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ABTRACT

Wild and farmed fish generally differ in their nutritional composition. In this study, adult
wild and farmed broadhead catfish (Clarias macrocephalus Giinther, 1864) were collected and
were assessed for various characteristics, namely morphometrics, digestive indexes, and flesh
quality. The morphometrics (standard length, body depth, eye width, fin height and tentacle length)
and the digestive indexes (intestosomatic index, digestosomatic index, perivisceral fat index and
activities of pepsin and lipase) differed significantly between the groups (P < 0.05) and can be used
to distinguish wild fish from farmed fish. The thermal transition characteristics of sarcoplasmic
proteins, as well as myosin denaturation enthalpy, fatty acid profiles (C18: 2n6, C20: 0, C22: 119,
C24: 0, Epolyunsaturated fatty acids, and £n—6) and mineral compositions  (Cu and Pb) also
exhibited potential to enable calls about the fish origin. The proximate chemical composition of
whole body did not differ between the two fish populations. Our findings suggest bioindicators that
can be used to identify the origin of fish for forensic purposes, of for conservation biology of this
near threatened species. The new nutritional information may be of interest to marketing and

consumers.
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9115 1RINAY (Smith, 1989) o1 1svesdarange laun Wy darvuadn e dainihau
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YIAAN DUNTEAS (FNgNF, 2543; gudttouazalszuaitanvgylan, 2549) 91113
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dusogUnmuzanlumsiaenlaigngoiiosdsznevvesllsdn ailulamsa uazdia
<3 4 o @ . a g 1 Aa A o
Uszum 34, 27 uaz 8 wleSivua mwd1ay (afri, 1998) Uargngovziuiioninnnuiyih
o s I 4 ] o
Idiid 1ddu nagnszmigomailuge iesninnszmizerisezdes Tsaulda 39144
I a ] @ o w 1 @
anuilunsags (Wsen, 2555) szuvudesoImsvellagnilszneusise oz draysuReIny

Yarxfindu 1Aun nemuAnueIms (digestive tract) HAYDIBILHIVEOHDINIT (accessory



Y 1 o [ ! gold = 1 o 9 = a
gland) laun AU AVBOU LAzQA MsAnEIszUVaseIsUeIlah ldnsudinganssy
a a A [] a 1 FY
MINUeIMIS UsedNEnIMMITe0e01115 d353N81NM19 Inyuins uagsoun ludayrinig
o 1% v 1 1 1 a
Tnsunsuesarla (Fumé et al, 2005) daifinszgndunasaiulvaiinenmaunueInis
sznoudieiin (mouth) a®A®1Y1T (esophagus) NILINILDIYT (stomach) a'ld (intestine)
9 Y A A ' ~ ' a Ay 4
oz 1dasq (rectum) Taotlariveeuinnadnesnin lazliszununemaauermsi luauysal

T A A 2 A o ' a ~ o = o Y A
uailolenguniuazlinanminemauauesiauysal uaztion ladvhvrhndesems
d
2.2.2 ey |as3iei0e101%3 (digestive enzyme)

1 I A ] YA <3 A = 1 Y
M3698011 1510 UNTZUIUNITNOIHITYNEBa ALV UIAANa AN AT UNIUNII
A [l I a o ] I
maauemsn ldlunszumaon Tagldsauszgndoailunsaoziilu luiiuazgndoailu
o = 4 ] I ¥ d o o o Y A
nialviiunaznawesea uazai lulamsagndoailuiiraia euladddgihmihnlums
] { g 1 o 1 J
gooa1332 Tuanaiduunasnasauldun tou'lmidos 11sAu (protein-digesting enzymes)
EA ] .. . . g 14
tou laysigoe luaiy (lipid-digesting enzymes) uaziou'laigoan1slulemsa (carbohydrate—
v 4 o a A ] 1Y 1 a
digesting enzymes) Fuoulaiazinisiinuuazlseaninmuanananuludaiusazyiia
EAl 3’; o A
(Nayak et al., 2003) tou ls3igoe Tusaunu lanalunszmzomsuazar 1§ oulainn lu

o

a ldfegrarerila daulngnasnnmiva 1duazdueou taz@rurtiosn191nNTHaUDIAY
9 90’ = 49' A = o a o Y a0 =1 Ao w
1w guid wazilewoneawuuinud 14 eulyddes Tlsaundiag lunszmzems
] a v 1 = {3 a ¥ =
1aun sy (pepsin) Feewrsadesldsaulaaluanzndunsa Tastarnuilessd
a J 1 a A J . 1 J
nanssuvouey lasiganin)arnuiy (35wed, 2536; Hofer and Schiemer, 1981) aautou la]
g lud1d 18un n3UFu (trypsin) uazlaTunsUdu (chymotrypsin) #aviraiulaalu
A g = ' =
ganzntlunasduuaoou (Bougatef, 2013) M3ans11uilar Ballan wrasse (labrus bergylia)
~ 1 @ = =) a Jd Aa a A Y]
Ao msuanaanunuimsuaatoenvetdulunisnaaeu lsinslsunaranudie
(Hansen et al., 2013) 15ui@ednunsanu1lugauna (Liopenaeus vannamei) FINUIN3
=) =) =) a % o d‘d = A v
uerasoonvoInsUFunas laTunsdsu gaanihlaseisnlauninvesTUsAuuanaiany
(Cérdova-Murueta et al., 2004; Lundstedt er al., 2004) dwmsumsanuluaiayivoou
(Chelonia mydas) N1¥91M15UARA19AY TASIREULUUBIMNITNNTTTNMALFTouie
o o 1" A a a 12 [ @ AAa
Auomsd1iegl wunnenssuveansdaduluiinnuuanaisny Tuamzninssuves
A A 1 Aa o < 1 < =
nlguiargaluenifnoninsduiogl (Kanghae er al, 2014) 8d19l3Aam msdnwn

TutlarTaTauwanou wunansaldnanisuvoanssunas lalunsUsunenanuuanai



seretannil Ins luTendndnudafrmumsaautasiugnssula (Blier er al, 2002)
1 = @ =< a A = a o
wRenumsanen lulaineaueauauan (Gadus morhua) MTeURBVAINTTHVD DY Tay3d
A dy 14 [ 1 a 1 Jd Aa a ‘o [
vosarmaselurhsunuurassssumanundarninnisuiinenssuveudUsudini
{a Aa (a Aa 1A ' 2 <] .
luvaznanssuveansdsunay laTunsdsulisrgevuanilos (Gildberg, 2004) Yoya
o 1 9 Y Y 1A EAl =\ 9 1
aananveanuaaslimunnnssuveueu laniges Tisauen lsuenanuuanaisuesian
4 dy 1 ay v
NN VRBIAZNNUNAITITNHA 19
0 o 1 a 3’, 1 a
ulsidos luiunuaasanemauaueIMIsAanIZIMIZ0111s Inlasadn uay
o P [ 1 . < 1 <
a1 rou laninwudiulug) Ao lanle (lipase) Fazdoslasntize lsmilundosoaaznia
Tvsiu ou i lanlaaulnaiunmsnasvesmisdr 1dazdusou (Hepher, 1988) Tagaz
° 1 1] %’ ~ a a o d ) ° ) )
MuIWAVIA Uszansammmsiauvessy lyides luiulunszmzemsdinigld
° Y = a a ~ I = o
pazansoau ldedrsiilsz@nsamnannzilunadavue (M tazgioassa, 2555)
= = aa Y Y dy (Y . .
msanufSnuanasaznsa lviulunduniionazduvesatezy (Plecoglossus  altivelis)
~ dy 4 a 1 ~ dal d A [ Aaa A 1
nassluhsuuaznnsssumnanuindarn@esluhsulissduvesananganiidaiain
AR A o v o @ . A Y
F3TUMAFINANUTUHUTAUNTA T3l 1101115 (Saito and Okabe, 2012) Yz NNI3 1191113
1 4 1 [ " Aa
an spotted sorubium (Pseudoplatystoma corruscans) NUo9ALsENOUUANAINNUNDININTTY
Y
voa lanlatinnuuanaugu@edny (Lundstedt ez al., 2004) aariunanssuved lanladaorald
HINANMUUANAIIVDI1/A1INANVUANAIVBIFLABINT 1@
1 a [] J 1 [ g
dawaazsiaianuainisalunisgesnis lulaasaaianuuin tou lyidos
4 { o [ X Jd o
a3 lulamsandiagylular fo weawr-oz luad (a-amylase) Feansolelasladnusy
s a s o { o '
InalaladmeludenofiweivosTuanaamiy (starch) oz Inalau (glycogen) NeH
[ v 3 { a 1 4
soavuuugy nazduiweoulaog luad (endoamylase) NlFsziiunisdosnsTulansa
S a A [ < v o @ o 1 o
ulyiytiatidiuluaee ldunanmsvasvesnisa 1d misnszmige s duseu du wag
a A 4 = 1 a A aa 1 a
InTasadn1 (Gswed, 2536) Mmsdnmunanuiszlinanisuveses lumagenilainu
¥ 1T Aa EAl o LY o
110 (Hidalgo er al., 1999) agwunnanssuvesou lmidosnslulawsadiunsognanmi
4 d' [y 1 o 1 a d‘
iosnnemsilasuuinnineu lailungulylsAed (Kuzmina, 1996) m3nlasunilasves
d Aa Y A a [
o lmiyfiatiiiosnnyiiavesomsdalisisaiuludan spotted sorubium (Lundstedt et al.,
d.dy 4 1 a 1 1 0o o A A
2004) MassluisunaznuaIsIsumA Tasdiulvgormsduiaglines ilsum
4 ~ ~ A v Aa @ 14 Ay [
a3 Ty lamsaluomisigs TusmghomssssumanniidsmaniTulansandosni
1 o = ~ 1 [ g‘; 4
uad TUsaunag TusiulutSua Ann31 (Thongprajukaew er al, 2013) fariuten oy
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2.3 pumnvesnannieal
2.3.1 paaaiAamannuiou

