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Study on the extraction process of gelatin from tilapia fish scale

WEI Shao-hong XU Yong-an* WU Jing-na

(Fisheries Research Institute of Fujian, Xiamen 361012)

ABSTRACT The fish scale of tilapia taken as the raw material, the orthogonal test design
was adopted to study the pretreatment of the fish scale of tilapia by using alkali method, acid
method, enzyme method, acid and saline method, and saline and alkaline method. Then the five
optimized processes were compared and the gelatin extraction process was studied. The results
showed that the enzyme method was the optimum extraction process of gelatin from tilapia fish
scale. The process was as the following: pretreatment with 0. 2% acidic protease solution with
pH adjusted to 3. 5, enzymatic hydrolysis at 35 C for 1h, then the fish scale was rinsed to pH
5~6 after being soaked for 4 h in 2% hydrochloric acid. The gelatin extraction process includes
3 heating steps,heating at 65 C for 3 h, heating at 70 C for 3. 5 h and heating at 75 ‘C for 3.5
h, then the final product was filtrated and the filtrate was pooled.
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A0, HE 7R R AR 24 45 P LA B8 B2 B0 B A 7 A B A DA B ARG B Ry TR o 4 1 B 2 ) AR A CR/NER F - 2004)
BEEBI AN TH Y MREE R, =T REN TR A8 68, XETHESEEENREEG, BITX
WA RAE A E . B TRE, REWREM., 200 FWME, PEPEMAERD 10.7 7 «(RMAE
2006), H s fa FRIBMERL L5 F t £F. Bk, BERAMNFRAETHEMIF R AR . AB%EK™
A 0 T BURE O B SRR 35 B T DA DR IR B ¥ e IR, SRB B B0 K 7 o 0 A BRI E, 3 R B IR IR TR

ity R B ERY, S AR ERM 1Y% ~5% . SHEEEHNRIEEA, & 204 ~40% i flit, RE
AR aEEL 30 7 «(FLAFE  2003), M 20 4 50 FRE, A AEEREEA#T T RKETHR,
Shxt L B E AN RBENEA B XA REA AR D HE (Muyonga et al.  2004; Takeshi ez al. 2000,
2002;Jamilah ez al. 2002;Rigo et al. 2002;Fernandez-Diaz et al. 2001; Gordon er al. 1960; Batista
1999) . BRI T2 R E AWK B (BEE (BRERE (3hmik . B ET E WA 6 TR ARG A sh ¥ 19 B 70 R
FHERB B K T2 B R AR, N f B @t PR IR U B A RIE (BB EE  2005;4k 8% 2007;
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1.1 #7g

1.1.1 B#
R B % 3E 0 % AR B R I AR MK R R PR B4R
1.1.2 & A
AKAR) (Fh R (AR) (/KBRS (AR) (S AL 41 (AR) (BRE T H B (=50 000 /g ).
1.1.3 NE5%E
HH-6 $( & 8\ /KB PHS-25 B & i+ . KF3102 HF X F (101 A-3 RUBL . 8 KT 4846 . TDL-40B § R &
L NDJ-58 BI85 20K B i B 0o BE I e X .

1.2 SBSIRNBENIZRE

REDFaAS>ER VR AL E B> R MR~ E%E pH 5~6 4 >BE >R KB ~EE
e 41— 60 C B T4 4 1 — B e — U E
L.2.1 RBRAMHeFsLE

i WA 3K B B £ R AR R N RN B R S HEAT I B AR E LA R LR R
1.2.2 #W&#EFHk

S A AT (A KD (BRI (R R (R 5B (R RE (REL M S HBReD Bk (REEA
B AL IR Lo (3% IEAZIREE » LAAH A OKG 3 2 BRI 38 0 #6 07  B o M B A 5 & A5 18 th & r s 4k
TZ.
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R R R 5. B I8 BT A A FR B AT R
1.2.3 #B&
1.2.3.1 pHBEERR

DA B AT AL B Oy B AL T L 42 B PR IBE LR 0 £ 9 40 B BUELTE pH 4.5.6.7 BYAAZRIE A GK B LB UK
RYE) R ERBE 3 W, 4 AW B IR AR R E R R . HARBURE N EW T .

