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ABSTRACT 

The aimed of this study to 

evaluate effects of sea-grass 

(Cymodocea nodosa), taro (Colocasia 

esculenta) haulms and tomato 

(Solanum lycopersicum) haulms as 

untraditional feeds on growth 

performance, nutrients digestibility, 

carcass traits and some blood 

parameters as well as economic 

efficiency of growing rabbits. Thirty 

two weaned New Zealand White 

(NZW) rabbits aged 6 wk and 

weighted 891.89 ± 53.2 g were 

randomly allotted into four groups (8 

rabbits in each). The 1
st
 group sarved 

as the control (CON) and fed on the 

basal diet. The 2
nd

 group (SGR), the 

3
rd

 group (TAR) and the 4
th
 group 

(TOM) were fed the basal diet 

containing 10% in each of sea-grass 

(Cymodocea nodosa), taro (Colocasia 

esculenta) haulms and tomato 

(Solanum lycopersicum) haulms, 

respectively during the experimental 

period (7 wk). 

Results revealed that the 

experimental diets did not 

significantly affect live body weight 

(LBW) at the end of the experiment. 

Total and daily gain were higher 

significantly (P<0.05) in TOM group 

than TAR group. Total and daily feed 

intake were highest significantly 

(P<0.05) in rabbits of SGR group as 

compared to TAR group. Feed 

conversion efficiency did not differ 

significantly among treatment groups. 

All nutrient digestibilities and 

nutritive values of experimental diets 

did not affected significantly as 

compared with control diet. Hot 

carcass weight and organ weights did 

not differ significantly among 

treatment groups, except the kidney 

weight was lower (P<0.05) in the 

control group when compared to SGR 

group.  Chemical analysis of hind leg 

meat releved that protein (%) in TOM 

group was higher (P<0.05) than 

those of TAR and CON groups. 

Whereas, fat (%) was higher 

(P<0.05)in TOM group as compared 

to SGR and CON groups and similar 

to TAR group. However, ash (%) did 

not differ significantly among 

treatment groups. Serum total protein, 
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albumin, globulin, urea nitrogen and 

total cholosteral were insignificantly 

among treatment groups. Creatinine 

was decreased (P<0.05) in SGR 

group compared with the other 

treatment groups . AST enzyme in the 

serum of rabbits was increased 

(P<0.05) when fed on TAR diet 

compared with those fed on the other 

diets. ALT enzyme was higher 

(P<0.05) in SGR group than TOM 

group and similar to the other groups. 

Serum glucose was reduced (P<0.05) 

due to feeding on SGR or TAR diet 

compared with the control diet. 

Triglycerides was higher (P<0.05) in 

TOM  group than SGR group and 

similar to the other groups. Economic 

efficiency (E.E) and relative E. E (%) 

were highest in TOM group followed 

by SGR group.  

Conclusively, it could be 

concluded that feeding growing 

rabbits on diets conaining 10% sea 

grass, taro and tomato haulms 

without detrimental effects on 

productive performance, health status 

and economic efficiency. 

Key words: Rabbits, sea-grass, 

vegetable crop residues, growth, 

digestibility, carcass traits, blood 

parameters, economic efficiency. 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

Rabbit production plays an important role in bridging the food gap 

caused by animal protein deficiency. The advantages of breeding rabbits are 

largely attributable to their high reproductive rate, precipitous maturity and 

rapid growth rate. Due to the high cost of feeding rabbits on traditional 

feedstuffs, it could be a wise practice to use some untraditional feeds with 

reasonable nutritional value to reduce the costs of their nutrition (Khayyal et al., 

2017, Bakr et al., 2019 and Bakr et al., 2021) 

Sea-grass (Cymodocea nodosa) contains high carbohydrates, proteins, 

fiber, vitamins and minerals (Abdel-Hady et al., 2007). It contains also high 

amounts of vitamin A, C and E in the rhizome/root (Jeevitha et al., 2013) and 

large amounts of essential minerals such as Mg, Ca, K, Na, P, Zn, Ni and Cu 

(Kolsi et al., 2017 a). Moreover, Kolsi et al., (2018) reported that sea-grass 

could be used as natural antioxidants.  

Most of vegetable crop residues used as organic fertilizers or burned 

causing environmental pollution and subsequent health hazard, but a little are 

dried and stored as forage sources for ruminants or left in the field as grazing for 

animals (Renard, 2001). Tomato crop (Solanum lycopersicum) is considered 

main vegetable crop in Egypt. Crop area of them is estimated about 537582 

fedan produce about 1,881,537 tons of tomato haulms (Agricultural statistics, 

Economic affaire sectors, Ministry of Agriculture, 2011). Tomato (Solanum 

lycopersicum) haulms can be used in ruminant feeding as forage where it having 

14.88% CP, 1.85% EE, 43.59% CF and 30.71% NFE (EL-sayed et al., 2012). 
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Taro (Colocasia esculenta)  has high yield and most its varieties contain 

an irritating or acrid agent and cannot be eaten in fresh state. The cultivated 

area of taro was 6545 feddans, which gave a yield of 102563 tons waste, 

according to Ministry of Agriculture (2016). Taro by-product can be a 

potentially working as a protein source for animals, especially pigs due to its 

good nutritional quality where the leaves having (DM basis): 25% CP, 12.1% 

CF, 10.7 % EE, 1.74% Ca, and 0.58% P(FAO,1993), in addition rich in 

vitamins like vitamin B6, vitamin C and minerals like thiamin, riboflavin, iron, 

phosphorus, zinc, niacin, potassium, copper and manganese, (Wikipedia, the 

free encyclopedia http://en. wikipedia.org/wiki/Taro).  

