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Abstract

This study was conducted to evaluate the optimum dietary histidine requirement using
two molecular forms (dipeptide or crystalline amino acid) of histidine and different levels of
L-carnosine in diets for Pacific white shrimp (Litopenaeus vannamei) (Exp 1 and 2). In this
study, growth performance, feed utilization, diet digestibility, non-specific immunity and
gPCR analysis were examined.

In the Exp-1, five experimental diets were prepared. The control (Con) diet was prepared
without histidine and other diets were with 0.3 and 1.2% addition of histidine in the form of
crystalline AA or dipeptides (Con, C-0.3, C-1.2, D-0.3 and D-1.2). Experimental diets were
kept isonitrogenous and isocaloric by decreasing alanine while increasing histidine levels.
Pacific white shrimp (body weight: 0.15 g) were randomly stocked into twenty tanks (96 L)
in quadruplicate groups per dietary treatment and fed one of the diets for 62 days. Final mean
body weight, weight gain and specific growth rate were significantly higher in shrimp fed D-
0.3 and D-1.2 than those of shrimp fed the Con diet. No significant differences were
observed in feed utilization and survivals by experimental diets. Analysis of whole body
composition and amino acid profile were not significantly different among all the groups.
Apparent digestibility cofficiency of dry matter was significantly higher in shrimp fed C-1.2
and D-1.2 than those of shrimp fed the Con. Apparent digestibility cofficiency of protein was
significantly higher in shrimp fed C-1.2, D-0.3 and D-1.2 than those of shrimp fed the Con.
The relative gene expression of IGF-BP mRNA was significantly higher in shrimp fed D-1.2
than those of shrimp fed the Con.

In the Exp-2, a control diet contained a minimum level of His (0.05% in diet from the
dietary ingredients). Carnosine was gradually added to the control diet to contain 0, 0.26,
0.69, 1.11, 1.53, 1.95 or 2.37% histidine (designated as 0.05, 0.24, 0.40, 0.62, 0.78, 0.93 or
1.13, respectively). Experimental diets were kept isonitrogenous and isocaloric by decreasing
alanine while increasing carnosine levels. Pacific white shrimp (body weight: 0.28 g) were

iv



randomly stocked into twenty-eight tanks (110 L) in quadruplicate groups per dietary
treatment and fed one of the diets for 8 weeks. Final mean body weight, weight gain and
specific growth rate were significantly higher in shrimp fed 0.78 and 0.93 than those of
shrimp fed the Con. No significant differences were observed in feed utilization and
survivals by the gradual supplementation of carnosine in diets. Phenoloxidase activity was
significantly higher in shrimp fed all groups than those of shrimp fed the Con. Lysozyme
activity was significantly higher in shrimp fed 0.62 and 0.78 than those of shrimp fed the
Con. Anti-protease activity was significantly higher in shrimp fed 0.24, 0.4, 0.62, 0.78 and
0.93 than those of shrimp fed the Con. Total protein concentration in hemolymph was
significantly higher in shrimp fed 0.78 than those of shrimp fed the Con. Muscle
composition protein content of shrimp was significantly higher in shrimp fed 0.24, 0.62 and
0.78 than those of shrimp fed the Con. Prophenoloxidase (proPO) and mRNA relative gene
expression of crustin was most significantly higher in shrimp fed 0.78 and 0.93 than those of
shrimp fed the Con. The quadratic regression analysis indicated that the optimal dietary
histidine requirement for L. vannamei is 0.79% of dry diet.

In conclusion of Exp-1, the availability of histidine could be better in Pacific white
shrimp when they are fed with dipeptides form rather than crystalline form. Dipeptides can
be used as promising amino acid source for amino acid requirement study in Pacific white
shrimp.

In conclusion of Exp-2, the result from the present study indicated that dietary histidine
improved growth performance and innate immunity. Based on a quadratic regression of
specific growth rate, the optimal dietary histidine requirement by carnosine for Pacific white
shrimp was estimated to be 0.79% in diet (2.19% of dietary protein). This information will
be useful in developing amino-acid balanced diets for the intensive culture of Pacific white

shrimp.
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Table 1. The requirements of essential amino acids in diet for Pacifc white shrimp

Litopenaeus vannamei.

EAA .
EA_A . IBW? Diet CP°  Level Estlma}ted EAgA Response Reference
Studied (%, diet)’ Requirement variable
1.6% of diet  Weight Foxetal.
0.10 % 1223 UoyofcP  Gain (1995)
. 2.1% of diet  Weight Foxetal.
Lysine 0.10 45 1.5-3.0 47%0f CP  gain (1995)
1.44- 1.6% of diet 6 Xie et al.
0.52 415 2.49 40%ofcp  SCR (2012)
. 1.44- 2.0% of diet Zhou et al.
Arginine 0.50 41 2.74 48%ofCP  SCR (2012
053 43 1.07- 2.1% of diet  Weight  Zhou et al.
_ ' 2.30 47%0of CP gain (2013)
Threonine 0.99 1.4% of di Huai I
.99- 4% of diet uai.et al.
0.48 3% 190 38%0fCP SCR  (2009)
. 0.96- 1.6% of diet  Weight Liuetal.
Isoleucine 0.43 41 2.20 3.9%0f CP  gain (2014)
. 1.67- 2.4% of diet  Weight Liuetal.
Leucine 0.38 LY 58%0fCP  gain  (2014)
0.26- 0.37% of diet Weight Jinetal.
0.43 405 051 089%ofCP gain  (2016)
Tryptophan ) )
0.63 16 0.43- 0.36% of diet Weight Sunetal.
' 1.03 1.72% of CP  gain (2016)
0.91% of diet Weight Linetal.
0.55 40 07123 HagofcP  gain (2015)
Methionine
Lo7s014 36 0.48-  0.72-081%  Weight e':ta;f‘“ha
0.94 of diet gain (2016)

'Essential amino acid studied.

?Initial body weight (g/shrimp).

*Diet crude protein (%).

*Essential amino acid level.

*Estimated essential amino acid requirement.
®Specific growth rate.



Table 2. Dietary formation and proximate composition of the experimental diets for Pacific

white shrimp Litopenaeus vannamei.

Experimental diets

Ingredients Con  C03 Cl2 D03  DL2
FAA mix 33.0 33.0 33.0 33.0 33.0
Squid liver meal 5.31 5.31 5.31 5.31 5.31
Dextrin 23.0 23.0 23.0 23.0 23.0
Starch 23.0 23.0 23.0 23.0 23.0
His-Ala' 0.00 0.00 0.00 0.56 2.24
Histidine? 0.00 0.30 1.20 0.00 0.00
Alanine® 3.00 2.70 1.80 2.44 0.76
Fish oil 6.00 6.00 6.00 6.00 6.00
Mineral mix* 2.00 2.00 2.00 2.00 2.00
Vitamin mix® 1.00 1.00 1.00 1.00 1.00
Choline chloride 1.00 1.00 1.00 1.00 1.00
Lecithin 1.00 1.00 1.00 1.00 1.00
MCP® 3.00 3.00 3.00 3.00 3.00

*Proximate composition (% of dry matter)

Crude protein, % 36.5 36.3 37.0 36.6 36.7
Crude lipid, % 5.33 5.38 5.61 591 5.62
Crude ash, % 4.17 3.81 4.13 4.20 4.54
Moisture, % 8.87 8.74 8.74 9.57 9.69

"Histidine: Sigma Chemicals, L-Histidine

?Alanine: Sigma Chemicals, L-Alanine

*His-Ala : Swanson health products, L-Carnosine.

*Mineral premix (g kgof mixture): MgSO4.7H20, 80.0; NaH2P04.2H20, 370.0; KCl,
130.0; Ferriccitrate, 40.0; ZnS04.7H20, 20.0; Ca-lactate, 356.5; CuCl2, 0.2; AICI3.6H20,
0.15; Na2Se203, 0.01; MnS04.H20, 2.0; CoCI2.6H20, 1.0

*Vitamin premix (g kg™ of mixture): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-
D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinylacetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003. °MCP: monocalcium phosphate



Table 3. Essential and non-essential amino acid composition of the experimental diets for

Pacific white shrimp Litopenaeus vannamei.

Experimental diets

Ingredient Con C03 Cl2 D03 D12

EAA!
Histidine 0.04 0.26 1.01 0.32 1.08
Arginine 2.48 2.62 2.76 2.80 2.63
Isoleucine 0.83 0.97 1.24 1.33 0.99
Leucine 1.71 2.05 2.36 2.45 2.09
Lysine 0.29 0.57 0.78 1.64 0.43
Phenylalanine 0.94 1.18 1.29 1.37 0.99
Threonine 0.92 1.15 1.29 1.33 1.05
Valine 1.08 1.39 1.70 1.72 1.37

NEAA?
Alanine 3.71 4.31 4.33 4.85 2.76
Aspartic acid 1.42 2.21 2.76 3.51 1.98
Glycine 2.35 2.70 2.96 3.27 2.46
Glutamic acid 3.95 5.50 6.25 5.95 5.00
Proline 0.02 0.04 0.07 0.14 0.05
Serine 0.08 0.10 0.11 0.11 0.10
Tyrosine 0.05 0.07 0.07 0.07 0.06

Essential amino acid
“Non-essential amino acid
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Ws A7l %, IGF-BP (insulin-like growth factor binding proteins) - xp&d &4 o
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FREdE dd ARSI A S v 2

J 75 (weight gain, WG, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight; A} 5 & &-(feed conversion ratio, FCR) = dry feed fed/wet
weight gain; 2 2 o] -8 & &-(protein efficiency ratio, PER) = wet weight gain/total protein
given; 7+ 75 (specific growth rate, SGR, %) = [(log. final body weight — log, initial

body weight)/days] x 100.

Figure 3. Measurement of shrimb body weight in every 2 weeks during 62 days feeding trial
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7k 30 mkg A wjA]ste] FHE AT AAETFHS 1 Y 3 $](08:30, 13:00, 17:30 h),
B (feces) 12 1Y 2 3](11:30, 16:00 h) AA&FATH AlRETF 308 &, =% U

g2 Ab= S A7 7] siphoning & ©]-&3te] Al HA FHE 22 A=

)
o
QL
£
:(I)L_"
+

= A AL Y5 H3(-80°C) = A T}
AAAL T 9} Ho Ao AAA R AR chromium oxide &S Divakaran et al.

