creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ZRED

i
rlo

oty S (Litopenaeus vannamen AF5
W HELd/A 2" AHA Z 71H] 9
#ol A

2018 24



Aoty NS (Litopenaeus vannamer A=
U WEd/Al2="el A F 7)o
sk oA

'(H

9 9 oAz

AF o) sk ojskel

2017d 124



Study on optimum methionine/cystine ratio
in diets for Pacific white shrimp

(Litopenaeus vannamei)

Soohwan Kim

(Advised by Professor Kyeong-Jun Lee)

A thesis submitted in partial fulfillment
of the requirement for the Degree of

Master of Science

Department of Marine Life Sciences
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

February 2018



i

ABSTRACT

LIST OF FIGURES
LIST OF TABLES

1.4 &

2.

— oM ™M > o0

=0

Az =

2.1. A3 s

15
15
17
18
19
96
99
30

fvze]
_ZTI
H

—_
"o

24. AR W obulnt FF &

X
il 8

o
<

3. 24 %

o
i
™

R



Abstract

This study was conducted to investigate the proper ratio of methionine
and cystine (free L-Met, free L-Cys) on cystine availability, replacement
effect of methionine with cystine, growth performance, feed utilization and
non-specific immunity of Pacific white shrimp (Litopenaecus vannamei).
Seven experimental diets were formulated to supplement L-methionine and
L-cystine in different proportions [Met:Cys; 100:0 (M10C0), 90:10 (M9C1),
80:20 (M8C2), 70:30 (M7C3), 60:40 (M6C4), 50:50 (M5C5) and 0:100
(MOC10). The shrimp (initial weight: 1.10g) were randomly distributed into
28 acrylic tanks of 96 L capacity at a density of 15 shrimps per tank and
three groups of shrimps were fed one the experimental diets for 8 weeks.
At the end of the feeding trial, no significant difference was observed in
growth performance, feed utilization and survival. In non-specific immunity,
the results of SOD were significantly higher in M9C1 group than in the
M7C3, M6C4, and Mb5C5 groups. SOD was the lowest in M6C4 group
(P<0.05). No significant differences were observed in NBT, PO,
anti-protease and lysozyme. The results of the shrimp whole-body
composition revealed no significant differences among dietary treatments. In
the palatability test, the difference contents or ratio of Met and Cys in the
diets did not affect the feed intake of shrimp. In the case of apparent
digestibility coefficient of dry matter (ADCd), MS8C2 diet group was
significantly higher among all diet groups. Shrimp fed the M9C1 diet
showed significantly (/2<0.05) higher ADC of protein than that of other
diet. M6C4 diet group was significantly lowest in ADCd and ADCp.
Replacement of Met with Cys in feeds could have any negative effect on
the ADCd and ADCp of L. vannamei. Therefore, L-cystine may be useful

as an alternative amino acid to L-methionine in feeds for L. vannamer.
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Aol AbgE TS AAXEE 29 A 334%, =AW 75% = Al x5}
Ko, AqUuA= 177 MJ/kg= At s}t AFAoAESEATH)
o Al zeto] AREAIRO ARESFA T oF 20%9] ofio]l HIFE ZIEANR
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Table 1. Formulation of the seven experimental diets for Pacific white
shrimp (% DM).

Diets (%)

Ingredients
MI10CO MOC1 M8C2 M7C3 M6C4 M5HC5 MOCI0

Brown fish meal  20.0 20.0 20.0 20.0 20.0 20.0 20.0

Soybean meal 22.3 22.3 22.3 22.3 22.3 22.3 22.3
Gelatin 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Squid liver meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Wheat flour 274 274 27.4 274 274 274 274
Fish oil 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mineral mix ' 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin mix * 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Starch 12.0 12.0 12.0 12.0 12.0 12.0 12.0
Monocalcium

phophate 3.00 3.00 3.00 3.00 3.00 3.00 3.00
L-methionine 0.80 0.72 0.64 0.56 0.48 0.40 0.00
L-cystine 0.00 0.08 0.16 0.24 0.32 0.40 0.80

"MgS0,.7H20, 80.0; NaH,P04.2Hz0, 370.0; KCl, 130.0; Ferric citrate, 40.0;
ZnS04.7H20, 20.0; Ca—lactate, 356.5; CuCl, 0.2; AlCls. 6H20, 0.15; NasSez0s, 0.01;
MnS0,4.H20, 2.0; CoCly.6H20, 1.0.

’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; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.



Table 2. Proximate composition of the seven experimental diets (%6 DM).

