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Abstract

silage (OPS) at different levels (0, 50, and 100% on dry matter basis) in beef cattle rations.

Thirty crossbred calves (240+3 kg average live body weight (LBW); 8 month of age) were
divided into three equal groups (n=10 for each). The animals in control group (R1) were fed a CS-
based ration without any replacement, while CS was replaced by OPS at level of 50% in R2 and 100%
in R3. The silage quality, Feed intake (FI), digestibility of nutrients, average daily gain (ADG) and the
feed economic efficiency (FEE) were measured. Results noted that the fermentation characteristics for
CS and OPS were within the normal standards for an excellent silage quality. Digestion coefficients of
ether extract, neutral detergent fiber, acid detergent fiber, cellulose and hemicellulose were noted to be
higher for R1 comparing to R2 and R3, while an increase in organic matter, crude protein, nitrogen
free extract was detected for R2, as well as total digestible nutrients and digestible crude protein
compared to other groups. However, R3 group showed the least values for nutrients’ digestibility
compared to R1 and R2. Animals in R2 group showed improve in feed conversion ratio, higher ADG
and FEE compared to R1 and R3. It can be concluded that inclusion of OPS with CS (1:1) in beef
cattle ration is considered an effective strategy to maximize farm profitability, enhancing animal
growth performance and nutrients digestibility.

THIS research aimed to assess the impact of corn silage (CS) replacement with orange pulp

Keywords: Average daily gain, digestibility, feed intake, Silage characteristics.

total digestible nutrients (TDN) amounting to 4.2
million tons [4]. It worth mentioning that feeding
cost could exceed 75% of the variable cost of animal
production projects, with most ingredients imported
from abroad at high prices [5]. Ruminants can benefit
from feeding by-products of the food and agriculture
industries in achieving two important aims: reducing
their reliance on grains and filling nutritional gaps
[6]. Therefore, using agro-industrial by-products
(such as, tomato peel, beet pulp, molasses, orange
pulp... etc.) as alternatives of feed ingredients would
be a suitable strategy to decrease feeding cost and
maximize the income and profits for livestock
holders [7].

Introduction

In 2023, the Egyptian population has grown by
twice in the last 20 years [1], which boosted the
agricultural demand to meet the food needs.
Subsequently, this leads researchers to continue
investigating how to increase plant and animal
production to achieve food security. Furthermore, the
expansion in animal production requires increasing
the feed supply in sufficient and high-quality
amounts, bearing in mind the price and availability of
feed resources that are not directly in competition
with the human diet [2]. Based on the above trends,
food demand will increase going forward by 2050,
the number of grains consumed for human and

animal feed will increase by 43% compared with the
present [3]. The difference between available and
required amounts of animal feeds (i.e., feed gap) in
Egypt is estimated to be as much as annually, the

Citrus by-products are fed to ruminants in many
forms such as dried citrus pulp, citrus molasses, and
citrus silage [8]. Orange pulp is by-product obtained
from the orange juice operation and containing of
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orange peel, pulp, and seeds, [9]. According to
Grizotto et al. [10], it contains beneficial nutritional
like a high energy content, a considerable Fiber
content, and a good palatability. Orange pulp is
readily available as a low-cost by-product of the
orange industry [11].

Due to low cost, high nutritive value, and inherent
antimicrobial effects, citrus by-products (including
orange pulp) were investigated in many ruminant
species either as fresh, silage or dried forms [12].

Lashkari et al. [13] indicated that replacing maize
and lucerne in rations of growing lambs with citrus
pulp at levels of 57 and 55.1%, did not affect the
digestibility of DM, while it had a quadratic effect on
OM and CP digestibility. Moreover, the same authors
concluded that citrus pulp inclusion promoted NDF
digestibility. So, feeds high in easily digestible cell
walls, such orange pulp, have a positive impact on
starch concentrations and generally provide a more
hospitable ruminal environment for cellulolytic
bacteria [14]. Likewise, [l5] reported a non-
significant
digestibility in cattle when corn was replaced with
citrus pulp by 100%. According to [12], lactating
cows fed diets containing dried orange pulp (DOP)
under stressful heat conditions showed an
improvement in daily milk yield. Additionally,
feeding moderate amounts of orange peel and pulp to
dairy cows in excessively hot weather had a positive

