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Abstract: The experiment was conducted to determine the most effective antioxidant (among the vitamin E (VE), vitamin C (VC), vitamin A 
(VA), astaxanthine (AX), β-carotene (βC)) on the ovarian egg number and size, level of VE, VC, VA, AX, βC and oxidative stress (as malondi-
aldehyde (MDA)) in the hepatopancreas, ovarian, gills and muscle tissue during ovarian development of Astacus leptodactylus. One control (C) 
and five experimental diets (EE, EC, EA, EAX and EβC) were prepared. The EE, EC, EA, EAX and EβC groups were formed by added 150 mg 
kg-1 VE, 200 mg kg-1 VC, 240 mg kg-1 VA, 200 mg kg-1 AX and 200 mg kg-1 βC to diet C, respectively. At the end of the experiment found that 
the dietary antioxidants increased ovarian egg number and size and reduced the level of MDA in the tissues. Ovarian egg number and size were 
highest in the EE and EAX diet groups in the comparison to control (p<0.001). The level of MDA in the tissues was lowest in the EAX diet group 
in the comparison to control (p<0.001). The highest levels of VE, VC, VA, AX and βC were found in the hepatopancreas and ovarian compared 
with muscle and gills. The highest level of MDA also was determined in the ovarian according to other tissues. In conclusion, the VE and AX in 
broodstock diets were the most effective antioxidants on the ovarian egg number and size of A. leptodactylus. 
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Introduction

The reactive oxygen species (ROS) in biology, one 
types of free radicals, occurs as natural results of aero-
bic metabolism and it is necessary for the survival of 
organism. Oxygen radicals exert critical actions such as 
regulation of some activity in cells, apoptosis, immune 
system and gene transcription. But, ROS is highly de-
leterious because of cytotoxic oxidants at pathological 
levels.  To cope with the continuous generation of ROS, 
there are enzymatic and non-enzymatic antioxidants. In 
a healthy body, ROS and antioxidants remain in balance. 
When the balance is disrupted towards an overabun-
dance of ROS, oxidative stress (OS) occurs (1, 2).  For 
example, ROS increase in the several situations such as 
exercise, pollution, infection and reproductive (3, 4, 5, 
6, 7, 8). ROS are very reactive towards all biomolecules 
(lipids, proteins and nucleotides). The reaction of ROS 
with polyunsaturated fatty acids (PUFA) generates lipid 
peroxidation in an auto-oxidation cycle where the prod-
uct of one cycle is a free radical, which may react with 
a new PUFA (2). Especially, because aquatic animals 
are rich source of the n-3 PUFA, it is highly susceptible 
to attack by oxygen and other organic radicals (9). For 
these reason, it is inevitable the pursuit of OS indicator 
such as lipid peroxidation in aquatic animals.

In recent years, in the numerous studies have been 
reported that OS have an important role on the repro-
ductive parameters of aquatic animals such as oosit 
maturation, spawning success, eggs and larval quality 
(1, 3, 4, 10, 11, 12, 13). Some nonenzymatic low mole-
cular weight antioxidant compounds are consumed with 
increase of OS during reproduction period. However, 
the antioxidant enzyme systems that are present in the 

liver and other tissues of fish and crustaceans are not 
synthesized until late in the embryonic development. 
For these reason, the body’s complex antioxidant sys-
tem must be supported in the periods of increasing OS. 
Optimal diet of crustaceans is especially identified as 
a crucial factor for the sexual maturation because di-
etary requirements of crustacean are generally higher in 
sexually maturing adults than in nonreproductive adults 
and juvenile. In addition, an unbalanced or incomplete 
diet causes poor reproductive performance or may even 
stop animals from reproducing. The vitamin E, VC, VA, 
βC and astaxanthin are some of the major antioxidants 
used in aquaculture industry in worldwide. But, because 
most fish and crustaceans are unable to biosynthesize 
these matters, de novo, it must additived in the diet (6, 
7, 8).

Vitamin E protects cells from peroxidation of PUFA 
in membrane phospholipids by inhibiting ROS-induced 
generation of lipid peroxyl radicals. Vitamin C exhibits 
a protective effect by stoping the propagation of the per-
oxidative process, and helps recycle oxidized vitamin 
E (2, 9). Vitamin A, AX and βC are antioxidants too, 
but they are generally used as a pigmentation source in 
aquaculture industry. Moreover, these antioxidants play 
an important role in crustacea reproduction by acting as 
biological antioxidants (7, 8).

The narrow-clawed crayfish (Astacus leptodacty-
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lus) is a species of crustacean. It is the native crayfish 
in Turkey, but there was very little consumption by the 
people. For this reason, it was exported regularly to Eu-
rope (14). There are a few studies on the nutrition for 
this crayfish (3, 4, 15, 16). However, there is very lack 
of antioxidants nutritional information on reproduction 
for the crayfish.

