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INTRODUCTION  

 

The continuous increase in populations all over the world have led to a continual 

demand for novel resources to cover the growing needs for food (Paiva et al., 2018). 

Recently, fish and other products of fisheries are the most consumed protein sources 

being a precious source of the cheapest animal protein and other different major and 

micronutrients to all socioeconomic classes (Mahmoud et al., 2019). In addition, it is 
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A 90-days experiment was conducted to determine the impact of partial 

replacement of dietary fish meal (FM) with different concentrations of ultra-fine 

powder of Ulva lactuca, Laurencia obtusa and Cystoseira myrica on growth 

performance, feed utilization and RNA/DNA ratio of the hybrid red tilapia 

“Florida strain”. A total number of 600 fish of Oreochromis sp., with an average 

weight of 5.67 ± 0.89 g and an average length of 6.4 ± 0.41 cm, were randomly 

divided into 30 aquaria (20 fish/ aquarium in triplicates). Ten experimental diets 

were formulated as control (C) that contains FM as the major source of protein 

and other dietsin which the FM was partially substituted (on the protein basis). 

Substitution was achieved with 5% Ulva lactuca (U5), 10 % U. lactuca (U10), 

15% U. lactuca (U15), 5% Laurencia obtusa (L5), 10% L. obtusa (L10), 15% L. 

obtusa (L15), 5% Cystoseira myrica (C5), 10% C. myrica (C10) and 15% C. 

myrica (C15). Results of survival rate (SR) in all treatments were not 

significantly different but the control treatment showed the best SR%, while the 

lowest SR% was shown in C15 treatment. In case of Ulva lactuca, all growth 

parameters were at its highest values in U5 and decreased with the increase of 

inclusion levels. The growth values ,when FM was partially replaced with C. 

myrica, were at their maximum at C15%. In Laurencia groups, the growth 

improved gradually with the increase in  concentration and reached the highest 

level in Laurencia 15%. Moreover, the percentage of RNA/DNA increased 

significantly in Laurencia treatment compared with other treatments. In general, 

the results revealed that marine macroalgae could be considered as an acceptable 

alternative which can replace dietary FM protein in diets of the hybrid red tilapia. 

In addition, results showed that, the most effective group to be used is Laurencia 

obtusa which induced better growth performance with replacement levels up to 

15% compared to the control diet. 
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rich in minerals, vitamins and essential fatty acids, especially long-chained 

polyunsaturated fatty acids, which are not easily replaced by other food stuffs (Béné et 

al., 2015; Chan et al., 2019). Because of the limitation of fish supply, aquaculture is one 

of the best product to fill the gap between fish stock and demand (Calheiros et al., 2019). 

Of all the known farmed species, the tilapia is known for its easy adaptation to different 

environments, high growth rates and acceptance of different types of commercial feeds. 

These aspects made the tilapia the most productively cultured fish species that compres a 

radical source of protein for human consumption (Silva et al., 2015). Studies also 

mentioned that, feeding on the euryhaline tilapia increased due to their tasteful flesh and 

slight fishy taste compared to the freshwater tilapia. The Mozambique tilapia 

(Oreochromis mossambicus) and its hybrids are of the major salt tolerance species in 

aquaculture. Moreover, the Florida strain hybrid red tilapia (Oreochromis  mossambicus x 

Oreochromis niloticus),  as one of the hybrids of O. mossambicus, is suitable for breeding 

in saltwater, a phenomenon determined by increased growth rates and feed conversion 

ratios (Sallam et al., 2017). Beside the mentioned advantages of saltwater tilapia, the lack 

of freshwater in the world and the competition between aquaculture and agriculture and 

other urban activities, it would be of great interest to culture tilapia in brackish or saline 

water to ensure a high-quality low-priced animal protein in the future (Abdelrahman et 

al., 2020). In addition to the freshwater shortage, the raised prices of fish feed and feed 

ingredients is a further problem that affects aquaculture. Fish feeds represent the main 

operating costs, approximately 60%, for most commercial fish farms, with protein source 

being the most high-priced dietary constitute (Silva et al., 2015).   

It is necessary for the aquaculture`s future to find more sustainable and available 

substitutes to expensive protein sources comprised in aquafeeds which may lower the 

reliance on fish oil and fish meal (Sharawy et al., 2016). Of the most used alternatives, 

macroalgae and plant-based sources were used extensively to substitute part of the fish 

meal in fish feed. Macroalgae are rich in variety of nutrients like proteins of high quality, 

lipids,  polysaccharides, dietary fibers, bioactive peptides, essential fatty acids from the 

omega-3 family, vitamins and phytochemicals such as polyphenols that might have 

defensive effects against diabetes, digestive disorders, cancers, allergy and oxidative 

stress (Lordan et al., 2011; Paiva et al., 2018). The supplementation of fish diets with 

small amounts of macroalgae meal was found to have advantageous effects on the 

immune responses, disease resistance, feed utilization and growth performance without 

causing reversed actions. Several authors have previously shown that numerous species 

of macro- and microalgae have been included in the formulation of fish feeds to evaluate 

their nutritional effect, and many were found effective.  

To assess the nutritional value of the feed supplemented with macroalgae, 

different growth parameters for fish in addition to feed utilization are measured (Rooker 

et al., 1997; Ashour et al., 2020). One specific measure that has been proved of high 

accuracy is that of the RNA/DNA ratio. It reflects the metabolic rate, the nutritional state, 
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and the growth of a particular organism because the DNA content is quite constant in the 

individual and the RNA content is related to the protein synthesis rate (Tanaka et al., 

2007). Furthermore, this ratio is more sensitive to any change or defect in the 

physiological state of the fish.  

Consequently, the current study was presented to investigate the effect of 

substitution of fish meal with ultra-fine powder of the three seaweeds Ulva lactuca, 

Laurencia obtusa and Cystoseira myrica on the growth performance, feed utilization and 

RNA/DNA ratio of the Florida strain Red Ttilapia (Oreochromis sp.). 

 

MATERIALS AND METHODS  

 

The current study was conducted in the National Institute of Oceanography and 

Fisheries (NIOF), Suez and Aqaba Gulfs branch to study the effect of using seaweeds as 

a partial substitute to fish meal on growth of the hybrid red tilapia “Florida strain” 

{female Oreochromis mossambicus (Peters, 1852) × male Oreochromis niloticus 

(Linnaeus, 1758)}. 

