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Abstract: In the study, 2-O-a-D-glucosyL-L-ascorbic acid (AA-2G) was prepared using L-ascorbic acid and

p-cyclodextrin as substrates under the catalytic action of marine cyclodextrin glucosyltransferase MY20. The separation and
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purification process and antioxidant activity of AA-2G were examined. By using the cationic ion exchange resin SK1B
and the anionic ion exchange resin WA30, the process parameters for separating AA-2G from anion exchange resin
WA30 were optimized. The optimal process parameters were determined through response surface experiments: eluent
concentration, 0.15 mol/L; eluent flow rate, 3.00 mL/min; eluent pH value 7. Under these conditions, the purity of AA-2G
purified was 91.23 wt.%, with a recovery rate of 89.92 wt.%. On this basis, a multi-step purification process was established,
in which increased the purity of AA-2G from the initial 50.31 wt.% to 95.62 wt.%, resulting in a 1.90-fold increase of purity
and a recovery rate of 85.12 wt.%. In vitro antioxidant analysis of the prepared AA-2G revealed that the scavenging rates for
superoxide anion, hydroxyl radical and DPPH radical were 91.63%, 90.21% and 95.20%, respectively, indicating that the
enzymatically prepared AA-2G possessed antioxidant activities. The study provides a theoretical basis for the development of
high-purity AA-2G.
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st ARG BEMZER, Wl R {54 0.996 6,
ULEZBLA AT A . RS RECV=1.73, KRR
Z AR PR 2 AR e A 2B R R e ), DA R
S IE YR AR B, LAY G v DA A T S RS
BT 2 TR mT A, BEBOREE (AD. Pellitiim &

(B) FIPEi pHAE (C) =AM ZEN AA-2G 143
HAKRAEAREEEZESR (P<0.0D), BH#E=
ANRFEW FAERT e pHE (C) X AA-2G |
SRR, HORBENRIRE (B), /a2t
B EE (Ao

R 2 MEEXRIZITERBER
Table 2 Experimental design and results for response surface

A BRBULRIR B: EBLROR C: RBL 4R/ mkE/

J/(mol/L) &/(mL/min) & pHAIL (Wt.%) (Wt.%)
1 0.15 3 7 89.50  91.53
2 0.25 4 7 74.60  58.82
3 0.05 2 7 61.20  74.02
4 0.15 4 8 74.60  75.03
5 0.15 2 6 55.61 72.54
6 0.15 3 7 89.11 89.03
7 0.25 3 8 78.21 79.31
8 0.05 4 7 59.03 80.52
9 0.25 3 6 54.01 65.01
10 0.15 2 8 72.52 85.92
11 0.25 2 7 53.54  87.02
12 0.15 4 6 65.02 72.62
13 0.15 3 7 90.50  92.04
14 0.15 3 7 90.00 9151
15 0.05 3 6 59.00  75.02
16 0.15 3 7 91.01 90.72
17 0.05 3 8 65.01 75.61
246 ERFo0EENH
Mg 1 T P o g T U, 55 e el AR AT L) T

%ﬁﬁyw%%%lﬁﬁﬁ&ﬁ%xﬁﬁﬁ;éé
e 2 ) I, B PR T 52 LA AN
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Fo WK 6a R, BERBIKE (A SHEBRRE
(B) HISF m i THGEE, Wi PR R A2 EAR
MAR%, 5F% ABH P (P<0.000 1D {EHH—5L.
il 6b Fs, BEBBIREE (A FIBEBE pHAE (O
G BT TR, Ul WP R 3R B A ELAE
%, H5ERAMACH P (P=0.000 2) {HA—F. [
FERD, B 6c Fras, VEBBRE (B) Al
pH  (C) gk F#EIa THEE, 5 B el o
HANGE B pH 2 EAF R . AR, AB
ZLH>ACKZH>BCZH.
* 3 MARENWFTES TR EZ KRR
Table 3 Variance analysis and significance test of
regression model

kR P A gwA ¥E O FMA P E2FKE

Model 315492 9  350.55 225.63 <0.0001  **

A-FPL o
RAUE 32.40 1 32.40 20.86 0.0026
B-36M, 115.52 1 11552 7435 <0.0001  **
(;jﬁtfbt 401.86 1 401.86 258.66 <0.0001  **
& pH

