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Abstract

This study was undertaken to optimize the acidic extraction of collagen from Nile tilapia (Oreoch-
romis niloticus) skin. Lactic acid was used to extract collagen. Further, three process conditions
affecting the yield of collagen extraction with lactic acid, such as pH value, liquid-to-solid ratio and
extraction time, were optimized by single factor experiment. According to this, Box-Behnken ex-
perimental design combined with response surface methodology was taken to optimize the ex-
tracting conditions of collagen using lactic acid. Based on the optimized conditions, physicochem-
ical properties of collagen were evaluated. The results indicated that the optimal conditions for
collagen extraction were pH2.1, liquid-to-solid ratio 65:1 (mL/g) and extraction time 44 h, under
which a yield of collagen of 85.57% was obtained. The ASC showed that SDS-PAGE pattern, the
thermal denaturation temperature, and morphology were (a1)2a2, 32.56°C, and evenly fibrous
structure, respectively.
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J& % %' 4k # (Oreochromis niloticus) i 57 | 7R 44 BHEE K P2 i A BRA w3t s e 2=l A3 o 7 dr i
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226. RREARERNIZRHHHE
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Table 1. Factors and their coded levels in Box-Behnken experimental design
5z 1. Box-Behnken i&+3256 E 7K F R 4mES{E

K
ESES YfidfEL
-1 0 1
pH X1 1.9 21 23
% [ L (mi/g) X2 50 60 70
Ff 18] /h X3 24 36 48
Y ﬁ0+zﬂlxl+zﬂllxl +z Zﬂux] (2)

i=1 j=i+l
X YN B E FIRICE, %); fo WHEEIL B fir Py NIEVAREG X X NEAEKT.

22.7. BRIEEHR/ SDS-PAGE B3k
K 8%7) BS IR AN 5%k 4, FEFIKRE N 1 mg/mL, EAEEN 10 pL. R ERMERBE: HIEN
100V, HLJRHN 50 mA 47 H K.
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% Zhang 25117 1 FVEIE 41885, F 0.5 mol/L TS R 1A 0K T 1) i JE 2R I e 1) i 0.5 mg/mL 1Y
T S FORSBETHI T 20°C~45°C i [l A 1 Ji J5 2 A VR IRG B, N IRBETRIRA N 5°C, &R B2 R R
20 min, LA 0.5 mol/L FIESERVE MR R, BANFE i B A 3 K.
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L Fractional viscosity = [ g, (T) =77 (T ) |/ (Trin ) = 17sp (T ) | 61 FEE 15 2 JL 2R 1 4028 1l 28
Fractional viscosity = 0.5 < Al X B F i B BV Ay 2 AR PR IR B (Td)
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3.1.1. & pH EXKREBRRENF D
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pH <211, JRBE RIS SRR pH AR KT M. 2 pH > 2.1 I, $REGRIFIR TR, Fgks:
HEORVEWRI pH E, IRIFEARRNEE T FAa. Bk, HFRER pH Ny 2.1 1, JREE A SR T

3.1.2. FE xR R E BRI R
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Figure 1. Effect of pH on extraction rate of collagen with lactic acid
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Figure 2. Effect of liquid-to-solid ratio on extraction rate of collagen with
lactic acid

E 2. Bl xRS R IR RS
3.1.3. B ERRERRINENS
PR (A5 B i AR R i sem WL 3. MR AT LUE H, FEEIRINES AR, BJRE AIRICRIR
AN, 36 h GRS ARBCR B — R R, H ETHEEHESE . 54, 1E 60 h JEiEEAR
WAL, XATRER RN E /N IR A P . RIS B SEiRAE = B2 e, B e RIS (7] 36 h.
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Figure 3. Effect of extraction time on extraction rate of collagen with lactic

acid
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Table 2. Response surface experimental design and corresponding results
72 ZRaRREEERNTIZNEEIRE S REINELER

AR ) G T 7K P LEIVAEQY)
E e
X1 (pH) Xo (I EL) X (S TA) SERR{E% TIE%
1 1 0 -1 62.25 60.93
2 -1 0 -1 60.05 60.72
3 1 0 1 74.54 73.88
4 -1 1 0 75.23 72.89
5 -1 0 1 71.88 73.20
6 0 -1 -1 68.06 67.04
7 0 0 0 84.91 83.52
8 0 1 -1 70.34 72,01
9 -1 -1 0 64.67 65.02
10 0 0 0 83.13 83.52
11 0 0 0 84.24 83.52
12 1 -1 0 65.41 67.75
13 1 1 0 71.42 71.07
14 0 0 0 82.71 83.52
15 0 1 1 84.33 85.35
16 0 -1 1 80.80 79.13
17 0 0 0 82.61 83.52




