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SUMMARY 

 

he present study was performed to investigate the influence of feeding diets contained three levels of 

yellow corn (YC) without or with enzymes and/or prebiotics on the nutrient digestibility and blood 

parameters of growing New Zealand White (NZW ) rabbits. A feeding trial (3x4) with factorial 

arrangement of treatment was carried out.  The chemical analyses for experimental diets and faces and blood 

constituents were run. One hundred and eight, 6 weeks old weaning NZW rabbits were used in this study. 

Rabbits were randomly distributed into 12 equal experimental groups; each contained three equal replicates. 

The digestibility coefficients of dry matter (DM), organic matter (OM), crude fiber (CF), ether extract (EE), 

nitrogen free extract (NFE), non-ditrgant fiber (NDF), ADF and hemicellulose were increased with feeding 

on 15 % YC diets than those of rabbits fed on 5 % or 10 % YC rations, but there was no significant effect of 

dietary treatments on DMI and CP digestibility. Rabbits fed enzyme-supplemented diets displayed 

significantly lower DM, OM, CF, EE, NFE, NDF, ADF and hemicellulose than those of other dietary 

treatments.   There was no significant effect of these supplements on DMI (g/d) and CP digestibility, 

compared with the control diet (without supplements). The digestible DCP (%), TDN% and DEI (kcal/d) 

were significantly higher (P≤0.05) for animals fed diets containing 15 % YC than feeding on 5 or 10 % YC 

diets, while there were no significant effect on TDNI (g/d), CPI (g/d) and DEI (kcal/d). Rabbits fed the 

enzyme-supplemented diets exhibited significantly lower TDN (%) and DE (kcal/kg) than did those fed other 

experimental diets. Similarly, significantly lower means of DEI (kcal/d) were recorded by rabbits fed 

enzyme- or enzyme plus prebiotics-supplemented diets compared with other experimental groups of rabbits, 

but DCP % and CPI (g/d) were not affected. The plasma levels of triglycerides and total cholesterol were 

significantly lower for rabbits fed diets with 10 % or 15 % YC than those of rabbits fed the lowest level of 

YC,, while there was no significant effect on ALT, AST, total protein or urea concentration. Rabbits fed the 

diets fortified with enzymes plus prebiotics exhibited significantly lower (P≤0.05) levels of plasma urea and 

triglycerides and significantly higher cholesterol concentration than did the control group. In conclusion, 

using YC to partially replace wheat bran in growing rabbits diets had no negative effect on the nutritive value 

of diets. The nutritive value of the experimental diets for growing rabbits could increase by supplementing 

enzymes plus prebiotics. The present study showed that feeding growing rabbits on diets contained 10 % YC 

without supplements or feeding on diets contained 15 % YC with enzymes and prebiotics are effective for 

nutrient digestibility, nutritive value and health status of rabbits. 

Keywords: Rabbits, digestibility, yellow corn (YC), blood status, enzymes and  prebiotics. 

 

INTRODUCTION 

 

The meat of growing rabbit is low in cholesterol and has good protein.  In developing countries, rabbit 

production is considered of economic importance. Several studies had shown that poor quality feeds, can 

be enhanced by addition of exogenous feed enzymes (Cowan et al., 1994).  

Rabbits may also benefit from prebiotic feed additives to utilize their feed efficiently. However, the 

use of such feed additives has not been extensively studied in growing rabbits. Rabbit diets high in grain 
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can cause overload in the hindgut leading to enteritis. Fiber is important for overall gut health and 

motility. The bacterial population in the hindgut allows rabbits to digest dietary non-starch 

polysaccharides (NSP) to some extent.  

The digestibility of starch and NSP in grains is the current domain of developments in this area. 

Enzymes work on NSP causing their hydrolysis, decrease the viscosity of the contents inside gut, improve 

nutrient availability and improve the absorption of nutrients (Abo Egla et al., 2013). Several 

investigations have been attempted to improve nutrients digestibility by added enzymes. Eiben et al. 

(2004) tested the response to dietary supplementation with cellulase and got improvements in the feed 

conversion rate (FRC) and the mortality rate in rabbits weaned at the age of 23 days, while the average 

daily gain (ADG) remained unaffected. Increasing the digestibility of fiber is interesting. Bolis et al 

(1996) had demonstrated that adding cellulase and a multienzyme preparation (acid and neutral protease, 

β-glucanase, β-glycosidase, amyloglucosidase, pentosanase and xylanase) to rabbit diets led to significant 

improvements, in digestibility nutrients and they noticed some reductions in digestible and metabolizable 

energies and nitrogen balance in comparison with control diets. 

Microbial fermentation of carbohydrates leads to the production of short chain fatty acids (SCFA). 

The SCFA limit growth of pathogenic microbes by decreasing caecal pH. Dietary fiber plays an important 

role in the diet of rabbit because of its influence on caecal microbial activity (Gidenne et al., 2010). 

Dietary fiber level affects the digestibility of the nutrients in the diet and can also influence the growth 

rate of rabbits (Gidenne and Licois, 2005). The optimal dietary fiber level for growing rabbits is variable 

and may depend largely upon other factors such as type of fiber, age and breed of rabbit, and/or digestible 

energy content of the diet (Gidenne et al. 2010). In this context, the dietary crude fiber requirement 

recommended by the National Research Council (NRC, 1977) for normal growth of rabbits is 10-12%. De 

Blas et al. (1986) concluded that a minimum of 10% dietary crude fiber is necessary for maximum 

growth rate of rabbits, while levels in excess of 17% depress growth by restricting energy intakes. De 

Blas and Mateos (2010) indicated that the dietary crude fiber requirement of intensively reared fattening 

rabbits is 15.5%. The present study was performed to investigate the influence of feeding diets without or 

with enzymes, prebiotics or both on the nutrient digestibility, blood parameters of growing New Zealand 

White rabbits. 

