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ABSTRACT 
 

This study was conducted to investigate the effects of supplementing rabbits does 

with nano-zinc (NZn), nano-moringa (NMo), or moringa extract (MoE) on their 

growing rabbits (GR; fed on a moringa diet) behaviour, performance, and 

weaning stress alleviation. Twenty four does were equally divided into 4 groups; 

NZn-treated dams, NMo-treated dams, moringa extract MoE-treated dams, and 

non-treated dams (control; NTD) throughout gestation, lactation, and until the 

weaning of neonates. Immediately after weaning at about 35 days of age, 48 GR 

[12 from each treated dam group] were subdivided into 8 equal groups (each 12 

GR/gp divided into 2 sub-groups: n = 6 per each); one sub group fed on a basal 

diet (BD) and the other fed on a 5% Moringa olifera-containing ration (MD) for 4 

weeks. Feed intake (FI), body weight, and behavioural changes in the GR were 

recorded. Blood samples were collected at the termination of the experiment to 

assess oxidative stress (MDA, GSH), growth indicators (T3, T4), and liver and 

kidney functions. As a result, MD supplementation significantly (P < 0.01) 

increased FI compared to BD in the GR from control and NZn-treated dams. In 

addition, MD supplementation resulted in increased feeding and drinking 

behaviours frequency and duration, while self-grooming was reduced in both 

NTD and NZn-treated dams in relation to BD supplemented groups. Moreover, 

MD significantly decreased oxidative stress in GR from NTD. Also, MD induced 

a significant (P < 0.01) increase in T3 level and enhanced the liver and kidney 

functions in GR from all treated dams compared to control. Furthermore, MD 

supplementation increased the economic efficiency of GR. In conclusion, MD 

supplementation to GRs or treatment of their dams with the mentioned treatments 

decreased weaning stress, improved rabbit behaviour, and improved economic 

efficiency, but no significant improvement in the GRs' performance was 

observed. However, treatments of dams and their GR with MD resulted in GR 

inability to cope with weaning stress and induced renal and hepatic damage. 

Thus, it is recommended to supplement GR with MD after weaning or prenatal 

treatment of their dams with herbal extract or nano-herbal particles, but a 

combination of both treatments is not recommended. 
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INTRODUCTION 

Globally, there is an increase in the demand 

for cheap and high quality animal protein. The lack of 

animal protein sources, particularly in developing 

nations, may be linked to an increase in livestock 

production costs (Etchu et al., 2017). 

 

The rabbit (Oryctolagus cuniculus) produces 

the highest-quality lean meat, which provides 

necessary amino acids, polyunsaturated fatty acids, 

vitamins, and minerals, is lower in cholesterol, and 

lacks uric acid (Etchu et al., 2017; Selim et al., 202; 

El-Ratel et al., 2023). 

 

Growth promoters are commonly used to 

enhance feed conversion, performance, and meat 

quality (Islam et al., 2022). The European restriction 

of growth promoters containing antibiotics and their 

harmful effects motivated researchers and feed 
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organizations to investigate novel animal feeding 

methods (Dalle Zotte et al., 2016). Phytochemical 

components, phytogenic feed additives and/or 

extracts are used in animal nutrition to improve 

digestive enzyme output, activate the immune system, 

and promote antibacterial and antioxidant qualities 

(Hashem et al., 2013; Dalle Zotte et al., 2016; 

Abou-Elkhair et al., 2018). 

 

Feed additives are used to enhance meat 

production (Islam et al., 2022). Among  the used feed 

additives is Moringa oleifera which is grown 

extensively in Africa, Asia, and the United States; it 

is also commonly grown in Egypt due to its 

adaptability to a variety of environmental conditions 

and soil types (Saalu et al., 2011; Selim et al., 2021). 

Moringa oleifera leaves (MOL) have a high 

concentration of all necessary and sulfur-rich amino 

acids, and true protein comprises about 87% of the 

total protein content (El-Desoky et al., 2018) and is 

rich in minerals , vitamins, and natural antioxidants 

(Gowrishankar et al., 2010). 

 

Nowadays, nanotechnology is more 

frequently used in all different fields, including 

animal production. Many studies indicated that using 

nanoparticles has a beneficial effect on animal 

production and performance, Zinc and its 

nanoparticles (NPs) were used as antioxidants, anti-

inflammatory agents, immunoregulators, and to 

improve the performance of animals (Hassan et al., 

2017). Nano-sizing of metals or their use as herbal 

nano-carriers has a potential to enhance their activity, 

overcome problems associated with plant absorption, 

and direct them to the target site of action (Ansari, et 

al., 2012; Bonifacio et al., 2014). However, exposure 

to zinc and zinc oxide nanoparticles may increase the 

risk of their toxicity (Igarashi, 2008). For example, 

nephrotoxicity and changes in renal function resulted 

from high levels of zinc oxide nanoparticles ''ZnO 

NPs'' in laboratory animals (Sharma et al., 2012). 

Moringa Oleifera leaves’ extract acted as both 

reducing and stabilizing agents during the synthesis 

of nanocomposites of Zn2+ via its bioactive 

compounds (Ngom et al., 2021). 

 

Behaviour of individuals, such as feeding and 

self-grooming, reflects animals dietary intake 

(Lashari et al., 2021), anxiety, and stress in rodents 

(Song et al., 2016). Early studies pointed to the 

improvement effect of MOL on the average bunny 

weight (Emmanuel et al., 2014). In addition, Omara 

et al. (2018) showed that MOL altered the blood 

biochemical parameters in rabbits. However, so far, 

there have been no studies comparing the effects of 

MOL and their nanoparticles on the behaviour and 

performance of rabbits.  

