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SUMMARY

native fry of mono-sex Oreochromis niloticus to determine how winter season affects the final

biomass and production of fry in Egypt. Six diets containing three protein (30, 35, and 40%) and
two energy (370 and 470 kcal ME/100 g) levels were offered to fry (1.03g) to satiation, twice daily, for 6
months. At all protein levels, fry fed low-energy diets (370 kcal ME/100g) revealed poor growth and feed
conversion efficiency, survival rates, compared to those fed high-energy (470 kcal ME/100g) diets. At dietary
protein levels from 35 to 40% crude protein (CP), fish growth and survival rates were significantly improved
by increasing dietary energy from 370 to 470 kcal (ME/100g diet). However, the best growth rate and feed
utilization were obtained with 40% CP and 470 kcal (ME/100g diet). Body composition was significantly
affected by both dietary protein and energy levels. As such, to overcome the low winter season temperatures
the O. niloticus fry requires 40% CP and 470 kcal (ME/100g diet) for maximum growth and best survival rate
when reared in earthen ponds in Egypt.

The influence of low temperature on survival rate and growth performance were compared on

Keywords: Mono-sex, Nile tilapia fry, cold tolerance, growth performance, temperature, winter season,
production, Oreochromis niloticus.

INTRODUCTION

Stress in farmed fish is of considerable significance to both health and productivity as it has been
linked to reduction in growth, abnormal behavior, and immune suppression (Ashley 2007). Many
exogenous factors have contributed in widespread of tilapia global growth due to its rapid compliant to
wide range of environmental conditions (Mjoun et al., 2010). Nile tilapia, Oreochromis niloticus (L.), is
one of the most preferable cultured species due to its high growth rate, substantial tolerance to
environmental stressors (Ballarin and Haller, 1982), spontaneity of reproduction, and high market demand
(El-Sayed 2006a). Water temperature is one of several aspects that triggers the onset of gonadal
maturation, spawning, and spawning frequency of tilapia reproduction (Philippart and Ruwet, 1982), and
a major metabolic modifier (Mjoun et al, 2010). Water temperature at which mortality begins should be
highly considered in terms of cold tolerance in commercial tilapia production. However, optimal growing
and spawning temperatures are typically between 22°C and 29°C (Caulton, 1982). Most tilapia species
are unable to survive at temperatures below 10°C (Chervinski, 1982), and growth is poor below 20°C
(Mires, 1995). Despite of water temperature, tilapia was found to tolerate an expandable range of
environmental conditions including dissolved oxygen (Ross, 2000), salinity (El-Sayed 2006b), pH (Ross,
2000), and ammonia levels (EI-Sherif et al., 2008), compared to other cultured freshwater fishes. The low
trophic level of tilapia and being an omnivorous type of fish tolerating high dietary fiber and carbohydrate
concentration makes them inexpensive to feed (El-Sayed 2006a). Throughout its life stages, tilapia feed
on a wide variety of dietary sources such as phytoplankton, periphyton, zooplanktons, larval fish, and
detritus. A well balanced formulated feeds is required in tilapia culture to guarantee fast growth and high
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yield. However, the nutritional requirements of tilapia varies among species and are mainly affected by
age, size and stage (Al Hafedh, 1999). Fish uses dietary proteins for maintenance, growth, and
reproduction. Jauncey (2000) suggested that to maximize protein utilization, dietary lipid concentration
should be between 8 and 12% for tilapia up to 25 g, and 6 to 8% for larger fish. Therefore, the profile of
dietary protein is important when formulating diets for tilapia. In Egypt, seasonal low temperatures
creates a critical problem for tilapia culture and seed production. As water temperature drops between 9°C
and 15°C causes reduction in breeding activities, and high mortality rates, especially in shallow ponds.
Favorable temperature range for raising Nile tilapia are from 25°C to 35°C, which is between April and
December (Dan and Little, 2000). However, natural spawning only begins in April, and seeds are not
normally available until June-July, reducing the duration of the production season (Shamsuddin et al.,
2012). Besides, the lack of a reliable supply of fry has been an important constraint and a limiting factor
in poorly established or limited financed infrastructure. Thus, self-sufficiency of fry production has been
found to be necessary for the success of Nile tilapia culture between small-scale farmers. Overwintering
of late-spawned tilapia fry may be a possible way to make fingerlings available early in the following
grow-out season. Long winters and low temperature has been reported to have negative effects on tilapia
production in China whereas the production have dropped by as much as 80% as estimated by observers
(Globelfish 2008). In many countries, overwintering of tilapia fry has been successfully conducted in
heated facilities (Behrends et al., 1990) or underground warm water (Cruz and Ridha, 1994) and in green
houses (Jiazhao, 1991), but these resources are scarce and could be unavailable in Egypt. In general,
production systems would probably not be economically sustainable if mortality rates because of low
temperature exceed 10% (Patricio, 2004). The general consensus is that to decrease costs mortality should
be reduced and growth of Nile tilapia should be prolonged, and thus enhancing the tolerance to low
temperature is an important target (Kamel et al., 2008). Therefore, the main objective of the present study
is to enhance the survival and growth performance of O. niloticus fry through winter season using dietary
protein and energy levels, to make fingerlings available early in the following grow-out season.

