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Abstract: This study was conducted to evaluate the effect of dietary vitammn C (Ascorbic Acid, AA) on
reproductive performance of a freshwater ormamental species, the platy (Xiphophorus maculatus). Vitamin C
was incorporated in fish feed at 6 different concentrations of 0.0 (A), 0.1 (B), 0.2 (C), 0.4 (D), 0.8 (E)
and 1.6 (F) g kg™ of dry diet with 5% of their body weight daily in two split doses for a period of 20 weeks.
Results indicated that Gonadosomatic Index (GSI), fry production and relative fecundity were significantly
higher in group F as compared to the control group (A) and other experimental groups (p<0.05). There were no
significant differences in the weight and length of fry among the dietary treatments (p=0.05). The results also
showed that the percentage of deformed fiv was significantly lower in experimental groups (except the group
B) compared to the control group (p<0.05). Moreover, the highest and lowest fry survival (%) were observed
m group F and A, respectively. Collectively, this study showed that female broodstocks benefit from inclusion
of vitamin C in diet during their reproductive stages.
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INTRODUCTION

The ornamental fish sector is one of the most
economic and profitable areas of fish farming activities.
The platies (Xiphophorus maculatus) are a very popular
group of omamental fish species due to the existence of
a variety of body colors. They are also easy to breed and
keep. In addition, they accept all kinds of food (Ling et al.,
2006; Ghosh et al., 2007). Poeciiid species demonstrate
viviparous strategy with female storing transferred sperms
within the ovary followed by internal egg fertilization and
hatching of youngs (Chong et al., 2004).

Proper nutrition has long been recognized as a
critical factor in improving normal growth and sustaining
health of fish. Prepared diets not only provide the
that are required for
physiological functiomng but also may serve as the

essential nutrients normal
medium by which fish receive other components that may
affect their health and reproductive performance
(Gatlin, 2002; Li and GatlinIII, 2004). However, research
on optimization of diets to improve the reproductive
performances 1s still in its infancy. There 15 a positive
correlation between the supply of nutrients during
vitellogenesis in the broodstock diet and reproductive

related factors such as a better oocyte development and

maturation, higher rate of vitellogenesis, larger egg size
and better embryonic development (Milton and
Arthingtor, 1983; Seghal and Toor, 1991; Blom and
Dabrowski, 1995; Ling et al., 2006; Ghosh ez al., 2007).
Vitamin C (Ascorbic Acid, AA) plays a key role for nornmal
physiological functions in fish (Lim and Lovell, 15978).
Since most teleosts are unable to synthesize ascorbic acid
due to the lake of L-gulonolactone oxidase, an exogenous
source of vitamin C is required in fish diets. The existence
of a need for a dietary supply of ascorbic acid for growth
and development has evidenced in a number of fish
(NRC, 1993). Tnadequate supply of dietary vitamin C
usually resulted in a number of deficiency signs such as
reduction in growth, skeletal deformities, impaired
collagen formation and haemorthaging (Halver ef af.,
1969; Gouillou-Coustans et al., 1998). Therefore, the
objective of thepresent experiment was to mvestigate the
effect of dietary vitamin C levels on various reproductive
aspects of platy (Xiphophorus maculatus) (Table 1).

MATERITALS AND METHODS
Preparation of test diets: The experimental diets were

prepared by incorporating vitamin C (T-ascorbic acid) to
the feeds n the concentration of 0.1 (B), 0.2(C), 0.4 (D),
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Table 1: Composition of basal diet supplemented with vitamin C

Diet
Cormposition A (control) B C D E F
Ingredients (gkg™)
Fish meal* 500.00 500.00 500.00 500.00 500.00 500.00
Whole wheat meal 420.00 420.00 420.00 420.00 420.00 420.00
Soybean oil 40.00  40.00 40.00 40.00 40.00 40.00
Vitamin premix 2000 20,00 20,00 2000 20.00 20.00
without vitamin C*
Mineral premix® 2000 20,00 20,00 2000 20.00 20.00
Vitamin 2 0.00 0.10 020 040  0.80 1.60
Proximate composition®
Crude protein 3890 3881 3865 3884 3854 3812
Crude lipid 1130 11.37 1141 1145 11.60 11.10
Ash 1051 1061 1045 1035 1070 10.21
Moisture 9.40 9.20 240 9.10 9.50 9.30