Aot thFigure 4). AdAE R 2 AES

Hm

(2002)¢] WHS EU=
3)8}2(550°C)o1A1 3 h F¢F 3stek F ol ARE EAel AREESITH

Chromium oxide = mono-chromate HE]jZ AtsA]7]7] f& AE 5-10 mg =

-9-



Z9F35ko] glass test tube o] %1 3, perchloric reagent (HCIO,) 4 ml & 3 7}5}Sit}.
A =2} perchloric reagent 7} 71 tube & 73] ¥ 320°Col Al 15 min %+
7hde & feEetagel &A 3 A SFaE olgste] 25 ml vF HES
Aekatdet. 1 5 B3P =7 (Beckman DU-730, USA)E ©]&3&}o] 350 nm ol A
F3dEE SAst] AR chromium oxide S AT AR W
P& AstES T 22 Aol o) ALtaskglt

Apparent digestibility coefficient of dry matter (%, ADCd) = 100-100x(% of Cr,0O5 in

diet / % of Cr,03 in feces); Apparent digestibility coefficient of protein (%, ADCp) = 100-

100x (% of Cr,05 in diet / % of Cr,05 in feces) x(% of protein in feces / % of protein in diet).

Figure 4. Analysis of chromic oxide concentariton in shrimp feces

-10 -



2.1.6.RNA & 3l cDNA 34

RNAE TRI-zol® (Sigma, St. Louis, MO, USA)S o]&3lo] F%3F20Th RNA
purity:="pDrop "Plate (Thermo Scientific, Waltham, MA, USA)E =743} <1313t}
cDNAE 23 RNA 2.5ug¥ reaction mixtureE % EF 20uLE 230
PrimeScript™ first-strand cDNA synthesis kit (TaKaRa, Shiga, Japan)Z ©]&3&}o]

AT §4 3 cDNAT nuclease free waterol]l 100Wi=  3]43}e] IGF-BP

A4S 7] A7HA 80°C 2A2W-EaL o ®asklth(Figure 5).

T

Figure 5. Measurement of mMRNA concentration and cDNA synthesis for the gPCR analysis

[oh

2.1.7. gPCR (quantitative real-time PCR)0ll 2|8t R&AI €& 24
gPCRS Faato] 7hagel A dvteAl¢-9] IGF-BPY W3S oln iz
3F3itk.  Reference  genel @i Bacting AFESa forward  (5-

GAGCAACACGGAGTTCGTTGT-3)), reverse (5-

CATCACCAACTGGGACGACATGGA-3")¢] oligonucleotide primerE A}-8-3} St
IGF-BP 2] oligonucleotide primer= forward (5-GTGGGCAGGGACCAAATC-3") &

reverse (5-TCAGTTACCACCAGCGATT-3)E A}-&3}3th gPCR-2 Real Time System

-11 -



TP 950 Thermal Cycler Dice™ (TaKaRa)Z ©]-&3lo] 233} L, 3ul2] ¢DNA, 5ul9]

TaKaRa Ex Taq"SYBR premix, 0.4pl2] forward & reverse primer, 1.2ul H,0Z Yo &

EHS 10p= st5o] 2418 21838kt th(Figure 6).

' : Thermal Profile : RQ(S)

009990299

Figure 6. Relative mRNA expression of Insulin-like growth factor binding proteins

(IGF-BP) for the gPCR analysis.

2.18. TA%H 4

Agrtg o] = ¢4 E-E A ¥ (Completely randomized design)S- 2 Al 8}8 a1

AA 9 B A= SPSS (Version 11.0) 2138 o] 83}o] One-way ANOVA =
A A5 dlolE gkel 9 A= Tukey's HSD test (P<0.05)% H]al3}3ich,
dolBHE Hgk + FFAA(mean + SD)E LEFNATE WMES do]E = arcsine

MG Axstel BA A

-12 -



3.1. A3

62 o E¢kel AMSAEE 2y Ao HASTHLTA, dEE, QAL ES

tt
i
32
o
J[m
ol
wj
[N
N

>,

o
-
N
L

dipeptide +(D-0.3, 1.2)7} Wzl w3l 242
izl vlsl Z; 14.9, 16.8, 7.0% S 7Fsle] 7HE =2 2FolE UEM A TH(Table 4,
Figure 7) (P<0.05).

NEAREE, dudolgas, AEES AUTY dRT Aol freHel
2ol 7 GlAANE D-0.3 A F7F djxTol Bls| 7} 154, 14.8, 104% F7t3k

7HE E8 AFolE YERIATHP>0.05).

L

Crystalline 7'+ =< AdAddolA iz vluste] Fo4<Ql Apol&

LER A 2F ETH(P>0.05).

A

el

AP FA obrlwte] 24, zawd, 249, 3

™
1%

g o
of fo]&Ql #folE& HolX| ekokti(Table 5, 6, Figure 8) (P>0.05).
NEAf$-o] AEAZHELS D-1.2, C-1.2 F7F tZ2Tol vl feolx oz =9kt
il g A 518-S D-0.3, 1.2, C-1.2 77} ool vldl el ow =gkt E3] D-
12 A7 gz vsl 2 62, 6.9% F7Ek MBS A=

e At} (Table 7, Figure 9) (P<0.05).

fl

NS 7HEFe] IGF-BP wHE S D-1.2 +7F tiERTteol HlaE e F e

e
32

o 53] D12 Ag7F BiE2tel vls) 234% SUbstel b we Aol

e 21 TH(Figure 10) (P<0.05).
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Boodgo A dipeptide S EfS] histidine2 crystalline AAR. T} o] &A]o] =9kt

AWt oz GmAL Aslgao 24 B3 free S peptide (di-, tri)FE|=

pol

7Fi-3 ® $, Na'-dependent amino acid transporter system (Na+ transporter system)
S F3 & do S5 AY WE ¥ ti(Zhang et al., 2006). Peptide transporter-1 (PepT-
1)S F=2 4274 U Na+ transporter systemoll A dipeptide<} tripeptide®] &45 T=

Hd3stE %) o] th(Daniel and Kottra, 2004; Broer, 2008; Verri et al., 2017). ¢ 2]

L

A9 PepT-1= 272 ¢ H-(proximal)oll A 1 9] F-(distal region)7}#] %l

BHoE EFE 4

ol
%0
)
k]

fol

Ax BExsta glol, & AA oA peptideS

R 315 ) (Rennestad et al., 2010; Terova et al., 2013; Xu et al., 2016). ©]F<] 745

crystalline AA= peptides (intact protein) .t} W=7 S-Sk, 22 W ofv] =2t
pool®] &S Fume] @] FAS Astr7= Aoz dHA Uk (Cowey
and Walton, 1988; Berge et al., 1994). Pacu (Piaractus mesopotamicus), %o, ‘| =],
E] 5 (Scophthalmus maximus)ol| A1 &= dipeptide”} crystalline AA Rt} A3} 5 4
o] R Ho A o]8Ado] Erhal K a1 E A TH(Tesser et al., 2005; Kwasek et al.,
2010; Kim and Lee, 2013; Wei et al., 2020). u}2}4], dipeptide:="crystalline AA%] H] 3}

g7 del e FaEs WeZE W7l wZel AnEl Al AbselA o] 840

20 FFe TAA fUdth ofF R A2 whole-body W AA A

dutgor Ats W AA 7S YEhE AEE ARSS o] $tk(Bicudo and

@)
<
S
o
N
o
o
L
o,
(L
rO
-
b
Jg
49

FAFEHAl common carp & A& ofm]-Alka}
dipeptide®] ©] &5 HlwZ AT A% o9} FALSE A¥E YERItH(Zhang et al.,
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2006).

oo A= U dipeptide?] 7= crystalline AA HU Z&FOow

N

Z ]

SHAAZIE Aoz YERTE  Peptidest

o

Adell S A9 ashs
AFE g o]l Wik(lumen) = AT AlEZAA WEA B F o] ofn] it
FHZ FTETHNRC, 2011). oo 45, Al PepT-1¢ &S H& Zo=
gelx o], free ofniAil Wk ofujEl, peptideet -2 intact protein ©] T
AP EE 3 AR SFTEe A2 dEA dvk(Verri et al, 2011).
FANE e A7 E Ao 23 Ao A crystalline AAT peptides (intact
protein) .o} Astdtoll A v A w2 A S5 fTha B %o (Murai et al., 1987;
Cowey and Walton, 1988; Tantikitti and March, 1995; Zarate and Lovell, 1997; Zarate et al.,
1999). Luo et al. (2005) crystalline AAE ] 79 ZA oA w24 F4Hy, =4
W opr=4b poold] EH#ES xSl wlZol  intact proteinol A -3 E
obH| AR T o] 8§ £o] Ykl Bkt

ol Aol A AlE Wl dipeptide ¢ H7l= M99 IGF-BP ¢ TdES

TAA7IE Aoz YERY insulin-like growth factor-1  (IGF-I)> 70 7l <]

lo
o,
o
foi
lil
(i
o
—=
)
fr

N

N,
=
)

ofrliito g ooyl FEo|=rA HIFFE

Iy

0%
o
i

Th(Nam et al, 2001). IGF-I Aol tjAbe} whuld RS Fxlsho]
XfHsEe A FR3 H9gS shr(Baxter, 1993; Cohich and Clemmons, 1993).
IGF-BP &= IGF-I1& =& U ZAAMZ/A dss ®y oby, IGF-13

Agteto] i Az FgA e} RFa=d Fad 9ES shth(Nam et al., 2001).
Wilson-Arop et al. (2018)<> blunt snout bream (Megalobrama amblycephala) A}5 U
histidine ¢ H7H1.1%)% IGF-19] W& S SXAZItta B uskgith o]/ Als U
Aobuiabe] e IGRT  Bdel  AbEHoR  GFS  wAdw

