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SUMMARY 

 

 total number of 42 growing crossbred rabbits of both sexes at 6 weeks of age (with an 

average body weight 750±50g) were randomly divided into 7 equal groups to evaluate 

the growth performance as affected by medicinal plant wastes. Rabbits were fed 

control (AH) diet and 6 experimental diets contained the wastes of moringa (M), cassava (C) and 

tartofa (T) hay meal at two levels (10 and 15%) for each for a period of 8 weeks. Digestibility of 

nutrients and nitrogen balance were also evaluated. The results obtained showed that chemical 

composition of moringa hay meal (M), cassava hay meal (C), tartofa hay meal (T) and alfalfa hay 

(AH) were; DM 93, 91, 87 and 92% for M, C, T and AH, respectively. The corresponding values 

of OM were 89, 90.8, 91.25 and 84.42%. The hays of the medicinal plant wastes had less CP than 

AH being 7.63, 7.7, 6.75 vs. 17.51%. Moringa hay contains more CF (20.75%) than both cassava 

(10.18%) and tartofa (7.15%); alfalfa hay, however, contains the highest value of CF (24.1%). The 

proximate analysis of the experimental diets showed iso-caloric and almost iso-nitrogenous values 

of these diets. No significant differences on average body weight. Total body weight gain was 

1505, 1665, 1536, 1703, 1552, 542 and 1525 for the same respective groups; average daily gain 

followed the same pattern with average values of 26.9, 29.7, 27.4, 30.4, 27.7, 27.5 and 27.2g/d. 

Total feed per rabbit during the 8-week experimental period was 5.77, 6.31, 6.51, 6.16, 5.99, 5.77 

and 5.75 kg for AH, M10, M15, C10, C15, T10 and T15, respectively. Feed conversion (kg 

feed/kg gain) during the period of the study was not affected by the dietary treatments. Feed 

conversion ratio was 3.83, 3.79, 4.24, 3.61, 3.86, 3.75 and 3.77 for AH, M10, M15, C10, C15, T10 

and T15, respectively. The highest PI value was significantly (P<0.05) recorded with group fed 

C10 diet (68.59%) followed by those T10 (66.30%), M10 (62.51%), C15 (61.14%), T15 (59.41%); 

and AH (58.31%) the least was recorded for M15 (55.21%). Using hay of such medicinal plants 

diets causes improvement in the digestion coefficients and feeding values than alfalfa hay. 

Replacing alfalfa hay with either one of the medicinal plant wastes increased nitrogen balance and 

biological values. Differences were significant (P<0.05). 

Keywords: Medicinal plant wastes, rabbits, digestibility and N balance. 

 

INTRODUCTION 

 

Many developing countries import most of the animal and poultry feeds, which is not economically 

feasible; therefore, more attention was given to agro-industrial by-products. Non-traditional feed 

sources such as crop residues and agro-industrial by-products must be searched in order to decrease the 

relay on traditional sources, to fill the gap and decrease feeding costs (Zaza, 2005). Incorporation of 

cheap untraditional feedstuffs such as the agro-industrial by-products in animal diets (Shqueir and 

Qwasmi, 1994)   may participate in solving the problem and decrease the cost of feeding (Al-Shanti, 

2003). In Egypt, medicinal and aromatic plants are cultivated in large areas (about 48 thousands 

feddan) producing about 2.4 million tons of plant by-products annually (Agriculturale Economics, 

2006), Approximately, two thirds of these residues are burned or wasted, and hence lead to 
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environmental pollution and health hazards, therefore, using these residues for animal or poultry feeding 

is a method to control environmental pollution (Zaza, 2004). 

Attempt to use natural materials such as medicinal plants could be widely accepted as feed 

additives. However, little information is available about using medicinal plant by-products in rabbit 

diets. Rabbits are characterized by many advantages that make them suitable animal, it could be 

bred to minimize the gap between the demand and available of animal protein (FAO, 1987; Galal and 

Khalil, 1994 and Daadar and Seleem, 1999). Recently, several efforts were carried out to use local 

agricultural by-products in animal feeding due to their participation as part in the solution of feed 

shortage problems and dramatic increases in prices of animal feed ingredients (Abd EI-Baki et al., 

2001). The natural materials as alternative growth promoters such as medicinal plants are widely 

accepted (Noland 1965 and Aboul-Fotouh et al., 1999). Also, some studies indicated that such plants 

have favorable effects on live weight gain and feed efficiency with broiler chicken (Fritz et al., 1992 

and Fritz et al., 1993) and with cows (Singh and Taparia, 1992).  

Therefore, the present study aimed to investigate the effective partial substitution of alfalfa hay by 

different levels of moringa,  cassava and tartofa hay meals in growing rabbit diets, on growth 

performance, nutrients digestibility, feeding values and nitrogen balance. 

 

MATERIALS AND METHODS 

 

The present study was carried out at Rabbit Research Unit, Poultry Research Station, belonging to 

Environmental Studies and Research Institute, Sadat City University, Sadat City, Minoufiya 

Governorate, Egypt, during winter 2016. A total number of 42 growing crossbred rabbits of both sexes at 

