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Abstract: The effects of feeding three Isolipidic and Isonitrogenous diets containing different dietary HUFA
ratios (1, 2 and 3%) on gonadsomatic index (GSI), hepatosomatic index (HSI), number of mature females (N4),
feed conversion ratio (FCR), instantaneous growth ratio (IGR), survival, ovary and hepatopancreas fatty acid
composition of   White  leg  shrimp (Litopenaeus vannamei) broodstock was compared with a fresh food diet
in a 40-day feeding trial. No significant differences (at P>0.05) among treatments were observed for survival.
The GSI and N4 were higher in 3% dietary HUFA and fresh food than those fed the rest treatments. Increasing
Dietary HUFA to 30% led increasing GSI and N4, however the GSI affected only by higher dietary HUFA
treatment (P<0.05). Shrimp fed diets containing 1% Dietary HUFA obtained significantly higher instantaneous
growth rate, and feed conversion ratios than those fed the rest diets (P<0.05). The results suggest that each
of 3%dietary HUFA and 1% Dietary HUFA may play specific important roles in reproduction and biologic
performances of female broodstock L. vannamei respectively.
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INTRODUCTION requirements during sexual maturation, necessary to

The   white   leg   shrimp,   Litopenaeus   vannamei, important parts of shrimp culturing is preparing of proper
is  one  of  the  most  important culturing species of and cheap foods, as 50-60% of production cost is the
shrimp all over the world. Its geographical dispersion is foods price. Due to the fact that protein is the most
located in the Pacific Ocean  waters and Mexican expensive part of shrimp food and only the high levels of
coastline, where the ocean  water  temperature is  more animal protein has detrimental effect on the economical
than 20°C throughout the year [1]. Farming L. vannamei efficiency of production [4], thus its better to decrease the
has  several   advantages,   some  of  the  major  reasons food expenses via  replace  them  partly by some percent
of preferring  this  species  to   other   culturing  species of valuable and cheaper  nutrition elements such as
may  include  to  the  following: 1. Growing more under Highly Unsaturated Fatty Acids (HUFA) which its
culturing conditions. 2. Better tolerate of the usefulness effects in reproduction and growth of many
environmental  conditions  and  more  resistance against aquatics such as many shrimp species has been approved
of some diseases [2]. in  other  studies  [5-9].  Middleditch  et  al.  [11]  and

Several problems remain to be solved for effective Lytle et al. [12] attributed the success of fresh food
and efficient shrimp (L. setiferus) culture systems to be maturation diets (squid, bivalve and blood worm) to their
developed. One of these is related to the nutritional high HUFA content.