Therefore, the objective of  this work to evaluate and  utilize of some 

untraditional feeds such as sea-grass, taro haulms and tomato haulms available 

in our surrounding areas with cheap prices to reduce the cost of feeding and to 

evaluate their effects on growth performance, digestibility of nutrients, carcass 

traits,  some blood constituents and economic efficiency of New Zealand White 

( NZW) rabbits  under North-Sinai conditions. 

MATERIALS AND METHODS: 
   

The present study was carried out at  the Rabbitry Farm, Department of 

Animal and Poultry Production, Faculty of Environmental Agricultural 

Sciences, Arish University, North Sinai, Egypt. 

Sea-grass, taro and tomato haulms collection and preparation: 

Sea-grass (C.nodosa) was collected from the area around Bardawil lake  

in North Sinai, which included all parts of  the plant. Taro haulms (C.esculenta) 

which included leaves and petioles (false stems) was provided by Menofiya 

Governorate. Tomato haulms (S.lycopersicum) which included leaves and 

stems after harvest was collected from Bir El-Abd area, North Sinai, Egypt. 

Sea-grass, taro and tomato haulms were sun-dried, then grounded as meal and 

stored in a well tight Polythylene bags at room temperature until they were 

used. Samples of them were taken in plastic bags for chemical analysis 

according to A. O. A. C. (2012). 

 Experimental design and management: 

Thirty two newly weaned  NZW rabbits aged 6 wk and weighed 

approximately 891.8 ± 53.2 g were randomly allotted into four groups (8/ 

each). The 1
st
  group sarved as the control (CON) and fed on the basal diet only. 

The 2
nd

  group (SGR) was fed the basal diet, in which a 10% was replaced with 

sea-grass (C.nodosa), the 3
rd

  group (TAR) was fed the basal control diet 

containing 10% taro haulms (C.esculenta) and the 4
th
  group (TOM) was fed 

the basal control diet containing 10% tomato haulms (S.lycopersicum). SGR, 

TAR and TOM were handly mixed with feed ingredients and the experimental 
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diets were pelleted under a temperature of 70 
o
C, 0.3 cm diameter and 2 cm 

length. The experimental diets were formulated to be iso-nitrogenous (≈17% 

CP), iso-caloric (2500 kcal DE / Kg diet) and fulfill the nutrient requirements 

for rabbits according to (NRC, 1977). Ingredients of the experimental diets are 

showed in Table (1). This experiment lasted for 7 wk and aimed to study the 

effects of these experimental diets on growth performance, carcass 

characteristics and  blood metabolites of growing rabbits.  

Rabbits were housed in galvanized wire maternity as two per  cage 

(30*40*40cm). Each cage had a stainless nipple for drinking and a feeder in a 

well-ventilated building (natural air and light throw the window). The 

experimental diets and fresh water were offered ad-libitum twice daily at 8.00 

AM and 6.00 PM. All rabbits were observed daily, kept under the same 

managerial, hygienic and environmental conditions. All rabbits were 

individually weighed at the beginning of the experiment, then weekly before 

offering the morning meal until end of experiment. Feed intake was recorded 

weekly during the experimental period from 6 to 13 weeks of age. Live body 

weight, weight gain, feed intake, feed conversion ratio (g feed/ g gain) and 

economic efficiency were calculated. 

Digestibility trials: 

At the end of the growth experimental period (13 wks of age), 

digestibility trials were conducted to evaluate the nutrient’s digestibility and 

feeding values of the experimental diets. Three male rabbits were chosen 

randomly from each group and housed individually in metabolis cages facilitate 

the collection of feces. The same feeding regimed used during the feeding trial 

was also, used during the digestibility trial.   A preliminary period of 10 days 

was followed by 5 days as a collection period for feces. The experimental diets 

were offered once a day at 8.00 AM ad-libitum.  Feed intake (g) was recorded 

daily and quantitative collection of feces was started 24 hours after offering the 

daily feed. The feces of each rabbit were collected daily in the morning for a 

collection period of 5 days. Any shaded hair or foreign materials were 

discarded. The feces were sprayed with 2% boric acid for trapping any 

ammonia released, then was dried at 60 
o
C for 36 hours. At the end of the 

collection period, all dried feces for each rabbit was mixed, grounded and 

stored until chemical analysis. Diets and feces were analyzed according to A. 

O. A. C (2012). The nutritive values of the experimental diets were estimated 

as digestible crude protein (DCP %), and total digestible nutrients (TDN). 

Values of total digestible nutrients (TDN) were calculated according to the 

equation described by Cheeke et al. (1982) as follows: 

TDN%= %DCP + %DCF + %DNFE + 2.25 (%DEE). 

Digestible enegy (DE, Kcal/kg diet) was calculated according to the formula 

described by Schiemann et al.(1972), cited by El-Kerdawy (1997) as follows: 
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 Table (1): Ingredients  of the experimental diets used in the present study. 

 1,2
, Experimental diets CON= Control, basal diet, SGR=10% Sea grass, TAR=10%  Taro 

haulms, TOM = 10% Tomato haulms. 
3 One kilogram of premix contain: Vit. A 12000 000 IU, Vit. D3 2200 00 IU, Vit. E 1000 mg, 

Vit. K3 2000 mg, Vit. B1 1000 mg, Vit. B2 4000 mg, Vit. B6 100 mg, Vit. B12 10 mg, Pantothenic 

acid 3.33 g, Biotin 33 mg, Folic acid 0.83 g, Choline chloride 200 g, Zn 11.79 g, Mn 5 g, Fe 

12.5 g, Cu 0.5 g, I 33.3 mg, Se 16.6 mg and Mg 66.7 g.   
 

