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Abstract

The sea cucumber (Bohadschia ocellata) is a species with great density, reproduction
rate and growth in the Persian Gulf. A Very few human consumption in Islamic
countries makes this species a good choice to be used as a supplementary or stimulant
ingredient in cultured aquatic animals. The present study evaluates the effects of dietary
levels of B. ocellata meal on growth performance, blood biochemical parameters,
digestive enzymes activities and body composition of Pacific white shrimp (Penaeus
vannamei). White shrimp juveniles (6.6£0.1 g) were fed with different levels of the B.
ocellata meal (0, 2, 4, 6, and 8 % of the diet) during 8-weeks period. According to the
results weight gain, specific growth rate, and daily feed intake trends showed significant
(p<0.05) increase with increasing level of sea cucumber meal from 0% to 4%. The
greatest feed conversion ratio and least protein efficiency ratio were recorded in the 8%
treatment. In blood biochemical outputs, the least cholesterol and the highest glucose
levels were recorded for the 4% and 6% treatments, respectively. Digestive enzymes
activity assessments showed that protease activity was significantly increased from 4%
to 8% treatments. In general, adding 4-6% of B. ocellata meal to commercial diet of P.
vannamei juveniles clearly improved some body biochemical activities such as protease
enzymes activity and blood cholesterol content, and enhanced growth performance of
white shrimp.
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Introduction

Sea cucumbers are marine invertebrate
animals from the class Holothuroidea.
They have a spindle-shaped body and
their habitat is mainly shallow waters.
There are about 1717 recorded species
of the sea cucumbers all over the world
(Paulay, 2014) with their greatest
biodiversity in the Asia Pacific region
(Kamarudin et al.,, 2010; Du et al.,
2012; Sadhukhan and Raghunathan,
2012; Margarita et al., 2015; Siddiq et
al., 2016). Nine species of sea
cucumbers belonging to the genus
Holothuria are reported in Iranian
southern coastlines (Afkhami et al.,
2015). Bohadschia ocellata as one of
the most abundant species of the
Holothuria is placed under the genus
Bohadschia since 2013 (WoRMS,
2020).

Sea cucumbers are remarkable
natural sources of novel functional
materials which are biologically active
and could be used in food and
biomedical industries (Pangestuti and
Arifin, 2017). Body compositions of
these animals have high levels of
valuable nutritional components.
Including essential amino acids such as
Histidine, Leucine, and Lysine, rare
elements, essential fatty acids such as
ALA, EPA, and DHA, and different
proteins (Aminin et al., 2015), vitamins
such as retinol (A), thiamine (By),
riboflavin (By), niacin (Bs), and also
different minerals such as calcium,
magnesium, iron, and zinc (Bordbar et
al., 2011).

Large sizes of the Bohadschia ocellata
populations provide a good opportunity
for the sustainable harvest of such a
valuable source of nutrition. Holothuria
ocellata meal can be a good choice of a
supplementary or stimulant ingredient in
other cultural aquatic animals like
shrimps. It can also be a good
alternative for parts of the diet. In this
way, beside increase in weight gain,
there would be a decrease in cost of feed
and the final product (Amaya et al.,
2007).

The Pacific white shrimp Penaeus
vannamei  (Boone, 1931) is a
commercially important penaeid shrimp
worldwide, particularly in  Asian
countries (Wang et al.,, 2015). The
natural origin of this species is
principally in the eastern Pacific Ocean,
from Mexico to as far south as northern
Peru, however, during the past few
decades it is introduced to numerous
locations  throughout the  world,
especially the Asian regions. P.
vannamei has already become the
primary cultural species in Asian
countries (Chiu et al., 2007) and since
2002 the production of the black tiger
shrimp  (Penaeus monodon)  has
dramatically declined due to its
substitution by P. vannamei in many
cultural farms (Rezaei Tavabe and
Rafiee, 2016). On the other hand, during
resent years due to limited availability
and increase in the fishmeal value, the
cost of P. vannamei feed is increased
(Tacon and Metian, 2008). Therefore,
the shrimp aquaculture industry needs
some alternative sources to increase
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growth rate and reduce the cost of feed
simultaneously.

One of the most important factors in
the juvenile and pre-adult periods of
shrimp is access to the highest growth
rate in the shortest possible time. On the
other hand, in order to operate shrimp
culture activities economically,
mortality rate should be as low as
possible. These two factors ultimately
have the greatest impact on the
production of shrimp  farms.
Hematological parameters are
considered as important health and
growth indicators in shrimp culture
(Katya et al., 2016). While the product
should be of good quality for the market
and the consumer health, the total
amount of protein, fat and various other
substances in the shrimp flesh are also
important (Xthe and Pan, 2012). The
present investigation was carried out to
evaluate the effects of different dietary
levels of the sea cucumber (B. ocellata)
meal on growth performance, blood
biochemical  parameters,  digestive
enzymes activity and body composition
of the Pacific white shrimp (P.
vannamei) juveniles.

Materials and methods

Shrimps sources and experimental setup
Juvenile shrimps with an initial weight
of 6.6+£0.1 g (n=900) for the study were
obtained from Razak shrimp breeding
center (Shiff county, Bushehr province,
Iran). They were moved to the
laboratory after checking for normal
body structure. The juvenile shrimps
were fed twice a day (at 6.00 am and
6.00 pm) for 15 days as the adaptation

period with a commercial shrimp feed
(Faradaneh Co. aquatic animals feed
producer, Shahrekord, Iran) up to 5% of
their body biomass. During the
experimental period, the average water
temperature and water salinity were
29+2°C and 3042 g L™* respectively.
NHz—N, NO,-N, and NO3;—N levels
were maintained below 0.2, 0.1, and
10.0 mg L respectively. The juveniles
were fed with 5 experimental diets
(Table 1) containing different levels of
B. ocellata meal including 0% (control),
2%, 4%, 6% and 8% levels three times a
day at 6:00, 13:00 and 6:00, about 5% of
their body weight during an 8-weeks
period. Each treatment was replicated
three times and each experimental
fiberglass tank (200-L) was stocked
with 50 juveniles. In order to measure
the amount of feed intake, all feed
residuals were siphoned before each
feeding time then weighted in
comparison to the last time feed amount.
All tanks were in an open environment
exposed to natural photoperiod.

