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Dietary Myo-inositol Requirements of Pacific White Shrimp Litopenaeus
vannamei

Jongho Lim and Kyeong-Jun Lee'*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Republic of Korea
'Marine Science Institute, Jeju National University, Jeju 63333, Republic of Korea

We aimed to determine the dietary myo-inositol (MI) requirements of Pacific white shrimp Litopenaeus vannameli.
A basal diet was formulated without myo-inositol (M0) and a negative control diet (M0-) was prepared by adding
tetracycline hydrochloride to the basal diet to prevent intestinal inositol synthesis. Five MI diets were prepared by
adding MI at 300, 600, 900, 1,200 and 1,500 mg/kg to the basal diet (designated as, M300, M600, M900, M1200 and
M1500, respectively). Triplicate groups of shrimp (initial body weight, 0.55+0.01 g) were fed one of the experimental
diets for 42 days. The growth performance of shrimp in M0O- group was significantly lower when compared to that of
shrimp in M0, M1200 and M 1500 groups. Feed efficiency was significantly improved in M1200 and M1500 groups
when compared to the M0 and MO- groups. GPx activity was significantly higher in M1200 and M1500 groups com-
pared to that in MO and MO- groups. Therefore, a practical diet (over 240 mg/kg) meets the minimum MI require-
ments of Pacific white shrimp. However, the optimum dietary MI level would be potentially above 1,200 mg/kg for
better feed utilization efficiency and antioxidant capacity of Pacific white shrimp.
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N B2 = AHBurtle and Lovell, 1989; Mai et al., 2001; Deng et
al,, 2002). 121} 2|0]7] o]F= MI 8.5F0] Aoi7] o] 71

Myo-inositol (MIy2 A} A|of] ZA5}+= inositol2] 97}4] o]
BAA F 718 =2 A 24dS 7HA]m(Shirmohammad et al.,
2016), phosphatidylinositol (P)2] HejZ ZA|s}HA F=2
M aeko] LA O 72 o] 8-E] 7L (Combs, 1992; Shiau and
Su, 2004), A& 2] thAte] Tofsh= Ao g HIAErH(Wen
et al., 2007). MI:= o1579] 7toll A == A 0= defA 9l
©v(Burtle and Lovell, 1989), A} o &of 2|3f gH 7]
I 3tcH(Farrag et al., 2008). Sunshine bass (Morone chrysops
$ X M. saxatilis 3), G=u|7|(Ictalurus punctatus) 1 A&
(Haliotis discus hannai) 22 44 ZolA= AU PAvre =
ZFol7] WiZoll AbRo MIE B = H7F dark glvkar 2

o} ol A e R E QRS FEA7IA] Eol] dii
of AR E Bl 53t e MIE I oot shth(Peres et
al. 2004). o} ol] w}2 AL ) MI 85188 55 (Oplegnathus
fasciatus) (Khosravi et al., 2015)°]4] 94.3 mg/kg, Eetujo}
(Oreochromis niloticus X O. aureus) (Shiau and Su, 2005)] 4]
400 mg/kg, %) ©1(Cyprinus carpio var. Jian) (Jiang et al., 2009)
o A 518 mg/kg, barramundi Lates calcariferoll A 507 mg/kg
(Diao et al., 2010), ‘@ 2| (Paralichthys olivaceus)°|A] 617 mg/
kg (Lee et al., 2009), Zt}2] & SA)-$-(Penacus monodon)®| Al
3,400 mg/kg (Shiau and Su, 2004) 2.2 B & AT}, o] 7o A
MIZF A S AR 2, A8 530, 5, R e, 9] 9,
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A %4, 24 w5k 9 A7 gl Aot Qofyrtn
1 15 tH(Deshimaru and Kuroki, 1976; NRC, 2011).
Boh2| Aj--(Litopenaeus vannameiy= 7473o] w21 o}
Aj-g-ofl Bl g el gt W/do] Zshr] wiel AAAA =
7h ghol oA AL Qlok. ST A= HA|A A 7T 490
HEE(FAO, 2020)0] AAFEH, <l kg2 20201 5,500
(KOSIS, 2022)0.2 |45} 4 2718 702 o2}, slcte)
A -] Ap 2 U] HlEpel R ek that Qs u S Aol
AR U MI 738 0 ol 5.5 tARo.2 A7 E gl Ag A1
£ o2 Sohe| ASA -2 Slrke ol A et =33 =] ]
TH(Shiau and Su, 2004; Chen et al., 2018). 2t} A|-of| A=
AFE ] MI gFo] 450 ppm o Afo] o 44t AR g 2 Al
250] QS 4] QL HChen et al, 2018), e 27
2} A BAS Fa A7) S0l obd A o
UTH 2 A= AR W MI9] ko] Slrfej -] A4, HI=
o2 Hole, GATHA x| 3xo] n| 2= FaFat A ol gt

