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Abstract: The objective of this study was to assess the compared between corn silage and citrus pulp silage
in two levels on nutrients digestibility, growth performance and blood metabolites of beef cattle. Thirty male,
crossbred bulls (Friesian x Baladi) averaged 235 kg live body weight, 14-15 months old were divided into 3
groups of 10 animals in each according to live body weight. Animals in the control group or ration C) were fed
30% corn silage plus 70% concentrate feed mixture (CFM), while, the experimental animals were fed T1) 30%
citrus pulp silage plus 70% CFM and T2) 45% citrus pulp silage plus 55%CFM. The experiment lasted for 120
days. Results indicated that no significant (p>0.05) differences observed among experimental groups in dry
matter (DM), organic matter (OM), crude protein (CP) nitrogen free extract (NFE), acid detergent fiber (ADF),
cellulose and hemicelluloses digestibilities. Crude fiber (CF) digestibility was significantly (p<0.05) increase for
bulls fed control rations when compared with those fed the T1 and T2. Moreover, there were significantly
(p<0.05) different between T1 and T2 rations. Ether extract digestibility was significantly (p<0.05) among all the
experimental rations. The highest value was observed for bulls fed control ration then followed by T1 and T2.
The  corresponding values  were  84.02, 78.48 and 71.11%, respectively. Neutral  detergent  fiber digestibility
was significantly (p<0.05) higher for bulls fed control ration than those fed T1 and T2. Bulls fed control and T1
rations recorded significant (p<0.05) increase of TDN compared to those fed T2 rations. The corresponding
values were 73.14, 72.56 and 68.61%, respectively. Digestible crude protein was significantly (p<0.05) increase
for bulls fed T1 compared with the T2, however there was insignificantly (p>0.05) differences with those fed
the T2 ration. Dry matter intake (DMI) was significantly (p<0.05) difference among the different experimental
rations. Data indicated that bulls fed T2 recorded the lowest dry matter intake. Insignificant (p>0.05) differences
in average daily gain (ADG) among treatments were detected. The highest average daily gain had been recorded
with bulls fed T1, while the lowest average daily gain was recorded with bulls fed T2. The values were 1.15 and
1.02 Kg respectively. Blood parameters such as hemoglobin, hematocrit, total protein, urea, creatinine,
triglycerides and cholesterol, did not record any significant differences among experimental animals. Mean
while, cholesterol concentration was significantly (p<0.05) increase for bulls fed T1 compared with those fed
control group, with insignificant (p>0.05) difference for T2. In conclusion, corn silage could be replaced by
citrus silage in beef cattle rations without any adverse effects on nutrients digestibility, blood parameters and
growth performance.
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INTRODUCTION requirements for maintenance, growth, reproduction and

Ruminants feeding systems based on locally Mediterranean  countries  are  responsible  for  24%
available by-product feedstuffs are often a practical of world citrus production, generating many tones of
alternative because the rumen microbial ecosystem can residues in high citrus production areas. Feeding citrus
utilize by-product feedstuffs which often contain high pulp to small ruminants, characteristic livestock of the
levels of structural fiber to meet their nutrient Mediterranean area, could be a practice that would

milk production [1].
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diminish dependence on grains and contribute to Digestion Trials: Nutrients digestibility were determined
reducing the environmental problems linked to their
elimination [2].

Peels represent between 50 to 65% of total weight of
the fruits and remain as the primary by-product. If not
processed further, it becomes west produce odor, soil
pollution, harborage for insects and can give rise to
serious environmental pollution. In Egypt and in many
Mediterranean countries, major quantities of the peel are
not further processed. Some attempts were made to use
these residues as livestock feed, although their low
nutritional value.

Citrus pulp is a by-product derived from the citrus
juice industry and includes a mixture of citrus peel, pulp
and seeds [3]. It has favorable nutritional characteristics
such as high energy content, a significant fiber content
and high palatability, although its crude protein content
is low [4]. 

Citrus pulp can be used in animal feeding either fresh
or after ensilage or dehydration [5, 6 and 7].

The objective of the present work is compare
between corn silage and citrus pulp silage in two levels on
nutrients digestibility, nutrients value of ration, growth
performance and blood metabolites of beef cattle.

MATERIALS AND METHODS

Experimental Animals and Rations: Thirty male,
crossbred bulls (Friesian x Baladi) averaged 235 kg live
body weight, 14-15 months old were divided into 3 groups
of 10 animals in each according to live body weight.

