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Abstract: [Objective] This study aims to construct chitosan and chitin-based carriers with hierarchical porous
lamellar structures, systematically evaluate the immobilization effects of these carriers for Pseudomonas
fluorescens lipase (PFL) and the performance of the immobilized enzyme in catalyzing the hydrolysis of fish oil.
[Method] Chitin/chitosan were modified via the sol-gel method to prepare the carriers for the binding with free
PFL. The enzymatic properties of the immobilized PFL were then evaluated, and then analysed the hydrolysate

composition of anchovy oil catalyzed by the immobilized PFL. [Result] The modified carriers exhibited lamellar
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structures with abundant free amino groups on the surface, which facilitated covalent immobilization of the
enzyme. The chitosan-based carrier achieved the immobilization efficiency of 89.26%, the enzyme loading of
2.21 g/mg, and the PFL enzyme activity of 221.33 U/mg (2.54 folds that of the free enzyme). The chitin-based
carrier showed the immobilization efficiency of 71.62%, the enzyme loading of 1.84 g/mg, and the PFL enzyme
activity of 185.34 U/mg (2.12 folds that of the free enzyme). The chitosan and chitin-immobilized PFL exhibited
optimal catalytic activity at 55 °C and pH 8.0, along with significant tolerance to organic solvents such as
methanol, ethanol, and glycerol and storage stability. After 11 days of storage at 4 °C, the enzyme activity reached
115.11 U/mg and 91.43 U/mg, respectively. In the hydrolysis of anchovy oil, the hydrolysis degrees of the
chitosan and chitin-immobilized PFL were 23.1% and 19.7%, respectively. The proportions of EPA and DHA in
the chitosan-immobilized PFL increased to 25.34% and 18.51%, respectively, while the proportions of EPA and
DHA in the chitin-immobilized PFL increased to 25.96% and 18.89%, respectively. [Conclusion] This study
demonstrates the potential of hierarchical chitosan and chitin-based carriers in enhancing the catalytic

performance of lipase and provides a theoretical basis and practical support for the development of immobilized

enzymatic systems for the efficient enrichment of w-3 fatty acids from deep-sea fish oils.
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¢ e 18 BB T I T B (PFL) & — 280 B Tl
IS FH A 8 1R 7K A T 5 7E fE YR A0SR T R T AR 4 S il
(28 7=, 8 S g i T T g B AR K
fif FEN . PFL = 4 45 0 38 % AL & — AN H o 08 e A
B T B 2H BRI A% o0 5 R 3, DA R — A 5 9 PR 0
1 55 25 A6 3, 3 P AR 1Y) 45 0 T T % AL
() sn-1,3 17 2 14 A fb ko ™. (B, Ui B PFL
R EER ERMAEES S, FRILN A
5% PR, T X e Bk g m O [ S R B A Sk L
SE A4 Bl B AR G K il e TR R AT 2 R
T (0 £ VR AE 55 i, (H 8 ) 2R Ak PR R Clnl
bb 2% T RROR FL A3 45 M 45 ) 2 B S IR 1 B 3
REMAAYERE . SR, A% G0 [E & b 5 0E I8 A7
TE B % = B B A BOCRAR R BV iR A
PR &5 1) R, DAL O O R AIG A A 844 B3R 2% 307 1 [ e
b ns BB s & . HET, kT G i B
[E] 7 0 A I F A2 2 55 S LA R (N K SR
EWIHE) S5 HHMEGERN R R RS
O ORBE T B SE R VSRR X R RAR
AR LA RRAR AR B R 1Y) AR T A
A W R PR L TE B R ELWE B B S R D 9 S
s E B 1R Y s b e I E Ak R R 5 T AT s
IREN,

R m e IR TAERNE - RKRRAZHE,
J& N- £ B -D- 7] %] BE g B oo il o B-(1, 4) -4k
EBEARMEEREDY . REAFRENEWE
ZM %, PR A A8 R AR B AR R A S

H 58 R A 45 & i i 2807, Zhang 25 ] K 4R
76 2 e ) 2% rh 2 bR K AL 34 [ e A g
Wy , B 3% /1 795 140 U/mg, & A 703 F 0] &
2.8 g/mg. WAL, IR T H 72 R WA 1) R R 2
TR E SRR, B & E R s (o
BN FEA Rt — DRI E AR
A 7755 7 TH IS N T3 I A B B e A
FH B4k 2 22 1 25 7 S B v 2 90 2 MR s g 4 T g
{7 i S