DE (Kcal/kg diet)=5.28(DCP, g/kg)+9.51(DEE, g/kg)+4.2(DCF+DNFE, g/kg) ± 0.3 

 

Carcass traits:  

At the end of the experimental period (6 to 13 weeks of age ), 20 rabbits 

(5 from each treatment group) were chosen randomly and slaughtered to study 

the effect of different dietary treatments on carcass traits and blood constituents. 

Animals were kept off  feed overnight and body weights were recorded next 

morning prior to slaughter. Carcass traits as described by Blasco et al., (1992) 

were evaluated.  Hot carcass weight (HCW) was obtained 15 to 30 min after 

slaughter and did not include blood, skin, distal parts of tail, fore and hind legs, 

gastrointistinal tract and urogenital tract. The hind leg was cut from the carcass, 

weighed and its meat was separated from bone. The meat and bone were 

weighed separately and the ratio between them was obtained (Shetaewi, 1998). 

The following carcass traits were evaluated:  

 Pre-slaughter weight. 

 Empty body weight   ) EBW i.e.) (BW after slaughter including head, skin, 

empty G.I.T – G.I. tract contents). 

Ingredients (%) 
Experimental diets

1 

CON SGR TAR TOM 

Yellow corn 18 14.5 18 18 

Wheat bran 29.6 26.5 24.6 29.6 

Soybean meal (44% CP) 15 16.6 15 15 

Alfalfa hay 32 27 27 22 

Test material2 0 10 10 10 

Molasses 3 3 3 3 

Di-calcium P. 0.35 0.35 0.35 0.35 

Sodium chloride (salt) 0.3 0.3 0.3 0.3 

Calcium carbonate (lime stone) 1.05 1.05 1.05 0.05 

Vitamins & Mineral Premix3 

 

 

0.5 0.5 0.5 0.5 

Anti-fungus  0.1 0.1 0.1 0.1 

Anti-coccidiosis 0.1 0.1 0.1 0.1 

Total 100 100 100 100 
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 HCW= weight of carcass (without of each skin, limbs, ears, G.I.T) + liver + 

kidneys + head + (lungs, esophagus, trachea, thymus, heart) as carcass 

weight. 

 LHW= Weight of (lungs, esophagus, trachea, thymus and heart). 

 Commercial dressing % = (HCW/ Pre-slaughter weight)X100.    

 Biological dressing, % = (HCW/EBW) X 100. 

 Hind Leg (HL) weight, HL meat, HL bone and meat/bone. 

 Organ weights i.e. heart, liver, kidney… etc. 

Meat quality: 

Chemical analysis of hind leg meat (protein, fat and ash) were analysed 

according to A. O. A. C (2012). 

Blood constituents: 

Blood samples were collected directly from each rabbit after slaughter at 

the end of experimental period. Blood samples were collected into centrifuge 

tubes allowed to clot at room temperature. Serum was centrifuged at 3,000 rpm 

for 15 min. serum was then decanted into glass vials and frozen at -20°C until it 

was analyzed. Various chemical analyses were conducted using commercial 

kits and measuring the optical density by spectrophotometer, following the 

same steps as described by manufactures. 

Economical efficiency  

All diets of trials were subjected to economic evaluation. Economical 

efficiency is predefined as the net revenue per unit feed cost calculated from 

input output analysis as described by Hassan et al. (1996), El-Kerdawy (1997) 

and Mousa and Abd El-Samee (2002).  

 Statistical analyses:  

Data were analyzed by least – squares analysis of variance using the 

General linear model (GLM) procedure of SAS (2004) according to Steel and 

Torrie (1980). Data of growth performance (body weights and gain, feed intake 

and feed efficiency of kits), carcass characteristics and blood metabolites were 

analyzed by completely randomize deisgn as one-way analysis of variance. 

Whenever F value was significant (P<0.05), means were compared using 

Duncan (1955). 

RESULTS AND DISCUSSION 

 

Chemical analysis of sea-grass (C.nodosa), Taro (C.esculenta) haulms, 

Tomato (S. lycopersicum) haulms and the experimental diets. 

Data in Table (2) shows the chemical composition of  SGR (C. nodosa), 

TAR (C. esculanta),TOM (S. lycopersicum) and the experimental dites used in 

this study. 
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Table(2): Chemical analysis (%) of Sea-grass (C. nodosa), Taro waste (C. 

esculanta), Tomato waste (S. esculentum) and the experimental 

diets. 

Items 
 % On DM basis 

DM OM CP EE CF NFE Ash 

Sea-grass (C. nodosa) 89.20 70.29 8.41 0.99 10.12 50.77 29.71 

Taro haulms (C. esculanta) 90.09 83.08 16.41 7.42 14.30 44.95 16.92 

Tomato haulms  (S. 

esculentum) 
90.40 81.68 10.73 1.39 24.45 45.11 18.32 

Chemical composition of experimental diets given to NZW rabbits 
Diet (1): Control 89.90 92.78 19.02 3.04 14.35 56.37 7.22 

Diet (2): SGR (10%) 89.70 90.48 19.15 2.79 13.51 55.03 9.52 

Diet (3): TAR  (10%) 90.34 91.90 19.10 3.45 13.64 55.71 8.10 

Diet (4): TOM (10%) 90.20 91.99 18.57 2.91 13.80 56.71 8.01 
 

The  SGR contained  8.41 %  CP, which is lower than those reported by 

Abdel-Hady  et al. (2007) and Mensi et al., (2001) (18.6 and 15.13%  CP, 

respectively). But it was close to those reported by Kolsi et al., (2017a) (7.21 

%). The SGR contained  0.99% EE which is lower than that reported by Abdel-

Hady  et al., (2007) and Kolsi et al., (2017 a) (3.65 and 4.54  % EE, 

respectively). But close to those reporded by Mensi et al., (2001) (2.2 % EE). 

