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Effect of Reaction Conditions on the Formation of 3-Deoxyglucosone
and 5-Hydroxymethylfurfural in Sugar-acid Reaction System

LU Jianmei, LIN Xiaorong, CHEN Zhongzheng, LI Bin, ZHANG Yuanyuan "

(College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: In this study, sugar-citric acid reaction systems were applied to study the formation of 3-deoxyglucosone(3-DG)
and 5-hydroxymethylfurfural(5-HMF). Fructose/sucrose/glucose-citric acid reaction systems were constructed, the effects
of sugar type, pH, temperature, types of metal ions and compounds with different valences of sulfur on the formation of 3-
DG and 5-HMF were evaluated. The formation kinetics of 3-DG and 5-HMF were analyzed. Results indicated that the three
types of sugar had different effects on the formation of 3-DG and 5-HMF. The amounts of 3-DG and 5-HMF produced in
fructose and sucrose reaction systems were much higher than those in glucose reaction system. The amounts of 3-DG and 5-
HMF in the fructose-citric acid reaction system increased with the decreasing of pH and the increasing of temperature. Ca*",
Mg®" and AI** promoted the formation of 3-DG and 5-HMF. K" accelerated the formation of 3-DG, but had no significant
effect on the formation of 5-HMF(P>0.05). Na,S,0; and Na,SOj; inhibited 3-DG and 5-HMF formation, while Na,S,0
had no significant effect on 3-DG formation, but it inhibited the formation of 5-HMF(P<0.05). Na,SO, promoted 3-DG and
5-HMF formation. The formation kinetics of 3-DG were in accordance with zero-order kinetics model at 70~90 °C while it
followed second-order kinetics model at 100 °C. The formation of 5-HMF followed zero-order kinetics model at 70~100 °C.

Key words: sugar-acid reaction system; 3-deoxyglucosone(3-DG); 5-hydroxymethylfurfural(5-HMF); reaction condition;

kinetics
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TRl NS N BN A e N o e = S A
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0.1 moVL FriE R L% P Vs it S b, I 43 BN AANH]
WY Na,S,05. Na,SO;. Na,S,05 5k Na,SO, (i fr
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Fig.1 Effects of sugar types on the formation of
3-DG(A) and 5-HMF(B)

