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Abstract: The Maillard reaction during the production of brown sugar is critical to the color, flavor and functional
characteristics of brown sugar, but it also produces substances potentially harmful to human health such as glyoxal (GO),
methylglyoxal (MGO), 3-deoxyglucosone (3-DG), 5-hydroxymethylfurfural (5-HMF), and acrylamide. This paper introduces
the Maillard reaction at the key stages of the brown sugar production process, its influential factors, its possible harmful
products and their effects on human health, and it puts forward some suggestions for controlling the production of harmful
products from Maillard reaction during brown sugar production in order to provide a theoretical reference for improving the
safety of brown sugar for consumption.
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Fig.1  Major pathways of Maillard reaction using glucose as an example™”
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Formation pathway of a-dicarbonyl compounds

[32]



218 2023, Vol.44, No.23

il = XABRR

22 SRFLRERE

5-HMF & 36 f7 48 Jz 97 25 LI o A) P24, e R TR
AL JEEEpH<TH] KA A4 A i HHE R
3-DG, 5 H3-DGML/KAE B EE SR (5B
FRE) LKA K (E3) o LocasZHAIA[H
BE CRIERE. BLRE. R K3-DGT iR (250,
300, 350 'C) BisK4ES-HMERIZE, R ILTF mik s v
PR 2L 53-DG K AE G 5S-HMERI 2% 300 CHF, 5
B A R S-HME [ 0% 2250 “CRE I3 fi5,  JEREA: iS-HMF
IR LE3-DG 4.5 iy, SBEA S-HMF 0% L 3-DG
2.4 . AktagZECURE 7T R I E S b AU R 1 L 1
CRF Ryt RS BEH—E&MS5-HMF, Hrh
F RS E RS . Chen Peng&POHT 5% & WL AT BELE H iR
gL R o S-HMEF & S r 2l R, T DR 2 56 i e I AR
5-HMF 1] 5 LU5-HMF 4k S5 2E 56 4 48 s 87 v FE B

5-HMF [ TE R HE . R IR 2R S5IRE . A7
VI B KpHAE 5o . f5 G g O R LA [R5 4 1
N FEWERN R AL R S -HMF ) 25 2 T ) S v 1 R T
H B AR N Ak R pHAE BB o S BN, 38 AT (2 i3k 5-HMF
AR, FIRFCa?t. Mg®t. AP %48 B T IIAE R
HES-HMF (4 B, BFoCa®t . Mgty AP T REfE 4k U
(7K SN, AR BCEL A v i P 1 T R SR 05 O 2
TR Gy FAL RS -HMF o 580 P % 5-HMF A it 2 5
Wi, AktagZCRIL, TR 27 CHISE SR R A
H5-HMF, f1E37 CIk24 R 3E it S-HMEF iR
¥ Ei416.2 mg/L. Pham25C* 78 & BlpH{E A9 1.5 #8

8 Ji 5, H5-HMF & & B 8 pH 4. 58 )% =, R
BEAG S B Z2pHAE, A T 5-HMFAE .
23 MR

0 T e 3 S 3 SR R R A e A hn e R 26
P78 S N7 AR R A KA S P B AR N TR R #
120 °C PA BB P2 2R P2 kA B R 6 i 35 Amadoori = 4 Al
3-F I W AE 2 A S AR A B () o [
B, — S P SE h s S R B A=, an2-2
T, BIENTRAM3-DGE, 25 R &M N A b
BHEELE . MesiasZ I Wi FBEVIEE TR . B A
R S5 AR A R S TR B 1 O, 5 R R ISR 2% 5
L WE S TR , L 200 v O M I A & bR S
(2 £, VB TE 2008 A 77 ok 72 D s Mok M - BEAE T VT 728 K
SR AR AR AR, B R = A TN A T 1 S R
B T AR