Diet preparation

The sea cucumber (B. ocellata)
specimens were collected from the
Persian Gulf coastline of Bandar Abbas
County (Hormozgan province, Iran).
After collection, they were washed with
fresh  water. The collected sea
cucumbers were cooked by a steam

cooker (FS-12000, Pars Khazar, Iran)
for 40 minutes and then were minced by
a meat grinder (MK-G1800, Panasonic,
Japan).
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Table 1: Composition of diets and proximate analysis of the diets and sea cucumber (Bohadschia
ocellata).

Ingredients (g kg™ 0% (Control) 2% 4% 6% 8%
Fish meal® 270 270 270 270 270
Shrimp-head meal® 100 100 100 100 100
Soybean meal® 250 250 250 250 250
Wheat flour 243 223 203 183 163
Soy lecithin 15 15 15 15 15
Wheat gluten 40 40 40 40 40
Fish oil 20 20 20 20 20
Sunflower oil 15 15 15 15 15
Monocalcium phosphate 10 10 10 10 10
Mineral premix* 175 175 17.5 175 17.5
Vitamin premix® 175 175 175 175 175
Vitamin C (ascorbic acid) 2 2 2 2 2
Sea cucumber meal 0 20 40 60 80
Diets proximate analysis (g kg™)

Crude protein 395.2+12.1 395.7416.7 395.4+9.8 406.1+11.9 410.1+21.4
Crude lipid 101.3+5.2 102.1+4.7 1019449 103.1+8.1  101.9+115
Moisture 70.3£2.2 70.3x2.5 71.1+1.6 70.6+2 71.3£1.7
Ash 135.548 1329459 134.1+42 1394475  135.5+6.8
Bohadschia ocellata proximate analysis (g kg™)

Crude protein 313.346.3

Crude lipid 78.1+2.2

Moisture 218.6x17

Ash 180+5.4

#fish meal: 52% protein, 12% lipid, 9% moisture, Jonoub fish meal factory, Bandar-abbas, Hormozgan,
Iran.

® shrimp-head meal: 41% protein, 6% lipid, 12% moisture, Prepared in our laboratory.

¢ soybean meal: 44% protein, 2% lipid, 11% moisture, Behpak Industrial Company, Behshahr,
Mazandaran, Iran.

? mineral premix (kg™ of diet): Manganese, 8,000 mg; Copper, 2,000 mg; Ferrous, 4,000 mg; Zinc, 8,000
mg; Selenium, 50.0 mg; lodine, 200.0 mg; Cobalt, 50.0 mg; Choline Chloride, 100,000 mg.

¢ vitamin premix (kg™ of diet): Vitamin A, 2,000,000 IU; Vitamin D3, 400,000 IU; Vitamin E, 40,000
mg; Vitamin K3, 4,000 mg; Vitamin B1 (thiamine mononitrate), 20,000 mg; Vitamin B2 (riboflavin),
9,000 mg; Vitamin B6 (pyridoxine hydrochloride), 10,000 mg; Vitamin B12 (cyanocobalamin), 8.0
mg; Vitamin C, 60,000 mg; Nicotinic acid, 40,000 mg; Calcium d-pantothenate, 20,000 mg; Folic acid,
2,400 mg; d-Biotin, 200.0 mg; Inositol, 60,000 mg; Antioxidant, 5,000 mg.
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The obtained materials were dried by a
dryer at 60 °C for 6 hours and then they
were sifted from a 60-mesh sieve and
stored in a freezer until used. To
conduct the research, five experimental
diets were formulated with different
levels of B. ocellata meal by eliminating
0, 2, 4, 6 and 8% of wheat flour from
feed as a less effective part of diet.
Wheat flour was chosen to be omitted
due to its low protein content and lack
of stimulant and attractive ingredients.
Also it has the least effect on growth
performance and digestive activity and
blood factors of shrimp. On the other
hand, wheat flour constituted 24.3% of
the control diet and was one of the most
consuming components in the diet, so
eliminating 2 to 8% of the wheat flour
from the diets could have negligible

effect on the diets, therefore the effects
of different treatments could be
considered as the effect of adding
different levels of sea cucumber meal.

The omitted wheat flour from the diet
was replaced by 2, 4, 6, and 8% sea
cucumber meal (Yu et al., 2016a) (Table
1). To prepare the diets, the raw
materials were mixed thoroughly and
then oil and water were added to the
diets and mixed by a stirrer. The
obtained dough was passed through a
meat grinder with a 1.4 mm mesh size
and then dried in a dryer at 40 ° C for 6
hours. After drying, the obtained strips
were broken into particles of 1.8 mm
length.

Growth performance and survival rate
At the end of the research period,
according to the shrimp initial weight,
weight gain (%WG), specific growth
rate (SGR), feed conversion ratio
(FCR), feed intake (FI), muscle content
(MC), protein efficiency ratio (PER) and
survival rate were recorded and
calculated by the following equations
(Ricker, 1975):

Weight gain (%WG)=[(final mean weight (g)—initial mean weight (g))/initial mean

weight (g)]x100

Specific growth rate (SGR) (%day™)=100x[Ln final body weight (g)- Ln initial body

weight (g)]/t (days)

Feed conversion ratio (FCR)=feed intake (g)/total weight gain (g)

Feed intake (FI)=[dry weight of given feed (g)-dry weight of the sediments from siphon
off 10% of tank floor water 30 minutes after feeding (g)]/Number of shrimp

Protein efficiency ratio (PER)=total weight gain (g)/total protein intake (g)

Muscle content (%)=100xmuscle weight (g)/whole-body weight (g)

Survival rate (%)=(final number of shrimp (g) / initial number of shrimp (g))x100

Biochemical analyses

Blood biochemical parameters such as
total protein (TP), glucose (GL),
cholesterol (CHO), alkaline phosphatase
enzymes (ALP), aspartate

aminotransferase (AST) and alanine
aminotransferase (ALT) were assessed
in 10 randomly taken shrimps from each
tank and blood samples were taken by
2-ml sterile syringes from the abdominal
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sinus. To measure the biochemical
parameters, blood samples were stored
in a simple test tube without
anticoagulant for 12 hours at 4 °C and
after blood clotting, samples were
centrifuged (4200xg, 15 min) at 4°C.
Following this, the serum was separated
from the clot with a sampler and stored
at —80°C until analyzed. Separated
serum samples were specified using
automatic biochemical analyzer (Hitachi
911, Tokyo, Japan) and the attached kits
(Pars azmoon, Tehran, Iran; Zist shimi,
Tehran, Iran).

