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Increasing Capacity for Growth Performance of Butter Catfish (Ompok siluroides) Using
Local Rice “Khai Mod Rin” Rice Bran as a Carbohydrate Source in the Diet
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Abstract

This study aimed to evaluate the effects of utilizing local rice bran (Khai Mod Rin variety) as an
alternative carbohydrate source on the growth performance of butter catfish (Ompok siluroides). A Completely
Randomized Design (CRD) was employed with five dietary treatments and three replications: a control group
(KMR 0%) and four treatment groups supplemented with Khai Mod Rin rice bran (KMR) at inclusion levels of
10%, 20%, 30%, and 40% (KMR 10%, 20%, 30%, and 40%). All experimental diets contained 32% crude protein,
7-11% crude lipid, and 3,300 kcal/kg of energy. Butter catfish with an average initial weight ranging from 5.51 to
5.63 g per fish were fed the experimental diets for 12 weeks. The results indicated that fish fed KMR-
supplemented diets exhibited significantly higher growth performance and feed utilization efficiency than those
in the control group (p < 0.05). Specifically, the KMR 20% group achieved the highest final weight, weight gain,
length gain, specific growth rate, and protein efficiency ratio, while exhibiting the lowest feed conversion ratio
(FCR) (p < 0.05). In terms of survival rate, the KMR 20% group recorded the highest value (90.60+0.10%),
significantly outperforming the control and other treatment groups (p<0.05), whereas the KMR 40% group
showed the lowest survival rate (86.89+0.32%). Furthermore, polynomial regression analysis of the relationship
between weight gain and dietary KMR inclusion levels revealed that the optimum inclusion level was 19.86%,
which was consistent with the experimental findings showing that the KMR 20% group produced the highest
weight gain (23.96+0.24 g). In conclusion, supplementation of Khai Mod Rin rice bran at a dietary inclusion level
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of 20% serves as an effective alternative carbohydrate source, providing the highest efficiency in promoting
growth performance and improving feed utilization in butter catfish.
Keywords: srowth performance, feed efficiency, Khai Mod Rin rice bran, butter catfish, local feed ingredients
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la. Small-scale Recirculating Aquaculture System (RAS) layout showing stacked filter and rearing barrels constructed from

blue plastic drums.

Iy
1b. Components of an individual RAS unit, illustrating the vertical 1c. The waste filtration system consists of fiberglass filter
integration between the water treatment/filtration tanks cloth and oyster shells and is installed in each fish tank.

(top layer) and the fish rearing tanks (bottom layer).

Figure 1 Fish farm and rearing system for butter catfish (Ompok siluroides)
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Table 1 Proximate analysis of feed ingredients (% as fed basis) *

Feed ingredients ~ Moisture Protein Fat Crude fiber Ash NFE?
Fish meal 9.6 55.3 8.1 0.4 259 0.7

Soybean meal 11.7 455 0.7 6.6 6.3 29.2
KMR rice bran 6.25 10.56 10.93 16.14 14.93 41.19
Corn starch 9.6 75 0.2 0.8 14 80.5
Rice flour 6.81 7.84 1.49 0.86 0.49 82.51

Mean + standard deviation of three replication, 2NFE: Nitrogen-free extract
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Table 2 Composition and Proximate Analysis of Experimental Diets (% dry matter basis)’

Ingredients Formula

(g/kg feed) 1 2 3 4 5
Fish meal 18 26 28 325 49.0
Khai Mod Rin rice bran 0 10 20 30 40
Soybean meal 46 35 32 24 4
Corn starch 6 1 0 0
Rice flour 14 13 6 6 2
Soybean oil 6.5 6.2 6.5 4.5 2
Vitamin and mineral mixture® 3 3 3 3 3
Hull 6.5 5.8 4.5 0 0
Total (%) 100 100 100 100 100
Proximate analysis of experimental diets (% on dry matter basis)’
Crude Protein 32.43 32.45 32.63 32.53 32.01
Crude Fat 8.50 9.84 11.27 10.67 7.20
Crude Fiber 11.78 11.95 12.00 8.61 8.93
NFE'/Carbo 29.94 26.05 22.73 24.54 33.05
Digestible Energy, kcal/g) 3,290 3,270 3,290 3,290 3,300