9 h): IR WAR R 3-DG FIRARSL B Wi hn, (Hg K
FATAR M A BIIEHN T 20.8 F1 9.6 mg/L; JZJW 9 h
B, PH S B AR FR3-DG AR i 43 ik # 127.7 F
121.4 mg/L W RAE .. FERRTESG TNk, b2
KA IK I AR SRR . AR S5 M RIS T
A A SRR RS, 33X 5 SR ) A A R TE R 3-
DG (A RERE A A Z2 /04
5-HMF BJIERLANIE 1B Tz, B InHe (A 28 K,
S PR AR R NAR R 5-HMF 5 34350
Bahn, /57 9 h BsF, JRBEAIENE R AR R 5-HMF 4=
ARy IR F) 159.9 Fl 149.6 mg/L 11 i KAH, A7
PERUNVARZRIY 30.8 F1 28.8 £, %4 I Hik K LA
MIBIFTE—3 o IR RTERRTE IS T, KEbES) &
A KSR BRI 5 R ROBE, T AR e A I SRR 2 IR
SR Z RIS 5-HMF B9 352 /s 0w ), H AR M54k
A S-HMF 114345 Lo i 28 WP s o5 — D T, #1245 Bl 7
K AR G ZE5 A ER e AFAE, AN T R A I B RN,
MELLFE AL A S-HMEFYSL, R, AR 5256 o SRR RN RE S
SRR ZR 5-HMF JE SO AL, B i 2 4
ZibE
SRR B 120 . —sh J1250 M 28l )44
HIX] 3 T J2 3 44 2 3-DG il 5-HMF A= ik # 3
TTHILG, a5 anse 1 3k 2 Iron. AN 1 AT R,
R iy o™ R ey ™ R gy gy HL BN TJHAR
B R #IRF 0.95, ULHIAIISR 4444 T, 3-DG 1B
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Table 1 Kinetics analysis of 3-DG formation in different sugar-citric acid reaction systems
- THE 1% — I &t
~ k R n k R A k R
A (1~9 h) C=36.03+12.13t  12.13  0.8282 C=37.58exp(0.17t) 0.17  0.6982 C=25.61+49.95Int 4995  0.9691
FM(1~9 h) CF41.65+11.30t 1130 0.8868 C=45.44exp(0.141) 014  0.7793 C=33.67+45.34Int 4534  0.9846
HAHE(1~9 h) C=0.56+0.47t 047 08141 C=0.16exp(0.47t) 047 04402 C=0.16+1.92Int 192 0.9529
2 RNFERE-RRFTERR VAR R 5-HMF (JE sl 12534
Table 2 Kinetics analysis of 5-HMF formation in different sugar-citric acid systems
FHF 1% — ZHEh
LGES : : :
A k R A k R A k R
HERE(1~9 h) C=24.61+19.31t 1931  0.9899 C=5.54exp(0.42t) 042  0.8593 C=-25.34+68.38Int 6838  0.8565
SFRE(1~9 h) C=23.01+20.11t  20.11  0.9900 C=8.03exp(0.38t) 038  0.8880 C=-23.76+71.22Int 7122 0.8563
MG HE(1~9 h) C=1.19+0.72t 072 0.9839 C=0.04exp(0.63t) 063  0.7485 C=1.17+2.51Int 251 0.8304
UZCIE I W2 5 1 2 N 151 S 1 5 S O O Wl i P e A 140 { —o-pH3
G L], G J1 AT S ] LS ) - 120 % b
3 R R Z 1 3-DG Al S-HMF IIE . BLAb, 7 2 100 7P P
FEF S I S 2 of 3-DG Il S-HMF (14 /52 37 3 % w801 s
A HIW] KT AR BT BT TR L s 9 L
BLIR R 3-DG Al 5-HMF A 12 4 H M 2 0l e
AR ZR PR, BRI AR S N AR R R, 3-DG W) 0-
W7 TR BAE H R, 5-HMF (93 3R 5 250t 2 B A 101 23 45678 9
IR, PEBH A R 3-DG Fil 5-HMF B9TE i % 1] (h)
Yig ki, 5E 1 R N AR R 3-DG(A) T 5- B 180 -
HMF (B)2E ki 2e—=m g R & 1607
22 pH ¥ R A5 EEE R B 6% B 3DG R 5- 2 1]
HMF f2 LB 00 ?\Tﬂﬂ 100 1
TE SO B 50 mmol/L, I 100 °C 444, § oo
5 pH(3~6)XT 3-DG Fl 5-HMF JE 51 520, &5 2 401
WP 2 Ik D7 2253 T4 W1, pH Xt 3-DG H9IE I -0

A B ER(P<0.05), HMNIESR pH #/), 3-DG 4=
BV R I B EE R (9 h), pH3 A W AR F& b
3-DG A= it =ik 127.7 mg/L, 53 32 pH A 4. 5.
611 1.2, 1.6 f1 4.1 f5, HIRHEFIEERE: KW AIAR pH
A SRR HE T S0 & AR s B Ak s v A il 3-DGHY,
5341, pH4A~6 I AR Z v, [ 5 3 (8~9 h)3-DG
RS TR, X5 3-DG TP RIS IR AT fet—8
REfr I s PN RS . 5-HMF 2577445 562,

pH X} 5-HMF JE 52 4 &l 2B R, pH /Y
BALRE e I 5S-HMF JE AL (P<0.05), I 9 h i,
1E pH3 B WA 2 1, S-HMEFAE il 4051 & pH N
4.5, 6 ZINAKRFEAY 1.3, 5.7 Fll 69.4 1%; iX Al fE 51K
pH F 3-DG(5-HMF WY RIS ) A= pli i3 38 KA 26 .
Pham 45 (W58 & B, REARHS ¥ pH REARE #F S-HMF
FOTE B, BARRE P S-HMF & S A PUR & al
FEFEIEARSC R, X SARSLEG R —2 . B,
TE S BR Az e i AR P T & B SR BAR FR pH LA
3-DG 1 5-HMF B8,

