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fitf (6 000 U/mg) , 4 i i (500 U/mg) . B8 i B (100
U/mg), Abat P Bk RHE A PR A A 5 AR il
(250 U/mg) (2T 4E 2 i (3 U/mg) MM (N- 2 Tt
D-Z R &R L R ERHARAF LT
EHE (DP 1-6), 5 BRI EYFHHA RA
Al s EEFREN , ThermoFisher 23 @) ; & A L8N, Alfa
Aesar 3 H]
12 UFH5EE
KV E IR AR 3% 2% (SHA=C) , & M [ AL %5 i

WA RA A AT WArECEE T (721G) , gL 43
BrAX 5 A7 BR 22 7l 5 B X (Tanon 4600SF) , b 505
S A M HORAT B B 5 i R R B O HL (Eppen-
dorf AG 22331 Hamburg), %[ Eppendorf 23 7 ;
B {0 % 4% (1CS5000) , ThermoFisher 23 7] ; & MY
(UGC-24M) , /1 JRFHEATBR2Y 7]
1.3 WA =E
1.3.1 JUT B sreab 3 Sy 7o LT B R
fift %, ASBEFERT R A AL LT BT, BV BRJLT O
(Raw chitin,RC) , 73l #4788 0k # (Ultra—micro
grinding, UMG) . & & ¥4 it (High—pressure homoge-
nization, HPH) - F1# 8 B 5 — i Tk 42 it (UMG -
HPH) Bk & 4b 2
13.1.1 JLT BRE O R B 2352 g RC
BN 2 AW I h L UEAT UMG AR, 553 1400
r/min, B[] 30 min, 15 28 508 #% JL T 5 (Ultra—
micro grinding chitin, UMGC), W J& g K AfF 5 |
W ERA RC T WA P S min,
1.3.1.2 JUT Bry s R BAR B K RC B ik
B (30 g/L), #E 47 HPH Ab B | K 71 40 MPa, i}
] 10 min, W & 24 BT /5 10 8 M, B W R TR,
1525 =¥ LT BT (High—pressure  homogeniza-
tion chitin, HPHC) ,
1.3.1.3  JLT 5 A9 e SO B R g e 249 i Bk 5 Ak 2

B5EH RC HEAT UMG AR BE () 1.3.1.1 49) 8% )m
A5 21 UMGC FE il i B i (30 g/L) , P 3
HEAT HPH AR BE (1F] 1.3.1.2 79, W AR 3 5T 5 1 &
MO, LSV R TR A9 3 Ok B — i T 2 B L
T 5 (Ultra—micro grinding—high—pressure homoge-
nization chitin, UMG-HPHC)
132 DNSEMAJFERE &S 2% F UM Ik
22l N- LW —D—28 5L %5 B (NAG) i ith &,

EIR S N- 2 B —D— 52 5 7 2 0 60 s v iy
2R (B 1) R 5 R

y=0.2237x-0.0072 (1)

K y— W (A i) , a——N-L BE-D—
ﬁ%%%ﬁﬁ%mg(mgm[‘)o

A7 DU s o ) 8 TR % o

)5BS i (mg/mlL)=
P45 G o SR £ .
TSI L <8 B 9 1R
(mL) (2)
1.3.3 B LT 0 A Al 5 vk g R A i e DA
RC W) (50 mg/mL), 73 & A1 35 & AL 8 8 A
ity JR AR U RN I 2F A R - TE A
SRR g IG5 1 T /K Y 4% K (180 v/min ) it 2
h, {8 R DNS 32 10 it A 368 v 1) 30 R ™ o, 7 AR
5V 0 AR SR AN ER 1 R

0.400
~ 0350
E 0.300F
L S 0250f
*_3:( 50 o200k $=0.2237x-0.0072
= 2 o150l R=0.9992
=
S 0.100f
=
<< 0.050}
0.000 : L : !
.0 0.5 1.0 1.5 2.0
(0.050)L
Reducing sugar content/mg-mL™"
Bl 1 NAG Ky #RfE #h 2
Fig.1 The standard curve of NAG
F1 7THIEFSEEHFIBEREILT REEERG
Table 1 Enzymatic hydrolysis conditions of chitin
by 7 non-specific enzymes
3F 4 5F Bl A B EIC pH 1&
A& a i 37 2.0
MR E & B 37 8.0
RN G B 50 7.0
o o % B 50 5.0
- B B 50 7.0
RIR B 50 7.0
fig i Bl 50 4.0
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HPHC F1 UMG-HPHC , Z % FAR I J5 3 6 )L
TR b B P09 (50 mg/mLL,pH 7.0) ., HX
| mL Y%, A 1 mL A JREE (A (10
mg/mL) , F/K IR (37 °C, 180 r/min) H L I 210
min, JZW 45 H 5, Z 3k 20 min, 12 000 r/min &L
2 min, [ABFRATXT IR, 0] 1 mL I W OmA
1 mL 190 5% K06 09 AR AR B R, A Ak 3 )
o fJE R DNS 3200 i A ) 34 DR
==

