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ABSTRACT

Introduction: The white shrimp, Litopenaeus vannamei has become a popular
species for aquaculture worldwide due to its euryhaline nature and commercial
importance. In aquaculture, the balance of nutrients in the diet of aquatic
animals guarantees optimal growth and health improvement. Taurine (Tau = 2-
aminoethanesulfonic acid) is an amino sulfonic acid, which has been proven to
be conditionally essential for some aquatic animals when these animals are fed
with diets containing high plant protein levels, due to taurine deficiency in
plant-based protein sources. Tau has been also implicated in osmoregulation,
modulation of neurotransmitters, hormone release, and antioxidation.
Materials and Methods: A 30-day feeding study was conducted to determine
the effects of supplementing the Tau in the diet of broodstock western white
shrimp. Hawaiian domesticated shrimp stocks were transferred to Aquatic
Research Laboratory, Persian Gulf University, from a private greenhouse pond
(Delvar, Bushehr, Iran). Shrimp broodstock were disinfected with formalin
(100 ppm, 30 s). Following two weeks of acclimatization to the husbandry
system, the shrimp broodstock were placed in two 4000-L circular fiberglass
tanks. A total of 180 shrimp broodstock with mean initial weight of 30.37 +
2.36 g, were stocked into 18 black circular polyethylene tanks with a capacity
of 250 L. Six isonitrogenous and isolipidic diets were supplemented with
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graded amounts of Tau including 0 (control), 2, 4, 6, 8, and 10 g/kg (T2, Ta, Ts,
Tg and Tio respectively). To evaluate the effects of Tau on growth, body
composition, digestive enzymes, and haemolymph biochemical parameters,
sampling was taken at the end of the experiment.

Results and discussion: The results showed that final weight, specific growth
rate, weight gain, condition factor, and survival of shrimp fed with the
supplemented diets with Tau had no significant differences than the control
group (p>0.05). The protein content in the shrimp muscle of Te was higher than
T4 and the control group (p<0.05). The obtained results showed that hyaline
cells in the haemolymph of Tio upraised, while semi-granular rate (%)
decreased compared to the control group (p<0.05). However, other
haemolymph indices and metabolites in the treatments fed with Tau-
supplemented diets did not show significant differences compared to the
control group (p>0.05). The present results showed that lipase activity upraised
by increasing Tau levels in the treatments (p<0.05). The results show that the
growth performance of broodstock was not influenced by dietary Tau during
the shrimp maturation process. It may be attributed to the preference of the
broodstock shrimp for gonadal growth rather than for somatic growth.
Conclusion: The obtained results indicated that supplementing the broodstock
diet with 6-10 g/kg Tau has beneficial effects on the protein content in the
muscle and haemolymph biochemical indices, especially hemocyte cells and
digestive enzyme activities of white shrimp broodstock during the maturation
process.

*Corresponding author: nafisi@pgu.ac.ir; v.morshedi@pgu.ac.ir
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Table 1 Ingredients and proximate analysis of the experimental diets

Taurine (g/kg)

Ingredients (g/kg)? 0 2 4 6 8 10
Fish meal® 360 360 360 360 360 360
Shrimp meal® 120 120 120 120 120 120
Wheat gluten meal® 120 120 120 120 120 120
Corn gluten meal® 120 120 120 120 120 120
Beef gelatin 25 25 25 25 25 25
Yeast 20 20 20 20 20 20
Fish oil® 26 26 26 26 26 26
Canola oil 26 26 26 26 26 26
Soy lecithin® 10 10 10 10 10 10
Cholesterol® 2 2 2 2 2 2

Vitamin and mineral premix® 23 23 23 23 23 23
Vitamin Cf 3 3 3 3 3 3

Di-calcium phosphate® 15 15 15 15 15 15
Cellulose 10 8 6 4 2 0

Taurinef 0 2 4 6 8 10

Proximate analysis (g/100 g of diet)

Crude protein 492+06 495+04 493+04 498+0.7 502+06 50.1+05
Crude lipid 140+01 135+0.1 133+02 13.6+02 13.7+0.1 135+0.2
Crude ash 141+02 14.0+£01 139+03 139+04 138+03 13.1+0.1
Moisture 10.1+02 96+01 96+02 97+03 101+02 9.6+01

aComposition of ingredients [fish meal (520 g/kg crude protein, 180 g/kg crude lipid), shrimp meal (380 g/kg crude
protein, 80 g/kg crude lipid), wheat gluten meal (500 g/kg crude protein, 30 g/kg crude lipid), corn gluten meal (520
0/kg crude protein, 30 g/kg crude lipid), beef gelatin (850 g/kg crude protein, 42 g/kg crude lipid).