6 weeks of age (with an average body weight 750 ±50g) were randomly divided into 7 equal groups, 6 

for each. Rabbits were fed control diet and 6 experimental diets contained the moringa (Moringa 

oleifera) hay meal (M), cassava (Manihot esculenta) hay meal (C) and tartofa (Helianthus tuberosus) at 

two levels (10 and 15%) to replace equal amounts of alfalfa hay. Diets were manufactured in pellets 

shape at El-Keram diets Factory-Sadat City. The experimental diets and fresh water were available all 

the time during the experimental period. Rabbits were individually weighed weekly. The digestibility 

trial of the present study took place at the end of the experiment (at week 9), three animals from each 

experimental treatment were chosen randomly and housed individually in metabolism cages and were 

given ad libitum the experimental diet for one week as an adaptation period, after which the total fecal 

excretions were collected daily in plastic bags for 5 days and stored at -10
o
C for nitrogen balance and 

urinary excretions during the same collection period were also collected daily in plastic bottles and kept 

frozen up to the chemical analyses. The complete chemical compositions of feed, remainder feed (if any) 

and feces were determined according to the AOAC (1990). Nitrogen in urine samples was determined by 

the Micro-Kjeldahl method. Feed intakes were determined daily by subtracting the residual feeds from 

the daily allowance. For digestibility trial, data on nutrients intake and output, coefficients of digestion 

and feeding value [in terms of total digestible nutrients (TDN), digestible crude protein (DCP) and 

digestible energy (DE)] were recorded. Data of nitrogen intake, fecal and urinary nitrogen, nitrogen 

retention and biological value were recorded as parameters of the nitrogen balance. Digestible energy 

(DE) values were calculated according to Cheeke (1987). The feed intake and total collection of feces 

and urine were conducted to determine the digestion coefficient of nutrients and feeding values of the 

experimental diets. Chemical analysis of diets and feces were carried out according to AOAC (1990).  

The chemical composition and feeding values of the experimental diets are calculated and presented 

in Tables (1 & 2). The formulations of the experimental diets were done according to the nutrient 

requirements of growing rabbits (NRC, 1977). Growth performance index (PI) was calculated according 

to the equation described by North (1981). 

Data were statistically analyzed according to SPSS (1997). The statistical model used was the one-

way analysis of variance as follows: 

Yij = u + Ai + eij     Where: Yij = the observation on the ij
th

 rabbit, u = overall mean, Ai =the effect of the 

i
th

 diet (i = 1, 2,… 7), eij = experimental random error. The significant differences between means were 

tested using Duncan's multiple range test (Duncan, 1955). 
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Table (1): Composition of the experimental diets.* 

Ingredient 
Treatment*** 

AH M10 M15 C10 C15 T10 T15 

Alfalfa hay de. 17% 41 31 26 31 26 31 26 

Moringa hay meal (M) - 10 15 - - - - 

Cassava hay meal (C) - - - 10 15 - - 

Tartofa hay meal(T) - - - - - 10 15 

Yellow corn 27 27 27 27 27 27 27 

Soybean meal (44%CP) 18 18 18 18 18 18 18 

Wheat bran 7.8 7.8 7.8 7.8 7.8 7.8 7.8 

Molasses 3 3 3 3 3 3 3 

Calcium di phosphate 2.2 2.2 2.2 2.2 2.2 2.2 2.2 

DL methionine 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Salt (NaCl) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Vit. & Min. premix** 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Total 100 100 100 100 100 100 100 

* Calculated according to NRC (1977). 

** Each one kg of vitamin & mineral mixture contains: Vit. A 4000000 IU; Vit D3 50000IU; Vit E 16.7g; Vit K3, 

0.67g; Vit.B1 67g; VitB2 2.00g; Vit. B6 0.67g; Vit B12 3.33mg; Cholin chloride 400g.; Biotin 0.07g ;Niacin 16.7g.; 

pantothenic acid 6.7g; Folic acid 1.7g;; Copper 1.7g; Iron 25.00g; Manganese 10.00g; Iodine 0.25g; Selenium 

33.3g; Zinc 23.3g and Magnesium 133.3g.  

*** M, Moringa; C, Cassava; T, Tartofa at both 10 or 15% replacements.   

 

Table (2): Calculated chemical analysis and feeding value of the experimental diets. 

Item** Experimental diet* 

Control(AH) M10 M15 C10 C15 T10 T15 

CP,% 17.8 17 16.5 17 16.5 16.8 16.3 

CF,% 11 11.5 12 10 10.5 10.1 10.25 

EE,% 3 3.1 3.21 3.2 3.3 3.15 3.25 

TDN,% 60 58 55 58 55 57 53 
*M, Moringa; C, Cassava; T, Tartofa at both 10 or 15% replacements. 

** CP, crude protein; CF, crude fiber; EE, ether extract and TDN, total digestible nutrients.  

 

RESULTS AND DISCUSSION 

 

The chemical composition of moringa hay meal (M), cassava hay meal (C), tartofa hay meal (T) and 

alfalfa hay (AH) are presented in Table (3).  DM was 93, 91, 87 and 92% for M, C, T and AH, 

respectively. The corresponding values of OM were 89, 90.8, 91.25 and 84.42%. The hays of the 

medicinal plant wastes had less CP than AH being 7.63, 7.7, 6.75 vs. 17.51%. Moringa hay contains 

more CF (20.75%) than both cassava (10.18%) and tartofa (7.15%); alfalfa hay, however, contains the 

highest value of CF (24.1%). The used wastes had more EE (being 7.33% for moringa, 7.65% for 

cassava and 8.15% for tartofa) than alfalfa hay (2.5%). Regarding NFE, the medicinal wastes contained 

more than alfalfa hay by about 150%; values were 53.29, 65.27, 69.2% for M, C and T comparing to 

40.31% for AH. The gross energy was calculated and presented also in Table (3); it was 3568, 3626, 

3433 and 3743 kcal/kg DM for M, C, T and AH, respectively. Ash content was 11, 9.2, 8.75 and 15.58% 

for the same respective order. Musa (2008) reported similar values for parsley and basil wastes. It was 

suggested that medicinal plant wastes could partially replace clover hay in the diets of growing rabbit 

(Radwan and Khalil, 2002; Awad, 2003 and El-Manylawi et al., 2003 and 2005). Ogbe and Affiku 

