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Fig.1 Process optimization flow chart for extracting collagen from eel skin by acid enzyme extraction

#1 Box-Behnken LI FEHkF
Tab.1 Box-Behnken experimental factor level

K2 Factor
K- ACKHR L (wiv) B HEEURA] C: PRI R
Level Material to Extraction  Extract concentration/
liquid ratio time/ h (mol/L)
-1 1:25 36 0.4
0 1:30 48 0.6
1 1:35 60 0.8

1.3.5 SDS-PAGE

U5 me i B AR EA T AL ER B 10 wL Y8R
PV W 2 T, AT R UK B TR E S
#0120 min FL R 80 V, BES FH 100 V L s B
FIBPKLE A . FH 2T 84 20~250 ku [ Marker 3
fETHER AT T i o
1.3.6  ZILFRALAL

U5 mg B AR I A B K S A, [ A
15 mL ER RS MR 3T AR o /KB 22 h J5 12 4]
B K ARG IES] 50 mL A A BT . L
1 mL AR AT 0800 T8 1 mLZ& 18K,
HEERT, TG IMAR G R W, i
0.22 L 7K BN B TR, 7 e o 2 3
iz A 35 e D
1.3.7 fEHEMNAG LI

B3 mg 2 FIFE S 5 100 mg VR AL B0 BIF IS A
KA B BE A 74 14 13 mm X1 mm (1)
BB A 7E FTIR G L fr A, KR
4 000~500 cm", F i F L2 3k 3 4 BEAN 06 1 TR A
SR
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1.3.8 A KEH
2 mg B AR S A 21 0.6 mol/L £ PRV T

oL R R SRS O BT R T A U

KFEHI A 190 ~ 400 nm , P K [A]BF 2 nm.,

1.3.9 HffifsR

FRE 5 mg 8 JE AR AR &, BRETE 1 AN B vE
[ SEM B 5t B F o T 2006 4 B8 AL it n 4
BT IR UEATREI . T A I B R AR AE 1 000X Al
5 000% [ L R AR % F AT
1.3.10 ZERHAHE#L(DSC)
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S 2 ¢ 1, 43 00 R T SR P A VR L TR s VR 1k
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Oy LG REAS ) , —PU A —H043-51 4 100 L AL
(1:20, v/v PBST #ii B ) Fil 111 35T A IgE-HRP
(1:2500,v /v),

St B2 . i 0.29% B NaHCO, FI
0.16% 1 Na,CO; 2H B 1Y U )22 35 W0OF I it 2 1
(HfL 5 pg/mL)IRTFE 96 LR AR LIEtR . 754 CTH
LS  EVEARAL L PBST Y VE3 1k . SRJ5
& A 5% Wi B 4= W5 /9 PBST (%5 4L 200 wL) 78
37 C T BAWrAE R A 45 2 he F PBST Wb ,
A 100 pL NI SRS 7E37 CT M E 2 he
J& L INA 100 wL TMB 5 647 2 €8, A H,S0, 15
1B, AF 450 nm A0 G B {H

(2) 1gG K]

X 1gG A, —HUF BT 43514 100 wL A
I3 (1: 10 000 Y PBST #i B, v/v) AT 100 WL il
FPi A 1gG-HRP PBST % (1:15 000, v/v) o

SGF fy il 2% 18706 5 & 25 SR vfE ™, ] 1 mg/
mL B FE & A1 0.32 mg/mlL (1 5 25 (i (386 U/mg)
VW o TH AR R G R SR T 1 mL,
S R E Y A 12100 (wiw) | SR
537 ‘CNHEAT o S0 Tl K il A 7K I B v T A
10 min, ITARE S G, 8576 0.1.2.5.15.30.60
F190 min B 100 WL SOV, A28 1R DL 2%k
JNE o FEVRSIAT R i 2 113254 T SGF ik (R-SGF)
J& AR K T e 22555 .

T 5 I Y (SIF ) J2 44 JE 55 ] 24 B s o
il 28 04, A B v A 1 mg/mL B9 RS D R
& A 0.1 mg/mL ik £ 11 i (386 U/mg) 1 0.05
mol/L KH,PO, ¥ W . T8 1h 5 I 44 38 1) % T e 1R
FUR 1 mL, [ ER 155 0% 00 2R 1A L A510A 12300
(wiw) , RN AE 37 “CR AT o 78 R T, K il 151
P10 min, FRJFFE0.1.2.5.15.30 1 60 min, HL
1100 WL 7Y 52 W A W, K L CHE B K ok 5
min AZE SN o FEXT I 2 AT SIF T Ak (R-
SIF) J , SRR T e L5556
1.4 EFESH

K H Excel 2016, SPSS Statistics 22, Design
expert 11.0,Origin 2019b F 4 Xt 52 5 v 9 #H OC 1K1
& PR PR 2 A 10 1T A T AT o