difference  overall the nutrients

impact on the appetite of lactating cows [16]. As well
as vitamin C can act as a protective antioxidant or
anti-heat stress agent [12]. Otherwise, replacement of
corn silage by orange by products silage at 50% or
100% had positively affected all nutrient digestion
coefficients of Barki Ewes [17]. In parallel, [18,19]
recorded that OM, DM, CP and CF digestibility were
increased when citrus pulp silage was included in
beef feeding. In the same trend, rations contained
orange pulp silage (OPS) recorded high nutritive
values, which may be related to the high nutrients'
digestibility [20,21,22]. Papi et al. [23] examined the
impact of replacing OPS at 50% and 100% of maize
silage on the economic efficiency and growth
performance of lamb diets and daily gain risen to a
noticeable value. Improvements were also seen in
feed conversion, feed intake. According to the
findings, lambs fed OPS had lower feed costs per kg
of growth than lambs fed maize silage, and economic
efficiency improved because of reduced daily
feeding cost.
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Therefore, the current study aimed to assess the
silage quality of orange pulp, and to investigate the
effect of replacing the corn silage with orange pulp
silage in growing calves’ rations on growth
performance, digestibility of nutrients, nutritive value
and economic efficiency.

Material and Methods

The The field experiment of this study was
carried out at Bonita Cattle Farm (Cairo-Alexandria
Desert Road Kilo 58, Giza, Egypt). The chemical
analysis of feed ingredients and feces was conducted
at the laboratories of the Animal Nutrition Branch
(Animal Production Department) and Cairo
University Research Park (CURP) at the Faculty of
Agriculture, Cairo  University, Egypt. This
experiment was conducted for 15 weeks (3 weeks for
adaptation and 12 weeks as the experimental period).
The first three weeks are considered the adaptation
period for animals; in the first week, the two
experimental groups (R2 and R3) were fed TMR
containing 25% OPS as a partial substitute for CS; in
the second week, animals in R2 and R3 were fed
TMR containing 50% OPS as a partial substitute for
CS. In the third week, animals in R3 were fed TMR
containing 100% OPS as a complete substitute for CS.

Experimental animals and feeding management:

Thirty local crossbred (Friesians x Baladi) calves
(n = 30; 240+3 kg average live body weight; average
age 8 months) were selected and divided into three
groups (ten animals each) according to their weight.
The three groups received the same quantity and
quality of the concentrate feed mixture (CFM) and
rice straw (RS); however, the differences among the
groups were in the partial or complete replacement of
corn silage (CS) by orange pulp silage (OPS)
according to the DM in the silage. The control group
(R1) fed 59%CFM +15% RS +26% CS + 0% OPS;
animals in the second group (R2; 50% OPS) were fed
59%CFM +15% RS + 13% CS + 13% OPS; animals
in the third group (R3; 100% OPS) were fed
59%CFM+15%RS+0%CS+26%0PS.

calves were given the concentration feed mixture
(CFM), corn silage, rice straw, and orang pulp silage
three times a day at 6.00 am, 2.00 pm, and 10.00 pm.
In Table 1, the CFM formulation appears. NRC [24]
states that the offered feeds were evaluated to ensure
they met the nutritional needs of calves. During the
trial, the animals were kept in an open-house system.
Throughout the day, there was always free water to
drink.
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TABLE 1. Formulation of the experimental concentrate feed mixture.

Feed ingredients kg/ton
Yellow corn 400
Beet pulp 100
Soybean meal (47%) 90
Sunflower meal (36%) 30
Wheat bran 335
Limestone 18
Sodium chloride 10
Sodium bicarbonate 10
Magnesium Oxide 2
Anti-toxin 1
di-calcium phosphate 1
Vitamin and mineral mixture* 3
Total 1000

* Each 3 kg vitamins and minerals mixture contain: Vit A 4800000 IU; Vit D3 1000000 IU; Vit E 28000 mg; Zinc 100000 mg; Manganese
80000 mg; Iron 75000 mg; Copper 30000 mg; Iodine 750 mg; Cobalt 200 mg; Selenium 300 mg; Calcium bicarbonate up to 3 kg. (Produce d
by Multi vita company for animal nutrition, 6 October City, Egypt, Feb. 2021).

The animals’ weight were every 30 days, and the
average daily gain (ADG) was calculated by the
difference between two values. The quantity of TMR
was recalculated every month according to the
average live body weight.