Ash content in SGR in this study was 29.71 %, which was higher than that 

reported by Kolsi et al., (2017 a) (16.4 %). It was close to that reported by 

Mensi et al., (2001) (21.4 %). The reason for the difference between the 

different studies of the chemical composition of sea-grass may be due plant 

growth environment, season of collection, species and method of analysis.( 

Kolsi et al., 2017 a, Mensi et al., 2001 and Ortiz et al., 2006) 

Moreover, the seasonal changes affect the content of the chemical 

components of the SGR, as the fat content increases during the summer, while 

the protein increases in the winter. Furthermore, natural cycle of the plant with 

different uptake, translocation in the different part of the plant (rhizome, leave, 

roots) regarding the seasons which probably regarding temperature and light 

(Geneid and El-Hady, 2006). 

The CP, EE, CF, ash and NFE content in the TAR (C. esculanta) in this 

study were 16.41, 7.42, 14.30, 16.92 and 44.95%, respectively. This result was 

different from the results those reported by Phillip et al., (2017) of the dried 

taro waste, which were CP, EE, CF, ash and NFE content were 13.52, 2.27, 

23.64, 25.76 and 34.81%, respectively. The reason for the difference between 

the different studies of the chemical composition of taro waste may be due 

plant growth environment and method of analysis. 

Table (2) shows the chemical analysis of the TOM (S. lycopersicum) in 

this study. The TOM contained 10.73% CP, which is close to this  reported by 
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Hassan et al., (2010) (7.88 % CP). But less than this  reported by Khogali et al., 

(2010) (15.75 % CP). Ether extract (EE) content in TOM in this study was 

1.39% EE, which is agreement with this reported by Hassan et al., (2010) and 

Khogali et al., (2010) (1.85 and 1.04 % EE, respectively). The CF content in 

TOM in this study was 24.45 % CF, which is less than this  reported by Hassan 

et al., (2010) and Khogali et al., (2010) (43.59 and 32.22 % CF, respectively). 

Ash content in TOM in this study was 18.32 %, which is higher than this  

reported by Hassan et al., (2010) (8.97 % Ash). However, close to this reported 

by Khogali et al., (2010) (13.87 % Ash). The reason for the difference between 

the different studies of the chemical composition of taro and  tomato haulms 

may be due plant growth in different environment and method of analysis. 

Table (2) showed the chemical analysis of crude potein , either extract, 

crude fiber, ash and nitrogen free extact of experimental diets given to NZW 

rabbits in this study. Moreover, dry matter and organic matter.  
 

Growth performance of growing rabbits.  

Results presented in Table (3) show that the initial and final body weights 

of the growing rabbits did not differ significantly among treatment groups. 

However, rabbits fed  TOM group gained faster significantly from 6 to 13 

weeks of age (19.2 g/hd/d) and those of TAR group gained the lowest (17.1 

g/hd/d (P<.05) whereas, those of the other groups gained intermediate (18.7 and 

18.5 g/hd/d for CON and SGR groups, respectively) .The same results were 

obtained by Soad Ahmed et al., (1994). 

Total feed intake was also significantly lowest consumed in rabbits of 

TAR group (3813.6 g) as compared to the other groups (3859.9, 3984.7 and 

3949.4 g, for CON, SGR and TOM groups, respectively). Similarly, Khayyal et 

al., (2017) reported that  total feed intake of diets containing different levels of 

taro haulms during the experimental period was decreased. The low feed intake 

of rabbits in TAR group could be attributed to the presence of anti-nutritional 

factors such as tannins, saponins, oxalates, phytates, and hydrocyanide in taro 

waste (Abdulrashid and Agwunobi, 2009 and Olajide et al., 2011). 

Previous research showed that voluntary feed intake has a significant (P< 

0.05) impact on both body weight gain and feed conversion in all animal 

species. Edmore et al., (2015) found that rabbits who had more feed intake 

gained significantly (P< 0.05) more weight than those who had less feed intake 

after 5 weeks.  

Feed conversion ratio (feed/gain) did not differ significantly among 

treatment groups (P>0.05). Means ranged between 4.23 to 4.62 (Table 3). 

Similar results of feed conversion (4.23- 4.71) was obtained in NZW rabbits by 

Ibrahim (2016)  who was feeding rabbits on diets containing medicinal plants. 
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Table (3): Body weight gain (g), feed intake (g) and feed conversion ratio 

(feed/gain) of  NZW growing rabbits as influenced by dietary 

treatment groups from 6 to 13 weeks of age. 

Items 
Treatment groups

1,2
 S.E.

3
 

CON SGR TAR TOM  

Initial weight (6wks) 901.7 920.0 898.6 846.9 53.2 

Final weight (13wks) 1818.3 1827.9 1739.4 1789.4 58.9 

Total body gain (6-13 

wks) 
916.6ab 907.9ab 840.8a 942.5b 35.4 

Daily body gain (6-13 

wks)  
18.7 ab 18.5 ab 17.1 a 19.2 b 0.72 

Total feed intake (g) 3859.9ab 3984.7a 3813.6b 3949.4a 58.5 

Daily feed intake (g) 78.7ab 81.3a 77.8b 80.6ab 1.19 

Feed conversion ratio 

(feed/gain) 
4.23 4.43 4.61 4.62 0.18 

a,bMeans in the same row with different superscripts, differ (P<0.05). 
1Treatment groups, CON= Control, basal diet, SGR=10% Sea grass, TAR=10%  Taro 

haulms, TOM = 10% Tomato haulms.  
2Values are least-squares means.  3SE= Standard error of  least-square means. 