VR0 5 i ) A 2 R N R R IR E L IR N AR R
pHAH . R FEA5 00 . Kobayashi 2“8 208V W 43 5
TIAN25 mmol/kg2¥ Bt R AR, SRJ5 T-100 Cln#k
60 min, IS 062 R A o 100 PR T i A L xoT R H
1.8 %, TS I F I 2 B A it FRD AT 5 TR A e 1 B xof
HEZHAK60% , 3% BH MG S I8 1 (i 3t TR 045 I e 1) A e, 1
I 20 TR U A 4400 1) P 0 B e 14 26 i .- Wang Pengpu ™ IHf 7t
AN [ A 60 2 VS T 5 R A B G i WRAE AN R pHAEL (3.8,
4.8, 5.8, 6.8, 7.8) T T150 “Cm#30 min: i 7R 45 Bk i
MR, R I I I e A R o 5 T A B OR B . O AR R
pHIE A B IEAA 5, pHAE A7 8 TR 45 Tk e ik FE & pHAE N
3.8IRF 1 000 1%

OH
HO OH HO. 0
B G
HO M oo HO_ oo /\\L}Ao

i 3-DG

Hi

o OH
HO 0 0 o; 0 0
HO
OH OH o HO OH C
OH OH -
P

5-HMF

~H,0
I ’ CHOH  cyon

OH H,0H

IR SR AL B 25 1 R

El3  5-HMFR)R& R
Fig.3 Formation pathway of 5-hydroxymethylfurfural®™

R R 0 NH, C00H OH
+ OH , J\rR .
NH 0
O OH  \y,NH, o o
KA % N-WEFE R AT

NH, COOH NH,

NH.
~R PR :
AO(H /\O(H 9] NH\g
IEPR % Jii ¥ Amadorift. 54
I~
NH,
2 NH,
Oéj‘wNH2 - Oéj\//CHZ
3G B TR TR

4 PIRRRHERE R

Fig.4  Formation pathway of acrylamide

[40,43]



XA ERA

E6oill =

2023, Vol.44, No.23 219

3 AP RBBR A E XGRS

WA NAD B 224, BRI R H 2 0%, 40
Bl X L S A T S N N SE T SRR T L R
RISRTE . L0 P SC LB S N A P DI I 1 200 R %
SfR i, XL T RE S| N A I A2 21 Th RE
5, AT BOR P ) L DL, BAE R BE
PRI~ B B RS CIEIS)

ik

IR DR

AR
HE )

- ks
=

PRI

Pl S  erhiivh R HEAR B M A\ A i et e

Fig.5  Adverse effects of harmful products of Maillard reaction on

human body"“**”

3.0 a-BIEEY

GO. MGOFI3-DG ¥y W Bl 5 fb 28 R =)
(advanced glycation end products, AGEs) Fiff, ‘Tl
TENEFR R 5 51 3R IE RO ) B, SRR . R
BRE AR JR R BRI S5 R A, B I AGESTE N A4
P2 SR R EE L . B IR A RE 2 . Markova s
RIFIXEE A (23%EAT 43%5Ek . %57
5%LTYER DY £ R AT MR EY) IR, S
Il CRBOESE4 . MR 3 KMGO) B B i
WA D BRS8N, WAL, £PMGO
PR SFHEPERR . %KL, Wang Chaoxuns!™
BN R JoR £ 4 4 i B T o 89k 29100, 200, 300 pg/mL
HIAGEsIE e 524 h, K ILYHMIE - R BEAGEs i
IR TR, Ui AGEsRKT N % £F 4 5 i 105
EH, HAGEAEHBE S AGEs 5K 5 1038 K 68 .
SirenkoZ5 P 5 38 A7 H A vy AL R I A i A1) JIRA 2B 1
TR JAGESs, &3 i A0 R 1 20 i 0 A R 3 iR A
MiE H I AGEs /KB & sy T X 41, R EJAGEsH] i
VAR L BT B RS -
32 S5-I

5-HMFXf Je ik ERFIRIE . T B R #a. A5l
REENEFEERCAE KERHRE, F 8RR 7
T T T AT it i R A 3 - B R N - S- B PR AR PR R VR FH T~

