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Research progress on the formation regularity and inhibition pathways of the
harmful substances accompanying the preparation of
thermal reaction flavorings
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ABSTRACT: Flavorings have a wide range of applications in the food industry, and thermal reaction technology is
the main technology for flavoring production. However, while the amino acids and reducing sugars in the raw
materials of the thermal reaction flavorings undergo Maillard reaction at high temperature to form the desired good
flavor, various accompanying harmful substances including acrylamide, heterocyclic amines, advanced glycation
end products, 4-methylimidazole and 5-hydroxymethylfurfural may also be formed, which are carcinogenic,
mutagenic, neurological, genetic and can lead to a series of chronic diseases. This paper systematically introduced
the formation regularity and inhibition pathways of several typical Maillard reaction derivatized harmful
substances, and discussed the inhibition ways from many aspects such as before, during processing and storage of
thermal reaction flavorings, which can provide reference for the control of harmful substances in the preparation of
thermal reaction flavorings.
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Table 1 Inhibitory effects of exogenous inhibitors on AA during thermal processing

1 5 o A % I AA I/ % AL E =BT
L- R At fi ity Hh; WA 60 U/mL; 100 U/g 66.9;51.7 THBRHT4 (Asn) [31]
AN Asn/Gle HEA A 2 0.01 mol/L 57.75 TEA AT (Gle) [32]
it Kz % Asn/Gle BLIA R 0.1 mol/L 51.38 REL I H [ 4 [32]
T TR M MIESE A 1.34% 76.59 BELASH A A [33]
WHR VET 0.32 g/kg 69.34 HBR A 3 [34]
K% Asn/Gle BERIA R 219.1 mg/L 713 Eijk=N14 [35]
T Asn/Gle BHIA R 10" mol/L 64.7 bk [36]
REB 5N 0.15 g/L 478 el S G Rl 1R NN F S N EE R [37]
RIETFR LIBEA 0.5 g/L 38.4 AT 4 (Schiff base) . Hi4E Ak [37]
WK P 0.015% 73.66 S LN P S NEEE SN = [38]
B R Tl 0.1% 80.5 TEAHT A (Asn) [39]
P kAR Asn/Gle A FR 1 mmol/L 76 E%H”WGIC; ’iﬂd;z ;‘;E)ﬁi - BENE [40]

eI Asn/Gle #El{& & 1 mmol/L 51.03 LA HTR(Gle) [40]
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XA HAs TE U sE i HGE D, A TRl — 20
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ZH HAs 7EAIRE T AIE B RAG, PR b il e B 2
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IR h AR HAs BTN, 2 2 I90 12 FhOMNIE s i
FIXFHIN TR BRI HAs (RmhifEf . —ELOE, 1)
Z2 % HAs SN OB SRR LT T 3R el 4
B A5 HRT HAs BT, IT4ER, HZR2AE I IR
FESCP BORRE I I F B X HAs Bl AL o
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B AN AGEs i8] L Wolf, Namiki F1 Acetol
SRR A, e 3 R

H T, BERS MR E 1 AGEs AUA D EULRNS, Horp,
CML #il CEL 7EE MR & s, RBARIEH S g i
AGEs H s, NIV AGEs BItREDP, 1 CML
M CEL M5l LA H, i L Z Rk . BTk
RRLOO-SN it G A A W A R AR A R R, CML Al
CEL I b % pH 19FH i, 1A AGEs 945 5 76
PRI PR X T RESE R TR A 0E R, B BR A4 SN
PR, IR A A W %) LA A A SR A T
FERR T, AGEs HTHBRIN 25 et 405 3= Sy, i
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Table 2 Inhibitory effects of exogenous inhibitors on HAs during thermal processing