The breeding season in A. leptodactylus begins with 
the decline in water temperature in the autumn, and 
mating occurs during October and Nowember at 7-12 
°C. Thus, the quality and quantity of the egg’s vitellin 
reserves during this stage are crucial for the future off-
springs’ survial.  Especially, because the main charac-
teristic of invertebrate reproduction is the accumulation 
of reserves made in the oocytes of the maturing female 
(17), an adequate understanding of the dynamics of 
nutrient utilization during ovarian development in A. 
leptodactylus will contribute to increasing reproductive 
success of commercial production of eggs and juveniles

The present study was designed to compare the ef-
fects of dietary VE, VC, VA, AX and βC levels on the 
ovarian egg number and size of A. leptodactylus brood-
stock. Moreover, to test the influence on OS of the diet 
VE, VC, VA, AX and βC during the ovarian maturation 
of the crayfish, it was measured the content of MDA 
in the hepatopancreas, ovarian, gills and muscle. It was 
also discussed the relationship among the VE, VC, VA, 
AX and βC levels in these tissues.

Materials and Methods

Crayfish and experimental design
This study was carried out between June 25 and No-

vember 15 (143 days) at aquarium laboratory of Fırat 
University Aquaculture Faculty, Elazığ, Turkey. The 
crayfish used in this study was provided from Keban 
Dam Lake population of A. leptodactylus. 

In this study, one control (C) and five experimen-
tal diets (EE, EC, EA, EAX and EβC) were prepared. 
The EE, EC, EA, EAX and EβC groups were supple-
mented with 150 mg kg-1 VE (4), 200 mg kg-1 VC (18), 
240 mg kg-1 VA (19), 200 mg kg-1 AX and 200 mg kg-1 
βC  (20, 6), respectively, and it were set in relation to 
levels reported by other researchers in a variety of crus-
tacean species. No VE, VC, VA, AX and βC was added 
to the control diet, except that supplied by the feed in-
gredients. The control diet (Table 1) was modified af-
ter Barim (3) and Harlioğlu and Barim (16). The VE, 
VC, VA, AX and βC contents of the diets was analysed 
by High Performance Liquid Chromatography (HPLC) 
(21, 22, 5). The VE, VC, VA, AX and βC contents of the 
control were 13.86±1.30 mg kg-1, 17.25±2.50 mg kg-1, 
2.00±0.21 mg kg-1, 1.82±0.33 mg kg-1, 20.05±1.90 mg 
kg-1, respectively. The levels of 138.04±2.31 mg kg-1 
VE, 185.00±3.22 mg kg-1 VC, 227.00±.2.02 mg kg-1 
VA, 190.00±3.05 mg kg-1 AX and 189.00±3.61 mg kg-1 
βC diet were determined for VE, VC, VA, AX and βC 
diets, respectively.

The control diet was formulated to contain approxi-
mately 38.00% crude protein, on a dry-weight basis and 
3.32 kcal g-1 gross energy (Table 1). The crude protein 
content was analysed by Kjeldahl’s method; gross en-
ergy was calculated based on physiological fuel values 
of 9 kcal g-1 for lipid and 4 kcal g-1  for protein and 

carbohydrate; dry matter after the sample was dried at 
105 oC for 6 hours. Ash content was calculated after 24 
h at 550 oC in the furnace, and lipid analysed by an ether 
extraction method (23).

Fish (anchovy) meal, soybean meal, wheat flour, 
sunflower oil, antioxidant, dicalcium phosphate, so-
dium phosphate, vitamin-mineral premix, dietary VE 
(50% dl-α-tocopheryl acetate), VC (33% L-ascorbic 
acid monophosphate), VA (1000000 IU per gram reti-
nyl acetate), AX (8% astaxanthin, Carophyll Pink,) and 
βC (10% β-Carotene) was donated by a food producer 
firm (DSM Nutritional Products). The ingredients for 
each diet were thoroughly mixed, before adding water, 
in a commercial food mixer, cold-pelleted by forcing 
through 3-mm holes using a laboratory pellet mill, air-
dried at 55ºC for up to 24 h, and then stored in a deep 
freeze at -4ºC until further use (4, 24, 25). 

The experiment was carried out with 3 replicates 
for each dietary treatment. Ten females and three males 
were used for each replicate (180 females and 54 males 
in total). Crayfish were housed in 18 glass aquariums (25 
x 25 x 110 cm). Plastic pipes (15 cm in length and 7 cm 
in diameter) were provided as shelters for the crayfish. 
Adequate aeration was provided for each aquarium by a 
simple air pump. The carapace length (mm) and weight 
(g) were recorded for each crayfish. Crayfish were fed 
2 % of their total wet weight daily, divided into three 
separate feedings (26). 

During the trial, dissolved oxygen, pH and water 
temperature were measured daily. Ammonia, iron, cop-
per, alkalinity, calcium and water flow were measured 
twice a week. Mean dissolved oxygen was 7.40±0.80 
mg L-1; mean ammonia, iron and copper content were 
less than 0.001 mg L-1 (for each parameter); mean 
calcium was 64.20±1.96 mg L-1; mean alkalinity was 
276.20±7.34 mg CaCO3 L-1; mean pH was 7.21±0.42 
(27); and mean water temperature was 13.05±2.6 C.

