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A 5 M5 %5 T AL, 92 [E Labplant,

1.3 iKWEH*

1.3.1 a7 B R AR K A K e T
Bt £ Je RN 28 R OK IR G B4 CBRBLE 1:5), 3F 1] 1
B WO B SR (2 555 Ulg) , #8777 pH (N
9.0,50 CHi§f# 4.6 h J5 , Wb 7K K 10 min, VKIF %
HJG ,F 8000 r/min B> 15 min, ] EEHERE
100 mL, R A5 51 fof i1 B fi J52 2 14 ol A A

1.3.2 WHRYME 2% RaoWyJr i I M 4E
BB, BRI — 2 2 1 T 4 i K R P Ak B
5 min, 8 000 r/min %5.L> 10 min, B35 I 5 194 1 2%
AR S (D) R,

IR (%) = ’;’)—IXIOO (1)

Kl w, WHREHEGTHED S, 2w
oY e INEOE RN S DN R S Rrn s
1.3.3 U A T2 i1k
1.3.3.1 EEMBIEMTHE S5 22 m020 )5k It
FEVEAB T, Tl 5 mg/mL 4 1 S5 2R 1 K K V5 9, 5
1:1 BTt lin A 2 £LIE # ,50 “CA IR I hE+E 30
min, W B ZEARURN T RS B VS 5 PR LS BE L 1
10 (m/m) 43 5 A B BT HLAA B B- 1 Wi A | B
B FETE W) & 50 10% 0 TR 3, 5% it XU
R 170 °C, AT 55 T4, A5 AS [R] BE A 11 B £0 2
2 i A P R B A S LA R
1.3.3.2 PANZREE  DARTHAA RS A RERE, 40
BT I RIRE (150,160,170,180,190 C) , thBE Lt
(1:1,1:2,1:3,1:4,1:5,m/m) , FIEY) & & (10%),
15% ,20% ,25% , 30% ) X} 1 e 48 £ MR A5 1) 52
1.3.3.3  ma o i A Akl 5 AR DR 3 S G 2
LR (A) DO EELL (B) EDE Y & (C) )
Mg o7 A F- 7K P, DAL IR S8 e i, AT Box—
Behnken #5570 BF 5% 3 5 4 0 9 B A T 25 A ik
B ZE KW 1,

1.3.4  fific 48 # AL 38 bR o3 B
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Table 1 Factor level coding table
A&
K F . C(B %%
A (B E)IC B(&EEW)
2 %)%
-1 160 1:3 10
0 170 1:4 15
1 180 1:5 20
1341 SKEMME FHETRE, 2K GB
5009.3-2016,
1342 EMENE 2% E 0 A58

FHAEAE S, PRI 1 g TS ERS R, %5 T 38 mL 1)
ZE4 7K ,8 000 r/min B.0> 10 min, % Fi5H ;&
5230 UTE FARE ML, FHEAE (105 °C) T
MR fEE feaC(2) A,

R iea _[1__ My—my
B (%) =1 B

Krr.m ﬁﬁl%%ﬁ%,g;m. R E T 2 R AR
MLEY BT, gy ms A SO 3% 5 AR & LAY 2 BT &, g5 B
T HE KR
1.3.43 MERBEENE 2% Zhao FH I ILIE
FEVEB R, B 1 g MRURER K E T 10 mL & &
SR a0 1 S R A = W B B

do(g-cm’) = % (3)

K dy HHIRBEHE B E g em®sm R IR
PR, o3 V OB B PR S AE R P AT e’
1.3.5 RiRME S5 REEI B IR E S
W, PRI 1 g SR 4 T Re AR b in A gk 7S ik
FH 10 min, ff H 58 4 @ 0E B TR L,
KA S AT A AT
1.3.6 JEEMWEE S5 @50 7 BOF R &
W, K 2 I B 0B I B 1 R AR U VY
SIRIRAERR A POFH TS K H & TR W4
SR A Fi F - i A O Tl B T SRR AE
1.3.7 JREIERE TR S A0 R R AR
JRARL IS 28 1) AR T VG IR S I B R AR A A —
MERE, FLUCRS AR BT — AR M | DR O3 2o Ok 4
2EOT IR FLURCE $E AR AT RO MR E R, S
BV D5 S T SR FH iR e 2% 0 O f
FEFRIAL AR U= {3 R W 1=10.2,04,