¥ 2 J 1 P . . " v W
nantiofluesnlsznovdiulvaifgavesilal (Grigorakis, 2007) lugdududou
A o Jda @ [ a A J .
miloudaiunszgndurasriasy Uarluredarniu (Testi er al, 2006) nazilainzns
. . a v & P
(Nicolosi Asmundo et al., 1993) ¥na 1otz uia 34.3-48 Wosi¥ua uay 44.2-57.5 Vo3
%’ v W g}/ o o Y L&l =) o A &l A g’; = Aad
PHUNAININNA A1UA1AD PANIHBTAUNUHAINLBIEDF UL THATY (mesoderm) 1agilan
Y X ' O ' Y} & ' ¥ Ay Y A A
wldnduniielumsieh seamnsontsnduniiesonamugdiaaziild 3 viia Ao
Y Ay =3 I FY dy a a o
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o 1 o a S o = Y v 9 Y dy o .
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1Y A . < Y e 9 o w 2 ' ° a <
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%13 Tanaraiin ldsawiuldsaunanisoazareldluaisazarerinniessus uaziii
Y
1 1 a a g
Tds@aulunguil 18un laTalasy TuTeTnatiu 8luTnadiu vazioulmiaeg uazalasu
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. a o v A 9 o A X2 < Y a o Y, e
(thick filament) Dwasildmamdeudounwnniu 3eiildinanisnadrvesndiuiie
= Y Ay P = a aa 14 1 9
msfnyguamndwiievesa lagldanmoswdsacunuilwnaoiimesnunaimnse 14
k4 Y
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~ ] 1 [ ~1 49’ Y2 1 a 1 =3 Y d'

AanusseanoumMsaazmsusuIuiieladidimadoguan luTodu wwRenu iiesen

v
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Y - ) {
AGREATR) (muscle fiber) Y991an blackspot seabream (Pagellus bogaraveo) NUIAIUHOUAY
1 a dal = 1 o = a o
199Ua19 1M aIEISUIALAL1nN151889 U T UTANMULANA1NY FUNAINNITNINIY
a ) , v 2 ya = a aa SR I a
TuTedu (Rincén et al., 2016) A9UUMs lsaoisumsagunuiunassimes sl umaiin
a J a 9 Aq Yo ] 1 Ao . =2 9y
MFAATIEHFIANNIOUN IFNUBE1NTHa18 TUN15IV801115 (Schubring, 2009) 9019 1%

1 1 a 4 dy Y
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2.3.2 sunuuvesnsaluiiv

Y I 14 Aaa . . * I 1 a a
asaluiwdunsanIsuensan (carboxylic acid) ealv1uiulsuuvuezavian
9 ] 1
(aliphatic) ©17 UNansa lviudNAT (saturated fatty acid) uaznia lusiuluduA? (unsaturated
o = 4 1 1 [} I o 1
fatty acid) n3aluiuvzlimSueusdiaios 8 ezaou uazarulngzdusiuiwavg sz
= o J o I A a R A 4
nszuIuMITIdunTIzdvesnsa lviuszilunismu TuanavesozHaagalinisuou
og 2 pzaow n3a lviiuausnihnlduenanuuanalsvestamnuvasiegoidoatsnula
2
wu M lggUunuveansa luiuain’ly (Czesny er al., 2000) tazndwiilo (Chen ef al., 1995)
= 1 = [ o @
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{ o 1 14
masvoensa lviiuganiarnnvhisy  (Ashton er al, 1993) msdAnvIludainzwg
1 14 14 [
(Dicentrarchus labrax) wazllamaumaes (Seriola lalandi) wundan@esluisunvlan
Tusssumantsuansalviiuuana1ady (Alasalvar ez al., 2002; Fuentes ef al., 2010; O'Neill
A 0o < =\ o =y aa
et al, 2015 eanInoIMmsdsegliaseisnainraly awsaliulTuuaia
gz a a = Y gz
NUFITaznun N (zquierdo et al., 2003) Taga191nsssumavzl o 3 Naviua

(Z Y 1

' 1 9 Y
(total ®-3) aznsa lvaiu TuduarnTiwuszgaa 2 duiisiull (polyunsaturated fatty acid:
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PUFA) ganarii@eslumiy (Krajnovie-Ozretic ef al., 1994) uazmsanylutarsddan
[ an [ 9 1 I'd [} a a
nunuMannsssumalszaulomn 6 (©-6) gannarwinvhsy iy nsaszialaiin
4 { X 4 9 1 a
(C20: 4n6) Tuvaznar@esluvhsulTown 3 ganndarmnsssuna lasmmznsala-
Tawzieanyzd Tusn (docosahexaenoic acid: DHA) N5AD InInuazd Iuon (eicosapentaenoic
. o Aa a % I F) ' .
acid: EPA) 110283%n35ad 1utada (C18: 216) FuiluTomi 6 gan119nae (Mnari et al., 2007)
1 < = 1 as = a
ag1413na1 msaaw ludarneanuiilainsannsssumalinsalalaszignssd luon
1 4 4 a a a 14
gandarmnvhsy luvazinsaaluada uaznsad Inssmuazd Iluanveadaininwisy

=l 1

=Y a a d' 14 1 dy Y =\ 4
wlimgeana Psumvesnsad lwadangludannvhsueniedlanemsiesdlsznoy
4
YoIUWUNYFI ATINUTIWAVOIMIsAWTTTNTIAvesar luuaSou (Jensen er al, 2013)
= a 1 14 ) =~ 1 o
nmsan lutdaareytianuiesdilsznevveluiiuluemsiinanegluunnsa lusiu
9 v
Tundnilovesan Tagmwizog1989nIAa 1utada (Pickova and Morkore, 2007; Jobling et al.,
v
2008; Benedito-Palos er al., 2009) 144 nMsane1lutaraunin (Scophthalmus maximus)
o
(Martinez et al., 2010) Tu1la119d1/a1911 (Lenas et al., 2011) vazlansanou (Salmo salar)
(Jensen et al., 2012) Lenas dtazAaie (2011) NUNUa1nLnav1I91nFITNHANAIU0INTA buL’
{ 1 J e 1 2 4 [ =Y o
ngeannilamnvhiu@es sazmsanludawsaveun@esluhiununiidSua lviulu
A A ' A A Aq v X s A |a o A
iefiganiidarnnsisuand tesanemisildmassdarluhsudivsua lviiuiga
g o A 9 9 1 <3 a 94 = 1
(Johnston et al., 2006) Wenaniitadedunadon laun aAnuay tazgurglveaingiinano
4 ] ] 1Y
p9AlsznouvoInTa Ui U U Y (Cordier ef al., 2002; Tbarz et al., 2005) 31NYoYAT AU
o ¥ Aa = 9 v A A ' dy 1
sdunvvesnsalugunsluFaSnanazqunimisenlfiluariiioiadanuuanaisves

dawtadeanuinnsyan Ialuuvaserdoaeiula
d v
2.3.3 23A52noUVRINIEY

' . = a A A d J U A =
13DIe (mineral) A9 aslsenoveiunsgniluosndsenauvosomisaIunmao

v
a A d o

< o = Ao w T '
L’]J‘L!l,igh Wﬁdﬂ1ﬂﬂ1ilw11ﬁﬂ}ﬁ1iﬂuﬂi‘(’J‘I/N“rillﬂ 3J°]J‘I/]'1J'I‘I/]L!,ﬁ$Wﬁ1ﬂﬁ1ﬂmﬂ@l@i1ﬂﬂ1&lﬂaWﬂ@ﬂWﬂ

A g

v A o v v : & s s X A
Iﬂflm“llﬂ%@Eﬂ\ifl\?ﬁluﬂ'l‘iﬂ'lﬁl.lTVI ﬂuiﬂi\iﬁi1\1mﬂ\151\1ﬂ1ﬂ Lﬂu’ﬁ)ﬂﬂﬂi%ﬂﬂﬂﬂlﬂ\? YAl UDIgD

Y I o 4 J a a
waztduilszam (Alasalvar er al, 2002) 1lusasilszasuvousy luil g03 luy uazIaiiu

dy 1 v o 9 A [ Y g [ & 1
UDNIINU LLS‘TJWJEN‘VI”I‘HL!”I‘VIﬂ’J‘]ij3Jﬂ”|3VI"N"IuﬁUi’Nﬂa"IiJLu@‘lunﬂi’JTJEJTJS AT TNITDLUU
< A ' o . 3 ' A v ~ Y
i’]i’)ﬂl‘]JLl 2 NQN AY LITINAN (macro minerals) L‘]J‘Lllli‘ﬁTS{]‘VIiNﬂTEJG]@QﬂTi‘]JiNTﬂHJTﬂ Ulﬂ!l,ﬂ

ALY (calcium: Ca) Woawosa (phosphorous: P) Twunaiaey (potassium: K) UUNHIT Y
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o [