K2 pH Xt 3-DG(A) il 5-HMF(B)JE IR

Fig.2 Effects of pH on the formation of 3-DG(A)
and 5-HMF(B)

RIRFEAE pH F 3-DG Fl 5-HMF B A= il 51
B, SRR HZE R B 1254 . — sl 12 ks )12
LAY XF 3-DG A1 5-HMF 1 4= a% i # 3t 17 38L&
(pH 2 4. 5. 6 YR ZR T, 3-DG A= iliie 76 5 9
I T R Sy R =& 1~8. 1~6 Al 1~3 h
MBS AR 64T 3-DG T B J154500T) , &5 ansk 3
Fiose IR 3 TR, R~y >R g 5y
>R® gy gy HL BN 1A BRI R? HOF 0.92,
Ui 3-DG B BAT & s J12AAom, B gl
SN Ta] X FR . 5-HMF B3h 12500t
W% 4 ProR, it X 3 A sh 12 il R, &
W 5-HMF TR NAT G228 J1 55 A (R*>0.90), H:
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Table 3 Kinetics analysis of 3-DG formation under different pH values
RS/ eIk HF) 1% /e IS
pH /as:N k R sy k R sy k R
pH3(1~9 h) C=41.65+11.30t 11.30 0.8868 C=45.44exp(0.14t) 0.14 0.7793 C=33.67+45.34Int 4534 0.9846
pH4(1~8 h) C=56.09+8.94t 8.94 0.7246 C=55.21exp(0.11t) 0.11 0.6456 C=49.62+35.221nt 35.22 0.9278
pH5(1~6 h) C=42.45+9.59 9.59 0.7917 C=43.43exp(0.15t)  0.15  0.7134 C=43.47+29.68Int 2968  0.9513
pH6(1~3 h) C=32.81+4.13t 4.13 0.8708 C=33.27exp(0.10t) 0.10 0.8615 C=36.42+7.78Int 7.78 0.9534
4 R pH T 5-HMF AT RSN J124 b7
Table 4 Kinetics analysis of 5-HMF formation under different pH values
THEh 1% —HEh ) ZYEh ¥
i AR KR st K R A5t KR
pH3(1~9h)  C=-23.01420.11t  20.11  0.9900 C=8.03exp(0.381) 038  0.8880 C=23.76+71.22Int 7122  0.8563
pH4(1~9h)  C=23.36+1532t 1532  0.9827 C=3.04exp(0.47t) 047  0.8716 C=-22.80+53.46lnt 5346  0.8252
pH5(1~9 h) C=5.59+3.53t 3.53 0.9778 C=0.37exp(0.56t) 0.56 0.7750 C=-5.46+12.30Int 12.30 0.8207
pH6(1~9 h) C=0.46+0.23t 0.23 0.9567 Ct=0‘00466Xp(0.76t) 0.76 0.8190 C=-0.43+0.78Int 0.78 0.7777
TEE SRR RGN FR . DL LB 12 g5 13k, — A 140 1
9 B J1 2 MR 9% B 7 2% 0] DL 43 5 588 G- A, T 51204 -2
pH3~6 [ )2 7 {4 % 1 3-DG il 5-HMF HJE 1. i 2100
it Fh%R 3-DG F1 5-HMF f%3i 3l J1 2R 1Y k (6% i 807
B k (56 pH AR, B491 pH #/, 3-DG 3
il S-HMF /Lt s 2
23 BRENRESEEBRREEFRS 3-DG K 5- o
HMF FERkEI=200 001 23 4567809
ARIIHIIE T pH3 | FAIE ) 50 mmol/L 4 i
7R WLEE(70. 80, 90 100 °C) X M- F 1502 2 137 B ] =l
R Z 3-DG Il 5-HMF JERHISEN, 552 aniE 3 B S a0 75 80 %
TR D7 RSy HTLE R, LI R I A R £120-
3-DG & 5-HMF IER(P<0.05), HiREE#ES, 3-DG Lj ‘gg:
K 5-HMF £ bk, i EE 70~90 °C i, I EE 4 T 604
THES 10 °C. ARSI T 3-DGAE W24 T = 40 o
1.9~3.3 i, {HIELIEE IR 90 °C $2FFZE 100 C B, Hir: " 209 S N
FCRERIN T 10.4-19.5 {5, TREEXT S-HME JEARI05E R A O P e e
mi P2 B H AL R (] 3B), W9 h B, 100 °C 2% T (h
PFF 5-HMF (925535120 90, 80, 70 °C 1) 5.4, 13 REEXT 3-DG(A) I S-HME (B)JE A3