Therefore, the current study was designated 

to compare the effect of supplementing dams (during 

pregnancy and lactation) with MOL extract, Nano-

moringa, and Nano-zinc particles on alleviating 

weaning stress in their neonates with and without 

feeding them on MOL containing diets for 4 weeks. 

Performance, behaviour, and physiological response 

to stress were evaluated via antioxidant activity, 

thyroid hormones, and kidney and liver functions in 

growing rabbits. 

 

MATERIALS AND METHODS     

1. Moringa diet and nanoparticle preparation 
Fresh MOL was harvested at morning from 

agro-forestry at agriculture factory- Beni-suef 

University.  Later, leaves were washed by tap water 

followed by distilled water and allowed to dry by 

solar rays. The dried MOL was included as a 

component in the rabbits ration formulation during 

pellets manufacturing by a percent of 5% according 

to Omara et al. (2018).  Aqueous extract of Moringa 

Olifera was prepared,  Nano-Zinc and Nano-Moringa 

leaves particles were prepared in the Nanotechnology 

Department in the Faculty of Postgraduate, Beni-Suef 

University, Egypt. 
 

2. Animals  
Twenty four nulliparous V-Line rabbit does 

about 4.6 months of age with average body weight 

3.10 ± 0.20 were reared in a commercial rabbit farm 

exposed to one of the following treatments; Nano 

zinc, Nano moringa, moringa extract or distilled 

water via oral gavage during gestation period and till 

weaning of neonates at age of one month. After 

weaning of neonates, forty eight male and female 

growing rabbits (GR) (12 from each group; with 

initial average live weight; 0.75-0.78kg\ neonates 

were used for the current study). The average 

temperature was 20±1.5
0
C and relative humidity 

(RH) 49±3%. Provision of prepared rabbit ration and 

clean fresh water (through nipples) were maintained 

throughout the experiment. The rabbits were kept 

under hygienic environmental conditions. 
 

3. Ethical approval 
The ethical committee of the college of veterinary 

medicine at Beni-Suef University provided approval 

for this work under Approval number (022-316). 
 

4. Experimental design  
The rabbit does were orally gavaged at a 

fixed time (8:00 am) with Nano-Zinc (NZn), Nano-

Moringa (NMo), or Moringa Extract (MoE) during 

pregnancy and lactation, while their weaned neonates 

were fed on the MD or BD diet for 4 weeks, followed 

by assessment of their behaviour and performance in 

a trial to alleviate the weaning stress using MOL, as 

described in Fig. 1. 
 



Dietray Supplemention of Moringa Oleifera …….. 

93 
 

 

Fig 1: Scheme of the experimental design  
 

5. Diet composition 

Table 1: Ingredients of experimental diets (%) 

Diet composition 
Basal 

diet 

Moringa 

diet 

Soybean meal 

44% 
18.5 16 

Wheat bran 32 32 

Yellow corn grain 14 14 

Wheat straw 9 7 

Clover hay 20 20 

Barley 5 5 

Moringa leaves 0 5 

Premix 1.5 1 

Total 100 100 

Chemical composition (%) according to 

National Research Council (NRC) 1977 

Crude protein 17.1 17.1 

Metabolizable 

Energy "ME" 

(Kcal/kg) 

2520 2490 

Crude fiber 13.5 13.7 

Ash 6.7 6.5 

Moisture 6.8 6.2 

 
Each one kg of premix (minerals and vitamins mixture) 

contains vitamin A, 20000 IU; vitamin D3, 15000 IU; 

vitamin E, 8.33 g; vitamin K, 0.33 g; vitamin B1, 0.33; vit. 

B2, 1.0 g; vitamin B6, 0.33 g; vitamin B5, 8.33 g; vitamin 

B12, 1.7 mg; pantothenic acid, 3.33 g; biotine, 33 mg; folic 

acid, 0.83 g; choline chloride, 200 mg; Growel Agrovet, 

Egypt.  
 

6. Identification of cages and growing rabbits  
Two ways of identification was used, cage 

identification using cage card and animal 

identification by painting them with special pigments 

such as saturated carbol fuchsin, Giemsa, and 

malachite green stains on the 

 

7. Growth performance parameters 

7.1.  Feed intake and Feed Conversion ratio 
Daily feed intake (FI, kg) was calculated 

weekly (Selim et al., 2021): 

Feed Intake/Kg = Feed introduced/Kg– Residual 

feed/Kg  

Feed Conversion ratio (FCR, kg/kg gain) was 

calculated through this equation: 

F.C.R = 
           

                            
  

 

7.2. Body weight 
Rabbits were weighed individually using a 

digital scale in the morning before feeding or 

drinking at fixed time of day to reduce variations and 

obtain accurate weight (Fasted weight) once every 

week. Then, the body weight gain (BWG, kg) was 

calculated by subtracting the current weight from the 

previous weight. 
 

8. Behaviour assessment 
The rabbit behaviour was recorded by blind 

observer using a digital video camera and standing 

about 1 meter distance from the rabbits' battery to 

avoid the incidence of disturbance to animals 

(Martin et al., 1993). Each group was videotaped for 

thirty minutes during feeding twice daily, three days 

weekly. Then, different behavioural patterns were 

analyzed manually by focal observation of individual 

rabbits as mentioned by Dal Bosco et al., (2019) in 

Table 2. 
 

Table 2: Behavioural Ethogram (by recording 

frequency and duration/minute). 
 

Behaviour Patterns Behaviour Description 

Eating 
Head above the feeder. Eating 

or chewing pellets 

Drinking 

Head in close proximity to 

water nipple. Nosing or 

drinking from water nipple 

Self-grooming 
Licking, scratching, or 

nibbling of the body 
 

9. Blood sampling  
At the end of the experiment,  blood samples 

were obtained from the rabbits' ear vein inside tubes 

lacking anticoagulant, centrifuged to extract serum, 

and then preserved at -20 °C in a markedly clean E 

pindoorf for physiological and biochemical 

calculations. 

