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ARTICLE INFO ABSTRACT

Article History: The hybrid red tilapia is highly sought after worldwide due to its delicious
Received: Jan. 22,2025  flavor, attractive appearance, ease of cultivation, adaptability to challenging
Accepted: Feb. 28, 2025 environments, strong disease resistance, short generation time, and rapid growth.

Online: March 11, 2025  In the red tilapia hatchery, there is difficulty spawning of some red strains of tilapia
and low viability red tilapia eggs and fry. Therefore, this study aimed to evaluate

Vitamin E,

the function of different levels of vitamin E on reproductive performance and
histological sections of hybrid female red tilapia Oreochromis spp. postspawning
(at 60" days). Females were divided into four groups, including 4 vitamin E
treatments (0, 50, 100, and 200mg kg* diet). Each group had 3 replicates. The
results showed that Vit. E had an effective impact on reproductive performance as
oocyte diameter, egg diameter, fecundity, hatching rate, spawning percentage, and
larval length at 60™ day post-spawning and on histological sections of ovaries that
showed high maturity with revealed yolk granules and yolk plates. In conclusion,
adding vitamin E with different doses (50, 100, and 200mg/ kg of feed) had an
effective influence on the reproductive performance and histological sections of the
ovaries of females of hybrid red tilapia. Supplementing with a 50mg/ kg Vit. E
dosage showed to be sufficient for a high reproductive performance of females of
the hybrid red tilapia hatchery.
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Aquaculture is considered one of the fastest-growing sectors in food industry
globally, expanding daily (Syed et al., 2021). Among its various forms, tilapia farming
holds a significant promise in addressing global challenges such as hunger, malnutrition,
and poverty, especially in Africa (Khalil et al., 2024). Hybrid variant of O. niloticus and
O. mossambicus, known as hybrid red tilapia, gained popularity widespread due to the
appealing taste, attractive appearance, adaptability to harsh environments, omnivorous
diet, disease resistance, rapid growth, and short reproductive cycle (Haque et al., 2016).
Studies have shown that Mozambicans and red tilapia are particularly well-suited for
cultivation in marine environments, demonstrating strong growth performance in such
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conditions (Tayamen et al., 2002; Sallam et al., 2017). However, production of
Egyptian aquaculture seems to introduce low of red tilapia (Zaki et al., 2021).

Despite its advantages, red tilapia culture faces several challenges. Certain strains
struggle with spawning, while others exhibit low survival rates among eggs and fry.
These issues are often attributed to continuous inbreeding aimed at preserving the red
coloration, which can lead to reduced genetic diversity and poor survival rates in early
life stages (Lovshin, 2000). Many regions of the world are unable to produce red tilapia
commercially due to a lack of adequate quality egg supply. Furthermore, inappropriate
broodstock management can lead to inbreeding, resulting in low-quality seed production
(Lingam et al., 2021). ldentifying suitable hybrid red tilapia candidates with sufficient
genetic diversity for establishing founder populations remains a major hurdle,
compounded by the limited availability of broodstock (Mohamad et al., 2021).

Nutrition plays a crucial role in reproductive fish success, as the energy demands
for gamete production and spawning behaviors are exceptionally high. Insufficient energy
intake or poor nutrition can suppress reproductive functions (Volkoff & London, 2018).
Vitamins are one of the most significant nutrients for reproduction. They are not
manufactured by animals; therefore, they must acquire them from their food to meet their
needs (Khalil et al., 2024). Fernandez-Palacios et al. (2005) revealed that vitamin E, for
instance, has been shown to enhance spawning quality across various fish species. In the
gilthead sea bream, diets deficient vitamin E decline fertilized eggs. A lack of vitamin E
also decreased viable eggs with normal morphology in several species and larval survival
was significantly improved with Vit. E inclusion in broodstock diets. Deficiency of Vit. E
results in underdeveloped gonads, low fecundity and fertility and lower hatching rates
and fry survival. Conversely, rich levels of dietary Vit. E in diets promote gonadal
development, the gonadosomatic index, gonadal maturation, and improve egg quality,
viability, hatching rates as well as the percentage of healthy larvae (Volkoff & London,
2018).

