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ABSTRACT: 

The study investigated the effects of 

partially replacing barley with olive 

pulp (OP) and enzyme supplementation 

on the growth performance, nutrient 

digestibility, and economic efficiency of 

New Zealand White rabbits (NZW) of 

growing rabbits. A total of 120 male 

NZW rabbits, aged 4 weeks, with an 

average body weight of 445.7 ± 22.87 g, 

as experimental design followed a 

factorial (3 × 2) arrangement, which 

was randomly, divided into three groups 

(40 rabbits in each group): a control 

group (basal diet without OP) and two 

experimental groups receiving 5% and 

10% OP, with each group further split 

into two sub-groups with or without 

enzyme supplementation (20 male 

rabbits in each sub group). Each sub- 

treatment group included five replicates, 

with four rabbits per replicate 

The results showed that increasing OP 

levels negatively impacted body weight, 

daily weight gain, feed intake, and feed 

conversion ratio (FCR), particularly at 

10% OP. However, enzyme 

supplementation improved significantly 

growth performance, nutrient 

digestibility, and feed efficiency, 

mitigating some of the negative effects of 

OP inclusion. Higher OP levels also 

reduced total protein, albumin, and 

glucose levels, while enzyme 

supplementation improved these 

parameters without affecting cholesterol 

levels. Additionally, OP and enzyme 

supplementation had no adverse effects 

on kidney and liver function. In terms of 

carcass characteristics, 5% OP showed 

a higher dressing percentage than 10% 

OP, but no significant differences were 

found between the control and 5% OP 

groups. Economic efficiency and 

production index declined with 

increasing OP levels, but enzyme 

supplementation enhanced nutrient 

utilization, leading to better economic 

returns.  

Conclusively, from these results could 

be concluded that high OP levels 

negatively affected growth and 

digestion, enzyme supplementation 

improved performance, making 5% OP 

with enzymes a more suitable option for 

rabbit diets. 
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INTRODUCTION 

The greatest expense in any poultry production system is feed, which can 

account for up to 70% of total production costs. In order to reduce feeding costs, 

attempts have been made to use agricultural and industrial by-products as feed 

ingredients. Enhanced utilization of crop residues and by-products for animal 

feeding deserves more attention (Zarei et al., 2011). 

The shortage of feed ingredients and the lack of sufficient feeds to meet the 

nutritional requirements of the current animal population have caused a critical 

problem in animal production in Egypt (Youssef et al., 2001), especially nowadays 

as some ingredients are being used for bio-energy production. This has led to a 

significant problem in animal production, particularly in developing countries, 

including Egypt. There are some by-products that can be used as alternative feed 

ingredients. Olive pulp is one of these by-products, which may serve as a nutritive 

source. 

Olive pulp is the residue of olive cake (the raw material resulting from the 

extraction of olive oil) after the removal of the seed fractions (Abd El-Ghani, 2000; 

Sadeghi et al., 2009). This can be achieved by sieving the dry olive cake to 

separate most of the seeds, which improves its chemical composition and 

nutritional value (Rabayaa et al., 2001). The chemical composition of olive pulp 

(OP) on a dry matter basis is as follows: dry matter (DM) 93.90%; crude protein 

8.00%; crude fat 23.82%; crude fiber 44.23%; nitrogen-free extract 12.44%; and 

ash 5.41% (Farahat et al., 2022). Due to its high fiber content, olive pulp is 

primarily suitable for ruminants. However, positive results have also been observed 

in non-ruminants, such as pigs and poultry (Abo Omar, 2000; Rabayaa, 2001). 

Recently, the addition of several exogenous enzymes to broiler diets 

containing these by-products has been used to enhance fiber digestion and reduce 

the negative effects of phytic acid (Choct, 2006). Furthermore, the inclusion of 

multi-enzymes in poultry diets can increase nutrient digestibility and utilization, 

improve gut health, reduce anti-nutritional factors, and enhance growth 

performance (Cowieson, 2010; Shaw et al., 2010; Attia et al., 2014; El-Kelawy 

and El-Kelawy, 2016). 

Numerous studies have shown that broiler diets containing 60 g/kg of olive 

pulp increase feed intake but decrease feed efficiency (Abo Omar, 2000). 

Moreover, the incorporation of enzymes in diets containing OP did not yield 

positive effects on production or egg quality (Afsari et al., 2013). The addition of 

enzymes to rabbit diets containing 20% and 25% OP was found to lower 

cholesterol and increase glucose levels (Alderey et al., 2023). On the other hand, 

the dietary inclusion of 75 g/kg of OP did not significantly affect weight gain. 



 

   

 

 

 

 

      EFFECT OF USING OLIVE PULP MEAL ON GROWING  RABBITS            87 

Similarly, adding olive cake to broiler diets at levels up to 150 g/kg did not cause 

significant changes in production performance (Rabayaa, 2001; El Hachemi et al., 

2007). A recent study by El-Kelawy and Refaie (2024) indicated that the addition 

of enzymes to quail diets containing olive pomace at levels of 5% and 10% 

improved growth performance, nutrient digestibility, economic efficiency, and 

carcass traits. Additionally, Abd-Alfattah (2024) reported that feeding rabbits diets 

containing 20% and 25% SOP supplemented with 0.1 g/kg Econase resulted in 

higher growth performance, dressing percentage, total protein, albumin, globulin, 

A/G ratio, total antioxidant capacity, and economic efficiency.  

