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INTRODUCTION  

 

Africa production of tilapia aquaculture accounted 1.2 MT (FAO, 2017), last 10 

years Tilapia species represented about 67% of total cultured species in 2014 (Soliman & 

Yacout, 2016; Shaalan, et al., 2018). Nile tilapia (Oreochromis niloticus), blue tilapia 

(Oreochromis aureus) and the red tilapia are the common cultured tilapia species (Sadek, 

2011; Shaalan, et al., 2018). 

The Nile tilapia is widely distributed in Africa and many of other parts of the world, 

Tilapia attributed to several factors, including high fecundity and rapid growth rates 

(Trewaves, 1983; El-Shabrawy & Dumont, 2003) 
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A 100- day study was conducted to evaluate the influence of two natural 

additives in the tilapia diet on growth, food performance and physiological 

conditions. Hence, six treated diets (30 % protein, 3000 k cal) were used; the 

control (0% additives) and diets1, 2 and 3, containing 1%, 2% & 3% dried 

mulberry leaves (ML), respectively. Whereas, diets 4, 5 and 6 contained 1%, 

2% & 3% dried guava leaves (GL). Fish were stocked in ponds with 30 fish/ 

part (2.5 x 2 x 1.5 metres), and an initial average weight of 24 ± 0.5 g. The best 

body weight gain, specific growth rate, feed conversion ratio and protein 

efficiency ratio were recorded for the fish fed on diets 4 & 5, which contained 

1% & 2% of guava additive. Whereas, fish fed on diet 1 with 1% mulberry 

leaves (p<0.05) was rated the next, compared to fish fed on the control diet. The 

results revealed that the addition of guava leaves powder with levels 1% and 2 

%, followed by 1% mulberry improved fish growth performance and feed 

utilization. In all fish treatments, the carcass composition data detected an 

increase in protein content accompanied with a decrease in fat percentage. Fish 

physiological measurements (plasma glucose, cholesterol and triglycerides) 

revealed that supplementing the Nile tilapia diets with the ML and GL showed a  

significant decrease (p<0.05) if compared with the control. An increase was 

recorded in the plasma total protein and globulin levels in all treated fish, 

compared to the control group, and accompanied with optimal liver enzymes 

activity. Hence, both ML and GL proved their beneficial impact on fish 

performance and nutrient utilization besides their role in enhancing the immune 

system of fish through vitamin C content in guava leaves that helps to maintain 

the health of blood vessels. 
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Use of natural unconventional feed sources, such as tree leaves, for animal production has 

attracted widespread attention. 

Welker and Lim (2011) defined phytobiotics as substances that derived from plants to 

enhance fish health and growth. So, the use of compounds from plants is desirable to 

improve aquaculture, such as Psidium guajava (Omitoyin et al., 2019), Echinacea 

purpurea and Allium sativum (Aly and Mamohamed,  2010), mulberry and moringa 

(Astuti et al., 2012), Allium sativum (Shalaby et al., 2006), thyme and garlic (Raky, 

2009a), and ginger (Raky, 2009b) 

Morus spp., such as Mulberry (Morus alba, Linn.) are widely distributed throughout 

Asia, Europe, Africa and the Americas, and have been used in animal production since 

the late 1980s. The mulberry leaves are highly palatable and easily digestible (70-90%) 

for herbivores and can also be fed to monogastrics. Mulberry leaves and young stems 

content on 15-28% crude protein that is similar to most legume forages (Sanchez, 2000). 

The nutritive value of mulberry leaves estimated as a protein source for beef cattle 

(Huyen et al., 2012), sheep (Kandylis et al., 2009), pigs (Ly et al., 2001), laying hens 

and broilers (Al-Kirshi et al., 2009).  

Mulberry plant is cultivated for silkworm feeding and their leaves contain a good quantity 

protein (21.1%) which also can be used as a total substitute (100%) for dietary fish meal 

for catfish. (Bag et al., 2012) 

Guava is widely cultivated in Africa, and incorporated into agroforestry systems in India 

(CABI, 2013). Guava leaves can be used as fodder (Heuzé et al., 2015). 

Guava plant plays an important role  as natural antioxidant due to its high content of 

polyphenols (Jiménez-Escrig et al., 2001), employed for treating diarrhea and digestion 

(Kumar et al., 2021), and used for hepatoprotection, cytotoxic, cardioactive, 

antiplasmodial, anti-inflamatory, due to its content of many metabolites like 

phenolic, flavonoid, carotenoid, terpenoid and triterpene,  that found in leaves and fruits 

(Gutiérrez et al., 2008).  

The guava (Psidium guajava L.) tree belonging to the Myrtaceae family, is a very unique 

and traditional plant which is grown due to its various medicinal and nutritive properties. 

(Kumar et al., 2021).Also, Jassal et al. (2019), reported that guava leaves can be utilized 

as a novel and sustainable dietary source as they are a rich source of proteins, 

carbohydrates, and dietary fibers. 

The present study was conducted to evaluate influence of two natural additives (mulberry 

and guava) dried leaves in tilapia diet to boost growth performance, feed utilization and 

physiological parameters. 

 

MATERIALS AND METHODS 

 

Experimental design: 

Samples of the Nile tilapia, Oreochromis niloticus were collected from El Qanater El 

Khairya fish farm with initial body weight of 24 g. They were reared in two concrete 
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ponds, each of which was divided into 8 equal parts by using nylon net with small mesh 

size (3.0 mm).For acclimatization, the stocked fish (with density 30 fish/part) were held 

under optimal conditions for2 weeks before starting the growth trial. The experiment 

lasted for 100 days. Fish were fed twice a day at 10:30 am and 14:30 pm and were 

biweekly weighed. 