Vitamin and mineral mixture! (Feed 1 kg.) :Thiamine (B;) 10 mg.; Riboflavin (B,) 20 mg.; Pyridoxine (Bs) 10 mg.; Cyanocobalamin
(B12) 2 mg.; Retinal (A) 4,000 IU; Cholecalciferol (Ds) 29.2 mg.; Menadione sodium bisulfite (Ks) 80 mg.; Folic acid 5 mg.; Calcium
pantothenate 40 mg.; Inositol 400 mg.; Niacin 150 mg.; DL-alpha-tocopherol (E) 50 IU; Choline chloride 6,000 mg.; Ascorbic acid (C)
500 mg.; Anticaking 200 mg.; Antioxidant (BHT) 2 mg.; Acetate (A) & Cholecalciferol (ADs) Rovimix ADs; 500/100 700,000 IU; NaCl
0.25 g.; MgCO; 3.75 g.; FeSo, 0.72 g.; (CH;CO0) ,Ca.5H,0 0.88 g.; ZnSO4.7H,0 0.088 g.; MnSO,. 4H,0 0.040 g.; CuSO,.5H,0 0.008 g.;
CoCL,.6H,0 0.00025 g.; KIO5.6H,0 0.00075 g.
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1) dwmiiniadesiada (Average body weight) = thwitinUa)sau (n$i) /S nudarimvdenianan (#7)
2) dhwiin sy (Weight gain, We) = ihwiinuadleduganisies (n3u) - dwrinuandusu (n3u)
3) ANETILANTY = ALEIYaLoAUAANT SRS (33.) — mmm’mmlﬁmu (31.) .
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) Snsmsuaniiie (feed conversion ratio) = twminuisemmsivaniuiamn (h$u) dwmdnuaniaai

LT (N5) ) ) i}

6) Uszansnmuesnslilusiu (protein efficiency ratio) = thwiinUanfifindu (nsu)/ dndnlusiufivan
165U (n3) (Zeitoun, et al., 1973) o .

7) 8m31n15509 (survival rate, WWasidud) = [uuladlieduganismaasy/anuiudansusu] x 100
nsAATIEdaya

Tesrzvideyan1sadd laeldlusunsumeuiatnesnisr1uada alelusunsy R11959U 4.60
(R Core Team, 2026) LAXILATIERAMUUANANNIE@DAAILTT One- -way ANOVA (Turkey’s (HSD) NSrAUAIY
13911 95% Inedias1auuUsUsIu (Analysis of variance) AULNLATVIARBILUUFNARDN LLauL‘UiEJULVIEJUﬂ’J’m
LLmﬂmwaquaaEjsuaqmsmaaﬂLmauwmsmaaq 1835 Duncan’s New Multiple Range Test (Duncan, 1955) #