 

Digestibility coefficients and nutritive values: 

Results in Table (4) showed no significant differences among treatment 

groups in digestion coefficients of DM, OM, CP, EE, CF and NFE. However, 

means of (DM, OM and NFE) tended to be higher in rabbits fed on TOM.  In 

the same way, also, the nutritive values of SGR, TAR and TOM diets, in terms 

of total digestible nutrients (TDN), digestible crude protein (DCP) and 

digestible energy (DE) did not differ significantly among treatment groups. 

Feeding rabbits on TAR diet decreased the digestibility coefficients that 

might be due to the oxalate effect which is considered working as a major 

factor contributing to the anti-palatability effect of taro waste as recorded by 

Agwunobi et al., (2002). Also, could be attributed to the presence of anti-

nutritional factors such as tannins, saponins, phytates, and hydrocyanide in taro 

waste (Abdulrashid and Agwunobi, 2009 and Olajide et al., 2011). These 

results are agreement with Khayyal et al., (2017) who reported that  no 

significant differences were found among all experimental treatment groups (0, 

7.5, 15 and 22.5% taro waste) for all digestibility coefficients (CP, CF, EE and 

NFE).  
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Table (4): Digestion coefficients (%) and nutritive values (%) of the 

experimental diets. 

±SE
3 Treatment groups

1,2 

Items 
TOM TAR SGR CON 

Digestion coefficients( %) 

1.6 71.47       67.40        69.50        68.84 DM 

1.5       73.36 69.57        71.20        70.95       OM 

1.3         78.04        75.88        78.28        78.17 CP 

1.1       79.59       80.31       78.67        78.69        EE 

3.9       29.83        24.97        30.91        26.26        CF 

1.1      81.14        78.41       78.21  79.48        NFE 

Nutritive value (%) 

1.3       69.83        67.80        67.13        69.48      TDN 

0.3      14.49        14.49        14.99        14.87        DCP 

60.0      3090.39         3005.54         2982.24         3052.047 DE 
1Treatment,  CON= control,  basal diet, SGR= 10%. sea-grass, TAR= 10% Taro 

haulms 
2Values are least-squares means. 
3
S.E. = Largest standard error of the means.  

 

Carcass traits 

 Results presented in Table (5) showed that pre-slaughter weight, empty 

body weight and hot carcass weight  did not differ significantly (P>0.05) 

among treatment groups, although their means seemed to be a little lower in 

TAR group as compared to the other treatment groups. Dressing percentages 

also, did not differ significantly among treatment groups and means were 

almost similar (Table 5).  

         Hind leg weight and hind leg meat were lower significant (P<0.05) in 

TAR group as compared to CON and SGR groups, but did not differ (P>0.05) 

from TOM group. Organ weights as giblets weight did not differ significantly 

among treatment groups, except the kidney weight, which was lower in the 

CON group as compared to the other treatment groups (Table 5). Similar 

results were obtained by Soad Ahmed et al., (1994). 

Chemical analysis of meat rabbits: 

Table (6) shows the chemical analysis of hind leg meat of  NZW 

growing rabbits. Protein (%) was higher (P<.05) in treatment groups that were 

fed on tomato haulms (22.37%) and sea-grass (22.06%) than those fed on taro 

haulms (21.43%) or the CON. (21.23%). Fat (%) was also, higher in TOM 

group as compared to SGR and CON groups and similar to TAR group. Ash 

(% ) did not differ significantly among treatment groups. 
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Table (5): Carcass traits and dressing percentages of NZW growing rabbits as 

affected by dietary treatment groups.  

Items 
Treatment groups

1,2 
S.E.

3
 

CON SGR TAR TOM 

Body  

Weight 

 (BW), kg 

Pre-slaughter weight 1.828 1.870 1.771 1.892 0.038 

Empty body weight (EBW)
4
 1.650 1.662 1.573 1.624 0.038 

Carcass 

Hot carcass wt. (HCW)
5
, kg 1.214 1.222 1.167 1.209 0.033 

Dressing% Commercial
6
 66.42 65.30 65.87 63.91 0.93 

Biological
7
 73.57 73.47 74.17 74.44 0.59 

Hind 

Leg 

(HL) 

HL weight, g. 151a 151a 134.5

0b 
145ab 6.00 

HL meat, g. 133.70 a 133.80a 118 b 127.9

0 ab 

5.20 

HL bone, g. 17.30 17.20 16.50 17.10 0.78 

HL Meat,% 88.54 88.60 87.73 88.21 0.60 

HL Meat/bone 7.73 7.78 7.17 7.48 0.40 

Geblets

, g 

Liver 42.67 46.74 42.83 43.01 3.33 

Kidney 8.97 a 10.95b 9.89 ab 10.01 

ab 

0.47 

LHW
8 16.13 17.72 17.58 16.13 1.02 

a,bMeans in the same row with different superscripts, differ (P<0.05). 
1Treatment groups, CON= Control, basal diet ad lib., SGR=10% Sea grass, TAR=10%  Taro 

haulms, TOM = 10% Tomato haulms,  
2Values are least-squares means.                     
3
SE= standard error of  least-square means. 

4
EBW= empty body weight (live BW including head, skin, empty G.I.T – G.I. tract contents). 

5
 HCW= Weight of carcass (without skin, limbs, ears, G.I.T) + liver+ kidneys + head + 

(lungs, esophagus, trachea, thymus, heart). 
6 Commercial dressing % (HCW/Live BW)X100.              
7 Biological dressing % = (HCW/EBW)X100. 
8
 LHW= Weight of (lungs, esophagus, trachea, thymus, heart). 

 

Serum biochemical profiles: 

 Serum biochemical profiles could be used as indicator for the nutritional 

and physiological status of the animal. Results presented in Table (7) showed 

that all serum constituents were within the normal range for rabbit (Manning et 

al., 1994). 