MIS| 8755 53 o 3-8 H7Asp7] 913 R =I9et

2t AFR(MO)= MIE H7FsHA] ehgtom, 54 2+ AL
F(MO-)= MO FAYAIQ] tetracycline hydrochlorideE 0.4%
7ketol MI9] A 9/ WAISHE = A A= Q. o2 570
o] AIB ALF o = MIZ 300, 600, 900, 1,200 28] 3L 1,500 mg/
kg g0 & At o] H7FsArhM300, M600, M900, M1200,
M1500). AR = HEE 2355, th77HH(cod liver oil)
SHRP(15%)E H7reE &, H21437](SP-50; KumKang
ENG, Daegu, Korea)E ©]-8-35}o] 2 mm 37| 2 AJ3 3}ttt A
ZhE] AFALELE AZR(25°C, 8 h) &, Al A7A] YA s
FHAC)a}leh B E AR U MI 32241 (MO), 255 (MO-
), 545 (M300), 913 (M600), 1,103 (M900), 1,208 (M1200),
1,578 (M1500) mg/kg © & WebTh AR ] 24, U9k
E MI 3R Table 1] Ve Q)T

MLt AlsEE

A AE A, AR 65 5 ARIAFR(CI Cheiljedang,
Seoul, Korea)2 E-iatu] Ag 1ol 22 E]oich, ARSI
= $l8l =2 A-H(Z718+7A, 0.55+0.01 g)= F 21719
acrylic (240 L)of| == & 30mH2] 4 3ukE.0 2 viA| = ¢l
th ARSATEE £ 207 ABEYT A8PE AdeE
majojulslo] ARSI, 2 Y 8-&AkA(dissolved oxy-
gen, DO)& & 7|2 7](aeration) S ARSI 83| A5
Ak AdAtEE= 19 635](08:30, 10:30, 12:30, 14:30, 16:30,
18:30 hyoll AA AghEw (M- Al52 3-12%) sheich. 2+ 4
%9] 42, DO, g8 (salinity)> 12 13] 24 ¢lon, pH

oF Yot Fi== vl 135] 243131tk DO+= Pro20 Dis-
solved Oxygen Instrument (YSI, Yellow Springs, OH, USA),
pH= Seven Compact (METTLER TOLEDO, Columbus,
OH, USA) 7|7]5 ARgste S74stoinh drYol see
Verdouw et al. (1978)2] WIS AME-3}41L, HE-2 Master
Refractometer-S28M (ATAGO, Tokyo, Japan)& AR&-s}o] =
Hotgich ALSAE 717 BE Aeze] DOS 6.84£0.14
ppm, pH+ 7.4540.18, Yo} 5= = 0.14+0.03 ppm, 5
229.4+0.24°C, FE-L235.2£1.14 psu A = ALt