S-HMF R A J% T4 3 3 Sy vE SE A i 4k, e Ak oS-I S0
LS (5-sulphoxymethylfurfural, SMF) , {#5-HMF[]
@ i SMF/R 244 8% . Bauer-MarinovicZEP "% TR H
7250 mg/kgfISMF £ FVB/N/N RS /INE LTI & 2E 45
frElrb B R . 3% [ E K R B R 104 i 4
XFHEPE S MEPE B (50 D 45 5-HMF 1 2 57K
CEEHIKF4r 990, 94, 188, 375, 750 mg/kg my) , K
BUNEESAS FITUG, $E52375. 750 mg/kg my 71 & (kLA
S O SRR b R A (0 R A B I, e K B 1
K, IR K IREIR, TiHEZ 750 me/kg m, i
B I REPEAIEPE QR U IR R A . RIRATE SR, H
THEFR I RIS IR 2 5] R P2 MR .
33 B

DEWE A ORI, AR IE G A SO BUR
P Mg BEEPRIR NS EE . BT
BN 1 22 B 1 RN B 4 SRR R . B ERALE . Y
JRE IR A RN oAt 22 R M P 2 2500 . L 19944E, [E bR
e E T 0 ML AL) 750 K D s T fie % N AT e 5 BN SR B0 1
PR, Wang Fan2§ BV 2/ 5/ 53 41 il B 78 A
A B T e e s v AT, R B V24 L i 77 e
E NI RORE T B R R E KT N, RHA
5 T e 0T 208 L 0 25 A A1 D LA B D R4 B8 D A 0 12
ParkZPOME A4 BE T 1 IR G L T AN [R) B R TR
Wz (100 30, 100 mg/LAI300 mg/L) ¥57: 3k &
PR ORI, B2 FEURE S, R E
UREE A . ARy AR R RS SR

4 OREPERER B Y AR )T ik

4.1 HEE SR

H R s R N A IR 1) B 2 o JR S5 4
R, AERRCE A E Y R, AT DU R AR I R
PERE LR & R R H RE . B H e . b
T T SR D T RE e 2 W S ke A B R SRR A
VD JRE T HP 30 i R B 5 1 T o 5 e R N
B BRI T R BT SR H VTR SR S B
OB USRI, DRI AT e 200 A 7= K
HOFF RN 283 0 70 R BUH R — J T 0 3 S
TR T R ARSI, KSR A e p AT
DA PR 2 R FH— IR AE N L. b, RN ZpE A = it
i, ANRIEERI LR AR R PG RER, BA
[ it P R R R R X S E A E R R, Rk
U ANEIPN € IR Y =R TE S R Y S VA LRI =B S e
R R
42 EPETESEAET

F TR 7E 45 2% WY 38 o0 4 s B 5 3 B N ] A p HAE



220 2023, Vol.44, No.23

B5oitl F

HEEUIMEK. W SpHMEM S, fFEREBK, £h
T SRR R ZL, DGR LR AR S B, U H R R
SRR B, WA R EEISE, WNEE YR
pHAE" Y NG E, 464515 ¥ . Liu LichunZ:
FUH &I W - B R AR RAEpHAE N6, 7. 8. 9. 10K} AGEs
AR, RIpHE A 1084 R AGEs 7 & pHAE 6
N2 £, RIS K pHAE 9. 67 ()7 %) Bl - & FE R 14 165
100, 120 C FAbFE30 min, KIMAGEs S SFEIEE M ETt
TG0 5t 58 S5 T R 5 R T R 2R 1 s B (1)
3 hiE K% 12 h, KIIHS-HMFF 5K E 110.014 pg/mL
HINZ20.122 pg/mL; fEpH<7ZAFF, SEhiflife Mk &
T 5-HMF 78 & 2ol T 1%, fEpHAE AT~ 11 i T
BN, S-HMFIE SRS T R ik, Eamd =
FE, 0] DU g2 S A FH A 2 A A R AR
RYE. J4b, FEZEERE, s Ak Pk & B 7
FLASRA N AT N, 4 45 B B I) B R AR B B2
DATE — B P2 Bl e Rl [ B, el 2D 200 A8 7 i i o
AGEs. 5-HMFHITE
43 HAhJ5k

