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Mechanism of flavor formation and its influencing

factors in marinated meat products

LU Hui'* LI Hui"® DENG Na? LIN Fei® WANG Jianhui'**

(1. School of Food Science and Bioengineering, Changsha University of Science and Technology, Changsha, Hunan 410114,
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Chinas; 3. Hunan Provincial Engineering Technology Research Center of Intelligent Manufacturing and Quality Safety of
Xiang Flavored Compound Seasoning for Chain Catering, Changsha, Hunan 410023, China)

Abstract: The distinctive flavor profile of marinated meat products originates from thermally induced transformations of endogenous
precursor substances and the synergistic effects of exogenous spices. The flavor formation mechanisms encompass multiple pathways,
including oxidation and degradation of proteins and lipids, as well as Maillard reactions driven by related secondary metabolites. This
review systematically investigates the compositional characteristics and regulatory mechanisms of flavor compounds in marinated meat
products, with a focus on how volatile and non-volatile substances collaboratively form the flavor basis, the main sources of flavor
constituents, and how processing parameters (e.g., temperature, duration, and braising cycles) influence flavor intensity and stability by
regulating reaction kinetics. The potential mechanisms of flavor formation in marinated meat products are summarized to provide a
theoretical reference for flavor optimization and standardized production.
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Table I Common analysis techniques for flavor and taste components
URIES N B4R VARIDIE
UM A3 — B B gas chromatography-mass spectrometry , GC-MS YR YY) R
4 TS M A% —IR H— 3% comprehensive two-dimensional gas chromatography-olfactometry-mass spectrometry, % % 44 it
GC X GC-O-MS

A TYESCH (43 B IR K AT AT R] two-dimensional gas chromatography coupled with time-of-flight mass spectrometry, % % P4 i
iR A GC X GC-TOFMS

SIS —E T IS gas chromatography-ion mobility spectrometry , GC-IMS 1R R
B electronic nose, E-nose &R i
S ) A (23 reverse phase high performance liquid chromatography ,RP-HPLC 85 R W) I
AR — B B high performance liquid chromatography-mass spectrometry ,LC-MS 5 R W Jo
W% i I 4R nuclear magnetic resonance, NMR 5 R I
I electronic tongue, E-tongue W) BT
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Table 2 Volatile organic compounds and their aroma types in common marinated meat products
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Figure 2 Schematic illustration of the interaction mechanisms among protein degradation, lipid oxidation, and the

Maillard reaction during the stewing process of marinated meat products

eSS (AN 28 ) AR AL 59, W 1A i i R 5 IR A 250
P R R S8 A R R (S AR U R ) 423 Strecker
e ik, A i 2- PR B DT 2 3- Y T e 4 B S R 28 o it
IR AR RRAIL 5 85 24 (A X6 PR RIS PA) ) DU 38 5 A 2 i e (2
e e =R ) A e B S (N i) ik (—
SETREE) Jo & A AL A CRIME R AT AR 40 ) , 58 B0 J e 1) )
WEA o BeAh, OB AL Y 22 St i 3 Jis 7 0 A 5 H
JBT LIS M RUBRARFAE o 9040, 2 P LA AR = ) A
WA (A ) i LG 3K 65% , 1IR3 U R 5 e 2 AN A IR
JUTTR , AL o] 7 A A (A )

I b AR A ek ) 32 3 SR 5 R PR A XU Y
PRI 2% o OR o ( JEABU BB T 4 SR SR, B AL v 1 A6 A 3R
DN LA JRR A, 33K 6 A 17 1R T PR Y KU R IR
(5] B, 6 20 4 2 L B AT ST EAR A L A Bl T 400 4 PR o A
TN 3ol AR v A B B AN R A Y A
LA BB 9 725 o0 ] 3 A R AT 3 R . R
TE RN T m] R A SRR RN, F 2 5 e P RN, AR A
I R S R IS SRR AE UR AL 5 1 o I R R E RE G R
b P A RO R S U 2 ) R A XU, 52
W U o 3 YT 2 T R PR A T B R B 2% A



F&M | Vol.41, No.9

BT AR, ) G0 i 2 BB S R A B U IR R
A LRSS W i — A AR T PR
42 MITE

T 1 PR XU BB AR T T T 2 B AR
b, R 0 A T o R B ) K pH A BB D VR A
R R B T A e T SR A S 3 A R N 1 3 7SO
A, M P R AE ROV B0 S5 0 2 B A . W9 R T, T
3 TS B gk R A A SO b Ak AR 3R DO )
JAUBE: i A i BUBRET M S R 65 °C L6 h FT95 °C 2 h
IR, ) SRR VT 43 0 ] B 27 R A B, AR R e
W R AR T B 2 BE SRR ¥ i A AE 95 CTF e
110 min, BCE 4 0 (AN 3 Bk 5, IR 5
RV e A8 L AR 3 v o R A 9L T (4 80~100 °C) 4
25 e AR b (RN B B T R R R O ) sk 8 0 1 Y B
FgRest s b Ah A R I R B, R R A B ) 45 A K
< T2 O i Bk 7] 54 h 2 LR E 63 °C L& il IRl 8 b)),
F kN RN 97.0 4, 38 B AR R . LiZY K
B, 7 D o) B O A A DA LR At R A R R T
B0 B K 0 R S B 5 TR B AT
P IO 60 AR R A R 45 5 DA g e ALK
43 BHEBER

