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YOE, B W, WEE, REL, EHR, =&,
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2. PEKFPEDT SRR AR, AR M 510300)

FRH

BMEUNF e FRBRARE EXREFEURERRAWE BEEABERILRER
Bk W 2 BRI e 38 W O RE 7 5 R IE R BRI AR 14 F (7] W9 B JE 4 1 b WA B o TR
ZRERBREE T AN H. R EHEARE WA RETECER 27, A E
WARMER L A EW - E (GC-MS) A RN B R B2, 0 Tkl & L E% F
o ERARREERKE, EREA FRXEWE BEERABERILRE KB %EA 0 &
BRAABEER, CNZAWRBERXRER BF (P < 0.05) , 2w DLIE ¥ %M B E K
REF. EXBBALHEERBRMHERET £ R B 1.5% (w/v) E# K2 5% (w/
V) AR W ,40 CTRIF30 min, ZHEXEEHBNAKLER MEAEEN91.3%,
BB TR B A 301 g, VA B, AR VR AR D s GC-MS A7 45 R B 7R , WA B 96 T JL JE T A 1
WERE R 33 F, E AR R, AR A RS 0T, B L
FEJG A HY o 8 R M AR 2 26 A By KRR B L RIE R D R o £ TR KA A
Fo BARFR EURKEMERTRERAKNER, ABHLEAER, THA T TR EF

Tk Z 4 & B Ko

KER:ZEa; AR EERELRFELARKS

hESHKS TS 254.5

B —BhH BV R R Y, dsh W45 4%
HA(WEEEHS) &L, BEE S EE
RIS, B EA AR B S RRA:, W AR I
BEF) Ko ] LR I FR] R KA
HRIT 2R B2 AL Rt T
M, BT AR EEUS BN RS E R
R, SEJUAESR, B TRAR 0 JE 1 B i 1 e T
BRI Z2MEEILL BRI BFRE, A
16 3R MK A= 3 i 0 H R 8 28 4 R v SR B
W28 %9k ( Oreochromis niloticus) ELAGH:
R, RS, B, B RER A, B RO IR
WP FRFER FE AR, FAO Sit¥iiERE,2008 4£
MATEAEE 250 7 t, PEALH ™K
50% . HHI,FIFEEER—EIEHES, KEOHT
TR HE R 0, HAEIRE T AENE

5% B #1 :2009-09-06 &5 B #3:2009-11-27

NEFRIRAD A
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e R A% R e B BEAT 0T A

1 MRSk
1.1 ###
FRAaFHBEN AR EH & (HEAN

87.7% ,7/K4} 8. 86% , BEJXFa ¥ 254 Bloom, JK 43
0.63% K pH 5.9) . ZZBLEEH:M T )b BB

BRI .| R4& R\ E S B (2008 A020100006 ,2009B020201003 )
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BH R A A; B R A5 RE (Streprococus
thermophilus, GIM1. 83 )., & 0 A W %, +F &
( Lactobacillus bulgaricus, GIM1. 204) , ) F T &
BIEY P FR T E R RE O 5 B KRB RS
RIAT LEEFEERARAR; HEEmHh
ViR IES R

1.2 SKIG{UER

KH#s YXQ-SG46-280SA , I ¥ Il 3 A= Wy il
m A PR ] 7= ;7228 T WA 66 BT, RS
FAEA PR F 7 i TMS-Pro B4 43 #7 4,
Food Technology Corperation (U. S. A) j= 5 ; K48
3% — R REEE F A GCMS-QP2010, H 7 & H Y
NI
1.3 EWFH*

(1) BEREREEE B8N 1. 0% (w/v) TH B
#16.67% (w/v) B B W RS W, BE#E, 35 C
KB%1.5 h JFE.L(4 000 t/min,20 min) , B _F &
BHATREEE

(2) FLEREH R BEL %510 8. 0% (v/v) fR Al
TAHEESBRAERFRASEM (2:1) 3
6.67% (w/v) B -t [ I VS W, B P, 42 TR
B% 7 h, KRG E.0> (4 000 r/min ,20 min) , B _FiF
BAHATREED,

EPEF Rk SIN1.5% (w/v)TEHER
$6.67% (w/v) Bt ARER, BiHE,40 C
{R¥8.0.5 h, B0 (4 000 r/min ,20 min) B FER
HATREEE