Seaweeds Preparation: 

Three species of marine macroalgae {Ulva lactuca Linnaeus 1753 as 

Chlorophyceae, Laurencia obtusa (Hudson) J.V. Lamouroux 1813 as Rhodophycea and 

Cystoseira myrica (Gmelin) C. Agardh 1820 as Phaeophycaea} were collected by 

snorkeling. Samples were rinsed thoroughly with clean sea water to remove necrotic 

parts, herbivores and epiphytes, then washed with clean tap water several times. The last 

wash was with distilled water and then left to dry in the open air till complete dryness. 

Afterwards, dried samples were grounded into fine powders for nutritional composition 

and further use.  

The Experimental Fish: 

The Florida red tilapia fingerlings (5.67±0.89g with 6.4±0.41cm length) were 

obtained from the General Authority for Fish Resources Development (GAFRD) 

hatchery at km 21, Alexandria, Egypt. Fish were acclimated to lab conditions for two 

weeks in a 1.0 m
3
 fiber glass tank filled with filterd seawater. At the beginning of the 

acclimation period, salinity was 35.0±1.0 ppt, a natural photoperiod was obtained, and 

temperature was (28.0 ± 2.4°C). 

Experimental Diets: 

Experimental diets were formulated to contain almost 31.89±0.43% crude protein 

(CP) and 7.95±0.32% crude lipid, meeting the growth requirements for the hybrid red 

tilapia (Table 1). Ten test diets were formulated as control macroalgae-free diet (C) and 

varying levels of macroalgae meals in partial replacement of fish meal: Ulva lactuca 05% 

(U5), U. lactuca 10% (U10), U. lactuca 15% (U15), Cystoseira myrica 05% (C5), C. 

myrica 10% (C10), C. myrica 15% (C15), Laurencia obtusa 05% (L5), L. obtusa 10% 

(L10) and L. obtusa 15% (L15). 
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Table 1:  Ingredients (g) of different experimental diets. 

 

Experimental Design: 

After acclimation, fish were divided randomly in ten triplicates of 20 fish per 

replicate in 80L glass aquaria with certain dimensions (30 cm x 40 cm x 80 cm) filled 

with approximately 70 L of 35.18±1.11 ppt saline water and provided with continuous 

aeration. Approximately, one third of the water was daily replaced by freshly stored 

water. Feces and excess feed were removed daily before feeding. Throughout the 

experiment, fish were fed twice per day at 9.00 am and 2.00 pm. At the beginning of the 

12 experimental weeks, fish were fed 7% of its body weight during the first 4 weeks, then 

with 5% during the next 4 weeks and finally 3% till the end of the experiment. 

Growth Performance: 

Fish were weighed individually at the beginning of the experiment and biweekly 

during the 12- weeks experimental period. Growth and feed utilization were measured in 

terms of the final body weight (g) of the fish, body weight gain (g), relative growth rate 

(%), specific growth rate (g/day), survival rate (%), feed conversion ratio and protein 

efficiency ratio according to the following equations: 

Body weight gain (BWG) g/fish = BWF (g) –BWI (g) 

Relative growth rate (RGR) = {BWF (g) –BWI (g)}/ BWI (g)* 100 

Specific growth rate (SGR) %/day = (ln BWF – ln BWI) / T * 100 

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

Protein efficiency ratio (PER)=BWG (g) /Protein intake (g) 

Survival rate (SR) %= NF/ NI *100 
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RNA/DNA Ratio: 

Quantitative determination of nucleic acids in tissue was performed by pentose 

analysis following the method of Schneider (1976). It was calculated as follows: 

DNA content of the nucleic acid extract is presented by the following equation: 

µg DNA m/L = OD at 600 nm/0.019  

The RNA content of the nucleic acid extract is presented by the following 

equation: 

µg RNA m/L= [(OD at 600 nm+0.008) – (µg DNA m/L × 0.013)] /0.116 

Statistical analysis:  

 All the results were represented as mean values ± SD “standard deviation” of 

means and subjected to two-way analysis of variance (ANOVA) to test the effects of the 

experimental diets using the statistical package IBM SPSS statistics v25.0. Duncan's 

multiple range test at a level of significance of P≤ 0.05 was used to compare differences 

among treatments. 

RESULTS  

 

Nutritional compoaition of seaweeds: 

Nutritional composition of the selected seaweeds are presented in Table (2). 

Growth Performance: 

The averages initial body weight and initial body length of the fingerlings at the 

beginning of the experiment were 5.67±0.89g and 6.4±0.41cm, respectively. There was 

no significant differences between the groups for initial body weights and lengths which 

indicates that the groups were homogenous. 

Findings of the current experiment revealed that final body weight (BWF), body 

weight gain (BWG), survival rate (SR), feed conversion ratio (FCR), specific growth rate 

(SGR), protein efficiency ratio (PER) and relative growth rate (RGR) of the hybrid red 

tilapia were significantly influenced (P ≤ 0.05) by different seaweeds` substitution levels. 

In case of Ulva lactuca as presented in Table (3), the highest significant values were 

Table 2:  Biochemical analyses (% DM) of  three selected seaweed. 

Nutritional composition 
Seaweed species 

Ulva lactuca Laurencia obtusa Cystoseira myrica 

Total Protein   29.12 ± 0.05 12.27 ± 0.04 13.93 ± 0.09 

Total Lipids  9.28±0.03 8.49 ± 0.01 8.68 ± 0.04 

Total Carbohydrates  25.17± 0.17 46.23 ± 0.01 45.32± 0.16 

Fibers 1.69± 0.01 2.41 ± 0.03 2.50± 0.01 

Ash 34.75± 0.08 30.61 ± 0.02 29.59± 0.02 

 



Eissa et al., 2021  400 

observed in U5 followed by the control group, while the lowest values were in groups 

U15 and U10, respectively with no significant difference.  

