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1.1 #R5EH

HIAGHE (B al) 24 5 AR 2R A IR A
Al R R K (L >95% , 4y B4l ), Wi VL B 4 3
AIAEYBEARARAF; O RO (k)
FERR A IR B 20 ) 5 5 YRR (53540 ) , 36
] 94 A 3 B B Ay (i) SR 5 A PR WD 5 R (1
Al PR R R B A A 5 Ak, 525 % [
(Milli-Q Integral 5 Z&%t);0.45 pm JE EJEME , K
A SENIRBHCA IR A A
1.2 UHFE5EE

Agilent 1260 Infinity W AH A REAL , L HER R}
() A BRZ F; Venusil XBP-C18 3% A1 (kL
25 pm fL7E 100 A #LAE 4.6 mmx250 mm) , K HE
T XA RBE A BR 2 7 Innoval NH, {4 3% £
(K2 5 wm L4 100 A #LAE 4.6 mmx250 mm) |
Venusil XBP-C18 (L) & 3% A (F. 42 5 pm, fL 12
150 A A% 4.6 mmx150 mm) , KA WA IR B
FA PR A s DF-101S 4 #aUE i i $ @ g 4t
i, JLSCT T A4S A BR 2 | 5 T-403 £ i 1K
VL AL TR R A RGEA PR A A

1.3 A&

1.3.1 IR R AW A AR B &R K
0.4362 g H % 0.2973 g, Wi fit GEBLIK ) IFE R 2
50 mL Z5 P BB 0.03 mol/L I . I I
FERS A DU VB T VA I R N AR, R £ AR T
W H R T 4 CHOGIRAR , 1B I8 5 #E AR
I A3 AT A= KA AR IR 2R 3l ) 2 i T an 3k 1
Fis
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Table 1 Dynamic test design

o F ‘
BEIC A 34 i 4 fh
90 0o 1 s 3 a4 5 6
% 0 1 2 3 4 5 6
100 o 1 2 3 4 5 6
105 o 1 2 3 4 5 6
110 o 1 2 3 4 5 ¢

1.3.2 HEMES RO E WA KR In
noval NH, (o8 H: CRi42 5 um L& 100 A B4
4.6 mmx250 mm) ; K 30 °C;RI K %% (40 C) ;
T B AH R 80% &N KV WL, 456 B R 5 T3 1.0
mL/min; PEAE 20 WL, A5 0B i FURE S B0 VRORH €2
TR 1 K 2 PR

s o ol e 00 A ST . B IR A B B
0.7000 g, 7E 5 H0 v i (R 27K ) J5 fin A 25 1
O EA R 50 mL 153 14.0 mg/mL 1 7 %5 B8 by o
an A AU, o i A A VRO R Sl K AR B 14.0,
12.0,9.6,7,4.67,1.5556,0.5185,0.1728,0.0576
mg/mL IO FRESIA W, e F S EWOR 9 ik
JEE CR A TR ot VS VR B 2 %, A5 B A v il VS R, VR
591 h 7.0,6.0,4.8,3.5,2.3333,0.7778 ,0.2593,
0.0864,0.0288 mg/mL., JE ML U J5 HEAX 2550 B, 5
STUERE 3 UK, LA 0 A 10 i 0 X 7 e i i T
AR I 50 e Wl e 3 5 L T AR O B i 4R

T A A 8 L0 T R e O R AN R 3
AN, M E J7 FE A 2y =190500x — 8095 .4,
R*=0.9994, Hi[&l 3 W45, 4 0 T vk B AE
0.0288~7.0 mg/mlL iz [l PN 5 0 1 A 1 26 M ¢ &
(S SO
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Fig.1 Liquid chromatogram of glucose standard
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Fig.2 Liquid chromatogram of glucose in the sample
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Fig.3 Standard curve of glucose
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IR KW, S BRI K ¢ 1.0 mL/min;
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Fig4 Liquid chromatogram of glutamate dipeptide

in standard
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Fig.6  Standard curve of glutamate dipeptide
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(5:95,V/V), S8 BE VR 5 i 2+ 1.0 mL/min; DAD
R 2% 4G I 1K 2 284 nm; BRI .30 °C; HERE R .20
WL K5 25 min, 5 45 B -4 2 R — BRAE L 5%
FH OB T 000 1 A €5 15 TR AN 181 7 R

