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Thesis Title Effects of Water Volume and Aquarium Background Color on Growth
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Abstract

This study aimed to determine the effects of water volume and aquarium
background color on growth, feed utilization, digestive enzyme activities, color coordinates,
muscle quality and carcass composition of Siamese fighting fish (Betta splendens Regan, 1910).
The solid-red male Siamese fighting fish (0.97 + 0.01 g initial body weight) were distributed
individually into aquaria with five alternative water volumes (100, 150, 200, 250 and 300 mL),
comprising fifteen fish/treatment (n = 15), over eight weeks duration. The fish reared in 150 mL
water were superior in growth performance, feed utilization and skin color (P < 0.05). Specific
activities of the digestive enzymes were variance due to water volume, except for amylase. In
addition, 150 mL water preferred treatment maintained muscle quality, but no affected proximate
composition of the carcasses, except for the crude lipids that fluctuated with water volume. This
preferred water volume was subjected to study the optimal aquarium background color. The solid-
red male fish (1.13 + 0.01 g initial body weight) were distributed individually into aquaria with
five alternative background colors (transparent, white, red, blue, and black), comprising fifteen
fish/treatment (n = 15), over eight weeks duration. The fish reared in blue background were
superior in growth performance and feed utilization, and showed highest amylase/trypsin ratio.
This preferred treatment maintained the activities of the digestive enzymes as same as in the suite
control background, as well as skin color, muscle quality and proximate composition of carcass.
The overall results from the current study indicate that the 150 mL water in blue-based aquarium

background were suitable for rearing solid-red male Siamese fighting fish.
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Association of Official Analytical Chemists
Bensoyl-L-Arg-p-nitroanilide
Bovine serum albumin

Body weight

Condition factor

Completely randomized design
Duncan's multiple range test
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Feed conversion ratio

Feeding rate
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T, = Conclusion temperature
AH = Enthalpy

mL = Milliliter

mU = Milli unit

a = Redness/greenness
b = Yellowness/blueness
cm = Centimeter

g = Gram

g = Gravity

n = Number of sample
mg = Milligram

w = Weight

g = Microgram

% = Percent
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iieausougnnizaun Inmde Ia lntiu (cholecystokinin) vzvaans s Tumuga 1ddiu
o < o 3 .
A (duodenum) wazdr ldidnazndueu lafioume 15 e (enterokinase) aaﬂmmwj’u
a (a 4 I a 1A X I { o a 1A I s
n3UF TuuIduldeuitunsUsudailugduunanienrhau nsusuilweu lsiniunum
] o { 4 {
lumsaiuaumsdesTisau TaevimiinnszquTusoule (proenzyme) w30l Tutau
{ Y Y 1 Y a Y a a . a a
MeIvesiunsdesTusaulavareyiia laun n3UFTuRU (trypsinogen) 1o Tun3U%s Tuou
. 4 = a . =
(chymotrypsinogen) Tdsasvenaldama (procarboxypeptidase) a1 INE (elastase)

9
ﬂ\‘iuuﬂh’ﬁﬂ‘hﬂﬂ%ﬂii%ﬂl@ﬁﬂiﬂ“ﬁu%ﬁﬁﬂ‘ﬂUTﬂﬁW illuﬁ@ﬂWiﬂiZLﬂJuﬂiZﬁ‘ﬂ‘ﬁﬂWWfﬂiﬂ'ﬁ')ﬂ

o—N

Usau (Rungruangsak-Torrissen ef al., 2002; Supannapong ef al., 2008) NN UVDINT U FU

I 1 dynﬁ @ J =< a . . I
L‘].]’L! FUNFNNTTNAUIVDUF A ATNUDITSUUNINAUDING (Ribeiro et al., 1999) uaszu

(3 [

- { o 1 @ A .
Y33and1n s IaNaIuINIT YR 11 I800Y (Bolasina ef al., 2006)

9

a a I o o a o o 4

n3UgFwilusanilarildsatee (alkaline protease) @11150AANUTL0 1411 (amidase

.. J .. 1% a As 1y ~ad Y =
activity) 1AZ10ANDF (esterase activity) HAINTADZH Tu TgaaTivuazdszquan laun lagu
I A Y o = ' = . o
Haze159UY (Stryer, 1988) AreANNTUNIzNgIlunszUIUgRsaaI8 TUAY (proteolysis) 111

o L J Aa (a 1
Titimaih ldszgnaldmemunisunnduazgaavngsy (Macouzet ef al., 2005) N3 UFuL5 9
Uanserlaalusaaiitos 7-10 (Chong et al., 2002; Natalia ef al., 2004; Lazo et al., 2007;
Thongprajukaew ef al., 2010a) 15U N5 UFUVDIA1 golden grey mullet (Liza aurata) maulda
dl =\ .. a a a = = 1 1 d‘ =
NN10% 10 (Bkhairia ef al., 2016) NINTTUVDINTUFUNNITANY10819UNTHAY 1HDI1N T

o 1 @ v 3 ] =3 a

9 < @ % a @
UNUIMNFAIAYADWANUINITUDITAIUN !,LaglllLWITUQ%ﬂ\?Wf]ﬂﬂﬁﬁﬂJﬂWﬁﬂuﬂWﬁWﬁlLagﬂWﬁwqu

9

YBITLUUNIUAUBINIT 19 (Falcon-Hidalgo ez al., 2011) 4090550 V0IN3 UFUTANUAULS

AUQUWY (Rungruangsak-Torrissen et al., 2006) wu nsanyluian magellanic rockcod

Q Y

'
=

% o Ao ' Jd o { a0
(Paranotothenia magellanica) ¥a0dvogngumgia wuineu leiiinu ldangungiiding
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o 1 <3 4 a 1 .
1hunang Llag5]314E‘!ﬂﬂ"ﬁ“ﬂ1\1114'8]3]']\15’Jﬂﬁ?tﬁﬂqmﬁ{]ﬂfiﬁ?ﬂj"l 30 i’]\?ﬂ”ll%ﬁlﬁfﬂﬁ (Genicot et al.,

Yt A

1996) 11é 111)a1 golden grey mullet N3 UFUU IAANgUUYT 50 DAY @IToe (Bkhairia
Aa a Aa A @ a o Y A
et al., 2016) vazNnangsuveINIUFUTNsulsAuaIMIAUDIMIT 01y YUIAYDIE1 1] o1l
4 { ] [ . . . . . . .
¥ uaz‘ﬁ@gmﬁ #lu1a1 Cuban gambusia (Gambusia punctate) 148g Cuban limia (Limia vittata)
. Y o =2 =] 1A a (a o
(Falcon-Hidalgo et al., 2011) @oanaeinunsansi ludaing $anunnanssuveansysuny
LLﬂimiqu (Thongprajukaew et al., 2010a) LaZtWA (Thongprajukaew et al., 2013b)
Y
MIANHINDUNTNILUNUMTTIBNURNANTENUVDIANNHUMUUADNINTTHUDINT UFU
Tudamareytia n1sAny1luilal Japanese flounder wnlarnegluszez Jveouiifonssuy
a a A dy 9 ] o 4 A dy
YDINTUFUFIUDIABIAWAMINHUMUUGA (20,000 AI/gNVIANINAT) Hazanaulp@s T
1 :) (Y 4 1 ] ~ 4
AMUAU WU UAT (2,000 A2/gn A uas) ua ldnunisuldeundasludarszezaiin
. dyw A a a (a <
(Bolasina e al., 2006) Wonantganumsuasuuilasnanssuveansiasuludanzazmiavid
1 ~ dy Y ] (% 4 =Y a a ~ A
Tagwuanlanidesalrsn NUEUILLY 15 §2/9NUIANNAS UNINTTNV0INTUFUgINgalo
d‘ = [ [} d‘ Y 4 g‘/
WorlFeuMeunuANUHUY LY (5, 10 tag 25 A/QNUIANIIAT) (Peng et al., 2013) TIUNI

1 Aaa a a ~ dy Y ] % 4 A
meg‘ﬂuﬂi]ﬂiimmmﬂ%uqwqwiumammmammwumuu 20 AI/QANUVIANINAT LD

] =

[ % 4
Wieuneun AN UL LD (40, 60 LAz 80 AI/QANUIANIUAT) (Kanghae et al., 2016)
] = o < J v A A A = = 1 Aa a (Aa
wupeInuugsruuoveninmsasunaaiiowIn@myug FINUNNINTTNVEINTUFU
4 " Aa [ [ a a 1a ° 4 Yo 9
Tudangnaniiong liifu 5 Tunasninnsin Taenssuveansdsudauiie lasuaumdy
A . A s Y JAaa a 1A 49! A
LA 5 aney (Cuvier-Peres e al., 2001) Wyotausu Tuimianinns suveans Usugayuiio
Yo d o A .. (=) ~
185 uuaeaieTu (Ramzanzadeh et al., 2016) Va1 2N a1 miiuy croaker 1 Hn151/aeuuilag
[ Y
AINITNYBINI VT399I 52821181715 197 Uaa (Shan et al., 2008) HBAIINHNITLAAIDDN
a a [ a’sol v Aa A [ 9 [
voan3Usuludaiingilioninauininvarotade laun qun1wa0901%415 (Sunde ef al.,
(9 o
2004) ASHAADBNVDITULAZNIT AT UFOT U (Rungruangsak-Torrissen and Sundby, 2000)

Y o

HAEITVUNNANNY (Andres ef al., 2010)
2.3.3 lalun3usu (chymotrypsin)

a 1A [ A w1 v I @ o v
laTun31au (EC 3.4.21.1) gnduasizinaueonludaitinszgnduras uazdonlu

szuumaue s ludad hilinszgndunaslugaihivhaou Sondt laTun3Ua Tuew uay
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nadvonUInua lddiuduy (Navarrete-del-Toro et al., 2015; Ozyigit et al., 2016) Tagau15o
o vy Y a (A 1 aaa Y A A
mqm"lﬂmﬂmiﬂizsﬂummmﬂ%u LL@$ﬁ1ﬂ15ﬂliﬂﬂ§]ﬂ5611ﬂﬂWWLﬂ% 7-10 (Chong etal.,
2002; Natalia et al., 2004; Rungruangsak-Torrissen, 2007 ; Thongprajukaew et al., 2010a) Lo g
QNN BII 45-60 DAANTALHYA (Heu et al., 1995; Castillo-Yanez ef al., 2004; Balti et al.,

Y
2012; Navarrete-del-Toro et al., 2015) 1o Tun3 UFuiAMNUTUNILADBUAVDITITAIAY 1AL

(2 o

Tusodanusze luitazioamos lamwaetunsddu Tasdaruszld Indndiniaozil
Tuni Tadnadlursunau laun Waezariu v Tnwlu Inlsdu vaznsaoz i Tunil a4

Wu'laTas Tndn e wnlsTetiu (Stryer, 1988)

o

(Y o a a v o = a
ammﬁwmmu"lcmﬂlﬂTnmﬂ%uauwuﬁﬂuﬂimmmiﬂuuazamwmﬂiuiwu
a . =2 o 3 1 a (a
MAUAUDINIT (Einarsson ez al., 1996) M3ans1 ludaitiimuiimsuaniesnvyod la lun3 sy

=1 1 a a a [ Y [ a a a a a =l
uwa@aﬂﬁmitym‘UTMu‘ﬂﬁmqmaﬂmnmumﬂmu Tﬂﬁlﬂﬁ]ﬂiiMMGQUlﬂTMﬂiﬂ%uﬂgNﬂTQN

AA Ada

Tugrenasiziandu Iadmsogniina laolaioa 199 (Rungruangsak-Torrissen ef al., 2006;

=

Chan et al., 2008) ¥z Nn1sANEINITUAAIvonYodla TunsUFuluyuuayy (Maa

S 1

1 a o a (a y A X
brachydactyla) Wunanssusuwzued la TunsUguiinu Tumuviuawey uazliaigege

4 U { { 4 a 1 <
wielhgszez linmsulasuntasuniues IWEa (Andres er al., 2010) 9819 '15na1W N3N

o

Tudandatonigwugnuiims Idsumsiuane sy lnninisuvesla Tunsdguiia

=

ana3 (Thongprajukaew ef al., 2013a) wAeanulangwaniiong lumu 5 unasnnmsin &

a a (a o A Yo 9 v . A

Aanssuvedlalunsisudiauie 185U e 5 809 (Cuvier-Peres et al., 2001) Yazh

Y g’/ o ~ o A a a 49! 4 Yy o

ms Wuasnsiuansomienininssvvedla TunsdgugeuludansuTuimiié

(Ramzanzadeh et al., 2016) Yz An1saAnyInuvnusu luamywun lidwasonanssu
v A L} [

vo4'la Tun3Fu edhelsnay mavesnnunuuniudennssuveslaTundUgudiiiogsda

= Y = A A
WDIIADIUNITANH UNNIAY

3.3.4 weavh-ezlanaa (a-amylase)
ueanr-oz lwae (EC 3.2.1.1) Wweulaes luae (endoamylase) wu 1 luiiy da 7
kA
uUANIie 1aZ1¥051 (Dhont and Van Stappen, 2003) Tasliunuimd gy lunsiauiveda

soulainuiile (Moyano et al., 1996; Peres et al., 1996; Martinez et al., 1999; Ribeiro et al.,
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Y - ‘ . %

1999; Darias et al., 2006) Fyimihiasunis Tulamsaliiuiaiang Induazuea Ina
v W a 4 I o Il . o &

TagMsAauszvoId1wNeaudNA1 15ANA NI a-1,4-glycosidic bond AU Y toam1-0g

lumatailueu i 141szdivse ansamvesnmisdosns 1u'leiasa (Thongprakaew ef al.,

Y
=2 (% 1

2013b) Taen limsdunsizivearh-oz luaanavundusey (Darias ef al., 2006) HazHdY

NNAIUVDITTUUMAUAUDT (M 1d nszimize1ms du duseu uag 1dag) lularnu

A

a 4 ¢ o ¢ o w a ¢Xa o
Wazlanuiisuaziie AT, 2536; Sunnueg, 2550) dmsudlariianueou lmit lua1d

(Tengjaroenkul et al., 2000) tiioe91ndariianuermisdrulvngniians Tulamsaga i ld

= ] =

Aanssuveaueav-oz luaaludariialia g graiiisd

£

[

(Hlophe et al., 2014) 1oy a3

2 A

W
o Y ' ~ A 1 [ 1
uaa‘w1-azllmaammm‘ﬂNm"lﬂﬂel,mnﬁwgmmazqmwgummmwﬂu U oginUIIN

(Hyriopsis (Hyriopsis) bialatus) 191U 1aANN10% 7 91 1% 30-40 03A s 1T o

a

Y ]
.. o Y
(Areekijseree et al., 2004) Waonoeiihae (Haliotis discus discus) ¥191u ldanioy 6.5 gungil

U

) [ a 4
50 parnsaIFed (Nikapitiya ef al., 2009) msumsAnen luriesnsnamanosisiion (Myrilus
. . . 1 a Qe‘ [ o Sldd' ~
galloprovincialis) wuuea-og lagus gnsuazueavh-oz luadananeuiau laani

19% 6.5 11ALQAUNNUTI 35-40 DIFUTAFOA (Lombrana er al., 2005) U nia (Seylla serrata)

Y A

malaaniies 7 gungil 50 esrusaFod uazia1tiaivaou (0. niloticus Waz O. aureus)

a =

Waldaniies 6-7 gl 25-35 osfuxaiFod (Sheng et al., 2006) UBNINUNUI

U

2 [

a dg! a AA o o YA a
ﬂ%ﬂfl"ﬁJGU’E'J\TLL’fJaV‘I']-’E]gthLaﬁfNSUHﬂUQﬂlﬁﬂﬂJ Iﬂﬂ@ Waﬁ\lﬂﬁ'la\'iﬂ'lslﬁilﬂi]ﬂiiil"ll@\‘ill@aw'l-

U Q

9
ad [

° Y 1 Y o 1 S v (Y .
azllmaﬁmmmﬂ LWILLH'JIH?J@QﬂﬁTJﬂEN%H@gﬂUﬁﬂ%ﬁllﬁgﬂﬂﬂ'J%"llﬂﬁﬂaW (Hldalgo etal.,
d' = a [ 1 1 1 9) 1
1999) LiJ'E]ﬁﬂ‘H1ﬂﬁ]ﬂﬁiiJ611E)\'lll@ﬁ'1/‘]W-fJghlﬁJLaﬁclu@'JfJ'J$fJ’E]fJ’0'I1’T'I‘§ﬁ"]u§H\1”] hlﬂl,Lﬂ NITINES
=\ o Y1 Y . . o 91 . .
91¥13NYY (pseudostomach) g ldarudu (upper intestine) a1 ldaruilare (lower intestine)
H ¥ 1 (% (%] 1
iasay (liver) maﬁﬂmua (O. niloticus) ﬁﬁuWﬁuﬂ@Wﬂﬂu (5.7, 35.8 402 92.1 NTN) NUN
d' 1 o A =~ o a d‘d 95 Y] [}
ANMIENHUIZTUADNITNINNIUAD WIDY 6, 7 LAY 2 ATNATRY Iﬂﬂﬂa']uﬁVIMM']Wuﬂ 92.1 N3Y
aa A A a 4 = =
NﬂﬂﬂiﬁJﬂl@ﬂ!kﬁ]a%h-ﬂghlﬂlaﬁi;f\iﬂq@] (Klahan et al., 2009) maiuwaanzwummmmumeJ
9 a A d%} A a é’
LLH'JI“LJNGUENﬂ%ﬂﬁﬁNﬂlﬂ\i!!@ﬁi"h-ﬂgllﬂJLﬁﬁLWqu@‘lJumJﬂqmﬁ{]qu@ﬂlu (Lombrana et al., 2005)
dy I = v A 1" A =
’dmazmimﬂuﬂu@ﬂﬁ%%Em’dwaﬂaﬂ%ﬂiimmumm\h—az”lmaﬁ NITANHIVDI
! < a4 v ) o P
Peng LLagAMY (2013) WU'JT]_]EﬂfﬂgﬁglﬂJﬂ"llTJﬂLﬁﬂﬁﬂ?ﬂﬂ?1ﬂﬁu1lluu 15 uag 25 ?’l'J/Qﬂ‘U']ﬁﬂ

aa i~ A a o A
a3 3Jﬂ%ﬂssmamaav\h—az"lmaﬁqwqmumﬂ%ﬂumfmﬂummwmuuuau (5uaz 10

@ J 1a 1 ] o ]
ﬂ?/@)ﬂﬂ?ﬂﬂmﬁﬁ) Lmnﬂﬂﬁmmuaavh—azllmaﬁﬁlmmmg”lu”lﬁ}iuwamﬂmmwumuuﬁlu
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dy d‘ = = dy 1 (Y]
NTINELAYN (Kanghae et al., 2016) vazimsAnyInandn1ruziagsasuearh-oz luaads
] [] < = 1 1 A o I3 %I Yo
Tinunmssieau edralsnay ansuzdinanouaandasnilasy 919015518914V
1 [ d o A (Y
Suzer HAZAUE (2006) WUINNVT UL 30 anss M linanssuveuear-oz luaavosdn
1 . s é’ d' = v 9
20UY991/a1 common pandora (Pagellus erythrinus) am1gwummiﬁaumﬂuﬂummmmum
A v S 1A o A AN Yo D)
DU (10 Az 100 an) UIAINUUAINLIA (dpostichopus japonicas) nlasuanudunas
v Jd o a { 4 o 4
2,000 anes i Innanssuvesnean-oz luaagenga wenlFeuiousuanuiuuadu (0,
[ 4 ya
1,000 tta 3,000 anes) (Wei and Zhao, 2014) yandIndnanssuveeani-oz luaann
o F) (J [ . .. v A dy d'! Yo ~
nszine 119 tazduvestlangSiaenuag (Epinephelus coioides) mumqwuma‘lmmmm
] 1Y 4 1 [ 4 ]
ANUTUEI 350-1,150 an% (Wang et al., 2015) HARITN LA (5, 50, 100 gz 400 any) g
U 1T A J o .
ganagenanssnveausar-oz luaavealaingwaszes Inadais31 (Cuvier-Peres et al.,

A ¢ Y 2N Yo ¥ o 1 a ' A
2001) mmz‘ﬂﬂamuT‘uamiWm"lﬂiuuamaaﬂmauwmmﬂﬂﬁmmaﬂnLaﬁqaﬂmﬂam

Tasvuaa 4, 10 waz 14 ¥ Ty (Ramzanzadeh ez al., 2016)
3.3.5 lanla (lipase)