At the end of the study, the size of ovarian eggs was 
measured by use of a light microscope and graticule. 
For biochemical assays, the hepatopancreas, muscle, 
gonad and gills in the crayfish were removed and were 
stored at -80 0C until used.   

Ingredients Percent of dry 
weight

Fish (anchovy) meal 35.78
Soybean meal 38.64
Wheat flour 19.40

Sunflower oil 4.00
Dicalcium phosphate 1.00

Sodium phosphate 0.40
Antioxidant 1 0.10

Vitamin E, A, C-free vitamin premix 2 0.50
Mineral premix 3 0.18

Table 1. Composition of the control diet.

(1) Antioxidant (mg/kg dry diet): butylated hydroxytoluene 12.5.
(2) Vitamin premix  (IU or mg/kg): vitamin D3 200,000 IU, vitamin 
K 3,000 mg, vitamin B1 1,000 mg, vitamin B2 3,000 mg, Niacin 
30,000 mg, Calcium D-Pantothenate 10,000 mg, vitamin B6 2,000 
mg, vitamin B12 4 mg, Folic Acid 600 mg, D-Biotin 200 mg, Choline 
Chloride 100,000  mg.
(3) Mineral premix (mg/kg dry diet): Mn 80, Fe 35, Zn 50, Cu 5, I 
2, Co 0,4, Se 0,15.
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(142.86%, 333.33%, 800.00% and 266,67) and EβC 
(192.86%, 600.00%, 133.33% and 233.33%) compared 
with control group, respectively (for each of the diets 
p<0.001) (Fig. 1A). However, in the peresent study 
was determined that VE level was statistically higher in 
the ovarian of the EE (40.54% of 1.85 µg g-1 total VE) 
group, in the hepatopancreas of the C (60.87% of 0.23 
µg g-1 total VE), EC (34.52% of 0.84 µg g-1 total VE),  
EA (44.68% of 0.94 µg g-1 total VE), EAX (40.00% of 
0.85 µg g-1 total VE)  and EβC (51.90% of 0.79 µg g-1 
total VE) groups according to other tissues (for each of 
the diets p<0.001) (Fig. 2A).  

In this study, VC level in the hepatopancreas was 
lower for the EA diet group (11.52%), higher for the EE 
(140.46%), EC (267.20%), EAX (143.35%) and EβC 
(128.97%) diet groups according to C group (p<0.001). 
The percentage of VC level in ovarian were found 
higher in the groups EE (301.07%), EC (575.36%), 
EA(286.45%), EAX (183.27%) and EβC (270.22) 
compared with control group (for each, p<0.001) (Fig. 
1B).  This level was higher in the gills (EE;42.06%, EC; 
51.02%, EA; 44.41% and EAX; 36.89)  and muscle 
(EE; 45.89, EC; 111.96 and EA; 47.98) of crayfish in the 
some experimental diet groups compared with control 
group, respectively (for each, p<0.001). In addition, in 
this study was showed that VC level was statistically 
higher in the ovarian of the EA (44.59% of 225.88 µg 
g-1 total VC) and the EC (40.28% of 436.89 µg g-1 total 
VC)  group, in the hepatopancreas of the C (32.23% of 
127.99 µg g-1 total VC) and EAX (40.10% of 250.33 
µg g-1 total VC)  groups according to other tissues (for 
each of the diets p<0.001) (Fig. 2B).  This level fed with 
EE and EβC diets was statistically higher than other tis-
sues in both hepatopancreas (34.08%,  of 291.03 µg g-1 
total VC, 36.34%,  of 259.09 µg g-1 total VC respecti-
vely) and ovarian (35.91%,  of 291.03 µg g-1 total VC, 
37.12%,  of 259.09 µg g-1 total VC respectively) (for 
each of the diets p<0.001).

The VA level in hepatopancreas of crayfish fed with 
the diets EA was significantly higher (776.92%) than 
those of crayfish fed control diet (Fig. 1C).. It was found 
the level of the VA in ovarian of crayfish fed the diets EA 
and EAX were higher than the control (54.55%, 45.45% 
respectively), but this level in EC groups were lower 
(54.54%). The VA level in gills of crayfish in EC, EA, 
EAX and EβC group was higher than control (50.00%, 
300.00%, 225.00%, 225.00% respectively). This level 
in the muscle of crayfish in EE, EA and EAX group 
were higher according to C group (75.00%, 125.00%, 
75.00% respectively).   Moreover, in the peresent study 
was determined that VE level was statistically higher 
in the hepatopancreas, ovarian and gills of the EβC 
(30.23%, 30.23%, 30.23%  of 0.43 µg g-1 total VA, res-
pectively) in the ovarian of the EAX (33.33% of 0.48 
µg g-1 total VA) group, in the hepatopancreas of the C 
(40.63% of 0.32 µg g-1 total VA), EE (35.48% of 0.31 µg 
g-1 total VA),  EC (33.33% of 0.21 µg g-1 total VA) and 
EA (73.08% of 0.85 µg g-1 total VE) groups according 
to other tissues (for each of the diets p<0.001) (Fig. 2C). 

