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Optimum of protein: energy ratios for snakehead fish (Channa striata) diet
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ABSTRACT: The study was conducted to evaluate the optimal level of protein to energy (P/E) ratio
of diets for fingerling snakehead fish (initial weight 3.2+0.02 g/fish). The trials had five different diets:
The protein contents of diets were 42.05 %CP (control), 39.95 %CP (LP5), 37.85 %CP (LP10), 35.74
%CP (LP15) and 33.64 %CP (LP20). The dietary P/E ratio of diets were 93, 89, 84, 80 and 76 mg
protein/kcal, respectively. After 8 weeks of trails, fish were fed with LP20 and LP15 group diets have
resulted in significant lower weight gain (WG), average daily gain (ADG) and specific growth rate
(SGR) comparing to control and other trial groups (P<0.05). The result of control groups showed
the highest weight gain, ADG and SGR, however there were no significant differences comparing

Received August 6, 2019
Accepted March 9, 2020
U gn9131n1sea AMSINERAIANERT NnAnenfa 11y, 1euuLn
Department of Fisheries, Faculty of Agriculture, Khon Kaen University, Khon Kaen
2 1Bimaninadind (Usewnalne), aseafs
Cargill Meats (Thailand) Co., Ltd, Saraburi
* Corresponding author: bundyu@kku.ac.th



1099

uhWNEAT 48 21fuf 5: 1098-1123 (2563)./doi:10.14456/kaj.2020.99.

with LP5 and LP10 group (P>0.05). The outcomes of feed conversion ratio (FCR), survival rate (SR)
and protein efficiency ratio (PER) significantly resulted in no differences among all trials (P>0.05).
This study indicated that P/E ratio at 84 mg protein/kcal, which was substituted protein by carbohy-
drate level at 10% (LP10), is a proper suitable ratio to reduce protein level by carbohydrate in diet

for fingerling snakehead fish. In addition, by using this ratio gives no significant effects to growth,
FCR, SR and PER comparing to control groups plus it reduces feed cost at 3.23 percentages.
Keywords: snakehead fish, protein, energy, growth, feed utilization
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Table 1. Ingredients and chemical composition of experimental diets

Experimental Diets (%)

Ingredients

Control LP5 LP10 LP15 LP20
Fish meal (64.02 %CP) 20 18 16 14 12
Soybean meal (46.70 %CP) 30 30 30 30 30
Poultry meal (65.43 %CP) 22 20.45 19 17.4 15.9
Corn meal 7 8.86 10.12 11.43 12.85
Cassava starch 11.5 13 15 17.1 19
Soya oll 4 4 4 4 4
Fish ol 2 2 2 2 2
Dicalciumphosphate 1.5 1.5 1.5 1.5 1.5
Vitamin mix' 1 1 1 1 1
Mineral mix® 1 1 1 1 1
Methionine 0 0.05 0.1 0.15 0.19
Lysine 0 0.14 0.28 0.42 0.56
Total 100 100 100 100 100

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet (LP10), less protein at

15% diet (LP15), less protein at 20% diet (LP20);

"Vitamin mixture provided the following per kg diet: vitamin A 1,130,000 U, vitamin D3 1,043,170 IU, vitamin E
30,000 IU, vitamin K3 3.25 g, vitamin B1 12 g, vitamin B2 5 g, vitamin B6 30 g, vitamin B12 12 g, vitamin C 30 g,
chollnechloride 5 g, niacin 10 g, pantothenic acid 27 g; > Mineral mix provided the following per kg diet: Na 3.278

g, Mg 25.25 g, K 76.612 g, Ca 49.096 g, Fe 4.821 g, Zn 0.667 g, Mn 0.433 g, Cu 0.069 g and 1 0.015 g.
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Table 1 Ingredients and chemical composition of experimental diets

Experimental Diets (%)