I EAl v A a < v o 9 % 1
Tanle (EC 3.1.1.3) ifueu'lmidos lvsiunnannnisnavesmisan lduazduoou
= 1 aan 1 o 4 1 o %
Hunumlumsisalfaseimsdesaateiusziommoiszninensa lviiu Tuanaediy
= Y3 =1 = o = 4 o =
narosealitlulnTundwesoa landwo'lsd lasndwe 15a nsa luiy HaznasoIoa
d a dy o Y A g = @ ]
u ladytatiainsomavldaluannziidunadaud (Myu uazgiedssa, 2555) 1mu
1la1 Pacific bluefin tuna (Thunnus orientalis) oy lai lar)adasaiau laanies 7.4 tag
a = A .. ° Yt A A
guUuNl 45 srusaIFod (Parra ef al., 2007) 130181 miiuy croaker Y1911 ldaNT0Y 7.2 1Az
a = 1 < o 23 a
QUMAN 40 93AUsAIFOA (Shan ef al., 2008) 9613 15Aa 1 ludaiueriawu s lanla
) Y A J = [ 1 a ) . =
p1mnuldluannznidlunaadansasou wu dariia (0. niloticus 18 O. aureus) ¥4
o Y o ydd' =1 1 a ~
wu'lnilan)gvindr 1deusoran & niies 6-7 lusrguugil 25-35 eeruzaiFoe
d’ = a [ 1 1 1 9 1
(Sheng et al., 2006) vz MsAnyININIsNVed lanlaluetorzdeseisaiuaieg laua
1 o 1 7 =) § sOI (-7
ATz 1MITey a1 ldaudu arldaudae vazduvesdaiiia (0. niloticus) NN
1 (% A [ 1 = z:; 1 ) d’ =\
AU AD 5.7, 35.8 Az 92.1 nSu wuNlanlaliaazimuzaudenisiiauniies s, 7

a aO’ v 4 a
ez 8 muaay lastariiaiviin 35.8 N5 ‘flﬂi]ﬂiiﬂﬂl@ﬁl@uq%ﬂﬂalﬂﬁQQQQ (Klahan et al.,
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3 a

2009) 061415001 e 1w lanlaezirausruduiindlunsdos Tuafu I natedlu Tvifu

<]
Tutanaran

9
A

nanssuvedlanaludanwilelisigendlarnuiisuazdaivazdainuiy

o w . . [ X g a 4 J
auaay n1sany1ludan yellowtail kingfish (Seriola lalandi) Yooouzuilutlanuiiionyin

'
2 Y o (A

Y
nanssuveuou land lanlanoutagedwdsais uaUNAILINITV0IAI80U (Chen ef al., 2006)
Y [ % 1 é aAa A dy 1 [
A9ANR0INUAI09UVDI1/a1 common pandora FaTiNVNT THVE lamlamiugaduluge 10 Tu
NAIINMIND (Suzer er al., 2006) dmsumsnlasunilasvesnanssuvealanlaldsunann
ANunUULazuaanlemaaeY (Shan ef al., 2008; Peng e al., 2013; Wang et al., 2015) M3
[ < ~ 49’ 9 1
519914 V09 Peng Lazaa e (2013) WuI1Ua19zazilav 1 NAEIAIEAIUH U LU Y
[ J A A 1 1 d' o 4
15 A/gnuiAnwas Inenssuves lawlagananuruiniudu (5, 10 ag 25 @2/gnuien
was) uananssuued lanlaluaiay lilinisnlaounilas (Kanghae er al., 2016) doandoany
= 7 . A =
nisAny1luilan Japanese flounder 528013731 (Bolasina ef al., 2006) YU ENNITANHI1UD
(=Y .. A Yo 1
Shan tazAME (2008) WUIAINT5HVES Jardaluilal miiuy croaker N 1A5VUAIEI19 16 LAz
@ @ [ [ ] Yo ] < @ 1 < s 9
24 92 T/ 1y imgeaninani 185 vuasadne 12 2 Tueiu ed1elsnaw TudansuTudimé
1 ] 9 9 d‘ 1 % dy
nululdwaninszeznains Iiuaanuana19ny (Ramzanzadeh e al., 2016) UDNIN
= . 1 9 v Jd o ya
AIANYIVDY Wei 1A Zhao (2014) WUNANUTULAL 2,000 a0k i ldinanssuved lanlalu
a [ 4 @ 9 4 [ d
Yasnzalimgegadonseuifiounuanudunasdu (0, 1,000 1az 3,000 an%) LazNITANY
a o 9 Y [ (= éf d'
Aanssuveseu Il lanlannnszime &1 uazdnveslangSaenuasnuiiingetiuiie

@5 eI NaNUT UL 350-1,150 aNH (Wang ez al., 2015)

4. m‘menaummmné’maﬁede anfeg

A o

Y z&l I v A o ] dyd A Aa
ﬂﬂlﬂWW%@QﬂaWNLu@LﬂuﬁfﬂfﬂﬂﬂﬁW mﬂum'i“uwm’cjsumwuazm’ima@uhlﬂwmsum

? v

v Jd 0o zi’ Aa [ 9 A s A = I
aaIUN ii]mﬂ”l“INﬂa"lﬂJLuE]ﬂﬂ’E)”lfﬂUQ‘UE]ﬂUlﬂﬁﬂﬂﬂmﬁﬁJUﬂﬂJ@ﬁIﬂi@lu mmmﬂiﬂmmﬂu

[ 1

4 [ 9 zi’ 9 3 = =) Aa 9 = [l
29AU5ZNAUNANVDINA NN Tﬂﬂ“luﬂmmuamiﬂmuwuuwummﬂm@amiﬂwqumm

g

Y &I ' 3 Y = a a = 1 [
ﬂammauazmmwmmmﬂm hlﬂl!"ﬂ IﬂiﬂulL@ﬂﬂulLagthI@%u PFIPEAINAADAITNTINITD

¥
o’%’ ng 9 A = =]

lunsndeu Inivesda i asiu ndwiilefaaasiimsnsa@ulann Tdsauuazainso

Y
SawfSua Tds@uuenauuas luTedulundanile
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(Y] d
4.1 anuaansalumsduns1zildsau (protein synthesis capacity)

[ I'd
anuamsolumsdunsizd ldsau @nududuveaTdsau uazanudusuve

9 Y
= F) A

@ I Y
RNA) Hazoa31m13nyuieu 1Usau (RNA/protein ratio) 1Y u1a3819%nan MU0INA WD

L)

9
(Sunde et al., 2001, 2004) d1vSulartieudny1lundmiiiou (white muscle) Vs ldasvy

]
v

@ A I a A A ) 1 A A A =
vad iesnniluusnaniauda numaﬂﬁzmumthaauuﬂmmmﬁmamazmmi
apuaueInenTi AL 1alAa (Peragon ef al,, 2001) N1SANYIYDY Rungruangsak-Torrissen

9
1ag Male (2000) Lag Sunde Hagaale (2001) meé”mwmmaﬂu,ﬁmmm‘fmwmsu,i]stymuimﬁ
[ o d o [ a = A A Y j’
ﬂ’ﬂll’ﬁll‘w‘L!‘ﬁﬂ°]Ji$ﬂ‘Uﬂiﬂ’f)zllquaﬂiﬂﬂ%IWiauﬂﬁiziuﬂaHJL‘L!’E) TGN G REIRRIIGRINAE
& A 9 j’ A A v =& [ a ~ A A I R dyd
HUNAVINNITA I NIUBDIYDINYINU G}NimmmﬂmazuTu"lamaﬂ%TWiauaaimﬂumuwm
9 = @ dy A .
msadaldsanlumswaniveuiee (Sunde et al., 2004; Rungruangsak-Torrissen ef al.,
= Y dy 1 2 a a a a
2009) msazanlysaulu ﬂamLuﬁ)%ﬂﬂlwuﬂizﬁ‘VI‘ﬁj‘HWﬂﬁLﬁ]iiUuLmJIGl (Rungruangsak-
. Y @ Y
Torrissen et al., 2009) ADANABINUNITINYINUVDN Fauconneau LUAZAUS (1990) WUINDNTINIT

a a =\ [ @ J o [ [ 4 = [ U

!,i]‘iillum‘UTGl"llfJ\‘lﬂanJﬂ’JmﬁiJWU‘ﬁﬂUE)Gl‘imﬁﬁﬁlﬂﬁ%‘ﬁ‘Iﬂ‘i@luuaxﬂﬁﬁﬁ’mﬂlﬂﬂ

(3

. 9 dy dy 1 a o 1 a 1o &

RNA/protein Tundutiie wenantionsiaiuvesnsaezi Iusuiludensaoii Tu'lausuilulu

2

v o v Jdo a (a
A F U UTA UM AAI9NVDINT UFU (Torrissen et al., 1994)
=\ o v A o v W
ANUTUTUUDI RNA 118 RNA/protein ratio 1AMNAURUT Nuals Auasanusasims
a a Y o % .

Iy Taveadarund11a199nd17A01%15 (Rungruangsak-Torrissen ef al., 1999;
Rungruangsak-Torrissen, 2 0 0 7 ; Rungruangsak-Torrissen and Fosseidengen, 2007) (i Vel

o o I o A o a a A A ds! n Y a ~
anudunusnulsenAuiiesasimsnsg@u Tanmuiu lilamaninmsazauveslylsiu
(Sunde et al., 2001) AIANYIVOY Pierce ef al. (1999) nUNUIVIUUI RNA LAy RNA/protein

[l Y] [ o

1 a J a J
ratio YOINIIN (Loligo forbesi Wag Eledone cirrhosa) HA11u7e DURTYNUT > FWTYNUT,

Y
=<

Y = <3 1 A A Aaa o~ a a Yy 9
WA > nendle nazvuIaEan > vuia g 1Wed N In N5 Al TauuANUTNTUVD
RNA 928004 1agAI5ANYIVO4 Sunde LAZAYE (2001) WUIIANMAUTUYDI RNA LA

. .o @ o 4 o o Y 1 =<
RNA/protein ratio A NMUAUAUFTUUVUNARUA LT 821221015 19 ua9 ua Tun1sanu1ve
Rungruangsak-Torrissen Hazaate (2009) Tudausanounonuaudn (Salmo salar) WUIINT

1] Y
lasunesednaoiiioalurrggrnuuazgg lu ldwamldanududuves RNA Tunduniie

A 2 A A 2 Yy 9 = ! Y . . °
INNUU Gllﬂlgﬂﬂ1§LW3J6U1!6U@Qﬂ’JﬁlﬁJLGUNGUl!GUE]QIﬂﬁﬁuﬁqwaﬁlﬁu RNA/proteln ratio AN 183
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(Mathers ef al., 1993; Peragon et al., 2001) #9AAAINUNITANVDY Blier azANE (2002) &4

' Yy v a A a a ~ ' Aa
WU')AIﬂfJnJLmuﬂlumﬂﬁiﬂﬁ@u‘luﬂﬁTﬂu @51ﬂ15l%5ﬂg!@ﬂ1@qquuWﬂﬂ’ﬂﬂa”ﬁﬂﬂ NIINIT

wIAD Tad
4.2 andaEannuIeuveauanauuaz lulodu

2 v
AU MYBINS WD NITaA T AR UM IANEIN T Asu)asauiAaiFen
v gy & A ] gy & Ay o . v
Fouveena o1 ioannarvvesndwiiion i luduunsnegisumios (Ramesh and
. = @ A va A 9 = Y dy
Nagarajan, 2013) N15fAny¥19z01den1silasuudasantinmennuiouvecllsaunaiuile
(myofibrillar protein) lattn T1lsAuLonAU (actin) 1oz TuTou (myosin) Felinnudidnluns
] dy Y g A = a a A o @ J o
UerpunmveInamiie 1esnn Tsautenauuas luTesuliunumdaAyaenisiauves
y X o Yy A o o .
nANHe TAgMWIZNITHALAZARIIAIVOIN1NHBEA D (Tyska and Warshaw, 2002; Paredi
=3 ya = a aa 4 . .
et al., 2003) N1sAnE1vz IFaW M os wIFeaaunuilanaesiaes (different scanning
. . A 2 A A A
colorimeter: DSC) (Matos et al., 2011; Thongprajukaew et al., 2015) 1110991011 1WiA5 090N
4 va 9 a
Uz Toa lumsanuauianianuiouaesllsiu Taomnignsgadodn msssusa
. a = a aa 14 [ Y 9
(Konieczny e al., 2016) TagaviloisuiFsaaunuiianasiimes 120100015 9ATUAINT O
1INA29819%3 0 1UsAUNAAM S g Toan NG T TUIANTZ 10000 (Schubring, 1999) FIN1T
= a = a @ Y o
gudeanmsssunavesldsawnanniuse leTaswululassadwgnyiiats (Wang er al.,
Y A ! v o Y a = a a F)
2008) TAsIa319NuAnANA U IMnaN s g dedn M55 5umA 11Ul 313 (Bao and
= a = a a A Ao 1 = a
Cork, 2002) Msgadeannsssumaves1UsauluTeFuwnangurgisinnldsduuenau
1 = 9 til a a = a
wu nsane lundriievnvestariia (luTedu 43.0-49.9 eamisaiTos LAZIONAY 66.6—
74.6 mmwa@ﬂa) (Thongprajukaew et al., 2015) HALNTANYIVD Paredi LAABLE (2003) Tu
4 == 4 1 1 ~
woolyaa 2 aUFd (Chlamys tehuelchus W Zygochlamys patagonica) WUNAIN3lasunilas
A A 9 = 9 &I Y &I =) 1= 1 [ 1
auindannusouveallsaulundruiioatsnaz ndruiieisou lulianuuana19u uazing
d' 1A 1Y gj 1 d’ a 9 = 9 =
Wasuulasawaiiey asduainmsulasundausinnuieudsamise lsd5euney
= Y a A . 2 =2
[ADINNNNANUTOUVDITUSAUNTA1IZAIUAY (Schubring, 1999) HONIINUNITANY

a a aa 4 ] J o
Ao uFeadunuilunasidmesanniolsuendegunn llsAumenuouiiall (AH)

9
Tl 1 1 <
INNTIIYNUVDN Amtfield Lag Murray (1981) W‘]J'Jﬁlﬂﬁlﬂqﬂa']’Jﬁ']NW?ﬂUQ%ﬂ’JWNLﬂusglﬁﬂﬂ
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X I a 1 o
yosInssaswvesllsau Fudunaninmsgudeanmsssumnavesllsau Tasanousiall
I~ a a < [
WuwavianldsauuenauuazlyTeoduitlundan (Matos ef al., 2011) N1TANYINIT

A va A 9 =3 ] 9 Ay =
aguuasauiamrin1uiouIIE TN UN INYBINAINILD (Kuo ef al., 2005) ¥4
I an a Yo a 9 Ay ]
Wudsmsilasuanuteyluaudiunsasisdeununinveuiolaisdenainvale

(Schubring, 1999)
an 1
5. MINDUAUDIUDIANDANNITLIAY]

= ] A A o Y a =) 9 [ =

aeumﬂmﬂ@muqnimauwmwu@miﬁinmimmuu JUAIUAUMITAINIINIA T

IMa0Y (iridescence pigment) AL BUAINUAAIUHUILUUVOSE (Wallbrunn, 1957) M5 VH
a o v o =) I a = = <3 a A an ~ £

YSNUBIAIAI ATY LASINAANANTITE lasdusunannaalsanItuLazingIsuy

. = o 1 = J I a A

(Monvises et al., 2009) yauziagINU Clotfelter agAMe (2007) wuua IsNussadluaisan

9 a @ [ a . I @ 1
aanduadluriisvesdaina Tael las Taumesu (drosopterin) (UAIAIVANAINAINVD

s A

A a o y A ~ s 3 o & Y
TANIN U Iﬂﬁlﬂaﬁ\llum\lﬂﬁﬁZﬁﬂJﬂl@ﬁLLﬂI‘iﬂufJﬂﬂ’gﬂﬂg@ (44-51 L‘]Jf]ilﬂiuﬁ) SINR I MFUIRTRVRTRE

(-2 v o

~ 7Y a 7w ~ 7 ! a
LLaZﬂWiﬁZﬁﬂJlLﬂIiﬂu@ﬂﬂ UUANVUTUNUD U91Y ’V\IIull‘ﬂﬂ LLaZiZT‘i’)NﬂaﬁﬂJWH‘ﬁﬂl'ﬁN@w

= /A Yy 9 = J A YA @ 1 @
ﬂ“]J"V\II‘HIIVI‘iJ LummﬂmiﬁxﬁmLLazmmmmummuﬂwueamzum%ammﬂuiumm

o o 9 J v W

1 a 4 1 { 1o a J ~ {
NOURTYNUT LL@ﬂﬁWﬁL%1Q’JEJL%5ﬂJU uﬁﬁwmmmmmzmmmﬁ’muﬁgmﬂ@mﬂu%mﬂu

o

Y
4 a a 1 [ 1
(Thongprajukaew ez al., 2014) HBNIINTUNITATULATINUDIATININTHAADNITIUFUDI

[ 4 v W 1Y 1 o { 9 ' {
Yaria ieosnindanaduisaz@ensugnulanianuduyesduinnat Tagiaind

Y

WTulndFuaseziivsuaualsivesdluasugeniidarn i Tu'lnd @ity (Blakeslee

Y [ = . A J v v o a A v
et al., 2009) #9AAADINUNITANEY1UDI Gautier LATAMUE (2008) Anundarnadidla@enivn

o @ { o 1A J 3 a @ 2 d @
nudardadn il Tu lnilauasunn i Tu Ind@ihku vasdvesmmdezduiwiie a5y
Y o A . A a Y
m’:‘mz@;umnﬂmmm (Monvises et al., 2009) 1HDINTIANINS (chromatophore) Usnald
9 v
FuvoIniad lasudygruanssuulseam mldinamsnldounlasanududunazns
N5218AV9e15d (Fujii, 2000)
darnanileiienuaasdNainvals FunanTIningiuanaA1nY N1331891UUDT

1 v A I
Wallbrunn (1957) 8 Khoo tagaae (2012) nuN LAz dnesvestdarnamnansaas s

4 % a
TnsWoF (erythrophore) Fan18lutines 1u Tsy (pterinosome) (Huaa15Tuas aziwagd
rythrop p



18

=\

4 X [ EA a
uasu 15003 (xanthophore) Faligauualvgiussgensdmaeos (unlsiuoea) aziitnos 1u Tawy

q

e

v o o Aa 1

< i Lo ' Jd . =~ = =
ﬂluTﬂLﬁﬂﬂu@Q u@ﬂ%TﬂuﬂQWUﬂTl%ﬁﬁ@ﬁIﬂW@i (1r1dophore) UNTASTUFIITUINU U VY
= a9 dy Jan 4 =\ [ o Y 4 4
‘]511‘1{2‘1j Iiasd asnag ﬂ')flﬁ’iﬂul“ﬁﬁﬁ@ﬁiﬂwf’)ﬁf’JTﬁ]llﬂ'JTNﬁﬂwuﬁﬂﬂl"ﬁﬁﬁllcﬁuI‘]ﬂ/\lf’)ﬁ lae
a s ' 9 s o %
a11ae3 (leucophore) LAEIRULEARINA TUWBS (melanophore) HaUsznouAIemal T Tasy
[ Y
(melanosome) NazauasdaavIeiiaa (Wallbrunn, 1957; Khoo et al., 2012)
3 A v A Y [ o
ﬂ'lill'ﬂﬂ\‘l@@ﬂﬂl@ﬂlm@ﬁiuﬂa’lﬂﬂlﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬁ’lﬂﬂﬂi]EJ N3 T UVDY Wallbrunn
v Aa U A ' @ AA A S A (g Y
(1957) wuilmndieimsiheniesglueimsrnanalrsziigoon esnnladnszaiens 1
[ dy v o Y = 4 a a . . [ Y ~
138 wenantinis¥niale Tnunadeunazuesenuns U (norepinephrine) ¥ 1 avoans v
o = a¥a g a A ' o A a A o '
ﬂmﬂmﬂaﬁluﬂmﬁummﬂuﬁﬂmumam LL@ﬁ’lﬂJ’liﬂﬂa‘Uﬂuq’ﬁﬂ’lWlﬂNlll'f]'ﬁ’lﬁﬂ\iﬂﬁ’]')ﬂi]@

(2

{ o ' A san P 7 P
T msulasunilasdananoranaaingaanos lawes uaziwasgwal Tunesin1InTza1e6
v A @ ] .. A [} = dy I A
1Az A3 8902 1% (Amiri and Shaheen, 2012) YAULNANVHU WU ULAZ TUDINFULDSIUDN
v : { Yo { o Y a { a
Fasenitan lasumssisaudinnuaivisalumsmienirldinanisnasuulasvesdnd
(Van der Salm et al., 2004; Doolan et al., 2008; Zeng et al., 2010) asans1lulan darkbarbel
1 a 4 a [ [ 1 [
catfish (Pelteobagrus vachelli) WUI1W1510AB5UDITAT (A1AINA I ATAINUAL LAZA
A =l d’ 1 a' 43! d‘ 1
ANUKA0Y) UA1AAAUNOANUHUIUUINNYY (Zeng ef al., 2010) YULNANNHUILUY 50
a [ < o Y . . . = =\ 4
nlansu/gnuianmas v lWar Arctic charr (Salvelinus alpinus) InsazanunlsNuosagy