®Havorash (Bushehr, Iran).

°Behpak Industrial Company, Behshahr, Mazandaran, Iran.

dMerck, Germany.

®Vitamin A, 5,000,000 IU; vitamin D3, 500,000 1U; vitamin E, 3000 mg; vitamin K3, 1500 mg; vitamin By, 6000 mg;
vitamin B2, 24,000 mg; vitamin B5, 52,000 mg; vitamin B6, 18,000 mg; vitamin B12, 60,000 mg; Folic acid,
3000mg; nicotinamide 180,000 mg; antioxidant, 500 mg, copper, 3000 mg; zinc, 15,000 mg; manganese, 20,000 mg;
Iron, 10,000 mg; potassiumiodate, 300 mg, career up tol kg, Damloran Pharmaceutical Company, Broujerd, Iran.
fSumchun Pure Chemical, South Korea.
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Table 2 Amino acids analysis of the experimental diets

Ingredients®

Taurine (g/kg)

Amino acid profile (g/100 g of diet)

0O 2 4 6 8 10

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine
Aspartate
Glutamate
Serine
Glycine
Alanine
Proline
Cysteine
Tryptophan
Tyrosine
Taurine

12 13 13 12 13 13
14 14 16 15 15 16
10 12 12 10 11 12
40 38 3.7 39 38 39
33 36 34 35 35 35
1.1 10 09 10 09 09
27 24 25 27 25 25
13 14 13 14 15 14
13 13 11 12 13 13
39 41 40 43 42 42
72 75 80 73 78 76
36 36 35 34 35 36
53 55 58 51 55 56
21 24 22 24 24 23
40 36 3.7 40 38 38
16 15 15 16 15 15
02 02 03 02 02 02
1.1 10 11 10 09 11
02 05 0.7 09 12 14

sleoy e(@l.x:.,l ’@lg) drwg’ Jl> jo L‘)IJA:'L’; ¥ oal> e
A8 L ey gl b losalive JBye iy g Sleo
w‘ ))‘).: oob

ooy (@l Lo ,i) anthaswys Ly ,& lowss ¥ al>
s oy kb g wlailanwss SlS sal> 5 Sl
WIW °‘>5))h§

Few 5 A plaess (@) adbarwg laess :F al>
[Lee) u».asé 9 UJ5‘ 4.».‘>l) )é u‘d.o.?u o¢5.':' el ‘;9,.;)
o bl US4 BMasl 5 pysie SIS oSS
e @y (JolS g5l 5 6525055 Loy )3 baglaeds 098 o0
NS 2 L on iy Send el ol as,
G QT S Al e a8l g jeb a4 baglaesy
wb gl o Jsb pelisw o 9 Jate oo 4 (53992
5 bl caSl ol o il s Gl gl g

balgo Gl JolSS g (oo (5

ialojl slro iz b s%ee sladse 4,355 55, ¥+ 5l
o9 aelienl 05 Ve g A FF LY Gho pslan gl
o3le sladlge (oot aly @l (GE 0 0 FolS )
Ll cz ooz b ootz aly glad sl 0 ploxl
5| o (Alday-Sanz, 2010) ai adad yaslygm g,
gl @ 098 £z e (WL L ailiy; (oeiar ol
0395 S5y g e il osaline 5 G LS 5 (i
oSS b as o)l il g Sy Jolie e
F o iz ¥l e slosSi0) 05 asine boylaass
Jole (G iz T al> e a0 b 0aS Jobo 55, VY 6
la>ye 0 lolid oS bl ez (Soem)
:(Alday-Sanz, 2010) wais < 5 onlic

Al o ol jo laesy aS alls arwg lowess 1) Al e
039, a8 5l jeS (e gl S8 g Cunl Slad 5 S oS



BFI(\F-Y 15 pgs o)led pas JLo) obpl wds

5 oilesl ol o eole slaadse Jlaess JelS5 51 o
G ol o balye 055 i ol celu YF |
g abae S8l g dsen 5l (6l paiged oyl 25 sl
Vo slessl yo sy glo sy (ow) 2 sl o plxil oo,
o) 285 L badge ples siulo] b o b 43055 59,
IS slilhe @l sedee V SB3 L g (59 o Sl p S
@l Syge 4 (Db kIl b opgiivg, S)
oy W, £5 Jold ad; laasll 5 wad (e
K) cansg ja3ls (WG) (59 silsél as e (SGR)
Al oy SYolee 5l eolainl b Survival) Saibesl g