Samplingdt £

A7) ARG &, vt A|9-9] 7HE 1A (final body
weight, FBW)E =%3lo] U7Hd%E(specific growth rate,
SGR), AF= a-8(feed conversion ratio, FCR), TH & o]8-a
E(protein efficiency ratio, PER), A Z&E-(survival )2 AAF}S
o 25 24 5% 9 ekl (8T B 9kl K9-8
FARg R sl d5Eof uhHAIRl £, Alsever's solution
(Sigma, St. Louis, MO, USA)©| A 2|5 FA}7]E& o]-8-5}¢] he-
molymphE |33} 7FAH(hepatopancreas)S 4] &3l %t
A& % hemolymph= 4-2]7] 2(800 g, 20 min, 4°C) &%
< Ee|5kgiet. Ee)E hemolymph&} 7H A4S B4 of] AFR-E]
7] A7FA] WE(-80°C) 23 E it Phenoloxidase (PO) ZH4
2 Hernandez-Lopez et al. (1996)2] BH-2-, Nitro-blue tetra-
zolium (NBT) 42 Zhang et al. (2013)2] W12, lysozyme
&4J-2 Paglia and Valentine (1967)2] HH-S, anti-protease &
A2 Ellis et al. (1990)2 w2t 2435141t} Glutathione peroxi-
dase (GPx) €42 GPx 4] 7| E(K762-100; Biovision, Mil-
pitas, CA, USA)E AR&-5to] £A41613It E s A==
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total proteine E-43}ith. AST, ALT, total protein<
Al KitE o]-&ste] dolAYekshEA7|(CH 100°*; RADIM
company, Firenze, Italy)E 53l 54 = 31t}

Mol £Ae 2 F 3BT F onfe)e] A A
gigom, 24 474 20°Co BH3ISE. AOAC (2005)
dilo] ueh S AP AZ(125°C, 3 b, 2FEL A
HBISPA(SS0°C, 4 h), Tl L A5 2EhE B4 7] (Kjeltec
system 2300; FOSS analytical, Hillerogd, Denmark)2 54
a1, AW-S Folch et al. (1957)2] Wi o wha} 24513t
Myo-inositol &2 24

AFALR 2} 7HARS] MI 5=+ Ashizawa et al. (2000)2] 1
r o] whet A = ek, A k= 9 7H1 7ol 4 MIE perchloric
acid (16%, w/v)2 &3 5 941 52](5,000 g 4°C, 10 min)3}
Sk A2 2.0 MK,CO o F313 F hA] §14182](5000
g 4°C, 10 min)3} . A4 100 pLof| 10 uL hexokinase re-
agent (200 mM Tris-HCL buffer, 400 mM adenosine triphos-
phate disodium, pH 8.6, 115 U/mL hexokinase)& #7151 %t}
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ST 37°Cof|l Al 90 F3F vRFE 1L 100°Cofl 4] 3= F<t
7Fgste] Whg-2 A4 7 4.5 MHCL 20 uLE H7F5H3i e
25°Coll A 108794 &, 3.0 M K,CO, 22 uLE A7kskaich
96 well plated]] A| & F=== 100 pLe} 100 uL MI reagent (210
mM triethanolamine hydrochloride, 32 mM K,PO,-KOH buf-
fer (pH 8.6), 1.2% (v/v) Triton X-100, 10 mM B-NAD, 1.0 U/
mL diaphorase, 0.1% (w/v) bovine serum albumin, 60 png/mL
INT)E &3}t Microplate reader (model Multiskan EX,
Thermo Electron, USA)E- ©]-8-5}o] S8%=(492 nm)E =45}
% tt. 1 3 20 mM potassium phosphate buffer (pH 7.0)E %
7Ft 5] Aol A 3057 A 3t ] 492 nmof| A S EE ST
Sk MI 3Hg S8 = 57 = AL itk

aled
ofN
}O{I

AREAEE {8 HHAEEAE R (completely randomized
design) .2 HAALRE HiA|EFGIAL HEA ik SPSS (Ver-
sion 24.0, International Business Machines Co., New York,
NY, USA) & 732 0]8-35}0] One-way ANOVAZ FA&
A= Siet. dlolelgke] #-2]Ak= Tuckey's HSD (P<0.05)% H
Wit WS dlo|El = arcsine H3 FHOE SAEA] 51
o, B E fo]E= W gl FEHA (mean+SD)E LFERY )
o},

