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This study carried out to evaluate the effect of feeding diets
containing olive cake meal (OCM) at 10 % and 20 % with or without
citric acid at levels 0.1 % or 0.2 % on growing rabbits performance.
One hundred and five weaning New Zealand white (NZW) rabbits about
4 weeks old were allotted at random to seven experimental groups with
15 rabbits in each group contained three replicates ( five rabbits in
each ) in a growth trail lasted for forty days. The experimental diets
were as follows: Diet 1 was used as a control without adding olive cake
or citric acid, and Diets 2, 3 and 4 : contained 10 % olive cake and
were supplemented with zero, 0.1 and 0.2 % citric acid respectively,
Diets 5, 6 and 7 : contain 20 % olive cake and were supplemented with
zero, 0.1 and 0.2 % citric acid respectively.

Results could be summarized as follows:Addition of olive cake
plus citric acid to growing rabbit diets significantly increased live body
weight (LBW) and daily weight gain (DWG). Feed conversion ratio
(FCR) was improved and mean values of feed intake (FI)were increased
along with adding 10% olive cake plus 0.1% citric acid in the
rabbit diets .

Economic efficiency percentage (EEf), relative economic
efficiency (REE) and performance index (Pl) were higher in growing
rabbits fed diets containing 10% olive cake meal plus 0.1%citric acid
than the other groups.

A significant increase in apparent digestibility coefficients of CF,
EE, NFE, and TDN were detected while, there was insignificant increase
in DM, OM, CP, DCP and DE % and apparent digestibility coefficient
with addition olive cake  plus citric in the rabbit diets. Carcass, liver,
heart, giblets and dressing percentages in rabbits fed 10% olive cake
recorded higher values compared with other dietary treatments.

Cholesterol and triglycerides in rabbits fed diet containing 10%
olive cake without or with 0.1% citric acid showed lower values
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compared to the other treatment. Total lipids, total protein, albumin,
globulin, albumin /globulin ratio, and liver enzymes activity ALT and
AST levels were not affected by the dietary treatments.

Conclusively, dietary incorporation of 10% olive cake meal
supplemented with 0.1% citric acid could be recommended to improve
growth performance, feed utilization and economic return of growing
rabbits production.

Keywords : Olive cake meal, citric acid, growth performance, digestibility
coefficients, blood constituents, economic efficiency.

The lack of animals feed resources is considered one of the major
constraints for improving its productivity (Zosangpuii et al., 2015). Improving
the utilization of low nutritive value of feed resources is essential for
overcoming the limits of available feedstuff in the developing countries (Al-
Saffar et al., 2013). Olive cake is the raw material resulting after extraction of
olive oil. Olive cake represents about 30% of the seeds. Chemical composition
of Olive cake was determined to be: Crude Protein 6.79 %, Crude Fibre 33.32
%, Crude Fat 18.92 %. (Abdallah et al., 2015). In another chemical analysis
;the average composition of olive cake was [in dry matter (DM) basis]: ash
(9.64%), neutral detergent fibre (52.0%), acid detergent fibre (36.8%), acid
detergent lignin (19.1%), crude protein (CP) (11.3%), insoluble neutral (8.0%)
and acid detergent crude protein (5.15%), ether extract (10.9%) and gross
energy (21.9 MJ/kg) (De Blas et al., 2015). Indeed, the olive cake meal could
be of particular interest due to two reasons, firstly, its level of residual oil
(6.8%), this can constitute a complementary energy source. Secondly, for its
particular composition of unsaturated fatty acids (62.4% of oleic acid, 18.2%
of linoleic acid, 1.1% of linolenic acid and 2.7% of palmitoleic acid) which
could influence the accumulation of fatty acid in the wvarious body
compartments during the animal’s life and as such could have a certain impact
on the quality of meat (EI hachemi et al., 2007). The utilization of olive by-
products as animal feed is undoubtedly a good way of recycling these waste
products (Sadeghil et al., 2009). Olive pulp polysaccharides are composed
mainly of pectic polysaccharides rich in arabinose, glucuronoxylans, cellulose,
xyloglucans, mannans and glycoproteins components (Isabel et al., 2001). El-
Sheikh (2012) found that olive cake meal contains high level of tannins (12.05
%). Dietary tannins inhibit the intestinal uptake and transport of simple sugars,
amino acids and minerals (Kim and Miller, 2005).The presence of tannins in
the diets of fowl resulted in lowered protein digestibility, reduced activities of
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digestive enzymes (trypsin, chymotrypsin, alpha-amylase, dipiptidase and
disaccharidases) in the gut lumen and increase in the relative weight of the
pancreas (Mahmood et al., 2007). Tannins are considered to have both
beneficial and detrimental nutritional effects, including better utilization of
dietary protein, faster body weight, higher milk yield, increase fertility and
improving animal welfare and health (Mueller-Harvey, 2006, and Sudipta,
2012). Attempts to improve the nutritive value of OCM have been made
through different chemicals treatments (alkaline, acidic or oxidative agents). A
treatment with alkali agents (sodium hydroxide, ammonia and urea) was
investigated, but results have been more or less satisfactory (Rowghani et al.,
2008). Kadi et al. (2004) concluded that OCM can be included in fattening
rabbit diets at the level of 20 % in replacement of alfalfa as source of crude
fibre without deleterious effects on main parameter of growth. The treatment
with sodium bicarbonate and acetic acid are more effective in reducing
hydrolysable and condensed tannin contents. Treatment with sodium
bicarbonate solution is more economical and easier to handle. The effect of
acidic solution on hydrolysable tannins was higher among the treatments.
Treatments with (0.67 % acetic acid (pH 2.4) and 0.67 % sodium bicarbonate
reduced condensed and hydrolysable activity of the salseed meal by about 80-
84% (Mahmood et al., 2007).