T 3 RE 0 BT A v A BRI T A G E
TR o R [ 3R 5 T RE 0% U3 36 1 PRl
EL 25 00 UM R AE AT 3 K2 70 2% 3 ) 3 1 T o 2 A
PRV 4 5 3R o g B W B — TR A IRV T Ak SR
A BRI RS P AE 05 7 A U IR ARPE Y B R R T R A
DRV i J0E o AN A RE B /N I A e A R A v et A
P, HLHE & KO AR A 0, 0 17 7 e e T, T DA
TRl T BUE IR 9 52 G A A IR R
IR EELO AR JRR A B 43 5 AR A SR A 4 5 T 4
FHIS, 8 3 a2 S0 S [ (0 R 5 A7 7 1 1802 vk 3 & 14 R
P, 35K Bl 4 45 A8 1 5 0 e v i s R B S O T Rl il
5 AR i W N i R e S ORI R et 7 80 s s @ Ui
s D A 2SR 7 PR B A R B0 B R A
PR TR A RO

BEAI AN TR] M X b IR e )y i e T o Rk 4 A A
B R o YT KR BN f R R T A S L, b
T W 5 AR R R A R B 2 T B R A TR K
A R TR B A A W T K e 2 RS SV E
LA, B IR Y G 95 25 R B BRI AR 2
T RS A R UGS T a2, B Ak iy Rl
44 0 RE A A B AT AR B 2 R K e IR
oG W 5 A I ) 39 A 0 T A A L R AR N T I AR R
AT 22 fife e 24 75 7 28 1 0 3k
44 RHERH

6 07 PRl i RS AR I, S U — AN TR 32 22 UK AR A 1
BT AWM E SR, EEET LT \nlig k2

B B o A R KURR TS R LIR30 [ 3=

B, JEURE AL FP B4 2 1 SRR s 7R 4R I AR A% 1R T B
Oyt IF5 7 RO AR EL AR T S F) 4 3l 2 XURR 4 A
RGBS T RS IR . REEMFFERD B X
ZAEEIRYS VRN TR IVARUS e AR 7/ NRE PR Ny s
I R B AR T R ) > I AR (L2 < #E ) — S5 )
BT CE A THAR) I A L . 20 I 5 R ST R
B, DG B b XU Al & 4l 26 2 B A e ) B
o, SE R FEAR , 7 A ] 4 W IR B B R AR . T T4
PR MR R A A ) (B R RE S ) B R AN 35 ik, i 5
BERVEERTE iV I SUMIE S ¥ R PV S P U P 9/ € ¢
AL 15 UCHR, X8 A FIMS 377 Fp 4 e KUR B o 11 5 e AR AR
FE L BCE TR T AR AT T KU B R B X R E
FRARS 1t — 25 JE T i 2 RO 25 S 5 4R T XUBR

ARS8 S PR 0, A 45 P Wy SR i 26 R i B
R R YRR 1, 0] 32 A B P I AR Y
B AE K A R JFORE A P Y R L A S R AT
T2 255 1) Jot 2 3 ¥ 15 it 2 o ¥ L DA 5 B 4 R M ) B
OB IEAR et N LRI IBE: VR0l T i B R/ AR
R B 2 B A A A VB 84 i 2 4, e H TMP
A S R R A 5 A I 3 o A X 3 1Y i AR A
IR o DL, Bt o ) P O A 3 T, U S e i
BE SR AT R R R B R s,
TE W B BE TS P S B, g 38 YO 7 i 19 1 RROR (2
PR D E R . BEAE R IE RSB B, B
T F A R YL WP 2 R 9 8 A TR R R A B R U 2
B FRAR, Z0BE AR U 2 e 28 T3 — SR/ B B, TS L2
AT R o ZRG R A , i LT HY AR XU A0 O R AE B
O~ 12 K I 22 ik B — A e RS T
45 MEEEF