Pt 551 o FAMA FR i) L5 i H A% HAs i /% AL E = DU
i 24 Je& 2k R F 1% Harman+Norharman 100 R B It [47]
21 2R 14 DE 1% Harman 60.59 TR A H [47]
i R & 4= A 1% MelQx 57.94 TR E [47]
LR 2B 5% Harman; Norharman 94.8; 49.56 mlﬁ?{ﬁt%iﬁtjﬁ [48]
A6 % JEXS R AYE 0.1 mg/mL 1Q; Harman; PhIP; AaC 34; 46; 54; 41 m;;ﬁ)uﬁugg}ﬁ& [49]
L5, WA HXS 0.2% 8 filt HAs B 43.83;45.29 R A 3 [50]
THER AW, iR
H R R EU JEXG 2 mg/L 8 fft HAs fi it 43.9 Ak A SE R [51]
N (R AR
JREIH Y R 1% PhIP+MelQx 100 Eik=R 4 [52]
4 R & 25 A 13.5%~14.5% 6 i HAs B 57.22~95.14 EiE=R 1 [53]
RZ & R 0.5% MelQx; PhIP; 4,8-DiMelQx 16.7, 64.7; 31.1 EiR=N A [54]
ISEL DT S v )
B ERAYER INTEAG R 2% PhIP; Harman; Norharman 45.83; 21.82; 30.92 A (Phe | [55]
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Al RE S X AGEs A7 LA AR o BF5E R B, U2k K
R, YR . RIERR . giA B P E LSRR T
BRI PN T3 F b AGEs B AL, 26 3 V198 T & Fhoh
PSS A S Fom Tl B AR ZE AGEs By Hil/E
FH o A28 6 H TR BB 0 i #4004 7R
' CML JE RS2, 4558 % IR AT L~ CML i
SRR TR IR, RO A e
iR R B-D-HIENEIAE N a-D-HIEHET®), I 345
S KA ERAER N, LAl AGEs B B i i BH fin
5 R R 2 % P RS B BT A SR, T R T
BN T e mT e fs il fa Ak L IR, MOk Z
G TEURE OB N T 2R & i i AGEs. A WF
FEN BLZS AR IR 2 1 B (sous vide, SV)HEAT THRSY, R
F SV B TR KA [ A PR S, W5 4 CEL DK
Wiflh AGEs Hral{Rf & a8 8 T w22 A n
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Table 3 Inhibitory effects of exogenous inhibitors on AGEs during thermal processing

%
i) A eI MR AGEs  HIE/% L ;;
FEFFALRIA . .
P RS 0.5 mg/mL CML 29.4 Eij=R 4 [65]
AR BSA/Fru Sk & 1 mg/mL CML; CEL 41.81; 38.41 TG BELUT S 5k v 1] A [66]
o " . . . B . WHERIRY . BR
Fo M g 0.5% CML; CEL 51.68; 42.43 W e e i [67]
e B BRI BSA/Gle BLHIA Z 02mg/mL  FOGME AGEs B 75 Tfﬂ Fﬁﬂﬁmslfﬂjfi%ﬁ%%tp [68]
HRETFILE g g N P WAL WkeE
?‘&ﬁ‘?ﬁg BSA/Gle/Cu* bl &k £ 0.2 mg/mL D6t AGEs B 5 54.44 " - [69]
R KE 2 e Broal Ak . BELIT G g v i)
Dk % , .
- Lys/Gle 41k & 0.04 mg/mL Pyr 52.03 Ik [70]
SE 5] WL A1 0.1 umol/L CML+CEL; Pyr 30; 100 EL T 2% 8 i A [71]
SE-F5) RS R 0.1 umol/L CML+CEL; Pyr 27; 100 ISEL U 5 v [ [71]
T R /s 3 1/ Glle 45 IEL T 2% 8 v i £
ks
FALZEEY) - 1.5mL CML 76.57 o~ [72]
iR By; L e 0.6%; 0.06%; 17.24; bt
% kipi (PN B R i) 0.06% CML 18.08: 9.78 /=R 4 [73]
o e 22 1 BSA/Gle BHIAFR 100 pg/g 3661k AGEs B 30.33 TEHRIARLys). PUEL  [74]
o e 2 19 kil 50 ug/mL 76 AGEs B it 41.91 SEHIAR(Lys). PLAML  [74]
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Table 4 Inhibitory effects of exogenous inhibitors on 4-MI during thermal processing