Citric acid can be classified as a growth promoter, acidifier, bacterial
inhibitor, antioxidant and antitoxin (Rostamzad et al., 2011). Chowdhury et
al., (2009) reported that citric acid lowers the pH in the gut, thus reducing
harmful microbiota and modifying the distribution of bacterial species in the
gut and improving the health status of the animal.

Using olive cake meal at 10 % or 20 % of diets increased feed intake and
impaired the feed conversion ratio (FCR) of laying hens those fed the
compared with control group. However, adding the citric acid at 0.1% to the
diet containing 20% olive cake yielded similar FCR recorded by dietary
supplementation with the control (Al-Harthi et al., 2015). On this topic,
Yesilbagand Colpan (2006) reported that citric acid increased villus
height/crypt depth ratio and increased beneficial bacteria while decreasing
pathogenic organisms in the feed and gut of laying hens. Soaking soybean
seeds in 1% citric acid solution had maximum reduction in most of the ant
nutritional factors studied (Sharma et al., 2013).

Therefore, the aim of the present study was to investigate the possibility
of incorporate 10 and 20 % of olive cake in the rabbit diets with or without
0.1% and 0.2% citric acid effect of these diets on growth performance
parameters of growing rabbits.
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MATERIALS AND METHODS

This study was carried out at Experimental Station of Inshas,
Animal Production Research Institute, Egypt. A total number of 105
unsexed, New Zealand White (NZW) weaned rabbits 4 weeks old were
randomly divided into 7 experimental groups of 15 rabbits each. Each
group was subdivided into 5 replicates, each of 3 rabbits in cage. Seven
isocaloric, isonitrogenous and isofiberous diets were formulated in which
olive cake was incorporated at levels 0, 10, 20 % of the diet, without or
with citric acid supplementation at levels 0.1, 0.2 %. Experimental diets
were as follows: diet 1 : A control without olive cake meal or citric acid,
diet 2, 3 and 4 : contained 10 % olive cake and supplemented with zero,
0.1 and 0.2 % citric acid respectively, diets 5, 6 and 7 : contain olive cake
at 20 % of the diet and diets were supplemented with zero, 0.1 and 0.2 %
citric acid respectively. All experimental diets were formulated to meet the
recommended nutrient requirements of rabbits according to (Agriculture
Ministry Decree, 1996). Ingredients and chemical composition of the
experimental diets are shown in Table (1).

The experimental rabbits were housed (three rabbits together) in
galvanized metal wire cages (60x50x40 cm) which raised 120 cm from the
concrete floor. The cages were provided with feeders and automatic nipple
drinkers. Food and water were available ad libitum. All rabbits were kept
under the same managerial, hygienic and environmental conditions.
Individual live body weight and feed consumption throughout the
experimental period were weekly recorded. Body weight gain, feed
conversion ratio and mortality rate were also calculated. The feeding trial
continued for forty days.