W4 2w NAE 5 - R Zl R Design-expert V8.0.6.1 HdE /0 M A 3:4T Bl AL S5 458 Rk 2 T a3 )y
FE: Y =83.52+0.22X, +2.80X, +6.36 X, ~1.14X, X, +0.12X, X, +0.31X, X, ~11.52X* —2.82 X} - 4.82X? ,
Ho Y FORBIRE IR Xiv Xov Xo 70 A NFLBRE pH A 8 USRS TA) R 2 i 1

HH 42 3 ], YA e M R AU R2 = 0.9765 8K, [BIVA 7 AR A& BEAR LT s B8 1) A8 S R 4L CV = 2.65%,
AIE HSCIR AR e VR JRHUl P =0.0399 < 0.05, UFFIAEAURIUA 3 7Y P < 0.0001, & HH [H] 95578
WMHRE. 2 EAR, & FE S0 NAR 2 8] 1 9¢ & ] i i 5] V3 5 R 45 2R aF sk, Rt m] DA A i
RS € i S B8 R U B (R L2056k [BVAD7 A2 BB 35 1t o e &5 SRR B, AR 1) — R T[] U3 SR 4
Xo FI X B 4235 s R [A] U R0 Xy (FLERVE TR pH) A Xo (PRI TRT) A 2 3, Xo 1) R T m] A R B i 3
F AT sEma A B3 o BT DUE & DR 3 T 2 R A i I I A 1 SR R (1 52 e AN 2 fT SR I R R R o
AR ENA AR A R T, Rk 5 T RN

Y=83.52 + 2.80X2 + 6.36X3 — 11.52X12 — 2.82X22 — 4.82X32

3.22. RIFEBRIMI ZrN N E 54 R AL

V4 Jgid i A5 R T R P AR ) = A S, R E N, 2 B PR 3O IR T B R R R MR
[13]o MK 4 ATLAE Y, $REU A AGSERS, AT h— e R RE i v I A 1 RO BRIBCR s (HLE 5 W [ L 1 1 K
FURRIEWR pH EAITH &, AR AR IR R KGN, 2R 308 T PR rié s .

3.2.3 REZEARERNITZ&£HIHERIIERRE

FIH Design-expert VV8.0.6.1 {1 43 #7453 2 11 Ji a1 A e A AR I 2% A1 A FLIR K pH 2.1 [ L 65.4.
PRI [A] 44.16 h, BEAAF T RCFE B R ICR B AR 86.42% . g 56 1 I il 1723 AT 1545 I mT Sk
S FLER FR T A 0 B SRR R (A AL S E AT BRAIE . B R B S Pr/Ers GBI R, % R AL SRR A1
BIENFLERE W pH 2.1, A LL 65 FREXIS R 44 h, BRI R AR A PR HCR N 85.57%, SEIR(H S5

Table 3. Test for significance and analysis of variance (ANOVA) of regression coefficients
3 EEAFRESRNANNEEMRIEREEST

T3 ZE RV SR H ¥7 FH Pl M
X1 0.40 1 0.40 0.10 0.7578
X2 62.61 1 62.61 16.07 0.0051 *x
X3 323.22 1 323.22 82.96 <0.0001 *x
X1X2 5.18 1 5.18 1.33 0.2869
X1X3 0.053 1 0.053 0.014 0.9105
X2X3 0.39 1 0.39 0.10 0.7607
X12 558.78 1 558.78 143.43 <0.0001 *x
X22 33.42 1 33.42 8.58 0.0221 *
X32 97.82 1 97.82 25.11 0.0015 *x
R 1133.72 9 125.97 3233 <0.0001 *x
7 27.27 7 3.90
4, 23.18 3 7.73 341 0.0399
afi R 7= 4.09 4 1.02
Jeyil 1160.99 16

7E: R2=09765, R2: FBIH ke #H; "B, P<0.05; “HREZ, P<0.01.
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Figure 4. Response surface plot and contour plots showing the effects of
process conditions on extraction rate of collagen with lactic acid
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3.3.1. RIEEB/Y SDS-PAGE B k4R

I 2 I 1Y) SDS-PAGE LMK &5 R ILIE 5. feJidE A 2 = e s i, B MR 7L 3 4% o IkEEZE
LR = i i, HhREEE B S R A TIRiE[14]. MR DAE H, BRIE R IR IR R A AE AR T
i 125 kDa 72 AL 2 22k, ELWaks i JEANIR], A B AR A R I DR B R R 2 ol BER— 2% o2 B
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H oy [Rl I ZZ BRAE FI[16]

3.3.2. RIFERATMERE(TH)ME

J T 19 f AR e e R AR P o F IO RS MR TR (T) T A 19, [AIR Td thos TIRIE R A =
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Figure 5. SDS-PAGE electrophoresis pattern of collagen from Nile tilapia
skin (M. marker; 1.ASC)
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Figure 6. Thermal denaturation curve of collagen from Nile tilapia skin
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Figure 7. SEM images of collagen from Nile tilapia skin
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