o o 1 2 10 ST M PR B S AR T A
#Efh 0.0286 g, TELERR i il G ALK ) J5 , BIAZ
IR T E A A 100 mL, 15 286 pg/mL Y 5-F%
SR A o o 0 8 R, A SR VR B R T 1.5,
57.2,28.6,11.44,2.288,0.4576,0.2288 ,0.0730,
0.0365 wg/mL MIARIE MWK ,0.45 wm U8R 8 5
FH v BORAH i A I 43 A, A R 3 U HOE Y
B, LA 552 HY OB 2 vie 8 R XoF 0 £ % 0 v
P, v B2 5 0 T AR A b o T 2k
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Fig.7 Liquid chromatogram of 5—hydroxymethyl furfural
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Fig.8 Effect of different heating time and temperature
on glucose consumption in glucose—glutamate

dipeptide samples

PRZ W) UG SN 7 A Y B i S A ) 2
TR G . TER IR R b, 4 4 Y & 22 o
(5.59+0.06 ) mg/mlL., K 2 IS (] 1) 2E 4 | 3056 %
b 5 AT R A 1 3 S AN [ R Y
REAIG R34, 224 R 45 1 81 F 95 °C, 1 h I, 4 45 b
F14) T4 FE 3 B S b

TEPR IR E A 90 CI, {4 Z v 4 4 b5 & &2
(5.60+0.08 )mg/mL (1 h) % #F F# ik & (5.09+0.03)
mg/mL(6 h), S 1 h $ 3] 2 h i, ke 5
R 0 o R BB 90 T FE (P<0.05) , Bl 5 B
(1] Py &0 252 386 o, A0 it vl 4 260 W ) T AR DT AS b 3 (P>
0.05), FA M 25 (6 h) T, 4K F v 4 2 5
FEIEAET 9.15%, % 90 °C(0~6 h) i I 15 K045 1t
118 J12 00 M (3% 2) AT, 7 AN i 3R 8] 2R T
Xof 4 A W S I LA AH DG R Bk 0.8734, A
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THAEMHE R H 40N 0.0170,

TERFRIR LA 95 CI K 2 v i 2 W5 % &
(5.50+0.19)mg/mL (1 h) % #7 ik /b & (4.65+0.05)
mg/mL(6 h), i % 7 th 90 CTHE £ 95 °C, 1k &
PR A B S AR L 90 C (6 h) B BRI T
7.85% , %t 95 °C.(0~6 h) Bt Jir 757 4 4 B4 108 17 3
TSR (R 2), RBZR G &MU T, —%sh )12
X 6 25 W T T RE L RO B AT, TR I R L
4 0.0320, %} Af Bf .SS .RMSE #4715 & 3 7l
X B B A A RO B, ELUBOE RS o P A Ar
(R*=0.9686) ,

TEMR IR IE N 100 CHE, M Hh A 45 0 0 &
11 (5.39+0.03)mg/mL (1 h) &K 2 (4.64 + 0.05)
mg/mL (6 h), 4 IFAIFE] O h i % 3 h 1, B
st T A A 0 1 T FEHE £ (P<0.05) , 24 i #R R B2 R
4~5 h B AR FR bR AR R I B S T AR (P>
0.05), 224 fif i) 4k S 4 K | FF i v 4 45 0 T R 35
(P<0.05), %t 100 °C(0~6 h) L 5 rb it 4 25 B
BT (R 2), BRI AT, — s 1
0T A A T FE AL R, THFE Y S R
R 0.0310,  HA RN E 48 (9 400G R0OCR S8 1)
K i PE 4 3L b (R?=0.9722) .

TR IR LR 105 CCHE, 1R 2 rp s 4 B i 7%
i (5.3520.36)mg/mL (1 h) P& fiX £ (4.51£0.02)

mg/mL (6 h), 76 1% X 55 5% 14 T, 7 25 0 1 T #E R
19.36% ., X 105 °C(0~6 h) i Fir £5 f4 7 405 B 45 i 1F
FPeh J1 245301 (3 2) , K IZIR G & T, — e sh
T3 25 5% 6 2 R 0 T AR LA RUR RS, T AR R
WA 0.0340, A EAE 9 4G ROR BB
K o M BB (R?=0.9700) .

TER R IR IE N 110 CHF, M & o8 40 0 0 &%
1 (5.16+0.30)mg/mL (1 h) &K = (3.58+0.05)
mg/mL(6 h), TEZ I 558 T, i 25 W5 19 1 #E 35 2]
36.08% ., Xt 110 °C(0~6 h) B i1 7 % b B4 847 3
J15 57 BT (36 2) AT R, — G By g 2 455 A 6] 4 2 b
TENPPLAHERECN 0.7467, HEFEHFER
AR BN 0.0550, H AP AR R I

