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Abstract: To achieve efficient chitosan oligosaccharide preparation, chitosan oligosaccharide was prepared from chitosan
through a pre-ultrasound-microwave assisted composite enzymatic method. The enzymatic hydrolysis process conditions
were optimized using reducing sugar content as an indicator based on the response surface design method. In addition, the
antioxidant capacity of chitosan oligosaccharide was examined. The results showed that the composite enzymes consisting
o-amylase and chitosanase (1:1) possessed superior hydrolysis ability for chitosan than others. The optimum conditions of
chitosan oligosaccharide preparation were as follows: A microwave power of 200 W, ultrasonic power of 200 W, 5 min pre-
ultrasound-microwave time, 1% substrate concentration, pHS5.8, temperature at 53.5 °C, 0.24% composite enzyme additive
amount, and 5.7 h enzymatic hydrolysis time. Under these conditions, the reducing sugar content reached the maximum
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(8.10 mg/mL). The prepared chitosan oligosaccharide contained 2~6 sugars with average molecular weight of 993.5 Da.

The chitosan oligosaccharide had strong free radical scavenging activity, with the IC,, of DPPH and ABTS" free radicals at

0.274 and 0.127 mg/mL, respectively, as well as the ferric reducing power reached the maximum value of 24.56 mmol/L at

1.5 mg/mL. The results show that the ultrasound-microwave pretreatment combined with composite enzymatic method has

a good application prospect in the preparation of chitosan oligosaccharide.

Key words: chitosan; pre-ultrasound-microwave; enzymatic method; chitosan oligosaccharide; antioxidant activity
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Table 1 Optimum temperature and pH of the biological
enzymes

LERY] S HOE R (C) fidipH
A 50 35
R NI 50 4.8
AR it 45 55
o-TEN il 55 5.8
FE RN 37 5.8

1.2.3 BAPNZESLETT DL a-TE MBS ASE SOpE L
B A B R BRI, S T3 200 W, 875 -1
PP FIALBIREE 50 °C, o RPEMRE 1%, #7r7 UR
200 W, #8775 - T AL BREFE] 5 min, &2 & B HE 51
1:1, AR 2 50 °C, pHS.0, E & BEFA & 0.24%,
BEfEERsTTa] 4 h, LUOS FE & o048, B8 E G L
1) Co-TERY TG : S BB, 4:1.3:2. 1:1.2:3, 1:4).
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AL FREFEI (O, 5. 10, 15, 20, 25 min) . il i 7 B
(45, 50, 55, 60, 65,70 °C). pH(3.8. 4.2, 4.6. 5.0,
5.4.5.8.6.2), E5HFAINE(0.09%. 0.12%. 0.15%.
0.18%. 0.21%. 0.24%. 0.27%) . BFfEHFE (1., 2., 3.
4.5.6.7.8.9. 10 h) X5 T BE I W frt 50 S 19
AN

1.2.4  ma EEe Tt FERARIZR gl T, ARG
fRIEEE | AN . BefEa ey A AR 5 (X)), &%
T =2 =K1Y Box-Behnken i3, DA Bl &
PRI SO 2 i (mg/mL) SR i AL (Y , 388 3 Wi 3 T 43
BTt Te SRR 1.2 I B FKCEILER 2.

222 ma e R R MK

Table 2 Factors and levels of the response surface test

K - — — -
ASE(CC) BE AN (%) ChfE (h)

-1 50 0.21 4

0 55 0.24 5

1 60 0.27 6

1.2.5 DNS EEid)sibl & S22, 1
T I RSVEIERR, LA 540 nm AR YGRS (Y) A ALFR,
I EIPEEL R ER M (mg/mL) A AL R (X)), HiIVE
PrRfEHHZR . B 1 mL SERVENGAR, RYEPriE £y
FR(Y=0.4711X-0.0315, R>=0.9985 )i 554 J5obHE &1
1.2.6 ZBEPIER M E S FEb T S5 P
SR W7 IR AEAE B, L 525 nm ARG E (Y) N
YA BR, I R BEER R ER AU B (mg/mL ) A AL bR
(X)), bR ZR (Y=0.0225X+0.096 1, R>=0.9982) .

P T2 R 5 S REECHI % 1 mg/mL M7K%E

W, Foe FEARUE - ZRIVE 7k, A 77 RT3 D-EhiR 2
FLA A PR o, RIE IR A (D) THRA O 4
T,
mxVx215.6 .
= W J—it ( 1)

A M R34 T hE, Day m AR R B, g;
V NEERAREL, mL; ¢ X REERERNZRAS 19 D-ERER
SIS, pg/mL .
1.2.7 TLC srHr7c RVEEG M I i ki AR
105 °C {%4L 30 min, LA 1 mg/mL 58 ZEMEFRUE L7
W (FE 2~ ) X IR, 8 1 mg/mL SESEPHEIR
AT R, & A EEE 1 em, BEJE 1.5 cm, BEaEK
A E T ARG ZEPTAT T, JRITFINIE TEE: K : &
Mg : EK IR 10:5:5:1), FATRETT 8 cm, FHHE
IR AWK = RE T3], FERERCHR M504 0.3% Bfi —H i {2
7], AR O S T A 4 AR Y
1.2.8 HPLC U7 RPEEGMY mHN S%ARE
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14:: 0~10 min 50% A-50% B. 10~15 min 60% A-40%
B. 15~16 min 20% A-80% B; Jiii# 0.6 mL/min; i#4fE
B 1 pL, ZERJCHCT R IIES, I 60 °C, Bl ik B
SN 5 mg/mL FEZENEAE S, ST ECHIHEE S 5 mg/mL 5%
FEWHARUERS W (dp3~7) , AR ¥ FLAR BF B ] R 47 8
53T
1.2.9 {RAMLELLRR ST A2
1.2.9.1 DPPH H HIEHERAEIME B 1 mL A~
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mL) 1 5¢ ZEPE R T 20 B4, A 0.2 mmol/L
DPPH ¥ 1 mL, #5715 #E5GHCE 30 min, BU_7E
W, MAE 517 nm P AL IR SERERT, ARPE A =(2)
1145 DPPH H HEERRA . LIRS By 3 A8 &,
F B 2L R R o R AR AR B IR T et L A, TR
ICso 1B, HoH 1C, (HAE CATEBR A 50% BTt
AT MR
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Ay HES MRS
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1.2.9.3 #RETIAFEEESI M Fdil 0.3 mol/mL
RS v (pH3.5) . 10 mmol/L 2,4,6- =Nl =8
(2,4,6-tri-2-pyridinyl, TPTZ) . 20 mmol/L 4814k (14
B, 10:1: 1) Y8R ES 16 5 (ferric reducing ability
of plasma, FRAP) (5], LA 80 mmol/L FeSO, "N #i
o, AR =2 S0k [31], HIAERRAEITZR (y=0.0127x+
0.1198, R?>=0.9991) ,

