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Y e BUE Y . Lindeman SF™HY A5 R AA & —
FRE M NS/, vl DL i i 4 7% B8 Fn bk
A BE L EF ARG L, BORTENG 152530t AT,
ZEET AA JFC MR AR WSk EEM, B
YEA N I M AR TE AR TP RFSE AA X% AR ik
PIAFIVEN . B A Ry —FoE e s WA X A )
FEIE 20 AERE ) N TR E R R B DL
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1 MBRERE
1.1 #R5iF
111 SE5eshiy MEMEBE S fa, Wil K% PP
NEFEH
.12 K5 BRI (9% B AR 52.64% .DHA
14.8% EPA 22.5% 250 mg/kg i & , Hf 30%~
65% I N Wi B JEWERR 45 & Y, IR AL L . 20%)iF
BIRE R 34% 1T R AN 46% 08 F R AR , 1L
RBERRAY AR AT WBEIE CRAKRE,>
90% ) , b5 22 so pRAE AL RHEE AT BR 2 A 72 B, b
SRR A B 2 ) 5 AU 1 3R 8 B kG 2
b2 A BR S | oK o, B 25 8 Ak F i 0 A
PR 7] 5 pH=7.4 1 R 15 28 vh i (i i iR — &0
TR S M Ak IR B I AR ) , DA G2 v
TRC 50 2ok B BT R T AR AR R B A RS A G
IKBRER AN P ORI R BRI, [ 24
R WAL= R A R A 5 1E O ke [ 26 =99% ,
FAMAETE (GO KM ], &l 2 o bbb RHE A
BN W) 5 M08 B0 4 (30 ku) , WL 0 45 BB
AR U TR (AA ), 13 B T 350 28 A
BE A1 R G B FE I (0.05%7 3 F1 0.0029% V. 1 3k
W) Al vk VR R R A T AR, TR
1.2 UE5EE

AL204 B F K (0.1 mg), HFRFEI—FCH
(Metter Toledo) /N w5 G J1 4 FE#% R 75 20 i Ay i

B, T P8 2 AR MR A BR A /] s BECKMAN 2 7
BELOHL, € E N 58 2N\ F) s Zetasizer Nano ZS90 44
AKALEE AL, 5 [E Malven 2 w6l 5pH 11, % £ mettler—
toledo FLH £/ 7] ; 7890A HU S AH (i AL (Ffk 4k
Ja B T Ak 2% ), 3 E Agilent /A F) ;Zetasizer
Nano ZS90 20 KKLBEAYL , 5 [E Malven /A Fl
1.3 BBR&HSEIZ

SR FH TR BB 3 10— 75 125 1) 5 ol A THh 499 DK g T
A PR B — o S5 S ) R I L B | R i A
AR A 40 mL JC/K C B R 340 1 i i
1R2) 15~30 min, B 2R A 5], 78 5% 78 K AL 55
CHEIRK B IEZE 2 L RER R Se 5, B &R
o — 2R8I F— & &t pH 7.4 MBERR AL 22 v
WKE, RHEIRZ) 30 min, F 8 30 min §HE, B AL
BESAR . SR Je FH R 7 I 40 A R AL A Dk v R
8 min (7 M) N 4 75 TR 70%~80% ) , TE
BN KPR A

190 1) 76 T WH WM B T il ZE VR )
V4TI I A 4 G R K B AR LA 106 A AR L i o
FIFE R AP 7 MR WO, IRBEIR AT, R E 30
min, FHFEHZ54, 1 mol/L HCI Al 1 mol/L
NaOH 77 pH {HZ 5.5, SRJ5 IR 40 MR i bl
HE 2 min(60% 8 75 T3 )
1.4 MEERLEREHEIZ

