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Abstract: Sodium bicarbonate, ammonium bicarbonate, table salt, potassium aluminium sulphate, and ammonium aluminium sulphate
were used to investigate their effect on hydroxymethylfurfural (HMF) formation in four model reaction systems based on HMF formation
pathways. Results indicated that in the Maillard reaction (glucose-glycine) and fructose-heating models, HMF content decreased significantly
and their values were 5.01, 3.02 mg/L and 3.30, 17.52 mg/L with addition of 2.00 mg/mL sodium bicarbonate and ammonium bicarbonate,
respectively. However, in the Maillard reaction, glucoses- fructose- and sucrose-heating models, HMF content were 80.53, 13.02, 265.02 and
310.11 mg/L after 0.60 mg/mL potassium aluminium sulphate treatment, respectively. Compared to control, there was 620.26-fold increase in
HMF content. In biscuits, HMF content could be also decrease by sodium bicarbonate, ammonium bicarbonate, and table salt and the maximum
reduction was 35.34%. The potassium aluminium sulphate and ammonium aluminium sulphate could remarkedly increase HMF formation,
although sodium bicarbonate, ammonium bicarbonate, and table salt were presented. When added with 1.00 g/80.00 g flour, potassium
aluminium sulphate and ammonium aluminium sulphate could induce the 62.41% and 55.64% increase of HMF content, respectively. Since the
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dietary HMF can be transformed to carcinogen 5-sulfooxymethylfurfural in body, the finding of the present research could support the national

regulation for limiting use of potassium aluminium sulphate and ammonium aluminium sulphate as the raising agents in bakery foods.
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Table 1 Biscuit formulations

e Egy  ABRE EME K i BREBREAN HREAS MRS AR
0 80.00 20.00 35.00 17.60 0 0 0 0 0
1 80.00 20.00 35.00 17.60 1.00 0.80 0.40 0 0
2 80.00 20.00 35.00 17.60 0 0.80 0.40 0 0
3 80.00 20.00 35.00 17.60 2.00 0.80 0.40 0 0
4 80.00 20.00 35.00 17.60 1.00 0 0.40 0 0
5 80.00 20.00 35.00 17.60 1.00 1.60 0.40 0 0
6 80.00 20.00 35.00 17.60 1.00 0.80 0 0 0
7 80.00 20.00 35.00 17.60 1.00 0.80 0.80 0 0
8 80.00  20.00 35.00 17.60 1.00 0.80 0.40 0.05 0
9 80.00  20.00 35.00 17.60 1.00 0.80 0.40 0.10 0
10  80.00 20.00 3500 17.60 1.00 0.80 0.40 0 0.05
11 80.00 20.00 3500 17.60 1.00 0.80 0.40 0 0.10

E: B TR R0 R B g,
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Fig.1 Effects of sodium bicarbonate on HMF formation in four
model reaction systems
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23 REIARAK MR R T HMF 7 i %

30
i e 3R A
X - A
-
200 - g

HMF / (mg/L)

NaCl / (mg/mL)
B 3 REXT 4 MELUR 1A Z B HIF 2R RS20
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Fig.3 Effects of potassium aluminium sulphate (top) and
ammonium aluminium sulphate on HMF formation in four
model reaction systems
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Fig.5 Effect of five additives on HMF formation in biscuits
E: HMF 28 A FH4+SD (n=3), RRAFHLFH
EREZRF (p<0.05); XL 0~11 885 L& 1.

3 ZHig

PRI B ol AR 52 2 B AT A
AN AR . ABIFFE RN, i Hs S s i & 6
FZAA IR AN IR S A E R R AR R R i
K HMF &8, YRS INE N 2.00 mg/mL
B, SR CRIRE/H 2R FIERE R N A& R HMF
(A A 5,010 3.02 mg/L, BHHIEZH R % 3.06
F18.68 fiF: MMM FEIEMIRIRE BT, SEHifE, %
AN SR S N AR 22 HMF &850 5108 3.30. 1.61 Fl
17.52 mg/L, 73 HIEXTHEZH T BE 4.64. 3.28 1 1.49 £%;
L R INEN 4.00 mg/mL I, HMF 4 &4 518
7215 1.52 F19.03 mg/L, PF#IFIL 52.88%- 70.77%FH