obtain healthy brood stocks [3]. Certainly, one of the most
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In the case of  marine  organisms, polyunsaturated MATERIALS AND METHODS
and especially highly unsaturated fatty acids (PUFA and
HUFA, respectively) are important and essential, because Shrimps: Sub-adult cultured female L. vannamei were
these animals possess a  limited  ability to synthesize obtained from Bandargah shrimp research station’s farm
them [13, 14]. Wouters et al. [9] described that the (Bandargah, Boushehr province, Iran), with average
changes occur in the lipid composition of L. vannamei weight were 31±1 g [27]. Four sub-adult shrimps were
body tissues, during ovarian maturation, showing a high reserved per 300 liter tank. Treated with formalin upon
increase in total lipid levels in the ovaries of maturing arrival and acclimated to laboratory conditions at the
females and high levels of highly unsaturated fatty acids research laboratory of the Bandargah research systems
(HUFA)  immature   ovaries.   In   early   studies, for a period of approximately 2 weeks while They were fed
Kanazawa et al. [15-18] demonstrated that Marsupenaeus fresh food (cuttlefish, bivalve and Prenereis worm) twice
japonicus requires linoleic (18:2n-6, LOA), linolenic a day. All animals were collected and ablated at the end of
(18:3n-3, LNA), eicosapentaenoic (20:5n-3, EPA), and the acclimation phase. For examinant weeks they were fed
docosahexaenoic (22:6n-3, DHA) acids as EFA, with the the trial diets. Ovarian maturity staging was carried out by
n-3 HUFA being most indispensable, and suggested that visual examination [9].
a combination of EPA and DHA should be included at an Due to  which  they  were  fed  natural diets
optimum level of 1% of the diet for M. japonicus juveniles. (Perinereis worm, Melalis bivalve and cuttlefish) and a
They also suggested that a dietary provision of 1% n-3 commercial feed (Havourash-4006) as they fed similar
HUFA could be considered as a minimal value for foodstuff, already in  the  greenhouse pound. At the end
postlarval penaeids [13]. The importance of dietary HUFA of the adaptation period all sub-adult shrimps were
for crustacean maturation and reproduction has been ablated [9].
recognized [19]. Several authors also have reported
qualitative requirements for n-3 HUFA by different shrimp Diet: The formulated diets were based on a brood stock
species like Fenneropenaeus indicus [20], F. chinensis commercial diet (Havourash-4006), Isonitrogenous
[21], Penaeus monodon [22], and Litopenaeus stylirostris (31.5%) and Isolipid (6.9%) but with different HUFA
[23]. Lim et al. [24] evaluated the growth response and levels. To exert better control on HUFA levels, animal
fatty acid composition of juvenile L. vannamei fed meals were partially defatted with chloroform and
different dietary lipids. They found  that menhaden oil, methanol  according  to  of  the method described by
rich in n-3 HUFA, was the most nutritious for this species, Floch et al. [10]. Then, residual solvents were removed
and among plant oils, those rich in LNA had a higher from defatted meals according to  a modified version of
nutritional value than those rich in LOA. They concluded the method described by [9]. HUFA levels were varying
that both n-6 and n-3 fatty acids (FA) appear to be by adding different ratios of HUFA rich oil, branded
essential in the diet,  although  n-3 HUFA were required Spiraselco (Inve Aquaculture, Belgium). The HUFA rich
for   maximum    growth,   feed   efficiency,  and  survival. oil was added to the experimental diets with respect to 1,
In agreement dietary n-3 HUFA has been shown to 2, and 3% of the total paste weight. Then all three trial
improve reproductive performance and/or offspring pellets were made based on these mentioned pastes
quality in L. vannamei [6, 9, 25] and other shrimp species according to a modified protocol of the method described
[5, 7]. The high content of HUFAs in the broodstock by Wouters et al. [9]. Water stability of each diet was
prawn and eggs indicate their importance in the prawn obtained a bout 3 hours, based on Wouters et al. [9]
reproductive process. Middleditch et al. [11, 26] found method.
high levels   of   HUFAs   in  lipids  of  wild  P. setiferus, Trial shrimps were fed by approximately 4%  day of
P. stylirostris and P. vunnamei. the total shrimp biomass (TSB) was applied, at the

The present study was designed to evaluate the beginning of the experiment, while due to their growth, the
effect of amounts of total dietary HUFA (TDH) on feed feeding rate was increased to 6%  day of the TSB,
conversion ratio (FCR), special growth ratio and sexual finally. The experimental diets were fed to shrimp 4 times
maturation indices. The relationship between these a day, every 6 hours, and the feeding rate adjusted to
indicators during the  maturation  process was assessed, provide feed slightly in excess. Uneaten feed, fecal waste
as well. Three similar diets with different amounts of and molt exuviate were daily removed before the first
HUFA (1, 2 and 3%) were fed to compare those fed with feeding. Also, a natural food-containing (cuttlefish,
control diet (CD) to assess the influence of HUFA on melalis bivalve, Perinereis worm) were used as the
these Indices. control  diet  (CD),   while   their  consumption  percentage

 1

1



World Appl. Sci. J., 32 (1): 123-132, 2014

125

with respect to the shrimp biomass was 10  % in average. Final weight, gonadosomatic index (GSI),
The effects of the three dry diets should be compared
with each other and eventually the CD.