Ingredients

Control LP5 LP10 LP15 LP20
Chemical composition
Moisture (%) 8.07 8.18 8.28 8.39 8.50
Protein (%) 42.05 39.95 3785 3574 3364
Fat (%) 10.61 10.37 10.13 9.86 9.61
Fiber (%) 2.61 2.68 2.76 2.84 2.92
Ash (%) 8.67 8.21 7.76 7.3 6.85
Nitrogen free extract (%) 271 29.61 32.09 34.68 37.02
Digestible Energy (Kcal/1009) 314.33 310.07 305.79 301.28 296.98
Gross Energy (Kcal/g) 4.52 4.51 4.51 4.44 4.44
Protein to Energy ratio (mg protein kcal’ GE) 93 89 84 80 76
Feed Cost (THB; Baht/Kg) 35.60 34.94 3445 3396 3343

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet (LP10), less protein at

15% diet (LP15), less protein at 20% diet (LP20);

"Vitamin mixture provided the following per kg diet: vitamin A 1,130,000 IU, vitamin D3 1,043,170 U, vitamin E
30,000 IU, vitamin K3 3.25 g, vitamin B1 12 g, vitamin B2 5 g, vitamin B6 30 g, vitamin B12 12 g, vitamin C 30 g,

chollnechloride 5 g, niacin 10 g, pantothenic acid 27 g; *

Mineral mix provided the following per kg diet: Na 3.278

g, Mg 25.25 g, K76.612 g, Ca 49.096 g, Fe 4.821 g, Zn 0.667 g, Mn 0.433 g, Cu 0.069 g and 1 0.015 g.
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Table 2 In vitro protein digestibility in snakehead fish diets

Experimental Diets

In vitro Digestibility

Control LP5

p-value

LP10 LP15 LP20

Protein (mg/ml of 100 ug) 0.65+0.12  0.64+0.04

0.62£0.27  0.65+0.10 0.66+0.07  0.997

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet
(LP10), less protein at 15% diet (LP15), less protein at 20% diet (LP20)
Values are presented as means + SD of three replicates. Values within the same row with different

superscripts are significantly different (P<0.05)
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Iﬂmu/ﬂ‘llmlmm Tugrsamnatadeuuaninanis
mmLmu‘immmmm@Lﬁflu”lﬁ‘lumm\mu vhuandlii
mu”l,mmLf««mmmma‘fqmmmmmmmmvmu
fsfunnnndndesay 10 srazinaniainmnu
gaun3nlunnstinan ldaesnnslulawmsaluenuns
(Wilson, 19%4; Ren et al., 2015) fﬂﬁﬂL'ﬂW’lzﬂ@:N
yaatlaniudle (Camivorous fish) ANAINNAINIID
Tunsdeaafiulamsnlietneantn  wazena
duldf@ndnszdundanuuaraisaisaings
naaesniinsanszAullsAunInndtsenay 10
Weanadenisayiiuindwindandeu i
ARAARANTIL Samantaray and Mohanty (1997) el
enudiemsisziuldsiunfesas 40 uaz
WAKNU 440 NlauAaes luunsesss 13 uazdndou

1114

m@ﬂiﬂiﬁumwﬁwmﬁiwﬁu 90.9 Nnan3ulusiiw
Alaunaes azliinansasnyiuinueslateuszes
fingerling ANgA u@ﬂmnumawmmmmnm
zﬁ“mmuwmiﬂimumwmmu mmmzmgmmuﬂm
wuludmavdaunm 81.5 £ 10.5 niN agiszdv 81.4
fadaniulusiwilaunag? (Ahmadi and Aliza-
deh, 2004 ) m‘”‘ﬁ‘ﬂm Japanese sea bass 7vay
Juvenile sedUfuuziinme 25.9 Nadaniullsdy
filaqa (108.44 faansullsiuilawnaaed) 7
izﬁu”lfumu 12 Lﬂ’@/i‘@‘lfm uae ldsau 41 wlafidus
(Ai et al., 2004) Yivtlilesannnsandndaulisiu
FANAANY Aaen1sansyaullsiuluetmisagiiy
lfdenasnalsz@nsninnisldets visenns
wingiFinln wadunizansunudruewsliun
mwmmmmﬂm @ﬂmmmﬁmmamvmmmmi
ﬂ@mﬂmﬂﬁummﬂu‘immmmmemu AanLAs
mewliilan Rainbow trout MAeNAae8N AN
mi@mﬁmm‘iﬂ?ﬁmm 47-48 whaiifusd 1y 44
Wesdus uazsfu laduinen AN UILIAIN A9
ansnmannislandaet ulnsiawls 27 weddud
(Yigit et al., 2002) Eﬁwmﬂmﬂwmﬂmummin
muqu@mmmm@mmmmﬂm”lmmwuu AN
dsr@nsninresnislilusaulueuisliifia
dslamilanudnnnign  Tsfiulueimisas
A3 T M lunnsdauaszildsaulusannnnani
Az NN T ULUAINATINY (Shiau, 1997; Moha-
patra et al., 2003) atiwlsfinunimmaunulisiu
mﬁmewmqm@uqlu@qm@uumi@ﬂimmu
Munzan  Inalddswansznusanisasorauls
wazdsv@nanneesnisldidsiuveadan vinil
m?‘wmLmuwﬁ\mumnLﬁuiﬂmmmmcmm*z
nuludsausetanld  wuii  dHesannnasenu
daquwinuluauisazgninldazaniuladuly
$99M18 uazannalastyiLls (El-Dakar, 1994;
1997; Shalaby, 1998; Shy-