MATERIALS AND METHODS

The present study was conducted for six months, from October through March, on mono-sex O.
niloticus fry with an average initial body weight of 1.03 g/fry. Fry were treated with 17 a-
methyletestesterone after hatching for 21 day. Fry requirements for protein and energy was configured in
the present study to attain the maximum production through the winter season. Fry were fed daily on
formulated experimental diets (Table 1) to ad-libitum three times a day 7days/week. Three protein levels
(30%, 35% and 40%, CP) were tested at two energy levels (370 and 470 kcal ME/100g diet) forming six

practical diets embracing a (3 X 2) factorial design experimental treatments (Table 1). Each treatment in

the present study had two replicates. Water samples were taken monthly for water quality analysis, also
fish samples were spared at the beginning and end of the experiment for carcass composition analysis.

Table (1). Ingredients composition and chemical analysis (dry matter) of experimental diets used
for mono-sex O. niloticus in the present study.

Protein levels% 30% 35% 40%

Energy Kcal/100g 370 470 370 470 370 470
Fish meal 150 150 200 200 250 250
Soybean 150 150 200 200 250 250
Shrimp meal 150 150 150 150 150 150
Wheat bran 400 400 320 300 250 200
Cod liver oil 10 60 10 60 10 60
Corn oil 10 60 10 60 10 60
Vitamin & mineral 30 30 30 30 30 30
Cellulose 100 0 80 0 50 0
Chemical analysis

Crude protein 29.87  29.87 33.96 33.62 38.71 38.38
Lipids 6.92 16.32 5.47 15.89 5.64 15.56
NFE 34.74 35.73 31.15 31.54 26.36 26.12
Gross energy 370 470 370 470 370 470
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Stocking density:

Twelve-indoor  concrete  tanks  (water  volume of 1m%tank) with  dimensions
(0.75m X 1m X 2 m]) were used in the first 45 days for stocking O. niloticus fry (1000 fry/tank).

After the 45 days fry were transferred to earthen pond (200m®) with stocking rate of 500 fry/m® bringing a
total of 10,000 fry/pond.

Fish growth and feed utilization parameters:

Growth performance and feed utilization of Nile tilapia was determined, and was calculated as
follows:

100(LnW,-LnW,)
T

Specific growth rate (SGR) (in percent per day) =

Where W1 and W2 are the initial and the final weights, respectively, and T is the number of days of the
experiment;

feed intake(in grams)

Feed conversion ratio (FCR) =— —
weight gain (in grams)

weight gain (in grams)

Protein efficiency ratio (PER) =
. ( ) protein intake (in grams)

protein gain (in grams)

Protein productive value (PPV) (in percent) = 100 [ — :
protein intake (in grams)

Proximate analysis:

Specimen of mono-sex O. niloticus fry from each treatment were spared frozen for final body
composition analysis. Fish samples were randomly taken at the beginning and end of the experiments.
Samples of fish diets were stored at (-18°C) until proximate analysis. All chemical analyses for fish and
diets (Table 1) were determined according to standard methods of (AOAC, 2000).

Statistical analysis:

Results of growth parameters, feed utilization parameters, body carcasses composition, and survival
rate (%) of fry of the experimental treatments were treated using the ANOVA test (analysis of variance)
and Tuckey test to a minimum significance (P<0.05). The results are expressed as means + SEM.
Statistical analysis was performed using two-way ANOVA according to Assaad et al. (2014) and EXCEL
(windows 10, 2015). Graphs has been performed using SigmaPlot for windows (Systat Software, Inc.,
version 12.0, 2011).