Diets M10CO MOC1 M8C2 M7C3 M6C4 M5C5 MOC10
Dry matter 90.8 91.2 91.0 91.0 90.9 90.9 91.0
Crude protein 33.3 33.3 33.5 334 33.5 33.4 33.5
Crude lipid 7.22 7.95 7.48 7.51 7.69 7.69 7.04
Crude ash 7.68 7.81 7.79 7.88 7.82 787 7.78
Fiber 2.54 3.43 2.18 294 2.16 3.15 3.34

The values are mean of three replicate analyses.



Table 3. Methionine and cystine concentrations in seven experimental diets for Pacific white shrimp.

% in sample M10CO MOC1 M8C2 M7C3 M6C4 M5C5 MOC10
Methionine 1.22 1.13 1.02 0.97 0.88 0.87 0.62
Cystine 0.65 0.76 0.87 0.86 1.15 1.45 2.05

The values are mean of three replicate analyses.



Fig. 1. Preparation of the experimental diets.
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SSlHE AdAste] 28 - 31T WARE FAHJY Assa> 1Y 43](08:30,
13:00, 17:30 & 20:00h)ell 7o 8 F3+ Agtgw (AT 6 7 12%)= 2
&ttt

Fig. 2. Shrimp culture system for the feeding trial.
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Al A FASAEL 2500 AAsg oy, S 18AI Ao Al Al §-
o] ~EHAE ZFo]7] Yol RE AE S AAANATG(Fig 3). EF FA=
AT 2T 4uigle AE FEYE AdEste dSEdd vE Al F

Alsever’s solution &<o] A 2]¥ FA7]E ©]&3te] hemolymphEs &3



H(Fig 4). A& ¥ hemolymphi= w2 Al ¥ &4 (NBT; nitroblue-tetrazolium)<
A3 & AR 7 (Micro 17 TR; HanilBioMed Inc., Gwangju, Kroea)Z
g3to]l 800 g= 10%3F S Eelste] Hl5ol4 gy Ao AREH S
o 23S EAS % A9 E(feces) TR AlRETw 30w &

(siphoning) % 352 3lo] Fxo] F& Alg 2 o]EAS 73] HAslA,
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o)F 3A%t FRH WAHE B AlRoR FH%] FHREE AHF Fo
E

Fig. 3. Measurement of growth performance in every 2 weeks during

the feeding trial.



Fig. 4. Collection of blood samples.

AFENR AIRESE B 2ANEEI AL S e 2ok

SAE (WG, %) = 100 x (final mean body weight - initial mean body
weight)/initial mean body weight; A}2E&(FCR) = dry feed fed/wet
weight gain; ©# 2 o] & &8 (PER) = wet weight gain/total protein given;
A A E(SGR, %) = [(og. final body weight - loge initial body
weight)/days]x 100; AF&4d o] = (FI, g) = dry feed fed/shrimp.

AlgAa 2 o dibgdE 42 AOAC (1995) Wl wel i A
U7FEAEHA25TC, 3h), =3FE A F=HE0T, 6h), SdHdLe A5

Zori B 7] (Kejltec system 2300, Sweden) 2 #4151 0 A8k Folch et
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al. (1959)¢] Wl e} Soxhlet %74 *|(Soxhlet Heater system C-SHS,
Korea)E ©]&3dto] #4153t

Atg BOA Aol Al W] Sopr Ak Al S WA AR B A G oA
A2 oF 0.02gS 23] F8ke] Test tubedl ¥ 6N HCl & 15ml & 7+&
5, % 1 & davtar FHdsta Ak Ested 110C 9 Dry ovenol A 24
A ZF Fob A7 ESIAI AL 24 A1ZF &, Dry ovenoll 4] Test tube & 79

Ao A A3 tg, FalE AEE 55C Water bath oA /5SS Yol 2

FAg o] YA ¥ EX(NBT activity) Zhang et al (2013)2] 2=
< $8&3te] ZFFY 5 =F 7 (Neutrophils)ell 9] gk oxidative radical
ARAFE S8 ed EAYHe s 2ok 4, Hemolymph 50 ul
200 ul HBSS(Hank’s balanced salt solution)& 23} &
A AT 304 ¥ zymosan (0.1% Hank's solution) 100 uL 7} § 37°C <A
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EFE 5 25°CAN whg