iz ] Design Expert %11 BBD i 55, H O
It 5 1B T e o 2 22 Ll (X)) | O B R 5 O e o
Z (X)) T BB B 8 (X)) 3R E LU
JO AR A2 R A 23 SRy i S, 3 A DT A R R
SHE e T 3 A P E L RGE H L4
O B N : JIEL ] = e 1, P BN B MR =20 1, 52 3R
BT 1 53 40=0.1% , SR 5 6 B0 DR 3R 5206 1 S ly | o
E X 03K R 3:1,4:1,5:1,X, 19 3 K
H18:1,20:1,22:1,X; 9 3 NAKFEH0.1%),
0.2%,0.3% , FH (-1,0,1) 4 f , X 5 5 bR fH a3 1
i, BBD iR 1 S g R 2 Jion it 4f Stk
1107 225301 Ja , B B 1A T W el A 4G, R
(1) ik Z 5 2l g J R AR e R &
IR
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15 AEBRFSHRISE AU HEIET
R T A FIE BB L IR A A7 00 R AR
i AT AU 1 5C SROBH — Wl MR 3ok 44 K i o (kL 4 7
WIER 0 (A&HM),1:100,1:125,1:150,1¢
200,1:250,1:300,1:350,1:400,1:450 (5 iR ik
APRFLLL ) ELBURS BEor 4L . 4 0 A 0 7 1o () 3] 3k
7~9 hpf I R LEEHL N A% 10 41, B4 60 SR,
3 96 FLAR T, 1 L 1 ARG I A GE B IR IR
K (250 wL), Mk 24 hpf FEEGAERR 1 d id 5645 IR

414 R IR 76 35 3% 7~9 hpf B, 5 B 3% W 6L 3
mmol/L [ NG BERCI WL, T 7 1 h J& , P9I I i 20
RGO FE RS, SO0 AL 3 4L 3% 37 AR 6 B[R]
A 3 mmol/L TN Js Bk Fiie V5 ¥ FH IO A Joi 4 7 e A% 5k
(0,1:400,1:350,1:300) MG, EHE
24 hpf, K BRXTREZH AT 4 20 b i IR G B | Tk 2~
3K, BRJE KT IR W A IR IG K — B 3R B 72
hpf,

% 1 BBD iR i&iTERKTEREHD

JIEV I A 1 23, R0 o o P e A R AT 2, VRS Table 1 Factor levels and coding of BBD experimental
U B BE L IR IG o3 0 IR (IR IR 55 R0 o o B & k¥
PR R T M 2 L BT v i 3 R A R i T 1A -1 0 1
AbFRALIL 5 4 B BOE 3 44T, B AT 50 PPL:CL X 31 41 5:1
KRG | PPL:KO X, 18:1 20:1 22:1
BT — B IR, Jpopz  EREA L0l 0203
PRI — AR IR AR R AN SRS
*2 BBDRWi&ITRHELR
Table 2 Design and results of BBD experimental
28 7] X,(PPL:CL) X,(PPL:KO) Xy( 5 RAE IR Z 55 #/%) Y, (#4%/d-nm) Yo (3 &/%)
1 4:1(0) 20:1 (0) 0.2 (0) 156.2 92.87
2 3:1(-1) 22:1 (1) 0.2 (0) 158 99.12
3 5:1 (1) 18:1 (-1) 0.2 (0) 271.9 86.52
4 4:1 (0) 22:1 (1) 0.3 (0) 164.2 98.94
5 4:1 (0) 20:1 (0) 0.2 (0) 158.7 91.59
6 3:1 (-1) 20:1 (0) 0.3 (0) 155.1 99.12
7 3:1 (-1) 20:1 (0) 0.1 (0) 332 93.93
8 5:1 (1) 20:1 (0) 0.3 (0) 152 99.12
9 3:1 (1) 18:1 (-1) 0.2 (0) 229.2 93.10
10 4:1 (0) 18:1 (-1) 0.3 (0) 209.7 91.39
1 5:1 (1) 22:1 (1) 0.2 (0) 161.9 94.11
12 5:1 (1) 20:1 (0) 0.1 (0) 189.3 93.07
13 4:1(0) 18:1 (-1) 0.1 (0) 163.7 84.87
14 4:1 (0) 20:1 (0) 0.2 (0) 219.6 97.84
15 4:1 (0) 22:1 (1) 0.1 (0) 126.4 87.13

1.6 4£KEZFHXIERUE

M 24 h FFIRBE LW AR B i 8 0 R WP
R ARG 5 RIKK & AERK R FHCIE
1.6.1 HAFEiEsh A 24 h PG, B4 24 BUIR
i, TER SR T OINA d IR FE 30 s W H &
8 B UREL, B 24 h EIE % 1K, WEEE 72 h,
1.6.2 % H 48 h s, B4 30 MR AG , 7F
B BB LI R IG 15 s WY (D Bk