23.5 F1 181.9 &%, REHEEXT 3-DGHI 5-HMF JE ik,
P EAE AL AE PR 7 T — i B e T T e AR
FHAGFEER, T2 0 SR EAT 808 i R B s ™ —
JRAR B AT PR A AR T R AK SN, A3 R
2SIV E I Y 3-DG, Ja & t— 2 Ik B i
5-HMF®", JLAh, SEBRAHE 2SN 95 °C, MBS
% 100 C B), SO AL TIERLIR A, RSN SR
W & K AE £k b /R )N, 23X 3-DG F1 5-HMF K&
JE R,

SRR AE G sh F12% . —Rsh S sh 1)
2R A T AR [E VR EE R 3-DG il 5-HMF 84978 il #2
WATHIE, g ANk 5 fEk 6 Fion . A 5 ml 4, 1
JEE 100 C Z50F T, R gy R e o™ R gy

Fig.3 Effects of temperature on the formation of
3-DG(A) and 5-HMF(B)

G B 12— B T FERE L, SR 23 )
SERERILE 3-DG IE i AR, ISy FR N R? R
=7, UeHAZ AR A ] DUAR 4 i #5538 100 °C A 3-DG 9
e HRJEE S 70, 80 FT 90 °C I, Lk 5l J1 2RIy
R* &0, Uil FIRIRBESRF T, 3-DG WIE AT &%
R S12ERE Y . 5-HMF 1930 2245 R in2e 6 frR
(fE 70 C £&FF, X% 1~5 h N JG 5-HMF JE K, i
ZIEE T R 6~9 h EIEXT 5-HMF JE ilish 1
SEVETOIT) , IREETE 70~100 °C B, L 5h =gk
B R? B, R 5-HMF BT il 5 R 1a] sl 2k ok o6
Fo LRI II2EGE IR, 7E 70~90 F1 100 C 2414
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Table 5 Kinetics analysis of 3-DG formation at different temperatures

TR 1% GRS “YEh i
L - N -
AN k R 2k k R 2k k R
100 C(1~9 h) C=41.65+11.30t 1130  0.8868 C=45.44exp(0.14t) 0.14  0.7793 C=33.67+45.34Int 4534  0.9846
90 °C(1~9 h) C=1.07+1.28t 1.28 0.9735 C=2.26exp(0.21t) 021  0.8740 C=0.69+4.75Int 475 0.9304
80 °C(1~9 h) C=0.24+0.65t 0.65 0.9926 C=0.90exp(0.24t) 024  0.8821 C=0.06+2.41Int 2.41 0.9394
70 C(1~9 h) C=0.13+0.18t 0.23 0.9919 C=0.30exp(0.23t) 023 0.9409 C=-0.0040+0.82Int 0.82 0.8752
%6 ARNRET S-HMF B8 m2h 1125
Table 6 Kinetics analysis of 5-HMF formation at different temperatures
e CINEd — A Sy ZHEh
TR - - -
Ak k R ik k R A k R
100 °C(1~9h)  C=-23.01420.11t  20.11 09900  C=8.03exp(0.381) 038 08880  C=23.76+71.22Int 7122  0.8563
90 C.(1~9 h) C~4.80+3.48t 348 09479  C=1.03exp(0.411) 041  0.8681 C/4.62+12.12Int  12.12  0.7914
80 C(1~9 h) C=—1.41+0.88t 088 09800  C=0.06exp(0.62t) 062  0.7062 C=1.38+3.06Int 3.06  0.8220
70 °C(6~9 h) C=-0.81+0.19t 0.19  0.9960 C=0.05exp(0.33t) 033 0.9953 C=2.15+1.37Int 137 09811
. 3-DG WIS BTG Z N 2 5)) T F AR A 180 1 x
T B 3 AR A A ] F U 70~100 °CF 5-HMF 3 150+ A,_é——é"’g” :
I Il g
24 ERBTHENRE-ITEERRNERF 3-DG :
. 5-HMF FRSAOS 2 0 o aice
AWFFEAE pH3 . SRBEUEE SN 50 mmol/L. It )JE D 304V Mg -0- AP
100 °C. Jn# 5 h BYZRAFR, st & A2 (KT, 0ol : : : : :
Ca?". Mg> J A", 0~100 mmol/L ) X S bl A 82 1 I 0 20?»”&}924(0mm01?1(3) 80 100
MR FR 3-DG Fe 5-HMF JE sz, 4521 anisl 4 By
A WAIE 4A TSI K. Ca® . Mg il AP ES T 175 Y i P <A
I 53 ST 3-DG HITEIL(P<0.05), M HH 4351 N o
A1 40, 100, 80. 80 mmol/L B}, Xf 3-DG JE B AU e i ﬁfoo |
YEH B, SXFRARLL, 355 T 12.2%. 74.9%. = 3001 s
26.6% Fl 48.8%. SRIMil, 76— W JE T, K'(20. 60, < 00 ]
80 mmol/L) . Mg>* (20 mmol/L) #l AF*(20 mmol/L) 5 P oute:
{9 5 D14 3-DG 19 JE 1 5 % IR e T i 35 5 i 100] gefigrg g