In order to assess the intestinal
digestive enzymes activity, 5 shrimps
were taken randomly from each tank
and placed in a solution of 40 g L™
clove extract for 10 minutes. After
anesthetizing the shrimps, intestinal
tissues were removed from the bodies
and homogenized with sufficient
amount of sterile 0.8% saline solution to
achieve 10% (W: V) homogenates based
on the findings of Miandare et al.
(2017). Homogenates were centrifuged
at 168xg for 8 minutes at 4°C.
Immediately after the end of centrifuge
operation, assessment of digestive
enzymes activity was performed using
spectrophotometer (SP-V1S100,
Analytik, Germany). The activity of
each digestive enzyme such as protease
enzymes, amylase enzymes and lipase
enzymes were performed by using their
substratescasein, pure starch and olive
oil, respectively, and also their special
commercial Kkits (Sigma-Aldrich Co,
USA) following the manufacturer's
instruction (Bio-RAD, USA). Finally,
the activity level of all three digestive

enzymes was expressed in units of U per
gram protein.

Approximate analysis of diets,
whole-body and muscle of the shrimp
and sea cucumbers were performed
according to the standard methods
(AOAC, 2019). Shrimp feeding was
stopped 12 hours prior to the enzymatic
activity assessments to ensure that the
digestive system is empty, then 5
shrimps from each tank were taken
randomly and sent to the lab. To
measure moisture, samples of diet,
shrimp and sea cucumber were dried at
110°C for 7 hours until they reached a
constant weight, then protein was
calculated by estimating total nitrogen
(Nx6.25) using the Kjeldahl method and
crude lipid was calculated by the
Soxhlet method using chloroform
solvent. Also, ash content was
determined by burning in a furnace at
550°C for 16 h.

Statistical analysis

The data were normalized by the
Kolmogorov-Smirnov  test prior to
further statistical analyses. And then,
analysis  of  variance  (One-way
ANOVA) and significant differences
among the means (MeanzSD) were
found (p<0.05) by Duncan's test in
SPSS version 21 (IBM, USA).

Results

Growth performance and survival
Growth performance and survival rate
results are expressed in Table 2.
Survival rate was more than 95%
indicating not significant difference
among treatments. FW, WG, SGR and
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DFI parameters increased significantly
(p<0.05) from 0% (control) to 4%
treatment, but there were no significant
difference (p>0.05) among the 4, 6 and
8% treatments. Fig. 1 shows the weekly
growth trend of the studied shrimps

during the 8-week research period. From
the fourth week, weight gain in 4, 6, and
8% treatments were 7.33, 7.13 and
6.73g respectively and significantly
increased compared to the control and
2% treatments that were 4.87 and 5.59g.
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Table 2: Effect of different Bohadschia ocellata meal levels dietary on growth performance and
survival of Penaeus vannamei.

0% (Control) 2% 4% 6% 8%

W (g) 6.63 +0.27 6.59 + 0.31 6.69 +0.23 6.66 + 0.31 6.58 + 0.39
FW? (g) 19.33 +0.34% 21.21+0.41° 22.99 +0.31° 23.07 £0.2° 22.86 +0.08°
WG (%) 19155+5.26°  221.85+6.49° 24364 +506°  246.39+3.12°  247.41+033
SGR (% day™) 1.78+0.36" 1.94 +0.44° 2.05+0.33° 2.07 £0.24° 2.07 £0.18°
FCR 1.70+0.17° 1.71.£0.24° 1.69 +0.15° 1.67 +0.09° 1.79 £0.04°
PER 1.48 +0.03° 1.45 +0.03° 1.37 £0.08® 1.31 +£0.04™ 1.25 +0.06°
DFI 3(g) 0.36 +0.02% 0.43+0.01° 0.51+0.01° 0.51 0.04° 0.53+0.01°
MC* (%) 49.23 +0.39 49.01 +0.88 49.20 + 0.40 49.66 + 1.03 49.30 +0.51
Survival (%) 98.33 +2.88 96.66 +5.77 100.00 + 0.00 98.33 +2.88 98.33 +2.88

T Initial weight,  Final weight, ° Daily feed intake (g day™ shrimp™), * percentage of muscle content.
Values are represented as means£SD (n=3). Means in the same row with different superscript show
significant differences (p<0.05).

20

oo0% W2% W 4% W 6% O8%
18 c

16

14
Hi Tec
£ b a
B 10 € pebe
= b a
% 8 bbb
= a a

6 a

4

o

1 2 3 4 5 6 7 B

Week

Figure 1: Process of weight gain during the trial period, in Penaeus vannamei affected by different
dietary levels of Bohadschia ocellata meal. Each bar represents the mean value+SD
(n=3). Values with different letters differ significantly (p<0.05) among treatments of each
week.
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Even though the greatest FCR was
recorded for the 8% treatment, the
difference was not significant. MC
differences among the treatments were
not significant. PER for the shrimps fed
with 0, 2 and 4% B. ocellata diets were
significantly greater than PER for the
other treatments.

Blood biochemical parameters
At the end of 8-weeks experimental
period, some changes were observed in

the blood biochemical parameters of
treatments (Table 3). There were no
significant differences in GL levels
among 0, 2, and 4% treatments. The
highest and the least CHO levels were
recorded in 4 and 0% treatments,
respectively. Other parameters such as
ALT, ALP, AST, and TP did not show
significant difference among treatments
during the research period.

Table 3: Effect of different dietary Bohadschia ocellata meal levels on blood serum biochemical

parameters of the Penaeus vannamei.