RESULTS AND DISCUSSION

Growth of tilapia in Egypt is constrained by cold winter seasons, during which significant mortalities
occurs in commercial fish farms leading up to great losses in the production and income. However, cold
tolerance trait in some tilapia species could be of great economic importance in temperate countries, when
sever cold winter seasons causes high mortalities (Hsieh et al., 2007; Williams and Dasgupta, 2007). The
most significant of the low temperature days in the study herein is during the night where temperatures
drops critically sometimes below 8°C. Accordingly, the water temperatures of the experimental ponds in
the present study was greatly influenced with the daily variation in weather temperature. Presumably,
Likongwe et al. (1996) stated that temperature of shallow and small pieces of water bodies might follow
air temperature. It has also been reported by Charo-Karisa et al. (2005) that tilapia reared under mid-
summer conditions died between 13.6°C and 8.6°C, while those reared under autumn condition died
between 11.7°C and 7.5°C. In the present study, the effect of low winter season temperature on fry of
mono-sex O. niloticus on ADG and ADG% was observed from mid of December through end of January
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even by suppling it with different protein and energy diets. In the study herein, the temperatures had
reached as low as 8-9°C during some nights of the month of January. After six months of experimental
trial the results demonstrated that the final body weight (FBW) (Table 2 and figure 1) and weight gain
(WG) of fry significantly increased (P<0.05) with diets encompassed protein and energy levels of
35%CP; ME 470 Kcal/100g and 40% CP; ME 370 and 470 Kcal/100g (Table 2). The significantly least
FBW and WG was observed on fry with diet contained 30% CP and ME 370 Kcal/100g. Dan and Little
(2000) compared large (>1g) and small (<1g) tilapia fry to be over-wintered in deep hapas-in-ponds, and
observed that survival rate of larger mono-sex tilapia fry was 54%, which was significantly higher than
that of smaller fry (33.4%). This corresponds with the IBW of the experimented mono-sex fry of the
present study (1.03g) to be overwintered for the next production season. However, fry that had the highest
FBW and WG in the present study reached survival of (66%) compared to those lower in FBW and WG
(41%). This coincides with the results reported by Charo-Karisa et al. (2005) who reported that fish body
weight had a highly significant effect on cold tolerance. Moreover, Charo-Karisa et al. (2005) stated that
the most appropriate way of enhancing cold tolerance of tilapia juveniles is by husbandry practices that
increase pre-winter body weights. The average daily gain (ADG g/fish/day, and ADG %) fluctuated
significantly (P<0.05) between all treatments from 0.09 to 0.15¢g/fry/day (Table 2). The highest was
recorded for fry fed 35% CP; ME 470Kcal/100g diet, and the least ADG was for 30% CP; 370 Kcal
ME/100g diet. In the same manner, Fayed (2014) implied that the growth rate of mono-sex O. niloticus
represented by FBW, WG, and ADG was increased significantly (P<0.01) with the increase of dietary
protein levels. However, Fayed et al. (2015) found that feeding O. niloticus broodstocks on diets
containing not less than 30% CP during pre-spawning period enhanced weight gain and number of
produced fry viability on tolerating low winter season temperature compared to broodstocks fed low
dietary protein levels. Siddik et al. (2014) stated that culture of mono-sex tilapia during winter is more
profitable due to its higher growth rate. Also, Siddik et al. (2014) implied that six months over-wintered
culture of mixed sex and mono-sex tilapia showed that the growth of mono-sex tilapia was significantly
32% higher than of mixed-sex tilapia. Whereas, Lovshin et al. (1990) demonstrated that all male fish
grew 121% and 69% larger than those in populations containing 2.5% and 5.0% females, respectively.
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Fig. (1). Mean body weight gain of mono-sex O. niloticus fed three dietary protein and two energy
levels.

The higher growth of mono-sex tilapia may have been due to the influence of methyl testosterone
hormone used for sex-reversal, and has been shown to be a growth promoter in O. mossambicus (Kuwaye
et al., 1993). Also, Hernandez et al. (2014) indicated that the faster growth of mono-sex tilapia might be
due to the hormone used for the sex conversion and lack of energy expenditure in gonad maturation.
Meanwhile, the specific growth rate (SGR %) (Table 2) correspondingly revealed the same significant
(P<0.05) fluctuated pattern as the FBW, WG, and ADG, as the highest SGR was observed for fry fed
35% CP; ME 470Kcal/100g diet, and the least was for 30% CP; 370Kcal ME/100g diet. Despite of fry
body weight in the present study, the SGR (%) was significantly higher for fry fed high levels of protein
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and energy than those fed low protein and energy levels. This corresponds with the findings of Hernandez
et al. (2014) who found that the SGR (%) value of mono-sex tilapia was significantly higher than that of
mixed-sex tilapia. Although, the dietary protein levels in the present study had two energy levels (low and
high), but the significant highest growth performance observed was with the high dietary protein and
energy levels. On the contrary, Soltan et al. (2002) studied the effect of dietary energy level on average
body weight, body length and condition factor, and their results showed that the final body weight, body
length and condition factor significantly decreased with increasing dietary energy level from 300 to 330
and 360 kcal ME/100g. In relation to high protein and energy levels, the fry survival (%) (Table 2 and
figure 2) was triggered significantly (P<0.05) and thus the 40% CP; ME 470Kcal/100g diet was reported
to show the highest (66%) survival which was 4.5% to 25% higher than all other treatments.
Consequently, the final biomass (FBM/pond and FBM/feddan) of fry maintained significantly (P<0.05)
the highest yield of fry (178kg/pond; 3560kg/feddan) for diet with 40% CP; ME 470Kcal/100g diet, and
the lowest was for 30% CP; 370 Kcal ME/100g diet (Table 2 and figure 3). However, in consistence to
growth parameters the whole body protein and lipid contents tend to increase (not significantly) between
treatments as the dietary protein and energy levels increase (Table 3).