Water quality parameters: 

The mean values of water quality parameter (±SE) were as follows: water temperature: 

28.9 ± 0.3
°
C; dissolved oxygen: 5 - 6 ± 0.4 mg/L; pH: 7.5 ± 0.2; total ammonia: 0.023 ± 

0.01 mg/L; nitrite: 0.025 ± 0.013 mg/ L and nitrate: 0.8 ± 0.4 mg/L. All water quality 

parameters were within the acceptable range for rearing the tilapia (Makori et al., 2017). 

Preparing additives: 

Leaves of Psidium guaijava L. (Guava), and Morus alba L. (Mulberry) were randomly 

harvested by hand from several trees. Leaves were washed by tap water, sun-dried and 

crushed into powder to be used in fish diets.  

Experimental diets: 

In this study, six experimental diets were used as follows: Diet 1 (1% ML), Diet 2 (2% 

ML), Diet 3 (3% ML), Diet 4 (1% GL), Diet 5 (2% GL), Diet 6 (3% GL) and the control 

(without additives). The diets formula and chemical composition were shown in Tables (1 

& 2). 

Table1. Experimental diets composition 

Feed  ingredient Control 
Mulberry leaves Guava leaves 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

 

Fish meal 62 % 21 21 21 21 21 21 21 

 

Soybean meal 44% 20 20 20 20 20 20 20 

 

Yellow corn 33 33 32 32 33 32 32 

 

Wheat bran 18 17 17 16 17 17 16 

 

Sunflower oil 6 6 6 6 6 6 6 

 

Premix* 2 2 2 2 2 2 2 

 

Feed additive 0 1 2 3 1 2 3 

* One kg premix contained:  

    Vitamins:- 48x10
5 

I.U (A), 6x10
2 

mg (B6), 20 mg (Biotin), 8x10
5 

I.U. (D3), 144 mg (E), 400 mg (B1), 

1600 mg (B2), 4x10
3
 mg (Pantothenic acid), 4 mg (B12), 4x10

2 
mg (Niacin), 2x10

5
 mg (Choline chloride) 

and 400 mg (folic acid). 

    Minerals premix:- 12x10
3
 mg Iron, 16x10

3
 mg Manganese, 12x10

2
 mg Copper, 120 mg Iodine, 80 mg 

Cobalt, 40 mg Selenium and 16x10
3
 mg Zinc.   

 

 

 

 

 

 

https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Agano_J_-Makori
https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#ref-CR15
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Table 2.Chemical analysis of  diet and additives 

Chemical composition 
Experimental 

diet 

Guava leaves 

(GL) 

Mulberry 

leaves (ML) 

Crude protein % 29.18 7.44 8.76 

Ether extract % 6.8 5.56 6.03 

Crude fiber % 3.7 8.5 5 

Nitrogen free extract % 47.7 68.26 72.72 

Ash % 10 10.24 7.49 

Metabolizable energy 

(kcal/kg) 2990.2 - - 

Protein/Energy ratio 98.71 - - 

 

Fish performance and feed utilization parameters 

Fish growth performance and feed utilization parameters were calculated according to the 

method of Cho and Kaushik (1985) as the following: 

Body weight gain (BWG, g /fish) = [final body weight (g) - initial body weight (g)];  

Daily weigh gain, (DWG, g /fish /day) = [BWG (g) / Experimental period (days)]; 

Specific growth rate (SGR, %g/day) = 100 [Ln final weight - Ln initial weight] / 

Experimental period (day); 

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

Protein efficiency ratio (PER) = gain in weight (g) / protein intake in feed (g); 

Protein productive value (PPV, %) =100 [protein gain in fish (g) / protein intake in feed 

(g)]; and 

Survival rate % = 100 [Initial number of fish stocked-Mortality] / Initial number of fish 

stocked 

Physiological parameters 

Blood parameters 

At the end of experiment, blood samples were collected using heparinized syringes from 

the caudal veins of the fish. Blood was centrifuged at 3000rpm for 15 min. Samples were 

subjected to determination of plasma total protein (PTP) and plasma albumin (PA) 

according to the method of  Armstrong and Carr (1964) and Doumas et al., (1977), 

respectively. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 

determined according to Rettman and Frankel (1975). Serum triglycerides (STG) and 

cholesterol (Chol.) were determined according to the method described by Stein (1986). 

Alkaline phosphatase (ALP) activity was determined by using the method of Williason 

(2003). While, glucose concentration was measured according to the method of Trainder 

(1969). 

Chemical analysis 

Chemical analysis of the experimental diets, additives and fish body were conducted to 

determine the percentages of dry matter (DM %),crude protein (CP %), ether extract (EE 

%), crude fiber (CF %), and ash % according to the AOAC method (2012). Nitrogen free 
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extract (NFE %) was calculated by differences; deducting the sum of CP%, EE%, CF%, 

and ash% from 100.  

Statistical analysis 

The data were subjected to analysis of variance (ANOVA) using general linear models 

(GLM) procedure; the software used was SPSS (Version 16.0) (SPSS, 1997). Duncan's 

multiple range tests (Duncan, 1955) was used to compare between means of the control 

and treated groups.  

The model of analysis was as follows:  

Yij = μ + Ti + Eij 

μ = the overall mean. 

Ti = the effect of treatment and 

Eij = the random error. 