Corn silage and citrus silage made in Marina
Company for Agriculture Development (El-Asad village,
Misr Alexandria road).

Animals in the control group (C) were fed 30% corn
silage plus 70% concentrate feed mixture (CFM), while,
the experimental animals were fed (T1) 30% citrus pulp
silage plus 70% CFM and (T2) 45% citrus pulp silage plus
55%CFM.

Feeding Procedures: The growing bulls were fed
individually at rate of 3% of live body weight, CFM and
forage offered twice daily and water was allowed freely all
the day round. Orts were collected just before offering the
next day's feed. Animals were weighted biweekly before
morning feeding after 17 h fasting period. Amount of
feeds was adjusted biweekly according to body weight
changes. Feed intake was recorded, daily body weight
gain and feed efficiency (kg. feed/kg. gain) were
calculated.

by the acid insoluble ash (AIA) technique as described
by Van Keulen and Young [8], to determine the digestion
coefficients and the nutritive values of the experimental
rations. At the end of growth trial, feces samples were
collected  for  six  successive  days from each animal.
Total digestible nutrients (TDN) were calculated
according to the classic formula of McDonald et al. [9] as
follows:  TDN,%  =[digestible  CP,%  +  digestible  CF,%
+ digestible NFE,% +( digestible EE,% *2.25)].

Chemical Analysis:   Feeds  and  feces  were  analyzed
for proximate analyses [10]. Nitrogen free extract was
calculated by difference. Fiber fractions were analyzed
according to Van Soest et al. [11].

Blood Parameters: At the end of the feeding trial, four
hours  post  feeding  blood  samples  were  withdrawn
from  all  the  experimental  animals.  The  blood  samples
were taken from the jugular vein in dry clean glasses
tubes using heparin as anticoagulant and then
centrifuged for 15 minutes at 4000 rpm to obtain plasma.
Biochemical of blood plasma constituents were
determined using commercial kits, total protein and
creatinine as described by Tietz [12, 13], blood plasma
urea was determined according to Patton and Grouch [14].
Alanin amino transferase (ALT) and activity of aspartate
transferase (AST) were determined by the methods of
Young [15].

Statistical Analysis: Data were analyzed using the
general liner model procedure of SAS [16]. The differences
among means were separated according to Duncan’s New
Multiple Range Test [17].

RESULTS AND DISCUSSION

Chemical   Composition:   Chemical   composition   and
cell wall constituents (DM basis) of concentrate feed
mixture, corn silage and citrus pulp silage used
throughout  the  study  are  shown  in  Table  (1). There
were any differences in the OM between corn silage and
citrus pulp silage treatments. Corn silage showed the
highest levels of crude fiber compared with CPS (above
23%), while ash content of corn silage and citrus pulp
silage it was almost similar. Neutral detergent fiber and
hemi-cellulose were (35.23%and 3.86%) in the citrus pulp
silage compared with corn silage that was 44.97 % NDF,
12.22% Hemi-cellulose.
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Table 1: Chemical analysis of feed ingredients (DM basis) Table 3: Nutrients digestibility and nutritive values of the experimental

 Ingredients

-----------------------------------------

Item CFM CS CPS

Chemical composition, DM %

DM  92.45  27.45  33.05

OM 89.98 88.81 89.86

CP 16.06 9.14 11.17

EE 6.74 2.12 3.73

CF 16.73 23.12 17.96

NFE 50.45 54.43 57.00

Ash 10.02 11.19 10.14

Cell wall constituents, %

NDF 16.09 44.97 35.23

ADF 11.46 32.75 31.37

ADL 3.35 4.63 6.27

Hemi-cellulose 4.63 12.22 3.86

Cellulose 8.11 28.12 25.10

Hemi-cellulose = NDF-ADF Cellulose = ADF-ADL. 

CFM: concentrate feed mixture. CS: Corn silage. 

CPS: Citrus pulp silage.

Table 2: Calculated chemical composition of the experimental rations fed to

bulls.

Experimental rations (DM basis)

----------------------------------------

Item Control T1 T2

DM 92.05 90.45 90.03

Chemical composition, DM % basis

OM 89.38 89.74 89.74

Ash 10.62 10.26 10.26

CP 14.24 14.60 13.82

EE 5.53 5.85 5.36

CF 18.39 17.09 17.31

NFE 51.22 52.20 53.25

Fiber fractions

NDF 23.59 21.73 24.87

ADF 16.99 17.33 20.59

ADL 3.68 4.21 4.69

Cellulose 13.31 13.12 15.90

Hemi cellulose 6.06 4.40 4.28

Control: 30% corn silage+ 70% CFM, T1 : 30% citrus pulp silage+ 70%

CFM,

T2 : 45% citrus pulp silage+ 55% CFM.

