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Abstract: This study on the application of corn with a pellet binder for replacement wheat flour was conducted
by focusing on the growth performance and immunity of whiteleg shrimp (Litopenaeus vannamei).
The experimental design was a completely randomized design (CRD) with 3 treatments and 4 replicates,
corn replacement for wheat flour at 0% combined with the pellet binder at 0% (T1), corn replacement
for wheat flour at 50% combined with the pellet binder at 0% (T2) and corn replacement wheat flour at 50%
combined with the pellet binder at 0.4% (T3). The pellet binder used in this trial was lignosulfonate + guar
gum. The results showed that shrimp fed T2 with diet had the highest feed conversion ratio (FCR) (P<0.05).
The average daily gain (ADG) and specific growth (SGR) were the lowest (P<0.01). Shrimp fed with T3 diet
had growth performance in the same range with shrimp fed with T1 diet (P>0.05). In addition, shrimp fed
with T2 and shrimp fed with T3 had increased the amount of hemolymph protein (P<0.05) and had increased
the amount of superoxide dismutase activity (P<0.01). Shrimp fed with T2 and shrimp fed with T3 trended
to have red color after cooked than shrimp fed with diet control T1 (P=0.052). The protein and carbohydrate
digestibility (in vitro digestibility) were not significantly difference (P> 0.05) among these three diets.
Therefore, corn combined with pellet binder at 0.4% can be used to replace wheat flour at 50% without

affecting the growth performance of whiteleg shrimp.
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Table 1. Feed ingredient composition and nutritional value of experimental diets

Parameter T1 T2 T3
Ingredients (%)
Wheat flour 20 10 10
Corn grain 0 10 10
Pellet binder' 0 0 0.4
Fish meal 16 16 16
Soybean meal® 435 445 44.5
Fish oil 15 1.5 15
Lecithin 1.5 1.5 1.5
Vitamins and minerals 12.8 12.8 12.8
Rice husk as filler’ 4.7 3.7 3.3
Total 100 100 100
Feed cost’ (THB/kg) 27.27 26.99 2717
Proximate of nutritional value (%)
Moisture 9.07 8.40 10.90
Crude protein 40.84 40.97 39.67
Crude fat 5.84 5.64 5.98
Fiber 4.50 4.27 4.14
Ash 10.61 10.58 10.35
NFE* 29.15 30.14 28.96
GE® (kcal/kg) 4,052.74 4,081.88 3,992.16
DE® (kcal/kg) 2,631.19 2,644.29 2,596.83

1Iignosulfonate 95% + guar gum 5% (Kembind Dry; Kemin Industries, USA), 2Adjust nutrition to be same

3Ingredients price (THB/kg): wheat flour, 16.25; corn grain, 12.10; pellet binder, 45.00; fish meal 38.50; soybean meal, 16.00;

fish oil, 41.70; lecithin, 37.20; vitamins and minerals, 75.10; rice husk, 2.25

*NFE =100 -

°GE, gross energy = (%Crude protein x 5.64) +

°DE, digestible energy = (%protein x 3.5) + (%fat x 8.1) +

(%protein + %fat + %fiber + %ash + %moisture)

(%Crude fat x 9.44)
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Table 2. Physical properties of shrimp feed pellets composed of corn replacing wheat flour

Item T1 T2 T3 SEM P-value
Water solubility index (%) 19.97+0.50 25.00£1.12 22.57+£3.36 0.94 0.066
Water stability (%) 82.77£0.15 81.97+0.35 82.40+0.46 0.15 0.077