2

A$-2] AA-E(FBW, WG, SGR)ol| A= t 279} = MI 4l

Table 1. Dietary formulation of the experimental diets for Pacific white shrimp Litopenacus vannamei (%, dry matter)

Experimental diets

Ingredients (%)
MO MoO- M300 M600 M900 M1200 M1500

Fish meal, sardine’ 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Fish meal, tuna? 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Soybean meal 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Squid liver meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Wheat meal 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Wheat gluten 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Poultry by product meal 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Starch 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Cod liver oil® 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Mineral mixture* 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Vitamin premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cholesterol 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Lecithin® 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Monocalcium phosphate 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Myo-inositol 0.00 0.00 0.03 0.06 0.09 0.12 0.16
Tetracycline hydrochloride 0.00 0.40 0.00 0.00 0.00 0.00 0.00
o-cellulose 0.80 0.40 0.77 0.74 0.71 0.68 0.64
Proximate composition (%)

Moisture 7.50 9.01 7.70 8.91 7.49 8.71 7.86

Crude protein 34.2 34.1 355 34.9 35.6 35.2 35.0

Crude lipid 8.54 8.89 8.75 8.29 7.98 8.45 8.67

Crude ash 9.92 9.83 9.96 9.69 10.5 10.4 10.4

Myo-inositol content (mg/kg) 241 255 545 913 1103 1208 1578

'0rizon S.A, Chile. *Woogin Feed Industry Co. Ltd., Incheon, Korea. *E-wha oil & fat Industry Corp., Busan, Korea. *Mineral mixture (g/
kg, mixture): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KClI, 130.0; Ferric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AICL-6H,0, 0.15; Na,Se,0,, 0.01; MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0. *Vitamin mixture contained the following amount which were di-

273

luted in cellulose (g/ kg, mixture): L-ascorbic acid, 100; DL-a tocopheryl acetate, 20; thiamin hydrochloride, 8.9; riboflavin, 6.9; pyridoxine

hydrochloride, 7.2; niacin, 18; ; D-biotin, 0.9; folic acid, 7.2; menadione, 0.9; retinyl acetate, 0.58; cholecalficerol, 0.36; cyanocobalamin,

0.09. °Lysoforte™ Dry, Kemin Korea Co. Ltd., Seongnam, Korea.
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Table 2. Growth performance, feed utilization and survival of Pacific white shrimp Litopenaeus vannamei fed the experimental diets for 42

days

Treatments FBW' (g) WG? (%) SGR? (%) FCR* PERS Survival (%)
MO 7.09£0.16% 1188+29.4% 6.08+0.04% 1.49+0.032 1.93+0.04° 98.9+1.92
MoO- 6.58+0.09° 1097+16.9° 5.91+0.02° 1.51+0.072 1.96+0.09% 10040.00
M300 6.69+0.13 1116+23.3% 5.95+0.04° 1.43+0.112° 2.01£0.132¢ 98.9+1.57
M600 6.75+0.05 1128+9.02 5.97+0.04° 1.34+0.05° 2.20+0.10% 100+0.00
M900 6.96+0.25%° 116514473 6.04+0.08° 1.32+0.06° 2.18+0.06%* 100+0.00
M1200 7.07£0.13% 1185+23.0% 6.08+0.08* 1.31+0.06° 2.22+0.05° 98.9+1.63
M1500 7.2940.25° 1226+45.22 6.15+0.05% 1.3210.03° 2.24+0.11° 96.6+0.05

'Final body weight (g). *Weight gain (%)=[(final body weight-initial body weight)/initial body weight]x100. *Specific growth rate (%)=[(log,
final body weight - log, initial body weight)/days]<100. ‘Feed conversion ratio=dry feed fed/wet weight gain. *Protein efficiency ratio=wet
weight gain (g)/total protein given (g). Values are mean of triplicate groups and presented as mean+SD. Values with different superscripts in

the same column are significantly different (P<0.05).