I~ 1 = v oA A ' =~ J
nga (Metusalach et al., 1997) L“]ful,ﬂfJ'JﬂUﬁﬂ1°]f1!$1/lﬁ\1Wﬁﬂﬂﬂ1§ﬁ$ﬁﬂJL!ﬂIﬁﬂu@ﬂﬂ!Lﬁ%ﬂ’NN

d‘ Y

9 aAa é} ; A K A o A o A Y A = v
!,"UiJGU’EJQﬁW’JﬂQWﬂﬂﬁi}ZQQﬂlummﬁﬂﬂuﬂ1“151!3?{‘1/1‘1J (A9 Uaz AU UIULVY) mmaﬁaum&unu
a = a3 g =
MFULADOU (V1T UazdU1919) (Eslamloo et al., 2015) 3’33J‘1/Nﬂ13ﬁﬂ‘lalﬂuﬂ€ﬂﬂ$WQ
v Y

=2 A ' a A 1A ' o A '
RRLSEINE (Pagrus auratus) ﬂW'U’JTiJﬁW]LﬁEJ\ﬂHGI1‘1]18@1‘1]1’3&&61&?]’311114141!;!1414@]HJﬂ’JHJﬁ’JN

aa ' PR 1A o
ﬂl@ﬁﬁﬂﬁqx‘ilmgﬂﬂ?ﬂ'ﬂﬂﬁ1ﬂLﬁﬂ\‘isluﬂ16u18ﬁﬂ1 (Doolan et al., 2008)
(Y] dJ
3. Jngilszasnvedlnsams

d‘ = g = 1 a a a A 9)
LW@ﬂﬂ‘H"INaGUENlGN"IﬂiH"ILLagﬁGUE]\‘iﬂ"lclfugﬂﬂﬂ"lilfﬂiﬂ]umllimmgﬂigﬁ‘ﬂ‘ﬁﬂ"IWﬂ"liGlG]f

sz Tewinnerisvestana
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ad =
IHNIIANHI
A o a ' 2 o
mMsnaaedi 1 YSunasvesinimunzaunemsesdaina

= =1 o
1. mamsenazelaina

o v v YA g.l/ (% A 1 49’ o 9 a
ilafadidauaanadieiy 1 ey Mnuraumiz@ewlivan mluudinaradn
a Aaa ] o a a {
n3InTzUenN5 AT 350 Haaans (FURUAUINAI 7.5 IHUANAT x g9 12.5 I5UALAT) N1
H =y a aa I 1] 4 0o S I o
Wf5uas 250 aaans Wunar 2 dla TaeliernsdiGegy (Tdsdu 35 wesidud) Tu
[ ¢S I 4 901 YY) o g’J [ I {
0751 2 1o FUAVDIUINITNAD 1UIU 2 AU (08.00 1AL 17.00 U.) LATNUIAYDINITN
o v ) ad & o ! Y dqod
MARNAINT 1191915 30 W 1Huaeasssumadlunal 12 ¥ 134 vazlasuiinlgaes
s d ¢ o ] A w & o A ¥ w Y a o
80 1o SiBuUA N0 3 U NoUNT I 1ITNaIEY avnntuiaiivinlnameany
%’ v A 9 [ dy ~ Y 9 a
(UMIRE AN 0.97 +0.01 NTY) WuasuRsIlugnszanla (WA 3.5 LEUAINAT x AW
a a { % 1 1% 1% 9 [
617 8 ITUAWAT x ANINGA 20 ivuAwas) NHUSuashuana1eny s szau 1dun 100, 150,
v 9 ’:9’
200, 250 AL 300 HAAANT BINITNAABINIHVA 15 A/15119511 D891 2 1NOU AaDANT
¢ a %,’ ] [ dy Y
(AEIgUHYUUDIU10Y 1UHI 26.00-29.90 IR FALTIA LAZWIDY 6.40-6.93 UBNIINT AT IH
d' 1 %)I o 1 = v dy v
91113 uad tagmsaguaeiusuReInUnsaelsuann
o v K [ @ < 9 ~
AaRANIINAABIIIMITUNNIATINIMeUIa1)NTY tazinvToyalS a0
[l 9 ]
Auluudaz Ty (daily feed intake) 10 1¥A1UIUBATINITUANIHD (feed conversion ratio) 1/©
Qy I ] o < g @
dugamsinaaosilaeaomadune 24 ¥ Tue msnudeyaihminuazaue (o =
A Y o a o 4 .. o a a o .
15) LW@i%ﬂiujmﬂﬂuﬂ%ULLWﬂlﬂ@‘i (condition factor) aﬁﬁmmiﬂgmﬂmuww (spec1ﬁc
growth rate) I INTNU (feeding rate) uazlszansamnales ldsau (protein efficiency ratio)
o v aAa dy o <} @ [l 1 A 9
FIUNINITATIVIATAIVEIYAT (1 = 15) UBNIINUNINITNVAIDENNTLVVEDYDINTIND 1%
a Ia 4 @ 1 9 Lg A Yy 4 9 A’l
Ansgrnanssuveaeu lai (2 = 5) medundmilome 9 insziaun maesnamie (2 =

[ [l 35 o A Yy 4 4 =\ o 1 g I
5) Llagﬂjﬂ81\3l]aTVNﬂ'JLWE]GlG]f'Jmﬁ"IgCH@Qﬂﬂﬁgﬂ@ll‘ﬂ']\‘lmllell'EJQG])"]ﬂ (n=15) AMIDYNMINUANU

Y a A A a I
thVIQﬂlWJ;lil =20 9NAUY B LW@ﬂWﬁ?LﬂﬁTZ‘W@]@Ul‘]J
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a J
2. f'niﬁﬂieﬂﬂ%ﬂﬁﬁﬂﬂ]ﬂﬂ!ﬂuﬂ“ﬁudﬂﬂf‘n‘ﬂ1i

(Y J
2.1 ﬂ1§ﬂ'ﬂﬂ!§)ull°lﬁ»lfk’)ﬂﬁnﬁ1‘§

]
A o

[ g A,
anaeu lyigesemsnuIsn1sNAaLLlaann1n Rungruangsak tiag Utne (1981) Tag
o [ a 4 v 14 LY 1
hedrznelunuan 0.2 Tuars Weaativiwes (Na,HPO,-NaH,PO,) Wto% 8 Tusasiaiu
Y ~ o ' ' v k2 '
1:3 (hmiinAlSues) udnihlihiTudenTealuaziBeaiione (THP-220; Omni International,
o g 44 < o4
Kennesaw GA, USA) nasainiuiiiasazate luvyumiesi 15,000 x g 1flunat 30 urfi #
a = [ L & 1 o S 9):4‘
gungi 4 osrusaiFoa uazgadisazmediuladududivvesarsanaou lad iy 1in
- o4 .
AN —20 BaraTed an1snaaauas 1

Q U

2.2 msanmiSunadsaulumsadaenlasd

[ L a,
Pnavesldsauluasadaeu laddnyiauisn1sves Lowry tazame (1951) Tag
a Y] 4 a 2’, a
wuensanaeu lsidsues 25 lulasans aslurasanaaes niw@uasazats C ¥5u1a3
a ~ ~ 1 d
750 luTasans (laowseuaisazals C ana1sazals A Mnauserineasdulesdamia 0.5
o o a o @ Y H < I ¥ a aa o
a5 f TwReudasy 1 05y USudsunasmeinaulnla 100 Jadans fuansazaie B 910
1 = 14 [ [ =) 4 [ [ Y g
MINEUTTHIN ImAsumsvotua 20 N3y 1 Twdeulaasen lud 4 n5u YSuiSuasarei
< 9 a aa 1 @ 1 ] & a )
naulild 1,000 Haddns Tasnavuansazais A e B lusas1aIu 1 @ 50) 9INUULAY Folin-
. A o 3 % o 1 a Y Y v
Ciocalteu reagent (1999190 NAUTUBATIEIU 1:2) Y5103 75 TuTasans menliidniu
13Tufiia 30 widt i'lddasrganaunasianuenaau 750 urTumas wazihainla

AFeumMeUNUNIMNIATFIUUB bovine serum albumin (BSA)
= a R
2.3 msanydanssuveseu | widenolrils

a a Y Aaa a =
nanssuveullFuasrndennieldannzNlifies 2 uazguugl 40 osuwaITY
Ax A sl & A A S
A1335U04 Rungruangsak 1 Utne (1981) Taady 2 Wlosidud indunazarelu 0.1 uesia
4 a a a 4
Ts@eulaasonlsa Usu1ras 100 1ulasaas aslunasanaans uandy 02 Tuals
Tnuneazounas lsa-nsalalasaasiniinios (KCI-HC) Wox 2 USuas 100 lulasans

mer iy @eu laiSuas 200 Tulnsaas wanlddrnu ihlduungumngil 40 esem
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A

= = v 2}1 a J < 4 aa aaa
AT UIY S WU Hasnduan 5 1esigua ﬂﬁﬂqﬁiﬂﬁﬂiﬁﬂg‘:}f@ﬂ L‘Wﬂﬁﬂﬂﬂgﬂiﬂ"l

Q

[

= A Aaa [ ) ' { { < a
Y311as 1 Tadans wanldididu thlddumesiinnuEa 5,000 x g Ngaungiiiesuiu 20

=~ g’/ U D a v 4 =
Wi vnugaasazaediulaliung 500 lulasaas wawdv 0.5 Tuars Tydoulansen
Jd a A aa v ¥ o v J
lad1lSu1as 1 Nadans uaz Folin-Ciocalteu reagent (L%ﬂ%iﬁﬂﬁuiﬂaujuﬂﬁﬁﬁlu 1:3)
51105 300 luTasaas maulidinu i lUSadganaunasianuennau 720 w1 Tuwas
o 1 A ) =} (Y . o a o
sazihmi lanfeuieununsWuas§1uved L-tyrosine HazAuananssus Uz 1)

Uguldangas

nanssusuIzvealsu (glia/daansullsan)

= Aganauudai 720 Tuwas x 1,000 (lulasdas) x 1 (W7 x M3ToIN (111)

o ot a = a A A o a aa
ﬂﬂllﬁlmﬁl]ﬁﬂﬂﬁ‘v‘h\lWlijpu X 1]%311@]55"6\1!,6141“112\!%16]35) (lhljﬂiﬁﬁi) x5 (W) x ﬂ’nmi’fm’fumaﬂﬂimu (Waansu/uanansg)

nanssuveInsUsuasreaeunioldaaning Nl 8 uazguwngil 50 oA uvaGod
a, a a A 4
A1475U04 Rungruangsak-Torrissen LazANE (2006) lagian 1.25 daa 1uas bensoyl-L-Arg-p-
Y
=y a Y] a o
nitroanilide (BAPNA) 131105 700 luTasans aslunasanaass viniu@ueu lsilfsuas

a IS

a Y Y o Yy 1A o &

100 luTas@ns wanIdidnu udriungumngil 50 oerusamea WU 5 WIH 1A INU UG
aaa 9 J < 4 aa = a Y 9 o g 2 Y

URse1ae 30 odidud ninozdandsuias 800 lulasdaas maulidiiuasnes uu s
A o [ A = 4 o 1 Ay y 2 [

wi i hldamganduuasnanuenaau 410 wiluwas sazihan lanSeuieununsivl

. .ge o a o a a 9
UIATI1U p-nitroanilide I,Lﬁ$ﬂ1u’3ﬂlﬂ%ﬂ5§'1]%1!w1$"llﬂﬁﬂiﬂ“ﬁuhlﬂinﬂt;m‘i

NN suTUNIZYRINTUBU (gile/daaniuTisau)

= Aganauudai 410 i luwas x 1000 (TuTasaas) x 1 (WA) x M310919 (111)

qqqqqq

AnssuvedlnlunsUguasrvaovnieldaninzniifies 8 nazguugl 50 0f
a a a A J
B OE 1N ITUDY Rungruangsak-Torrissen LazAYE (2006) lagian 0.10 ¥aa 1ua1s N-

succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (SAPNA) 151105 700 11 Tn5805 asluviasanaaed

]
1 =

Y a 7 A a T Y a =
Enmuummau"lcmﬂimm 100 ”laﬂmam wauimmnu HaduuNYUHU 50 DALY

a

= [ gﬂ anan Y d < o aa = a
UIU S UIMN ﬁaﬂ‘mﬂuuﬁq@ﬂ&]ﬂiﬂTﬂlﬂ 30 1Wosiud nsaszsandsu1ng 800 Ul,iJjﬂiﬁﬂﬁ

Yy o &2 gy A o @ A a A o
Nﬁl]ﬁh”ilslﬂﬂu ﬁQ‘VNll'JLﬂu 5 UM uTllﬂ'Jﬂﬂ1ﬂﬂﬂﬁullﬁﬂﬂﬂ?’]uﬂ’nﬂau 410 ‘L!’]Iunl@ﬁ agun
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A lanSeuioununs 1WA §1u p-nitroanilide tazAurananssusuwzuod laTun3dsu
FUIABINUTATNIAIUIUNIAINTTUTUNIZURINT U T
nanssuveaeu Iyl lalaasrvaeunieldaneiiiies 8 uazqungil 40 o
= ax A o . a 4
e A1NITNISNAALYaIu191n Winkler tag Struckmann (1979) Taesay 0.01 Tuais p-
. . =y a a 14
nitrophenyl palmitate Y31105 200 luTnsaas aslunasanaass uaz@n 0.2 Tuas eawla
] 4 a o a o a
WS Hitey 8 U511a35 800 lulnsans wanlimidrdu ududueu luidsinas 20 lulnsans
Y Y o Y VoA a = =\ [ 3’/ aaa )
pan 1Ay taUuNguK N 40 pIFIAFEE U1 5 UIN HaWwINUUMgAlRATeAeMs
a 2 7 a o o ) {
@y 1 Tuns TaReuasvewa U5uas 250 Tulasans maulidnsy udnihens llidumies
A < A a 9 = < 1 A ) v 1
0157 13,000 x g Ngmngiros uiu 15 wii Tasnuasazatediulaio liasns

A A o 1 Ay Y = @ .
@ﬂﬂﬁull’ﬁﬂ“ﬂ 410 ‘LHI‘N!JJG]E L!ﬁ$u1ﬂ11/lvlﬂllﬁiEIUL“VIEJ‘]Jﬂ‘]Jﬂiﬂ/\llIW]‘iﬁTL!lefN p-nitrophenol

o a o Y
llagﬂ’]ujmﬂﬂﬂiinﬂ']LW'lzle'f]QllanJﬁ llﬂﬂ’]ﬂqg’lﬁ

nanssusunzves lanld (giia/daansullsau)

= Aganauudai 410 i Tuwas x 1,000 (luTasdas) x 1 (i) x MaReaN (1)

AMFuvenswlinaigu x Wnasveueu i1y (lulasans) x 5 (i) x anududuvesTilsau @adniu/iadans)

v
aAaAaaA a

nanssuvesey luaaasiaaeuneldanz Niifiey 8 uazgumngil 50 o usaFod
an .. a J J 3 =
MUITNITVDY Areckijseree azAaL (2004) Taay 5 Wloshud asazarerinile Ysuas
a a 4 o = =Y
25 luTnsaens aslunaeanaaos fu 0.2 Tuars Weamlariwmoes ey 8 1USu1as 62.5
a Aa A 4 J Aa a % a
TuTnsans uag 20 HadTuans Tw@euaaslsadsuias 37.5 lulasans weaulidiu @
J a Y Y Y o Y 1A a ~
ulaidsuag 125 lulasaas udwanlidnu udruigungil 50 esruwaiBod I 5
[ g’; ana a - 4 a a . . . .
Wi nasnniungalfnsediensan 1 nledidua nia'la lulasealydn (dinitrosalicylic:

a

a o 2 ¥ L < {
DNS) 151105 250 TuTasaas i ldduluindeuniu 5 uii udrasne 13 Rsungungives
35 a g < =Y A Aaa Y Y o ) [ 1 A A A
nnuu@uinaulSues 2.5 Hadaas sauliidinu i lddamganauudsianuenaau
540 wn Twwes wagihni lanSeuieuiunsinesguuea Ina uazduiananssusume

wosoz luad laangas



23

nanssudumzveses luad (gha/aaniuTisau)

' A A a a A '
= ﬂ']ﬂﬂﬂﬂullﬁ\?ﬂ 540 uﬁliu!ll@]i x 1,000 (lliljﬂiﬁﬁﬁ) X 1 (UIN) x NS (IN1)

aaaaaa

@ o a
aFuvenswlinasgiu x Winasveueu lxinly (lulnsans) x 5 (i) x anududuveslisau (iadniu/dadans)

3. MSANHINUMNVDINA 1D
[ J
3.1 dszanEmmmsdansiznlilsau

a a [ 4 a a
ﬂ‘i$ﬁ1/l‘ﬁﬂ11/\|ﬂ1§ﬁ\‘ll,ﬂ‘i'l$ﬂ1ﬂiaUWi]1im1%1ﬂ1]iiJ1m6U’e]\1 RNA, protein 101 &
. . = 2 = an .
RNA/protein ratio Taoenu1UIu1a RNA taz 115au amwisnsves Rungruangsak-Torrissen
v 1 a Aa o v =K % Y d' 1 1 a
(2007) Taewagroe1alszuna 50 Haansy ATunnmhminiuiuew) laasluvasa luTassua
a 4 a a aa g’; ) 4 o
WA udAN TRIzol reagent 151105 1 Hiaaans 1ntiuih lualiazideamensessansila
a J . . K A = < A v
UN® (VCX; Sonic and Materials Inc., Newtown CT, USA) I aEpazivaal uilomeIny
Y o a 4 9y 9 a aa o Y P A 3
gsazate uaniwuaunas Isesuudy 0.1 Naaans LLﬁ%‘I/AWhl‘]J‘]jULﬁ’JEJQﬂﬂ’JWjJLﬁ’J 5000 x
a A ay - = a 3 3 )
g WU 10 UIMN NYUHYUVIDN LUDIATITU asznamsuensueanilu 3 Fu
)
asyvaevlSuia RNA Tﬂﬂ@ﬂﬁﬁﬁ%ﬁm%u‘uuﬂiMM'i 200 lliliﬂiaﬁ’i laviaon
ll an L 1Y A a aa Y 9 o Y ¥ 2 Py
3JIﬂi!,c]fu@W‘I’JﬂﬁlﬁﬂJ!m’JlmJulﬁ)I%IWiW1u@aﬂa‘iiﬂﬁi 1 yaaans waﬂmmnuummm%m
a g ~ Y o X a A < A A
JUHHNHOIUIU 10-20 UIN umuﬂﬂﬂummwmmzm 9000 x g UIU 10 UIN N
ay Yy 3 1 v L g v v a
UNHUYDO ummumumﬂau% Tagmsma15aLa1ong 1INUUANATAOUAIINITIAN 90

4

3 =Y a aa Y Y w 9 3’, Qy P a9y
Lﬂ@ﬁl“])'u@ L’E)‘ﬂ’lu@al]ﬁll’lﬁﬁ 1 yaaang NﬁﬂﬁﬂﬂﬂHLLﬁﬂﬁWﬂﬂﬂﬂﬂ!ﬁmmmum 10-20

q U

o 9 oy a4 4 2 a d - 9 2
Wi udnih liTumIesnnausa 9,000 x g wiu 10 WA Ngavgiies MInumaTazaw
Ly o o A4 A g ' ¥ y A a
e udniedihlszmseniveaaealronisinlugovandoungungi 55 0

IS ! ! Y a &£ o Y 9 o
aiFed v ueaszienya (s ladsuiainll Fuihldeznouazaied) Tudude 1
A = 9 a 14 a =
AzA1EAZNOY RNA NHIUMIIZMonIueaissuioy lagmy 0.1 Tuas wiaozdmanilsuas
a Aaa 9y Y 9 o gj ) ] Y 9 ~ a =
1 aaans udrmauldididu andwh ldiuludevaviounigungil 55 esruaaidod au
aznouaza1eving lagszniemstnziidlIog oo 30 Wi lenznouazaly
o A 9 [ J A A A o
wua hesaza1en 14 hldasganaunaaianuenau 260 w1 Tuwas (E,,) Hazf1uim
Y5um RNA 180ngas E,, = 40 luTasniu RNA/adans
9
asradovlsuaTisaulasgamsazaresuaniSuias 50 lulnsans ldvaon

Aan o T Y A A aa Y Y o ) g Qy ﬁ}d'
TuTasuaad muudaanlo Ts Tuswiueatsuas 1 adans waulddiruudiaanalin