BO) ARG TE T2 h FEULEE 1K,

1.6.3 EmiR [ 24 h FFih, WL ANC % 5 4 BE
DRI IEAE 0L, & 24 hids® 1 IR EE] 72 h,
X ECE AT G o0 BT

1.6.4 S#fER {24 h 4R, WL AIC % A 4 BT
o fa IR JG 1 AL B, B 24 hoid sk 1 I E B 72
h, B ECE HEAT S 14T

1.6.5 %5 KKK mommib=5 5 Kk, H
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3 A JBE )RR T SR S 1 £ VR i R I 7 A X
BT T LI AR R A IR, 22 5 T PR e S
PRI (mm ) o A [] ¥ JBE 2 OGS AL A P s T i 4
A 18 ZR At MR AR AT BOF SR AR
A 5 R,
1.7 St

FH SPSS B 368 Kt BE A7 J7 22 73 M A1 ik 3 1k
o HT,

2 HRESMH

2.1 MR ERL S

2,11 LURLAR Sk i 3oy B (%) o 1o AR A2 SR R
ki REC EMER I A R WoR, B RE R
F(P<0.01), AU (P=0.0722) A I 35, F WAL A
HiB R G ELRLY, MEXRE R =
0.9913, 1 B X 55 25 R v 99.13% 1 55 Rl 5 155 A4
rF R T B X N, G B B AR =, L OE R AL RyP=
0.9758, FWIH 2.42%M 748 AN G FHZ B A &
BRI . 38 FH 5 22 43 A XA R 5 R 116 s FH A R A7

PIA 45 S AIE B A R LG B TR0 B O A R A
JEIE A, C.V.(Z 5 R ) =4.52% , ZH B L Y]
TR0 B &5 SR AT S

23 AR (1 R (R A AR B A 5 O
135 B Tl A il B (X)) R 7 SR T 0 40 B8 (X5 ) X i T
AT A28 1 4 M R0 448 38 3 (P<0.01) , T B9 5 Jig i
[ b (X, ) % I T A A28 ) 6 P R AS 8 5 5 B
5 i I T 2 LU (X ) L B9 Bl ol A 9l L (X,) R 52 3R
8 I B 4 B (X)W R 0 P {E AR/ T 0.05, H
Hh 78 BME T 0 B (X)W R I PAE /T 0.01,
B BF T o 1 1 P gl T80 A B A R R
BiAe 5 N EREC 7 e A OCHE,  RAS [RDRC e 25 7
—EFEEE LS MR RN Wl IR L
T AR B R e SR T B 0 B BB 8 X AR R/ 1
BRI, 5T OB T A A B (X)) — R 0] T R
$(43.05) 7 3 AR — 0l 5 R B0 B
& I AE 50 B o ROME T 43 B8 (X)) ) g i
RS S N,

®3 ERE-BITHMAKERELEDHEENEE ZRREEZES R

Table 3 Response surface fitting quadratic coefficient significance test of the size

of chitosan—krill oil nanoliposomes conjugate

I E KRR P T Fe df EsR F1a P14 Prob > F
B 4232141 9 4702.38 63.65 0.0001%*%*
X,-PPL:CL 177.66 1 177.66 2.40 0.1817
X,—PPL:KO 1981.35 1 1981.35 26.82 0.0035%*
X;—CH% 14 826.42 1 14 826.42 200.68 <0.0001#*%*
X xX, 1239.04 1 1239.04 16.77 0.0094**
X xX5 6 699.42 1 6 699.42 90.68 0.0002**
XoxX5 1 085.70 1 1085.70 14.70 0.0122%*
X2 1151.32 1 1151.32 15.58 0.0109%*
X7 702.31 1 702.31 9.51 0.0274*
X3 14 277.29 1 14 277.29 193.25 <0.0001%*%*
& E 369.40 5 73.88
K R 351.40 3 117.13 13.01 0.0722
RE 18.01 2 9.00

sk P<0.001, **. P<0.01,* P<0.05,

R4 ERVE-BHARH AR R IR RN E R B T =S

Table 4 Analysis of variance of quadratic model of response surface experiment for the size

of chitosan—krill oil nanoliposomes conjugate

X A ¥ 3 R
AR £ 8.60 EE X 0.9913
A 190.26 kB A 0.9758
T &% 4.52 A% F BN AL 0.8674
M K £ F T A 5 662.87 B3 27.541
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Fig.1 3D surface plots and contour plots of interaction effect on the size of chitosan—krill oil nanoliposomes conjugate
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2.1.2 LA Ay ) 1R A e O TG AR 5 5R A
Jo A 5 2R R T A IR G R R XA R P<
0.01, BAAHFE R W3 R0 B 2 (P=0.9096) , &
WA A 500 25 R A U5 B LB . AHOC R BT R?
=0.9534, Ui AEE 25 R 95.34% 1 L PR A 5 15
Y e S50 — B, OCHR BEAR &, B IE R B Ry’ =
0.8694 , % B 13.06% 1 75 5 AN fig iz 158 28 2 i B
iz 5 22 5 Brox O Bl A R T ITAN 25 3 E
RGBT, WO BT R B R RS A, C.
V(A5 5 2 80)=0.47%, 2 EH A% B 1 45 1
AT EEE