HC 0.2 mL AS[A] Bt &2 e &2 (0.1, 0.2, 0.4, 0.6,
0.8, 1.0, 1.2 1.5 mg/mL)FeZEMHEW, #RAN1 1.8 mL
FRAP {7, IR&¥I4)5, 37 °C /K 10 min, 593 nm
AR RE W S CRE, AR AR AE 2R 155 FRAP fi.

1.2.10 SHuEiREs:  E 5B ER Sy R gl R 0 5t
fith b, X 7K Ve il A R 7S I D I A GEE S D)% 200
W) | T IR ] Bl (PR D13 200 W) | 8 75 -l
Kb B[] A GRE S T8 200 W, S TR 200 W)
PURP A T .

1.3 R

T e AR =K, it Origin 2021 #fFiE
FTEPR AL IR, SR ] IBM SPSS Statistics26 #4173
TS, P<0.05 Al 2R 5, I AR R/ NS 5
SRR WEME 25 5% . SR Design-Expert 12 4%
SO RS AT TS A0 3 1T 534 o
2 HBRESH
2.1 EIEEYIEEAIHE

5 SR AR B 72 SR BERHA SR 52 ), nE 1A
FIT7, AN A PR e SR A S SSOR AR . - TR

>
-

[ —=— FEEH

| —e— o

—a— PR -
P v S A

| —— AR :

!/
2_4 ________ :

0051152 3 45 6 7 810
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| ez FeRNE
rz Z AT (1:1)
b

JEHE i (mg/mL)

S = N W ENY NN
T

oe}

-

B JFRES B (mg/mL)
o — [\e] w EN W N ~ [oe]

o-TER FERMERE A1)
BT A WmER T L (A) I a-TEN B 7T RIERE S
EATHCRA L (B)

Fig.1 Screening of biological enzymes (A) and comparison of
the effect of a-amylase, chitosanase and composite enzyme (B)
T B PR/ ING P RE R 22 53 B35 P<0.05, 181 2~ 8. K

10, 12 7.

Jif . 5 SR BET T S SR I TR SR T2 4E 2T . S
FRBANA N (A . FERVEREERGf 3 h B, 5250
PR JEOE B ELA B, 3 h Z e TR o-
VERSEFTERA 6 h PN, FERMHA W b R 2 e
it fge sk 0] SE G T4, 6 h Z SR B ks TP 2% .
& 1B s, AHRIES IR T 25 1 (a-TE R i 5 55 5
0T LU R 10 1) 19 il A 508 LY - T8 A Tl 4 v
29.26%, LLFERBEBFE S 91.57%, RILIE a-TEK
it 15 7C SROBH B2 % 11 52 5 Tl Ay 52 SR A 1140 e i A
Wit .

22 BRERIWER

2.2.1 AT AT R S B AR ST SR
LB T PRI TS, 5558 S o-TE AT
IS SRR 5 %) EL I Ol S A5 . An& 2
R, Y o-TER B S FCIRBE RIS 1: 1 B, I JFE &
A B A R, W T A LR AR RO S =
(P<0.05), X GBS N a-TE Ky A LA N D107 X BEHL
VER T FERBE 5 FHE T T 2 /Y p-1,4 PR
SRk, WO TR e ah S i (b 202, Rtk
e a-GERYBEANSEERMHER 1:1 Ml a5 S o
L.

I JFRE A (mg/mL)
s ~ ~ I
W (=) W S
F

W N
W (=]
T T

H

5.0

4:1 3:2 1:1 2:3 1:4
STETELL (a-VERNTHE : FE IR VKT
K2 S5 (o-DE by 72 SR ) 0T i SO 5 B A 52
Fig.2 Effect of composite enzyme ratio (a-amylase: chitosan)
on reducing sugar content

2.2.2 MAFUIRITE NS B R A
ARSI, T AW A2 SR DY 1 A2 M T RE E 52 2R
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B R ZE TR (P<0.05), B 200 W HT, 38 5 A

£ 26 i b ab
c \f\t"c/{

/

0 150 300 450 600
HA IR (W)
K3 A DR R S

Fig.3 Effect of ultrasonic power on reducing sugar content
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IR F R KAE 7.65 mg/mL, @it 200 W &, I8 JFHE &
K. X E Y S S DIER 030, 254 E A
TEAWIE SR, 572 R ARTE W th T P ER A A W 2,
TR T REWT AL, BEE R IE, MR REE 2 B-
L4 BT E S EELS A, MOMTHE S BEEAReR, s mpl &
IR (AT 200 W fa, 4Rz K
HETFE TR, S E R B TR PR T T A AR A i,
ST 23 REATR AR 75 D AE 50 SRMIA W P AL G LA R 0355
AEFE I e PR Xk, s 2sad R S:alias 7T
RN YR ES Y, MTTREAIS T Bl i3 o