iuﬂUﬂ’NlILGU?JlI‘LJ 95%

og

o

NaN1SAN® wazdansal

InnsAnuanswavesnsiasustltuas uluermsuanvelousta 5 5y GTU (0, 10, 20, 30 wag 40%)
Wuan 12 dUai (Table 3 wag Figure 2) WU Ua’ml@’iUE]’]W]'ﬁLﬁiMS’]“U’]ﬂSUQJGﬁ‘Lﬂ‘u%ﬂ‘u 20% (KMR 20%)
mmﬁauvmimmmdmmm Imaummm@aaammamam (29.50+0.83 N¥u) "?NLLWﬂWN?JEJ’NZJ‘uEJﬂ’]ﬂﬂW]’NﬂﬂW
(p<0.05) LmmﬂmumwﬂmaumumLLa‘vivaﬂmasmam ImammLmﬂmqﬁuadmmmsmmﬂgsmmumumaﬂmu
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iis L'Uumulﬂ Tusnulsgdnsamnisiguseleatane1ms ‘wmmaumaimwn 20% uﬂ'lammmmmmu‘[mwm%
(SGR)awam warilUsz@nsninnisltde s (FCR wag PER) aamﬂamiﬂiuwﬂmqmmﬂu (p < 0.05) Tuvauzn
NANISILATILNONTIN1550ANNY (Table 4) ‘me Umﬂam/ﬂ,msummﬂasmwwﬂwmuiuium‘u 20% (KMR 20%)
uwmﬂﬁiammﬂmamwmu 90.60+0.10% szmaarmﬂaummmt,awmﬂﬁwmaaqauﬂ amquuﬂmﬂmmnam (p <
0.05) Tuaue wﬂmﬂa 3JVI1®5UEJ’I‘1M§LE‘1§1J5W‘U'1’31‘U1JG1§ ulusgau 40% (KI\/\R 40%) uami’m’liiammﬂm’lama
86.89+0.32% 1134 mamiwmﬁammsﬂ,u"dmnauvﬂm‘um‘mil,aimwnlmmsuiuswmu 0% (¥nAIUAL/ KMR 09%) um
9RIINTTIOA WINU 88.89+0.32% "LuwummLmenmnammL:uaLﬂisfumsmﬂuﬂmﬂawlmumwmaiui'wunlsumﬁu
TuseAvu 10% (KMR 10%) way sUaildSuomsiasusi i ldussulussiu 30% (KMR 30%) (p > 0.05) Vel ﬂ’ﬁLEﬁlli'l
mﬂusmwmmﬂﬂ (30-40%) ) danalionsinisiasgyiivlnanasiaziian FCR awuamamuimm mamimaaﬂﬁﬂmm
ekl swmumﬂaﬁmwniﬁuumwmmuawammmuﬂmmiauﬂa 20% “ZNﬁQNﬁU’JﬂG]EJWQ‘L!']W’LJﬂG]’JWL‘WlIGU‘LlLLau
Usy awﬁmwmimaaumm'ﬁmmua inLfﬂu‘wmau‘lﬁmaamiauwmimmmﬂw‘lmmuu 919l ammﬂﬂmmmn
Iﬂ‘U‘lJ’lﬂ’]i%ﬂ\i‘U@ﬂi’]‘UﬂWULua\‘i ImaLa‘wwuﬂunlﬁuumummimmmﬁulalmmama 41.19% mLUuLmaﬂwamwmﬂm
maﬂa’lﬁuviau aamﬂamﬂummﬂwwaq Phromkerd and Chanta (2020) V]VI”Iﬂ’]iﬂﬂ“H’lﬂ’]iLﬁ]iiULG]UIG]“UEN“LJ@TLJ@LLU@Q
et Tagldsrdaitudlos 3 Wug 5 loun F1aduunls dndadveals wazdrunieadn TuuSuia 30% 1uammvi'ﬁ )
ﬂmaaﬂ‘wuﬁsun‘wmwammamimml,miml,auﬂs awﬁmwmﬂﬂnmmﬂmawmw 1Jmuammsa%ﬂsviammfm‘zm
Wumaqmﬂim (W‘uﬁLa‘U‘uﬂii lmmmﬁwwwumau szmsunﬂauu (mumm*ﬂ,wmu) ﬁ]mﬂumnmammimmmim
(Tripetch et al., 2021) 13911519 Fududrui azauansenisud ﬂuﬂmu‘jmmwmm'ﬁam 9M78Lasuas 19
msL'«aimLmuimlmmwﬂaummuammuamm amﬂ,iﬂmu ﬂ’maimwmﬂusumum (30-40%) nauvlAUsEANSAIN
miwimmuimamamaum FCR awu Uimgmimuawaﬁmdmw WiI5191798 mmﬁulmmmmLUuLLwaawawumm
Lmmiwmmﬁmaﬂuammmﬂuﬂimmwmmﬂulﬂ agludmuananislduseleviaine s (Anti-nutritional factors)
p19lUsUNIUSE Uumsaama mﬁmmﬁwmsmmiﬂuawmﬂuviaﬂm WesmnUaneelewduaiiudedundn s
msldsdnldunsulusydu 20% mLﬂuammuwamamaﬂumﬁmLaimmmﬁﬁuLmuimimlmmmaLaamamﬂm

Table 3 Average weight of Butter catfish (Ompok siluroides) fed the experimental diets for 12 weeks

Period (Weeks)

Treatment
0 2 q 6 8 10 12

1. Control 5.63+0.01 7.05+0.02° 9.49+1.41% 10.49+0.05° 13.46+0.06% 15.63+0.62° 19.04+1.48°
2. KMR rice bran 10%  5.52+0.58  7.13+0.02¢ 10.93+0.07% 11.22+0.05° 15.12+0.04° 17.02+0.31° 21.32+0.96°
3. KMR rice bran 20%  5.55+0.02  7.34+0.04° 10.25+1.16° 11.77+0.10% 15.83+0.06% 19.43+0.46° 29.50+0.83"
4. KMR rice bran 30%  5.51+0.51  6.07+0.02% 8.96+1.61° 11.20+0.07° 14.19+0.03° 16.28+0.92%° 20.00+1.44°
5. KMR rice bran 40%  5.54+0.02 6.51+0.01° 8.66+0.94° 9.58+0.05% 13.53+0.03% 15.30+0.30° 19.37+1.05°

Mean + standard deviation of three replications. Mean within each column not sharing the common superscript are significantly
different (p < 0.05)

35
1. Control === 2. KMR rice bran 10%

3. KMR rice bran 20% —®— 4. KMR rice bran 30%
—@—5. KMR rice bran 40% 29:5

30

25

20

b 1559

Average weight (g.)