T8 2% A1 3o R 47 A 2 78 Al R0 B A W3 gl R
i PR o RO ) A AR SR TR R AR
B DA A R AR R [ IR DT AL A R R
B LA RO RAUMR A B, T 4 g AR A7 B R IR RO
O BRI RS R . F T AR TR R R ] A A
] i P GRA  T  E , — E R RE el i AR IR AR
DRI 5 T gl DU 2 o 2 ) i F) 0 DO 44, 77 2R AN R
WR o DA DI G ST 5] A R BE DR, L I IR ) D R AN 23
W o PR A A XU 7 A S R SR T, B A YR I [
4 SIE S A ) R Tl B4 AT T T A6 328 9 it 3 ot PR A
B4 TR L), I AR A B TR i S XL IR 328 R
P8 o IR [A]8 B) — 5 R RE I A AR R
AR B S B, 5 A S AR OR R RUBR T S T K
i i A £ TN O DR 5 A R RO, 52 5 TR AT T 22 il
HORTFBeo i, sRIGUR 55774 B {8 T8 o P A% 1 4h B
F14 3 B PR A R 90 dU TR VR BUD AR AR AR OK T
RYHAA R AR . A SCET 58 1 #4514
i [ A DR S 780, A 25004 o i o T e b il e W ) A K S

37



38

E Al 33 FUNDAMENTAL RESEARCH

Z I i FVER P DR A A T RE IS T B R
5 e

S, B P A XSRS AL B A AT O L EOR
T B BeE YRR o G R 32 AR A Xk KUK ) Y TR
ST T T A A G LR e S ) A S AL
MR R S SCHE 1 b B AR AT R BE R E A E
R GMEE TG 5 P i P P I R KU ) 5
AR 2L, BB T 9 R A CIn g 1 IR B A% H R ) Y
AR AR L BCOMIR A S R0 B [ S BB o [
T2 80 CAIG R R 8] A9 B V80 X R 9 5 2B 5 R
SE P ) 5 )t 8 2 T AR, A SO O 12 L O A A RS
BRE AL TP S THR L T SRR o SR, BUA AT
FEATAETE LU Jay B < A1 2R g 4] i 5 v XU ) Tt ) 3l 25
M AL R R = ZR SRR AT 5 SERLAE ROV S IR AR 2k
A2 Blp 1) £ 70 B0 EL AR BIL 1 o 1 o 6 4 37 G 5 0 RE G IR 4 4
R 1 A T BB Y A A 2R 5 D S DXL IR 0L e 5 R B
FOAR BRI T AL AR XF 55 45 o PRI, R Ok 14 AR DG BT 5 1 3R
FELUT LA I3 - O ST 5 i 2 72 v XU Tl A £k
A R O i I 7 1 3 A R AL L 5 © A 3R 5
£ XL IR ) T3 A0 L O K 1 3 i J5 S IR 0 R 5 e
PAPESRMG ;O 455 B BT A AL 5 2 PR EEEOR I
SR 30) 48 9 K15 R I XU 3 2R 5 D S ST 9 A R D A
5 KU 4y T 2 B SC R R g S AR BT i
5 2 BHEOR T A CIn g 27 SR B B2 180 5 4 i AL T A
A 2R 8 P T BT, A B S L A o XL B A A
S A T

£ & K

[1] 0 BT, OB, 4% A, A L 0 PR OSSN TR B
HEIR[T). ZEWFSE, 2020, 34(8): 102-107.

WANG H M, ZHENG H B, L17J J, et al. Recent progress in key
processing technologies for soy sauce and pot-roast meat
products[J]. Meat Research, 2020, 34(8): 102-107.

[2] YANG X D, ZHANG S S, LEI Y H, et al. Preservation of
stewed beef chunks by using calcium propionate and tea
polyphenols[J]. LWT-Food Science and Technology, 2023, 176:
114491.

[3] J& W55 . 08 B o & X8 1 A= P T 0 o SO 1 B IR 4 J5 A A
AR IR [D]. M : 0 K3, 2021: 8-13.

TU M L. Effects of circular stewing on quality characteristics
and flavor components of stewed beef and stewed soup[D].
Yangzhou: Yangzhou University, 2021: 8-13.

[4] =ML B 2T B . 2024—2029 4F 4 i £ & A7 11 3 9 4 43 B
Je J% B R B: R Bl 45 [EB/OL]. (2024-10-15) [2025-02-28].
https://www.chinairn.com/report/20241015/102355524 .html.
The Chinese Academy of Industry Economy Research. 2024—
2029 marinated food industry market research analysis and
development prospect report[EB/OL]. (2024-10-15) [2025-02-
28]. https://www. chinairn. com/report/20241015/102355524.

HE287H | 20254 9 A | BR&S5HM

html.

[5] s 8L, sk AR A, 1, 45 A S XUBRIE IRHL R B T 07 %)

DRI 5 W) B BT 52 0 J% (7], PG A2 K24 2 4 (A SR BE 27 ), 2024,
43(4): 74-84.
ZHOU Q, ZHANG J, WANG B, et al. Research progress on the
formation mechanism of meat flavor and the influence of
processing methods on it[J].
(Natural Science Edition), 2024, 43(4): 74-84.