. = . J . 1
(magnesium: Mg) Tainey (sodium: Na) NMULDU (sulphur: S) HATAAD 159 (chloride: Cl) taguLs
. A ! oy Y a ) Y 1 < .
519304 (trace minerals) Wﬁﬂllﬁ‘ﬁ“ﬂ‘ﬂi?\?ﬂ?ﬂﬂﬂﬁﬂWﬁiUﬂﬁNWﬂ!uﬂﬂ llﬂllﬂ 1ian (iron: Fe)
o = . A A . =
TINSH (zinc: Zn) FALUYY (selenium: Se) LUINUE (manganese: Mn) NOILLA (copper: Cu)
14 4
loTofAu (iodine: T) Tn51¥81 (chromium: Cr) TAU@AN (cobalt: Co) Wgod'l5a (fluoride: F) 1az
Tuavany (molybdenum: Mo)
I ~ 9 1 a 1 o = =\ <
dauiluomsigan ldeussigratesiia sy nowwas denzd uuamile mian uag
aa A j} = wa 3 9 a . ;g
HatHegy LlagLu@Elﬂllf’;lillﬁllUﬁlﬂuﬁ15@1u@‘l§3§‘ﬁ®ﬁ§$ (Capelll et al., 2008; Custédio et al.,
4 1 ] dyd 2 9 ~ o " 9
2011) 09A152NOVYBITFIAAWTDUNTDIAWIAGoNNUA101700¢ 1@ (DePeters et al.,
A o v Y Ao = ' o 1 I
2013) Tﬂﬂﬂﬁ'W]E]'lﬁflcluuﬂa\?u'lﬂllﬂT;Llﬂ'IW‘V]'NLﬂiJﬂ'IfJﬂTWLL@ﬂ@'NﬂH LU AMUIAY LAY

q

a d 1 1 @
gl 121i09A15ENOUVR T TIAUANAIINUAIE (Campana er al., 1999, 2000; Thresher,
? Aa A A Y o q 9 Y 9 ~ 1 = X A
1999) TaghnNgargigatuud uhldanududuvesGsunsunaFeugayy Tuyuzn
gangiimnizhltanududuvesuisoudeunaidouaniioons (Elsdon and Gillanders,
= 1 1 d’d o v 1 1 1 =
2004) M3AnE1TUYa1ne WaVIINUIUITINNANUAIAYADI1NIY 1¥U TN 1T
= <3 o A A A N A = 1 1 o U '
uAAITYY 11HAN NBLAY Aangd Fatioy jURey tazdasewTeou lulinnuuanaeany dauus
{ o a 1 o 1 a ' 1 4 .
sgMduNy 1y azn? uazisen wundarlusssumnaiaiganindarluisy (Custodio er
A v 3 A & o ~ o
al., 2011) tHednnurasiimstudleuasiiuiuunlasmnizilson uaaley tazaznd
= [ [ aol = 1 [} =
FadruIvgirznuluiimeia Manso er al,, 2007) Msanvwssiglulilararsneiteu
1 a g A A 1 [ ' = =) a2 A
wuarlusssumauazvhsuius 519U iaNuana19n W 19U uam e uuien ation
A A = 9 Yy 3 =K ' 2
aIny wazuuntiFen Faasnouliiiudariaie s (DePeters er al., 2013) BN
=< A 1 Y dy A o A 1 4
nmsane lulamareyiia wudenusalsussigluiemeswununasioguosilarla
d' [ g’/ 1 = 9 J 1 a
(3190 1) daru Psnassgasenlsusnanuuanaiavestlaignge luunassssumauay

v Y Y
dam@saluvhinlumsnaanail g
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Researcher Species Observed elements

Alam et al. (2000) Sturgeon (Acipenser oxyrinchus desotoi) Zn, Mn, Cu, Fe, Mg, Pb, Ba, As, Se, Cd, Hg, Ni, Cr, B, Be
Campana et al. (2000) Cod (Gadus morhua) Zn, Mn, Mg, Pb, Ba, Sr, Li

Wagner ef al. (2003) Hong Kong catfish (Clarias ficus) Zn, Mn, Cu, Fe, Ca, K, Pb, P, Ba, As, Se, Br, Sr, Cd, Rb, Ni, Cr, Ti
Imorou Toko ef al. (2008) Vundu catfish (Heterobranchus longifilis) Zn, Mn, Fe, Ca, Mg, K, P

Ersoy and Ozeren (2009) African catfish (Clarias gariepinus) Zn, Mn, Cu, Fe, Ca, Mg, K, Na

Custddio et al. (2011)

DePeters et al. (2013)
Lietal. (2013)

Heshmati et al. (2017)

Gilthead bream (Sparus aurata) and sea bass Zn, Mn, Cu, Fe, Ca, K, Pb, As, Se, Br, Sr, Cd, Hg

(Dicentrarchus labrax)

White sturgeon (Acipenser transmontanus) Zn, Mn, Cu, Fe, Ca, Mg, K, P, Ba, As, Se, Na, S
Ictalurid catfish (Jctalurus punctatus) Zn, Cu, Fe, Ca, Mg, K, P, Cr, Na, S, Al
Carp (Cyprinus carpio) and Caspian kutum Zn, Mn, Cu, Fe, Pb, As, Se, Cd, Hg, Ni, Co

(Rutilus frisii kutum)

12
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I 1 y a a 1
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(Gonzélez et al., 2006; Jensen et al., 2013; Rincon et al., 2016) tHBINNGUMNVBUTIDYA
= 9 [ [ a [ [ 1
merveanufatenislu (siiavedar vina uazdy) wazilateneuen (118301113 gaNIa
< %l a X Y [ 1 [ o
ANUIANYRI tazgurgl) Fetliteainarinaneamn1nie InsuInIsuazany Uz N
[ Y o 4 ] [
Uszamduia (Fuentes ez al,, 2010) M 1¥oassznoumaunliiinnuunna1any (Berrensen,
0o < A 9}3 = = o o
1992) e sd Iz laesaaiserisnainnalsI@INITOMHUADATING
a a 4 dy 9 ] o a a A g’/ a a
wiguaula uazesnlsznovveuiio 14 1vu msdmuaduadanansludalSuanay
& 4 a ¥ 1 1 [
AUNN (Izquierdo et al., 2003) Tasna ldarnvhinaziisamanazitoseujuniainin
a A ' 9 v & s a
FITUYIA 1HDI9INANVLANANYRA IATIa1and e oaadsznoumanl tazguny
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1. Matfumeenata

I o 1 4 1 a o [ Y] [
muma&mﬂmaﬂqEJmﬂv\hsmgazﬁnmmawﬁu%miummwmiwm PWHIATIVA
1 ] o 1 A ¥ o Y A o [

DYNAY 6 LUHAN) A% 6-7 A2 (n = 40) Tﬂﬂquﬂmvmﬂamﬂnuazumuﬂiﬂammﬂu HAIDIN
g‘/ 9 Sol I ] [ [ o Y 4 Y
vuaavarlagldinde vawagiavwia (n = 30) FdauennIzzesuazal ldiive 14
=® v A o a g 1< 9 dy A U
ANYIAYLYeI0I8I uaznInssuveueu luiignen1rig (n = 30)nuUnAIUOINe ¥ U5
a o ) a a <3 g’/ @ 4 EY
NAsIEnIa lvaiy (n = 30) wazuenauas luTadu (n = 30) nundainaauielglunis

a 4 4 1 o
WAI12H0IATLNOUVBATEIR (n = 10) HALDIALTLNOUUYDININ (1 = 10)
2. MIIAVINA

Farhmin (body weight) uaziavuravestarlasldiesiiesmatiles (vemier
caliper) 1dun mmsmﬁﬁaﬁwm (total length) AWYIIAIANINIATFIU (standard length)
AN NId 1A (body width) ANAN (body depth) AN (head length) AYINY1IVD
92909110 (snout length) Lﬁuvhugmsfﬂmwmm (eye diameter) ANUNIVDIM (eye width)
ANYIVDIATUDN (pectoral fin length) mmqwmﬂdﬁu (dorsal fin height) AIVYIIVDY
1“UIA (tentacle length) ixﬂxﬁwmmmﬂii“lﬂiﬁqgmt‘fﬂmwmm (distance from snout to eye
center) §$EJ$‘Vh\‘]fj{uEcj’ﬂaNGU@QGnﬁQﬂqumﬂﬁﬂﬂ (distance from the eye center to end of gill
cover) ANUBIIVINGT INTAN (lower jaw length) LAZANNBIVINGT INTUU (upper jaw length)
AINITNTVDI Uglem et al. (2011), Arechavala-Lopez et al. (2012) 4@ Fagbuaro ef al. (2015)

& o =
‘ﬂ)’\‘lLLﬁﬂ\‘lﬂﬁgﬂﬂTWﬂ 2
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Eye digmeter Eye width

Tentacle length

Snout lengt N AN v

Distance from snout f0 eye|center

Pectoral fin length
Distance from eye center to end|of gill cover

Standard|length

Head length Total length

M 2 M3davavesaignge

3. MIANHIAY VD ID IENIZEIDUD NI

(3 1 [ 1 = % Y

] o [ @ 1 @ o
INVUAIBYNDIWIZEDYIDINIT (1 = 30) Iﬂﬂu’]@jﬂggﬂ\iﬂa']ju’]ﬁﬂ‘ﬂ']@{’]fuu’]ﬂuﬂ Iﬂfﬂf\i
9

dmindar divinvesnszimzens d11d uazdu (N5Y) HAZAUIUAFLVDINTSINIE
91MTABTNMITANA (stomasomatic index: SSI) dariived|&ae1iming (intestosomatic
index: ISI) Sytivesdugdetming (hepatosomatic index: HSI) 1azATHYDI0I0IZHDIDINT
Aorimiindga (digestosomatic index: DSI) mﬂ(ﬁmﬁﬂﬂigmwmmi/ﬁmﬁ’ﬂﬁ’;) x 100,
(ﬁmﬁﬂﬁﬂﬁ/ﬁmﬁﬂﬁa) x 100, (ﬁmﬁ’ﬂﬁ’u/ﬁmﬁ’ﬂﬁ’a) x 100 1@ (ﬁmﬁmmai’m%aa