Gross energy (MJkg™") 2040 2030 20.50  20.20 19.90 19.70
*Fish meal: Pars kelika Co., Mirood, Tran *Vitamin premix contained the
following vitamins (each kg™ diet): Vitamin A, 10 000 IU; Vitamin Ds,
2000 TUT;, Vitamin E, 100 mg; Vitamin K, 20 mg; Vitamin B, 400 mg;
Vitamin B,, 40 mg, Vitamin B, 20 mg; Vitamin By, 0.04 mg; Biotin,
0.2 mg; Choline chloride, 1200 mg; Folic acid, 10 mg; Tnositol, 200 mg;
Niacin, 200 mg; Pantothenic calcium, 100 mg. *Contained (g kg™ mix):
MeS0,. 25,0, 127.5; KC1, 50.0; NaCl, 60.0; CaHPO,. 21,0, 727.8; FeSO,.
TH,0, 25.0; ZnS0,.7TH;0, 5.5; CuS80,.5H,0, 0.785, MnSO,.4H,0, 2.54;
CoSO.AILO, 0478 Ca (I0:,.6HL0, 0.295; CrCl, GHLO, 0.128.
dSupplemented as ascorbyl polyphosphate. Sigma Aldrich Company, Poole,
Dorset, UK. *Expressed as percent dry matter unless indicated otherwise

also prepared using the same composition of ingredients
except vitamin C. The ingredients were grinded, milled,
weighted, mixed and pelleted with meat mincer through a
0.8 mm die. The diet were air-dried and stored at -2°C
(Sardar et al., 2007) in tight containers until use.

Experimental animals: About 1 month old juveniles of
livebearing ornamental fish Xiphophorus maculatus were
purchased from a commercial fish farm at Tonckaban,
Mazandaran, Iran. They were kept in 200 L plastic
containers with recirculated and aerated water for 2 month
until they reached sexual maturity. All fish were fed with
control feed at 5% of their body weight daily in two split
doses. Throughout this period, males separated from
females at earliest sign of sexual differentiation to avoid
reproduction activities. The sex of fish was based on male
secondary sexual characters and determined by external
examination specially using anal fin as a marker. Female
poecilidae can retamn active sperm in crysts mn their ovaries
and oviducts for a period of up to 8 months and become
pregnant without another copulation (Dzikowski et al.,
2001; Ghosh et al., 2007). Therefore, only virgin female
were used for this study.

Experimental design: Virgin females aged 20 weeks
(0.62-0.65 g) were used for experiment. Four replicate tanks
(60 L) stocked with 10 females were used for each diet.
Group A received the basal diet and acted as control.
Group B-F were fed diet contaimng 0.1, 0.2, 04, 08

and 1.6 g vitamin C kg™" dry diet, respectively. During the
experimental period, fish were fed with feed at 5% of their
body weight daily mn 2 split doses. Virgin males aged
3 months were also kept separately in a glass aquarium
(200 L) and fed frozen bloodworms twice daily. During the
experimental period, three males were randomly selected
and introduced to each experimental tank at an mnterval of
30 days. These male were left with the females for 5 days
before returning them to holding glass aquaria. During
feeding, males were separated from females using plastic
sheet. Moreover, bundles of tied-nylon strings were
placed into each experimental tank as shelter for new free
swimming fry to avoid cannibalism by parental fish.

Proximate analysis of diet: Analysis of dry matter
(by oven drying at 105°C for 24 h), crud protein
(Kjeldahl apparatus, nitrogen=6.25) crude lipid (extraction
with petroleum ether by Soxhlet apparatus) and ash
(incineration m a muffle furnace at 600°C for 4 h) were
performed for feed (ACAC, 2000).