RERE  HIRBBEIES,H 10 £3%d
LI INGRRE PFE FRTE BB RR /D, 183K
1 ARUEPE S, B RFAR R 10 A1,

x1 BEEASRE
Tab.1 Scoring standard of sensory test
PB4 score
0

BB TEM sensory evaluation judgment
MR (R HR)

stronger fishy odour ( control)

RSk B
strong fishy odour

JEF B ¥
fishy odour

JEBRIR

slightly fishy odour

FoRERR

barely detectable fishy odour

1

2

3

4

BEGMNZ  RANKRERE" ;KA.
KA ESH SR 12]

ZERESEFNE  RAMSBLEITNE
B BEV YR AE 630 nm ST L ORE R B, N LA
6.67% (w/v) MR W 7E 450 nm ¥ T S {H 3=
2 R

B AR E W 2 ZHCER[14 - 15] B8
B3, 6.67% (w/v) FIBER T (10 £1) THE
16 ~17 h, fj TMS-Pro BUYjE 7 I & , B N
12. 7 mmAg 3k DA 30 mm/min 3 B 15 A B 3
T 4 mm 4EFTRZH) 1 (g, Bloom ) KR A BERL IR
&

%t 4 H ¥ F§ SAS ( statistical analysis
system ) F A HATHAR G T 00T, U Z 4T BoR
ZRBEN, KRR/ EEEZE(LSD) WEF
¥E.

BE ML

(1) [R]Bd ZE 4B 2R B B 100 £ 6.67% (w/v) &
e B BBV MR T 250 mL B iR G f#E T SDE 3%
B, IR, R, B D RS 50
mL BB SDE KB 75—, 45 TKE M
CEOEIEI R MK, BB 2 h 5, (REB B
W, oK Na,S0, K, Bk, Bl 5 H
BRSO BOR MR SE Z 1 mL, 398 R WAk 48
Yy, SR 5 - BB (GC-MS) 4317,

(2) GC-MS g #:43#7: AR+ Rtx-5ms,
30m x 0.25 pm x0.25 mmGHRBHAEH; E
AR Z 50 C 4752 min /525 CT/min K3 E
FHEF] 300 T, HEL) 10 T/ min FHER] 320 T, #
FERE 250 C, kM w2 1. 58 mL/min; 43 kb
12:1,

(3) Ri 4 B i\ EL L FRER 70
eV, BTIEEE N 200 T, EZOBEE XN 250 T,
ERPERALHE B RE R, RS Y&
B RIFR S NIST %2 (107k compounds) FI
Wiley 1 P& ( 320k compounds, version 610) #HJC

Fe, (X5 i I BL AT 80% BY4L &4
2 HR5iE

2.1 FiRRAEIRE

X G A R I T Atk R TR R B R R
FIRVEVRE . BERETH LIRS T8 e TR
XA RS B RA BURE A, IR RCR E R B
(K 2) , KSR EHESCR R, X -5 X W
I REMBIA SR B
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x2 FEBREAZHEETES
Tab.2 Sensory scores of gelatin solution after
removed fishy odour by different methods

77 methods 438 score
B R KB yeast fermentation 1.3 £0.48°
PLBER B & B lactobacillus fermentation 1.4 +0.52°
{5 R [ active carbon absorption 3.3 +0.48?%

T AR EARRHERE BEER(P < 0.05), IT&RIMERL.
Notes ; Different letters mean significant difference (P < 0.05) ,the
same as following.

2.2 EMRBHEEHE

TRISUTE M Vs i &2 R O e [ PR B iR K% B
RS 4 BRI EE, BRENXT RS
W% I B KRR R BRBCR B

AR ERE

(1) W% Bt B ) %o G RE IR B MR - 5 1. 5%
(w/v) TEHERD]6.67% (w/v) BIEER H , 75 40
T A FBE) G , B> (4 000 r/min, 20 min) ,
B EBEBHTRETEE , I E BN, 4587 0
F=3 KB, EHEx2FEREYR, FEELS
FEERAIRMAEIY . K3 T A, Tt
433174 10,20,30 min /R EFHMER G B EZE
5:(P < 0.05) , Tt 30.40.50 min [ B PERCER TG
BEER. NE T, ERY R, B
VYR 3% B B 0, W M 30 min 5, & 5 LI
FWm, Ei, & E RS 30 min,