1.3.5  ACJIER P i R A io vk LT J5 A s 2 25 A
fk

1.3.5.1  AKJREE AR FF i UMG-HPHC 1) 538
MR EE I K UMG-HPHC Al A Wi B2 A 48—
PP R 2% WPV (0.2 mol/L, pH 7.0) H | I il 5 e
YA (50 mg/mL) . B 1 mL FEH W, T 1 mL
AN R W (10 mg/mL) , F 7K ¥ 4 PR (180 1/
min) "N 2 b AR SN IR 430 £ 40,45,50),
55,60 °C, SV 25 5 e D o i Aot i v 3 JEm 5
1.3.5.2 AR F [ F% fift UMG-HPHC 1 4538 2
N pH E I E 43 51K A A BT i UMG-HPHC n
AR pH B R & A — 7 45 1R 28 v i 1 (0.2
mol/L,pH 4.0,5.0,6.0,7.0,8.0) H | it #1 )i i ¥ 1%
(50 mg/mL), BU1 mL JEYIER, MA 1 mL A
JIEE B 7 (10 mg/mL) , T /K8 K (50 °C, 180
v/min) RN 2 b, S 45 B I A R A T
U Vi1

1.3.5.3  ARJRNE F [l F% fift UMG-HPHC 1 4538 Jin
il 50 2 % UMG-HPHC hin A B 2 & — fh -7
R 2% vh ¥ M (0.2 mol/L, pH 7.0) H , it il 1 e 9
V(50 mg/mLL) i I 1 AS ) Joi 2 vk B A R R
% W (5,10,15,20,25 mg/mL) , U 1 mL Ji§
VIR, oy BN 1 mL A ) 5 v B B T TR
TFIK I HE R (50 °C, 180 r/min) W S IV 2 h, 2 I 45
R 0 i T A U B

1.3.5.4  KRJKNE F B R i UMG-HPHC 1) £z id B
[0 5 K UMG-HPHC i A B R & — 8 -7 15
1% 2% W% (0.2 mol/L,pH 7.0) Ffr | 2 il Jii JFE ¥ 5
W (50 mg/mL) , B 5 in A A A B (10 mg/
mL) KA R & KRR IR (50 °C, 180 r/min) i #F
FFRBE, 20 5T 2,6,10,14,18 h BUEE 1 ¥k, 0
55 TR DN Tl A R T 3 R i

1.3.6 JLT gl == 2ot W22
B2 LT SE0E 2 B8 R — Rk, o B RUR A
HILGF T H AR R, 58K UMG-HPHC fin
AR A -7 R 2% % W (0.2 mol/L, pH
7.0) B i BRJES % (50 mg/mLL) , Bl AR
JIVER B W (10 mg/mL) B R R B T KRB IR
(50 °C, 180 r/min) H1 i 1 h, K i &0 J5 15 5 il
il WL, 275 XSO O vk HEAT i SL AR AR WU A7 T
5 wL SEETREE M GF254 |, PAETEE:K: 24
BR=2:1:1(VIVIV) RHREFFH], LL 0.2%El = £, B
Syl ) FERLULT SR (RGN 1~6) FrifE
an VRS IR

1.3.7  JLT oG B i 7= 4 b SERE L o e
UMG-HPHC 5 A 1 B 7F e A 45 14 g A 14
h 5,4 Sevage ¥k KFBRIFEH A, G T, 58JLT
SEWRLA X FE AT B 15 4 b, 0 2 el 7 )
SR 1 2 R LG

1.3.7.1  FRufEW A B FARIE S 2228 1-7 B
TC ] B ER MR AR ME VRS R, SRS SRR B 1 3 ROKRS 5 TiC
il 1 mg/L bR AES

1.3.7.2 HERHES KEWE 5 mg FEME TLH
A S mL K IR BETR AT, M 100 L fn A
900 pl £ # 7K, 12 000 r/min &> 5 min, B
HEAT B T a5 4T