Therefore, this study aims to determine the effect of using olive pulp meal on 

the growth performance, immune response, and blood parameters of growing male 

rabbits. 

 

MATERIALS AND METHODS 
 

Due to the large availability of olive pulp in the New Valley Governorate 

and its high nutritive value, this study was conducted to evaluate the effects of 

multienzyme supplementation with the partial replacement of barley grains by 

olive pulp in the basal diet on growth performance, blood biochemical parameters, 

and nutrient digestibility of weaning New Zealand White (NZW) rabbits. 

A total of 120 male NZW rabbits, aged 4 weeks, with an average body 

weight of 445.7 ± 22.87 g, as experimental design followed a factorial (3 × 2) 

arrangement, which was randomly, divided into three groups (40 rabbits in each 

group): a control group (basal diet without OP) and two experimental groups 

receiving 5% and 10% OP, with each group further split into two sub-groups with 

or without enzyme supplementation (20 male rabbits in each sub group). Each sub- 

treatment group included five replicates, with four rabbits per replicate and each 

replicate was housed in one cage. Additionally, each group was further divided into 

two sub-groups: one receiving an un-supplemented diet (without enzymes) and the 

other receiving a supplemented diet (with enzymes). The rabbits were housed in 

wire cages (60 × 55 × 40 cm) equipped with galvanized feeders and automatic 

nipple drinkers. The experimental diets were offered ad libitum, and fresh tap water 

was available at all times. The rabbits were kept under uniform hygienic and 

environmental conditions throughout the experimental period. The diets were 

formulated to meet the nutrient requirements of rabbits according to NRC (1977). 

The ingredients and chemical composition of the experimental diets are shown in 

Table 1. During the growing period (from 4 to 12 weeks of age), live body weight,  
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Table 1.Ingreadients  and chemical composition (%) of the experimental diets  

Ingredients  (%) Control 5%OP 10%OP 

Alfalfa meal  30.12 30.12 30.12 

Wheat bran  23.33 23.33 23.33 

Soya bean meal ( 44% CP ) 17.33 17.33 17.33 

Barley  15 10 5 

Maize grain  11.22 11.22 11.22 

Olive pulp 0 5 10 

Dicalcium Phosphate 1.2 1.2 1.2 

Lime Stone 1 1 1 

Salt  (NaCl) 0.5 0.5 0.5 

Premix ( Minerals & Vitamins)* 0.3 0.3 0.3 

Enzyme** 0 0 0 

Total 100 100 100 

Calculated analysis ***    

Dry matter, % 87.05 87.29 87.52 

Crude ash, % 6.54 6.84 7.15 

Crude protein, % 18.06 18.01 17.97 

Crude fat, % 2.76 3.28 3.79 

Crude fiber (Weende) 12.32 13.42 14.53 

NDF, % 28.52 29.97 31.42 

ADF, % 15.41 16.82 18.24 

ADL, % 3.35 3.3 3.26 

Hemicellulose (NDF-ADF), % 13.11 13.14 13.18 

Calcium, %  1.19 1.23 1.27 

Phosphorus, % 0.74 0.73 0.71 

Digestible Protein  13.03 12.69 12.34 

Digestible energy, kcal/kg   2542 2500 2457 

Metabolizable energy, kcal/kg 2313 2164 2015 

Cellulose VS ADF-ADL, % 12.07 11.84 11.61 

NDF: neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin. 
*
Each kilogram contains: Vit. A, 12,000 IU; Vit. D3, 2,200 IU; Vit. E, 10.0 mg; Vit. 

K, 2.0 mg; Vit. B1, 4.0 mg; Vit. B2, 1.5 mg; Pantothenic acid, 6.3 mg; Vit. B6, 1.7 mg; 

Vit. B12, 0.03 mg; Biotin, 3.3 mg; Folic acid, 0.83 mg; Choline chloride, 200 mg;  Mn, 

5.00 mg; Fe, 12.5 mg; I, 0.33 mg; Se, 0.65 mg and Mg 66.79 mg. 
* The enzyme (Natuzyme P50®, Australia) contained, per g of product, 1000,000 IU Phytase, 700 

IU β-glucanase;700 IU α-amylase; 6,000 UI Cellulase; 700 IU Pectinase;10,000 IU xylanase, 30 IU 

lipase, and 3,000 IU protease. 

***Calculated analysis (As fed basis: NRC, 1977). 
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(Attia et al., 2012). An economic evaluation of all experimental rations was perf 

daily weight gain (DWG), feed consumption (FC), and feed conversion ratio 

(FCR) were recorded weekly. The production index was calculated as cited by 

formed as described by Zeweil (1996). 

At 12 weeks of age, five rabbits from each experimental group were selected 

for the digestibility trial. A total of 24 male rabbits were individually housed in 

metabolic cages designed to allow complete faeces collection throughout the trial. 

Quantitative feces collection began 24 hours after the start of daily feeding. Feces 

from each rabbit were collected once daily at 9:00 AM for six consecutive days, 

while feed intake was recorded each morning during this period. Feces samples 

were stored at -20°C. 

At the end of the six-day collection period, feces samples were pooled dried 

at 65°C for 24 hours, and ground using a 1 mm screen in a Wiley mill. A 

composite sample (50 g per treatment per rabbit) was prepared for analysis. Both 

the offered feed and the dried feces samples were chemically analyzed for crude 

protein (CP), ether extract (EE), crude fiber (CF), and nitrogen-free extract (NFE) 

according to the method of A.O.A.C. (2004). 