Metabolism trials:

At the end of the growth period, a metabolism trial was conducted using
21 rabbits (3 from each group). Rabbits were kept in individual metabolic
cages that allow feces and urine separation. The digestibility trial consisted of
10 day as a preliminary period followed by 7 days as a collection period. The
experimental diets were offered once a day at 8.00 a.m. During the collection
period, total daily excreted feces were weighed and dried in an oven at
65°C for 48 h. At the end of the collection period, dried feces of each rabbit
were mixed, ground and kept in plastic vials for laboratorial analysis. Total
daily urine excreted by each rabbit was collected in a Jar containing 50 mL-
1 of 20% H2S04 to prevent ammonia loss.
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Table 1. Ingredients and chemical composition of the experimental diets.

Ingredient | Control Olive cake 10 % Olive cake 20 %
0.0% 0.1% 0.2% 0.0% 0.1% 0.2%
CA CA CA CA CA CA
Clover hay 33.16 23.10 23.10 23.10 13.28 13.28 13.28
Barely 15.50 16.25 16.25 16.25 16.40 16.40 16.40
Wheat bran | 10.45 10.50 10.50 10.50 10.55 10.55 10.55
Corn 15.00 13.20 13.20 13.20 11.40 11.40 11.40
SBM 20.00 21.00 21.00 21.00 22.20 22.20 22.20
Limestone 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Di cal. 1.40 1.40 1.40 1.40 1.60 1.60 1.60
Premix’ 0.30 0.30 0.30 0.30 0.30 0.30 0.30
NaCl 0.35 0.40 0.40 0.40 0.40 0.40 0.40
DI-Meth. 0.14 0.15 0.15 0.15 0.17 0.17 0.17
Molasses 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Olive cake - 10 10 10 20 20 20
Total 100 100 100 100 100 100 100
Calculated analysis % *
OM 90.37 90.30 90.30 90.30 90.29 90.29 90.29
CP 17.56 17.38 17.38 17.38 17.24 17.24 17.24
DE 2532.33 | 2537.60 | 2537.60 | 2537.60 | 2535.91 | 2535.91 | 2535.91
CF 13.68 14.06 14.06 14.06 14.49 14.49 14.49
EE 2.30 2.69 2.69 2.69 3.08 3.08 3.08
Ash 9.63 9.70 9.70 9.70 9.71 9.71 9.71
NFE 56.8 56.18 56.18 56.18 55.52 55.52 55.52
Ca 1.17 1.16 1.16 1.16 1.20 1.20 1.20
Av. Ph 0.32 0.30 0.30 0.30 0.32 0.32 0.32
T.ph 0.65 0.64 0.64 0.64 0.67 0.67 0.67
Lysine 0.93 0.91 0.91 0.91 0.89 0.89 0.89
Meth 0.41 0.40 0.40 0.40 0.41 0.41 0.41
Meth+Cys 0.69 0.67 0.67 0.67 0.67 0.67 0.67

*Each 3 kg of Vit. and Min in Premix contain: 60000001U Vit. A, 900000 IU Vit. D3 40000mg Vit.
E,2000mg Vit. K, 2000mg Vit.B1, 4000mg Vit. B2, 2000mg Vit. B6, 10mg Vit. B12, 50000mg

Niacin, 10000 mg pantothenic acid, 50mg Biotin, 3000mg Folic acid, 250000 mg Choline, 50000mg
Zn, 8500mg Mn, 50000mg Fe, 50000mg Cu, 200mg | , 100mg Se and 100mg Co.

! According to Feed composition for animal and poultry feed stuff used in Egypt (2001).

Daily samples of 20% were taken from each animal. Samples of
feeds, feces and urine were chemically analyzed according to AOAC
(2000). The apparent digestion coefficients of DM, OM, CP, CF, EE and
NFE for experimental diets were estimated. Tannins in olive cake were
analyzed according to Makker and Googchild (1996).
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Carcass traits:

At the end of the growth trial, 5 random rabbits from each group were
slaughtered according to cheeke et al. (1987) and carcass traits were
estimated and recorded. Dressing percentage included relative weights of
carcass, giblets and head.

