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Research progress on the formation and inhibition measures of
S-hydroxymethylfurfural in baking foods

KE Yu-Jing"

(Maoming Branch, Guangdong Laboratory for Lingnan Modern Agriculture Science and Technology,
Maoming 525099, China)

ABSTRACT: With the continuous improvement of people’s consumption capacity and consumption level, baking
foods are deeply loved by consumers for their rich nutrition, great taste, fashion, easy to carry and other
characteristics. Baking foods often need to dehydrate the dough through high temperature and dry hot baking to dry
and harden, and then chemical changes such as starch gelatinization and protein denaturation occur, and the result is
delicious bread, cakes, efc. However, this kind of food would form large amounts of 5-hydroxymethylfurfural (HMF)
and other pollutants during the baking process. When the content of HMF exceeded a certain limit, it would cause
harm to the human body. High concentration of HMF is cytotoxic, mutagenic, genotoxic, efc., and has potential health
risk to humans. How to control the formation of contaminants such as HMF in baking foods has become the focus of

the food industry. This article reviewed the sources of HMF in baking foods and the toxicity of HMF, summarized the

i HEA: 2024-12-04
E—EEBIEEE: FFH1997—), Z, Wi, DI TR, FEU T sl TS558, E-mail: 1977104744@qq.com



%3

e BRI i R AR 10T BB A 5 B T 5 0 227

inhibition measures of HMF in baking foods in recent years from 3 aspects of improving the types of precursors in

raw materials, optimizing the baking process, and adding inhibitors, to provide theoretical reference for the control of

HMF in the industrial production of baking foods.

KEY WORDS: baking foods; 5-hydroxymethylfurfural; inhibition measures; reaction mechanism
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FESAE S Hin 2024—2030 4F Hr [EIMERS B AL TSI S Aok &
RS R, 2024 R ERUE AR 1367.92 71 t,
Lt 2015 4ERHEK T 6.05%, TNAJE — 2 B8 P bR £ 5
B ORRF 10% LA E AR R o 5 FF AR SURR S-F2 H 3
-2-ME % (5-hydroxymethhlfurfural, HMF), £ & /& UL —
F BN TR TS Y, 2 5P A S N, SRl K AL A P 7E il
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R AN KA M ER S REFENEY
PR o AR A B S e S R I AN AR AL SN 7 A R
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JE th B 2 R R B T i HMEF AT RGE e Rk
FhIBE ., DRI S ANA, 1A SR AR R ED, R
JRPES IR ICH M7 45 S50, 2 in silico RETPEHM HMF
by 2 FE RS, DR, PRI RO RS £ b HMF
A R AR o AR B R R 2 4 HoA T

HERE S TE R RN Tl AR AT AR 1 HMF 45 A AT R
TR R ARl L HRG, LR S b HMF T
17 A P A S R AT A B R S R I
PO E2 L AE I TR A s i — S S P o LA
HMF (1945 BLsIH Bk HMF o LR 28 b HMF JE B3z Ik
BRI T C 2R 5 K S i (14 b 2 JUR i 43
SR, SRR TP TR B HMF ) RE
AR . HMF 5 & 5 e A A ¢, Al fife
TR R E] R PR HMF &8, Al RE S IR 2 e
ASTFRIE, 520 B A 0 UART A B R0 s v
FIANH HMF A 1, &y . b2 | &ihid
L SN T AN AT LA S HMF (a4
WFFE M, HY 2% HMF JB A B0 v . 76 e
/A AR ER R, BT 2~10 mg/mL REETFIL
AR RWE FERER L 2B, W] 4 A0 55.16% F
89.77%H9 HMFL, T 15 E8 -4 700 66 fekt P 0 2508 06 el 5
FR HE FLLEAS 52 0 £ i S5 R RIS B B A AT, X
ANEXE N e AR sE . SEF et | Rtk &
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Z 1 HMF 61T R G EIE . B, AT A4 2
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AT R (4 7 1 R T AR D IR, R ST AR TR &
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HMF JE B H AR AE— i e A s
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HMF 7E 8 il b 32 B2 SR8 S0 AL Sy v
TERU, ERKALEY £ M EYERIN TEUR i R
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Bkt o TEA TG P, BRATHA HMF 1 320k J5 U2 Al
mieER), HMF B0 Ay 2 1A R A 7= i v & L I AL
T Ye Ol bR S LA DR O 50, 2R it
R LT A B . IR R 3 N EE
M BR, Ay AR . R EERALEENY —ReE, Hikr
TE 120 °C LU IR EE | BARMAEXI IR A5 T AT . 2R
PR B, Bt A T Tl B 8 o, TEDHS T 2 1 R VE B 7E L
AR TN R AR T B AR O R AR, SRR A
W & e AR N TE R HMF . 7ERURS S s S m i B, &
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2 HMF 0&a11ER