Experimental System: A forty days trial was conducted
from April to June, 2009. The following culture conditions
were used in this experiment: A total of 12 conical
fiberglass tanks (Bottom area 0.55 m , 300 L) were used,2

tanks were then completely filled, and each one was
stocked with 4 sub-adults of white leg shrimp. Water was
supplied by pumping from offshore water of the sea which
was sand-filtered in a supply reservoir at first. A water
exchange around 50% was applied during the experience
period. Each diet was assigned in each treatment with
three replicates. A 14-h light and 10-h dark photoperiod
was  provided  by  fluorescent  lights controlled by
timers. Temperature, salinity and pH were controlled at
28.8± 1.0°C, 32±1.0 ppt and 8.2±0.3 respectively.

Ablation   carried  out   to   all   animals    by  cutting
one eyestalk  and  cauterizing  the wound immediately.
The experiment  fined  when  most  of the females had
some degrees  of  maturation, which this was 40 days
post-ablation. Shrimps from each tank were taken at the
end of period, and were individually weighted and
counted in  a  digital  balance  to  calculate  final growth
and  biomass.   Feed  conversion  ratio  was  determined
by dividing feed used by  biomass  gain  in each tank.
Then all shrimps were examined visually for ovarian
maturation  and  registered  separately  for  each
treatment. Finally animals were dissected while keeping
them in a fridge.

Fatty Acid (FA) Analysis: Frozen samples of
hepatopancreas and ovary  tissues  were transported to
the Urmia University (Iran) for FA analysis: Fatty acids
were analyzed due to a modified version of the method
described  by  Lochman  and  Gatlin [28]. FA was
identified according  to   the   method   described by
Gonza´lez-Fe´lix et al. [29]. Due to the suggestion of
Wouters et al. [9], only ovaries with similar stages of
maturation were  analyzed  to  allow  easier interpretation
of the comparative FA results.

Statistical Analysis: In this experiment four treatments
were  tested  with  three  replications  each.  Each  tank
was calculated as  an  experimental unit for replication.
Four animals were stocked in each tank at the beginning
of the experiment. At the end all tanks had at least three
surviving animals. The analysis differences were
considered as statistically significant for P<0.05.

hepatosomatic index (HSI), fatty acid composition of
ovary  and  hepatopancreas tissues, instantaneous
growth ratio (IGR), survival ratio (SVR) and feed
conversion ratio (FCR) were the indices used to determine
shrimp performance. IGR, HSI and GSI were calculated
from the equations: IGR = 100_ [ln (Final weight/Initial
weight)]/Duration  of    feeding   trial    in    days  [30],
HSI= hepatopancreas weight x 100%/total body weight,
and GSI= Gonad weight x 100%/total body weight [9].
Survival was transformed by arcsine square root before
statistical analysis. The FCR for each dietary treatment
was estimated from the equation= Total dry feed
fed/(Final biomass-Initial biomass) [29]. In the absence of
interactions, one-way ANOVA of single factors was
performed. Duncan’s multiple range test was used as the
mean separation procedure (P<0.05). Statistical analyses
were done using the SAS software package [31].

RESULTS

Fatty Acid Analysis of Test Diets and Tissues:
Preliminary composition  of  experimental diets
(Havourash 4006) is showed in Table1.

T3 Diet contained higher percentage of mentioned
HUFA (3.02%) compared to fresh food mix (1.97%)
(Tables 2 and 3).

Three  HUFA  (AA,  EPA  and  DHA)  content of
fresh foods was significantly  highest  in  worm
(Perinereis    nuntia),     but     least     in    cuttlefish
(Sepia officinalis) (P<0.05) (Table 3).

The major HUFA in the FA of the ovary and
hepatopancreas  tissues   were   AA,   EPA  and  DHA.
The fatty acid composition of the test diets was not
reflected to a certain extent in the fatty acid composition
of  hepatopancreas  and  ovary  tissues  of  shrimp
(Tables 4 and 5). For instance, EPA was significantly
higher in  ovary  tissues  and DHA was significantly
higher in hepatopancreas tissues of all shrimps apart from
diets were fed them. DHA and EPA were significantly
higher in T3 diets rather than CD fresh foods, however,
the ovaries, showing the highest EPA and DHA
absorption  in  T3  and   CD   females   jointly  (P<0.05).