(2011) determined the proximate analysis of  moringa leaf and found that results revealed the presence of 
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high crude protein (17.01% ±0.1) and carbohydrate (63.11% ± 0.09). The leaves also contained 

appreciable amounts of crude fiber (7.09% ±0.11), ash (7.93% ± 0.12), crude fat (2.11% ±0.11) and fatty 

acid (1.69% ±0.09). They concluded that Moringa oleifera leaves could be utilized as a source of feed 

supplement to improve growth performance and health status of poultry. Cieślik et al. (2011) stated that 

Jerusalem artichoke, tartofa (Helianthus tuberosus L.) had high protein content, including essential 

amino acids. The proximate analysis of the experimental diets showed iso-caloric and almost iso-

nitrogenous values of these diets (Table 4). The calculated gross energy (kcal/kg DM) of the 

experimental diets was 3880, 3842, 3838, 3830, 3863, 3845 and 3811 for AH, M10, M15, C10, C15, T10 

and T15, respectively. Results showed that CP content of the experimental diets was 18.34, 17.92, 17.44, 

17.74, 17.3, 17.56 and 16.95% for AH, M10, M15, C10, C15, T10 and T15, respectively. Differences, 

however, did not reach a significant level; therefore, diets were considered iso-nitrogenous. Abousekken 

et al. (2007) reported nearly similar results. 

  

Table (3): Chemical composition of the wastes used in the present study.*  

Waste 

 

% 
Gross Energy Kcal/kg 

   DM   OM   CP CF   EE  NFE   Ash 

Moringa 93 89 7.63 20.75 7.33 53.29 11 3568 

Cassava 91 90.8 7.7 10.18 7.65 65.27 9.2 3626 

Tartofa 87 91.25 6.75 7.15 8.15 69.2 8.75 3433 

Alfalfa  92 84.42 17.51 24.10 2.50 40.31 15.58 3743 

*Determined values. 

DM, dry matter; OM, organic matter; CP, crude protein; CF, crude fiber; EE, ether extract and NFE, nitrogen free 

extract. 

 

Table (4): Chemical composition of the experimental diets used in the present study. 

 

Item 

Treatments 

AH M10 M15 C10 C15 T10 T15 

DM % 91.15 91.75 91.25 91.5 90.3 91.6 90.85 

On DM basis (%): 

OM 88.75 88.6 89 88.55 88.85 88.9 88.7 

CP 18.34 17.92 17.44 17.74 17.3 17.56 16.95 

CF 11.25 11.85 12.35 9.75 9.6 10.05 10.2 

EE 3.2 2.65 2.4 2.8 3.4 2.87 2.55 

NFE 55.96 56.18 56.81 58.26 58.55 58.42 59 

Ash 11.25 11.4 11 11.45 11.15 11.1 11.3 

GE** 3880 3842 3838 3830 3863 3845 3811 

*M, Moringa; C, Cassava; T, Tartofa at both levels 10 and 15% and AH, alfalfa hay (control).  

** GE, gross energy kcal/kg DM, calculated. 

 

Results in Table (5) present the change in body weight of growing rabbits as affected by the dietary 

treatments. The initial body weight was almost equal in all groups with average of 770g (ranging from 

704 to 858g). No significant differences regarding average body weight indicting that no adverse effect 

of any dietary treatment on the growth of the experimental animals. Rabbits reached the final body 

weight at the end of the experimental period without any significant changes; final body weight was 

2233, 2369, 2341, 2476, 2360, 2400 and 2240g for AH, M10, M15, C10, C15, T10 and T15, 

respectively. The total body weight gain was 1505, 1665, 1536, 1703, 1552, 1542 and 1525 for the same 

respective groups; differences were not significant. The average daily gain (ADG) followed the same 

pattern of total gain with average values of 26.9, 29.7, 27.4, 30.4, 27.7, 27.5 and 27.2g/d.  
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Table (5): Growth performance of rabbits as affected by dietary treatments (Means ± SE). 

       Item                      AH 
                    M                       C T 

Sig. 
10% 15% 10% 15% 10% 15% 

Initial weight(g) 729 

± 

60 

704 

± 

56 

804 

± 

69 

772 

± 

65 

808 

± 

51 

858 

± 

41 

716 

± 

61 

NS 

Final 

Weight (g) 

2233 

± 

55 

2369 

± 

78 

2341 

± 

53 

2476 

± 

110 

2360 

± 

56 

2400 

± 

98 

2240 

± 

77 

NS 

Total gain (g) 1505 

± 

70 

1665 

± 

45 

1536 

± 

25 

1703 

± 

103 

1552 

± 

56 

1542 

± 

55 

1525 

± 

69 

NS 

ADG 

(g/d) 

26.9 

± 

1.25 

29.7 

± 

0.81 

27.4 

± 

0.45 

30.4 

± 

1.84 

27.7 

± 

1.01 

27.5 

± 

0.99 

27.2 

± 

1.24 

NS 

Total FC (kg) 5.77 

± 

0.7 

6.31 

± 

0.9 

6.51 

± 

0.5 

6.16 

± 

0.5 

5.99 

± 

0.9 

5.77 

± 

0.8 

5.75 

± 

0.8 

NS 

Daily feed 

consumption 
100.0 

± 

5.43 

112.6 

± 

5.43 

116.3 

± 

6.44 

110.0 

± 

4.64 

107.0 

± 

7.66 

103.0 

± 

5.82 

102.7 

± 

4.77 

NS 

Feed conversion 

ratio (kg feed/ 

kg gain) 

3.83 

± 

0.7 

3.79 

± 

0.9 

4.24 

± 

0.6 

3.61 

± 

0.7 

3.86 

± 

0.8 

3.75 

± 

0.8 

3.77 

± 

0.7 

NS 

PI ( %) 58.31
c
 

± 

7.36 

62.51
b
 

± 

5.57 

55.21
a
 

± 

3.88 

68.59
c
 

± 

4.37 

61.14
b
 

± 

7.54 

66.30
c
 

± 

6.67 

59.41
b
 

± 

5.34 

0.05 

Mortality % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NS 

*M, Moringa; C, Cassava; T, Tartofa at both levels 10 and 15% and AH, alfalfa hay (control). 