0% (Control) 2%

4% 6% 8%

TP (L™ 74.23+7.02 78.10 £6.13 74.00 £ 3.76 72.81+3.08 75.59 + 4.99
GL (mg L™ 13.38 £0.34° 12.93+0.41° 13.19 £ 0.41° 16.86 + 0.26 16.56 +0.08*
CHO (mmol L) 1.82+0.19% 1.21+0.07° 1.03+0.11° 1.31+0.03° 1.29+0.11°
ALP (UL™ 29.930.61 2819211 33.14+1.03 31.51+0.41 30.05+1.83
AST (UL™ 191.49+1429 19327 +6.04  189.71+18.19 197.30+8.70 20242 +21.27
ALT (UL™ 251.64+28.19  24370+50.17 25571+39.71 260.13+12.96  254.22+52.34

Values are represented as means+SD (n=3). Means in the same row with different superscript show

significant differences (p<0.05).

Intestinal digestive activity

The trend of protease enzyme activity at
the end of the experimental period
showed a significant increase from 4 to
8% treatments. Figure 2 shows the final
values for protease, it was the smallest

value for the 2% treatment (344 U g™),
and for the 8% treatment it was the
greatest value (431 U g-1). Lipase and
Amylase enzymes activities did not
show any significant change among
treatments.
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Figure 2: Intestinal digestive activity of Penaeus vannamei affected by different Bohadschia ocellata
meal levels dietary. Each bar represents the mean value£SD (n=3). Values with different
letters differ significantly (p<0.05) among treatments.

Diet, muscle  and
composition

After preparation of the experimental
diets with different levels of sea
cucumber (B. ocellata) meal, the
approximate content analysis of the
diets was determined (Table 1). The
data depicted that difference in the
levels of B. ocellata meal had no
significant effect on crude protein, crude
lipid, moisture and ash content of the
diets (p>0.05). The results also showed
that feeding of P. vannamei with the diet
containing 6% B. ocellata significantly
increased the moisture content in both
the muscle and the whole-body (Table
4). Also, the ash content in both the
muscle and the whole-body for the 8%

whole-body

treatment was greater than other
treatments, other parameters such as
crude protein and crude lipid did not
show any significant difference among
treatments (p>0.05).

Discussion

The present study revealed that changes
of the B. ocellata meal levels in the P.
vannamei diet caused significant
changes in the shrimp  blood
biochemical factors, digestive enzymes
activities, growth performance, and
body composition. There are some
reports claiming that addition or
substitution of plant sources in P.
vannamei diet as a replacement of fish
meal or other diet items, can: reduce the
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feeding costs (Amaya et al., 2007);
increase feed quality and efficiency
(Samocha et al., 2004); improve
immunity (Nonwachai et al., 2010);
improve growth performance (Davis and
Arnold, 2000) and improve muscle
quality (Liu et al., 2012). Also, some
marine cucumber species have anti-
microbial effects (Ebrahimi et al.,
2018). Despite these findings, Shao et
al. (2017) showed that replacing 15% of
fish meal with biofloc meal in P.
vannamei diet did not make any
difference on shrimp growth
performance. Also, replacing 100% of
fish meal with a mixture of microbial
floc meal and soy protein in diets did
not reduce the growth rate of the shrimp
(Bauer et al., 2012). As Lim and
Dominy  (1990) reported,  diets
containing 14% soybean meal as a
replacement of 20% animal protein
increased the weight gain of P.
vannamei after 56 days feeding period.
Addition of low value and cheap protein
sources to the shrimp feed can be
beneficial if it does not reduce the
growth and disrupt the body functions.
Providing 30% protein in a diet using
co-extruded consisting of a 35:65
proportion mixture of tuna fish viscera
and whole corn flour increased weight
gain of P. vannamei juveniles during 41
days feeding period (Hernandez et al.,
2004). The results of this study also
indicated that adding an aquatic animal
source to improve the diet of P.
vannamei has strong effects on the
shrimp growth and some body
biochemical performances.

In the present study, even though
there were significant differences in
weight gain, SGR, daily feed intake and
PER parameters among the treatments,
muscle content and survival rate did not
show any significant change. Weight
gain in shrimp is mainly influenced by
the protein source rather than the
amount of protein in the diet (Sudaryono
et al., 1995; Ahmadi et al., 2019). This
increase in weight gain could be due to
new protein source palatability and
subsequently an increase of feed intake
or the amino acids balance of the used
protein in the diet. Dominy and Lim
(1991) indicated that a mixture of fresh
wet squid viscera by-product with
soybean improved shrimp growth
performance and decreased final diet
cost in comparison to fish meal use. On
the other hand, Wang et al. (2016)
showed that usage of the Orpin rose
(Rhodiola rosea) as a supplement in the
shrimp diet had no significant impact on
the growth rate, while replacement of
fish meal by soy protein and corn gluten
meal in P. vannamei diet, improved the
shrimp weight gain during the feeding
period (de Carvalho et al., 2016). Also,
Yu et al. (2016b) depicted that final
body weight and weight gain of the
shrimps fed by diets containing 2 and
3% Gracilariopsis lemaneiformis, were
significantly greater than the shrimps
fed by a controlled (0%) diet. P.
vannamei, like other crustaceans,
requires minerals such as calcium,
magnesium, phosphorus, zinc etc. for
normal body function and it seems that
its ability to absorb these elements from
marine animal sources is more efficient
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(Cheng et al., 2006; Rezaei Tavabe et
al., 2013; Rezaei Tavabe et al., 2015;
Bharadwaj et al., 2017). For example,
using krill meal in Pacific white shrimp
diet can improve the growth
performance and feed intake (Derby et
al., 2016). Generally, since body
composition of marine animals are
closer to the body compassion of P.
vannamei, adding sources from marine
animals to P. vannamei diet improves its
growth performance more than adding
other sources based on plants or
terrestrial animals. This is probably
because various feeding stimulants,
minerals, and vitamins at these sources
provide the shrimp's  nutritional
requirements.  Also, plant protein
sources such as soybean meal which is
mostly used in shrimp diets; contain
four main anti-nutritional  factors
including trypsin inhibitors, saponins,
non-starch polysaccharides and phytic
acid (Francis et al., 2001; Xie et al.,
2016).