 

MATERIALS AND METHODS 

 

The experimental work of the present study was carried out at the Poultry Research Unit, Agricultural 

Research and Experimental Center, Faculty of Agriculture, Mansoura University, while, the chemical 

analyses of experimental rations and feces, and procedures of blood analysis were run at the laboratory of 

Regional Center for Food and Feed, Agricultural Research Center, Cairo, Egypt.                                                                 

Experimental animals and management: 

One hundred and eight, 6 weeks old weaning New Zealand White (NZW) rabbits were used in this 

study. Rabbits were randomly distributed into 12 equal experimental groups; each contained three equal 

replications. Each replicate group (3 rabbits) was housed in a separate cage with the dimensions of 

(50×50×45cm) for length, width and height, respectively. Rabbits were fed their respective experimental 

diets from 6 to 15 weeks of age. Feed and water were offered ad libitum throughout the experimental 

period. The mean values of live body weight (LBW) and feed intake (FI) were recorded on a replicate 

group basis and thus daily weight gain (DWG) and feed conversion (FCR) were also calculated.                                       

Feed supplements: 

In the present study, the multi-enzymeextra and prefect were performance in aquaculture and 

agriculture (KIOTECHAGIL). The specific wall stabilized enzymes combination of German origin 

(xylanase, Betaglucanase, Alpha amylase, protease and phytase). Prefect is a buffered blend of specific 

acids on a unique mineral carrier system combined with a fructo-oligosaccharide (FOS) to promote a 

healthy gut microflora. 

Experimental rations and design:                                                       

An experiment was conducted with factorial arrangement of treatments (3×4), being three levels of 

yellow corn (YC) without or with enzymes, prebiotics or both.  Thus, twelve experimental rations were 

formulated and used. The experimental groups of rabbits were fed their respective experimental rations in 

pelleted form. Three basal rations were used in this study; the first containing 5% YC (R1), the second 
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contained 10% YC (R5) and the there'd 15% YC (R9). The composition and calculated analysis of the 

basal diets are presented in Table (1), according to (NRC, 1977). Thus, twelve experimental rations were 

formulated and used, as follows: 

R1= experimental basal diet A1 

R 2= experimental basal diet A1 +0.05% enzyme 

R 3= experimental basal diet A1 +0.05% prebiotic 

R 4= experimental basal diet A1 + 0.05% enzyme + 0.05% prebiotic 

R 5= experimental basal diet A2 

R 6= experimental basal diet A2 +0.05% enzyme 

R 7= experimental basal diet A2 +0.05% prebiotic 

R 8= experimental basal diet A2 + 0.05% enzyme + 0.05% prebiotic 

R 9= experimental basal diet A3 

R 10= experimental basal diet A3 +0.05% enzyme 

R 11= experimental basal diet A3+0.05% prebiotic 

R 12= experimental basal diet A3 + 0.05% enzyme + 0.05% prebiotic 

 

Table (1): Ingredients and chemical composition of the basal diets. 

Feed ingredient Basal  diet 

Diet1 (control) Diet2 Diet3 

5% YC 10% YC 15% YC 

Barley 12 10 9 

Yellow Corn 5 10 15 

Wheat bran 35 30 25 

Soybean meal, 44% 7.5 8.5 9.5 

Alfalfa hay 35.7 36.7 36.7 

Molasses  2.0 2.0 2.0 

Limestone  1.0 1.0 1.0 

Dicalcium phosphate 1.2 1.2 1.2 

Sodium chloride 0.3 0.3 0.3 

Vit. Min. premix  0.3 0.3 0.3 

Total 100 100 100 

Calculated analysis (as fed, NRC, 1977)   

Digestible energy (Kcal/kg) 2597 2600 2615 

Calcium (%) 1.24 1.25 1.24 

Total  phosphorus (%) 0.77 0.74 0.70 

Lysine (%) 0.70 0.71 0.72 

Methionine (%) 0.19 0.20 0.20 

Methionine+cysteine (%) 0.50 0.50 0.51 

Determined analysis (as DM, basis) 

DM, % 89.62 90.37 90.53 

OM, % 79.24 80.74 81.06 

CP, % 16.39 16.08 16.97 

CF, % 14.56 16.85 14.17 

EE, % 2.15 2.39 2.44 

NFE, % 56.51 55.05 56.95 

Ash , % 10.38 9.63 9.47 

NDF, % 30.54 28.80 29.66 

ADF, % 17.97 19.00 19.33 

Hemicellulose, % 12.57 9.79 10.34 

NFC, % 42.37 42.34 44.27 

*Premix: Each 3 kg of the premix contained Vit A, 10.000000 IU; Vit D3, 2000000 IU, Vit E, 10000 mg; Zinc, 3000 

mg, Manganese, 2000 mg; Iron, 4000 mg; Copper, 1000 mg; Iodine, 100 mg; Selenium, 10 mg; Cobalt, 10 mg; 

Sodium, 23000 mg; Magnesium, 2000  mg and CaCo3: added to 3.0 kg .  
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Digestibility trials: 

Three rabbits were chosen at the last week in a growth trial from each treatment with an average live 

body weight of about 2.0 kg and 14 weeks old to determine the digestibility coefficients of nutrients and 

feeding values of the tested rations. The FI and the total fecal output were separately recorded for each 

group for a 5-day period. Composite samples of each ration were taken for analysis at the beginning of 

experimental period. A composite sample from daily feces voided for each group was also taken. It was 

firstly dried at 60˚C overnight, and then finally dried at 105˚C for 3 hours.  