Inclusion of 5, 10 and 15% U. lactuca in U5, U10 and U15 resulted in a SR% of 

88.33%, 90.00% and 91.67%, respectively, compared with the control group (C) with the 

highest survival percentage of (95.00%). The FCR was affected by the supplementation 

of fish diet with Ulva meals. The highest value of FCR was found in group U15 

(1.82±0.02), whereas the smallest value was at U5 (1.66±0.04). This indicates that the 

highest utilization of feed was observed in U5 group. When Cystoseira myrica was used, 

growth parameters were significantly different (p≤0.05) between the control group (C) 

fed the commercial diet and other dietary groups as shown in Table (4). 

Table 3: Growth performance parameters of hybrid red tilapia (Oreochromis sp.) fed at 

different dietary levels of Ulva lactuca. 

Growth parameters C U5 U10 U15 

IBW (g) 5.80±0.87
a’ 

 5.76±0.93
a
 5.82±0.99

a
 5.96±0.87

a
 

FBW (g) 61.50
 
±5.31

b
 65.23±3.93

a
 49.35±3.89

c
 47.84

 
±7.62

c
 

BWG (g) 55.70
 
±4.51

b
 59.47

 
±3.16

a
 43.53±2.93

c
 41.87±6.76

c
 

DWG (g) 0.62±0.05
b
 0.66±0.035

a
 0.48±0.03

c
 0.46±0.075

c
 

SR% 95.00±5.00
a
 88.33±2.88

a
 90.00±5.00

a
 91.67±5.78

a
 

FCR 1.69±0.03
 c
 1.66±0.04

d
 1.79±0.05

b
 1.82±0.02

a
 

SGR 2.63±0.09
 b
 2.71±0.13

a
 2.39±0.10

c
 2.31±0.04

d
 

PER 1.34±0.03
b
 1.41±0.04

a
 1.14±0.02

c
 1.09±0.11

d
 

RGR% 10.79±0.99
b
 11.70±1.56

a
 8.45±0.90

c
 7.79±0.30

d
 

- Different letters following the means in each row are significantly different (P ≤ 0.05).  

- Initial body weight (IBW), final body weight (FBW), body weight gain (BWG), daily weight gain (DWG), 

survival rate (SR%), feed conversion ratio (FCR), specific growth rate (SGR), protein efficiency ratio 

(PER) and relative growth rate (RGR%) 

Table 4: Growth performance parameters of hybrid red tilapia (Oreochromis sp.) fed at 

different dietary levels of Cystoseira myrica. 
Growth parameters C C5 C10 C15 

IBW (g) 5.80±0.87a 5.62±0.97a 5.88±1.07a 5.719±1.09a 

FBW (g) 61.50±5.31a 57.48±8.86ab 54.90±8.87b 62.40±9.32a 

BWG (g) 55.70±4.51ab 51.86±8.03bc 49.01±7.88c 56.68±8.32 a 

DWG (g) 0.62±0.06ab 0.58±0.09bc 0.54±0.09c 0.63±0.09a 

SR% 95.00±5.00a 91.67±10.41ab 88.33±7.64ab 78.33±10.40b 

FCR 1.69±0.03bc 1.70±0.04b 1.74±0.03a 1.67±0.03c 

SGR 2.63±0.09a 2.58±0.10b 2.49±0.08c 2.66±0.08a 

PER 1.34±0.03ab 1.25±0.12b 1.27±0.09c 1.40±0.10a 

RGR% 10.79±0.99ab 10.30±1.04b 9.32±0.73c 11.10±0.83a 

- Different letters following the means in each row are significantly different (P ≤ 0.05).  

- Initial body weight (IBW), final body weight (FBW), body weight gain (BWG), daily weight gain 

(DWG), survival rate (SR%), feed conversion ratio (FCR), specific growth rate (SGR), protein 

efficiency ratio (PER) and relative growth rate (RGR%)   
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Results of BWF showed that the highest value was observed in C15 (62.40±9.32 

g) and the lowest was observed in C10 (54.90±8.87 g). Concerning BWG and DWG, they 

were higher in C15 (56.68±8.32 g and 0.63±0.09 g) and lower in C10 (49.01±7.88 g and 

0.54±0.088 g), respectively. The survival percentage was also affected but difference 

showed no significancy. The highest concentration of inclusion with Cystoseira resulted 

in the reduction of survival rates, and the survivability of C15 was 78.33%. Survival rates 

in C5 and C10 were 91.67% and 88.33%, respectively which were relatively lower 

compared to that of the control group (C) which recorded the highest survival percentage 

(95.00%).  

In addition, the FCR was affected with supplementation of fish diet with 

Cystoseira. The highest value of FCR was found in group C10 (1.74±0.03) and the 

smallest value was at C15 (1.67±0.03). SGR was also affected by the inclusion of 

Cystoseira in fish diet. The highest value of SGR was found in C15 (2.66±0.08), whereas 

the smallest value was found at C10 (2.49±0.08). Concerning the RGR% and PER, 

results showed that the highest values were in group C15 (11.10±0.83 and 1.40±0.10), 

respectively, and the smallest values were found in C10 (9.32±0.73 and 1.27±0.09).  

With the replacement of fish meal with Laurencia obtusa results of BWF that are 

introduced in Table (5) showed that, the highest BWF was observed in L15 (69.77±11.87 

g) and the lowest was in group L5 (43.73±6.52 g). Regarding the BWG and DWG, both 

were higher in L15 (64.25±11.04 g and 0.71±0.12 g), while the lowest values were 

observed in C (55.70±4.51 g and 0.42±0.06 g). Inclusion of Laurencia obtusa in L5, L10 

and L15 resulted in the survival percentages of 95.00%, 96.67% and 96.67%, 

respectively, compared to the control group (C) with a survival percentage of (93.33%). 

Additionally, the FCR was affected by the supplementation of fish diet with Laurencia 

meals. The highest value of FCR was found in L5 (1.86±0.04) and the smallest value was 

at L15 (1.62±0.02). This indicates that the highest utilization of feed was observed in L15 

group. The SGR was also affected by inclusion of Laurencia in fish diet. The highest 

value of SGR was found in L15 (2.82±0.05), and the smallest value was found at L5 

(1.36±0.03). Results of the RGR% and PER were similar to SGR. The highest values of 

RGR% and PER were found in group L15 (12.93±0.68 and 1.46±0.08), respectively and 

the smallest values were found in L5 (7.33±0.58 and 1.00±0.11), respectively. 

