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Production and inhibition of harmful substances in hot processing of fish

YUAN Yi', ZHAO Rui-Xue', WANG Jun-Yu', ZHANG Tian-Hao',
LIN Song-Yi'?*?, ZHANG Si-Min'**"
(1. School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, China; 2. Engineering

Research Center of Special Dietary Food of Liaoning Province, Food Engineering, Technology Research Center of
Liaoning Province, Dalian 116034, China; 3. National Engineering Research Center of Seafood, Dalian 116034, China)

ABSTRACT: Objective To explore the effects of curcumin and vitamin C supplementation on harmful substances
heterocyclic amines (HAAs) and advanced glycation end products advanced glycation end products (AGEs) in
Salmon salar roasting process inhibition and the effect of exogenous additives on the flavor of grilled Salmon salar.

Methods The concentrations of HAAs and AGEs were determined by high performance liquid
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chromatography-tandem mass spectrometry, and the inhibitory mechanism of reducing sugar, creatine, creatinine,
glyoxal and other precursors and lipid oxidation levels were further determined. The changes of volatile flavor of
Salmon salar during baking were analyzed by gas chromatography and ion migration spectrometry. Results Compared
with the control group, curcumin and vitamin C showed significant inhibitory effects on HAAs and AGEs (P<0.05), and
the total HAAs inhibition rates were 75.21% and 59.52%, respectively. The inhibition rates of N°-carboxymethyl-lysine
in AGEs were 90.56% and 90.87%, respectively. The inhibition rates of N°-carboxymethl-lysine were 94.57% and
94.80%. The concentrations of precursors such as reducing sugar, creatine, creatinine and glyoxal were highly correlated
with the content of HAAs and AGEs. In addition, volatile flavor analysis showed that the addition of curcumin and
vitamin C had a certain effect on the flavor of grilled Salmon salar, and increased the concentration of aroma
compounds such as 3-hydroxy-2-butanone, 2,6-dimethyl- 7-octene-2-ol and menthol, which contributed to the overall
smell of Salmon salar. Conclusion Curcumin and vitamin C affect the key precursors and intermediates in the
formation of HAAs and AGEs, and have a significant inhibitory effect. The development of this study provides
theoretical guidance for the control of harmful substances in hot processing of fish products, and provides reference
for optimizing the processing technology of fish products.
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AER P M F AGEs HOEEPL B9 KU1, HAAs Al
AGEs A JF B iR, nTae S 2UM8 | PR .« shkokFE
Tk | B 51 3 A0 BT IR R I R A 2 R e AP R
) HAAs 5 AGEs A= U2 R R #Uin L& 5k .
JFORL, VR . BREL KA. ATRY . SMBEEINYISE . BRI
L2V, IR SRR U sl AR R AT LASE 2 i R
A B3R b AR S R T4 HAAs TR RIS [ B EL,
MR HAAs 1 AGEs JEA!, XUE 2858 %
PHLZS B3 i T BRoe 5L A B 5L L HOO Fl1 'O, il T HAAs
B R, FIRE P Bl TP g B Ak = A — b A i
M AGEs I B3,

LW RN W AR, DA A S 6%
KI5 iR A 58, B 2 MAHARH AL . 1 A -
BRI R, & A AR, FEEE R, B Rt
AL PRk A R IEERR A, diE R C KB
AAe, o LIPS 5 hi s s v e e K, T TR
A AT R, X R A S A HAAs Fil AGEs
M FB, Bk, ARUFE LI =30 R x5 il
SO 0335 - P BT T v B 2 L T ek R v oA R 2
&, HHRRZWEMGEAR C X7 EM HAAs Al
AGEs M fER, Wi aiiAg e . NEF . &R
W ACs Ik B AR [ R B L %\ﬁﬁﬁy%ﬁimm¥ﬁﬁmwm%éffﬁ%ﬂ
Norharman, M1 {aZ2H Amadori B HEF= 4 50 e LAk g TR EE YRR T AR, RRR AL,