VB Ry 2 W it T S AR R JE 15 7R ), HMF AN
JEE SRR Ay, RN 'l
B ST A i P AR B T B AR . HMF HA R,
/N BRI BRI BOSE A 4300 1.9 g/kg 1 3.1 g/kg, HF
4% 60 d #EA 310 mg/kg (19 HMF 2 F80K BUF th gz 1112,
FTHK 188 mg/kg B 375 mg/kg ) HMF 24 945 0] 48 i 1 /)
SRR 240 M BEg 1) % A 2%, U BRI 2R 5% T S KO- HMF
TSRS, RIEHR R HMF 250 AR iR
AL B ), {IRHR BE 19 HMF B HUE AL . B0 LB I |
PR AR S A BTG PR (E MR 1 HMIF 2 AR S
RPGE | R RRFNRRME, b S BUE ARSI
WE, FEEA MM AR LB $if DNA &
AEEHPPL ZmEE 45 R R, HMF (AR N
30~150 mg/d4, b HAt AR N W TS Y (AN DA IR
IR 45 ) A T8 A R LN SO ) B B S T
2@ AN RIEAR HMF &8 FBRJE 1.6 mg, FHH
SRS R, M HMF = T 75 mg/kg B, REAENEE 3
HMF 3 A3 AR IS, ZAITSEV 25305 32 B 57 K- 1)
FAlz HMF (40, 80, 160 mg/kg)%t R BRI, R
40 fEM LN bRE M A K &Y HMF 55 H 2 2B AR
h 2 mg/kg WHEH ., PERFFEHRIE, LML b PR S AR TARL A
H HMF & &k 3] 294.4~301.4 mg/kel7, &4 & MR
/NZE L H HMF &84 210 mg/kg, HifdH HMF &8 0]
ik 410 mg/kg, P HMF 5500 0.5~74.5 mg/kg, Mk
fr i HMF (P35 18.4 me/kgl ), KRGk
PHTAFRE S, e, RS TAPE. AT
T, 1 E AR E K SRR LR B & IR A B
FED . CABRIEREY 4, FIE GB/T 18796—2005 (% )
XU R HMF St in AR, 84 40 mg/ke; GB/T
18963—2012 (4RI ) MU ERMRAR T HMF & i
eI 20 mg/kg. HMF W& A # VAR5 . 1K
S OESSE FRPEN AOAE AR . HMF 1R P i) SR REAL R
FAFEA A 5-35 H BEMERE VR B B2 (S-sulfoxymethylfurfural, SMF)
VI AEARS M AL R T A B (chloromethy Ifurfural,
CMF), X 2e) R HAT SR S0m M E s s v, SURH )
WHFE R B3 325/ FURRE 2 10~25 umoL/g ¥ HMF, SMF
1 CMF, ¥R KRR W5 S TEPE, B SMF Al
CMF Lt HMF HAT 57585 1) 2 Ik B0 2R - MONIEN 22V 5
FH/NEL 2 2.5 min J5, gRATRGINE] HMF 76/ BUA N 5
1B SMF; ZHIUR77 &l 452~551 mg/kg (9 HMF ¥4k ifi
AL SMF, SiREWS i 7R G I R 50 5 40 i 45 b A B4
Fl. SMF [t Ak R A it % . HMF it AfAk
VA f R AR, AT R A A B0 s g A AR B
LAY . HMF Uil b w2 M E05 4, mi A

HMF A B2 me/kg B9, wm THAE S5 .
M, sk T HMF WE B EEN R NE
e T
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W MM HEAT R, T mE B HMF &84
2.0~44.3 mg/kg . 7E 180 °C T N4 25 min, 22 AT H A HMF
i (17.25 mg/kg)¥ H/NEFIBATif1(46.69, 47.02 mgke)
FOER, 3 AT BB R ok 4 2 T4 19 2% 7K ok B 18 /N2 Thi
HELE HMF IR, TR E AT £ 1) HMF, ARgR
DKLy SR T P 5 A B 22 O W B A IR B R 1 TR,
WAL AR 2R WA E LML, giE R B YRS E
FRALAY, o BRI 7 255 b TR A i A i A
50 F4EE, WKL PRI I, DT 4E R4
e i 1) (R P SR LA B AR 1 18 P i sh % . S T A A i
Z Ak, BB ERIE TR A 42 A IR A
EPN A=

B IE HMF JE B BB W), A0 28R 25 i s
B HMF (94 B o 45 ORE OB A 2 R sl B, T
DA 00800 B b i HME 358 o 2500 JrORE Hb 100 4 4 1 3 4
R, R S TR RUE 29 HME, R R SRR Y M B AL
N BT A A, LA R LN A 3- i 4R A 2 T
W AR U £ . FEARIER(N T 250 °C) T, BEME -4
f) HMF /0 S sl A 2505, Mi7E 300 °C B IIAR 24, 7
250 °C LA Bl TR AT, &7 B R HMEF,
o 90%1) HMF Hy BU0EHS 4377 26, A0 10%k F 75 25 bl 55
4%, KT BEE KR MR T L AR IR T
) PO IR SR W 56 B B 7, T X D PH B T BB SO BB e 1k
7 HMF™!, NGUYEN 25" Al Sopl . 45 AR
ATBE I BE R LU /N2 B T AR F T HME T 18R 5% i
SER LB, /INFER P | SRR R O A T e 17 e ALK,
PET TR LG HMF 3ti/b . ZHANG 25 USR5 o e 7
XHEAEH HMF JE A2, 255880, M2 mxT ke
o HMF JE B0A SR AFE I, 1 LT HMF 95510t
B ATBEFUOBURE R . 22 2P R ZLB A 20 76 AR A
FIRL R 7= it v, K SR | 7 S S O A Sl R
HIZ J0HE 5 BE WA S B A P HMF 51700 Rk, g
> HMF B4 s, T VR BERS & b i S S A 1l s
/U SR A A

TAN, EERRAR IR ER S . BRR S Rt B R
i HMF &, o s SRR an . mmas . 8
ERXT IR AR R HMF T A s2 R, B9 & 304 i

A



230 B dn 2 4 R R I A 4R

%16 &

Jn 2.0 mg/mL TRIR SN FITR IR S AL i, MR KR
HMF (A 343900 3.02. 17.52 mg/L, FEXFRRZE4 51T
W 8.68 4571 1.49 £%5; ¥SHI 4.0 mg/mL £ b, HMF 945 i
4 9.03 mg/L, FEiRE 65.40%., GOKMEN 24Nt 1
J7 R R R TR B e R TR AN, RS B S D T R
HMF B . IR SRR A S & 5 HMF JERL, B
DUFE SERT £ A T3 7R g R o e R PR A
B IR IR e AU e R U
32 eI E