Table 1: Preliminary composition of experimental diets (Havourash 4006
commercial diet)

Composition Percent (%)
Total Protein 50/31
Total Lipid 90/6
Moisture 10/6
Ash 1/8
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Table 2: FA composition (% of total FA) of the experimental artificial broodstock diets and fresh food mix (cuttlefish/worm/bivalve 1: 1: 1) used in the present
experiment.

Experimental diets
------------------------------------------------------------------------------------
1% TDH (T1) 2% TDH (T2) 3% TDH (T3) Fresh food mix(CD) (cuttlefish/worm/ bivalve)
-------------------------------------------------------------------------------------------------------------------------------------------------------

FA composition of diets % % % %

14:0 95/2 71/1 84/1 0/84 a  ab  ab  b

14:1n5 00/0 00/0 00/0 0/00
15:0 93/0 49/0 45/0 1/65 ab  b b  a

15:1 00/0 00/0 00/0 0/23a

16:0 87/29 99/24 72/24 11/70 a  ab  ab  b

16:1n7 83/2 66/4 4/96 1/45 ab  a  a  b

17:0 16/1 66/0 71/0 2/98 ab  b  b  a

17:1n7 25/0 34/0 37/0 1/13b  ab  ab  a

18:0 29/8 42/7 48/7 3/11 a  ab  ab  b

18:1n9 44/29 22/31 69/30 1/57 a  a  a  b

18:1n7 55/1 83/0 03/1 0/29 a  ab  ab  b

18:2n6 36/12 11/18 70/16 0/79 ab  a  ab  b

18:3n3 00/0 26/1 19/1 0/41 a  a  b

20:0 00/0 42/0 45/0 2/97b b  a

20:1n9 00/0 04/0 00/0 3/02b a

20:2n6 0/20 0/31 0/44 1/78b ab ab a

20:3n3 0/09 0/11 /014 1/97 b  b  b a

20:4n6 19/0 35/0 38/0 0/56b  ab ab  a

20:5n3 40/0 88/0 06/1 0/58b  b  a  ab

22: 6n3 49/0 46/1 68/1 0/82b  a  a  ab

SAFA 43/20 41/63 35/65 23/251

MUFA 34/07 37/09 37/05 7/692

PUFAand HUFA 13.73 22/48 21/59 6/913

Total n_3 0/98 3/71 4/07 3/784

Total n_6 12/75 18/77 17/52 3/135

Saturated fatty acids (SAFA): 14:0, 15:0, 16:0, 17:0, 18:0, 20:0.1

 Monounsaturated fatty acids (MUFA): 14:1n-5, 15:1, 16:1n-7, 17: 1n-7, 18:1n-9, 18:1n-7, 20:1n9.2

 PUFA and HUFA: 18:2n_6, 18:3n_3, 20:2n_6, 20:4:n_6, 20:3n_3, 20:5n_3, 22:6n_3.3

 Total n_3: 18:3n_3, 20:3n_3, 20:5n_3, 22:6n_3.4

 Total n_6: 18:2n_6, 20: 2n-6; 20:4n_6.5

*For clarity only HUFA fatty acids comared statistically.
 *Within a column, values with a common letter suggest statistically different (P>0.05.

Table 3: HUFA composition (%) of fresh foods (natural diet) of broodstock (L. vannamei) and mean values (±SE) of fresh food mix (cuttlefish/bivalve/worm

1:1:1)

Fresh foods (CD)

------------------------------------------------------------------------------------------------------------------------------------

Cuttlefish (Sepia officinalis) Bivalve (Melalis sp.) Worm (Perinereis nuntia)

HUHA composition ------------------------------------------------------------------------------------------------------------------------------------

of fresh food %  %  % Mean± SD

20:4(n_6) 12/0 56/0 01/1 21/0± 56/0

20:5(n_3) 06/0 64/0 06/1 23/0± 58/0

22:6(n_3) 41/0 36/0 71/1 36/0± 82/0

Total HUFA 59/0 56/1 78/3 69/0± 97/1
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Table 4: Fatty acid (FA) composition (% of total FA) of the gonads of L. vannamei fed increasing HUFA levels and fresh food mix.