Blood metabolites:

Blood samples were collected at slaughtering from each slaughtered
animal. Within one hour of collection, the samples were centrifuged at
3000 r.p.m. for 15 min. The serum was separated and stored a -20°C until
analysis. Serum total protein, albumin, cholesterol, total lipids,
triglycerides, ALT and AST levels were determined by a colorimeter using
commercial kits. The globulin values were obtained by subtracting aloumin
values from total protein values.

Chemical analysis:

The chemical composition of the olive cake meal (OCM), diets and
faeces were analyzed according to AOAC(2000).Total digestible nutrient
(TDN) were calculated according to the classic formula Cheeke et al. (1982).

Economical evaluation:

The economical efficiency (EEf) was calculated according to the
following equation: EEf=A-B/B x 100.

Where A is selling cost of obtained gain (LE per kg) and B is the
feeding cost of this gain.

The performance index (PI) was calculated according to the equation
described by North (1981) as follows: Pl = Live body weight (kg) / Feed
conversion x 100.

Statistical analysis:

Data were subjected to statistical analysis by SAS (2004) computer
program using the General Linear Models (GLM). The model used was:

Yij = p+ Ti + Eij.

Where, Yij is the observation of ij, p is the overall mean, Ti is the effect of
i, (treatments) and Eij is the experimental random error. Significance
among treatment means were tested at 5% level of probability using
Duncan's multiple range tests (Duncan, 1955).


http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=carcass+traits
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RESULTS AND DISCUSSION

Proximate analysis of olive cake meal (OCM):

Results of proximal analysis of olive cake meal (OCM) are presented in
Table (2). It is clear that, the olive cake meal has lower amount of CP (6.70%)
and reasonable amount of NFE (47.51%) and DE recorded 1900 k cal /kg diet
.Tannins, ether extract and ash contents were 7.80, 590 and 8.30 %,
respectively. Amici et al., (1991) reported that the CF in OCM is mainly
constituted by lignin which limits its feeding value. The nutritive values of
OCM are within the results reported by Walaa Salamaa et al. (2016) who
found that olive cake meal with contained 7.68 % CP, 27.11 % CF, 9.20 % EE
and 33.01 % NFE. Abdallah et al. (2015) found that olive cake meal contains
6.79 % CP, 33.32 % CF 57 % NDF, 41 % ADF 13 % lignin and 10.92 % ash.
On the other hand, Vera et al. (2009) found that olive cake contents were 16.5
% EE, 32 % NDF, 25.5 % ADF and 15.5 % ADL. EI-Sheikh (2012) and
Walaa Salamaa et al. (2016) found that olive cake meal contains high level of
tannins (12.05 and 11.09%, respectively). Makkar, (1993) recorded moderate
amount of tannins 9.67 % in OCM. The chemical analysis of olive cake meal
varies widely due to the oil extraction method, year of harvest and
geographical origin of olives (Moicet al. 2007).

Table 2. The chemical composition of olive cake meal (% on as fed basis).

Items DM oM CP EE CF NFE ASH
91.68 83.38 6.70 5.90 32.18 47.51 8.30

Items DE Tannins% | NDF ADF ADL H. cell | Cellulose
1900 7.80 55.10 42.33 17.90 12.77 24.43

*DE (k cal/g) = 4.36-0.0491 x NDF, Where NDF % = 28.924 + 0.657 x CF % (according
to Cheeke, 1987).

NDF: Natural detergent fiber, ADF: Acid detergent fiber, ADL: Acid detergent lignin,
Hemi Cellulose = NDF — ADF ; Cellulose = ADF — ADL.