The present research finding showed
that different levels of the sea cucumber
meal in P. vannamei diet had no
significant effect on total protein,
alkaline phosphatase enzymes, aspartate
aminotransferase and alanine
aminotransferase parameters in the
shrimp  blood serum.  Although
knowledge about nutritional effects on
shrimp’s blood biochemical parameters
is very essential, there is a general lack
of information on this topic. Sun et al.
(2016) showed that replacing fish meal
by fermented cottonseed meal in
different levels to substitute 25, 50, 75
and 100% of the fish meal did not show

any significant difference in the total
protein and aspartate aminotransferase
values in blood serum. Even, adding
different levels of aflatoxin B; (0, 25,
50, 100, 500, 1000 ug kg™) as a lethal
toxin to shrimp diet did not show a
significant change on the amount of
total protein and aspartate
aminotransferase parameters in shrimp
blood serum (Zeng et al., 2016).
Considering the findings of previous
researches and the present study, it
seems that adding low levels of plants
and aquatic animal sources and even
some natural toxins to shrimp diet does
not alter shrimp hepatopancreas function
to increase or decrease the total protein
levels, aspartate aminotransferase and
alanine aminotransferase in the serum,
however it is reported that synthetic
toxins, such as t-2 toxin, often alter
blood indices and disrupt the
hepatopancreas function (Qiu et al.,
2016). Serum alanine aminotransferase
level, aspartate aminotransferase level
and their ratio (AST/ALT ratio) are
commonly measured clinically as
biomarkers for hepatopancreas health
(Rezaei Tavabe and Rafiee, 2016).
Therefore, considering these parameters
no significant  difference  among
treatments indicate that usage of
different levels of sea cucumber meal in
the shrimp diet had no detrimental effect
on hepatopancreas function. In contrast,
glucose parameter showed significant
difference among treatments and the
highest value was recorded for 6 and 8%
treatments of B. ocellata meal. Apln-
Molina et al. (2015) also reported that
adding a probiotic mixture composed of
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four lactic acid bacteria and one yeast
strain to shrimp diet in a polyculture
system of shrimp (P. vannamei) and
Nile tilapia (Oreochromis niloticus)
increased the glucose level of shrimp
serum. It can be concluded that new and
unfamiliar feed in the shrimp diet may
cause stress and increase glucose level
by breaking down stored glycogen in the
hepatopancreas to glucose and releasing
it to the shrimp's blood.

Liu et al. (2009) indicated that
adding Bacillus subtilis E20 to P.
vannamei diet (108 CFU kg of diet) as
a protease-producing probiotic can
improve the growth performance by
improving the protease activity in the
digestive tract. In the current study,
protease enzyme activity showed an
increasing trend with a direct
relationship to B. ocellata meal
proportion in the shrimp diet. Therefore,
the use of B. ocellata in the diet of P.
vannamei increased weight gain of the
shrimp, not only through increasing
palatability and enhancing feed intake
but also by raising protease activities in
the digestive tract. In contrast, different
levels of B. ocellata meal in the diet did
not show any significant effect on
amylase and lipase enzymes activity.
Similarly, replacement of fishmeal by
marine microalgae (Spirulina platensis)
in the Pacific white shrimp (P.
vannamei) diet did not show any
significant effect on these two digestive
enzymes activities (Pakravan et al.,
2017). The researcher showed that most
of sea cucumber  species  of
Holothuroidea class have high protein
and low-fat content (Wen et al., 2010;

Aydin et al., 2011). Our findings
showed that the addition of different
levels of sea cucumber meal to the
shrimp diet did not significantly change
crude protein and crude lipid contents in
the shrimp body while ash and moisture
values were significantly different.

This study highlights that adding 4-
6% of the B. ocellata meal to a
commercial diet of P. vannamei
juveniles can clearly enhance its daily
feed intake, growth performance, and
improve some body biochemical
parameters during the cultural period.
Also, there was no significant increase
in serum glucose content up to 6% of B.
ocellata meal in the diet, which could be
due to the normal stress condition for
the shrimp. The protease digestive
enzyme activity increased significantly
from 4 to 8% B. ocellata meal
treatments. Finally, we recommend that
in areas where there is enough access to
the sea cucumber, adding 4-6% of the B.
ocellata meal to the P. vannamei in the
cultural period diet can clearly enhance
output and production of the shrimp.

Acknowledgements

The authors wish to thank the Fisheries
Department of Natural Resources
faculty of the University of Tehran for
providing experimental facilities. Also,
we would like to sincerely thank Mr.
Mahan Motamedian and Dr. Ebrahim
Sotoudeh for their technical assistance.
The authors would like to acknowledge
the financial support of the University of
Tehran for this research under grant
number 26713.1.1.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

Iranian Journal of Fisheries Sciences 19(5) 2020 2378

References Apun-Molina, J.P., Santamaria-
Afkhami M., Ehsanpour M. and Miranda, A., Luna-Gonzalez, A.,

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

Nasrolahi A., 2015. Two sea
cucumber species (Holothuria bacilli
and H. insignis): first record from the
Persian Gulf. Marine Biodiversity
Records, Marine Biological
Association of the United Kingdom,
8, 1-5.
D0i:10.1017/s1755267215000718.

Ahmadi, A., Torfi Mozanzadeh, M.,

Agh, N. and Nafisi Bahabadi, M.,
2019. Effects of enriched Artemia
with n-3 long-chain polyunsaturated
fatty acids on growth performance,
stress resistance and fatty acid profile
of Litopenaeus vannamei
postlarvae. Iranian Journal of
Fisheries Sciences, 18(3), 562-574.
D0i:10.22092/ijfs. 2019.119279.

Amaya, E.A., Davis, D.A. and Rouse,

D.B., 2007. Replacement of fish meal
in practical diets for the Pacific white
shrimp  (Litopenaeus vannamei)
reared under pond conditions.
Aguaculture, 262, 393-401.
Do0i:10.1016/j.aquaculture.2006.11.0

15.

Aminin, D.L., Menchinskaya, E.S.,

Pisliagin, E.A., Silchenko, A.S.,
Avilov, S.A. and Kalinin, V.1,
2015. Anticancer activity of sea
cucumber  triterpene  glycosides.
Marine Drugs, 13, 1202-1223.
D0i:10.3390/md13031202.

