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Abstract

Rugose frog (Hoplobatrachus rugulosus), an economic species, is widely cultivated due to rapid
growing, less cultivation area, short cultivation period, and domestically and internationally high demands.
However, one of the major problems in its cultivation is unstable growth, resulting from high stocking density
and/or unappropriated nutrition, which leads to the difference in size, frogs’ cannibalism, and low production,
although size measurement implemented. The objective of this research was to study the effects of Spirulina
(Arthrospira platensis) combined in five levels, namely, 0%(control), 1.5%, 3.0%, 4.5%, and 6.0% into feeding
formula to investigate survival, growth, and haematology levels of H. rugulosus raised in cement ponds for eight
weeks. A completely randomized design (CRD) was used to conduct the five treatments with three replications.
The result indicated that survival rate, final weight, weight gain, average daily gain, specific growth rate, and
feed conversion ratio of H. rugulosus cultivated with A. platensis level of 4.5% was best but not significantly
different (P>0.05). However, leukocyte, erythrocyte, haemoglobin, and haematocrit of H. rugulosus cultivated
with A. platensis level of 4.5% were highest and significantly different (P<0.05) compared to the control group.
In conclusion, the present results revealed that dietary supplementation with A. platensis at 4.5% level is likely
to increase survival and growth performance in H. rugulosus that farmer could apply this information to improve

their production.
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Arthrospira platensis levels in dietary (%)

Ingredients (kg) 0.00 1.50 3.00 4.50 6.00
(T1) (T2) (T3) (T4) (T5)
Fish meal (55 %CP) 45 40 39.5 38 34
Soybean meal (45 %CP) 26 29 28 27 30
Rice bran 12 15 15 16 16
Broken rice 14 11.5 11.5 11.5 11
Arthrospira platensis meal (62 %CP) 0.00 1.50 3.00 4.50 6.00
Fish oil 1 1 1 1 1
alpha starch 1 1 1 1 1
“Premix vitamin-mineral for aquatic animals (SUN-MIX®) 1 1 1 1 1
Total 100 100 100 100 100
Nutrient composition by analysis
Dry matter (DM) 88.83 88.84 88.89 88.92 88.90
-------------------------- % Of DM =-n-mmmmmmmmmmomeee
Organic matter (OM) 87.45 88.08 88.13 88.13 88.94
Crude protein (CP) 40.00 39.93 40.15 39.96 40.15
Ether extract (EE) 17.01 17.21 17.26 17.40 1717
Crude fiber (CF) 2.34 2.74 2.79 2.91 3.12
T’Nitrogen free extract (NFE) 28.92 29.52 29.47 29.84 30.58
Energy content, protein: energy ratio and feed cost calculated
¥Apparent Digestible Energy (DE, kcal/kg) 3208 3115 3094 3049 3036
DE: Protein ratio (kcal/ g Protein) 8.02 7.80 7.71 7.63 7.56
Protein: DE (mg Protein/kcal DE) 124.67 128.18 129.74 131.01 132.21
Price (Baht/kg) 29.94 33.52 38.38 42.90 46.84
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“'Premix vitamin-mineral for aquatic animals (SUN-MIX®): of 1 kg has Vitamin-A 500,000 IU, Vitamin-D3 100,000 IU, Vitamin-E
5,000 mg, Vitamin-K 2,000 mg, Vitamin-B1 2,500 mg. Vitamin-B2 1,000 mg, Vitamin-B6 1,000 mg, Vitamin-C 10,000 mg, Vitamin-

B12 10 mg, niacin 3,000 mg, pantothenic acid 3,000 mg, folic acid 300 mg, inositol 1,000 mg, biotin 10 mg and full filling media

substrate 1,000 g.

T’Nitrogen free extract (NFE) (%) = 100 - % (Crude protein - Crude lipid - Crude fiber - total ash - moisture) [16]
#Digestible energy (DE) (kcal/100g) = (%Protein x3.5) + (%Lipid x 8.0) + (%NFE x2.5) [16]
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platensis fiszauuananans ludanuuanaisni
1988 (P>0.05) Tasnuildsu A. platensis 1
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803INNITOAANLVBINLIN (Hoplobatrachus rugulosus) N lATUBNWTHAN Arthrospira platensis WANA1IN

Arthrospira platensis levels (%)