RNA/DNA Ratio: 

Selected samples to determine the RNA/DNA ratios were almost similar in its size 

to avoid differences that may occur due to the size or age, as most of the experimented 

fish were of the same batch. The mean values of the RNA/DNA ratios of the different 

treatments and SGR are introduced in Table (6). The ratios at the groups fed on 

Laurencia obtusa increased obviously compared to other macroalgae species. Analysis of 

variance (One-Way ANOVA) revealed that groups fed L5, L10 and L15 were highly 
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significant (p≤0.05) compared to the control one. The highest ratio was observed in the 

L15 group while the lowest in U10 group. 

 

 

 

 

Table 5: Growth performance parameters of hybrid red tilapia (Oreochromis sp.) fed at 

different dietary levels of  Laurencia obtusa. 
   C L5 L10 L15 

IBW (g) 5.80±0.87
a
 5.80±1.05

a
 5.70±1.07

a
 5.52±0.87

a
 

FBW (g) 61.50±5.31
b
 43.73±6.52

c
 66.42±8.72

ab
 69.77±11.8

a
 

BWG (g) 55.70±4.51
b
 37.93±5.58

c
 60.716±7.68

a
 64.25±11.0

a
 

DWG (g) 0.62±0.06
b
 0.42±0.06

c
 0.67±0.09

a
 0.71±0.12

a
 

SR% 95.00±5.00
a
 91.67±7.64

a
 90.00±5.00

a
 93.33±7.64

a
 

FCR 1.69±0.03
b
 1.86±0.04

a
 1.65±0.03

c
 1.62±0.02

d
 

SGR 2.63±0.09
c
 2.25±0.08

d
 2.74±0.08

b
 2.82±0.05

a
 

PER 1.34±0.03
c
 1.00±0.11

d
 1.42±0.05

b
 1.46±0.08

a
 

RGR% 10.79±0.99
c
 7.33±0.58

d
 11.99±1.03

b
 12.93±0.68

a
 

- Different letters following the means in each row are significantly different (P ≤ 0.05).  

- Initial body weight (IBW), final body weight (FBW), body weight gain (BWG), daily weight gain 

(DWG), survival rate (SR%), feed conversion ratio (FCR), specific growth rate (SGR), protein 

efficiency ratio (PER) and relative growth rate (RGR%) 

Table 6:  RNA/DNA ratio and specific growth rate (SGR) of hybrid red tilapia 

(Oreochromis sp.) fed on diets with different levels of substitution with 

macroalgae 

Treatment RNA/DNA Ratio SGR 

C 1.67±0.010
 c
 2.631±0.08

b
 

U5 1.76±0.192
c
 2.71±0.13

bc
 

U10 1.56±0.109
c
 2.39±0.104

g
 

U15 1.64±0.023
c
 2.31d±0.037

h
 

C5 1.657±0.029
c
 2.583±0.103

e
 

C10 1.687±0.044
c
 2.485±0.076

f
 

C15 1.712±0.042
c
 2.660±0.078

cd
 

L5 3.34±0.26
ab

 2.249±0.078
i
 

L10 2.72±0.10
b
 2.738±0.084

b
 

Different letters following the means in each column are significantly different (P ≤ 0.05). 
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DISCUSSION 

 

The principal objectives in formulation of aquafeeds are to: (a) fulfil all the 

required nutrients for the growth of the species; (b) reduce feed price; and (c) minimize 

wastage by selecting ingredients that will be readily utilized. 

Seaweeds can secure the required nutrients essential in aquafeeds even more than 

what is attained in fish meal and soy powder. Some bioactive compounds present in 

seaweeds can significantly improve fish performance (Kiadaliri et al., 2020).  

Growth performance: 

There are few numbers of systematic studies of using algae as an ingredient in fish 

feed (Zhu et al., 2015; Sharawy et al., 2020). Partial substitution of fish meal by Ulva 

sp. can cause positive impacts on growth, body composition, resistance to diseases and 

stress and feed utilization (Silva et al., 2015; Shpigel et al., 2017). Studies performed on 

Ulva rigida as a feed additive of different fish species, reported alike results, where the 

best performance was obtained for the 5% level of inclusion and reduced at levels of 10 

to 20% (Güroy et al., 2007; Ergün et al., 2009). The same ideal rates of 5% inclusion 

were reported in the red tilapia (El-Tawil, 2010; Saleh, 2014) and in the Nile tilapia 

(Khalafalla et al., 2015; Natify et al., 2015).  

Stadtlander et al., (2013) found that the growthof theNile tilapia as well as feed 

utilization improved when 15% of FM was substituted with the red algae Porphyra 

yezoensis. However, Soler-Vila et al. (2009) stated that using Porphyra dioica 

(Rhodophyta) in different inclusion levels as the rainbow trout (Oncorhynchus mykiss) 

feed resulted in a quite minor performance of the fish compared to the fish fed on the 

control diet. Nevertheless, the used algae can be productively included in its feeds up to 

10%, with no negative significant effects on growth performance and weight gain.  

Markedly, brown macroalgae (Phaeophyta) are of lower nutritional rate than red 

(Rhodophyta) and green algae (Clorophyta), because of their poor content of protein and 

superior content of minerals (Makkar et al., 2016), despite that the brown algae have 

some bioactive compounds. To illustrate, Güroy et al. (2007) studied the effect of 

feeding the juvenile of the Nile tilapia (Oreochromis niloticus) with feeds supplemented 

by Cystoseira meal (5%, 10%, or 15%) on growth rate, feed utilization and feed intake. 

They detected positive effect on growth performance up to 5% level of inclusion but not 

beyond, but the differences in values were not significant (P > 0.05).  