 

RESULTS AND DISCUSSION 

 

1. Mulberry (Morus alba) dried leaves additive 

1.1. Growth performance and feed utilization of tilapia fed Morus alba leaves 

The current findings presented in Table (3) reveal that, growth performance of fish fed on 

diet 1, which contain 1% ML, were improved with respect to total weight gain, specific 

growth and survival rates (110 g, 1.73 % and 92 %) respectively, compared to those fed 

the other diets.  

Table (4) shows an improvement in feed the utilization values; FI (207.6 g), PPV (33.78 

%), FCR (1.89) and PER (2.0), for the test of fish fed diet 1. 

These results of growth performance and feed utilization are semi close to those of Bag et 

al. (2012), who fed sting catfish on the mulberry leaves. 

In literature, no enough information is found about adding mulberry leaves in fish diet. 

The present results showed that growth parameters of the fish fed on (levels  2 % and 3 

%) mulberry leaves additive recorded a negative slightly affect, when compared to the 

control. Astuti et al.(2012) recorded that mulberry leaves which contained secondary 

compounds (saponin, phytic and tannin) may affect fish performance. This result may be 

due to the presence of anti-nutritional factors and complex carbohydrates in mulberry 

leaves (NRC, 2011). 

1.2. Body chemical composition of fish fed Morus alba 

The chemical composition of fish body  presented in Table (5)shows that the highest 

protein and ash percentage (56.49 & 21.83) were recorded for fish fed on diet 1,and at the 

same time, the lowest lipid content was detected. 

Results of Miao et al. (2020) agree with those of the present study noting that the low 

level of dietary mulberry leaf meal increased protein content and ash content of the whole 

body compared to higher levels of the additive. This finding coincides with that of Khalil 

et al. (2015) who fed the Nile tilapia on Eruca sativa L. additive and noticed that the 
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highest protein level was accompanied with the lowest lipid, which also agrees with the 

findings of El-Ebiary and Zaki (2003) and Abdelhamid et al.(2007). 

 

Table 3. Growth performance of the Nile tilapia fed mulberry (ML) and guava leaves 

(GL) (Mean ± SE) 

Parameter 

Experimental diet 

Control 
Mulberry leaves Guava leaves 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

Initial weight 24±0.12 24± 0.11 24±0.10 25±0.09 27±0.15 28±0.13 27±0.91 

Final weight 127
d
 ±0.63 134

c
±1.01 114

e
±0.82 100

g
±0.95 174

b
±0.65 178

a
±0.55 110

f
±0.59 

Body weight 

gain
 104

c
 ± 0.95 110

b 
± 1.01 92

d 
± 0.81 75

f 
±0.65 148

a 
±0.59 150

a
 ±0.71 84

e 
±0.69 

Daily weight 

gain 1.04
c
 ±0.01 1.1

b
 ±0.02 0.92

d
 ±0.01 0.75

f
 ±0.01 1.48

a
 ±0.02 1.50

a
 ±0.03 0.84

e
 ±0.01 

Specific growth 

rate 1.67
c
 ±0.03 1.73

b
 ±0.01 1.56

d
±0.04 1.39

f
 ±0.03 1.86

a
 ±0.05 1.85

a
 ±0.02 1.41

e
 ±0.06 

Survival %
 90 ±0.91 92 ±1.10 91 ±1.02 91 ±0.97 94 ±1.03 95 ±0.85 91 ±0.99 

 

Table 4. Feed utilization parameters of  fish fed ML and GL (Mean ± SE) 

Parameters  

Experimental diets 

Control 
Mulberry leaves Guava leaves 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

Feed intake 197.7
d
±1.03 207.6

c
±1.32 182.9

e
±1.40 166.2

g
±1.05 262.1

a
±1.51 247.8

b
±1.26 181.9

f
±1.42 

Feed (FI) 

conversion 

ratio (FCR) 1.91
b
 ±0.01 1.89

c
 ±0.2 1.99

b
 ±0.01 2.23

a
 ±0.02 1.78

d
 ±0.01 1.78

d
 ±0.002 2.18

a
 ±0.01 

Protein 

efficiency 

ratio (PER) 1.97
c
 ±0.01 2.0

b
 ±0.02 1.88

d
 ±0.01 1.69

f
 ±0.01 2.12

a
 ±0.01 2.11

a
 ±0.01 1.73

e
 ±0.01 

Protein 

productive 

value (PPV) 29.35
c
 ±0.2 33.78

a
 ±0.3 29.56

c
 ±0.1 27.20

d
±0.2 30.92

b
 ±0.2 30.67

b
 ±0.1 26.16

e
 ±0.1 

 

1.3. Physiological parameters of fish fed Morus alba 

Results revealed that, supplementing the Nile tilapia diets with the ML significantly 

(p<0.05) decreased plasma glucose, serum triglycerides and total cholesterol compared to 

those in the control group (Table 6). These results are similar to data of Raky (2009b) 

who used ginger additive and those of Khalil et al. (2015) using rocket leaves additive in 

the Nile tilapia diets. 

The plasma total protein (PTP),for fish fed on the three ML levels, recorded optimum 

values higher than those of the control. While, plasma albumin values showed an increase 

through all tested fish groups (p>0.05). The present results are similar to those of 

Metwally (2009) who used garlic as an additive, and those of Raky (2009a, 2009b)who 
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added garlic, thyme and ginger to diets of the tilapia; in addition, they concur with those 

of Khalil et al. (2015)who added rocket leaves. 