At 12 weeks of age, five rabbits from each group were slaughtered after a 12-

hour fasting period. The rabbits were then processed, and the carcass and internal 

organ weights were recorded and expressed as a percentage of live body weight. 

During slaughter, five blood samples were collected from each group into 

heparinized tubes. The samples were centrifuged at 4000 rpm for 10 minutes, after 

which the plasma was decanted into Eppendorf tubes and stored at -20°C until 

biochemical analysis.All blood biochemical parameters were determined using 

commercial kits (Diamond Diagnostics, Egypt) according to the following 

methods. Plasma total protein (Doumas et al., 1981), albumin (Doumas et al., 

1971), Plasma globulin was obtained by subtracting the concentration of albumin 

from that of plasma total protein. Plasma creatinine (Fabiny and Ertingshausen, 

1971), urea (Sampson et al., 1980), total lipids (Chabrol and Charonnat, 1973), 

total cholesterol (Allain et al., 1974), triglycerides (Bogen and Kaller, 1987), 

glucose (Hyvarinen and Nikkila, 1962) and ALP (Belfield and Goldberg, 1971) as 

well as activities of plasma transaminase ALT and AST were measured (Reitman 

and Frankel, 1957). 
 

Statistical analysis 

Data were analyzed by the GLM procedure (SPSS system, 2006) using a 

factorial design (Three types of levels of olive pulp by two enzyme 

supplementation) according to Snedecor and Cochran (1982). Before analyses, 

arcsine transformed was done to normalize data distribution. Covariance analysis 
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was conducted for carcass traits data to account for variations in pre-slaughter 

weight among the study groups. The differences between means were tested by 

using Duncan’s New Multiple Range test, (Duncan, 1955). 

RESULTS AND DISCUSSION 

 Production performance:  

Data growth performance presented in Tables 2 and 3 showed the effects of 

supplementation of multienzyme to diets contain olive pulp on live body weight 

and daily weight gain of weaning New Zealand White (NZW) male rabbits.  
 

Live body weight and daily weight gain:  
Rabbits in the control group exhibited the highest live body weight at 12 

weeks (1756 g), which was significantly (P<0.01) higher than those fed diets 

containing 5% (1672 g) and 10% (1595 g) olive pulp as shown in Table 2. This 

indicates a negative impact of increasing olive pulp inclusion on final body weight. 

Similarly, the daily weight gain during all growth phases (4–8 weeks, 8–12 weeks, 

and 4–12 weeks) was significantly lower in groups receiving olive pulp compared 

to the control group.  

Enzyme supplementation significantly (P<0.01) increased live body weight 

at 8 and 12 weeks, with enzyme-treated rabbits reaching a higher final weight 

(1725 g) compared to non-supplemented rabbits (1624 g). Additionally, enzyme 

supplementation improved daily weight gain across all growth periods, 

highlighting its role in enhancing feed efficiency and nutrient utilization. 

A significant interaction (P<0.01) was observed between olive pulp levels 

and enzyme supplementation for all growth parameters. At 12 weeks, rabbits fed 

5% olive pulp with enzyme supplementation exhibited the highest final weight 

(1761 g) compared to those receiving the same level without enzymes (1582 g), 

suggesting that enzymes mitigated the negative effects of olive pulp. At the 10% 

olive pulp level, enzyme supplementation improved final body weight (1649 g vs. 

1541 g without enzymes), although it did not fully compensate for the negative 

effects of high fiber content. 
 

Daily feed intake:  
Data in Table 2 reported that control rabbits group had the highest feed 

intake at all stages, while increasing OP levels significantly reduced feed intake 

(P<0.01), particularly at 10% OP.  

Enzyme supplementation increased feed intake, with enzyme-treated rabbits 

consuming significantly (P<0.01) more feed than non-supplemented rabbits. 
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Table 2: Effect of fed diets supplementation with multienzyme to diets containing 

olive pulp on live body weight and daily weight gain of (NZW) rabbits  

Treatment 

Live body weight (g) at: Daily weight gain (g) from: 

4  

weeks 

8  

weeks 

12 

 weeks 

4-8 

weeks 

8-12  

weeks 

4-12 

weeks 

Main effects 

Olive pulp levels (OP) 

Control 447 950a 1756a 17.96a 28.79a 23.38a 

5%OP 444 910b 1672b 16.65b 27.20b 21.93b 

10%OP 447 865c 1595c 14.96c 26.07c 20.51c 

Enzymes supplementation (Enz) 

Without 448 884b 1624b 15.57b 26.42 20.99 

With Enz 444 933a 1725a 17.48a 28.29 22.88 

Olive pulp levels X Enzymes supplementation 

Control  447 946a 1748a 17.79a 28.64a 23.22a 

Control + Enz 447 955a 1765a 18.14a 28.94a 23.54a 

5%OP  447 868bc 1582c 15.04bc 25.52c 20.28c 

5%OP + Enz 441 953a 1761a 18.26a 28.88a 23.57a 

10%OP  450 839c 1541c 13.89c 25.09c 19.49c 

10%OP+Enz 443 892b 1649b 16.03b 27.04b 21.54b 

SEM 4.890 12.157 21.334 0.420 0.534 0.347 

Probabilities 

OP 0.799 0.002 0.009 0.006 0.001 0.002 

Enz 0.287 0.003 0.005 0.002 0.004 0.009 

OPX Enz. 0.780 0.009 0.001 0.003 0.018 0.002 
a,b,c Values within a row with different superscripts differ significantly at P<0.05. Wks= Weeks 

Feed conversion ratio (FCR):  
Increasing OP levels resulted in poorer FCR (P<0.01), with 10% OP leading 

to the highest FCR (4.18) as shown in Table 3. 

