07 = 0.00*
R 7 & B2 (Phe) 0.86 +0.01" 0.09 = 0.00* 0.09 = 0.00*
B AR (Lys) 0.14 +0.01° 0.11 + 0.00 0.07 = 0.00*
A& NH; 0.70 = 0.00° 0.25 +0.01" 0.20 = 0.00*

20 R, 2 (His) 1.39 £ 0.05* 6.56 = 0.06° 5.37+£0.01°
Hy AR (Arg) 0.00 £+ 0.00° 0.06 + 0.00° 0.04 = 0.00"

BRI AR ERE” (n=3) AR EAR TR ROR 22 53

2.4 LIRS NXHEm

JIg B S A 2 G D A AL T A
TBARS {E R #EAT 7R . H & 1 Al Hop AR Py 2
R ot E AR B AR (0.560+0.006) mg MDA/
kg, % HR 41 4% 5 A2 40 1) TBARS {4 (1.068+0.026)
mg MDA/kg, THAHNT 1L 2452045 T A f 1) TBARS
R E/NT X B, TBARS {H HY FEAR 28 43 4y
XF e BT A A B A RIVE T, 5 R 2R AR DT 4E Ak
A AR S AR G PR, 1L 2 v i 1 25 Z2 88 T LA
SBURT 1 S E SN B o ey Epr 3/ R 1 PR Ay P
AR AR R, 25 AR L R & AR AL 5 g T
AALARE R IE A G, B WFoE R, B A Ak Xt A
il it o 2 PR B R A PR HE DI RE, W RESE B TR
Rr= b A 5 AR LE A, & E T Strecker

% (P<0.05) .

Rok i, DT (A PR T S5 R R B 3 22, A
1717 XoF 2% AR i 1) A= ™ A A R A ), 106 BH 3 i L
2l 12 ) ok B AN g I A i 1 g 5 Rk = — R A 4K
Ul A 2 SRR 1 T B
25 WHRBRYHNEASUHZNE

i e Ak S — b AR AR S T 36 % 2K AR s
M, F A R s T LR I S B A R SR TR
J e A R AR T A A R AR AR B 2
SRR AR BT R ER S A, B BT RT T R HR A Y
B I (0.0036+0.0003) nmol/mg #H Fb , ¥ il 1l 24
F U 1 5 T A £ b i) AR R B A i B R
fi% , > (0.0027+0.0006 ) nmol/mg , 4% 5 2 B | 4 R i
GRS EARMARRIEAX, TR
o, AMMUBTEAB I R G2, B B
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Fig.1 TBARS values in roasted Eleutheronema

tetradactylum with yam extracts

A FECR A BURAR, XATRESE T AN 25 4
Wm0 By A i rp F R AT, AT A 2
FI BR8P — 2
2.6 WLIZGIRENH XHE & 1 KUK B 52 0

HIZe 7 AL, K S fovh i R A ALY 3
BRI RIS ERH S FIEE R ST 1 3 AT LAWY
WA, A[FKE DA g b R A BT A 22

0.004 ¢

—t—o

—_—

0.002 +

EARAE T R
Protein carbonyl content/nmol - mg™

0.000

Xﬁé‘%’s?ﬁ UJ%'%I%EX%
M2 #ORahEARRESE

Fig.2 Protein carbonyl values in roasted

Eleutheronema tetradactylum with yam extracts

S5 T WA LA R B O A A 2 R, BRI A 0
PEAT PR S (B 4)xf b, B 4 ZOHER 4 I, T
TT 1L 24 B I A A B S I T R A A
2- TR S TRE 3-FRE TR 2-HR TR BERE
O ERERN 2,3- " JEME LS ZHONRES , 45
TR RUS N T 1L 24510 95 I e vh 2 R B
B, B S AEAMBIM T2y S kK