Chemical analysis and procedures: 

The official methods of the AOAC (1995) were used for determining the nutrient contents of feed and 

feces using triplicate samples of 1–2 g. Feed and feces samples were analyzed for Dry matter (DM), 

organic matter (OM), crude protein (CP) or nitrogen (N), crude fiber (CF), ether extract (EE), ash, and 

fiber fractions, (non-ditrgant fiber (NDF) and ADF) and expressed on a dry matter basis. The factor 6.25 

was used for calculating crude protein. The amount of nitrogen free extract (NFE) was obtained by the 

following equation: 

NFE % = [100 – (moisture % + Ash % + CP % + EE % + CF %)]. 

VanSoest
’
s method: 

Samples of rations and feces were also analyzed for fiber fractions (NDF, ADF ADL, hemi. and cell.) 

according to Goering and Van Soest (1970), by using Tecator Fibertic System. 

Calculation of total digestible nutrients (TDN) and digestible energy (DE) : 

The procedure and conversion factors for TDN reported by Cheeke et al. (1982) asː TDN% =DCP% + 

DCF% + DNFE% + DEE% ×2.25.; while DE (kcal / kg DM) was calculated by the following equation 

according to Schiemann et al., (1972): [DE (kcal/kg DM) = (5.28 × DCP) + (9.51 × DEE) + (4.20 × DCF) 

+ (4.20 × DNFE)]. 

Blood Sampling and analysis: 

At the end of the experimental period, three rabbits from each experimental treatment were randomly 

chosen and slaughtered to examine certain blood parameters. Tow blood samples were collected from 

each rabbit and put into non-heparinized and heparinized test tubes. These blood samples were 

centrifuged at 4000 rpm for 20 minutes and then stored at –20°C until analysis for the different blood 

parameters. The plasma samples were used for determination of total proteins, (Doumas et al., 1981); 

triglycerides (Fossati, et al., 1980); urea-N, (Freidman et al., 1980) and cholesterol, (Allain et al., 1974) 

and aspartate aminotransferase (AST) and alanine aminotransferase (ALT), as described by using 

commercial kits.. 

Statistical analysis: 

Statistical analysis of data was carried out using the General Linear Model Program of SAS (2000). 

Differences among means of treatments were identified by Duncan’s Multiple Range Test (Duncan, 

1955). The obtained data for nutrient digestibility and nutritive value of diets of different groups of 

rabbits were subjected to factorial analysis of variance according to the following mathematical model:  

Y i j k = µ + Ti + L j + TL i j + e i j k 

Where; Yi j k = Observation of the tested factor, µ = Overall mean, Ti = the effect of dietary YC level, L j = 

the effect of dietary supplements, TL i j = the interaction between dietary YC level and supplements and e 

i j k = experimental random error. 

 

RESULTS AND DISCUSSION 

 

Digestibility trials: 

Effect of the experimental diets on dry matter intake (DMI) and nutrient digestibility coefficients. 

Effect of YC levels: 
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Table (2) and Fig. 1 to 3 showed the means of dry matter intake, nutrient digestibility coefficients as 

affected by dietary YC levels and feed supplements. The digestibility coefficients of DM, OM, CF, EE, 

NFE, NDF, ADF and hemicellulose were increased (P≤0.05) with  the highest level of YC (15 %) than 

those of rabbits fed on 5 or 10 % YC rations, but there was no significant effect of dietary YC level on 

DMI and CP digestibility. 

In this respect, the DM digestibility was lower in low starch diets than in high starch diets (Xiccato et 

al., 2002). Previous studies found that digestibility of YC starch are somewhat lower than barley starch 

(Blas et al., 1990). However, digestive problems can hardly be related to the major ileal starch overflow 

that results when rabbits are fed YC (Gidenne et al., 2000). They did not observe any significant 

difference in mortality or morbidity rate in rabbits receiving YC, wheat bran or YC-wheat bran diets.   

 

Table (2): Effect of dietary YC level supplemented with enzyme and/or prebiotic on dry matter 

intake and nutrient digestibility of the experimental rations. 

Treatment DMI Nutrient digestibility 

DM OM CP CF EE NFE NDF ADF Hime. 

YC levels %  (A): 

5% (A1) 129.5 86.35
b
 87.96

b
 94.73 68.94

c
 90.84

b
 90.78

b
 76.66

b
 71.82

b
 83.57

b
 

10% (A2) 144.4 86.53
b
 88.14

b
 94.75 73.81

b
 92.06

b
 90.42

b
 75.01

b
 72.44

b
 79.97

b
 

15% (A3) 139.8 91.55
a
 92.57

a
 94.44 81.26

a
 95.11

a
 94.72

a
 85.09

a
 83.52

a
 88.04

a
 

SEM 8.23 0.65 0.57 0.77 1.47 0.66 0.45 1.22 1.30 1.28 

Significance  NS ** ** NS ** ** ** ** ** ** 

Supplements (B):  

0.0 %    (B1) 141.78 89.61
a
 90.95

a
 95.62 78.06

a
 92.12

b
 93.02

a
 82.21

a
 78.75

a
 87.99

a
 

0.05% E (B2) 131.96 84.26
b
 86.12

b
 93.87 66.89

b
 90.96

b
 88.96

b
 71.84

b
 68.40

b
 77.36

b
 

0.05% P (B3) 146.03 88.97
a
 90.28

a
 95.47 75.76

a
 93.05

ab
 92.58

a
 79.85

a
 77.59

a
 83.79

a
 

0.05%E+0.05%.P(B4)  131.89 89.71
a
 90.87

a
 93.61 77.96

a
 94.57

a
 93.33

a
 81.78

a
 78.97

a
 86.28

a
 

 SEM 9.49 0.75 0.66 0.89 1.70 0.77 0.51 1.40 1.50 1.48 

Significance NS ** ** NS ** ** ** ** ** ** 

AB Interaction: 