B IR, TEFRE IO MR T 28l -1 BRI 1 MRS5S
I TE G e A, B A AR 43 I8 Sk R R 8
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=3 (Salmon salar), T4 F RG-S K-V,
JEVe AP, PRI IREE | WTEESE, TRt
B, MEECHIFEABONE R, Al 4.5 71 t,
HEFMBUHAED R E, 20234 1 AZ7H, 5=t
B OB EGAE T 2.4 05 t 22N S30aoin TR B S
FRIECEHI O T A T, ik = Scf 2D
K. B KE. MM TR R, SCaEARSES, BE
THRER . MEAR . RERENOT IR, DY
HE A, By, By, BpEZFERYIR, X, INA LR
FLA A R a2 T R s A A XUk, (A
PR A E W7 A, B U0 2% 35 1 (heterocyclic
amines, HAAs)P! | W HIBEREAL 20K 74 (advanced glycation
end products, AGEs)%, HAAs 21 C. H. N B P4
HEAT 2~5 ANGEE A 3 AT EEEH & AU LA Ah
IS 1~4 NREBURER Z 5 R PE,
WAl 2 25 M 22 5 AT LAy Sy s Bk A 2k OV R
AlAs) M1 & b i
(amino-carbolines, ACs)Wi K01 ATAs 32 Hy e B s LR
AR . WUBF. R JRMEZ 5 68 B Fl Strecker FEARTE

il

(aminoimidazole-azaarenes,

AGEs JEM 2R . K. B80T 03 28 2 L AA JE R Y 7
PERRIE & A AR RN Y UM A FE A, o N-RH
LR IR (N®-carboxymethyl-lysine, CML)FI N°-¥& 2 3461 &
fi2 (N®-carboxymethl-lysine, CEL)# #{f & AGEs #ri&#y,

1.1 #E5IR

Bt =0t KiK.

AR C, HWHRGUE=99.0%, B RKEYHAE
BELZS ) LI D 5 38 700 6 (e A AR ) LR W 50 ),
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CML it ¢ 5 3 WK JfF ) 5 (enzyme linked immunosorbent
assay, ELISA)it 7 & . CEL ELISA it & (MG A4 W H R A
WA ZiE. 2. 88, . FEE, SR, N
P (43 M4l

1.2 UBEE5EF

K9860 I [ A AL (1 g R e B AR 4 A R A w);
Agilent1290-6470 W AH (35 BT {X . Agilent Cig #(2.1 mmx
100 mm, 1.8 pum)(3& [E ZHERRHEAT L w]); LA0SO ik
FIER ML (H A HITACHI 24 H]).

1.3 WA
1.3.1 el &

W = scmdtall | R DIURNE, BBk R, Ak
BrisifaE, RFESS BRI 2. FRIL4 4 50 g
UEEE T 4 @9 em RN, HIHA 2 g &M, H 2
AR A0 0.05%22 5 A 0.05%4E4: % C, ik
5], BRABER, BF 250 °CHEAH, WIIE 4 K5 1 25 min, £f
BHEHAT RS E .

132 HAAs #al 2

%:7% TR g E M IR R B S, ATAb B FRER
2.0 g FEfh, A 1 mL £ B F/KHR 9 mL §) ZIEIHRR (& 1%
LG, FRGIRS), MAZERAL 4 g TOKIRREE . 1 g K
), FEhHE5 1 min, SRJSFE 6000 r/min, 4 °CH &4
TS0 10 min, BU6 mL VSR, FAEBRAEG IFRIBOR T &
DI 300 mg ) N-N3EZ i (primary secondary
amine, PSA), 900 mg M IC/KBREREE . 300 mg AT/ \ ik
AT (C9)]e BEAIRY | min, RIGTEFIFESRIE R E O
10 min, B 1 mL F3EWAARAR TR IA 1 mL (# F E,
WHEIR AT, M HE M R fEE L 0.22 um JEE, EAHLINE . R
FHWBOAH €235 T 35 A 5 o S0 SR AR AR =Xy P W0 55 R B
(electrospray ionization, ESI+), Agilent C;g #(2.1 mmx100 mm,
1.8 um)iE 7434, 4 WA A: 5 mmol/L BEFR &K
W(E 0.1%FR), B: LMW, i# 0.3 mL/min; A%
FEIR: 30 °C; #EREARAR: 5 pL. ZMESALAEIR N 0~1.5 min:
95% A Fl 5% B; 1.5~10.0 min: 90% A Fl 10% B;
10.0~15.0 min: 70% A F1 30% B; 15.0~20.0 min: 99% A Fl
1% B, f£4% 1 min; 21.1~22.0 min: 95% A F1 5% B,