* a,b and c Means in the same row with different superscripts differ significantly. 

NS; not significant.  

PI, performance index: percentage of final BW relative to feed conversion (North, 1981) 

 

Musa (2008) reported almost similar values of total gain and ADG for growing NZW rabbits when 

they were fed diets containing parsley or basil wastes at two levels (10 or 20%) replacing clover hay. 

However, El-Manylawi et al. (2005) reported that the final body weight and weight gain of growing 

rabbits fed diets containing 3, 6 or 9% of Geranium by-products were significantly (P<0.05) higher than 

the control group. Earlier study on growing pigs (Teodorovic et al., 1990) showed higher daily weight 

gain when thyme was added to pigs diets at 1-2 kg/ton diets than the control. Tesfaye et al. (2012) 

reported similar effect of Moringa oleifera on growth rate when fed to broiler chicks.  Data in Table (5) 

present the average daily feed consumption of growing rabbits; total feed per rabbit during the 8-weeks 

experimental period was 5.77, 6.31, 6.51, 6.16, 5.99, 5.77 and 5.75 kg for AH, M10, M15, C10, C15, 

T10 and T15, respectively. The average feed consumption during the experimental period was fluctuated 

but did not reach the significant level. Earlier study (Musa, 2008) found that average daily feed 

consumption during the experimental period was 108.3, 110.8, 80.7, 92.5, 93.5, 104.5 and 108.5g for the 

experimental groups of control, 10 and 20% parsley, 10 and 20% basil or 10 and 20% mixture of both 

wastes, respectively. The differences in feed intake may have been due to the chemical structure of CF of 

wastes hay. Abou-Ashour and Ahmed (1983) concluded that CF level and/or structure negatively affect 

the feed consumption of growing rabbits. Adegbola and Okonkwo (2002) studied the nutrient 

consumption of rabbits fed varying levels of cassava leaf meal. DMI (g/d) ranged from 44.24 to 66.85; 

LWG (g/d) from 8.43 to 21.36 and feed conversion ratio from 3.13 to 5.27. Differences were significant. 

Economic analysis showed that control diet was the least economical. Tesfaye et al. (2012) used a total 

of 300 day-old broiler chicks with average initial body weight of 42.32±1.53 g. Chicks were randomly 

distributed into 15 pens each with 20 chicks, representing five feeding treatments. The treatments were 
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inclusion of Moringa oleifera leaf meal (MOLM) at 0 (Control, T1), 5 (T2), 10 (T3), 15(T4) and 20% 

(T5) levels of the total ration at the expense of soybean meal. The experiment lasted for 56 days, during 

which they found that total DM and total CP intakes for the birds in T5 were greater than other 

treatments. Mendieta-Araica et al. (2010) used moringa leaf meal as a protein source in diets given to six 

lactating dairy cows fed a basal Elephant grass diet. The intake of dry matter, organic matter, neutral 

detergent fiber and acid detergent fiber did not differ significantly between treatments. Akinyemi et al. 

(2010) studied the effect of inclusion level on nutrient intake of sheep fed Moringa oleifera as 

supplements to Panicum maximum a completely randomized design experiment using twenty rams with 

average initial weight of 16 kg. There were five treatments 1–5 with 0, 25, 50, 75 and 100 % M. oleifera 

inclusion levels, respectively. M. oleifera had better nutrient profile with 29.68% CP and 16.98% CF 

contents than P. maximum with 9.17% CP and 40.37% CF. Inclusion of M. oleifera as supplement to P. 

maximum in the diets significantly lowered (P<0.05) DM intake especially at higher (>50%) inclusion 

rates. Intakes of OM, EE and NFE were similar but CP intake increased while CF intake decreased 

(P<0.05) as inclusion level increases.  

Feed conversion (kg feed/kg gain; Table 5) during the period of the study was not affected by the 

dietary treatments under which the experimental animals were kept. This may have been due to the 

equality of both feed intakes along with growth rate. Feed conversion ratio was 3.83, 3.79, 4.24, 3.61, 

3.86, 3.75 and 3.77 for AH, M10, M15, C10, C15, T10 and T15, respectively. Musa (2008) found that 

improvements in weight gain occurred in rabbits fed parsley hay meal or its mixture with basil may have 

been due to the biological functions of the main components of the residual essential oil in the parsley 

and basil by-products (El-Shenawi, 1992; Abd El-Azeem, 1999; Awad, 2003 and El- Manylawi et al 

2005). Bello and Abdulkarim (2015) used 20 cross-breed weaned rabbits to assess performance of 

growing rabbits fed cassava meal. Cassava meal was included at 0, 25, 50 and 75% to replace maize in 

the diets (treatment 1-4, respectively. Rabbits were randomly allocated to four diets. The results showed 

a non-significant effect on all the performance parameters. The daily feed intake (35-47g), daily weight 

gain (7.8-12.56 g) and feed conversion ratio (3.65-4.48) was not influenced by the dietary level of 

cassava meal. Oliveira et al. (2008) studied the performance of 144 New Zealand White rabbits from 

weaning to slaughtering (31 to 70 d of age) when fed with control or experimental cassava diets. A 

significantly lower feed intake (P=0.007) was observed for rabbits received cassava diet until weaning 

(129 vs. 138 g/d) resulting in a lower feed: gain ratio (3.03 vs. 3.22; P<0.001) during the fattening 

period. The silage process improved significantly the feed: gain ratio (2.92 vs. 3.16 with non-ensiled 

cassava and 3.28 for the control) in relation with of a lower feed intake, but there was non-significant 

effect of silage processing on average rabbit growth rate and carcass characteristics.  