2 RS

2.1 BERNERERKS
N2 7R, B8 0 K S A E R R E TR SR R

FEHIIEIKY, 1 69.34% + 1.35% ; R B E H
L, SN 16.61% + 0.63%, BEIREH &
FHLAE 155 12 19 74.8% , IR I £ £ )7 Ji Ji7 2 1 ] A
kTR 1 s D B P ) A

R2 BEFNELAERHSTIKREZERSE

Tab. 2 Basic nutrient and collagen

content of eel skin %
Wi ks TR e e
Parts Moisture  Crude fat . Ash Collagen
protein
118 171 Ji7 69.34+ 12.49+ 16.61+ 2.56+ 12.45+

Eel skin 1.30 0.86 0.60 0.14 0.31

2.2 BEZEABEIKREEAR

Bl 2a B TR L SRR A 5%
it 2 4 BRI 791 A B TR T kT e, LA
BRI EE N 1230 (wiv) BE B2 J5ER 1145 3R AT He K
FERHR &, e KA RN 32.41%, 2 5 1 77 e 4k &
S (EN R e = T N S 7 R
fi% £ 7 o PR SRR 2 SR R, 7R AR
S RN LR 1:30,

A B RN IV A S b I NEHES
VA2 TR R i TR, AN R e I 2 P 1 = R e 4
P o A ] 2 B0 RSF a) %oF 97 A 58 T 2 11 45 2R &
2b BTN o Y 4R ICHST () A5 R RS A X
S-SR BTN L, BRI R BURAG, R
AN BB 58 4 IO 1 it 2k o B A e [R] 1) 2
K, f0 i 5 B AT SR A5 A IR T R R
JEE A A5 I T AR P A5 25 I R i R ] 7 22 K T 4
oo (SR AR A5 R R = 2 32.78% I, P AE
K Tt o B T A 1 2 e e R e AR O 7 4R
JU L DA e IR = BB e 235 g 1) S e e il AR SRR
e, Sar ARG TR AL . BRI, DA R A
3 it A R TT 48 B5F ] 1) AR K, 3 R A IR [
348 h.,

WA 2¢ s, 75 0.6 mol/L Z Hif , B 5 25 1
75 25 6 1 WO R 5 ) 88 o B4, B K ARy
31.65% ; 1€ 0.6 mol/L Z J& , i Jil 2 (1 1Y 153 K &
Bifi 7 i BOUR R B G i T R (P<0.05) o HR HR
TV B A v o T U SRR AR LA R
%, Sar AN BRFFE S ARl AN R Rk R A
RN, 25 A R R 45 8, A
TEFE 0.6 mol/L 1Y 2 BRI Mk B 1 o fie A 4 BT
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34 34 337
33t a 33t 32
32t
€ 2| S b £ 31}
< b Z 31t S
o 31t [ i b S 30t
= 20 £ 30 ¢ ¢ =
| B 29t 5 29 |
® 29t - ® gl ® )
28 L Td
21 27|
e ol . T
1:20 1:25 1:30 1:35 1:40 20 30 40 50 60 70 80 0.2 0.4 0.6 0.8 1.0
RHEH (w/v) HEEUT [A] RIHBIRE
Material to liquid ratio Extraction time/h Extract concentration/(mol/L)
(a) (b) (c)

PR ) P RE R 22 5 .35 (P<0. 05)

Different letters in the figure indicate significant differences (P<0. 05).

B2 AERNEE (a) JREEE (b) JRERRE (c) M2 EKEEABENZIN
Fig. 2 Effects of different material to liquid ratios (a), extraction time (b), and extract concentrations
(c) on the yield of collagen from eel skin

2.3 @BEFRFEEAMNRNMALIR
2.3.1 map;mLAL

HL 4 Box-Behnken 2 46 152 117 58 , 4 i )i 2
FIA3 3R (YA AR, BHR H (A) AR B R] (B)
AR IBOR AR (C) 55 3R AN A2 & 1301k
AR K3,

R3 WEEREIZITSER
Tab.3 Design and results of response surface experiment
ABRRE B CHRMOGRVEEE
ZH 5] (whv) i i Extract (RS
Group Material to  Extraction concentration/ Yield/%
liquid ratio  time/h (mol/L)
1 1:25 36 0.6 29.38 +0.49
2 1:30 48 0.6 3242 +0.38
3 1:25 48 0.4 28.62 +0.74
4 1:30 36 0.8 28.92 +0.52
5 1:30 48 0.6 32.89 +0.48
6 1:30 48 0.6 32.76 + 0.59
7 1:35 48 0.4 29.54 +0.23
8 1:25 60 0.6 30.75 = 0.64
9 1:30 48 0.6 32.13+0.53
10 1:30 48 0.6 32.36 £ 0.51
11 1:30 60 0.4 28.45 +0.82
12 1:35 48 0.8 31.82+0.35
13 1:25 48 0.8 29.76 + 0.67
14 1:30 36 0.4 28.02 + 0.44
15 1:35 60 0.6 31.52 +0.57
16 1:30 60 0.8 29.93 £0.36
17 1:35 36 0.6 30.45 £ 0.62