Dietary treatments
---------------------------------------------------------------------------------
1% TDH (T1) 2% TDH (T2) 3% TDH (T3) Fresh food mix(CD) (cuttlefish/worm/bivalve)
------------------------------------------------------------------------------------------------------------------------------------------------------

FA composition of ovaries % % % %

14:0 11/0± 95/0 11/0 ± 97/0 11/0 ± 84/0  06/0 ± 85/ 1 b  b  b a

14:1n5 14/0± 33/0 02/0 ± 38/0 04/0± 43/0 07/0 ± 91/0 ab  ab  a b

15:0 1/04± 0/56 1/67 ± 0/98 2/97 ±0/03 4/89 ±0/21 c  bc  b  a

15:1 3/09 ± 0/78 4/22 ±/011 9/67 ± 0/17 11/07 ± 0/16 c  c  b  a

16:0 85/2± 88/6 76/0 ± 32/15 58/0± 80/14  36/0 ± 46/24 c  b  b a

16:1n7 37/1± 69/5 62/0 ± 05/6 42/0± 81/6  02/0 ± 55/0 ab  a  a b

17:0 1/12±0/23 1/37±0/34 1/45±0/98 6/78±2/34 b  b  b  a

17:1n7 0/00 0/00 0/00 4/56±1/97 a

18:0 59/1± 55/6 87/0 ± 35/9 08/0± 33/9  31/1 ± 07/8 b  a  a a

18:1n9 65/3± 64/6 77/0 ± 98/19 84/0± 61/19 90/2 ± 06/29  b  ab  ab a

18:1n7 51/2± 66/6 46/1 ± 99/6 69/0± 47/7 16/1 ± 84/17 ab  ab  b  a

18:2n6 11/2± 84/6 03/1 ± 43/7 32/0± 55/6 37/1 ± 99/1 ab  a  ab  c

18:3n3 40/0± 59/1 21/0 ± 49/1 14/0± 67/1 25/0 ± 69/11 b  b  b  a

20:0 05/0± 33/0 08/0± 44/0 02/0± 42/0 01/0 ± 04/0 ab  a  a  b

20:1n9 09/0± 27/0 11/0± 35/0 13/0± 34/0 22/0 ± 44/2 b  ab  ab  a

20:2n6 29/0± 88/0 10/0± 74/0 09/0 ± 59/0 08/0 ±26/0  a  ab  b b

20:3n3 00/0 10/0± 48/0 02/0 ± 48/0 02/1 ± 42/6 b  b  a

20:4n6 37/1± 36/0  C 1/ 21± 6/14  A  B3 9/0 ± 91/4 44/0 ± 41/3  B d a b c

20:5n3 40/1± 80/3  C 26/3± 88/6  B 32/2 ± 15/9  A 28/0 ± 17/10  Ac b  a a

22:6n3 94/0± 94/4  B 64/0± 47/5  AB 29/1 ± 20/6  A 81/1 ± 63/5  ABb ab a ab

SAFA 16/87 29/12 29/81 64/721

MUFA 22/88 37/97 44/33 65/712

PUFAandHUFA 19/42 28/63 29/55 39/573

Total n_3 10/33 14/32 17/50 33/914

Total n_6 9/09 14/31 12/05 5/665

Saturated fatty acids (SAFA): 14:0, 15:0, 16:0, 17:0, 18:0, 20:0.1

 Monounsaturated fatty acids (MUFA): 14:1n-5, 15:1, 16:1n-7, 17: 1n-7, 18:1n-9, 18:1n-7, 20:1n9.2

 PUFA and HUFA: 18:2n_6, 18:3n_3, 20:2n_6, 20:4:n_6, 20:3n_3, 20:5n_3, 22:6n_3.3

 Total n_3: 18:3n_3, 20:3n_3, 20:5n_3, 22:6n_3.4

 Total n_6: 18:2n_6, 20: 2n-6; 20:4n_6.5

*For clarity only HUFA fatty acids comared statistically.
 *Within a raw, values with a common capital letter suggest statistically different (P>0.05) while within a column values, with a common letter are not
statistically different (P>0.05).