PUEL AP L ERAF AR BRI . HUSA MLAREN. VE.
Z W LRk | &R R AT 2 SR U B B AL R, 0
w0 T o R R A SR 4 e R I AR R BT R G
FIEROY, Horp, MR, WA Sm . W TRRAL
WREZWRYIT, £ 5 R 5 CRAg D) RE ) [F] i
RE AT 254 35 h 1 S A = R . Xu Changmou
S LOSTLE I 50 op R B0 46 22 1y T 94 B Ml 0 o K T
90%, T B FF&E A1) LAS 2 00 TR I Tt e 1) 0 1) 26 a1k &)
60% . 1%L Z Wy 5T Rl 3 I 5 3% i AT s 1 9 2 k2
FR TR S I8 A= s R 52 06 420 SR 0 1) DR 7 T e F) T 7,
] DU 5 6 5T E HH 2 N A BB E ) R AR
AN IR BT, Ak, iR L A g i i
FRHE AR T 5 5-HMF B A A4 1) 2 28 A8 2 1) i 7K
SR, T A0 S-HMF I B 64 e 2 By nl 5 48
BT RABSRMN, XTAGEsHIJE G fHIERTY, i
TELLREZE R BRI FE p, nT DA RIS S N B R
KA S RLAEA T =0

5 & W&

LR AR S AR N SR 2 M IR, (HEDY
FCAE P R R rp AN T e A A SRR A N OS2 o
NEA TR, IR L0 A7 1 R R AT gk 2D X
LA ) 5T 4 A B DA D ZRE R N A A R AE fE . AE
AR S un = PTG BUR 7 s 0D N 2 G Y
SN TR IR E T 56 A S N A T ) AR AR
I, 2 Wy, ARG SR AR i 200 b SR 1
SNATHE IR E, AT ORBEEZRE 5

%3

(1] BEI5Z, R, sk R AT 2 SRR ST A
PEWEFTII]. P E AR, 2018, 43(3): 146-149. DOI:10.3969/
j-1ssn.1000-9973.2018.03.034.

(21 *BEG. HREZEprE . Bl SR g i s T K D). )
M SR TR, 2017: 62-63.

Bl HEHE7T, BRBE, £%, % 40T IR0V S R D) o
FEHERE(T]. A G, 2020, 45(9): 194-200. DOI:10.3969/
j-1ssn.1000-9973.2020.09.039.

[4]  #ple, EREE, B, & H RS R M TR LT R A L0
TR I T]. H DI, 2020, 49(4): 47-52. DOIL:10.3969/
j-1ssn.1005-9695.2020.04.009.

(51  BEWAE, f0EAR, BE S, S N CH R & AR T R R
B EINTI]. B IERE, 2020, 49(6): 60-63. DOI:10.3969/
j-1ssn.1005-9695.2020.04.009.

6] WRERME, fUaiah. HIMDEARA QPR XL R )], B TR
$, 2013, 29(4): 30-31.

[7] WANG Lu, DENG Weili, WANG Peng, et al. Degradations of aroma
characteristics and changes of aroma related compounds, PPO activity,
and antioxidant capacity in sugarcane juice during thermal process[J].
Journal of Food Science, 2020, 85(4): 1140-1150. DOI:10.1111/1750-
3841.15108.

[8] GE Yanjing, LI Kai, XIE Caifeng, et al. Formation of volatile and
aroma compounds during the dehydration of membrane-clarified
sugarcane juice to non-centrifugal sugar[J]. Foods, 2021, 10(7): 1561.
DOI:10.3390/foods10071561.

[91 GOMEZ-NARVAEZ F, MESIAS M, DELGADO-ANDRADE C,
et al. Occurrence of acrylamide and other heat-induced compounds
in panela: relationship with physicochemical and antioxidant
parameters[J]. Food Chemistry, 2019, 301: 125256. DOI:10.1016/
j-foodchem.2019.125256.

[10] ASIKIN Y, KAMIYA A, MIZU M, et al. Changes in the
physicochemical characteristics, including flavour components and
Maillard reaction products, of non-centrifugal cane brown sugar
during storage[J]. Food Chemistry, 2014, 149: 170-177. DOI:10.1016/
j-foodchem.2013.10.089.

[11] ABRAHAM K, GUERTLER R, BERG K, et al. Toxicology and
risk assessment of 5-hydroxymethylfurfural in food[J]. Molecular
Nutrition & Food Research, 2011, 55(5): 667-678. DOI:10.1002/
mnfr.201000564.