1998: El-Dakar et al., 2003)

Van der Meer et al.,

ong etal.,,
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Table 3 The effect of protein to energy ratio on growth parameters and feed utilization in snakehead fish

Experimental Diets

Parameters p-value
Control LP5 LP10 LP15 LP20
IW (g/fish) 3.2320.01 3.22+0.00 3.22+0.00 3.22+0.01 3.22+0.01 0.415
WG (g/fish) 9.4142.13°  9.3241.03°  8.92+1.08" 6.97+1.13° 6.91+0.21° 0.018
ADG (g/fish/day) 0.174¢0.04°  0.17¢0.02°  0.16+0.02" 0.12+0.02° 0.1240.01° 0.018
SGR (%/day) 2.42+0.30°  2.42+0.14°  2.36+0.16" 2.05+0.20° 2.05+0.04° 0.014
SR (%) 66.67+5.77  80.00+8.16  87.50+12.58  72.50+20.62  82.50+22.17  0.458
FCR 2.70+1.08 2.1420.48 1.88+0.61 3.37+1.37 2.17+0.95 0.237
PER 1.15£0.02 1.23+034 1.69+0.11 1.07+0.28 1.33+0.45 0.197

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet
(LP10), less protein at 15% diet (LP15), less protein at 20% diet (LP20)

Initial weight (IW), weight gain (WG), average daily gain (ADG), specific growth rate (SGR),
survival rate (SR), feed conversion ratio (FCR), protein efficiency ratio (PER). Values are present-

ed as means * SD of three replicates. Values within the same row with different superscripts are

significantly different (P<0.05)

wan1sAnEnanssuianled Protease uay
Amylase 1843vULtREAMNITENLIATEUN AT
ansnidsziurasdadoulusAusandanuiumn
N9 (Table 4) Wudn AdAanssNaedienlmdia
2 il WfANuUANANITUNNaTA (P>0.05) us
featelsimuileNansinainAfanssu
wwwlmd Protease and amylase #8N15ABLAURS
nnslddselagidannidsiunazaflulainsm
gunsadanmlidinnanssuenlssd Protease Hkuo
IﬁuLLﬂﬁér;Tummﬁujmm@qazﬁuiﬂiﬁﬂummi
wazunasrealilspuntihunfansauniudngaulu
ewnsniikasenanssuaulal Protease fiaeidu
i Asiagseelutlan Rainbow trout Uaniils
Fuewnsnilunasiusiuaindantly - azildnig
nazeeulsd  Protease genigalutos 3