X100 (2)
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04}, EMEEIRLEEITFESERH Y(BE A ®2 HRITEHERE
WO FE B R E]/‘Jéﬁi) R JY=AXR, VLA 38 {4, Table 2 Sample evaluation criteria
B R S bR R 2R 2 B TR AR T R #4 47 RES 2ok ok
704 46 5 2 28 A R A " wa s ARRREA S EALEA
13.8 HLTFEAMHT S mL R i 4 5% 1 i i ae WHEA  BEEA

%z & B 2 g e B B 3w
Wt €5 3 A 0 T 20 mL U2 el | o FL 5 B Ah 3 = ARE WERR AL

TS R i DA A% 5 R AR B IE] 120 s, AN TR
SR [) DA 0 3 R SO0 S B R A T Uk, AR
X — A R R B A AR AL, RS AT ARG T
3 AL AR X L T AR 4 5 2 0081 20
HL T A R AR B Y 10 4> 4 )8 A AL 15 IR A8 1Y
TR S B HLAG I R DL 3% 3,
1.3.9 #MECEHUE 2% End S50 7 31 7
YERE B, B 10 mg B 40 A T3 e D as P
S St B, SR FH 25 s A e ARSI i B Ak A A
B (T), BAESHEE . AREERE 25~
250 °C, JHEE R 10 °C/min, Z W E 100 ml/
min,
1.3.10 BB BTEREENR 5% Zha 552
(77 B IFRAEIE B, AR AL B VT Ak K —
FE i FE T T 0.1 mol/L KC1-HC1 28 wh i (pH
2.0) R E N 5 mg/mL, IE A EH EH
fitg (B I &~ 1:100), F 37 CLA 100 r/min 7K
7 3 h 5K KB 5 min, 4k22 45 pH {E - 8.0
(NaOH # & ), HWCiH AL 10 000 r/min 2 0> 25
min, B_EE N E DPPH A i LR,

PRSI T A, ) pH {ER 8.0 1YY
AR I A JEE AR (B I 1:100) , T 37
°CLA 100 r/min /K& 4 h J5 36 K KB 5 min, TH LK
F 10 000 r/min £ .0 25 min, B _E 3% &M 2 DPPH
B H G R,
1.3.11 R ERMERETT S5 PR G2
(7 L I RIAE B, K 0.2 myg B f2 7 15 I 2R 11 K
T 43 S B UL B RN i R T 37 0K
%, g 1 h BUEE 1 mL,6 000 r/min 20> 10 min,
B3 0 i BCA R &l e 2 & 2, Rk
A XAE

B RBHUR (%)=

i s B e B 7S L B i =

Mﬂ’x%%};ﬂ%ﬂ%&?ﬁﬁfﬁmgﬁi «100  (4)

Table 3 Electronic nose sensor array and

its performance characteristics

Al e
BE HRE B T E/(ml/
m?)
R1 WIC ZFRkitsh 10
R2 W35S RAMY 1
R3 W3C & . FasT 10
R4 W6S ALy 100
R5 W5C M)z Sk T |
R6 WI1S % 100
R7 WIW st ed 1
R8 W2S A B 3R A ke 100
R9 W2W  SFiate o AR ey A Huit o4 1
R10 W3S e kA=)ig ik 100
1.3.12 Bdaath  Bualsmi e 3 417,

GraphPad Prism #%  2: & ; >k 1] PEN3 -Win
Muster Xf B, F 5 8088 #7708 ; R SPSS 17.0
XTECE UEAT 7 22501 (ANOVA) , I 35 46 50 O ik
4 Duncan Z F k55, i & KV P<0.05,