#3 BHKHEMNHEREEESHRN
Tab.3 The effect of time on sensory scores of
gelatin solution

% BkfEf Bl (min) time PE4Y score
10 1.3 +0.48°
20 2.9+0.57°
30 3.9 +0.572
40 4.0 0. 672
50 4.1%0.57
30 r ey _T_d i
© b
5
8| 25 .
Eep=!
- & d
W E 20
-
15

0 10 20 30 40 50
BFA) /min  time
B 1 et EI X B B A B B R

Fig.1 The effect of time on transmittance
of gelatin solution

(2) V&M 2% G I 8 2 J A5 SR 1 = Ml < 5
AR 2R EERD] 6.67% (w/v) BB, 40
T/ 30 min, 5.0 (4 000 r/min, 20 min) , B
HRHITRETEE , B S, ME SR R
B2 K4, NE2 fizk4 LR, BEREM
5B NERE RETSMERIEMERX,
HIMEX0.5% .1.0% .1. 5% B, JEBRESME &
EHEHAAEREZR(P <0.05), M
1.5%f2.0% R EBEER., EEEHEREFM
BRI, B B 1 VB 1 B R B R R , 5 A
BB 1. 5% (w/v) Jg, RERZERA K, B,
BEEERENEN1.5% (W/V),

o
(4]

[+] a a
*%30 b
~3 c
:E-‘é’25 d
ggzo
HE5
0750 05 Lo 15 20

RS INE /%

influx of active carbon

B2 iR B X B R BE S b R
Fig.2 The effect of influx of active carbon on
transmittance of gelatin solution

x4 FERFENENERITESHIRE
Tab.4 The effect of influx of active carbon on

sensory scores of gelatin solution

WINE (%) influx SHE score
0 o¢

0.5 1.8 +0.42°

1.0 3.2 +0.63°

1.5 4.0 £0.67°

2.0 4.0 £0.67°

(3) MR PR UL %o it AR SR B B2 - %500 1. 5%
(w/v) TEERD 6.67% (w/v) IIREB W+, TA
[5] V5B % Fft 30 min, B.0> (4 000 r/min, 20 min) ,
B EBBHATREE, S E B S I, SR
El 3 Mk 5, B3 R, EE XTI s OB S
HIRBARZE (P >0.05), MK S5 W4, KHIE
20,30 f140 CHIMBREWSEREBEE
F(P < 0.05) Y5 B X P o= fChL I 3 3 2 Wil
WK, L R , ToRLE S a iR, TE Pk 5 IR R Y
JREHEARERTE 53, 1B 40,50 F1 60 CH K E IT
SHEERABE
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30.0 1 "
*
o 29.07
#aI 2807
ne

g% 27.0
’ § 26.0
25.0

20 30 40 50 60

. /'C temperature

B3 W% BE X ST L A9 R
* RALBEER,P>0.05,
Fig.3 The effect of temperature on
transmittance of gelatin solution

% means no significant difference, P >0.05.

x5 RERENARBREITESHRE
Tab.5 The effect of temperature on
sensory scores of gelatin solution

B E(T) temperature 4B score
20 2.1x0.74°
30 3.1+0.57°
40 3.8 £0.42%
50 3.8 £0.42°
60 3.7 £0.48*

(4) Ve X BB AR SR - B3 1. 5%
(w/v) TR BIA FRE RIS, F 40 TR
it 30 min , B0 (4 000 t/min, 20 min) , B FEH
HATRRE VIO, I OB ST b, S R LA 4 Fe 3k
6, M4 T 51, A [F ¥R A v W B A 22
BE(P <0.05), &6 KW, WKBEREETE
2.0% ~6.67% JA)Z: 1 M o W B /G W B TR 40 E
TBEER ., BWREIRES/DN, %0 8L EH
TR e B KGR, Vi K, R AR B R
BUoBREEEREEME, B, S6%)8, FHix
IR O B2 A B Vs VB B 5% (w/v ) B8 o

*R6 REXNPERBEREETSHRNE
Tab.6 The effect of concentration on

sensory scores of gelatin solution

Y E (% ) concentration 43 score
2.0 3.7 £0.48*
3.5 3.6 £0.52%
5.0 3.6 £0.52%
6.67 3.2 £0.63°