1.3.7.3 3% Jrik %4 : DionexCarbopacTM-
PA200 (3 mmx150 mm); i zh4H:A:H,0,B:130
mmol/L.  NaOH,C:65 mmol/LL NaOH & 1025
mmol/L. NaOAC; ¥ # :0.3 mL/min; 3F ¥ & .25
L A 30 C; A5 - FL A S A I 5

1.3.8 b B 32 Excel 2019 #F47 54 4k
B “aas" KR ;12 ] Origin 2018 22 & 5
JH SPSS 20.0 fif 22 5 Wk F E 43#7 , P < 0.05 2y 22 5+
BE, ARG ES 3 AL,

2 HERS5HM
2.1 RTEERILT Ba) 35 5 1% B 57 B 075 1%
7 FhARRR VR R RC RO b JRURE & B4R
s 2 frs
Bl 2a g £5 BB 7 AR 7 R AR R
B fit RC i A8 J5UbE & & o AT U A
TR Bl % RC % 728 10 JWE 1Y) RE ) fie5it e
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Reducing sugar content/mg-ml™

() B FE I ) 077 30 JEURE 75 42

i

O

Reducing sugar content/mg-mL™
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(b)%F 100 JT 1 B A RC A8 SRS 7 i

TE ¢ P A ) 5 B e 7 45 Ak B ) 22 e 35 (P<0.05), T 1]

2 AEIFEHREMmERE RC HEEN
Fig.2 The ability of different non-specific enzymes to degrade RC

BB ST AN, B R 53K ) 70.16 mg/
mL, P W AR IR F1 AR A B R 19 RC FEARGE T
2b " BE 100 JCREEREfE RC I R ™= &, Ho
100 JT 1Y AR 1B R A RC R I8 TR 5 1t A
1,18 17.54 mg/mL, 85 R R 7E 7 FhERRe 7 0%
fife b, AR F RS AN (B A o 10 B A% RC Y
RE 7, AL LA f i I 6 B3 B T8 A VR
Hiff 3 ZAE H T GleNAc Ml GleN 2 [1] o4 B 5 | It
Lo (SO I s s a5 R 197 M sl % - =W
fit RC 205w iy B A O HLiZ g B Fe e T 4r
M ks AR S5 e P TR I BB R B R AT 5 20
22 AREMENLTRMARECBREMEE DN
=AU

TR LT BT R O A | R
R W W — o 3 I el e A 3 AR 5 AR IR 1
it 43 530 X AS TR A9 2 PEJL T R (UMGC HPHC A
UMG-HPHC ) #E A7 B, LIRS JLT B (RC) N
XoF BRI il A P 3 DR B A DA SRR A
RVEA AR, PP AR IR RO AS [ et LT R
) % % e

SRWE 3 FrR, ARJNE FIBGREAE 4 FOLT
J Je B3 SR 2 R UMG-HPHC (93.67 mg/
mL)>HPHC(89.39 mg/mL)>UMGC (88.83 mg/ml.)>
RC (87.62 mg/mL), AN E B i UMG—
HPHC HPHC 1 UMGC 4 if J5 # 7= & tb X} 1]
(RC) ##/ 7T 6.05,1.77,1.21 mg/mlL, 25 £,
UMG Fll HPH i Ak 236 A I 25 14 8l i JL T I
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2k
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Reducing sugar content/mg-mL™
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RC UMGC HPHC
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B3 ARNEEAEBEBRARLELTRNERERERE
Fig.3 The reduction sugar content of different

pretreatment chitin degraded by papain

HARWAERH, H UMG 1l HPH B A 4b #1455 5
T AP Ak B 2R () LT 5 AR i SR T

2.3 ARINEAMHEMRLT RN RN EERK
231 O i BE AR IR R f# UMG-HPHC
SE IR A IR 1 6T ek B2 179 A Ak L 3 UK 7
AT F5c 3 BN Y B B T e B
ol T A S T R, A JTCEE 1 Rl A R R
I, AW G T AN R TR R 4T
UMG-HPHC 1B it g 1 , LA 1) 34 SRR 7= ik
VERITEE a5, 25 R K 4 iR,

e pH 5.0 500 T, Bl 45 i B T | 3 JROpE
ISR IS AR, MR A E] 50 CHY,
M JEORE ) B fe e, 35 73.59 mg/mL, PRI, AR
P17t UMG-HPHC A9 fe3l iR % 0 50 °C,