A1B1 = T1 129.69 86.00 87.76 94.09 68.82 88.08 90.78 76.99 71.68 84.57 

A1B2 = T2 136.98 85.31 87.12 96.50 64.75 90.59 90.03 75.69 69.23 84.92 

A1B3 = T3 123.86 89.29 90.59 96.65 75.78 93.29 92.55 81.14 78.82 84.45 

A1B4= T4 127.51 84.76 86.37 91.69 66.41 91.37 89.77 72.82 67.56 80.33 

A2B1 = T5 142.59 88.84 90.35 97.29 79.00 91.96 91.73 80.66 76.46 88.78 

A2B2= T6 121.44 76.43 79.12 92.79 55.07 87.62 82.11 55.32 53.41 58.99 

A2B3 = T7 153.90 87.44 88.87 93.14 74.27 92.05 91.95 76.18 73.27 81.81 

A2B4= T8 159.74 93.39 94.22 95.79 86.90 96.62 95.90 87.87 86.63 90.28 

A3B1 = T9 153.06 94.00 94.75 95.46 86.35 96.32 96.56 88.99 88.12 90.64 

A3B2= T10 137.47 91.03 92.11 92.32 80.88 94.59 94.74 84.52 82.57 88.18 

A3B3= T11 160.32 90.18 91.39 96.62 77.23 93.80 93.25 82.22 80.67 85.13 

A3B4= T12 108.45 90.99 92.02 93.35 80.58 95.72 94.32 84.64 82.73 88.23 

SEM 16.45 1.30 1.14 1.54 2.95 1.33 0.89 2.43 2.61 2.56 

Significance NS ** ** NS ** ** ** ** ** ** 

a-b: For each of the main effects, means within the same column with different superscripts differ significantly 

(P≥0.05). SEM=standard error of means;NS: not significant; *: significant at (P≥0.05); **: highly significant at 

(P≥0.01) 

 

Effect of feed supplements: 

As shown in Table (2) and Fig 4 to 6; the digestibility coefficients of DM, OM, CF, EE, NFE, NDF, 

ADF and hemicellulose and were increased (P≤0.05) with diet without any supplements (B1) or 

supplemented with prebiotics (B3) or with enzymes plus prebiotics (B4) than diet supplemented with 

enzymes (B2). There was no significant effect from these supplements on DMI (g/d) and CP digestibility, 

compared with the control diet (without supplements). Enzymes in the feed industry have been mostly 
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been used for poultry to neutralize the effects of the viscous, non-starch polysaccharides in cereals such as 

barley, wheat, etc…, these anti-nutritive carbohydrates are undesirable, as they reduce digestion and 

absorption of all nutrients in the diet (Khattak et al., 2006). Benefits of using feed enzymes to poultry 

diets include; reduction of digesta viscosity, enhanced digestion and absorption of nutrients, especially fat 

and protein. The degree of improvement obtained by adding enzymes to the diet depends on many factors 

(Bedford, 1996). 

Abo El-Maaty et al. (2018) reported that dietary prebiotic had a positive effect on the digestibility 

coefficients of DM, OM, CP, EE, CF and NFE of growing rabbits. They also noticed that added prebiotic 

had a positive effect on caecal fermentation activities of growing rabbits. They also found that the pH 

value, ammonia-N level, total bacteria and Lactobacillus counts of rabbits fed prebiotic-supplemented 

diets were significantly higher but E. coli count was reduced as compared to control ones. The reduction 

of the mortality during the fattening period with enzyme supplementation was associated with a decrease 

in ileal starch concentration that might limit the growth of the pathogenic flora (E.Coli and Clostridium) 

(Gidenne, 1992). Concurrent administration of Lactobacillus acidophilus, Streptococcus faecium and S. 

serevisia increases the digestibility of the diet (Kamra et al., 1996). 

Effect of dietary YC level by feed supplements interaction: 

There was no significant effect of the experimental treatments on DMI (g/d) and CP digestibility, 

while digestibility coefficients of DM, OM,  CF, EE, NFE, NDF, ADF and hemicellulos were increased 

(P≤0.05) with feeding on the treatments designated as T8 and T9 than the other rations as shown in Table 

)2(. 

Wyatt and Goodman (1993) reported that YC-based diet exhibited better feed efficiency than those 

fed enzyme supplemented barley-based diets. Microbes also have the ability to metabolize xylan and 

pectin (De Blas and Gidenne, 1998). The products of this metabolism are their body proteins and by-

products of microbial fermentation refered to collectively as volatile fatty acids (VFA) such as acetic, 

propionic and butyric acids. These VFA are actively absorbed through the cecal and colonic wall and 

utilized by the rabbit as energy sources. Abo Egla et al. (2013) showed that supplementation of multi-

enzyme or prebiotic containing into growing rabbits diet containing 30% cucumber vines straw (CVS)  

significantly neutraliesed (similar to control) the adverse effects occurred by this feed material on all 

studied nutrient digestibility and nutritive values. 