ERRE EERX 5% (w/v) B RE
VR B TR, LAY VBB B e (% ) BB TR E N

TR, RS R ISR (A) ALH R (B) KK
FHEEE(C)3 MER, BMER 3 MKFHFTIE
SERH Ly (3%) (R 1) o

80
a
8 0F —
§§ 60+
BE 50
E @
; § 30+
.
20
2.0 5. 6.67
#&ﬂ(lﬁ /%
concentration

B4 BREREIESLEIRE
Fig.4 The effect of concentration on transmittance

of gelatin solution

RIER 7 IR E R K/PAINT, & B2 378 B
BHER I ERKXENB > A>D > CH
WH BB L EmME R, BEEHN
A,B,C, MR ETFHMET S, XK ERX RN
A > B=C > D,BHAHBN AB,;C, 5% C;, &
B BB R E YEAME, B R M AR
A;B,C,, BITE MR IR 1. 5% (w/v) , W B i 1]
30 min, BB FHERE 40 T,

2.3 HARGHRPERTISERIL R bL B

B B VA VB 20 M AR AE R EAR M T TR B AR
BEJE T4, At M IR, 5 R 03k 8 i, |
F8WMAM FAKNBRBESHESSEN
97.9% (LATHit) , AR RTHY 96. 2% (LA T 5
)&, TAKAE Y& 280, BERGRE E W E
WERFER. EREEEEEVRREN— &
B4R, A B B R LB ¥ O 100 ~ 300 g7,
EHERRM RS R R T — & m, Bm T
BERGRE , E THRKER,

2.4 HRIRERMGZERE MRS RIS

PR EL RS FIHFRZEE -
SHEIE - RIS A EOR E B e M R B IR 3%
RSy, B 5 B ERTY GC-MS B, 4 R 1%
Bl ERR, HEAR 33 FELEERS, SH S K
X ERE 9 B, MK O W, BB AR By
RS, KRER—ESHREN BB
MORER 2 BRI JS ABE R Y I, P R 15 b B2
255 Fh BRI 5 Fh, M3 B, HABYIR 5 Fb, R
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RT EXHITRER
Tab.7 L,(3")orthogonal design and result

HE factor $54R dependent variables
T ABmE(%) BmAMmn  CEET) o BWE(%)  BEFR
influx time temperature transmittance score
1 1(0.5) 1(10) 1(30) 1 25.8 2.9
2 1(0.5) 2(20) 2(40) 2 32.3 3.1
3 1(0.5) 3(30) 3(50) 3 24.6 3.1
4 2(1.0) 1(10) 2(40) 3 28.6 3.6
5 2(1.0) 2(20) 3(50) 1 30.0 3.6
6 2(1.0) 3(30) 1(30) 2 26.7 3.7
7 3(1.5) 1(10) 3(50) 2 20.7 4.2
8 3(1.5) 2(20) 1(30) 3 27.6 3.7
9 3(1.5) 3(30) 2(40) 1 18.8 4.3
FHHE (% ) transmittance
k_l 27.567 25.033 26.770 24.876
];_2 28.433 29.967 26.567 66. 567
k_a 22.367 23.367 25.100 66.933
R 6. 066 6.600 1.600 2. 066
BYEPRSHE score
k_l 3.033 3.567 3.433 3. 600
];_2 3.633 3.467 3.667 3. 667
k_3 4. 067 3.7 3.633 3. 467
R 1.034 0.233 0.234 0.1
8 BUERRHRELLRLE
Tab.8 Comparison of the physicochemical properties of gelatin
Koy (%) HEB(%) BRI (g) KRB (%) BERE(%) ks
moisture crude protein gel strength  water-undissolved matter  transmittance color
befoﬂiﬂig‘lfoval 8.86 +0.05 87.7+0.78 254 £2.1 0.98 +£0.02 20.4 +0.5 1.56 £0.01
sl 6.78 £0.02 91.3 +£0.17 301 +3.2 0.54 +0.04 28.7+0.4 1.06 +£0.03

after removal

TR ERT SN EKE 12%BE.

Notes : The gel strength was converted into value of gelatin with 12% moisture.