 

9.1. Determination of blood biochemical and 

metabolite parameters 

Total protein (Henry, 1964), albumin 

(Doumas et al., 1971), globulin (subtraction of 

albumin from total protein), cholesterol (Röschlau et 

al., 1974), alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) (Schumann and 

Klauke., 2003), and creatinine (Mazzachi et al. 

2000; Rifai, 2017) were determined to evaluate any 

changes in their levels. Chemiluminescence 
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immunoassay (ECLIA) technology was followed for 

quantitative assessments of triiodothyronine (T3), 

thyroxine (T4). 
 
 

 

 

9.2. Determination of antioxidant activity  
Lipid peroxidation in the serum was 

estimated by the colorimetric method by measuring 

serum malondialdehyde (MDA) content, as described 

by Albro et al. (1986). Also, reduced hepatic 

glutathione (GSH) content was measured according 

to Ellman (1959). 
 

 

 

 

10.Calculation of Economic Efficiency 
Economic Efficiency (E.E) for meat 

production was calculated as described by (El-

Desoky et al., 2018). 

  

11. Statistical analysis 
All data were analyzed by one way analysis 

of variance (One way ANOVA) using SPSS version 

22 statistical software (IBM Corp. Released 2011. 

IBM SPSS statistics for window, version 22.0 

Armonk, NY: IBM Corp). The obtained data were 

presented as mean±SE and considered significant at 

P<0.05. 

 
 

RESULTS 
 

Table (3) showed that at the fourth week post feeding of GR (from NTD) on MD, FI was significantly 

(P<0.01) increased when compared to BD in the same group. However, MD significantly (P < 0.01, 0.05) 

decreased the FI of GR from NMoD and MoED, respectively, compared to the BD-GR of each group. In addition, 

the FI of GR (from NZnD, NMoD, and MoED) fed on BD was significantly (P <0.01) increased in comparison 

with those fed BD in NTD.  

 

Table 3:  Effects of Moringa oleifera leaves on feed intake (Kg) and feed conversion rate (Kg/Kg gain) 

of growing rabbits delivered from dams treated by Nanozinc, Nano-Moringa and Moringa oleifera 

leaves extract during pregnancy and lactation. 

 
Treatment of dams Significance 

Period of 

feeding 

growing rabbit / 

week 

Control 

(NTD) 
NZnD NMoD MoED Treatments  VS Control (NTD) 

Growing rabbits diets NZnD NMoD MoED 

BD MD BD MD BD MD BD MD BD MD BD MD BD MD 

F
ee

d
  

in
ta

k
e 

(K
g

) 

First 

0.29 

± 

0.03 

0.29 

± 

0.02 

0.29 

± 

0.02 

0.29 

± 

0.02 

0.29 

± 

0.02 

0.29 

± 

0.02 

0.29 

± 

0.02 

0.29 

± 

0.02 

NS NS NS NS NS NS 

Second 

0.33 

± 

0.03 

0.36 

± 

0.03 

0.32 

± 

0.03 

0.35 

± 

0.04 

0.33 

± 

0.03 

0.36 

± 

0.03 

0.34 

± 

0.03 

0.35 

± 

0.03 

NS NS NS NS NS NS 

 

Third 

0.41 

± 

0.04 

0.45 

± 

0.03 

0.40 

± 

0.03 

0.46 

± 

0.03 

0.44 

± 

0.03 

0.43 

± 

0.03 

0.47 

± 

0.03 

0.45 

± 

0.03 

NS NS NS NS NS NS 

Fourth 

0.40 

± 

0.03 

0.57 

± 

0.01
**

 

0.60 

± 

0.01 

0.57 

± 

0.01 

0.57 

± 

0.02 

0.45 

± 

0.01
**

 

0.59 

± 

0.01 

0.54 

± 

0.01
*
 

** NS ** ** ** NS 

Feed conversion 

ratio 

(Kg/Kg gain) 

4.45 

± 

1.81 

2.46 

± 

0.03 

2.68 

± 

0.19 

2.45 

± 

0.12 

2.58 

± 

0.27 

2.43 

± 

0.27 

2.67 

± 

0.04 

1.91 

± 

0.38 

NS NS NS NS NS NS 

 

* = P value <0.05                  ** = P value <0.01 

NTD = Non Treated Dams      NZnD = Nano-Zinc treated Dams     NMoD = Nano-Moringa treated Dams   

MoED = Moringa Extract treated Dams  

BD = Basal Diet   MD = Moringa containing Diet    NS = Non significant   FCR = Feed Conversion ratio. 
 

Table (4) declared that there was no significant difference in weight and weight gain in GR from 

all groups throughout the period of feeding on MD.  
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Table 4: Effects of Moringa oleifera leaves on Body weight (Kg) and weight gain (Kg) of growing 

rabbits delivered from dams treated by Nanozinc, Nano-Moringa and Moringa oleifera leaves extract 

during gestation and lactation period. 