1315 Q1 oH(Dyer et al., 2004; Li et al., 2006). tte] Al ¢-o| A &= ALs U] tryptophan ©]
-15 -



A2 4% IGF-19 A4S ZAaANta B sk tiJin et al., 2017). whebA

o
R A}

g5 Ab= Ul dipeptide +
ok olug}, crystalline AA HEt} 1 o] 84 9]
dipeptide ©fl w3t g 87| do] wEHAA| kol oo digk HFAFT}

L
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Table 4. Growth performance and feed utilization of Pacific white shrimp Litopenaeus
vannamei (initial mean body weight: 0.15 g) fed the experimental diets for 62 days. The
experimental diets were prepared with supplementing different levels or molecular forms of

histidine by 0, 0.3 and 1.2% (Con, C-0.3, C-1.2, D-0.3 and D-1.2)

Dietary g\t WG2 SGR? FCR* PER® Survival
treatment

Con 1.01+0.06" 595+33.4° 3.28+0.08° 1.95+0.25 1.42+0.19 80.0+23.7

C-0.3 1.07+0.07* 632+54.4®° 3.37+0.13* 1.70+0.07 1.62+0.06 83.3+17.6
C-1.2 1.09+0.03* 644+14.4®° 3.40+0.03® 1.80+0.07 1.51+0.06 86.7+9.43
D-0.3 1.15+0.06* 689+36.8%° 3.50+0.08% 1.69+0.13 1.63+0.13 88.3+3.33

D-1.2 1.16+0.06* 695+41.2° 3.51+0.09° 1.87+0.22 1.47+0.18 85.0+11.4

'FBW: final body weight (g)

“Weight gain (%) = 100 x (final mean body weight — initial mean body weight)/initial mean
body weight,

*Specific growth ratio (% day™) = [(loge final body weight - loge initial body weight)/days]
x 100

*Feed conversion ratio = dry feed fed (g) / wet weight gain (g)

*Protein efficiency ratio = wet weight gain /total protein given.

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same column are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments.
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Figure 7. Growth performance of Pacific white shrimp Litopenaeus vannamei fed the
experimental diets with different levels or molecular forms of histidine for 62 days. Values
are mean of triplicate groups and presented as mean = S.D. Bars with different letters are
significantly different (P<0.05). The experimental diets were prepared with supplementing

different levels or molecular forms of histidine by 0, 0.3 and 1.2% (Con, C-0.3, C-1.2, D-0.3

and D-1.2)
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Table 5. Whole body composition of Pacific white shrimp Litopenaeus vannamei fed the
experimental diets for 62 days (% of dry matter). The experimental diets were prepared with
supplementing different levels or molecular forms of histidine by 0, 0.3 and 1.2% (Con, C-

0.3,C-1.2, D-0.3 and D-1.2).

Dietary treatment  Crude protein  Crude lipid  Crude Ash

Con 69.9+3.83 3.08+0.26  18.0+2.48
C-0.3 74.0£0.03 2.85+0.18  15.7+1.45
C-1.2 71.4+1.81 3.23+0.20  16.8+0.48
D-0.3 72.3+2.46 3.12+0.21  16.5+0.21
D-1.2 72.0+2.36 3.24+0.30  16.0+0.42

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same column are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments.
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Figure 8. Whole body composition of Pacific white shrimp Litopenaeus vannamei fed the

experimental diets with different levels or molecular forms of histidine for 62 days. Values

are mean of triplicate groups and presented as mean + S.D. Bars with different letters are

significantly different (P<0.05). The experimental diets were prepared with supplementing

different levels or molecular forms of histidine by 0, 0.3 and 1.2% (Con, C-0.3, C-1.2, D-0.3

and D-1.2).
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Table 6. Whole body amino acid composition of Pacific white shrimp Litopenaeus vannamei

fed the experimental diets for 62 days (% dry matter). The experimental diets were prepared

with supplementing different levels or molecular forms of histidine by 0, 0.3 and 1.2% (Con,

C-0.3, C-1.2, D-0.3 and D-1.2).

Experimental diets (added histidine level, %)

Essential amino acids

Con C-0.3 C-1.2 D-0.3 D-1.2
Arginine 6.24 6.15 6.08 6.27 6.34
Lysine 4.40 4.38 4.37 4.56 4.49
Threonine 244 2.50 247 2.52 2.48
Phenylalanine 2.72 2.74 2.75 2.87 2.79
Isoleucine 2.54 2.57 2.56 2.68 2.64
Leucine 4.30 4.30 4.26 4.44 4.37
Histidine 2.96 3.23 3.13 3.02 291
Valine 2.89 2.92 2.89 3.03 2.98

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same column are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments.
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Table 7. Apparent digestibility coefficients (%, ADC) for dry matter and protein of Pacific
white shrimp L. vannamei fed the experimental diets for 62 days. The experimental diets
were prepared with supplementing different levels or molecular forms of histidine by 0, 0.3

and 1.2% (Con, C-0.3, C-1.2, D-0.3 and D-1.2).

Dietary treatment ~ ADCd" ADCp?

Con 72.840.53°  82.4+0.35°
C-0.3 74.6£1.23"  83.1+0.82°
C-1.2 75.5£1.25®°  86.0£0.71°
D-0.3 75.0£2.08° 84.8+1.27°
D-1.2 77.3+0.91*  88.1+0.48"

' Apparent digestibility coefficient of dry matter (%)
2Apparent digestibility coefficient of protein (%)

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same column are significantly different (P < 0.05).
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Figure 9. Apparent digestibility coefficients (%, ADC) for dry matter and protein of Pacific
white shrimp (Litopenaeus vannamei) fed the experimental diets with different levels or
molecular forms of histidine for 62 days. Values are mean of triplicate groups and presented
as mean + S.D. Bars with different letters are significantly different (P<0.05). The
experimental diets were prepared with supplementing different levels or molecular forms of

histidine by 0, 0.3 and 1.2% (Con, C-0.3, C-1.2, D-0.3 and D-1.2).
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Figure 10. Relative mRNA expression of Pacific white shrimp Litopenaeus vannamei fed the
experimental diets with different levels or molecular forms of histidine for 62 days. Values
are mean of triplicate groups and presented as mean + S.D. Bars with different letters are
significantly different (P<0.05). The experimental diets were prepared with supplementing
different levels or molecular forms of histidine by 0, 0.3 and 1.2% (Con, C-0.3, C-1.2, D-0.3

and D-1.2).
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28 2]
Carnosine & ©]&3 3AgIA$- Als Y

histidine &7F A+

1.2. A&
Histidine = &2l Aol FAHA o} RE=A] wo] 5 S8 Adolsfoprt
a3t Polu At F ELbo]tHNRC, 2011). Histidine = o] F AW <59

S &, AFR U H A3 histidine ¢ H7be

i)
T
e
ofj
S
ke
el
2
o
BN
i)
ol
o
rir
18
i)

1

AW emd 43 A S, 25 W9 histidine &% T3 Ewe FE

—

Aoz &4y x lth(Forde-Skjaevik et al., 2006; Waagbo et al., 2010; Farhat, 2013).
Glover et al. (2003) -] 7H<%21(0. mykiss) At& W 23+ histidine H7F= &
ol old(zinc)el F+E FTXAIA Astas(amylase, protease, lipase)2] =319
TS oval X skt Jian carp (Cyprinus carpio var. Jian) AR5 W] histidine
A7be R &% W glutamate  pyruvate  transaminase  (GPT) S
ZAAA B35 9 vhZhao et al., 2012). GPT = 52 7t} 2504 histidine <]
A AL A EQL carnosine  (f-alanine-L-histidine)e]  FHAdoll #o]dl=
& 7 o] t}(Stifel and Herman, 1971). o] 2 A% A& W histidine ©] 23 9 749,
A A HF Avklordosis), 218 HA, w & (cataract)S Lot
R 315 1T (Breck et al., 2005; NRC, 2011; Michelato et al., 2017). A= W] histidine <]
Qe #S A= ofFe 4§, xdv 7] (Ictalurus punctatus) (1.54%, Wilson et
al., 1980), chum salmon (Oncorhynchus keta) (1.6%, Akiyama et al., 1985), %o} (2.1%,

Nose, 1979), nile tilapia (Oreochromis niloticus) (3.1%, Michelato et al., 2017),
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T2 712 (1.1%, Rodehutscord et al., 1997), gilthead sea bream (Sparus auratus) (1.7%,
Kaushik, 1998), african catfish (Clarias gariepinus) (1.0%, Khan and Abidi, 2009)=
ez JgdEAer. 28y, A9 Ao kuruma prawn (Marsupenaeus
japonicus) (0.5-0.7%, Teshima et al., 2002), %t}z]d=A1-$-(P. monodon) (0.8%,
Millamena et al., 1999)E th oz AR AFvk A=, g5 o] &3t
A= 57 A ol t(Table 1).

Carnosine < f-alanine ¥} L-histidine ©] Z &% dipeptide o] s&2] T+, 214,
5o ol gfEo] dri(Sale et al, 2013). Caronsine < 5 W A%}
ok z o] ALELE o] A5} (Nagasawa et al., 2001), % el pro-inflammatory
cytokines & A Al AE0-3S 7AA T K a1E ) oh(Shimizu, 2004; Son et
al., 2008). Karabulut-Bulan et al. (2017) 31 ] (albino mice)°ll canosine (250 mg/kg™)<
4wl FAK(intravenous injection, IV)stH & U] ASHrES AT AL
Busteh FANE(79.1 g£1.15 g)e] A$, AFE W carnosine (3.9 g/kgh)<]
A7b= FAIMl vls) ARES ARIEES FoHoR FTRAIIA R
Ao 2 HIE A TH(Snyder et al., 2015).

o =4t (soybean meal) A EFEFo] $5131(40-60%), 714 o] o] (fish meal)l

ale] Agste] A FA AR A g2 AREE Il ltH(Amaya et al,

ol

2007; Suérez et al., 2009). L&}, tFute A sloju]make] o 2 oo H]3|
Abzol o ®  H7H45-55%) A5, Ao AHES ASAI7IE o=

H % AtHLim and Dominy, 1990). Ab&2] F-A &3 AA AL Af5-9 AFS

AA o) 24 B 7 a7d A4S Ao A4 dgatRe He Ae 96
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e stk web ACAE FAUIe A% bed ARE SAHAE

o
o
A dFh a7F ARE Vo WEold AR el 87HthPeres

and Oliva-Teles, 2006).