AB 135.72 1 135.72 8736 <0.0001  **
AC 82.81 1 82.81 5330 0.0002  **
BC 13.32 1 1332 858 0.0221 *
A? 999.87 1 999.87 643.56 <0.0001  **
B? 661.58 1 661.58 425.82 <0.0001  **
C? 469.53 1 469.53 302.21 <0.000 1  **
2% 10.88

7 1.55
e 8.57 3 2.86 495 0.0782
4

=
d

3

)

231 0.5770
3165.8 16

A ZFEFE (P<0.05);** ZFMEE (P<0.01).
247 FAABTLIE

FIH Design expert 13.0 %1, L AA-2G K46/
PEm NAE, 15 T SR H & ok i Be IR
0.16 mol/L. &Mt it & 3.15 mL/min. ¥ pH 18
737, {EZZAF RPN AA-2G 46/ H 91.70 wt%. 1R
PR BRERAE R ATVE, 8 TS B o i VA B
0.15 mol/L. ¥/l itiift & 3 mL/min. el pH {EN 7,
M FEESLK =R, W5 AA-2G 46
91.23 wt.% CiRZ N 027 wt.%), [FIULZE 89.92 wt.%,
5 1iiE 288N, uk L T2 A R

%
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Fig.6 Response surface and contour plots of the interaction

of various factors on AA-2G purification

25 HELAHR

b A ()

fJ 18] / min
B 7 ZF#ARMELaEaiLE

Fig.7 Lyophilized powder and chromatogram before and
after purification
E:(a) AA2GH AR (b) fbiTe &, (1): L4t
T dg; (2): AA-2G.
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x4 H{LAA-2GHIFT L LS
Table 4 Comparison of purification methods of AA-2G

A% AA-2G Fr ik s T ik LR 4 ) P45 &
B B AR, B F R #AE WA30/SK1B 0.15 mol/L NaCl 95.62% T PNy
Lk BT ARMIE Ao R 0.15. 0.25. 0.5 mol/L NaCl .
Bk A%, SN = 98% T [11]
B R A PR, B F kg WA30/SKIB 0.25 mol/L HCI 93% 4 dnHE [12]

PSR B0 7 B AT B 2R AR BRI, T 2
DR BAR P 44, KA e L, @i msk
ORI, 45 BN AA-2G HIEISER N 86.50 wt.%,
AHREN 90.63 wt.%. A T #EE AA-2G B, M5
RTAGETERTZ, 152805 BRI 2308 K
W, B 7a Ry ERETERAR HTE, AA2G
[N 2 85.12 wt.%, 4]~ 95.62 wt.%. 1T
J& AA-2G MAEEA BT m, AIREZ BT L-Prdk i
WAL . W13 4 ¥, 7E Hiroshi 2" 50,
W B BH S 10 g G40 5 1) AA-2G iRk 4 & — 2 IR,
s o) FL U R, 5 ) 4 B T 0 5 i 1R s TR
AT S o, SRS IR ) 99%, 45 sl AT TN 1% (1 5,
BTV N R 2 AT s (RIS SRR,
oy Bt 5 1 AA-2G AT IR, IRATE AA-2G IR
FE B2 65%~85%, R 4 Y 1) I 5 3 5 A 1T 2 K4
30~45 C, ¥ AA-2G KB —@AifE . AR AN
ANB| G GFER, SERER, 45METE 90% Ll E5A
T T, (HAHE AR AR, LT Tk
feHEr=,

TE 43 B 4 Ak AA-2G I RIE 78 o, % iV A
11 AA-2G K Z e FI B F R ik AT difh. 75k 4
v, Hiroshi 25" i FI 5 7 5k 56 AR ] f) 7 vk 3t 47 4
th, LR 93%, KT AUFARMAE, bR
15 FH BRI S 2 BRARA AR AT Z3 i, AR T30 08
Gudiminchi 21" R 78 Hh 4 9 8 - 5 b i 11 [
IF R0 e e R 8 -, AP AE A i R R R A% 1
B

2.6 FAFEAMNRELER

261 FHREEAMBTAHGERESD

A2 5E BE S 1~5 mg/mL B TEEl N, AA-2G 5
L- BUIR LR 1) 5 B 9k B 5 L35 ok 3R S22 B 88 11 I AR 2
KFR. WE 8a iR, {EXMNFREIKEEEN, L-bt
IR Rt 4 251 B RS BR SEE = T AA-2G,
{EBEE IR FE R3S, S bR R IZ W2
IXRE— & IR VL P, L-PUsk (i g o i 4

76

P 7 H A AR ROCR, (HEEE R e
W, AA-2G 7 R g2 -k g,
TG RIEF] 91.63%.