Effect of experimental treatments on the feeding values of the experimental diets: 

Effect of YC levels: 

Table (3) showed the effect of dietary treatments on the feeding values of the experimental diets.   As 

shown in Tables (3) and Fig. (7), means of TDN% and DE (kcal/kg) were significantly (P≤0.05) 

increased in diet of 15, 5 % or 10 % YC diets, while there were no significant effect on  CPI (g/d) and 

DEI (kcal/d). The optimal content of starch in diets for growing rabbit ranges from 10 to 15% but may 

overpass 15% in the last phases of fattening (De Blas and Mateos, 2010). 

Effect of feed supplements: 

As shown in Table (3) and Fig (8), TDN % and DE (kcal/kg) were significantly reduced for rabbits 

fed the enzyme-supplemented diets compared with other experimental groups. Starch digestion takes 

place, mainly in the small intestine, and the most important enzyme involved is pancreatic amylase. 

Amylase activity increases rapidly between weeks 2 and 7 of life (Gidenne et al., 2007) and is still 

increasing in 3-month-old rabbits. Similarly, the amyloglucosidase activity  of the Jejunal mucosa 

generally  increases between  37 and 60 days of age (Otutumi et al ., 2005) . Undigested starch in the 

small intestine is in principle very quickly hydrolyzed and fermented by the microbiota in the caecocolic 

segment to lactate and volatile fatty acids. Stable high counts of amylolytic bacteria in the caecal contents 

of 2-7 weeks old rabbits have been reported (Padilha et al., 1995). 

Effect of interaction between dietary levels of YC and feed supplements: 

The interactions between dietary YC level and feed supplements were significant only for DE, TDN 

and DEI of rabbits, but other variable were not affected by the two main factors.  Lockyer and Nugent 

(2017) and Xiccato et al., (2002) found that the DE concentration when the average starch to ADF ratio 

was 0.84 for low starch diet and 1.17 for high starch diets, respectively. The DE/DP ratio was similar in 

the two groups of diets and consistent with recommendations. Rabbits have a high feed intake (65 – 80 

g/kg body weight) and a rapid feed transit time (4-5 hours) and thus are able to consume lower quality 

forages and still meet their nutritional needs ( De Blas and Wiseman, 2003) . Low energy diets also cause 

an increase in caecotrophs production and ingestion (Jenkins, 1999). Rabbits increase their amino acid 

intake from the consumption of their caecotrophs or soft feces. Thus their total protein intake is supplied 

by the dietary intake plus the ingestion of the soft feces. Preventing caecotrophy can reduce protein 

digestibility by as much as 20%. The caecal microbiotas are able to use non-protein compounds (such as 
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urea) and that caecotrophy helps to improve N digestion and retention. However, the studies also affirm 

that this extra N cannot compensate for a low dietary level or the use of low quality protein sources to 

meet growth requirements (Carabano et al., 2000). Current commercial levels of dietary protein for 

fatteners and reproductive does range from 16 to 18 % CP. These levels exceed the recommendations in 

several circumstances, such as final phased of growth or lactation (Xiccato et al., 2006) .  

Maintenance (2100-2200 kcal/kg) requirements comprise the majority of the rabbit's energy needs. 

Healthy rabbits will consume sufficient amounts of feed to meet their DE requirements. Rabbits will 

consume more feed if they are fed a low energy diet, and will consume less feed if they are fed a high 

energy diet. Increase in DE can affect the composition of body gain and the percentage of energy retained 

as protein and fat in the body (Jenkins, 1999). For growth, a wide range of protein and energy levels are 

needed, which may depend on slaughter weights or weaning age (De Blas et al., 1981 and Fraga et al. 

1983). From these results, it was concluded that DE to digestible protein ratio is a more reliable unit as it 

has a higher and direct impact on body nitrogen and energy retention than the dietary content of fiber. 

Hence, the optimal level of crude protein in a diet depends on its digestibility and the DE content. A 

recommended ratio of 23.5 kcal DE/g DP was suggested to optimize growth rate and mortality in growing 

rabbits. 
 

Table (3): Effect of dietary YC level supplemented with enzyme and/or prebiotic on some digestible 

nutrients and feeding values of the experimental rations. 

 

Item 

 

Digestible nutrients and feeding values 

DCP (%) TDN (%) TDNI (g/d) CPI (g/d) DE (kcal/kg) DEI (kcal/d) 

YC levels %  (A): 

5% (A1) 15.53
b
 81.27

b
 105.24 20.15 2700.1

b
 349.53 

10% (A2) 15.23
b
 81.68

b
 118.36 22.03 2710.2

b
 392.89 

15% (A3) 16.03
a
 86.70

a
 121.38 22.40 2883.5

a
 403.82 

SEM 0.13 0.67 7.02 1.29 25.83 23.44 

Significance  ** ** NS NS ** NS 

Supplements (B):  

0.0 %  (B1) 15.77 84.72
a
 120.48 22.39 2822.2

a
 401.35

a
 

0.05%E (B2) 15.47 80.30
b
 106.25 20.40 2649.8

b
 350.92

a
 

0.05%P (B3) 15.74 84.11
a
 122.96 23.00 2796.6

a
 408.69

b
 

0.05%E+0.05%P 

(B4) 
15.42 83.74

a
 110.29 20.31 2789.6

a
 367.36

b
 

 SEM 0.15 0.77 8.10 1.49 29.83 27.06 

Significance NS ** NS NS ** ** 

AB Interaction: 