Table (6) shows that mulberry leaves reduced the activities of AST and ALT, compared 

to those in the control diet. This finding is in agreement with those of Metwally (2009) 

and Zaki et al. (2012) who fed O. niloticus on garlic and different medicinal plants.. 

 

Table 5.Chemical analysis of whole fish body of the Nile tilapia (Mean ± SE) 

Parameter 

Experimental diet 

Control 
Mulberry leaves Guava leaves 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

Moisture % 70.15
f
±0.05 73.65

b
±0.05 71.25

e
±0.07 69.35

g
±0.04 75.15

a
±0.5 72.2

c
±0.06 71.45

d
±0.05 

Crude protein % 56.7
a
±0.53 56.49

a
±0.42 54.58

b
±0.63 52.55

c
±0.19 54.71

b
±0.75 54.53

b
±0.51 52.99

c
±0.92 

Ether extract % 17.1
e
±0.01 19.91

d
±0.02 22.39

c
±0.04 24.41

a
±0.04 17.28

e
±0.2 18.81

d
±0.1 23.38

b
±0.1 

Ash % 25.17
a
±0.04 21.83

c
±0.2 20.9

d
±0.1 17.89

e
±0.09 24.41

b
±0.06 24.54

b
±0.06 21.61

c
±0.04 

Nitrogen free 

extract % 1.03
e
±0.02 1.77

d
±0.2 2.13

c
±0.04 4.15

a
±0.06 3.62

b
±0.3 2.12

c
±0.03 2.02

c
±0.09 

Dry matter % 29.85
b
±0.05 26.35

f
±0.05 28.75

c
±0.05 30.65

a
±0.05 24.85

g
±0.05 27.65

e
±0.05 28.55

d
±0.05 

 

Table 6. Physiological parameters of tilapia fed on guava and mulberry leaves 

supplemented diets (Mean ± SE) 

Parameter 

Experimental diet 

Control 
Mulberry leaves Guava leaves 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

Plasma Glucose. 

(mg/ dl) 
104.3

a
 ±1.04 85

d
 ±0.91 84

d
 ±0.90 82.9

e
 ±0.87 92

c
 ±0.75 89

c
 ±0.81 96

b
 ±0.59 

Plasma total protein 

(g/dl) 
2.82

c
 ±0.11 3.12

b
 ±0.09 3.10

b
 ±0.12 3.11

b
 ±0.07 3.25

a 
±0.21 3.31

a
 ±0.06 3.10

b
 ±0.10 

Plasma albumin 

(g/dl) 
1.6

b
 ±0.02 1.79

a
 ±0.11 1.65

b
 ±0.03 1.72

ab
 ±0.01 1.38

c
 ±0.04 1.28

d
 ±0.02 1.41

c
 ±0.01 

Plasma globulin 

(g/dl) 
1.22

e
 ±0.01 1.33

d
 ±0.02 1.45

c
 ±0.04 1.39

cd
 ±0.03 1.87

b
 ±0.01 2.03

a
 ±0.10 1.69

b
 ±0.05 

S. triglycerides 

(mg/dl) 
62.06

a
 ±0.58 57.4

d
 ±0.75 58.9

c
 ±0.63 57.0

d
 ±0.54 60.10

bc
 ±0.47 59

c
 ±0.68 60.8

b
 ±0.81 

Total Cholesterol 

(mg/ dl) 
127.9

a
 ±1.09 119.0

b
 ±1.21 118.5

b
 ±1.32 113.4

d
 ±1.19 117.6

c
 ±1.35 118.8

b
 ±1.45 119.2

b
 ±1.07 

Alkaline 

phosphatase (U/L) 
49

a
 ±0.42 42

d
 ±0.36 42

d
 ±0.47 39

e
 ±0.53 44.1

c
 ±0.61 45.5

b
 ±0.50 44

c
 ±0.41 

Alanine 

aminotransferase(U/L) 
46.1

a
 ±0.32 39.2

b
 ±0.29 36.3

c
 ±0.48 34.9

d
 ±0.42 36.0

c
 ±0.27 36.0

c
 ±0.52 39

b
 ±0.39 

Aspartate 

aminotransferase(U/L) 
118.5

a
 ±1.07 87.8

f
 ±0.98 91

e
 ±1.02 91.5

e
 ±0.90 107.8

c
 ±1.11 112

b
 ±1.04 101

d
 ±0.99 

 

The high level of liver enzymes (ALT and AST) in blood is usually an indication of 

cellular damage in stressed fish (Chatterjee et al., 2006; Soosean et al., 2010)   
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The current results are promising and assume that the mulberry leaves additive protected 

the membrane integrity of the liver cells against stressors. 

The optimal values of alkaline phosphatase (ALP) were recorded for those fed ML 

compared to those of the control as shown in Table (6). 

The present results of physiological parameters are in agreement with those of Bag et al. 

(2012) who mentioned that, adding mulberry leaf meal in sting catfish diet was accepted 

with respect to the reaction of fish and improved their immunity against common 

diseases.  

Georgieva et al. (2020) recorded that diets supplemented with the phytoextracts of  

curcumin, paprika, thyme, oregano and garlic enhanced ALT and AST activities and 

increased plasma proteins  in common carp. 