Table 5: Fatty acid (FA) composition (% of total FA) of the hepatopancreas of L. vannamei fed increasing HUFA levels and fresh food mix.

Dietary treatments

-----------------------------------------------------------------------------------------------------------------------------------------------------

1% TDH (T1) 2% TDH (T2) 3% TDH (T3) Fresh food mix(CD) (cuttlefish/ worm/ bivalve)

FA composition ------------------------------------------------------------------------------------------------------------------------------------------------------

of hepatopancreas % % % %

14:0 17/0 ± 96/0 20/0± 90/1 36/0± 19/2 22/0 ± 68/0 ab  ab  a  b

14:1n5 17/0 ± 35/0 71/0± 28/0 04/0± 39/1 06/0 ± 21/0 b  b  a  b

15:0 0/89 ± 0/13 1/13±0/24 1/02±0/12 2/67 ± 0/78 b  ab  ab  a

15:1 1/59± 0/12 2/11±0/01 3/99±0/13 4/45±0/23 b  ab  ab  a

16:0 65/1± 86/16 29/4± 19/15 11/2± 73/17 90/0 ± 55/28 ab  b  ab  a

16:1n7 45/1± 79/5 06/1± 47/5 60/0± 46/4 71/0 ± 40/2 a  a  ab  b
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Table 5: Continue

17:0 1/01± 0/09 1/23±0/24 1/11±0/23 3/34±1/45 b  ab  ab  a

17:1n7 0/00 0/00 0/00 4/89±1/26 a

18:0 91/1± 96/5 79/0± 34/5 60/1± 05/5 25/1 ± 52/9b  b  b  a

18:1n9 53/5± 19/24 97/5± 27/25 23/7± 90/25 56/1 ± 70/15 a  a  a  b

18:1n7 80/2± 13/5 30/2± 89/4 82/0± 95/2 90/0 ± 53/15 ab  ab  b  a

18:2n6 30/6± 90/12 65/4± 20/16 80/4± 83/16 56/1 ± 12/26 b  ab  ab  a

18:3n3 27/0± 51/1  07/0±32/1 22/0± 11/1 19/0 ± 24/6 ab ab  b  a

20:0 04/0± 32/0 02/0± 29/0 03/0± 30/0  07/0 ± 31/3 b  b  b a

20:1n9 07/0± 39/0 05/0± 34/0 01/0± 33/0 09/0 ± 79/0 b  b  b  a

20:2n6 37/0± 00/1 55/0± 12/1 27/0± 08/1 56/0 ±24/3 b  ab  ab  a

20:3n3 90/0 01/0± 07/0± 10/0 083/0± 16/0 13/0± 19/1 b  ab  ab  a

20:4n6 3.77±0.63  A 2.15±0.07 B 48/0± 09/2 B 22/0± 02/2 B b  b  b  b 

20:5n3 55/1± 98/5  A 18/0±66/2 C 02/0± 69/4  B 91/0± 16/4 B a b  ab  ab 

22:6n3 01/0± 01/6 A 62/0± 78/3 B 13/0± 14/5  A 19/1± 47/5 Aa  b  ab  ab 

SAFA 26/00 25/08 27/40 47/891

MUFA 38/36 39/02 46/422 37/44

PUFA and HUFA 27.24 31/10 48/443 32/07

Total n_3 7/77 11/10 17/064 14/40

Total n_6 17/67 19/47 20/00 31/385

Saturated fatty acids (SAFA): 14:0, 16:0, 17:0, 18:0, 20:0.1

 Monounsaturated fatty acids (MUFA): 14:1n-5, 15:1, 16:1n-7, 17: 1n-7, 18:1n-9, 18:1n-7, 20:1n9.2