[12] YUMNAM S, SUBEDI L, KIM S Y. Glyoxalase system in the
progression of skin aging and skin malignancies[J]. International
Journal of Molecular Sciences, 2021, 22(1): 310. DOI:10.3390/
ijms22010310.

[13] #RE, Bk Z, Wy R, & R W g AR B E IR R
SrArHTII. HEEREL, 2020(3): 106-109. DOI:10.3969/
j-1ssn.1005-9695.2020.03.019.

[14]  FBHIE. B R b o- AP LR AL A LR 5T 55 (D]
KB RHFHER A, 2018: 8-9.

[15] DEGEN J, HELLWIG M, HENLE T. 1,2-Dicarbonyl compounds
in commonly consumed foods[J]. Journal of Agricultural and Food
Chemistry, 2012, 60(28): 7071-7079. DOI:10.1021/j£301306g.

[16] RAKETE S, KLAUS A, GLOMB M A. Investigations on the
maillardreaction of dextrins during aging of pilsner type beer[J].
Journal of Agricultural and Food Chemistry, 2014, 62(40): 9876-9884.
DOI:10.1021/j£503038c.

[171 ZHANG ZH,ZOU Y Y, WU T G, et al. Chlorogenic acid increased

5-hydroxymethylfurfural formation when heating fructose alone or



XA ERA

E6oill =

2023, Vol.44, No.23 221

(18]

[19]

(20]

[24]

[26]

[29]

with aspartic acid at two pH levels[J]. Food Chemistry, 2016, 190:
832-835. DOI:10.1016/j.foodchem.2015.06.041.

NGUYEN H T, VAN DER FELS-KLERX H J, VAN BOEKEL M
A J S. 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. DOI:10.1016/
j.foodchem.2017.03.009.

CAPUANO E, FOGLIANO V. Acrylamide and
5-hydroxymethylfurfural (HMF): a review on metabolism, toxicity,
occurrence in food and mitigation strategies[J]. LWT-Food
Science and Technology, 2011, 44(4): 793-810. DOI:10.1016/
j1wt.2010.11.002.

SREEDEVI P, MADHAVA M. Quality improvement of non-
centrifugal sugar as affected by blanching and organic clarification[J].
Sugar Tech, 2022, 24(6): 1867-1876. DOI:10.1007/s12355-022-
01158-8.

HAMERSKI F, DA SILVA V R, CORAZZA M L, et al. Assessment
of variables effects on sugar cane juice clarification by carbonation
process[J]. International Journal of Food Science and Technology,
2012, 47(2): 422-428. DOI:10.1111/j.1365-2621.2011.02857..x.
U, AL IRVE L B R S AR 8 (D). M7 )T
K#:,2019: 25-27.

ESUT, R, BRI, 5. AR pH N R B 4 A
Ko Rkt & R[], HEEBEL, 2009(5): 29-33. DOI:10.3969/
j-issn.1005-9695.2009.05.006.

LIU Jie, WAN Peng, ZHAO Wenjie, et al. Investigation on taste-active
compounds profile of brown sugar and changes during lime water and
heating processing by NMR and e-tongue[J]. LWT-Food Science and
Technology, 2022, 165: 113702. DOI:10.1016/j.1wt.2022.113702.
ASIKIN Y, HIROSE N, TAMAKI H, et al. Effects of different drying-
solidification processes on physical properties, volatile fraction, and
antioxidant activity of non-centrifugal cane brown sugar[J]. LWT-
Food Science and Technology, 2016, 66: 340-347. DOI:10.1016/
j1wt.2015.10.039.

PRADA FORERO L E, CHAVES GUERRERO A, GARCIA
BERNAL H R. Efectos de la presién de evaporacion y la variedad
de cafiaen la calidad de la miel y la panela[J]. Ciencia y Tecnologia
Agropecuaria, 2015, 16(2): 153-165. DOI:10.21930/rcta.vol16_num?2_
art:364.