 Liver fraction: 

 Results presented in Table (7) showed no significant differences in total 

protein (TP), albumin and  globulin concentrations. However, means tended to 

be higher in rabbits fed on sea-grass (SGR), which indicates that the SGR  
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Table (6): Chemical analysis of hind leg meat of NZW growing rabbits as 

influenced by dietary treatments. 

Items (%) 

 

Treatment groups
1,2

 
S.E.

3
 

CON SGR TAR TOM 

Protein 21.23a 22.06ab 21.43a 22.37b 0.43 

Fat 3.13c 2.50c 4.83d 5.87d 
0.36 

Ash 2.34 2.02 2.31 2.20 0.21 
a,bMeans in the same row with different superscripts, differ (P < 0.05). 
c,dMeans in the same row with different superscripts, differ (P < 0.05). 
1Treatment groups, CON= Control, basal diet ad lib., SGR=10% Sea grass, TAR=10%  Taro 

haulms, TOM = 10% Tomato haulms. 2Values are least-squares means.  
3
SE= Standard error of  least-square means. 

 

treatment group was nutritionally in good condition. Tawfeek et al., (1995) 

reported that doe and buck rabbits fed tomato pomace (10%) did not differ 

significantly among other groups. 

Liver function: 

Results showed that feeding TAR elevated (P<0.05) AST enzyme 

concentration in the serum (Table 7). ALT enzyme concentration in SGR group 

was higher (36.11 IU/dl) as compared to TOM group (29.20 IU/dl) and similar 

to CON and TAR groups. Khayyal et al., (2017) and Phillip et al., (2017) 

reported that feeding taro waste did not affect ALT and AST/ALT ratio when 

compared with control group. 

Kidney function: 

Dietary treatments had no effect (P>0.05) on serum U-Nitrogen      

(Table 7). However, the TOM group tended to be higher (32.86 mg/dl) as 

compared to other treatment groups. Growing rabbits fed on SGR decreased 

serum creatinine (P<0.05) when compared with the other treatment groups. 

Khayyal et al., (2017) and Phillip et al., (2017) reported that taro waste in diets 

did not affect urea-N or serum creatinine when compared with control group. 

Soad Ahmed et al., (1994) reported that rabbits fed tomato pomace (10%) was 

significantly effect on urea-N and creatinine values. 

Lipid profiles: 

Triglycerides tended to be high in TOM group and low in SGR group as 

compared to the CON and TAR groups. Total cholesterol did not differ  
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Table (7): Effect of dietary treatment groups on some serum constituents of 

NZW growing rabbits at 13 wks of age. 

Item 

 

Treatment groups
1 

 

CON SGR TAR TOM ±SE 

Liver fraction 

Total protein, g/dl 6.16 6.44 5.99 5.36 0.69 

Albumin, g/dl 3.51ab 3.56a 3.49ab 3.30b 0.096 

Globulin, g/dl 2.64 2.88 2.50 2.09 0.67 

Alb./Glob. Ratio 1.51 1.52 1.46 2.39 0.48 

Liver function 

AST2,  IU/dl 19.98a 22.28ab 29.20b 16.91a 2.58 

ALT3,  IU/dl 32.27ab 36.11a 34.57ab 29.20b 
2.72 

AST/ALT ratio 0.654ab 0.625ab 0.844a 0.581b 0.084 

Kidney function 

Urea-N, mg/dl 27.43 27.64 26.20 32.86 4.26 

Creatinine, mg/dl 1.76a 1.44b 1.77a 1.71a 0.098 

Lipid profile 

Triglyceride, mg/dl 63.08ab 53.5a 60.27ab 73.60b 7.25 

Total cholesterol, mg/dl 69.13 59.77 70.82 65.4 4.54 

Glucose, mg/dl 143.8a 115.3b 124.3b 128.3ab 7.16 
a, b: Means within the same row with different superscripts differ (P<0.05), 

1Treatment groups, CON= Control, SGR=Sea grass, TAR= Taro haulms, TOM = Tomato 

haulms. SE= standard error. 
2,3 Aspartate transaminase (AST), alanine aminotransferase (ALT). 

significantly among treatment groups. Phillip et al., (2017) reported that dried 

taro did not affect blood cholesterol level.  But, Khayyal et al., (2017) showed 

that blood cholesterol decreased with increased rate of taro waste in rabbit diets 

when compared with the control and attributed this to the presence of saponins 

in taro waste. Saponins are connected to bile acids and cholesterol, so they are 

believed to be able to cleanse these fatty compounds from the body, which 

lowers cholesterol levels in the blood (Michael, 2005). Kolsi et al., (2017 b) 

reported that C. nodosa extract (CNE) decreased triglycerides, low density 

lipoprotein (LDL) cholesterol and total cholesterol levels in the plasma of 

diabetic rats, and increased the high density lipoprotein (HDL) cholesterol, 

which helped maintain the homeostasis of blood lipids when compared with 

diabetic rats.   

Serum glucose: 

Results presented in Table (7) showed that SGR and TAR treatments 

reduced (P<0.05) serum glucose level as compared with the control. The 

decrease due to feeding sea-grass was 19.8% and due to feeding taro waste was 

13.5% when compared with the control. Means of TOM and CON groups did 

not differ significantly from each other groups, but tended to be lower in the 
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TOM group than CON group (128.3 vs 143.8 mg/dl). Kolsi et al., (2017 b) 

found that C. nodosa extract (CNE) lowered blood glucose levels in diabetic 

rats. They attributed this effect to the presence of phenolic compounds in CNE 

and suggested its use in the treatment of diabetes and low glucose tolerance. In 

addition, Phillip et al., (2001) reported that C. esculenta (taro haulms) is 

effective in the treatment of hypoglycemia due to the presence of 

cyanoglucoside.  