262 FHhEghLat

Fenton J % FF ¥ Fe™ %4k N Fe'', XA LS
FAE 536 nm P KA I OERE R BEP . 7RI R I
N, K 536 nm K ARG EE T R 0 3 0 )RR
FE W DL RS S i bR AR H e ) Re 70, RO PLEfL
RE /7. DA, W58 7 FE S LE 536 nm Ak IOt B %
KBS, R IE B RIS R B8R, R
B H PR RR AT oSBT AT DAFRE B VP Al
TEIGRRFE B HEE DT M TR, A7 Hopt E A
PERBRSS . & 8b Al AT, AA-2G 7E M 2 1) i &k
FEWN, BEEEWRER R, X E HIEERERE
BT . AE L-PUOs MR (P R seae b, BEE T &
WREERIBE N, X2 E R A5 B Re 77 0% T I,
R G R ZRRETZIE, AA-2G BTEBR RIS E
90.21%-

2.63 JETRDPPHA & A 4%

DPPH H H I BAH — AN KB F, FIt)E T
HR T 1%, DPPH H R OB h 286, £
515 nm PRI AT B RIS s 7R BT AL IR 1
~, °I5 DPPH H H&:AEH, MMk DPPH H H
L DPPH [ HHEAE 515 nm K AL WO B .
A% . Z 7 vE v H IR P A AR5 B DPPH H B
SEMBE S K BUEALRE 1. DAY FE B AR FE A AT
W FE L5 B DPPH H HHZEBE ) 8 FR. W1 8c T
7N, AA-2G 15 DPPH H 2L (1) A8y BE L i =ik
(O3 RT3 58, 1T - DO I T8 1) 1 775 ok 3R 63 4% LR
Fasg. MREWEN 5 mg/mL i, PiE% DPPH H
H1 2 (17 B R HFIE B 95% LL ., AA-2G G RR%
EF 95.20%. F Tai ZZPVHRF T, T T AA-2G
(1) DPPH H HHIETERRIG NS, BRI T 1210
FEA B HEERR RN . B9, X AA-2G F1 DPPH
H 1 R RO S EAT T m AR % (HPLO)
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AT, FFEET AA-2G B HEEE BRI S B
Ha k. SRJE, X R R AA-2G FI L-$0 R I B2 (1)
H IR BR S AT I TS, M2 T AA-2G 5
DPPH H H & 1) Je N A A 22 ik &, Rt T
AA-2G X} DPPH H &M H B EEIE BRiE L] .

100
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Fig.8 Free radical scavenging ability
Z:(a) RAMBTAMAFTREAE; (b) ZEAAH
AFIRAEA ; (¢) DPPH A & EIREES . RFIAD B FER
ARRRAREHREZN £7R% (P<0.05).

3 g

I B A v K I ) 4% AA-2G 1R R
AT T o Eaitk, RET 2R 0. HERLAER
B L-PUR MR, #1417 sl r AA-2G. JEid
M) J87 T 4 56 0 B8 Alifb 2 AR 3EAT T AR AL, S HhE

EIE M _EREARFRN 15 mL. BEBLVIE 0.15 mol/L.
Vet pH A 7. YEMUAE 3 mL/min ; [BICRIER] T
89.92 wt.%, 4l 91.23 wt.%. % T 5 AA-2G 4l
EF) 95.6%, [FIR 85.1%, #H EL T &) 1) [ B
ERERE S T 1.9 5. RAMUE L TR B, 4tk
JE B AA-2G TREF T B E BT TE 1, X R A
B AmME. BE MM DPPH B H G B %50 7
N 91.61%- 90.21% A1 95.20%. AHF 5 ()T J& it
T TR0 R R O A B8 AV o AN % AA-2G R AR TR
WHAE, N AA2G Tk AL T %4F
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