9
9IMT/UINUNAND) x 100 MuaIal
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MNUANUMTNADDIUVVFUANY T (completely randomized design: CRD) UATIZH

ﬂsj}ﬂlluﬁiﬂﬂﬂl“ﬁﬂﬁuﬂiu Statistical Package for the Social Sciences (SPSS) 3T 17 (SPSS Inc.,
Chicago, USA) 17Uf106191/a19ngea1n s uiaz11numaess sumna e619ag 6 1Made ag 6-7
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Parameter Wild Farmed P-value
Body weight (g) 158.16 £4.05 150.50 =4.73 0.223
Total length (cm) 25.58£0.19 25.05+£0.27 0.123
Standard length (cm) 22.77+0.17" 22.10 £0.26" 0.036
Fulton’s condition index (g cm’”) 0.94 £0.01 0.94 £0.01 0.755
Snout length (cm) 1.72 £0.01 1.73 £0.01 0.887
Eye diameter (cm) 0.37 +0.01 0.38 +0.01 0.320
Head length (cm) 6.00 = 0.05 5.93+0.07 0.485
Body depth (cm) 3.69 £0.07" 3.39 £0.05" 0.003
Body width (cm) 3.90 +£0.04 3.88 +0.05 0.770
Eye width (cm) 0.35+0.01" 0.37+0.01° 0.018
Dorsal fin height (cm) 1.68 +0.02° 1.78 +0.03" 0.037
Pectoral fin length (cm) 3.15+0.03 3.20+0.03 0.335
Tentacle length (cm) 5.87+0.11° 6.22+0.10" 0.031
Distance from snout to eye center (cm) 1.82+£0.02 1.83 £0.02 0.608
Distance from eye center to end of gill cover (cm) 2.82 +£0.03 2.76 £0.03 0.178
Lower jaw length (cm) 0.97 £0.01 0.97 £0.02 0.889
Upper jaw length (cm) 1.04 £0.01 1.04 £0.01 0.836
Cephalic index 0.23 £0.01 0.23 £0.01 0.335
Relative profile index 0.86 £0.02 0.78 +£0.03 0.081
) ¥

I J A 4
ﬂﬂyﬁﬂﬁﬂﬂﬂl!ﬁﬂﬂlﬂUﬂuﬂﬁﬂ + mm%mmﬁaumm;‘gm (n=30)

NATOUANUUANANNNEADA 1Ag 1Y rtest NTzAUTBE AT 0.05
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4 [ o a o g
M3197 3 artivesoivrznelunazivnssusumnzvesou laidose s lulaigngeain

a 4
sysumataziaigngeainvhsy

Parameter Wild Farmed P-value
Index

SSI (%) 0.50 +£0.02 0.44 +£0.01 0.061
ISI (%) 0.45+0.02" 0.36+0.01° 0.004
HSI (%) 1.12+£0.08 1.14 £0.06 0.787
DSI (%) 0.96 + 0.04° 0.80 +0.02° 0.006
Relative intestinal length 0.86 £0.02 0.78 £0.03 0.081
Perivisceral fat index (%) 3.42+0.29° 2.33+0.16° 0.002

Digestive enzyme

b a

Pepsin (mU mg proteinfl) 12.40 £0.73 17.08 £ 0.60 0.001
Trypsin (U mg proteinfl) 1.32+0.11 1.09 £0.07 0.092
Chymotrypsin (U mg protein ) 1.01 £0.09 0.90 +0.07 0.374
Amylase (U mg proteinfl) 13.56 £0.47 13.29 £ 0.40 0.668
Lipase (mU mg protein ') 523 +0.31° 4.08 +0.23° 0.005
Amylase/trypsin ratio 12.11+0.88 13.41+£0.72 0.261

SSI, stomasomatic index; ISI, intestosomatic index; HSI, hepatosomatic index; DSI,
digestosomatic index

9 ko I 1 = A

magamwummmgﬂummaﬂ = ATUAAIAAADUNINTTIU (n=130)

NAFOUANUUANANNNEDA 1Au 1Y rtest NTzALTBE A 0.05
WA A v
4. pMENTATINNNTOY

=2 A > a Y Y dy '
msfnynaauianalasuelasgianuioulunamiioaignge wuiaignge
a J A wAa a a ' ' v
%Wﬂ‘ﬁ'ﬁii]‘]ﬂ@]&lfd%ﬂ’sﬂ@ﬂQﬂ%WﬂWWiMﬂJﬂmﬁNUW’U@Q!lﬂﬂ@]ullﬁ$hllliﬁ)clfukllllmﬂﬁ1ﬂﬂu
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(M350 4) a329nuss Ianarainllsau 6 sia Tudaigngennsssuena (1, i, 11, v, v

U 4 4 a = a 7
ag VI ) ﬁ’)uﬂﬁm}ﬂ’qElmﬂ“V‘hﬁJﬁi’)i]W’U“]ﬂiIﬂWﬁ1ﬁ1llﬂ1’ﬂi§]1! 3 FUANMUU (1, IV UAS V)
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a 9

a 1 1A 1 [ Jd A =
53509A daugungigaiie (T) wunlulianuuanasnulaigngeninvhiudieuniail

¥o4 luToBugIni1la1gngenInssTueNa drueunIalyed wenau tazleunalveden

auan luTogunun TulaNUUANAIAUNNERA (AINN 3)

d‘ A A Y =1 9 dy a 4
3197 4 gauauiadinnuiouves lsaulunduiielaangeninsssumnanaznnwisy

9y I ! =~
Yoyauaauiluaunay

Wild Farmed

Parameter

T, (°C) T, (°C) T_(°C) T, (°C) TC)  T.(°0)
Myosin 46.72 51.57 55.91 46.97 51.48 56.14
Actin 70.56 74.23 76.70 71.13 75.03 77.16
SPI 28.09 33.52 36.25 nd nd nd
SP1I 39.90° 42.70" 44.68 41.57 43.79" 45.49
SP 111 44.32 46.00 48.04 nd nd nd
SP IV 78.66 81.79 83.15 78.82 81.16 84.33
SPV 99.24 107.47 112.95 101.04 107.69 113.60
SP VI 117.34 117.58 118.15 nd nd nd

T, onset temperature; T,, denaturation temperature; T, conclusion temperature; SP, sarcoplasmic
protein; nd, not detected

1 [] o w 1 a 14
*# Panuuanaees Ned Ry IzIlagngennsssumatazdaigngennisy

(P<0.05)
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mFarmed

T 06
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0.2

0.0

Myosin Actin Actin/myosin
Protein

d‘ = = =S 1 U a a =)
NNN 3 L@u‘lm’d‘ﬂcluﬂﬁLﬁﬂﬁﬂ?WﬂJﬂQTﬂiﬁu (@aﬂﬁlﬂiu) “U@\i]’liﬂ’ﬂ“]fu UDNAU LIagianau
' a a ) 2 <
G]’E]hliﬂﬂclfu@ll@ﬂﬂﬁ“ﬂﬂ@qiﬁ]'lﬂﬁiih“]ﬂmmZﬂﬁ“ﬂﬂ@qiﬁnfﬁ/\lﬁil mayjamwmuamgﬂu

AL+ ANNARIAAADUNIATTIU (1 = 30) NATDUANNUANANN DA Iaeld

o w

r-test NILAVUBAIAY 0.05
5. sinuuvesnsalviiy

nsa iy Taun nsaa Tumda (C18: 276) NTABLIIAAN (C20: 0) HATINNITA LUl

1 H 9
v A U U [ '

a =1 1 1 3 F) A 1

DUAIMNUNUTEYALA 2 RN ERETITREY (ZPUFA) waznasIu Towi 6 (Zn—6) (M1319N 5) WUN
a 1 1 14 a A

ﬂa1@3ﬂqﬂmﬂﬁiiwmﬁmqammm@ﬂqamﬂmhiu HagNIAvIFN (C22: 1n9) ATIINVIRNIY

9 ! 9
ﬂﬁ1@!ﬂq€lﬂ1ﬂﬁiiﬂ°ﬁ1ﬁlﬂ1uu muﬂ‘m"lﬂmuﬁuq W‘lJ'Nllllflﬂ'J'lll!Lﬁﬂﬁ'l\iﬂu‘i/]%?ﬁﬂﬁ TIUM

ISP 1 é

HATINNTA LU UDUAT (ESFA) WAz unga luiiu lududninussaniladiiumus (SMUFA)

U

was2u Tom 3 (2n-3) oas1amTowi 3 aelomi 6 (n=3/n—6) ons1au oM 6 @o

]
v @ 1 1 o a (

F) @ IS 1 g’} ] 3 ] @
Towm 3 (n-6/n-3) nialudulidudrninuszgawa 2 dwvisuldasnsalviiuoua

(PUFA/SFA) taznia lviiulidudiaensa luiiuouda (USFA/SFA)
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H L= [ %} [ a
ms19h 5 Uuuvvensa ludu (nfusen Tansu thwinuda) vesagngeninsssumnanas