[6] B2k, sk, FL¥, &5 . 7 A B A2 4t g o %l 2 & ok 1 &
AR BTS2 [T]. B Tk R, 2024, 45(15): 107-115.
GUO H, ZHANG B X, KONG L, et al. Effect of ultrasonic-

Journal of Xihua University

assisted quantitative cooking on the quality of tea-flavored
stewed beef[J]. Science and Technology of Food Industry, 2024,
45(15): 107-115.

(77 G065, AR 1) B, 2% 0, A5 . 0 I ) ok 3 g X3 R BT 4 5 )
[31. & & Tk FHE, 2017, 38(21): 26-30.
XIE M J, HE X L, LI K, et al. Effect of cooking time on quality

&

of sauce stewed chicken leg[J].

Food Industry, 2017, 38(21): 26-30.
[8] SO0 A, X A 4%, M B, S5 AR R B X I B A R

1. &5 Tl RBHE, 2014, 35(8): 240-244.

BI S S, ZHAO G M, LIU Y X, et al. Effect of cooking

Science and Technology of

conditions on quality of stewed chicken[J]. Science and
Technology of Food Industry, 2014, 35(8): 240-244.

[97 Z= Mk, AW, 5k I, 55 . 2 2 2 HOR Be AR 2 5 iF 52 v i 1
[7]. & S5 HLBE, 2023, 39(2): 17-24.
LIL, DENG N, ZHANG B, et al. Advances of multi-omics and
its research progress in food[J]. Food & Machinery, 2023, 39
(2): 17-24.

[10] ¥FJLEL, BB, B, 55 . =R € pq &1 1 il o At rp 42
PR 5 B9 A2 AR []. T A, 2023, 23(12): 289-301.
XU J H, WANG X J, YANG L P, et al. The changes of volatile
flavor compounds of Sansui characteristic marinated duck
during marination[J]. Journal of Chinese Institute of Food
Science and Technology, 2023, 23(12): 289-301.

[11] E T8 58 . 8 26 5 0 A A2 vb b 37 BAR R R XU A2 AL TF

JE[D). M B B B KA, 2024: 87-90, 13.
WANG F F. Study on the physicochemical properties and
flavor changes of braised soup during the cyclic stewing
processing[D]. Nanchang: Nanchang University, 2024: 87-
90, 13.

[12] X0y, HF e, INAS, 45 AN W) 2006 7 o Rk X 48 PR 7 45 % 1k
JRUBR 4 S5 14 560 [, RS 404K T2, 2023, 40(7): 1 488-1 496.

LIU R J, TIAN Z L, SUN J, et al. Effect of different spice
combinations on volatile flavor compounds in pork broth[J].
Fine Chemicals, 2023, 40(7): 1 488-1 496.

[13] S U0, ok AR UL, B0, A5 . o VR4 B A T 0T U3 B 4R 4%
2 44 R T KRR G 72 A A 1 5 (D). BAR A R
2016, 32(11): 255-266.

PENG T T, ZHANG C J, HUANG F, et al. Changes of non-
volatile and volatile flavor compounds in braised chicken legs

during the reuse of marinating liquid[J]. Modern Food Science



F&M | Vol.41, No.9

and Technology, 2016, 32(11): 255-266.

[14] A7 Jz S i 2 %o X6 PR IR, 7 XU R i S5 A 5 TR [D]. B3 04 - 0
MR, 2020: 4-5.
DU C. Effect of repeated stewing on the flavor formation of
chicken and chicken broth[D].
2020: 4-5.

[15] MRIERS, ¥ e, ASRRAl, 45 . AN (] pRHAk B 7 0% p TR I 4%
PR BT ()], SACE SR, 2024, 40(6): 243-251.
LIN W L, ZENG J, ZHENG Q C, et al. Effect of different

Jinzhou: Bohai University,

spice processing treatments on the volatile flavor components
of pot-stewed goose liver[J]. Modern Food Science and
Technology, 2024, 40(6): 243-251.

[16] T4, sk T5¢, W W EE, 45 . A IR i 0 n T B v £ 2k s n

X /N TR R it S R 4 R P KU 5 [T, B SRR, 2024,
45(11): 52-60.
WANG Z L, ZHANG Z H, ZENG L Y, et al. Effect of salt
addition at different processing stages on the quality and
volatile flavor components of marinated crayfish tails[J]. Food
Science, 2024, 45(11): 52-60.

[17) AL ZE, AR, S e, 45 . AN TR) g i) 2% 1 o i pig i P R Y

sl BT B R R RO (9 52 e D], & Ol R, 2025, 46
(6):261-272.
YUY Q, TAN C M, NIE S, et al. Effects of different marinade
conditions on sensory quality, physicochemical properties and
flavor of sauced grass carp (Ctenopharyngodon idellus) meat
[J]. Science and Technology of Food Industry, 2025, 46(6):
261-272.