Growth performance:
Live body weight and daily weight gain:

Results of LBW and DWG are illustrated in Table 3. Significant
differences (P <.05) were recorded in the final (LBW) live body weight,
total body weight gain and daily body weight gain between treatments.
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Control Treatment groups
10%G 10%0CM+ | 10% QCA 20% 20% OCM | 20%0CM+ Sie.
0CM | 0.1%CA | .gasscy| OCM |.ppoecy| 02%CA
Initial body weight(s) | 55434 | 56400 | 54734 | 55700 | 54334 | 54467 | 54267 | Ns
=045 | 22088 | =004 | =012 | =041 | =188 | 21804
Finalbodyweizht(s) | 173372 | 174000 | 181786 | 180334 | 163215 | 166000 | 173667 | **
18710 | =0268% | =857 | =15 | 21883¢ | =564 | 22735
Total gain (g) 119215 | 17600 | 126705 | 124634 | 108572 | 11534 | neap0 |
205628 | 22070 | 26050 | 230270 | =3350¢ | 3211 | 234100
Daily weightgain(e) | 2036 | 2040 | 3168 316 | 215 | 2780 085 |
065 | 2075% | =066 | 20760 | 20846 | =081% | =086
Daily feedintake(e) | 12564 | 11057 | 1167 | 11754 | 11880 | 11867 | 11067 | =
130 | 21205 | 1860 | =133 | 20370 | x320 | 20850
Total feedintake() | 502534 | 444034 | 4668.00 | 474134 | 475200 | 474667 | 478667 | **
6343 | 27060 | =7400% | =47d | 214430 | 25248 | =336
Feedcomversionratio | 425 | 370 360 381 43 126 an |
(& feedz gain)) =008% | 2010% | =007%¢ | =002 | =007 | =005% | =003%

a.h and ¢ — Means within tha same rovw wit

N8: Not significant, ** (P<0.01).
OCM: Olive Cake maal, AC: Citric Acid.

htha differant suparseripts ara sinificantly diffarant (P<0.03).
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Rabbits received 10 % OCM 0.1 % CA had the highest final body
weight, total body weight gain and daily body weight gain, followed by
rabbits received 10 % OCM plus 0.2 % CA and those given 20 % OCM +
0.2 % CA, while group fed on diet with 20 % OCM without CA had the
lowest final live body weight, total body weight gain and daily body weight
gain.

The results obtained in this study agree with those reported by Walaa,
salama et al., (2016) who recorded significant differences in final body
weight, total body weight gain and daily weight gain between rabbits
received 9.9% olive cake meal and other treatments. Additionally,Mvan
and Suresh (2013) concluded that citric acid supplementation at level
0.9% in the diet improved the daily weight gain, the efficiency of feed
utilization and nutrient digestibility of crossbred pigs.While,El-Kerdawy
(1997) observed , no significant differences in live body weight and weight
gain of rabbits given diets contained 5,10 and 15 % olive pulp.Also,
Mousa and Abd EI-Samee (2002) reported no significant differences in live
body weight and body weight gain for rabbits fed diets contained 0, 10, 20
% olive pulp meal .

Daily feed consumption and feed conversion ratio:

Values of feed intake (FI) and feed conversion ratio (FCR) are
presented in Table 3. The highest FI during the experimental period was
recorded by rabbits fed the control diet. The lowest FI was recorded by
rabbit groups fed 10 % OCM without CA.

Data in Table (3) show that values of FCR for groups fed diets with
10%0OCM levels plus 0.1 % CA were the best followed by groups fed the
same levels of OCM without CA, while rabbits given 20 % OCM without
CA had the highest FCR value. The obtained results indicated that rabbits
fed the different levels of OCM with CA were more efficiently in feeding
utilization than those received the control diet.

The present results are in accordance with those obtained by Walaa
salama et al. (2016) who found that, rabbits fed diets with 9.9% OCM
recorded the best feed conversation ratio, but, feed intake were not
significantly affected by the dietary treatments. Moreover, Francisco et al.
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(1989) reported that, weight gain and food intake were increased
significantly (P<.05%) by the inclusion of 30% olive pulp in the diets.
However, increasing levels of olive pulp in the diets decreased the
efficiency of feed conversion ratio. Al-Harthi et al. (2015) concluded that,
OCM could be used in the laying hens’ diets at 20% with 0.1% CA without
any negative effects on laying performance, egg quality and blood
metabolites.