24

Ay A Y o Y A A 5 A A
PUNHNNOIUITU 1020 U 1IN ua’;m”lﬂﬂumwmmmgm 9000 x g UIU 10 UIN N
Ay = v 2 g v )
PUNYUVIDI ummumummu"h Iﬂﬁlﬂ"ﬁmﬁ”ﬁﬁgﬁ”lﬁl‘ﬂx‘l ATMNUUNNTANASNDUAIYNTT

a J 3 14 a aa @ g}/ 2 { a
@ 90 lesidud tomueafsuas 1 Haaans waulhdinuudlinsne 3ngunginesuiu 10

U

= Y o f A A ] A A a9 S
=20 N LLaﬂuTqﬂﬂulﬁﬂﬂQWﬂ'JTﬂJlﬁﬂ 9,000 X g UTU 10 UIN NYUHHUHIDOI IINUULIN

2 Yo Y d R
d15aza10N4 ¥INTa Az noU1DnATY tledeaznauaT 2 AT9 A0 liseiveaen,
A A g ' v P A a ~
weanmasarenisunludevaniounigungil 55 oA UTATIA IUONIUDATLIHINNA
o o & = S o a J 3 J = a o
dmsuruasumsazmeaznou llsaunu i lasmsay 1 weidgua ladsn lamsagame
9
(sodium dodecyl sulphate: SDS) 1511835 1 Hiaaaas udanau sy sntuih ldunludeu
anfouiguugil 55 osruwaiFed awnaznouvesllsAnazaenua Taeseniemsluee
o w ' 1 A A o Ay v o 1 A
1MA298190NU VNN 30 UIT IeaznoazMerNa dTazateh |a lUiadganauuds
NAWeINAY 280 W TUINAT (E,y,) waziuiatSaunalusau 1dngas By, = 2.1 iaansuy

Tsau/iaaans
3.2 malasuudasaniadannuseu

~ o ' Y A A ) o Y & Y < o
LﬁiﬁlﬂJﬁ’J'ﬁ)ﬂNﬂaﬁJLu'ﬁ)‘ﬂﬂiWﬁiﬂﬂ’l’iu\‘i IﬂﬂﬁﬂﬂﬁﬁJLu'ﬁ)lT‘iﬂJﬂluWﬂLﬁﬂ’l"iuﬂﬂiwﬂm 10
a a o = %,’ I ] Y =X ~ va A 9 =
UAaNITN (UUNDUIRUNNUUUDU) LLmﬁﬂ‘Hm131;1Jaauuﬂmmummmmiauﬂmﬂﬂmuiu
Y { a a 9 : a a aa 4
ad e (wonau uaz luTedw) TasldnseosaresuFsaaunuilanassimes (DSC7,
. v ] ' ~ o A 2
PerkinElmer, Waltham, USA) Tagliaufouluaia 20 89 100 esmsaimoa 6a3 a1y
a = AR v 3 <] ) < ~ wa A
VOIQUNYUY 5 ONAUY UK/ UIN Gﬁﬂi%u1l!ﬂlﬂlﬂul!‘l’iﬁ\‘]ﬂ1ﬂ’JHJLEJI! ﬂﬁlﬂﬁﬂullﬂﬁ\‘]ﬁwﬂﬁﬂﬁ
9 A 9 1 Aa A 9 Aa A
AJTIUTIOUNATIVIEDU 'lmm QU HULITUAU (onsettemperature: TO) QU HUNA (peak
temperature: T,) Qﬂlﬁ{]ﬁq ANy (conclusion temperature: T,) gageunall (enthalpy: AH) Tu

= = g’/ v ! v A a 1 a
msaean mves ldsau i’)iﬂ]\?@ﬁ31?(’)14!6"@\'1L@uﬂﬁﬂm@ﬁll@ﬂﬁuﬁ@qﬂiﬂcﬁu
= Y A %
4. M3AnANUINGVRIlaING

o o A 9 aol @ 9 an = 9 A A

Mananaaua18u i UMUNUINTINAoUANNTLVEITHINUN Tag]FinToale
7A@ (Miniscan EZ, Hunter Associates Laboratory, Reston VA, USA) U1 AuaIdaiusm
AIUNANVDIANAITNF I drSuanasTvaon Taun aanuaie (L) aanuuaa (o) uag

ANNUINAD (B)



25

a d d
5. ﬂ1§3!ﬂ51$ﬁﬂﬁﬂﬂ53ﬂﬂﬂ‘V]N!ﬂﬁ‘ﬂf‘)ﬂ“lﬂﬂ

A
5.1 ANUBY

24/ a 4 as ~ Y dy Y
UIHIUANUFUBATIZHAINITNITVUD AOAC (2005) I@ﬂﬂ1imﬁﬁ]3\lﬂﬂﬂﬂ§&ﬂ’ﬂﬂﬂ38
A A a 3 Yy d X a =
N1 UNYUNIY 105 DALY U1 2 "]f’]TiN ummucluTa@,@mmwmuqmwgmﬂmm

= 3 v 9 dy

U

v 9 v k2
Faazfunniminglenszidied (w,) nniusidiedelaasludreonsvidiost)szuna 1 asu

o = 3 o A ll Y o Y 9 A a = I
LA UUNN UM UNNLUUDU (W) umm"lﬂaﬂuaauamaumqmwgu 105 Daf s aLFsed 11)u

& A A o o o 1 A vy X £ g v
1791 24 G]f')IlN mamunammwuﬂuWl’Jamwamm:}mﬂuTa@@mmmuuazm"lﬂw

(2

a =2 o 1 o = % 9 { 1 o ' =
uviguanay mmmamﬂﬂwuaznuﬂﬂumuﬂﬁuuu’au (W3) tagAIuIM AT NN
4

anuyu 18ngas Ay esidud) = 100 — [(wyw,)Aw,)*100]
5.2 1ilsAu

a o a, % g‘;
Y TUsauTRT12H 1ae3Fn15U89 Rungruangsak-Torrissen (2007) H4HVUADUAT

a Jd [ a 4 Y ¥ Y
AnTrru@enunsuazvls s Tdsaulund e (10 3.2)
5.3 luaiu

v a o @ a, o
YSna s ey Inedaulasdtn1sved Supannapong tazae (2008) Taen13i

a =

Ared 19w n lleungumngil 60 esruaded wiu 48 ¥2lus uanhwiredrshouuis lluald

@

] v
v =KX o v A

d 3 @ @ 1 ' Aan 4
azﬁﬂﬂ meqmﬁuﬂﬂizmm 1 DTU UUHNOHINUDNUUUDU (Wl) Glﬁm“lumam«vumﬂm
35 a a =\ a A Aaa 9y o " 9 A ]
mﬂuummaﬁaazmwﬂsmm 1 Uanang LLﬁ?U']ul‘IJL‘lJEJ"IﬂTc’JLﬂﬁ’ENL‘IJEJTC’H? (GFL 3018,
. { <

Gesellschaft Fur Labortechnik mbH, Burgwedel, Germany) NAIVI52 200 TBU/UIN UIU 48
o A A o gj an o A

GB’JI?J\? IUDATULIAINNDIVIUA ﬂﬂﬁ"liag’GYIEJ‘VIQﬂl]ﬂGluﬂﬁﬂﬂllhiﬂilcﬁuﬂi%hﬂclﬂhﬂN"Iuﬂ"liﬂ‘]_l

[ &I g Y] d‘ 1 9 o Y o 9 9 9 d‘

"lammﬂsuLLazmmumuﬂmLuuau (Wz) Lzmm"lﬂizmﬂmmazmﬂma@auamauﬂ

A < d < g 2
gaungi 60 ovruaadod 1unatuu 48 42 Tue ududu 13 luToganudunazac 1314



26

a =2 o o C =] 3 o o 2 o Y %
UNNUAAAT WNUTUTIBIULASUUNDUITIUD (W3) uazmmmﬂimm“lwu”lﬂmﬂqm “hmu

Q U

(o3 1FHUA) = [(wy—w,)/w,]¥100
5.4 10

a o a 4
WSauddns1ed lae35msves AOAC (2005) Tagmsiisendlensziiioadrsn1sew

v 9 dgl gz o v o 1 J Y dy [
MUNNIINTSLUD (W) NAUUIINTFIRlea laasludrenssidestssua 1 nSu

'
= a

o R ¥ o A ll Y o v =~ I
LA UHUNDUINHUDNLUUDU (Wl) Lm’J‘L!flﬂLNW’I’JULGHLNW]QENWQ&J 600 DIFLEALTE & nJunm

o & o < dy 2 9y a 2 o w ] o
2 G]f’)IiN mﬂuummmﬂuTa@@mmmuuazm”lnuqmwgm@m %QHW]’J@EJN%J“]NLL'Q%

v o

2 { o ' PR ) ) P A
‘U‘L!ﬁﬂ‘lﬂ‘ﬂ ﬂ‘ﬁuuuau (W3) uazﬁmﬁammmw1ﬂ1ﬂ'§mmgmklﬂmﬂqm 101 (L‘]J’f]ilﬁ]f‘u@) =

((Wy—w,)/w,)*100
a ¢y aa
6. fnﬁ'NQ!!N‘L!fnﬁ"ﬂﬂﬁ@ﬂ!!ﬁ$31ﬂ51$ﬁmﬂﬂq~!ﬁﬂ1ﬂﬁﬂﬂ

1 ] 4 o
MUHUNTNARDIUVVFUDINANY T (completely randomized design: CRD) N3
H [ 1 v A [} a Jd 9 9
NAavY 15 9N IﬂﬂﬂﬁWﬂﬂlmazﬁ’J D TUITNADDN ’JLﬂiWZ‘I’i"U’f)iJ”ﬁIﬂstl“]fTﬂilLﬂﬂJ SPSS
Jd o . 9 I 1 A 1 4
1I93%4 14 (SPSS Inc., Chicago, USA) LLﬁﬂQﬂl@HﬁLﬂUﬂHﬂﬁﬂ + mmmﬂmmﬂﬁaummgm
a d J 1 { Y . A o
HAZAATITHAININUANA19UDIA 1R A8 1A 1% Duncan's multiple range test (DMRT) N3 A
v o w a 4 4 a . . 1
Wodngy 0.05 tagdnsizimInanoaeraun1sFudu Iaely Regression analysis Tuaau

a 4 a a 9 4 o v 1 dy
GUENWﬁmmeimimimum‘uLmzmﬂ%ﬂiﬂﬂ%u%mmmiﬂmamﬂmgﬂi ﬂ\i@@llﬂu

Aa o 4 3 95 v @ ~ 3
AoUuATUUNNADT (CF, glem’) = 100 x (MWINA/ANNINKTEA’)
artodznelu (VSI, %) = 100 x miinilenededznieluaimiingd)
MIIYAL Iaduw1e (SGR, % BW/day) = 100 (¢* - 1)
= 1 w 1 d‘ ’é % A
Tag g UAUMAU g= (In W, - In W/t - t)); W, = Aundgveaimiinlu@en ¢, w, =
[ ~ H o A 2 9
ANNAsUHN TP UG UAY
a { A 1 [ 901 [ v A
895101304 (FR, % BW/day) = 0115 nnu luugag Su/[hmindGudu +

v o 9

9
HINUD ’J’s:(ﬂVHEJ)Q]ig88L3ﬁ11ﬁﬂ1ﬁ13] x 100



27

9 9 ' - y v
831 3uantie (FCR, g feed/g gain) = 1miinurseisndarnuailain

=) a = 90‘ - U
Yszaninmms1¥se TemianT11sAu (PER, g gain/g protein) = Hmiing/

A A a ' 2 o
MINAaeen 2 Fveamruzitnzaunemstaasaina

2 4 = % Aa Aaa %‘
USvanmianaluudmaaannisnszuennidsuasii 150 aaaas (U5uasiin

A ' dy [ A o Y ' = [
‘1/]!,14N1$ﬁh@@ﬂ1ilaﬂﬁﬂa1ﬂﬂ@11}ﬂ1i‘1/]ﬂa’f)\‘1‘1/] 1) muguﬁmauazﬁmazumaamwummn‘u

@ = Y

=i v & o Aa ¥ Y A v H v o
NITNAADIN 1 Waﬂﬂ’lﬂuuu’lﬂﬁ’lﬂﬂu’lﬂuﬂiﬂﬁlﬂﬂ\‘lﬂu (HWMUNTUAU 1.13 £0.01 NTY) U

Y = ¥ a

dy d‘ 9 d‘dd 1 U = = =} = A o o

mmmﬂﬂuaﬂizﬂﬂmmmnmqﬂu 52 1dun e Fu Fuas T Lazdda n1Inaasy

Pl 4 vy =Y % 1 1

NINUA 15 A2/A 108911 2 10U Aa0ANIIA89gU N TYe91108T1UHI9 26.70-31.00 0381
= =\ dy Y =Y % ~ ﬂldy ~

FAITBOE LasNeY 6.09-6.98 HONINT N3 1101115 ude Usuiasunlsaee uazmsulasy

1 I 1 = [ g [ A ay Y I

D19 N U UIAYINVNITIA89 SUFNIN m’aﬁuq@mwﬂaaﬂwﬂmaﬂmmﬂﬂunm 24

@ 3 9 @ ] A o a a a a 9 4

¥ T34 IﬂﬂLﬂUﬂl@yjﬁLlﬁ%ﬁ’mﬂNLW’E)ﬂﬂ!’JmmiLi]‘iiUuLﬂ‘]ﬂGl Uszansninmslylse Tomian

a A a d
911115 UATIEHAAI1U09U a1 (n = 15) Nanssuvewou 141id0801411T (n=15) AUNINUD

Y dy J ~ 1 2 @ I~
NAUIUB (n = 5) LLang\?ﬂﬂigﬂ@U‘ﬂNlﬂN"U’E'N“Iﬂﬂ (n=5) WULAYINUNITNANDIN 1



28

HanIANHI

= o a ' 2 o
MINAAagIN 1 ‘]J%Eﬂﬂi‘HPﬂl“r‘iN1$ﬁﬂlﬂﬂﬂ1§!ﬁﬂﬂﬂﬁ1ﬂﬂ
% a2 a Y d
1. 9910139590 ﬂ1i!°‘l]§€llom‘]ﬂﬂ uazm{lmﬂiﬂmumnmmi

= < 3 4 =] % o A 9 d‘ ] 1
U lunngamsnaassdionsinisson 100 tesidua uazihiminisudud litanaig
% ] = o U an d' d' d' dy % a an = 9(: % d‘
AuegnTadAynIana (@13199 1) vazndarn@eslnhifFuneg 150 Jaaaes Tuming
Q‘ dgg 1 d‘ dgl 901 a an 1 1 1 1 d‘ 1
mnAuganIandeslulSuasiii 300 Jadaes ua lduanarsandarlungudu dauai
1 lO { e 901 =) an 4 (%} Y 4
g1nunsgudiaid lutlainoedietSinesi 100 Tadans wWenFeuieunularnaeslu
% Aa aa [l < [ [ 1 4 %
151195111 300 Haaans 0819 l5nau atadedzameluliaranadlulam@eslulzuiasiin
a Aaa o [ 1 a o =Wl ~ ~ dy ao’
150 Jaaans (P < 0.05) dwmsumasudruuinaesuamganga ludarn@ealuilsuasii 150
a aa 1 ] [ =Y H A aa ) [ a 4 a a 4 1
iaaans ua liuanaandSuiasiit 100 TJadaas dviumndweimsniaayTnous la
NUANUUANANNNEDA (P < 0.05)
Y 4 % ¥ Aa A 9 A
M35 Teriane1vis Basinisuaniie vazlszaninmns ¥ ldsan) nany
d' dgl =) %)I =) an d' % =) 1
Tulan@ealulsuasii 150, 200 uag 250 Haaans YALNOAIINITNUDINIT MNUAIY

1 19 1 ~ dy Y %,’ ~ 1 19
UANANNUIEHINUMN@eI 5 nasihnuana1eny



29

d' (3 a a 9 4 v A dy
MA1519N 1 DATINI1TTDA ﬂTiLi]'iiUuLGIUI@ waens Yse Terianerisvesdananmealu

Pnasihuandieiy
Water volume (mL)

Parameter

100 150 200 250 300
Survival (%) 100 100 100 100 100
Initial weight (g) 0.97 +0.03 0.96 = 0.03 0.97 +0.03 0.96 + 0.03 0.97 +0.03
Final body weight (g) 1.06 = 0.04 1.16 +0.03 1.09 +0.03 1.08 +0.04 1.10 + 0.03
Weight gain (g) 024+0.03"  031+0.04° 025+0.02° 022+004°  0.20+0.04
Standard length (cm) 339+0.04°  3.48+004°  352+004°  349+0.06°  3.54+0.04°
VSI (%) 6.36 £0.28" 5.26+0.24° 6.37 +0.33" 6.62 £0.28" 7.12 +£0.62"
CF (g/em’) 2.73+£0.04°  2.80+0.04° 2464004  247+004° 2494004
SGR (% BW/day) 0.38 +0.04 0.36 + 0.03 0.36 + 0.04 0.37 +0.03 0.34 +0.03
FR (% BW/day) 1.17 +0.02 1.09 +0.02 1.10 £ 0.04 1.17 £ 0.05 1.15+0.03
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250 WananI LLﬁNﬂWllﬁJLmﬂﬁN‘Nﬂ‘]_]aWVILaENGlH‘]_GNWﬁiuW 100, 150 Lk 200 Wanan s
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d' a ) d o A dy go’ ' v
M1319N 2 ﬂi]ﬂ'i'ill%1&W1$"U’t’)<ﬂ’t’)1ﬂ"]ﬂlfJ’t’JfJ’t’JTI’iTiGl,uﬂaTﬂﬂVIme\‘IclulGlﬂﬁiuﬂmﬂ@Nﬂu

Water volume (mL)

Enzyme specific activity

100 150 200 250 300
Pepsin (U/mg protein) 2477+3.92° 31.94+1.60° 2543+£1.90° 2692+1.67" 32.82+1.76"
Trypsin (U/mg protein) 51.52+2.17°  88.40+6.45" 5439+6.02° 87.99+8.18"  74.91+8.35"

Chymotrypsin (U/mg protein) ~ 18.07+1.91°  23.83+2.39™ 21.70+1.88"° 21.04+1.38° 25.87+1.12°

Lipase (U/mg protein) 18.69 247"  19.67+1.94° 1598+1.30" 14.40+2.16° 22.91+2.78"
Amylase (mU/mg protein) 11145+ 634 107.96+2.58 108.55+6.35 107.24+6.50 101.71 +1.41
A/T ratio (x 10°7°) 227+4021° 1374013 1.70+£0.17°  125+0.17°  1.25+0.14°

A/T ratio, 8n51a Va0 luaarensysu
v < ' a ' A
Poyauaauiluaunte + AnNuARIANAOUNIATTIM (1 = 15)

o A v o da o " Ao oo o aa
mﬂﬂmmﬂ@1Nﬂu“luﬂaauummnmmmﬁqmuumncvmﬂuammumemgmmm (P<0.05)

y A
3. AUMNNAINIUD

3.1 dszansmumsdansizilisau

Y 1
A S 1 =

Y Y o A A - ¥
ANUITNTUYDI RNA Tunamielaigengaludarnan@esludiuiagiii 200

v
1 [

Y % 1 1 1 % d' d'
Hadans so9aennae Usuasiii 250 Hadans Fedia luana iy (15199 3) vaziing
nganvludarn@esluilsuiasia 100 wag 300 Haaaas arudarn@ealuliuasii 150

A aa A Y 9 1R ' [ 1o w Y 9 2

Haaans UANNIVUIU RNA 8gRINa195zHINYaINe 2 ngu dmiuanuauduveslisau
Y t&l ' =) 1 v A dy = a aa 1
Tunduiie wud lufianuuanaenulularn@esTud5uas 100, 150 naz 200 Hadaas ua

1 A v o W A dy = 3 a aa o v ] <
anasedeiivedian lulanideadullFnasii 250 waz 300 Hadaas awdny og19 lsnaw

891571891 RNA/protein LaAANARUA LAY NTLYe9TU5AY
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WA A b4 a a
3.2 mmmwammaaumm‘lu‘[ammmmanms

1 o

~ a A = dy =y % A aa
AvouativesluTeguiiargelulandmedduilsuiasiii 150, 200 uaz 250 Hadans

(915199 3) uanueuNallveaenautazsas1dIvveILenay/Iu Tadunul lusiainwy

l 9 U d‘ dg/ 9 % l
UANANNUITEHINY a5 05110199

M99 3 Uszansammaduns iz 1Usau vazaniadaanudouvesldsau luloGunay

a Y dgll o A dy 3 1 v
wonau lunauilevesdanan@esludsuasiumnaienuy

Water volume (mL)