AOAC, 2019. Official Methods of

Analysis  (OMA), 21% edition.
Association of Official Analytical
Collaboration (AOAC) International,
Rockville, MD, USA.

Ibarra-Gamez, J.C., Medina-
Alcantar, V. and Racotta, I., 2015.
Growth and metabolic responses of
white leg shrimp (Litopenaeus
vannamei)  and Nile tilapia
(Oreochromis niloticus) in
polyculture fed with potential
probiotic microorganisms on
different schedules. Latin American
Journal of Aquatic Research, 43,
435-445.

Aydin, M., Sevgili, H., Tufan, B.,

Emre, Y. and Kdose, S., 2011.
Proximate composition and fatty acid
profile of three different fresh and
dried commercial sea cucumbers
from Turkey. International Journal
of Food Science and Technology, 46,
500-508.  Doi:  10.1111/j.1365-
2621.2010.02512.x.

Bauer, W., Prentice-Hernandez, C.,

Tesser, M.B., Wasielesky, W. and
Poersch, L.H., 2012. Substitution of
fishmeal with microbial floc meal
and soy protein concentrate in diets
for the Pacific white shrimp
Litopenaeus vannamei. Aquaculture,
342, 112-116.
Doi:10.1016/j.aquaculture.2012.02.0
23.

Bharadwaj, A.S., Patnaik, S., Browdy,

C.L. and Lawrence, A.L., 2017.
Availability of dietary zinc sources
and effects on performance of Pacific
white shrimp Litopenaeus vannamei
(Boone). International Journal of
Recirculating Aquaculture, 13, 1-10.

Bordbar, S., Anwar, F. and Saari, N.,

2011. High-value components and


http://dx.doi.org/10.3390/md13031202
http://dx.doi.org/10.3390/md13031202
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

2379 Javanmardi et al., The effects of dietary levels of the sea cucumber (Bohadschia ocellata)...

bioactives from sea cucumbers for
functional foods. A review. Marine
drugs, 9, 1761-1805.
D0i:10.3390/md9101761.

Cheng, K.M., Hu, C.Q., Liu, Y.N,

Zheng, S.X. and Qi, X.J., 2006.
Effects of  dietary  calcium,
phosphorus and calcium/phosphorus
ratio on the growth and tissue
mineralization of Litopenaeus
vannamei reared in low-salinity
water. Aquaculture, 251, 472-483.
Doi:10.1016/j.aquaculture.2005.06.0
22.

Chiu, C.H., Guu, Y.K. Liu, C.H,,

Pan, T.M. and Cheng, W., 2007.
Immune  responses and  gene
expression in  white  shrimp,
(Litopenaeus vannamei), induced by
(Lactobacillus plantarum). Fish and
Shellfish Immunology, 23, 364-377.
D0i:10.1016/ j.fsi. 2006.11.010.

Davis, D.A. and Arnold, C.R., 2000.

Replacement of fish meal in practical
diets for the Pacific white shrimp,
Litopenaeus vannamei. Aquaculture,
185, 291-298. Do0i:10.1016/S0044-
8486(99)00354-3.

de Carvalho, R.A., Ota, R. H., Kadry,

V.0., Tacon, A.G. and Lemos, D.,
2016. Apparent digestibility of
protein, energy and amino acids of
six protein sources included at three
levels in diets for juvenile white
shrimp Litopenaeus vannamei reared
in  high-performance  conditions.
Aguaculture, 465, 223-234.
Doi:10.1016/ j.aquaculture.
2016.09.010.

Derby, C.D., Elsayed, F.H., Williams,

S.A., Gonzalez, C., Choe, M.,

Bharadwa,j A.S. and Chamberlain,
G.W., 2016. Krill meal enhances the
performance of feed pellets through
concentration-dependent prolongation
of consumption by Pacific white
shrimp,  Litopenaeus vannamei.

Aquaculture, 458, 13-20.
Doi:10.1016/j.aquaculture.
2016.02.028.

Dominy, W.G. and Lim, C., 1991.

Performance of binders in pelleted
shrimp diets. In Proceedings of the
Aquaculture Feed Processing and
Nutrition Workshop, 45, 149-157.

Du, H., Bao, Z., Hou, R., Wang, S.,

Su, H., Yan, J., Tian, M., Li, Y.,
Wei, W., Lu, W., Hu, X., Wang, S.
and Hu, J., 2012. Transcriptome
sequencing and characterization for
the sea cucumber Apostichopus
japonicus (Sebeka, 1867). PloS one,
7(3), e33311.
Doi:10.1371/journal.pone.0033311.

Ebrahimi, H., Vazirizadeh, A.,

Nabipour, I, Najafi, A,
Tajbakhsh, S. and Nafisi Bahabadi,
M., 2018. In vitro study of
antibacterial activities of ethanol,
methanol and acetone extracts from

sea cucumber Holothuria
parva. Iranian Journal of Fisheries
Sciences, 17(3), 542-551.

D0i:10.22092/1JFS.2018.116472.

Francis, G., Makkar, H.P. and

Becker, K., 2001. Antinutritional
factors present in plant-derived
alternate fish feed ingredients and
their effects in fish. Aquaculture,
199, 197-227. Do0i:10.1016/S0044-
8486 (01)00526-9.


https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/10.1016/j.aquaculture
https://doi.org/10.1016/j.aquaculture
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1371/journal.pone.0033311
https://doi.org/10.1016/S0044-8486
https://doi.org/10.1016/S0044-8486
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

Iranian Journal of Fisheries Sciences 19(5) 2020 2380

Hernandez, C., Sarmiento-Pardo, J.

and Gonzalez-Rodriguez, B., 2004.
Replacement of fish meal with co-
extruded wet tuna viscera and corn
meal in diets for white shrimp
(Litopenaeus  vannamei  Boone).
Aquaculture Research, 35, 1153-
1157. Doi: 10.1111/j.1365-
2109.2004.01139.x.

Kamarudin, K.R., Mohamed Rehan,

A., Hashim, R. and Usup, G., 2010.
An update on the diversity of sea
cucumber (Echinodermata:
Holothuroidea) in Malaysia. Malayan
Nature Journal, 62, 315-334.