Parameters Weeks
T1(0.0) T2 (1.5) T3 (3.0) T4 (4.5) T5 (6.0)
Body weight (BW), g/frog 0 10.53+0.02 10.64£0.05  10.56+0.03  10.57+0.04  10.47+0.02
2 20.12+2.82 19.81#2.43  20.66+2.12  22.59+2.13  19.99+2.65
4 35.14+2.88"°  38.2742.90°  34.20£2.78° 40.33+2.24°  33.89+2.27°
6 47.20£2.06°  52.84+225° 54.18+2.68° 57.88+2.53" 51.61£2.91°
8 64.24+2.23 64.63+3.52  65.50£2.15  67.45+2.20  62.00£2.25
Weight gain (WG), g 2 9.59+0.13 9.1720.31 10.10£0.20  12.02#0.13  9.52+0.40
4 24.610.03 27.63:0.13  23.64:0.08  29.76x0.70  23.42+0.11
6 36.76:0.08°  42.20+0.03°  43.62+0.13° 47.31x0.20°  41.14%0.25°
8 53.7120.13 53.99+0.23  54.94+0.20  56.88+0.13  52.53+0.21
Average daily gain (ADG), g/frog/day 2 0.50+0.32 0.54+0.44 0.58+0.50 0.610.31 0.66+0.25
4 1.07+0.29°° 1.31+0.41° 0.96+0.32°  1.26+0.39®  0.99+0.40°
6 1.04+0.01 1.03+0.03 1.07+0.03 1.20+0.04 1.12+0.02
8 1.24+0.12 1.25+0.15 1.26+0.05 1.300.14 1.23+0.03
Specific growth rate (SGR), %/day 2 3.54+1.18 3.65+2.11 3.66+2.14 3.73+2.10 3.63+1.52
4 4.00+1.08 4.17+1.50 3.78+1.41 4.19+1.26 3.83+1.61
6 4.67+1.28 4.56+1.30 4.6421.77 4.69+1.47 4.53+1.41
8 5.05£1.25 5.18+1.26 5.19+1.68 5.25+1.23 4.77+1.74
Feed conversion ratio (FCR) 2 0.64£0.13° 0.69+0.757  0.66+0.46®  0.64x0.07°  0.66+0.03°
4 0.73+0.03 0.740.05 0.78+0.04 0.68+0.10 0.75+0.03
6 0.85+0.06 0.86+0.07 0.87£0.05  0.81¥0.07  0.84%0.06
8 1.04+0.02 1.02+0.03 1.05+0.04 0.95£0.03 1.07+0.02
Survival rate (SR), % 0 100£0.00 1000.00 100£0.00 1000.00 1000.00
2 84.88+1.62 84.44+1.52  86.67+1.10  86.33+1.67  83.33%1.25
4 73.331.33 72.2241.72  T4.44%1.62 75224188  71.2241.72
6 69.33+1.23 70.89+1.39  69.84#1.62  72.15+1.88  67.78+1.36
8 67.25+1.47 69.30+1.18  68.00£1.92  70.18+1.71  66.50+1.32

Values are means of three replicates + SD. Means with the different superscript letters are significantly different (P<0.05)
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qmﬁgﬁﬂnmﬁn AN D UAN95Y wazhaN oIy
°1Ja\mnnﬁqiumimaaaagjlu“ﬁaaﬁmm:auﬁm%’u
ANTLRBINY [17] waz lidanuuand1snwnsaia

(P>0.05)

Arthrospira platensis levels (%)

Parameters

T1(0.0) T2 (1.5) T3 (3.0) T4 (4.5) T5 (6.0)
pH 8.72+0.22 8.66+0.20 8.56+0.25 8.63+0.18 8.59+0.13
Dissolved oxygen (mg/L) 7.52+2.60 7.60+2.50 7.45+2.66 7.64+2.60 7.75+2.54
Water temperature (°C) 29.53+1.20 29.75+0.89 29.80+1.12 30.02+0.92 29.81+1.23
Total alkalinity (mg/L as CaCOj;) 126+1.45 125+1.62 127+1.52 128+1.48 129+1.46
Total ammonia-nitrogen (mg/L) 0.02+0.01 0.030.01 0.02+0.01 0.03+0.02 0.02+0.01

Values are means of three replicates + SD. Means with the different superscript letters are significantly different (P<0.05)

fnsudlafaine1vesnuw waadbilu
A13519 4 [22] Ui USunmiaiieaaniuasida
LROALAY haemoglobin L&z haematocrit UaINUW

165U A. platensis 520U 4.5 1asigud 1duszia 8

=3 =

s 6 A a =3 A 1

e JdSurmidatioanin tlataaauad 61
haemoglobin La& haematocrit gdﬁqﬂ uazdalnu
wan@INIIEfAad1IlRdAY (P<0.05) LiD

wWisnifisuniungui laleTu A. platensis

A1319 4 N LARAINL1VINLUNA b Arthrospira platensis Wa1®13619n% 5 33U 1DUIzuzIan 8 sUanw

