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Abstract: Acids such as phosphoric acid and citric acid in food can catalyze the transformation of sweet substances including glucose and
fructose, into 5-hydroxymenthy Ifurfual (5-HMF). In this study, different sugar-acid solutions, namely, glucose-phosphate acid (GP),
glucose-citric acid (GL), fructose-phosphate acid (FP), and fructose-citric acid (FL) systems were placed in ampoules and heated using an oil
bath a three reaction temperatures: 373 K, 393 K and 413 K. 5-HMF concentration in the sugar-acid systems over time were monitored using
high-pressure liquid chromatography (HPLC) during the eight-hour heating period. The formation kinetics model was estabishedby Origin 8.0
software. The catalytic efficiency of inorganic ternary phosphate acid was found to be higher than that of organic ternary citric acid. The
conversion rate of fructose was higher than that of glucose. The concentrations of 5-HMF incressed linearly with reaction time for all four
sugar-acid systems tested, in accordance with the zero-order Kinetics model, the reaction activation energy values were 109.16, 121.09, 102.89,
and 112.36 kl/mol, respectively, with highest values in GP and lowest values in FL system. Thus, phosphoric acid and fructose content had a
major impact on 5-HMF concentration of sugar-acid food during thermal processing.
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Fig.5 Changes in the concentration of 5-HMF in the GPsystem
T BEMRREIRE A TIK T a9fF 5, Lréh 393
, A 413K,

% 3 P {AFZ b S-EREREARRE A B F 0 4
Table 3 Kinetic analysis of 5-HMF formation in the GP system
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373 y=00813x-3.610  0.0813 0.9781  1.084 1.055 5.529E09 1.692 0.0656 0.0844 4.32
393 y=0499%6x-5939  (.4996 0.9831 1.082 1.018 1.719E09 9.115 0.0907 0.0801 3.85
413 y=2455x+2.754 2455 0.9881  1.040 09956 3.364E06 17.52 0.0417 0.0387 3.18
UT(-Ink)  y=13130x-32.70 - 13130 0.9998 1.002 0.9994 0.0054 0.0118 0.0015 0.0019 1.64
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Table 4 Kinetic analysis of 5-HMH formation in the GLsystem

Jn GBI IK EEENEN o _ AR SR
Adj.R-Squares  Af Bf Pro>F RMSE MRE MARE SEP%
373  y=00377x-2159 00377 09701  1.388 0.9764 8.28E-08 1.069 0.0846 0.0786 6.90
393 y=04197x-21.03 0.4197 0.9796  1.190 1.013 4.05E-09 8.435 0.0655 0.0661 4.72
423 y=1632x-27.69 1,632 0.9947  1.036 1023 2.89E-08 9.789 0.0361 0.0362 2.14
UT-(-Ink)  y=14565x-3591 14565 0.9662  1.242 1.164 0.08294 0.2023 0.0414 0.0214 5.37
Ea (kJ/mol) 121.09

PLUT A% -Ink Ry, fEHRAGHIZ, 16152
y=14565x-35.91, Adj.R-Squares & 0.9662, RPN
14565, %1% E, 2}y 121.09 ki/mol.
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Fig.7 Changes in the concentration of 5>-HMF in the FPsystem
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Table 5 Kinetic analysis of 5-HMF formation in the FPsystem

Jo R IK EVEEIAE e ES . BT
Adj.R-Squares  Af Bf Pro>F RMSE RME MARE SEP%
373 y=4.461x+84.22 4.461 0.9688 1.068 0.9955 2.73E-08 111.3 0.0681 0.0655 0.0539
393 y =27.86x-80.07 27.86 0.9812 1.082 1033 277E-09 5365 0.0469 0.0779 0.0434
413 y=111.79x+1879.8  110.79 0.9779 1.080 1.003 6.60E-04 1303 0.0500 0.0716 0.0637
UT-(-Ink) -~ y=12375x-34.69 12375 0.9973 1.026 1012  0.0233 0.0481 -0.0204 -0.0016 0.0149
E./(kJ/mol) 102.89
1000 16000 25000 5 751, FPARR T 5-HMF IR &R
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200700 200 300 a00 s00 % 12375, %15 E. AN 102.89 ki/mol.
1] / min 234 RBATRB(FLRA T 5-HMF 697 &,

8 FL RZ& A 5-HW JKE Tk
Fig.8 Changes in the concentration of >-HMF in the FL system
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Table 6 Kinetic analysis of 5-HMF formationin the FLsystem

Ha R E AKX, pr : AR
K Adj.R-Squares  Af Bf Pro>F RMSE MRE  MARE SEP%
373 y=1.279x+16.69 1.279 0.9856 1.076 0.9787 8.42E-10 2154 0.0585 0.0717 0.0334
393 y=8.877x-174.4 8.877 0.9895 1.073 1.019 198E-10 127.1 0.0464 0.0730 0.0328
413 y=42.85x+941.4  42.85 09714  1.088 0.9795 1.83E-08 1021.8 0.0799  0.0830 0.0455
UT-(-hk) y=13515x-36.48 13515 0.9995 1.051 1.041 0.0097 0.0219 -0.0142 -0.0255 0.0062
Ea/(kJ/mol) 112.36
. [1] (25 T, 5% B 552 H SRS G-HMP) 75 25 Hh )
3 &g

3.1 f£ GP. GL. FL. FP JURiAZRf, =HhBiiE
FESAET, FINTE] S5 FP AR R 5-HMF iR EEH
B, GL R ARG, PUFRR N AR R IR B i1 g
43314 109.16 kJ/mol.  121.09 kJ/mol. 102.89 ki/mol.
112.36 kJimol, MEHFILIE H, GL AR E K,
FP R R E.f/e FESAFARIFINT, BRI S,
PR KA RN, ML R m . T, 7R ™
AFEH, S, BEEON TR 5-HMF RS SR
BK.

3.2 [, SR TR, IR SRR &
RAFABRIIR N, MR PIEZE, 5-HMF 2 Hfz
—.o TEMASEES, EIRKERIPIRS T, MRsH
() e AT P AR Sy B B, m] L B R K B o
HEW T 5-HMF [19772E, 5-HMF J iz A70E T 5% Ff
TR,

3.3 (EMRERNRE, RN AN =T
Z—, AR BAMET TN o R RL, (R AE
FHE AL RN, B-HMF 3R FEAR SR AT LUR s SFp
AFETEES, FRESKE, BT HARR T HAh A
WRANE AR, BRI ASH S0E =t
BBV, — 2 R [ R AERE SRS ok R A
TR T Sp, dnins R E, BT Yokl i
FH AR, R A SRS B A AR, 5-HMIF
)& IR A S T

3.4 FERT. WURSEUCRL R, R i s IR E N
TR, AR IR, EAE. RS KRR
N 5-HMF. fEfn it fed, Ny LAEM.
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