HMF / (mg/kg)
o

d C

ﬂ

4

1 2

65.40%. T B 4A F I REZRA IR BR B AR R e e, U
LN HMF & &, )ik 310.13 A1139.31 mg/L,
HEMEI 620.26 F1197.00 1% . 1%45 AL BT P15 296 1E -
IR R BRIREANFIORIR S SL DT HMF &%
&, WRMEAE 0.86~0.88 mgkg 2 [0], PFIEA 33.83%~
35.34%. fHZ, RUMEER T . RIREAFIKER
SEIIEDLT , SRR BRI RS T T HMF
RN 211 F12.16 mg/kg, H4MEA 58.65%F1 62.41%.
HHT HMF {EAR N A B0 5- AT Rk
W, MRS MAEE S EHEA, HMF &85 Ec
N HMF [ ERIE, A Fiss Rt — 0=k 1T H
KBRS SRR I I

B Lk

(1] AT T K R R S B it h AT 5-2 HTAE
R T2 1 PR A 3 8 0], & o ol #344,2020,41(12):324-
333,347
ZHANG Ze-yu, CAO Yan-ping, ZHU Yu-chen. Mitigation
strategies on acrylamide and 5-hydroxymethylfurfural in food
[J]. Science and Technology of Food Industry, 2020, 41(12):
324-333, 347

[2] ki, TCTT, 2N, A SRR AR il 3 T SN P 44
B A S MAL] DA G i RH,2020,36(6):190-197,273
ZHANG lJing, ZHAO Yuan-yuan, LI Xiao-ding, et al. Effect
of raw material properties on cookie quality and acrylamide
generation [J]. Modern Food Science and Technology, 2020,
36(6): 190-197, 273

(3] IR, G RK, T 5, 55 BRI S A DM 2R
R A R ) A B R B TR 7). £ o Tk FH42,2019,40
(15):52-58,65
SHI Zhen-hua, ZENG Mao-mao, HE Zhi-yong, et al. Effect
of monosaccharide on the formation of advanced glycation
endproducts in model systems [J]. Science and Technology of
Food Industry, 2019, 40(15): 52-58, 65

[4] Zhou X, Zhang Z, Liu X, et al. Typical reactive carbonyl
compounds in food products: formation, influence on food
quality, and detection methods [J]. Comprehensive Reviews
in Food Science and Food Safety, 2020, 19(2): 503-529

[S] T, 250, UL, A8 B v SR PR T I O PR 1 ) f R IR T
{51317 B PA RIS 24 £,2020,30(6):745-750
CHENG Li, LI Li, GAN Yuan, et al. Health risk assessment
of chloropropanol fatty acid esters in foods [J]. Chinese
Journal of Health Laboratory Technology, 2020, 30(6):
745-750

[6] UKL BEEAR, IMERE 552 it g5 SN A R R R

291



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

[10]

[12]

[13]

292

SRR A PRI B i 5 R Tk, 2014,40(2):42-46

WU Ji-hong, HUANG Ming-quan, SUN Pei-pei, et al. The
producing of 3-monochloropropanediols during lipids and
sodium chloride heat reaction [J]. Food and Fermentation
Industries, 2014, 40(2): 42-46

TR, RARAT, AN B A H i =R 5 S AR R S R e
3-5-1,2- T BT BB TE[)]. £ it BH#,2014,35(17):8- 11
HUANG Ming-quan, WU Ji-hong, SUN Pei-pei, et al
Formation of 3-chloro-1,2-propanediol in a model reaction of
triglyceride and sodium chloride [J]. Food Science, 2014,
35(17): 8-11

Arribas-Lorenzo G, Morales F J. Analysis, distribution, and
dietary exposure of glyoxal and methylglyoxal in cookies and
their relationship with other heat-induced contaminants [J].
Journal of Agricultural and Food Chemistry, 2010, 58(5):
2966-2972

Amrein T M, Schonbéchler B, Escher F, et al. Acrylamide in
gingerbread: critical factors for formation and possible ways
for reduction [J]. Journal of Agricultural and Food Chemistry,
2004, 52(13): 4282-4288