22.1. AdA=

AgAtR = ol =4t mixtures (histidine free)s FTHE A5 = AFESE

HE2 A (semi-purified) AL 5. & o] 8349 11, 7NEAs Z=2117]7) 2] 3)

to

ozk

M

S HA7bel Atk Histidine S 3 7FshA] @82 d2=++(Control, 0.05)°]
dipeptides & B 2] histidine & 7} 0, 0.26, 0.69, 1.11, 1.53, 1.95, 2.37%(0.05, 0.24, 0.40,
0.62,0.78,0.93,1.13) H71d AdF= F 779 HATAEE o] &3t A3AIR
AR} AV TS Table 1o YERRIT A RS ofmAbS A9t

ARQRE EES F, 500 ml 29 Feprd Fol £39 Aude du

dqgete TRHTE M ¢ %, WA F7I(SP-B0, 57 ENG, Daegu, Korea)E

olg3te] APARLE ALSAL. ALE ARE A% F4 A, AR

oH
zjl

A7A W% ®3H-20°00)3130 . AAALE U] AA 9] ZA-S Table 2 o e
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Table 1. Dietary formation and proximate composition of the experimental diets for Pacific

white shrimp Litopenaeus vannamei.

Diets (added histidine level %)
005 024 040 062 0.78 093 113

FAA mix 330 330 330 330 330 33.0 33.0

Ingredients

Squid liver meal 5.31 5.31 5.31 5.31 5.31 5.31 5.31

Dextrin 230 230 230 230 230 230 230
Starch 230 230 230 230 230 230 230
His-Ala® 000 026 069 111 153 195 237
Alanine? 300 274 231 189 147 105 063
Fish oil 600 6.00 600 600 600 600 6.00

Mineral mix® 200 200 200 200 2.00 200 2.00
Vitamin mix* 1.00 100 100 100 1.00 1.00 1.00
Choline chloride 1.00 100 100 1.00 1.00 1.00 1.00
Lecithin 1.00 100 100 100 1.00 1.00 1.00

MCP® 3.00 300 300 300 3.00 3.00 3.00
*Proximate composition result (% DM)

Crude protein, % 357 357 355 36.0 358 364 364
Crude lipid, % 6.00 588 619 6.65 6.69 6.77 6.42
Crude ash, % 472 467 471 469 475 478 474
Moisture, % 105 104 960 990 948 9.91 9.48

"His-Ala : Swanson health products, L-Carnosine

?Alanine: Sigma Chemicals, L-Alanine

*Mineral premix (g kg™ of mixture): MgSO,.7H,0, 80.0; NaH,P0,.2H,0, 370.0; KCI, 130.0;
Ferriccitrate, 40.0; ZnS0,.7H,0O, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICl;.6H,0, 0.15;
Na,Se,03, 0.01; MnS0O,.H,0, 2.0; CoCl,.6H,0, 1.0

*Vitamin premix (g kg™of mixture): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-
D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinylacetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003

MCP® : Monocalcium phosphate
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Table 2. Essential and non-essential amino acid composition of the experimental diets for

Pacific white shrimp Litopenaeus vannamei.

Diets (added histidine level %)

Ingredients 005 024 040 062 078 093 113
EAA!

Arginine 229 215 215 211 218 211 233
Histidine 005 024 040 062 078 093 113
Isoleucine 165 163 158 158 161 158 1.69
Leucine 264 263 263 260 264 260 2.75
Lysine 200 211 210 208 208 208 216
Phenylalanine 181 179 179 177 179 177 186
Threonine 135 133 137 132 134 132 137
Valine 179 177 170 172 173 172 182
NEAA?

Alanine 362 361 359 361 358 361 2.66
Asparticacid 349 346 348 350 348 350 3.65
Glycine 167 169 169 177 166 177 171
Glutamicacid ~ 7.53 734 738 730 736 7.30 7.72
Proline 211 198 212 215 205 215 2.16
Serine 159 157 167 158 163 158 1.69
Tyrosine 109 110 114 108 117 1.08 115
Total (%) 348 344 348 348 351 351 358

Essential amino acid
2Non-essential amino acid
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222. AFAF 2 AHSHE

AFFEE AN Adde st dEs A= 4 F et AW
eSS FEeUM APRACl ASd & ARE SANN F OARTH
Aol ARtk dmAbg - AvE Al (27187 Al 0.28 g)= 5 28 79
110 L &l 7+ 25 vhel® Fa9e degste] wjXEdck(Figure 1). FE

Agzd FENL FAE f5t] dolaEs AAslaL, 56 d3re] A7zt

b AREEF22 28-30°C WRIE #FAHAT. FFUIE GFsS o835

Figure 1. Experimental rearing tank for Pacific white shrimp Litopenaeus vannamei
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AdEEo v A7l F, Alsever’s 89 (Alsever’s solution, Sigma, St. Louis, MO,
USA)e] A" FAZ1E ©]83Fe] hemolymph & & 3&}SIth Hemolymph &
H|5o]l4 W&, dAiAS s A4lE2](800 g, 20 min)ste] & (plasma)<
Ltk Hemolymph &8 +, sjF-& Fal M-S A=sdio. o9
HEE AA A e dol 55 W¥%s AlZl $, proPO (prophenoloxidase), crustin
FAAGE EAe AR Y] A7MA] A 285 31(-80°C) ] R Ak A
A& F @2 tail muscle = YWHAEEAC AREE AT AEANS-o AEH

AREE HE 2AFE RS A1 Pt

2.2.6. qPCR (quantitative real-time PCR)0l 2|8t S& X LS E 4
[B-actin (F-5"-GAGCAACACGGAGTTCGTTGT-3, R-5-
CATCACCAACTGGGACGACATGGA-3")> reference gene &= A}F-8-% 1L, proPO

(F-5°- TCCATTCCGTCCGTCTG-3’, R-5’- GGCTTCGCTCTGGTTAGG-3"), crustin (F-

5’-GAGGGTCAAGCCTACTGCTG-3’, R-5’- ACTTATCFAFFCCAFCACAC-3’) 49
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o] &% %t} gPCR & Real Time System TP 950 Thermal Cycler Dice™ (TaKaRa)E

ol g3t 218l

38

a1, 3ul 9] cDNA, 5ul ¢ TaKaRa Ex Tag™SYBR premix, 0.4ul 2]

forward & reverse primer, 1.2ul H,0 & Yol F EFS 10y 2 %50 A4S

ul

Ao,

22.7. ATH &4

AErse] WA= FHASEAE W (completely  randomized  design)S
Ao, EZA3= SPSS (Version 18.0) X 2138 o]83}o] One-way
ANOVA = TA A8kl doly ke °*xk+= Duncan’s multiple test =
Hlaslgith dHolE = Hd @t kT H X (meantSD)E YERNATH WESdolE =

arcsine M8 gro=2 FAEA SHSlth AFRE 9] histidine ] A 2 A A g9
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56 o F¢e AEAE Ay, AdYdAed AFHeETAL AEE,

m
of

A4 FES 078, 093 AFF7F dlZ=F(0.05)° Hla] FolHoz Edrh 53
078 AF7F tizTol wal] Z7F 159, 183, 7.8% S7Iste] 7Hd #& Aol
e 1 TH(Table 3 & Figure 2) (P<0.05).

AR AT E(FCR), G do]8a&(PER), B82S Aok T Abolel

fFelHQl Aole wolx LA wulAo|gEENA 093 AATLIL GlETol

Hlel 12.3% S7kste] 7HE

ON
'y
rlo
Wi

Fol & e ATHP>0.05).

A v 5o]d wAHgA PO BHL dE2FE A BE AP}
iz o vl feolF oz Eekth Lysozyme 24 0.62, 0.78 A& 7} o =)
Hj3) frojAo® Eodrh. 53], 078 A7 ol Wls) 27 275, 17.6%
Z7kete] 7HE =8 xpo] = LhERY L YH(P<0.05). Anti-protease €3-S 0.24, 0.4, 0.62,
078, 093 AZT7F Wiz H& FHez =Udr 53] 093 A7}
tz= el B8 31.5% S7heke] 7Hd 2 xFolE e SIt(Table 4 & Figure 3)
(P<0.05).

AN S FANEAM o)A Total protein ¢ FE= 0.78 A&7 thxo w3
Fre]How Fokth 53] 078 A3 7F txTol HlE 45.1% kst M Ee
Z}olE  UERMNSITHP<0.05). Cholesterol ¢ sxi g9 tzF  Apo]d
fFolHQl Apols Holx FANF 53] 113 AUt izl vl 25.6%
Z7tste] 7 =& Akol& e A TH(Table 5 & Figure 4) (P>0.05).

AN AekA S muscle composition oA FwrElAS 024, 0.62, 0.78
ARF7E gz vE) fFeHo R =gttt 53] 078 AT tjFxT ol vl

54% Z7Fsto] 7FE H& AolE YJERAATHP<0.05). X3 ES 078 A7}
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qzTol Hal frojHow

FUTHP<0.05). =44 IS e AFT Atold
T A ApelE HolA FANE 53] 062 AT Tl HlE 26.3%
s7Fste] 71 & Apo]E e 1t (Table 5 & Figure 5) (P>0.05).

A A 2] proPO W

22 0.24, 0.62, 0.78, 0.93 A& 77} thxFo

] 093 AAF7F diz=ol Hl3l] 95% S7hete] 7+

L ERHATHP<0.05). Crustin W& 0.4, 0.62, 0.78, 0.93% HAT7}
el Hlel feolHez Eokth 53

062 A&F7F iz Hvls] 282%
2ol & e S1 th(Figure 6) (P<0.05).

st Al $- AbE W histidine 28 H7) ke

A3 E
quadratic regression 23

<
S|

o

b

flo

S E&) 0.79% 2 %

]
Aoz ke ti(Figure 7).
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Table 3. Growth performance and feed utilization of Pacific white shrimp Litopenaeus
vannamei (initial mean body weight : 0.28 g) fed the experimental diets for 56 days. The
experimental diets were prepared with supplementing different levels of histidine by 0, 0.26,

0.69, 1.11, 1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).