A5 IR LT (] 2 e AR B b HMIF TB U 2
K, HMF Az i i B a5 1 0 ek s 4 38 o i 334 i 07
VAN-DER-FELS-KLERX Z5:BU2% 514630 T 9F T-4£ 200,
190, 180 °C THL&F 15 min J5 Y HMF & &, 200 °C HLE;5f
FH g HMF 243312 190 °C., 180 °C #L&53FH HMF
F LAY 20 f5F0 100 £ bR IR BE 9 AR Ak T DL S 2 R ke
£ 5 th HMF (93 1 . CAPUANO 255258 68, 7E 180 °C
THESE 25 min, HEH HMF B4 8 47.02 mg/kg; £
160 °C FHE# 34 min, HMF 94 &4 14.63 mg/kg; 7E
140 °C T 4Lk 40 min, HMF 4 B {UA 2.53 mgkg, &
PR P % VL B A R), B A% A A b v/ Bt R A R R
HMF (44 . PETISCA ZE3IF5e 0, YUt i
160 °C . HEEEFE] N 60, 40 1 20 min I}, FkEFP HMF Ay
AN 41.90, 9.32 F13.63 mg/kg., 1B R/t ks i ]
AT LAFEAR & b HMF 55 . GIOVANELLI Z:PY8F 57 % 91,
IR B 5L G R REHERE PR (250 OIS A B, R
JURE T TR B ), iR S T H AR 7E 310 °C Fl1 450 °C 4t
T LAIAE A Y s i B, T FR B R0 e
AR RO

HMF (2R sl 5K E A 06, A0 i i i L
ZAF AT LA AL/ HMF (44 i o BERS I, K428 &l
FE PR AR R EERT 100 °C, WMHKIEAF]T HMF #)
PHIE A o 7EEPFE R NS R H, Amadori LA #2 iKid
FIE AL HMF; 720 RN, O 2 I8 2K R N T
HMF, HT 1 mol K4 1 mol HMF F52RK 3 mol Y
K, HILAEAE S 2 MK 4 2 ME= 9 HMF /9 &>,
AIT-AMEUR %52 60, 7R f b, HMF 9
TR R B T K06 B2, 7K 430 BE AR T 0.40 A RS
ETEH HMF . B, A BT HbRs 1 R vh 14 18 RE 84T 24
HiJek /> HMF (I A

R B8 5 HMF BTE AL, A W55 IER, #RAY pH
FFIF HMF f2E K, PRSIt HMF BJBRE, hitsid:
ZRAENIH HMF SR, (%A pH 451F T, Cplizeid
1 2-4Eb N, TEIKAE R HMF; T7EESER pH 48T,
Amadori FEHE YN 2,3 KBk SN AR SR R AR
WIERERZE, AFTF HME BRI KAVOUSI 255t 51, 78

Tt 2R ZR H, pH M 4 3902 5 Fi1 6, HMF (942 5
B 5620 mg/kg FEEZE 3290 mg/kg F1 2089 mg/kg. 4 pH
KF 10, pH PR R HMF (I8 R IR L, 4 FE
Tt At pH AT > HMF B9
3.3 RN

PRI 300 %6 75 Y P T B 0 5 i 2 0 4 f [
SMRFFE AR o SRR & S HMF JE R —
PR RO o AR AR, SERUER R RERE 4 T+ &
il ) SRR A A, SO AR A e s AR 5 i,
B DR 0] ) o B RN P AR 2 BN . BT, CT
XA HMF B3, 32 B0 58 A I il 500 45 S 3R | oL
. 2.
33.1 &Am

BALTR AT 2 W] 50 HMF TR . 2825085
TURPES IR CH 22008 | e 208 | - e 2R £k 1 b A Tk 45)
S T 0 RGP A 250 M/ R A TR RS 44 32 v HMIF RPN s Tk i
TE LRSI, S5R L BAE pH o 5.7 F1 7.0 F, B TH MR
LSS 1 2 BN RE R EH0H) HMF P s BE 1 09 T 1,
Al R 4L A H BE AR HME RN g R A9 B A .
KAVOUSI P58 T LW S h iRl A R HMF
JERBIEW, R . &R, WA, BiER. K
SR . A RREEEE /> HMF B 70 R (R &
R WA WABHOBIAR D, REAER . HER .
HRABHRESMIE HMF ATE R TR 24 2 R A 25 FlL AR
FRIA Y pH B, #RZBE . AR . KA ARG X LR
PER IR RERS 25 MR L K 2B B HMF 23 AR 7,
MR T HMF 194 it . ZOU 25258 R BIAE 160 °C F,
FIHFR S HMF DUV EEIR EE 1:10 AYELBIRN 15 min, 2t
HIR . WEIRATH RS HMFE KA1 50 R IR
A MR HMF, HMF {EBRZES510 96.7%. 93.4%F
41.9%. ZHAO ZE VBB s ok - AR i A I iR
P rvk, HEWTE HMF @it 541 2 & R oK 4E &
W T B 46 B 1 (1-dicysteinethioacetal-  5-hydroxymethylfurfural,
DCH). WANG U538 & FAE 160 °C . pH 4 11 BISAETF, #i
M5 HMF EA AR N AE—Fi L HMF 214K HMEF-
W B R B [(E)-N°-((5°-(hydroxymethyl)furan-2’-yl)
methylene)lysine, HML], J-7E 4 FtRs ™MW, ey, &
KE L AL A E ARSI HRIIE T HML (145 #:(0.05~1.90 pg/kg).
ZENG S Wi5s R B iR R b, HEMAE% S HMF
KA YRR A IR T B G R 45 A 1) [28-amino-3a-hydroxy-
3-(5-(hydroxymethyl)furan-2-yl)propanoic acid, HGA HI 2a-
amino-3-hydroxy-3-(5-(hydroxymethyl)furan-2-yl)propanoic acid,
HGB], MifiiHBE HMFFrLL, dshndynl @ikl HMF T2,
85 HMF SO T B R B ek, schiff base 55, iF
—HAE G &5 HMF &2
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GOKMEN 2R T Bl | A A1 =41 BH B 1% 4
HIHR/ R AT R ISR EERE A HMF B B 520,
Na“, K", Zn*", Ca*", Mg*". Fe* e T o A rh i
T IR T R, (H X Se B 2 FE1{EE T HMF g
Ao PHESF YA A0 9 o R, i Ak ORI K 2B i
27 HMF, T3 HMF B &5 W80, e
BV, M RHLL TR A T A R %) S R ] AR R T A Y TE
B, T PN S TR 4 A B R0 . QUARTA 204 5
CaCl,, MgCl, I CH;COOK X} 7% 4/ 4 Tk e A 04 2
FUET v P9 % e FI HMF % 5000 5%, 45 S 2 0,
CH;COOK e il HMF WJE L, IR A ALk T N e
HIJE A; CaCly. MgCly i iR 1,2-% B Ak B i 1 38 o
HMF T8 R, #4580t 80 N I BERE T . TCHLER X
HMF 952 M0 5 5% o — i il ¥ G 0 TR 07 Tk g 1) 552 i S A
R WEMZEMMERE, X5 S,
TeHLER 2 25 At & 55 G T . AR SRATh R
22 I BIF 5% A 36 U AR 0 28 S o 72
333 % B