In order to calculate the performance index percentage (PI) the average performance data (total gain, 

feed intake and feed conversion) were composited in one Table (Table 5). The results of performance 

index indicated that the highest PI value was significantly (P<0.05) recorded with group fed C10 diet 

(68.59%) followed by those T10 (66.30%), M10 (62.51%), C15 (61.14%), T15 (59.41%). and AH 

(58.31%) the least was recorded for M15 (55.21%). Abousekken et al. (2007) reported that growing 

rabbits fed 36% mixture of fennel hay and Marjoram hay recorded significantly (P<0.05) the best PI 

value, while, group fed dietary 36% Marjoram hay only was the worst one. Musa (2008) came to the 

same conclusion that rabbits fed the mixture of medicinal plant wastes gave better PI than each one 

alone. In this respect, Rawiha (1994) stated that using mixtures of medicinal herbs was preferable than 

using each alone. Moreover, such improvements may have been attributed to the synergism between the 

main components of the tested plants included in these mixtures. In good agreement with the present 

results, Stephan (1980); Yousef et al. (1998); Yamani and Farghally. (1994) and Szendro et al. (1998) 

reported that poor growth performance of rabbits resulted mainly from the decrease in feed intake (with 

impaired feed conversion) which may lead to less protein biosynthesis and/or less fat deposition; leading 

to lower gain. The animals, when receiving less feed intake, will keep enough feed-energy as a 

maintenance requirement and consequently the remained net energy for growth may be decreased 

resulting in a reduction in daily gain of growing rabbits. 

No mortality was recorded during the experimental period in rabbit group fed diet containing any of 

the experimental diets (Table 5). The results of mortality rate may indicate that all animals were in good 

health and the dietary treatments had no adverse effect of any kind. In general no literature relating 

mortality rates of rabbits to feeding wastes of medicinal plants was available. 

Results given in Table (6) show the apparent digestion coefficients of nutrients (mean ±SE) as 

affected by the different experimental diets.  
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Table (6): Apparent digestion coefficients of the experimental diets as affected by dietary 

treatments (Means ± SE) 

Item 
The experimental diet 

Sig. 
AH M10 M15 C10 C15 T10 T15 

DM 55.72
a
 

± 

5.86 

56.49
a
 

± 

2.16 

68.19
bc

 

± 

3.17 

67.64
b
 

± 

2.54 

72.50
c
 

± 

2.97 

66.58
b
 

± 

0.93 

75.78
c
 

± 

1.61 

0.05 

OM 53.62
a
 

± 

5.43 

56.49
a
 

± 

2.94 

69.72
b
 

± 

2.70 

68.59
b
 

± 

2.45 

73.83
c
 

± 

2.16 

67.94
b
 

± 

0.71 

77.25
c
 

± 

1.81 

0.05 

CP 63.58
a
 

± 

1.31 

66.24
b
 

± 

1.74 

74.05
c
 

± 

2.87 

72.29
c
 

± 

3.22 

77.65
c
 

± 

1.27 

74.53
c
 

± 

0.60 

81.46
d
 

± 

1.36 

0.05 

CF 19.42
a
 

± 

3.64 

18.78
a
 

± 

6.48 

38.09
c
 

± 

7.55 

21.99
b
 

± 

5.36 

43.44
c
 

± 

4.63 

39.66
c
 

± 

3.09 

51.39
d
 

± 

2.32 

0.05 

EE 64.30
b
 

± 

2.10 

66.99
a
 

± 

2.74 

78.87
c
 

± 

0.32 

84.50
cd

 

± 

4.57 

89.23
d
 

± 

2.97 

83.61
cd

 

± 

1.53 

82.41
c
 

± 

2.33 

0.05 

NFE 62.67
b
 

± 

1.59 

55.45
a
 

± 

1.99 

74.88
c
 

± 

1.79 

74.51
c
 

± 

2.14 

76.79
c
 

± 

2.29 

70.07
c
 

± 

1.17 

80.29
d
 

± 

1.96 

0.05 

*M, Moringa; C, Cassava; T, Tartofa at both levels 10 and 15%; AH, control. 

*OM, organic matter; CP, crude protein; CF, crude fiber; EE, ether extract and NFE, nitrogen-free extract. 

a, b,c and d. Means in the same row with different superscripts differ significantly. 

 

Apparent digestion coefficients of DM were 55.72, 56.49, 68.19, 67.64, 72.50, 66.58 and 75.78% for 

the AH, M10, M15, C10, C15, T10 and T15 diets, respectively. Differences were statistically significant 

(P<0.05). Digestibility of OM followed the same as DM; the respective values of OM were 53.62, 56.49, 

69.72, 68.59, 73.83, 67.94 and 77.25%; differences were significant (P<0.05).  Digestibility of CP for the 

AH, M10, M15, C10, C15, T10 and T15 diets was 63.58, 66.24, 74.05, 72.29, 77.65, 74.53 and 81.46%, 

respectively. Differences were statistically significant (P<0.05). Digestion coefficient of CF was low for 

AH (19.42%), M10 (18.78%) and C10 (21.99%); the highest was that for T15 (51.39%). The other 

groups had intermediate values. The lowest digestibility of EE was recorded for AH (64.3%) and M10 

(66.99%); however, both cassava and tartofa led to a higher (P<0.05) digestibility at both levels used (10 

and 15%) ranging between 78.87 to 89.23%. The digestibility of NFE was 62.67, 55.45, 74.88, 74.51, 