:(Marcouli et al. 2006) s

Cd> Croga SLaS9S 50 D92 g0 (Juuls d8le &,k 5l
ol 5 O gl 05d o0 5 e 4 (IS b
ol a8l 58 s b (S5 s

A odlio b8 Lasolq.w'd £8 1SS 5! o 0 al> o
ol oghse oms laplaess 5l guile il S LS g
el Jgl Al oy anrs Loy al> ya

Ay b Ll o g (6410 paiged

SGR = (LN ((¢+,5) ksl o390 - LN (3 el 039 <V = 13,0, oley o)
WG = [((¢0,) kel 035 — (25 @l 039) 1(,5) lal ojel x Ve e

K= (09 ksl 039) x Ve ) (G (5l et Jsbo)
Survival = (5% oles slaxs) x Vo ) [ $5e adgl slaws

O g 00l S plioh 8 o lawgy laml oK
o8 bdiges sawl pas sl ol suwl pa
09l 5 Jlyi £ Soyau S ol b cels YT Goe 4 oads
3o il ool 8 ol 5 ol ax e VYV gles b
O-phthaldialdehyde osle 3 aiwl slaacnl slas!
Lindroth and ) as eslaul Lsl ;8,5 Jloplias slp
5 eslail b acel slaowwl xlaw (Mopper, 1979
o5 shls (Knauer, Germany) HPLC oo

¥ Jgaz) o o, » C18

ddgon sl asll (w2
ol yo lalge fols )18 5 i adad el YF 5l am
Jol o yo Ld sl cudr gl by 5l il (a8 sl
Sy 3l ookl b 35 jo 5l ool Wge V51 eSS
Vo) S olasil as oole it L o /T sl rdaudl
Voo g 5Bl Yae e YO: S Gy Yse L
A g pSadgen PHD 7.6 (oo Sl Vao Lo
Jee 0G93 GaBl ow)n Gln Blgen I end

Vo Do 490 Frre 0 00 Ced g al (5,00

Sl gla ss, 5 eolinal b as¥ glewd oluSy
& 5l K ankad 4 (AOAC, 1990) winss (5 o3l
Sle dlas ) by Sl ol b & S
9 9 it gl paiges Bk a4 oliond oS5 (o)
FS 1 Zagh ) woy0) dbs e slatoris el lej U
SIS 1S (il a4z Ve sles ;5 (eBgn w007
03l 5o aigad (0,8 S by Cagh) ol iad
U ocelo ¥F e @ ol F gl a0 Vo0 glos o
Oan dembre lp b i Sb (g 4 O,
WSl gs BUChT 5 ,5) boaiges pan 51w s
0 s WIS g, 5l eoliiwl b (K438 Jus I !
S (K 20 Jow oW1 o, K542 [Beher es ,2)
ol sl ax,0 00 oSl 6)sS jo aly il b
el ez aeyn b g pSoslail el VY o
Olyes 9 05 glyzeiul Jgilio 5 p589)05 50 (05 Jo &5k
o, Kgnnl Beher cs,p) alSsw oy, 4 o>

Olaess 5 138 gladigas Ghalesl (Ll o anel glao



(0500 5 (690550) (28 ko (5550 (lge sl sed sl by 5 4B S 5y 0)Skoe IS 00z (295 Aal sl DI OY

adgi g oad im0 mpl Wl cov atulis wb i
Sy Ol o g (Zuwe ST, Gb laS S e jedle
OAs zoo Jsb b g anl SCwdlog iigs Bpae (o

Golol Juloi g 4y 3008
L Wosls alos o Sl ol s Lol slagyseyl plosil (s
bologwl,ly Ken 5 Boimanhc3g,Sa0lsS 95
36T 59, b e s oy o LEVENE (003 51 ool
30 sl arls ke awlis § ad)b S bl
SPSS 1330 65 5 eoliiwl b s (S5 oyseslim b oy
J.Jéz} )\) pS‘/‘a sLQusLQJ on )L)‘SLM Cja.‘.u ‘th_s‘*’))?