232 N pH {E X AR # R UMG -
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HPHC W52 76 AR pH B~ A K& 1 B R
UMG-HPHC., il 15 Bl ff J %) 34 SO 5 1, 45 SR 5
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Reducing sugar content/mg-mL™"
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i
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B4 AEEETAKREAREMEHB UMG-HPHC
TEEESE

Fig.4 Reducing sugar content of UMG-HPHC degraded

by papain in different temperatures

pH EDXT il 1% M 19 52 AR K, 2 SR A W 7
M. — 5 R LT T B &I AR
JE X, B R-NH, A1 R—-NH;*, M\ T 5 il i 5 i 420 17
Shfy s Oy — 7 T 3R ) TS R A LA
ORI A 1 ik B, BRI P 0 25 6 1 A%, DT
[ (I e L = N A N S hE A D N I I &
B F A IVEE 11 %t UMG-HPHC BIfE )1, LA
fiff S 0 38 SR = A N PR R A, SR AE S
B o

£ pH {E7E 4.0~8.0 JWH W, i 5 48 & = Bl &

pH B34 i 22 5 T 55 I g B AR B 3 7€ pH 7.0
B, 340 JORH o 38 B i K fH, X 68.28 mg/mLL, AR
JNEE IR AE R 9 el pH R 7.0,
2.3.3 i xR R F g R i UMG-HPHC 1
i 72 UMG-HPHC 43 51 ES A ) & () AR
M, DA R RS S i, S5 NIE 6
Fis

LT R Y B — i, BEE AN (i
V0 BG40 TSR B i i, AR 24
it 1 3 10 me/mlL 225, 38 JEOBE & 2 0 38 s R
A TR
2.3.4  AJNE AR F UMG-HPHC 1) 5 b i 2

PRIEA [R] s g sf [a], AR 1 i X UMG-HPHC
1) % A B 7, 6 A () B TRD JBORE | 3000 2 7= 4y v 19 3

FoR .

80 -
70 -
60 -
50 -
40 -

30

B JEURE i

Reducing sugar content/mg-mL™
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6 7
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T
.
o

B 5 AE pHETAKEBHEMEE UMG-HPHC &
ERESE
Fig.5 Reducing sugar content of UMG-HPHC degraded
by papain at different pH value
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Reducing sugar content/mg-mL™

2 L L L L A
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Jin il
The amount of enzyme added/mg-ml™"
B 6 AREAMENAKNERHEMEE UMG-HPHC &
Fig.6 Reducing sugar content of UMG-HPHC

degraded by papain with different mass concentration

JRBE S i, R R N R R A, S5 SR an A 7 By
i—\‘o

Bifi 5 52 07 B B B S K, 3 TR B4 2 i S W 1
T, 14 h 2 )5 38 J5OE F= e AR PR RN A, R
14 h I A TIVER, A A R e s oz 3k 21 74l R b ke
P& 14 h AE R de AR B A ]
24 AKRZEAEBHN UMG-HPHC HBE& & 7= 4>
#r

¥ UMG-HPHC F A I EE il Bl f% 1 h, HUG
R AT AT S5 SR AN 8 TR
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Reducing sugar content/mg-mL™
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B7 KRNZEAMKEE UMG-HPHC SEHH
FEEESETL
Fig.7 The changes in reducing sugar content during
papain degradation of UMG-HPHC

3 o 0 A VS S T LA W &, TE K #
B 97 46 B BE (LI 1 h) 7242 T (GleNAc)s., (Gle-
NAc)4. (GleNAc)s Fil (GleNAc)q, 7 B A I 1 i
T 52 g %3 3 JH T UMG-HPHC 43 74 1) 8-
1, 4-WEH B 25 LT SR

Y B 14 h )5 097 kAT 8 1 60 0 B, IR
GES T 5 TL T SERE I 4L B e i), 4 S an &
9 Fin . ZBEMR Y LT S 2B AN
GleNAc Hl (GleNAc),, [t 5 ¢ B2 735 0 :22.26 mg/
mL F1 58.75 mg/mL.,

A SCHRHIE , FE B R A LT B R v Bl

GlcNAc
(GleNAc),
(GleNAc);
(GleNAc),

(GleNAc)s

(GleNAc)g

FRAE R

B 8

B8 AREHABEEN UMG-HPHC K& fE =4 &9
HERE
Fig.8 The thin-layer chromatography diagram of enzymatic
hydrolysis products of UMG-HPHC by papain

B IE] S K, BT P= AR B LT SE MR ) 38 A 5 3 Wi ko
i, 456K 8 MIE 9 I, ABFSE 4R 5 SCik
[26]—%K .