Dietary

treatment FBW! WG? SGR® FCR* PER® Survival
0.05 1.82£0.15" 551#51.5° 3.34x#0.14° 2.60+0.29 0.57+0.08 75.0+8.25
0.24 1.78£0.10° 535+38.5" 3.30£0.11° 2.70+0.24 0.63+0.09 83.0+12.8
0.40 1.95+0.18% 597+65.3° 3.46+0.17" 2.70£0.25 0.64+0.11 84.0+8.64
0.62 1.98+0.08" 604+31.7% 3.48+£0.08" 2.83+0.14 0.62+0.07 86.0+6.93
0.78 2.11+0.21* 652+78.4° 3.60£0.18° 2.72+0.34 0.63+0.09 82.0+5.16
0.93 2.09£0.15° 644£50.4° 3.58+0.12° 2.72+0.18 0.64+0.06 85.0+3.83
1.13 1.89+0.12* 577+44.7* 3.41+0.12® 2.71+0.27 0.56+0.08 77.0+7.57

'FBW: final body weight (g)

2Weight gain (%) = 100 x (final mean body weight — initial mean body weight)/initial mean
body weight

3Specific growth ratio (% day™) = [(loge final body weight - loge initial body weight)/days]
x 100

*Feed conversion ratio = dry feed fed (g) / wet weight gain (g), *Protein efficiency ratio =
wet weight gain /total protein given.

Values are mean of triplicate groups and presented as mean + S.D. Values with different
superscripts in the same column are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments.
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Figure 2. Growth performance of Pacific white shrimp (Litopenaeus vannamei) fed the

experimental diets with different levels of histidine for 56 days. Values are mean of triplicate

groups and presented as mean + S.D. Bars with different letters are significantly different

(P<0.05). The experimental diets were prepared with supplementing different levels of

histidine by 0, 0.26, 0.69, 1.11, 1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and

1.13).
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Table 4. Non specific Immune parameters of Pacific white shrimp Litopenaeus vannamei

(initial mean body weight : 0.28 g) fed the experimental diets for 56 days. The experimental

diets were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11,

1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).

Dietary treatment  PO* Lysozyme Anti-protease
0.05 0.182+0.02°  4.43+0.44° 25.4+3.89°
0.24 0.211+0.02°  4.79+0.51*  31.3+5.44°
0.40 0.213+0.02%  4.74+0.39*  32.6+4.67°
0.62 0.203+0.02°  4.86+0.42%*  31.0+2.60°
0.78 0.232+0.02%  5.21+0.54° 31.9+4.82°
0.93 0.223+0.02%  4.75+0.44*°  33.4+3.63°
1.13 0.205+0.02°  4.38+0.63° 29.4+7.39%

'PO: Phenoloxidase activity

Values are mean of triplicate groups and presented as mean + S.D. Bars with different letters
are significantly different (P<0.05). The lack of superscript letter indicates no significant

differences among treatments.
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Figure 3. Non specific Immune parameters of Pacific white shrimp (Litopenaeus vannamei)
fed the experimental diets with different levels of histidine for 56 days. Values are means +
S.D. (n=3). Bars with different letters are significantly different (P<0.05). The experimental
diets were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11,

1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).
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Table 5. Hemolymph analysis parameters of Pacific white shrimp Litopenaeus vannamei
(initial mean body weight : 0.28 g) fed the experimental diets for 56 days. The experimental
diets were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11,

1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).

5;2%2:Zm Total protein®  Cholesterol®
0.05 1.84+0.42° 2.54+0.62
0.24 2.10+0.37®  2.54+0.69
0.40 2.35+0.32%  2.79+0.59
0.62 2.37¢0.20%  2.71+0.72
0.78 2.67+0.29° 2.97+0.86
0.93 2.13+0.40®  3.13+0.97
1.13 2.40+0.57%®  3.19+0.99

Total protein (g/dI)

2Cholesterol (mg/dl).

Values are mean of triplicate groups and presented as mean = S.D. Bars with different letters
are significantly different (P<0.05). The lack of superscript letter indicates no significant
differences among treatments.
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Figure 4. Hemolymph analysis parameters of Pacific white shrimp (Litopenaeus vannamei)
fed the experimental diets with different levels of histidine for 56 days. Values are means
S.D. (n=3). Bars with different letters are significantly different (P<0.05). The experimental
diets were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11,

1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).
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Table 6. Muscle composition of Pacific white shrimp Litopenaeus vannamei (initial mean
body weight : 0.28 g) fed the experimental diets for 56 days (%, wet basis). The
experimental diets were prepared with supplementing different levels of histidine by 0, 0.26,

0.69, 1.11, 1.53, 1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).

Dietary treatment Crude protein Crude lipid Ash

0.05 18.5+0.08° 0.99:0.03 1.64+0.06°
0.24 19.1+0.01%° 1.14+0.38 1.51+0.11%
0.40 18.6+0.17 1.11+0.13 1.50+£0.04%
0.62 19.1+0.20% 1.25%0.09 1.57£0.08%
0.78 19.5+0.03° 1.12+0.06 1.4740.01°
0.93 18.9+0.24" 1.19+0.05 1.54£0.02%°
1.13 18.6+0.38" 1.12+0.09 1.57+0.07%

Values are mean of triplicate groups and presented as mean = S.D. Bars with different letters
are significantly different (P<0.05). The lack of superscript letter indicates no significant

differences among treatments.
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Figure 5. Muscle composition of Pacific white shrimp (Litopenaeus vannamei) fed the
experimental diets with different levels of histidine for 56 days. Values are means + S.D.
(n=3). Bars with different letters are significantly different (P<0.05). The experimental diets
were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11, 1.53,

1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).
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Figure 6. Relative mRNA expression of Pacific white shrimp (Litopenaeus vannamei) fed
the experimental diets with different levels of histidine for 56 days. Values are means + S.D.
(n=3). Bars with different letters are significantly different (P<0.05). The experimental diets
were prepared with supplementing different levels of histidine by 0, 0.26, 0.69, 1.11, 1.53,

1.95 and 2.37% (0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and 1.13).
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Figure 7. Based on quadratic regression analysis of the specific growth rate against the
dietary histidine level, the optimal dietary histidine requirement for Pacific white shrimp was

estimated to be 0.79% of the dry diet, corresponding to 21.9 g kg™ of dietary protein.
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42. 1 F

oA Ttol A AR Y histidineo] ZF(>0.7%)= A% A9 AAo] AdtE =
Ao 2 Hol, histidines dAvte]Al-¢- AbE W ot eAbelS Al A
2l A9 AFE W histidine 2752 quadratic regression 412 -3 0.79% (2.19% of
dietary protein)l A o2 yElGT SohE]l A EA9-(P. monodon) (0.2 9)E o=
intact protein (casein 10%, gelatin 5% of diet)¥} o}v] =2t & 3H5(20% of diet)S T+
Aoz ARE3E AgoA histidined] Q7% 0.8% (2.2% of dietary protein)z}al
B 315 Sl tH(Millamena et al., 1999). Teshima et al. (2002)-> kuruma prawn (0.79 g) (M.
japonicas)S /S = CS-diet (casein 50%, squid protein 5% of diet), FM-diet (white fish
meal 53%, squid protein 6% of diet)E 4043t F w3 Suwl, 49| hisitidine &7
0.5-0.7% (1.1-1.4% of dietary protein) = }.313}3] T},

2 t}e] 4 = A $-(P. monodon) (0.2 g), kuruma prawn (M. japonicas) (0.79 g) AF=.9
hisitidine®] 25 52 3¢ H7b= opv|wite] B d& skl Ao AE<s
A ZItkal B s eH(Millamena et al., 1999; Teshima et al., 2002). o]+ Al= U
histidine®] 2 jian carp (C. carpio var. Jian), stinging catfish (Heteropneustes fossilis),
blunt snout bream (M. amblycephala)s /o2 3t AF-oll A 7ol 7, Wy
(cataract) WH5-S HQlthal B 1% ) th(Zhao et al., 2012; Farhat, 2013; Khan and Abidi,
2014; Arop et al., 2018). Maurin et al. (2006)> A}= W hisitidineo] Ag <2 45, ofF
o] AtgdolHS TaAZIttal B sk th Millamena et al. (1999)2 A|-$- A& W
EA opnats HJom HIF & A, Y S AstAivka ®Barstel
o}, #}3k hisitidine H 7=, AFR W] ofu =t poold] #ES Fure A9
S ek, of ek Aol e Ak 7IM, histamined] FA S S 7HAA

F2-3F= pro-inflammatory cytokinese] &S S7FAZITAL Ha1E Y

45



tH(Mertz, 1972; Jiang et al., 2016). $-t}&] 4 EA]-%-(P. monodon) A& W histidine2]
e H7bs Ao HAE 22 A Al el I AKnecrosis)E Y OoZvkal B
315 1 tH(Recodo, 1991). African catfish (Clarias gariepinus), indian major carp (C. catla),
rohu (Labeo rohita)oll A %= AF= W] histidine2] I} 7= o729 A4S AsHA7]
ol X % A th(Ravi J and Devaraj KV, 1991; Murthy HS and Varghese TJ, 1995; Khan
MA and Abidi SF, 2009).

ol Aol A histidines AtEol HAH H7E FE, A HSolz W

(PO, lysozyme, anti-protease)s << Al7]&= ZASE UENT PO= A9

ofy
Fo
[4 1
ok
2
N
L)
r o
o]

o

o
@)
—_>‘i"4
)
o
e
jubad
ko
B~
fr
=
o

o] hemolymph W PO &4
SALE A dubARl WoE S dadt 5 9l AxE ARE-ETH(Cheng et al.,
2006; Chiu et al., 2010). ¥ 1A 7o} FAMSHAl B cke] 9053 g) Absol A4z
9] threonine (1.67-1.89% of diet) % 7}+= hemolymph U] PO &4 T3 =& &
T B9 tH(Zhou et al., 2013). Lysozyme> Al A EH ] Fo FAAIEC]
peptidoglycan®] p-14-=2FIA = AFS 7Hidlste] ol& wystes 94&& 3

t}(Puangkaew et al., 2004; Lin and Shiau, 2005). Anti-protease:= WU wo] <45 U=

AR A9, Bdde] 2428488 JAt ol Wojste A9TS 3k, dnky
S 2 anti-protease &0 F7F= WA g 59 WolTE FUHE HERd