Table 3. Hepatopancreas myo-inositol concentrations (mg/kg, wet
basis) and proximate composition of Pacific white shrimp Lito-
penaeus vannamei fed the experimental diets for 42 days (%, wet
basis)

Treatments Hepatopancreas ;2:2; Ciir;i?je C;:ge

MO 3748.00 21.51£0.91 1.3410.16 1.4810.06
MO- 3445.23 20.810.85 1.3210.09 1.6310.04
M300 40+4.47 21.0+£1.52 1.3510.07 1.5410.08
M600 47+4.20 20.6+0.87 1.3810.05 1.51+0.10
M900 50+4.01 21.741.21 1.2540.12 1.59+0.21
M1200 56+3.12 20.9£1.91 1.4240.28 1.47+0.12
M1500 5816.01 20.840.21 1.3610.09 1.53+0.09

Values are mean of triplicate groups and presented as mean+SD.
The lack of superscript letter indicates no significant differences
among treatments.

oo

o 7ol 5921 Zo] 7k Gl A THP>0.05, Table 2), FHAYA|
718 M0-= MO0, M1200, M15000] 1] 3-2]2] o & uF
o ZkS B gth(P<0.05). FCR-S MI Z7F el M600, M900,
M1200, M1500-7} 347} e 2t-50f] vl sl ol 4 o & e
e B¢ tH(P<0.05). PER-S M1200, M1500-0f| A T2 7} o
Z5ol ulsl -2 4 0. 2 =7 YR THP<0.05). AHEE(sur-
vival)2: 2= A gl -2 2] Q1 o] 7} g1 ATH(P>0.05).
M- AofA o] e, 224, 235 A A3 APt
FolAQl atol= §1ATh(P>0.05, Table 3). ZHI% Wt MI g
S A Apol= Yo, AbE Wi MI §Ho] wobdas
7Pk 7832 e IEH(P>0.05, Table 3). H]50]4] 1Y
g, A, FHehA 2|3 EA4 A= Table 4] Ueb Sl
t}. PO, NBT, lysozyme, anti-protease &/d-= L= Ag L A}
ololl A8l atol7} IATHP>0.05). GPx &/ M1200,
MI15007L7} RE tf21(MO, MO-)E T} (o8 o7 t=9fr}
(P<0.05). AST, ALT, total protein g2 2= AF 17t &

lo

Table 4. Innate immune responses and hematological parameters of Pacific white shrimp Litopenaeus vannamei fed the experimental diets

for 42 days

Treatments PO NBT?  Lysozyme® (ug/mL) Anti-protease* GPx® (mU/mL) AST® (U/L) ALT” (U/L) Total protein® (g/dL)
MO 0.085+0.01 0.762+0.35 2.74+1.03 9.00+0.99  66.2+7.06° 28.7+10.1 41.8+13.0 5.410.42
MO- 0.081+0.01 0.416+0.18 2.79+1.06 9.90+0.30  58.1x7.57° 31.8+11.7 49.3+9.90 5.5+0.59
M300 0.075+0.01 0.619+0.19 2.34+1.06 11.5¢0.59  63.4+3.30° 31.7+4.10 42.4+6.00 5.60.39
M600 0.084+0.01 0.609+0.24 3.061.73 11.310.80  68.8+4.09* 33.7£13.8 46.2+7.90 5.7+0.42
M900 0.088+0.01 0.666+0.16 3.33x1.45 11.5£¢0.22  79.1+13.9% 37.243.20 42.7+5.80 5.520.14
M1200 0.090+0.01 0.641+0.28 3.08+1.51 11.840.55  88.0+9.16° 34.0+11.4 4541116 5.9+0.45
M1500 0.095+0.01 0.697+0.03 4.52+1.17 10.4+0.08  87.0+5.042 47.6+104 60.0+17.2 6.2+0.76

Phenoloxidase activity (absorbance). 2Nitro-blue tetrazolium activity (absorbance). *Lysozyme (pug/mL). *Anti-protease (% inhibition).
SGlutathione peroxidase (mU/mL). ®*Aspartate aminotransferase (U/L). ’Alanine aminotransferase (U/L). *Total protein (g/dL). Values are
mean of triplicate groups and presented as mean + S.D. Different superscripts in each column indicate significant differences (P<0.05). The

lack of superscript letter indicates no significant differences among treatments.
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o] & Q] zol7} §19L. O LHP>0.05), M15007L0]| 4] o= 7
& HER SITH(P<0.05).