581 RBBIREE S 60 CLBF[RIN 2 h, B/ B 55 2 WRIRIRIRE N 65 C,BHE N 2 h, i 384N B W 5
5 3 RIRBIRE N 70 C, AR 3 h, 8, &3 3 IRBEUT BRI .
1.2.3.2 REMBHHAA KRG

7t pH 5~6 HARMEAK PRI, HR B BA G4 30T . |KRAFEIL 10 h, K& 2.5 4,48 5 4,

12H:65 CAnfh 10 h, — B2 41.75 CHIF 10 h, — R ;3 4:65.75 CHEIM S5 h, o BHKBE 5
4 #8:65 CHm# 3 h,70.75 CH I 3. 5 h, F4r 3 YREEEE ;5 4:60.65.70.75 CA&M#M 2.5 h, 34 4 WHERE .
1.2.4 AZER%E.THR.HA

FRAREAERS  EESEAKT 500 mm R, BEAREL 60 CHERATHRE, BEHBRBREREE
040G REHE 60 CHENTERATHRZEVNRESKE UMY UT, ZBBEHURE, BITT 8 R 5.

1.3 MAREAERELE

1.3.1 &%

Wweg @8, FE . 23 HABEBRERE . E— SR E . oH. B 6 F#TETRKBNRER, AXZE
A IRV, SR IR TR E S K 14X UTF B w g.

BB ER(Y) = w /wX100

1.3.2 WABR R E R A

B—EBUR . MEHEO0.1 g, MA—EBMERMK.7E20 CEATHE 2 h, FHBRKEK, REET 65
1 CHZKBEH,TE 15 min Z W RS HBIE, R HEEABIMEHIRE.
1.3.3 #EEWME

FAREARER ] 6. 67 %0 M BER 200 ml, K RV HE 60 C, (| NDJ-5S RIBFEFR M EHH#HBZT . RAL1 5
BT AEER 60 r/min, BIFE T, ABETHRE, R TFHORERERNTETHESEROKRE L, T35
Bl RBP4 I B E AT S IR BOHE REUE, B8 mPa » s,
1.3.4 BEBREBEMNZ

W58 SeRE B B ZE RS A, REHHEAFRIHEA,E 10201 CHRLRIEKESFHKE 16~18 h
5 » TBCH O R o PO O O, SR B AE R R, A g/ om?

2 ZREHR

2.1 GHRNBERENIZHE

2.1.1 &SBAFFWLEF R T LA
2111 B ) |

ZHREE, BEAENERKB BRI RRRERNE 1R,

MWNEIWELRBERTUEL . FEENHRHAENEWE FBREKKI ASCSBRFTEHN AB,
Co  BIFKE 0. 4% IR 20 C,BHA] 4 d; 4 B F X BH e AS BE A2 W B EBRIKIK I B>ASCLIRF R KR AB
Co  BIEIKE 1%, B 10 C,HHH 4 d; 4 H %t 08 Bk iR B B M B EBIRIKK S C>ASBMEFRK A,
B.C,BIEKE 1%, 8EF 10C,if[[ 4 d. B ERNSTMGEA FEEBRLBIAGZENRT R ABCLIA
KE 1%, BE 10 C,mHE 4 d,
2.1.1.2 @B
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Table 1 Results and analysis of orthogonal test of alkaline treatment
AaxE o " p
. HE i 8] (LE: 3 bi): S B BB BE
2H 5 Concentration of . . . .
. . X Temperature Time Yield Viscosity Gel strength
Series calcium hydroxide .
. e (d) 9% (mPa * s) (g/cm?)
%)
A1B Gy 1€0. 4) 1(10) 1(4) 12. 86 10. 2 831.5
A1B,C; 100, © 2(20) 2(5.5) 11. 86 10 697.3
A1B;Cy 1€0. 4 3(30 3(DH 11.1 10. 8 769
AB1C; 2(0.7) 1(10) 2(5.5) 10. 57 10.9 884.3
A B:C3 2(0.7) 20200 3D 10. 28 6.6 477
A B3 Cy 2€0.7) 3(30) 14 9.72 10.2 1117
A3BCs 3L 110 3(7T) 7.23 11.9 1178.7
A;3B,Cy 3(H 2(20) 14 9.83 10.7 1126.7
A3B;C 3(D 3(30) 2(5.5 9. 66 9.2 687.7
K, 11.94 10. 22 10. 8
Kz 10,19 10. 66 10,7
Kj 8.91 10. 16 9.54
Ry 3.03 0.5 1.26
[CE
Yield HEEK
Primary and ACB
secondary factors
&
Optimal AB:Cy
craft
K 10. 33 11 10. 37
K, 9.23 9.1 10.03
K3 10. 6 10. 07 9.77
R; 1.37 1.9 0.6
i
Viscosi B FK
iscosity R
Primary and BAC
secondary factors
L7 3
A3B,C
Optimal craft sE
K, 765.93 964. 83 1025.07
K, 826.1 767 756. 43
K, 997.7 857.9 808. 23
R; 231.77 197. 83 268. 64
BEBR
Gel strength LEE S
Primary and CAB
secondary factors
S
A3zBi G