On this topic, Yesilbag and Colpan (2006) reported that citric acid
increased villus height/crypt depth ratio and increased the beneficial
bacteria while decreasing pathogenic organisms in the feed and gut (Deepa
et al.,, 2011). Organic acids may be useful alternative for improving
production performance and animal health (Attia et al., 2013). Organic
acids exert their antimicrobial action both in the feed and in the
gastrointestinal tract of the animal. (Radcliffe, 2000). Organic acids in their
undissociated forms are able to pass through the cell membrane of bacteria.
Once inside the cell, the acid dissociates to produce H+ ions, which lower
the pH of the cell, causing the organism to use its energy trying to restore
the normal balance. The RCOO- anions produced from the acid can disrupt
DNA and protein synthesis, putting the organism under stress and making it
unable to replicate (Rostamzad et al., 2011). Citric acid can be classified as
a growth promoter, acidifier, bacterial inhibitor, antioxidant and antitoxin
(Salgado-Trénsitoet al., 2011).

Carcass characteristics:

Results of carcass traits in Table (4) showed that, rabbits fed diets
contained 10 % OCM without CA had significantly increase of empty carcass
with head, liver, heart, giblets and dressing percentage. However, there were
insignificant differences in kidney percentage between all treatments. In this
connection, Walaa salama et al. (2016) reported that carcass traits were
significantly affected by olive plup iclusion. However, El-Kerdawy (1997)
observed that, carcass weight , giblets and dressing percentage, did not differ
significantly for rabbits fed diets containing olive pulp up to 15 %. Also, Abd
El-Galil (2001) found no significant differences in carcass traits of rabbits
received either control or 20 % olive pulp. Mousa and Abd El-samee (2002)
reported that no significant differences in carcass weight and giblets weight
with including olive pulp up to 20% of rabbit diets. Francisco et al. (1989)
concluded that, carcass yield and liver weight were not affected by olive pulp
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diet, but the rabbits fed on the 20 or 30% olive pulp diets showed significant
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differences in kidney weight.




252 AZAZ] etal.

Nutrients digestibility coefficients and nutritive values:

Results in Table (5) show that incorporation of OCM in rabbit diets had
no significant differences in digestion coefficients of dry matter (DM), organic
matter (OM), crude protein (CP),digested energy (DE) and digestive crude
protein (DCP). However, the difference were significant (p<.05%) for the
digestibility coefficients of crude fiber (CF) and NFE. Rabbits fed on 10 % or
20 % OC supplemented with 0.2 % CA had higher digestion coefficients of
crude protein (CP),ether extract (EE),total digestible nutrient(TDN) and crude
fiber (CF).Also rabbits fed on 10 % OCM plus 0.2% CA recorded higher
digestibility coefficients of NFE.

Generally, these results indicate that, digestibility coefficients of nutrients and
nutritive values improved with adding citric acid levels up to 0.2 % in rabbit
diets which contain olive cake meal up to 20 %.

The diets contain 10 % or 20 % OCM without citric acid recorded lower
digestibility coefficients in comparison to diets supplemented by citric
acid.These results may explain the improvement in DWG and FCR for rabbits
fed these diets during the experimental period. The results of these study are in
agreement with those reported by Walaa, salama et al., (2016) who reported
that the digestibility coefficients of EE, NFE and DE differ significantly
(p<.05%) by inclusion up to 60.0% of OCM in the diets, The author found that
no significant differences in DM,OM,CP,CF, digestibility and DCP and TDN
different percentages of values . Mehrez and Mousa (2011) observed that the
digestibility coefficients of ether extract significantly increased when replaced
barely grains (0, 20, 25 or 30%) by olive cake in the diets of growing rabbits.
Moustafa et al., (2008) found that the values of TDN and DCP for buffalo fed
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on diets containing 20 to 30% of olive pulp were lower than that containing 15
to 20 % level of olive pulp.

In this concern, Drinah et al., (1990) reported that tannin containing
sorghums was decreased by alkaline or acidic treatment . Francisco et al.,
(1989) concluded that, Digestibility of crude protein, neutral and acid
detergent fiber and crude fiber were reduced by feeding diet containing 30%
olive pulp. Mahmoodet al., (2007), reported that Tannins in the fowls diets
results in lowered digestibility coefficients and reduced enzymes activity and
had deleterious effects on the animal growth, .The author added that
supplementation with citric acid or fumaric acid to chicks diets result in
significantly improvement in digestibility coefficient of DM , OM , CP , EE
and ash and reduction in total bacterial counts in all acid treatments compared

to the control.
Table 5.Digestibility coefficients and nutritive values of the experimental diets.