Yaqngeinwiu

Fatty acid Wild Farmed P-value
C12:0 28+ 1.1 74£30 0.180
Cl14:0 12.6 £0.8 154424 0.313
Cl15:0 22+0.1 2.7+0.6 0.435
C16: 0 202.7 +4.7 191.9 £ 1.6 0.054
C16: 1n9 185+ 1.2 17.4+13 0.532
C18:0 77.6+2.5 73.8+3.9 0.443
C18: 119 286.9 + 13.6 2784+ 15.6 0.688
C18: 2n6 1442 +4.8" 1245+ 6.4° 0.032
C18:3n3 113406 11.840.9 0.634
C20:0 1.8+0.1° 1.6+0.1° 0.010
C20: 119 6.2+0.5 54+04 0.279
C22:0 0.8+0.1 0.9+0.1 0.731
C22: 1n9 1.7+0.4 nd -
C24: 1n9 21.6+1.9 160 £1.8 0.061
TSFA 300.7 £ 6.8 2942 +8.9 0.573
YMUFA 3343+ 148 3173+ 15.0 0.439
YPUFA 155.5 £4.6" 1363 +6.5° 0.034
n-3 113406 11.840.9 0.634
n—6 1442 + 4.8 1245+ 6.4° 0.032
n-3/n-6 0.7+0.1 0.9+0.1 0.177
n—6/n-3 1311 £11.7 108.9 £9.3 0.166
PUFA/SFA 51402 4.6+02 0.137
USFA/SFA 163 0.6 15.4 +0.3 0.244

nd, not detected; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA,

polyunsaturated fatty acid; USFA, unsaturated fatty acids
9 g‘/ 3 1 ~ A
mayamwmuamlﬂummaﬂ + ATUAAIAAADUNINTTIU (n=30)

NATBUANUUANANNWADA 1A )d rtest NTzALITY

Ay 0.05
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Y]
Y]

Gl

d' J 1 ¥ v A a
M1319N 6 ﬂﬂﬂﬂizﬂ@ﬂﬂl@ﬂlli‘mﬁ] (umumﬂﬂﬂ) GUEN‘IJaW;IﬂQEJmﬂ‘ﬁﬁﬁJG]ﬂmmzﬂa1ﬂﬂQEJﬂ1ﬂ

iy
Element Wild Farmed P-value
Ca(gkg ) 9.75+0.88 9.20+0.51 0.583
P(gke ) 5.95 +0.62 6.06 = 0.26 0.870
K (gkg ) 2.18+0.19 2.26+0.49 0.711
Mg (mgkg ) 348.44 £11.10 378.86 + 21.86 0.219
Fe (mgkg ) 17.41 £1.52 1731 £1.36 0.962
Zn (mgkg ) 7.22 +0.45 7.45 +0.059 0.770
Mn (mg kg ) 3.92 +0.55 3.31 +0.60 0.475
Ba (mgkg ) 1.49+£0.16 1.49+£0.17 0.982
Cu(mgkg ) 1.13+0.13° 0.69+0.13" 0.043
Pb (mg kg ) 0.16+0.01° 0.11+0.01" 0.048

) g

I J A 4
GU’E]iJ“ﬁVNWNﬂL!ﬁﬂQL“]JUﬂ'ILﬂﬁEJ + mwmmmﬂﬁaummgm (n=10)

NAOUANUUANANNNEADA 1Ag 1Y rtest NTzAUTBE AT 0.05
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a 4 4 9 1 dy = aa 9 ]
MsaATIzHeIRlsznouvean 1dun anuru Tusau ane wazid wunlaiange

a 14 12 1 (% aa A
iﬂﬂ‘ﬁiill"]ﬂmla3ﬂa'lﬁ]ﬂ@qEﬁﬂﬂW'lillllllllﬂ’ﬂmmﬂ@]'l\iﬂu‘VINfTﬂG] ®TNN 7)

d' 4 o 1A o ¥ v A a
M3190N 7 03AYTZNOVYDIFIN (ﬂiuﬂﬂﬂiaﬂill UWTUﬂLTJEJﬂ) GUEN‘]JﬁNﬂﬂQEJMﬂ‘ﬁiiJJGD'WmLﬁg

Yanangoninvhiy
Chemical composition Wild Farmed P-value
Moisture 656.1 £5.9 658.1 +8.2 0.841
Crude protein 161.3+3.3 1589 +3.1 0.592
Crude lipid 109.9 £6.2 107.7+7.1 0.788
Crude ash 42.4+1.0 443+2.0 0.455

9

2 I 1 { 4
magamwummmgﬂummﬁﬂ + ﬂ??hﬂﬁ?ﬂlﬂﬁ@ﬂh?ﬁij}ﬂ! (n=10)

NAFOUANUUANANNNEADA 1Av 1Y rtest NTzALTBE AT 0.05
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o I am A = A A () o A
msTavuaduisnsiae Tanuduyene uaz lideserden1ndersgnia
a 14 2’, 3 an A a 4 Y <3
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Abstract

Wild and farmed fish generally differ in their nutritional composition. In this study, adult
wild and farmed broadhead catfish (Clarias macrocephalus Glinther, 1864) were collected and
were assessed for various characteristics, namely morphometrics, digestive indexes, and flesh
quality. The morphometrics (standard length, body depth, eye width, fin height and tentacle
length) and the digestive indexes (intestosomatic index, digestosomatic index, perivisceral fat
index and activities of pepsin and lipase) differed significantly between the groups (P < 0.05)
and can be used to distinguish wild fish from farmed fish. In terms of protein synthesis capacity
and color, the flesh quality was similar between the groups. However, radical scavenging
activities and reducing power were significantly higher in the wild fish than in the farm-raised
group. The thermal transition characteristics of sarcoplasmic proteins, as well as myosin
denaturation enthalpy and fatty acid profiles (C18: 2n6, C20: 0, C22: 1n9, C24: 0,
Ypolyunsaturated fatty acids, and Xn—6) also exhibited potential to enable calls about the fish
origin. The proximate chemical composition of whole body did not differ between the two fish
populations. Our findings suggest bioindicators, in terms of morphometrics, digestive indexes
and flesh quality, that can be used to identify the origin of fish for forensic purposes, of for
conservation biology of this near threatened species. The new nutritional information may be of

interest to marketing, consumers, and has a connection to nutritional effects on human health.

Keyword: carcass; digestive enzyme; fatty acid; flesh quality; thermal property
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1 INTRODUCTION

The annual global production of fish in the genus Clarias exceeds 660,000 tonnes,
providing economic value in excess of USD 970 million (FAO, 2015). Broadhead catfish
(Clarias macrocephalus Giuinther, 1864) is an economically important freshwater fish found in
local and commercial fisheries, and is native to Thailand, Lao, Cambodia, Viet Nam and
Peninsular Malaysia (Vidthayanon and Allen, 2013). The population of this species is declining
due to habitat losses as well as efficient fishing. Moreover, this species is also threatened by the
escaped hybrids of female C. macrocephalus and introduced male C. gariepinus (Na-Nakorn et
al., 2004), causing a genetic introgression that could lead to species extinction. Therefore,
identification of wild or farmed broadhead catfish is needed for conservation of this near
threatened species (Vidthayanon and Allen, 2013).

Substitution of wild fish with farmed fish is motivated by the higher price of the former,
which in turn is based on the differences in consumer perceived nutritional images (Claret et al.,
2016). In practice, morphometric measurements are used to distinguish the wild fish from the
farmed fish (Uglem et al., 2011; Arechavala-Lopez et al., 2012; Fagbuaro et al., 2015). The
culturing process or spontaneous induction can have relatively permanent effects on animals
(Fjelldal et al., 2009) that persist throughout their entire lifespans. Moreover, observation or
measurement of fish body is simple, reliable and fast for preliminary screening in fieldwork.
Differences in feeding habit can also be investigated by observing the digestive organs and the
activities of digestive enzymes (Lemieux et al., 1999; Gildberg, 2004). Farmed fish, such as C.
macrocephalus, are always fed by a commercial pellet diet containing high amounts of
carbohydrate and protein, while the wild fish ingest live prey that are rich in protein and lipid

(Thongprajukaew et al., 2013). Routine feeding protocols of the farmed fish, such as regular
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feeding times and rates, also stand in contrast to the uncertain and irregular spontaneous feeding
in the wild.

Man-made and environmental factors can significantly affect the various biochemical
processes of fish. Fish flesh is a potent biochemical sample type for identifying differences
between farmed and wild cases. Thermal transition properties of the main muscle proteins, actin
and myosin, detected by differential scanning colorimetry (DSC), could be used in food research
and quality assurance, as well as in forensic investigations (Skipnes et al., 2008; Matos et al.,
2011). Fatty acids profiles act as fingerprints due to their uniqueness that differentiates between
fish populations (Gonzélez et al., 2006; Lenas et al., 2011; DePeters et al., 2013; Rincon et al.,
2016). Moreover, variations in nutritional composition and sensory, chemical and physical
properties of fish have also been observed (Gonzélez et al., 2006; Johnston et al., 2006; Jensen et
al., 2013; O'Neill et al., 2015; Claret et al., 2016; Rincon et al., 2016).

The objective of this study was to determine whether these three bioindicator groups
(morphometrics, digestive indexes and flesh quality) can be used to distinguish between wild and
farmed broadhead catfish. Findings from the current study might be applied in forensic
identification of adulteration, in conservation biology of this near threatened species, or in

providing correct nutritional images to the consumers of fish.