H A, o8 ok AR = 0 -3 2 4 1 0 g
97 1% Cw-3 PUFAD B8 F= 40 B T 4% 32 1 3 5078, 4
MM, = B M R (EPAD A =+ 5 N i TR
(DHA) I & & Jo i 2 W 2% & 10 75 3K, D8 4 o]
a3 0 1 A0 E B PR IR 0 Y EPA/DHA 2 B i
1 b 5 R 2 A A A s R g K L
202 MK e L v R B I R R 2% A, B i R A
7R AR T A R P A B 2 A ) R T R K TR
2R A R AN 32 3 i R PR B R L A A A o B
BER T EM . KR fh 5% 5 2 5 EPA/DHA &
&= R I EPA/DHA L« R 4 1Y ] RF 22 5 5t
AH X BAK 75 G KU BN @-3 PUFA HifF 53 431 35k
Ml EE DR, kEFERHKERESE
5 8 A TG DT e 4 B T R v ) e D R 4H R
FLAr R RN i R o5 LA 50% LA B, B AN g
[l B2 (MUFA) (5 tb 4 24.67%~33.51% , 2 AL A g
i iR (PUFA) /5 E6 4 26.89%~36.15%

S N AN TS TR S NG N (S E R N



Vol. 45 No. 1 WiEaE: ETREE PERRFNICCREMEEHEEE KR EKBIEERAR

RE LA S B PFL 1 ey 20 07 38K, 38k g 2 1 Joid 4K 5T
oM 2R R T B 2 fk PRL A8 46 M B8 (10 &2 0, 5F 2 A
[ 7€ £k PFL {4 7K fif XU £ 0l () 3 A s %2 o At
FRENT T R R AR B M OB R E AN
[ 72 A4 Wi A 2 00 6 7 L B2 4 T SR g, W O T R
gt v A B R R R Al RS I T2 R AR R
SCHE

1 ME5J%

1.1 MR 5

52 o BB A b i kiR -80 A A AL B SR
ENN AR AN RN T e N = R A
W HER . R FEO R ER . A O
S TR A R R R TR T L 4- Y R R O o TR N
A-Til F R BE TR TG 40 BE ORI HORE TR IS \4-h 2R K
HE A 5250 IR T R 4 R 2%k A IR R IR L 4 ik R R
K7 HE % & (pNPP) JPFL(75 U/mg) : b i 3 78 b A= 4k,
BG4 A IR A 7 5 1 mol/L & b e 5 7 - 20 B
ali, b 508 v R A PR 7 KR o A Al 4
W2 CR B EWARAERAF .

1.2 UHES5EE

15 7 2 85 JEOL 7610F Y, £ Kk i#%
CIE 5O R BR 2 =) g4y 2w s Bk AR 4o
4h 1% 4% : Thermo Scientific Nicolet iS50 A , 7§ Bk
K R CEEOACER & 7 s B R AL : Multiskan FC 2,
FEER MR C MO A R s T 1ML : LGI-12F
ok R EMEEARAR ;& NAKE O
HL: H2050R B, 38 1 v AR A7 PR 7] 5 4 A e
50 PR 3 1 £ 2% : DF-101S Y, 3] 5§ 7 A6 X 2%
FA WA
1.3 7k
1.3.1 mRE.FwF BRI H &

% # Zhang 2™ 1) 7 3 98 RS A& o, B2
m(NaOH) :m(JR %) :m(H,0)=8:4:88 {1 ¥A i , 4>
B3 g7 B R EMAN 97 g LR IEW,
TE-20 °C 4111 5 R 45 ok, vk 2 b Ak BT R 2 4 B

FRME R R RIS A G HIRGS HE
R AL P B A UL SE AT VA B4 R R Y 203 %
VIR R R

HY 100 g A7 i N 1 g i 36 -80 , 78 UK i3 4% 14
AN 3 N T B A R
3 ho f£25°C.5000 r/min 2514 FFH £ & F/KEH O,

25 45 1 N I ik ik 5 kiR -80, AR R K &
B % 25 B 45 4 P9 S AT IR e i, o S PR 25
B KR L DUBR £ AR BT K B W8 DT TE I
R R T IRAT B 52 R bE VST RABUA .
132 B RAPFL# % &4 %

¥ 4 mg PFL.1 g #4& 0 %) 10 mL 1) PBS &
W (pH=8.0) /1, 7E UK & 2 1 F Bt £ 2 h, i 4 45
WG T 4 °CHt & ik . [# % b 45 3 J5 H PBS 42 oy
TR VR DT UE 34k, BE R AR R B T A i
PFL, i £ We ¢ th 1 B35 9, H BCA 77 &l e |
TV ) E 5 R R R e e A R .