2.2.3 S -IMOE TIAL BEASH ] XA R 11 S
ME 4 BT U, 5 53588 75 -1opE T A $EAH L, 48 75 -0
TIALFHRE 24 S JFE 7% 18 (P<0.05), {H AR FA[H]
T 5 min J5, £ A0 BRZH BRSO 9T TC i 2R
(P>0.05), iX S TTEAE W, Bl 5 48 7 Ab FaLAT [A]
FURES, FEIRBE TR s 2 . HE T %, 8L
JEOBEST R0, 2 5 min B S OB S Bk 214 K (HE,
2R 7.45 mg/mL. 1 TR T AR 00 As RN U
BERIMFERBER G AERAEH, X3/ MRS E I
ANEH R, T 5 min J5, FERMA R PR R G4
WD, WA AN TIAA T Z2 0o AR B L1 2k P1, PN 5
BORJFRE S B AU R . HIIRE S min i
AR S TR TIAL BRAH ]

8.0
a

o a
275 lI i A
= 170 /
I %
Nt 1
£ 65
iy
S|

6.0

0 5 10 15 20 25

R - BT BsF[i) (min)
4 Al A R ] X 3 SO S5 S )
Fig.4 Effect of pre-ultrasound-microwave time on reducing
sugar content

2.2.4 WA XIS EORE S B AORE AIE 5 HheT
WL, 75 45~55 C B PN JsObE 5 S 5 i B2 T =y i

8 -

[ )

L b b

-

B JFHE S B (mg/mL)
S w [*)}
.|.
e

w
T

[\

4.5 5.0 5.5 6I0 6I5 7I0
BEEFIRLEE (°C)
P05 MRl RE X SOt 25 i A 2
Fig.5 Effect of enzymatic hydrolysis temperature on reducing
sugar content

B, MR R 55 °C B, oS JFORE S Bk # R R (E
7.12 mg/mL, 24835t 55 °C J7, M S W BE 1R
BE T F e S R (P<0.05) o 33X 48 F T B TR
AR TR B B TR PN A s o o B, At T AR
I SRS G, POTTHE i B sz e . {8 i i
i 55 °C i, B PR T AR 2 UG TR , WA R R
A%, 3 TTF S04 SO 5 BB TR T e SRRk,
WeAfRE 55 °C A BRI o

2.2.5 pH X JEHEE EASZN  pH XA JFObE 5 b
HOSZIR R BUAE PN T T : —J& pH 2352 MR B A Ok
AT i 125, RO 3 PR PO UL A 435 40 5 B0 5 IS 1)
254G 32 BRPT; 02 pH IGE TR A AEnIE U2 R-
NH, 2 R-NH, B,

MIE 6 FrAT L, 2% pH FE 3.8~5.8 B, 52 MHIF
WP iR s S B pH BT TR . 24 pH h
5.8 B &80, 15 7.39 mg/mL, 24 pH 7E 5.4~
5.8 B, i JEUHH S B ARE AN i35 (P>0.05), iX A RES&
F T4 A EA 5 TEiZ 1Y) pH fieid v [, (42 45 il
TEIY pH ¥ [ RE & #4 R 4719 B 08 pH KT 5.8
J&r, WA B S TR (P<0.05) o X TFa R b
TE pH6 LA s rh & T 4R 25 i eI 5 E
ff TTF: B AN TR 430, 5200 T IR B, Bt
FERCRART , 38 JEOPR e BE FEAIRUO . DRI Af & pH Sl
5.8 AL pH.

9
~ 8 a
= a ™
£7 b, == )
ch P \
s c
iz » \
Q15 Vd \
I 4 d/ d
) & -
S| 3l &

2 'l

38 42 46 50 54 58 62
pH

Kl 6 pH X sl & i 152 R
Fig.6 Effect of pH on reducing sugar content

2.2.6 FABEHFGINE XTI R S s YIS
IR B PR AR R, B S o R S RS I 5L O
bbo (HSIEYpHe E— e R, B S AT, e =
ASWITREALS, IE RS I (R AN 2577 R b &
BT

ME 7 BT 0L, S EGER I 0.09%~0.21% [,
A SN 55 5 25 TS 00 4 G T Sk S G (P<
0.05), S/iNf & 0.24% B, 38 JFORE & Bk Bl ok,
Sk 7.12 mg/mL; 2ShN a8 0.24% B, 058 & &
FARLRFFAAE, BHEEE SRS IR 0.24%.
2.2.7 EfFETEIXE A & R sZne Al 8 WIA,
SYHE 1~5 h B ASTE] 9 [ N, B B T] 1 SRS, SR 5
WY W E T (P<0.05) . YREEfE At a8 5 h
J&, B BRI RE R, HH TS & sk LA R 50l