Optimal craft
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fPAB ), REAAHIEGAE BT RIRBRERNE 2 Fix.

M2 MIERIABE R AT LA, & MR AR Embm ERRIKK K C>A>B, RITRH AB
Ce o BF HCL¥RBE 4. 506, B{E] 4 h, @& 20 Cs & B R X BB R FE A i 1 EFRIK IR A B>C>AL IR R K
A.B, G, BPHCIHR FE3. 50, I [ 8h, R B 20°C ;5 45 P & X B Je 58 2 568 BE 1 B ol iy £ B K IR A B>A>C,
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Table 2 Results and analysis of orthogonal test of acid treatment

HCl % & N § 4
. B 8] =4z R Hh B BIRBE
4 5 Concentration of . - - :
Series hvdrochloric acid Time Temperature Yield Viscosity Gel strength
yaroey b ) %) (mPa -+ s) (g/cm?)
%
A1BiC 1(2.5) 1(4) 1o 11. 30 9,20 507.7
A1B; G, 1(2.5) 2(®) 2(20) 13.99 11.50 591.3
A1B;Cy 1(2.5) 3(12) 3(30) 11.72 8.20 461.7
A B Gy 2(3.5) 1D 2(20) 15. 31 9.70 702.0
A;B;C; 2(3.5) 2(8) 3030 12.05 11. 00 937.0
A;B;C, 2(3.5) 3(12) 110 11. 85 9. 20 431, 0
A;3BiC; 3(4.5) 1(4) 3(30) 13. 45 9.10 574.7
A3B, Gy 3(4.5) 2(8) 1(10) 13.10 10.00 651.0
A;3B3Cy 3(4.5 3(12) 2(20) 14.70 10, 20 613.3
K, 12, 34 13.35 12.09
Kz 13.07 13. 05 14. 67
K; 13.75 12,76 12. 40
Ry 1.41 0.59 2.58
(CE 3
Yield LEESN
Primary and CAB
secondary factors
%
A3;B,C
Optimal craft s
K 9.63 9.33 9.47
K; 9,97 10. 83 10. 47
Ks 9.77 9.20 9.43
R, 0.34 1.63 1.04
K
/s
Viscosity HRERK
Primary and BCA
secondary factors
WIS
A;B;C
Optimal craft Gt
K, 520.23 594, 80 529. 90
K, 690. 00 726.43 635. 53
K, 613. 00 502, 00 657. 80
R; 169. 77 224, 43 127. 90
BB E
Gel strength AREK
Primary and BAC
secondary factors
iy & AsB.Cs

Optimal craft
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e HEHN A B, Cy, B HCL ¥ JE 3. 5%, BHiE] 8 h, IREE 30 C. @i EMAHT ML & PR RLABILG G R
N AB.C,, By HCL ¥R EE 3. 500, Bt} 8 h, |l E 20 C,

2.1.1.3 ik
ZWIRK G EHIE T (23 CAA BRI LA ENIERAR BT LIXBEIRWE 3 Fir,
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Table 3 Results and analysis of orthogonal test of acid and saline treatment