(P>0.05)., [IRGEIRFTHH, 4 )8 & F X SR -1
S IVAR Z2 R 3-DG T % 4 5 i 5 5 b 248 Rk B
Ko

B FRhE%T 5S-HMF JE B RISE MR AN &l 4B FizR .
Ca®", Mg>' fll AP BN el B e S-HMF A9TE %
(P<0.05), - H = HF M e E1E R B H AR & 1) T i i kg
g, M HE N 100 mmol/L B}, 5S-HMF 4= il B
K, AL 165.2, 129.9 Fll 539.2 mg/L, 5% HEAH
Lo, 43 BIBEHN T 125.5%. 77.5%F 623.3%. %455
5j Mesias 25021 iFoT 45 R —a0 . HRE AT fES
Ca™ | Mg” b CWH/K i, TE LA e S TE P
kg SROBH BH &, W Bk — 5% kS S-HMEF™
APTRE[EIHE i 3-DG (& 4A) F1 5-HMF I 1%, 15
JEFXT 5S-HMF AR #E4E IS K T 3-DG, 7 g & H
A AP AL SO al ke np SR BH 25 T IV E SR TIE
i 3-DG, B # W) b 3-DG T fg & 2 5% 1k i 5-

0 20 40 60 80 100
e (mmol/L)

El 4 &JEE 75t 3-DG(A) M 5-HMF (B)FE W AY R

Fig.4 Effects of metal ions on the formation of
3-DG(A) and 5-HMF(B)
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F1 3-DG Fl 5-HMF )82, g5 51 aniEl 5 s
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B E X 3-DG JE U SEIAS ], S 56
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AR HIE i HA R SR .

AN SRS YT S-HMF JE 5 i) 4E
MR 3-DG AN[F(El 5B) . 56, B Na,SO, ¥k
R, HXT 5-HMF JE B e SV R 5, >4 =k B
> 100 mmol/L B, 5XFR8AH L, 5S-HMF A& il 538 hn
T 70.6%, %45 H 5 Sun 252 pyfiif oy — 2k, HE A
A1 Na,SO, Al b SRAHEE bl S-HMF 14 )0, e iF
5-HMF BB, HiK, Na,S,0;. Na,S,05 Fll Na,SO,
D] 5 2] 5-HMF iJE Bl (P<0.05) ; Na,S,0, H&
M 40 mmol/L 3 h Z= 100 mmol/L B}, 5-HMF 4k i,
& BEAIK, 5-HMF A il 58 A 11.2% 32 T+ 2= 26.3%;
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Fig.5 Effects of compounds with different valences of sulfur
on the formation of 3-DG(A) and 5-HMF(B)
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