%454 % 17 R I R o A e I Ry e R = M e o i N S B R A T - 195 -
75r a a F 3 RS 4G
P .
S 7.0 . l-) * Table 3 Design and results of the response surface test
Z 65F - .
\%n 6ol p i WY EAmMENE  EEeE SRS R
= ;-" i (c) (%) (h) (mg/mL)
@ 0 / 1 50 021 5 6.89
g 50 i,/ 2 60 0.21 5 6.78
% 45} S 3 50 0.27 5 7.31
a0l U 4 60 0.27 5 7.07
, , , , , , , 5 50 0.24 4 731
0.09 0.12 0.15 0.18 0.21 0.24 0.27 6 60 0.24 4 6.93
KA BERAS I (%) 7 50 0.24 6 7.59
17 2 CrOR AR TR A OB s 024 ‘ T
Fig.7 Effect of composite enzyme addition on reducing 10 55 0:27 4 7..6
sugar content 11 55 0.21 6 7.7
12 55 0.27 6 7.76
8.5r 13 55 0.24 5 8.03
_ 8or 233323 3 14 55 0.24 5 8.08
275 b i 15 55 0.24 5 7.97
ED 7.0 c 16 55 0.24 5 8.01
=5 N 17 55 0.24 5 8.05
&1 6.0F ¥
2t/ 4 Box-Behnken WU J7 225047
R e,
i) SOr & Table 4 ANOVA for response surface model of Box-Behnken
45}
gl v oo KR ER AME By FE PEH BEMN
1 2 3 4 5 6 7 8 9 10 — -
R T (h) T 3.120 9 03470 157.41 <0.0001
NI, . A-RE 0.097 1 0.0968 4391 0.0003
Pl 8 TS s T X 30 LM o 2 114 5 o - o
) ; o ) B-Z4WAINE  0.192 1 0.1922 87.19 <0.0001
Fig.8 Effect of enzymatic hydrolysis time on reducing C-fil 0.289 ! 02888 131.02 <0.0001
sugar content AB 0.004 1 00042 192 02087
AC 0.013 1 00132 600 0.0441
==Y Ny IT=p s =y (S =
I PEREATR, 10 JFORE 3 e AR TC b 2 M 25 57 (P>0.05) - BC 0.042 L 00420 1907  0.0033
IR A A TS SR B AR BT A 5 he A 1.630 1 163 740.79 <0.0001
23 ﬂﬂﬁ.\iﬁ‘ﬂﬂt%%%%ﬁﬁﬁ@li B2 0.649 1 0.6495 294.65 <0.0001
. /. 2
- c 0.032 1 00324 1471 0.0064
2.3.1 MmN IS R 5 07 28T FERR R E SLES Bk % 0.015 7 0.0022
Feml I, i3 Design-Expert 3X1F# Box-Behnken 1 SRAUI 0.009 300029 166 03116
L f L i T R N . . PR
PSS RN T2 BeBO AR A RET 0007 4 00017
gliiR 2 3.14 16

PIA) Tt F T B8 O 5 TG VAR -k R A A 1F 1] Ay 1 A o
(X)), DL S5l 1 (YY) S AHE, SR — PRI —IKF
PRI O TRV AR AT, IS S 2 R L3k 3.

i# 1 Design Expert i1 Mk 44 %) 3% 3 #4045
P47 Z 50 R BIALA, 79 34 2250 R mHH J7 2
Y=8.03-0.1100A+0.1550B+0.1900C—0.0325AB+
0.0575AC—0.1025BC—0.6228 A>—0.3927B>~0.0878C>,,
Box-Behnken 1 [ER T {4 T 2250 Fral SR Lk 4,

e 4 A0, iZBR P<0.0001, 2 1.3 (P<0.01),
g L WA i 3 (P=0.3116>0.05) , #i 7l Je 52 2 %k
R* 2} 0.9951, KIEJEBIARI DUE 2L R, 4 0.9888,
AR ZB(CV) R 0.6253%, [5ME Ll 34.6581, #KHH
AR 5 S FRERERL G R A4T, IR 22/ nlEE M mr
TEZAR IR —YRIFT AL B, C, —IKIT A%, B2, C2, DI K
ZZHIGT AC. BC X i JFOBE 5 52 520 i 25 (P<0.01 5%
P<0.05) ; 45 PRI 220 1A SO0 2 e A 5 i R/ MR R i
fiEEst[E] (C) >4 A A i (B) >R (A) o

2.3.2 mARLESATSOCE IR 9 R, A I EREISE

T N 35 P<0.01; *ly .35 P<0.05.

AR e RN AR B, AT 38 .
A JFH i) o7 T PR A e ey A, B (A 55 il B ]
(C) . EAEFARINE (B) 5B aT b (C) 7 B 2R ] 1Y
e 17 TET [T TP B , 22 WA HLAS B A P i o ads
JERE SR 2. X SRR T R Y A5 T 2557
Hrasi—ak.

T8 Ak e T3 AT T S T SRR I R A R T2
Stk BECEFGSINE 0.2382% . BfRIEIE 53.54 °C.
Wit fif B 8] 5.74 h, SRR TR 0 RO & S P (E
8.08 mg/mL. “ZIESLPREMENTIAT -5 HERE T,
PIRFMAEE D BESBEFEIE 0.24% B 5
53.5 °C. WEf#EFAE 5.7 h, A F AT 3 kL M
IEUESLEG, MIFSA OB & BA 8.10 mg/mL, A AR
125~ 3.89%, 5 HHIE(H 8.08 mg/mL JC b 35 14k 2%
5, BLHHIZAR AR AT F TS SE i s AR v i bl & B
43R T



- 196 - 0 Tl B

2024 4 9 A

IR i (mg/mL)

6.0 g .- 0.27
o 55 > 029 0
5.0 0.24
Ty, 45 02923 @;A‘jﬁ%
Tg) " 40 021 L

MR T it (mg/mL)

0.27

0.26

0.25

B: S AHEAS L (%)
(=)
R

50 52 54 56 58

A FEIREE(°C)

WA i (mg/mL)
6.0

5.5
=
=
&= 5.0
@ .
&2
&}
4.5
4.0 -
50 52 54 56 58 60
A: BB (°C)
R it (mg/mL)
=
=
=
g
&2
&}

4.0-6-
0.21

022 023 024 025
B: EA BRI (%)

PO ML T3S A RIS e 2k 1

Fig.9 Response surface interactions and contour plots

24 FEBEARHIZEIZHES

LIGA JFE S 2 M F8 bR, FRER ST 52 SEREAS [F] 1
FH T 22 W& 10 B, S -k WA FEEE]
A TR A5 5 SRR e, AR s 5 i
BOK VR . 875 PRI | S0 b IR) B 53 St v
T 27.36%. 20.06%. 14.99%. K1, 5HAh 3 FhJy
AR Eb, SR AR - AL BE PR R A2 A Bk ) 4550
SRR B S p ek
2.5 FRUEESREYISR

i it TLC Al HPLC 43 #75¢ SROBE B e =4 vh 4%

PR LH 5y, I 11A B0, -ERELLT 451 R T
IRFR AT URIT, RS H, TR, 43 B
Iy B 11B FEl 11C M5E SRS S FE S HPLC
[, AR R B s 1) ] NS E SRR = ) D A E AR I SR
EE TR S bR SEPUNE . ST RIS SR
B2 a8 75 -1 A PRI [R) 52 A il il #5159 B i 7'e
SN BT R 2~6 B, MARIR A ETESEN .
PIEREI 2 HAP-35)53-F 382k 993.5 Da.
2.6 FEEARIMAELIEMSE