Mean with different superscripts in the same row are significantly different (P<0.05), SEM = standard error of means
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5ﬁLﬂuammuﬁﬁzﬁﬁﬁmmmmmaﬁq (Farmanfarmaian
et al., 1982) Lﬁmmﬂr’jﬁummi%LLmﬁummﬁr
atnpaLie (Jussila and Evans, 1998; Obaldo
et al., 2002) °lummwmmmmmmmmmmimiu
i limideemadnauinfinnisuannszans e
e msuazazanell v daunile vnldiAanas
zgtyL%ﬁﬁummmm@uﬂummmmiﬁLu'ﬁl,ﬁﬂ (Ali
et al., 2005) wililainansUsrauidia 0.4% dana
’LﬁmmmﬁwmtﬁmmmiﬁﬂuﬁﬂLﬁu;ﬁ”uumﬁmmu
nazanetinanas TnaanssranudadesWanms
Fusiuuiuiulunns8ainemns lierazioan
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Aesnaaaine s TN ldunuan ann1snnsqoyids
1901119 aza8 U AUl denAReIRUNANIg
wiulnaeafennanguiagssiaaan g T1 uasngui
WAENAR8811T T3 Talemsnisiulnedssadu
(ADG) uaz nsAuTnenmig (SGR) M1NNIINg
AAeganavis T2 @mmuﬁmmmmmmam
(P<0.01) a1sdszaruidaineiAa Nanysainig
nanaeaana s RN saa8F LA gNTLAIa
arsaunsanized luinteaignaundnieas lanu
(Obaldo et al., 2002) Al sulnaurinauag
awaliinismuinnay Indiaaeiufanguinlasy
P Y o =2 %
21119 NLINER TeaanAaesiun1sAnINTg I
¥ v Y Y o e‘%
daTnaluanmsteuaznislddnnnaaiunsdndin
Bu 7 1894338Ma18 71 (Niu et al, 2012; Wang
et al., 2016)
=S a v o v dl Yo
nsAnRANTUIasisIanlasueIung
VAABINY 3 NGN (Table 4) Wudn e lasuanmng
FaTwanaunuuaananszay 50% (T2) wazdnqing
NALNULLTNGANTEAL 50% Faniuaslseanuidn
0.4% (T3) HFunulsAnlurniae AN et N9
Wad1ATYN19aDA (P<0.05) LAAIDINANNAINID
lunnstletuazgadnaisernislaaianiylysmuil
dse@ndnnd Wunngileseenlaihadowaiini
1 a o ° o QI aa dl '
atgnelad Ay danneada (P<0.01) Terawlny
fulasfeanladnaiananiniinfsueyyadassine
walfisedasueyyagililesesnladuaulassu
Vidulalnsauilasaanlas (Nimse and Pal, 2015)
L8991NN1INBIUITHAIAINNAINULDIDINT b
Wngodaansawisludnidas feiueuisleduan
R R TR R Lol Y E RPN RYE LA
a v o o vy [~3 =l al a v o a
nAAuAw I IWsudeussdganand 9RAuulsad
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Table 3. Growth performance of whiteleg shrimp fed with experimental diets

Growth performance T1 T2 T3 SEM P-value
Initial weight (g/shrimp) 1.26+0.03 1.27+£0.04 1.28+0.06 0.01 0.820

Final weight (g/shrimp) 9.60+0.23°  8.40+0.32° 9.46+0.08° 0.17 <0.001
Weight gain (g/shrimp) 8.34+0.21°  7.13+0.32° 8.19+0.06° 0.17 <0.001
Average daily gain 0.15+0.00°  0.13+0.01° 0.15+0.00° 0.00 <0.001
(g/shrimp/day)

Specific growth rate (%/day) ~ 3.63+0.01"  3.38+0.08" 3.58+0.07° 0.04 0.001

Survival rate (%) 92.504+9.57 92.5045.00 85.00+5.77 213 0.274

Feed conversion ratio 1.30+0.11°  1.51+0.07° 1.43+0.09% 0.04 0.029

Protein efficiency ratio 1.90+0.16°  1.62+0.07° 1.76+0.11%° 0.05 0.024

Mean with different superscripts in the same row are significantly different (P<0.05), SEM = standard error of means

Table 4. Immune parameters of whiteleg shrimp fed with experimental diets

Parameter T T2 T3 SEM  P-value
Total haemocyte count 33.00£1.41 34.75+£1.50 35.25+£3.86 0.72 0.450

(x10° cell/ml)

Hemolymph protein (g/dL) 4.42+0.19° 5.03+0.15° 5.28+0.39° 0.13 0.004

Phenoloxidase activity 70.86+6.71 68.33+4.07 71.04£5.84 1.52 0.757

(unit/min/mg protein)

Lysozyme activity (unit/ml) 310.00£107.08 166.67+28.67  251.67+79.93 27.19 0.083

Superoxide dismutase activity 10.90+0.56" 13.62+0.81° 14.27+0.92° 0.48  <0.001
(unit/ml)

Glutathione (nMole/ml) 31.91+1.29° 31.18+0.59™ 30.22+0.05" 0.30 0.049

Color (SalmoFan No.) 21.38+0.52 22.75+0.71 21.75+1.67 0.24 0.052

Mean with different superscripts in the same row are significantly different (P<0.05), SEM = standard error of means