KOCADAGLI T, GOKMEN V. Multiresponse kinetic modelling
of Maillard reaction and caramelisation in a heated glucose/wheat
flour system[J]. Food Chemistry, 2016, 211: 892-902. DOI:10.1016/
j.foodchem.2016.05.150.

MAASEN K, SCHEIJEN J L J M, OPPERHUIZEN A, et al.
Quantification of dicarbonyl compounds in commonly consumed
foods and drinks; presentation of a food composition database for
dicarbonyls[J]. Food Chemistry, 2021, 339: 128063. DOI:10.1016/
j-foodchem.2020.128063.

MARTINS S, MARCELIS A T M, VAN BOEKEL M. Kinetic
modelling of Amadori N-(1-deoxy-D-fructos-1-yl)-glycine degradation
pathways. Part I: reaction mechanism[J]. Carbohydrate Research,
2003, 338(16): 1651-1663. DOI:10.1016/S0008-6215(03)00173-3.
CHEN Peng, CHENG Fang, WEI Lin, et al. Effect of Maillard reaction
browning factors on color of membrane clarification non-centrifugal
cane sugar during storage[J]. Food Science and Technology, 2022, 42:
e43722. DOI:10.1590/fst.43722.

PARAVISINI L, PETERSON D G. Mechanisms non-enzymatic
browning in orange juice during storage[J]. Food Chemistry, 2019,
289: 320-327. DOI:10.1016/j.foodchem.2019.03.049.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

CUIHP, YUJ H, ZHAI Y, et al. Formation and fate of Amadori
rearrangement products in Maillard reaction[J]. Trends in Food Science &
Technology, 2021, 115: 391-408. DOI:10.1016/j.tifs.2021.06.055.
LOCAS C P, YAYLAYAN V A. Isotope labeling studies on the
formation of 5-(hydroxymethyl)-2-furaldehyde (HMF) from sucrose
by pyrolysis-GC/MSIJ]. Journal of Agricultural and Food Chemistry,
2008, 56(15): 6717-6723. DOI:10.1021/j£8010245.

AKTAG I G, GOKMEN V. A survey of the occurrence of alpha-
dicarbonyl compounds and 5-hydroxymethylfurfural in dried fruits,
fruit juices, puree and concentrates[J]. Journal of Food Composition
and Analysis, 2020, 91: 103523. DOI:10.1016/j.jfca.2020.103523.
ZHANG Y N, AN X N. Inhibitory mechanism of quercetin against
the formation of 5-(hydroxymethyl)-2-furaldehyde in buckwheat flour
bread by ultra-performance liquid chromatography coupled with high-
resolution tandem mass spectrometry[J]. Food Research International,
2017, 95: 68-81. DOI:10.1016/j.foodres.2017.03.007.

JTREYH, PRI, WRADIE, 5. SRS AR HE- IR S B 5 b 3- it 4
R 2 W TR 2 5 PR BRI TR JR K 52 [ 9], £ T RHEE, 2022,
43(2): 93-100. DOI:10.13386/j.issn1002-0306.2021040327.

AKTAG I G, GOKMEN V. Multiresponse kinetic modelling
of alpha-dicarbonyl compounds formation in fruit juices during
storage[J]. Food Chemistry, 2020, 320: 126620. DOI:10.1016/
j-foodchem.2020.126620.

PHAM H T T, KITYO P, BUVE C, et al. Influence of pH and
composition on nonenzymaticbrowning of shelf-stable orange juice
during storage[J]. Journal of Agricultural and Food Chemistry, 2020,
68(19): 5402-5411. DOI:10.1021/acs.jafc.9b07630.

TAREKE E, RYDBERG P, KARLSSON P, et al. Analysis of
acrylamide, a carcinogen formed in heated foodstuffs[J]. Journal
of Agricultural and Food Chemistry, 2002, 50(17): 4998-5006.
DOI:10.1021/f020302f.

GRANVOGL M, SCHIEBERLE P. Thermally generated
3-aminopropionamide as a transient intermediate in the formation of
acrylamide[J]. Journal of Agricultural and Food Chemistry, 2006,
54(16): 5933-5938. DOI:10.1021/jf061150h.