133 AGEs thal &

AGEs %l CML. CEL ELISA & & E .
1.3.4 FEACHFR e E

MR GB 5009.237—2016 &b EEAnE £
pH {ERIMZE ) . GB 5009.3—2016 { £ i 24 F 5 hriE £
i FFR AR I ) 43 AR S R pHL KA iR T
1.3.5 WLBR#GM

275 CHU M 7 i R RIS 0 B 0.25 g FEAA, T
A 100 mL 30 g/L MI=ELRER, w5, JiE, T
8000 r/min . 5 min, FIFWIEACHIE, HL20 mL y&W,

ASEBGR 28 10 mL, & 10 min, B4 mL F 2R M
A2mL 0.2 g/L T _i# 2 mL 25 g/L #9 1-Z58), 7£ 40 °C
{EIR/KIE 5 min, MIXE 520 nm AbESERE
1.3.6 WUBF&4 M 2

SR FH LB 3270 8 Gl S A T I e A LI 5 £
1.3.7 & JRrAEAG M E

S 2 S R VE IS . B 5.0 g BERD, T
A 30 mL ZEM87K . 5 mL 219 g/L ZREFATK . 5 mL 106 g/L
WAERFALHE, WIEIRA . 7E 50 °C/KIA 20 min, BH,
4000 r/min 2.0 5 min, J I, IMA 20 mL ZE57K, FHIR
B50(4000 r/min, 5 min), WHEAIF RIEWR, E4 2 100 mL,
RAEHS) . T mL EW T AE P, A 1.5 mL 1) 3,5-
ISR IR (185 g WHATRFHEA 500 mL HukH,
SRIGHA 262 mL 2 mol/L NaOH ¥l 6.5 g 3,5- Atk
WlR, TIA 5 g 45 WB A 5 g WEREREN, €A ZE 1 L), 4%
RIRSR BRI 5 min, fFAHIEFIRFINEE 1K
% 10 mL, T 540 nm Tl 61l
13.8 ZZmam

27 HUANG S5 7 it ReVE 1B oA, B 1.0 g FESD,
FH 9 mL pH 7.2 BIRERSZ IR, Y5, T 8000 r/min, 4 °CE§
> 10 min, HX 0.5 mL FiFWS 1 mL 15 g/L FERR AN W AN
2 mL 2 g/L HHEEERRERIR A, 50 °CIHIE/K 20 min. 7£ 233 nm
AR T R A R R
1.3.9 & ALBeyn T

%% ZHANG U005 e it Bk . R 3.0 ¢
Fe&h, A 15 mL 9 0.02 mol/L $hFR W, Y% 1 min,
10000 r/min #§.0> 10 min, BBV 2 mL, LA 8 mL TR,
10000 r/min FRXESL> 10 min, BRI 1 mL F 60 °CHEZ,
FRATYINNA 0.02 mol/L $h2 2 mL %, @it 0.22 pm 1t
TERE, LML
1.3.10  AAX B Pb B2 R 4 6 ) 2

2% ZHANG %P )5k, # 1.00 g #6445 5 mL B
A B B %88 )2 v W) (thiobarbituric acid reactants, TBARS)
WIRRA, THKBHEE 20 min. BRSOG4 °C,
8000 r/min, 15 min), B FIHEFE 532 nm AbM R
1311 LALLM 7

£ CHU M1 )5 3 % 33 %Ak f (peroxide value,
POV), FREX 0.10 g KA S 3 mL kiR ieig 4. B 50 pL
VWL, WA 1.45 mL HECOE TEARAWQ2:1, V:V). 10 pL
1 g/mL BRPR AW 10 pL 5846 7 2k A 12 (0.81 g &4k
U 1.00 g BRERWAKAE 0.5 mol/L EhBR g s hy, B i
W), BEIZ 20 min, 7E 510 nm A0 -E I G R .
1.3.12 AAE#E-B T 24854

FREL 1.00 g #f 5 FIRZS i, 94K 15 min (80 °C)J5 ik
FEM . HERREHREE N 85 °C, #EREIATH 200 pL, SFILEE
9500 r/min, &4 SAHFE By 150 mL/min; SAH
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E,: 0.00~2.00 min: 2 mL/min, JZ Wi 2% Rec; 2.00~10.00 min:
10 mL/min; 10.00~20.00 min: 100 mL/min; 20.00~25.00 min:
150 mL/min, JZ W 23§ Stop.