HCI N 4
415 Concentration of Tl Na, SO, (EEd Wi W IE
é X hydrochloric Time Concentration of Yield Viscosity Gel strength
I
eries yaroeh ot (h sodium sulfate(g/L) %> (mPa « 8) (g/cm?)
acid (%)
A1B, G 1(2.5) 1(4) 1(0) 12. 30 9.10 762.3
A1 B;C, 1(2.5) 2(8) 2(5) 15.75 10. 80 1093.0
Ai1B3;C; 1(2.5) 3(12) 3(10) 16. 27 11. 40 1051.3
ABiC, 2(3.5) 1(4) 2(5) 15.73 11. 20 723.0
A B, Cs 2(3.%) 2(8) 3(10) 16.79 11.00 806. 0
AB;C 2(3.5 3012 1 10. 29 9. 85 1091.0
A3;BiCs 3(4.5) 1(4) 3(10) 16.70 10. 40 721.7
A;3B;Cy 3(4.5 2(8) 10 9.76 9. 25 1159.3
A3B;C 3(4.5) 3(12) 2(5) 13.91 11. 40 1014.7
K, 14,77 14,91 10.78
K, 14, 27 14. 10 15.13
Ks; 13. 46 13.49 16,59
R, 1. 31 1.42 5.81
% EFERN
Yield Primary and CBA
secondary factors
(IS
AB.C
Optimal craft 1o
K, 10. 43 10. 23 9.40
K, 10. 68 10. 35 11.13
Ks 10. 35 10. 88 10. 93
R, 0. 33 0. 65 1.73
M HEEK
Viscosity Primary and CBA
secondary factors
A 3 .
A, B;C
Optimal craft PR
K, 968. 87 735.67 1 004. 20
K, 873.33 1019. 43 943.57
Ks 965, 23 1052.33 859. 67
R; 95,54 316. 66 144,53

BERR HAEER
Gel strength Primary and BCA
secondary factors

ES ARG,

Optimal craft
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MEIHERHEBLERAUEL, KR ENWEBRESROZME EBRIKKN C>B>A I RN AB
Cs, Bf HCL¥RJE 2. 5%, BF[A] 4h,Na, SO, ¥ B 10 g/L; & B & Xt 8 Bk B AR v i = BIRIKIK 8 C>B>AL
HRHN A,B,C,, B) HCL ¥R B 3. 5%, Bf 8] 12 h,Na, SO ¥ 5 g/L; 4% BN £ X 88 e 5% 5 38 B 2 e 3 B ok AR vk
J B>C>AMHB RN ABC B HCLIEE 2. 5%, B8] 12h,Na, SO, 3 0 g/L. Bd EMH TGS F &
EBRARINZAMMHTERN AiB:C,, B HCL ¥R 2. 5%, 848 12h,Na, SO, ¥ 5 g/L.
2.1.1.4 .

FASEMPERBANBESERGHETRRGHE  MBMIKE 100 ¢/L RBEAE, LHRRE, EXRE
Wit RWEL RINEK 4 Fim.

R4 BEEABECRRERRERSF

Table 4 Results and analysis of orthogonal test of saline and alkaline treatment

NaOH + Na; SO
269 Concen(?rat_it)n ozf so:iium H;j,- Al ) 15% *EE Be i
Series hydroxide and sodium Time Tem[{erature Yield Viscosity Gel strength
sulfate(g/L) (h (4%} %) (mPa » s) (g/cm?)
A1 BIG 1(20+100) 1(8) 1(10) 6.975 11,7 930. 3
A1 B;C, 1(20+100) 2(16) 2(20) 9. 705 10.4 837
A1 B:Cs 1(20+100) 3240 3(30) 9.02 9.2 666
AB Gy 2(30+100) 1(8) 220 9.215 11,5 1079.3
A;B,Cs 2(30-+100) 2(16) 3(30) 10. 22 12.5 787.7
Ay B; G 2(30+100) 3(24) 1(10) 8.555 9.9 752.7
A3BCs 3(40+100) 1(&® 3(30) 10. 315 9.9 997.3
A3B; Cy 3(40+100) 2(16) 110 11.2 10,2 1131.7
A;B;Ce 3(40+100) 3(24) 2(20) 10, 415 9.5 898.3
Ky 8.57 8. 84 8.91
K; 9.33 10. 38 9.78
K; 10. 64 9.33 9.85
Ry 2.07 1.54 0.94
fBx EERN
Yield Primary and ABC
secondary factors
Opgfn)jl%raft AsBaCs
K, 10. 43 11.03 10. 60
K, 11. 30 11.03 10, 47
Ks 9.87 9.53 10. 53
R, 1. 43 1.5 0.13
HE H&EK
Viscosity Primary and BAC
secondary factors
Opt{ijEn)Z‘l%;raft AzBiC B AR Gy
Ky 811.10 1 002. 30 938. 23
K; 873.23 918. 80 938. 20
Ks 1 009. 10 772. 33 817.00
Rs 198 229.97 121.23
BRI HEER
Gel strength Primary and BAC
secondary factors
UWIE S AB G