T Z WA R sE 2 m A sk, 2k
1 FAVEBUEAL RN F & S b il HMF ALAtb 5 341
A TINS5 R . ERR . PTERAR . Wl
A A ML 22 b HIMIF 0 D9 945 PO TR o8 4 52,
45 R AR AR RFT LIRS HME 0N 6 Bk I 401 0 58
T AT AT b PR I BOR 4T - HMF 5 i B AL 5 1)
SRS | ERR | AT R VR R 2 R SRR IS O,
Fifi %5 S AL S B4 B 25 VA EE I 3 T T RARALR, A gz 25 R LA
HMF I . ZHANG 251V 53 % Bl de Ak i i v, i
BR RILFEE . BEFRAE A RIS HMF
TERURCR, MARR R . MR . SRR A v B 5%
EFARMESE HMF M. sk i W, M &R
FERSERLAR R A0 A DErh R R E 08> HMF i, MR 5
HMF (875 BT REAEAE 2 FIBL, oA i il 3 4
HHAREIERR A TE B H R HMF 5 2 MR 2 & 5K B
AP, I/ HMF B8 sk RO R s T 2%t
N Ry HMF JE 52, 2558 %3, 78 160 °C T
HERE 30 min, BN 1.9 mg/g RN Zma i T 86.0%
B HMF, A] G2 A &5 HMF LUZRITR % 424318
Bk R, HETISER T HMF, TOTLANI ZES0Egipl gtk
ZE(10%7K 4, 220 °C, 10 min) F, 58 T RILIEE X 26Hr
T~ AL s, DFX g BB, RILATE T LAY
R 3-JIE A B, B 3-JI50 407 2 W TRE 1k 2 1100 T o,
HMF W&t 2 FREMEs. CamrRm, RILEEM
it 5 HMF JE B &4 7 4Bk HMFU), OLIVIERO
UV 5 2 W A L0050 3 2 o mT mT 5 A i S A 3 4k R I
R LR R S abid/b 7, mE HMF (4 piie t B 5 F%

%, XAl AES LR R R BRIERI R IR HE A 5. QI 2 hi it iy
A KRB RUA R, B RILAER . RILKRK
BFRAE . FRETILRERE FRIEXT OMF BRI
Wi, &5 5 Kk BRAS N BT & vk JE R 50, 100, 200 pg/mL (LA
. RIBREBETFRE . REETFIILAREE FIRERY
AEA SO /> HMF (97 R, HMF $H 5 50%~86%. 4
S 2 BRSO A HMF 5245 X
R 22 3 % -3-0- 3 % B 1 (cyanidin-3-O-glucosidechloride,
CG) R A TR MM BITE L C;G-HMF &4, 146
B C3G 1 Co Bl Co ML S BT L HiIA R 1 B Bk IETF(Cy),
3 0 R T A 1K > HMF &4 . JIANG 45074
R A [ SE PR LR R 4 R %) HMF JE A 5 i,
LERLH, 16 160 °C TV 36 min, 452 &N T3
WL . AR A SR AR AR T A R R
o HMF I, (R80T 7 4 b/ 2 BR AU A 2R o HMF
T B o H53X 4 FVEUEERR 43 515 HMF — &4, g &N
Bk HMF, [iRAIS5IaT e SR I, BT T4
FFRXT HMF MBI . 2 8 & ik REislA R p
HAbLL s 52, SUE B R A, A SRENARN, £
%t HMF (7% 5T B 2 FLA ) i 2 g a1 SR/ 1
H TR RS AU IRGE T ZBkE HMF 2 80 i 44
&= U NTOE i B B ST
334 B

1 R XORR SRR AR, L& A s K R SE L, g
ORI EETRMANSE, RS T REMAY, 6k
57K 9y F R A AKARAE T AR A v v s e o A 27
T g S T TR R A T AR A R IR R e T HMF T 1
(R RE I, o5 SRS 1 A7 76 AT (AR IR R sh Mk AR, SOV
Wi, TR SERIAER Y . AR HMF #9425
o PG AU O g o D R R R T A AT E A X A
R A b (0 IS I T B S, 45 3 R B, AR
WGBSR GEF ARSI iRy 1:1 B, i s ke &
O EN, X7 R T ANERIEC ) T E N T R RN
KGEFHE, ARSI K 432 B 35 E SE LA R N [ 18
R IE (12%~18%), T KET R Rl S5 Fir 4 )2 i, DA TG 384
IR B e R . BORAET RS T B IERE . k-RAIRE
R 7 FH RN SRR A6 DF T HMF JE S 52, R
ARG AN, IR . k--RBIIE . 58 BRI S MR 4n
X HMF JE R I RIROR, b oe SR B i il
PR o 2, B KA A 3] 67.2%H1 66.6%.
WANG 2 US54y T 5% BB o KL v 6 300 W 4L 28 77
(advanced glycation end products, AGEs)JE il i3l SR,
MEREWI A 0.5%5¢ AR, AGEs I i F 1) ik
30.31%~61.22% . H 11 & T8 F e (A0 i 4 £ it o
HMF 3 A SR8 S W08 B A I8 AR X 520 £
AT L/ B im0 HMF (2, (HEELAR p L