FE 90~110 CHY, i 245 15 119 11 #E 3 R 5 B0
FEMKER, RS, HORE RO K,
Kavousi 555 B — 45 25 W87 W 4 28 A T #E 3D
F12EHEAT T 34T, ke BRLASE [R] R B 1) 38 fin 4 0T 12
HER AR FE . A A AR S R T LUE iR
JE IS [R) X5 Xof ) 5 W A AL R 505 TP R I ) L ik
Ve W%, HAE 110 °C,6 h I 2 85 10 314 #E &3k
P E . AR [E] 7 2~5 h s 36 258 A0 14 FE
HARBEGE (B 5~6 h ) A0 014 FE ik 2 T
PRI T T oK S I B TR 45 1 2E 5 h AN

R2 HEM-PER-MRERTIERERNINZSN

Table 2 Kinetic analysis of glucose consumption in glucose—glutamate dipeptide samples

. ‘ Er BRI
o 34 8 E/C b X,
k R? Af Bf SS RMSE
90 InC(1)=-0.0170¢+In5.5801 -0.0170 0.8734 1.0257 0.9970 0.0011 0.0736
95 InC (1)=-0.0320t+In5.5790 -0.0320 0.9686 1.0229 0.9969 0.0009 0.0646
100 InC(#)=-0.0310¢+In5.5283 -0.0310 0.9722 1.0230 1.0016 0.0008 0.0581
105 InC(1)=-0.0340t+In5.5173 -0.0340 0.9700 1.0238 0.9992 0.0010 0.0642
110 InC (1)=-0.0550:+In5.5537 -0.0550 0.7467 1.1225 1.0005 0.0288 0.2945

#4:90,95,100,105,110 C(0~6 h)#KHE—4¢5h F12 8 SIS InC (1) =InCotkr, C(1):5-F FIEBERE &t (mg/mL) o AR (h) ;&
REH(h) R T R H RMSE MR35 22 5 ARG IR T 5 BE: 0 22 [T 5SS« S E A T0000 M8 22 L 9 1) 88 X6 500 S 5

22 MHERPEEBR_ACEERNIINZESHT
P19 Ay AN [R) am A4 Bsf ] 40 3858 8 o 6 25 - %
Fiz —MRRE S A E R R RE R R R, 3 3 A
2 WE -4 SR IKRE S Ay SRR KT AR Bh
SEOATEE R
& 9 AT DL S 7E 1 25 8 — 2 20 R — KA A2

WER T, PR BN )4 R — K F i 5 A
[] 52 A G, ZEAR AR A IR & v 48 2R K &
N (7.92+0.02 )mg/mlL, Bl & i AR [A] () 4E K i
B 2 5 ANIRBE T A SRR IR 0 BN ] AR
I FE

TER IR 90 CH, & i 28 &R K11
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Fig.9 Effect of different heating time and temperature
on the consumption of glutamate dipeptide

in glucose—glutamate dipeptide samples

i B B s E) 20 i (7.8520.03 )mg/mL(1 h) B 2 [
ik & (4.47+0.01 )mg/mL(6 h) (P<0.05) , 4 /# 6 h
B, IR R A &R KT AE R R 43.56% ., JiT LA
FERARTEEE (90 °C) B, BV 4 4 i st i), 45 2
TRRITHFE R W N, XS o by
PEATA3 AT (3 3) & ,00 Cik I & 14F F , — % zh
SN AR SR KT FE AL AR AT, R L
H0.0960 , — 2 5l I A BEFIXT 90 C(0~6 h) f& &
BRI ENA RS (RMSE=0.3688,
Af=1.1022), HiZ—%zh Jj# BRI R A =R —
FR S 1 0 0 P 2 4 (R?=0.9364 ) .

FEMR LIS N 95 CHE, FEh h A E R k&
HE AN T 1 h B FEERE , ndk 1 h A,
BR&R KA FERE R 0.83%, Bl IR ] Ay

ARWFEE | 1A 2 43 R IR G T FE T2 7 3 K, Hh
(7.85+0.03)mg/mL (1 h) & 3 F# ik = (3.43+0.00)
mg/mL (6 h) (P<0.05),6 h i}, 7% & R — ik i 714 #E
Ik B RAE, N 56.75%,5 90 C(6 h) ML, &+
SR IKMTEFE RIS T 13.19% ., H 3 3 n[f,
95 Cilgs & F T, — e sh I 0 4 & e — K 8
FERLA R , 35 0 0.1520, % #L45 B Y
PEAT PR A5 B RN 95 °C(0~6 h) IR R A2
Mg — K & i 0GB B (RMSE=0.3373 ,Af=
1.0739), HiZx— 9 8l J1 2 A5 B 4 A 75 4 R — KB
I B RS B PR H 4 (R?=0.9821)