Falua wdanislienmns usitlaniilasuenvneidl
wnasldsAuaniaiAini st ure el
Protease rﬁi'mﬁ (Santigosa et al., 2008) Tuanuen
Aanssutenladl Amylase Huwunliinutlsiunns
Trnnmuasszauarilulamsn luenuisiduiu
wasnieulnl Amylase ihuelmidwiuten
milulamsnaindngaudssinmudh dnfun i
nalinauaesfanssnaadieulad  Amylase
anansafialfanemnsnliiy Ae wllauasifianon
awnswanaiiulanem  Teazanynsansesuli
wulssd Amylase Hnsinanuiiaanld fanaei
mﬂmlu‘luﬂmﬂ@ (Oreochromis  niloticus, L.)
darnlfifueiuisilszduuilegedanasiann
Aanssuvaseulsd Amylase Mazgeausion (De
silva and Anderson, 1995)
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Table 4 The effect of protein to energy ratio on enzyme activity in snakehead fish

Experimental Diets p-value

Enzyme activity

Control LP5 LP10 LP15 LP20
Protease

2.40+0.26  2.19+0.32 1.98+0.34 1.51£0.44 1.62+0.53 0.084
(mU mg protein™)
Amylase

25.27£2.70 32.05#5.37 35.50+1.91 30.41+5.19 31.93+2.33 0.147

(umol maltose h™ mg protein™)

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet
(LP10), less protein at 15% diet (LP15), less protein at 20% diet (LP20)
Values are presented as means + SD of three replicates. Values within the same row with different

superscripts are significantly different ((P<0.05)

mmummmawmm"l,ﬂmmmﬂmaﬁmm
mmmlummmﬂmmuwmw UanilEFun1vng
wmmmumimLmu‘iﬂimumsjmﬁuimmmm
fgm  (LP20) ummmmmwmw 12.53+3.15

4

mMol glucose/L ‘]N LB mmu@m\muﬂmmmmq

mmmmﬂimm‘umwmﬁu1mmﬁu1mmm1umm7

'
o

rngﬁm 6.39+0.02 mMol glucose/L (P<0.05) (Table
5) nruan1snasasiléiuandliiiiudngneains
naaasnidadiunisnaunuailulainsnly
ansiszAuuAnseiuduualiingeliunu
mm@“lwﬁiuLLﬂmummﬁ*uwmmmmﬁulmmm
FEFIAINewnT  a9annmmaaesluaisiliie
fiansninANmNIZaNTaIN I aLUTLsAusa
mﬁuimmml:waLﬂumewmmﬂmvmummmﬂ
Saeaz 10 wmmm@wﬂmmmmimmLmuimamaq
aeintaiau danaAdadriu Hemre et al. (2002) 7
#nalmer Kumar et al. (2008) snenudntanils
FuanvnshiiesAdsenevaeamsiulawmsmluszay
guiuaNsians dwaniliidariinaauiesen
AMNILIUNAHNAN B WNTUATHNAT i8R
\anyiLinanag Lummﬂmﬂ,mmmmm‘iﬂmm
ﬂmmmmmmﬂmumiﬁmlm LAUgIaTiing
wﬂwmummmlum@m@wmmnimmjmi
wararfalsvAugeasnfasaiuuIunanada i
(Kaushik and Oliva-Teles, 1985; Brauge et al.,
1994; Hutchins et al., 1998; Small aynd Soares,
1999 #19lne Kumar et al., 2008) A9tlinI91pzeN

avanitisziuaesnnslulamsaiifasnaiie 14
Wuunsanasuluamr daaliiaanisiiien
TsAunenangivelfiduwvasndanuvie
dunsziinglaatunn i ludinliiinanisdrses
TsAuieldlunsiasquiAnin (Wang et al,
2005; Sa et al., 2008)
n1sfneAIn1razaninalalaunieludy
uazAFHFy (HSI) vedlandauntiFuaunsnil
dadaunisnaunudantugicaarilulanenlu
1BuNuALANFANaY (Table 4) WU4Y NN9EZAN
Tnalaaunie luduresdan linuauwAnsng
mmlﬁﬁm‘hﬁmmmaﬁ (P>0.05) usitlandau
ﬂduﬁummﬁmmmm (Control) mi]ummu
i‘vmmmmﬁuiammiummammmummm”mu
”Ln@Im@mm”Lumumm@mm@ 1.11£0.52 mg/g liver
u@nmnum‘wufnmmmvmlﬂnaiamumm”lumm
AuaanAdesiuAl HSI TalalAFuamnsnd
unaanilulameaiivnauasluuatiinliien
HSI wmmumummnu Tneaziiulfeenedmauli
ﬂ@mmﬂmﬂmmmmmmmmwﬁqmﬁmmmq
m@‘[uimmm‘lummimmh HSI mmm e
1.73+0.53 ‘lummvmmmmm LP20 defitfunny
mﬁuimmmlummiqqm’m HSI gedn Ae
3.13£0.79 uazilAnyuansnsiuetniilidAny
N9FDRA (P<0.05) AaiaINNImAaed luATITLan
Wdiutauunltinvesnisazanlnalaaunielusu