REPVER;

2 O 0098 Jgaz 0 eals (55500 ,5 s elul
2 6Pl cf e G55 sladge I o
WG (Ll il (ol 055 Jols sy slopasls
g bl al> o ol )0 8K (Swilejl oo g K .SGR
ol 4385 slayled g wald 09 ) (r (5 I e SO
P>+1+0) ai osaline 0 gla s ls 5 5l oy b
50 alae Cogb e sl sael § Jga 0 aS liseen
b 58 25 T sl o Lol 4dss sbasSs
(P12 592 5,85 5 7 ol opez 3 G o sne
oyl Koo g aals 05,8 b 1 ol ine 3z Lo
ads g (puzen (PZ0/-0) Wil lis e
Olee oy bl (g 25 7 ol opx Lo
0935 b 1) Silagme DS 5 wog alae 3 oty
U9 G5 5 F sl oo U st 4y Lo 5 sl
SO0 (P 0) wols Hlas (GufSen ol peS
Slajles 0 Sl 5 (o abex jl alae slaos gl 8
S| wall 09,5 9 )85 ol o b oedd ads
P>-10) wslws oylas Hlo goe

sladge idgon oliordsn sloatld (ow)p @S
Glizee Fohw a5 ol lis & Jaao 0 yols dslllas

3 biddglie () n lp Lawdl 5 oad Sonds Sl aidds
S )2 Sl D (5l oS Bl azye A 508
Log ad and oY 59y » Ailgen (505 (GBLD (9>
el Josds (6500155, LS 5l ool b g 508 Joilie
635 P95y Sen Sl oolatal bV e (pleiS )5 55
A s dld g Vel S o V5l S slaasl as o
e plio owyp lp (mmen (Xian et al. 2009)
Technicon cs,2) ,uYlgl ofiws 3l Gadgen o
&l bS5 RA-1000 Joo o5 pul oS 5050
b ool (Ol ol 0smil ) b A
HSE ol Jparme) DUV (GlanST S5 5558
olitinl by (2SS, By 4 sad 5 (Shlre
A sl Sl paeil ol 55 )l glacaS|
PG oS5 jagd el ofis by peiw
(FP910  Juw oSl «cdgnss dnstruments
oK U5 aidVgeml cwyp slp a6 oyl
Knauer Joe ldl o KNauer s o) jiegen!

A solazwl (7400

3185 Sl FT oxiu
ol obl 53 (o258 slap il culled s ol
5 g il Bolar jbay $Xe axkad ¥ oslaws 1SS »
&5 b BasSn (ol 035, byl Ll o 5 g J3Io
aod ol olas 5 Jiie S sile az e A 58
o9 bl gleojlas Jslre (ntign ke
ool codld it b i (VAY#) Bradford
IO 5555951 6l g Jgle 51 ooliiwl b 5l
5 o abl PH = Vi o Tris/HEl 5L Yoo Lo 0+
Byl eslitul b gy @3 Ol il o
Joe 455 el (il UNICO o5 1) yiogiiy 25l
L5 pSejlil egilh Feezee Jsboo e (TN
L 5bed w ! edleé (Garcia-Carreno et al. 1993)
4 ¢ p-nitrophenylemyristate ;J5,0.0 5l solawul
plsl gl ¥00 oo Jsb )0 5 5 egtbe Sl 35k
9y ool Pl wu il s (lijima, 1998) oz
wiwlis glymmgm 5l esliwl L 9 (V440) Bernfeld



OA OF-Y 15 090 o)leds s JLo) obpl wds

Colled o Sle oy 0 oul solaiul e &l
odls LaS £ Jgaz po sXee laalge (L3155 (slaps ]
GliSee Fola odal Cewdds mls 4 axg b cwl ead
5 3an slapepsl culld o 23U 0z g
095 9 (o9 L oadadss il slojles o Dbl
o3l cdled ol sgzg b P/ 0) sl plas asl
2ol 09,5 4y Caand w0 22> )3 (ny9 gl 38, YL L L

AP<eT-0) ols fylad paol38l W

SUSY SIS S5 een Ol 2 S5 0> 2y
oaslice bl 09,5 o o lod ol o lo S OMS
wdss e o Gl sbasl wse (PPe/-0) wis
b & pSokS 50 nyg 25 V0 sl o b oend
aS J 0 d(P<-00) oy dald 09,5 3l iew o Sxe
oy boad 4%l o Vel 5o gloaizl ws)o
g wall 098 5l e 0, 55LS 55 s p 5 ) sl

P<-/+0)

s £ Kilo) (o] sao e b sud 4 i (Litopenaeus vannamei) gfue cpwlgo oy s asli ¥ Jous
(o)l
Table 3 Growth indices of shrimp broodstock (Litopenaeus vannamei) fed the experimental diets