Katya K., Lee S., Yun H., Dagoberto

S., Browdy C.L., Vazquez-Anon M.
and Bai S.C., 2016. Efficacy of
inorganic and chelated trace minerals
(Cu, Zn and Mn) premix sources in
Pacific white shrimp, Litopenaeus
vannamei (Boone) fed plant protein-
based diets. Aquaculture, 459, 117-
123.

Do0i:10.1016/j.aquaculture.2016.03.0
33.

Lim, C. and Dominy, W., 1990.

Evaluation of soybean meal as a
replacement for marine animal
protein in diets for shrimp (Penaeus
vannamei). Aquaculture, 87, 53-63.
D0i:10.1016/ 0044-8486(90)90210-
E.

Liu, C.H., Chiu, C.S., Ho, P.L. and

Wang, S.W., 2009. Improvement in
the growth performance of white
shrimp, Litopenaeus vannamei, by a
protease producing probiotic,
Bacillus subtilis E20, from natto.
Journal of Applied Microbiology,
107, 1031-1041.

D0i:10.1111/j.1365-2672.
2009.04284 x.

Liu, X.H., Ye, J.D., Wang, K., Kong,

J.H., Yang, W. and Zhou, L., 2012.
Partial replacement of fish meal with
peanut meal in practical diets for the
Pacific white shrimp (Litopenaeus
vannamei). Aquaculture Research,
43, 745-755. Do0i:10.1111/ j.1365-
2109.2011.02883.x.

Margarita, T., Cabansag, J.B.P.,

Gajelan-Samson, M.B.P., Diaz,
F.A. and Diodoco, R.J.P., 2015.
Diversity and abundance of shallow-
water sea cucumbers in Samar and
Leyte, Philippines. Asian Journal of
Biodiversity, 6, 45-57. Do0i:10.7828/
ajob. v6i1.695.

Miandare, H.K., Mirghaed, A.T.,

Hosseini, M., Mazloumi, N,
Zargar, A. and Nazari, S., 2017.
Dietary Immunogen® modulated
digestive enzyme activity and
immune  gene  expression in
Litopenaeus vannamei post larvae.
Fish and Shellfish Immunology, 70,
621-627.
D0i:10.1016/j.fsi.2017.09.048.

Nonwachai, T., Purivirojkul, W.,

Limsuwan, C., Chuchird, N,
Velasco, M. and Dhar, A. K., 2010.
Growth, nonspecific immune
characteristics, and survival upon
challenge with Vibrio harveyi in
Pacific white shrimp (Litopenaeus
vannamei) raised on diets containing
algal meal. Fish and Shellfish
Immunology, 29, 298-304.
D0i:10.1016/j. fsi. 2010.04.0009.

Pakravan, S., Akbarzadeh, A.,

Sajjadi, M.M., Hajimoradloo, A.


https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/10.1111/j.1365-2672
https://doi.org/10.1111/j.1365-2672
https://doi.org/10.1111/
http://dx.doi.org/10.7828/
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

2381 Javanmardi et al., The effects of dietary levels of the sea cucumber (Bohadschia ocellata)...

and Noori, F., 2017. Partial and total
replacement of fish meal by marine
microalgae Spirulina platensis in the
diet of Pacific white shrimp
Litopenaeus vannamei:  Growth,
digestive enzyme activities, fatty acid
composition and responses to
ammonia and hypoxia  stress.
Aquaculture Research, 48, 5576-
5586. Do0i:10.1111/are.13379.

Pangestuti, R. and Arifin, Z., 2017.

Medicinal and health benefit effects
of functional sea cucumbers. Journal
of Traditional and Complementary
Medicine, 12, 18-35.
D0i:10.1016/j.jtcme.2017.06.007.

Paulay, G., 2014. Holothuroidea. World

Register of Marine Species Retrieved
2 March 2014.

Qiu, M., Wang, Y., Wang, X., Sun, L.,

Ye, R., Xu, D, Dai, Z., Liu, Y., Bi,
S., Yao, Y. and Gooneratne, R.,
2016. Effects of T-2 toxin on growth,
immune function and hepatopancreas

microstructure of shrimp
(Litopenaeus vannamei).
Aguaculture, 462, 35-39.

Do0i:10.1016/j.aquaculture.2016.04.0
32.

Rezaei Tavabe, K., Rafiee, G.R,,

Frinsko, M. and Daniels, H., 2013.
Effects of different calcium and
magnesium concentrations separately
and in combination on
Macrobrachium  rosenbergii  (de
Man) larviculture. Aquaculture, 412,
160-166.
Doi:10.1016/j.aquaculture.2013.07.0
23.

Rezaei Tavabe, K., Rafiee, G.R.,

Shoeiry, M.M., Houshmandi, S.,

Frinsko, M. and Daniels, H., 2015.
Effects of water hardness and
calcium: Magnesium ratios on
reproductive performance  and
offspring quality of Macrobrachium
rosenbergii. Journal of the World
Aquaculture Society, 46, 519-530.
Doi:10.1111/ jwas.12217.

Rezaei Tavabe, K. and Rafiee, G.R.,
2016. Marine shrimps’ reproduction
and culture, 2" edition. University of
Tehran Press. ISBN 9-1396-3-469-
879.

Ricker, W.E., 1975. Computation and
interpretation of biological statistics
of fish populations. Bulletin of the
Fisheries Research Board of Canada,
191, 1-382.

Sadhukhan, K. and Raghunathan, C.,
2012. A study on diversity and
distribution of reef-associated
Echinoderm  fauna in  South
Andaman, India. Asian Journal of
Experimental Biological Association,
3, 187-196.

Samocha, T.M., Davis, D.A., Saoud,
I.LP. and DeBault, K. 2004.
Substitution of fish meal by co-
extruded soybean poultry by-product
meal in practical diets for the Pacific

white shrimp (Litopenaeus
vannamei). Aquaculture, 231, 197-
203. D0i:10.1016/j.

aquaculture.2003.08.023.