Studies on the reproductive parameters: Reproductive
performances were calculated as follows:

Total fry production at
throughout experimental period

Relative fecundity = ;
Mean weight of female (g)

Total fry production per female is equal total fry
harvested throughout experimental period per number of
female

Gonadosomatic index (%) = (OVLWe_lng 100
(Bedy weight)
(Total live fry (No.) after t)
Total fry production (No.)
throughout experimental period)

Survival (%) = %100

where, t 1s the days of experiment.

Statistical analysis: Data were analyzed using one-way
Analysis of Variance (ANOVA) and significant difference
among treatment means were compared using Duncan’s
test. Sigmficance was set at 5% level.

RESULTS AND DISCUSSION

The results of the Gonadosomatic Index (GSI) levels
are shown m Fig. 1. The gonadosomatic index m X.
maculatus increased with an increase in the concentration
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of vitamin C supplementation in feed. The fish of the
experimental group F recorded the highest GSI
(7.16+£0.023%), followed by E (6.75£0.020%), D
(6.70£0.122%), C (6.6510.064%), B (6.35+£0.095%) and A
(6.30+0.080%). Similarly, the highest relative fecundity
was observed in group F followed by group E and D
whereas the control group (A) showed the lowest relative
fecundity (Fig. 2). The results of the mean total fry
production per female are shown in Fig. 3. Total fry
production was lowest for the control group (A) wiule
group F showed the highest level. Tn addition, there was
no significant difference (p>0.05) between group A
(control) and B. There were no significant differences
(p=0.05) in the average weight and length of fiy among
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Fig. 1: Gonadosomatic index (%) of different experimental
groups of Xiphophorus maculatus. Means with
the same letters are not significantly different
(p=0.05). Data are expressed as meantSE
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Fig. 2. Relative fecundity of different experimental groups
of Xiphophorus maculatus. Means with the same
letters are not significantly different (p=0.05). Data
are expressed as meantSH

the different experimental groups (Table 2). Similarly, no
significant differences (p=>0.05) were observed in the final
weight and length of female broodstock (Table 2). The
percentage of deformed fry was found to be significantly
lower (p<0.05) in fish fed diets containing vitamin C
(except group B) and significantly highest (p<0.05) in fish
of the experimental group (A) fed the control diet
(Fig. 4). The fish of the experimental group F exhibited the
highest value (57.76+0.815) of fry survival which was
significantly different (p<0.05) from the lowest value
(47.5340.371) exlubited by fish of the experimental group
A (control group) (Fig. 5).

In fishes, 1t has been established that vitamin C
plays an important role in fish reproduction (Blom and

50.00
40.001
30.00
20.00

10.00
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Fig. 3: Total fry production per female of different
experimental groups of Xiphophorus maculatus.
Means with the same letters are not sigrnificantly
different (p=0.05). Data are expressed as mean+SHE
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Fig. 4. The percentage of deformed fry of different
experimental groups of Xiphophorus maculatus.
Means with the same letters are not significantly
different (p=>0.05). Data are expressed as mean+SE
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Table 2: Average weight and length of different experimental groups of Xiphophorus maculatiy

Experimental groups A (control) B C D E F

Initial weight (g)" 0.592+0.006 0.597+0.00% 0.600+0.011* 0.602+0.009* 0.605+0.008 0.607+0.011*
Initial length (mm)” 30.25+0.8800° 30.0+1.35000° 30.25+0.8500° 30.75+£0.4700° 30.504+0. 64007 31.00+0.4000
Final weight (g)" 112740004 1.12240.007 1.12540.008* 1.125+0.002* 112740004 1.12740.007
Final length (rmmm)” 39.00+£0.7000 39.50+1.1900 38.75+0.4700° 38.00+1.5800 40.0+0.91000 39.00+£1.2200
Fry length (mmm) 6.52+0.0200 6.530.022(¢ 6.53+0.0290° 6.52+0.0540° 6.52+1.0150° 6.534£0.0320¢
Fry weight (mg) 2.42+0.0850° 2.37+0.047 (7 2.42+0.0850° 2.37+0.0470° 2.45+0.0640° 2.45+0.0280