 
Treatment of dams Significance 

Period of 

feeding 

growing 

rabbit / 

week 

Control 

(NTD) 
NZnD NMoD MoED Treatments  VS Control (NTD) 

Growing rabbits diets NZnD NMoD MoED 

BD MD BD MD BD MD BD MD BD MD BD MD BD MD 

Zero 

0.75 

± 

0.03 

0.75 

± 

0.03 

0.76 

± 

0.01 

0.76 

± 

0.00 

0.77 

± 

0.02 

0.77 

± 

0.02 

0.75 

± 

0.01 

0.75 

± 

0.06 

NS NS NS NS NS NS 

First 

0.93 

± 

0.04 

0.97 

± 

0.01 

0.93 

± 

0.01 

0.95 

± 

0.01 

0.93 

± 

0.03 

0.94 

± 

0.02 

0.94 

± 

0.00 

0.93 

± 

0.07 

NS NS NS NS NS NS 

Second 

1.11 

± 

0.06 

1.14 

± 

0.01 

1.09 

± 

0.05 

1.10 

± 

0.02 

1.17 

± 

0.04 

1.19 

± 

0.02 

1.09 

± 

0.01 

1.18 

± 

0.05 

NS NS NS NS NS NS 

 

Third 

1.33 

± 

0.10 

1.33 

± 

0.01 

1.28 

± 

0.04 

1.35 

± 

0.02 

1.36 

± 

0.04 

1.38 

± 

0.03 

1.26 

± 

0.02 

1.37 

± 

0.05 

NS NS NS NS NS NS 

Fourth 

1.42 

± 

0.16 

1.58 

± 

0.01 

1.61 

± 

0.05 

1.60 

± 

0.03 

1.63 

± 

0.05 

1.60 

± 

0.06 

1.53 

± 

0.02 

1.64 

± 

0.07 

NS NS NS NS NS NS 

Total 

weight 

gain (Kg) 

0.68 

± 

0.15 

0.83 

± 

0.02 

0.85 

± 

0.05 

0.85 

± 

0.03 

0.86 

± 

0.03 

0.82 

± 

0.06 

0.78 

± 

0.01 

0.88 

± 

0.03 

NS NS NS NS NS NS 

 

NTD = Non Treated Dams      NZnD = Nano-Zinc treated Dams     NMoD = Nano-Moringa treated Dams    

MoED = Moringa Extract treated Dams  

BD = Basal Diet                    MD = Moringa containing Diet         NS = Non significant    * = P value <0.05      

** = P value <0.01. 

 
 

Results in table (5) declare the statistical alterations in behaviours of GR harvested from treated dams 

with nanoparticles and MOL extract. It was obvious that GR from NTD and NZnD, which fed on MD, exhibited a 

significant (P <0.01) increase in feeding duration compared to BD of the same group. GR from NZnD, NMoD, 

and MoED fed with BD spent a significant (P <0.01) longer time feeding than those in BD of the NTD group. 

However, the time of feeding of the NZnD, NMoD, and MoED groups was significantly (P <0.01) shorter than 

the MD of the NTD group. Drinking behaviour of GR was markedly affected by different treatments of dams, as 

drinking frequency was significantly (P <0.05, 0.01) increased with MD in GR from NTD and MoED compared 

to that of the fed on BD of the same group. MD in both NTD and NZnD induced a significant (P <0.05, 0.01) 

increase in the time of drinking in GR as compared to BD in the same group. Similarly, drinking time 

significantly (P <0.05) increased in NZnD in relation to the BD of the NTD. 

 
In addition, grooming frequency and duration were significantly (P =0.03, 0.00) diminished in GR from 

NTD fed on MD compared to BD of the same group. However, they significantly (P <0.01) increased in GR from 

MoED and fed on MD in relation to BD in the same group.  Grooming frequency was significantly (P <0.05, 

0.01) increased in GR from both NMoD and MoED fed on MD compared to MD from NTD. In addition, they 

significantly (P <0.01) decreased in GR from MoED and fed on BD compared to BD of NTD. The grooming 

duration decreased significantly (P <0.01, 0.05, 0.01) in GR fed on BD from NZnD, NMoD, and MoED as 

compared to those in NTD in order. However, MD significantly (P <0.01) increased grooming duration in MoED 

compared to MD in NTD. 
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Table 5: Effects of Moringa oleifera leaves on behaviours of growing rabbits delivered from dams 

treated by Nanozinc, Nano-Moringa and Moringa oleifera leaves extract during gestation and lactation 

period. 

 

 
Data expressed as mean± SE 

NTD = Non Treated Dams   NZnD = Nano-Zinc treated Dams   NMoD = Nano-Moringa treated Dams   MoED = 

Moringa Extract treated Dams  

BD = Basal Diet                    MD = Moringa containing Diet         NS = Non significant    

*= P value <0.05      ** = P value <0.01. 

 
Table (6) declares the statistical changes in antioxidant activity and thyroid hormone levels of GR in 

response to prenatal and postnatal treatments. Regarding antioxidant activity, MD significantly (P < 0.01) 

decreased the MDA level in GR from NTD in relation to BD in the same group. In addition, MDA level was 

significantly (P < 0.01) decreased in GR from NZnD fed on BD and MD compared to BD from NTD. Moreover, 

MDA levels were reduced significantly (P < 0.01) in GR form of NMoD fed on BD. 

 
Furthermore, MD significantly (P < 0.01) increased the level of GSH in GR from all groups 

(NTD,NZnD, NMoD, and MoED) when compared to BD in the same groups. However, by comparing them with 

the control group, BD and MD significantly (P <0.01) decreased the GSH level in GR from NZnD, and BD and 

MD significantly (P <0.01) decreased the level of GSH in GR from MoED, respectively. Concerning thyroid 

hormone level alterations, MD significantly (P <0.01) increased T3 level in GR from MoED, and MD 

significantly (P <0.05) increased T3 level in GR from NZnD and MoEd, respectively, compared to the control 

group. 