Optimal craft
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MELAMESKESERITUEL, K FEXNAREBEHZHE ERNRKKN ASB>C.EFEH AB,
C;, Bl (NaOH+Na, SO, ) ¥ & (40 g+100 g) /L, if[A] 16 h, {8 B 30 'C ;£ B 25 01 B kb B 10 5% 0 et 32 B VRAR IR
H B>A>CLE R RN A:BICE A, B, Cy, BF(NaOH+Na, SO, ) ¥ B (30 g+100 g) /L, AF[A] 8 h 5 16 h, &
10 °C 5 2% B Z X BH e B 58 B2 32 i | FE BIRAR IR A B>ASCL B R4 AsB,Cy, BI(NaOH + Na, SO, ) ¥ i
(40 g+100 g) /L, 0f[E 8 h, &R EE 10 C., BHHMAM MG FHEERABIAESHMTER ABC,, B
(NaOH+Na, SO, ) ¥ £ (40 g+100 g) /L, it 8] 8 h,#HEF 20 C,
2.1.1.5 BiE:

ZWRKE, BAAEN pHEE 3.5, HERRAB B RIRB LS Rn#E 5 FinR.

%5 BMUEBEAMABESHRBARRAEWSH

Table 5 Results and analysis of orthogonal test of acidic protease treatment

15 LS5 1’ 8] (G by BRRE
é . Concentration of Temperature Time Yield Viscosity Gel strength
eries acidic protease( %) «C) (h) %) (mPa + s) (g/cm?)
A1BC 1€0. 2) 1(30) (D 11. 435 11. 6 1120
Ay B, Cy 1€0.2) 2(35) 2(1.5) 11. 315 10,3 908. 3
A1B;Cs 1€0.2) 3(40) 3(2) 10. 97 10.0 1118.7
A B C, 2(0.35) 1(30) 2(1.5) 11. 65 10. 2 814.7
Ay B Cq 2(0. 35) 2(35) 3(2) 12.55 10.6 952.7
A>B;C; 2(0.35) 3(40) (D) 11. 255 10.0 911.7
A3;BiCs 3(0.5) 1¢30) 3(2 11.895 9.9 677.7
A3 B, Cy 300.5) 2(35) 1(1) 11,235 10,4 799.3
A3B;C; 3(0.5) 3(40) 2(1.5) 10.9 10. 8 ©070.7
K, 11.24 11.66 11. 31
K, 11. 82 11. 70 11,29
Ks 11, 34 11.04 11. 81
R, 0.58 0. 66 0.52
(GE
Yield HEEK
Primary and BAC
secondary factors
I
A B, C,
Optimal craft pRes
K, 10. 63 10. 57 10. 67
K, 10.27 10, 43 10. 43
K; 10. 37 10. 27 10. 17
R; 0. 36 0.3 0.5
M
Viscosity HEER
Primary and CAB
secondary factors
o &
A;B,C
Optimal craft e
K, 1 049. 00 870. 80 943, 67
K, 893. 03 886. 77 931.23
K; 849, 23 1 033.70 916. 37
Ry 199,77 162.9 27.3
B
Gel strength BEER
Primary and ABC
secondary factors
% AB:C,

Optimal craft
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MFE 5 IR ERIKBERTUEL , FEHEXNHBEERNGEHE EINXER N B>ASCHETER A,
B,C, , PR & 0. 3526, IR & 35 C,BFH] 2 h; S H R X BB E Ml ERRKK A C>ASB,HRFERHR A
B,C,, Bl & 0. 200,18 /F 30 C,BfE 1 h; &% B R X RERBERZ M b EBRKKR Y ASB>C, RN
AyBsCo, BIESR 0. 220, 3R 40 C B 1 h, BHAMWSTNE S FEHEERLEINESHMTEN ABC,
BIESE 0.2% 88 35 C,mHE 1 h,
2.1.1.6 SBMATLAHEFENELLE