“Average per ferale; Means with the same letters in each row are not significantly different (p=0.05). Data are expressed as mean=SE
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Fig. 5: Fry survival (%0) of different experimental groups
of Xiphophorus maculatus. Means with the same
letters are not significantly different (p=>0.05). Data
are expressed as meantSE

Dabrowski, 1995, Emata et al., 2000; Dabrowski and
Ciereszko, 2001). Vitamin C was known to increase
reproduction performance such as ovarian growth in
common carp (Watanabe and Takashima, 1977), higher
percentage of normal eggs and fecundity in gilthead
seabream (Tzquierdo et al., 2001). Diets deficient in AA
resulted in  high mortality of eyestalk-ablated
Marsupenaeus japonicus females (Alava et al, 1993a)
retarded the ovarian development of 3. japonicus
(Alava et al., 1993b) and decreased the hatching rate of
F. indicus eggs (Cahu et al., 1995). The results of this
study showed that vitamin C supplemented diets
umnproved the gonadosomatic mdex, relative fecundity, fry
production and fry survival (%). Moreover, the
percentage of deformed fry was decreased. These
revealed that vitamin C incorporated diets helped to
increase the reproductive performance of the experimental
fish. These observations are in agreement with the finding
of Dabrowski (2001) who reported that vitamm C 1s
necessary for successful reproduction in rambow trout,
apparently m protecting oxidation sensitive genetic
material in gametes and probably has the same function
in warm-water fish. Even though the mechanism for AA’s
effects on reproductive performance of fish is not clear,
studies with rambow trout (Liu et al., 1997) mdicated that
the mechanism could be based on the oxidant function of
AA

CONCLUSION

Tt can be conducted that vitamin C we used in this
study could mcreased the reproduction performance of X.
mactlatus. Moreover, further studies are needed to
determine the mechanisms responsible for the
improvement of reproductive performance of fish.

REFERENCES

AOAC, 2000. Official Method of Analysis of the
Association of Analytical Chemusts. 17th Edn,
Association of Official Analytical Chemists,
Washington, DC. TUSA.

Alava, V.R., A. Kanazawa, S. Teshima and S. Koshio,
1993a. Effect of dietary L-Ascorbyl-2-phosphate
magnesium on gonadal maturation of Penaeus
Japonicus. Nippon Suisan Gakkaishi, 59: 691-696.

Alava, V.R., A. Kanazawa, S. Teshima and S. Koshio,
1993b. Effects of dietary vitamins A, E and C on the
ovarian development of Penaeus japonicus. Nippon
Suisan Gakkaishi, 59: 1235-1241.

Blom, I.H. and K. Dabrowski, 1995. Reproductive success
of female rainbow trout (Oncorhynchus mykiss) 1n
response to graded dietary Ascorbyl monophosphate
levels. Biol. Reprod., 52: 1073-1080.

Cahu CL., G. Cuzon and P. Quazuguel, 1995. Effect of
highly unsaturated fatty acids, a-tocopherol and
ascorbic acid in broodstock diet on egg composition
and development of Penaeus Comp.
Biochem. Physiol., 112: 417-424.

Chong, A.8.C., 3.D. [shak, 7. Osman and R. Hashim, 2004,
Effect of dietary protein level on the reproductive
performance of female swordtails Xiphophorus
helleri (Poeciliidae). Aquaculture, 234: 381-392.

Dabrowski, K. and A. Ciereszko, 2001. Ascorbic acid and
reproduction in fish: endocrine regulation and gamete
quality. Aquac. Res., 32: 623-638.

Dabrowski, K., 2001. Ascorbic Acid in Aquatic
Orgamsms: Status and Perspectives. CRC Press,
USA., ISBN-13: 9780849398810, pp: 288.