232 B dn 2 4 R R I A 4R

%16 &

WAL — B BT
4 Z5RIE

HMF 0B b b A7 78 A9 FREA TR TS ey
wKAL G YEIE HMF (9 F 2 NRY), & & okies
Py b JEURHE ML 1 A 2 A kS i E i HMF . HMEF
Ay SERAE S 1 Y SR ), JEL 2 S i AL 0 i 4 R
@8 AR TEGRAFED b U R AL B ARk LU
B SR B R R, 2R ) S R RN R A A1 o
HMF (8725, A ] P 0 0t i 45 b B i 75 2 ) S
o AN X HME JE a0 4 il 8 X 2 22 2 Y
HMF R BRI FORAT BRI, 0080 500 56 I 22 15 FH R PR AP
FESFAERRRNZ H o B FEFU I A, IHHI*T
HMF 520 AT BESE 20k, HAAE FIAL i AT . i
RSCRHH AT R RP2E . DA T2 ds a5 i
A E—E B R RIE . BR HATH AR HMFE XA
PR FAEBLS], FJE HMF R SMF X A k%
SRECRPE BN, SBUERSOIL, IFREAE - Bk, T
HURE £ ) HMF AT W R A ol 2, WISk
BhhH HMF B9 BALE B Al I3k, oA 30 HMF
A R SR BB Z 5 O FG, S TR £ ah o HMF f9FR
BT BUT IIEALE o o PR EHER B dh 092 A AR i
e, BEIERBESEAN PG B B dh of HME (9B LR AR
g, R HMF AR IR SPRNER . 5,
AT LAGE 1 [ A AR ISR R B, 2T 2 ST
HARFAHLE], W6 HME B ML, LS4 5wk
J7 fE B HMF P, 50 CRALT 20 bl B9 i BRI 4 4

EE P

(1] LA, Rhi, S, 45, e T2 82 sh R IBE R A 5- FP A
BERETE B MAT]. Bk Rk, 2023, 44(15): 49-56.
HUANG YS, LU IN, LI MY, et al. Effect of frying conditions on
acrylamide and 5-hydroxymethylfurfural formation in french fries [J].
Food Science, 2023, 44(15): 49-56.

(2] SGHEE, ou, 08, 55 AR SIS R RN iA R h HMF
B RARI]. o E AR, 2017, 17(4): 289-293.
ZENG ST, LU BB, LI P, et al. Analysis of the 5-hydroxymenthylfurfual
formation in maillard reaction system of alanine and glucose [J]. Journal
of Chinese Institute Food Science Technology, 2017, 17(4): 289-293.

[3] JrkaiE, Sk, BERE, S5 T SRR RIS AR IR T 5-
¥ H SR 7 HL R[], AR, 2024, 45(19): 41-48.
FANG RH, SANG WJ, CHENG Q, et al. Effects of drying, storage conditions
and simulated digestion on the content of 5-hydroxymethylfurfural in dried
Longan [J]. Food Science, 2024, 45(19): 41-48.

[4] SPTR, mRit, R, SR bR I A S N 2l 1 AR
FE[T]. B AEHE, 2006(10): 219-222.
ZENG ZL, GAO YY, XUE YH. Study on kinetics of HMF formation in
unifloral honey [J]. Food Science, 2006(10): 219-222.

[5] RERER, ¥FER, /MR, 45 2T st s p (LA P 5-
Fo TR TE B0 . I S P (0], WAL 2 ARz, 2024, 36(6):
1458-1468.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

LU SM, HUANG ZX, LI XQ, et al. Formation, detection and control of
advanced glycation end products and 5-hydroxymethylfurfural in heated
foods [J]. Acta Agriculturae Zhejiangensis, 2024, 36(6): 1458-1468.
FIRH, il IR, A BUEORRUIL T 5% PR R R B A A ().
vh [ 24 SR E, 2024, 25(1): 55-61.

NIU CJ, AN J, QIU SW, et al. Limit test for 5-hydroxymethylfurfural in
Yueju Baohe pills [J]. Drug Standards of China, 2024, 25(1): 55-61.
AR, SERIER N B g R A T i A TSR (D], RHE: RHERE
HiR2, 2016.

LI GL. Study on the formation of health hazards prodected in millard
reaxtion [D]. Tianjin: Tianjin University of Science and Technology, 2016.
RADA-MENDOZA M, SANZ ML, OLANO A, et al. Formation of
hydroxymethylfurfural and furosine during the storage of jams and
fruit-based infant foods [J]. Food Chemistry, 2004, 85(4): 605-609.
ARRIBAS-LORENZO G, MORALES FJ. Estimation of dietary intake of
5-hydroxymethylfurfural and related substances from coffee to Spanish
population [J]. Food and Chemical Toxicology, 2010, 48(2): 644—649.
CAPUANO E, FOGLIANO V. Acrylamide and 5-hydroxymethylfurfural
(HMF): A review on metabolism, toxicity, occurrence in food and
mitigation strategies [J]. LWT-Food and Science Technology, 2011, 44(4):
793-810.

AMARAL O, GUERREIRO CS, GOMES A, et al. Resistant starch
production in wheat bread: Effect of ingredients, baking conditions and
storage [J]. European Food Research and Technology, 2016, 242(10):
1747-1753.

CELIK EE, GOKMEN V. Formation of maillard reaction products in
bread crust-like model system made of different whole cereal flours [J].
European Food Research and Technology, 2020, 246(7): 1207-1218.
GOKMEN V, ACAR OC, HAMIT K, et al. Effects of dough formula and
baking conditions on acrylamide and hydroxymethylfurfural formation in
cookies [J]. Food Chemistry, 2007, 104(3): 1136-1142.

PURLIS E. Browning development in bakery products-a review [J].
Journal of Food Engineering, 2010, 99(3): 239-249.

CORTES-YANEZ DA, GAGNETEN M, LEIVA GE, et al. Antioxidant
activity developed at the different stages of maillard reaction with milk
proteins [J]. LWT-Food Science and Technology, 2018, 89: 344-349.
VAN-BOEKEL MAIJS. Formation of flavour compounds in the maillard
reaction [J]. Biotechnology Advances, 2006, 24(2): 230-233.