 

2. Guava (Psidium guaijava) dried leaves additive 

2.1. Growth performance and feed utilization of fish fed Psidium guaijava leaves 

Present results showed that, best values of body weight gain (148 g & 150 g) and specific 

growth rate (1.86 % &1.85 %) were recorded for fish fed on diets 4 & 5, which contained 

1% & 2% guava leaves (Table 3). The present result revealed that using 1% or 2% guava 

leaf additive can enhance tilapia growth. This result coincides with that of Omitoyin et 

al. (2019) who found that the Nile tilapia fed on diet containing guava additive recorded 

the best SGR (1.47 & 1.56 %) at levels 0.25 % & 0.50 %. Moreover, Setufe et al. (2018) 

noticed that Clarias gariepinus fed on diets containing guava leaves additives enhanced 

growth performance of fish. Table (4) shows the best values of PER (2.12, & 2.11), FCR 

(1.78 & 1.78),  respectively, and the best results of feed intake (262.1 & 247.8g) and PPV 

(30.92 & 30.67) attributed to the tilapia fed on diets 4 and 5 and performed better than 

other groups (p<0.5). These results agree with those of Omitoyin et al. (2019) who 

reported that the best FCR, PER and FI were recorded for the Nile tilapia fed on guava 

additive. 

These results are somewhat similar with those obtained by Raky (2009a), who using 

thyme and garlic (powder and oil) additives observed that, the results of  FCR, PER and 

PPV for the tilapia fingerlings were improved. 

It is worth mentioning that, the guava leaves enhanced growth performance (gain in 

weight, SGR, FCR PER, FI and PPV).This may be due to the presence of minerals in 

guava leaves such as calcium, potassium, magnesium and phosphorus. Additionally, 

guava leaf diets contained phytochemicals such as terpenoids, steroids, flavonoids and 

phenols. (NRC, 2011; Kumar et al., 2021). 

Dietary inclusion of medicinal plants such as garlic (El-Saidy & Gaber, 1997); onion 

and garlic (Zaki & El-Ebiary, 2003); Allium sativum and Thymus vulgaris (Raky, 

2009a); honey bee pollen (EL-Asely et al., 2014); barely and onion (Marzouk et al., 

2017) increase fish growth performance, nutrients utilization, chemical composition and 

survival rate.  
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      The present data showed that, the survival rate increased in all fish groups fed on 

diets containing  additives compared to the control. This finding is in agreement with 

those of Pachanawan et al. (2008) and Omitoyin et al. (2019) who recorded that, fish 

diets supplemented with guava dried leaves and its extraction reduced mortality  of A. 

hydrophilla infected tilapia without side effects on tested fish. Furthermore, Arima and 

Danno (2002) recorded that, four antibacterial compounds isolated from guava leaves 

may improve fish growth and survival. 

  

2.2. Chemical composition of fish fed Psidium guaijava: 

The results of carcass composition cleared that the protein content of fish fed diet 4 & 5 

was higher than those fed diet 6, and at the same time diet 4 & 5 showed the lowest lipid 

content. These results agree with those of Khalil et al. (2015)  who fed the Nile tilapia 

fingerlings on rocket leaves Eruca sativa L. additive and noticed that highest protein 

values were accompanied with the lowest lipid.  

On contrary to the present findings, Abo-State et al.(2017) found that there are no 

significant differences in carcass composition of the Nile tilapia when fed different levels 

of phytogenic feed additives (Silaacid encapsulated). 

 

2.3. Physiological parameters of fish fed Psidium guaijava: 

Blood results presented in Table (6) reveal that plasma glucose (Gluc.), serum 

triglycerides (STG) and cholesterol (Chol.) of fish fed diet supplemented by three levels 

of guava leaves decreased significantly (p<0.05), compared to those of the control.  

These results are similar to the data of Raky (2009b) who verified that plasma glucose, 

serum triglycerides and total cholesterol decreased with the addition of ginger additive to 

the Nile tilapia diets. On the other hand, the present results of plasma total protein (PTP) 

for those fed guava leaves recorded highest values (3.25, 3.31, & 3.10 g/dl) compared to 

the control (2.82 g/dl). Additionally, the higher plasma globulin (PG) 1.87, 2.03, 1.69 

values were recorded for the fish fed the three levels of the same additive when compared 

to  the control group. 

Metwally (2009) mentioned that plasma total protein of the Nile tilapia fed on Allium 

sativum  were higher than that in the control. 

Regarding  liver enzymes of ALT (36.0, 36.0, and 39.0 U/L) and AST (107.8, 112.0, and 

101.0 U/L) of the fish fed diet treated with guava revealed the optimum levels compared 

to fish fed the control diet (46.1, 118.5 U/L).The same trend was recorded with respect to 

the  optimum alkaline phosphatase (ALP) values (45.5, 44.1, and 44 U/L) having the 

lowest values compared to fish fed on the control diet. 

The current best results of ALT & AST are in agreement with those of Omitoyin et al. 

(2019) who recorded that, the P. guajava extract enhanced the activities of liver function 

when added to the Nile tilapia diet. This finding suggests that the guava leaves protect the 

liver health against stressors.  
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The current study detected  an improvement in the blood parameters accompanied with 

growth parameters enhancement. This observation may be due to the stimulation of 

pancreatic enzymes secretion that are necessary in nutrient digestion and adsorption 

(Frankic et al., 2009). In this respect, Marzouk et al. (2017) recorded an enhancement in 

the growth performance and the hematological parameters of the Nile tilapia when fed on 

diets supplemented with barely and onion. 

CONCLUSION 

 

The present findings presented promising results by using the two natural additives 

(1 % Mulberry and  2 % Guava) of dried leaves for the diets of the Nile tilapia to enhance 

growth performance, feed utilization, physiological condition, and  protect factor to 

maintain  membrane integrity of the liver cells against stressors and immune response 

system  of fish. 