(Kantho et al., 2008; Lessard and Brisson, 1987)
= :l/ v = £ a 1 a
anisludatwaianssuenyadasylunguunalshn
uaem (carotenoids) tAA TuTuAY (zeaxanthin)
a7 (lutein) ATUTAWIUT (cryptoxanthin) LATLLIEN
~ < a Ay o
wAlsNu (beta carotene) TIRWATHHANTUIIATY
Aol maneailn @ 1Uane (Piaractus mesopotamicus)
ﬁmmﬁﬁ (Penaeus monodon) Lmzr’quq (Penaeus
vannamei) +114 A 1 (Rossi et al., 2020; Song et al.,
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2024; Wang et al., 2021) asvin linwuiSunaugilas
senlasmafinauazunnilsiiluiidensasis
Fl5UR1mns T2 waz T3 wnndnfeildiuenmng T1
wazinlsidelunguiilédfuenung T2 was T3 fuualiin
m@mmmum (Table 4) me’mwimummi T1
\anvee (P=0.052) saiinnsAneszugiAniuses
fernanfeilifunisdnenluanieznaia luilid
mMawtlanriennaeian wazmandslan
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nsAnmi AN sdenlAre9llsiuLay
pstulawmanaesemnsisluietfjimnag (Table 5)
WLI91 8139 3 an3naanusgasinatwanauny
wla@nd 0% Fanfuansszanugin 0% (T1), 81uNs
gradnaTnanaunuuilaana 50% sauiuanslszanu
Wn 0% (T2) uazamsgasdnalnanaunuuleana
50% FANAUANTUTTa1UEAA 0.4% (T3) WA 3eias
Idaaellsmunazanflulamanluiasdfimnasly
WANANAUNNeARA (P> 0.05) Iaaiuualiiunnsees
faaansaazfiluluamsilddrntnan aunuus
a1d 50% Fanniuansszanuln 0.4% NAn1stias
Vlﬁqqndqﬂ@:uﬁluj (P = 0.068) wananitauslu
nauAILAN (T1) uazngui ddn nanauwnuudeand
50% sanfiuanslszanudn 0.4% uwaldunistes
ldaaqiaiiaaglas (P=0.055) uazanslulainsm
Tnesangandinguldinatnanaunuutleand 50%

e lsiANaNTUszaN1Em (P = 0.060) wamaq9nngld

ansszanudiafinalienunsinisdesldnay
Lﬁmmniumm?xmul,ﬁmﬁLLa?'ﬁmme%mm:LLé
ﬁwﬁlu Il S1uunisasanailuasenidufaig
ﬂﬁﬂ?mmiﬁﬂmummLfau”l,smﬂuvmLaummi‘ﬁlﬁ
Tunisdealdsiunaziials (Maugle et al.,1982;

Silva et al., 2016) BanANLAINUANIANE IAEITIN
% U 1 v a
wan wugn nsties ldaeslilsfunazaslulansnaas
£ B 2 ¥ ' 1 o o
dnana wazd1atwa Tutdennalduansnaiuuaniin
[y | Py a 1y Aoy
anidu nsties ldnevaiimagiaaludraiwanidasys
desataasnndnistaslaaasaiigaglaaludng
a v U =3 dl a
andreud1ann wansdndssnuizesniaiutaly
HAAINANBHDIENINITNINTe9811 39 Ldda e
Hnnsazanaungs feldsuasannnstiasasasaasie
maiuledn whilednisaiuanstszanudaainig-
ATANYUNTBIAADINITANAY LATNNTEBLTBIDINIG
ad = o P a ad
Aau Asinalin iy npay
nslddatnanaunuuaanani lisunu
91A12MN3eR uUa INAAAY UEMINRA1IUITEY
gmsnisiaseyiuin mwmuwﬂumm@mmmwu
iesanndulndn samsensn Faduustinanansar
granvnsTldFunLa e uidhgaeaslaidana
Iiteiinnswsaaulanan v lsununsn@ads
analanalil FeaannisAneiinusideainnsldans
dszanudinaslugnsarmanudnfesinisasyiuln
ad Y a v £ =
AauLazlANANAATNNINTW 1HBIAINANINNIN
NENINEMIATY IREANNAIAITENTABIUNST
Tuwhanau Ardrslunisazaaunanas

Table 5. In vitro digestibility of shrimp diet composed of corn replacing wheat flour

Digestibility T1 T2 T3 SEM  P-value
Amino acid (g/100g) 3.79+0.17  3.61x0.26 4.14+0.24 0.10 0.068
Soluble protein (g/100g) 20.25+1.83  21.58+0.61 22.30£1.25 0.49 0.236
Sugar and starch (g/100g) 3.54+0.05 3.54+0.06 3.56+0.03 0.01 0.713
Hemicellulose (g/100g) 8.37£0.37  5.73+1.01 9.01£2.10 0.64 0.055
Cellulose (g/100g) 2.00£0.08  2.04+0.04 2.07+0.05 0.02 0.328
Mannan (g/100g) 1.70+0.08 1.74+0.02 1.78+0.07 0.02 0.342
Carbohydrate digestibility (g/100g)  15.61+0.18  13.05+1.13 16.43£2.17 0.65 0.060
Protein digestibility (g/100g) 24.04+1.97 25.19+0.44 26.43+1.49 0.54 0.207

SEM = standard error of means
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