76.79, 70.07 and 80.29% for the experimental group's AH, M10, M15, C10, C15, T10 and T15, 

respectively. Difference was significant (P<0.05). Musa (2008) observed that increasing replacement 

level of parsley and/or basil from 10 to 20 % improved digestion coefficients of CF. Apparent 

digestibility of CF increased from 30.39 up to 71.28%. In general, the improvement in digestibility could 

be attributed to the improvements in digestive tract environment due to herbal content of biological 

constituents such as antioxidants (Ali et al., 2007). Also, it may be observed that the higher digestibility 

was relative to lower feed intake where the decreases in feed intake lead to an increase in digestibility of 

almost all nutrients. The lower feed intake generally decrease the digesta flow rate leading to more time 

for nutrients to expose to the digestive enzymes which will result in more efficient digestion. Baraghit et 

al. (1995) reported that digesta flow rate is negatively correlated with feed intake which would allow the 

nutrients to be available to the digestive enzymes for longer time. These means that the feed taken by 

rabbits was potentially digestible but due to the high flow rate in rabbits with more feed intake, feed may 

not be completely digested. Mendieta-Araica et al. (2010) studied the effect on milk yield, milk 

composition and ration digestibility of using moringa leaf meal. The treatments did not differ with regard 

to digestibility with the exception of CP digestibility. Akinyemi et al. (2010) studied the effect of 

inclusion level on digestibility of sheep fed Moringa oleifera. The best DM, OM, CP and NFE 

digestibility were obtained at 100 % moringa inclusion while CF and EE digestibility were highest at 25 
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% inclusion level which also gave similar DM and CP digestibility with 100 % inclusion. Nouala et al. 

(2006) conducted a study to investigate the effect of various levels of Moringa oleifera supplementation 

on in vitro digestibility. fermentation and in vitro digestibility were significantly higher with Moringa 

oleifera compared to other treatments. Adegbola and Okonkwo (2002) reported that cassava leaf meal 

did not negatively affect the digestibility and growth rate of rabbits fed varying levels of cassava. 

Ersahince and Kara (2017) carried out a study to determine the nutrient composition and in vitro 

digestion parameters of Jerusalem artichoke (Helianthus tuberosus L.) herbage at different maturity 

stages (vegetative, early flowering, full flowering and early seeding) in horses and ruminants. With the 

plant maturation the following parameters decreased (P < 0.05): CP, NFC, ash and TSP content in plant 

samples, and in vitro total gas and methane production, T-DMd, T-OMd, ME values and molarities of 

individual VFA's for both horses and ruminants. Consequently, Jerusalem artichoke herbage, especially 

at vegetative stage, has the potential to be used as quality forage in terms of high/moderate nutrient 

composition and satisfactory digestion values for both horses and ruminants. 

The nutritive values of the experimental diets are presented in Table (7). The results indicated that 

rabbits fed diet containing tartofa at the level of 15% (T15) were significantly (P<0.01) higher in their 

digestible crude protein (DCP) being 13.8% than control diet (11.66%) and M10 being (11.87%). The 

other groups were intermediates ranging between 12.82 in C10 and 13.43% in C15.  

The group fed dietary 15% cassava (C15) recorded significantly (P<0.01) the best value of total 

digestible nutrients (TDN, 89.8%) and digestible energy (DE, 3954 kcal/kg). The least values were 

recorded for M10 (61.2% TDN and 2693 kcal/kg DE). Nutritive values as TDN and DE were 67.4, 2967; 

77.2, 3396; 79.7, 3505; 79.6, 3502; 85.3, 3754 for AH, M15, C10, T10 and T15, respectively. These 

results indicated that, using hay of such medicinal plants in growing rabbit diets causes improvement in 

the digestion coefficients and feeding values than alfalfa hay.  

 

Table (7): Nutritive values of the experimental diets as affected by dietary treatments (Means ± 

SE). 

Item 
Treatments 

 Sig. 
AH M10 M15 C10 C15 T10 T15 

DCP 11.66
bc

 

± 

0.53 

11.87
ab

 

± 

0.59 

12.91
ab

 

± 

0.94 

12.82
ab

 

± 

1.71 

13.43
ab

 

± 

0.54 

13.08
c
 

± 

0.67 

13.80
a
 

± 

0.15 

0.05 

TDN 67.4
a
 

± 

2.08 

61.2
ab

 

± 

2.01 

77.2
b
 

± 

2.42 

79.7
b
 

± 

2.05 

89.8
bc

 

± 

1.88 

79.6
b
 

± 

0.65 

85.3
c
 

± 

1.51 

0.01 

DE 2967
a
 

± 

91.7 

2693
a
 

± 

88 

3396
b
 

± 

105 

3505
b
 

± 

89 

3954
bc

 

± 

82,7 

3502
b
 

± 

28.7 

3754
c
 

± 

66.6 
0.01 

*M, Moringa; C, Cassava; T, Tartofa at both levels 10 and 15% and AH, alfalfa hay (control).  

*DCP, digestible crude protein %. 

 TDN, total digestible nutrients %. 

 DE, digestable energy (kcal/kg DM) = TDN x 4.4 according to Schneider and Flatt (1975) 

a, b,and c. Means in the same row with different superscripts differ significantly. 

 

Abousekken et al. (2007) and Musa (2008) concluded that by using dietary mixture of medicinal hay 

in growing rabbit diet the nutritive values of the experimental diets may be improved. These significant 

improvements in the digestion coefficients and nutritive values by medicinal wastes may be due to the 

effect of some flavonoids and essential oils which had beneficial effect for stimulation and activity of 

cecum fermentation (Ibrahim, 2005). Apparent digestibility of CF in this group was significantly higher 

than the other groups. In this concern, Aboul-Fotouh et al. (1999) found that the highest TDN, DE and 

DCP values obtained when sheep diets contained 5% Cymbopogon herbage+3% Eucalyptus globules 

than the other treatments. Yousef et al. (1998) reported that TDN and DCP for Nigella sativa cake 
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showed reasonable estimates compared with clover hay.  