 

 

 

 

Treatment of dams 

 

Significance 

Behavioural 

Patterns 

Control (NTD) NZnD NMoD MoED Treatment  vs. control 

Growing rabbits diets NZnD NMoD MoED 

BD MD BD MD BD MD BD MD BD MD BD MD BD MD 

In
g

es
ti

v
e 

F
ee

d
in

g
 Frequency 

3.60 

± 

2.46 

5.00 

± 

1.67 

4.80 

± 

1.20 

5.17 

± 

0.75 

4.90 

± 

0.99 

5.83 

± 

1.60 

3.88 

± 

0.49 

4.67 

± 

1.63 

NS NS NS NS NS NS 

Duration 

\minute 

10.69 

± 

1.96 

22.67 

± 

1.34
**

 

15.20 

± 

1.90 

19.56 

± 

2.63
**

 

16.79 

± 

2.80 

17.65 

± 

3.21 

16.19 

± 

1.96 

15.58 

± 

2.05 

** * ** ** ** ** 

D
ri

n
k

in
g
 Frequency 

1.20 

± 

1.04 

2.30 

± 

1.12
*
 

1.40 

± 

1.19 

2.13 

± 

0.43 

1.22 

± 

0.51 

2.03 

± 

0.30 

1.33 

± 

0.62 

2.80 

± 

1.10
**

 

NS NS NS NS NS NS 

Duration 

\minute 

0.33 

± 

0.26 

1.45 

± 

0.43
**

 

1.23 

± 

0.88 

1.99 

± 

0.74
*
 

0.72 

± 

0.56 

1.34 

± 

0.86 

1.06 

± 

0.50 

0.90 

± 

0.45 

* NS NS NS NS NS 

S
el

f-
g

ro
o

m
in

g
 

Frequency 

4.33 

± 

2.50 

2.47 

± 

0.85
*
 

3.65 

± 

1.67 

4.00 

± 

1.31 

2.77 

± 

1.18 

4.16 

± 

0.69 

2.33 

± 

0.85 

5.23 

± 

1.34
**

 

NS NS NS * * ** 

Duration 

\minute 

2.26 

± 

1.23 

0.44 

± 

0.20** 

0.86 

± 

0.50 

0.77 

± 

0.39 

1.40 

± 

1.10 

0.75 

± 

0.32 

0.63 

± 

0.24 

1.87 

± 

0.34** 

** NS * NS ** ** 
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Table 6: Effects of Moringa oleifera leaves on antioxidant activity and thyroid hormones of growing 

rabbits delivered from dams treated by Nanozinc, Nano-Moringa and Moringa oleifera leaves during 

gestation and lactation period. 

Data expressed as mean± SE 

NTD = Non Treated Dams      NZnD = Nano-Zinc treated Dams   NMoD = Nano-Moringa treated Dams    

MoED = Moringa Extract treated Dams  BD = Basal Diet                    MD = Moringa containing Diet          

NS = Non Significance   *= P value <0.05   ** = P value <0.01              

MDA = Malondialdehyde                 GSH = Reduced glutathione     T3 = Triiodothyronine       T4= Thyroxine.   

 
Table (7) showed that MD significantly (P <0.05) increased the protein level of GR from NTD in relation 

to BD in the same group. However, GR from other treated dams showed no significant alteration in total protein 

levels. MD significantly (P < 0.01) increased the albumin level of GR in all groups compared to BD in each 

group. Additionally, MD-GR from NZnD significantly (P <0.05) increased albumin levels in comparison to the 

control group. The globulin level was significantly (P <0.01) elevated in MD-GR from NTD in relation to BD-

GR in the same group. In spite of MD, there was a significantly (P < 0.05) lower globulin level in GR from 

NZnD and MoED in comparison with the control group. 
 

MD significantly (P <0.01) decreased the cholesterol level of GR in all groups when compared to BD in 

these groups. However, BD significantly (P < 0.01) lowers the cholesterol level of GR from NZnD, NMoD, and 

MoED in comparison to the control group, while MD significantly (P < 0.01, 0.05) decreases the cholesterol level 

of GR from NMoD and MoED, respectively, and increases (P < 0.01) its level in GR from NZnD in comparison 

to the control group. 
 

Liver enzymes activity in GR showed statistical differences between treatments. MD significantly (P < 

0.05, 0.01) decreased ALT and AST activity in GR from NTD and NMoD, respectively, when compared to BD in 

the same groups. However, MD induced a significant (P < 0.05, 0.01) increase in the activity of ALT and AST in 

GR from NZnD. In addition, AST in GR from MoED fed on MD showed a significant (P < 0.01) increase in 

relation to BD in the same groups. ALT in BD-GR from NZnD and NMoD was significantly (P < 0.01) increased 

compared to BD of NTD. Also, AST was significantly (P < 0.01) increased and decreased significantly in GR 

from NMoD and MoED, respectively. While ALT and AST activity were significantly (P < 0.01) increased in 

MD-GR from NZnD and MoED and (P < 0.05) in MD-GR from NMoD in relation to the control group. 
 

Regarding kidney function, creatinine levels were significantly (P < 0.01) high in GR harvested from 

NZnD and MoED, and fed on BD and MD, respectively. GR from NZnD and NMoD fed on BD showed a 

significant (P <0.01) elevation in the creatinine level compared to the control group. 