However, feed conversion rate (FCR) was significantly (P<0.05) enhanced when fry were fed (40%
CP; 470Kcal ME/100g diet) high protein and energy levels in winter. On the contrary, low protein and
energy level (30% CP; 370 Kcal ME/100g diet) feed in low temperature season for fry of O. niloticus
induces fish to consume more feed, therefore, high FCR (Table 3) will be maintained to compensate their
growth performance in such conditions. In agreement with Ahmed et al. (2004) that the significant
variation in growth with dietary protein level could be due to the fluctuation of fish size, age, protein
quality, stocking density, and hygiene and environmental condition which conceals the optimization of
the growth parameters. Consequently, Ahmed et al. (2004) stated that the best growth and FCR for O.
niloticus fry exhibited with 45% crude protein diet, while fingerlings and adult grow the same with 35
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Fig. (2). Mean Survival of mono-sex O. niloticus fed three dietary protein and two energy levels.

489



Fayed

Tables 2-3
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and 45% protein diets. In spite of the low temperature, the assessment of the FCR in the study herein
denoted that it was enhanced with the increase of dietary protein and energy levels. However, Bahnasawy
(2009) indicated similar findings with respect of the FCR where it decreased significantly with increasing
dietary protein levels and the best FCR was obtained from 35% protein diet, while the poorest FCR was
obtained by the lowest protein diet. With respect to FCR, the protein productive value (PPV) increased
significantly with the increase of dietary protein and energy levels, and being the highest in fry fed with
40% CP; 470Kcal ME/100g diet (Table 3). Although, the protein efficiency ratio (PER) was shown to
increase with increasing dietary energy levels, but seems to decrease with the increase of dietary protein
level (Table 3). With regard to the PER incurred in the present study that it significantly decreased with
the increase of dietary protein and energy levels. The decrease of PER with increasing dietary protein
level have also been reported by different authors for different tilapia species (Jauncey, 1982; Wee and
Tuan, 1988; Shiau and Huang, 1989; Kheir, 1997; Ahmad et al., 2004; Bahnasawy, 2009). In support to
the findings of the present study, Shimeno et al. (1981) reported that increasing dietary carbohydrate and
fat caused a reduction in the activities of amino acid-degrading enzymes in the hepato-pancreas and
resulted in reduction of nitrogen excretion rate and a high protein efficiency ratio. Nevertheless, the PPV
values in the present study increased with increasing dietary protein and energy levels. Since the
interaction between the dietary protein and energy levels positively enhanced the PPV of O. niloticus fry.
Therefore, the protein to energy ration was considered to be optimum for fry and in turns had induced the
growth of fry and triggered the fish to tolerate the low winter temperature. In support to the present study,
Kaushik (1980) indicated that the effect of water temperature on apparent digestibility is the result of an
effect of feed intake rather than an effect of water temperature itself. However, Cho and Kaushik (1990)
presented that fish oil and plant oils (rapeseed, soybean, and linseed) were well digested (80-95%) over a
wide range of water temperatures (5 to 15°C). In the same manner, the constituent of the fish and plant
oils in present study diets were 1:6 for the low energy and high energy diets, respectively. This explains
the efficient utilization of the dietary protein with high dietary energy. In the present study a significant
increase in muscle protein and decrease in lipid content of mono-sex fry of O. niloticus with increasing
dietary protein level was detected. This relationship was also noticed by Dabrowski (1977) on grass carp,
Jauncey (1982) on Sarotherodon mossambicus, Fah and Leng (1986) on guppy, Poecilia reticulata, Shiau
and Huang (1989) on hybrid tilapia (O.niloticus x O.aureus), Wee and Tuan (1988), Kheir (1997), Al-
Hafedh (1999) on Nile tilapia (O.aureus), and Bahnasawy (2009) on (O. niloticus). The increase in
muscle protein and decrease in lipid content with increasing dietary protein levels could be attributed to
the elevated carbohydrate level and low protein content in the diet of low protein level. The excess
carbohydrate in the diet might trigger body fat storage (Fah and Leng, 1986). In accordance with the
present study results, the high protein and energy levels appeared clearly to maintain the O. niloticus fry
requirements to induce a better growth performance and survival rate throughout the winter in Egypt.
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Fig. (3). Mean Final Biomass of mono-sex O. niloticus fed three dietary protein and two energy
levels.
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CONCLUSION