Items | Control Treatment groups
10% 10% | 10%0C | 20% 20% 20%
OCM OCM M OCM OCM+ | OCM+
+0.1%C | +0.2% 0.1%CA| 0.2%CA
A CA Sig.

DM 66.40 64.72 65.59 66.21 63.62 74.12 65.66
+1.04 +1.02 +0.61 | #0.0.89 | +0.83 +1.19 +0.83 NS
oM 65.50 64.70 65.40 65.60 64.48 65.22 65.42 NS
+1.06 +0.67 +0.71 +0.70 +0.91 +0.91 +0.96
CP 74.86 74.65 75.24 76.71 74.00 75.77 76.53 NS
+1.33 +1.36 +1.64 +1.03 +1.17 +0.28 +1.47
CF 3211 30.14 32.33 35.41 29.09 32.37 34.58
+0.56® | +0.65° | +0.87* | +0.93* | +0.96° | +1.05® | +0.85% | **
EE 61.34 65.88 67.40 69.18 64.64 70.43 71.78
+1.57° | +1.09% +1.28%° | +1.86® | +1.39™| +158" | +1.08 ok
NFE | 74.12 71.69 74.35 75.13 70.08 74.19 74.25 *
+1.19° | #0.91%° | +0.38" | +0.59* | +0.86" | +1.02® | +1.07°
TD 62.78 61.47 63.61 64.55 60.12 63.72 64.20 faled
N +1.00° | £0.77® | +0.11* | +0.67% | +0.24° | +0.87*° | +0.87°
DCP | 12.39 12.21 12.39 12.98 12.06 12.35 12.50
+0.78 +0.67 +0.28 +0.57 +0.35 +0.35 +0.31 NS
DE 2497.67| 2590.34| 2524.34 | 2557.67 | 2436.0 | 2481.67 | 2509.00
+26.34 | +173.33| +26.43 | +29.76 | +22.54 | +£23.39 | +32.08 NS
a, band ¢ - Means within the same row with the different superscripts are significantly different (P<0.05).
NS: Not significant, * (P<0.05)., ** (P<0.01).

OCM: Olive Cake meal, AC: Citric Acid.

Blood plasma constituents:
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Values of blood plasma constituents of rabbit as affected by feeding
the experimental diets are presented in Table 6. It could be observed that,
there were no significant differences (P >0.05) in total lipids,total protein
,albumim , globulin albumin/ globulin, ALT and AST at the end of the
experiment among all dietary treatments. However, rabbits received the diet
containing 10 % OCM plus 0.1 citric acid scored the lowest values for
plasma cholesterol or triglyceride and the differences in these two
parameter (cholesterol or triglyceride) between rabbits fed 10% OCM with
citric acid diets and those given the other diets were significant (P < 0.05).
In this concern, Mousa and Abd-El-samee (2002) revealed that the
concentration of blood plasma of total lipid, globulin, ALT an AST did not
differ significantly among the rabbit groups fed olive cake containing
diets.In addition to EI-Kerdawy (1997) observed that plasma levels of total
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Ttems Control Treatment groups Sig.
10% OCM | 10%%0CM | 10%0CM 20% 20%0CM | 20%0CM
+0.1%CA | +0.2%CA OCM | +0]1%CA | +0.12% CA
Cholesterol 66.74 o071 5465 57.57 0308 67.61 6227 *F
=] 83° 242 +).75° =133 | =268 | =1497° =] .64%
Total lipids 1.08 2.02 1.87 197 2.15 2.08 1.04 NS
+0.12 =0.12 =0.13 =0.17 =0.10 =0.13 =0.13
Triglyeeride | 14139 15128 12284 13297 16219 | 14343 135.00 o
=353 [ =521 | =423+ =4 04 328 | £3 75 =3 34%
Total 648 6.33 643 648 6.07 6.52 6.39 NS
protein =0.50 =062 =045 =0.50 =062 =041 =033
Albumin 332 313 337 3.26 3.01 348 350 NS
+0.12 =0.12 +0.12 =0.09 +0.12 =0.18 =0.15
Globulin 3.16 3.38 3.00 3.26 3.07 3.04 3.09 NS
=0.46 =045 =0.34 =0.44 +0.51 +0.52 21
Albumin/ 1.09 098 1.11 1.05 1.03 125 1.14 NS
Glabulin =0.14 =0.15 =0.09 =0.12 =0.14 =031 =0.04
ALT 22.15 2243 2030 2068 2347 2227 2121 NS
=1.18 +0.70 =141 +(.93 =0.90 +1.03 =0.0.33
AsT. 33.83 36.71 33.73 34.10 3744 3605 33.60 NS
=0.83 =095 .72 =061 +).78 =0.90 =0.39
a. band ¢ - Maans withinthe sama columm with thedifferent superseripts ars significantly differant (P<0.035).