Treatment of dams Significance 

Parameters 

Control (NTD) NZnD NMoD MoED Treatment  vs. control 

Growing rabbits diets NZnD NMoD MoED 

BD MD BD MD BD MD BD MD BD MD BD MD BD MD 

an
ti

o
x

id
an

t 
ac

ti
v

it
y

 

MDA 

(nmol/ml) 

0.47 

± 

0.03 

0.37 

± 

0.05
*
 

0.22 

± 

0.04 

0.23 

± 

0.04 

0.26 

± 

0.01 

0.29 

± 

0.01 

0.42 

± 

0.02 

0.35 

± 

0.02 

** ** ** NS NS NS 

GSH 

(nmol/ml) 

26.48 

± 

2.67 

40.86 

± 

2.12
**

 

10.76 

± 

0.34 

24.55 

± 

1.84
**

 

26.66 

± 

1.92 

40.49 

± 

1.24
**

 

21.10 

± 

1.24 

30.07 

± 

0.58
**

 

** ** NS NS * ** 

T3 

( µg/dl) 

35.63 

± 

3.26 

33.57 

± 

1.65 

37.63 

± 

2.46 

42.13 

± 

1.52 

35.03 

± 

1.92 

32.27 

± 

1.31 

37.80 

± 

2.48 

51.90 

± 

2.31
**

 

NS * NS NS NS ** 

T4 

( ng/dl) 

2.40 

± 

0.23 

2.63 

± 

0.39 

2.73 

± 

0.35 

2.73 

± 

0.18 

2.37 

± 

0.13 

2.57 

± 

0.52 

2.40 

± 

0.31 

3.07 

± 

0.47 

NS NS NS NS NS NS 
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Table 7: Effect of Moringa oleifera leaves on liver and kidney function of growing rabbits delivered from dams 

treated by Nanozinc, Nano-Moringa and Moringa oleifera leaves extract during gestation and lactation period: 
 

 

Data in table 8 showed that using MOL in growing rabbit rations raised the economic efficiency 

by increasing the overall return, net return, profitability, and relative profitability of rabbits' production. 
 

Table 8: Economic efficiency of using Moringa oleifera leaves diet in growing rabbits delivered from 

dams treated by Nanozinc, Nano-Moringa and Moringa oleifera leaves extract during gestation and 

lactation period and those non treated dam. 

 

Economic efficiency 

Growing rabbits from 

NZnD,NMoD, MoED 

Growing rabbits from 

NTD 

BD MD BD MD 

Total feed intake(Kg/Rabbits) 35.630 34.925 10.325 12.040 

Total weight gain (Kg/ Rabbits) 14.94 15.3 4.08 4.98 

Price/kg feed(L.E)* 9.6 8.5 9.6 8.5 

Total feed cost / Rabbits(L.E) 342 296.9 99.1 102.3 

Price/kg live body weight(L.E)* 50 50 50 50 

Total return/ Rabbits (L.E) 747 765 204 249 

Net return(L.E) 405 468.1 104.9 146.7 

Economic efficiency(EE) 1.18 1.58 1.06 1.43 

Relative economic efficiency (REE) 100 133.9 100 134.9 

 
*cost of feed /kg and price / kg live body weight was according to prices at September 2022. 

NTD = Non Treated Dams    NZnD = Nano-Zinc treated Dams   NMoD = Nano-Moringa treated Dams.     

MoED = Moringa Extract treated Dams. BD = Basal Diet.          MD = Moringa containing Diet.    

  

 

Treatment of dams 
 

Significance 

Parameters 

Control (NTD) NZnD NMoD MoED Treatment  vs. control 

Growing rabbits diets NZnD NMoD MoED 

BD MD BD MD BD MD BD MD BD MD BD MD BD MD 

Total 

protein 

(g/dl) 

4.37     

± 

0.12 

6.30 

± 

1.17
* 

4.47 

± 

0.20 

5.83 

± 

0.20 

4.8 

± 

0.12 

5.63 

± 

0.18 

4.13 

± 

0.45 

5.30 

± 

0.26 

NS NS NS NS NS NS 

Albumin 

(g/dl) 

3.07 

± 

0.38 

3.93 

± 

0.12
**

 

2.83 

± 

0.19 

4.97 

± 

0.03
**

 

2.60 

± 

0.12 

3.77 

± 

0.33
**

 

2.60 

± 

0.26 

4.47 

± 

0.19
**

 

NS ** NS NS NS NS 

Globulin 

(g/dl) 

1.30 

± 

0.29 

2.37 

± 

0.07
**

 

1.63 

± 

0.24 

0.87 

± 

0.18 

2.2 

± 

0.23 

1.87 

± 

0.19 

1.53 

±  

0.19 

0.83 

± 

0.09 

NS * NS NS NS * 

Cholesterol 

(mg/dl) 

217.67   

± 

2.91 

80.67 

± 

2.33
**

 

123.00       

± 

3.05 

99.00      

± 

1.53
**

 

139.00        

± 

2.89 

67.00 

± 

2.89
**

 

96.33 

± 

3.18 

72.67 

± 

2.33
**

 

** ** ** ** ** * 

ALT 

(U/L) 

19.44 

± 

1.82 

13.55      

± 

1.82
*
 

31 

± 

2.65 

35.89 

± 

0.59
*
 

40.33 

± 

1.76 

19.33 

± 

0.33
**

 

24 

± 

1.53 

24 

± 

1.15 

** ** ** * NS ** 

AST 

(U/L) 

20.2 

± 

0.99 

15.67 

± 

1.76
*
 

22.5 

± 

0.29 

28 

± 

1.15
**

 

30.89 

± 

2.59 

18 

±  

0.58
**

 

14 

± 

1.15 

25.55 

±  

1.36
**

 

NS ** ** NS ** ** 

Creatinine 

(mg/dl) 

0.45 

± 

0.07 

0.56 

± 

0.05 

0.90 

± 

0.07
 

0.66 

± 

0.01
**

 

0.66 

± 

0.03 

0.62 

± 

0.04 

0.41 

± 

0.04 

0.65 

± 

0.01
**

 

** NS ** NS NS NS 
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DISCUSSION 
 

Nano-sized minerals and plants are 

commonly used for improving animal reproduction 

and production. The effects of these nanoparticles 

may be extended to the neonates when they are 

supplemented to dams during pregnancy and 

lactation. For example, nanomaterials of Zinc oxide 

could transfer to neonates through the placenta and 

lactation (Jo et al., 2013). The results of the current 

study highlight the effect of  giving dams nanoherbal 

supplements (nanozinc, nanoMOL, and MOL extract) 

during gestation and lactation on their growing 

rabbits' (GR) behaviour, in addition to the role of 

supplementing MOL to these GR on 

alleviating  weaning stress with and without giving 

their dam the tested nanoherbal materials. 