Enzyme supplementation significantly (P<0.01) improved FCR across all 

periods, reducing feed required per unit of weight gain. A significant interaction 

(P<0.01) was observed, where enzyme supplementation improved FCR even in 

diets containing 10% OP, although control diets with enzymes exhibited the best 

FCR. 

This indicates that enzyme improved nutrient availability particularly bound 

in NSP molecules for growth. There was no significant effect of dietary OP (%) 

inclusion and enzyme supplementation on mortality rate throughout the 

experimental period (P >0.05). 
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These results support the conclusions made by Salama et al. (2016) who 

mentioned that rabbits fed diets include 30% OC plus 1% Bentonite best final BW, 

BWG and FCR compared to control. Furthermore, broiler fed diets containing 5 

and 10% of OP plus ENZ improved final BW, BWG and FCR compared to control 

(Al-Harthi, 2017). Moreover, ELbaz et al., (2020) who reported that inclusion OP 

at levels 10 and 15% enhance FCR compared with the control. Moreover, Azazi et 

al. (2020) rabbits fed diet supplemented with 10 % olive cake meal plus 0.25 

sodium bicarbonate (NaHCO3) increased final body weight, total gain and daily 

weight gain. 

The present data indicated lower feed intake when increased level of OP 

without ENZ could explained by the higher fiber content in OP beside the poultry´s 

digestive tract absences the enzymes that can digestion fiber (Petersen et al., 1999). 

Thus, will lead to the slow movement of feed through the digestive tract leads to 

less feed intake (Savory& Hodgkiss, 1984).  
In present results BW and BWG increased due to addition exogenous 

enzymes in rabbits diets improved growth performance, protein efficiency ratio, 

and nutrient digestibility (Abu Hafsa et al., 2022). The enzyme function could 

contributes to the improvement of the intestinal microbial environment by reduced 

pH, removing pathogens bacteria, and reducing anti-nutrient contain in OP, all of 

which improve rabbit health and feed utilization efficiency (Elghandour et 

al.,2020& Abu Hafsa et al.,2022&  Elghandour, 2024). On the other hand, Aboul-

Ela et al. (2011) found that inclusion olive cake pulp up to 28% in rabbit’s diets 

had no adverse effects on BW, BWG. 

The present results conflicted with Afsari et al. (2013) inclusion enzymes to 

diets containing 100g/kg of OP was not affect on growth performance gains in 

laying hens. Additionally, rabbits fed diets containing 0, 20, 25 and 30% olive pulp 

no significant effect on BW, BWG, FC and FCR (Mehrez and Mousa, 2011). 

Another study by, abdeldayam (2021) found that inclusion OP with NaOH and 

fungi in broiler diets indicated that there were no significant affected on  body 

weight and gain . 
 

The apparent digestibility of the nutrients 

The results for apparent digestibility of nutrients of NZW rabbits as affected 

by supplementation of multienzymes  to diets  contain olive  pulp  are  shown  in      
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Table 3: Effect of fed diets supplementation with multienzymes to diets containing 

olive pulp on daily feed intake and feed conversion ratio of (NZW) 

rabbits 

Treatment 

groups 

Daily feed intake  

(g/day)  

Feed conversion ratio  

(g feed/g gain)  

4 

 weeks 

8  

weeks 

12  

weeks 

4-8 

weeks 

8-12  

weeks 

4-12 

weeks 

Main effects 

Olive pulp levels (OP) 
Control 57.99a 119a 88.5a 3.25c 4.14b 3.80c 

5%OP 55.99b 117ab 86.5b 3.45b 4.42a 3.97b 

10%OP 54.74c 116b 85.5b 3.68a 4.48a 4.18a 

Enzymes supplementation (Enz) 
Without 55.371b 117b 86.1b 3.63a 4.51a 4.13a 

With Enz 57.113a 118a 87.6a 3.29b 4.18b 3.84b 

Olive pulp levels X Enzymes supplementation 
Control  57.72a 118a 88.0ab 3.26d 4.14b 3.80d 

Control + Enz 58.27a 120a 89.0a 3.23d 4.14b 3.79d 

5%OP  53.85b 114c 84.2c 3.69b 4.69a 4.16b 

5%OP + Enz 58.14a 120a 88.9a 3.20d 4.15b 3.78d 

10%OP  54.55b 118ab 86.2bc 3.93a 4.71a 4.43a 

10%OP+Enz 54.93b 115bc 84.9c 3.43c 4.25b 3.94c 

SEM 0.430 1.125 0.755 0.058 0.135 0.030 

Probabilities 
OP 0.006 0.051 0.001 0.001 0.032 0.001 

Enz 0.002 0.208 0.020 0.009 0.003 0.002 

OPX Enz. 0.007 0.001 0.004 0.006 0.096 0.003 
a,b,c Values within a row with different superscripts differ significantly at P<0.05. 