FREC1.3.1 il 15 89 # i 0.05 g 22 2 mL PBS
22 P ¥(0.05 mol/L .pH=8.0) 1, i1 A\ 200 pL
PFL(1 mg/mL), 7E UK¥# %A T T 100 r/min I & $ii
3 h, %% )5 F 5 000 r/min & 0> 5 min. BT 5T 3E B
4 [E 7€ 46 PFL, f& B E3E W, FH PBS % v WA U
] 7€ 46 PFL 3 X, AR TB Ve I P A 3B W . 3 il e
AR ERE, @SR O FHLE R,

moy—m;
Q:

% 100% (D

my

A
O— [ B, %
my— A0 EE 5 IR B, pg/mL;
m—— FIE W& B E WK, pg/mL.

B & 4 PFL &9 B & 7/ 0 2
JIE 105 16 7K fiff 4T 25 2% 10 Ao AR R IR 2 7 2B R B
B IRy, o0F A B R By ZE B A T BB . BRI,
Fr Wl 410 nm 4 RO FE SR A v i 23 W e sk
i 255 2R oy 1) A< B 3 I 5 0% 70 - I DT I 1) T 9 )
BT T8 SUONRE 43 Bl K A 4~ 3 R Ty A R IR T R T
1 wmol X i 5 2K Iy i 7 1 B B . AR (2D 1
S 7 .

R—iXIOO"/ (2)
F 0

1.33

A

R Bt 7 ETCE, % s

[— [ 32 A6 Bl 19 B 3% 77, U/mg s

F—ift &5 g 1 B85 /7, U/mg.
1.3.4 B 2 L PFL 89 1# fL 4% 1%

8 HH 1.3.3 UGS Il 5E 773, 43 Ant 52 JEpE
70 2 B [E 2 A0 PFL (1) 55038 I B A pH i el e e P
JE AR S M A LRI 52 1 35 5 R 1t g AT B AT

143



144

Journal of Food Science and Biotechnology

1) 5 I& i B2 A0 pH = 8 52 FEBE L H 7 | A ik
[l %€ 1k PFL 4 5l B T 35.45.55.65.75 °C [ /K
W, BL & pH 43 3~ 6.0~8.5 (PBS)  9.0~10.0
(Gly-NaOH) 1) &2 i % Wi, 4% HR 1.3.3 19 J7 5l
5E B 77 o

2)fift RS E M < K 58 TR L R e 3R B [ e A
PFL & T 4 °C ™ fiff s, ¥ 18 1.3.3 B 3% 7 0l 5€ 77 %
6% 24 h il € — KB 77, R 98 14 d 9 1 B )
Bk

30 WU R B2 € P < A2 S AR & A gl i N
T2 BN 5% 10%25% 50% ) A HL Ik 771
B M =B IE T BE IR O ke D,
1.3.3 1977 0 52 B & 77 o

4) IRV RE S M < 0 BB BE G FE 4 i 4.8 10,
12,1416 18 [P % 4 K= 2K Wy 6 R B 72 [ € € PFL
X AN [7] JE& 4 F Al 2 12

5O EE R - 15 I8 1.3.3 1 5 900 58 S T,
K 70 B BE L W 5 R Bk [ € 1k PFL H PBS 42 i ¥
W B 5 AT I E
1.3.5 B ZAPFLAERRE & ih K fiE

R A 2 BH A5 7 v 9 R A& 2, F PFL K
filt R o K S g RUR il BT R b R R 4
BN & 4y B 5% 1) 5 SR B W 5 & I 2 6 PFL AN
5~20 mL % % #h 2% pP ¥ W CHH 0.2 mol/L Na,HPO, 5
0.3 mol/L NaH,PO, i & i it , pH 5.5~8.0) , & T #f /)
R PR 28, 7E 100~300 r/min<30~45 °C %k 14 K /K
fif 8 ho FREL 0.2 g A2 il /K B, i 5 mL B /K &
fE- BRI (ORES QBRI R 1:2) Vi 1~2
T Wy BRAE SN FE 7= 7, R 20, A1 0.1 mol/L /) NaOH ¥
T R DA RS N A €5 H 30 s A BB R N
T E 2T AT 3 AT I E o 3 R AR (3D T B K
i £

_ 56.1 xcxV (1)
mx0.25x% 187

qrr:

D—— KR JE
56.1——KOH [ /R Jii & , g/mol;

c NaOH ¥ i # & , mol/L;
V——NaOH ¥ A, mL;
m—7kﬁ§?ﬁﬁ%,g:
0.25——JH A 75 7K 0 A 1 o L

187—— RV £y (1) 2 A AH , mg/g.