Arthrospira platensis levels in diet (%)

Parameters
T1(0.0)

2 (1.5)

T3 (3.0) T4 (4.5) T5 (6.0)

leukocyte, x 10%/LLL 261.77+2.32°

erythrocyte, x 10%/ L 120.00£0.02°
haemoglobin (HGB), g/dL

haematocrit (HCT), %

7.56+0.015°
2.56+0.10°

333.28+74.20°
100.00+0.02°

7.68+0.26°
2.96+0.42°

345.84+32.95°  362.96+1.02°  289.82:35.04°

130.00+0.06°  190.00£0.10°  120.00%0.06"
7.53+1.21°

2.40+0.49°

9.16+1.48°
4.73+2.29°

7.73£1.63°
2.76+1.12°

Values are means of three replicates + SD. Means with the different superscript letters are significantly different (P<0.05)

o150k
HanINanasnsiuaasliiiuinnisles
Arthrospira platensis lugmm WITTIYFILFINNNT
wiydulauszmiseaaorasnumw ilumliud
d1w Tagiawnzagnabalunumlasu A, platensis
Tugasewnafiszav 45 wesiiud Jamansaaule
windfmdudu sanisesyidvladetu
samsasyLaulasiiwig Laz8ATINITUANLIE)
LLa:a”m'mﬁia@mﬂﬁﬁq@ ulfgnunualafia
Inen (USunadatfeaaiiuazidalioanas
@1 haemoglobin WLz haematocrit) ﬁgan’h’g@ﬂ’li
NARBIDU FOAARDINUNAMNIANENATIHNUHAT

MILEIN A. platensis NIl duarmisnuaaiinais

5iia lay Boonta et al. [12] AAFNBINALDIBTHI
W&¥ A. platensis, Cladophora sp.wae Allium sativum
fiyzau 5 Wesidudluamisnumw (Rana rugulosa)
Afihminisududszanm 280 n3u dsadum
120 3% ludoFuud wudn ludrunisiasyidvle
LATEAIINITIONATY NUALASUBIMITHEY A.
platensis 3zay 5.0 1afidud aninudilesy
ANRIIHEN Allium sativum 5.0 1Ua3L5ua 8113
W& Cladophora sp. 5.0 \afidud uaznduaiugu
WA bNLANAIIAUNIIRDE (P>0.05) LEWLABIND
Patchanee and Arunkamol [8] “71'3’1 giy1windan
NALNAD (Hemibagrus filamentus) ‘ﬁl 3 gm Ia7y

21W1ILETY A, platensis Tuztuuuaa 4 szau fa
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0 (NguAILAN), 5, 15 uaz 30 twadidud wui dm
AAE9TIIDIMTIESY A, platensis §8931N13589
g aasmaaspiduladaiu sanmaaiyidvle
ALNE LLa:é'@lﬁmsLLanLf‘zaﬁﬂ'jﬁﬂmlumju
AIUAY &% Limhang et al. [9] iwmu'hgﬂﬂmﬁ
1ns (Mystus gulio) 'ﬁlvl,ﬁﬁ'u DNRIINRU A. platensis
10 wWasifud daammiaiydvladainh uazaa
mmmmﬁaﬁniwmjwﬁv[&ivlﬁ{u A. platensis %1
ANMNLANAIINWNIIRD @ (P<0.05) LTWLA8INY
lbrahem et al. [7] Wui1 Ualika (Oreochromis
niloticus) isu A, platensis wUSuneu 5, 7.5, 10, 15
WAz 20 N3N fa 81W13 1 Nlansy Imaasgidvle
LAZAITINITTAAAEFI (P<0.05) nINuAILAN
281413fau Dernekbasi et al. [29] ladnsHavas
AMILETUBIRITAE A. platensis L3zal 0, 10, 20
waz 40 1asidud dan1siasaidulauazansnng
LLaﬂLﬁaluﬂmmmﬂga (Poecilia reticulata) WU71
lifinadamaasaidulavasan uamaasue1ms
@8 A. platensis luszal 40 Wasitudliaasins
LLamﬁ:aﬁﬁq@ L WLABINY Teimouri et al. [11]
YINNIANENaDY A. platensis Waalua1r1sUan
rainbow trout (Oncorhynchus mykiss) ﬁi:@”ﬂ 0.0,
2.5, 5.0, 7.5 waz 10.0 iasidud wuin laudunade
nstasaidulasedtlan udanwudfiszay 7.5
Wasidud uszaufivwanzandanmseaaidadle
o Tagldgsnansznudenisiasuidulazasdan