(18] Eh A, R GE 4%, A JRBE . ¥ i i) % 4% 55 % 0 44 1A 1 XU
Be FAR AL (LML B9 A [J]. £ 8 S HLAR, 2019, 35(9): 55-63.
MA F, HUAN Y J, DIAO X Y. Effect of sauce time on the
flavor and texture change of traditional sauce and braised pork
products[J]. Food & Machinery, 2019, 35(9): 55-63.

[19] THa A, Th— FL, 7R, 45 . ¥ o 15 i A R ok XU I3 ) o i
). BAC & R, 2024, 40(3): 259-271.

YU H H, MA Y F, HAN D, et al. Profile analysis of the
characteristic flavor substances of soy-marinated duck neck[J].
Modern Food Science and Technology, 2024, 40(3): 259-271.

[20] ZHOU J J, HAN Y Q, ZHUANG H N, et al. Influence of the
type of extraction conditions and fiber coating on the meat of
sauced duck neck volatile compounds extracted by solid-phase
microextraction (SPME) [J]. Food Analytical Methods, 2015, 8
(7): 1 661-1 672.

[21) /N, £ A, XM, 45 . LR 1 X i 1 i 3 XU 5 TR 4F 5
YEIR[). &5 5L, 2023, 39(4): 232-240.

HOU X Y, WANG J H, DENG N, et al. Research progress on
the effect of lactic acid bacteria on the flavor of fermented
vegetables[J]. Food & Machinery, 2023, 39(4): 232-240.

[22]LIU M, DENG N, LI H, et al. Characterization and
comparison of flavors in fresh and aged fermented peppers:
impact of different varieties[J]. Food Research International,
2024, 182: 114187.

[23] KBz, FR A&, J A, 45 . JULPA) 25 1A 5T a8 fige o 24z 19 A i o o J5

B B A R KURR TS R L IR R 20 [ =

SEMR (5T E R [I]. B Tk BHEE, 2023, 44(18): 476-483.
ZHENG Y, ZHENG S, ZHOU T S, et al. Research progress on
the effect of muscle protein degradation on the quality of
fermented meat products[J]. Science and Technology of Food
Industry, 2023, 44(18): 476-483.

[24] TAEIA, RASE, FLIREE, 45 . S 18R I X 1A 2 ULk ) i 2

R (K B 5T I (] v [ R B i, 2024, 49(12): 209-214.

YU Z Y, WU D R, KONG Y M, et al. Research progress of
effect of maillard reaction on formation of meat flavor
substances[J]. China Condiment, 2024, 49(12): 209-214.

[25) XU 55 M, 0, A8 W, 45 . 55 JEFF 85 1 I fr A8 K A ) 4 2 G

SEURAFSE ). B A R, 2025, 46(11): 213-223.
LIU X M, WANG Y, LI M Y, et al. Preparation and flavor
characteristics of maillard peptides from sunflower seed protein
[J]. Science and Technology of Food Industry, 2025, 46(11):
213-223.

[26] KARANGWA E, MUREKATETE N, HABIMANA J D D, et
al. Contribution of crosslinking products in the flavour
enhancer processing: the new concept of Maillard peptide in
sensory characteristics of Maillard reaction systems[J]. Journal
of Food Science and Technology, 2016, 53(6): 2 863-2 875.

[27] OGASAWARA M, KATSUMATA T, EGI M. Taste properties
of Maillard-reaction products prepared from 1 000 to 5 000 Da
peptide[J]. Food Chemistry, 2006, 99(3): 600-604.

[28] CHEN X, XU X L, LIU D M, et al. Rheological behavior,
conformational changes and interactions of water-soluble
myofibrillar protein during heating[J]. Food Hydrocolloids,
2018, 77: 524-533.

[29] e 1, BAH L, sRAEAL, 55 . A & 2R BT IR B A

A T B4 A XU g 5 AL BT 5 R (D). 1A SO
2023, 37(4): 41-47.
NIE R T, WEI X R, ZHANG D Q, et al. Mechanism of
adsorption of volatile flavor compounds by proteins, lipids and
their interaction in meat products: a review[J]. Meat Research,
2023,37(4): 41-47.

[30] EARME, £ 55, BRar, 55 . S0 0 i aod e v SV 3 2 20 1 43 K
PR AP R IR [I]. B 5 HLBK, 2016, 32(5): 5-10.

WANG J H, WANG X, CHEN Q, et al. Study on oxidation
degradation products of linoleic acid[J]. Food & Machinery,
2016, 32(5): 5-10.

[31TLIU X, PIAO C X, JU M, et al. Effects of low salt on lipid
oxidation and hydrolysis, fatty acids composition and volatiles
flavor compounds of dry-cured ham during ripening[J]. LWT-
Food Science and Technology, 2023, 187: 115347.