10

Period (Weeks)

Figure 2 Average weight of Butter catfish (Ompok siluroides) fed the experimental diets for 12 weeks
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mm‘umiﬂmsmwaéuamminW’J"Lﬁuumumaﬂiu?Wlﬁmwﬂ’I{LmUﬁﬂwuf\]mmmwmﬂawﬂau (Table 4)
'wm'mawlmumumaimwnlwmuiumu 20% (KMR 20%) fUszAnSnngeanegadideddgynieada (p < 0.05)
ImmammamwmnﬂaaummiLUuLua (FCR) mmam/l 0.98+0.07 way mﬂi awﬁmwmﬂﬂﬁﬂimu PER) GRGL
71 2.92+0.45 LlIEJL‘UiEJ‘UL'VlEJUﬂUﬂﬁiJUﬁ’WIlﬂi’Wﬂﬂmeﬂiu 30% (KMR 30%) afidn FCR WisTudy 1.30£0.13 %‘L‘Vimu’n
ﬂmaﬁmwﬁlmvmwmmvau (20%) danalvidanianuanunsalunisgaduuay Wasuarsomsiudunadanm
mammmmma@ﬂmwL‘wmulmamauﬂsvamm‘waaam u,mwammms‘wﬂmmmswmaaw%mumsﬂiuamaimmvﬂu
TUSAY 32% WagNaseu 3,300 kcal/kg WU (Isoca oric and Isonitrogenous diets) memimmmmaaﬂau%’l
wmaawimmwwwuﬁlwmu 20% 819LAAIINAMUANAATY m’mﬂmﬂu AINE NI WAy iwnlwmu
ImaﬂmmmaamwawummmaiulmmmLl,aq,"lfu:uuuﬂﬂﬂumﬂiiuw ugulunisdsedin uavanulusauld
LwamﬂamaswaﬂmuLuaLLam13Lﬁ13mmuimlmammw A0AARBINULLINIIUDY Hoover (1986) fiszy mamaiumw
IﬂimuuauLmaawawuﬂﬂsﬂﬂimuLﬂui‘lﬁmmﬂqmiumimmhwawﬁﬂ’lwmima&Jummﬂmsﬂaaﬂm uazliloNTeune
ﬂzuﬂwmaimmmsﬂuammnlﬁumiu (Nutritional Value of Khai Mod Rin Rice Bran) 31nn153tAS1¥90aAUsENaU
RNIGH wm’msunisuzumuuﬂimmmﬁﬂmmmaam 41.19% LLﬁ”M@W’]W%@JﬁMW 3 (KMR 20%) 3¢ HUSuned
mﬂvlamm 22.73% gelA1nng Wmmi‘mmaadama U Nngns (g AN 1=29.94%, am‘w 2=26.05%,
amw 3=22.73% amw 4=24.54% LLavam‘m 5=33.05% muumwﬂawviaﬂuﬂamlmimwnwuﬁ%msu 20%
ENﬂ\‘I@J’LJiwﬁVlﬁﬂ’IWﬂﬁLf\]‘ﬁULG]’UIGWI@ E)’H]LumlﬂmﬂiuG]U?JENS’HJ’]’ﬂ‘UJJG]iumJﬂ’]ﬁUVLSLfﬂiﬁlL‘U’LJENmJiuﬂEJUIuﬁGﬁENWI‘i
wlmaqmuiﬂ b Ls,JaLaimwmﬂuimwmmulﬂa nsgNUABNISISLAULA (Impact of Over- |nclus|on) 199910
uﬁimmmﬁuialmmsluﬂimmmL‘wmaﬂuu 30-40% lugns9n3 agdlsfinnn szavleemsvevgauwazansusznay
muimmmﬁmmumr] L1 ﬂi@i%lmmt.a aﬁwmmﬂ%u wﬂum'ﬂﬁzmsum.ﬂmmamummummiﬂmmmﬂm
mammu FJdinsiawazdmeaiiaaie 1ild wu nstiauseunaznisvdndunid ﬂumimuimmmi L’WEJEW]
mammﬂmmﬂuamimuimjmmi (Aboelyzed et al., 2024) dmsunansinseieuduiuSss ATy
LJJaﬁua(ﬂm‘i‘w{ﬂaaJﬂU‘i”fﬂUﬂJENi”l‘U’]ﬂsuum’tﬂuﬁmmﬂﬂ’l‘i (relationship of weight gain with dietary KMR rice bran
levels) (Figure 3) #2875 polynomial regression Wu3n msmuauawmmﬁmimLmimuamsm vidumnudunus
wuulAs (curvilinear relationship) Tneildn R? Wiy 0.525 wanein seduvessidalduniuiivarvyleuldSuanunsa
aﬁm&’JmmLL’LJ?LJi’gumam’mwuumuﬂimiumm 52.5% LLawmﬂammiwmwmmmuam (optimum level) suaawzm
16um'3uawﬂiwmm 19.86% maamaaaﬂwamimaawﬂmﬂawlmmwm’ﬂwmu 20% (KMR 20%) TAntmin
mwmuawam (23.96+0.24 9) muummmaiﬂlmw ﬂ1'5LaiuWun"lfumiuiuammmsmvmwivmm 20% Huseeu
iz aa,mammmuaaLaimmwmumuﬂmawaﬂumimaaamw summm‘ammmmmniwmwmmuw
Em]aqmaMﬂiuawﬁmwmimmLmUImamaq wazn1sidusylevdainemisivuildsanasegraiulate denndas
flungufves Jantrarotai and Tewpanich (1998) uag Hepher (1988) 1/1aﬁmmwﬂﬁmmmadmﬁﬂamsmLLa‘vLaﬁﬂamm
muiﬂiuammmiﬁ]”mwmwLﬂuﬁa%muimjmmi (Antinutritional factor) LLaW‘anvIauLUuﬂmﬂuLuaL‘Uwaﬂ
a]wﬂﬁlﬂmmwﬂivmumiaa&Ju,avammmmmsdummmmmimmimuwmaﬂa mmaimmamﬂmﬁmaaum‘mi
LUuLuaamuLLavﬂsvammwmiLmuimamaﬂwam LaZAINANTATIVEBYU WU ﬂ’]ﬂmﬂ’lWU’W]ﬂW’li’mLGIBTWMS’J?JEI@‘U
mmaas[,uﬁmmmmuamamsmmLmuimawmmam Imamunmmaﬂumq 29.50-31.00 peAnwaLded Ay
ﬂiﬁ]L‘Uuﬂ’N 6.50-7.25 Aroendiauiavansluth 3.65-7.10 fladnsusedns mmwmﬂuma 73.13-76.00 Aadniusioans
mﬂmmwmmﬂuamm’maau aa‘l,ummwmmvamamsmmLmuimamméuviau Umﬁuﬂaummsamsqmmaalm
28719UNA (Rem at al., 2020)
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Table 4 Initial weight, Final weight, Weight gain, specific growth rate, length gcain, specific growth rate, Feed
conversion ratio (FCR) and protein efficiency ratio ( PER) of Butter catfish diet Ompok siluroides) fed
the experimental diets