(mean = SEM)
Taurine (g/kg)

Growth parameters

0 2 4 6 8 10

Initial body weight (g) 294+09 294+09 294+09 294+09 294+09 29.4+09
Initial length (cm) 165+02 165+02 165+02 165+02 165+02 165+0.2
Final body weight (g) 344+09 361+08 354+11 349+10 375+08 33.3+3.3
Final length (cm) 172+01 172+01 172+02 171%01 174+01 17.2+0.1
WG (%) 195+28 237+29 203+39 188+34 276+29 19730
SGR (%/day) 05+01  065+01 0.62+01 055+01 0.8+01 058+0.1
K 07+00  07+00 07+00 07+00 0700  07£0.0
Survival (%) 100£0.0  100+0.0 100+0.0 100+0.0  100+0.0  100+0.0
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Table 4 Muscle chemical composition of shrimp broodstock (Litopenaeus vannamei) fed the
experimental diets (mean + SEM).

Body composition Taurine (g/kg)

(% wet weight) 0 2 4 6 8 10
Moisture 7450+ 0.50®  73.70+0.20% 75.30+0.40%° 72.60+0.13° 73.40+0.20® 73.90+ 0.28%
Protein 20.21 £0.20°  21.10£0.20™ 1955+ 0.32° 22.10+0.71* 21.40+0.20® 21.00 + 0.30%°
Fat 0.52+0.19 0.51+0.14 0.71+0.14 0.70+0.16 0.50+0.17 0.80+0.10
Ash 1.3+0.21 1.5+0.12 1.5+0.20 15+0.21 1.3+0.10 1.6 £0.20

Note: Different superscripts in the same row denote statistically significant differences (p<0.05).
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Table 5 Biochemical parameters and hemolymph electrolytes of shrimp broodstock (Litopenaeus
vannamei) fed the experimental diets (mean + SEM)

Biochemical parameters

Taurine (g/kg)

0 2 4 6 8 10

Total protein (g/dL)

7.61+0.55 8.82+0.80 8.31+0.13 8.62+0.17 8.00+0.12 8.33+0.11
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Glucose (mg/dL)
Lactate (mg/dL)
Phosphorus (mg/dL)
Sodium (mg/dL)
Chloride (mg/dL)
Osmolality (mosmol/kg)
Hyaline cells (%)
Semigranular cells (%)
Granular cells (%)

41.50 +1.41
47.60 £ 0.70
1.80+0.4
325.50 £2.01
176.00 £ 4.01
444,00 +2.91
57.50 + 1.60°
26.00 + 0.61
16.50 + 1.00%

39.82 +0.30
46.21 +0.31
191+04
328.51+4.90
181.50 + 1.30
451.50 £1.52
59.50 + 0.30%
27.00+1.10
13.50 + 1.50%

40.51+0.5

47.51+1.18
1.90+0.3

329.00 £ 4.00
182.50 +1.30
450.00 + 2.30
61.00 + 1.70%
27.50 +1.32
13.00 + 0.65%

41.40 +0.82
48.22 + 0.68
2.00+0.10
323.00+0.91
181.00 + 1.51
472.00+£4.01
63.50 + 0.31%
24.00 + 0.00
12.50 + 0.35%

41.00 +0.42
47.20 +0.41
19+0.11
315.00 £5.80
178.00 + 5.20
456.00 = 6.05
60.00 + 1.12%
27.00 + 0.60
13.00 + 0.60%

41.8+0.25
50.55 £ 0.90

2.00+0.12
314.5+0.90
176.50 + 6.06
449.00 +4.00
65.00 + 1.51%
2450 +1.52
10.50 + 0.30°

Note: Different superscripts in the same row denotes statistically significant differences (p<0.05)
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Table 6 Digestive enzymes activities of shrimp broodstock (Litopenaeus vannamei) fed the
experimental diets (mean + SEM)

Digestive enzymes 4Taur|ne (o kg%

0 2 8 10
Total protease (mU/mg protein)  45.70+0.35 41.46+050 46.79+0.90 48.11+0.13 46.64+0.85 45.14+0.28
Amylase (U/mg protein) 0.23+0.01 0.20+0.02 0.17 £0.00 0.19+£0.01 0.21 +£0.00 0.21 £0.00
Lipase (U/mg protein) 0.76+£0.09° 0.88+0.04> 1.08+0.36° 1.04+0.23*° 0.96+0.47% 1.16+0.23?

Note: Different superscripts in the same row denote statistically significant differences (p<0.05).
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