Table 4. Increasing OP levels (10%) significantly reduced crude protein (CP), 

crude fiber (CF), nitrogen-free extract (NFE), total digestible nutrients (TDN), and 

digestible energy (DE) (P<0.05). However, Enzyme supplementation significantly 

improved CP (72.96% vs. 67.32%), CF (24.56% vs. 21.46%), NFE, TDN (80.38% 

vs. 77.08%), and DE (2461 kcal/kg vs. 2358 kcal/kg) (P<0.01), enhancing overall 

feed utilization. Also, the best nutrient digestibility and energy efficiency were 

observed at 5% OP with enzyme supplementation. 

This observation is consistent with the findings of Abd El-Galil et al. 

(2017) who found that decreased digestibility coefficients of CP, CF, NFE, DCP, 

TDN (%) and ME (kcal/kg) in growing hens when addition OPM more than 8% in  
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Table 4: Effect of fed diets supplementation with multienzyme to diets containing 

olive pulp on apparent nutrients digestibility of (NZW) rabbits 

Treatment 

Apparent nutrients digestibility (%): Nutritive value as 

CP EE CF NFE TDN 
DE (kcal/kg 

DM) 
DEC 

Main effects   

Olive pulp levels (OP) 

 Control 71.64a 71.24 25.33a 76.76a 81.02a 2489a 67.94a 

5%OP 71.14a 67.53 22.84b 76.32a 78.82ab 2422a 66.24a 

10%OP 67.65b 67.62 20.85b 73.31b 76.35b 2319b 63.46b 

Enzymes supplementation (Enz) 

 Without 67.32b 68.86 21.46b 74.47b 77.08b 2358b 64.45b 

With Enz  72.96a 68.73 24.56a 76.45a 80.38a 2461a 67.31a 

Olive pulp levels X Enzymes supplementation 

 Control  69.50 71.99 25.49a 75.38 79.76 2456 66.95 

Control + Enz 73.77 70.49 25.17ab 78.13 82.27 2522 68.93 

5%OP  67.11 67.92 19.28c 75.37 76.23 2335 63.77 

5%OP + Enz 75.17 67.15 26.40a 77.27 81.42 2509 68.71 

10%OP  65.35 66.69 19.60c 72.68 75.25 2284 62.64 

10%OP+Enz 69.95 68.55 22.09bc 73.95 77.46 2353 64.28 

SEM 1.450 2.784 1.071 0.999 1.559 36.183 0.974 

Probabilities 

 OP 0.022 0.332 0.001 0.004 0.022 0.004 0.005 

Enz 0.000 0.954 0.002 0.023 0.016 0.002 0.001 

OPX Enz. 0.366 0.819 0.007 0.761 0.582 0.247 0.197 

a,b,c Values within a row with different superscripts differ significantly at P<0.01. 

CP= Crude protein; CF= Crude fiber; NFE= Nitrogen free extract; EE= Ether extract; TDN 

=Total digestible nutrients; DG=Digestible energy; DGC = Digestible energy coefficient 

 

the diet.in the same trend was found by abdeldayam (2021) found that decrease in 

CP, CF, NFE, DCP, TDN (%) and ME (kcal/kg).Whereas, Ether extract (%) 

exhibited increase in broiler fed diets containing OP. The reduction in digestion 

coefficients in OP without enzyme may be attributed to tannin and lignin content of 

olive pulp, olive pulp contains 1.4% tannins Martin et al. (2003). Moreover, 

Youssef (2009) and Mehrez and Mousa(2011) indicated  that increased level of OP 

without ENZ in rabbits diets  decreased nutrients digestibility may be due to have 

high content tannins and lignin beside high content of ADL and ADF. 



 

   

 

 

 

 

      EFFECT OF USING OLIVE PULP MEAL ON GROWING  RABBITS            95 

Additionally, Mehrez and Mousa (2011) found that the replacement of olive 

cake with barley grains (20%, 25%, or 30%) in the rabbit diet led to an increase in 

EE. The improvement in digestibility of the nutrients may be the addition 

exogenous enzymes and yeast in rabbit diets might have improved gut health and 

ecology, which sustained better nitrogen utilization and improved growth 

performance (Elghandour et al., 2020&Helal et al., 2021). Also, econase enzyme 

supplementation in diet containing OP higher degradation of CF and decrease in 

CF content and an increase in CP content (Abid et al.,2023).  

Another finding supported by Abd-Alfattah, (2024) who found that 

supplementation econase and yeast in rabbits diet containing sieved olive pulp had 

improved digestibility of nutrients. Also, supplementing olive cake with enzymes 

helps in breaking down these antinutritional factors, enhancing the availability of 

nutrients for digestion and absorption in birds (Brenes et al., 2016). 

Blood chemical constituents: 

Effect on blood protein and lipid profile 

The results for blood parameters of NZW rabbits as affected by 

supplementation of multienzyme to diets contain olive pulp are shown in Table 5 

and 6. Increasing olive pulp levels significantly reduced total protein (P<0.01) from 

5.86 g/dl in the control to 4.91 g/dl at 10% OP. Also, Albumin levels were also 

significantly reduced (P<0.01), with the lowest value recorded at 10% OP (2.90 

mg/dl). On the other hand, Enzyme supplementation improved both parameters, 

increasing T.P (5.62 g/dl vs. 5.26 g/dl, P<0.05) and Alb. (3.41 mg/dl vs. 3.13 mg/dl, 

P<0.05). 