Muscle parameter

100 150 200 250 300
RNA (ug/g) 1,177 + 62° 1,218 + 86™ 1,462 + 46" 1,418 + 81 1,106 + 54°
Protein (ng/g) 169.80 £4.35°  178.55+7.96° 182.58 +8.41° 137.81+4.45° 99.71 +5.52°

RNA/protein ratio (ug/g) ~ 7.01+£0.52°  7.59+0.69  7.91+025°  9.18+0.70°  12.13+0.72"

A Myosin (J/g) 0.69+0.01"  0.85+0.19"  1.56+0.02"  127+041"  0.73+0.01°
A Actin (J/g) 0.33 +0.01 0.34 +0.06 0.35 +0.05 0.32 +0.00 0.24 +0.02
A Actin/Myosin 0.48 +0.02 0.37+0.14 0.25 +0.01 0.28 = 0.09 0.44 + 0.00

9 ST S ' 4
mﬂl&ﬁuﬁﬂ%ﬂuﬂnﬂ’dﬂ + mmmﬂmmﬂﬁaummgm (n=15)

o a' " o I o " Ao oo o aa
G’l'JfJﬂ“VlLLﬂﬂGlNﬂuclfl«!ﬂE]ﬁlll!l,ﬂﬂ?ﬂu!iﬁﬂﬁﬁﬁﬂ?1ﬂ!mﬂﬂNﬂuﬂﬂNNuﬂﬁTﬂﬂJﬂNﬁﬂﬁ (P<0.05)

v aa
4. ANNUVNUDIANI

1 a A = 1 [ ' dl dy %’ ! v
ﬂ’JTJJﬁ’JNGUfJ\‘iﬁN’J‘].]ﬁfl‘JJ‘JJﬂ’JTJJLWIﬂﬂNﬂuigﬁ’JN‘]_]aTﬂLaﬂﬁiulﬁﬂ1ﬂiu1lmﬂﬂ1ﬁﬂu

< a

H 1 g ¥ a 1 4
(M1519% 4) 9819 150911 WII10905 UIFANUUAIVDIAT (a* and o*/b*) Wudarn@ealu

v
I~ % 1 =

H a an T 1 1 1 4
3110511 150 Yadans Uaaenarganga meﬂamumwmﬂmmnmqmﬂﬂmﬁgﬁmh

G Q

A3

a ]

%’ a A 9 1 = 1 |o d‘ d‘ dal =3 aol
15110511 100 Yaaans mmummmmammemm‘wqﬂﬁluﬂmmamﬁluﬂimmm 300

a Aaa dl dl dy g d‘ 1 1 v 1 A
yanang mmzwﬂmmaﬂﬂmﬁmmmauq thW‘Uﬂ’J'I‘JJLWIﬂﬂ"l\‘]ﬂﬂﬂlf’)\iﬂWﬂ?ﬂJMﬁ@\i
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A aa o A4 2 ' o
AN 4 ﬁN’Jsll@QﬂﬁTﬂﬂVILﬁﬂ\ﬂHl@NT@iHTLmﬂ@]Nﬂu

Water volume (mL)
Color parameter

100 150 200 250 300

L 18.61£0.60  20.67+0.67 18.61 £0.91 20.41 + 0.46 20.56 £0.13
a* 13.06 £0.47°  12.17+048  11.13+049°  11.04+0.21"  10.99 +0.40°
b 787+0.46°  7.82+0.61° 8.36 + 0.40° 6.92 +0.24% 6.31+0.34°
a*/b’ 1.28+0.11° 1.48 +0.05° 1.10 + 0.03° 1.45+0.03" 1.46 +0.03"

9 ST = ' A
may‘mmmzﬂummaﬂ + ANNUA[ANADUNIATIIU (n=15)

o { v o ¢ o " ' v oo w aa
maﬂ‘ﬁumﬂmmu“luﬂamluzamnuuﬁmﬁqmmgmﬂmaﬂuamaﬁuﬂmﬂmummm (P<0.05)

d =
5. o9ndsznaUMUANVDIFIN

%,’ { 1 [} [} 1 ¥ 9 4
uasihnuanaadu lidawanedSuaanudu Tdsau vazd lusin (@15199 5)

1 v Y
=Wl =

9 % 2 v S A = % a A A
dwsulsualvinlusnniisgangaludandbesludsuiasiii 100 Haddas sesaanie
o A

%,j a Aaa s o 4 ~ dy 9 % ~ 49!
15110511 150 Jaaans vaziainga lulandesniedsunasiinasy (200, 250 tag 300

q U

Yoaaas)

4

d‘ 4 =~ v A A %’ 1 1]
M3199 5 eanlszneumaa il lumnvestananmes lulsviasiuanaieny

Water volume (mL)
Carcass composition

100 150 200 250 300

Moisture (% FW) 7432+0.57  7336+0.74  7531+0.82  73.93+0.52  75.01 £0.54
Crude protein (% FW)  15.62 +0.35 14.99 + 0.45 15.02 +0.50 15.86 +0.32 15.21 +0.33
Crude lipid (% FW) 3.27£0.18" 2.40 +0.13° 1.26 £ 0.14° 1.48 £0.16° 1.60 = 0.27°

Crude ash (% FW) 3.33+0.46 423 +0.34 4.13+0.48 4.48 +0.30 3.33+£0.31

7 . =
FW, dmiinidden

9 1A ' A
mayauamsﬂummaﬂ + AANUAAANADUNINTIIU (n=15)

o { T o ¢ o T ' v o o aa
ﬁ?ﬂﬂ‘ﬁtmﬂﬂNﬂual.uﬂﬂﬁllulaﬂ?ﬂullﬁﬂ@aﬁﬂﬂ1ﬂlmﬂﬂNﬂuﬂﬂﬁﬁuﬂﬁ1ﬂﬂlu‘1mﬂﬁﬂﬁ (P<0.05)
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d' a2 d‘ 1 dw %
M5NARLN 2 aMvHziINzannemstaesdaina

v a a v d
1. 9M131N1330A ﬂ1§!i]§f>y!ﬂ1ﬂﬂ amzmﬂ%ﬂiﬂmumnmms

Y

Y J 3 14 ° o A 1 1
a1 lunnganisnaasslioniinissen 100 eiidud uaziiviminGudu liuanaie

9 w a a2 o A

v Y a = = 42 A A
AU NNUITIAYNINTDA (A1T19N 6) vauzndaaeslunisuzaarilseansninnis

9

a

2 a Y J o 1 ad J A g a ¥ =
wagdy Tatazms 15se Temininesanimsus dou aauda@eslumaug Rl
a a 9 4 Aa A A g = 3};
maIay Tans lglse Texianeinsna sesasnaslmnmeslunyuzauas Tagdamns
A03ANAARINDAIININULAZ AT IMTanof vaizNUA)szanTawms s Tlsaugs
o o v A o a o 4 1A A dy =
dmsuariiedoizmelunaznoudsunnmasnuNagagaluan@esluasugdvn

a A

= %l A o o w
A UINUHIDAAT Muaay

d‘ @ a a 9 J o A dy
A58 6 DATINITIOA ﬂTil,i]'iiUum“UIﬁ I,La$ﬂTﬁGlG]ﬂJiZIEJG]ﬂ!ﬂWﬂ@WﬁWiﬂl@ﬁﬂaWﬂﬂ‘ﬂLaﬂ\‘ilu

MFULTUANANY
Background color
Parameter
Transparent White Red Blue Black

Survival (%) 100 100 100 100 100
Initial weight (g) 1.13 £0.04 1.14 £0.04 1.14 £ 0.04 1.14+0.04 1.10 £0.05
Final body weight (g) 1.89£0.06°  1.92+0.05°  1.96+0.05  2.06+0.06  1.77+0.06"
Weight gain (g) 0.72+0.06°  0.71+0.05° 0.80+0.05"  0.90+0.05°  0.67+0.05°
Standard length (cm) 4.03+£0.07° 4.03+£004  4.00+004"  4.02+004°  3.54+0.08
VSI (%) 6.37+028°  9.82+£024"  687+033"  7.30+£028°  7.76+0.62°
CF (g/em’) 0.50+0.03°  0.54+0.02° 058+003"  0.71+0.03"  0.69+0.03"
SGR (% BW/day) 0.88+£0.05°  0.88+0.05  0.86+0.05° 097004  0.69+0.03"
FR (% BW/day) 1.58 +0.02 1.85+£0.08°  1.49+£0.02°  1.42+0.02° 1.46 +0.03°
FCR (mg feed/mg gain) 1.87+0.11°  1.83+£0.04°  1.50+0.06° 1.60+0.06"  2.67+0.16"

PER (mg feed/mg protein) ~ 1.37+0.11°  1.39+0.10°  1.71+0.12°  1.83+0.07°  1.11+0.07°

o o Ao s o a a ° 2 o o o a
VSI, ﬂ%ﬁmm:mﬂu; CF, ﬂﬂuﬂ“]fulw‘lﬂm'f)i; SGR, ’e]mmﬁmimumuimmww; BW, UM UNAI; FR, 90310150 U;
g dy a a 9 a
FCR, 9031015110 N1UD; PER, ﬂizﬁmmwmﬂﬂﬂmu
9 S a1 A ' A
maymmmsﬂummaﬂ + AMNNUA[IANADUNINTITU (n=15)

o § T o o e ' v o o aa
Gl'Jflﬂ‘ﬁ!,!,G]fW]Nﬂuiuﬂﬂﬁﬂulaﬂ?]ﬂuuﬁﬂ@a\‘lﬂ'ﬂﬂlmﬂﬂNﬂuﬂﬂNﬁuﬂfﬁ YNNADN (P<0.05)
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FmsuzdInanenInIsusINIzUeueU laidosn1isveslaina sntiufanisu

[ v Y
sumizvedlaTunsisu (@15199 7) Tagnanssusumzveudsuvesan@eslumsusd

O = 1 1T A v

U

MUAIgInNTUAY daudnmasiintegszindainar d1msy

9 o

v 9
Uaraesalunmyuzavin

wuMNINTIUTUWIzUeInI Uy Tanle uamﬂmaaamm TasNnanTsuIUWIZYDINT UFU

U

v Y v Y
Ninandrsnndaiidoslunrueala vazilaideslunrusaoun Taenssuveaou la
1

[ v Y
315U vaz lanle) TuszaunlndiRessu sntunanssvvetes luaaludarn@eslumrus

= ISPl o

v Y v v Y
alafiadinndarnaeslumruzaa vazndanmeslumyuzauaaasd

4

A 1 ]

IRISITRGR G

v Y
FENINADIYANAADIAINGT dMTUBATIEIUNVEIRE luaaaensdau (A/T) wuldaiides

v Y

= %l 2 1 a K 1 A v o W d‘ = [ = =
Glum%u SHUIN ‘L! AUNNUUDYWUUYT ﬂJJﬂJ'E’]L‘lEiEJ‘ULﬂEJ‘]Jﬂ‘]JﬂWﬂfugﬁiﬁllﬁ%ﬁllﬂ\‘l

q‘ a o g == = 1 19
MAINN 7 ﬂi]ﬂiillmLWW"U’éNL’é)ullclmﬁl’é)ﬁl’é)W‘iﬁluﬂQWﬂﬂ‘VlLﬁﬂﬁluﬂﬁm%ﬁuﬁﬂﬁNﬂu

v 9

Background color

Enzyme specific activity

Transparent White Red Blue Black
Pepsin (U/mg protein) 13.85+0.45° 1131+1.17°  8.69+2.58" 1428+ 1.14°  16.19 +2.43"
Trypsin (U/mg protein) 1557 +1.78°  17.00+0.70° 12.67+0.94° 12.68+1.36" 12.86+1.18"
Chymotrypsin (U/mg protein) 30.20 £ 0.40 31.20 £2.60 32.65+1.24 28.52 +£2.54 32.54+2.85
Lipase (U/mg protein) 1.45+0.07°  227+0.12°  1.67+0.06°  1.77+0.12°  1.51+0.08"
Amylase (mU/mg protein) 1.78+£0.08°  3.03+0.11° 2.12+0.57° 2.06+0.04"  239+0.15
A/T ratio (x 10™) 0.13+£0.01°  0.16+£0.01"  0.14£001°  0.19+0.04  0.16+0.01"

AT, Basrauvedes luaadensau

9 ] = ' A
maymmmsﬂummaﬂ + ANNUA[IALNADUNIATITU (n=15)

o { T o da o T ' v o o aa
Glﬁflﬂ‘ﬁ!,mﬂﬁlNﬂual.‘l!ﬂ8allumﬂ]ﬂuuﬁﬂ\iﬁ\‘iﬂ’ﬂﬂlmﬂﬂNﬂu@ﬂ1ﬂﬁuﬂﬁ1ﬂfﬂuﬂ1\1ﬁﬂﬁ (P<0.05)
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v A
3. QaUMNNA D
a A [ d
3.1 dszansmmmsaunsizrillsau

[ v Y
ANMTUTUYDI RNA 11828AT18IUUDI RNA/protein Intdnga lutlaniiaeslunisus

)
a2 o % o w )=} I (2

Fe1 UADATIEIUVDI RNA/protein a1 lunanaenuednuiivoddgnwadaioieuny

a? A = = Y Y a ' v o 9 9
MBPULAUUIY (113790 8) YAz NANUTNIUYDI T TAULAAIAIWARUATANMTLTU VD
Y ] . a4 = = =
RNA 1829031691989 RNA/protein Tunnganisnaaed Iagtanaesslunisueala aun a

2 Y a A 1 1 [ a J
LAY Laga WU UIUY ﬂﬁ/]hlilLmﬂ@]1\‘1ﬂu‘1/qlﬂ‘1/‘l'lﬁ1hm®‘i

3.2 andamannuFouvedlulodunazueniu

v \ %

1 = a a 9 dy A 1 d'
ﬂu’i)u‘ﬂﬁﬂ"vﬂ\1111110‘3]51!L!ﬁ%uﬂﬂﬁu“llfNﬂﬁUJL‘L!thlﬂJﬂJﬂ’ZﬂiJLW]ﬂGlNﬂHiZ‘H’JNﬂﬁW]

[
=Wl =S

dy gﬁ =2 d' ) 4 @ ! a a A
woelunrusng s @ (115190 8) ﬁTVi'i“Uf]ﬁ31?(’)1!"U’ENLL@ﬂﬁu/hlﬂJTE]G]fuiJﬂWﬁ\iﬂﬁﬂsluﬂQWﬂ

U q

=

dy = 9o’ 2 =) = ] o d' dy = o 1A
e luMruz IRy seatnaonyus v dinsulanasslumyusdlanazaamuni

ADAIAIUAINA1IDY IUFITEHINMBULTUVI AL TUA

M990 8 Uszansammadunsizy 1sau vazantarinnudouvealdsaululoGuuas

a 9 til [ d‘ dy = 1 v
wonau lunauievesdanan@eslumwusauanaieny

Background color

Muscle parameter

Transparent White Red Blue Black
RNA (ng/g) 1,387 +119° 1,504 + 99° 1,302 + 161° 1,432 + 83" 861 + 75"
Protein (ug/g) 260.12 £22.67° 281.31+12.57° 298.57 +24.78" 280.91+19.14" 385.60 + 32.01"
RNA/protein ratio (ug/g) 4.89 +0.49" 5.31 +0.40" 4.99 +0.24° 4.12 +0.60° 2.31+027°
A Myosin (J/g) 0.44 +0.01 0.39+0.04 0.53 +0.02 0.37 +0.05 0.40+0.11
A Actin (J/g) 0.35+0.02 0.33+0.03 0.34+0.01 0.34+0.02 0.38+0.03
A Actin/ Myosin 0.81 +0.06™ 0.89+0.01° 0.67 + 0.06° 1.13+0.01° 0.74 +0.07"

9 g a1 A ' A
ma;gmmmsﬂummaﬂ + AANUAAANADUNINTIIU (n=15)

o § T o o e ' v o o aa
W'Jﬂﬂ‘ﬁ!,mﬂﬁlNﬂualuﬂ’f)ﬁiJ‘LlLaﬂlﬂullﬁﬂ@aﬁﬂ?1ﬂlmﬂﬂ1\1ﬂ1li]81§ﬁuﬂﬁ1ﬂmuﬂnﬁ0ﬁ (P<0.05)
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% aa
4. ANNVNYDIAN

[
o 1

' ' 1 A A dy A o ' A dy
MANuaINazmMaNumasvedla@es lumsusadaainiiinilainge
lumauz Fuauazdu sy sanun lulianuuanaenuesgniiiedAyneananuye

4 Y o o a o 2 ! i
ASNAABIDY (miwﬁ 9) AMUTUNITNUADIANANVLAL (a* AL a*/b*) YOIRINUIUa N

S/Q =) =

9 v 9 ]
@ealumaneMhIuIoa TNV o /p” gannsuzdua vazins@edlumauzaaus

T A ] ' v9 Y
nwunmnnuuan 1a liuana1sainial 2 nguidedu

A aa o AL a "o
AN 9 ﬁW')(’U'E_Nﬂa'lﬂﬂﬂlaﬂﬁiuﬂ'lclfugﬁu@ﬂ@'Nﬂu

Background color

Color parameter

Transparent White Red Blue Black
L 23.17+0.60°  23.66+0.64°  22.88+0.67°  24.38+0.39"  24.83+0.43
a* 11.79 £ 0.51 11.69 + 0.33 11.98 +0.33 12.25+0.36 11.91 + 0.44
b 5.68 +0.52° 7.06 +0.52° 6.02 031" 6.03 +0.23° 5.83+0.19°
a*/b’ 1.88 +0.06" 1.88+0.10" 1.74 +0.07° 2.11+0.07" 1.97 + 0.06"

9 I~ = ' A
mmﬂqmmmtﬂummaﬂ + AINNUAAANADUNINTITU (n=15)

o a' " o I o " Ao oo o aa
@'I'JfJﬂ“VlLLG]ﬂGlNﬂuclfl«!ﬂE]ﬁlll!l,ﬂﬂ?ﬂu!iﬁﬂﬁﬁﬁﬂ?1ﬂ!mﬂﬂNﬂu@ﬂNNuﬂﬁTﬂﬂJﬂNﬁﬂﬁ (P<0.05)

d a
5. o9ndsznoUManNVEIBIN

=S d‘ 1 [ LI 1 =) Y d' a
ﬁm%uzmmn@Nﬂu"lumwaﬂiz‘nwuaﬂammmﬂumn (919190 10) STERTREY

,
¥ a A

t&l =Wl d‘ dy 9 = = 1Y = =
mmwumaﬂaﬂuﬂm‘wmmmamﬂsuzﬁmuummﬂdﬁfmmfmmmwumiﬁ ﬂ‘%mmTﬂmu
dl dl dy 9 = = s 1 dl dy 9 A o 1 d' dy
mwu“luﬂmmammamﬂmzmmuamumm1qqm1ﬂmmammam%u$ﬁm uadanmes
9 aa @ = [ 1 = o [ ) A
AIYNFUSNNEAY iﬂﬂmIﬂi@luulil!mﬂ@]'N%'lﬂﬂ"l%l%ﬁiﬁ mmuﬂ?mm"lwuwmmmqq

~ A dy 9 ) %’ a A = A dy = =
w’qﬂﬁluﬂmmammﬂm%uzaumu FOINUINDNIBUS LA Gllﬂwﬂﬂ1§mEJﬂUﬂ1%ugﬁ’1@’ o

1 wazdamu o liuanaiany
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d' J = o A dy = 1 v
M1319% 10 asndsznoumanillugnvestarnan@eslunsuzauanaiany

Background color

Carcass composition
Transparent White Red Blue Black

Moisture (% FW) 73.05+0.57°  71.98+0.95° 72.05+0.63° 70.43+0.82°  72.85+0.47"
Crude protein (% FW) 1626 +0.33"  17.08+0.34°  16.88+0.15° 16.71 +0.46° 15.72+0.27
Crude lipid (% FW) 299+033° 3474032 4454029  577+024"  3.92+0.48"

Crude ash (% FW) 5.07+0.27 522+0.14 5.13+£0.12 4.92+£0.42 5.26+0.15

7 . 4
Fw, iniiniden

9 ST = ' A
may‘mmmzﬂummaﬂ + ANNUA[ANADUNIANTIIU (n=15)

o

o A v o da o " oA o o aa
@]'JfJﬂ‘I/]Llﬁﬂﬂ1Qﬂu1uﬂE]mJ‘Lll,ﬂfJTlﬂ‘l‘l!.!.ﬁﬂﬂﬁx‘iﬂ’JHJ!!@’]ﬂ@]NﬂH@EJNiJL!EJﬁ1 YNNADN (P<0.05)
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msnaaesh 1 YSunasihimnzaunemstassdaina
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anunuiuateriandnny lumsmnz@eandinadenisnsgmy Taveailal
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(Jha and Barat 2005; Sanchez et al., 2010; Niazie ef al., 2013) 11199910ANUHULUNIZ AN 19

' y ]
A A KX A A

a [ =N % a a % v @ ::
INANITHIIBIDINT ‘%Q%%Ulﬂﬁ@ﬂﬁlﬁ]iﬂJul,ﬁ‘]JIﬁ"ll’E]\‘l‘]Jﬁ1 I@Eluﬂ/iuﬂﬁ’J“I/]LWZJ“UHZJ?HGHHJEJLEEN
1 9 Y

‘ﬁmmwumuuqq (Stickney, 1994) miﬁﬂmaNﬁ‘wmmﬁimmﬁlimumﬂmi’uwwmEme
@ " Yo = 3 A ' (Y = Y KX o
ﬂﬂ]lll]lﬂiﬂNaﬂig‘ﬂﬂﬂ1ﬂﬂih1ﬁiu1ﬂll@ﬂ@1ﬁﬂu FINAWAAINUNITINYIIUUDY James and

0w H v A A X R a H
Sampath(2006) ’mmumiaﬂawmumuﬂmwmlu611EmJmmaﬂﬂuﬂimmmqqmﬂ
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Optimal Water Volume on Growth, Feed Utilization and Coloration of Male Siamese Fighting Fish

(Betta splendens Regan, 1910)
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ABSTRACT
The optimal water volume for rearing single-tailed long-finned Siamese fighting fish (Betta
splendens Regan, 1910) was studied. Six-week-old solid-red male fish (0.97 + 0.01 g mean initial body
weight, n = 75) were individually divided into rectangular aquaria (3.5 cm width x 8 cm length x 20 cm
height) which containing different water volumes (100,150,200,250 and 300 mL). At the end of eight
weeks experiment, the suitable treatment in terms of survival, growth performance, feed utilization and skin
coloration was 150 mL water. Finding from the current study could be applied for commercial production

of Siamese fighting fish, as well as developing an intensive system (with low water volume) for this species.