2417 BoF wkS-AJZA T NBT solution(0.3%)< 100 ul® ¥& F 37°C oA 2
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(6500 pm) ¥ A5AES HHWNWI 70% methanol 100 yL= 3H MAH F 5
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gl olgya 9o AAE W HIEAAA (ascorbic acid, B-glucan,
probiotics §)E9 H7F Al Al$-9 & P Ao glojA F7E lysozyme
activity e &1 & 4 glom, oled Aif= v 5ol HAWEe FUt e
o] Fo] e FFE Yehe AR A e
Phenoloxidase &4 #4]12 Hernandez-Lopez et al. (1996)2] "W

2 A5tk Phenoloxidases #2be] wWol7| el wig- T3 TS of
= #2224 d3FAH¥E W Prophenoloxidase @~ HE|E
Prophenoloxidase activating system ©°f] <938 AstgEc. Al
FAaUS Aikste] o AME E 2 o gL digh
I EAES FXAZIH A qhge] Fogtt welA hemolymph U

Phenoloxidase 42 A2 A4 W] T3k A2 AEH UL

rr

Phenoloxidase

>

Superoxide dismutase (SOD) €42 superoxide dismutase assay Kit
(Sigma, 19160)E ©o]&3ste] #4359t 96-well platesd] 20 uL  radical
detector® #H7}eF & g MEZS 10 uL® Yerh 2 5 20 ul xanthine
oxidase® #7Fsle] 20%-7F WH-A1Z1 & microplate reader (Themo)E ©]-&

g U anti-protease?] FA S Ellis (1990a)¢] #AHHES nlgo s F
Atk g3 20 ulet 20 pl of standard trypsin solution (Type II-S, from
porcine pancreas, 5 mg ml ! Sigma-Aldrich)& £33 &

7002} 250 ul azocasein
(2%) (Sigma-Aldrich)E F7Fstar 22 °CollAl 1A17Hs9t vl & 500 ul 9
trichloro acetic acid (10%) (TCA)E tAl H7Fg & 22°Coll A 307+ v gt

o e £og 94

HjF3kcl. 200 pl of phosphate buffer (0.1 M, pH

2] (6000 g, 5+)3kar 100 pl & 96-well platesol]

i

T %, 100 pl®] NaOH (1 N)= 7}t microplate reader 430 nmoll A &%

Foto] 5ol A FHAEAE HAASATH(Fig 5). &S 72 BAavt 22
ANA FHEe] gEFEAA&(Dissolve  oxygen; DO), pH, EUYo}

(Ammonium; NH,)&E=E =439t DO Thermo Scientific Orion Star
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A216 Benchtop Meter (Thermoscientific), pH+= Seven Compact (METTLER
TOLEDO)E A}&3te] =H3t9th. NHy '+ Verdouw et al. (1978)2] H'H S
AbEste] EA sk o, A EA o gigk A i= Table 49 WERU ST}

Fig. 5. Measurement of DO, pH and ammonia concentration in the feeding
trial tanks.

_13_



Table 4. Summary of water quality parameters observed during the 8

weeks growing period.

Treatments DO (mgL ) pH NH, (mgL ™)
Mean 7.05%0.43 6.72+0.15 0.11+0.02
Max 7.81 6.93 0.15
Min 6.54 6.38 0.06
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2.4. A5 2A A A AH(Palatability test)

3 5ol AAN 7 15 vhel 4 MR E 8 Ao PSR I RS
A0 FFE] APARE BF AAsed ceHE A%e SAa9T

ANHOoE oRE YHOE FANE FHOE AR W A AF AR
H

SHRATE FRAGHAL Ao AbSE2E 20731TC W

AtE Ul obrl =2k (Met, Cys) 7% &3l 5742 Chi et al. (2011)2] W
S EdE BAEA 1L9 d15(30.0 g LYol A &ALRE M5C5 25 g& €l
A2 AFRE 80 rpmoRE I HAIA &S AHTE &l ALRE filter ©f
AeFa, gelgls 48 THFE AAUATG, 10, 20 & 30%F). 1 F4
0C HELEANA A=A vy, T4 AAsdddra 2 =77
StATY AFAEHZ MES oJgste] Al Ul delslE Metd} Cyso &S

S48t e, o1 Ays= Table 50 YEbH AT
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Table 5. Leftover methionine and cystine concentrations in M5C5 diet after leaching test for the time interval.

96 in sample 0 min 5 min 10 min 20 min 30 min
Methionine 0.87+0.01 0.81+0.01 0.79+0.13 0.77+0.09 0.77+0.03
Cystine 1.45+0.11 1.36+0.04 1.31+0.22 1.25+0.00 1.23+0.19

Mean values of three replicates groups: values are presented as mean *+ SD.
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2.6.