(X1 000 000)
1.7511C

1.50
1.25
1.00
0.75
0.50
0.25
0.00

| ]
ol u‘im. N ka_m‘,WM,«MJm.u*:\wwlv-w_\m, -

10 20 30 40 50 60

BS5 BEmNFAKRBSRABETFRaILE
Fig.5 Total ion current ( TIC) spectra

of gelatin solution

REBTRM—FEHIRE, HETEREAE
MRS IR B =
PRBLIEGEHL RS B 6 RBERY

WA GC-MS B, &R ER R, ER
26 FE MRSy, 3R 10 —HY RSB BLERT G5
RHBEN. —BI T, BRI EE RS
B R, 0 2,6-T — " . 42 Josenphson
U PlE SRk aSREANLEYEE
R— C,-C, WMHEEE IREE KRR G
Yr, EWAEZED Y N C B R 5 W (Carassivs
auratu ) FRAE SR E A R B B4 , KR 1-IR)%
3-W.2,3- % AR 1 - -3 B | [ -2, I -4- B I
B 1-EE-3-BE .1, 5-3 —M-3-MR4E Cs ~ Gy B3k
A YABA, Sellis ™ AN 2-FA-1-BE 8
FE 5 UL 58 ( Oncorhynchus mykiss) A B BRFE K
Y. BRRBETEEREHG, HSKY MR
% 3 MR 1A XS BINED, B2 KR
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IRA B0 , BEBRIBL 55 H] RE-S5 X S BRI Ko
AR SR PR A H SCHRIRGE S5 BERR A R R R 2,
6-F M O CRR A, X BB S EBUTE

AR, SDE BREHRMEERT—H, XM GC-MS BRHBAHE—2H7,
BB R R R S , S TR BB RS Y, AT N

RY HEBEAREIELZERS

Tab.9 The volatile compounds of gelatin solution

Mg5R . Wi, SDE 3B EH T RBCEEA M
UL A ™ o B ST s B A e SRR U Y
FERMWRE S EATFRANE - BAMERES

£ & i} (6] ( min)) EY MXTER(%)
retention time compound relative contents
7.450 2-AIEER2-FHE TH 0.23
16. 621 2+=H 0.21
17.075 —+=mRTH 0.58
20. 340 N8R+ —Eg 0.49
21.983 3,5-(1,1-—“HEZE) X 3.47
22.169 3,7,11,15-P0 &1+ 0.38
23.785 +NBR+—FEg 0.12
24.568 Kk 0.17
25. 007 2-(ZBEHE)1,2,3-H=RKR-=(2-Z2FCH) B 0.33
27.870 2-ZF-2-HE+=tEg 0.30
28.843 25-FF —+-HERFH EE 0.19
29.875 1,2 HR-—(2-FHEFER)E 11.72
30.127 =R EREB T & 0.37
31.347 3,5-—(1,1-—HEZE) 4-A-FEFIEIR P s 0.14
32.715 7,9-F 056 ,9- "2 ,8-— i 0.25
33.053 5-[1-(2-ZECEEBE) -1, 4-—AME4-TE ]2 ,2-—FE-1,3- - H&F 454 ,6-—F 0.28
33.907 13-HE-Z14- =+ 8% 0.18
37.100 3-HH & L 0.23
37.367 7-JE S RERER 1,2- P2 32 5 0.46
37.579 Ty EE 0.12
38.458 *- 2.22
38. 727 HRES5-2-THR 0.25
38. 787 THER B 0.45
39.020 13-HE-Z14- =+ 8% 0.29
39.867 2-=1=M 0.12
41.758 1,2- %R +=8 1.19
42.329 3-BRE-7-H 0.59
43. 267 3-RF-21-F - R-12-45-28-FR FHBE 0.12
45.233 8,9-"EE 8- 0.23
45.784 =R 0.62
47.207 2-(2-ZECHER)ZHE 2-(2- 2B O BEZE) ER 0.32
47.507 13-HE-Z14- =+ 8% 0.32
49.980 3-UB & B2 7 BRI ER 0.34
50.187 3,3-[1,2-WZE - (EE) |-HE 2R P E 0.29
50. 400 —+—@-1,2 3-F=FE 0.19
(X100 000) ®10 HKBERTEER RS LB