F£ 100 °C(1 h) in#t , #E 5 b a4 W K
TN (6.73+0.02)mg/mL, B 2 fin $ A E] A S B
K % W8 2> 2 (2.10£0.00 )mg/mL (6 h) (P<
0.05), 7E 0~6 h BYHLZE AN, S n#RET I f 1 h
oz 2 h B, MARER b A R KA I R R
P, SMARE AR T 2 h B, H 9 RE R T
I, I ERE [R] S 6 h B, 4 2 R — K A e 2 FE 1
5 73.51%, 5 95 C(6 h) M I, A &R K TH #E
HIWKT 16.76% ., £ 3 115,100 Cil 5 5% 1
T, — B Iy A AR R I AR LA RO
U, AR BN 0.2270, JHUAE T IE M 15
AL 100 °C(0~6 h) & P A8 &R — Ak %
B9 FE B (RMSE=0.2125, Af=1.0703) , H.i%
— 2R Sy A R AR A R KBS AR B 1 4
4 (R?<0.9935),

FEVR Z IR R 105 °C(1 h) B R i 48 & iR
TR A R (6.33+0.02)mg/mlL, Fifi % i1 B A [E]
FIRY A DB A2 G 5 2 3 K %2 (1.63+£0.00 ) mg/mL
(6 h) (P<0.05), IM#AEFE] 1~2 h B 25 2R —

K3 HEE-PER-MERTAERIKERNINESN

Table 3 Kinetic analysis of glutamate dipeptide consumption in glucose—glutamate dipeptide samples

) ‘ ik B A A I
He 3R JE/C EREANE N

k R? Af Bf SS RMSE
90 InC(1)=-0.0960t+In8.5656 -0.0960 0.9364 1.1022 1.0033 0.0177 0.3688
95 InC(¢)=-0.1520¢+1n8.4948 -0.1520 0.9821 1.0739 0.9998 0.0118 0.3373
100 InC(¢)=—0.2270¢+In7.9104 -0.2270 0.9935 1.0703 0.9974 0.0095 0.2125
105 InC(1)=-0.2700t+In7.5717 -0.2700 0.9824 1.1625 0.9996 0.0365 0.3440
110 InC(1)=-0.2750t+In7.3346 -0.2750 0.9658 1.2516 0.9971 0.0748 0.4706

11::90,95,100,105,110 C(0~6 h)HK I —Z 3 J3 22 HAT G InC(1)=InCotket, C (1) :5—FE HHBREE & 5 (mg/mL) £ AR E] (h) 5k - B
FH(h) R 11T B RMSE AR F- 3907 22 5 AL RS D81 5 BE: AR 22 D1 5SS« S0 B AN 0P 22 LE 1 A R % B0 15
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JIR 52 A KT FE R 5, X It [B] S 6 h i AR R
A R KB IHAE SN 79.43%, 5 100 C(6
h) M E, A 2  RRTHFE R K T 5.92%,
343,105 Cil B &1~ , — W Ji24 x5 2R
TR T FE R A SR B B R AN 0.2700, XF
PUA BRI IEATIEAN AR, BRI 105 )C(0~6 h)
T2 A R K Y LA RTORS M X By
(RMSE=0.3440,Af=1.1625 ,R>=0.9824) ,

FEPR R N 110 CR,  BlE2 Bt fa) i A
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Fig.10 Effect of different heating time and temperature
on accumulation of 5-hydroxymethylfurfural

in glucose—glutamate dipeptide samples
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Table 4 Kinetic analysis of 5—hydroxymethyl furfural accumulation in glucose—glutamate dipeptide samples
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Kinetic Analysis of 5—Hydroxymethylfurfural Formation in Glucose—glutamate
Dipeptide Model System

Sun Ying, Zhang Lili, Zhang Yuyu", Sun Baoguo, Chen Haitao
(College of Chemistry and Materials Engineering, Beijing Technology and Business University,
Beijing Key Laboratory of Flavor Chemisiry, Beijing 100048)

Abstract The formation kinetics of S—hydroxymethylfurfural was investigated in sugar—peptide model systems (glucose—
glutamate dipeptide). In this paper, glucose—glutamate dipeptide and S5—hydroxymethylfurfural (5-HMF) contents were in-
dicated by kinetic analysis method. The kinetics analysis showed that the consumption of glucose and glutamate dipeptide
were all followed first—order kinetics in glucose—glutamate dipeptide models at 90-110 C (0—-6 h). And the degration rate
of reactants increased gradually with temperature. HMF formation followed zero—order kinetic at 90-95 °C(0-6 h) and fol-
lowed first—order kinetics at 100-110 °C(0-6 h) in glucose—glutamate dipeptide models.

Keywords 5-Hydroxymethylfurfural; glucose—glutamate dipeptide model system; kinetics