BE3I0H 20265 1 A | ER5EYBARFER

K AR i BE A9 $2 R

TE KSR NN 2 mL JE /K 2B 2% 1k e N,
Z NN 0.1 mol/L ] NaOH & ¥ 7 F1 i &5 Jig iy
FR , AR I K 8 FE TF BFT 75 NaOH W W HI R AR . 2
J& Fl Tk A IE O be A BUK g H B, T 45 °C i %
ARCBARRTHREMEIEAN G, T 4°CTHEH
A7 -

137 (EMEL5FH*

AR MR nf AR M 4 4 ok i (Fourier
transform infrared, FTIR) 43 #7 #£ % B 68 H 1) )
T, B RE U BE F 5 KBr 5 & o 10200 i
TR A R B JE #EAT I, DL KBr fE S = [ X
M, 7E 4 000~500 cm ' U F Y0 [ 4 BT R T
H e FA214k .

FH 41 4 HE ¥ 2 7 B% (scanning electron microscope ,
SEM) £ 2 000~20 000 ¥ 5 K %5 %~ W 8 A 6] 4%
P40 B S R A R T S

A5 FH A S 2 A b () O Dy fH A O D 18 o
1.3.8 PFL K ## KR % i B 13 H i B5 69 5 B 8% 40 A%,

5T

D FE i BB AL - 78 0 FREL 0.2 g #F 4 T 25 mL
B2, N 3 mL KOH-H B R % 5 B
F 50 °CHEFE 30 min, B A I & . KR L
oW B =R, [ I 2 mL kR, IR,
FE 2 min 5, BUH FIEW. W BEEWPIIAE &R
(0 TG 7K B B N, A B R ¥ BE LI 8, 7E 4 °C T AR
17 Lt GC-MS 73 #

2)GC-MS 7 #r 6 BN ZR | J1 542 kPa,
P A O 42 31.5 cm/s, SUFL R 41.7 mL/min, {4
B AR & 0.7 mL/min; 23 9 77 2UE R AR REL 5001,
HEFEE 1 uLo #FFE DR B 250 °C, FID A I 2% I
FE 250 °C . o i A 58 T 130 °C f£ ¥ 5 min, R J5
P 4 °C/min J} & 240 °C , £ £ 30 min, B £ 4 §T 5
B o K GC-MS i 1% 45 & Jig 07 1R W 1 VR 4 A
T ORI T R 3R AT R T B E RE R RE
I W B PR 0, H T AR — ik AT B &
CASTH I 50 e T ), DA o2 4% B i 07 B8 1 5 B o
1.4 HESHH

ARG ELRTIR, ERRRNTY
B 45 #E 22, 5K ] Origin 2024 3347 $0 38 20 #7 .

1.3.6



Vol. 45 No. 1

2 AR5
21 ZERE BRRHAKEE K PFL R EE KEEH
T SRAFAE
AR (1) 45 A6 R AIE AR T T i T I 1 [ e AL
JC N E L, A SEM XY 5% M B 5E | B AT
5 b . W 1Ca)~(b) o, B 72 2 Fl 55 5 b
B BE R AR WA X A W 1Ce)~(D s, il %
) 72 2R AR RN 28 3 i 2 T Ak 1 52 SR R 3 Ak 2 B

4 T
(e) FE BB 1A [ 2 (L PFL

WiEaE: ETREE PERRFNICCREMEEHEEE KR EKBIEERAR

AR Z S . teAh, AR AT 1A
[F 7 2% 1) o5 140 1 R A i 28 A 18 2 T K0 0 X
LR JZ HE B S50 A RIVE IR RRALE , B4R 52 B
A2 i A0 IE AR B T 350, 3K b £ 4 T 3 800 — S F) T Y
MR T HA RIS RSS2
J2 G K, AT BG OR BRI B R AR B A A T 52 T
PFL [ 5 48 1 B , 38 1 7 7 B 25 (10 37 125 45 A ok ik
— BB SR A PRL IR M RE 5™ B 1(e)~(D)
it 7, PRL A7 28] 38 T Bk 2R i

(d) P EH Ik

() F 78 2 AR 52t PFL

B 1 EARM A A B R AR 4 4R 89 SEM 5 AT

Fig. 1

BB T E SN, LEA R R EIRERN
WAL B, OD.yo {8 2 9\ A4 b 8 57 b #E il 28, F T
JE [ 8 AR . M2k 77 7% 8 »=0.010 6x+0.150 8,
R*=0.990 4. 5% JWH F AR 1 [ € 16 2% N 89.26% ,