Economic efficiency: 

Data presented in Table (8) showed that the best value for economical 

efficiency and relative economical efficiency were recorded by rabbits fed diet 

containe 10% tomato halums (TOM) (135.89 and 112.42%), respectively,  

Table  ) 8 (: Effect of the experimental diets on economical efficiency of 

growing NZW rabbits from 6 to 13 wks of age. 

Items 
Treatment groups

 1
 

CON CGR TAR TOM 

Price/kg diet. (L.E) 4.84 4.58 4.54 4.55 

Total feed intake/rabbit(g)(7wks). 3.86 3.98 3.81 3.95 

Total feed cost/rabbit  (L.E)2 18.68 18.23 17.30 17.97 

Total weight gain/rabbit(gm) 916.6 907.9 840.8 942.5 

Feed cost/kg gain (L.E) 20.37 20.08 20.57 19.08 

Price/kg  gain (L.E) 45 45 45 45 

Total revenue/ rabbit (L.E)3 41.26 40.86 37.84 42.39 

Net revenue/rabbit (L.E)4 22.58 22.63 20.54 24.42 

Economic efficiency (E.EF)5 1.2 1.24 1.18 1.35 

Economic efficiency (E.EF) x 100 120.88 124.14 118.73 135.89 

Relative E. EF (R. E. E) (%)6 100 102.70 98.22 112.42 
1Treatment groups, CON=Control, SGR=Sea grass, TAR= Taro haulms, TOM = Tomato haulms  

Based on price of ingredients of the diets and market price of live body weight as kg during the 

experimental period.The price of one kg of alfalfa hay, yellow corn, soybean meal (44%), wheat 

bran,molasses, Di- calciumphosephate, lime stone, salt, premix, antifungus, anticoccidiosis, test 

material and manufacturing price were 3.35, 4.1, 7.2, 3.7, 5.0, 13.00, 0.5, 1.00, 50.00, 35.00, 

105.00, 0.5 and 200 LE, respectively. 
2Total feed cost /kg gain = Total feed cost / (total weight gain/1000) 
3Total revenue = Total weight gain  x price / kg gain 
4 Net revenue = different btween total revenue and total feed cost  
5Economic efficiency (E.EF) = (Net revenue / Total feed cost )x 100 
6Relative Economic efficiency (R. E. E,) assuming control treatment =100% 

followed  by those fed 10% sea-grass ( SGR)(124.14and102.70%), respectively. 

Moreover, the total cost of feed/ rabbits in the TAR group was low (19.30 L.E) 

followed by the TOM group (17.97 L.E). Similar results were obtained by Soad 

Ahmed et al., (1994) on rabbits fed tomato pomace (10%).  



 

 

 

USING SEA-GRASS & VEGETABLE CROP RESIDUES AS IN RABBITS DIETS    99 
 

 

 

Conclusively,it could be concluded that growing rabbits fed on diets 

containing 10% sea-grass, taro and tomato haulms without detrimental effects 

on productive performance, health status and economic efficiency. 
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جاثير اسحخذاو تعض الاعشاب انثحرية ويخهفات يحاصيم انخضر كاعلاف 

غير جقهيذيه  في علائق الارانة اننايية عهي الاداء الانحاجي جحث 

 ظروف شًال سيناء
 

          ،ًذ رضا يىسيحي ، انحكيى عاير سانى عثذ تكر، ولاء انسيذ عثًاٌ عثذاننثي

 يسعذ يسعذ احًذ شحيىي

 يصش -جبيعخ انعشَؼ–انعشَؼ  –كهُخ انعهىو انضساعُخ انجُئُخ  –ً لغى الاَزبج انحُىاَ

ثعط الاعؾبة انجحشَخ ويخهفبد يحبصُم انخعش ثُش اعزخذاو أانهذف يٍ هزِ انذساعخ دساعخ ر

ساَت فبد انزثُحخ وثعط يكىَبد انذو نلأعهٍ صفبد انًُى ويعبيلاد انهعى وصكأعلاف غُش رمهُذَخ 

 ُخ فٍ ؽًبل عُُبء.ثُط انُبيانُُىصَلاَذٌ الأ

ٍ يفوىييخ عًشهيب  رى رمغُى اثٍُُ وثلاثىٌ اسَجب   وصٌ  يزىعيػ اعيبثُ  و  6َُىصَلاَذٌ يٍ كلا انجُغيُ

يي 8يجًىعييبد    4إنييٍ  جييى عؾييىا ُب   8.1.8  CONونييٍ  انكُزييشول ذ انًجًىعييخ الأزَنكييم يجًىعييخ ( غ 

% 11عهٍ  خ الاعبعُخ يحزىَخهٍ انعهُم( ع SGRزَذ انًجًىعخ انثبَُخ    غ  (عهٍ انعهُمخ الاعبعُخ فمػ ، و
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ي ،( C. nodosaؾت ثحيش   عيُهب  ( عهيٍ انعهُميخ الاعبعيُخ يحزىَيخ  TARزَذ انًجًىعيخ انثبنثيخ   وغ 

عهيٍ انعهُميخ  (TOMزَذ انًجًىعخ انشاثعيخ  ( ، وغ  C. esculenta ػ لهمبط  و% يُهب عش 11عهٍ 

سثعييخ انعلا ييك الأ غوييذ(، وS.lycopersicum  ػ غًييبغى و% يُهييب عييش11الاعبعييُخ يحزىَييخ عهييٍ 

نزمذَش  اعجىع( 11عًش  جشاء رجشثخ هعى إرى ساَت انُبيُخ ، وفٍ َهبَخ انزجشثخ حزُبجبد انغزا ُخ نلأالأ

اساَيت ييٍ كيم  خًيظظيبفخ نيزث  سثعخ ثبلإ ُخ وانمًُخ انغزا ُخ نهعلا ك الأيعبيلاد انهعى نهًكىَبد انغزا

 يجًىعخ نزمذَش صفبد انزثُحخ وثعط يكىَبد انذو.