U}(Rao and Chakrabarti, 2004). wh2}A], dohe]Al9- AlE U] A A< histidine>
H|5o]# WAy Fxlo #ofsttiar s o)
o] Aol A AHA| -2 histidined] ZAZF H7F= -9 total proteing =

721 A]7]= Ao & UERSTE Total protein, cholesterolS 31the] 1%~ hemolymphe] &

& et 717FS H7Ee 4 e A 3o ti(Mercier et al., 2009). Total protein 2
2 dixbell Qle] FQ.8H, cholesterol> A 753 G325 HESIE o 4%

T2 AAY A Qo] tH(De Pedro et al., 2005; Xie et al., 2012; Sajjad et al., 2019).
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B oA Aol FA18HA Ak 9050 g) AbEol A4 d=Fe] arginine2] H7)
= M99 total proteing S A7) Ao B ILE I THZhou et al., 2012). Huai et al.
(2009)2- 3lt}E]A-$-(0.48 g) A=l 2 d=F2] threonine 7 7= A-$-2] total protein

FEE ZbAGR wasgith webd, AneAs Am Ul A4

=

histidine< total protein &% S3lof ¥ojgitiar ),

¢

ol Aol A A= Ul histidine®] A8 Hrb= 9o 2% o @A

FFS S A7Ie Aem Yeit AR S A(EH)2 TR &

AFE W histidine =2 histidine-derivativesi= 2178 34FA] A 5=, African catfish (C.
gariepinus), Jian carp (C. carpio) <+ W] ©uld o] steks FRAA YL B EHS)
T}(Ogata, 2002; Khan and Abidi, 2009; Zhao et al., 2012). 3 t}2]A]-$-(0.38 g) A&
leucine & AAZF A7 A5, Ao @A 3ol Frhgthal Harsklvh(Liu
et al., 2014). webA, 3t |- ALE W histidineS 52 FAAEO RN o
o] Ao A X o7 Fofstria FkE o)

ol Aol A AAAS-9 histidine®] AW = HUbe= Al EFA
proPO, crustin®] FAALHS FH A7 HAoe=E yET  proPO
(prophenoloxidase)= Az W @ holw F= &R Axjo} WAA A H=¥ &
aoll o opr|HE A EFORE s A5t o] FolA el proPO¢]
HAYZ e B2 A7 4238 = A H(Cerenius and Soderhall, 2004; Galko and
Krasnow, 2004; Zhou et al., 2013). Crustin> 772 & 2 5 oA D574
o1 43 Elo] = (antimicrobial peptides, AMPs)Z U5H AH 2 WA A
[ Ao]tK(Vargas et al., 2004). &+ Aol A A% ALE W histidine®] $H%(0.24-0.93%)

o] F7tstm] A}-9-2] proPO, crustin 2t LAo] FXE AL, histidined] T
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TE(1.13%) H7be= tixTtol vlE) zkolzh gl wheEbA, dAvEAlg- Al W
A skeEe] histidineS A|-$-9] A A AN F23F proPO, crustin A x} LS
SRAA o ZA B 5ol2 woe gEitel| rofgiva Akt

woAFe HAL 71EY AS-olAl crystalline FEfO] o} wmAkS o] &5}
By HEepuwal gy AveAeE oo dipeptide ¥ e
ofp| Ak o] &5t uEhd @+-%¥ Hlaslks= Zlojt) Dipeptide® BiQl L-
carnosines ©]-&3ko] BthE]A]-9-2 histidine 7S Ae Ay, e A]$-9]
histidine 72 Als W 0.79% = sehEtl &vhe] LS A-%-(P. monodon) (0.8%
of dry diet)¢} -AFs}™, kuruma prawn (M. japonicus) (0.5-0.7% of dry diet) Xt
A 52 o yeut 9% Aole Ade AREE Alg-9 F,

Abe] did g, ARRAdRe 74, 29 34 5 oY

o

{47}

Wb kel Ao olulwal e Aol oM dipeptide @S]
AAZ ALESHE Aol Bl H ARE 2TFE TR 5 9L Ao wuwd,
AT Ang #% o 9FH] ANAE histdine 9 THE opv] i)
M E AFstel ATAMF AR W aTFE AW T o=

AbsE T
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2
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A7t AR T 5 ARAEE AFEl A3 2718 FATE
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il Al dERE AREE o, 7SS aEste] QAR RS HAFOR
A7 A Histidine = H7FskA] 22 thZ770.05)¢ dipeptides 3 Ej 2]
histidine = 7} 0, 0.26, 0.69, 1.11, 1.53, 1.95, 2.37%(0.05, 0.24, 0.40, 0.62, 0.78, 0.93 and
113) A7 A= T 7 e A¥ARE AT gl 2718
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H| 5o]4 3} gPCR (proPO, crustin)f-dxbtd A4S z1833lch 8 F1H]

Atk E Ay AFEL 0.78, 093 A7} tjFxTo] v

=
Ho
lo,
X
|o
fru
HE
fass
)

ot
)
Ach
=
o

>~

5 W histidine A A7} =S histidine ¢ %9 AdAAZE

rel BAE 7]Fo 7 o] quadratic regression F41S E3 0.79% ¢ Ao

LERR T
AzHow 3vjelA$= crystalline AA KU} dipeptides KUt} F&Ao®

o] &3et] AFAES U F IS Aow FHAT} Dipeptide: Bt Al$-2] AA
ST Aol 9loJA crystalline AAS tiAlsle] BTt ] A

ol 7] 9%k opn|iAil Y8R AME 7hsd o= dukEt) Dipeptided B QI
L-carnosines  °]-&ste] Ao A9-¢  histidine S9FS  ATg AT
Sl g-ol ol mgALE W histidinee] A3 7F St 0.79% = BE UL
At -2 histidine 7= o] HaEnbrE glo] B AFtolA A

Stk A 99 histidine 7S ALE wj

et

of T8

o

NEARR ol§E Aow

Az

50



6. FaEd

Ahmed I and Khan MA. 2005. Dietary histidine requirement of fingerling Indian major carp,
Cirrhinus mrigala (Hamilton). Aquaculture Nutrition, 11(5), 359-366.

Akiyama DM. 1989. Soybean meal utilization by marine shrimp. In Proceeding of the world
congress, Vegetable protein utilization in human foods and animal feedstuffs.
American Qil Chemists Society, Champaign, Illinois, USA, 252-265.

AOAC (Association of Official Analytical Chemists). 2005. Official methods of analysis.
Association of Official Analytical Chemists, Arlington, Virginia, U.S.A.

Arop OMW, Liang H, Ge X, Ren M, Habte-Tsion HM and Ji K. 2018. Dietary histidine
requirement of juvenile blunt snout bream (Megalobrama amblycephala). Aquaculture
Nutrition, 24(3), 1122-1132.

Baxter RC. 1993. Circulating binding proteins for the insulinlike growth factors. Trends in
Endocrinology & Metabolism, 4(3), 91-96.

Berge GE, Lied E and Espe M. 1994. Absorption and incorporation of dietary free and
protein bound (U**C)-lysine in Atlantic cod (Gadus morhua). Comparative
Biochemistry and Physiology Part A: Physiology, 109(3), 681-688.

Bicudo AJ and Cyrino JEP. 2009. Estimating amino acid requirement of Brazilian freshwater
fish from muscle amino acid profile. Journal of the World Aquaculture Society, 40(6),
818-823.

Breck O, Bjerkas E, Campbell P, Rhodes JD, Sanderson J and Waagbg R. 2005. Histidine
nutrition and genotype affect cataract development in Atlantic salmon, Salmo salar L.
Journal of fish diseases, 28(6), 357-371.

Broer S. 2008. Amino acid transport across mammalian intestinal and renal epithelia.
Physiological reviews.

Cerenius L and Soderhall K. 2004. The prophenoloxidase-activating system in invertebrates.
Immunological reviews, 198(1), 116-126.

51



Cheng W, Chieu HT, Ho MC and Chen JC. 2006. Noradrenaline modulates the immunity of
white shrimp Litopenaeus vannamei. Fish & shellfish immunology, 21(1), 11-19.

Chiu CH, Guu YK, Liu CH, Pan TM and Cheng W. 2007. Immune responses and gene
expression in white shrimp, Litopenaeus vannamei, induced by Lactobacillus
plantarum. Fish & Shellfish Immunology, 23(2), 364-377.

Cohick WS and Clemmons DR. 1993. The insulin-like growth factors. Annual review of
physiology, 55(1), 131-153.

Cowey CB and Walton MJ. 1988. Studies on the uptake of (**C) amino acids derived from
both dietary (**C) protein and dietary (**C) amino acids by rainbow trout, Salmo
gairdneri Richardson. Journal of Fish Biology, 33(2), 293-305.

Dabrowski K, Lee KJ and Rinchard J. 2003. The smallest vertebrate, teleost fish, can utilize
synthetic dipeptide-based diets. The Journal of nutrition, 133(12), 4225-4229.

Dabrowski K, Zhang Y, Kwasek K, Hliwa P and Ostaszewska T. 2010. Effects of protein-,
peptide-and free amino acid-based diets in fish nutrition. Aquaculture research, 41(5),
668-683.

Daniel H and Kottra G. 2004. The proton oligopeptide cotransporter family SLCs in
physiology and pharmacology. Pfliigers Archiv, 447(5), 610-618.

De Pedro N, Guijarro Al, Lopez-Patifio MA, Martinez-Alvarez R and Delgado MJ. 2005.
Daily and seasonal variations in haematological and blood biochemical parameters in
the tench, Tinca tinca Linnaeus, 1758. Aquaculture research, 36(12), 1185-1196.

Divakaran S, Obaldo LG and Forster IP. 2002. Note on the methods for determination of
chromic oxide in shrimp feeds. Journal of agricultural and food chemistry, 50(3), 464-
467.