@
o o 3

AInBzRB LA INUSu Tl T ET R TaIRIT
' = ) v o & X '
@149 TIud4 A, platensis luarmidaiinudves
nudandezasdrasmsin llddszlood uazdas
S o & = )
dilafisrfia awa uazergvesdaiimaidin
RIWIARaNEH § NNBITITniInMsaanaae
A v o 6‘:/ o ]
wWaldFaTihaunntaseimsans g llslums
wigdulaldadfidszaniawuiniige (24]
lumsAnwassfainuin nuwnlasu A.
platensis 7132aU 1.5, 3.0 uaz 4.5 1asidud J8am
nmyraaatguazmsaiatdulaludiniiningd
v :/ e o § A’ &/ g a a
garie dntndifiindu dan1saiglavle
DGR LLaza‘”@ﬁmnﬁmLauimﬁﬂwazgqﬂiw

NEUAILA Ll T AITNLANGAIINWNIIFD A
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(P>0.05) 881913701 wudn nunifilesy A
platensis f132oU 4.5 1asifud ﬁﬁmﬁﬂ@ﬁqﬂﬁm
LLazﬁmﬁfﬂﬁLﬁu"fugo (P<0.05) ﬂ'jﬁnﬁjuﬁleivlﬁ%'u
A. platensis TugianW7 6 nanansuganuinny
wle5u A. platensis Tusza 4.5 1Wasifud Jdn
gaINNNITeaaLasnITsaLAula goﬁq@lu
flonwdi 8 Mmiuuihitasunanly A, platensis 1
wanandlsdugonda Fafinvalaauliduea
’iﬂﬁﬁuLLa:LLiﬁﬂﬂﬁﬁﬁﬂu@MaﬁU‘Hﬁ@l 39909 GLA,
chlorophyll, carotenoids, phycocyanin ez SOD 29
ﬁqmawﬁ'ﬁ“ﬁaUl%ﬂﬁiLﬁ]’%tgLﬁuimmzaaﬂmﬁima
Tanwdusnsduenyadass aIndu)iduni
WRSEITAIUNITONLED [18, 21] REAARBINUTILIY
28aJ Abdel-Tawwab and Ahmad [30] ﬁIﬁﬂmﬁa
(Oreochromis niloticus) ldsuamInan A, platensis
Tuszaudns g e 12 §ansk nasaniuie
@28 Aeromonas hydrophila W1 31 Uanfilasy A.
platensis U314 5-10 N3N @a 81T 1 Alansy
dnsasaidivle wazmansndumudelaas
é’@mmsiaﬂmUqaﬂ'jﬁmjumimaaaﬁu LTULAL
AuMInaaasad Ibrahem et al. [7]  7ilamsdne
UNLNT8I A, platensis dam e audule niqunu
LRZNITATUNY Pseudomonas fluorescens U84
Usfiafinuin Usfiafisuonvnsuay A. platensis
lud3unm 10 n58 de 81w1s 1 Alansu tdu
szozIan 2 1Wien Inaaiydule piidunu uaz
m'lwmmmlun’mﬁmmm%aﬁm’wnajumi
NARDIDU

WONIINUUINHAMIANHINLI N
l&SuamInEN A. platensis 1326y 6.0 1osidud
fisanmeamaouazmaadyiduladininuund
l&5UaMINEY A. platensis f13=6U 0.0, 1.5, 3.0
way 4.5 1Wasidud Geannisdanang@nssums
Auaw13v09ny WUt nuwAlaSLamITNES A,
platensis 6.0 1Wo3iFud Auarmislulsunmitas
n'jflﬁg@]mswmaaﬁu 819LANIINNITLEIN A.
platensis luszaufivsan wgafinly WHagannuuw
uda iAo s wanuuag (insectivore) 3989Ka

@aN1THDINITVINY [12] ROAARBINUKNANIT
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A. platensis lo19n37320U 3.0 1Wasifud Tnalw
a3 gLavlaueslanas (Carassius auratus)
fd1gega udn1siaIu A platensis 5 tlasiFud
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L8ZI1891U B89 Liao et al. [13] AWDI1 N15L&5H
Arthrospira sp. 5.0 LﬂafL%u@ﬂuaﬁﬂﬁiﬁdqaﬂﬁﬁ
(Penaeus monodon) V‘iﬂﬁrj\‘iﬁmsl,ﬁzyl,ﬁﬂmﬁw
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LLazﬂizﬂau@T'Jﬁmﬁuuazm’m@Jﬁﬁﬁﬁ'ﬁgﬁmwﬁ@
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