ISHIHARA K, MATSUNAGA A, MIYOSHI T, et al. Formation
of acrylamide in a processed food model system, and examination
of inhibitory conditions[J]. Journal of the Food Hygienic Society of
Japan, 2005, 46(2): 33-39. DOI:10.3358/shokueishi.46.33.

MESIAS M, DELGADO-ANDRADE C, GOMEZ-NARVAEZ F,
et al. Formation of acrylamide and other heat-induced compounds
during panela production[J]. Foods, 2020, 9(4): 531. DOI:10.3390/
foods9040531.

YAYLAYAN V A, WNOROWSKI A, LOCAS C P. Why asparagine
needs carbohydrates to generate acrylamide[J]. Journal of Agricultural
and Food Chemistry, 2003, 51(6): 1753-1757. DOI:10.1021/
j£0261506.

KOBAYASHI A, GOMIKAWA S, OGURO A, et al. Effects on
acrylamide generation under heating conditions by addition of lysine
and cysteine to non-centrifugal cane sugar[J]. Food Science and
Technology Research, 2020, 26(5): 673-680. DOI:10.3136/fstr.26.673.
WANG Pengpu, SUN Guoyu, LU Pei, et al. Acceleration effect
of galacturonic acid on acrylamide generation: evidence in model
reaction systems[J]. Journal of the Science of Food and Agriculture,
2023, 103(1): 361-369. DOI:10.1002/jsfa.12149.

FARAG M R, ALAGAWANY M, BIN-JUMAH M, et al. The
toxicological aspects of the heat-borne toxicant 5-hydroxymethylfurfural
in animals: a review[J]. Molecules, 2020, 25(8): 1941. DOI:10.3390/
molecules25081941.



222 2023, Vol.44, No.23

B5oitl F

KRR

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

SARION C, CODINA G G, DABIJA A. Acrylamide in bakery
products: a review on health risks, legal regulations and strategies
to reduce its formation[J]. International Journal of Environmental
Research and Public Health, 2021, 18(8): 4332. DOI:10.3390/
ijerph18084332.

MARKOVA I, HUTTL M, OLIYARNYK O, et al. The effect of
dicarbonyl stress on the development of kidney dysfunction in
metabolic syndrome: a transcriptomic and proteomic approach[J].
Nutrition & Metabolism, 2019, 16: 51. DOI:10.1186/s12986-019-
0376-1.

WANG Chaoxun, ZHANG J, LI Yanyan, et al. Metformin inhibits
advanced glycation end products-induced cell apoptosis and oxidative
stress of human skin fibroblasts by downregulating microRNA-
126[J]. Indian Journal of Pharmaceutical Sciences, 2021, 83: 69-74.
DOI:10.36468/pharmaceutical-sciences.spl.334.

SIRENKO O, KURYATA O. Androgen deficiency associates with
increased advanced glycated end products, galectin-3 in hypertensive
men with benign prostatic hyperplasia[J]. Journal of Hypertension,
2022, 40(Suppl 1): e158. DOI:10.1097/01.hjh.0000836952.24656.9¢.
BAUER-MARINOVIC M, TAUGNER F, FLORIAN 8§, et al.
Toxicity studies with 5-hydroxymethylfurfural and its metabolite
5-sulphooxymethylfurfural in wild-type mice and transgenic mice
expressing human sulphotransferases 1A1 and 1A2[J]. Archives of
Toxicology, 2012, 86(5): 701-711. DOI:10.1007/s00204-012-0807-5.
NATIONAL TOXICOLOGY P. NTP toxicology and carcinogenesis
studies of 5-(Hydroxymethyl)-2-furfural (CAS No. 67-47-0)
in F344/N rats and B6C3F1 mice (gavage studies)[J]. National
Toxicology Program Technical Report Series, 2010(554): 7-13, 5-9,
21-31 passim.

WANG Fan, FAN Ben, CHEN Chao, et al. Acrylamide causes
neurotoxicity by inhibiting glycolysis and causing the accumulation of
carbonyl compounds in BV2 microglial cells[J]. Food and Chemical
Toxicology, 2022, 163: 112982. DOI:10.1016/j.fct.2022.112982.
MATOSO V, BARGI-SOUZA P, IVANSKI F, et al. Acrylamide: a
review about its toxic effects in the light of developmental origin of
health and disease (DOHaD) concept[J]. Food Chemistry, 2019, 283:
422-430. DOI:10.1016/j.foodchem.2019.01.054.