ICs, S VE ARG e T b A AL RE T I 22 4E



3454 5 17

B | A A - TIAL BRI S A TR A T SR T A SO A

<197 -

WIS (mg/mL)

it [ S ¢
FEFHEAIA] i 5 T2 AR

KB
B 10

Fig.10 Comparison of different preparation processes for

chitosan oligosaccharide

A

b, 1C s, BRAIK, R WiZY) bt S LTS PEE R ™
12 A 0, Bifi A 50 SR 0E e B I B i, D ABTS™.
DPPH [ 395 R HE J1 LU R kB Tl I RE 11 143548
e, YA E R E N 1.5 mg/mL B, X ABTS",
DPPH H H1 £ 1975 B %35 99.73%. 88.89%, H: 1Cs,
Sy 504 0127, 0.274 mg/mL, ok T2 B AR il %
FIFESENE= 5H (COS50) 114 1C,, {H(0.90 mg/mL) . #J
HE 114 DA D] 3 A 8 7 - T Ak B IR ) 52 4 it Ak R,
1B W FESENE 2 7E bl SeVUbl . 52 ORISR IE
B RS FLr =ik 8] T 3 b G HEFE SR
SyrFR R BRI AE S E 1.5 mg/mL Bl
BEN I, 9 24.56 mmol/L. IE I i 45 10572 2
PR B P TR AT P

&
Bl
R
&
H
R

—=

Gl

B 350
; 300
i | -
75— - - 250+
ot 52001
' | I Nk
SEPUHE , - F 150
5 TR ‘ 100
DIvaiii 504
s r —_—
A 0 2 4 6 8
. . Vs
Bt R
B 11
Fig.11
100 | == ABTS® p 2 2 ¥
DPPH Ao e abaaz {25
9 22 FRAP 2 Phs s —
s 80r e 2ol PR =
,p{_ . oo ;’91( E Q\ﬁ 120 %
b e 2R B ,§§2 15 8
e~ ) A N e
huc e o ’ Sk" A
H N A ;;% 105
- R =@ X =
7 gg Z \>(§ 15
ik A
0.1 02 04 06 08 1.0 1.2
FEHEHEARE (mg/mL)
K12 SEsEmEASMTE LTS T
Fig.12 In vitro antioxidant activity of chitosan oligosaccharide

3 i

TR Y | A B AR T A R SR A
RE, NI AN P I s 1 R ELBRVE R | 4,
B, P I R TR s e 4. ASBFSE
DASE SR JEDIE, SR FH 7 -l P b B I ) 52 45 G
4 (R SEZEME, 76 2PN ZE IR BER L, it
P AR T 2280, B T 46 7S SEWE AT BT
IR o- SRR SO (1 1) L ) 5 A T,

AR T 2 ECH DY SR 200 W, A THZ 200 W,
HE S A WAL TR ] 5 min. IEWIMEE 1%, pH5.8.

WEBE 53.5 °C. B ABEEINE 0.24%, 1F LS54T il
fitt 5.7 h, I JERHEES EIA B ORAE, 2 8.10 mg/mL, 5

10

SEEEMER A T IR (min)

12 14 16 0 2 4 6 8 10 12 14 16
FESEIRE A VAT ] (min)

FER B ) ShRER 9 TLC(A) & HPLC € (B~C)
TLC (A) and HPLC (B~C) graphs of chitosan enzymatic products and standards

FOSE A2 BOKIRBERTL . 7S 5l B R
T Uk e B i A A 4 i R T 27.36% . 20.06%
14.99%, 4553 17 A7 Bt A, 38 T A2 775808, BEIE
BB RAEIE . Tl e SE I B G B 2~6,
SPEISFEE 993.5 Das RSMIT AL LT R W] e SE
W EL A 4558 00 B A AR TE PE, XF DPPH [ R 3 F
ABTS" [ H JE 1 7 BR 2253 51 =5 15 88.89%., 99.73%,
HIC5, 4309°M 0.274, 0.127 mg/mL. 28 T8 5 ke
JI#E 1.5 mg/mL B S E B R E A 24.56 mmol/L., 7
WFE R] LA FIORAS A 7= oA e A TS P IR IR 52 5%
BEPROERAR S8 B Ve AP I i 22 2k
TR, AR AR A AR AR L A R A
R, AT LA FESEHE B ST o M SR FH R S
Fo FIEBNFEIENEN AN SR G R VA,
PR B — SR A SRR ) 4 s alifb S H DI RETE
AT TARABIFFE o

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE 3k
[1] 338, 2R, B4R, F. 5RO H & AT ATFE
& [J]. A% T kA3, 2024, 45(10): 412-422. [ GUOH Z, L1


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

- 198 - £ Tl B4

20244 9 A

Y S, LI Y C, et al. Research progress on the preparation, purifica-
tion and application of chitooligosaccharides[J]. Science and Tech-
nology of Food Industry, 2024, 45(10): 412—422. ]

(2] £Hea&, ATHH, 29, . 5 508 26 B =T 2 20 &
Sy A g R L e A AR R 547 L], & % T kA3, 2020,
41(5):268-273,327. [JIANG Y J, HE B T, WANG C, et al. Stud-
ies on the regulation effects of chitooligosaccharides compound sol-
id beverage on glyeolipid metabolism disorder of type 2 diabetes
mice[J]. Science and Technology of Food Industry, 2020, 41(5):
268-273,327. ]

[3] WANGY, JI X G, ZHAO M Y, et al. Modulation of trypto-
phan metabolism via AHR-IL22 pathway mediates the alleviation of
DSS-induced colitis by chitooligosaccharides with different degrees
of polymerization[J]. Carbohydrate Polymers, 2023, 319.