L.
2 AN BE UPT = AT F dRE A
Ap S o9 2 HHSHTL, 422Kb0] ARS7IZE B TS S

>

AFES B o =M, A8(practical) A F AR S ARSA
slo] 2 3% Qe 702 AR EICh Chen et al. (2018)2 3]
NS dife @ 3 ML a5 A oA b=+ SGR
0] 4.13%F oL} E Ao A t 29 SGRE 6.08%= H =
ok}, E3F, Chen et al. (2018)2] T =T AR MI FHES 449
ppmo| 1oL, B ¢lto| A M02] MI &S 241 ppm 2.2 T
SATE M= Az e A PI] =4 = EAsh H4ikeka
2 BHS SN RA 7 FE A 2E LEY 2T H
B &k 4 A th(Shirmohammad et al., 2016). Lee et al.
(2009)= MI2] Ak W 2717} Q1A o] /& SXAA HA
9] 7Hy A EEESIA R polyunsaturated fatty acid) g5Fo]
Fo)A 0 7 =olRthal H 3t 1AW Chen et al. (2018)
2 St Al-o] AR, Al B, A2, T o] g ago| A
& W MI ghgoll @3 A ghethal Baskeit EolEA
T o]l AAtoll A = St Al-o] AHE-S Abe W MIS| X7}
of w2 212181 Zko] 7} gl it Z1eu 2lrke] A -0l A MI2]
2] S-S AJgEsE MO-T-= MOTLET (-9 2 0 &2 AA-Eo]
kTt ol= St A2 A MI &do] aHgAel ofsf <
e e, RhHo & Ao A A E= MI gHo] -2
ol FasHA A8 4 ks Ae Holg= fonlst 4
pefar gehEoh oAl AFR ol MI7}E 241 ppm o] 4 3
w0} 3l& - Aele wA7E fle Aoz Ay, ok

P ol sk A MI9| & 71 A
Foldag Ao AbRE

2 %3 W3l 3
MI HA7h 8 e) Ashs Pl 2y 2] bakg &
A AW 2D FHE AT el 4 tHLapetina

et al., 1981; Halver, 1989). Shiau and Su (2004)= c}2|d
2419 Aol MI9] gho] 01 U] MI g ol it
31 B35}t Chen et al. (2018)2 3lth2] Al Ao MI &
o] 974 ppm¥ 79 Mol o] ZA]H gHFo] thE A
vl 904 0 & t=rhu B 1Ekgic) sl gE ALl Al e o
Zet Ao HojA| Wf A1 T2 refmlgt &pe) 7t ¢l
ek, Akzel MIo) ol Z71 49, 74 Ul MIo) Bt
o] Z7Vek= AL Bhlakck. 1T vel MI Bk AR
W MI2] H7} o ke vk A o 2 AFRF T} Shiau and Su
2004y FrFe] B A A=) MI Slefo] o} )
M| Btego] S7hhan vie| 2 A daehe asinka ua
31tt. ©eta]ok(Shiau and Su, 2005), @ *](Lee et al., 2009),
=5 (Khosravi et al., 2015)o) A= A=2] MI §Hefo| o2
5 70 M1 BHe] S7bha vl A 4e] R gt