International Agency for Research on Cancer (IARC). IARC
monographs on the evaluation of carcinogenic risks to humans volume
60[M]. Lyon: IARC Publications, 1994: 15-22.

PARK J S, SAMANTA P, LEE S, et al. Developmental and
neurotoxicity of acrylamide to zebrafish[J]. International Journal of
Molecular Sciences, 2021, 22(7): 3518. DOI:10.3390/ijms22073518.
ERGE, B, i, & R FEPU AU 3T FO0 H R R 77
i U T]. #H AORE S, 2021, 41(5): 79-85. DOI:10.12008/
j-issn.1009-2196.2021.05.015.

[58]

[59]

[60]

[61]

[64]

[65]

[68]

[69]

[70]

A0, X, F R, & RS SR 5
Br5®H 7). &R 5K, 2015, 36(13): 5-8. DOI1:10.3969/
j-issn.1005-6521.2015.13.002.

WANG L, WU J M, HUANG H M, et al. Coloration mechanisms
of fresh sugarcane juice: investigating the critical components and
enzyme activity[J]. Journal of Food Science, 2022, 87(4): 1552-1562.
DOI:10.1111/1750-3841.16081.

BB, FUKER, B, 5 - VOIR R TR B R ).
iR, 2018, 43(6): 73-76. DOI:10.13684/j.cnki.spkj.2018.06.014.
LIU Lichun, LIU Lei, XIE Jianhua, et al. Formation mechanism
of AGEs in Maillard reaction model systems containing ascorbic
acid[J]. Food Chemistry, 2022, 378: 132108. DOI:10.1016/
j-foodchem.2022.132108.

B, oo, RS, 45 ISR S B S R A S R 4 & P HMF
TR T[T, o [ £ B4R, 2017, 17(4): 289-293. DOI:10.16429/
j.1009-7848.2017.04.035.

FU Z J, YOO Michelle J Y, ZHOU W B, et al. Effect of (-)-
epigallocatechin gallate (EGCG) extracted from green tea in
reducing the formation of acrylamide during the bread baking
process[J]. Food Chemistry, 2018, 242: 162-168. DOI:10.1016/
j-foodchem.2017.09.050.

YANG HIJ, LIL, YIN Y P, et al. Effect of ground ginger on dough
and biscuit characteristics and acrylamide content[J]. Food Science
and Biotechnology, 2019, 28(5): 1359-1366. DOI:10.1007/s10068-
019-00592-x.

XU Changmou, YAGIZ Y, MARSHALL S, et al. Application of
muscadine grape (Vitis rotundifolia Michx.) pomace extract to reduce
carcinogenic acrylamide[J]. Food Chemistry, 2015, 182: 200-208.
DOI:10.1016/j.foodchem.2015.02.133.

S0 A6 AR LA SR AR I AT 3 X T s T o ) 40 ) ' A 0 [0 22
RAFFED]. G bk, 2016: 9-11.

LIU Y B, WANG P P, CHEN F, et al. Role of plant polyphenols in
acrylamide formation and elimination[J]. Food Chemistry, 2015, 186:
46-53. DOI:10.1016/j.foodchem.2015.03.122.

TICHONOV I, ROGINSKY V, PLISS E. Natural polyphenols as
chain-breaking antioxidants during methyl linoleate peroxidation[J].
European Journal of Lipid Science and Technology, 2010, 112(8):
887-893. DOI:10.1002/ej1t.200900282.

ZHANG X C, CHEN F, WANG M F. Antioxidant and antiglycation
activity of selected dietary polyphenols in a cookie model[J]. Journal
of Agricultural and Food Chemistry, 2014, 62(7): 1643-1648.
DOI:10.1021/jf4045827.

HARSHA P S C S, LAVELLI V. Use of grape pomace phenolics
to counteract endogenous and exogenous formation of advanced
glycation end-products[J]. Nutrients, 2019, 11(8): 1917. DOI:10.3390/
null1081917.