A1B1 = T1 15.45 81.04 105.15 20.11 2697.7 349.73 

A1B2 = T2 15.81 80.51 110.26 21.67 2658.0 364.00 

A1B3 = T3 15.84 83.68 103.74 19.62 2786.4 345.47 

A1B4= T4 15.03 79.85 101.82 19.18 2658.3 338.90 

A2B1 = T5 15.64 84.40 120.30 22.31 2809.6 400.44 

A2B2= T6 14.92 74.12 89.96 18.17 2411.9 292.53 

A2B3 = T7 14.97 83.06 127.44 23.06 2777.7 425.90 

A2B4= T8 15.40 85.14 135.74 24.62 2841.4 452.73 

A3B1 = T9 16.20 88.71 135.98 24.76 2959.4 453.87 

A3B2= T10 15.67 86.28 118.55 21.37 2879.6 396.24 

A3B3= T11 16.39 85.59 137.69 26.33 2825.7 454.72 

A3B4= T12 15.84 86.23 93.30 17.14 2869.1 310.45 

SEM 0.26 1.83 14.03 2.58 51.66 46.87 

Significance NS ** NS NS ** ** 
a,b and c: For each of the main effects, means within the same column with different superscripts differ significantly 

(P≥0.05). SEM=standard error of means; NS: not significant; *: significant at (P≥0.05); **: highly significant at 

(P≥0.01) 
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Effect of feeding the experimental diets on some blood parameters: 

Effect of dietary YC levels: 

Table (4) and Fig. (9) showed the blood constituents as affected by dietary YC level and feed 

additives to growing rabbits.. The blood plasma levels of triglycerides was significantly higher increased 

(P≤0.05) with feeding on 5 % than with feeding on 10 %  or 15 % YC in the diet, while there was no 

significant effect of dietary treatments on ALT and AST or total protein or urea concentrations. Rabbits 

fed the diets of 5 or 10% YC displayed significantly higher (P≤0.05) levels of plasma cholesterol than did 

those fed the 15% YC-diets. 

 

Table (4): Effect of dietary YC levels supplemented with enzyme and/or prebiotic on some blood 

constituents of growing rabbits. 

Item 

 
ALT 

(U/L) 

AST 

(U/L) 

Total 

protein  

(g/dl) 

Urea 

(mg/dl) 

Triglycerides 

(mg/dl) 

Total 

chol. 

(mg/dl) 

YC levels %  (A): 

5% (A1) 31.83 46.92 5.19 28.58 130.95
a
 58.55

a
 

10% (A2) 35.58 43.42 5.16 27.71 115.58
b
 63.63

a
 

15% (A3) 33.67 40.00 4.87 29.20 101.80
c
 52.92

b
 

SEM 1.78 2.48 0.21 1.25 3.79 1.82 

Significance  NS NS NS NS ** ** 

Supplements (B):  

0.0 %    (B1) 36.67 41.22 5.22 30.96
a
 127.11

a
 53.73

b
 

0.05% E (B2) 34.22 46.00 5.96 28.79
ab

 119.9
ab

 57.73
b
 

0.05%P (B3) 31.33 46.44 4.96 28.49
ab

 107.28
b
 56.61

b
 

0.05%E+0.05%P (B4) 32.56 40.11 5.16 25.76
b
 110.16

b
 65.38

a
 

 SEM 2.05 0.24 0.24 1.44 4.38 2.10 

Significance NS NS NS * ** ** 

AB Interaction: 

A1B1 = T1 38.67 44.67 5.77 34.50 149.77 71.83 

A1B2 = T2 33.00 49.00 5.23 29.53 143.03 67.10 

A1B3 = T3 30.67 53.33 4.77 26.77 120.77 41.23 

A1B4= T4 25.00 40.67 5.00 23.53 110.23 54.03 

A2B1 = T5 34.33 40.33 5.07 29.60 144.60 48.67 

A2B2= T6 33.33 48.67 4.73 28.17 104.80 61.17 

A2B3 = T7 36.00 38.67 5.33 28.77 95.20 74.10 

A2B4= T8 38.67 46.00 5.50 24.30 117.73 70.57 

A3B1 = T9 37.00 38.67 4.38 28.77 86.97 40.70 

A3B2= T10 36.33 40.33 4.90 28.67 111.87 44.93 

A3B3= T11 27.33 47.33 4.77 29.93 105.87 54.50 

A3B4= T12 34.00 33.67 4.97 29.43 102.50 71.53 

SEM 3.55 4.76 0.42 2.49 7.58 3.64 

Significance NS NS NS NS ** ** 
a,b and c: For each of the main effects, means within the same column with different superscripts differ significantly 

(P≥0.05). SEM=standard error of means; NS: not significant; *: significant at (P≥0.05); **: highly significant at 

(P≥0.01) 

 

Effect of feed supplements: 

 As shown in Table (4) and Fig. (10), blood plasma was significantly lower urea concentration in 

rabbits fed the diets supplemented with enzymes plus prebiotics compared with other experimental diets. 

However, level of plasma cholestrerol was significantly higher (P≤0.05) in rabbits fed the enzyme plus 

prebiotic supplemented diets compared with other dietary treatments. There was a significant decrease in 

plasma levels of triglycerides due to feeding the diets supplemented with prebiotics- or enzyme plus 

prebiotics compare with other treatments. 
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Effect of interaction between dietary YC level and feed supplements: 

The interactions between dietary YC level and feed supplements were significant only for blood 

plasma concentrations of total cholesterol and triglycerides (TG) but other blod parameters were not 

affect by the interaction between the two dietary factors.. Blood examination gives the opportunity to 

investigate the presence of several metabolites and other constituents and helps detect conditions of stress, 

which can be nutritional, environmental or physical (Aderemi, 2004). Aspartate aminotransferase and 

alanine aminotranferase values overlapped those reported by other authors in laboratory rabbits (Wolford 

et al. 1986). Proper nutrition is one of the important aspects of broiler rabbit production (Sinha et al., 

2008). The protein and energy contents of the diet play a vital role in rabbit nutrition. Biochemical 

characterization physiology and metabolic process of rabbit will help in better understanding of rabbit in 

relation to growth and meat. The increase in total serum cholesterol level might be due to increase in its 

synthesis or reduction of its catabolism (West et al., 1966). Triglyceride is transported in blood via 

macromolecular particles called lipoprotein. 