NS: Not significant, ** ([P=001).
CCh: Olive Cake meal, AC: Citric Acid.
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protein, ALT, AST and globulin were not affected significantly with
including olive pulp in fattening rabbit diets. Capcarova et al., (2014)
found that treatment of broiler diet with citric acid did not negatively
affect serum total protein, but significantly increase serum albumin. El-
Afifi(2003) cited that total plasma protein, albumin and globulin were
not affected by feeding broiler chicks diet containing citric acid.
Yesilbagand Colpan (2006) reported that the response to citric acid
supplementation depends on the citric acid concentration, dietary
composition and hygienic conditions. However, Al-Harthiet al. (2015)
found that the increase in plasma total protein and globulim is due to
0.2% citric acid supplementation to the diets, the author reported that,
adding of 0.5% citric acid to chicks diets improved humeral and cellular
immunity. Rupic et al., (1999) showed that no significant differences in
the concentration of total proteins, albumin, alphal, alpha2, beta and
gamma globulin, total lipids, triacylglycerols and glucose of control
rabbits and in those fed 10% and 20% of dried olive cake diets.

Economic efficiency:

The results presented in Table (7) show that, the best economic
efficiency EEf, performance index and relative economic efficiency
REETf were of rabbits fed diets containing 10% OCM supplemented with
0.1% citric. These results agree with those reported byMehrez and
Mousa (2011)who revealed that feeding fattening rabbits on diet
including 15, 20, 25, and 30 % olive pulp decreased the cost of feed per
kg gain, whilst economic efficiency and performance index were raised
with olive pulp supplementation compared with rabbits fed the control
diet. The same trend was recorded Mostafa et al., (2003) who reported
that the feed cost were relatively lower in lambs fed rations contained
15 - 35 % olive cake those fed than the control diet . Marzouk et al.,
(2017) found that feeding of growing lambs or ewes on 20 % olive cake
level replacer with berseem hay could be recommended to improve their
productive and reduce feed cost.
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Conclusively, dietary incorporation of 10% olive cake meal
supplemented with 0.1% citric acid could be recommended to improve
growth performance parameters and feed utilization of NZW growing
rabbits.

Table 7. Economic Efficiency of feeding rabbits the experimental diets..

Items Control Treatment groups
10% [ 10%0CM | 10%0CM | 20% |20%0CM | 20%OCM
OCM | +0.19%CA | +0.29%CA | OCM | +0.1%CA | +0.2% CA
\lge'ght gan 1 1182 | 1.176 | 1.267 1246 | 1.085 | 1.115 1.194
Price LEkg | 35 35 35 35 35 35 35
Price/rabbit
LE () 4137 | 4116 | 4435 4361 | 37.98 | 39.03 41.79
Egeed ntake | 5005 | 4449 | 4.668 4741 | 4752 | 4.746 4.786
Price kg 471 | 435 4.37 4.39 411 | 413 415
oo LE . . . . . . .
Cost/rabbit | 5379 | 1935 | 20.40 2081 | 1953 | 19.60 19.86
LE (B)
EeEt revenué | 1758 | 21.81 | 23.95 2280 | 1845 | 19.43 21.98
Economic 112.7
e B 11740 | 10956 | 9447 | 9913 | 110.42
Relative EEf | 100 | 1525 | 158.9 1483 | 1284 | 1341 | 11093
Performance | 575 | 593 | 583 68 65 64.6 62.7
Index

OCM: Olive Cake Meal, AC: Citric Acid.
(1) Net revenue = A-B,
(2) Economic Efficiency = (A — B/B)x 100,
(3) Relative Economic Efficiency = Economic Efficiency of treatment other than the control /
Economic Efficiency of the control group
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