Previous studies discovered that the addition of high levels of different seaweeds 

led to minor growth and nutrient utilization compared to the control group. Those 

findings are in agreement with the current results, reporting a decrease in all growth and 

feed utilization parameters in diets containing 10% and 15% of the U. lactuca compared 

with control and 5% diets. Madibana et al. ( 2017) suggested that elevated levels of 
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seaweeds in the diet reduced the nutritional quality of the experimented diets. The decline 

in fish growth and nutrient’s utilization at inclusion concentrations of Ulva that was 

higher than 5% might be clarified by the occurrence of anti-nutritional factors in the algae 

composition including  tannins, saponins, and phytic acid that are stated to present in 

many plant vegetative tissues (Francis et al., 2001) and may have an effect on fish 

growth (Azaza et al., 2008). The occurrence of indigestible fibers can also weaken the 

ability to digest protein (Azaza et al., 2008), which might be responsible to the growth 

decline recorded during the experiment. Lech & Reigh (2012) stated that fish growth 

might be compromised by the decline in protein content and the raised fiber content. The 

addition of plant protein in fish diets has been described to decrease feed intake per day 

(Davies et al.,1997) this could be another cause for the reduction in growth performance 

and feed utilization.  

The increase in algae concentrations may reduce the homogeneity of the diets 

which cause leaching of some constituents of the artificial diets into water, and this can 

explain the negative growth results. 

The variation in optimum substitution level of algae meal is probably caused by 

different feeding habits, fish age, size, experimental conditions and the species of both 

fish and algae. The results suggest that Ulva rigida or Cystoseira barbata meals could be 

used in small percentages in the tilapia diets.  

Use of the RNA/DNA ratio to assess growth: 

Growth is mainly a result of the process of protein biosynthesis, in which RNA 

plays a vital role. The use of RNA/DNA ratio as an indicator of growth has been used in 

marine environment for assessing fish growth (Chίcharo & Chίcharo, 2008). This 

indicator is based on the fact that DNA content in the cell remains quite constant, while 

the RNA content improves with increasing protein synthesis needed for growth. This 

might be considered as result of the fact that when the rate of protein synthesis increases,  

a corresponding growth rate becomes greater (Srinivasa et al., 2003).  

In general, the RNA/DNA ratios for fish larvae seem to range between 0.5 and 3. 

It may also be lower when fishes are young because under-performing (e.g., poor 

feeding) individuals, with low RNA/DNA values, are still contributing to sample 

estimates of condition (Chícaro et al., 1998). One of the goals of the present study was to 

investigate the connection between RNA/DNA ratio and the somatic growth of hybrid red 

tilapia fed on different levels of substitution of fish meal with macroalgae.  

Noticeably, the effect of substitution of fish meal with macroalgae meal has not 

been comprehensively studied so far. The present results showed that the ratios of the 

groups fed on the red macroalgae Laurencia obtusa increased dramatically compared to 

other experimented diets.  Analysis of variance (One-Way ANOVA) revealed that groups 

fed L5, L10 and L15 were highly significant (p≤0.05) compared to the control one. The 
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highest RNA/DNA ratio was recorded in the L15 treatment in which fish were fed 15% 

Laurencia level of substitution, which also showed the highest SGR. This agrees with the 

results obtained by Ayisi and Zhao (2016), who reported that the greatest RNA/DNA 

ratio in Oreochromis niloticus was found in fish with the highest SGR. Moreover, Naik 

and Murthy (2012) mentioned that the maximum ratio of RNA/DNA was found in 

shrimps that had the greatest growth although that the differerence in their RNA/DNA 

was not significant. The findings are in agreement with what was reported by Nunez et 

al. (2002), who found that larvae of shrimp with higher RNA/DNA ratio had higher dry 

weight, survival rate and organic biomass. Similarly, Bastrop et al. (1992) reported the 

same results of the relationship between SGR and RNA/DNA ratio in rainbow trout. 

Furthermore, Frantzis et al. (1992) evaluated somatic growth and RNA/DNA ratios of 

the sea urchins (Paracentrotus lividus) reared for 6 months and fed on 12 types of 

macrophytes. A positive relationship between growth rate and RNA/DNA ratio was 

recorded. 

The RNA/DNA ratio in fish flesh is connected with feeding habits and growth 

rates (Park et al., 2017; Zehra & Khan, 2020). This ratio is an accurate indicator of the 

nutritional state, where poor results occurred as a result of starvation, while high results 

are indicative of rapid growth and better nutritional condition (Naik & Murthy, 2012).  

Additionally, Ali et al. (2006) reported a positive relationship between the quantity of the 

synthesized protein per ribosome and RNA/DNA ratio which may explain the decline in 

RNA/DNA ratios when the protein synthesis process decreased.  

 

CONCLUSION 

 

From all the previous findings in the current study, marine macroalgae can be 

considered as an acceptable alternative to dietary FM protein in diets of the hybrid red 

tilapia at small levels of substitution. In addition, it was found that the most effective 

group is Laurencia obtusa which increased all growth parameters at levels of substitution 

up to 15% to fish meal compared with other macroalgae species and the control group, 

and in turn, improved the RNA/DNA ratio dramatically. This makes the Laurencia sp. a 

good alternative to fish meal with a lower cost of production. 

 

REFERENCES  

 

Abdelrhman, A.M.; Sharawy, Z.Z.; Goda, A.M.A.S. and Slater, M.J. (2020). 
Adaptability of the nile tilapia, oreochromis niloticus juveniles to water salinity by 

controlling dietary sodium chloride levels. EJABF, 24(2): 225–237. 

Ali, M.;  Iqbal, R.; Rana, S. A.; Athar, M. and Iqbal, F. (2006). Effect of feed cycling 

on specific growth rate, condition factor and RNA/DNA ratio of Labeo rohita. Afr. J. 

Biotechnol., 5(17): 1551–1556.  

https://www.scopus.com/authid/detail.uri?authorId=57217021426
https://www.scopus.com/authid/detail.uri?authorId=57063379000
https://www.scopus.com/authid/detail.uri?authorId=56001199800
https://www.scopus.com/authid/detail.uri?authorId=22954480500


Eissa et al., 2021  406 

Ashour, M.; Mabrouk, M.M.; Ayoub, H.F.; ...El-Haroun, E. and Goda, A.M.A.-S. 

(2020). Effect of dietary seaweed extract supplementation on growth, feed 

utilization, hematological indices, and non-specific immunity of Nile Tilapia, 

Oreochromis niloticus challenged with Aeromonas hydrophila. J. Appl. 

Phycol., 32(5):  3467-3479. 

Ayisi, C. L. and Zhao, J. (2016). RNA/DNA ratio and LPL and MyoD mRNA 

expressions in muscle of Oreochromis niloticus fed with elevated levels of palm 

oil. J. Ocean Univ. China, 15(1): 184-192. 