2.3.2  SEEGHECHE AL BT
X} e 4 BRI T LA A B B R . Y =
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32.51 + 0.60 A + 0.48 B + 0.73 C - 0.075 AB + 0.29
AC +0.14 BC - 0.44 A*- 1.55 B*- 2.14 C*, %}[A19
R TJ5 2% 20 FT AT %1 P< 0.000 1, 2 BIZ 45580 AT #
3 BRI R A AR o b Ao 8 I i B 1
R L, RAUTA B3 (P> 0.05) Al R?=0.981
2, UEBR 105 5 R AT AR G- b 25 52 PR 5 0 o (L2
AR, A B C 5% — R X8 0 7 i 1%
B 5 M L 2 A (35 (P<0.01) , WF 45 5 f0) 5% i 7 i
SR PR R > I > HR I R]
2.4 REZEBHENXERSH
2.4.1 SDS-PAGE

i3 SDS-PAGE 43 #7 H A< 8 £ 7 Jise [ 8 (4 1)
i, WK 3R, SRR FE 7R FR L R AT
BT R T AP E 15 B IR L&A S 49k,
BIALFE oy o oy o B ATy, T LTI 25 HE 1B 2 8 11 7
I AR AT 1 BRI AR B R . 68 a7 I
JRE A EE A E o, 5 CH 21 ] T IR &
BRI EA e S G = R YL
IS DR B A7 A o, T IH 8 1 ) i i B
AR R A S5 o K b ELAS 2 T R e D 2 1 1Y
5k, FERE 3 TRl DLE BIR 2 5/ TR AR
i XN Z N R XOE T E R EUGY R
SR B ST 2 oy N a WAN a a 9 A IN
AR T Ji J R 1 DA £ B s e 1 ok 2
2.4.2 SIFMAN

WA 4a 7w ALk 2 17 Fha iR, b H
MR (Gly) & i die iy , 29 i 2 2 R B i 1Y 33.2%,
HYTENZ R (Ala) FIHZ 2 (Pro) o MLAM, BT
PR 7K fift , (2 R (Trp) 1P R 2R (Cys) K T4
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PR, BRI ARG T3, &R a LR 1 75 1t L
Il 4b, E Al M 2 R IR 2 = d5 i, 29 O (230.09 +
10.19) mg/g; H R Jy B PR 2 52 , 29 (147.42 «
5.19) mg/g; NAK LT 2 5L R A2 H 2 JE e 0 &
B S E LR 19 19.61% F111.04% . 15 I
AN EA M AR T, A& W (Asp) 7]

PTG O B I g I LA R 90 B35 8 5%
2 R (Lys ) B Al 7 A A A A FIHRAED i 2 Y 7R
Mo SregmR (e ) Al LASR s AR MR K B )
BRBEREIT = o IX BBE SRR, 68 £ f i 2 A
1 23 FU b5 AL IR AN 25 F = B IR , T P e
AR TR HA T

R4 EDRRBFESN

Tab. 4 Analysis of variance of regression model

i IR i s ; , i
Source Sum of Squares  Degrees of freedom Mean square Significance
7 Model 42.01 9 4.67 40.61 <0.000 1 o
A 2.90 1 2.90 25.27 0.001 5 o
B 1.88 1 1.88 16.37 0.004 9 o
C 4.21 1 4.21 36.59 0.000 5 o
AB 0.023 1 0.023 0.20 0.6715 X
AC 0.32 1 0.32 2.83 0.136 6 X
BC 0.084 1 0.084 0.73 0.420 6 X
A? 0.82 1 0.82 7.12 0.0320 *
B? 10.06 1 10.06 87.56 <0.000 1 ok
c* 19.21 1 19.21 167.15 <0.000 1 ok
%% Residual 0.80 7 0.11
JAYUT Lack of fit 0.42 3 0.14 1.48 0.348 1 x
4li 1% 2% Pure error 0.38 4 0.095
FLIRZE Cor total 42.82 16
HISES ¥ 0.9812

I R 22 35 (P<0.05), =+ FIR 23 WL (P< 0.01) , x3RRER AR F

Notes: * indicates significant difference (P<0.05), ** indicates highly significant difference (P<0.01), and X indicates insignificant difference.
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-

E3 88 AR E B SDS-PAGE Eif
Fig.3 SDS-PAGE profile of collagen from eel skin
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2.4.3 AHEMARERLT IR