Research has also established a direct relationship between dietary Vit. E levels
and its concentration in ovarian tissues. Over the past two decades, the importance of Vit.
E in improving development of gonadal, reproductive processes, as well as larval survival
has been widely recognized. High levels of dietary Vit. E can mitigate egg deformities,
enhance fecundity, and protect eggs from oxidative damage (lzquierdo & Fernandez
Palacios, 1997; Erdogan & Arslan, 2019). Therefore, the current study aimed to
evaluate the use of Vit. E supplementation diets, and its impacts on reproductive
performance, and histological sections of the female hybrid red tilapia.

MATERIALS AND METHODS

The current study was carried out at hatchery unit and glass aquaria within the
(AHPD) Aquatic Hatchery Production Department, FFTI at Suez Canal University
(SCU), located in Ismailia, Egypt.



Function of Vitamin E on Reproductive Performance and Histological Sections of Female 533
Hybrid Red Tilapia Oreochromis spp.

1- Ethical approval

The study adhered strictly to guidelines set by the Experimental Animal Care
Committee. Additionally, it received approval from the Scientific Research Ethical
Committee (SREC), Faculty of Veterinary Medicine, SCU (Approval No. 2021016).

2- Broodstock maintenance and tanks preparation

A total of 72 female red tilapia hybrids were captured at FFTI, SCU, Ismailia,
Egypt, and brought to the hatchery unit. Prior to handling, the fish were starved and
sedated with Ms-222 (Tricaine methane sulfonate, dose: 100mg/ L, Argent Lab. Inc.
Philippines) (Popovic et al., 2012), and then biological measurements of the fish were
taken. Broodstocks were split into two sexes to differentiate between male and female
by evaluating the genital papilla with gentian violent antiseptic on the urogenital
orifice, which was conspicuous and pointed in males but rounder in females. Females'
average body weight was 272.56 + 34.84g, with a total length of 24.3 + 2.5cm. Females
were housed in 12 indoor fiberglass circular holding tanks, each with a maximum
capacity of 3m?, filled with 1.5m? saltwater under the water conditions indicated in
Table (1), and around 50% of the water was replaced daily with aerated water. Females
were separated into four equal groups and given four doses of Vit. E (0, 50, 100, and
200mg per kg diet). Each group comprised three replicates, with a stocking density of 6
fish per tank (4 fish per m®) (Nascimento et al., 2014; Erdogan & Arslan, 2019).

The tanks were subjected to an artificial photoperiod of 12 hours of light/12 hours
of darkness 2500 lux (El-Sayed, 2020). Water was filtered using sandy filters and
sterilized with ultraviolet units. Continuous aeration was continuously provided by air
blower three diffuser stones per tank.

3- Physico-chemical indicators of water of the experiment

The water indicators were tested and controlled daily in the indoor holding tanks
using a thermometer and dissolved oxygen (DO) meter (ExStik Il D-0600, USA),
refractometer (DRBS-300), and Milwaukee MW-100 pH meter.

Table 1. The experiment's water quality parameters

Parameters Values
1 Temperatures 28+1.5 °C.
2 DO 7.2+0.5mg/L
3 pH 7.240.7
4 Salinity 14+1 ppt
5 Ammonia & Nitrite <0.01 mg/L
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4- Feeding regimen

Females were manually fed a commercial diet which contained: 30% crude protein,
6.2% crude fat, 4.5% fiber, 6.1% ash, and 4mm pellets twice daily for 60 days at a 3%
feeding rate. Feed sources were obtained from Skretting Egypt Company (SEC). Vit. E
was obtained from Karma care co. for veterinary product, Egypt. Vit. E was
incorporated into the feed at four different levels: (Eo) Omg, (E1) 50mg, (E2) 100mg,
and (Es) 200mg. Moreover, Vit. E levels were mixed following the process described
by Abdelhamid et al. (2023) and Griesh et al. (2024).

5- Mating process (Postspawning)

On the 45" day, ripped females and males of hybrid red tilapia were placed in tanks
with a water capacity of 1.5m?® at sex rate of 4 females: 3 males and were fed for an
additional 15 days until the 60" day. To minimize injuries to females caused by male
aggression during spawning, males and females of similar size and weight were paired.
A total of 36 male hybrid tilapia red, with weight of about 298.63+10.50g and length of
22.41+ 1.86cm, were used. After 15 days (at 60" day), representative samples of
different broodstock fish from each treatment were collected to determine reproductive
parameters and histological examination of ovaries of females.