ARETE, WIRE, T, 5. SR I e B AE £ i Tl b it b
). A Tolk, 2018, 39(3): 248-252.

QI YL, FENG HZ, YU Y, et al. Research progress of maillard reaction and
its application in food industry [J]. The Food Industry, 2018, 39(3):
248-252.

XUSE A G HERR AR AE B AR AR R A 45 R W h A ).
JEERH, 2002(2): 27-37.

LIU LQ. The role of amino acids and sugars in the production of volatiles
from microwave heating of smoke suspended solids [J]. Tobacco Science
& Technology, 2002(2): 27-37.

1B, B2, FER. Amadori LS WIWIFTHEE]. | TG T, 2010,
26(12): 29-30, 33.

CUI T, MAO DB, XU ZJ. Research progress of Amadori compounds [J].
Light Industry Science and Technology, 2010, 26(12): 29-30, 33.

KA. 252 AR - HE Amadori Ab-& P11 XU T AL ] K I
JFL[D). JoB: VLRI, 2023.

DENG SB. Formation mechanism and regulation method of thermal
process flavor of methionine-glucose Amadori compound [D]. Wuxi:
Jiangnan University, 2023.

ASGHARI FS, YOSHIDA H. Kinetics of the decomposition of fructose
catalyzed by hydrochloric acid in subcritical water: Formation of

5-hydroxymethylfurfural, levulinic and formic acids [J]. Industrial and



%3

e BRI i R AR 10T BB A 5 B T 5 0

233

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Engineering Chemistry Research, 2007, 46(23): 7703-7710.
SRR . 5-F2 T HLMEE ARSI vk BOH AR R ep o AR T
KEFHE R, 2010.

GUO TX. Study on the detection method of 5-hydroxymethyl-furfural and
its generation in foods [D]. Tianjin: Tianjin University of Science and
Technology, 2010.

BHARATE SS, BHARATE SB. Non-enzymatic browning in citrus juice:

[D]. Kt

Chemical markers, their detection and ways to improve product quality [J].

Journal of Food Science and Technology, 2014, 51(10): 2271-2288.

CAO G, CAI H, CAI B, et al. Effect of 5-hydroxymethylfurfural derived
from processed cornus officinalis on the prevention of high
glucose-induced oxidative stress in human umbilical vein endothelial cells
and its mechanism [J]. Food Chemistry, 2013, 140(1-2): 273-279.
PEREZ-LOCAS C, YAYLAYAN VA. Isotope labeling studies on the
formation of 5-(hydroxymethyl)-2-furaldehyde (HMF) from sucrose by
pyrolysis-GC/MS [J]. Journal of Agricultural and Food Chemistry, 2008,
56(15): 6717-6723.

MMERER BC, WEDZICHA BL, KROH LW. Nonenzymatic browning
reactions of retro-aldol degradation products of carbohydrates [J].
European Food Research and Technology, 1999, 209(3-4): 261-265.
KT, WO, W, S SRR A b AR A B R 2 4
PEWFFEHERELT]. B R RER I A44R, 2022, 13(15): 4983-4991.
ZHU XQ, LEI WH, HUANG YY, et al. Research progress in changes of
5-hydroxymethylfurfural in food and its safety [J]. Journal of Food Safety
& Quality, 2022, 13(15): 4983-4991.

ABRAHAM K, GURTLER R, BERG K, et al. Toxicology and risk
assessment of 5-hydroxymethylfurfural in food [J]. Molecular Nutrition &
Food Research, 2011, 55(5): 667-678.

MONIEN BH, FRANK H, SEIDEL A, et al. Conversion of the common
food
carcinogenicsulfuric acid ester in the mouse in vivo [J]. Chemical
Research in Toxicology, 2009, 22(6): 1123-1128.

BFS, JAIELTE, RWE, 55, 5-F2 T BRS04 A 4 A P RIAE P T AT
SR B Tk RHE, 2016, 37(11): 372-377.

ZHAO L, ZHOU CQ, ZHU WQ, et al. Progress in the biological safety
and activity of 5-hydroxymethylfurfural [J]. Science and Technology of
Food Industry, 2016, 37(11): 372-377.

BAAER, XIEIR, Bk, 45 SERESON BT R L 2 R aT
FEHERE[N]. dh TR, 2011, 32(7): 447-450, 454.

ZENG WW, LIU YH, RUAN RS, ef al. Research proqress in food safety
issue caused by maillard reaction [J]. Science and Technology of Food
Industry, 2011, 32(7): 447-450, 454.

KA. KRR B xS SRS TR T DTG K 5-52 HY Hhiemss
AP ERIFSE (D). KA AR, 2018,

LIU HY. Inhibition of acrylamide and 5-hydroxymethylfurfural formation

constituent  5-hydroxymethylfurfural into a mutagenic and

by natural plant flavonoids in the maillard systems [D]. Changchun: Jilin
University, 2018.

ZERAIK, REULHR, TR, . SR AREE 1) A TR ]
Tk, 2024, 45(18): 83-92.

LI SD, CUI HW, WANG ZH, et al. Acute toxicity of
5-hydroxymethylfurfural [J]. Feed Industry, 2024, 45(18): 83-92.
JANZOWSKI C, GLAAB V, SAMIMI E, et al. 5-Hydroxymethylfurfural:

Assessment of mutagenicity, DNA-damaging potential and reactivity

GRS

towards cellular glutathione [J]. Food & Chemical Toxicology, 2000, 9(38):

801-809.
+‘$II‘I1’>J )5 AR RN L R 5 F e XU
SE[D]. T AERELITR, 2022.

WANG ZY. Study on the

5-hydroxymethylfurfural during the processing of compound Ganoderma

By 428 (1 WF
control  of

risk prevention and

lucidum [D]. Guangzhou: South China University of Technology, 2022.