2 ZHR55W
21 EEMMITFIE

B &1 AT, BTR AR B AL 3R 22 R 52.29%,
3 = TR (39.77% ) 2z ZEWIKG (47.25%) .
W, 5 S B BT AT I A Sy R B £ i
KA BERE
22 BETREEMNBEEELR
220 #ERUEE X OB s m d & 2 0]
AR 150~170 °CH [l N, b6 A5 I R T e, A R
R, R L R T R R T v i T 5
¥ 2 THT RE B BSOS | D T 8 5 A e 9 45 M BB 1, A
FI T 0 b A 2 R B i — P T &
170~190 °CJ, R EE (1978 Ak 0t 6, 3 46 0 B 25 520
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Fig.1 Screening of wall material types
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Fig.3 Effect of core wall ratio on the embedding rate
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Table 4  Orthogonal test design and results
. B C(ATH B(GE  C(BBS
KBS A(BA BIE/% | KRBT AGRE CEEEN:
7 (mx) tt) /3\7%) 0 ¥ ( )1) l:b) {5\%) el 0
1 -1 -1 0 57.28 10 0 1 -1 57.12
2 1 -1 0 65.43 11 0 -1 1 66.56
3 -1 1 0 52.19 12 0 1 1 55.37
4 1 1 0 58.82 13 0 0 0 73.27
5 -1 0 -1 60.89 14 0 0 0 72.23
6 1 0 -1 58.23 15 0 0 0 72.87
7 -1 0 1 55.49 16 0 0 0 73.89
8 1 0 1 68.91 17 0 0 0 72.30
9 0 -1 -1 61.12
#5 EEARBFTESN
Table 5 Regression model variance analysis
7 ERR F 7 An B WL B F 1 P1a 2FH
A 880.79 9 97.87 118.43 <0.0001 ok
A 81.54 1 81.54 98.67 <0.0001 ok
B 90.39 1 90.38 109.37 <0.0001 ok
C 10.06 1 10.06 12.17 0.0101 ok
AB 0.58 1 0.58 0.70 0.4307
AC 64.64 1 64.64 78.22 <0.0001 ok
BC 12.92 1 12.92 15.64 0.0055
A? 195.97 1 195.97 237.14 <0.0001 ok
B? 247.04 1 247.04 298.94 <0.0001 ok
c 114.28 1 114.28 138.29 <0.0001 ok
% £ 5.78 7 0.83
K WA 3.86 3 1.92 2.67 0.1831
iR £ 1.93 4 0.49
p 886.57 16
e, ZRREE (P<0.01);* 225 B3 (P<0.05), ALHE R
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g <
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g £ e 2 g
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Fig.5 Response surface 3D (a) and contour plots (b) of interaction between temperature and core wall ratio
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Fig.6 Response surface 3D (a) and contour plots (b) of interaction between temperature and solid content
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Fig.7 Response surface 3D (a) and contour plots (b) of interaction between core wall ratio and solid content
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Table 6 Characteristics of squid skin collagen peptide
microcapsule
s 7 8 % HeARE L/ (glem?)
4.63+0.12 96.78 £ 0.19 0.36 + 0.004

TR 48 V5 7t JE M (96.78 + 0.19)% , HL it 1 5
LT A O A B P | A3 HIOPE S DDA DGR A
Jiz 4 () HE B B R (0.36 + 0.004 ) g/em?, 31X 5 BE
FEPE AT 25 D) AH DG | HE R /N 3R B R AR AR ]
LA NANY 3 R
25 WMEEMKZSHRHBMENR

1 L8 AT, Bl 20 A R AR R AR A 40 A, Y
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Fig.8 Particle size distribution map of microcapsules
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Table 7 Sensory evaluation of squid skin collagen peptide and its microcapsule
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Fig.10 PCA analysis of electronic nose response value

of squid skin collagen peptide and its microcapsule
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Fig.12 Cumulative release rate of squid skin protein
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Studies on Preparation and Characteristic of Collagen Peptide Microcapsules from Squid Skin

Mao Shaoxin'?, Wang Jiayuan'?, Ma Jiawen', Cao Shaogian', Yang Hua', Yan Jinxin', Qi Xiangyang"
(‘College of Biological and Environmental Science, Zhejiang Wanli Universiy, Ningbo 315100, Zhejiang
2College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306)

Abstract To enhance the stability of collagen peptide from squid skin, taking the embedding rate and yield of the
product as indicators, the optimal process of preparing collagen peptide microcapsules by spray drying was optimized
through single factor and response surface experiments, and the physicochemical properties and stability of the microcap-
sules were also analyzed. The results showed that with microporous starch as the adsorption carrier and arabic gum as the
wall material, the optimum conditions for the preparation of microcapsules were air inlet temperature 173 °C, core to wall
ratio 1:4, solid content 17%. Under these conditions, the embedding rate and the sample yield of squid skin collagen
peptide was (74.65+0.05)% and (72.32+0.16)% respectively. The prepared microcapsules had low water content, good
solubility, high acceptability and strong thermal stability. Squid skin collagen peptide had a certain slow-release effect
after microencapsulation, and its digestive stability was also improved. This study provides a theoretical basis for improv-
ing the level of intensive processing and comprehensive utilization of squid resources.

Keywords squid skin; collagen peptide; spray drying; microencapsulation; characteristic; stability