1.4 HERAE

AHFFE T SR E A 3k, 45552 ] SPSS 27 #k
PFIEAT IS A R E 22 70007, P<0.05 FoR2EH R, il
Jil Vocal 0.4.0.3 {4k 3SR €41 - 25 F 3T B 1 (gas
chromatography-ion mobility-mass spectrometry, GC-IMS)4{

I
2 ZR5SM

2.1 EBZRMYEEFR C 3T HAAs 71 AGEs £ RRAIFN
ARG 7 Bl HAAs: 22 -3- 1 BEpRme I
[4,5-f]ME 0z Bk (2-amino-3-methylimidazo[4,5-f]quinoxaline,
1Qx). 2-Z 3-3,4-— F DKWL I [4,5-1] ¥
(2-amino-3,4-dimethylimidazo[4,5- f]quinoline, MelQ). 2-%
Feo3 8- T HI LR [4,5-/]ME VR Mk (2-amino-3,8-
dimethylimidazo[4,5- f]quinoxaline, 8-MelQx). 2-%%%-3,4,8-
R BRI [4,5-f1 % E M (2-amino-3,4,8-
trimethylimidazo[4,5-f]quinoxaline, 4,8-DiMelQx) . 9H-HIE
F[3,4-b]"5| W (9H-pyrido[2,3-b]indole, Norharman) , F 2:-9H
M B I [3,4-b]M5 Wk (1-methyl-9H-pyrido[2,3-b]indole,
Harman). 2-2%&-1-H 2-6-FK 3Bk M IF[4,5-b] 0 BE
(2-amino-1-methyl-6-phenyl-imidazo[4,5-b]pyridine, PhIP),
YPHEAIBR 8-MelQx, HAY 6 Ff HAAs Mg, it
(21.08+0.05) pg/kg. FEEEMYEAE C /351 HAAs & &
Wb 75.21%F1 59.52%. HH 1Qx . MelQ 7K REAIR 4G H

FRLLR, %7 Norharman A1 PhIP #4351k 84.33%.

61.43%F1 81.71% . 88.73%. XTHRZL CML. CEL & 437l
$9(32.10£0.19) pg/kg F1(26.34+1.02) pgrkg, %K B EW
/b7 CML Fl CEL &4t 90.56%F1 94.57%, 4erE%& C NN
il T CML H1 CEL 90.87%F 94.80%(55 1), jX&u%f L0,
FLWRMAER C HREARANH = Sc kg hlh HAAs
AGEs FUTE AL, HAZEWEXT HAAs FIH 05 A
SR, MR C Xt AGEs MGIEEI R, BEEHEE
Wi p-—WALst, M BEPUEAN:, fEgET A
FRFHBRE RS FEGERRERBEAETF0O,). #
B A (- ON)ZE LAl | LY, KILIC 22205 K B
T 0.5%22 Bk XIS A AL HAAs F1R1 38 72%,  HAm 48
T R R KA %, XUE S5 R R MR 4E N
PErpiiE e fZs & HAAs I BE J7ik 8 59.97%F1 27.42%,
LR O] DU K B [ B LR 'O, S50 [ ph S
HAAs . WANG %P5y % B 25 4% 3] LI it [ 2
WA PR B0 T B 35 o ] (R 2>k A1l ) Norharman 7%
B dEER C HAmEEME, e SRR E S A
NS SR RIS I P A UM |11 < 0K 970 [V AR 1 22
F C Al DL a1 (5 MR %5 HAAs BT B2 Hos B P e A iy
A T FRAG HAAs FERPY. WONG 251275 Bl A % fig
5 HAAs H AR ZBER ), XHHES: A5 PhIP, MelQx 3
B B A RIAE R . BEAh, (EASEE AR EE
4 K C Ji 8-MelQx Hi1 4,8-DiMelQx 5 B F I H BT i T,
XAl e 52 M EMYEAE R C S IRFIHE A4 T o
fife, TR R 56, ndEA R C e T T BEAT AR
SR AT IR I R B S R S A, WTRES S
8-MelQx £l 4,8-DiMelQx HIJE AL, H i 5% & BAT &6 4341