The percentage of AX in ovarian, gills and muscle 
were found higher in the groups EE (211.43%, 666.67% 
and 366.67%), EC (131.43%, 133.33% and 311.11%), 
EA (196.57%, 633.33% and 188.89%), EAX (937.14%, 
333.33% and 333.33%) and EβC (268.57%, 1333.33% 

Sample preparation and biochemical assays
Determination of tissues vitamin C and MDA levels

An aliquot portion of (1,0 g) crayfish tissue samples 
were homogenized in a glass-glass homogenizer in mix-
ture of 0.5 ml of HClO4 (0.5 M), 4.5 ml distilled water 
and 100µl-500 ppm butylated hydroxytoluene (BHT) 
(21, 5). These samples were centrifuged at 4500 rpm for 
5 min and supernatants were injected into HPLC sys-
tem. Addition of acid was necessary to precipitate pro-
teins and release the MDA bound to the amino groups 
of proteins and other amino compounds. Acid addition 
was also needed to maintain the stability of vitamin C. 
The mobile phase contained 30 mM KH2PO4 -Methanol 
(82.5+ 17.5, v/v %, pH 3.6). The flow rate of this phase 
was 1.2 mL min-1. Chromatograms were monitored at 
250 nm and injection volume was 20 µL. A Wakosil II 
5C18 RS 5µm (150 x 4.6 mm SS, SGE, AUS) column 
was used at room temperature (5).

Determination of tissue vitamin A, E and  β-carotene 
levels 

The analyses were carried out on three aliquots, 
ranging from 200 to 1000 mg weight. Samples were 
homogenized in a glass-glass homogenizer in 1 ml of 
cold acetone. Homogenized hepatopancreas and muscle 
samples were transferred into polyethylene tubes and 2 
ml ethanol was added to the tubes. After 0.3 ml n-hexane 
was filled into tubes for vitamins extractions, and they 
were centrifuged. This step was repeated two times (5).

N-hexane in tubes was evaporated with the nitrogen. 
Then the residues were solved in mobile phase (metha-
nol: acetonitrile: chloroform; 47: 42: 11, v/v). Chroma-
tograms were monitored at 326, 296 and 450 nm (vita-
min A, E and β-carotene, respectively). Injection vo-
lume was set 50 µL. Techsphere ODS-2 packed column 
(5 mm particle, 250x4.6 ID) was used and flow rate was 
1.0 ml min-1(22).

Statistical procedures
The results in this study are expressed as mean ± 

S.E. The data were analyzed with an One-Way Anova 
Test. SPSS 21 for Windows was utilized for statistical 
analysis. The level of significance was set at p < 0.05.

Results

The carapace length of crayfish among the experi-
mental groups (C, EE, EC, EA, EAX, and EβC) and 
within the replicates of each dietary treatments were 
not significantly different (p>0.05 for each cases) at 
the beginning of the experiment. The carapace length 
of crayfish was 48.66±1.09 mm for C, 48.84±1.19 mm 
for EE, 48.73±1.08 mm for EC, 48.92±0.92 mm for EA, 
48.90±0,86 mm for EAX, 48.64±1.00 mm for EβC, res-
pectively.

The levels of VE, VC, VA, AX and βC in the tissues 
of the crayfish fed with the control and experimental 
diet 

The percentage of VE in hepatopancreas, ovar-
ian, gills and muscle were found higher in the groups 
EE (300.00%, 2400%, 1033.33% and 566%), EC 
(107.14%, 700.00%, 500.00% and 333.33%), EA 
(200.00%, 600.00%, 600.00% and 233.33%), EAX 
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and  511.11%) compared with control group, respecti-
vely (for each of the diets p<0.001) (Fig. 1D).  This le-
vel in the hepatopancreas was determined higher in the 
groups EE (320.00%), EC (20.00%), EAX (660.00%) 
and EβC (340%), lower in the EA group (80.00%)  
compared to control (p<0.001). This level was higher 
in the ovarian of the groups C (67.30%, of 0.52 µg g-1 

total AX), EE (55.90%, of 1.95 µg g-1 total AX), EC 
(61.83%, of 1.31 µg g-1 total AX), EA (67.97%, of 1.53 
µg g-1 total AX), EAX (80.13%, of 4.53 µg g-1 total AX) 
and EβC (51.81%, of 2.49 µg g-1 total AX) according to 
other tissues (Fig. 2D).