[32]LI H, DENG N, CAI Y J, et al. Dynamic changes in
postmortem quality of grass carp (Ctenopharyngodon idella)
muscle: from the perspectives of muscle degradation and
flavor evolution[J]. Food Chemistry: X, 2024, 23: 101751.

[33] TATTYABORWORNTHAM N, OZ F, RICHARDS M P, et al.
Paradoxical effects of lipolysis on the lipid oxidation in meat
and meat products[J]. Food Chemistry: X, 2022, 14: 100317.

[34] XIA C L, HE Y X, CHENG S, et al. Free fatty acids

39



40

E Al 33 FUNDAMENTAL RESEARCH

responsible for characteristic aroma in various sauced-ducks
[J]. Food Chemistry, 2021, 343: 128493.

[35] LI C, AL-DALALI S, WANG Z P, et al. Investigation of volatile
flavor compounds and characterization of aroma-active
compounds of water-boiled salted duck using GC-MS-O, GC-
IMS, and E-nose[J]. Food Chemistry, 2022, 386: 132728.

[36] FU Y H, CAO SY, YANG L, et al. Flavor formation based on
lipid in meat and meat products: a review[J]. Journal of Food
Biochemistry, 2022, 46(12): ¢14439.

[37] ZHANG Y, ZHANG Y J, LI H, et al. Effect of 4 ‘C and ice
temperature on umami-enhancing nucleotides of conditioned
pork[J]. Food Chemistry, 2023, 401: 134146.

[38] MOERDIJK-POORTVLIET T C W, DE JONG D L C,
FREMOUW R, et al. Extraction and analysis of free amino
acids and 5'-nucleotides, the key contributors to the umami
taste of seaweed[J]. Food Chemistry, 2022, 370: 131352.

[391 A4 B . 36T TIR1-VFT 19 4% 125 1 £ K% e ok 0y 5 AR 14
PEM 5T [D]. T 10 AR B T K 2%, 2023: 36-52.

YU Y Y. TIRI-VFT-based sensor construction and evaluation
of umami substance interactions[D]. Zibo:
University of Technology, 2023: 36-52.

[40] E i, 5K 5, BB AL . By B Ok S UK 00 BIF T 0 R R G A 3k
R[], i 8 322437, 2016, 28(9): 2 702-2 708.

WANG J, ZHANG Y, HUANG T J. Umami receptors: research

Shandong

progress and gene expression regulation[J]. Chinese Journal of
Animal Nutrition, 2016, 28(9): 2 702-2 708.

[41]MA F, L1 Y, ZHANG Y L, et al. Effects of umami substances
as taste enhancers on salt reduction in meat products: a review
[J]. Food Research International, 2024, 185: 114248.

[42) AR, W], A o, 25 3 20 A T el e e i A 3R 9
TAERFSE (). 4™ BN TR, 2012(11): 27-29, 33.
SONG C K, XU S M, YANG J R, et al. Changes of thiamine
of spiced beef during processing[J]. Academic Periodical of
Farm Products Processing, 2012(11): 27-29, 33.

[43] e, 89 B 0, 200, A% . XUBR VLR 1A 45 M KUk ) T GC-

MS £ Il 1 f HS-SPME 45 R T 22 {4k [J]. £ & 5 BB,
2016, 32(3): 82-87, 112.
ZHOU H L, HU Y J, LI C, et al. Optimization of extraction
process for HS-SPME in GC-MS of volatile compounds in
flavor pickle goose[J]. Food & Machinery, 2016, 32(3): 82-
87, 112.

[44] THOMAS C, MERCIER F, TOURNAYRE P, et al. Effect of
added thiamine on the key odorant compounds and aroma of
cooked ham[J]. Food Chemistry, 2015, 173: 790-795.

[45] ZHU Z S, PIUS BASSEY A, CAO Y Q, et al. Meat quality and
flavor evaluation of Nanjing water boiled salted duck (NWSD)
produced by different Muscovy duck (Cairina moschata)
ingredients[J]. Food Chemistry, 2022, 397: 133833.

[46] BAO Y J, REN X P, ZHU Y X, et al. Comparison of lipid
radical scavenging capacity of spice extract in situ in roast beef
with DPPH and peroxy radical scavenging capacities in vitro

models[J]. LWT-Food Science and Technology, 2020, 130:

HE287H | 20254 9 A | BR&S5HM

109626.

[47] SRARE, TRAEM, 75 3C3C, 56 . RARA 2 RHAE 1A 1 i 2 v j
FH R[], A R R g, 2024, 49(1): 203-208.

ZHANG G S, XU G Y, SU W W, et al. Application progress of
natural spices in processing of meat products[J]. China
Condiment, 2024, 49(1): 203-208.