ki 551 N A Z iyl 4-MI il 2/% AL B CHR
ES- ¢ P 0.015% 51.55 RELIBTSCHE P R A | BBk A 3k Pk [38]
1 Gle/Z KBA R 0.2 mol/L 525 S AT . A b A [80]
WRERER, BREREE; B Glo/E AL Eil -
Wb "z 0.1 mol/L 80; 13; 17 i) ] A [82]
S AV )
BEIR; AR Gldﬂﬁgw’%“ 0.1 mol/L 26; 29 ) v i) [82]
(TN (SLii P 0.05g 89.9 RELAR PR 2 28 % . B A [83]
£ W5
w | [Ehe I
[ SO, B RS K
I y
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AmadoriEHE MGO
27 ;|
URIEEZR NI EIIEN AmadoriEHE =4 THREAEY 4]
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Fig.5 Formation pathways of HMF® ]
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0.9716); 1 = d MBS HMF 998 BT & —gesh J12%
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T FHBEAMA R T, HMF AOIE -5 SRR B D L2 IE 1,

(ELR A B HMF FE JC i A7 M 22 DR 2 W R~ LB
UL AT DL, X3 SE AR R AR, N EAR] ) AN HMF 19
T TSRS T I JRE o A ) O s ¥ 54 582 i 1 P sl
M X T AR AR, A ENHR X HMF
T TR 0 R TR I8] oy RS R A ) o 2 IO s
AR, FrelfEXFiE ol N A e kte, iR

#RJE HMF JE it (7 R B R 22 . Rk, ol s o 7L B T
SR B N AR H HMF 195 S0t
5.2 S-EREEREBAINGIRE

TEHN T B i HMF 8 SE AR AN S0 72 0 5 R
FIRTHE TR AT BRI, R T i B B 0 B [a] A
B . XTI, 8 SRR R Rk
B EL A AT DL A A il s R s FE e HMF BTE . ffFgT
B, WSISEAKER . BLAEALR . KEIRBEER . 21 i fn—
S FER AE ] LI SC i P Tad A HMF B R, 3% 5
V2N T ZFp 2T B4 5% HMF A 90 76 A

&b
He

F 5 SMNERMADEIFR Hn i i HMF B HIHIE R

Table 5 Inhibitory effects of exogenous inhibitors on HMF during thermal processing

) N A F Nyl HMF 11 2/% AL EZPUN

2R Asn/Gle BLA R 0.02 mol/L 58 BHAZHEBRZE =P OnE) [89]

EIE=Yivy i 2% 90 HEHBRAT=IONA) [89]

T EEBR AN (== 1% 26.2 BEAF R A28 % . WMER [90]
I R VA T B A 4 P 1% 473 BB R R R . B A ML [91]
REEBTFILEERE _— . s

B BaR 5% 50 EijR=n4 [92]

KB E iﬁﬁiiﬁﬁi’ 107 mol/L 94.13; 76.33 EiE=K A [93]

HETE A 82 X TR RS HMF R
8o BRKAL A L HZ M) 5 2 50w A 12 b L TR 1],
H HMF 98k SR8 B, finies ™ Rt
T R, EARBOE MR R X
AT RS T I T v 2 B Al P R IR A% 72 0 HMF
A KA LR A B S M ST Sl A o RSO 7 il 5 ek
AP 38 JFOREAS 22 58 A SO WAB IR, T A% B W A 7 5 £
TR AT B IR HMF o e L SEA 45 i i B — 12
MR EET, JFE AR A B2 A LI (R B 28 HMF (975
AR AR Z LI

6 ZERIE

A A o o G 25 A P B A ) R A AN TR
AYTE Biad A (EL AT REA AR TR] A R AR P ] (A e TR il i
T AL & BT OC AL ORI AR IS ANBE EE, AR TSR R4 T 18
R TIAL P AR F AR A5 1 8 AR il T
13N 1115 ) B DS R S E R e | BT
I TE AL MRS R AL AL, BT A B
T =RT Bt T DA Gk A0 AE E 0 H
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