Azaza, M. S.; Mensi, F.; Ksouri, J.; Dhraief, M. N.; Brini, B.; Abdelmouleh, A. and 

Kraiem, M. M. (2008). Growth of Nile tilapia (Oreochromis niloticus L.) fed with 

diets containing graded levels of green algae ulva meal (Ulva rigida) reared in 

geothermal waters of southern Tunisia. J. Appl. Ichthyol., 24(2): 202-207. 

Bastrop, R.; Jürss, K. and Wacke, R. (1992). Biochemical parameters as a measure of 

food availability and growth in immature rainbow trout (Oncorhynchus 

mykiss). Comparative Biochemistry and Physiology Part A: Physiology, 102(1): 151-

161. 

Béné, C.; Barange, M.; Subasinghe, R.; Pinstrup-Andersen, P.; Merino, G.; Hemre, 

G. I., and Williams, M. (2015). Feeding 9 billion by 2050–Putting fish back on the 

menu. J. Food Secur., 7(2): 261-274. 

Calheiros, A. C.; Reis, R. P.; Castelar, B.; Cavalcanti, D. N. and Teixeira, V. L. 

(2019). Ulva spp. as a natural source of phenylalanine and tryptophan to be used as 

anxiolytics in fish farming. Aquac., 509: 171-177. 

Chan, C. Y.; Tran, N.; Pethiyagoda, S.; Crissman, C. C.; Sulser, T. B. and Phillips, 

M. J. (2019).  Prospects and challenges of fish for food security in Africa. Glob. 

Food Sec., 20: 17-25. 

Chícharo, M. A. and Chícharo, L. (2008). RNA: DNA ratio and other nucleic acid 

derived indices in marine ecology. Int. J. Mol. Sci., 9(8): 1453-1471. 

Ch  charo,  .  .  Ch  charo,  .   ald s,  .  López-Jamar, E. and Ré, P. (1998). Does 

the nutritional condition limit survival potential of sardine Sardina pilchardus 

(Walbaum, 1792) larvae off the north coast of Spain? RNA/DNA ratios and their 

variability. Fish. Res., 39(1): 43-54. 

Davies, S. J.; Brown, M. T. and Camilleri, M. (1997). Preliminary assessment of the 

seaweed Porphyra purpurea in artificial diets for thick-lipped grey mullet (Chelon 

labrosus). Aquac., 152(1-4): 249-258. 

El-Tawil, N. E. (2010). Effects of green seaweeds (Ulva sp.) as feed supplements in red 

tilapia (Oreochromis sp.) diet on growth performance, feed utilization and body 

composition. Journal of Arabian Aquaculture Society, 5: 179-193. 

Ergün, S.; Soyutürk, M.; Güroy, B.; Güroy, D. and Merrifield, D. (2009). Influence 

of Ulva meal on growth, feed utilization, and body composition of juvenile Nile 

tilapia (Oreochromis niloticus) at two levels of dietary lipid. Aquac. Int., 17(4): 355-

361. 

https://www.scopus.com/authid/detail.uri?authorId=57201774072
https://www.scopus.com/authid/detail.uri?authorId=46861476500
https://www.scopus.com/authid/detail.uri?authorId=57218265915
https://www.scopus.com/authid/detail.uri?authorId=14830994300
https://www.scopus.com/authid/detail.uri?authorId=56001199800
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088512664&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088512664&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088512664&origin=resultslist
https://www.scopus.com/sourceid/19184?origin=resultslist
https://www.scopus.com/sourceid/19184?origin=resultslist


407                           Effects of partial substitution of fish meal with marine macroalgae species  

____________________________________________________________________________________ 

 

 

Francis, G.; Makkar, H. P. and Becker, K. (2001). Antinutritional factors present in 

plant-derived alternate fish feed ingredients and their effects in fish. Aquac., 199(3-

4): 197-227. 

Frantzis, A.; Grémare, A. and Vétion, G. (1992). Growth rates and RNA: DNA ratios 

in Paracentrotus lividus (Echinodermata: Echinoidea) fed on benthic 

macrophytes. J. Exp. Mar. Biol. Ecol., 156(1): 125-138. 

Güroy, B. K.  Cirik, Ş.  Güroy, D.  Sanver, F. and Tekinay, A. A. (2007). Effects of 

Ulva rigida and Cystoseira barbata meals as a feed additive on growth performance, 

feed utilization, and body composition of Nile tilapia, Oreochromis 

niloticus. Turkish J. Vet. Anim. Sci., 31(2): 91-97. 

Khalafalla, M. M. and El-Hais, A. E. M. (2015). Evaluation of seaweeds Ulva rigida 

and Pterocladia capillaceaas dietary supplements in Nile Tilapia Fingerlings. J. 

Aquac. Res. Dev., 6(3): 1-5. 

Kiadaliri, M.; Firouzbakhsh, F. and Deldar, H. (2020). Effects of feeding with red 

algae (Laurencia caspica) hydroalcoholic extract on antioxidant defense, immune 

responses, and immune gene expression of kidney in rainbow trout (Oncorhynchus 

mykiss) infected with Aeromonas hydrophila. Aquac., 526: 735361. 

Lech, G. P., and Reigh, R. C. (2012). Plant products affect growth and digestive 

efficiency of cultured Florida pompano (Trachinotus carolinus) fed compounded 

diets. PLoS One, 7(4), e34981. 

Lordan, S.; Ross, R. P. and Stanton, C. (2011). Marine bioactives as functional food 

ingredients: potential to reduce the incidence of chronic diseases. Mar. drugs, 9(6): 

1056-1100. 

Madibana, M. J.; Mlambo, V.; Lewis, B. and Fouché, C. (2017). Effect of graded 

levels of dietary seaweed (Ulva sp.) on growth, hematological and serum 

biochemical parameters in dusky kob, Argyrosomus japonicus, sciaenidae. Egypt. J. 

Aquat. Res., 43(3): 249-254. 

Mahmoud, M. A.; Mansour, H. A.; Abdelsalam, M.; AbuBakr, H. O.; Aljuaydi, S. 

H., and Afify, M. (2019). Evaluation of electrofishing adopted by Egyptian fish 

farmers. Aquac., 498: 380-387. 