3 HFig

ARG 8 3 7 A AR S Y 7 E K R
JIVER A A fe s LT TR A E 71, i L
Y ks A% R, 2 AF 5 S Wt f A Y B 4 5 B S 1E
3R TR TAR LT B, I AR (A X H i
Fikesf, kB UMG-HPHC Tl kb ¥ 20 /9 JL T i [
AR e, IESE UMG Al HPH BB A Ak LR AT 3

50 FEHE #45 [(FERA] EHERAT ED_1
1 - 19 - 3.084
200+
O 1504
3
= g 2 - 28k - 3.567
=2
gq:vj 1001 (3- 38 - 4.525
14 - 4¥% - 5.967
7 - 7% - 30,592
50 558 _féﬁm -13.675
T i T T
0 T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 700 750
I (]
Time/min

(a) 2228 1-7 Fibwife it (385 1
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1100, B FEHE #51 [FEIR 5] 3004 X ¥ ED_1
100.0 4 2- 2% - 3.584
87.5
75.04

&}

2 B-3.117

> <18 -3,

= % e2s]
E 2

%

= 5004
375
25.0
100— T T T T T T

0.0 10.0 20.0 30.0 40.0 50.0 60.0 700 750
P[]
Time/min
(b)FE it 35 2]

B9 EBESYNETFEILZE
Fig.9 lon chromatography of enzymatic hydrolysis products

[Fi) i fige A A T, ek 7 JL T s i PR e, AT i JL T
T R A% . B SE I — 2 DL SR ™ o R PEAR
T br, XA JNEE M % UMG-HPHC 1) 4% 1 i
e Rtk 15 20 i AE i R 250 IR 50
°C,pH 7.0, B ¥ 10 mg/mL, i [&] 14 h, H-i# 1
TLC &5 3R 5 2k 52 R VAR 1A Bl v] L) i i 22 B
1,4 B R A5 LT S0 0, T8+ (g 2 i
TR 14 h B, K AA GleNAe F1 (Gle-
NAc),, J5i 5 % B 43 51 R 22.26 mg/mL 1 58.75 mg/
mL, S22 ABIESE R JLT SE MR A HE — 20 ] & 5 0
FHER A 7 LAl 50 A0l 0y ik

& £ x #t
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Degradation Capacity of Non-specific Enzyme for Modified Chitin and Product Analysis

Liu Yang', Guo Mingzhu', Shi Wenqi®’, Yin Zhaoyang', Sang Yaxin', Sun Jilu"
(“College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebei
“College of Food Science and Technology, Hebei Normal University of Science & Technology, Changli 066600, Hebei)

Abstract Natural chitin has the characteristics of high molecular weight, high crystallinity and difficult enzymatic hy-
drolysis, which greatly limits its development and application. In order to improve the utilization rate of chitin, commer-
cial non-specific enzymes with high degradation ability and good economic benefits were screened in this study, and
their enzymatic hydrolysis effects on chitin after three modification methods (ultra—micro grinding, high—pressure homoge-
nization, ultra—micro grinding—high—pressure homogenization) were evaluated. Determine the best modification method, op-
timize enzymatic hydrolysis process and analyze enzymatic hydrolysis products. The results showed that among the seven
non—specific enzymes, papain had the highest chitin degradation ability and the lowest cost. The combined pretreatment
of ultra—micro grinding and high —pressure homogenization method made chitin have higher degradability, the optimum
conditions for degradation of chitin by papain were temperature 50 °C, pH 7.0, enzyme mass concentration 10 mg/mlL,
time 14 h. The results of thin layer chromatography showed that (GleNAc); ¢ four degrees of polymerization of chitin
oligosaccharides were produced at the initial stage of enzymatic hydrolysis (1 h), which preliminarily proved that papain
could break the B-1,4 glycosidic bond of chitin; the results of ion chromatography analysis showed that only GlcNAc
and (GlcNAc), were found in the enzymolysis products after enzymolysis equilibrium (14 h), and the mass concentrations
were 22.26 mg/ml and 58.75 mg/mL, respectively.

Keywords papain; chitin; ultra—micro grinding; high—pressure homogenization; chitin oligosaccharides