Masatcioglu M T, Gokmen V, Ng P K, et al. Effects of
formulation, extrusion cooking conditions, and CO, injection
on the formation of acrylamide in corn extrudates [J]. Journal
of the Science of Food and Agriculture, 2014, 94(12):
2562-2568

KT AV E, AN 5, 55 Monte Carlo ASSDU Il i P
i £ % % XU O ARE SR D1k [, & ol BHBE,2019,40(11):
223-228

LIU Qiong-yu, LI Hao-yang, RONG Yu-tang. Probability
assessment of dietary exposure risk to aluminum in flour
foods by Monte Carlo simulation [J].
Technology of Food Industry, 2019, 40(11): 223-228

B, H L, FEEH ICP-MS e T B 2Lk 2 P ANk
[7]. &5 Tk ARH,2018,39(10):240-245

LUO Cheng, SHEN Lei, WU Ze-jun. Determination of

Science and

aluminum and titanium in sweet potato vermicelli by
ICP-MS [J]. Science and Technology of Food Industry, 2018,
39(10): 240-245

Koszucka A, Nowak A, Nowak [, et al. Acrylamide in human
diet, its metabolism, toxicity, inactivation and the associated
European union legal regulations in food industry [J]. Critical
Reviews in Food Science and Nutrition, 2020, 60(10):
1677-1692
Capuano E,

Fogliano V. Acrylamide and

5-hydroxymethylfurfural (HMF): a review on metabolism,

[16]

[18]

[21]

[22]

[23]

toxicity, occurrence in food and mitigation strategies [J].
LWT - Food Science and Technology, 2011, 44(4): 793-810
AXF, JA] i, AR 0, 55 5- 0 T RS (R A W 22 e AN 2R
VSR T R[] RN, 2016,37(11):372-377
ZHAO Ling, ZHOU Chen-qing, ZHU Wan-qing, et al.
Progress in the
5-hydroxymethylfurfural [J].
Food Industry, 2016, 37(11): 372-377

biological safety and activity of

Science and Technology of

Oul Y, Zheng J, Huang J Q, et al. Interaction of acrylamide,
acrolein, and 5-hydroxymethylfurfural with amino acids and
DNA [J]. Journal of Agricultural and Food Chemistry, 2020,
68(18): 5039-5048

Monien B H, Frank H, Seidel A, et al. Conversion of the
common food constituent 5-hydroxymethylfurfural into a
mutagenic and carcinogenic sulfuric acid ester in the mouse
in vivo [J]. Chemical Research in Toxicology, 2009, 22(6):
1123-1128

Kavousi P, Mirhosseini H, Ghazali H, et al. Formation and
reduction of 5-hydroxymethylfurfural at frying temperature
in model system as a function of amino acid and sugar
composition [J]. Food Chemistry, 2015, 182: 164-170

De la Cueva S P, Alvarez J, Végvari A, et al. Relationship
between HMF intake and SMF formation in vivo: an animal
and human study [J]. Molecular Nutrition and Food Research,
2017, 61(3): 1600773

NG WAL 2k & rh 5 TR HO T B S 1 (D). B
i A AR I 4R, 2016,7(1):251-256

PEI Ke-han, OU Shi-yi. Formation and mitigation of
5-hydroxymethylfurfural in foods [J]. Journal of Food Safety
and Quality, 2016, 7(1): 251-256

WRES, £ SR SR 80,55 B SO0 T A AR A A THD 5 5
RN & i Tk RH,2015,36(2):98-101

CHEN Xia, WANG Wen-qi, ZHU Zai-qin, et al. Effect of salt
on the gelatinization properties of flour and noodle quality [J].
Science and Technology of Food Industry, 2015, 36(2):
98-101

GB 2760-2011, £ i 2 2= E SR iE £ s sl s AR HES]

GB 2760-2011, National Food Safety Standard-Standard for
Uses of Food Additives [S]

GB 2760-2014 £ fity 22 4= [ FAmHE & S sl I pRvES]

GB 2760-2014, National Food Safety Standard-Standard for
Uses of Food Additives [S]

Zhang Z H, Zou Y Y, Wu T G et al. Chlorogenic acid
increased 5-hydroxymethylfurfural formation when heating
fructose alone or with aspartic acid at two pH levels [J]. Food