[48] QIN Y X, CAI D D, ZHANG D N, et al. Characteristics of
volatile flavor components in stewed meat and meat broths
prepared with repeatedly used broths containing star anise[J].
Journal of Food Measurement and Characterization, 2020, 14
(1): 557-572.

[49] SHI J R, XU J H, LIU X, et al. Evaluation of some artificial
food preservatives and natural plant extracts as antimicrobial
agents for safety[J]. Discover Food, 2024, 4(1): 89.

[50] SEA 5, 25 R0k, M, 45 . 3 v M i ) i o B oS AL
e Bz ERORST TR R I]. £ Tolk, 2021, 42(4): 103-107.
Al 'Y W, CAI Y J, WANG H X, et al. The migration
characteristics of main components in pepper and cinnamon
during the processing of stewed duck neck[J]. Food Industry,
2021, 42(4): 103-107.

[51] 4 22, BB, A5, 25 . 53 P 5 Rh A o et 32 R0R 3 1 4 IO
DA AR T (], H R B i, 2022, 47(9): 1-6, 14.
JIANG Y, XING Z, WU T, et al. Study on extraction, detection
and dissolution rule of five main effective components of
spices in marinade[J]. China Condiment, 2022, 47(9): 1-6, 14.

[52] ARZE W . w0 i) it i o) e R A < et A A R A
JRAFFITF ST [D]. KA bk 2E, 2022: 56-64.

LIN R X. Study on the migration law of main components and
quality maintenance of spices in marinated duck products[D].
Changchun: Jilin University, 2022: 56-64.

[53]LIU H, WANG Z Y, ZHANG D Q, et al. Generation of key
aroma compounds
Maillard lipid pyrolysis
Research International, 2020, 136: 109328.

[54] ZHAO J, WANG M, XIE J C, et al. Volatile flavor constituents
in the pork broth of black-pig[J]. Food Chemistry, 2017, 226:
51-60.

[55] SUN A, WU W, SOLADOYE O P, et al. Maillard reaction of

in Beijing roasted duck induced via

reaction and reaction[J]. Food

food-derived peptides as a potential route to generate meat
flavor compounds: a review[J]. Food Research International,
2022, 151: 110823.

[56] KERTH C R, MILLER R K. Beef flavor: a review from
chemistry to consumer[J]. Journal of the Science of Food and
Agriculture, 2015, 95(14): 2 783-2 798.

[57] Tk, 25K, TriH 6, 45 . R0 T3k A2 oh KUK 99 572 AL F
FEERE[T]. £ 5 5P, 2024, 40(5): 227-233.

MAO H T, LI H, YIN S X, et al. Research progress on the
changes in flavor substances during black garlic processing[J].
Food & Machinery, 2024, 40(5): 227-233.

[58] ADAMS A, KITRYTE V, VENSKUTONIS R, et al. Model

studies on the pattern of volatiles generated in mixtures of

amino acids, lipid-oxidation-derived aldehydes, and glucose[J].



F&M | Vol.41, No.9

Journal of Agricultural and Food Chemistry, 2011,
1 449-1 456.

[59] SHAHIDI F, HOSSAIN A. Role of lipids in food flavor
generation[J]. Molecules, 2022, 27(15): 5 014.

[60] AHN J, CHOI E, LEE K-G. Analysis of volatiles and

a-dicarbonyl compounds in Maillard reaction products derived

59(4):

from 2'-fucosyllactose and amino acids[J]. Food Research
International, 2025, 205: 115975.

[61] PARK M K, KIM B G, KANG M C, et al. Distinctive volatile
compound profile of different raw meats, including beef, pork,
chicken, and duck, based on flavor map[J]. Applied Food
Research, 2025, 5(1): 100655.

[62] LIU M, DENG N, HOU X Y, et al. Characterisation of flavour
profiles and microbial communities of fermented peppers with
different fermentation years by combining flavouromics and
metagenomics[J]. Food Chemistry, 2024, 443: 138550.

[63] BEAEML, MR SR, E AN, 5 75 AL ABURS i % SO 1 1 7k S

B PED]. B A RRAE, 2022, 43(21): 70-77.
CHENG Z M, CHEN Y R, WANG J H, et al. Antibacterial
activity of essential oils from Zanthoxylum schinifolium
siebold & zucc. against cariogenic bacteria[J]. Food Science,
2022, 43(21): 70-77.

[64] Ak, 4% AEBL, SCHR, 55 . £ 50 B3 A XUBR 80 4 B i 3 42 1 4
FLHEE(T]. R R i, 2024, 43(9): 9-13.

ZHU B, LUO J Q, GUAN B, et al. Research progress on flavor
components and quality control of traditional Huangjiu[J].
China Brewing, 2024, 43(9): 9-13.

[65]ZHAO D D, FANG Y Z, WEI Z X, et al. Proteomics reveals
the mechanism of protein degradation and its relationship to
sensorial and texture characteristics in dry-cured squid during
processing[J]. Food Chemistry: X, 2024, 22: 101409.