 PUFA and HUFA: 18:2n_6, 18:3n_3, 20:2n_6, 20:4:n_6, 20:3n_3, 20:5n_3, 22:6n_3.3

 Total n_3: 18:3n_3, 20:3n_3, 20:5n_3, 22:6n_3.4

 Total n_6: 18:2n_6, 20: 2n-6; 20:4n_6.5

*For clarity only HUFA fatty acids comared statistically.
 *Within a raw, values with a common capital letter suggest statistically different (P>0.05) while within a column values, with a common letter are not
statistically different (P>0.05).

Table 6: Survival, hepatosomatic index (HSI), gonadosomatic index (GSI), number of mature females (N4), instantaneous growth ratio (IGR) and feed
conversion ratio (FCR) of L. vannamei broodstock fed increasing TDH levels. 

Dietary treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
1% TDH 2% TDH 3% TDH Control diet (cuttlefish/ worm/ bivalve)

Survival (%) 100.00± 0.00 100.00± 0.00 ± 8/92  66.91 ± 8.92  667.91a a  a  a

HSI (%) ± 4/2 05/0  06/0 ± 5/3 7/2 ± 02/0 ± 4/3 06/0 b a  b  a

GSI (%) 03/0± 0/2 05/0± 0/2 06/0± 9/2 02/0± 5/3 c  c b  a

N4 (%) 9/1 ± 01/0 9/1 ± 01/0 5/3 ± 07/0 5/3 ± 07/0 b b a a

IGR (%) 50/0 ±06/0 275/0± 05/0 30/0± 11/0 50/0 ±03/0 a b b a

FCR (%) 76/9 ±98/1 97/9 ±96/1 89/17± 70/1 31/32± 22/1 c c b a

(TDH): mean values (±SE) at the end of experiment.
Within a row, values with a common superscript letters are not statistically different (P>0.05).

The   most    EFA    of    the     experimental     artificial Biological Performance of Shrimps: No significant
diets and   fresh   food   mix   were   shown in
hepatopancreas    of    T1    females,     however in
those  that  were  fed  the  rest  of   the   dietary
treatments,   it    did   not     change   significantly (P>0.05).
Table  4,  is  showing  a  rapid  increase  in  EPA
absorption in T1ovaries rather than DHA and AA
(P<0.05).

differences among treatments were observed for survival.
However, significant differences in IGR and FCR were
observed at the end of the trial. Table 6 presents IGR and
FCR indices. IGR of animals fed 1% TDH (T1) and CD was
significantly higher than those fed the rest of the dietary
treatments (P<0.05), however T2 and T3 did not differ
significantly   from   each    other  (P>0.05).   Results  also
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showed that shrimps fresh food and 3% TDH (T3) had female broodstock. The optimum  TDH level determined
significantly higher FCR than other fed diets containing by Wouters et al. [9] is less than the one obtained in the
lower HUFA. Shrimps fed diets containing 3% TDH present study. This could be due to differences between
obtained significantly higher FCR, but lower IGR than other ingredients of manufactured diets, HUFA sources
those fed other trial diets (Table 6). or availability of other energy sources (e.g. 31.5 % protein,

Maturation Indices: GSI, HSI and number of maturing dietary HUFA may be beneficial for ovarian maturation of
(stage4) females at the end of the experiment (N4) are L. vannamei female broodstock.
presented in Table 6. High negative correlation was found Despite of the finding of Wouters et al. [9], who
between the GSI and HSI while positive between GSI and reported an increasing GSI in broodstock fed dietary
N4. Between Shrimps were fed manufactured trial diets, HUFAs only less than 2% TDH levels, no clear influence
those that fed by T3 and CD obtained significantly higher of low dietary HUFA could be detected in the process of
N4 and GSI, but lower HSI. Results also showed that, ovarian maturation in the present study. This suggests
Higher GSI and N4 were observed in shrimps fed CD and that dietary HUFA are indeed required, but only in
T3 jointly. maximum quantities. In agreement, Alava et al. [34]