[4] KANNAN M, KARTHICK D R, RAMU A G, et al. Chitin,
chitosan and chitooligosaccharides as potential growth promoters
and immunostimulants in aquaculture: A comprehensive review [J].
International Journal of Biological Macromolecules, 2023, 251.

[5] NAVEED M, PHIL L, SOHAIL M, et al. Chitosan oligosac-
charide (cos): An overview[J]. International Journal of Biological
Macromolecules, 2019, 129: 827—-843.

[6] XUE B, WANG Y H, TIAN J L, et al. Effects of chi-
tooligosaccharide-functionalized graphene oxide on stability, simu-
lated digestion, and antioxidant activity of blueberry anthocyanins
[J]. Food Chemistry, 2022, 368: 130648.

(7] 38, R& RME ZFEMGHERL AL FELS
A, 2022,33(10): 267-271. [ GUO M, ZHAO HUA, ZHANG
C Z. Preparation and application of chitosan oligosaccharides[J].
China Food Additives, 2022, 33(10): 267-271. ]

[8] HU G X, LUO F, HAN J, et al. EGCG/HP-3-CD inclusion
complexes integrated into PCL/chitosan oligosaccharide nanofiber
membranes developed by ELS for fruit packaging[J]. Food Hydro-
colloids, 2023, 144: 108992.

[9] XIEP W, LIU P. Formulation of DOX-dimer with bi-function-
alized chitooligosaccharide for tumor-specific self-boosted drug re-
lease and synergistic chemo/chemodynamic therapy[J]. Carbohy-
drate Polymers, 2023, 320: 121210.

[10] YINSL,LIUJ, ZHAO X Z, et al. Chitosan oligosaccharide
attenuates acute kidney injury and renal interstitial fibrosis induced
by ischemia-reperfusion. [J]. Renal Failure, 2023, 45(1): 2238831.
[11] ASHWINI K, AWANISH K. Loading and release of insulin
from chitosan oligosaccharide biopolymeric patch for oromucosal
delivery[J]. Chemical Papers, 2023, 78(4): 2687—2693.

[ 12] PARDESHI S R, MORE M P, PARDESHI C V, et al. Novel
crosslinked nanoparticles of chitosan oligosaccharide and dextran
sulfate for ocular administration of dorzolamide against glaucoma[J].
Journal of Drug Delivery Science and Technology, 2023, 86: 104719.
[13] Tk, 347 E, R, . LR QUFHRBR TR
XK AG Yy W A AR AU [T % 4R, 2023, 44(6):
832-844. [ YUY X, LIJ T, ZHANG Q Q, et al. Exploring the in-
duction mechanism of chitosan oligosaccharide on the cold resis-
tance of rice seedlings by proteomic technology [J]. Journal of Mass
Spectrometry, 2023, 44(6): 832—844. ]

[14] %) &4E, F&HF, KF, . FRE A Tl ko8
BRI R T s ad Boa (1), £ 8 £ 55, 2023, 44(6):
32-37. [LIU ZJ, LIANG G F, ZHANG T, et al. Effects of malic
acid and chitosan oligosaccharides on rumen fermentation character-
istics and methane emission of dairy goats in vitro[J]. Journal of
Domestic Animal Ecolgy, 2023, 44(6): 32-37. ]

[15] WU S J, PAN S K, WANG H B, et al. Preparation of chi-
tooligosaccharides from cicada slough and their antibacterial activi-
ty[J]. International Journal of Biological Macromolecules, 2013, 62:
348-351.
[16] F&, HFE=, F0ME 5. BB GEM o REH &4 2 RE
7% FF 4 (DP=5-7) 89 BF 50 [J]. £ 3 i 3 X 5 4R, 2013, 22(4):
634-640. [JI Z, JAING X Y, LI X Q, et al. Preparation of pen-
tamer-to-heptamer chitooligosaccharides by hydrochloric acidic
degradation of chitosan[J]. Journal of Shanghai Ocean University,
2013,22(4): 634-640. |
[17] £33, AL, A2 F P F CDA B ik ) & A3 = Joak (1], &
oe 5 & B T 9k, 2014,40(11): 127-131. [ DOU Y, HU P H. Ultra-
sound-assisted CDA enzymatic method for preparation of freshwa-
ter crayfish shell chitosan[J]. Food and Fermentation Industries,
2014,40(11): 127-131. ]
[ 18 ] SAFINA V R, MELENTIEV A I, GALIMZIANOVA N F, et
al. Efficiency of chitosan depolymerization by microbial chitinases
and chitosanases with respect to the antimicrobial activity of gener-
ated chitooligomers[J]. Applied Biochemistry and Microbiology,
2021, 57: 626—635.
[19] R, K3 Z. JHRAExRABE R EARACT]. £
T A3, 2018,39(7): 126-131. [ WU J F, ZHANG L Y. Opti-
mization of enzymatic hydrolysis conditions of high concentration
solution of chitosan[J]. Science and Technology of Food Industry,
2018,39(7): 126-131. |
[20] THE, B#F, kb, I AR *m L& HHR T
TEABAREHART]. A& A5, 2004(11): 126-131. [ DING
LJ,ZHOU Y F, ZHANG LL. Study on the processing and its tech-
nique parameters of custard apple juice with compound pectinase
[J]. Food Science, 2004(11): 126—131. ]
[21] @A #, AEF, Suker, F. R T o RAE M A6 5685 7
FAE %] A& T kA, 2013, 34(5): 172-176. [ YAN
H J, HU Z P, HAN X H, et al. Screening of complex enzymes pro-
duction strain for chitosan degradation[J]. Science and Technology
of Food Industry, 2013, 34(5): 172-176. ]
(22 ] fTar &, RSk, HABA o RAB EMAERA L] 2
5 MU, 2007(3):32-35. [HE X Y, XIA W S. Studies on enzy-
matic hydrolysis of chitosan[J]. Food & Machinery,2007(3):
32-35.]
(23] ZAH0%, B3k, Ahdy, 5. o0 5 @ s RAC N 4 9 R R B 5] 46
AR T[] A e Tk A, 2018,39(20): 146-150. [ MA
D D,MAY, BAIY, et al. Optimization of microwave assisted enzy-
matic preparation process of chitooligosaccharides by response sur-
face method [J]. Science and Technology of Food Industry, 2018, 39
(20): 146-150. ]
[24] XU XY, DENG G F, LI X, et al. Extraction, structural, and
antioxidant properties of oligosaccharides hydrolyzed from panax
notoginseng by ultrasonic-assisted fenton degradation[J]. Interna-
tional Journal of Molecular Sciences, 2023, 24(5): 4506.
[25] #Kexdy, ZORIE, R A8 5 ROk R P L B T S 484
PRI 2 e AT 5 (7], 3 T kA, 2017, 38,(21): 229-
232. [ ZHANG H F, WU C H, CHEN Y. Study on the functional
activity and optimization of ultrasonic microwave assisted extrac-
tion technology of polysaccharides from Umbilicaria esculentalJ].
Science and Technology of Food Industry,2017,38,(21):229—
232. ]
[26] 22&, 38, BRIk, F KRG ECEBHNER L NS
o & 347 A oA 0], R e T kA3, 2013, 34(15): 281-283,288.
[ ZHU Y X, LI H, CHEN L H, et al. Preparation and the chromato-