2 MATERIAL AND METHOD

2.1 Fish sample preparation
Live adult broadhead catfish (C. macrocephalus) were purchased from local markets (at
10.00 h) in Songkhla province, Thailand. These fish were detained in black round plastic tank

containing low amount of water (~ 2 folds of water volume per total fish weight) and all fish
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were sold out within one day of captivity. Although the effects of sex and age were otherwise
ignored, purposive sampling of all the fish was requested based on a balanced sex ratio of male:
female (1: 1). A total of40 wild and 40 farmed catfish were sampled in six collection rounds (6
rounds x 6-7 fish) from different locations (districts Hat Yai, Ronot, Chana, Rattaphum, Khlong
Hoi Khong and Meuang). The farmed fish were reared in outdoor pond under semi-intensive
farming management and all fish were fed by commercial pellet diet. The wild fish were
obtained from rice fields or canals and quatic insects, young shrimp and smaller fishes were the
main natural diets. The catfish species was morphologically identified by its large dorsal fin,
shorted and rounded occipital process, and presence of white spots on the sides of its black body.
The fish were sacrificed by chilling in ice, packed in polyethylene bags and transported to the
Department of Applied Science, Faculty of Science, Prince of Songkla University. Morphometric
measurements of the individual fish were taken as described in Uglem et al. (2011). The fish (n =
30) were dissected on ice in order to carefully remove stomach, intestine, liver, perivisceral fat
and white muscle below the dorsal fin (without skin), while another whole fish (n = 10) were

used for carcass composition analysis. All these samples were kept at —20°C until assaying.

2.2 Digestive enzyme studies
2.2.1 Preparation of crude enzyme extract

Crude enzymes from stomach and intestine were extracted in 0.2 M KCI-HCI buffer (pH
2) and 0.2 M Na,HPO4-NaH,PO, buffer (pH 8) at a ratio of 1: 3 (w/v), respectively, using a
micro-homogenizer (THP-220; Omni International, Kennesaw GA, USA). The homogenates
were centrifuged at 15,000xg for 30 min at 4°C and supernatants were collected. Aliquots were

kept at —20°C until use.
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2.2.2 Determination of protein concentration in crude extract

The protein concentration of a crude enzyme extract was compared to a standard curve of
bovine serum albumin (BSA), according to the standard method of Lowry et al. (1951).
Normalization by the protein was then used to calculate the specific activities of digestive

enzymes (U/mg protein).

2.2.3 Digestive enzyme activity assay

Pepsin (EC 3.4.23.2) activity in the stomach extracts was measured according to the
method of Rungruangsak and Utne (1981), using 2% casein as substrate. The activity was
spectrophotometrically measured at 720 nm against L-tyrosine standard. For four further
enzymes, intestinal extracts were used. Trypsin (EC 3.4.21.4) and chymotrypsin (EC 3.4.21.1)
activities were measured as described by Rungruangsak-Torissen (2007), using 1.25 mM N-a-
benzoyl-Arg-p-nitroanilide (BAPNA) and N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (SAPNA)
as the substrates, respectively. The products of each enzyme were spectrophotometrically
measured at 410 nm against p-nitroanilide standard. Lipase (EC 3.1.1.3) activity was assayed
according to the method of Winkler and Stuckmann (1979), using 0.01 M p-nitrophenyl
palmitate (p-NPP) as substrate. The absorbance at 410 nm was measured against p-nitrophenol
standard. Amylase (3.2.1.1) activity was assayed as described by Areekijseree et al. (2004),
using 5% soluble starch as the substrate. The product was measured at 540 nm against maltose

standard.
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2.3 Flesh quality
2.3.1 Protein synthesis capacity

Concentrations of RNA and protein in the white muscle were determined as described in
Rungruangsak-Torrissen (2007). The extinction coefficients used to calculate RNA and protein
were Ejqp =40 ug RNA/mL and E,gp = 2.1 mg protein/mL, respectively. The concentration ratios

were calculated from the amounts of RNA and protein in the same sample.

2.3.2 Color

The instrument was first calibrated to a white and black standard. The color coordinates
lightness (L*), redness (a*)and yellowness (b*) were measured using a MiniScan EZ (Hunter
Associates Laboratory, Reston VA, USA) with small area view (6 mm port and 5 mm view

diameter).

2.3.3 Scavenging activity

The frozen flesh was homogenized in 50 mM Tris-HCI (pH 7.5) containing 10 mM B-
mercaptoethanol and 1 mM ethylenediamine tetraacetic acid (EDTA) at the ratio 1: 5 (w/v) using
a micro-homogenizer (THP-220; Omni International, Kennesaw GA, USA). The homogenates
were centrifuged at 10,000xg for 40 min at 10°C and supernatants were collected. The 2,2-
diphenylpicrylhydrazyl (DPPH) radical scavenging activity (% inhibition) and the reducing
power (% inhibition) were determined according to the methods of Thongprajukaew et al. (2015)
and Hahor et al. (2016). The radical scavenging activity was calculated as [(Aq-Aj)/Ao] % 100,
where A, and A; are the absorbances of the control sample (extraction buffer in equal volume

replacing the actual sample) and the extract, respectively.
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2.3.4 Thermal properties

DSC thermograms were determined using a Perkin-Elmer DSC-7 (Perkin Elmer,
Waltham, Massachusetts, USA). The frozen fish muscle was defrosted and then approximately
10 mg of sample was dissected. The sample was sealed in an aluminum pan and scanned from 20
to 120°C at a rate of 10°C/min against an unoccupied reference pan. Myosin, actin and
sarcoplasmic proteins (SP) were identified by their thermal properties: onset temperature (T,),
denaturation temperature (T4), conclusion temperature (T;), and denaturation enthalpy (AH), as

described by Skipnes et al. (2008) and Matos et al. (2011).

2.3.5 Fatty acid composition

Lipid from the white muscle was extracted as described by Kates (1986). Fatty acid
methyl esters (FAME) of the extracted lipid were separated and analyzed using a 6890 gas
chromatograph with flame ionization detection (Agilent Technologies, Santa Clara, CA, USA)
capillary column (0.32 mm inside diameter x 30 m length, 0.25 pum film thickness), using helium
as the carrier gas at a flow rate of 1 mL/min and with split ratio 50: 1. The detector temperature
was set at 300°C to achieve optimal separation. The column temperature was ramped from
210°C to 250°C at 20°C/min. The FAMEs were identified by comparing with retention time of
each individual standard. The fatty acids were categorized as saturated fatty acids (SFA) and
unsaturated fatty acids (USFA), and the latter group consisted of monounsaturated fatty acids

(MUFA) and polyunsaturated fatty acids (PUFA).
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2.4 Proximate chemical composition of carcass
The whole body was minced and then moisture, crude protein, crude lipid and crude ash

were determined according to the standard methods of AOAC (2005).

2.5 Statistical analysis and calculations

All data analyses were performed using SPSS Version 20 (SPSS Inc., Chicago, USA).
The percentages were checked for normality after arcsine transformations. Data were analyzed
using independent sample #-test. All values are expressed as mean + SEM. Significant
differences between groups are indicated by different superscripts (P < 0.05). The investigated
parameters were calculated as follows:

Fulton’s condition index (K, g/cm3) =100 x [Live body weight (g)/total body length (cm)3]
Cephalic index (CI) = [Head length (cm)/total body length (cm)]

Relative profile index = [Maximum body height (cm)/total body length (cm)]
Stomasomatic index (SSI, %) = 100 x [Stomach weight (g)/live body weight (g)]
Intestosomatic index (ISI, %) = 100 x [Intestinal weight (g)/live body weight (g)]

Hepatosomatic index (HSI, %) = 100 x [Liver weight (g)/live body weight (g)]
Digestosomatic index (DSI, %) = 100 x [Gastrointestinal tract weight (g)/live body weight (g)]
Relative intestinal length = [Intestinal length (cm)/standard length (cm)]

Perivisceral fat index (%) = 100 x [Perivisceral fat weight (g)/live body weight (g)]
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3 RESULT

3.1 Morphometric measurement
Five of the observed nineteen parameters were significantly different between wild and
farm-raised broadhead catfish (P < 0.05, Table 1). Standard length and body depth were larger in

the wild than in the farmed fish, and ditto to eye width, dorsal fin height, and tentacle length.

3.2 Visceral index and specific activity of digestive enzymes

ISI, DSI and perivisceral fat index were significantly higher in the wild catfish as compared
to farm-raised catfish (Table 2), while no differences were observed in the other indexes (SSI,
HSIL, and relative intestinal length). Significantly increased pepsin specific activity was found in
the farm-raised catfish relative to the wild catfish, and vice versa for the lipase specific activity
(Table 2). There were no differences in specific activity of trypsin, chymotrypsin, amylase, or in

amylase/trypsin ratio between the two groups.

3.3 Protein synthesis capacity and color
There were no differences in flesh parameters relating to protein synthesis capacity (RNA,

protein and RNA/protein ratio) or color (L*, a* and b*) between the wild and the farm-raised

catfish (Table 3).

3.4 Scavenging activity
Radical scavenging activities and reducing power were significantly higher in the wild fish

than in the farmed fish (Table 3).
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3.5 Thermal transition properties

There were no differences in thermal characteristics of muscle actin and myosin between
wild and farmed broadhead catfish (Table 4). SPs I, IIl and VI were only detected in the wild
fish, but overall six SPs were present in the farm-raised fish. Thermal properties in terms of T,
and T4 were significantly lower in the wild samples relative to the farmed samples, but not so for
T.. The myosin AH in farmed fish was higher than in the wild cases, while actin AH and AH for

actin/myosin were similar (Fig. 1).

3.6 Fatty acid profiles

C18: 2n6, C20: 0, ZPUFA and Xn—6 were significantly higher in the wild fish as
compared to the farmed cases (Table 5). C22: 1#9 was only detected in the wild fish. Other fatty
acids did not differ between the wild and the farmed cases, and the same goes for the groupings

XSFA, XMUFA, £n-3, n-3/n-6, n—6/n-3, PUFA/SFA and USFA/SFA.