 

Data from the current study indicated that the 

MOL diet increased the feed intake and feeding 

behaviour frequency and duration of GR obtained 

from NTD and NZnD treated dams compared to GR 

fed on BD. However, there was no marked 

improvement in FCR, body weight, or gain of GR. 

Similarly, El-Tazi (2014); Ramadan, (2017); El-

Kholy et al., (2018) noticed that feed intake and 

feeding behaviour increased significantly with a 5% 

moringa diet. Moreover, daily feed intake was 

increased in rabbits fed diets supplemented with 30 

and 60 mg/kg Nano-ZnO (Hassan et al., 2017). 

Meanwhile, Selim et al., (2021) stated that rabbits fed 

on diets containing 2.5, 5, and 7.5% of MOL showed 

no alterations in their feed intake. There is a lack of 

knowledge in the early literature about the role of 

MOL in pregnant dams on offspring behaviour and 

performance. MOL contains a phytosterol compound 

that has a lactogenic effect on dairy cows by 

increasing prolactin hormone (Freeman et al., 2000). 

Similar to our findings, Zendrato et al., (2019) found 

no statistical change in FCR, weight, or weight gain 

in rabbits fed on MOL. 

 

The obtained results revealed that giving zinc 

and MOL nanoparticles to pregnant does enhances 

feed intake and feeding behaviour in their GR. 

However, MOL diet decreased feed intake of GR 

from dams given these nanoparticles. Nanosized zinc 

was reported to improve the growth of weanling pigs 

due to enhanced digestibility, intestinal microbiota, 

gut integrity, and decreased oxidative stress (Kim et 

al., 2022). Low doses of MOL increased feeding 

behaviour, unlike high MOL doses (Teteh et al., 

2013). Thus, this cumulative negative effect of MOL 

may explain the observed reduction in feeding of GR 

that was delivered from treated dams with MOL 

nanoparticles and moringa extracts and fed on a MOL 

containing diet. 

 

The current study declared that MOL 

increased the drinking behaviour of GR. Similar 

findings were reported by Abdella and Khalifah 

(2021); El-Kashef, (2022). MOL has a potent 

diuretic effect (Chukwuonye et al., 2013), which 

leads to increased water loss and subsequently 

increased drinking behaviour. The latter outcome was 

correlated with an increase in blood albumin levels. 

The elevated albumin increased water viscosity, 

which enhanced animal motivation to drink. 

Moreover, El-Desoky et al., (2017); El-Kashef 

(2022) recorded that blood protein albumin has a 

small molecular weight and a significant residual 

negative charge at pH, because of its chemical 

makeup, it can be an extremely hydrophilic molecule 

that accounts for between 75 and 80 percent of the 

vascular colloidal osmotic pressure and plays a 

crucial role in maintaining tissue fluid homeostasis. 

 

Our results showed that supplementing MOL 

either to dams or their GR (at the time of weaning) 

ameliorated the extensive self-grooming in relation to 

their BD groups. This observation was agreeable with 

those recorded by Zade et al., (2013), who found that 

various MOL extracts decreased non-genital 

grooming in male rats supplemented with MOL. On 

the other hand, treatment of dams with MOL extracts, 

zinc, and MO nanoparticles decreased the self-

grooming behaviour of their GR. This effect was 

reversed when GR fed on MD. This result supports 

the hypothesis of a cumulative negative effect of 

prolonged MOL supplementation on rabbit 

performance and behaviour. Weaning usually poses 

stress on neonates, especially when it is accompanied 

by their separation from their littermates. Self-

grooming is a behavioural indicator of anxiety and 

stress in rodents (Song et al., 2016). Self-grooming 

duration increased under mild stress (Fernández-

Teruel et al., 2016). Hence, MOL could decrease 

weaning stress on the GR expressed by decreased 

self-grooming, which is correlated with an 

improvement in antioxidant activity. However, MOL 

could not mitigate weaning stress in GR from NZnD, 

NMoD, and MoED and fed on MOL. A combination 

of herbs and nano-sized minerals as an animal 

supplement may increase the required effects of both. 

However, some side effects may result, such as 

cumulative negative effects on GR. The antioxidant 

effect of the combination used could or could not face 

the resultant stress. In fact, Stress promotes the rate of 

lipid peroxidation, resulting in the enzyme 

glutathione peroxidase activity declining (Schmitt et 

al., 2015). 

 

Therefore, antioxidant activity in the current 

study declared that MOL increased the GSH level and 

reduced the blood MDA level in GR from NTD. 
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These observations are in accordance with Selim et 

al., (2021) who found that MOL decreased MDA at 

concentrations of 2.5, 5.0, and 7.5% of the diet. This 

case may be due to the potent antioxidant activity of 

MOL (Yang et al., 2006). Additionally, MOL extract 

and powder reduced MDA levels along with reduced 

lipid peroxidation, hydroxyl-induced in rats, because 

of a direct antioxidant effect (Serafini et al., 2011). 