The level of βC in hepatopancreas and ovarian were 
found higher in the groups EE (30.35% and 30.73%), 
EC (48.76% and 52.51%), EA (101.99% and 94.97%), 
EAX (99.00% and 73.74%) and EβC (157.21% and 
151.96%) compared with control group, respectively 
(for each of the diets p<0.001) (Fig. 1E).  In addition, 
in the this study was determined that βC level in muscle 
of crayfish fed with the diets EA, EAX and EβC was 
significantly higher (77.62%, 90.91%, 280.42% res-
pectively) than those of crayfish fed with the control 
diet. It was found that the βC level in gills of crayfish 
fed with the diets EA and EAX was higher than the 

control (14.72%, 26.90% respectively) but this level in 
EC group was lower (22.34%). Moreover, the present 
study showed that the level of βC was higher in the ova-
rian of the groups C (24.86%, of 7.20 µg g-1 total βC), 
EE (26.80%, of 8.73 µg g-1 total βC), EC (31.49%, of 
8.67 µg g-1 total βC), EA (28.26%, of 12.35 µg g-1 total 
βC), EAX (25.20%, of 12.34 µg g-1 total βC) and EβC 
(26.24%, of 17.19 µg g-1 total βC) according to other 
tissues (Fig. 2E).   

The levels of MDA in the tissues of the crayfish fed 
with the control and experimental diet 

The percentage of the MDA level in hepatopancre-
as, ovarian, gills and muscle were found lower in the 
groups EE (76.77%, 64.23%, 59.90% and 39.02%), EC 
(62.53%, 60.84%, 66.92% and 42.55%), EA (53.53%, 
51.51%, 40.10% and 45.26%), EAX (79.84%, 76.58%, 
73.43% and 50.68%) and EβC (57.29%, 52.24%, 
49.62% and  26.83%) compared with control group, 
respectively (p<0.001, p<0.001, p<0.001, p<0.01) (Fig. 
1F)..

In this study, MDA level was statistically higher in 
the hepatopancreas and ovarian of the groups EC, EA, 
in the ovarian of the groups C, EE, EAX and EβC accor-

Figure 1. The comparison of the mean levels of the tested Vitamin E (A), vitamin C (B), vitamin A (C), astaxanthine (D), βeta-carotene (E) and 
malondialdehyde (F) according to tissues of the C and experimental (EE, EC, EA, EAX, EβC)  groups (Note: a,b, c, d, e and f show the compari-
son in the tissues of the C and experimental groups; hepatopancreas, ovarian, gills and muscle were  p<0.001 for each, but, only it was p<0.01 
for MDA in muscle. K, L, M and N show the comparison of the tissues in the group; EE, EC, EA, EAX and EβC were p<0.001 for each group).
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ding to other tissues.

The ovarian egg number and egg size of the crayfish 
fed with the control and experimental diet 

The present study showed that the use of antioxi-
dants in supplemental feeding gave rise to a signifi-
cant increase in the number of ovarian eggs. The mean 
ovarian egg number of crayfish were found higher in 
the groups EE (111.62%), EC (86.58%), EA (56.96%), 
EAX (89.69%) and EβC (59,86%) compared with 
control group (p<0.001) (Fig. 3A). The mean egg size 
of crayfish was significantly bigger in the groups EE 
(16.94%), EC (8.06%), EA (6.45%), EAX (13.71%) and 
EβC (8.87%) compared with control group (p<0.001) 
(Fig. 3B).

Discussion

A. leptodactylus doesn’t eat during the last part of the 
gonadal development. In addition to, this crayfish moult 
in September and October when gonad developments 

in the laboratory condition (14, 3). Previous studies 
showed that because the levels of nutrients in the ovar-
ian eggs which providing the basis for reproduction is 
dependent on the maternal body stores, broodstock must 
be fed a high quality diet in the early months of gonadal 
maturation to improve their reproductive performance 
(7, 8). In respect to, in the present study, feeding was 
started in July and terminated in Nowember.

In this study was determined that the crayfish fed 
with EE, EC, EA, EAX and EβC diets had statistically 
highest of the total VE, VC, VA, AX and βC levels, res-
pectively. This result indicated that the levels increased 
with diet supplementation of the VE, VC, VA, AX and 
βC can be evaluated by A. leptodactylus, and it can store 
they in the hepatopancreas, ovarian, gills and muscle. 
In Some researcher have reported that the use of VE 
in supplemental feding gave rise to increase of VE le-
vel in the liver of S. salar (28), in liver and muscle tis-
sues of S. maximus (29), in the hepatic and muscle of 
E. malabaricus (30), in the body of M. japonicas (31). 
Some researchers showed that the use of VC resulted in 

Figure 2. The comparison of the mean total levels of the tested VE (A), VC (B), VA (C), AX (D) and βC (E) according to tissues of the C and 
experimental groups (EE, EC, EA, EAX, EβC) (Note: ***: p<0.001).