 Chylomicrons and very low- density lipoprotein (VLDL) are the predominant carriers of TG and are 

often referred to lipoprotein (Kleppe et al., 1988). It is well established that liver regulated plasma levels 

of cholesterol and TG by secretion and transport of these lipids in the VLDL and by removal of 

lipoproteins by receptor–mediated endocytosis and changes in nutritional and hormonal statues which 

alter the rate of assembly and secretion of VLDL particles (Thomas et al., 1992). Insulin inhibits 

breakdown of fat in adipose tissue by inhibiting the intracellular lipase that hydrolyses TG to release fatty 

acids. Insulin facilitates entry of glucose into adipocytes, and within those cells, glucose can be used to 

synthesize glycerol. This glycerol along with the fatty acids delivered from the liver, is used for synthesis 

TG within the adipocyte. By these mechanisms, insulin is involved in further accumulation of TG in fat 

cells. Low insulin facilitates lipolysis while high insulin stimulates de novo lipogenesis (Rommers et al., 

2004). In conclusion, using YC to partially replace wheat bran in rabbit ration had no negative effect on 

the nutritive value of diets. The nutritive value of the experimental diets for growing rabbits can increase 

by supplementing their diets with enzymes plus prebiotics. The present study showed that feeding 

growing rabbits on diets contained 10 % YC without supplements or feeding on diets contained 15 % YC 

supplemented with enzymes and prebiotics are effective for regard to nutrient digestibility, nutritive value 

and health status of rabbits. 
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ٍحو ّخاىت اىقَح ٍع أٗ بذُٗ ٍخي٘غ إّضَٝاث أٗ ٍْشػ َّ٘ حٞ٘ٙ عيٚ ٍعاٍالث ٕعٌ  فشااىزسٓ اىصإحاله 

 اىعْاصش اىغزائٞت ٗبعط قٞاساث اىذً ىألساّب اىْاٍٞت

 

ٕٞاً دمحم أب٘ اىَعاغٜ
1
حشك دمحم إبشإٌٞ دسٓ ، 

1
خٖٞاُ دمحم اىَغاصٛ ، 

2 
ٗ سّا حسِٞ اىشافعٜ عٞذ 

2 

 ٍصش. -اىَْص٘سة –خاٍعت اىَْص٘سة  –ت ميٞت اىضساع –قسٌ إّخاج اىذٗاخِ  1

 ٍصش. –ٗصاسة اىضساعت  –ٍشمض اىبح٘د اىضساعٞت  –اىَشمض اإلقيَٜٞ ىألغزٝت ٗاألعالف  2

 

حٌ إخشاء ٕزٓ اىذساست ىَعشفت حأثٞش اىخغزٝت عيٚ عالئق ححخ٘ٛ عيٚ ثالثت ٍسخ٘ٝاث ٍِ اىزسة اىصفشاء مبذٝو ىْخاىت اىقَح فٚ 

ذُٗ أٗ ٍع إّضَٝاث ٗ / أٗ ٍْشػ َّ٘ حٞ٘ٝت )اىبشبٞٞ٘حل( عيٚ ٍعاٍالث ٕعٌ اىعْاصش اىغزائٞت ٗبعط قٞاساث عالئق األساّب اىْاٍٞت ب

(. حٌ إخشاء اىخحيٞالث اىنَٞٞائٞت 4*3( اىْاٍٞت. ٗصعج اىَعاٍالث اىغزائٞت فٚ حصٌَٞ عاٍيٚ )NZWاىذً ألساّب اىْٞ٘صٝيْذا األبٞط )

. حٌ NZWأسابٞع( ٍِ األساّب  6اىذً. حٌ اسخخذاً عذد ٍائت ٗثَاّٞت أسّب عيٚ عَش اىفطاً ) ىيعالئق اىخدشٝبٞت ٗاىشٗد ٗبعط ٍنّ٘اث

ٍدَ٘عت حدشٝبٞت ٍخساٗٝت بنو ٍعاٍيت ثالثت ٍنشساث بَعذه ثالد أساّب بنو ٍنشس. ٗقذ أٗظحج  12ح٘صٝع األساّب بشنو عش٘ائٜ فٜ 

ٗ اىَادة اىعع٘ٝت ٗ األىٞاف ٗ اىَسخخيص االثٞشٛ ٍٗسخخيص خاىٚ  دافت)اىَادة اىاىْخائح صٝادة ٍعاٍالث اىٖعٌ ىيعْاصش اىغزائٞت 

٪ رسة ٍقاسّت بَدَ٘عاث  األساّب اىخٜ ٝخٌ  15ٗ اىَٖٞٞسيٞي٘ص ٍع اىخغزٝت عيٚ اىعالئق اىَحخ٘ٝت عيٚ  NDF  ٗADFاألصٗث ٗ 

اىَأم٘ه ٍِ اىَادة مبٞش ىيعالئق اىخدشٝبٞت عيٚ ٪ ٍِ اىزسة ، ٗىنِ ىٌ ٝنِ ْٕاك حأثٞش  10٪ أٗ  5حغزٝخٖا عيٚ اىعالئق اىَحخ٘ٝت عيٚ 