Data of the nitrogen balance are presented in Table (8). Nitrogen intake followed the same pattern as 

the feed intake. Values of NI were 2.68, 2.87, 2.88, 2.78, 2.64, 2.58 and 2.48g/d for AH, M10, M15, 

C10, C15, T10 and T15, respectively. Differences were significant (P<0.05). Nitrogen excreted (g/d) in 

feces (FN) and in urine (UN) were 0.99 and 0.40; 0.98 and 0.47; 0.75 and 0.81; 0.78 and 0.54; 0.61 and 

0.75; 0.65 and 0.57; 0.47 and 0.70 for the respective experimental treatments. Differences were 

significant (P<0.05). Data reveal that rabbits on diets M10 and C10 retained the most (P<0.05) nitrogen 

being 1.42 and 1.46g/d comparing to the least value of 1.28 and 1.29 for C15 and AH. The other groups 

retained between 1.31 to 1.36g/d. In general, replacing alfalfa hay with either one of the medicinal plant 

wastes increased nitrogen balance of growing rabbits. Table (8) presents the biological value (BV) of the 

dietary treatment; it was clear that BV reached the beak when rabbits were fed AH and the wastes of 

Moringa at 10%.   

 

Table (8): Nitrogen balance as affected by dietary treatments (Means ± SE). 

Item Treatments 
Sig. 

AH M10 M15 C10 C15 T10 T15 

NI(g/d) 2.68
b
 

± 

0.029 

2.87
c
 

± 

0.028 

2.88
c
 

± 

0.066 

2.78
b
 

± 

0.067 

2.64
b
 

± 

0.032 

2.58
a
 

± 

0.059 

2.48
a
 

± 

0.011 

0.05 

FN(g/d) 0.99
c
 

± 

0.081 

0.98
c
 

± 

0.043 

0.75
b
 

± 

0.052 

0.78
b
 

± 

0.051 

0.61
a
 

± 

0.029 

0.65
b
 

± 

0.043 

0.47
a
 

± 

0.043 

0.05 

UN(g/d) 0.40
a
 

± 

0.135 

0.47
a
 

± 

0.194 

0.81
c
 

± 

0.096 

0.54
a
 

± 

0.045 

0.75
c
 

± 

0.066 

0.57
b
 

± 

0.077 

0.70
c
 

± 

0.083 

0.05 

NB(g/d) 1.29
a
 

± 

0.104 

1.42
b
 

± 

0.117 

1.32
a
 

± 

0.081 

1.46
b
 

± 

0.102 

1.28
a
 

± 

0.064 

1.36
ab

 

± 

0.080 

1.31
a
 

± 

0.074 

0.05 

BV(%) 76.30
c
 

± 

3.67 

75.1
b
 

± 

6.36 

62.1
a
 

± 

2.82 

73.0
b
 

± 

1.84 

63.05
a
 

± 

1.94 

70.4
b
 

± 

2.05 

65.2
a
 

± 

3.00 

0.05 

EDG(g) 27.35
a
 

± 

2.16 

30.1
b
 

± 

2.44 

28.1
a
 

± 

1.69 

30.9
b
 

± 

2.12 

27.3
a
 

± 

1.37 

28.9
b
 

± 

1.67 

27.7
a
 

± 

1.54 

0.05 

   ADG 

     (g/d) 

26.9 

± 

1.25 

29.7 

± 

0.81 

27.4 

± 

0.45 

30.4 

± 

1.84 

27.7 

± 

1.01 

27.5 

± 

0.99 

27.2 

± 

1.24 

NS 

*NI, nitrogen intake; FN, fecal nitrogen; UN, urinary nitrogen; NB, nitrogen balance; BV, biological value; EDG, 

expected daily gain according to NB data and ADG, actual average daily gain. 

a, b and c. Means in the same row with different superscripts differ significantly . 

NS; not significant. 

 

Biological values were 76.3, 75.1, 62.1, 73.0, 63.1, 70.4 and 65.2% for AH, M10, M15, C10, C15, 

T10 and T15, respectively. Differences were significant (P<0.05). These results indicating that replacing 

alfalfa hay with medicinal plants wastes decreased BV by 1.57 (M10) to 18.61 (M15) leading to a 

decline in protein utilization with growing rabbits. Nitrogen balance results were used to calculate the 

expected daily gain (Table 8). The EDG was almost equal to that of the actual ADG; it is recommended 

that NB data could be accurately used to calculate average daily gain. Musa (2008) determined the 

biological value of the dietary protein from medicinal plant wastes (parsley, PHM and/or basil, BHM). It 

was significantly (P<0.01) higher for groups of rabbits fed the wastes at the lower level (10%) especially 

when they were used as mixture than each one alone. Rabbits fed dietary 20% of PHM and BHM 

mixture recorded significantly (P<0.05) the best values of BV compared to the other experimental diets 

or the control group. These results indicated that, using hay mixtures of such medicinal plants in growing 

rabbit diets causes improvement in digestion coefficients and feeding values more than using each alone. 
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El-Manylawi et al. (2005) illustrated that the nitrogen balance for rabbits fed on diets containing 

Geranium by-product at 6 or 9% increased significantly (P>0.05) compared with the control group while, 

the difference did not significant between other groups. Musa (2008) reported that NB took the same 

trend as the average daily gain; therefore, he calculated the relationship between NB and ADG. 

Regression coefficient was positively and highly significant (r
2
 = 0.78) accordingly he found that 

expected ADG followed the same pattern as the actual ADG using the NB values obtained in his study. 

He recommended that data of NB could be used to determine the expected ADG of rabbits. Working 

with sheep, Akinyemi et al. (2010) studied the effect of inclusion level of Moringa oleifera hay and 

found that N balance and retention were best under 25 % M. oleifera and least under 75 % M. oleifera.  