Figure 3. The comparison of the mean ovarian egg number (A) and size (B) of the C and experimental groups (EE, EC, EA, EAX, EβC) (Note: 
***: p<0.001).
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a significant increase in hepatopancreas and ovarian of 
L. vannemei (32) and in liver tissues of M. salmoides 
(33). Hu et al. (34) identified that the use of higher level 
(6000 IU kg-1) of VA increased the level of VA in liver 
of juvenile hybrid tilapia, but it was’t increase below 
6000 IU kg-1. In a different study, Hamre and Lie (28) 
showed that a supplemetation of dietary VE increased 
5-7-fold the VE levels in whole body according to the 
control fish (S.salar). Similarly, in this study found that 
total VE level in the tissues of A. leptodactylus fed diets 
containing VE was statistically higher 8.04-fold than 
those fed C diet (p<0.001). In the present study, the 
highest levels of VE VC, VA, AX and βC were found in 
the hepatopancreas and ovarian compared with muscle 
and gills. It is known that crustacea hepatopancreas, 
the main digestive gland, contains fat-soluble vitamins, 
regulates the metabolism of the body and exhibits high 
oxygen consumption. For these reason, hepatopancreas 
represents the status of antioxidants and OS in crusta-
ceans (35, 5). For that matter De Vlaming et al. (36) 
reported that vitellogenin is synthesized in the liver un-
der the control of estradiol produced by the follicle cells 
in the ovaries. In a different study, Serrano-Pinto et al., 
(37) observed that the hepatopancreas is the extra ovar-
ian site of lipoprotein (i.e. vitellogenin) synthesis of C. 
quadricarinatus. 

In some aquatic species was reported that the remo-
bilisation of nutritional stores from existing tissues is 
required during the latter stages of gonadal develop-
ment (8). Rodriguez-Gonzalez et al. (38) found con-
tinuous transfer of nutrients from the hepatopancreas 
to the gonad for activating and sustaining gametogen-
esis of female crayfish (C. destructor).  Cahu et al. (39) 
determined that that the hepatopancreas and eggs of P. 
indicus fed the vitamin E supplemented diets was the 
storage part for VE, but this vitamin was lower in the 
muscle. Lie et al. (40) found that α-tocopherol is trans-
ported from muscle to liver by high density lipoprotein, 
and then from liver to ovary by low density lipoprotein 
in S. salar during vitellogenesis, and determined that 
the massive transfer of α-tocopherol were seen from the 
filet to the ovary during the final part of vitellogenesis. 
In addition, Alava et al. (41) determined that VC level in 
ovarian of P. japonicas fed with APM-supplementation 
diet was higher according to hepatopancreas and mus-
cle. Cavalli et al. (11) showed that  feeding increasing 
VC levels to M. rosenbergii resulted in higher contents 
of this vitamin in the midgut gland and ovary, but not 
in the muscle. In the same time, it was found that VE 
level in the eggs of M. rosenbergii increased with the 
high dietary supplementation of VE, but it wasn’t in the 
low dietary VE levels (11). In this study also found that 
the VE level in hepatopancreas of crayfish fed with the 
C, EC, EA, EAX and EβC diets was statistically highest 
than those of other tissues (each for p<0.001). But, in the 
peresent study was determined that VE level in crayfish 
fed with EE diet was statistically lowest in the muscle, 
and highest in the ovarian according to other tissues. In 
this study, VC level was statistically highest in the hepa-
topancreas of C and EAX diet groups, in the ovarian of 
EC and EA diet groups and in the hepatopancreas and 
ovarian of EE and EβC diet groups, and lowest in the 
muscle of C, EVC and EAX diet groups, in the muscle 
and gills of EE and EβC diet groups and in the hepato-

pancreas, gills and muscle of EA diet group. Reason for 
that, during ovarian maturation, A. leptodactylus may be 
transport VE and VC from the muscle and gills to ova-
ries when amount of VA and VC in the body increased.    

Previous studies found that the carotenoids generally 
is transfer from muscle to ovary during spawning period 
(7, 8). Sagi et al. (42) reported that carotenoids are accu-
mulated in the oocyte to suffice the embryonic need of 
C. quadricarinatus. In addition, Sagi et al. (42) found 
that the level of βC in the hepatopancreas of crayfish 
was higher according to muscle and ovarian, and the 
level of AX in the hepatopancreas of crayfish was lower 
according to ovarian. This findings is in agreement with 
the results in the present study in which the level of βC 
in the hepatopancreas of A. leptodactylus in the C, EE, 
EC, EA and EAX diet groups was significantly highest 
according to ovarian, gills and muscle, but βC level in 
the hepatopancreas and muscle of crayfish in the EβC 
diet groups was significantly highest according to ova-
rian and gills. Pangantihon-Kühlmann et al. (43) repor-
ted that the low deposition of AX in the hepatopancreas 
of the pond tiger shrimp (P. monodon) fed with the die-
tary AX supplementation may suggest transfer of this 
nutrient to the ovary during gonadal development.  Si-
milarly, in this study the level of AX in the ovarian of A. 
leptodactylus both experimental and C diet groups was 
significantly highest according to hepatopancreas, gills 
and muscle. The possible reason for this was rewieved 
by Liñán-Cabello et al. (7) that oogenesis in crustaceans 
is characterized by deposition of yolk in the oocyte. The 
vitelline in the yolk, a source of nutrition for the de-
veloping embryo, is a lipo-glyco-carotenoprotein. For 
this reason, Crustacean eggs accumulate carotenoids 
in high levels for these functions during vitellogenesis. 
Nevertheless, Liñán-Cabello et al. (44) found that the 
concentration of AX, βC and VA in L. vannamei were 
higher in the digestive gland compared to the ovary du-
ring gonadic maturation. However, it was found by Sagi 
et al. (45) that dietary βC was transported to the ovarian 
after converted to AX in the hepatopancreas. In addi-
tion, Hu et al. (34) found that the level of VA in the liver 
of juvenile hybrid tilapia increased because dietary βC 
supplementation had been converted to VA. In this res-
pect, the present study also observed that total VA level 
in the tissues of A. leptodactylus in the EAX and EβC 
diet groups was higher according to the tissues of cray-
fish in the C, EE and EC diet groups. In addition to, in 
this study total βC level in the tissues of A. leptodactylus 
in the EA and EAX diet groups was highest according to 
the tissues of crayfish in the C, EE and EC diet groups.  