The chemical compositions of the experimental
rations are shown in Table (2). Crude protein of the
experimental rations was similar (14.24, 14.60 and 13.82 for
control, T1 and  T2,  respectively). Rations contained
about 17-19% CF, 22-25% NDF and 17-21% ADF.

rations

Experimental rations
------------------------------------------------------

Item Control T1 T2  ±SE

Nutrients digestibility (%) 
DM 71.02 71.27 69.94 1.22a a a

OM 73.90 76.02 74.91 1.2a a a

CP 69.64 70.48 68.95 1.29a a a

CF 69.46 64.69 60.81 1.33a b c

EE 84.02 78.48 71.11 1.29a b c

NFE 78.08 78.23 75.08 1.26a a a

NDF 69.31 54.48 56.14 2.21a b b

ADF 53.86 55.89 59.83 2.29a a a

Cellulose 64.63 61.76 59.15 4.19a a a

Hemicellulose 56.69 55.28 53.62 3.34a a a

Nutritive values (%)

TDN 73.14 72.56 68.61 1.12a a b

DCP 9.92 10.29 9.53 0.19ab a b

: Means in the same row within each treatment having different supera,b,…

scripts differ (P<0.05) Control: 30% corn silage+ 70% CFM, 
T1 : 30% citrus pulp silage+ 70% CFM, T2 : 45% citrus pulp silage+ 55%
CFM.

Digestion Coefficients and Nutritive Values: The effects
of added citrus pulp silage on nutrients digestibility and
nutritive values of different tested rations are shown in
Table (3). Dry matter, organic matter and crude protein
digestibilities were insignificant (p>0.05) among all the
experimental rations.

Data  in  Table  (3)  indicated  that DM digestibility
for  T1  and  T2  were 71.27 and 69.94%, respectively.
These  values  didn't   agree   with  that  obtained by
Ítavo et al. [18] who studied fresh  orange pulp silage,
with and without additives and obtained that DM
digestibility values were ranged from 82.76 to 90.15%,
respectively. Superior DM digestibility values were also
reported by Weinberg et al. [19] and [20], being 89.2 and
84.00%, respectively. However, Henrique et al. [21] who
used diets with high concentrate contents and increasing
levels of citrus pulp (0, 25, 40 and 55%), indicated the
lower dry matter digestibility values for diet (71.14; 71.29;
72.24 and 72.66, respectively).

The values of OM in Table (3) didn’t comply with
Ítavo et al. [18], reported coefficients between 90.28 and
92.15% and by Fegeros et al. [22] who reported 87.2% OM
digestibility. While agreements with Macedo et al. [23]
studies the mean OM values of the diets with 50% fresh
orange pulp (73.35%) were similar to those reported by
Henrique et al. [21], who obtained values of 74.71% for
the 55% citrus pulp inclusion level in the diet.
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The values of crude protein were higher than that
recorded by Porcionato et al. [24] and [22] whom reported,
respectively, mean values of 48.18 and 52.7% CP
digestibility for citrus pulp. Branco et al. [7] reported 55.93
and 56.42% for diets with 20 and 40% fresh orange pulp,
respectively. Also, Wainman and Dewey [25] reported
that crude protein digestibility values for citrus pulp
ranging from 40 to 65%.

Crude fiber digestibility was significantly (p<0.05) Cholesterol, mg/dl 145.25 198.25 165.00 12.11

increased for bulls fed control rations compared with
those fed T1 or T2, also there were significant (p<0.05)
difference between T1 and T2 rations.

Ether extract digestibility was significantly (p<0.05)
among all the experimental rations. The highest value was
observed for bulls fed control ration then followed by T1,
T2. The corresponding values were 84.02, 78.48 and
71.11% respectively. Which disagree by [18] whose
values ranged from 42.41 to 49.50% and [7] who reported
values of 63.93%. However, agreement with Fegeros et al.
[22] and [21] assessed to citrus pulp and obtained 82.00
and 73.89% EE apparent digestibility, respectively.