Glucose levels decreased with increasing OP levels (P<0.01), with the lowest 

value at 10% OP (97.2 mg/dl). However, Enzyme supplementation significantly 

improved glucose levels (104.5 mg/dl vs. 100.6 mg/dl, P<0.01), suggesting better 

energy metabolism. On the other hand, no significant differences were observed in 

cholesterol levels across treatments (P>0.05). 

Triglyceride levels slightly decreased with increasing OP (P<0.05), with the 

lowest value at 10% OP (122 mg/dl). However, Enzyme supplementation improved 

triglyceride levels (125 mg/dl vs. 122 mg/dl, P<0.01). 

Effect on kidney and liver function 

Urea levels significantly decreased with higher OP levels (P<0.05), with the 

lowest value recorded at 10% OP (16.3 g/dl). However, Enzyme supplementation 

slightly increased urea levels (17 g/dl vs. 16.6 g/dl, P>0.05), indicating improved 

nitrogen metabolism. On the other hand, Creatinine levels showed no significant 

differences across treatments (P>0.05), suggesting no adverse effects on kidney 

function. 
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Aspartate amino transferase and ALT levels remained stable across 

treatments (P>0.05), indicating that olive pulp inclusion did not affect liver 

function. Also, Alkaline phosphatase (Alk.ph.) levels increased slightly with 10% 

OP, but enzyme supplementation lowered its levels, suggesting improved liver 

efficiency. 
These findings are in harmony with prior research conducted by Bakr et al. 

(2019)  reported that including of olive cake pulp in rabbit diets up to 25%  resulted in 

decreased Glucose and triglycerides compared to the control. The decrease in glucose 

and triglycerides may be linked to the presence of phenolic compounds and saponins in 

olive cake pulp.    

The same trend was found by Azazi et al. (2018) illustrated that growing rabbits 

fed a diet containing 10% olive cake without or with 0.1% citric acid had lower 

triglyceride levels than the other treatment. According to Mousa and Abd El- Samee 

(2002), the inclusion of olive pulp in growing rabbit 'diets had no significant influence 

on the experimental groups' serum globulin, creatinine, AST, and ALT concentrations. 

The same trend was noticed by Mehrez and Mousa (2011), who found that 

concentrations of G, cholesterol, urea-N, AST and ALT did not differ significantly 

with olive pulp inclusion in rabbit diets at levels up to 30%.  Hassan et al. (2016) cited 

that ALT, AST, and urea concentrations were not affected by feeding Mamora cocks 

olive cake was used up to 16%. According to Al-Harthi et al. (2020), plasma 

triglycerides were significantly reduced by adding phytase to 10% and 15% olive cake 

in broiler chicken diets. Also,  El-Kelawy and El-Shafey (2017), found that kemzyme 

supplementation to rabbits diets did not significantly affect cholesterol, creatinine, AST 

and  ALT.  

Another study by El-Katcha et al. (2017) noted that addition enzyme to broiler 

diets had no significant effect on blood serum AST and ALT beside cholesterol and 

triglyceride. 

The Improvement in hematological parameters due to exogenous enzymes 

could be increased digestibility different of feed components, including fiber, 

phytate, protein, non-starch polysaccharides (NSP) and broken dawn to smaller 

polymers to reduce their anti-nutritive effects (Choct and Annison 1992). 
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Table 5: Effect of fed diets supplementation with multienzyme to diets containing 

olive pulp on blood protein and lipid profile parameters of (NZW) rabbits. 

Treatment 
T.P 

(g/dl) 

Alb. 

(mg/dl) 

Globulin 

(mg/dl) 

A/G 

ratio 

Glucose 

(mg/dl) 

Cho. 

(mg/dl) 
Tri. 

Main effects     

Olive pulp levels (OP) 

  Control 5.86a 3.60a 2.27 1.65 107.7a 97.2 125a 

5%OP 5.56a 3.30b 2.25 1.6 102.8b 96.2 123ab 

10%OP 4.91b 2.90c 2.01 1.53 97.2c 96.5 122b 

Enzymes supplementation (Enz) 

  Without 5.26b 3.13b 2.14 1.53 100.6b 97 122b 

With Enz 5.62a 3.41a 2.22 1.65 104.5a 96.2 125a 

Olive pulp levels X Enzymes supplementation 

  Control  5.78 3.56 2.22 1.63 107.9a 98.2 123b 

Control + Enz 5.94 3.65 2.32 1.66 107.4a 96.3 127a 

5%OP  5.18 2.96 2.22 1.4 98.8b 96.3 121b 

5%OP + Enz 5.93 3.64 2.29 1.79 106.9a 96 125ab 

10%OP  4.82 2.86 1.96 1.56 95.2c 96.6 121b 

10%OP+Enz 4.99 2.94 2.05 1.51 99.3b 96.4 122b 

SEM 0.175 0.102 0.269 0.274 6.03 4.66 7.44 

Probabilities 

  OP 0.001 0.002 0.465 0.892 0.008 0.533 0.04 

Enz 0.028 0.025 0.663 0.53 0.002 0.31 0.009 

OP 

X Enz. 
0.22 0.075 0.998 0.618 0.003 0.602 0.39 

a,b,c  Means in the same row followed by different letters are significantly different at(P ≤ 0.05); 

