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Combinated use of enzyme and acid for collagen extraction from fish scales
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FE: A RREGRR RGN &R, £ RAILAS R &
FoBikRR I LA b ek RFGYBRIBEETS TR
R, AFRAI, & 5% RAEBAS T L A FRIIL S 100(g/mL),
H 8k E 1.0 mol/L. & B Bt Ja 1.0 h, B & & & 20 C; b
BRERRGER R EOMRESH A RIL 1 12
(g/mL) & Ak 1 10(g/mL), SLE A% 11 12
(g/mL), BpiAmAtiit 4 1 34(g/mL) . & +,0.8 mol/L
#4281 mol/L $L8% .0.8 mol/L B R 69tk AL A 6151 6,
PRBEE] 2 d IR R G R IUE A 48,1400 s RAE B R R
AR RGN Z 450 U/g, RIE L 30 C, RIE
T2 h,iZ & TREHR 45.26%, BREEAS A RK T E—F
kB AP Ik PR BRI BOR T 5 I BR T e B M IR R
FONESER . AREHEKRRE GV EL 84.61%.
SDS-PAGE # Jlx & ik L LA A T B R %,

XER . Fe ;o8 R BR;KREG

Abstract: In order to realize the efficient extraction of collagen from
fish scales, acid-enzyme coupling methods was used for collagen ex-

traction based on the optimized decalcification, mixed-acid and enzy-
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matic extraction. The optimum decalcification of fish scales was as
follows. The solid to liquid ratio was 8 : 100, soluted in 1.0 mol/L
hydrochloric acid, and then reaction at 20 °C for 1.0 h. The best con-
ditions for collagen extraction using mixed acid were 1 : 12 of acetic
acid, 1 : 10 of citric acid, and 1 : 12 of lactic acid for 3 d extraction
and the extraction yield of it was 48.14%. The best enzymatic extrac-
tion conditions were shown to be 450 U/g of pepsin at the extraction
temperature of 30 °C for 72 h and the yield was 45.26%. Acid-
enzyme coupling method showed better effect than acid or enzymatic
extraction only, even though repeating them twice respectively was
not as effective as the coupled one, in spite of relatively high cost and
time-consuming (P<C0.05). We could obtain 84.61% of the collagen
using mixed acid followed by enzymatic extraction , and the extracted
collagen was identified to be type I one using SDS-PAGE.

Keywords: Grass carp; fish scale; acid extraction; enzymatic extrac-

tion; collagen
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Table 1 The factor and level graph for decalcification
A A BRI i CihmwE/
K- B[] /h D i g/ C
(g/mL) (mol+ L)
1 6100 0.5 0.6 20
2 8:100 1.0 0.8 25
3 10 : 100 1.5 1.0 30

Lad BRI ER BREEANRERERD UES
DA REIR W FLIR I R 25 PP — R /K fife » $RIBUI [ 5 3d0100 5 A
K56 7E £ 0% 55 Ak LR SR MR EE 9 0.8 mol/L AP B R
1 mol/LEL/R . 0.8 mol/L F§ L. 7E 20 CF . i Jy $if # 2 I
2 d.#53R 2 NZEORP R AR & TRIE BT R L8 B I 3 00
DA JU 8 PR R R D DR 48 b » 07 8 o (R v BRI T 2
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Table 2 The factor and level graph for acid extraction

of collagen from fish scales (g/mlL)
KFP AMBEREEIL BESEREDEIL  CILMENK L
1 1:8 1:8 1:8
2 1:10 1:10 1:10
3 1:12 1:12 1:12
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Table 3 The factor and level graph for enzymatic
extraction of collagen from fish scales
o CH I/
A ARE/C BEE/h

(Ueg™H

1 30 24 150

2 25 48 300

3 20 72 450

LA7 RIFEEAMLL S5 B 0ok, JERE
Bk, W 1.4.6 hFAHE S, WA NaCl ZERAWE N
3.0 mol/L,F 4 C%&4F 6 000 r/min &.0» 10 min, T & M
W BN R T T RE B i G IR R .
1.4.8 T8 R B R B — 2R TN 4 15K M 1l 7k (SDS-PAGE) 43
i SR EMSET Tk ekt . SERdH 2.0 mg/mL
BRIV W, 5 7R A SDS,H il IR By 1 L 550 L 2 B
H) Tris—HCl 22 b iR A FE BB K N # 3 min, ¥ 204 .
FA 7.5 Y0 1A TR A I B S Jie TR E 0 A R K A0 AT S HRL VK AR A
200 V2.0 h, R % S5 R250 e, AIR B 40 £k
T5VRIBEER A 5% B EER (.
1.5 #iESH

SR U EER, BEMS R SAS 9.2 il Bk
5 K 3 J5 22 43 7 9F 3647 Duncan [C £ & [ #5, P<C0.05 3
RESWE.
2 HRG IR
2.1 BsERKS

M 4 AT A B R & = 0.51% . B R
AR ik 60.02% IR R Rk 24.37 0% . H Ml
PR 53 0 I I 249 AT R BHEL Ao BBV 55 a8l ) 1) 52 o, R R )
3| 0 05 J0¢ i A8 [ R SR, EL 8 i 4y P 8 BT 2 AR BRI K A
T aAFAE Fh M T I R A e iy 22 1 7 DR, A B B A
g JE A e R T o R DA I K A R R
ARWTE 0 DR A ORI D A AR I I R R
) 9T Ak BB T o) Al AT O Ak B