DISCUSSION HUFA-free diet. How ever there possible reasons why low

Recommended lipid levels for commercial shrimp female broodstock in the present study are given by
feeds range from 6% to 8%, and should not exceed 10% Wouters et al. [9]: (1) Increasing TDH levels resulted in
[29]. According to Akiyama et al. [32], decreased shrimp increasing GSI and N4 in the present study. (2) It is known
growth and increased mortalities are associated with lipid that HUFA cannot be synthesized de novo by Penaeid
levels exceeding 10%, probably due to nutrient shrimp or might only be synthesized in a very limited
imbalances/deficiencies as they relate to energy and extent. (3) There is proof of the beneficial role of medium
quality standards for lipid sources. For which 6.9% Lipid to high dietary HUFA levels on reproductive parameters
diets were formulated in all dietary manufactured and on offspring quality.
treatments of the current study. However in a previous Kanazawa  et  al.  [35],  observed that survival rates
study on juvenile L. vannamei [29], negative effects on of  Marsopenaeus  japonicus  increased with increasing
growth or survival were not  evident  when lipid level of n-3 HUFA levels from 0 to 1 % but decreased at 2%,
the experimental diets averaged 10.5% was used. suggesting a possible overdose or contamination by

The  TDH  levels  chosen  by  Wouters et al. [9] for oxidation products of HUFA. However, in our study all
L. vannamei broodstock (i.e. 0.6-2.7%) served as a diets showed non-significant survival (P>0.05) apart from
guideline. With in this range no clear influence of dietary their different TDH ratios. Survival of the animals was
HUFA could be detected on survival in this study. It is totally high during the 40-day experiment. This was
worthy to note that increasing TDH levels from 1 to 3% probably due to the overall quality and stability of the
accompanying  a  significant (P<0.05) decrease in GSI. controlled trial conditions of the present study,
This might be an indication that 3%TDH is the best for maintained within the recommended ranges for commercial
optimal ovarian maturation. In disagreement; previous shrimp production [27].
authors suggested that an excess of dietary n-3 HUFA In this study, both FCR and IGR were higher totally,
(2.7%) is too high for ovarian maturation of L. vannmei [9] In CD shrimps, which according to the results of
and it may not be beneficial for growth of Penaeus D’Abramo [36] this could be due to a number of factors:
monodon post-larvae [33]. This could be due to the quality and quantity of dietary protein, the quality,
differences between species (L. vannamei, P. monodon) quantity, and availability of other energy sources, and
and/or Lipid and the rest of energy resources. might be the quality of the dietary oil in the fresh foods.

In the present study, increased TDH levels from 1% Results of the  present  study  showed that females
to 2%, accompanying with a non-significant increase in fed 1% dietary TDH containing least percentage of ARA,
GSI (P>0.05) while significant in 3% TDH levels (P<0.05). EPA and DHA obtained higher FCR and IGR than the rest
This might be approximately in disagree with the finding of manufactured treatments.  This  is in agreement with
of Wouters et al. [9] that GSI was not influenced by the results which several authors have reported the
increasing TDH levels from 2% to 2.7 in L. vannamei qualitative   requirements    for   n-3    HUFA  by   different

6.9% lipid). However, our results stated that an excess of

reported a reduced GSI in M. japonicus broodstock fed a

HUFA levels are not be recommended for L. vannamei
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shrimp species. In early studies Kanazawa et al. [15-18] recommendable for  normal  ovarian development while
demonstrated that Marsopenaeus japonicus requires 1% dietary HUFA for FCR and IGR of female broodstock
LOA, LNA, EPA and DHA acids as EFA, with the n-3 L. vannamei under mentioned experimental conditions.
HUFA being most indispensable and suggested that a
combination of EPA and DHA should be included at an ACKNOWLEDGEMENTS
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