51891 gaTUENY I

dnn2sTimangaNa1nsUNISIaYIUaNNe
(Betta splendens Regan, 1910) \39nW1ive
Optimal conditions for commercial production of

Siamese fighting fish (Betta splendens Regan, 1910)

L

ya
W78
U

Y (1 4 o/ L4
HYAENTI58 AT, N130U NReUTERUNL (Wandlasenas)

599ANENTIA1E AT, JANT WINUYUNBY ({371778)

TasensReilasunuatiuayuanRuaeld unInedeasvaiuasuns
UsednUeudssanal 2559 s9ElATaN1s SCI590420S



AnRNssuUsZNIA

2

{Iduv0vauAnd1inITonas iU WMINeIfeaIraIuASUNSNaTuayuYUaANYLAIT

[

e (@Y1 SCI5904205) waguihe Publication Clinic Aldaudemaslunisnssuiuaty

o o 4

AMTURTUN Y8Y0UANNIATIYNIINTVANENT ANENTHEINTEITUYIA Wazn1AIvINgImans
Uszend augdneidans AlininuewasieianIud wiesdleaunsal wagaisadinlddmiuns
9y wazveveuRANAUGATENRINYTIMENT UM INeduaAaINATUNS Toulns1En1sldinTes

LS uTraaLnudLAansines

' v
Ya v a o a A s

HIdpveveunniindnu sy iniivihinerdnusaeldlasinsidel Ae ueaniiieuds

L] q

v =2

wl@n (sanindnen 5810620024) #ill

WwdRguaztemasawililasimsIdedsaaarsniely

q

SEELLIANNNNUA

M3 NeUsEaum

(H928Mans1anse a3, 1308 NeUsERun)



UV

YolATINITIVY

o @

AEUNIVY

unAngan wlneLazn1¥IsIng Y

Y a

UNATUNUTINT

Y

AANUIN

N TaRnLULarTRLAUBL UL AU UNTITsalU

(%

¥ UnANNITeTLaueluNUTEYININTSEAUYIR

[

A UNANLITENARUNLUINTAITTEAUUILIIR

a v (9

9 AURTUUNANUITEAMSURNUNLUINTANTIEAULIUIIR

O N NN

30



dawiiion

1. Folasean1sise
anmeiwnyaudsumsiaesandia (Betta splendens Regan, 1910) 3w 1did
Optimal conditions for commercial production of Siamese fighting fish

(Betta splendens Regan, 1910)

2. ANEINIY
2.1 fHemMans1a138 a3 N30 neaUsEauid (nthlasenis)
MeAYTINeIAARSUTEENG AEINenAEns

2.2 S9IMEANTINTY AT. JANT WINUYUNBA (5
A

AAIVIINTVANERNT ARIENTNEINTTTIUY

3. unAndaneineuazn1edingy
nsfnwasiiingusrasdiionsaaevuiinsiuardnivusfimangausoniaiies
Uanfn (Betta splendens Regan, 1910) lngUszidiuanngnsinisiaseduls nslauseleviain
913 Anssuveoulusidosmns 371 aunwvaandanile uaresdusznoumaafivasen
mefnuUiinastmzaulasiUanfadgEuasiar (mindasudu 0.97 + 0.01 niu) i

Wesuuaeluguimniusinasuansneiu 5 se6iu (100, 150, 200, 250 wag 300 Jaddns) 31U

L 1

15 f/75maud (n = 15) Wuian 8 dUannt wudrdariaesludsuinsii 150 fadans 1nns

a

Wiiule Msldusyleviainemns wardRafnan (P < 0.05) Anssuveseuledgosermsinig

WasuwUauiasannusuinsiinldiaes snviuianssuvesesluaa wana1ndl YSuinsin 150

[

fiaddns deednwmaunnnauilons uililinadessddsznaumaniiveswin eniudiunu

YY)

Tasfunfiannguiuusuinsdn Ysunnsinsananiiaddnaasunavesdnivusimunsay tnsuiuan

o v '
¥ ¥ 0 v o Aa

fndagaunanaiy hudndasudy 1.13 + 0.01 n3u) wdswuuingrluguimnidanyuzuanedig

a

fu 5 & @la dvm Auns By uagde) 1w 15 da/vInend (0 = 15) Wuan 8 dUani wa
msAnwmuivadsdunsugdiitulinnaigiiauesmslivsslesiannemsifian waed
Snsrdueterluna/vivBugsiian ansiiRnssuveneuluddenoms 3R aunwueandunile
wazodUsznoumaaiivessnlsifinnuuanssiuualugaemuay @la) wamsfnyiiamnuans
Tifuian s fvnzaudmiunisdssante Ao Usinast 150 faddns uazaausiaseiila

YUY



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 ¢
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 backeround 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 was suitable for rearing solid-red male Siamese fighting fish.
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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 £ 0.04 117 £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°

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+0.61° 8.36 + 0.40° 6.92 + 0.24%° 6.31 + 0.34°
o 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 perfor-
mance 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
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no differences in enzyme activities were observed be-
tween 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 treat-
ments. Protein synthesis (RNA concentration) and its
turnover rate (RNA/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 experi-
ments, the preferred minimal water volume for individ-
ual 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).