x7 HEBMIFR
Table 7 List of inorganic compounds
ot 2F X M aFE ARG EIEZL(R) EGEE (R)/s ¥4 %% (Dt)/au. R
IEERE CoH 50 142.2 1104.5 769.68 1.4748
=P Ak CH N, 1222 10222 597.76 1.1655
DY; 35 CH.,0 114.2 904.0 382.01 1.3286
i LS CsHgN, 94.1 836.2 298.02 1.0820
-9 A T CsH,00 86.1 666.1 163.19 1.4041
3-F A T CsH,0 86.1 652.2 156.82 1.4139
LiF- 1S C,H0 72.1 568.0 123.39 1.2932
=W C;HoN 59.1 501.0 101.93 1.1530
IE TE CeH O 100.2 797.6 259.33 1.2555 AR
IE LB CeH 1,0 100.2 797.2 258.99 1.5655 % Rk
T LB CeH 1,0, 116.2 797.8 259.50 1.2056
2-T B C,H0 72.1 595.1 133.29 1.0621 RS
2-T &R C,H O 72.1 595.8 133.54 1.2493 % RAR
Fik CsH,60 128.2 1010.6 574.09 1.4101 RS
F Bk CgH 0 128.2 1012.3 577.18 1.8243 % R
2,3-=F Ak CeHsN, 108.1 925.0 41743 1.1168 LIS
2,3-=F Ak CeHgN, 108.1 922.1 412.30 1.4926 % R
ER S C;HsO 106.1 957.1 472.23 1.1608
KR CsH 00, 102.1 916.3 403.66 1.2239
TR R B C;H,0, 130.2 896.6 374.21 1.2723
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Fig.3 GC-IMS spectra of volatile organic compounds in the control group and the yam group (difference comparison)

oo [+] sffReE
o [+] st8RA

oDess 4
§008a0 hudbomaqVDDO o ®8 S

-.qvoboooOJ
"o 000E

ASDOBOA&BOCOOaY

oo ® 4

L
s
*
=

5 §I' b
o
5
§
)

N oo [+] WEHRBA
PRIEHEHEBY CBY Y HH

vV HOUU U B m ] B

L e e BB

BET T HNm__ZO

B =S mm 25T

&

FH

EC)

TE M A D o3 SRR % 5 i A 2R A
B4 RAMLAAPEREFTNYHIELIEE

Fig.4  Fingerprint spectra of volatile organic compounds of control group and yam extract group via GC—-IMS gallery plot
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Inhibitory Effect of Yam Extract on Heterocyclic Amines
in Roasted Eleutheronema tetradactylum
Li Meng', Lin Songyi'?*’, Wang Ruichun', Wang Xinyan', Zhang Simin'?%
('School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
*National Engineering Research Center of Seafood, Dalian 116034, Liaoning
*Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, Liaoning)

Abstract In the present study, the inhibitory effect of yam extract on heterocyclic amines (HAs) formation of roasted
Eleutheronema tetradactylum at a high temperature was investigated. Furthermore, precursors (creatine, creatinine, glu-
cose and free amino acids) of HAs, lipid and protein oxidation, flavor changes are evaluated to determine the inhibitory
mechanism of yam extracts on heterocyclic amines formation. These results showed that the addition of yam extracts
caused a signification HAs reduction of 59.08% and 47.99% of the Norharman and Harman content, respectively, led
1Q, 8-MelQX from (0.29+0.00) ng/g and (0.75+0.01) ng/g below the detected limitation, compared to the control group.
Moreover, the addition of yam extracts had significant effect on the HAs precursors and the flavor of grilled horsefish,
there’s a certain amount of increase of all the contents of HAs precursors, including creatine, creatinine, glucose,
glycine, indicating that the addition of yam extract may hinder the conversion of precursors to HAs. The contents of
octyal , 2 —butanone, isobutanal, 3 —methylbutanal, 2 —methylbutanal, heptal, hexal, nonaldehyde and 2,3 -
dimethylpyrazine and other aldehydes decreased, and the addition of yam extracts significantly reduced the oxidation of
fat and protein in the process of roasted Eleutheronema tetradactylum. This research provides a new method to minimize
the amount of HAs for the reasonable processing of roasted Eleutheronema tetradactylum, which is helpful to food manu-
facturers for the production of healthier fish products and may be applicable to various meat systems.

Keywords roasted Eleutheronema tetradactylum; yam extract; heterocyclic amines; precursor; flavor change