3.7 Carcass proximate composition
There were no differences in moisture, crude protein, crude lipid and crude ash between

the wild and the farmed fish (Table 6).

4 DISCUSSION

Morphometric measurement is simple, not demanding great scientific expertise, and it is
reliable and fast for distinguishing the wild from the farmed population of various fish species
(Arechavala-Lopez et al., 2012; Uglem et al., 2011; Fagbuaro et al., 2015). The observed

caracteristics are results from the culture process or the spontaneous induction, with relatively
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permanent nature (Fjelldal et al., 2009) so they persist throughout the entire lifespan. In the
current study, standard length, body depth, eye width, dorsal fin height and tentacle length
exhibited significant differences for segregating the two populations. In European seabass
(Dicentrarchus labrax), CI and relative profile index are widely applicable in the identification
of wild and farmed fish (Arechavala-Lopez et al., 2012), while dorsal fin size, neck curvature
and lower jaw length are similarly used for Atlantic cod, Gadus morhua (Uglem et al., 2011).
Relative profile index and body proportions (standard length/total length, eye diameter/head
length, and postocular distance/head length) are also used for gilthead seabream, Sparus aurata
(Arechavala-Lopez et al., 2012). On the other hand, there were no significant differences in the
geometrical morphometry between lagoon caught and cultured cases of this species (Coban et
al., 2008). Within the same genus as C. macrocephalus, wild and farmed population of C.
gariepinus can be discriminated by nine parameters, as reported by Fagbuaro et al. (2015).
Although some discriminating parameters for various species match our findings in the current
study, still the most commonly informative parameters showed no differences in this study. This
may be due to similarity of the environmental conditions of the wild and the cultured populations
(Coban et al., 2008), or may be a result of sufficient fertility or low competition level in the wild
population (Fagbuaro et al., 2015). In addition, genetic and environmental factors may affect
morphometric differentiation, and could be investigated further. Preliminary screening in
fieldwork by morphometric measurements appears practical as it does not require chemicals or
sensitive equipment, while the other assessed characteristics are only appropriate to laboratory
studies.

Five visceral organ indexes and activities of digestive enzymes were significantly

different between the wild and the farmed fish. However, some effects on the harvested live fish

7 Nanhai Rd., Qingdao, China, 266071

Page 12 of 31



Page 13 of 31

©CoO~NOUTA,WNPE

CJOL PDF Proof

might be due to gut emptying from food starvation during a few days of captivity, reducing
gastrointestinal functionality. The higher gastrointestinal weight relative to body weight of the
wild fish probably relates to the larger sized preys in the wild, such as aquatic insects, young
shrimp and smaller fishes (Teugels et al., 1999), while the farmed fish were receiving the dry
pellet diet with smaller size. Therefore, direct harvest from the fish sources might provide
different trends than sampling from the markets. However, Gildberg (2004) proposed that the
carnivorous species can retain their gastrointestinal functionality, with high levels of digestive
enzymes, even during long starvation periods. Perivisceral fat index was higher in the wild fish
than in the farmed fish. The high amount of lipid in live diet is reasonable, increasing the lipase
activity for digestion. Jobling (1988) suggested that farmed fish have poorer stomach digestion
of pelleted diet than of wild-captured preys. Significant increase in pepsin specific activity might
improve the capacity to digest dietary protein. Regarding trypsin and chymotrypsin, no
differences in the specific activities of these enzymes were observed between the wild and the
farmed fish. This finding is in agreement with the observations on wild captured and farmed cod,
G. morhua (Lemieux et al., 1999). Since glucose is an essential energy source for a number of
tissues, it is particularly important to maintain the glucose levels throughout starvation (Romijn
et al., 1990). Therefore, maintaining the amylase activity level appears to be reasonable, as well
as maintaining the amylase to trypsin ratio.

Color is among the most important characteristics used to evaluate the quality of fishing
products. The black skin of C. macrocephalus is removed as it looks unattractive for the canned
fish industry, and this reveals a clear yellow color that is appreciated by the Asian consumers
(Cacot and Hung, 2009). Based on our investigation of the flesh, no differences in the color

coordinates were observed for the two fish populations. Possibly the environmental conditions
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were rather similar in the pond cultivation of farmed fish and in the wild habitats, such as
marshes, canals, ricefields, stagnant pools and rivers. Similar findings are also reported in
Atlantic salmon, Salmo salar (Johnston et al., 2006). On the other hand, Rincon et al. (2016)
reported differences in b* and C* (chroma) values for the flesh of wild and farmed blackspot
seabream (Pagellus bogaraveo), as well as in a* values for yellow perch, Perca flavescens
(Gonzalez et al., 2006). The variation in color within various fish species relates not only to
rearing conditions but also to diet composition and the specific mechanisms of coloration in the
species.

Higher radical scavenging activity was observed in the wild fish than in the farmed fish.
This finding conflicts with the reported concentrations of vitamin E in wild and farmed Atlantic
salmon (Johnston et al., 2006). High vitamin E doses in the commercial diet (Baker, 2001) as
well as colorant supplementation may improve the scavenging activity in farmed salmon. In
contrast, colorants are not necessary in the commercial diet of broadhead catfish while the live
diets contain various pigments, increasing the capacity against oxidation of free radicals. In
addition, higher welfare animal products often contain higher levels of antioxidants than
intensively produced animal products (Compassion in World Farming, 2012). This reduces the
risk of quality loss by oxidation, extending shelf life, and also potentially has positive effects on
health of the consumer. From the health food products perspective, improving the radical
scavenging activity in farmed fish flesh appears to be a neglected opportunity.

Protein synthesis capacity is a biochemical marker of the growth quality of fish
(Rungruangsak-Torrissen, 2007; Thongprajukaew et al., 2013). Regardless of sex and age
recorded, no differences were observed between the two groups of broadhead catfish, indicating

no effects of fish origins on these flesh qualities. However, the proteins that control biological
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processes, molecular function and cellular components have different expression profiles in wild
and farmed gilthead sea bream (Piovesana et al., 2016). In fish, myofibrillar proteins are the
major component (39-56%), followed by sarcoplasmic proteins (21-25%) and stromal or
connective tissue proteins (6-21%) (Chaijan et al., 2010). In the current study, there were no
differences in thermal characteristics (T,, Tqand T.) of the major muscle proteins, myosin and
actin, between wild and farmed C. macrocephalus populations. Since AH is a measure of the
protein amount left in its native state, the higher AH of myosin in the muscle of farmed fish may
relate to this. Coughlin et al. (2016) have reported effects of rearing condition on myosin heavy
chain expression, causing changes in swimming performance and muscle contractile properties.
That only the AH of myosin changed is not surprising, since it is the most abundant myofibrillar
protein that contributes 50-60% of the total (Shahidi, 1994). There were no differences in AH of
actin or actin/myosin between the two groups. Regarding sarcoplasmic proteins, the wild
broadhead catfish exbibited six thermal characters of which four could be used to distinguish the
populations by qualitative and quantitative determinations. Variation in dietary food items and
activities in the wild may affect these proteins in both form and function. Therefore, the
proteomics of muscle appears to be a powerful tool to identify the origin of fish.

The fatty acid profile can be used as a fingerprint due to substantial differences between
wild and farmed fish (Jensen et al., 2013). In the current study, differences between the
populations were apparent in both individual fatty acids (C18: 2n6, C20: 0, C22: 119 and C24: 0)
and their groups (XPUFA and Zrn—6). In white sturgeon (Acipenser transmontanus), the most
notable difference was the concentration of C18: 2n6 (linoleic acid), while other differences
between fatty acids were smaller (DePeters et al., 2013). The use of C18: 2n6 as a potent marker

was also reported in European seabass (Lenas et al., 2011) and blackspot seabream (Rincon et
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al., 2016), but did not serve well in the case of yellow perch (Gonzalez et al., 2006). For C20: 0
(arachidic acid), the significantly elevated concentration in the wild population of this study is in
agreement with observations in yellowtail, Seriola lalandi (O'Neill et al., 2015). However, the
concentration of this fatty acid is relatively low in comparison to the main SFA, C16: 0 (palmitic
acid). The C22: 1n9 (erucic acid) can serve as marker with presence only in the wild population
of broadhead catfish. Erucic acid is produced across a great range of green plants. For industrial
purposes, low erucic acid rapeseed (LEAR) has been developed (canola), which contains fats
derived from oleic acid instead of erucic acid (Anneken et al., 2006). This fatty acid is not
detectable in aquafeed, while very low amounts can be detected in wild catfish due to the
ingested food. Higher amount of C22: 1x9 has also been observed in fillet and perivisceral fat of
wild seabass, relative to the farmed cases (Lenas et al., 2011). These differences contributed to
the higher XPUFA and Zn—6 in the wild fish relative to the farmed fish. While statistical
differences was detected, the changes in fatty acid composition of broadhead catfish were
smallish. This might be due to the small-scale aquaculture of fish farming in Thailand, in ponds
that also provide live food. Expanding the study by sampling food items and observing
environmental parameters could inform about the phenotypical effects in this fish species; the
current sampling of fish from markets could not exclude genotypic effects.

Generally, differences in proximate compositions of farmed and wild fish are expected
(Gonzalez et al., 2006; Rincén et al., 2016) due to a variety of factors, including type of available
food, dietary ingredients (commercial diets are usually high in fat content and also include
dietary carbohydrate) and higher energy consumption of the farmed fish than of the wild fish
(Grigorakis et al., 2002). However, in the current study there were no significant differences in

the carcass proximate composition between the two catfish populations. This is in agreement

7 Nanhai Rd., Qingdao, China, 266071



Page 17 of 31

©CoO~NOUTA,WNPE

CJOL PDF Proof

with the flesh composition study by O'Neill et al. (2015). The similarity of nutritional
composition of catfish from the two populations from the current study might affect the
nutritional images in the minds of fish consumers, and help preserve the wild stock of this near
threatened species and to improve the sustainability of aquaculture. However, habitat and
seasonal variations could affect the observed trends, and further studies would be warranted to

ensure wider generality than what the current study could provide.