Keyword: Coloration, Feed utilization, Growth, Siamese fighting fish
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Table 1 Survival rate, growth performance and feed utilization of single-tailed long-finned solid-red male

Siamese fighting fish at various water volumes.

Water volume (mL)

Parameter

100 150 200 250 300
Survival rate (%) 100 100 100 100 100
FBW (g) 1.06 + 0.04 1.16 + 0.03 1.09 + 0.03 1.08 + 0.04 1.10 + 0.03
SL (cm) 3.39 £ 0.04° 3.48 £0.04%° 3.52+ 0.04% 3.49+ 0.06™ 3.54 +0.04°
CF 2.73 £ 0.04° 2.80 + 0.04° 2.46 +0.04° 2.47 £0.04° 2.49 £ 0.04°
SGR (% BW day ') 0.38 + 0.04 0.36 + 0.03 0.36 + 0.04 0.37 £0.03 0.34 £ 0.03
FR (% BW day ') 1.17 £ 0.02 1.09 + 0.02 1.10 + 0.04 1.17 £ 0.05 1.15 4 0.03
FCR (mg feed mg gain™) 2.65+0.25%® 2.28 £0.25° 3.12+028%  253+0.16% 3.41 +0.48°

FBW, final body weight; SL, standard length; CF, condition factor; SGR, specific growth rate; FR, feeding rate;

FCR, feed conversion ratio

Different superscripts in the same row indicate a significant difference (P < 0.05)
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Table 2 Color parameters measured from skin of single-tailed long-finned solid-red male Siamese

fighting fish at various water volumes.

Water volume (mL)

Parameter
100 150 200 250 300

L* 18.61 + 0.60 20.67 +0.67 18.61 +0.91 20.41 +0.46 20.56 +0.13
a* 13.06 + 0.47° 12.17 £ 0.48° 11.13 +0.49° 11.04 +0.21° 10.99 + 0.40°
b* 7.87 +0.46° 7.82+061° 8.36 + 0.40° 6.92 + 0.24%° 6.31 + 0.34°
c* 15.36 +0.19° 14.54 + 0.66™ 13.52 +0.18" 13.54 +0.30™ 12.60 +0.43°
h* 32.46 +1.36° 32.97 +0.45° 42.45 +0.62° 34.66 + 1.25° 32.50 + 1.36°
a*/b* 1.28 +0.11° 1.48 + 0.05° 1.10 + 0.03° 1.45 + 0.03% 1.46 + 0.03%

L*, lightness; a* and a*/b*, redness; b*, yellowness; C*, Chroma; h*, hue

Different superscripts in the same row indicate a significant difference (P < 0.05)
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Abstract Water volume is a key parameter affecting the
individual rearing of male Siamese fighting fish (Betta
splendens Regan, 1910). In this study, minimization of
water volume was pursued by assessing growth, feed
utilization, digestive enzyme activities, color coordi-
nates, muscle quality, and carcass composition. One-
month-old solid-red male fish (0.97 +0.01 g initial body
weight) were distributed individually into glass aquaria
with five alternative water volumes (100, 150, 200, 250,
and 300 mL), comprising 15 fish per treatment (n = 15),
over 8 weeks duration. No mortality of the reared fish
was found during the study. Growth performance and
feed utilization of the fish reared in 150 mL water were
superior to the other treatments. The water volume
significantly affected specific activities of the digestive
enzymes (P < 0.05), except for amylase, and no
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differences in enzyme activities were observed between
fish reared in 150 and in 300 mL water. The preferred
treatment maintained skin lightness (L*) and had the
highest redness (a* and a*/b*) among the treatments.
Protein synthesis (RNA concentration) and its turnover
rate (RN A/protein ratio) and myosin and actin in muscle
also benefited from this treatment. Carcass composition,
in terms of moisture, crude protein, and crude ash, was
maintained, but the amount of crude lipid fluctuated
with water volume. Based on our experiments, the pre-
ferred minimal water volume for individual rearing of
male Siamese fighting fish should be about 150 mL.

Keywords Carcass composition - Color - Growth - Feed
utilization - Muscle quality

Introduction

Siamese fighting fish (Betta splendens Regan, 1910)
is a commercially produced and exported species of
ornamental fish in Thailand (Monvises et al. 2009).
It inhabits shallow waters among dense emergent
vegetation near the margins of hill streams, swamps,
or paddy fields (Jaroensutasinee and Jaroensutasinee
2001) and is native to the Mekong basin of Laos,
Cambodia, Vietnam, and Thailand (Froese and
Pauly 2016). Only the male fish are popular for their
brilliant colors, and solid red is preferred by the fish
culturists with solid blue coming in the second place
(Thongprajukaew et al. 2014).
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In the nature, B. splendens has a mean population
density of 1.7 fish m 2 in shallow (about 2-9 cm) waters
(Jaroensutasinee and Jaroensutassinee 2001). Under
captivity in aquaria, this fish can be reared in small
containers with poor quality water (Jaroensutasinee
and Jaroensutasinee 2001). Individual rearing of this
species can depress its otherwise aggressive behavior
under captivity in aquaria (Halperin et al. 1992). Various
water volumes have been used for rearing B. splendens
in laboratory studies (Karino and Someya 2007;
Verbeek et al. 2008; Takeuchi et al. 2010), as well as
during export logistics. However, the minimal water
volume for rearing this species has not been examined,
but needs to be assessed.

The stocking density has been demonstrated as a
variable crucial to growth performance (Sanchez et al.
2010), survival (Jha and Barat 2005), and feed utiliza-
tion (Niazie et al. 2013) of cultured fishes. The effects of
density on these parameters vary by fish species. Neg-
ative effects from decreased water volume have been
generally reported (Jha and Barat 2005; Ahmadivand
et al. 2013); however, also positive effects have been
found in some cases (Osofero et al. 2009; Sammouth
et al. 2009; Niazie et al. 2013). Varying the stocking
density can require adaptations in the fish lifestyle by
changes in feed consumption, social interactions, water
quality, and stress (Cristea et al. 2012). In addition, the
density also affects digestive enzymes that relate to the
mechanisms of digestion and the feed utilization
(Bolasina et al. 2006; Kanghae et al. 2016).

Stocking denstity has been reported to affect skin
pigmentation in various fish (Ali et al. 2006; Zeng
et al. 2010). Therefore, the physiological induction un-
der restricted water volume might alter the skin colora-
tion of captive fighting fish. In addition, studies of the
myofibrillar proteins, actin and myosin (Tyska and
Warshaw 2002), and protein synthesis capacity (Sunde
etal. 2001), appear necessary to observe as indicators of
the physiological changes in muscles under captivity.
Proximate composition of carcass may also be affected
by the stocking density (Osofero et al. 2009; Cretu et al.
2014; Lui et al. 2016), due to accumulation or depletion
of energy reserves (Cretu et al. 2014). Therefore, the
objective of this study was to minimize the water vol-
ume for the individual rearing of male Siamese fighting
fish, based on assessment of growth, feed utilization,
digestive enzyme activities, skin color, muscle quality,
and carcass composition. Only solid-red male fish were
chosen as the models, because they have the relatively
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high market prices in comparison to other solid colora-
tions (Thongprajukaew et al. 2014). Findings from the
current study might be useful for farm management, as
well as on developing systems for the intensive rearing
of this species.

Materials and methods
Fish preparation and experimental setup

One-month-old solid-red male Siamese fighting fish
were purchased from a local farm in Nakonpathom
province of Thailand. The fish were individually accli-
matized in cylindrical plastic beakers (7.5 cm diameter x
12.5 cm height) containing 250 mL water, for 2 weeks.
The fish with similar size (0.97+0.01 g initial body
weight) were distributed individually into glass aquaria
(3.5 cm width x 8 cm length x 20 cm height) containing
five alternative water volumes (100, 150, 200, 250, and
300 mL), comprising 15 fish per treatment (n=15) as
the experimental units. The fish were fed a commercial
floating diet (MCT Aquarium, Nakonpathom, Thailand)
for small ornamental fish (containing > 10% moisture,
> 46% crude protein, > 6% crude lipid, > 5% crude
fiber, and > 12% crude ash) twice daily (08.00 and
17.00 h) at 2% of body weight (BW). The experiment
was conducted for 8 weeks with the natural 12 h:12 h
light/dark cycle. Survival was recorded daily before
beginning the first feeding. Uneaten excess diet was
siphoned off 30 min after feeding, dried at 60 °C until
constant weight, and the determined weight was used to
calculate the feeding rate (FR), feed conversion ratio
(FCR), and protein efficiency ratio (PER). At the end of
the experiment, all the fish were starved for 24 h and
then were anesthetized by clove oil. Measurement of
BW and standard length of all the fish was performed at
the end of experiment. All these fish were used for
subsequent analysis of digestive enzymes, muscle qual-
ity, color coordinates, and carcass composition.

Water monitoring

The water was 80% replaced by dechlorinated stock
within 3 consecutive days. Water was sampled at the
same time (07.30 h) for quality analysis. Water temper-
ature (Hg thermometer) and pH (pH meter) were deter-
mined according to standard methods of APHA,
AWWA, and WPCF (1998). Ammonia, nitrite, and
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alkalinity were determined using a commercial test kit
(Merck KGaA, Darmstadt, Germany). Dissolved oxy-
gen was determined by a water analyzer (Multiparame-
ter Display System; YSI 650MDS, YSI Incorporated,
Ohio, USA).

Determination of digestive enzyme activity
Extraction of digestive enzymes

The frozen whole visceral organs (n = 5) were extracted
in 0.2 M Na,HPO4-NaH,PO, buffer (pH 8) at a ratio of
1:15 (w/v), using a micro-homogenizer (THP-220;
Omni International, Kennesaw GA, USA). The homog-
enates were centrifuged at 15,000xg for 30 min at 4 °C,
and supernatants were collected, and aliquots were kept
at— 20 °C until use. The protein concentration of a crude
enzyme extract was compared to a standard curve of
bovine serum albumin, according to the standard meth-
od of Lowry et al. (1951).

Digestive enzyme assay

The optimal conditions of assaying pepsin (EC
3.4.23.2), trypsin (EC 3.4.21.4), chymotrypsin (EC
3.4.21.1), amylase (3.2.1.1), and lipase (EC 3.1.1.3) in
Siamese fighting fish were chosen from
Thongprajukaew et al. (2010a, b). Pepsin activity was
assayed according to the method of Rungruangsak and
Utne (1981), using 2% casein as substrate. The activity
was spectrophotometrically measured at 720 nm against
the linear range of L-tyrosine standard. Trypsin and
chymotrypsin activities were determined as described
by Rungruangsak-Torissen et al. (2006), using 1.25 mM
N-o-benzoyl-Arg-p-nitroanilide (BAPNA) and
0.10 mM N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide
(SAPNA) as substrates, respectively. The liberated
product of each enzyme was spectrophotometrically
measured at 410 nm against the linear range of p-
nitroanilide standard. Lipase activity was assayed ac-
cording 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 activity was
assayed as described by Areekijseree et al. (2004), using
5% starch soluble as the substrate. The product was
measured at 540 nm against maltose standard.

Color measurement

Quantitative values of skin color in terms of lightness
(L*), redness/greenness (a*), and yellowness/blueness
(b*) were measured using a MiniScan EZ (Hunter As-
sociates Laboratory, Reston VA, USA) with small area
view (6 mm port and 5 mm view diameters). The
instrument was calibrated to white and black standards
before measurement. Each unconscious fish (n=15)
was carefully cleaned by soft blotting paper and then
the color was measured from the middle part of body.
The redness index (a*/b*) was also calculated.

Muscle quality
Protein synthesis capacity

The expoxial white muscle excluding scale and skin
(below dorsal fin) was carefully removed (7 =5). Then
50 mg frozen samples were sonicated (VCX; Sonic and
Materials Inc., Newtown CT, USA) in TRIzol® reagent
(Invitrogen, Carlsbad CA, USA) and the concentrations
of RNA and protein were determined as described in
Rungruangsak-Torrissen (2007). The extinction coeffi-
cients for calculating RNA and protein were E,q=
40 pg RNA per milliliter and E,50=2.1 mg protein
per milliliter, respectively. The concentration ratio
(RNA/protein ratio) from each sample was calculated
from the amounts of RNA and protein.

Actin and myosin

Thermal parameters, including onset (7},), denaturation
peak (Ty), and conclusion (7;) temperatures, and enthal-
py (AH), were determined using a differential scanning
calorimeter (DSC7, Perkin Elmer,Waltham, Massachu-
setts, USA). Approximately 10 mg of thawed fish mus-
cle (n=5) was placed in an aluminum pan, sealed,
allowed to equilibrate at room temperature, and then
heated from 20 to 100 °C at a rate of 5 °C min ' against
an empty pan. Identification of myosin and actin peaks
was performed as described in Thongprajukaew et al.
(2015).

Proximate chemical composition of carcass
The whole body (n =5) was minced and then moisture

and crude ash were determined according to standard
methods of AOAC (2005). Crude protein was
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determined as described in Rungruangsak-Torrissen
(2007). Crude lipid was determined by ethyl acetate
extraction according to Supannapong et al. (2008).

Statistical analysis and calculations

The experiment followed a completely randomized de-
sign (CRD), comprising five treatments and 15 replica-
tions each. The data were recorded in Microsoft Excel
(Microsoft Corporation, Redmond, Washington, USA)
and then subjected to analysis in Statistical Package for
Social Science (SPSS) Version 14 (SPSS Inc., Chicago,
USA) for all the statistical evaluations. The data are here
expressed as mean =+ standard error of mean (SEM).
Comparisons of means in the statistical analyses were
carried out using Duncan’s multiple range test with
significance threshold P < 0.05. Survival, growth per-
formance, and feed utilization parameters were calculat-
ed as described below:

Survival (%) = [Final fish number/initial fish number] x 100

Condition factor (CF, g cm™)
= {Live body weight (g)/body length (cm)ﬂ

x 100

Specific growth rate (SGR, %BW day ')
— [(In Weeln W)/ (1)) x 100

where W, = mean weight (g) at day 7, W, = mean weight
(g) at day .

Viscerosomatic index (VSI, %)
= [Wet weight of visceral organ (g)/wet body weight (g)] x 100

FR (%BW day ') = C/[(Wo + Wy)/2]/t x 100

where C = daily feed consumption (g), W, = initial body
weight (g), W, = final body weight(g), ¢ = feeding dura-
tion (day)

FCR (g feed g gain_l)

= dry feed consumed (g)/wet weight gain (g)

PER (g gain g protein_l)
= wet weight gain (g)/protein intake (g)

Results
Water quality during experiment

There were no significant differences in water tempera-
ture, dissolved oxygen, nitrite, or alkalinity between the
five treatments (P > 0.05, Table 1). The pH values were
elevated in the treatments with 250 and 300 mL water
(P <0.05), followed by 150 and 200 mL (P > 0.05), on
comparing to the lowest volume. Ammonia concentra-
tion was highest in the 100 mL volume, although with-
out significant difference to the 150 mL treatment.

Table 1 Water quality during male Siamese fighting fish individual rearing. The analysis was performed every 3 days with water change

Water quality Water volume (mL)
100 150 200 250 300

pH 6.44 + 0.04° 6.55 = 0.06™ 6.66 + 0.02%° 6.79 + 0.14° 6.79 £ 0.12°
Temperature (°C) 27.83 +0.16 27.99 + 0.20 28.00 + 0.25 27.98 +0.25 27.81 +0.27
Dissolved oxygen (mg L) 336 +0.17 333 +0.15 3.26 £ 0.11 3.01 +0.14 2.97 £ 0.09
Ammonia (mg L") 3.73 + 028 2.90 + 0.45% 2.52 +0.48° 1.85 +0.29° 229 + 0.06°
Nitrite (mg L") 121 +0.24 1.28 +£0.52 0.87 = 0.11 1.04 + 0.55 0.89 +0.17
Alkalinity (mg L ™) 63.25 + 5.50 57.29 + 5.54 52.11 + 6.52 54.56 + 6.77 63.66 + 6.44

Data are expressed as mean = SEM

Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)
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Survival, growth performance, and feed utilization

No mortality of reared fish was observed within the
studied period (Table 2). Final body weight, body thick-
ness, body depth, and SGR did not differ significantly
between the five tratments. The highest and lowest
weight gains were observed in the fish reared in 150
and 300 mL, respectively; the three remaining water
volumes were intermediate between those two groups.
Standard length was superior in the fish reared in
300 mL water relative to the lowest volume, while no
significant differences were observed in the other
groups. VSI was significantly decreased in the fish
reared in 150 mL relative to the other four treatments.
The highest CF values were observed in the fish reared
in the two least water volumes. FCR and PER had
superior values in the fish reared with 150, 200, or
250 mL water, while the FR showed no significant
differences between the treatments.

Specific activities of digestive enzymes

The water volumes had significant effects on the specif-
ic activities of digestive enzymes, except for amylase

(Table 3). The fish reared in the least water volume
exhibited decreased enzyme activities, except for lipase
and A/T ratio, relative to the other treatments. The fish
reared in 200 or 250 mL had significant reductions in
trypsin- and lipase-specific activities, respectively.
There were no differences in any enzyme activity be-
tween rearing in 150 and 300 mL.

Color parameters

L* values of fish skin did not differ among the five
treatments (Table 4). Color parameters indicating skin
redness (a* and a*/b*) had their highest values in the
fish reared in 150 mL water. This treatment also main-
tained the b* value, as did the treatments with 100, 200,
and 250 mL, but the 300 mL treatment did not.