https://doi.org/10.1016/j.ijbiomac.2019.01.192
https://doi.org/10.1016/j.ijbiomac.2019.01.192
https://doi.org/10.1016/j.foodhyd.2023.108992
https://doi.org/10.1016/j.foodhyd.2023.108992
https://doi.org/10.1016/j.foodhyd.2023.108992
https://doi.org/10.1016/j.carbpol.2023.121210
https://doi.org/10.1016/j.carbpol.2023.121210
https://doi.org/10.1080/0886022X.2023.2238831
https://doi.org/10.1016/j.jddst.2023.104719
https://doi.org/10.7538/zpxb.2023.0033
https://doi.org/10.7538/zpxb.2023.0033
https://doi.org/10.7538/zpxb.2023.0033
https://doi.org/10.1016/j.ijbiomac.2013.09.042
https://doi.org/10.1134/S0003683821050124
https://doi.org/10.3321/j.issn:1002-6630.2004.11.026
https://doi.org/10.3321/j.issn:1002-6630.2004.11.026
https://doi.org/10.3969/j.issn.1003-5788.2007.03.008
https://doi.org/10.3969/j.issn.1003-5788.2007.03.008
https://doi.org/10.3969/j.issn.1003-5788.2007.03.008
https://doi.org/10.3390/ijms24054506
https://doi.org/10.3390/ijms24054506

%454 5 17

B | A A - TIAL BRI S A TR A T SR T A SO A - 199 -

graphic behavior analysis of low degree polymerization of chi-
tooligosaccharides components [J]. Science and Technology of Food
Industry, 2013, 34(15): 281-283,288. |
[27] Fm, FRA, 4%, F FRASTRSIFRZEMGRA R
BALE Z FAFAI]. & b5 R Bk, 2023,49(24): 193-197.
[ LUO W, HUANG X Y, ZHONG P, et al. Study on the antibacteri-
al and antioxidant activities of shrimp-derived chitosan oligosaccha-
rides with different molecular weights[J]. Food and Fermentation
Industries, 2023, 49(24): 193-197. ]
(28] WBT, BRIk, & #Ah, . 7oA oo RABBE K A4 M09
HEEHESAT]. P EBEFRFFROERAFMR), 2013, 43
(2):23-27. [YANG G N, CHEN L H, ZENG Y W, et al, Charac-
terization of chitooligosaccharides and chintosan hydrolysates with
thin layer chromatography[J]. Journal of Ocean University of Chi-
na, 2013, 43(2): 23-27. ]
[29] Zm, L), REE F 2HEMMRREERLEFLALR
FACE AT (], B R 5 I A, 2021,42(2): 109-115. [ LI
P, MA J, ZHANG H Z, et al. Study on ultra-high pressure-assisted
extraction of anthocyanins from mulberry and its antioxidant activi-
ty [J]. Food Research and Development, 2021, 42(2): 109-115. ]
[30 ] JENSON G, DAVID E, SHARON P, et al. Evaluation of an-
tioxidant capacity (abts and cuprac) and total phenolic content
(folin-ciocalteu) assays of selected fruit, vegetables, and spices[J].
International Journal of Food Science, 2022, 2022: 2581470.
[31] &), %% 5, bk, & LEMEH&MT T LK
S AT U], R BB R 5 A4, 2022,43(7): 82-88. [ MA J, LU
G Y, CHEN Z L, et al. Optimization of enzymatic preparation tech-
nology for bayberry juice production [J]. Food Research and Devel-
opment, 2022, 43(7): 82—88. ]
[32] #47, KER, TIRT, F. AR KRB0 L5855 5 457
% I, A5, 2012, 34(2): 125-128,136. [ XIE H F, ZHANG
CR,JIAZY, etal. Study on the preparation of oligomeric chitosan
by complex enzyme method[J]. Chemical Reagents, 2012, 34(2):
125-128,136.
[33 ] Ko, BRAK, T 4R, AR /5 4 4 B T oo SR 0 T 72 (0.
& F A S 5 £42,2004(1):221-223. [ ZHANG F, YIN J
M, DING L J. Study on the degradation of chitosan with H,O, un-
der the ultrasonic[J]. Macromolecular Materials and Engineering,
2004(1):221-223. ]
[34] 3R RIS HEAL 5 T o) e MR 12 AALIE AR 52 (D). AL
M. @iz K4, 2013, [ ZHANG L F. The study on path and mecha-
nism of orientation degradation of pectin polysaccharide with ultra-
sound [D]. Hangzhou: Zhejiang University, 2013. ]
[35] FRAndh. B R Ao JR M AT B 7 e % vl ) 0 3 3R
(J]. £ 45 # 5, 2020,45(9): 78-80. [ CHEN J M. Teaching and
discussion on the influencing factors of enzyme concentration and