ATkl B E9ich PRz A 415 ol #Hoidl+= phospha-
tidylcholine®] $tefoll = FS Frt B %tk Mathews
and Van Holde, 1990). PI+= A 32 B1-3-of| A A1 A A &g} o}
AR A O] T AE-S B Ay 2 TS jht
(Chang et al., 2001). Khosravi et al. (2015)> MI7} &2 7F
of| 4] ]2 9] low density lipoprotein®. 2 2] 3 Z75}o] &
% S LEHEY S ol AN Rt = A o] oS A
AL B arskQiet. webs] MI9] A of uhE A A 54
= 7] SleliAl= AR MIE A Fsffof ehrbar H s lck
(Shirmohammad et al., 2016). & ¢15-= Hof 7] UutAJHo] it
= AT bl ol A Apo| 7k trEhA] 98347 wiioll A
T2 e A o 210 = sk ), sEAIRE MIZF 241 ppmis
oF ARl Akl TRt B7ket A So] WAshs Aedt w
= 77t ATE ol AR A e r Al
o] &-Lof| A PO, NBT, lysozyme, anti-protease -2 I
= AR Atololl A8l Apoli= YELbA] Sl AFR 9]
MI gF- jian carp®] Aketa 4 B/dE AT B
%It}(Jiang et al., 2010). Chen et al. (20182 A}=Z2] MI2]
Z717} Bkl oAl RABHE 4 BAE .0, hemo-
lymph Y AST, ALT, total protein T FAFAIFH T} H11
St 2 QAT GPx Z4do] MI 71 137}
ZHMI1200, M1500)0] 4] 90210 & =eFo ] AST, ALT, to-
tal protein®] Fr-2 M1500-+0 A F7Foh= 718 Ut Sich
Jiang et al. (2013)2 AF& U] MI2] E7}o]| 2]3) oJo] 2] catalase
°F GPx 9| @40 S7HtkaL Harsteih & AtollAl= Al
o] MI §20] 241-1,578 ppm?] 9 1] So0] Helzol 4 &
ol el o)z} EfhA] QkkAlt, LR v MI 8ol 1,200
ppm °]Fd 7 et a s S FoRo® A=
2O 5 et
Choline2 phosphatidylcholine®] FdEZAZHN o]Al&E
I} o] offF AlfellAl A AhAte] Holst A= oAk
st7] wizoll 24 ekl FFdE 713l Alr A QU
(Michael and Koshio, 2008). T2l 12 2] MI2} choline 2]
sheFe )8l (soybean meal)o| A4 425 ppm, 2,500 ppm,
+(fish meal)> ¥ &2 ARG ofFof w2} oF 100-700 ppm,
3,000-5,000 ppm, A o172 (squid liver meal)2 300 ppm,
2,500 ppm, ZFFH U (corn gluten meal) 489 ppm, 350
ppm, t55=H(soy protein concentrate)= 500-600 ppm,
2,500 ppmS 77k g-6-5}31 QIEHFICD, 2022). Lkl A4
A AR 01, 2 A0I7H, thiruhe thuaelo 2 Ags)
53] MI| o] 52 o=t chek ALgHcHSookying
etal, 2013). 47 T W AR = QS S5}
A ZEFAI R MI= thefet ol FHrE o] 917] wizoll &AL
S P o5 MI A79E TR 353 4 itk &
T = A tHWaagbw et al., 1998; Peres et al., 2004). 2 o] 4]
= AbE Tl Y5 O MIZE el e gt 8 4tekS S5t
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ook A bl AR AR A 2l nI3E Kol 7} ke
X ghe A0 2 BT,

Ao, dAnef = U de 5 6‘H MIE oj=H =
FAste Aoz Aot Slnke| A - AgArE o T
Yol ML thige g E45}7] 'IHTOH T7W° A7 gl
O]E _Q_LI‘L 2ko. %_}_%L_/,: 0101 /\H_’__,] /HZ]— H]Eo];ﬂ Holg
2 Hof A dubdre] 2o ol AL gl Aoz wek
Hr}. sHARE, FCRE 7iA1Y hitatas 2 = flsiA
< oA AR W MI9| @8] ©fF 1,200 mgkg o1 &
Tk

Al AL

oz gEaTARe AR HPor R GIEC LR
(2021R1A2C2008384).
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