Makkar, H. P. S.; Tran, G.; Heuzé, V.; Giger-Reverdin, S.; Lessire, M.; Lebas, F. 

and Ankers, P. (2016). Seaweeds for livestock diets: a review. Anim. Feed Sci. 

Technol., 212: 1–17. Elsevier. 

Naik, A. R. and Murthy, H. S. (2012). Effect of dietary administration of sardine oil on 

growth, survival, and enzymatic activity of Macrobrachium rosenbergii (de Man). 

Bamedgeh, 64. 689, 6 pages. 

Natify W.; Berday N.; Droussi M. and Araba A., B. M. (2015). Effect of the seaweed 

Ulva lactuca as a feed additive on growth performance, feed utilization and body 

compositio. IJAAR, 7(3): 85–92. 

Nunez, M.; Lodeiros, C.; de Donato, M. and Graziani, C. (2002). Evaluation of 

microalgae diets for Litopenaeus vannamei larvae using a simple protocol. J. 



Eissa et al., 2021  408 

Aquac. Int., 10(3): 177-187. 

Paiva, L.; Lima, E.; Neto, A. I., and Baptista, J. (2018). Seasonal variability of the 

biochemical composition and antioxidant properties of Fucus spiralis at two Azorean 

Islands. Mar. Drugs, 16(8): 248. 

Park, I. S.; Gil, H. W.; Kim, B. S.; Park, K. H. and Oh, S. Y. (2017). Starvation-

induced physiological responses and RNA/DNA ratios in rock bream, Oplegnathus 

fasciatus, and olive flounder, Paralichthys olivaceus. Dev. Reprod., 21(3): 249-257. 

Rooker, J. R.; Holt, G. J., and Holt, S. A. (1997). Condition of larval and juvenile red 

drum (Sciaenops ocellatus) from estuarine nursery habitats. J. Mar. Biol, 127(3): 

387-394. 

Saleh, N. E.; Shalaby, S. M.; Sakr, E. M.; Elmonem, A. I. A. and Michael, F. R. 

(2014). Effect of dietary inclusion of Ulva fasciata on red hybrid tilapia growth and 

carcass composition. J. Appl. Aquac., 26(3): 197-207. 

Sallam, G. R.; Fayed, W. A.; El-Absawy, M. A.; Aly, H. A. and El-Greisy, Z. A. 

(2017). Red tilapia broodstocks and larval production under different water salinities 

without acclimation. J. Aquac. Res. Dev., 8: 476. 

Schneider, C. W. (1976). Spatial and temporal distributions of benthic marine algae on 

the continental shelf of the Carolinas. Bull. Mar. Sci., 26(2): 133-151. 

Sharawy, Z.; Goda, A.M.A.-S. and Hassaan, M.S. (2016). Partial or total replacement 

of fish meal by solid state fermented soybean meal with Saccharomyces cerevisiae in 

diets for Indian prawn shrimp, Fenneropenaeus indicus, Postlarvae. Anim. Feed Sci. 

Technol., 212: 90-99. 

Sharawy, Z.Z.; Ashour, M.; Abbas, E.; Ashry, O.; Helal, M.; Nazmi, H.; Kelany, 

M.; Kamel, A.; Hassaan, M.; Rossi, W. Jr.; El-Haroun, E.; Goda, A.e.; El-

Haroun, E. and Goda, A. (2020). Effects of dietary marine microalgae, Tetraselmis 

suecica, on production, gene expression, protein markers and bacterial count of 

Pacific white shrimp Litopenaeus vannamei. Aquac. Res., 51(6), 2216-2228. 

Shpigel, M.; Guttman, L.; Shauli, L.; Odintsov, V.; Ben-Ezra, D. and Harpaz, S. 

(2017). Ulva lactuca from an integrated multi-trophic aquaculture (IMTA) biofilter 

system as a protein supplement in gilthead seabream (Sparus aurata) 

diet. Aquac., 481: 112-118. 

Silva, D. M. ; Valente, L. M. P. ; Sousa-Pinto, I. ; Pereira, R. ; Pires, M. A. ; Seixas, 

F. and Rema, P. (2015). Evaluation of IMTA-produced seaweeds (Gracilaria, 

Porphyra, and Ulva) as dietary ingredients in Nile tilapia, Oreochromis niloticus L., 

juveniles. Effects on growth performance and gut histology. J. Appl. Phycol., 27(4): 

1671-1680. 

Soler-Vila, A.; Coughlan, S.; Guiry, M. D. and Kraan, S. (2009). The red alga 

Porphyra dioica as a fish-feed ingredient for rainbow trout (Oncorhynchus mykiss): 

effects on growth, feed efficiency, and carcass composition. . J. Appl. Phycol., 21(5): 

617-624. 

Srinivasa, D. S.; Shivananda, M. H. and Ramachandra, N. A. T. (2003). Effect of 

https://www.scopus.com/authid/detail.uri?authorId=57063379000
https://www.scopus.com/authid/detail.uri?authorId=56001199800
https://www.scopus.com/authid/detail.uri?authorId=56002103100
https://www.scopus.com/record/display.uri?eid=2-s2.0-84954499942&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84954499942&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84954499942&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57063379000
https://www.scopus.com/authid/detail.uri?authorId=57201774072
https://www.scopus.com/authid/detail.uri?authorId=55349513700
https://www.scopus.com/authid/detail.uri?authorId=57216702533&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=57216702672&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=57220286858&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=56198797100&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=56198797100&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=57204174577&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=56002103100&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=36698318000&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=14830994300&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=56001199800&amp;eid=2-s2.0-85082536724
https://www.scopus.com/authid/detail.uri?authorId=14830994300
https://www.scopus.com/authid/detail.uri?authorId=14830994300
https://www.scopus.com/authid/detail.uri?authorId=56001199800
https://www.scopus.com/record/display.uri?eid=2-s2.0-85082536724&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85082536724&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85082536724&origin=resultslist
https://www.scopus.com/sourceid/29427?origin=resultslist


409                           Effects of partial substitution of fish meal with marine macroalgae species  

____________________________________________________________________________________ 

 

 

dietary supplementation of probiotic on growth, survival, digestive enzyme activity 

and nucleic acid content of freshwater prawn. In: Macrobrachium- rosenbergii. 