Adegun et al. (2011) came to the same conclusion. 
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 الهضم وميزان النيتروجينو داء الأرانبأتأثير بعض متبقيات النباتات الطبية على 

 

كماا  ممماع عباع الار من
1

بركاات ممماع أ ماع و 
1
مممادد عاعع أبدعا ينو  

2
أعاامة أباد العاز نا ا  و 

1
أ ماع ممماع ىكاى  و 

مدعى
2

 

 ./ كلية الزراعة/ جامعة المندفية / مصر قسم الإنتاج الميداني1

 .دات / مصرمعهع العراعات والبمدث البيئية / جامعة مع نة السا2 

 

درةر    دراسر  أريري  اسرتلدا  -متمربنة   مجمسعرب  7جر  نسمرمإ ى ر   750أسربيي  يمتسسرط ن    6أرنب خليط عمر   42استخدم 

 %( ارس ا لائقر،  15أن  10ا ل سي  ا حجب ي يممتسةب  مختلف  من درة  مخلفب  ا مسرةنجب أن ا كبسرباب أن ا ر وسار  نينمرلتس اسرتلدا  

بجس  لأرانرب ا نبمير  مر  أميري   رلم  ا مخلفرب  .رلاقيبا أر  سيربلا الأداء النتربجس نا نمرس نملاربمئ  ا الر  نا ميمر  ا  لاقير  عل  الأداء الإنت

 ا  ميزا  ا نيت نجينن

%( عرن مييلتارب ارس درةر  75ا6ن  7ا7ن 63ا7علر  نمرب منخفلر  مرن ا لر نأين ن مخلفب  ا نلبأرب  ا رلير ء اأظا   ا نتبقج احتس

نا ر وسارر   (%18ا10%( أعلرر  مررن ا كبسررباب ن75ا20يينمررب احتررس  ا مسرةنجررب علرر  نمررل  ا يررب  خرربم ن  %5ا17ا ل سرري  ا حجررب ي 

 نأين %  درة  ا ل سي  ا حجب يا أظا  ا تحليل ا كيمبني ا كبمل  للائق، ا تج ةلير  أمربنةاب ارس محتسا رب مرن ا لر1ا24%( ممبيل 15ا7ن

نا ربس ا    أظا  أة  ا نق ملانسة  يخصسص متسسرط ن   ا جمر  عنرد أي مرن ا فتر ا  ا تج ةلير  ممرب ةرد  علر  عردم نجرسد  رربر جبنلير  

خرئ  ا فتر ة ا تج ةلير  ا كبملر   كربمئ   ا  ضبرة  لملابمئ  ا تج ةلي  عل  نمس ا حيسانب ا نمإ الرانب اس ا مجمسعب  ا تج ةلي  ا مللا  نمس

ا د ررإ نترربقج د يررل الأداء الإنترربجس ارأفبعرر  اررس الأرانررب ا م ررلاة علرر  جرر   1525  1542  1552  1703  1536  1665  1505سرردرم 

% 15ا كبسررررباب    %(51ا62% ن10مسرةنجررررب %( ررررر  30ا66% و وسارررر  ن10%( ةليرررر  مجمسعرررر  59ا68% درةرررر  ا كبسررررباب ن10

% 15يينمررب الأسررل سررجلإ  مجمسعرر  ا مسرةنجررب  %( 31ا58 حجررب ي ن, درةرر  ا ل سرري  ا%( 41ا59% ن15ا ر وسارر   %( ررر 14ا61ن

%  لمجمسعررررب  78ا75ن  58ا66   50ا72  64ا67  19ا68  49ا56  72ا55%(ا كبنررررإ ملارررربمئ  ا الرررر   لمرررربدة ا جبارررر  21ا55ن

% و وسار  15ا م رلاة علر  ا تج ةلي  عل  ا تسا سا سجلإ ملابمئ   ل  ا مبدة ا لالسة  نفر  الأجربم  لمربدة ا جبار ا حممرإ ا مجمسعر  

%( يينمب ا مجمسعب  الخر   اأخرل  87ا11% ن10%( نا مسرةنجب 66ا11%( ممبرن  يلاليم  ا كنت ن  ن08ا13أعل  ي نأين مالسم ن

%( نوبسرر  8ا89% أالررل محتررس  مررن ا م كلررب  ا  لاقيرر  ا كليرر  ا مالررسم  ملانسةررب ن15اأجب ررب متسسررربا أظارر   مجمسعرر  ا كبسررباب 

  - 2ا61ا مالرسم  ن ن ا ربسر % ا مري  الأسرل مرن ا م كلرب  ا مالرسم  10سجلإ مجمسعر  ا مسرةنجرب  –كيلسكب سري(  3954مالسم  ن

سررجلإ يرربسس ا مجمسعررب  سيمررب متسسررر   كررل مررن ا م كلررب  ا مالررسم  نا ربسرر  ا مالررسم ا أد  اسررتخدام درةرر  ا مخلفررب   –( 2693

رانرب ا م رلاة علر  رة  ا ل سري  ا حجرب يا احتجرز  الأم  ا  لاقي  عن ألك ا خبص  يردا تج ةلي  أحمنب ملحسظب اس ملابمئ  ا ال  نا مي

كبنرإ ا ميمر  ا حيسةر   للر نأين  للائقر،  % كميرب  مرن ا نيتر نجين أكلر  مرن مييئأارب ارس ا مجمسعرب  الأخر  ا10ا مسرةنجرب أن ا كبسرباب 

  تسا س نكبنإ ا ف نق ملانسة ا % عل  ا2ا65ن  4ا70  05ا63  0ا73  1ا62  1ا75  3ا76ا تج ةلي  

 

 

 