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

[25]

[26]

(28]

Chemistry, 2016, 190: 832-835

Je JRE T RSk A 2, 5. 3- DA P 2 JE o K R MR
Hh 5= PR T2 RN €6 JEE PO SR [T]. £ i S LB, 2019,
35(11):129-135

ZHOU Kang-ning, ZHENG Jie, OU Shi-yi, et al. Effect of
3-O-caffeoylquinic acid on  5-hydroxymethylfurfural
formation and color in dried fruits [J]. Food & Machinery,
2019, 35(11): 129-135

Van Der Fels-Klerx H, Capuano E, Nguyen H, et al.
Acrylamide and 5-hydroxymethylfurfural formation during
baking of biscuits: NaCl and temperature-time profile effects
and kinetics [J]. Food Research International, 2014, 57:
210-217

Zou Y Y, Huang C H, Pei K H, et al. Cysteine alone or in
combination with glycine simultaneously reduced the
contents of acrylamide and hydroxymethylfurfural [J]. LWT -
Food Science and Technology, 2015, 63(1): 275-280

Huang J Q, Wang Y, J R, et al. Effect of maize bran

[32]

feruloylated oligosaccharides on the formation of endogenous
contaminants and the appearance and textural properties of
biscuits [J]. Food Chemistry, 2018, 245: 974-980

Damodaran S, Parkin K L. Fennema’s Food Chemistry [M].
4th ed. Boca Raton: CRC press, 2008: 92-101

L APERA A % 5-F0 T BRI I AL 70 AT 72 [D]. 46
PR ol K%,2015

LIU Xuan. The studies on catalysts using for conversation of
monosaccharide to 5-hydroxymethylfurfural [D]. Zhengzhou:
Henan University of Technology, 2015

K Kukurova, Z Ciesarova, BA Mogol, et al. Raising agents
strongly influence acrylamide and HMF formation in cookies
and conditions for asparaginase activity in dough [J].
European Food Research and Technology, 2013, 237: 1-8

V Gokmen, H Z Senyuva. Effects of some cations on the
formation of acrylamide and furfurals in glucose-asparagine
model system [J]. European Food Research and Technology,
2007, 225: 815-820

(E3E5E 154 7D

(10]

(11]

[12]

[13]

GB 5009.7-2016, £ it 2 4= F S bRt £ ih Fhid SRBE I E
[S]

GB 5009.7-2016, National Standards for Food Safety.
Determination of Reducing Sugars in Foods [S]

GB 5009.5-2016, £ i 24 F S bniE £ ih 8z I E
[S]

GB 5009.5-2016, National Standards for Food Safety.
Determination of Protein in Foods [S]

GB/T 12456-2008, £ it 1S BR 11 E[S]

GB/T 12456-2008, Determination of Total Acids in Foods [S]
GB 5009.86-2016, ¥ ih % 4= [ AR £ FF IR ML AR
MFELS]

GB 5009.86-2016, National Standards for Food Safety.
Determination of Ascorbic Acid in Foods [S]

Luke Mauk. Billmeyer and Saltzman's principles of color
technology, 3rd edition [J]. Color Research & Application,
2001, 26(4): 322-324

[17]

FERA 2T A5 TR o SR AT R M 5 AT AT
[D]. BTz /R 5 BLAK 52,2020

REN Song-wei. Drying characteristics and processing
technology of red dates in southern Xinjiang based on
vacuum drying [D]. Alar: Tarim University, 2020

TR, S VT AR B A, A P SRR 1 BEE IR L VEAR 22
St BRI T[] R 44, 2011,28(1):77-81

ZHANG Ping, SHI Yan-jiang, SONG Feng-hui, et al.
Investigation on variation and correlation of the main
nutrition quality traits of Ziziphus Jujuba cv. Huizao from
south of Xinjiang [J]. Journal of Fruit Science, 2011, 28(1):
77-81

TRRERE, RIGRAL, =0, A AN [l P M AR ARVE R B 0 W 0. 9%
I 5%,2018,51(3):8-10

SUN Cai-xia, LIU Xiao-hong, YAN Chao, et al. Nutritional
composition analysis of jujube from different habitats [J].
Deciduous Fruits, 2018, 51(3): 8-10

293