6- Reproductive performance
On the 60" day (post spawning), the females were fasted for 24 hours before
sampling. They were captured and weighed, and from each tank two fish were
dissected; their liver, and gonads were weighed. The reproduction performance was
evaluated using the following parameters:
Viscera weight (g
Body weight (g)

) %100

Viscerosomatic index % (VSI) =

Liver weight (g)
Total Body weight (g)

x 100

Hepatosomatic index % (HSI)=

Gonad weight
Total Body weight
Body weightx100

Total length®
(Hastings & Dickie, 1972; Badran et al., 2019; Obirikorang et al., 2019)

Oocyte diameter

Fifty oocytes were extracted from the ovarian tissues and were put in a saline
solution (0.9 % NaCl), and then transferred to a slide to measure their diameters. They
were measured to the nearest 0.01um by using an ocular micrometer on the binocular
microscope at magnification of 40x and 10x, and the percentage occurrence was plotted

Gonadosomatic index (GSI) = % 100

Fulton conditions factor (K) =
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against their diameters class interval to confirm the ovulation pattern (Badran et al.,
2019).

Egg diameters were measured using an ocular micrometer on a binocular
microscope at magnification of 40x and 10x. For stage one eggs (n= 10), it was
measured to the nearest 0.0lmm under a calibrated binocular microscope. Since the
eggs are ellipsoid-shaped, both axes (long and short) were measured and then
calculated the mean egg diameter [X10 eggs (length + width)/ 20] (Coward &
Bromage, 1999).

Fecundity = (no. of eggsx gonad weight)/ (weight of gonad sample) (Badran et al.,
2019).

Hatching rate = (Total no. of hatched eggs/Total no. of stocked eggs)*100 (Erdogan &
Arslan, 2019).

Spawning percentage = (no. of spawn females / no. of total females) *100
(Gammanpila et al., 2010) and larval length.

7- Histological study of ovaries

Ovaries from a total of 24 fish were collected on the 45" day (pre-spawning) and
another 24 fish on the 60" day (post spawning). Fish were transported alive to the
laboratory and were examined physically to ensure they were free from any
pathological abnormalities. Specimens of approximately one cubic cm were taken from
different parts of ovary and fixed in neutral buffered formalin for about 24 hours.
Clearing and paraffin embedding were performed using standard histological
techniques, after one week they were dehydrated in ascending alcohol series (70, 80,
90, 95% then absolute alcohol), exposed to xylene and embedded in paraffin wax.
Sections of 5-6um thickness were cut, stained with Harris hematoxylin and Eosin, and
mounted with DPX (Ratcliffe, 1982; Thulasitha & Sivashanthini, 2013). Histological
sections were captured using binocular light microscope (CX23LEDRFS2) equipped
with Wi-Fi embedded camera (AC1200).

8- Statistical analysis of the experiment

Collected data were presented as means + stander error (SE). Significant differences
were calculated using one-way ANOVA at level of 0.05. Post hoc multiple tests were
used for comparisons (Duncan, 1955). Moreover, SPSS, Richmond, USA (version 22)
was used in the statistical analysis, as described by Dytham (2011).

RESULTS

1- Reproductive parameters

E: showed a significant value in VVSI, and GSI compared to control while no significant
differences were shown between E, and Es. HSI values showed no significant
differences between control and treated groups (Fig. 1). Highest K factor was recorded
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at E1 (2.05) followed by E> (1.86), while the lowest value was recorded at control (Eo)
(1.59) (Fig. 2).
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Fig. 1. Effects of different levels of VE on VSI, GSI, and HSI of female hybrid red tilapia at 60" day (post
spawning). EO: (0 mg/kg of Vit. E), E1: (50 mg of Vit. E), E2 (100 mg of Vit. E), E3: (200 mg of Vit. E)
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Fig. 2. The effect of different levels of VE on K factor of female hybrid red tilapia at 60" day (post spawning).
EO: (0 mg of Vit. E), E1: (50 mg of Vit. E), E2 (100 mg of Vit. E), E3: (200 mg per kg of Vit. E).

The oocyte diameter (OD) in all treated groups showed higher significant value when
compared to Eo. The same trend was revealed in larval length (LL). Egg diameter (ED),
fecundity and hatching rate (HR) were significantly increased in E; as compared to
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control or each treated groups E> and Esz. The peak of spawning percentage (SP) was
recorded in E; and Ez (Table 2).