Sig.= Significantly; SEM= Standard error of mean; T.P=Total Protein; Alb= Albumin; 

Glo=Globulin; Cho.=Cholesterol; Tri.= Triglycerides;   
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Table 6: Effect of fed diets supplementation with multienzyme to diets containing 

olive pulp on kidney and liver function of (NZW) rabbits 

 

a,b,c Means in the same row followed by different letters are significantly different at(P ≤ 0.05); 

Sig.= Significantly; SEM= Standard error of mean;  Alk.ph.= Alkaline phosphates; RBC’s =Red 

blood cells; WBC’s= White blood cells; AST=aspartate amino transferees; ALT=alanine amino 

transferees. 
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Carcass characteristics: 

The results for carcass characteristics of NZW rabbits as affected by 

supplementation of multienzyme to diets contain olive pulp are reported in Table 7. 

The 5% OP group showed a significantly higher dressing percentage (P<0.01) 

compared to the 10% OP group.  

However, no significant difference was found between the control and 5% 

OP groups. On the other hand, no significant changes (P>0.05) were observed in 

the liver, heart, kidney, lungs, stomach, intestines, abdominal fat, spleen, pancreas, 

and cecum across all treatments. This indicates that olive pulp and enzyme 

supplementation did not negatively impact organ weights or gastrointestinal 

development. Although enzyme supplementation did not significantly alter 

dressing percentage, it could potentially enhance nutrient digestibility, improving 

feed efficiency and overall carcass yield.   

In harmony with the obtained results of carcass characteristics, Azazi et al. 

(2020) who mentioned that rabbits fed 10 % olive cake meal inclusion 0.25 or 

0.50% sodium bicarbonate (NaHCO3) had the highest of carcass (%) compared 

with the treatments.  

Similarly, Salama et al. (2016) showed that there were significant effects 

on carcass traits by olive cake inclusion in rabbits diets. Moreover, inclusion EY in 

rabbits diets containing 20% and 25% OP increased the dressing percentage (Abd-

Alfattah 2024). The same trend was found by   Abdel-Moneim et al., (2024) found 

that broiler fed diets containing 10%OP plus Aspergillus awamori enhancing 

carcass percentage.  

The addition ENZ could be improving nutrient digestibility by altering gut 

morphology and gut microbial content leading to improved nutrient digestion and 

absorption as a result enhanced FCR and dressing weight (Elghandour et al., 2020 

and Abu Hafsa et al., 2022).   

However, there was no significant effect of inclusion of olive pulp in 

rabbits diets at levels (15, 20 and 25%) on all carcass traits Bakr et al., (2019). 

Also, olive pulp incorporation in rabbits diets up to 28% exhibited there was no 

significant improvement for carcass traits (Aboul-Ela et al. 2011). 
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Economic efficiency and production index 

The results for economic efficiency of NZW rabbits as affected by 

supplementation of multienzyme to diets contain olive pulp are summarized in 

Table 8. Total cost decreased with increasing OP levels (P<0.01), with the lowest 

cost recorded at 10% OP.  

However, total revenue also declined with higher OP levels, with the control 

group achieving the highest revenue. Net revenue and economic efficiency were 

significantly higher (P<0.01) in the control group compared to 5% and 10% OP 

groups. On the other hand, Enzyme supplementation significantly improved 

economic efficiency (62.63% vs. 58.73%, P<0.01) by enhancing nutrient 

utilization and growth performance.  

The production index (%) significantly declined with increasing OP levels 

(P<0.01), indicating that high fiber content may limit growth performance. On the 

other hand, Enzyme supplementation significantly improved the production index 

(50.05 vs. 44.12, P<0.01), suggesting its role in enhancing feed efficiency and 

overall productivity. 

The present results are supported with obtained by Araujo et al., (2014) 

found that addition of enzymes to diets with fibrous oil industry byproducts may 

have improved economic efficiency. Moreover, enzyme supplementation in rabbits 

diets reduce the feed costs related with poultry production (Choct, 2006). Similarly 

Feeding growing rabbits on diets containing 15, 20 and 25% olive cake pulp 

decreased the feed cost and improved economic efficiency (Bakr,2019). 

Furthermore, El-Kelawy and Refaie (2024) mentioned that quail fed diets 

contained 5% or 10% olive pomace with EZ had reduced feed cost and improved 

economic efficiency.  

Additionally, Fed broiler diets containing 5, 10, or 15% of olive pulp reduced 

feed cost and enhance economic efficiency compared to control group (Elbaz et 

al,.2020).Moreover, broiler fed  diets inclusion OP treated with the fungi and 

NaOH decreased the feed cost and increased the net return beside enhance 

economic efficiency (Abdeldayam,2021). Another study by Abd-Alfattah 

(2024)feeding growing rabbits on 20% and 25% SOP diets supplemented with 

enzyme and yeast decreased the feed cost and increased economic efficiency. 
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Table 8: Effect of fed diets supplementation with multienzyme to diets containing 

olive pulp on economic efficiency and production index digestibility of 

(NZW) rabbits 
Treatment 

groups 

Total 

cost 

Total 

revenue 

Net 

revenue 

Economic 

efficiency 

Production 

index 

Main effects 

Olive pulp levels (OP) 