[36]

[37]

[38]

[39]

[40]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

ZAITSEV AN, SIMONIAN TA, POZDNIAKOV AL. Hygienic standards
for hydroxymethylfurfural in food products [J]. Voprosy Pitaniia, 1975(1):
52-55.
YANG N, QIU R, YANG S8, et al. Influences of stir-frying and baking on
flavonoid profile, antioxidant property, and hydroxymethylfurfural
formation during preparation of blueberry-filled pastries [J]. Food
Chemistry, 2019, 287: 167-175.
MANKOWSKA D, MAJAK I, BARTOS A, et al.
5-hydroxymethylfurfural content in selected gluten-and gluten-free cereal
food products [J]. 2017, 1(81): 11-21.
ZHAO Q, OU J, HUANG C, et al. Absorption of 1-dicysteinethioacetal-
5-hydroxymethylfurfural in rats and its effect on oxidative stress and gut
microbiota [J]. Journal of Agricultural and Food Chemistry, 2018, 66(43):
11451-11458.
?ﬂtﬁ FEY, RN, F T PRI
R AR, 2015, 36(13): 257-264.
WEN C, WANG ZM, SHI XB, et al. A review of acrylamide and
5-hydroxymethylfurfural in foods [J]. Food Science, 2015, 36(13):
257-264.
SURH YJ, LIEM A, MILLER JA, et al. 5-Sulfooxymethylfurfural as a
possible ultimate mutagenic and carcinogenic metabolite of the maillard
1994,

55 55 PRI R T

reaction product, 5-hydroxymethylfurfural [J].
15(10): 2375-2377.

CIESAROVA Z, KUKUROVA K, TORBICA A, et al. Acrylamide and
5-hydroxymethylfurfural in thermally treated non-wheat flours and
respective breads [J]. Food Chemistry, 2021, 365: 130491.

CAPUANO E, FERRIGNO A, ACAMPA 1, et al. Effect of flour type on

maillard reaction and acrylamide formation during toasting of bread crisp

Carcinogenesis,

model systems and mitigation strategies [J]. Food Research International,
2009, 42(9): 1295-1302.

AMEUR LA, MATHIEU O, LALANNE V, et al. Comparison of the
effects of sucrose and hexose on furfural formation and browning in
cookies baked at different temperatures [J]. Food Chemistry, 2007, 101(4):
1407-1416.

NGUYEN HT, VAN-DER-FELS-KLERX HJ, VAN BOEKEL MAIJS.
Acrylamide and 5-hydroxymethylfurfural formation during biscuit baking.
Part II: Effect of the ratio of reducing sugars and asparagine [J]. Food
Chemistry, 2017, 230: 14-23.

ZHANG YY, SONG Y, HU XS, et al. Effects of sugars in batter formula
and baking conditions on 5-hydroxymethylfurfural and furfural formation
in sponge cake models [J]. Food Research International, 2012, 49(1):
439-445.

SHINODA Y, KOMURA H, HOMMA 8, et al. Browning of model orange
juice solution: Factors affecting the formation of decomposition products [J].
Bioscience, Biotechnology and Biochemistry, 2005, 69(11): 2129-2137.
WA, TIREIR, madbe, 5. 3 FhUSIAIm B R s I R
HMF)WTER[T]. IR R, 2021, 37(7): 286-293.

OU JY, JIANG KY, GAO YY, ef al. Reduction of hydroxymethylfurfural
(HMF) via three additives in model reaction system [J]. Modern Food
Science and Technology, 2021, 37(7): 286-293.

GOKMEN V, ACAR OC, SERPEN A, et al. Effect of leavening agents
and sugars on the formation of hydroxymethylfurfural in cookies during
baking [J]. European Food Research and Technology, 2007, 226(5):
1031-1037.

FAN X, HUANG L, SOKORAI KJ. Factors affecting thermally induced
furan formation [J]. Journal of Agricultural and Food Chemistry, 2008,
56(20): 9490-9494.

VAN-DER-FELS-KLERX HJ, CAPUANO E, NGUYEN HT, et al.
Acrylamide and 5-hydroxymethylfurfural formation during baking of

biscuits: NaCl and temperature-time profile effects and kinetics [J]. Food



234

LR

G A A

%16 &

[52]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(62]

[63]

[65]

Research International, 2014, 57: 210-217.
CAPUANO E, FERRIGNO A, ACAMPA 1, et al. Characterization of the
maillard reaction in bread crisps [J]. European Food Research and
Technology, 2008, 228(2): 311-319.

PETISCA C, HENRIQUES AR, PEREZ-PALACIOS T, et al. Study of
hydroxymethylfurfural and furfural formation in cakes during baking in
different ovens,
analytical method [J]. Food Chemistry, 2013, 141(4): 3349-3356.
GIOVANELLI G, ALIBERTI G, CASIRAGHI E.

high-temperature household electric ovens on quality attributes and

using a validated multiple-stage extraction-based
Impact  of

heat-related byproducts content of homemade pizzas [J]. Journal of Food
Composition and Analysis, 2024, 133: 106460.

AIT-AMEUR L, TRYSTRAM G, BIRLOUEZ-ARAGON 1. Accumulation
of 5-hydroxymethyl-2-furfural in cookies during the backing process:
Validation of an extraction method [J]. Food Chemistry, 2006, 98(4):
790-796.

SRR, BRPOE, ERES. ATHENERE 40 AT45HESIK pH (H'S 5-5
SEMEIE | ORERE S AN SCTE T[] 2, 2015, 12(10):
611-613.

GUO HY, GENG QG, WANG CH. Correlation analysis of furfural,
5-hydroxymethylfurfural content and pH value of dextran 40 and glucose
injection [J].
611-613.
KAVOUSI P, MIRHOSSEINI H, GHAZALI H, et al. Formation and
reduction of 5-hydroxymethylfurfural at frying temperature in model

Chinese Journal of Pharmacovigilance, 2015, 12(10):

system as a function of amino acid and sugar composition [J]. Food
Chemistry, 2015, 182: 164-170.

o, JURMR IR RIS XS Maillard (4 Z HH IR TERG RIS HSEBRIEE
BASEIRD]. [ BRI R, 2014,

CAI Y. Effects of several additives and legume flours on acrylamide and
hydroxymethylfurfural formation in a maillard system [D]. Guangzhou:
Jinan University, 2014.