Table 2. Impact of different Vit. E levels on oocyte diameter (OD), (ED) egg diameter, fecundity,
hatching rate (HR), spawning percentage (SP) and larval length (LL) of female hybrid red tilapia

at 60" day (post spawning)

Treatment OD (mm) ED (mm) Fecundity HR (%) SP (%) LL (mm)
Eo 0.60 + 0.04° 0.92 +0.01° 1073.33 £117.95¢ | 63.67 +3.22° 50.77 + 8.75° 2.67+0.13°
E: 0.86 £ 0.042 1.16 £ 0.02? 2523.57 +320.28* | 92.50 + 1.61% 73.22+5.132 3.07 £0.032
E: 0.80 £ 0.062 1.04 +0.02° 1760.83 £ 111.56" | 77.06 +2.23" | 61.81 +2.45%® 3.03 £0.092
Es 0.79 £ 0.062 1.09 £ 0.01° 1834.17 +£133.15° | 78.67 +2.17° 69.41 + 1.512 3.00+0.102

Data were presented as Mean + SE within columns. Means were significant at P< 0.05. EO: (Omg of Vit. E),
E1: (50mg of Vit. E), E2 (100mg of Vit. E), E3: (200mg of Vit. E)

2- Histological examination
2.1.  Effect of different Vit. E levels on histological study of females’ gonads at 45"
day (pre-spawning)

Fig. (3-1) exhibits: a- A microphotograph of a histological section of Eg ovaries in
hybrid red tilapia display a normal histological structure, featuring different development
stages of oocytes, primarily cortical alveolar oocyte and mature, ripped oocyte. b- A
microphotograph of a histological section of 50mg\kg diet group of ovaries of hybrid red
tilapia showing typical structure of mature ripped oocyte, chromatin nuclear oocyte and
perinuclear oocyte. c- A microphotograph of a histological section of 100 mg\kg diet
group of ovaries of hybrid red tilapia showing atresia, mild degeneration and deformities
of ovarian follicles and presence of chromatin and perinuclear oocyte. d- A
microphotograph of a histological section of 200mg\kg diet group of ovaries of hybrid
red tilapia showing enhancement of ovarian follicle in comparison with other groups.
This section shows all developmental stages in the ovarian tissue, including nucleolar
chromatin, perinucleolar, cortical alveolar, and mature ripe oocytes.
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Fig. (3-1). Female ovary of hybrid red tilapia fed with dietaries of different Vit. E a:
oocyte statue of control (Eo), b: 50mg Vit. E\kg diet, ¢: 100 mg. Vit. E\kg. diet and d:
200mg Vit. E\kg. diet groups at 45" day (pre-spawning). R: ripped oocyte, CA:
cortical alveoli, C: chromatin nuclear oocyte, P: perinuclear oocyte, AF: atresia
follicle

2.2.  Effect of different Vit. E levels of on histological study of females’ gonads at
60™ day (post spawning)

Fig. (3-11) exhibits: e- A microphotograph of a histological section of control group of
ovaries of hybrid red tilapia showing moderate degeneration and necrosis of ovarian
follicles with inter-follicular edema and atretic oocyte. f- A microphotograph of a
histological section of (50mg\kg diet) group of ovaries of hybrid red tilapia showing
atresia and mild edema between follicles. g- A microphotograph of a histological section
of (100mg\kg diet) group of ovaries of hybrid red tilapia showing mild improvement of
developmental stages with formation of ripping stages and some follicles showed atresia
and empty oocyte. h- A microphotograph of a histological section of 200mg\kg diet
group of ovaries of hybrid red tilapia showing normal structure and improvement with
Fig. (3-11) exhibits: e- A microphotograph of a histological section of control group of
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ovaries of hybrid red tilapia showing moderate degeneration and necrosis of ovarian
follicles with inter-follicular edema and atretic oocyte. f- A microphotograph of a
histological section of (50mg\kg diet) group of ovaries of hybrid red tilapia showing
atresia and mild edema between follicles. g- A microphotograph of a histological section
of (100mg\kg diet) group of ovaries of hybrid red tilapia showing mild improvement of
developmental stages with formation of ripping stages and some follicles showed atresia
and empty oocyte. h- A microphotograph of a histological section of 200mg\kg diet
group of ovaries of hybrid red tilapia showing normal structure and improvement with
presence of all development stages mainly chromatin nucleolar oocyte, perinucleolar
oocytes and mature ripped oocytes.
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Fig. (3-II). Ovary female of hybnd red tilapia with different dietanies of Vit. E. e oocyte
statue of control (0 mg), £ 50mg Vit. Etkg diet, g 100mg Vit. E\kg diet and h: 200mg Vit.
Elkg diet groups at 60t day (post spawning). R: ripped oocyte, P: perinuclear oocyte, EF,
empty oocyte, C: chromatin nuclear oocyte, AF: atresia follicle. Arrow: nter-follicular
edema.
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DISCUSSION