REFERENCES  

 

A.O.A.C. (2012). "Official Methods of Analysis of the Association of 

Official Analytical Chemistry." International, 19th ed., Gaithersburg, 

Maryland, USA. 

Abdelhamid, A. M.; Ibrahim, M. A.; Naghraby, N. A. and 

Soliman, A. A. A. (2007). Effect of dietary supplementation of betaine 

and/or stocking density on performance of Nile tilapia. J. Agric. Sci. 

Mansoura Univ. 32: 167-177. 

Abo-State, H. A.; El-Monairy, M. M.; Hammouda Y. A. and  

Elgendy, M. Y. (2017). Effect of a Phytogenic Feed Additive on the 

Growth Performance and Susceptibility of Oreochromis niloticus to 

Aeromonas hydrophila . . J. Fish. Aquat. Sci., 12: 141-148. 

Al-kirshi R.; Alimon A.R.; Zulkifli I.; Zahari M.W. and Sazili, A.Q. 

(2009). The chemical composition and nutritive value of mulberry leaf 

as a protein source in poultry diets. pp.98-162 in proc. 1st Int. Seminar 

on Animal Industry, Bogor Agricultural University, Indonesia. 

Aly, S.M. and Mohamed, M.F. (2010). Echinacea purpurea and 

Allium sativum as immunostimulants in fish culture using Nile tilapia 

(Oreochromis niloticus). J. Anim. Physiol. Anim. Nutr., 94: 31–39. 

Proceedings of 1st International Seminar on Animal Industry, Bogor, 

Indonesia. pp. 84-85. 

Arima, H. and Danno, G. (2002). Isolation of antimicrobial 

compounds from guava (Psidium guajava L.) and their structural 

elucidation. Biosci. Biotechnol. Biochem., 66: 1727–1730. 



817                                                           Effects of some feed additives on Oreochromis niloticus                                                                 

 

 

Armstrong, W.D. and Carr, C.W. (1964). Physiological chemistry 

laboratory directions. (3rd ed.). Burges Publishing Co. Minneapolis, 

Minnesota. 

Astuti, D. A.; Becker, K. and Richter N. (2012). Energy and protein 

balance of Nile tilapia fed with moringa and mulberry leaves. JPHPI, 

Vol. 15.  

Bag, M.P.; Ghorai, M.; Mahapatra, S.C.; Rao, P.S. and Pal, H. 

(2012). Evaluation of Mulberry (Morus alba, Linn.) leaf meal as a 

complete diet for sting fish (Heteropneustes fossilis, Bloch). Int. J. 

Pharm. Life Sci., 3(9): 1965-1969 

CABI (2013). Invasive Species Compendium. Wallingford, UK: CAB 

International. 

Chatterjee, N.; Pal, A. K.; Das, T.; Manush, S. M.; Sarma, K.; 

Venkateshwarlu, S. and Mukherjee, S. C. (2006). Secondary stress 

response in Indian major carps Labeo rohita (Ham), Catla catla (Ham) 

and Cirrhinus mrigala( Ham) fry to increasing packing densities. 

Aquaculture Research, 37: 472–476.  

Cho, C. Y. and Kaushik, S. J. (1985). Effects of protein intake on net 

metabiliable and net energy values of fish diets. In: Nutrition and 

feeding in fish, Academic Press, London, 95- 117.  

Doumas, B.T.; Waston, W. and Biggs, H.H. (1977). Albumine 

standards and the measurements of serum albumin with Bromocresol 

Green. Clinical Chemistry Acta 31: 87-96. 

Duncan, D.B. (1955). Multiple ranges and multiple F-tests. 

Biometrics, 11: 1-42. 

EL-Asely, A.M.; Abbass, A.A. and Austin, B. (2014). Honey bee 

pollen improves growth, immunity and protection of Nile tilapia 

(Oreochromis niloticus) against infection with Aeromonas hydrophila. 

Fish and Shellfish Immunology, 40: 500-506. 

El-Ebiary, E.H. and Zaki, M.A. (2003). Effect of supplementing active 

yeast to the diets on growth performance, nutrient utilization, whole 

body composition and blood constituents of monosex Nile tilapia 

(Oreochromis niloticus). Egypt. J. Aquat. Biol. & Fish., 7(1): 127–139. 

El-Saidy, D.M.S.D. and Gaber, M.M.A., (1997). Effect of different 

levels of dry garlic meal supplemented to the diets on growth 

performances, survival and body composition of Nile tilapia 

(Oreochromis niloticus) fingerlings. Annls. Agric. Sci., Moshtohor, 35: 

1197-1209. 



818                                                           Effects of some feed additives on Oreochromis niloticus                                                                 

 

 

El-Shabrawy, G.M. and Dumont, H.J. (2003). Spatial and seasonal 

variation of the zooplankton in the coastal zone and main khors of 

Lake Nasser (Egypt). Hydrobiologia, 491: 119-132. 

FAO, (2017). Policy measures for managing quality and reducing post-

harvest losses in fresh produce supply chains in South Asian countries. 

FAO, Rome.   

Frankic, T.; Voljc, M.; Salobir, J. and  Rezar, V. (2009). Use of 

herbs and spices, and their extracts in animal nutrition. Acta 

Argiculturae Slovenica, 94 (2): 95-102. 

Georgieva, K.; Zhelyazkov, G. and Georgiev, D. (2020). Effect of 

dietary phytoextracts supplementation on biochemical blood 

parameters of common carp (Cyprinus carpio L.) cultivated in a 

recirculation system. Bulgarian Journal of Agricultural Science, 26 (1): 

186-191. 