This study highlights the importance of protein and energy balance in diets offered to fry of O.
niloticus in winter in order to tolerate the fluctuation of low temperatures and increase survival rate and
growth performance throughout winter in Egypt.
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Table (2). Means (+ Standard Error Mean) of final body weight (FBW, g/fish), weight gain (WG, g/fish), average daily gain (ADG, g/fish/day), average daily gain
percentage (%), specific growth rate (SGR, %), final biomass (FBM, kg/pond and /feddan), and survival rate (SUR, %) for fry of mono-sex O. niloticus in
the present study.

Variable 370 Kcal/100g diet 470 Kcal/100g diet P-value

30% 35% 40% 30% 35% 40% F1 F2 F1xF2!
FBW 17.1+1.4° 222+0.3° 26.1+0.2% 24.7 £ 0.2 27.3+0.42 27 +05° <0.001  <0.001 0.006
WG 16.1 +1.4° 21.2+0.3° 25.1+0.2% 23.7 £0.2%® 26.3 +0.4° 26 £ 0.5° <0.001  <0.001 0.006
ADG 0.09 + 0.01° 0.12 + 0.002° 0.14 + 0.001% 0.13 +0.001%® 0.15 + 0.002° 0.14 + 0.003% <0.001  <0.001 0.006
ADG% 8.67 + 0.76° 11.4 +0.16° 13.5 + 0.11° 12.8 +0.11%® 14.2 + 0.22° 14 +0.27° <0.001  <0.001 0.006
SGR% 1.56 + 0.05° 1.71+0.01° 1.8 + 0.004%® 1.77 + 0.005% 1.82 + 0.01° 1.81 +0.01% <0.001 0.001 0.009
FBM/pond 70.4 +9.16° 109 + 0.75° 161 + 5.14%® 142 +7.33° 165 + 1.67% 178 + 6° <0.001  <0.001 0.009
FBM/feddan 1410 + 183 2180 + 15° 3210 + 103%® 2840 + 146° 3300 + 33.5% 3560 + 1207 <0.001  <0.001 0.009
SUR % 41+ 2° 49 + 1% 61.5+ 1.5° 57.5+ 2.5® 60.5 + 1.5° 66 + 12 <0.001  <0.001 0.031

Values are means + SEM, n = 2 per treatment group
&4 Means in a row without a common superscript letter differ (P < 0.05) as analyzed by two-way ANOVA and the TUKEY test.
1F1 x F2 = Factor A x Factor B interaction effect.

Table (3). Means (x Standard Error Mean) of body protein (g/fish), body lipid (g/fish), feed conversion ratio (FCR), protein productive value (PPV), and protein
efficiency ratio (PER) for fry of mono-sex O. niloticus in the present study.

Variable 370 Kcal 470 Kcal P-value
30% 35% 40% 30% 35% 40% F1 F2 F1xF2!
protein 156+ 0.5 17.6+0.5 17.8+05 15.7+05 17.8+0.5 18.4+0.5 0.529 0.006 0.87
lipid 7.71+0.04 6.45+ 0.5 6.54+0.5 7.95+0.04 7.91+0.04 6.49 + 0.04 0.058 0.011 0.084
FCR 1.77 +0.03° 1.47 +0.03° 1.33 + 0.002% 1.42 +0.015™ 1.25 + 0.02° 1.23 + 0.02¢ <0.001 <0.001 0.003
PPV 8.5 +0.5° 19.9+05° 21.6+0.5° 7.38+0.5° 24.7+05° 26.7+0.5° <0.001 <0.001 0.001
PER 2.2 +0.06% 2.15+0.06™ 1.97 + 0.06° 2.49 + 0.06° 2.39 + 0.06%® 2.1+0.06™ 0.003 0.003 0.373

Values are means + SEM, n = 2 per treatment group.
&¢Means in a row without a common superscript letter differ (P < 0.05) as analyzed by two-way ANOVA and the TUKEY test.
'F1 x F2 = Factor A x Factor B interaction effect.
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