 وضحث اننحائج انًححصم عهيها يايهي:أ

  سثعخلأىصٌ انحٍ انُهب ٍ ثٍُ انًجبيُ  افٍ انعذو وجىد فشوق يعُىَخ.  

 وًيبغى  انػ وانضَبدح انكهُخ ويعذل انًُى انُيىيٍ نهًجًىعيخ انزيٍ رغيزد عهيٍ عيش يمذاسTOM ٌكيب )

يي   خزهي  يعُىَيب  ر( ثًُُيب نيى TARػ انمهمبط   وثبنًجًىعخ انزً رغزد عهٍ عش يمبسَزب   عهٍ يعُىَب  أ

 (.SGR( وعؾت انجحش   CONيجًىعزً انكُزشول   

   صاد يمذاس انًأكىل انُىيٍ وانكهٍ نهًجًىعخ انزٍ رغيزد عهيٍ عؾيت انجحيش SGR  ثبنًجًىعيخ  ( يمبسَزيب

 (CONييي  يجًييىعزٍ انكُزييشول   َخزهيي  يعُىَييب   ( ثًُُييب نييىTARػ انمهمييبط  وانزييً رغييزد عهييٍ عييش

 (.TOMػ انوًبغى   ووعش

 سثعخ ءح رحىَم انغزاء ثٍُ انًجبيُ  الأنى رىجذ اخزلافبد يعُىَخ فٍ كفب. 

   نى رىجذ اخزلافبد يعُىَخ فٍ جًُ  يعبيلاد انهعىDM, OM, CP, CF, EE and NFE وانمًُخ )

 سثعخ.( ثٍُ انعلا ك الأ TDN, CP and DEانغزا ُخ  

 فيٍ  عزثُبء انكهٍ انزٍ كبَذ اليم وصَيب  ئث سثعخ فٍ صفبد انزثُحخاخزلافبد يعُىَخ ثٍُ انًجبيُ  الأ نى رىجذ

 ثبنًجبيُ  انثلاثخ الاخشي. خ  ( يمبسCONَيجًىعخ انكُزشول  

 ػ انوًيبغى  وساَت انزٍ رغيزد عهيٍ عيشجشورٍُ نهحى انفخز انخهفُخ فٍ الأصادد َغجخ انTOM)  وعؾيت

 (.TARػ انمهمبط  و( وعشCONعٍ انزٍ رغزد عهٍ انعهُمخ الاعبعُخ   ( يعُىَب   SGRانجحش 

  ػ انويبغى  وعهيٍ فيٍ انًجًىعيخ انزيٍ رغيزد عهيٍ عيشأانيذهىٌ نهحيى انفخيز انخهفيٍ كبَيذ َغجخTOM )

خ   ا  خيمبسَ يي   ( ثًُُيب نيى رخزهي  يعُىَيب   SGR( وعؾيت انجحيش  CONثبنزٍ رغزد عهٍ انعهُميخ الاعبعيُ

 (.TARػ انمهمبط  وزد عهٍ عشانزٍ رغ

  سثعخ.ُ  الأانفخز انخهفُخ ثٍُ انًجبي نهحى شيبدرىجذ اخزلافبد فٍ َغجخ اننى 

 عؾت انجحش وعش ٍ ٌ انجهىكىص يمبسَوحممذ يجًىعز ٍ يغزى ٌ ف خفبض يعُى زُشول. خ  ػ انمهمبط اَ جًىعخ انك  ثً

  ٍُالأكهيييٍ وانجهىثُيييىنٍُ وانُغيييجخ انلارىجيييذ اخزلافيييبد يعُىَيييخ فيييٍ انجيييشور ٍ انجهىثُيييىنٍُ ،  :نجُيييىيٍُ ثيييُ

 سثعخ.وانُىسَب ثٍُ انًجبيُ  الأ انكىنُغزشول

 انجحش. ؾتثًجًىعخ ع خ  يمبسَ ػ انوًبغى يعُىَب  واَخفط الانجُىيٍُ فٍ يجًىعخ عش 

 ُانجحييش  ؾييتعييٍ يجًىعييخ ع ػ انوًييبغىوعهييٍ يعُييىٌ فييٍ يجًىعييخ عييشأانثلاثُييخ كبَييذ شَذاد غييانجه

 ويًبثهخ نهًجًىعبد الاخشٌ.

 ثبنًجًىعبد الاخشٌ. خ  َخفبض يعُىٌ فٍ انكشَبرٍُُ يمبسَانجحش لإ ؾتهٍ عدد انزغزَخ عأ 

 َخفبض يعُىٌ فٍ ػ انوًبغى لإوانزغزَخ عهٍ عشدد أAST َػ انمهمبط.وثبنزغزَخ عهٍ عش خ  يمبس 

  ٍحممذ يجًىعيخ عؾيت انجحيش اسرفيبع يعُيىٌ فيALT  ػ انوًيبغى ، ثًُُيب نيى وثًجًىعيخ عيش خ  يمبسَي

 ػ انمهمبط.وُىٌ ي  يجًىعزٍ انكُزشول وعشرخزه  يع

ػ و% يٍ كم يٍ عؾت انجحيش وعيش11ساَت انُبيُخ عهً علا ك رحزىٌ عهٍ رغزَخ الأًَكٍ انحىصية: 

 ػ انوًبغى دوٌ اٌ َؤثش رنك عهٍ ًَىهب وانحبنخ انصحُخ نهب.وانمهمبط وعش


