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Abstract: Immobilized enzymes were prepared by using strongly alkaline macroporous resin, amino resin, and epoxy resin as immobilized
carriers of glucose oxidase and catalase, respectively, and their effect on low-pH gluconic acid production was assessed. The results of the acid resistance
test showed that all the three immobilized enzymes had stronger acid resistance than did the free enzyme. The free enzyme and the three immobilized
enzymes were used to prepare gluconic acid under low pH conditions (pH value 3.5). The reaction times required for the strongly alkaline macroporous
resin-immobilized enzyme, amino resin-immobilized enzyme, and epoxy resin-immobilized enzyme were 40, 24, and 27 h respectively. The enzymatic
activity loss rates were 46.44%, 3.42%, and 21.84%, respectively. The free enzyme was completely inactivated during the reaction. The clarity and
chromaticity of the three immobilized enzyme reaction solutions were significantly better than those of the free enzyme reaction solutions. The
preparation process of amino resin-immobilized enzyme-after further optimization through orthogonal experiments - was as follows: the concentration of
mixed enzyme solution was 10%, the ratio of glucose oxidase to catalase was 1.5:1, and the fixation temperature was 25 ‘C. Under these conditions,
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the recovery rate of amino resin-immobilized enzyme was as high as 93.15%, and the conversion time of the 100 g/L glucose solution was 23 h. At the
end of the reaction, the ratio of gluconic acid to sodium gluconate had reached 0.899:1 (m/m), and the amino resin-immobilized enzyme was stable. Based

on these results, we conclude that the amino resin immobilized enzyme can be used to establish a low-pH immobilized enzyme gluconic acid production

process, with the goal of producing high-quality gluconic acid products.
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Fig.4 Changes in glucose concentration (a) and gluconic acid
concentration (b) during the preparation of gluconic acid
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Table 2 Enzyme activity and enzyme activity loss rate of immobilized enzyme
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Table 3 The clarity and color of the reaction solution at the end

of the reaction

B e g B 2 EHAE &R
H B 0.82540.041  1.21940.049
TRARME K IURTAS B 2 1kBs  0.95140.0387  0.22020.011%
FAMIE B %A B 0.96440.029™  0.10540.006"
REME B %A B 0.98540.010™  0.02840.002%

E: *P<0.01 5B B R AN B AR D F £ ik
#P<0.01 5t B Bpe) EEARNLEA M EZ £ F 1k,

FHER 3 AT AN, [ A T 2 2% )] A R s
TR FEAN R R 5 Yol 2 AR Tl s il 2 ) % PR S S

(P<<0.01). [l 5 A T 2001 % 1) R 2B WA G S B

RS RS, MR T fE S A MR . Ak
HMEFERNAR o

CRE LR AT RIS A g ] i 1 26
PEE R, e R RS UR G, RSO AL
NG FEIAR . SN IR R BRIt AL R . R
W SEFRAR (U pH AL AR ) 2% 76 A HR R 1Y) 2
Ny

26 RAEMARE T MBS S T2 ERXRE

hAfsE

I [ 2 L R 2 2RSSR AL 4h
R 4

4 SEMERIE L ZERRBER
Table 4 Orthogonal test results of preparation process of amino resin-immobilized enzyme

F5  RAEERIREI% GOD:CAT AMHRZ/IC B RALEREE/(U/g)
1 5 11 25 2.04
2 5 151 30 2,59
3 5 2:1 35 250
4 10 11 30 444
5 10 151 25 5.56
6 10 2:1 35 5.37
7 15 11 35 454
8 15 151 25 5.28
9 15 2:1 30 5.19
Ky 7.13 11.02 12.88
Ky 15.37 13.43 12.22
Ks 15.01 13.06 12.41
R 8.24 241 0.66
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Fig.5 Stability (a) and repeatability (b) of amino resin
immobilized enzyme
EHPE 5 AT, ERORBEAE i A7 B] 1) e BT A 7R
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