25 b AR ) Ty AR LA R R 2 T R 5

B4 i LT 2 L (X)) | Bl s Wl R il LE (X)) R 52 2R
W BT 2 3 B0 (X5 ) W i B 4R 0 3 3 1 2 P 800 AN
X2 R X2 B P<0.01, 3¢ B X i 1 4% S5 A iy o
ROV AR Sl 2 S SR B 0 R () B IR X
M 7 P9 A T 00 AN J 3 ) ok R SR o
25 AR EL T EL AR DGR Y, R AN T A TR LA
SAE— EREE F R AR A AR, B A [
Ll WA AR i L N 5 SN BT 43 B RE 1 X 40
RN AR R LS I, 5T R A A (X ) Y
— YR I[E]H ZR 8L (0.39) 7E 3 A B ZE 10— Uk 30 [E] 1
(X ) XoF M SO L D55 M0 e K

x5 ZRE-BTHAKERGEXEYVEHENEE REZBEZ SR

Table 5 Response surface fitting quadratic coefficient significance test of the encapsulation efficiency

of chitosan—krill oil nanoliposomes conjugate

7 E kR T 75 Fm df ¥ 7 FA1a P14 Prob > F
AEA 20.94 9 2.33 11.36 0.0078**
X,-PPL:CL 0.20 1 0.20 0.99 0.3651
X,—PPL:KO 0.11 1 0.11 0.56 0.4874
X5-CH% 1.19 1 1.19 5.81 0.0609
XxX, 0.45 1 0.45 2.20 0.1985
X xX; 0.28 1 0.28 1.39 0.2920
XoxX; 3.44 1 3.44 16.79 0.0094**
X2 9.34 1 9.34 45.62 0.0011%*
X;? 3.64 1 3.64 17.78 0.0084%*
X3 1.10 1 1.10 5.38 0.0681
2% 1.02 5 0.20
& MR 0.21 3 0.069 0.17 0.9096
R E 0.82 2 0.41

:#*. P<0.01,* P<0.05,

P 2Z 8]0 58 HAE i S XA 45 R (2
R PR AR, XX 5 B2 S U8 I BB Al R 3k L
17 BB S5 ek 43 K0 1 2 X e SR A — Tl A i 4
K g B AL B A 3 R B (P<0.01) , T
ZEH I XX, FUX X 60 i A TG i e, Gn A

2a FroR A6 R 2% F T 1R, 4 B0 WS e A ik LE
T SR Ak 3 B 1) e A0 PR, A
R ETh R, 0 5 G B e A il L SR o
O RGE T B UL T e ARG N, R AR R R
Eq Ll

x6 ERE-BTHMAKERELEMEHSRMEE ZRENFTESN

Table 6 Analysis of variance of quadratic model of response surface experiment for the encapsulation efficiency

of chitosan—krill oil nanoliposomes conjugate

X4 e dd X4 L&l
AR AR £ 0.45 EESE ¥ 0.9534
3 4E 96.69 A IE A3 0.8694
T A8/ % 0.47 H % F HCTR AL 0.7660
TR 5% £ F T Fe 5.14 (e 329 11.554
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Fig.2 3D surface plots and contour plots of interaction effect on the encapsulation efficiency

of chitosan—krill oil nanoliposomes conjugate

2.1.3  WR ARG UE T, Wil B 98.1%, A T RIEE AL T A S E T S
A - AT KR FRAR (0 A TS 46 0 S5O S bR iR R 1k, W T 28 2500 5 o
Jg AR BE=5:1, BRBERE - AR M =19.6:1,7c M A8 MHEEE=5:1, DRBEAR - BEUF =201, 7 T T
Ji 53 =0.146% , 7E JLAAF T RLAR R 145 nm, 60 &80 0.15% 1) %44 F #6147 3 WCF 17l 56, 15
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FNG T ARRLAZ K 146.3 nm, f 3 H K 97.2% , 5%
BT () BRI (B 15 22 /N T 2%, 156 W FR i 7 1 5 AL A
M B T2 A & T SE