UAYAN HSI azutleeimna Bunnaesanilulamemlu
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awnsilanlEsy Femnadntinasilusaunannnnsld
FUANTRIVITUALNITATANANTAINNT (deposit)
dsznnafiulamem  uazliavuaenngeariunig
ﬁnm‘luﬂmwm@uj hvudn FlesvauuTdluanins
Wnuiuavin1sien HS mmu’luﬂm European sea-
bass (Dias et al., 1998; Peres and Oliva-Teles, 2002)
1A Rainbow trout (Tapia-Salazar et al., 2006) Uan
White bream (Sa et al., 2008) tan Blackspot sea
bream (Figueiﬁrjedo—SiIva et al., 2009) %x‘iﬂy’lilﬁﬁu
289A0 HSI silenadunaNtaInNnRNTLLeINs
azalnalalaunelusiys (Fermandez et al., 2007)
Mstitiesanmegedneniiulawse frlidnisgnii

uhWNEAT 48 21fuf 5: 1098-1123 (2563)./doi:10.14456/kaj.2020.99.

T unasau mﬁ“\‘mnmﬁﬂmmmLﬂﬁlﬂugﬂuﬁq
azgninlilazan (Accumulate) Wulnalaraulusiu
(Kim and Kaushik, 1992; Brauge et al., 1994; Hatlen
et al, 2005) 611\134m@wﬂumuumﬂmwmmme
HSI AiiAndiaiy viseantlsufuesniaisiuaes
A HSl analunasnanmassantedlaiiilusy
(Hepatic lipid content) mmmmﬁmm’mﬁmﬂqu
gjls1l Flatlan15uenmnshilan sl lawmsanieiee 3
(Digestible carbohydrate) IuizmuQﬂ ARGl
Uanildn Hsl, elnalanunsglufuagldulusiodl
ﬂ"]zgﬁu (Dias et al., 1998: Peres et al., 1999 #nalms

Peres and Oliva-Teles, 2002)

Table 5 The effect of protein to energy ratio on blood glucose and liver glycogen in snakehead fish

Experimental Diets

Parameters p-value
Control LP5 LP10 LP15 LP20
Blood glucose (mMol . " N b R
6.39+0.02° 9.47+2.08 11.356+¢0.71”  12.10+0.90 12.53+3.15” 0.010
glucose/l)
Glycogen (mg/g liver) 1.11£0.52  2.14+0.59 1.23+0.09 2.21+0.59 1.37+0.06 0.074
Hepatosomatic index . b b . b
1.73£0.53° 2.50+0.43 2.69+0.52 2.31£0.79 3.13+0.79 0.043

(HSI)

Remark: Experimental diets: Control, less protein at 5% diet (LP5), less protein at 10% diet
(LP10), less protein at 15% diet (LP15), less protein at 20% diet (LP20).
Values are presented as means + SD of three replicates. Values within the same row with different

superscripts are significantly different (P<0.05)

AMNTANENANH LN NNEBANNALITDY
dardeunlfiuernsnildndanaadlsfiuse
Na U lusTAUAWANFANI (Figure 1) Wudn 210
°n'a<1Lm@@’ﬁuﬁmmz@ﬁuﬁ(ﬁm:ﬁmﬁmmmm
aFlulansnlugnsanns Tmmﬁnmmmmm\m
ﬂmwimmmmmmmmu (Control) m‘l,uzqmmmi
ummﬂivmmmivmum%‘ﬁﬂmmmmmm uapalii
mumaﬂwmvmamummﬂmn@uummmL@nfm
mmmmmﬂ@’mamimummmmwm@mmu
i”mwmmﬁﬂmmmmw TRy
ﬂmm”lmwmmawmmumﬂu"lmmmmunuiﬂ
VP TIPS LI TIY TS P