WS P, B8 T 1 AR AR 2 AT ey Tt e
AB.T AN, 435078 3 285.2 9251 6411 537
A1 236 em™ b= R, 5 A4 2 R 5 ) R
(Cirocentrus dorab )™ 4B i I AR FAARARL

R 5 MK S FoR, Bk A B N-H 214 {f
YRS, 1 HAE 3 200 F1 3 440 em™ 22 6] 77 A I i
W, 4 N-H L 9 KB 2 5 SV B B, N-
H 5 P 7 i R SCSEE iR 6 0, 5 3500 i e
K25 100 em™ . FESHTE 3 285 em ' Bl A — 1
WU | 3R I 68 £ iz Jie D AR 11 TP AR AR SR . TERK B
(A7 TE 2 B CH, 2540 A G IR | R BA fir 245
() G D P = R 5 AR VA R O o kR T kR
I | e S D o = e A
J2 I ) — R A A A UIAR OC . R A T
WA K R, C=0 1 {45 P sh 25 T 80mb i 1
19 W A I 57 F 1 600 AT 1 700 em™ 22 A o ki 10
F14) W52 AT g 368 8557 T 1 200 1 1 300 em™ 22 [ , 24 1k
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RAEBFE Amino acid types
(a)

250 1

200 r

150 ¢

100 ¢

48 Contents/ (mg/g)

50 1

0 1 2 3 4 5 6 7 8 9
FRLHE LR

Different types of amino acids

(b)
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Fig.4 Amino acid profile of collagen from eel skin
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Fig. 5 Fourier infrared spectrum of collagen from eel skin
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Tab.5 Location and characteristic functional groups
of FTIR characteristic absorption peaks of
of eel skin collagen
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EELTS Wavelength/cm™ functional group
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Fig. 6 Ultraviolet spectrum of collagen from eel skin
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Fig.7 SEM of collagen from eel skin
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Fig. 8 Thermal conversion curve (a) and thermal denaturation curve (b) of collagen from eel skin
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Tab. 6 ELISA and simulated gastrointestinal fluid assay analysis of collagen and fish allergic patient sera
HiJE Serum IgE binding Serum IgG binding
Antigen H1 H2 H3 H5 H6 R-SGF R-SIF
?J{ifﬁ 0.47 +0.01 1.32£0.05 1.23 £0.03 1.02 £ 0.05 0.99 +0.02 1.66 + 0.04 1.47 £ 0.02 0.79 = 0.04
ollage

B A T (bR 2 5 HL PSS A9 LI HEFT 1)1 ELISA R s H2~He. I 5 A~k S0 A (9 A L35 HEA7 1504 ELISA #6900 5 R
SGF. A LU £ 5T 1gG HUiA X A8, B W AL (SCF) 5 (¥ 7K i 347 161 52 ELISA s R=SIF. FH 1L 2650 A 1gG i FR R4 i W00 1k (SIF) s 7k

fif Pp AT )42 ELISA

Notes: Values were Means + SD; Hl.indirect ELISA with human sera from non-allergic patients; H2~H6. indirect ELISA with human sera

from five allergic patients; R—SGF. Indirect ELISA of the hydrolysate after simulated gastric fluid digestion (SGF) with goat anti—human IgG
antibody; R-SIF.Indirect ELISA of the hydrolysate after simulated intestinal fluid digestion (SIF) using goat anti—human IgG antibody.
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Optimization of Japanese eel skin collagen extraction process and analysis
of physicochemical properties

LI Xiaomin"?, YANG Chenyu'?, DENG Yun’, TAO Ningping ', LI Li**, QIU Weiqiang', JIN Yinzhe'?

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center of Food Thermal-Processing Technology, Shanghai 201306, China; 3. School of Agriculture and Biology, Shanghai
Jiao Tong University, Shanghai 200240, China)

Abstract: The extraction process of Japanese eel skin collagen was optimized using response surface
methodology, and its physicochemical properties and allergenicity were investigated. Based on the single-
factor experiment, the best extraction process was obtained based on the acid-enzymatic extraction method,
with the material-liquid ratio, the concentration of extraction solution and the extraction time as the
investigating factors and the collagen yield as the index. The results showed that the collagen contained five
bands and belonged to type I collagen, and the percentages of essential amino acids and medicinal amino
acids were 19. 61% and 11. 04%, respectively. The thermal transition temperature and thermal denaturation
temperature of collagen were 38.5 and 28.3 °C, respectively. The enzyme-linked immunosorbent reaction
and simulated gastrointestinal fluid experiments showed that collagen has certain allergenic properties,
providing a theoretical basis for further studies on eel skin collagen.

Key words: Japanese eel skin; collagen; acid and enzyme extraction; response surface analysis; extraction

process; physicochemical properties; allergenicity
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