OB :A3ME 1IN AREEERE 10 CTREAR 4 4, HEAS 2 RNER 1 KASEKGKE
W, (OB F3EEEN 3. 500 HCl Bl EBE 20 CTEERAKE 8 h, (HBEWE - 3 2. 5%HCI
55g/LNa, SO MBAWRAEFERT (23 CELBHRABE 12 h, (DML 34540 g/L NaOH 5
100 g/L Na, SO, R S W ERE 20 CT,.BEAB 8 h, GO A3 0. 2 MMREEGHEM,H pH
HZE3.5,F35 CKBFEMAa1 h,

2.1.2 ESZHATREF LRI LKL

BRI, E S METABEM RE T2 SHB3 agi 7R A 38, BoJa DB B3 380G B P58 IS 5R B N AR ot

AR O3 R A W E T2, HE Rk 6 Fim.

£6 EBREMAMALEAZLE

Table 6 Comparison of five pre-treatment methods for fish scales

05 Series B Yield( %) K5 Viscosity(mPa » s) YEREIR B Gel strength(g/cm?)
1R Alkaline 12.25 9.9 899. 7
20 Acid - 10. 48 8.6 793.7
3(EREL ) Acid and saline 11. 61 8.7 845. 3
4(REE) Enzyme 12.22 10 987
S(ERBB) Saline and alkaline 12. 36 9.3 1086

MF 6 ATLLE L5 1.4.5 4IBAE 015 SRR R4 , T L& SRAHARL, 43 B7E 1226 LL £ 9. 3~10 mPa « s, T
BERCGREWMRX SHBRE E S HSHE 4+ H>H 1 H, (UATRBEYER L 5 H KRR HENREF
% BN RS 4 ARESEE, B 0. 2% WEAE . 78 pH{EZE 3.5, F 35 CRBEPEHE 1 h,

2.1.3 a8 MKk T LML
2.1.3.1 % pH1H

ARBIZEE WA T Z TR, 80T BB AR pH EXT B ASR KB ERGREME W, KR
mE 7 PR

*7 G@HRE pHELERRR

Table 7 Single factor test of pH in extracting gelatin from fish scale

45 (EE:S R BB 45 (CE S M BERRIE
Series Yield( %) Viscosity(mPa » s)  Gel strength(g/cm?) Series Yield( %) Viscosity(mPa » s)  Gel strength(g/cm?)

pH ¢ 11. 31 9.9 945.3 pH 6 11.91 10.2 1032

pH 5 12,15 10.1 958.3 pH 7 9. 67 9.4 858.3

MR 7 R 1 ATLUE W BB A DR BE AN BE AR B R pH AL B % — 30, SBEE pH EKE KRS
BRGNS 7 pH 5 B EUR iR R E , TR BE FIBE IR 88 BE 97 pH 6 IfBUSBROKME, i KB AR AT U
A, 76 pH 5 A pH 6 B, B 3R OR R ABEBGR I MEA R, Bib, 58 % BEEK pH HEX 3 MERHE
W, B 4 5 B pH fEFE I pH 5~6.,
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Viscosity
=
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Fig.1 Impact of pH on the yield, viscosity and gel strength

2.1.3.2  ZRMCHE BE B R B A A A
AR B DA 0 AR A T2 AT AT AL 3 I A B pH 5~ 6 80T AR B B AS [ 3 E L o (R] 4 X B
FREAT S R B B B0 B A RS I, L AR SR UK 8 R
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Table 8 Temperature and time combination optimization experiment on extracting gelatin from fish scale

20 3 Series BE Yield( %) K5 B Viscosity(mPa « s) HERZ IR Gel strength(g/cm?)
1 11.59 9.6 911
2 10. 96 9.2 892.3
3 11. 89 10.3 953. 3
4 12.18 10. 4 985.3
5 11. 43 11.2 998
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Fig. 2 Impact of temperature and time on yield, viscosity and gel strength
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