ZOU YY, PEI KH, PENG XC, et al. Possible adducts formed between
hydroxymethylfurfural and selected amino acids, and their release in
simulated gastric model [J]. International Journal of Food Science &
Technology, 2016, 51(4): 1002—1009.

ZHAO QZ, ZOU YY, HUANG CH, et al.
hydroxymethylfurfural-cysteine adduct and its absorption and cytotoxicity

Formation of a

in Caco-2 cells [J]. Journal of Agriculture and Food Chemistry, 2017,
65(45): 9902-9908.

WANG G LIU P, HE J, e al
5-hydroxymethylfurfural-lysine schiff base and its cytotoxicity in three
cell lines [J]. Journal of Agriculture and Food Chemistry, 2019, 67(36):
10214-10221.

ZENG R, ZHANG GW, ZHENG J, et al. Formation and identification of

two hydroxmethylfurfural-glycine adducts and their cytotoxicity and

Identification of a

absorption in Caco-2 cells [J]. Journal of Agriculture and Food Chemistry,
2020, 68(1): 384-389.

GOKMEN V, SENYUVA HZ. Effects of some cations on the formation of
acrylamide and furfurals in glucose-asparagine model system [J].
European Food Research and Technology, 2006, 225(5-6): 815-820.
QUARTA B, ANESE M. The effect of salts on acrylamide and
5-hydroxymethylfurfural formation in glucose-asparagine model solutions
and biscuits [J]. Journal of Food & Nutrition Research, 2010, 49(2):
69-77.

VLA 2RISR Maillard J52 R4 28 R PR TR 2 Y BCERE TS B F)
SWD]. M R, 2013

JIANG SS. Effect of chlorogenic acid on the formation of acrylamide and
hydroxymethylfurfural during maillard reaction [D]. Guangzhou: Jinan
University, 2013.

[66]

[67]

[68]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

ZHANG X, CHEN F, WANG M. Impacts of selected dietary polyphenols
on caramelization in model systems [J]. Food Chemistry, 2013, 141(4):
3451-3458.

JercHe, ERBE, BRETE, 5. B EOT 555 MR MEEE ) T U LI L B
e A PR, Bk S & BT, 2024, 50(3): 132-140.
LONG CY, WANG CQ, OU JY, et al. Reduction mechanism of
5-hydroxymethylfurfural
Cantonese-style moon cakes [J]. Food and Fermentation Industries, 2024,
50(3): 132-140.

SR, VRN T AR AR 2 T 5-) A R 7 A Y LA
FE[D]. JM: AR TR, 2017,

ZHANG YN. Investigations into the inhibitory mechanism of plant

by phloretin and its application in

polyphenol against 5-(hydroxymethyl)-2-furaldehyde formation during
thermal starch processing [D]. Guangzhou: South China University of
Technology, 2017.

TOTLANI VM, PETERSON DG. Influence of epicatechin reactions on
the mechanisms of maillard product formation in low moisture model
systems [J]. Journal of Agriculture and Food Chemistry, 2007, 55(2):
414-420.

QI Y, ZHANG H, ZHANG H, et al. Epicatechin adducting with
5-hydroxymethylfurfural as an inhibitory mechanism against acrylamide
formation in maillard reactions [J]. Journal of Agricultural and Food
Chemistry, 2018, 66(47): 12536-12543.

OLIVIERO V, CAPUANO E, CAMMERER B, et al. Influence of roasting
on the antioxidant activity and HMF formation of a cocoa bean model
systems [J]. Journal of Agriculture and Food Chemistry, 2009, 57:
147-152.

QI Y, ZHANG H, WU G, et al. Reduction of 5-hydroxymethylfurfural
formation by flavan-3-ols in maillard reaction models and fried potato
chips [J]. Journal of the Science of Food and Agriculture, 2018, 98(14):
5294-5301.

RENG. BERRAR) 5-2 H BRI AL 6 B F2 e g m B 72 [D]. T
FR: PRFRAO R, 2023.

SONG BG. Study on the effect of sugar degradation product
5-hydroxymethylfurfural on the stability of anthocyanin [D]. Shenyang:
Shenyang Agricultural University, 2023.

JIANG SS, OU SY, LIANG E, et al. Effect of chlorogenic acid on
hydroxymethylfurfural in different maillard reaction [J].
International Food Research Journal, 2013, 20(3): 1239-1242.

M, BT, ST, & BRI Suc-Asn FUB R FRH 5-5% F SLRfEE
e USR] BOEA =7l 2020, 29(5): 461-468.

YE Q, XU N, GUO HY, et al. Effect of xanthan gum on the formation of
5-hydroxymethylfurfural in Suc-Asn reaction system [J]. Acta Laser
Biology Sinica, 2020, 29(5): 461-468.

BT, BREE, XIF, 5. FET AT ANEG 28 B T £ bt
P PIIRTRE I & (], B, 2019, 40(16): 249-255.

SHAN JH, CHEN JW, LIU Y, et al. Prediction of acrylamide content in
fried battered and breaded fish nuggets using artificial neural network [J].
Food Science, 2019, 40(16): 249-255.

BRAE. BGCG 5 Z R IAIGIERE AN 5-5¢ FFHEAReRE A AU Bip )
i LA FURCE BTS2 IR D). R S R AR, 2024,

HUANG YL. Synergistic inhibition of EGCG and polysaccharides on

acrylamide and S5-hydroxymethylfurfural formation in biscuits and their

systems

effects on the sensory properties of biscuits [D]. Nanchang: Nanchang
University, 2024.

WANG S, ZHENG L, ZHENG X, et al. Chitosan inhibits advanced
glycation end products formation in chemical models and bakery food [J].
Food Hydrocolloids, 2022, 128: 107600.

(% RefE 245 %)