Mengqing et al. (46) reported that VA requirement 
for P. chinensis increases during the spawning season, 
because they may shift VA from their tissues to their 
eggs. In this study was determined that VA level in 
crayfish fed with C, EE, EC, EA diets was statistically 
highest in the hepatopancreas according to other tis-
sues, but, in an extraordinary way, this level in ovarian 
of crayfish fed with EAX diet was highest than those of 
other tissues. In addition, VA level in crayfish fed with 
C, EC, EA, EAX and EβC diets was statistically lowest 
in the muscle according to other tissues. Liñán-Cabello 
et al. (32) indicated that astaxanthin bioconversion to 
retinoids may involve further functions during shrimp 
maturation. It was rewieved by Liñán-Cabello et al. (7) 
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that if VA in the crustaceans eggs absence, carotenoids 
may take their place. In addition, Liñán-Cabello et al. 
(44) suggest that dietary supplementation of carotenoids 
is important for L. vannamei because these molecules 
are need as both pigment and precursors of VA.  But, in 
a remarkable way in this study, it was determined that 
the level of the VC and AX in ovarian of crayfish fed 
with EA diet was statistically highest according to other 
tissues.  

Wilhelm Filho et al. (13) determined that in P. per-
na, the thiobarbituric acid reactive substances content 
observed in May (reproduction period) were approxi-
mately double those found in the rest of the year, and 
their gonads have a higher lipid, protein synthesis and 
carbohydrate mobilization. Palacious et al. (12) found 
that the level of total lipid, acylglycerides, cholesterol in 
mature ovaries of Penaeus vannamei increased. Bell et 
al. (10) and Cavalli et.al. (11) reported that highly unsat-
urated fatty acids are particularly susceptible to attack 
by reactive oxygen radicals, and uncontrolled damage 
to membrane fatty acids and the accumulation of their 
oxidized breakdown products can have deleterious con-
sequences for cell and organ function (10, 11). Moreow-
er, Agarwal et al. (1) reported that oxidative stress plays 
a role in multiple physiological processes from oocyte 
maturation to fertilization and embryo development. It 
was demonstrated by Liñán-Cabello et al. (7) that ovar-
ian maturated was retarded when diets were deficient in 
any one of the VE, VA and VC. Cavalli et al. (11) sug-
gested that the dietary supplementation of VC and VE 
enhanced the synthesis of egg yolk precursors by pro-
tecting the hepatic tissues from lipid peroxidation and 
damage to cell membranes. Several studies have repoted 
that level of MDA in A. leptodactylus decreased with di-
etary supplementation of VE in the hepatopancreas and 
muscle during pleopodal eggs development (3) and in 
the hepatopancreas, ovarian and muscle during ovarian 
maturation (4).  In the present study, MDA levels in the 
tissues of A. leptodactylus fed with EE, EC, EA, EAX 
and EβC diets have statisticaly lowest than those fed 
with C diet. Agarwal et al. (1) reported that ROS may 
have a regulatory role in oocyte maturation and ovarian 
steroidogenesis. Because OS increaesed during ovarian 
maturation the antioxidants neutrolize ROS production 
and protect the oocyte. Moreover, the MDA level in the 
ovarian of crayfish in the all diet groups have the high-
est according to other tissues. It was reported that in 
the initial stages of oogenesis increases the number of 
cell in mitochondria, and with metabolism and incom-
plete reduction of oxygen during cell respiration, more 
O2

*- is unavoidably synthesized from the liberation of 
electrons. For these reasons, the main cause for these 
differences could be the different rates of O2

*-generation 
and different antioxidant potentials in the tissues (1, 44).

Generally, it was determined in vitro studies that the 
antioxidant activity of these varies according to pres-
sure (low/high) (47, 48). Tsuchihashi et al. (49) noted 
that beta-carotene was 32 times less reactive toward per-
oxyl radical than VE. Miki (50) determined that AX are 
antioxidant approximately 10 times stronger than βC, 
and 100 times greater than those of VE. In the present 
study found that the use of AX in supplemental feeding 
lowered 1.15 times in the hepatopancreas, 1.53 times in 
the ovarian and 1.51 times in the gills than VE the level 

of MDA. Moreower, in the crayfish fed with the EAX 
diet was lowered 2.12 times in the hepatopancreas, 2.04 
times in the ovarian and 1.90 times in the gills than EβC 
diet group the level of MDA.