Control 43.13a 70.44a 27.31a 63.45a 51.48a 

5%OP 36.46b 58.52b 22.05b 60.23b 47.16b 

10%OP 35.23c 55.84c 20.60c 58.35b 42.62c 

Enzymes supplementation (Enz) 

Without 35.75b 56.83b 21.08b 58.73b 44.12b 

With Enz  40.80a 66.37a 25.56a 62.63a 50.05a 

Olive pulp levels X Enzymes supplementation 

Control  37.18b 61.16b 23.98b 64.34a 51.25a 

Control + Enz 49.08a 79.72a 30.64a 62.57a 51.71a 

5%OP  35.27c 55.38cd 20.12d 56.90b 42.40c 

5%OP + Enz 37.66b 61.65b 23.99b 63.57a 51.92a 

10%OP  34.80c 53.95d 19.15d 54.94b 38.71d 

10%OP+Enz 35.67c 57.73c 22.06c 61.77a 46.52b 

SEM 0.526 1.041 0.630 1.250 0.941 

Probabilities 

OP 0.003 0.001 0.004 0.004 0.004 

Enz 0.002 0.004 0.003 0.003 0.002 

OPX Enz. 0.002 0.007 0.010 0.010 0.001 

a,b,c Values within a row with different superscripts differ significantly at P<0.05. 

IN CONCLUSION. 

From these results could be concluded that including up to 5% olive pulp 

with enzyme supplementation enhances growth and feed efficiency, while higher 

levels (10%) impair performance. To maximize productivity, olive pulp should not 

exceed 5%, with enzymes mitigating fiber-related drawbacks.  
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الزيتىى على أداء الٌوى وهضن العٌاصز الغذائية  هسحىق تفلتأثيز استخذام 

 الذم في الأراًب الٌاهية قياساتو

ابتسام عادل هحوذ حسي سزور
1

، هزوة هحوذ بهٌس
2
وهحوذ سيذ رفاعي 

 1  

 مصر – الجديد الوادي جامعة – الزراعة كلية - الدواجن انتاج سمق 1
 مصر -الفيوم  جامعة – الزراعة كلية - الدواجن انتاج قسم 2

 

 (OP) بخفم انضَخىٌ اخشَج هزِ انخدشبت بهذف دساست حأثُش الاسخبذال اندضئٍ نهشعُش

عهً الأداء الإَخاخٍ، وهعى انعُاصش % يع او بذوٌ إظافت اَضًَاث  01و 5بًسخىي 

 4اسَ  َُىصنُذٌ ابُط عًش  021 حمسُى. حى انُايُتساَ  لأانغزائُت، وانكفاءة الالخصادَت ن

غزَج عهً عهُمت  انكُخشوليدًىعت انًدًىعت الأونً : يدًىعاث إنً ثلاد أسابُع عشىائُا

 ت غزَج عهً عهُمت ححخىٌ عهًانًدًىعت انثاَُت وانثانث حفم انضَخىٌ،  اظافت يماسَت  بذوٌ

بذوٌ او   انً يدًىعخٍُ كم يدًىعت ولسًج ، عهً انخىانٍ % يٍ حفم انضَخى01ٌ% و5

 إظافت الإَضًَاث.  يع

إظافت % بذوٌ 01 انضَخىٌ حفمأٌ صَادة َسبت  أوظحج انُخائح انًخحصم عهُها 

 انخحىَم انغزائٍ ميعايو ،انًسخههك انعهفو عهً وصٌ اندسى كاٌ نها حأثُش سهبٍ اَضًَاث

 يعايموالأداء الإَخاخٍ وهعى انعُاصش انغزائُت  ححسٍُ الإَضًَاث إنً أدث اظافت ويع رنك،

أدث  حفم انضَخىٌ فٍ انعهُمت.  يًا أدي انً حمهُم الاثاس انسهبُت لإظافت انخحىَم انغزائٍ،  

 إظافت اَضًَاثبذوٌ  حفم انضَخىٌ حغزَت الاساَ  عهً علائك ححخىٌ عهً َسبت يشحفعت يٍ

 أدث إظافت إنً اَخفاض يعُىٌ فٍ يسخىَاث انبشوحٍُ انكهٍ، والأنبىيٍُ، واندهىكىص، بًُُا

 ذلا حىخ بًُُا ححسٍُ هزِ انًؤششاث دوٌ انخأثُش عهً يسخىَاث انكىنُسخشول.  انًالإَضًَاث 

% يٍ 5 إظافتكًا أٌ انكبذ. اَضًَاث عهً وظائف انكهً واخخلافاث يعُىَت بٍُ انًعايلاث 

%، دوٌ وخىد فشوق يعُىَت 01يماسَت بًدًىعت حفم انضَخىٌ أظهشث اعهً َسبت حصافٍ 

انكفاءة  %  انً اَخفاض01بُسبت حفم انضَخىٌ  أدث إظافت  كًا .انكُخشوليع يدًىعت 

انعُاصش الإَضًَاث يٍ كفاءة اسخخذاو إظافت الالخصادَت ويؤشش الإَخاج، بًُُا حسَُّج 

 إنً عىائذ الخصادَت أفعم.  ، يًا أديانغزائُت

% يع إظافت الاَضًَاث أدي انً 5حىصهج انُخائح انً اسخخذاو حفم انضَخىٌ بُسبت  انخىصُت: 

 .ححسٍُ الأداء الإَخاخٍ وانعائذ الالخصادٌ فٍ الاساَ  انُايُت