ٕٗعٌ اىبشٗحِٞ اىخاً. مَا أٗظحج اىْخائح أُ حغزٝت األساّب عيٚ اىعالئق اىخدشٝبٞت اىَذعَت بَخي٘غ األّضَٝاث أدٙ إلّخفاض  اىدافت

ٗ  ADFخاىٚ األصٗث ٗ  ٗ اىَادة اىعع٘ٝت ٗ األىٞاف ٗ اىَسخخيص االثٞشٛ ٍٗسخخيص اىَادة اىدافتٍعْ٘ٙ فٚ ٍعاٍالث ٕعٌ  

، ٍقاسّت  CP ٕٗعٌ  DMI (g/d) اىَٖٞٞسيٞي٘ص ٍقاسّت باىَعاٍالث اىغزائٞت األخشٙ بَْٞا ىٌ ٝنِ ْٕاك حأثٞش مبٞش ىٖزٓ اإلظافت عيٚ

 ٍع باقٚ اىَعاٍالث اىخدشٝبٞت. 

باىْسبت   (P≤0.05) أعيٚ بنثٞش DCP ٗ )٪( ، TDNٗ ٪ DEI مَا احعح ٍِ ّخائح ٕزٓ اىذساست أُ ٍعاٍو ٕعٌ اىبشٗحِٞ

٪( ، بَْٞا ىٌ ٝنِ ْٕاك 10٪ أٗ 5٪ رسة ٍقاسّت بَسخ٘ٝاث اإلحاله األخشٙ )اىزسة 15ىألساّب اىخٜ حخغزٙ عيٚ اىعالئق اىخٜ ححخ٘ٛ عيٚ 

ت باإلّضٌٝ أظٖشث األساّب اىخٜ حغزث عيٚ اىعالئق اىَذعَ، مَا   .TDNI (g/d ) ،CPI (g/d)  ٗ DEI (kcal/d) حأثٞش مبٞش عيٚ

ٍقاسّت ٍع باقٚ اىَعاٍالث اىغزائٞت اىخدشٝبٞت األخشٙ.  TDN % ٗ DE (kcal/d) أداء ٍْخفط بشنو ٍيح٘ظ فٚ ٍعاٍو ٕعٌ

ٗباىَثو أٗظحج اىْخائح أُ اىخغزٝت عيٚ اىعالئق اىَذعَت بَخي٘غ اإلّضَٝاث فقػ أٗ اىعالئق اىَذعَت بَخي٘غ اإلّضَٝاث ٍع اىَْشػ 

 ٗ DCP ٍقاسّت ٍع اىَدَ٘عاث اىخدشٝبٞت األخشٙ، ٗىنِ ىٌ ٝخأثش مال ٍِ  DEI (kcal/d)ّخفاض ٍعْ٘ٙ فٚاىَْ٘ اىحٞ٘ٙ أدث ال

CPI  . 

ماّج ٍسخ٘ٝاث اىبالصٍا ٍِ اىذُٕ٘ اىثالثٞت ٗاىن٘ىٞسخٞشٗه اىنيٜ فٚ اىبالصٍا أقو بشنو ٍيح٘ظ باىْسبت ىألساّب اىخٜ حغزث عيٚ 

 ٪ ٍقاسّت ٍع عيٞقٔ اىنْخشٗه، بَْٞا ىٌ ٝنِ ْٕاك حأثٞش مبٞش عيٚ 15أٗ  10اىصفشاء  بْسبت اىعالئق اىخدشٝبٞت اىَحخ٘ٝت عيٚ اىزسة 

ALT  ؛AST  ٚاىبشٗحِٞ اىنيٜ أٗ حشمٞض اىٞ٘سٝا . أظٖشث األساّب اىخٜ حغزث اىعالئق اىخدشٝبٞت اىَذعَت باألّضَٝاث باإلظافت إى ،

اىذُٕ٘ اىثالثٞت فٜ اىبالصٍا ٗبَْٞا ماُ حشمٞض ٗاىن٘ىٞسخٞشٗه أعيٚ بنثٞش ٍِ ٍِ اىٞ٘سٝا ٗ  (P≤0.05) اىبشٝبٞ٘حل ٍسخ٘ٝاث أقو بنثٞش

 ٍدَ٘عت اىنْخشٗه

ٗقذ خيصج ٕزٓ اىذساست إىٚ إٍناّٞت اسخخذاً اىزسة اىصفشاء ىخحو خضئٞا ٍحو ّخاىت اىقَح فٜ عالئق األساّب اىْاٍٞت دُٗ ٗخ٘د 

مزىل َٝنِ أُ حضداد اىقَٞت اىغزائٞت ىيعالئق اىخدشٝبٞت اىَغزاة ىألساّب اىْاٍٞت عِ حأثٞش سيبٜ عيٚ اىقَٞت اىغزائٞت ىيعالئق اىخدشٝبٞت. ٗ

٪ رسة 10غشٝق إظافت إّضَٝاث باإلظافت إىٚ اىبشٝبٞ٘حل، مَا أظٖشث اىذساست اىحاىٞت أُ حغزٝت األساّب اىْاٍٞت عيٚ عالئق ححخ٘ٛ عيٚ 

سة صفشاء ٍع اإلّضَٝاث اىبشٝبٞ٘حل أدث إىٚ ححسِ ٍعْ٘ٛ ىَعاٍالث ٪ ر15صفشاء دُٗ إظافاث أٗ اىخغزٝت عيٚ عالئق ححخ٘ٛ عيٚ 

 .ٕعٌ اىعْاصش اىغزائٞت ٗاىقَٞت اىغزائٞت ىيعالئق ٗاىحاىت اىصحٞت ىألساّب

 