Barrackpore, West Bengal, India, 34: 54-58. 

Stadtlander, T.; Khalil, W. K. B.; Focken, U. and Becker, K. (2013). Effects of low 

and medium levels of red alga Nori (Porphyra yezoensis Ueda) in the diets on 

growth, feed utilization and metabolism in intensively fed Nile tilapia, Oreochromis 

niloticus (L.). Aquac. Nutr., 19(1): 64-73. 

Tanaka, Y.; Gwak, W. S.; Tanaka, M.; Sawada, Y.; Okada, T.; Miyashita, S. and 

Kumai, H. (2007). Ontogenetic changes in RNA, DNA and protein contents of 

laboratory-reared Pacific bluefin tuna Thunnus orientalis. Fish Sci., 73(2): 378-384. 

Zehra, S. and Khan, M. A. (2020). Dietary folic acid requirement of fingerling Channa 

punctatus (Bloch) based on growth, protein productive value and liver folic acid 

concentrations. Anim. Feed Sci. Technol., 262: 114397. 

Zhu, D.; Wen, X.; Xuan, X.; Li, S. and Li, Y. (2015). The green alga Ulva lactuca as a 

potential ingredient in diets for juvenile white spotted snapper Lutjanus stellatus 

Akazaki. J. Appl. Phycol., 28(1): 703-711. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Eissa et al., 2021  410 

 

لملخص العربيا  

السمك بمستويات مختلفة من الطحالب البحرية علي مؤشرات النمو  مسحوقل تأثير االستبدال الغذائي الجسئي

 للبلطي األحمر   RNA/DNAوكذلك نسبة 

هدى عبدهللا عيسي
 1

 ، محمد مسعد حجازى 
2
 ، محمد السيد المر 

2
 ، زكي زكي شعراوى 

1
 

1 
 اٌغىيظ ، ِصش،  (NIOF) واٌّصايذ اٌبحاسحشبيت األحياء اٌّائيت ، اٌّعهذ اٌمىِي ٌعٍىَ  شعبت

2 
 لغُ عٍىَ اٌبحاس ، وٍيت اٌعٍىَ ، جاِعت لٕاة اٌغىيظ ، اإلعّاعيٍيت ، ِصش

 

ا ٌذساعت حأثيش االعخبذاي اٌجضئي ٌّغحىق اٌغّه بخشويضاث ِخخٍفت ِٓ ِغحىق  90أجشيج حجشبت ٌّذة  ًِ يى

ًٍ أداء إٌّى واإلعخفادة ِٓ فائك إٌعىِت ِٓ طحٍب اٌيىٌفا الوخىوا و اٌٍىسأغيا اوبخىعا وعيغخىصيشا ِيشوا ع

عّىت ِٓ  600ألعّان اٌبٍطً األحّش ِٓ عالٌت فٍىسيذا. حُ حمغيُ إجّاٌي  RNA/DNAاألعالف ووزٌه ٔغبت 

Oreochromis sp.  30عُ حُ بشىً عشىائي في  0.41±  6.4طىي جُ وِخىعظ  0.89±  5.67وصْ بّخىعظ 

ثالد ِىشساث (. حُ حجهيض عششة أٔظّت غزائيت عًٍ إٌحى  عّىت / حىض صجاجً  في ِعاِالث راث 20حىًضا )

( ححخىي عًٍ ِغحىق اٌغّه وّصذس سئيغي ٌٍبشوحيٓ. فً اٌّعاِالث األخشي ، حُ Cاٌخاٌي: اٌّجّىعت اٌضابطت )

% ِٓ طحٍب يىٌفا الوخىوا فً 15% و 10٪ و 5اعخبذاي ِغحىق اٌغّه جضئيًا )عًٍ أعاط ٔغبت  اٌبشوحيٓ( بـ 

 (L5) % ِٓ طحٍب ٌىسأغيا اوبخىعا فً اٌّعاِالث 15% و 10%و 5، و  (U15)،  (U10)،  (U5)  اٌّعاِالث

 ،(L10)  ،(L15)    طحٍب اٌغيغخىصيشا ِيشوا فً اٌّعاِالث 15%و 10% و 5و ِٓ % (C5)  ،(C10)  ،

(C15)   . 

( في جّيع اٌّعاِالث وٌىٓ أظهشث SRأظهشث إٌخائج عذَ وجىد فشولا ِعٕىيت فً ِعذالث اٌبماء )

.اِا فيّا يخعٍك بّؤششاث إٌّى  C15اٌّجّىعت اٌضابطت أفضً ٔغبت إعاشت وّا ظهشث ألً ٔغبت بماء فً اٌّعاٍِت 

وأخفضج ِع صيادة ِغخىياث اإلحالي.  U5في حاٌت اٌيىٌفا الوخىوا، وأج جّيع ِؤششاث إٌّى في أعًٍ ليُ ٌها في 

٪. وفي  C15ذِا حُ اعخبذاي ِغحىق اٌغّه جضئيًا بـ عيغخىصيشا ِيشوا في ألصً ليُ ٌها عٕذ وأج ٔخائج إٌّى عٕ

٪. عالوة 15ِجّىعاث اٌٍىسأغيا ححغٓ إٌّى حذسيجياً ِع صيادة اٌخشويض ٌيصً إًٌ أعًٍ ِغخىي في ٔغبت اإلحالي 

 اٌّعاِالث األخشي.  في ِعاِالث اٌٍىسأغيا بشىً واضح عٕها في RNA / DNAعًٍ رٌه ، صادث ٔغبت 

بشىً عاَ ، حشيش إٌخائج إًٌ أْ اٌطحاٌب اٌبحشيت حعخبش بذيالً ِمبىالً يّىٓ أْ يحً ِحً ِغحىق اٌغّه 

. واٌّجّىعت األوثش فاعٍيت العخخذاِها هي Oreochromis spوّصذس ٌٍبشوحيٓ اٌغزائي في عٍف اٌبٍطي األحّش 

 .٪ ِماسٔت باٌّجّىعت اٌضابطت15ً بّغخىياث اعخبذاي حصً إًٌ ٌىسيٕغيا اوبخىعا اٌخي أدث إًٌ أداء ّٔى أفض

 