R4 BBPEASHNEE

Table 4 Content of each component of fish scales (n=5)

%
Koy oy HUE 15 HIE M
13.0541.45  24.37+2.34 0.51+0.02 60.024.65

T KM ST R,

2.2 BHBSIZEMRL

T FE R EE ) R R R M 4 B E T Lo (3D IE
ZEIE . B 3R 5 AT A, 5 a8 AT AR 1 45 TR ROk
AU N I (D) >R EE (A >R BRI (O) >} A] (B) ,
A E A R AB.Cy Dy, BPLL 1.0 mol/L £h B2 Ay i 45 % »
BHE L R 8 1 100(g/mL) , £E 20 'CFHEH 1.0 h,

RS BBEXKER

Table 5 Data and analysis of orthogonal test for
decalcification
55 A B C D IS 2%/ %
1 1 1 1 1 5.07
2 1 2 2 2 4.96
3 1 3 3 3 4.37
4 2 1 2 3 4.52
5 2 2 3 1 6.08
6 2 3 1 2 4.69
7 3 1 3 2 3.93
8 3 2 1 3 2.16
9 3 3 2 1 1.87
Ch 180 451 397 531

ks 5.10 4.40 4.78 4.53

ks 3.65 4.64 4.79 3.68

R 1.45 0.24 0.82 1.66
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20T T 0 8% e JRUR 1 4R TR 15 22 LLAT £ R A A
M2 R FLIR O 32 T I B BOE TR A R SRR IR T2
RAEDIERT 2w - B J 2 A0 4R CE 58 39 T o0 — R, HL A R
YA o AW S0 3 B AR R IR L 3L R G IR A R L = R
HEAT Lo GOIESTIASR . i3 6 7] WA R A IR 1% P2 1 i
D B AR R IR SR AR O < B R (B) > F7 R R (A > FL IR
©, HmERAGMRORMWILH 11 34 (g/mL), Hp,
0.8 mol/LAF R .1 mol/L FLHZ 0.8 mol/L BEER A IR B LL
615 6. WL A B, T IR B AR U7 5 il B 4R
IR I] 2 d AR BRI 5k 48,1400,

®6 BERBEREEAEXRER

Table 6 Data and analysis of orthogonal test for acid
extraction of collagen from fish scales
5 A B b W
EFD REE/ %
1 1 1 1 1 31.85
2 1 2 2 2 36.11
3 1 3 3 3 35.80
4 2 1 2 3 31.75
5 2 2 3 1 41.71
6 2 3 1 2 34.16
7 3 1 3 2 36.95
8 3 2 1 3 40.59
9 3 3 2 1 36.48
"""" ki 3459 3.52 3553 36.68
ko 35.87 39.47 34.78 35.74
ks 38.01 35.48 38.15 36.05
R 3.42 5.95 3.37 0.94
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Eﬂﬁﬁﬁamﬁﬁ@wiﬁkﬂwﬁ%aﬂmﬁ%&s S AS B 53
B 7 3T R S R MR /N F 32 C.
27 AT 5 0 i I 4R B A 8 i AR R IR R R AR (A
Gl BE) > C (Jilg 1T 42D > B O [R]) , d5 £ 32 B 2% 14 Oy« B 1] 4
450 U/g,F 30 C &M F4REL 72 h, JLBF4R IR K 45.26 %

R BERBEREZEAEXTRER
Table 7 Data and analysis of orthogonal test for enzymatic

extraction of collagen from fish scales

- A B c D Ll {=
EHD R/ %
1 1 1 1 1 32.91
2 1 2 2 2 38.14
3 1 3 3 3 43.41
4 2 1 2 3 35.16
5 2 2 3 1 34.28
6 2 3 1 2 36.18
7 3 1 3 2 35.55
8 3 2 1 3 32.89
9 3 3 2 1 34.23
"""" ki 3815 8454 33.99 338l
ko 35.21 35.10 35.84 36.62
k3 34.22 37.94 37.75 37.15
R 3.93 3.40 3.75 3.35

25 REZEMEBRESTERN

tH2% 8 Al R Ay AL vk M IR T A B I R Y
PR (P<C0.05), HIGMR G B8k th F e B8 5 R 1k (P <
0.05) , HARBUR /r %) 4 84.61%,76.65% ., Al GEL T oM G
it k3 o i IR R R R SR T A T B R A A S B AR A
AR S R = R = N 2 (S NI 3 = ke g =
IR &
2.6 SDS-PAGE BEHk&ER

B &1 AT G R A 25 vk B TR A 8 R AR A R AR
o JIKEE Cay vas - 43 TP 209 120,110 kD) Fl— 4% B B &
HE Ca ) R 40 F TR 29 R 200 kD), 5 5 53 1 45 14 1

*8 BEEAZRBARREER
Table 8 Experimental program and results of acid-enzyme

coupling extraction of collagen

KIS B WEREC B IURE R A RBUR/ %
1 B2 1 3 B PR 1 $R I 54.2142.36°
2 B2 1§ B it 12 B 84.61+45.35¢
3 it 15 4 1K il 125 4 1 49.64+3.32¢
4 37373114 PR 1% $2 B 76.65+4.56"

T S EARAS IR R 25 5 3 ( P<<0.05)
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Figure 1 SDS-PAGE of fish scale collagen
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