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Process optimization and kinetics of arabinose preparation
by dilute acid hydrolysis
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Abstract: Objective: Preferred biomass hydrolysis {or preparation
of arabinose and its kinetic analysis during the hydrolysis process.
Methods: Single factor experiment and response surface
methodology were used to optimize the conditions for the
preparation of arabinose from gum Arabic by dilute acid
hydrolysis, and the kinetics of the hydrolysis process was studied.
Results: The optimum hydrolysis conditions were as follows:
reaction time 237 min, sulfuric acid concentration 0.16 mol/L,
reaction temperature 91 ‘C. Three parallel experiments were
carried out under these conditions. The average concentration of
L-arabinose in the hydrolysate was 35. 45 g/L. The kinetic
parameters of arabinose formation and degradation were obtained

by Saeman model fitting. The hydrolysis of Arabic gum is an

internal diffusion controlled reaction process. Conclusion: The
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hydrolysis process of gum Arabic is a continuous pseudo
homogeneous first-order reaction process, and the Saeman model
can better describe the hydrolysis process of gum Arabic to
arabinose.
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Figure 1 Concentration of L-arabinose vary with
reaction time
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Figure 2 Concentration of L-arabinose vary with
concentrations of sulfur acid
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different temperature
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Table 1 Coded values and corresponding actual values

S I [a] / B i R vk J¥ / C Wi B/
e min (mol « L™1) C
—1 150 0.10 80
0 200 0.15 90
1 250 0.20 100
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Y=32.27 +5.12A + 1.26B + 1.02C — 0. 53AB —
0.98AC+0.87BC—3.31A" —2.43B* —2.46C" , (2)
2.2.2 BERIEYIY 22000 RS B 220 M gk 3 BT
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Table 2 Experimental design and results for response
surface analysis
e A B Y L-Fhr{f % o ok g/
(g« L1
1 —1 —1 0 19.85
2 1 —1 0 31.09
3 —1 1 0 23.02
4 1 1 0 32.13
5 —1 0 —1 19.31
6 1 0 —1 31.58
7 —1 0 1 23.37
8 1 0 1 31.73
9 0 —1 —1 25.79
10 0 1 —1 26.98
11 0 —1 1 26.04
12 0 1 1 30.69
13 0 0 0 32.87
14 0 0 0 31.68
15 0 0 0 31.19
16 0 0 0 32.92
17 0 0 0 32.67

*3 HAFBRETMAEDN
Table 3 Analysis of variance for the fitted

regression model

FEKBE  FHFM AmE B Ffd P fH
[ 346.35 9 38.48 95.98  <C0.000 1
A 209.92 1 209.92  523.56  <0.000 1
B 12.63 1 12.63 31.49 0.000 8
C 8.34 1 8.34 20.81 0.002 6
AB 1.13 1 1.13 2.83 0.136 5
AC 3.82 1 3.82 9.53 0.017 6
BC 2.99 1 2.99 7.46 0.029 2
A? 46.14 1 46.14  115.09  <C0.000 1
B? 24.92 1 24.92 62.16 0.000 1
C? 25.44 1 25.44 63.45  <<0.000 1

E 79 281 71 o0
IR AU 0.35 3 0.12 0.19 0.898 3
IR e 2.46 4 0.61
B s 349.15 16

R? 0.992 0

29



30

HAl# 3 FUNDAMENTAL RESEARCH

B2 P<<0.000 1, B B 3. M P {H>0.05,
R EZRAN; R EHA T BOMEREE R =
0.992 0, [l H AR 2 3, AL 25 SR 1 AT A5 BEAR i
2.2.3 MR ZNZHEAERSH  FH Design-Expert 8.0
AR 2 ) = 8 3R 0 5 EL AR O Lo A1 A i R o 1 )
O T B A v 4R A SR UL 4 5,

N I PSR E o 1 e (o RV =1 i £
IR . 25 R FE 22 BAE K /N R AC>BC>AB, 5% 3
W5 B 4 R 4

-3

Mass concentration of

L-arabinose/(g + L)

Mass concentration of
L-arabinose/(g * L)

L 4 A e
LT 48 e

. 5%@0'0/# &
ulfiy VIR e . i
e acjq cono;;tlat' w%
2 1on

C SR

RRRRIE
Sulfuric acid concentration/
Reaction temperature/ “C

-0.50  0.00 0.50 1.00

(b) AC
B4 BREZEGRLEGHE

Figure 4 Response surface graph between three factors
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Table 4 Kinetic parameters
. » EIPIEE 2
PRI B/ C
ki1/min~ ' ky/min ! R?
80 0.382 0.126 0.982 9
90 0.461 0.133 0.986 3
100 0.772 0.137 0.994 2
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