Dyer AR, Barlow CG, Bransden MP, Carter CG, Glencross BD, Richardson N, ... and
Carragher JF. 2004. Correlation of plasma IGF-I concentrations and growth rate in

aquacultured finfish: a tool for assessing the potential of new diets. Aquaculture,

52



236(1-4), 583-592.

FAO (Food and Agriculture Organization of the United Nations). 2018. The State of World
Fisheries and Aquaculture 2018. Meeting the sustainable development goals. FAO
Report, 227.

Farhat KMA. 2013. Effects of varying levels of dietary L-histidine on growth, feed
conversion, protein gain, histidine retention, hematological and body composition in
fingerling stinging catfish Heteropneustes fossilis (Bloch). Aquaculture, 404-405.

Folch J, Lees M and Stanley GS. 1957. A simple method for the isolation and purification of
total lipides from animal tissues. Journal of biological chemistry, 226(1), 497-5009.

Farde-Skje rvik O, Skjervik O, Markare T, Thomassen MS and Rervik KA. 2006. Dietary
influence on quality of farmed Atlantic cod (Gadus morhua): effect on glycolysis and
buffering capacity in white muscle. Aquaculture, 252(2-4), 409-420.

Galko MJ and Krasnow MA. 2004. Cellular and genetic analysis of wound healing in
Drosophila larvae. PLoS Biol, 2(8), e239.

Glover CN, Bury NR and Hogstrand C. 2003. Zinc uptake across the apical membrane of
freshwater rainbow trout intestine is mediated by high affinity, low affinity, and
histidine-facilitated pathways. Biochimica et Biophysica Acta (BBA)-Biomembranes,
1614(2), 211-219.

Huai MY, Tian LX, Liu YJ, Xu AL, Liang GY and Yang HJ. 2009. Quantitative dietary
threonine requirement of juvenile Pacific white shrimp, Litopenaeus vannamei (Boone)
reared in low-salinity water.Aquaculture Research,40(8), 904-914.

Jiang WD, Feng L, Qu B, Wu P, Kuang SY, Jiang J., ... and Liu Y. (2016). Changes in
integrity of the gill during histidine deficiency or excess due to depression of cellular
anti-oxidative ability, induction of apoptosis, inflammation and impair of cell-cell tight
junctions related to Nrf2, TOR and NF-«kB signaling in fish. Fish & shellfish

immunology, 56, 111-122.

53



JinY, Liu FJ, Liu YJ, Tian LX and Zhang ZH. 2017. Dietary tryptophan requirements of
juvenile pacific white shrimp, Litopenaeus vannamei (Boone) reared in low-salinity
water. Aquaculture international, 25(2), 955-968.

Karabulut-Bulan O, Us H, Bayrak BB, Sezen-Us A and Yanardag R. 2017. The role of
melatonin and carnosine in prevention of oxidative intestinal injury induced by
gamma irradiation in rats. Biologia, 72(8), 935-945.

Khan MA and Abidi SF. 2009. Optimum histidine requirement of fry African catfish, Clarias
gariepinus (Burchell). Aquaculture Research, 40(9), 1000-1010.

Khan MA and Abidi SF. 2014. Dietary histidine requirement of Singhi, Heteropneustes
fossilis fry (Bloch). Aquaculture Research, 45(8), 1341-1354.

Khan MA. 2018. Histidine Requirement of Cultivable Fish Species: A Review.

Kim SS and Lee KJ. 2013. Comparison of leucine requirement in olive flounder
(Paralichthys olivaceus) by free or synthetic dipeptide forms of leucine. Animal Feed
Science and Technology, 183(3-4), 195-201.

Klein RG and Halver JE. 1970. Nutrition of salmonoid fishes: arginine and histidine
requirements of chinook and coho salmon. The Journal of nutrition, 100(9), 1105-11009.

KOSIS (Korea Statistical Information Service). 2020. Survey on the status of aquaculture.
Retrieved from
http://kostat.go.kr/portal/korea/kor_nw/1/1/index.board?bmode=read&aSeq=380812.

Kwasek K, Zhang Y and Dabrowski K. 2010. Utilization of dipeptide/protein based diets in
larval and juvenile Koi carp—post-prandial free amino acid levels. Journal of animal
physiology and animal nutrition, 94(1), 35-43.

Li X, Yin J, Li D, Chen X, Zang J and Zhou X. 2006. Dietary supplementation with zinc
oxide increases IGF-1 and IGF-I receptor gene expression in the small intestine of
weanling piglets. The Journal of nutrition, 136(7), 1786-1791.

Lim C and Dominy W. 1990. Evaluation of soybean meal as a replacement for marine animal

54



protein in diets for shrimp (Penaeus vannamei). Aquaculture, 87(1), 53-63.

Liu FJ, Liu YJ, Tian LX, Chen WD, Yang HJ and Du ZY. 2014. Quantitative dietary leucine
requirement of juvenile Pacific white shrimp, Litopenaeus vannamei (Boone) reared in
low-salinity water. Aquaculture Nutrition, 20(3), 332-340.

Lin MF and Shiau SY. 2005. Dietary L-ascorbic acid affects growth, nonspecific immune
responses and disease resistance in juvenile grouper, Epinephelus malabaricus.
Aquaculture, 244(1-4), 215-221.

Luo Z, Liu YJ, Mai KS, Tian LX, Tan XY and Yang HJ. 2007. Effects of dietary arginine
levels on growth performance and body composition of juvenile grouper Epinephelus
coioides. Journal of Applied Ichthyology, 23(3), 252-257.

Maurin AC, Bruhat A, Jousse C, Cherasse Y and Fafournoux P. 2006. Cellular adaptation to
amino acid availability: mechanisms involved in the regulation of gene expression.
Bulletin de I'Académie vétérinaire de France.

Mercier L, Racotta IS, Yepiz-Plascencia G, Muhlia-Almazan A, Civera R, Quifiones-Arreola,
MF, ... and Palacios E. 2009. Effect of diets containing different levels of highly
unsaturated fatty acids on physiological and immune responses in Pacific white leg
shrimp Litopenaeus vannamei (Boone) exposed to handling stress. Aquaculture
Research, 40(16), 1849-1863.

Mertz ET. 1972. The protein and amino acid needs. In Fish nutrition (pp. 105-143).
Academic Press.

Michelato M, Zaminhan M, Boscolo WR, Nogaroto V, Vicari M, Artoni RF, ... and Furuya,
WM. 2017. Dietary histidine requirement of Nile tilapia juveniles based on growth
performance, expression of muscle-growth-related genes and haematological
responses. Aquaculture, 467, 63-70.

Millamena OM, Teruel MB, Kanazawa A and Teshima S. 1999. Quantitative dietary

requirements of postlarval tiger shrimp, Penaeus monodon, for histidine, isoleucine,

55



leucine, phenylalanine and tryptophan. Aquaculture, 179(1-4), 169-179.

Murai T, Ogata H, Hirasawa Y, Akiyama T and Nose T. 1987. Portal absorption and hepatic
uptake of amino acids in rainbow trout (Onchorhynchus mykiss) force-fed complete
diets containing casein or crystalline amino acids. Bulletin of the Japanese Society of
Scientific Fisheries (Japan).

Murthy HS and Varghese TJ. 1995. Arginine and histidine requirements of the Indian major
carp, Labeo rohita (Hamilton). Aquaculture Nutrition, 1(4), 235-239.

NAM TJ, KwoN MJ, LEE SM, PARK KY, KIM Y, PARK SR and PYEUN JH. 2001. Effects
of Dietary Proteins on Serum Insulin-like Growth Factor-I (IGF-1) and IGF-Binding
Protein-3 in Korean Rockfish, Sebastes schlegeli. Korean Journal of Fisheries and
Aguatic Sciences, 34(5), 550-555.

Nagasawa T, Yonekura T, Nishizawa N and Kitts DD. 2001. In vitro and in vivo inhibition of
muscle lipid and protein oxidation by carnosine. Molecular and cellular biochemistry,
225(1-2), 29-34.

Nose T. 1979. Summary report on the requirements of essential amino acids for carp. Finfish
nutrition and fishfeed technology, 145-156.

NRC (National Research Council). 1993. Nutritional requirements of fish. National
Academy of Science, Washington. D. C., 114.

Ogata HY. 2002. Muscle buffering capacity of yellowtail fed diets supplemented with
crystalline histidine. Journal of Fish Biology, 61(6), 1504-1512.

Peachey BL, Scott EM and Gatlin 11l DM. 2018. Dietary histidine requirement and
physiological effects of dietary histidine deficiency in juvenile red drum Sciaenop
ocellatus. Aquaculture, 483, 244-251.

Peres H and Oliva-Teles A. 2006. Effect of the dietary essential to non-essential amino acid
ratio on growth, feed utilization and nitrogen metabolism of European sea bass

(Dicentrarchus labrax). Aquaculture, 256(1-4), 395-402.

56



Puangkaew J, Kiron V, Somamoto T, Okamoto N, Satoh S, Takeuchi T and Watanabe T. 2004.
Nonspecific immune response of rainbow trout (Oncorhynchus mykiss Walbaum) in
relation to different status of vitamin E and highly unsaturated fatty acids. Fish &
shellfish immunology, 16(1), 25-39.

Rao YV and Chakrabarti R. 2004. Enhanced anti-proteases in Labeo rohita fed with diet
containing herbal ingredients. Indian Journal of Clinical Biochemistry, 19(2), 132.

Ravi J and Devaraj KV. 1991. Quantitative essential amino acid requirements for growth of
catla, Catla catla (Hamilton). Aquaculture, 96(3-4), 281-291.

Recodo AG. 1991. Histo- physiological effects of various histidine levels in the diet on the
hepatopancreas of PenaeusmonodonFabricius (Doctoral dissertation, Master thesis.
Institute of Biology, College of Science, UP Diliman, Quezén City, Philippines).

Rodehutscord M, Becker A, Pack M and Pfeffer E. 1997. Response of rainbow trout
(Oncorhynchus mykiss) to supplements of individual essential amino acids in a
semipurified diet, including an estimate of the maintenance requirement for essential
amino acids. The Journal of nutrition, 127(6), 1166-1175.

Rannestad I, Concei¢do LE, Aragdo C and Dinis MT. 2000. Free amino acids are absorbed
faster and assimilated more efficiently than protein in postlarval Senegal sole (Solea
senegalensis). The Journal of nutrition, 130(11), 2809-2812.