Gutiérrez R. M. P.; Mitchell S. and Solis R. V. (2008). Psidium 

guajava: a review of its traditional uses, phytochemistry and 

pharmacology. J. Ethnopharmacol., 117(1):1-27. 

Heuzé, V.; Tran, G.; Bastianelli, D. and Lebas, F. (2015). Guava 

(Psidium guajava) Feedipedia, a programme by INRA, CIRAD, AFZ and 

FAO. Last updated on October 27,2015, 11:43. 

Huyen, N.; Wanapat, M. and Navanukraw, C. (2012). Effect of 

Mulberry leaf pellet (MUP) supplementation on rumen fermentation 

and nutrient digestibility in beef cattle fed on rice straw-based diets. 

Animal Feed Science and Technology, 175: 8-15.  

Jassal, K. and Kaushal, S. (2019). Phytochemical and antioxidant 

screening of guava (Psidium guajava) leaf essential oil. Agric. Res. J., 

56: 528.  

Jiménez-Escrig, A.; Jiménez-Jiménez, I.; Pulido, R. and Saura-

Calixto, F. (2001). Antioxidant activity of fresh and processed edible 

seaweeds. J Sci Food Agric 81:530-534. 

Kandylis, K.; Hadjigeorgiou, I. and Harizanis, P. (2009). The 

nutritive value of mulberry leaves (Morus alba) as a feed supplement 

for sheep. Tropical Animal Health and Production, 41: 17-24.  

Khalil, F.F.; Mehrim, A.I. and Refaey, M.M. (2015). Impact of 

Dietary Rocket (Eruca sativa) Leaves or Seeds on Growth 

Performance, Feed Utilization, Biochemical and Physiological 

Responses of Oreochromis niloticus, Fingerlings. Asian Journal of 

Animal Sciences, 9 (4): 134-147. 

https://pubmed.ncbi.nlm.nih.gov/?term=Guti%C3%A9rrez+RM&cauthor_id=18353572
https://pubmed.ncbi.nlm.nih.gov/?term=Mitchell+S&cauthor_id=18353572
https://pubmed.ncbi.nlm.nih.gov/?term=Solis+RV&cauthor_id=18353572
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jim%C3%A9nez-Escrig%2C+Antonio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jim%C3%A9nez-Jim%C3%A9nez%2C+Isabel
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pulido%2C+Raquel
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Saura-Calixto%2C+Fulgencio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Saura-Calixto%2C+Fulgencio


819                                                           Effects of some feed additives on Oreochromis niloticus                                                                 

 

 

Kumar, M.; Tomar, M.; Amarowicz, R.; Saurabh, V.; Nair, M.S.; 

Maheshwari, C.; Sasi, M.; Prajapati, U.; Hasan, M. and Singh, S. 

(2021). Guava (Psidium guajava L.) Leaves: Nutritional Composition, 

Phytochemical Profile, and Health-Promoting Bioactivities. Foods, 10: 

752. doi.org/ 10.3390/foods10040752 

Ly, J.; Chhay, T.; Phiny, C. and Preston, T.R. (2001). Some 

aspects of the nutritive value of leaf meals of Trichanthera gigantea 

and Morus alba for Mong Cai pigs. Livestock Research for Rural 

Development, 13: 1-9. 

Makori, A. J.;  Abuom, P. O.;  Kapiyo, R.;  Anyona, D. N. and 

Dida, G. O. (2017). Effects of water physico-chemical parameters on 

tilapia (Oreochromis niloticus) growth in earthen ponds in Teso North 

Sub-County, Busia County. Fisheries and Aquatic Sciences, 20: 30. 

Marzouk, M.S.M.; Abdel Aziz, M.A.; Soliman, W.S.; Abbas, H.H.; 

Mona, S.Z.; Awad, E. and Sahr, B.A. (2017). Effect of some herbal 

extracts on the health status of cultured Oreochromis niloticus. 

Research Journal of Pharmaceutical, Biological and Chemical Sciences, 

8(1): 1457-1466. 

Metwally, M.A.A. (2009). Effects of Garlic (Allium sativum) on Some 

Antioxidant Activities in Tilapia Nilotica (Oreochromis niloticus). World 

Journal of Fish and Marine Sciences, 1(1): 56-64. 

Miao, L.; Charles, O.; Lin, Y.; Gong, Y.; Zhu, W.; Wang, L.; Fu, J.; 

Zhang, Z. and Dong, Z. (2020).  Interactive effects of mulberry leaf 

meal and bamboo charcoal additive on growth performance, anti-

oxidant capacity, and disease resistance of genetically improved 

farmed tilapia (GIFT) juvenile (Oreochromis niloticus). Aquaculture 

Reports, 18: 100483. 

NRC (National Research Council), (2011). Nutrient requirements of 

fish and shrimp. Washington DC, National Academy Press p. 392. 

Olmedo-Sanchez, J.A., Curiel-Flores, A., Orozco, J.R., 2009. The 

effect of an herbal growth promoter feed additive on shrimp perfor-

mance. Research Journal of Biological Science, 4: 1022-1024. 