substrate concentration on enzyme activity[J]. Biology Teaching,

2020,45(9): 78-80. ]
[36] Zaude, skiEn, 7L 236, 5. MRS 24 i) & IR AE
I E A [T]. & oe A+ 5 ,2019,40(18):287-294. [ WU S H,
ZHANG Z H, FAN Y Y, et al. Optimization of preparation of
oligosaccharides by enzymatic hydrolysis of pea fiber powder[J].
Food Science, 2019, 40(18): 287-294. ]
[37] FMESE, KA A, E2W. 8 FRILBRE L1 R85 IHE
AL BB JE pH xR B B Be E S 6% [J]. & e T kA, 2014,
35(1):144-149. [SUN Z P, ZHANG L L, WANG Y T. Amylase
from Lactobacillus paracasei L1: Optimization of its fermentation
condition and reaction temperature and pH[J]. Science and Technol-
ogy of Food Industry, 2014, 35(1): 144—149. ]
[38] 3 &, Tikk, #2090, F. ANE G 8-SR K5 &85
F & w R4 U] F B ki, 2012,31(2): 150-152. [CAIG Z,
WANG X L, HAN M X, et al. Preparation of low molecular weight
chitosans by papain-H,0,[J]. China Brewing, 2012,31(2): 150~
152.]
(39 ] #tads, AT 8, B S, 3. o R 6Y 2 MRAT A B 21 e A
TR (7). F B AR, 2014,33(11): 641-648,689. [ YANG
JJ, HU G M, XIANG H X, et al. Progress in the research of chi-
tosan dissolution behavior and its fibers[J]. Progress in Chinese Ma-
terials Sciences, 2014, 33(11): 641-648,689. ]
[40] . BEMEHEREZEHN ST EAE I A CEHHLEL
BF5e [D]. &, X T K%, 2012, [ HUR. Study on produc-
tion process of chitosan oligosaccharides with specific weight-aver-
age and narrow MWD by enzymatic hydrolysis[D]. Wuhan: Wuhan
University of Technology, 2012. ]
[41] F 2, 25, F, 5. A0 BENF AR 5 5 B
IEHARFREU]. BB L T4, 2020,41(24): 79-85. [ LUO
L X, JAING Q, LI X, et al. Study on technique of compound en-
zyme extraction of tea polyphenols from tieguanyin tea stalks[J].
Food Research and Development, 2020, 41(24): 79-85. ]
[42] BOATH A S, STEWART D, MCDOUGALL G J. Berry
components inhibit alpha-glucosidase in vitro: Synergies between
acarbose and polyphenols from black currant and rowanberry [J].
Food Chemistry, 2012, 135(3): 929-936.
[43] Fme A, BBk, RER, F. ARE G B &R A ER
&R T LA ] A F A& E,2022,39(1): 104-109.
[HUANG X Y, BI S'Y, QU J H, et al. Process optimization of
preparation of antioxidant chitooligosaccharides by papain[J]. Jour-
nal of Biology, 2022, 39(1): 104-109. ]
[ 44 ] X%, b &4, A% R AR ¢ R4 (DP=6-8) 89 ) & A J 4k
SPRAAMFERARL ] MEEFREXFFRARAAFR),
2023,44(1):87-92. [LIU Y, ZHONG Z M, ZHAO Z H. Prepara-
tion of chito-oligosaccharides (DP=6-8) and its antioxidant activi-
ties in vitro[J]. Journal of Tnner Mongolia Agricultural University
(Natural Science Edition), 2023, 44(1): 87-92. ]


https://doi.org/10.12161/j.issn.1005-6521.2022.07.012
https://doi.org/10.12161/j.issn.1005-6521.2022.07.012
https://doi.org/10.12161/j.issn.1005-6521.2022.07.012
https://doi.org/10.12161/j.issn.1005-6521.2022.07.012
https://doi.org/10.3321/j.issn:1000-7555.2004.01.058
https://doi.org/10.3321/j.issn:1000-7555.2004.01.058
https://doi.org/10.3969/j.issn.1004-7549.2020.09.033
https://doi.org/10.3969/j.issn.1004-7549.2020.09.033
https://doi.org/10.7506/spkx1002-6630-20181015-140
https://doi.org/10.7506/spkx1002-6630-20181015-140
https://doi.org/10.1016/j.foodchem.2012.06.065

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 壳寡糖的制备
	1.2.2 适宜生物酶的筛选
	1.2.3 单因素实验设计
	1.2.4 响应面试验设计
	1.2.5 DNS法测定还原糖含量
	1.2.6 乙酰丙酮法测定壳寡糖分子量
	1.2.7 TLC分析壳聚糖酶解物的组成
	1.2.8 HPLC检测壳聚糖酶解物的组成
	1.2.9 体外抗氧化能力的测定
	1.2.9.1 DPPH自由基清除能力的测定
	1.2.9.2 ABTS+自由基清除能力的测定
	1.2.9.3 铁离子还原能力的测定

	1.2.10 验证试验

	1.3 数据处理

	2 结果与分析
	2.1 最适生物酶的筛选
	2.2 单因素实验结果
	2.2.1 复合酶比例对还原糖含量的影响
	2.2.2 超声功率对还原糖含量的影响
	2.2.3 超声-微波预处理时间对还原糖含量的影响
	2.2.4 酶解温度对还原糖含量的影响
	2.2.5 pH对还原糖含量的影响
	2.2.6 复合酶添加量对还原糖含量的影响
	2.2.7 酶解时间对还原糖含量的影响

	2.3 响应面法优化壳聚糖酶解工艺
	2.3.1 响应面试验结果与方差分析
	2.3.2 响应面分析与优化

	2.4 壳寡糖不同制备工艺比较分析
	2.5 壳聚糖酶解产物分析
	2.6 壳寡糖体外抗氧化活性

	3 结论
	参考文献