Neutral detergent fiber digestibility was significantly
(p<0.05) higher for bulls fed control ration versus those
fed both T1, T2 which didn’t agree with Ítavo et al. [18]
who obtained  67.00%  digestibility for NDF in fresh
orange pulp silage and [21] reported values of 67.2%.
Also Henrique et al. (2003) reported 66.39% NDF
digestibility in diets with 55% substitution of corn by
citrus pulp. Nitrogen free extract, acid detergent fiber,
cellulose and hemi-cellulose digestibility of bulls fed all
the experimental rations were not significantly (p>0.05).

Bulls fed control ration recorded significant (p<0.05)
increase  of  TDN  compared  to those fed the T2 ration.
The values were 73.14, 72.6 and 68.61% for control, T1 and
T2, respectively. Furthermore, bulls fed T1 recorded
significant values of TDN (p<0.05) with the T2 ration.
Digestible crude protein was significantly (p<0.05)
increase for bulls fed T1 compared with the T2. However
there was insignificantly (p>0.05) different noticed with
those fed the T2 and control rations. From nutrients
digestibility and nutritive value data, bulls fed T1 ration
showed better response than bulls fed T2 ration.

Blood Parameters: The main effects of the experimental
rations on blood parameters of growing bulls are shown
in Table (4). There were insignificant (p>0.05) differences
among hematological parameters (Hb and Ht) concentrate
of bulls fed the different experimental rations. Hemoglobin
concentration was higher in T2 group than those of T1
and  control  groups.  These   results   were   agreed   with

Table 4: Effect of experimental rations on blood parameters of growing bulls

Experimental rations
-----------------------------------------------------

Item Control T1 T2 ±SE

Hemoglobin, g/dl 12.99 12.41 13.27 1.14
Hematocrit 34.25 31.88 30.63 1.14
Total protein, mg/dl 7.58 7.55 7.23 0.18
Urea, mg/dl 36.25 33.25 32.75 2.26
Creatinine, mg/dl 1.11 1.15 1.41 0.12

b a ab

Triglycerides, mg/dl 14.50 14.00 16.50 3.18
AST, U/l 74.50 68.75 87.00 6.96
ALT, U/l 37.50 39.50 39.25 2.83

: Means in the same row within each treatment having different super a,b,…

scripts differ (P<0.05). 

Table 5: Daily gain, nutrients intake and feed conversion ratio of bulls
consumed different tested rations

Experimental rations
-----------------------------------------------------

Item Control T1 T2 ±SE

Initial body wt. (IBW), kg 238.8 234.3 234.2 6.83
Final body wt. (FBW), kg 367.7 372 356.5 10.86
Total body gain, kg 128.9 137.7 122.3 9.43
Daily gain, kg 1.07 1.15 1.02 0.08

Dry matter intake, kg/head/day
Roughage 2.29 2.7 3.72 0.58c b a

Concentrate 6.5 6.43 4.39 0.58a b c

Total 8.8 9.14 8.11 0.58b a c

Total digestible nutrients 73.14 72.56 68.61 1.15a b c

Digestible crude protein 9.92 10.29 9.53 0.19ab a c

Feed Intake, kg/ Kg BW/day
Dry matter 8.22 7.75 7.95 0.58a c b

Total digestible nutrients 6.44 6..63 5.56 0.58b a c

Digestible crude protein 0.87 0.94 0.77 0.01b a c

Feed conversion ratio (FCR), kg 
nutrient intake /kg gain Dry 
matter (DM) 7.68 6.74 7.79 0.58a b a

Total digestible nutrients (TDN) 6.02 5.77 5.45 0.58a b c

Digestible crude protein (DCP) 0.82 0.82 0.75 0.01a a b

: Means in the same row within each treatment having different super a,b,…

scripts differ (P<0.05)

Oni et al., [26] investigate significant differences occurred
at the end of the experiment for blood hemoglobin with
the 75% citrus pulp replacement having the highest level
of significance with the exception of 50% 10.10 g/dl and
75% 12.40 g/dl replacement treatments.

There were insignificant (p>0.05) differences among
blood metabolites concentration (TP, urea, creatinine,
triglycerides) of all bulls groups, but cholesterol
concentration was significantly (p<0.05) increase for bulls
fed T1compared with those fed control groups, while
there  were insignificantly (p>0.05) difference  from  those
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fed the T2. These  results  are  in  agreement  with finding rations did not affect the growth performance nutrients
of Belibasakis and Tsirgogianni [27] that serum digestibility and blood parameters from the feed
concentration  of  cholesterol  was  higher  (235  mg/dl  vs. conversion efficiency point of view.
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