P>

& 24

A gGrra el #oll A2l chromium oxide ¥ %> Divakaran et al. (2002)<]
RS BEO2 E2AFAT AgAE 2 AES 3SR (G50T)dA A 3AIE
e BSAZ F Ao A8E A AFESIETH(Fig 6). WA chromium
oxideZ mono-—chromate FEH= AFs}A|717] faf HME 5-10 mgs S st
glass test tubeol 271t} A&7} W 7lglass test tubdl perchloric reagent
(HC1O4)4mlE #7}3kt}. Perchloric reagent(70%) + 100mle] /<o 200ml
o] Ais &3 & WZAAZl v 70% perchloric acid 200mlS & 3s}o]
=T AR 9} perchloric reagent’t 71 glass test tubeE 7L do] Y1
300°C oA 153 7FE3h & Aol BdAzIn. dx27F 8¢ A& 50
dZgage &7 F 32 FRFE 25 mL7t 9EE ZEdg o 3

U-73002 o] &3t9] 350 nmolA FFEZS A3

r} 248 TRE= A2y o] AAa ¥ standard LA

2.
Jo

ME
&
o

S A (Beckman D

o
fr
rﬁ
lly
2
e

standard WA 2 S o] &3] A8 9 Chromium oxide THS AALS
NEA g A5 2w A3ge Sy 2o wyow AAESIT

ADC of dry matter (%) = 100 - 100 x (% Cr:03 in diet / % Cr:03 in

£

o
A

feces); ADC of protein (%) = 100 - 100 x (%6 Cr:O3 in diet / % Cr:03 in

feces) x (% protein in feces / % protein in diet)
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Fig. 6. Collected feces and its chromium oxide analysis.

2.7. TATH 4

A gALR ] i E A EE A F Y (Completely randomized design)g 4!
Alsta, Ax 2@ B A= SPSS (Version 12.0) Z 2138 o] 8§39
One-way ANOVA=Z &4 A doly el Felx+ Tukey's HSD
test (P<0.05 = vluEJch dlolH = Hitgh+ ¥+ H A (mean+SD)Z Y ERY

ATt WMEE dolE = arcsine §8 oz AAste] A A4S
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AFFAIE F AAgE v SolA Wy A A= Table 70 YEFH AT
gatstatg g v Sold WoHE @gsiry|= EAh SOD A= AP
= M9C1 7} M7C3, M6C4, M5C5el Hl&] Fo& oz =R ow(P<0.05),
M6C4 F7F 7bE wEe AdE BATHP<0.05. NBT, PO, Lysozyme,
Anti-proteasedl| A= Al@ ARG F9F < HeolE  Ho|R ottt
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A AolAl AMdEEs 2
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2 Met 2 Cys ¢ 2}
Table 8, Table 9o WERNATE XA} ALREF7E] F2o4Q 2ol Ko
A FXHP>0.05). AE W Meto] FHeFo]l adtele dojAl Wl Mete] %%
e AATH(F 0.35%) ooz FAFHAAT ALR ] Cys9] ddo] &
el dojA W Cysel HHgHFS Avtdor Frlets S Bk

A= AFAAAE A= Table 109 JeR ALk Ald A, 7F Al @7kl
FHQ Aol & HolA EATHPL>0.05).

Ast& A A= Table 110] YeERATh A9 #4243, AEAsHEo|
A& MBC2 T+7F M6C4 Bt} foA oz =7 yepdAnt Y] AlgyEa
= ool Zolrk gtk wmAsste Ao A= MICIT7E M6C4ASH
MOC10 ol ®l&] fHoz ¥ AnE HIAAT, Yz AldT gt

2% el 2po] 7} AATE.
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Table 6. Growth performance and feed utilization of white shrimp (IBW: 1.10+0.01) fed the seven experimental diets for

8 weeks.

Treatments FBW!(g) WG(%) SGR*(%) FCR? PER® FI° Survival (%)
M10CO 6.23+0.56 468+55.3 3.09+0.18 2.18+0.22 1.39£0.13 15.3£0.28 96.7£6.67
M9C1 6.40+0.63 477+58.1 3.12+0.18 2.09+0.22 1.45%0.16 15.4+0.36 85.0+6.38
MS8C2 6.09+0.42 454+37.5 3.05£0.12 2.22%0.30 1.36£0.18 15.4%0.22 80.0+14.4
M7C3 6.45+0.89 487+80.9 3.15+0.24 2.10£0.31 1.45+0.22 15.3+0.33 93.3+5.44
M6C4 6.15+0.90 461+83.8 3.06+0.29 2.25+0.47 1.37+0.24 15.2+0.14 98.3£3.33
Mb5CH 6.31+0.16 471+15.7 3.11+0.05 2.15x0.12 1.40+0.08 15.2+£0.14 95.0+3.33
MOC10 6.08+0.80 453+74.7 3.04+0.24 2.27+0.27 1.33£0.14 15.4+£0.68 81.7+x11.4

Values are mean of four replicates groups and presented as mean £ S.D. Values with different superscripts in the same column are significantly
different (P<0.09).