AT ﬁﬁlﬂuﬂiiﬁﬁaﬂmq?ﬂé’wuﬁmﬂm;mm
daungreadiuuiedanludainguinlazy
a1u1rganaaesiinianaunullsfubag
ATulamsalusyiugandnfesas 10 wanaini
a“ﬂHmtm\awm%mmwmmLmﬁﬁuﬂ“qﬁmgmy
fiudiuAfilsl HSI eanmamaaesliadall
wmwmvmumiwmLmumﬁuvl,almm’lm”mm@m”
20 thliidn HsI qengn uaziiulllfdranain
arnnarazantediniaaunielaiulugud
unamnifiulddsdanarinlimadiuuaziu
Uanfinunalugiu feilannuaanndesiuganis
Anmszavresanfiulawmsnlueunsdndinves
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dangilasng ) 1y Uan Gilthead sea bream
(Sparus aurata) (Bou et al., 2014), danganwne
(Labeo rohita) (Kumar et al., 2005), a1 Golden
pompano (Trachinotus ovatus) (Zhou et al.,
2015) waz Udan Blunt snout bream (Megalobrama
amblycephala) (Prisingkorn etal., 2017) s el
menuliingeaunsdzan iy (ipid accu-
mulation) $xRNANATHFL HSI (Hepatosomatic in-
dex) HAudnriuslu e ameaiuiussiure

Control LP5

*400

%1000 43
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mﬁuimmjmﬁﬂm”l,c’oiﬁ?mmmma‘ %ﬂﬂwgmmm
Tnfungaaudauainlifeadsiiinune v mans
Tunsnindn i lFiFuemnsidssiuailulangngs
UANFENNNT AvaNNARagINIWT &R
M ALRAANLEENE (inflammatory infiltration in
the liver) wazanagananlifiinlenladunansy
(fatty liver disease) (Duvnjak et al., 2007; Song
et al., 2007; Bergheim et al., 2008; Prisingkorn

etal., 2017, 2019) lRwwumenf

LP10 LP20

G 4
16
od f'E A S

A

Figure 1 Representative hematoxylin and eosin stained histological sections of fish hepatocytes
Note: A and F = fish fed with; control diet (P/E ratio at 93 mg protein/kcal), B and G =
Less protein at 5% diet (P/E ratio at 89 mg protein/kcal) , C and H = Less protein at 10%
diet (P/E ratio at 84 mg protein/kcal), D and | = Less protein at 15% diet (P/E ratio at 80
mg protein/kcal), E and J = Less protein at 20% diet (P/E ratio at 76 mg protein/kcal). A,
B, C, D and E were zoomed in at 400%. F, G, H, | and J were zoomed in at 1000%

a9l

mnmiﬁn‘mzﬁvmmumﬂg‘lﬁgiﬁuﬁi@wﬁamuﬁ
mmmu‘lu@wmﬂaﬁj@uluﬂ§qﬁwudﬁ@zﬁuﬁmdqu
waslsfusanasanui 84 fNaansullsiusenia
waaes Tatavnsiifiunoulisiiu 37.85 wadidusd
Tulshin wasna%u 305.79 Alauaaes 100 niu iy
sziumnzanluansdeu alidwansznusie
masydinln ns1sannie dnIuaniiie uas
sx@vsn s ldilsAveestanden AaiuANID
anszaullsRnlugmeanslfliinuiesas 10 anis
aanusnansiuulunisndneanmsliesas 3.32

LANA1IFAN9DY

naudszng. 2561, abpnstszaauiedszmnalne
WA, 2559. nesuluunguavegnsmans
WansUsza. lenansatiuin 12/2561.
uviasdiaya: https:/www.fisheries.go.th/
strategy-stat/themeWeb/books/2559/1/
anmnnslszasuatlszinalnan. f.2559.
pdf. Auie 27 NINYIAN 2562.
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