Kassem et al., (2022) who stated that rabbits that 

received MOL extract increased GSH and lowered 

MDA. However, MOL GR from dams treated with 

NZn decreased GSH levels. El Shemy et al., (2017) 

noticed that rats administered 400 mg ZnO-NPs/kg 

body weight for seven days showed a significant 

decrease in GSH levels in the ZnO-NPs-intoxicated 

rats. On the other hand, Zinc is a crucial anti-stress 

mineral and promotes growth performance through its 

ability to produce antioxidant enzymes including 

GSH-Px and SOD (Lee et al., 2022).  

 

Moreover, MDA levels were reduced in GR 

from NZnD and fed on both BD and MD. The 

obtained data were in harmony with those of Kamel 

et al., (2020) who noticed that MDA concentrations 

were lower in the blood serum of rabbits treated with 

30 and 50 mg ZnO/kg diets. This observation 

confirmed the role of zinc as an antioxidant defence 

system (Farombi et al., 2004) due to its high 

antioxidant effect (Zheng et al., 2013). Thyroid 

hormones were altered in the tested treatment groups. 

MD increased the T3 level in GR compared to MoED 

and NZnD. Our data were in parallel with El-Kashef, 

(2022) who noticed that rabbits eating meals 

including MOL manifested the lowest concentrations 

of cortisol hormone and the highest concentrations of 

T3, when compared to the control group. The low 

cortisol level may be due to the potent antioxidant 

effects of MOL and zinc. 

 

The obtained results indicated that MOL 

increased total protein levels in GR from NTD, and 

MOL also increased albumin levels in GR from all 

groups. MD elevated globulin in GR from NTD. 

These results were in consistency with Omara et al., 

(2018); El-Kashef, (2022) who noticed that a diet 

containing 7.5% MOL increased total protein, 

albumin, and globulin compared with the control 

group. The high protein level could be due to the high 

nutritional value (higher methionine and lysine 

supply than soy beans) of the MOL. Moreover, MD 

reduced the total cholesterol of GR in all groups. 

 

Similarly, Salem et al., (2020) noticed that 

the addition of MOL up to 20% in the diets of GR 

lowered serum total lipids, cholesterol, and 

triglycerides. The reduced cholesterol level of GR fed 

the MOL diets may be related to the phenolic 

compounds present in MOL (Selim et al., 2021). On 

the other hand, Etchu et al. (2017) found no 

significant differences between the examined diet (10 

and 20 % MOLM) and control groups for cholesterol. 

The levels of AST and ALT in serum are utilized to 

figure out if any body tissues, primarily the liver and 

heart, have been damaged (Kasarala and Tillmann, 

2016; Hasan et al., 2018). MOL had marked 

hepatoprotective and cholesterol lowering effects 

(Chukwuonye et al., 2013). 

 

Our study data declared that MD-treated GR 

from NTD and NMoD decreased serum liver 

enzymes. Similarly, El-Desoky et al., (2021); Selim 

et al., (2021) found that supplementation of rabbits 

with MOL or nano-MOL reduced ALT and AST 

serum levels and indicated enhanced liver function. 

On the contrary, MD treated GR from NZnD and 

MoED showed elevated liver enzyme levels, and 

these data are augmented by Mohamed et al., (2020) 

who reported that prolonged administration of MOL 

increased liver enzyme levels that reflect liver 

damage.  Bayu et al., (2020) found that chronic and 

acute toxic doses of MOL administration induce liver 

damage and enhance ALT, AST release in the serum 

of rats. In addition, Ghareeb, (2021) demonstrated 

that zinc oxide nanoparticles cause liver damage and 

consequently increase ALT and AST serum levels. 

 

Our study revealed that MOL induced no 

alteration in creatinine levels. These findings suggest 

that the MOL has no negative effect on the proper 

functioning of the kidney (Etchu et al., 2017) 

because of its renal protective and diuretic effects 

(Chukwuonye et al., 2013). In contrast, the 

creatinine level was increased in NZnD and MoED-

GR (fed on MD). These results were similar to those 

of Ismail and El-Araby, (2017) who found that a 

diet containing 60 mg/kg Nano-ZnO increased 

plasma concentrations of creatinine in rabbits. The 

notable increase in creatinine level in our study may 

be due to the prolonged (prenatal and postnatal) 

treatment of GR by MOL or a nano-herbal 

combination causing renal toxic effects (Oyagbemi et 

al., 2013). 

 

The obtained results demonstrated that MOL 

supplementation for GR, whether treated prenatally 

or not  showed an improvement in their economic 

efficiency, which is in agreement with Alemede et 

al., (2014) who observed a progressive decrease in 

the cost of feed by increasing the MOL replacement 

percent  in the rabbits' diet. Alain et al., (2016) 

attributed the reduced feed cost to MOL replacement 

as it is rich in essential amino acid proteins and of 

low cost; consequently, MOL replacement in the diet 

https://www.sciencedirect.com/science/article/pii/S0022030222002715#bib48
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decreased the feeding costs as MOL is cheaper than 

the soya bean. 

  

CONCLUSION 

Supplementing growing rabbits with MOL or 

pregnant and lactating rabbit does by MOL extract, 

nanozinc, and nanoMOL could improve rabbit health 

and behaviour without having a negative impact on 

the performance of the growing rabbits, in addition to 

increasing economic efficiency. However, 

supplementing growing rabbits (delivered from 

treated dams) with MOL induced stressful effects 

expressed by increasing self-grooming behaviour and 

oxidative stress in addition to renal and hepatic 

damage. Consequently, the obtained data does not 

recommend the use of MOL as a supplement for 

growing rabbits delivered from dams treated with 

herbal extracts or nanoherbal combinations. Further 

studies are highly needed to detect the accumulation 

of zinc in different tissues and muscles, in addition to 

the evaluation of the carcass quality of rabbits 

exposed to nano-herbal supplements. 
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