@ Springer
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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

@ Springer

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
3.4.23.1), 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,qo=
40 pg RNA per milliliter and E,g0=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)/ (-~15)] 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™")

= 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° 5.2640.24° 6.37+0.33 6.62+0.28 7.124+0.62°
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% 26.92 + 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° 2291 +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 ) 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 1521 £ 0.33
Crude lipid (% FW) 3.27 £0.18° 240 +0.13° 1.26 £ 0.14° 1.48 £0.16° 1.60 £ 0.27°
Crude ash (% FW) 3.33 £ 0.46 423 +034 413 +£0.48 4.48 £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
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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 synthesis) 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 (feeding rate, feed conversion ratio and protein efficiency
ratio) 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
capacity (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, 2017), 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 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,
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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 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 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 color backgrounds (transparent, white, red, blue and black). These individual fish
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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 coordinates, and carcass composition. Survival,
growth performance and feed utilization parameters were calculated as described below:
Survival (%) = [Final fish number/initial fish number] x 100
Condition factor (CF, g cm ) = [Live body weight (g)/body length (cm)*] x 100
Specific growth rate (SGR, % BW dayfl) =[(In Wi—In Wy)/(t — tp)] x 100
where W = mean weight (g) at day t, Wy = mean weight (g) at day t,.
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), Wy = initial body weight (g), W= final body weight
(g), t = feeding duration (day)
FCR (g feed g gain_l) = Dry feed consumed (g)/wet weight gain (g)

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



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

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 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 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.

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 pmol of substrate per minute. Specific activities of enzymes are
expressed as U (or mU) mg protein '. 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.
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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 E,q = 40 pg RNA mL ' and Ess0 = 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 (T,), denaturation peak (T4), and conclusion (T.) 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 10°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).
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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 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
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activity. Lipase specific activity was highest in the fish 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 wvaried
(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, 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
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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 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 satisfied. 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
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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 sexual 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 with 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., 2002; Rotllant et al.,
2003). Decreasing a*/b* value of skin in solid red male fish when reared with red
background might have improved 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
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proteins left in their native stateis 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 tank color background have been
previously reported in various fish species. No significant differences in 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 El-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.
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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 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.

Digestive enzyme Optimal conditions*  Substrate Observed product References

Pepsin pH 2 at 40°C Casein L-Tyrosine (A720) Rungruangsak and Utne (1981)
Trypsin pH 8 at 50°C BAPNA p-Nitroanilide (A410) Rungruangsak-Torrissen et al. (2006)
Chymotrypsin pH 8 at 50°C SAPNA p-Nitroanilide (A410) Rungruangsak-Torrissen et al. (2006)
Lipase pH 8 at 40°C p-Nitrophenyl palmitate ~ p-Nitrophenol (A410) Winkler and Stuckmann (1979)
Amylase pH 8 at 50°C Starch soluble Maltose (Asag) 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.



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.

Paramoter Background color
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 +0.07* 4.03 + 0.04° 4.00 + 0.04° 4.02 + 0.04° 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 + (.24 6.87 +0.33° 7.30 +0.28° 7.76 + 0.62°
CF (g cm™) 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+0.08° 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 gain mg protein ') 1.37+0.11° 1.39+0.10° 1.71 £0.12° 1.83 +£0.07° 1.11 £0.07°

VI, 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).



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 £2.43°
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+0.11° 2.12+0.57" 2.06 + 0.04™ 2.39+0.15°
A/T ratio (x 107 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).



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° 2438 +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 +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).



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 (ugg ) 1,387 + 119° 1,504 + 99° 1,302 + 161° 1,432 + 83" 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° 531 +0.40° 4.99 +0.24° 4.12 +0.60™ 2314027
A Myosin (J g ) 0.44 + 0.01 0.39 + 0.04 0.53 +0.02 0.37 +0.05 0.40 +0.11
AActin(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™

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).



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 + .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).