F1 ZHERIMPER C WE=&H HAAs 71 AGEs KIF M
Table 1 Effects of curcumin and vitamin C on HAAs and AGEs in grilled Salmon salar

W /(ng/ke)
HEDRE
X B2 R gfeERCH
1Qx 0.92:£0.00 — —
MelQ 0.630.00 — —
8-MelQx — 0.500.02 0.70:£0.00
4,8-DiMelQx 0.03+0.00° 0.25+0.00° 0.170.00°
Norharman 14.65+0.0° 2.30+0.03° 5.65+0.03"
Harman 0.70+0.00° 1.41%0.00° 1.54+0.02°
PhIP 4.14+0.00°* 0.76+0.01° 0.47+0.00°
B HAAs 21.08+0.05" 5.2240.04° 8.53+0.05"
CML 32.10+£0.19* 3.03£1.09° 2.93+1.31°
CEL 26.34+1.02° 1.43£0.09" 1.37+0.40°

T —FORARMG Y BUEFIR P IEAR R 2 (n=3), [FTTARE FARsaE3R8 22 57 18 3 (P<0.05), & 3 [Al.
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TEAIANT A HAAs B AT REX AR RN HAAs fEAEAR
R, XTI A HLHAS B8 4 T S, i HSU
LDV I AL A L R ARG IR HAAS SR Mt
ZEALAT B2 T4+ Harman F1 Norharman F% 4,
A& -4 Harman 1 Norharman A= SEHEUE T MelQx Ay
TE RGO, B8 Hz X R 5 A P MelQx HIRISICR 2%, H4
# Norharman F1 Harman [ i B!,

2.2 JEHIPIBAIEFREIE L

T2 NAELRMEEZMAgELE R CH pHOKSF i
LRI, SRERTAIEL, X REZH pH 3800, AHR L, 3R
I ERMYEE R CJG, pH BB B I, X 524l
HIBIFIT 45 A — 30, pH FRAR S I E 25 Fr 1 38, AT
WL HET IR R, I HAAs A2 iR S EERTAE L, X
RRAH K& B PR, SO TR RS dl A K R
Bk, BWMEMGEER C UKD ERSHEMK SR
AR LI TC B 22 5

*2 B=NEBEUIEFRHTL
Table 2 Changes of physical and chemical indexes of grilled

Salmon salar
FE b pH KGR EEBRK%
AR 7.00+£0.01° 53.95+0.69° —
X REZH 7.30+0.00° 41.70£0.45° 67.93+0.83°
LWARA 6.320.04° 41.45+0.81°  68.53+0.40°
e Ccl 6.34+0.01° 41.86+0.92° 68.30+0.89°

W —FR I FSAE bR R R 25 5 W (P<0.05), &
4. 5[,

23 ZERMYEE R C X HAAs 1 AGEs BRI
A

AFZBTA HAAs A s A7 25, (HEE R
YA HE B BT L R R | UURR | LI R R 55 . AGEs
AN E S RN TR 5E A = i S L TR N R
TREE RIEAE Y . R T RS ET AR Y A ] AR 5
HAAs. AGEs JERUMOC R, M@ E E0E . JURR . LR
HWEM ., oo, SRNEK 3. 4 Pin, T2 HAAs
B A ML B A P 2058, B AT R 248 B A S 1
FRBTH B E AR R C IR, iR E IR K
TR, TN A R R R o R W b R
MelQ F) XA RTIALRY, 13X 5 W5 3 (9 MelQ & ik ydi /b 1) 25
A — B, B EHE . LR . WUEF S5 R0k 5 HAAs
M AGEs & 2 5 B BEAH DGk, S0 RTAH L, 500 L L
W U & ik RN, MR nEE Z Mg R C)a, &
JERE AL R 2 B 3 D 1Y B #(P<0.05), BH A%
HAAs. AGEs JE . % 4h, ZHANG 21N 52 g5 32 42 L)
AT LABELIE LT (i) R (A e k. 36 4 g i E g &