SEM analysis of morphological features of carrier materials and immobilized enzyme

W35 719 221.33 U/mg, G H1 80 &y 2.21 g/mg;
7o BRI T RN 71.62%, B S J1 A
185.34 U/mg, i 1 &N 1.84 g/mg. 2R & R4y
HrR] g, 28 ot Ak B S IR 5 SRR LR O B BRI

145



146

Journal of Food Science and Biotechnology

JZ % FL85 # A R F PFL 1 6k, AT g 18 5 [
1k PFL H M fE
22 REE REZHMAREEE W PFLAKE

zE

% I Dwivedee 2" [f) PFL Jif & W 21 4h ok 3%
g AT EE L o BT PFL Ak 22 45 0, 45 R WL K 2.
3 700~3 100 cm ' [a] B W Wi i 55 OH 1 1if 47 % 2))
A%, I M AU SR . 8 o) bR e f T S
3700~3 100 cm™ 2 [A] S 3 7 (1) A2 4k , 75 28 3 [ 7 4k
Ab PR G, B2 R I RR AR U 3 5, 3R B 22 0 Ak R S 1) 5 R
B 5T R AR O—H Hom 3 I, AT B A SR K
YRR, HAZ AT 8K PFL HE4T 1 & 2 4L , R
UESE T PFL 20 8 58 4k J5 1) R AR G453 21 [ 52 FRAT

] 52 A B AR AE 2 915 em ' 4k B C—H i1 47 4R
BN REAE I WAL 06, 12 U SR A ML A A 2 K e 2
S T RE A1) 10 R AE 06 I SR R B 48 R C—H 45
P 5e 8 . (H15 7 = I /2, Dwivedee 251 PFL i
Bl ) A % AR W, T PRL 42 3 [ i Ak A PR S, 1k
REAIE U B R 9 59 HL 2 E 2k, R B PFL I R i 12
MRS HAERERFESS, FEEA C—HIED)
FoW BB mEM SR RAEERE. X—MRAT

24
2.0 ) N
7 SR AR 1] 52 ALPF
16k
e
12+

O 1 1 1 1 1 1 ]
4000 3500 3000 2500 2000 1500 1000 500
WeH/em!
(a) SR BEH A [ 52 /L PFL

BE3I0H 20265 1 A | ER5EYBARFER

VB 3844 Th R A0 AS 1 B2 T A ) [ 28K 1 00 B S itk 2
WE

M 16701635 cm ' P3[4 1% 7 o] A A2 ik 2
Ik Jie C = O A 48 9% 20y 7= A= 10 Bk Jie 1ty 5 L Ak %) 4R AiE
U 2% B PEL 388 it A7) B4 B s A &5 & 8] e 78 3R
Eo gk BN H R RN IR E G A AR T B
A e B2, X U T e A 5 e R O B
SORLIE 1 o 9K 58 TR R 5 I R 3L BE R ol o i B
BU I AT AH B H A (0 A BV R R R B R g .
15901 558 cm'" ¥ 7 4iE 5 M J& - Wk fie st ax
51670 cm b UESL R UL B | PFL AR 1E, &5 &
W 5> HTUE B, PFL © i Ph [ 5 T 7¢ B 52 |
K E.

] 52 AL EARTE 109041 068 cm ™ Ab A& I 1) 1
W U T B A e BB L H A R B ) T R BN B
C—O—CHRah, Ul I E AR Be A Z R M B, B
T LA 55 5 B8 A A 2 1 o e L ] R T R 0
B, R 10 2 [ € 45 1 2t B A T8 & B bk 5 2
BRI A A . OISR AE 2 915 em AL A U
I PR R ST e, 3k — 2D g WY AR B A e R ik B
BN B R L A HLE .

24r
20F
1.6} FH5E 2 B4 2 L RFL
i /’\M
§1'2 M r/\l\/\
08k
\/ A «/"/\ /\/
04k

0

4000 3500 3000 2500 2000 1500 1000 500
W Bem™!

(b) F5EFE A 7 LPFL

B2 RAE.TF v & BARM AL B 2 ALPFL 891 2 ot F 3 4 50 S0 % B

Fig. 2 Fourier transform infrared spectra of chitosan and chitin carrier materials and their immobilized PFL
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Table 1 Composition and proportions of major fatty acids in anchovy oil before and after hydrolysis
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