Rennestad | and Conceigao LE. 2005. Aspects of protein and amino acids digestion and
utilization by marine fish larvae. Physiological and ecological adaptations to feeding
in vertebrates, 389-416.

Rgnnestad I, Nilsen TO, Murashita K, Angotzi AR, Moen AGG, Stefansson SO., ... and
Kurokawa T. 2010. Leptin and leptin receptor genes in Atlantic salmon: cloning,
phylogeny, tissue distribution and expression correlated to long-term feeding status.
General and comparative endocrinology, 168(1), 55-70.

Sale C, Artioli GG, Gualano B, Saunders B, Hobson RM and Harris RC. 2013. Carnosine:

57



from exercise performance to health. Amino acids, 44(6), 1477-1491.

Santiago CB and Lovell RT. 1988. Amino acid requirements for growth of Nile tilapia. The
journal of nutrition, 118(12), 1540-1546.

Shimizu S, Kanaseki T, Mizushima N, Mizuta T, Arakawa-Kobayashi S, Thompson CB and
Tsujimoto Y. 2004. Role of Bcl-2 family proteins in a non-apoptotic programmed cell
death dependent on autophagy genes. Nature cell biology, 6(12), 1221-1228.

Snyder GS, Gaylord TG, Barrows FT, Overturf K, Cain KD, Hill RA and Hardy RW. 2012.
Effects of carnosine supplementation to an all-plant protein diet for rainbow trout
(Oncorhynchus mykiss). Aquaculture, 338, 72-81.

Son DO, Satsu H and Shimizu M. 2005. Histidine inhibits oxidative stress-and TNF-a-
induced interleukin-8 secretion in intestinal epithelial cells. FEBS letters, 579(21),
4671-4677.

Stifel FB and Herman RH. 1971. Histidine metabolism. The American journal of clinical
nutrition, 24(2), 207-217.

Stipanuk MH and Watford M. 2000. Amino acid metabolism. Biochemical and Physiological
aspects of human nutrition, 233-286.

Sudrez JA, Gaxiola G, Mendoza R, Cadavid S, Garcia G, Alanis G, ... and Cuzon G. 2009.
Substitution of fish meal with plant protein sources and energy budget for white
shrimp Litopenaeus vannamei (Boone, 1931). Aquaculture, 289, 118-123.

Tantikitti C and March BE. 1995. Dynamics of plasma free amino acids in rainbow trout
(Oncorhynchus mykiss) under variety of dietary conditions. Fish Physiology and
Biochemistry, 14(3), 179-194.

Terjesen BF, Lee KJ, Zhang Y, Failla M and Dabrowski K. 2006. Optimization of dipeptide—
protein mixtures in experimental diet formulations for rainbow trout (Oncorhynchus
mykiss) alevins. Aquaculture, 254(1-4), 517-525.

Terova G, Robaina L, Izquierdo M, Cattaneo A, Molinari S, Bernardini G and Saroglia M.

58



2013. PepT1 mRNA expression levels in sea bream (Sparus aurata) fed different plant
protein sources. SpringerPlus, 2(1), 17.

Teshima S, Alam MS, Koshio S, Ishikawa M and Kanazawa A. 2002. Assessment of
requirement values for essential amino acids in the prawn, Marsupenaeus japonicus
(Bate). Aguaculture Research, 33(6), 395-402.

Tesser MB, Terjesen BF, Zhang Y, Portella MC and Dabrowski K. 2005. Free-and peptide-
based dietary arginine supplementation for the South American fish pacu (Piaractus
mesopotamicus). Aquaculture Nutrition, 11(6), 443-453.

Verri T, Barca A, Pisani P, Piccinni B, Storelli C and Romano A. 2017. Di-and tripeptide
transport in vertebrates: the contribution of teleost fish models. Journal of
Comparative Physiology B, 187(3), 395-462.

Waagbe R, Trolke C, Koppe W, Fontanillas R and Breck O. 2010. Dietary histidine
supplementation prevents cataract development in adult Atlantic salmon, Salmo salar
L., in seawater. British journal of nutrition, 104(10), 1460-1470.

Wei Y, Xu H and Liang M. 2020. Amino acid absorption and protein synthesis responses of
turbot Scophthalmus maximus to lysine and leucine in free, dipeptide and tripeptide
forms. Aquaculture Nutrition, 26(2), 358-367.

Wilson RP, Poe WE and Robinson EH. 1980. Leucine, isoleucine, valine and histidine
requirements of fingerling channel catfish. The Journal of Nutrition, 110(4), 627-633.

Wilson-Arop OM, Liang H, Ge X, Ren M, Habte-Tsion HM and Ji K. 2018. Dietary histidine
requirement of juvenile blunt snout bream (Megalobrama amblycephala). Aquaculture
Nutrition, 24(3), 1122-1132.

Xu D, He G, Mai K, Zhou H, Xu W and Song F. 2016. Postprandial nutrient-sensing and
metabolic responses after partial dietary fishmeal replacement by soyabean meal in
turbot (Scophthalmus maximus L.). British Journal of Nutrition, 115(3), 379-388.

Zarate DD and Lovell RT. 1997. Free lysine (I-lysine- HCI) is utilized for growth less

59



efficiently than protein-bound lysine (soybean meal) in practical diets by young
channel catfish (Ictalurus punctatus). Aquaculture, 159(1-2), 87-100.

Zarate DD, Lovell RT and Payne M. 1999. Effects of feeding frequency and rate of stomach
evacuation on utilization of dietary free and protein-bound lysine for growth by
channel catfish Ictalurus punctatus.

Zhang Y, Dabrowski K, Hliwa P and Gomulka P. 2006. Indispensable amino acid
concentrations decrease in tissues of stomachless fish, common carp in response to
free amino acid-or peptide-based diets. Amino Acids, 31(2), 165-172.

Zhao B, Feng L, Liu Y, Kuang SY, Tang L, Jiang J, ... and Zhou XQ. 2012. Effects of dietary
histidine levels on growth performance, body composition and intestinal enzymes
activities of juvenile Jian carp (Cyprinus carpio var. Jian). Aquaculture Nutrition,
18(2), 220-232.

Zhou QC, Zeng WP, Wang HL, Wang T, Wang YL and Xie FJ. 2012. Dietary arginine
requirement of juvenile Pacific white shrimp, Litopenaeus vannamei. Aquaculture,
364, 252-258.

Zhou QC, Wang YL, Wang HL and Tan BP. 2013. Dietary threonine requirements of juvenile

Pacific white shrimp, Litopenaeus vannamei. Aquaculture, 392, 142-147.

60



7. 3 2

e WA, ol

I
H

T AEE Aolne

oo
Ny
<

§ A7 dol

SRR

g},

A

A A & 5= Sl

HaS

=°] #

i

W o)z} Fu

SED

0
o
Bl

Ho
J|

1
Dfw

;OH
e
el

A
Ul

T

o] F91| Aol Gl A1l

il

J)J

o
i)

Mo

g3 A7

ToH
o
N

™
o

B

A

Ul

O

obi 7], o] m]

e Pt vl

3]

o= 4

=12
-

H

FU). vy

Al

=
=

oA ARl AAL

~

.ﬂo

Pl

oI

R
olo

ol
G

SRS

23 =

—_
1o

oF

—~
file)

To
~I
of
il
HJ
o]
Mo

uy

™

61



	실험-1 : 흰다리새우 사료 내 histidine의 형태(dipeptide, crystalline AA)에 따른 이용성 연구
	1.1. 서론 
	2.1. 재료 및 방법
	2.1.1. 실험사료 
	2.1.2. 실험새우 및 사육관리 
	2.1.3. 실험새우 무게측정 
	2.1.4. 일반성분분석 
	2.1.5. 사료의 외관상 소화율 측정 
	2.1.6. RNA 추출 및 cDNA 합성 
	2.1.7. qPCR (quantitative real-time PCR)에 의한 유전자 발현 분석 
	2.1.8. 통계학적 분석 

	3.1. 결과 
	4.1. 고찰 

	실험-2 : Carnosine을 이용한 흰다리새우 사료 내 histidine 요구량 연구
	1.2. 서론 
	2.2. 재료 및 방법
	2.2.1. 실험사료 
	2.2.2. 실험새우 및 사육관리 
	2.2.3. 실험새우 무게측정 
	2.2.4. 일반성분분석 
	2.2.5. RNA 추출 및 cDNA 합성 
	2.2.6. qPCR (quantitative real-time PCR)에 의한 유전자 발현 분석 
	2.2.7. 통계학적 분석 

	3.2. 결과 
	4.2. 고찰 

	5. 요약문 
	6. 참고문헌 
	7. 감사의 글 


<startpage>14
실험-1 : 흰다리새우 사료 내 histidine의 형태(dipeptide, crystalline AA)에 따른 이용성 연구 1
 1.1. 서론  1
 2.1. 재료 및 방법 3
  2.1.1. 실험사료  3
  2.1.2. 실험새우 및 사육관리  7
  2.1.3. 실험새우 무게측정  8
  2.1.4. 일반성분분석  9
  2.1.5. 사료의 외관상 소화율 측정  9
  2.1.6. RNA 추출 및 cDNA 합성  11
  2.1.7. qPCR (quantitative real-time PCR)에 의한 유전자 발현 분석  11
  2.1.8. 통계학적 분석  12
 3.1. 결과  13
 4.1. 고찰  14
실험-2 : Carnosine을 이용한 흰다리새우 사료 내 histidine 요구량 연구 25
 1.2. 서론  25
 2.2. 재료 및 방법 27
  2.2.1. 실험사료  27
  2.2.2. 실험새우 및 사육관리  30
  2.2.3. 실험새우 무게측정  31
  2.2.4. 일반성분분석  31
  2.2.5. RNA 추출 및 cDNA 합성  31
  2.2.6. qPCR (quantitative real-time PCR)에 의한 유전자 발현 분석  31
  2.2.7. 통계학적 분석  32
 3.2. 결과  33
 4.2. 고찰  45
5. 요약문  49
6. 참고문헌  51
7. 감사의 글  61
</body>