C VB & ot R B AN [RLRE B2 (38 m, il Fhu AL
VS BELT T AL o) PhIP v (a7 4 57 £ 1) 1 B 12 1 (] 1c),
WS> T PhIP =42 . 2 . J& AGEs JE s B2
AP SR MY R C 2 S R FRI R
B, AIRERF N EEMAGEAR C Wl iFbr
M T AGEs 942 B 3% 15 RAMIS 25 BOVRF 5% % R 4t A 22
A AT B AL A W 45 BB, NIk, X AN R
ToN) 30 3ok v S B A L e A TR B DA % BELIT i 4%
e R A R e Ak T A ) HAASs 2B

®3 B=x&PEREREM(ng/g)

Table 3 Amino acids composition of grilled Salmon salar (mg/g)
AR AR XPRRZH TR gERc4
BEE  1.23£0.04°  1.29+0.06" 0.46+0.00°  0.51£0.00°
JERR  0.40£0.03° 0.77+0.04°  0.36£0.02°  0.38+0.02°
HEE  2.1120.07°  2.10£0.10*  1.38+0.00°  0.65+0.85°
NERR  3.84+1.13°  7.55+0.33"  3.62+0.00° 3.85+0.04°

EPEEEE 0.06£0.00°  0.09+0.00°  0.20£0.00°  0.15+0.06°
e N7y 1.01£0.04°  1.78+0.07"  0.93£0.00°  0.99+0.02°
FHER  0.34+0.01°  0.10£0.00°  0.08£0.00°  0.15+0.08"

SRR 0.33+0.01°  0.65£0.03°  0.28+0.00°  0.27+£0.00°
SEER 1.09+0.09° 1.46£0.06°  0.73£0.00°  0.71£0.00°
BEEER  0.53£0.07° 0.73£0.03°  0.41£0.00°  0.42+0.00°

RNEBR  1.12£0.26°  1.11£0.05°  0.45+0.00°  0.45+0.00°
AR 0.95£0.17°  1.02£0.03*  0.07£0.00°  0.08+0.00°
HEE  1.3120.19°  0.95+0.03°  0.38+0.00°  0.43+0.03°
K&EM  0.18£0.01  0.15+0.01 — —

S HAAs  23.57+1.94° 36.34+1.02" 15.97+0.69° 15.48+0.23°

# 4 HAAs 1 AGEs ERIFM S E
Table 4 Content of HAAs and AGEs precursors

v W JEME WLIR &5 JIUEF
)FF‘FII‘I

/(mg/mL) /(nmol/L) /(pmol/L)

R 0.65+0.03° 720.20+9.87¢ 0.06+0.00°

X B2 2.84+0.05°  1183.89+£39.67°  2.48+0.18°

FLWEMN 0.43+0.01°  1148.57423.24°  3.51+0.19°

dgiRCH 0.39+0.00°  1174.12+26.46°  3.78+0.17°

24 ERZFNEEER CHERILHZMN
ARFRUESE, B BT A= 10 B P 48 B F 253
i HAAs Fl AGEs B4 7 o TR A Ak 55 HAAs
AGEs JER K, WE TBARS Hl POV {5 L3 5, ik 5
fiw, SEEHIRTAE, ST TBARS {ERBLH HA B34,
M (0.65+0.01) mg MDA/kg 3111 %2(0.87+0.01) mg MDA/kg,
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a J\_? %"Hg StreCkerﬁ%ﬁgY C6H1206 EH ﬁ CH O
I\JIrHZ Amadorli-ﬁf? j\M SH” ’
o]
R, OH %: Iél—;]-ﬂ g A Y —Me PWC OH
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Table 5 Effects of curcumin and vitamin C on lipid oxidation in
grilled Salmon salar
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Table 6 Volatile organic compounds in grilled Salmon salar
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Fig.2 GC-IMS spectra of volatile organic compounds in grilled Salmon salar
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Fig.3 Fingerprint spectra of volatile organic compounds of grilled Salmon salar
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