Muscle quality
Protein synthesis capacity
The highest RNA concentration was achieved by the

fish reared in 200 and 250 mL (P < 0.05) and followed
by 150 mL (P > 0.05) relative to 100 and 300 mL

Table 2 Survival, growth performance, and feed utilization of male Siamese fighting fish individually reared in various water volumes. The

observed parameters were recorded at the end of 8 weeks duration

Parameter Water volume (mL)

100 150 200 250 300
Survival (%) 100 100 100 100 100
Final body weight (g) 1.06+0.04 1.16+0.03 1.09+0.03 1.08+0.04 1.10+0.03
Weight gain (g) 0.24 +0.03% 0.31+0.04° 0.25+0.02° 0.22+£0.04% 0.20 +0.04°
Standard length (cm) 3.39+0.04° 3.48 +0.04% 3.52+0.04%° 3.49+0.06% 3.54 +0.04°
Body thickness (cm) 0.34+0.01 0.31+0.01 0.32+0.01 0.32+0.01 0.32+0.01
Body depth (cm) 0.87+0.01 0.91+0.01 0.94+0.01 0.92+0.02 0.92+0.01
VSI (%) 6.36+0.28° 5.26+0.24° 6.37+0.33 6.62+0.28 7.1240.62°
CF (g cm ™) 2.73+0.04% 2.80+0.04% 2.46+0.04° 2.47+0.04° 2.49+0.04°
SGR (% BW day ) 0.38+0.04 0.36+0.03 0.36+0.04 0.37+0.03 0.34+0.03
FR (% BW day ') 1.17+0.02 1.09+0.02 1.10£0.04 1.17+0.05 1.15+0.03
FCR (mg feed mg gain” ") 2.65+0.25% 2.28+0.25° 3.12+0.28% 2.53+£0.16® 3.41 £0.48"
PER (mg gain mg protein ') 1.22+0.25° 1.65+£0.25%® 1.45+0.28%° 1.85+0.16 1.48£0.48%

VSI, viscerosomatic index; CF, condition factor; SGR, specific growth rate; BW, body weight; FR, feeding rate; F'CR, feed conversion ratio;
PER, protein efficiency ratio

Data are expressed as mean = SEM (n = 15)
Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)
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Table 3 Specific activity of digestive enzymes in male Siamese fighting fish individually reared in various water volumes. The observed

parameters were recorded at the end of the 2-month experiment

Digestive enzyme Water volume (mL)

100 150 200 250 300

Pepsin (U mg protein ') 2477 +3.92° 31.94 + 1.60° 25.43 + 1.90% 2692 + 1.67° 32.82 + 1.76°
Trypsin (U mg protein ) 51.52 £2.17° 88.40 + 6.45° 54.39 + 6.02° 87.99 + 8.18% 7491 + 8.35°
Chymotrypsin (U mg protein ') 18.07 £ 1.91° 23.83 +2.39% 21.70 + 1.88% 21.04 +1.38% 25.87 + 1.12°
Lipase (U mg protein ") 18.69 + 2.47% 19.67 + 1.94% 15.98 + 1.30 14.40 + 2.61° 22.91 +2.78
Amylase (mU mg protein ') 117.45 + 6.34 107.96 + 2.58 108.55 + 6.35 107.24 + 6.50 101.71 + 1.41
A/T ratio (x 10%) 227+021° 137 +0.13° 1.70 £ 0.17° 125 +0.17° 125 +0.14°

AJT ratio, amylase/trypsin ratio
Data are expressed as mean = SEM (n=15)

Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)

treatmentss (Table 5). There were no differences in
protein concentration among the three least volume
treatments, followed by statistically significant reduc-
tion with the 250 and 300 mL treatments. This trend was
opposite to that observed for the RNA/protein ratio.

Thermal properties of actin and myosin

The amount of native myosin was relatively high in the
fish reared in 150, 200, and 250 mL water volumes
(Table 5). The amount of actin showed no significant
differences between the five treatments.

Carcass composition

Varying the water volumes did not affect carcass mois-
ture, crude protein, or crude ash (Table 6). Crude lipid

was the highest in fish reared in 100 mL water, followed
by 150 mL and the other three treatments.

Discussion

The water quality was significantly affected by the water
volume, in the current study. The decrease of pH and
increase of total ammonia with higher stocking density
(lower water volume per fish) were similar to prior
observations in koi carp, Cyprinus carpio (Jha and
Barat 2005) and seabass, Dicentrarchus labrax
(Sammouth et al. 2009). The pH in all treatments was
higher than in the natural habitat of the wild fighting
fish, which is pH 5.28-5.80 (Jaroensutasinee and
Jaroensutasinee 2001). However, under laboratory con-
ditions, the pH in all these treatments was within the

Table 4 Color parameters of male Siamese fighting fish individually reared in various water volumes. The observed parameters were

recorded at the end of the 2-month experiment

Color parameter Water volume (mL)

100 150 200 250 300
L* 18.61 = 0.60 20.67 + 0.67 18.61 = 0.91 2041 + 0.46 20.56 + 0.13
a* 13.06 + 0.47° 12.17 + 0.48° 11.13 + 0.49° 11.04 + 0.21° 10.99 + 0.40°
b 7.87 + 0.46" 7.82 £ 0.61* 8.36 + 0.40° 6.92 + 0.24 631 +0.34°
a*/b* 128 +0.11° 1.48 + 0.05° 1.10 + 0.03° 1.45 £ 0.03% 1.46 + 0.03%

Data are expressed as mean = SEM (n=15)

Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)
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Table 5 Protein synthesis capacity and myosin and actin in white muscle of male Siamese fighting fish individually reared in various water
volumes. The observed parameters were recorded at the end of the 2-month experiment

Parameter Water volume (mL)

100 150 200 250 300
RNA (ug g™ 1177 + 62° 1218 + 86" 1462 + 46° 1418 + 81% 1106 + 54°
Protein (mg g ") 169.80 + 4.35 178.55 + 7.96® 182.58 + 8.41° 137.81 + 4.45° 99.71 £ 5.52¢
RNA/protein ratio (ug mg ) 7.01 +£0.52¢ 7.59 + 0.69° 791 +0.25% 9.18 + 0.70° 12.13 + 0.72°
AMyosin (J g 1) 0.69 = 0.01* 0.85 + 0.19% 1.56 + 0.02° 127 + 0417 0.73 £ 0.01°
A Actin (J g1 0.33 = 0.01 0.34 £ 0.06 0.35 + 0.05 0.32 £ 0.00 0.24 + 0.02

Data are expressed as mean = SEM (n =5)

Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)

range for rearing fighting fish, namely pH 6.5-7.5
(Verbeek et al. 2007), except for the slightly low pH
with 100 mL water volume (pH 6.44 +0.04). Total
ammonia was significantly elevated with 100 mL water
relative to the other treatments; high-rearing density can
cause dramatic changes in water quality from the ex-
creted ammonia wastes. This observed trend in ammo-
nia has been previously reported on rearing some fish
(Jha and Barat 2005; Sammouth et al. 2009; Lui et al.
2016). Based on two above parameters, rearing the
fighting fish individually in 100 mL water volume ap-
pears to be inappropriate, since it provides relatively
poor water quality when compared to larger water vol-
umes. However, the water exchange rate naturaly affects
water quality, and in intensive aquaculture systems, the
water is typically changed more often or a recirculating
system is used. Regarding the other water quality pa-
rameters, no significant differences between the

treatments were observed, and these parameters were
within good levels, close to the ranges reported for
B. splendens aquaculture (Jaroensutasinee and
Jaroensutasinee 2001; Mandal et al. 2010).

Stocking density is among the most important rearing
parameters affecting fish growth (Jha and Barat 2005;
Sanchez et al. 2010; Niazie et al. 2013). Generally, food
competition limits fish growth and leads to poor weight
gain with high-density rearing (Stickney 1994). On the
other hand, the decreased weight increment in the larg-
est water volume of the current study might be associ-
ated with increasing swimming activity (Karakatsouli
et al. 2010) as well as bubble nest building by this male
fish, reducing the energy for growth. A minimal water
volume can significantly decrease skeletal growth. Re-
garding morphometry, only CF was affected by the
water volume while body thickness and depth were
not. The relatively high CF value observed in the

Table 6 Carcass proximate chemical composition of male Siamese fighting fish individually reared in various water volumes. The observed

parameters were recorded at the end of the 2-month experiment

Chemical component Water volume (mL)

100 150 200 250 300
Moisture (% FW) 74.32 +£0.57 75.36 £ 0.74 75.31 £0.82 73.93 +0.52 75.01 £0.54
Crude protein (% FW) 15.62 = 0.35 14.99 + 0.45 15.02 + 0.50 15.86 + 0.32 15.21 £0.33
Crude lipid (% FW) 327 £0.18° 240 +0.13° 1.26 £0.14° 148 £0.16° 1.60 £ 0.27¢
Crude ash (% FW) 3.33 £0.46 423 +£0.34 4.13 +£0.48 448 +0.30 3.33 £0.31

FW fresh weight

Data are expressed as mean = SEM (n=15)

Differences between means were tested with Duncan’s multiple range test

Different superscripts in the same row indicate a significant difference (P < 0.05)
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current study is due to the calculation of body weight per
standard length, which reduces the variations from fin
shape phenotypes. Lambert and Dutil (2001) have re-
ported negative effects of increasing stocking density on
the CF of Atlantic cod (Gadus morhua). This conflicts
with the results found in this current study, where the
male fighting fish were individually reared, reducing the
social interactions between the fish. However, similar
CF has been reported across different stocking densities
when rearing fish (Saoud et al. 2007; Tolussi et al.
2010). The CF and VSI can relate to body energy
storage, as observed by Goede and Barton (1990). In-
creased CF and VSI in the fish reared in the least water
volume might be due to viscerosomatic energy storage
and to viscerosomatic mass growth processes that re-
duce growth performance (Lui et al. 2016).

The SGR of fighting fish in this investigation was
similar to that in data reported by James and Sampath
(2006). Based on our investigation of growth parame-
ters, the minimal water volume for rearing male fighting
fish should be about 150 mL. This level had 5.36 cm
water depth, which matches well the depth in the pre-
ferred natural habitat, 2-9 c¢cm (Jaroensutasinee and
Jaroensutassinee 2001). In addition, this volume is be-
low the 250 mL used by the supplying farm and below
the volumes reported by various researchers: 250 mL
(Verbeek et al. 2008), 1000 mL (Takeuchi et al. 2010),
and 2000 mL (Karino and Someya 2007).

Superior feed utilization (FR, FCR, and PER) was
also observed in the fish reared in 150 mL water. This
finding matches well the increased protease (pepsin,
trypsin, chymotrypsin) and lipase activities. Since
B. splendens are carnivorous fish, up-regulation of the
protease activities can improve digestion and utilization
of dietary proteins (Chakrabarti et al. 1995) and ditto to
lipids and lipase activity. Since glucose is an essential
energy source for a number of tissues (Romijn et al.
1990), maintaining the amylase activity is necessary for
metabolic homeostasis. This finding is in agreement
with the response of turbot, Scophthalmus maximus,
when subjected to four rearing density levels (Xian
et al. 2013). However, feeding habits, as indicated by
the A/T ratio (Hofer and Schiemer 1981), were influ-
enced by the water volume. Rearing the fish in 100 mL
water can increase the energy requirements, increasing
carbohydrate catabolism per amount of protein.

Skin color is another important factor influencing the
commercial value of fish. In B. splendens, skin redness
is controlled by carotenoids and the female fish prefer to

@ Springer

associate with red males over blue males, suggesting a
sexually selected advantage to being red (Clotfelter et al.
2007). In addition, within the red phenotype groups, the
female fish prefer to associate with the vermilion males
over those that are pale red (Blakeslee et al. 2009). In the
current study, the skin redness parameters (a* and a*/
b*) were the highest in fish reared individually in
150 mL water, suggesting that this treatment contributes
to a valuable ornamental trait as well as to courting
competency of the male fish. Metusalach et al. (1997)
reported stocking density has an effect on carotenoid
uptake in Arctic charr (Salvelinus alpinus); the highest
pigment deposition was observed in the fish stocked at
50 kg m °, when the other alternatives were lower
(40 kg m ) or higher (75 kg m°) levels. Similar find-
ings were also reported in darkbarbel catfish,
Pelteobagrus vachelli (Zeng et al. 2010), and in rainbow
trout, Oncorhynchus mykiss (Cagiltay et al. 2015).
These responses are similar to our observations, but
the amout of pigments in B. splendens feed and its
feeding rate were fixed during this study. Stress is a
more important factor affecting skin color than the die-
tary carotenoid administration, even though carotenoids
are important pigments contributing to the red skin of
B. splendens (Metusalach et al. 1997; Clotfelter et al.
2007). Fluctuations in skin redness might be associated
with environmental cues, water volume, and with gen-
erating striped patterns of chromatophores (Kelsh
2004).

Increased muscle protein concentration during
growth has been observed in rainbow trout
(Rungruangsak-Torrissen et al. 2009). In Atlantic salm-
on (Salmo salar), SGR was negatively correlated with
muscle RNA and RNA/protein ratio (Sunde et al. 2001).
Similarly, significantly lower RNA concentration (pro-
tein sythesis) and RNA/protein ratio (protein turnover
rate) were also observed in the faster growing males
than in the slower growing females of Siamese fighting
fish (Thongprajukaew et al. 2013). Based on these pre-
vious reports, reduced protein sythesis capacity and
protein turnover rate while the protein concentration
was maintained suggest continuous growth of the fish
individually reared under the preferred conditions, i.e.,
in 150 mL water. The measured AH is linked to the
amount of proteins left in their native state and may
relate to the physiological exercise by the fish
(Thongprajukaew et al. 2015) in a restricted water vol-
ume. Myofibrillar protein is the major component of fish
muscle (39-56%), followed by sarcoplasmic protein
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(21-25%) and stroma or connective tissue proteins (6—
21%) (Chaijan et al. 2010); myosin contributes 50-60%
of the total (Shahidi 1994). The comparatively elevated
AH of myosin in fish reared in 150, 200, or 250 mL of
water may indicate its increased amount in muscle. This
is similar to the findings of Coughlin et al. (2016) that
the rearing conditions can directly affect myosin heavy
chain expression, causing changes in swimming perfor-
mance and muscle contractile properties. However, no
differences were observed in the AH of actin between
the five treatment groups of fish, in the current study.
Previous studies have reported effects of fish rearing
density on carcass composition, with varying trends
(Toko et al. 2007; Osofero et al. 2009; Karakatsouli
et al. 2010). In the current study, no significant differ-
ences in carcass moisture, protein, and ash content were
found between the preferred treatment and the other
treatments. This indicates that the fighting fish can
maintain their proximate composition in the face of
restricted water volume. Similarly, no effects of stocking
density on meat composition (moisture, CP, lipid, ash,
and nitrogen free extract) were observed in rainbow
trout (Cretu et al. 2014). Some improvements in lipid
deposition were observed with the preferred treatment
when compared to the baseline volume used by the
farmer, 250 mL, or to other higher volumes. Higher
amount of lipid in fish reared in 100 mL might be caused
by decreased swimming activity, reducing energy usage
from lipid catabolism (Karakatsouli et al. 2010). This
finding is in agreement with the lipid contents observed
in African catfish (Clarias gariepinus) and in vundu
catfish (Heterobranchus longifilis), when subjected to
increased stocking density (Toko et al. 2007).

Conclusions

Based on our investigation, the preferred minimal water
volume for individual rearing of male Siamese fighting
fish was 150 mL. This water level gave superior growth
performance, feed utilization, skin redness, and muscle
quality and had no negative effects on carcass compo-
sition. This volume should be applied since the male fish
begins aggressive behavior at 1.5 months of age, and it
continues until the fish is sold at approximately 4 months
of age. Optimization of the other known factors in the
physical circumstances, i.e., photoperiod, light intensity,
aquarium shape, and water exchange rate, is necessary
before designing an intensive aquaculture system for

this species. Subsequent experiments on the effects of
aquarium color background on the male fish are current-
ly underway.
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Abstract

Background color can improve the production quality of various fish species.
In this study, the effects of five aquarium backgrounds (transparent, white, red, blue
and black) on survival, growth, feed utilization, digestive enzyme activities, color
coordinates, muscle quality, and carcass composition were investigated in solid red
male Siamese fighting fish (Betta splendens Regan, 1910). The fish (1.13 £ 0.01 g
initial body weight) were distributed individually into glass aquaria varying in color
backgrounds (n = 15) and were reared over eight weeks duration. There was no
mortality of the fish during the study period. The growth performance and feed
utilization of the fish reared with blue background were superior relative to the other
treatments, followed by red background as next best. The fish in this treatment
maintained activity of the observed enzymes but had significantly increased ratio of
amylase to trypsin, indicating protein sparing effect, relative to the control with
transparent background (P < 0.05). The preferred treatment also maintained skin
lightness, yellowness and redness. Protein synthesis (RNA and protein concentrations)
and protein turnover rate (RNA/protein ratio), and enthalpy of the main muscle
proteins, myosin and actin, also benefited from this treatment. Carcass lipid was
improved with the preferred treatment but crude protein and ash were still maintained
comparable to the control treatment. Findings from the current study indicate that the
blue-based aquarium background is appropriate for rearing male Siamese fighting

fish.

Keywords: Background color; Digestive enzyme; Growth; Feed utilization; Muscle

quality
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1. Introduction

The male Siamese fighting fish (Betta splendens Regan, 1910) is a highly
commercial ornamental fish around the world (Froese and Pauly, 2016), while the
females are usually sold en masse at very low prices. The fin shape and various
desired coloring are the main criteria for consumer satisfaction with the male fish.
However, the phenotype with solid red color that is long finned is preferred by the
fish culturist, followed in rank by the solid blue (Thongprajukaew et al., 2014). Since
this fish becomes aggressive at 1.5 months after hatching, individual rearing is always
used until selling the fish (Thongprajukaew et al., 2013).

Background color is one factor affecting the fish production, affecting
suitability of the rearing conditions. This parameter has significant effects on survival,
growth performance, feed utilization and carcass proximate composition of various
fish species (Papoutsoglou et al., 2000; McLean et al., 2008; Raghavan et al., 2013).
Previous studies indicate that the best color background depends on species and
should be separately determined for any species that will be produced (McLean et al.,
2008; Maciel and Valenti, 2014). Since the background color may interact with light
intensity, photoperiod and light color, these environmental changes can cause stress in
fish, using up available energy from food digestion (Hochachka and Somero, 2002).
Digestive enzymes play an important role in transforming macronutrients into forms

easily digested. Previous studies on the above light parameters have reported changes
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in digestive enzyme activities, including protein-, carbohydrate- and lipid-digesting
enzymes (Shan et al., 2008; Wei and Zhao, 2014; Ramzanzadeh et al., 2016).
Assessing the feed utilization through digestive enzyme activities is reasonable.

In addition, background color can influence the skin color of aquatic animals
(Papoutsoglou et al., 2000; Doolan et al., 2009; Qin et al., 2012). In Siamese fighting
fish, redness of the skin is controlled by carotenoids, and the female fish prefer red
males over blue males, suggesting a sexual-selection advantage from being red
(Clotfelter et al., 2007). Therefore, physiological induction by various backgrounds
may alter the skin coloration in captive fighting fish, impacting their commercial
value.

Therefore, the aim of this study was to determine the effects of various

aquarium color backgrounds in individually reared male Siamese fighting fish. The

production quality of reared fish was assessed based: 17w ed Fouiuiaslsiniils on

growth performance, feed utilization, digestive enzyme activities, skin color, muscle
quality, and carcass composition. The optimal color from the current study might be
used by fish culturists, as well as on developing systems for the intensive rearing of

this species.

2. Materials and methods

2.1. Fish acclimatization and preparation
One-month-old solid-red male Siamese fighting fish were collected from a
local farm in Nakonpathom province of Thailand. They were individually

acclimatized in transparent cylindrical plastic beakers (7.5 cm diameter x 12.5 cm
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height) containing 150 mL water, for two weeks. They were fed a commercial
floating diet (10% moisture, 35% crude protein, 4% crude fat, 5% crude fiber and
12% ash) for small ornamental fish twice daily (08.00 and 17.00 h) at 2% of body
weight (BW). The acclimatization was conducted for two weeks with the natural 12

h:12 h light/dark cycle.

2.2. Fish rearing
Each fifteen screened fish with similar size (1.13 £ 0.01 g initial body weight)

were distributed individually into glass aquaria (3.5 cm width x 8 cm length x 20 cm

height) varying in aoafiiiioadufucolor backgrounds (transparent, white, red, blue

and black). These individual fish were designated as the experimental units. The
feeding regimen and rearing conditions were as described above. The water content
was 80% replaced by dechlorinated stock within three consecutive days, maintaining
the standard ranges of pH (6.54 + 0.07) and temperature (28.90 = 0.13°C). Survival of
the reared fish was recorded daily before beginning the first feeding. Uneaten excess
diet was siphoned off 30 min after feeding, dried at 60°C until constant weight, and
the determined weight was used to calculate the feeding rate (FR), feed conversion
ratio (FCR), and protein efficiency ratio (PER). At the end of the experiment, all the
fish were starved for 24 h and then were anaesthetized by clove oil. Measurement of

BW and length of all the fish was performed. All these fish were used for subsequent

analysis of digestive enzymes, muscle quality, color coordinatesa5a1i19gdaoglusq

weanuiinauen luaiy, and carcass composition. Survival, growth performance

and feed utilization parameters were calculated as described below:
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Survival (%) = [Final fish number/initial fish number] x 100
Condition factor (CF, g cm™3) = [Live body weight (g)/body length (cm)®] x 100
Specific growth rate (SGR, % BW day ) = [(In W;— In Wo)/(t — to)] x 100
where W; = mean weight (g) at day t, Wo = mean weight (g) at day to.
Viscerosomatic index (VSI, %) = [Wet weight of visceral organ (g)/wet body
weight (g)] x 100
FR (% BW day ™) = C/[(Wo + Wy)/2]/t x 100
where C = daily feed consumption (g), Wo = initial body weight (g), W:= final body
weight
(9), t = feeding duration (day)

FCR (g feed g gain™t) = Dry feed consumed (g)/wet weight gain (g)

PER (g gain g protein™) = Wet weight gain (g)/protein intake (g)

2.3. Determination of digestive enzyme activity
2.3.1. Digestive enzyme extraction and protein quantification

The whole visceral organs of individual fish (n = 5 per treatment) were
extracted in 0.2 M NaxHPO4-NaH2PO4 buffer (pH 8) at a ratio of 1: 15 (w/v), 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, and kept at —20°C until use. The protein concentration of a crude enzyme
extract was determined according to the standard method of Lowry et al. (1951),

using bovine serum albumin as protein standard.
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2.3.2. Digestive enzyme assay

The protocols for assaying activities of pepsin, trypsin, chymotrypsin, amylase
and lipase are summarized in Table 1. The optimal conditions for Siamese fighting
fish were chosen from Thongprajukaew et al. (2010a, b). Each measured product was
compared against the linear range of its standard curve. One unit (U) of enzyme is
defined as the amount that catalyzed the conversion of 1 umol of substrate per minute.
Specific activities of enzymes are expressed as U (or mU) mg protein~t. Ratio of
amylase to trypsin (A/T ratio) was quantified by dividing the specific activities from

the same sample.