In an early studies, the importance of vitamin E in 
reproduction of aquatic animal has been reported (4, 
15, 16, 24, 25, 51). For example, the use of VE in sup-
plemental feeding caused better gonad development 
and spawning in the C. carpio (52) and C. auratus (53). 
Tokuda et al. (54) found that P. olivaceus fed with add-
ed VE spawned eggs 1.5 times more than that of basal 
diet. This positive effect has been also determined in the 
study of Du et al. (55), who showed that fertilization 
rate and hatching rate of eggs of L. vannamei increased 
when the broodstock diets contained at least 350 mg kg 
-1 VE. In a different study, it was determined an increase 
in the number of pleopodal eggs (15, 16) and stage-1 
juveniles (16) and in the number of ovarian eggs (4) 
for A. leptodactylus fed with added VE. Similarly, in 
this study also found that the use of 100 mg kg-1VE in 
supplemental feeding increased the number of ovarian 
eggs according to C diet. But, in the some studies wasn’t 
determined the beneficial effect of dietary vitamin E on 
reproduction (56, 57, 58).

Alava et al. (41) concluded that supplementation of 
dietary VC (at least 500 mg kg -1) was necessary for 
promotion of ovarian maturation of P. japonicas. Blom 
and Dabrowski (59) advocated that the use of ascorbyl 
monophosphate resulted in a significant increase both 
fecundity and embryo survival of O. mykiss. In similar 
study, sperm concentration and motility of this species 
reduced with ascorbic acid deficiency (60). However, in 
different study maked by Lee and Dabrowski (61) were 
reported that semen quality can be increased by dietary 
VC supplementation during maturation. However, Du et 
al. (62) found that supplementation of ascorbic acid to 
the basal diet increased the average daily spawns per fe-
male, hatching rate and fertilization rate of L. vannamei. 
In this study also found that the use of 100 mg kg-1VC 
in supplemental feeding increased the number of ovar-
ian eggs according to C diet.  Otherwise, the beneficial 
effect of dietary VC on reproduction wasn’t determined 
in some studies (11, 32).

Several studies have confirmed that AX, βC and VA 
may serve some vital roles in reproduction of fish and 
crustaceans. Alava et. al. (41) determined that VA is nec-
essary for development of the ovaries of P. japonica (7). 
Pangantihon et al. (43) found that tha addition of AX to 
P. monodon diet improves ovarian development. Vassal-
lo-Agius et al. (63) demonstrate that P. dentex fed diets 
supplemented with AX before spawning had increase in 
egg production. Mengqing et al. (46) determined that 
the supplementation of VA to the diet may have positive 
effects on the improvement in fecundity and larval qua-
lity of P. chinensis.  Liñán-Cabello et al. (32) found that 
oocyte diameter of C. quadricarinatus injected with βC 
was greater than those of crayfish injected with AX and 
VA. In a different study maked by Liñán-Cabello and 
Paniagua-Michel (64) was demonstrated that retinoids 
may be of great importance on the oocyte and embry-
onic development of L. vannamei when retinoic acid, 
retinol palmitate, βC and AX was provided during the 
ovarian maturation. . Ahmadi et al. (65) found that feed-
ing increasing AX levels to O. mykiss showed positive 
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effects on the rate of fertilization. Paibulkichakul et al. 
(66) found that diet with 8% fish oil and 280 mg kg -1 
AX can improve reproductive performance (maturance, 
spawning success) in pond-reared P. monodon of both 
sexes. In the present study also showed that the use of 
VA, AX and βC in supplemental feeding increased the 
number of ovarian eggs according to C diet. The benefi-
cial action of VE, VC, VA, AX and βC on ovarian devel-
opment may find in the antioxidant properties of these 
matters, protecting biological membranes from oxida-
tion and degredation by free radicals. Nevertheless, the 
beneficial effect of dietary AX, βC and VA supplemen-
tation of fish and crustaceans have not found in some 
studies (67, 68). 

The only one study to compare the findings of the 
present study is that the effect of dietary antioxidant on 
the ovarian egg number and size of A. leptodactylus (4). 
Barım (4) found that the use of vitamin E (150 mg kg-1) 
caused an increase in the ovarian egg number and size 
of A. leptodactylus. Similarly, the present study found 
that the use of vitamin E (150 mg kg-1) in supplemental 
feeding caused an increase in the ovarian egg number 
and size.

In summary, the dietary levels of VE, VC, VA, AX 
and βC had been determined to affect significantly the 
levels of such nutrients in hepatopancreas, ovarian, gills 
and muscle. The highest levels of VE, VC, VA, AX and 
βC were found in the hepatopancreas and ovarian com-
pared with muscle and gills. The highest levels of MDA 
were determined in the ovarian according to other tis-
sues. In addition, the VE and AX in broodstock diets 
were the most effective antioxidants on the ovarian egg 
number and size of A. leptodactylus. In particular, the 
most effect antioxidat during ovarian development for 
this crayfish can be AX.
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