Dakowski, R., G. Hulata, I. Karplus and S. Harpaz,
2001. Effect of temperature and dietary L-carnitine
supplementation on reproductive performance of
female guppy (Poecilia reticulata). Aquaculture,
199: 323-332,

indicus.

2077



J. Anim. Vet. Adv., 10 (16): 2074-2078, 2011

Emata, A.C., 1.G. Borlongan and I.P. Damaso, 2000.
Dietary vitamin C and E supplementation and
reproduction of milkfish Chanos chanos Forsskal.
Aquacult. Res., 31: 557-564.

Gatlin, D.M., 2002. Nutrition and Fish Health. In: Fish
Nutrition. Halver, TE. and RW. Hardy (Eds.).
Academic Press, San Diego, CA. USA,, pp: 671-702.

Ghosh, S., A. Sinha and C. Sahu, 2007. Effect of probiotic
on reproductive performance in female livebearing
omamental fish. Aquacult. Res., 38: 518-526.

Gouillou-Coustans, M.F., P. Bergot and S.T.
Kaushik, 1998. Dietary ascorbic acid needs of
common carp (Cyprinus carpio) larvae. Aquaculture,
161: 453-461.

Halver, LE., L M. Ashley and R.R. Smith, 1969. Ascorbic
acid requirements of coho salmon and rainbow trout.
Trans. Am. Fish Soc., 98: 762-771.

Tzquierdo, M.S., H. Fernandez-Palacios and A.G.T. Tacon,
2001. Effect of broodstock nutrition on reproductive
performance of fish. Aquaculture, 197: 25-42.

Li, P. and D.M. Gatlin TTI, 2004. Dietary brewers yeast and
the prebiotic Grobiotic™ AE influence growth
performance, immune responses and resistance of
hybrid striped bass (Morone chrysops * M. saxatilis)
to  Streptococcus
231: 445-456.

Lim, C. and R.T. Lovell, 1978. Pathology of the vitamin C
deficiency syndrome in channel catfish (fctalurus
punctatus). J. Nutr., 108: 1137-1146.

inige infection. Aquaculture,

Ling, S., R. Hashim, 8. Kolkovski and A.C. Shu-Chien,
2006. Effect of varying dietary lipid and protein levels
on growth and reproductive performance of female
swordtails  Xiphophorus  helleri  (Poecilidae).
Aquacult. Res., 37: 1267-1275.

Liu, L., A Ciereszko, S. Czesny and K. Dabrowsk1, 1997.
Dietary ascorbyl monophosphate depresses lipid
peroxidation in rainbow trout spermatozoa. J. Aquatic
Amm. Health, 9: 249-257.

Milton, D.A. and A H. Arthington, 1983. Reproductive
biology of Gambusia affinis holbrooki Baird and
Girard, Xiphophorus heleri (Gunther) and X.
maculatus  (Heckel) (Pisces: Poecillidae) in
Queensland, Australia. . Fish Biol., 23: 23-41.

NRC (National Research Council), 1993, Nutrient
Requirements of Fish. National Academy Press,
Washington, DC. USA,, pp: 114.

Sardar, P., H.S. Randhawa, M. Abid and Prabhakar, 2007.
Effect of dietary microbial phytase supplementation
on growth performance, nutrient utilization, body
compositions and haemato-biochemical profiles of
Cyprinus carpio (L.) fingerlings fed soyprotem-
based diet. Aquacult. Nutr., 13: 444-456.

Seghal, H.S. and H.5. Toor, 1991. Offspring fitness
and fecundity of an Indian major carp, Labeo
rohita (Ham.) in relation to egg size. Aquaculture,
97:269-279.

Watanabe, T. and F. Takashima, 1977. Effect of a-
tocopherol deficiency on carp. 6. Deficiency
symptoms and changes of fatty acid and triglyceride
distributions in adult carp. Bull. Tap. Soc. Sci. Fish,,
43: 819-830.

2078