The current findings indicate that the measurements of biological and performance
of reproductive VSI, GSI, as well as K-factor, showed significant improvement with the
supplementation of 50mg/ kg of Vit. E in comparison with Eo. Nevertheless, insignificant
HSI changes between all groups were observed. The GSI values in this study agree with
the observations of Zhang et al. (2007), who showed that the VVSI and GSI significantly
increased in groups receiving 50 and 125mg/ kg of vitamin E. Both values rising with
50mg kg of Vit. E may be due to the positive effect of Vit. E in the process of gonadal
development and reproductive performance in fish (Arfah et al., 2013). Additionally, the
appropriate dosage of Vit. E in feed can elevate GSI values in tilapia, as recorded by
Tarigan et al. (2021). Variations in GSI values are likely influenced by the differing
vitamin E doses of feed administered. Performance and reproductive can be enhanced
through vitamin E supplementation. Vit. E is a crucial micronutrient since it enhances
growth, reproduction, overall fish health (Hunt, 2004). The rise in GSI values is believed
to result from vitamin E's role in gonad development, particularly in the biosynthesis of
vitellogenin and the vitellogenesis process in the liver. An optimal level of vitamin E in
feed accelerates vitellogenesis, leading to faster gonad maturation. Consequently, higher
vitellogenin levels during oocyte development increase gonad weight, thereby raising the
GSl value (Tang et al., 2004; Arfah & Setiawat, 2013; Ashari et al., 2021; Tarigan et
al., 2021). Furthermore, the K-factor values in this study are in line with Khara et al.
(2016), who found that the highest k-factor values were achieved in Caspian brown trout
fed 30 and 40mg.kg of Vit E.

Our results of spawning parameters such as oocyte diameter, egg diameter, larval
length, fecundity, hatching rate and spawning percentage increased significantly with
varying vitamin E levels (50, 100, and 200mg. kg™). However, 50mg. kg™ dose proved
most effective. In fish eggs Vitamin E is typically high, but after spawning in broodstock
tissues is low (Mukhopadhyay et al., 2003). This phenomenon is due to Vit. E
mobilization, and muscles of adult females to the ovaries during vitellogenesis, as
observed in turbot and Atlantic salmon. When fish are fed diets rich in Vit. E, the
nutrients accumulate in all tissues. However, a significant portion to ovaries prior to
spawning, leads to a higher gonadosomatic index (Gupta et al., 1987; Hamre et al.,
1994; Lie et al., 1994). Sutjaritvongsanon (1987) demonstrated enhanced development
of gonad and spawning in goldfish fed with vitamin E, while Palace and Werner (2006)
exhibited that tocopherol (Vit. E) stimulated events of multiple spawning. Specifically,
supplemented females maintained the index of gonadosomatic from the peak to the post-
spawn phase in addition produced about 1.5 times more eggs than supplemented. These
findings underscore the critical vitamin E role in enhancing the performance of
reproduction as well as spawning success in fish.

Vit. E improves spawning quality in fish (Hamre, 2011). The optimum Vit. E
dietary level of broodstock studied in various species is reported to be typically around
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150 to 190mg. kg (Fernandez-Palacios et al., 2005). The improvements in egg
diameter and hatching rate in current study are attributed to the properties of Vit. E
antioxidant, which helps protect cell membranes from lipid peroxidation, thereby
maintaining oocyte viability (Nascimento et al., 2014). This study denoted oocyte
diameter, and larval length increased with different vitamin E supplementation at 50, 100,
and 200mg. kg*. Egg diameter, fecundity, and hatching rate increased with a dosage of
50mg of Vit. E, while spawning percentage increased with both 50 and 200mg of Vit. E.
Gupta et al. (1987) pointed that Vit. E led to larger ova, and increased egg production in
common carp than a control. Similarly, the fecundity and hatchability rate in this study
are in line with the observations of Zhang et al. (2007), who showed that fecundity and
hatchability groups fed 50mg/kg of Vit. E were significantly increased than all groups.
Additionally, 200mg of vitamin E in feed significantly improved spawning rate and
hatching rate of Perca Flavescens (Lee & Dabrowski, 2004). Comparable results have
also been documented in studies on other fish species such as Monopterus albus (Zhang
et al., 2007).