5 CONCLUSION

Morphometric measurements (standard length, body depth, eye width, fin height and
tentacle length) and digestive indexes (intestosomatic index, digestosomatic index, perivisceral
fat index and activities of pepsin and lipase) and flesh quality in terms of thermal characteristics
of sarcoplasmic proteins and myosin denaturation enthalpy, and fatty acid profiles (C18: 2n6,
C20: 0, C22: 1m9, C24: 0, Zpolyunsaturated fatty acids, and Zn—6) were assessed for
distinguishing between wild and farmed broadhead catfish. These measured characteristics were
informative with sufficient capacity to discriminate between the two fish populations, while flesh
protein synthesis capacity and color did not differ. Flesh radical scavenging activities and
reducing power were significantly higher in the wild fish than in the farm-raised group, while no
differences in carcass proximate composition were observed across two fish sources. Findings
from the current study can be applied in forensic identification when high priced wild catfish are
substituted for by lower priced farmed catfish, as well as in identifying fish escapees.
Conservation biology of this near threatened species and providing correct nutritional images to

the consumers of fish and marketing are also applicable.
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Figure caption

Fig. 1 Denaturation enthalpy (J/g) of muscle myosin, actin and actin/myosin in wild and
farmed broadhead catfish. Data are expressed as mean £ SEM (n = 30). Independent

sample #-test was used to compare for significant differences between groups (P < 0.05).
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Table 1 Morphometries of wild and farmed broadhead catfish

Parameter Wild Farmed P-value
Body weight (g) 158.16 £ 4.05 150.50 +4.73 0.223
Total length (cm) 25.58+0.19 25.05+0.27 0.123
Standard length (cm) 22.77+0.17° 22.10 £ 0.26" 0.036
Fulton’s condition index (g/cm’) 0.94 £ 0.01 0.94 +0.01 0.755
Snout length (cm) 1.72 £0.01 1.73 £ 0.01 0.887
Eye diameter (cm) 0.37+0.01 0.38 £0.01 0.320
Head length (cm) 6.00 = 0.05 5.93+0.07 0.485
Body depth (cm) 3.69 +0.07° 3.39 +0.05° 0.003
Body width (cm) 3.90 +=0.04 3.88 £0.05 0.770
Eye width (cm) 0.35+0.01° 0.37+0.01° 0.018
Dorsal fin height (cm) 1.68 +0.02° 1.78 +£0.03" 0.037
Pectoral fin length (cm) 3.15+0.03 3.20+0.03 0.335
Tentacle length (cm) 5.87+0.11° 6.22+0.10° 0.031
Distance from snout to eye center (cm) 1.82 £0.02 1.83 +£0.02 0.608
Distance from eye center to end of gill 2.82+£0.03 2.76 £0.03 0.178
cover (cm)

Lower jaw length (cm) 0.97 +0.01 0.97 £0.02 0.889
Upper jaw length (cm) 1.04 £ 0.01 1.04 +0.01 0.836
Cephalic index 0.23 £0.01 0.23 £0.01 0.335
Relative profile index 0.86 +0.02 0.78 £ 0.03 0.081

Data are expressed as mean + SEM (n = 30).

Significant differences between groups are indicated by different superscripts (P < 0.05).
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Table 2 Visceral indexes and specific activities of the main digestive enzymes for the wild

and the farmed broadhead catfish

Parameter Wild Farmed P-value
Index

SSI (%) 0.50 +£0.02 0.44 +0.01 0.061
IST (%) 0.45 +0.02° 0.36+0.01° 0.004
HSI (%) 1.12+0.08 1.14 £ 0.06 0.787
DSI (%) 0.96 + 0.04° 0.80 + 0.02° 0.006
Relative intestinal length 0.86 +£0.02 0.78 £0.03 0.081
Perivisceral fat index (%) 3.42+0.29° 2.33+0.16° 0.002
Digestive enzyme

Pepsin (mU/mg protein) 12.40 £ 0.73° 17.08 + 0.60° 0.001
Trypsin (U/mg protein) 1.32+0.11 1.09 +0.07 0.092
Chymotrypsin (U/mg protein) 1.01 £0.09 0.90 +0.07 0.374
Amylase (U/mg protein) 13.56 £ 0.47 13.29+0.40 0.668
Lipase (mU/mg protein) 5.23+0.31° 4.08 £0.23° 0.005
Amylase/trypsin ratio 12.11 +£0.88 13.41+0.72 0.261

SSI, stomasomatic index; ISI, intestosomatic index; HSI, hepatosomatic index; DSI,

digestosomatic index.
Data are expressed as mean = SEM (n = 30).

Significant differences between groups are indicated by different superscripts (P < 0.05).
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Table 3 Flesh protein synthesis capacity, color coordinates, and radical scavenging
activities of the wild and the farmed broadhead catfish

Parameter Wild Farmed P-value
Protein synthesis capacity

RNA (ng/g) 1,126 +28 1,071 £ 27 0.157
Protein (mg/g) 184.03 + 3.59 181.18 +3.78 0.586
RNA/protein ratio (ug/mg) 6.18+0.19 5.97+0.17 0.400
Color

L* 38.77+0.71 39.16 + 0.55 0.669
a* —0.91 £ 0.38 —1.06 + 0.32 0.763
b* 9.31 £0.63 9.42 +£0.51 0.890
Scavenging activity (% inhibition)

DPPH 60.37 £ 1.16° 43.28 + 1.09° <0.001
Reducing power 67.57 + 0.42° 56.38 +0.75" <0.001

DPPH, 2,2-diphenylpicrylhydrazyl.
Data are expressed as mean = SEM (n = 30).

Significant differences between groups are indicated by different superscripts (P < 0.05).
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Table 4 Thermal transition characteristics of flesh proteins in the wild and the farmed
broadhead catfish. The data given are means

Wild Farmed

Parameter —- ) T4 (°C) T. (°C) T,(°C) T4(°C)  T.(°C)

©CoO~NOUTA,WNPE

Myosin 46.72 51.57 55.91 46.97 51.48 56.14
11 Actin 70.56 74.23 76.70 71.13 75.03 77.16
12 SP I 28.09 33.52 36.25 nd nd nd
13 SP 11 39.90" 42.70° 44.68 4157 43797 45.49
14 SP 111 44.32 46.00 48.04 nd nd nd
15 SP IV 78.66 81.79 83.15 78.82 81.16 84.33
SPV 99.24 107.47 112.95 101.04  107.69 113.60
18 SP VI 117.34 117.58 118.15 nd nd nd

20 T,, onset temperature; T4, denaturation peak temperature;T,, conclusion temperature; SP,
sarcoplasmic protein; nd, not detected.
* *% Significant differences between wild and farmed groups (P < 0.05).
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catfish

Fatty acid Wild Farmed P-value
C12:0 0.28 £0.11 0.74 + 0.30 0.180
C14:0 1.26 £ 0.08 1.54+0.24 0.313
C15:0 0.22 +0.01 0.27 + 0.06 0.435
C16:0 2027 +0.47 19.19+0.16 0.054
C16:1n9 1.85+0.12 1.74+0.13 0.532
C18:0 7.76 £ 0.25 7.38 +£0.39 0.443
C18:1n9 28.69 + 1.36 27.84 +1.56 0.688
C18:2n6 14.42 + 0.48° 12.45 + 0.64° 0.032
C18:3n3 1.13+£0.06 1.18 £ 0.09 0.634
C20: 0 0.18 £ 0.01° 0.16 £ 0.01° 0.010
C20:1n9 0.616 + 0.05 0.54 + 0.04 0.279
C22:0 0.08 +0.01 0.09 £ 0.01 0.731
C22:1n9 0.17 £ 0.04 nd -
C24:1n9 2.16+0.19 1.60+0.18 0.061
YSFA 30.07 + 0.68 29.42 + 0.89 0.573
IMUFA 33.43 + 1.48 31.73 £ 1.50 0.439
YPUFA 15.55 + 0.46" 13.63 + 0.65° 0.034
*n-3 1.13£0.06 1.18 £0.09 0.634
*n—6 14.42 + 0.48* 12.45 + 0.64° 0.032
n-3/n—6 0.07 +0.01 0.09 £ 0.01 0.177
n—6/n-3 13.11 £ 1.17 10.89 + 0.93 0.166
PUFA/SFA 0.51 +0.02 0.46 + 0.02 0.137
USFA/SFA 1.63 +0.06 1.54 +0.03 0.244

nd, not detected; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids; USFA, unsaturated fatty acids.

Data are expressed as mean £ SEM (n = 30).
Significant differences between groups are indicated by different superscripts (P < 0.05).
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Table 6 Proximate chemical composition (% wet weight) of the whole carcass for the wild
and the farmed broadhead catfish

Chemical composition Wild Farmed P-value
Moisture 65.61 £0.59 65.81 £ 0.81 0.841
Crude protein 16.13 £ 0.33 15.89+0.31 0.592
11 Crude lipid 10.99 + 0.62 10.77 £ 0.71 0.788
12 Crude ash 424 +0.10 4.43+0.20 0.455

©CoO~NOUTA,WNPE

14 Data are expressed as mean + SEM (n = 10).
Significant differences between groups are indicated by different superscripts (P < 0.05).
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