22 PFEREKEXKDEEIBRERREMN

TERT SO E T T 10 2158 BAH - AR 44
KN BRI Yy B4, SRR T 1:100~1:200
] Bk B2 21 120 h 5 BOAF TR 500 0, I R 7R R 7
AT ST

R7 TRHRBREHTEE-BIFHMAREREFLEYLEFDERRETE D (%)

Table 7 The survival rate of zebrafish embryos at after fertilization in different dilution ratio

of chitosan—krill oil nanoliposomes conjugate (%)

i B AE B 24 h 48 h 72 h 96 h 120 h
S R 4R 92.16 +2.77 90.20 = 2.77 88.2 +44.80 88.24 + 4.80 88.24 +4.80
250 83.27 + 4.80%* 79.08 + 6.60* 70.72 + 8.84%%* 44.58 + 3.24%* 42.35 + 6.38%*
300 93.87 +0.17 91.79 + 3.04 83.70 £ 2.72 83.70 £2.72 79.66 + 2.25%
350 91.90 + 2.61 89.67 £3.21 85.49 +6.17 83.53 £3.46 81.57 £ 1.11
400 91.74 £ 2.53 91.74 +2.53 85.43 £2.41 8543 £2.41 85.43 £2.41
450 98.04 +2.77 96.08 + 5.55 91.77 £ 2.51 87.73 £4.49 8342 +2.34
ok XA P<0.05, %%, 5% RALAT b P<0.01 o
g Lor %t L
[ 7 TR, SR — BRI 4K B I U 52 oslv b Aa
S Wy R A3 BFE 300~450 35 22 [ 6 | BRE 75 £ R = W AA+00
W b 2 LS T 4 RE 08 250 75 -1 N
55 5 A AL HE 8 (PO.01 ) I 2% I:
s P B 400 37 350 fiF 300 15 5% B - 4 2 TR
W4k B T R AL VA AT R — 25 i 7 5 7
T R

23 BEREREND &AW MER 4
KEBHMZMN

23.1 HomRig A EiEs w3 P, fER
ik &, R R EE T 3 mmol/L AA 411 BiE
Dt s A s s I R 2 BP0, i Zad iR T iR
AEHRZ X AA 3 R [ s SR — R
JER s, B R AR o s W R
B 3% (24,48 h, P<0.05,72 h,P<0.01) , 5 5 ff1 i
JEM 24 h 2] 72 h B H Fi8 SRR TR X
A RE 2 R A B I £ JU I 76 N T Ak T 5

232 moMmRicoz K4 o, ERBK
BHEAEF AMBEFET 3 mmol/L AA HAVIKED
i JR i 0 F B 0 A2 B, T 282 i Jo 4R Ak 3 2
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Preparation of Chitosan—Krill Oil Nanoliposome Conjugate and Its Effect on the Growth
and Development of Zebrafish Embryos

Zheng Yangfan, Chen Yixuan, Chen Juan, Zhao Jiawen, Yu Huilin, Zhao Yan, Li Honghao, Zhu Jiajin®
(College of Biosystems Engineering & Food Science, Zhejiang University, Hangzhou 310058)

Abstract Antarctic krill oil is rich in astaxanthin and unsaturated fatty acids. It is one of the products with high devel-
opment value in Antarctic krill extract. However, its insoluble water solubility limits its application in food. As a polymer
polysaccharide, chitosan is often used as a carrier for some drugs, which can control its release, enhance curative ef-
fect, and reduce adverse reactions. In this paper, the response surface optimization method was used to optimize the ef-
fects of the three factors of phospholipid—cholesterol ratio, phospholipid—krill oil ratio and chitosan conjugate concentra-
tion, and further explore the effects of the optimized product on propylene. Effects of amide—induced oxidative stress on
the growth and development of zebrafish embryos. The results showed that under the condition that lecithin: cholesterol is
5:1, lecithin:krill oil is 19.6:1, and the chitosan mass fraction is 0.146%, the particle size is moderately 145 nm, and
the maximum encapsulation efficiency is 98.1%. In addition, it has a significant improvement effect on the inhibition of
growth and development caused by oxidative stress damage, and it is dose—dependent within a certain range.

Keywords chitosan conjugate; response surface optimization; krill oil; zebrafish; growth and development