Omitoyin B. O.; Ajani, E. K.; Orisasona,  O.; Bassey, H. E.; 

Kareem, K.O. and Osho, F. E. (2019). Effect of guava Psidium 

guajava (L.) aqueous extract diet on growth performance, intestinal 

morphology, immune response and survival of Oreochromis niloticus 

challenged with Aeromonas hydrophila. Aquaculture Research, 00:1–

11. DOI: 10.1111/are.14068 

https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Agano_J_-Makori
https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Paul_O_-Abuom
https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Raphael-Kapiyo
https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Douglas_N_-Anyona
https://fas.biomedcentral.com/articles/10.1186/s41240-017-0075-7#auth-Gabriel_O_-Dida
https://fas.biomedcentral.com/


820                                                           Effects of some feed additives on Oreochromis niloticus                                                                 

 

 

Pachanawan, A.; Phumkhachorn, P. and Rattanachaikunsopon, 

P. (2008). Potential of Psidium guajava Supplemented Fish Diets in 

Controlling Aeromonas hydrophila Infection in Tilapia (Oreochromis 

niloticus). Journal of bioscience and bioengineering, 106(5): 419-

424. doi: 10.1263/jbb.106.419. 

Raky, F.A. (2009a). Influence of some feed additives on growth rates 

and physiological measurements of blue tilapia (Oreochromis aureus). 

Egyptian Journal of Aquatic Research, 35(2): 231- 241. 

Raky, F.A. (2009b). Growth response and physiological activities of 

Nile tilapia (Oreochromes niloticus) fed basal diets supplemented with 

ginger (Zingeber  officinale)  as natural growth promoters. Egypt. J. 

Aquat. Biol. & Fish., 13(4): 85- 107. ISSN 1110-1131. 

Rettman, S. and Frankel, S. (1957). A colometric determination of 

glutamic oxaloacetic and glutamic pyruvic transaminase. J. Clin. 

Pathol., 28(1): 56-63. 

Sadek, S. (2011). An overview on desert aquaculture in Egypt. An 

overview on desert aquaculture in Egypt. In: Crespi V, Lovatelli V, 

editors. Aquaculture in desert and arid lands: development constraints 

and opportunities. FAO Technical Workshop, 6–9 July 2010, 

Hermosillo, Mexico. FAO Fisheries and Aquaculture Proceedings No. 20. 

Rome: FAO. p. 141–158. 

Sánchez, M.D. (2002). World distribution and utilization of mulberry 

and its potential for animal feeding. FAO Electronic Conference on 

Mulberry for Animal Production, 147: 1-9. Sánchez MD. Mulberry: an 

exceptional forage available almost worldwide. FAO Electron. Conf. 

“Mulberry for Animal Production”. FAO, Rome, Italy.  

Setufe, S.B.; Ajani, E K.; Emikpe, B.O. and Ogunbanwo, S.T. 

(2018). Growth performance of Clarias gariepinus on diets fortified 

with Lactobacillus plantarum and Psidium guajava leaf. Acta Vet 

Eurasia, 44: 105-111. 

Shaalan, M.; El-Mahdy, M.; Saleh, M. and El-Matbouli, M. (2018). 

Aquaculture in Egypt: insights on the current trends and future 

perspectives for sustainable development. Rev Fish Sci Aquacult., 

26(1): 99–110. doi:10.1080/23308249.2017. 

Shalaby, A. M.; Khattab, Y. A. and Abdel-Rahman,  A. M. (2006). 

Effects of Garlic (Allium sativum) and chloramphenicol on growth 

performance, physiological parameters and survival of Nile tilapia 



821                                                           Effects of some feed additives on Oreochromis niloticus                                                                 

 

 

(Oreochromis niloticus). Journal of Venous Animals and Toxins 

including Tropical Diseases,12(2).  

Soliman, N.F. and Yacout, D.M.M. (2016). Aquaculture in Egypt: 

status, constraints and potentials. Aquacult Int., 24: 1201. doi 

10.1007/s10499-016-9989-9. 

Soosean, C.; Marimuthu, K.; Sudhakaran, S. and Xavier, R. 

(2010). Effect of mangosteen (Garcinia mangostana L.) extracts as a 

feed additive on growth and haematological parameters of African 

catfish (Clarias gariepinus) fingerlings. European Review for Medical 

and Pharmacological Sciences, 14: 605–611. 

SPSS, (1997). Statistical Package for the Social Sciences, Version 16, 

SSS in Ch, Chi- USA. 

Stein, E.A. (1986). Text book of clinical chemistry N. W. Tietz (Ed.) 

W.B. Saunders Co. Philadelphia, 1818- 1829pp. 

Trewaves, S. (1983). Tilapiine species of the genera Sarotherodon, 

Oreochromis and Danakila, London British Meuseum (Natural History) 

vol. 583, Unecia Ltd, Jinja Uganda. 

Trinder, P. (1969). Determination of glucose in blood using glucose 

oxidase with an alternative oxygen acceptor. Annnual Clin. Biochem., 

6: 24-27. 

Welker, T. L. and Lim, C. (2011). Use of Probiotics in Diets of Tilapia. 

J Aquac Res Development, S1:014. doi:10.4172/2155-9546.S1-014 

Williamson, E. (2003). Potter's Herbal Cyclopedia London: C.W. 

Daniel. 

Zaki, M.A. and El-Ebiary, E.H. (2003). Effect of incorporation of 

onion and garlic into diets on growth performance and body 

composition of mono-sex Nile tilapia (Oreochromis niloticus). Egypt. J. 

Aquatic Biol. Fish., 7: 113-126. 

Zaki, M.A.; Labib, E.M.; Nour, A.M.; Tonsy, H. D. and Mahmouda, 

S. H. (2012). Effect Some Medicinal Plants Diets on Mono Sex Nile 

Tilapia (Oreochromis niloticus), Growth Performance, Feed Utilization 

and Physiological Parameters. APCBEE Procedia, 4: 220 – 227. 

 