2.4. Color measurement

The unconscious fish (n = 15) were carefully cleaned by soft blotting paper
and then the color was measured from the middle parts of bodies. A MiniScan EZ
(Hunter Associates Laboratory, Reston VA, USA) was calibrated to white and black
standards before measuring the color parameters. The skin lightness (L*),
redness/greenness (a*), yellowness/blueness (b*) and redness index (a*/b*) were

measured and automatically recorded.

2.5. Muscle quality
2.5.1. Protein synthesis capacity and its turnover rate

Concentrations of RNA and protein from the frozen expoxial white muscle (n
= 5) were determined as described in Rungruangsak-Torrissen (2007). The extinction

coefficients for calculating RNA and protein were E2g0 = 40 ng RNA mL ™ and Ezso =
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2.1 mg protein mL™%, respectively. The concentration ratio (RNA/protein ratio) for

each sample was calculated from the amounts of RNA and protein.

2.5.2. Enthalpy of myosin and actin

Onset (To), denaturation peak (Tg), and conclusion (Tc) temperatures, and
enthalpy (AH) of myosin and actin, were determined using a differential scanning
calorimeter (DSC7, Perkin Elmer,Waltham, Massachusetts, USA). Ten milligrams of
epaxial white muscle (n = 5) was placed in an aluminum pan, sealed, allowed to
equilibrate at room temperature, and then heated from 20 to 100°C at a rate of 105°C
min! against an empty pan. Peaks of myosin and actin were identified from the
reported thermal properties of fish muscle protein (Matos et al, 2011,

Thongprajukaew et al., 2015).

2.6. Proximate chemical composition of carcass

The moisture and crude ash of the whole body (n = 5) were determined
according to standard methods of AOAC (2005). Crude protein was determined as
described in Rungruangsak-Torrissen (2007). Crude lipid was determined by ethyl

acetate extraction according to Supannapong et al. (2008).

2.7. Statistical analysis
The five treatments, each with fifteen replicate fish, followed a completely

randomized design. The data were subjected to analysis in Statistical Package for
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Social Science Version 14 (SPSS Inc., Chicago, USA) for all the statistical
evaluations. The arc sine transformation was applied to percentage values prior to
analysis. The data are here expressed as means, with the standard error of mean
(SEM) expressing the variability. Comparisons of means in the statistical analyses
were carried out using Duncan’'s multiple range test at o = 0.05 significance level (P <

0.05).

3. Results

3.1. Survival, growth performance and feed utilization

No mortality of reared fish occurred within the 2 months study period (Table
2). Fish reared with black background had inferior growth performance and feed
utilization relative to the other treatments. Superior characteristics, namely higher
growth, lower feed consumption (FR and FCR) and higher PER, were observed in the
fish reared with the blue background, followed by the red background as second best.
Transparent background was the third in order with FR values significantly lower than
with white background (P < 0.05). The highest values of VSI and CF were found in

fish reared with white background, and with blue or black background, respectively.

3.2. Specific activities of digestive enzymes

The aquarium background had significant effects on the specific activities of
digestive enzymes, except for chymotrypsin (Table 3). Pepsin specific activity was
higher in fish reared with black background than with red background; the other three
treatments were intermediate. The fish reared with white background exhibited

superior trypsin specific activity. Lipase specific activity was highest in the fish
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reared with white background. The fish reared with white or black background were
higher in amylase specific activity than with the control treatment (transparent), but
not so with red or blue background. Regarding the A/T ratio, it was significantly

increased only in the fish reared with blue background, relative to the control.

3.3. Color parameters

a*-values of the fish skin did not differ between the five treatments (Table 4).
Fish reared with blue or white background were superior in three of the color
parameters (L*, b* and a*/b*). Significantly decreased b* and a*/b* were observed in
the fish reared with transparent or red background, respectively. Inferior traits

(decreased L* and b*) were exhibited by the fish reared with black background.

3.4. Muscle quality
3.4.1. Protein synthesis capacity and its turnover rate

The lowest RNA concentrations were achieved with black background (Table
5). This trend was opposite to that observed for the protein concentration.
RNA/protein ratio was similar in the fish reared with transparent, white, red or blue

background, but lower with the black background.

3.4.2. Enthalpy of myosin and actin
The amounts of native myosin and actin were similar across the five
treatments (Table 5). The myosin/actin ratio was highest with the blue treatment,

followed by white, transparent, black and red treatments in this order.
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3.5. Carcass composition

Varying the color background did not affect crude ash (Table 6). Decreased
moisture content was observed in the fish reared with blue and black backgrounds
relative to control (transparent) treatment; the other treatments were intermediate.
There were significant differences in crude protein between most actual treatments
and the control. Crude lipid was the highest in fish reared with blue background,
followed by red, while the other treatments did not significantly differ from the

control.

4. Discussion

The response to background color may be species specific, and the effects of
background color on growth performance and feed utilization of fish are varied
(Papoutsoglou et al., 2000; Karakatsouli et al., 2007; McLean et al., 2008). In the
present study, growth performance and feed utilization of solid red fighting fish were
superior when reared with the blue backgrounds while the black background had
negative impact relative to control (transparent). Similar findings were reported for
the white sea bream (Diplodus sargus) when reared with blue tank color (Karakatsouli
et al., 2007) as well as for scaled carp, Cyprinus carpio (Papoutsoglou et al., 2000) or
Eurasian perch, Perca fluviatilis (Tamazouzt et al., 2000) when reared with black
color. The SGR of fighting fish in this investigation (0.69-0.97% BW day?) was
within the range reported by James and Sampath (2006). The CF and VSI can relate to
body energy storage and to viscerosomatic mass growth (Goede and Barton, 1990).

Increases in these parameters in the fish reared with black and white backgrounds,
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respectively, might be due to viscerosomatic energy storage (Lui et al., 2016),
changing the visceral mass and body morphometrics.

In the current study, the highest FR in fish reared with the white aquarium
might be the strong color contrast with floating feed (mixed red, green and black
pellets), improving food detection and consumption. Improved feed consumption due
to sharp constrast between feed and background has been reported by a number of
authors (Dowing and Litvak, 1999; Papoutsoglou et al., 2000; El-Sayed and El-
Ghobashy, 2011). In contrast, fish reared in the red, green or black tanks and fed by
the same feeds were inferior in FR; a third of the feed was the same color as the tank.
In some larval fish, rearing in a black walled tank and feeding by live diet (rotifers
and Artemia nauplii) can improve the food perception (Hinshaw, 1986; Martin-
Robichaud and Peterson, 1998). Differences in the above results might be due to the
colors of water column, tank wall or feed. However, lower FR with the preferred
treatment (blue background), as well as with red, was not negative, as there was also
superior feed utilization in terms of FCR and PER. The results indicate that rearing
fighting fish with blue backgrounds improved productivity and lowered feed
consumption, improving economic viability. Sufficient nutrition can reduce the feed
intake per weight gain as reported by Wattanakul et al. (2017).

The effects of color backgrounds on digestive enzyme activities are poorly
known. Increased FR with high specific activity of digestive enzymes in the fish
reared with the white background, suggest high capacity of the fish to digest excess
food. This might be due to the white wall reflecting more light and attracting
phototaxis, which may have increased competition for food and space, and

consequently energy expenditure (Hayd et al., 2010). Therefore, high FR may not
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indicate good rearing conditions in the current study, similar to the observations on
Amazon river prawn (Macrobrachium amazonicum) reported by Maciel and Valenti
(2014). Low activity of enzymes might be due to energy saving, since nutritional
requirements are satified. Regarding the A/T ratio, this marker is linked to fish
feeding habits (Hofer and Schiemer, 1981; Thongprajukaew et al., 2011). Different
trends in the fish reared with blue background, relative to the other enzymes, indicates
high capacity to utilize carbohydrates per amount of protein. Increased proportion of
carbohydrates in the artificial feed of this carnivorous fish is possible when reared
with blue blackground.

The color backgrounds could lead to darkening or paling of fish skin by either
dispersion or concentration of pigments in the dermal melanophores (Szisch al., 2002;
Rotllant et al., 2003). Fighting fish females prefer to associate with the vermilion
males over those that are pale red (Blakeslee et al., 2009), suggesting selection
advantage from body color. In addition, skin color influences the acceptability and
commercial value of this fish by consumers, especially in males. Based on the four
measured color parameters, white and blue backgrounds are suitable since they
maintained lightness and redness of the skin (a* and a*/b*) similar to the control fish,
while the red and black backgrounds had negative effects. No improvement of skin
coloration was achieved in the current study, probably because the fish reared with
transparent background are constitutively aggressive, enhancing physiological
response of the chromatophores; thus causing high level of skin coloration in the
baseline treatment. Diminishing lightness when reared in black background might be
due to the dispersion of pigments in the dermal melanophores of the skin, caused by

secretion of a-melanocyte-stimulating hormone (Baker et al., 1984; Szisch et al.,
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2002; Rotllant et al., 2003). Decreasing a*/b* value of skin in solid red male fish
when reared with red background might have improve the distinction of fish from its
surrounding environment. The responses of various fish species to color backgrounds
are species specific.

The concentration of RNA per cell reflects the rate of growth in herring
(Clupea harengus) larvae (Mathers et al., 1994). Maintained protein sythesis (RNA
concentration) and its turnover rate (RNA/protein ratio) in fish reared with white, red
and blue backgrounds in the current study indicate the growth phase of Siamese
fighting fish. Significantly increased protein in the fish reared with black background
indicated unsuitable alternative, and all the growth performances measures and
protein synthesis capacity were inferior. The amount of proteins left in their native
state is reflected in AH (Matos et al., 2011). The enthalpic response of myosin and
actin in the current study indicated no significant effects by the color backgrounds on
amounts of myosin and actin, which relate to the physiological exercise by the fish
(Thongprajukaew et al., 2015). Coughlin et al. (2016) reported the effects of rearing
conditions on myosin heavy chain expression, causing changes in swimming
performance and muscle contractile properties. In addition, intense exercise can
promote partial denaturation of muscle myosin, leading to lower AH actin/myosin
ratio (Matos et al., 2011). Therefore, the elevated AH actin/myosin ratio with the blue
background treatment suggests the color backgrounds decreased partial denaturation
of myosin. The effects on exercise and stress response should be further investigated
for improving the welfare of this reared fish.

Varying trends in carcass composition caused by the tank color background

have been previously reported in various fish species. No significant differences in
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composition were observed in scaled carp (Cyprinus carpio) reared in black, white or
green tanks (Papoutsoglou et al., 2000); or in beluga (Huso huso) reared in black,
white, green, red or blue tanks (Banan et al., 2011); nor in thinlip mullet (Liza
ramada) reared in black, white, green, red, yellow or blue tanks (El-Sayed and EI-
Ghobashy, 2011). In the current study, some improvements in lipid deposition were
observed with the preferred treatment, while the amount of moisture was inversely
affected, when compared to the other treatments. This finding is in agreement with the
observations in Caspian Kutum (Rtilus frisii) when reared in yellow tank, compared to
black, white, red, yellow or blue tanks (Imanpoor and Abdollahi, 2011). Higher
amount of lipid in fish reared with blue background might be caused by decreased
swimming activity, reducing energy usage from lipid catabolism (Karakatsouli et al.,
2010). Differences in energy allocation caused by the color background should be of

interest, although with species specific details.

5. Conclusions

Based on our investigations of five alternative color backgrounds (transparent,
white, red, blue and black), the solid red male Siamese fighting fish had generally
superior growth performance, feed utilization, and muscle quality, without negative
effects on carcass composition and skin coloration, when reared with blue
background. This preferred treatment exhibited protein sparing effect, as indicated by
the activity ratio of amylase to trypsin. This background color should be applied since
the solid red male fish begins aggressive behavior at 1.5 months of age, and continues
it until the fish are sold at approximately 4 months of age. Optimization of the other

lighting factors, i.e., photoperiod, light spectral characteristics, light position and light
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intensity (or their combined effects), is necessary for the optimal design of an
intensive aquaculture system for this species. In addition, since Siamese fighting fish
have varied body colors and these fish are significantly responsive to color
backgrounds, specific backgrounds should be further investigated for the other color

phenotypes, or to determine colors overall suited across the fighting fish.
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Table 1 Protocols used for determination of digestive enzyme specific activity.
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Digestive enzyme Optimal conditions*  Substrate Observed product References

Pepsin pH 2 at 40°C Casein L-Tyrosine (A72o) Rungruangsak and Utne (1981)
Trypsin pH 8 at 50°C BAPNA p-Nitroanilide (As10) Rungruangsak-Torrissen et al. (2006)
Chymotrypsin pH 8 at 50°C SAPNA p-Nitroanilide (As10) Rungruangsak-Torrissen et al. (2006)
Lipase pH 8 at 40°C p-Nitrophenyl palmitate ~ p-Nitrophenol (As1o) Winkler and Stuckmann (1979)
Amylase pH 8 at 50°C Starch soluble Maltose (Asao) Areekijseree et al. (2004)

* The optimal conditions were chosen from previous reports on characteristics of the main digestive enzymes in Siamese fighting fish, as

observed by Thongprajukaew et al. (2010a, b).

BAPNA, benzoyl-L-Arg-p-nitroanilide; SAPNA, N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide.

62



Table 2 Survival, growth performance and feed utilization of male Siamese fighting fish individually reared with various color backgrounds.

The observed parameters were recorded at the end of the two-month experiment.
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Background color

Parameter
Transparent White Red Blue Black

Survival (%) 100 100 100 100 100
Final body weight (g) 1.89 + 0.06% 1.92 + 0.05%® 1.96 + 0.05? 2.06 + 0.06° 1.77 £ 0.06°
Standard length (cm) 4.03 £ 0.072 4.03 + 0.04? 4.00 £ 0.04% 4.02 £ 0.042 3.54 +0.08°
Total length (cm) 6.64 £ 0.13 6.68 £ 0.11 6.53 £0.15 6.44 £ 0.15 6.30 £ 0.11
VSI (%) 6.37 +£0.28° 9.82 £+ 0.24° 6.87 +£0.33° 7.30 £0.28° 7.76 +£0.62°
CF (gcm™) 0.50 +0.03° 0.54 +0.02° 0.58 +0.03° 0.71 +£0.03? 0.69 £ 0.03?
SGR (% BW day %) 0.88 £+ 0.05% 0.88 £+ 0.05% 0.86 + 0.05? 0.97 £ 0.04? 0.69 +0.03°
FR (% BW day?) 1.58 + 0.02° 1.85 +0.082 1.49 + 0.02" 1.42 £ 0.02° 1.46 £ 0.03°
FCR (mg feed mg gain?) 1.87 £0.11° 1.83 +0.04° 1.50 + 0.06° 1.60 + 0.06" 2.67 £0.16°
PER (mg gain mg protein?) 1.37 £0.11° 1.39 +0.10° 1.71+£0.122 1.83+£0.072 1.11 £ 0.07°

VSI, viscerosomatic index; CF, condition factor; SGR, specific growth rate; BW, body weight; FR, feeding rate; FCR, feed conversion ratio,

PER, protein efficiency ratio.

Data are expressed as mean + SEM (n = 15).
Differences between means were tested with Duncan's multiple range test.

Different superscripts in the same row indicate a significant difference (P < 0.05).
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Table 3 Specific activity of digestive enzymes in male Siamese fighting fish individually reared with various color backgrounds. The observed

parameters were recorded at the end of the two-month experiment.

Background color

Digestive enzyme
Transparent White Red Blue Black

Pepsin (U mg protein™) 13.85 + 0.45% 11.31 +1.17% 8.69 + 2.58° 14.28 + 1.14% 16.19 + 2.432
Trypsin (U mg protein?) 15.57 + 1.78% 17.00 + 0.70? 12.67 + 0.94° 12.68 + 1.36° 12.86 + 1.18°
Chymotrypsin (U mg protein™) 30.20 £ 0.40 31.20 + 2.60 32.65+1.24 28.52 +2.54 32.54 +2.85
Lipase (U mg protein?) 1.45 +0.07° 2.27 £0.12° 1.67 + 0.06° 1.77 £0.12° 1.51 +0.08°
Amylase (mU mg protein?) 1.78 +0.08° 3.03+0.112 2.12 +0.57™ 2.06 + 0.04% 2.39 +0.15°
AJT ratio (x 104 0.13+0.01° 0.16 £ 0.01% 0.14 +0.01° 0.19 £ 0.04? 0.16 + 0.01%

A/T ratio, amylase/trypsin ratio.

Data are expressed as mean + SEM (n = 5).
Differences between means were tested with Duncan's multiple range test.

Different superscripts in the same row indicate a significant difference (P < 0.05).
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Table 4 Color parameters of skin of male Siamese fighting fish individually reared with various color backgrounds. The observed parameters

were recorded at the end of the two-month experiment.

Background color

Color parameter

Transparent White Red Blue Black
L* 23.17 + 0.60% 23.66 + 0.64% 22.88 £ 0.67° 24.38 + 0.39% 24.83 + 0.43°
ax* 11.79£0.51 11.69 £ 0.33 11.98 £ 0.33 12.25 £ 0.36 11.91+0.44
b* 5.68 +0.52° 7.06 £ 0.522 6.02 +0.31% 6.03 +0.23%® 5.83+0.19°
a*/b* 1.88 + 0.06% 1.88 +0.10% 1.74 +0.07° 2.11£0.07° 1.97 + 0.06%

Data are expressed as mean + SEM (n = 15).
Differences between means were tested with Duncan's multiple range test.
Different superscripts in the same row indicate a significant difference (P < 0.05).
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Table 5 Protein synthesis capacity and myosin and actin in white muscles of male Siamese fighting fish individually reared with various color

backgrounds. The observed parameters were recorded at the end of the two-month experiment.

Background color

Parameter

Transparent White Red Blue Black
RNA (ug g?) 1,387 + 119? 1,504 + 992 1,302 + 1612 1,432 + 832 861 + 75°
Protein (mg g %) 260.12 + 22.67" 281.31 + 12.57° 298.57 + 24.78° 280.91 + 19.14° 385.60 + 32.01%
RNA/protein ratio (ug mg™?) 4.89 + 0.49° 5.31 £ 0.40? 4.99 £ 0.24° 4.12 +0.60%° 2.31+0.27°
A Myosin (J g ™) 0.44 £0.01 0.39 £0.04 0.53 £0.02 0.37 £ 0.05 0.40 £0.11
A Actin(Jg™?) 0.35+0.02 0.33+0.03 0.34+£0.01 0.34 £0.02 0.38 £0.03
A Actin/Myosin 0.81 +0.06* 0.89 +0.01° 0.67 +0.06° 1.13+£0.012 0.74 +0.07*

Data are expressed as mean + SEM (n = 5).
Differences between means were tested with Duncan's multiple range test.
Different superscripts in the same row indicate a significant difference (P < 0.05).
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Table 6 The chemical composition of carcass of male Siamese fighting fish individually reared with various color backgrounds. The observed

parameters were recorded at the end of the two-month experiment.

Background color

Chemical component

Transparent White Red Blue Black
Moisture (% FW) 73.05 £ 0.57% 71.98 + 0.95% 72.05 + 0.63%® 70.43 +0.82° 72.85 + 0.47°
Crude protein (% FW) 16.26 + 0.33% 17.08 £ 0.34% 16.88 + 0.15% 16.71 + 0.46% 15.72 £ 0.27°
Crude lipid (% FW) 2.99 £ 0.33° 3.47 +£0.32 4.45 +0.29° 5.77 £ 0.24? 3.92 +0.48
Crude ash (% FW) 5.07 £0.27 5.22+0.14 5.13+0.12 4.92 +0.42 5.26 £ 0.15

FW, fresh weight.

Data are expressed as mean + SEM (n = 5).

Differences between means were tested with Duncan's multiple range test.
Different superscripts in the same row indicate a significant difference (P < 0.05).
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