Similar results showed that, supplementing with 150mg/kg of Vit. E significantly
enhanced egg, and larva quality in the Nile tilapia, resulting in a better reproduction
performance (Darwisito et al., 2013). Additionally, adequate levels of a-tocopherol (Vit.
E) supplementation in maternal diets has been shown to improve hatching and rates of
larval survival in the Nile tilapia, although no significant effect on egg diameter was
observed (Nascimento et al., 2014). Vit. E is also believed to decrease the abnormal eggs
in addition, arising the fecundity overall (Izquierdo et al., 2001).

Findings of Pamungkas et al. (2014) revealed that high yield and values were
recorded when Oreochromis niloticus feed on Vit. E at 225mg/ kg for maturation
percentage and spawning frequency. Similar results were obtained by Gomez et al.
(2003), who determined that the Vit. E dietary requirement for Oreochromis niloticus
broodstock ranged between 100 and 200mg per kg to enhance reproductive performance.
Vitamin E plays a crucial fertility role when there is no synthesis for vitamin E in fish;
the intake dietary maternal oogenesis is a key factor influencing reproductive fitness
(NRC, 1993). High levels of Vitamin E are evident in eggs, while broodstock tissue
levels decrease after spawning. This suggests a crucial physiological role of Vitamin E in
fertilization and hatching processes (Watanabe, 1985).

The current results of the hatching rate were highest with 50mg/. kg of Vit. E,
which closely aligns with Takeuchi et al. (1981), who noticed improved hatchability of
brood fish of Ayu, Plecoglossus altivelis with 3.4mg of Vit. E per 100g of feed.
Similarly, Mollah et al. (2003) reported significant Vit. E impact on fertilization and
hatching rates in H. fossilis, at dose of 200mg per kg.

The antioxidant effect of vitamin E is significant in maintaining oocytes viability
(Nascimento et al., 2014). For instance, vitamin E at the highest level was detected in
eggs and the European sea bass seminal fluid before and after fertilization, as well as in
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developing embryos and at hatching. In contrast, dead eggs and embryos with low
survival rates showed significantly lower vitamin E levels (Rudneva-Titova, 1995). A
linear correlation has been established between dietary Vit. E and its concentration in
ovarian tissue, underscoring its importance in reproductive health. Over the past two
decades, the role of dietary vitamin E in supporting gonadal development, reproductive
processes, and spawning performance has been widely studied (Farris et al., 2020).
Conversely, diets deficient in vitamin E can lead to immature gonads, reduced egg
fertilization and hatchability rates, and lower larval survival (Canyurt & Akhan, 2008;
Miller et al., 2012). Histological sections confirmed vitellogenesis process in which
oocytes undergoing final oocyte maturation (FOM), accumulation of yolk, yolk granules
and yolk plates in cortical alveoli all supplemented groups of Vit. E. at 45" and 60" days
(post spawning). In the present study, histological analysis confirmed the vitellogenesis
process, with oocytes undergoing FOM and the accumulation of yolk, yolk granules, and
yolk plates in cortical alveoli observed in all vitamin E-supplemented groups at 45 and 60
days (post-spawning). These findings further emphasize the critical role of vitamin E in
ensuring proper reproductive development and successful spawning outcomes and in
enhancing reproductive performance and spawning success in fish.

CONCLUSION

This study evaluated the function of Vit. E on reproductive performance and
histological sections of ovaries of females of the hybrid red tilapia. Adding Vit. E with
different doses (50, 100, 200mg/ kg of feed) had an effective influence on the
reproductive performance and histological sections of ovaries of females of the hybrid
red tilapia. Giving Vit. E with dose (50mg. kg™) sufficient and better execution for the
females of the hybrid red tilapia hatchery.
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