'FBW: final mean body weight (g)

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

3Specific growth ratio (% day D=[(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

SFeed intake = dry feed consumed (g) /shrimp.
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Table 7. Non-specific immune responses of Pacific white shrimp fed the seven experimental diets for 8 weeks.

Treatments NBT! PO? sop? Lysozyme’ Anti protease’
M10CO 1.22+0.26 0.140+0.010 70.0£9.53% 3.17+0.43 30.6+2.36
MOIC1 1.33+0.18 0.148+0.020 79.3+4.30° 3.52+0.74 30.3+2.40
MS8C2 1.41+0.19 0.150+0.014 78.1£8.97% 3.01+0.88 30.5£2.48
M7C3 1.33+0.15 0.143+0.020 66.1+10.8" 3.09+0.46 30.8+2.64
M6C4 1.40+0.23 0.146+0.019 63.5+10.7° 3.73+0.79 29.5+£1.90
M5C5 1.50+0.13 0.143+0.014 66.7+2.74> 3.28+0.61 29.1£2.32
MOC10 1.38+0.24 0.155+0.013 73.2+9.26%¢ 3.81+0.88 29.2+1.75

Values are mean of four replicates groups and presented as mean + S.D. Values with different superscripts in the same column is significantly
different (P <0.05).

Nitro blue tetrazolium activity (absorbance)

Phenoloxidase activity (absorbance)

3Superoxide dismutase (% inhibition)

YLysozyme activity (ug ml™?)

SAntiprotease (% inhibition)
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Table 8. Whole body proximate composition (%5, DM) of experimental Pacific white shrimp fed the seven experimental

diets for 8 weeks.

Treatments Dry matter Protein Lipid Ash

M10CO0 23.2+0.36 84.3£7.57 3.95£0.50 14.7+1.85
MO9C1 23.7+0.34 75.1+3.05 3.56+0.60 14.8+0.34
MB8C2 24.3+0.46 77.1£2.97 3.81£0.95 14.2+2.66
M7C3 23.6£0.60 85.5+4.88 3.79+0.92 14.2+2.50
M6C4 23.3+0.51 84.0+5.51 3.54%0.95 14.1+1.63
M5C5 24.4+0.71 82.8+5.00 3.54+0.64 14.5+0.71
MOC10 24.1£0.46 82.1+7.56 3.77£0.80 14.0£2.76

Mean values of four replicates groups, values are presented as mean = SD.
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Table 9. Methionine and cystine concentrations of whole body of experimental Pacific white shrimp fed the seven

experimental diets for 8 weeks.

% in sample M10CO M9IC1 M8C2 M7C3 M6C4 M5C5 MOC10
Methionine 0.34+0.19 0.54+0.49 0.52+0.03 0.36+0.01 0.57+0.04 0.41+0.04 0.38+0.04
Cystine 0.25£0.20 0.20£0.01 0.45£0.02 0.28+0.01 0.51+0.01 0.37+0.01 0.35+0.01

Mean values of four replicates groups, values are presented as mean + SD.
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Table 10. Consumed feed intake (palatability test) for Pacific white shrimp fed the seven experimental diets.

M10CO MOC1 M8C2 M7C3 M6C4 M5C5 MOC10

Time (Sec) 57.3+9.36 47.0+13.7 49.8+10.3 55.2+7.01 45.1£14.1 51.2+17.5 48.0+17.2
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Table 11. Apparent digestibility coefficient (%, ADC) of dry matter and protein in the test diets determined by fecal

collection for Pacific white shrimp.

M10CO MOC1 M8&C2 M7C3 M6C4 M5C5 MOC10
Dry matter 89.9+0.36% 89.8+0.49% 91.0£1.11% 88.9+0.79% 87.9+1.90° 89.5+1.03% 88.3+0.17%
Protein 92.9+0.25" 94.6+0.26 92.4+0.93% 91.9+0.58" 89.0+1.73¢ 93.6+0.63™ 92.3+0.11°
Values are mean of four replicates groups and presented as mean * S.D. Values with different superscripts in the same row are significantly
different (P<0.05)
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