50 TIC Tab.10 Comparison of the volatile components

4. 0 | of gelatin solution

a ok RS A a0) A=
) volatile components before removal after removal

2.01 ‘ H2k olefines 3 1

1.0t ‘ MJ B esters 15 14

0.0 Jﬂu‘l l LMW fid& ketones 5 4

10 20 30 40 50 60 A% alcohols 5
e BEFHAREBEFREER HAfih others 5
Fig.6 Total ion current ( TIC) spectra of gelatin Bt total 33 26

solution after removal fishy odour
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3 45k

(L) T o R PR 5 B B T A Bk R FLBR B
R BERTRE S 5 I £ B BA R B R BR , FE AP T R R
R 2 4 F A R B

(2) ¥ M 2= W Bt AR B9 3 B4R O B
1.5% (w/v) T tEm 2 5% (w/v) BIREW T , 7
40 TR 30 min,,

(3) i )5 Ry fa B A G RLEE 1 3 & L BERE5R
J& BB WA B, KA Y8 B, B

(4)SDE 5 GC-MS i & R— =2 , B AERT &
B RIS BRI R 33 B P E R
RBERY R, R RBER R AIERF YR, W
JEE T B P B2 JE A HH B A PRI AR 26 T FRR K
HER A B ABLAE IR 2, v 2D i) 3 B R U S B
KPR

SE k-
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Studies on the fishy odour removal and physicochemical properties
of gelatin from Nile tilapia ( Oreochromis niloticus) skin

ZENG Shao-kui', YANG Ping', DENG Chu-jin', HONG Peng-zhi',
CUI Qi-shan', ZHANG Chao-hua'* , LI Lai-hao®
(1. The Faculty of Food Technology, Guangdong Ocean University, Zhanjiang 524025, China;
2. South China Sea Fishery Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract ; Nile tilapia ( Oreochromis niloticus) aquaculture is expanding throughout the world, most notably
in China. According to the statistics of FAO, annual China’ s production of tilapia by 2008 had risen to
nearly 1.2 million tons, which accounts for about 50% of tilapia production in the world. During processing
of tilapia to fillets, large quantities of the by-products such as skin are produced. On one hand, collagen
contents in tilapia skins are rich. On the other hand, the bovine spongiform encephalopathy ( BSE)
episode, as well as religious concerns, has led to intensive research to identify and develop alternatives to
mammal-derived gelatin. Therefore, tilapia skin can be a good resource of extracting gelatin. However,
gelatin extraction from tilapia skin usually had a strong fishy odour, which would limit its utilization. In
order to be applied to food and pharmaceutical industries, some methods must be adopted to make the
gelatin odorless. In the present study, methods of active carbon absorption, yeast and lactobacillus
fermentation were used to remove fishy odour in the gelatin, in which their roles to diminish fishy odour
were compared with each other by sensory analysis. And the effects of active carbon absorption conditions
on the transmittance and sensory scores of the gelatin solution were studied by orthogonal experiments. After
removing fishy odour, the physicochemical properties of the gelatin were studied and its volatile components
were evaluated by simultaneous distillation-extraction (SDE) and gas chromatography-mass spectrometry
(GC-MS). Sensory analysis showed that the effects of fishy odour removal of gelatin were significantly
different among methods of active carbon absorption, yeast and lactobacillus fermentation (P <0.05).
Among these methods, the best one was active carbon absorption. The results of orthogonal experiment
indicated that the optimal conditions were the ratio of active carbon addition to 5% (w/v) gelatin solution
1.5% (w/v), and incubated at 40 C for 30 min. After removal treatment, fishy odour in the tilapia skin
gelatin was barely detectable. The content of crude protein in the gelatin was 91. 3% and its gel strength was
high up to 301 g. The transmittance of the tilapia skin gelatin solution was higher than before treatment, and
the content of water-undissolved matter was diminished. A total of 33 volatile components in tilapia skin
gelatin solution before removing fishy odour were detected by simultaneous distillation-extraction ( SDE )
and gas chromatography-mass spectrometry ( GC-MS). The volatile compounds of the gelatin solution were
predominantly esters, followed by alcohols, ketones and olefines. After removing fishy odour, a total of
volatile components in gelatin solution have been diminished to 26 kinds, which were mainly olefines and
ketones. The research shows that active carbon absorption appears as a suitable technique to remove fishy
odour in tilapia skin gelatin and to improve their physicochemical properties. So, it can be used for
industrial production of fishy odour free tilapia skin gelatin.
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