Shao, J., Liu, M., Wang, B., Jiang, K.,
Wang, M. and Wang L., 2017.
Evaluation of biofloc meal as an
ingredient in diets for white shrimp
(Litopenaeus  vannamei)  under
practical conditions:  Effect on
growth  performance,  digestive


https://doi.org/10.1111/are.13379
https://doi.org/10.1016/j.aquaculture.2013.07.023
https://doi.org/10.1016/j.aquaculture.2013.07.023
https://doi.org/10.1016/j.aquaculture.2013.07.023
https://doi.org/10.1111/
https://doi.org/10.1111/
https://doi.org/10.1016/j
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

Iranian Journal of Fisheries Sciences 19(5) 2020 2382

enzymes and TOR  signaling
pathway. Aquaculture, 479, 516-521.
Doi:10.1016/j.aquaculture.
2017.06.034.

Siddiq, A.M., Atmowidi, T. and

Qayim, 1., 2016. The diversity and
distribution of Holothuroidea in
shallow waters of Baluran National
Park, Indonesia. Biodiversity Journal
of Biological Diversity, 17, 91-104.
D0i:10.13057/biodiv/d170108.

Sudaryono, A., Hoxey, M.J., Kailis,

S.G. and Evans, L.H., 1995.
Investigation of alternative protein
sources in practical diets for juvenile
shrimp (Penaeus monodon).
Aguaculture, 134, 313-323.
D0i:10.1016/0044-8486(95)00047-6.

Sun, H., Tang, JW., Yao, X.H., Wu,

Y.F., Wang, X. and Liu, Y., 2016.
Effects of replacement of fish meal
with fermented cottonseed meal on
growth performance, body
composition  and haemolymph
indexes of Pacific white shrimp,
Litopenaeus vannamei  (Boone),
1931. Aquaculture Research, 47,
2623-2632. D0i:10.1111/are.12711.

Tacon, A.G. and Metian, M., 2008.

Global overview on the use of fish
meal and fish oil in industrially
compounded aquafeeds: Trends and
future prospects. Aquaculture, 285,
146-158.
Doi:10.1016/j.aquaculture.2008.08.0
15.

Wang, Y., Li, Z, Li, J., Duan, Y.F.,

Niu, J., Wang, J., Huang, Z. and
Lin, H.Z., 2015. Effects of dietary
chlorogenic acid on  growth
performance, the antioxidant capacity

of white shrimp (Litopenaeus
vannamei) under normal condition
and combined stress of low-salinity
and nitrite. Fish and Shellfish
Immunology, 43, 337-345. Doi:
10.1016/ j.fsi. 2015.01.008.

Wang, X., Li, E., Xu, C., Qin, J.G,,

Wang, S., Chen, X., Cai, Y., Chen,
K., Gan, L., Yu, N. and Du, Z.Y.,
2016. Growth, body composition,
ammonia tolerance and
hepatopancreas histology of white
shrimp (Litopenaeus vannamei) fed
diets containing different
carbohydrate sources at low salinity.
Aquaculture Research, 47, 1932-
1943. D0i:10.1111/are.12650.

Wen, J., Hu, C. and Fan, S., 2010.

Chemical composition and nutritional
quality of sea cucumbers. Journal of
the Science of Food and Agriculture,
90, 2469-2474.
D0i:10.1002/jsfa.4108.

WoRMS, 2020. Bohadschia ocellata

Jaeger, 1833. Accessed at
http://www.marinespecies.
org/aphia.php?p=taxdetails&id=5300
32 on 2020-05-18.

Xie, SW., Liu, Y.J., Zeng, S., Niu, J.

and Tian, L.X.,, 2016. Partial
replacement of fish-meal by soy
protein concentrate and soybean meal
based protein blend for juvenile
Pacific white shrimp, Litopenaeus
vannamei. Aquaculture, 464, 296-
302.

Doi:10.1016/j.aquaculture.2016.07.0
02.

Xthe, W.J. and Pan, L.Q., 2012.

Effects of bioflocs on growth
performance,  digestive  enzyme


https://doi.org/10.1016/j.aquaculture
https://doi.org/10.1016/j.aquaculture
https://doi.org/%2010.1002/jsfa.4108
https://doi.org/%2010.1002/jsfa.4108
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html

2383 Javanmardi et al., The effects of dietary levels of the sea cucumber (Bohadschia ocellata)...

activity and body composition of a (Gracilaria  lemaneiformis)  dry
juvenile, Litopenaeus vannamei in power on growth performance,
zero-water exchange tanks hematological parameters and
manipulating C/N ratio in feed. intestinal structure of juvenile Pacific
Aquaculture, 356, 147-152. white shrimp (Litopenaeus
Doi:10.1016/j.aquaculture.2012.05.0 vannamei). Aquaculture, 450, 356-
22. 362. D0i:10.1016/j.
Yu, Y.Y., Chen, S.J., Chen, M., Tian, aquaculture.2015.07.037.
L.X., Niu, J., Liu, Y.J. and Xu, Zeng, S.L., Long, W.Q., Tian, L.X,,

[ Downloaded from jifro.ir on 2026-02-04 ]

[ DOR: 20.1001.1.15622916.2020.19.5.33.3 ]

D.H., 2016a. Effect of cadmium-
polluted diet on growth, salinity
stress, hepatotoxicity of juvenile
Pacific white shrimp (Litopenaeus
vannamei): Protective effect of Zn
(I)—curcumin.  Ecotoxicology and
Environmental Safety, 125, 176-183.
Do0i:10.1016/j. ecoenv. 2015.11.043.

Yu, Y.Y., Chen, W.D., Liu, Y.J., Niu,

J., Chen, M. and Tian, L.X., 2016b.
Effect of different dietary levels of

Xie, S.W., Chen, Y.J., Yang, H.J.,
Liang, G.Y. and Liu, Y.J., 2016.
Effects of dietary aflatoxin B1 on
growth performance, body
composition, haematological
parameters and histopathology of
juvenile  Pacific  white  shrimp
(Litopenaeus vannamei). Aquaculture
Nutrition, 22, 1152-1159.
Do0i:10.1111/ anu.12331.


https://doi.org/10.1016/j.%20ecoenv
https://doi.org/10.1016/j.%20ecoenv
https://doi.org/10.1016/j
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.5.33.3
https://jifro.ir/article-1-3826-en.html
http://www.tcpdf.org