[66] B A . P& 5 PR Akl it 14 20 Bk K 25 AR B HOR A W5 [D).

T8 LR, 2016: 25-28.
HUANG Y M. Study on the process improvement and the
synthetic preservation technology of spiced-meat[D]. Wuxi:
Jiangnan University, 2016: 25-28.

[67] i 5% . IR 3 1 5 PR 2 25 00 A R o IS % B G 3

f 52 [D]. %2 U1l K27, 2023: 32-55.
JIAN Y Y. Optimization of processing technology of low
temperature sauced meat and the effect of coating preservation
on its quality abstract[D]. Ya'an:
University, 2023: 32-55.
[68] LI C K, SUN Y Y, PAN D D, et al. Contribution of ultrasound-

assisted protein structural changes in marinated beef to the

Sichuan Agricultural

improved binding ability of spices and flavor enhancement[J].
Journal of the Science of Food and Agriculture, 2025, 105(2):
1 239-1 250.

[69] ESCHEVINS A, GIBOREAU A, ALLARD T, et al. The role
of aromatic similarity in food and beverage pairing[J]. Food
Quality and Preference, 2018, 65: 18-27.

[70] 4B, AR IEAR, W20, 55 . WA B R R 7 7 kKU R i B2 X

B B A R KURR TS R L IR R 20 [ =

il i KU TE 5 W) 4 BF 5 F R [0
(18): 355-365.
ZOU H, L1 Z J, YANG Y, et al. Research progress on flavor

1 & Tk A, 2024, 45

characteristics of strong fragrance spices and their effects on

flavor formation of meat products[J]. Science and Technology

of Food Industry, 2024, 45(18): 355-365.

(71 FEZ, B, B AT S0, 25 . UM L A8 A e JH o) o R 8 R 2 A

‘{NIJHJTath}t[J]. o [ I i, 2023, 48(6): 209-215.

CHENG J, LUO Z, XIAO S J, et al. Research status of
pungency degree and numb-taste intensity detection of chili,
Zanthoxylum  bungeanum and their China

Condiment, 2023, 48(6): 209-215.

[72] ANGGITA G, SETIA BUDI F, KUSUMANINGRUM H D.

Meta-analysis on effect of essential oils and extracts of spices

products[J].

on the microbiological quality of meat and poultry products[J].
Sains Malaysiana, 2023, 52(3): 783-794.

(73] ZEH6 75 . = BE IS A0 TN H PR 3 4 D P XU 1 19 52 Tl
[D]. s BipiEEE RS, 2019: 4-36.

QIN Y X. Effects of reused spices on volatile flavor
compounts of pork broth[D].
University, 2019: 4-36.

[74] 5 [ BR, BB, ASZE 32, 45 . AT pa VHIE PR UCHCT 5 52T S
BT SR A R A AR B ST (D). 5 R Tk, 2024, 50
(16): 228-234, 241.

WU G Q, HUANG Z R, ZHENG Y R, et al. Study on change
rule of quality characteristics ofleisure-dried tofu and marinade

Food and

Shanghai: Shanghai Ocean

under different marinade recycling cycles[J].
Fermentation Industries, 2024, 50(16): 228-234, 241.

[75] 5Kk1%, REIEAL, IR, 45 . 025 AR 32 VR B A X 1 ) ot ot I 11
S0 5 R [T]. &R Tk BB, 2024, 45(11): 333-340.
ZHANG M, XIONG X X, LIU J, et al. Recent process on the
effect of sous vide cooking technology on the quality of meat
product[J]. Science and Technology of Food Industry, 2024, 45
(11): 333-340.

(761 BA 25, B . IR B2 LI [k A T T 200 8 P o i i A
ST M4l 2017, 11(24): 121-123.
ZHAO L, ZHANG IJ. Effect of storage temperature, time and
processing on the quality of cooked meat products[J]. South
China Agriculture, 2017, 11(24): 121-123.

(770 SRIBEA , E 7R 5, BRZS A, 55 . 7 v I 3% 1 X 8 140 1A 1) o 3
95 ST S D). R 2EWESE, 2023, 37(12): 54-60.
ZHANG S J, WANG D L, CHEN H Z, et al. Effect of ultra-
high-pressure sterilization on the quality of marinated meat
products during storage[J]. Meat Research, 2023, 37(12):
54-60.

(781 A% 3C Ak . ¥ i G i O 34 8 JC ol 0 2 S 7 A 0 s i T
i 51 X 8 () B 5T [D]. T R E R, 2024 55-62.
YU W Z. Preliminary identification of dominant spoilage
bacteria in pot-stewed duck neck and study on the storage
quality of plant essential oils solid preservative[D]. Nanchang:
Nanchang University, 2024: 55-62.

41