Treatment
Parameter Control KMR 10% KMR 20% KMR 30% KMR 40%
Initial weight (g) 5.63+0.01 5.52+0.58 5.55+0.02 5.51+0.51 5.54+0.02
Final weight (g) 19.04+1.48°  21.32+0.96° 29.51+0.83° 20.00+1.44° 19.37+1.05°
Weight gain (g) 13.41+0.32°  15.80+0.45° 23.96+0.24° 14.49+0.72° 13.83+0.16°
Initial length (cm) 6.67+0.02° 6.68+0.01° 6.69+0.00° 6.70+0.02° 6.63+0.01°
Final length (cm) 16.89+0.23°  17.86+0.34° 19.41+0.34° 16.78+0.23° 17.25+0.13°
length gain (cm) 10.22+0.25®  11.18+0.34° 12.72+0.34° 10.08+0.23° 10.61+0.12°
SGR (%/day) 3.09+0.13° 3.29+0.72° 3.78+0.41° 3.18+0.11% 3.12+0.92%°
FCR 1.52+0.09° 1.18+0.10° 0.98+0.07° 1.30+0.13" 1.36+0.09"
PER 1.89+0.10° 2.44+0.29° 2.92+0.45° 2.23+0.17%° 2.11+0.15%°
SR (%) 88.89+0.32%°  89.80+0.20° 90.60+0.10° 87.90+0.15° 86.89+0.32°

! Mean + standard deviation of three replications.

Means within each row not sharing a common superscript are significantly different (p < 0.05)

T
26 - : Polynomial regression
y = -0. Olng + 0.6733x -+ 13/0020 E & Mean * SD
R? = 0.5
24 A Optlmum = 19.86% *
i
22 h
¥
—- [
) ¥
= L S — e T S e S P
© [
o V
E 18+ H
2 b [
= [ ab
16 -| + ¥
a h i i
14 4 & | »
i
12 r
[
[
10 T ¥ T T & T T T T
0 5 10 15 20 25 30 35 40

Dietary KMR rice bran levels (%)

Figure 3 Optimum dietary Khai Mod Rin Rice Bran level for Butter Catfish (Ompok siluroides) determined by

polinomial regression analysis.
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