Preparation and characteristics corn and orange
pulp silages

Corn silage is manufactured by El Amira Feed
Company (Cairo Alexandria Desert Road, El Amria-
Behira Governate). Orange pulp materials were
obtained from a commercial fruit juice factory in the
Borg Al-Arab region, Alexandria Governate, Egypt.
The product was ensiled into an approximately 1-
meter-high stack for 60 days. The mixture was
compacted in the bunker using a tractor, and air was
kept out by covering it with tires and a 180-micron
plastic sheet. In order to provide anaerobic
fermentation conditions and protect silage from
being exposed to solar radiation, it was also covered
with soil. A layer of rice straw was put under the
orange pulp as an absorbent to decrease the moisture
content of the orange pulp. It was ensiled together
without mixing with chopped rice straw to avoid
decreasing the nutritive value of orange silage. Then
the silo was opened for feeding, the samples were
taken for chemical analysis, and determined the
silage quality. The pH silage value was estimated
using the Orion Research model 201/digital pH
meter, while Total Volatile fatty acids (TVFAs) and
ammonia nitrogen (NH3-N) concentrations were
estimated according to the methods of Warner [25]
and Bergen et al. [26]. The Flieg point was calculated
to evaluate the quality of silage using the following
formula: FP = {220 + (2 x dry matter % -15) - 40 x
pH}, according to [27] formulas follow: Zero to 20
(bad), 21 to 40 (average), 41 to 60 (relatively good),
61 to 80 (good), and 81 Up to 100 (excellent).

Digestion trial

Fecal samples were collected for three
consecutive days and conducted to determine
nutritive value and nutrients’ digestibility as
digestible CP (DCP) and total digestible nutrients
(TDN). Fecal samples were collected from the
rectum of each animal before feeding twice a day, at
10 am and 3 pm, in the last week of the experiment.
Acid Insoluble Ash (AIA) was used as an internal
marker to estimate fecal output and nutrients’
digestibility according to [28] equation, while TDN
was calculated according to the formula of [29], as
follows:

TDN% = [digestible CF, % + digestible NFE, % +
(digestible EE, % *2.25) + digestible CP, %]

Marker% in feed

Marker% in feces

Dry matter digestibility =[1 - ( )] ¥*100

Nutrient% in feces

Nutrient digestibility = [1 - (
Marker% in feed . .
Marker% in feces)] 100

Nutrient% in feed

Chemical composition of feedstuffs and feces

The proximate analyses of feeds and feces were
conducted following [30] methodology to determine
organic matter (OM), dry matter (DM), ether extract
(EE), crude protein (CP), crude fiber (CF), and ash
contents. Nitrogen-free extract (NFE) was estimated
by the difference. Fiber fractions as acid detergent
fiber (ADF), neutral detergent fiber (NDF), and acid
detergent lignin (ADL) were analyzed according to
[31]. By calculations, cellulose content was
estimated as the difference between ADL and ADF,
and hemicellulose as the difference between NDF
and ADF.

Egypt. J. Vet. Sci. Vol. 56, No. 1 (2025)



142 MOHAMMED H. BAKR et al.

Economic evaluation

Based on the results of the experiment, we
calculated the relationship between feed costs and
gain. Using the equation below, the costs associated
with each kilogram of increase in body weight are
calculated as follows:

The feed cost (L.E /1Kg gain) =

total feed cost (L.E/ head/ day)
Average daily live body wight (kg).

The ingredient costs according to 2021 prices were
4500 LE per Ton for CFM, 1200 LE per Ton for corn
silage, 300 LE per Ton for orange pulp silage, and
800 LE per Ton for rice straw, Price of 1Kg body
wight 58.

Economic efficiency = [total gain price x 100] / total
gain cost.

Statistical analysis

An analysis of the data was conducted using the
general liner formula of SPSS V19. The analysis was
carried out using a one-way ANOVA for the
following data model:

Yij = p + Rij + Ejj

Where: p = overall mean.

Yij; Rij = treatment effect.
Eij = experimental error.

Based on [32] Multiple Range Test, we separated the
means based on their differences.

Results and Discussion

Chemical composition of feeds and experimental
rations

As shown in Table 2, OM, CP and EE contents
of CS and OPS are almost the same. The observed
values for DM were 29.79% and 20% for CS and
OPS, respectively. These results were very close to
those reported by [33] who mentioned that DM, OM
and CP contents of OPS to be about 19.24, 95.04 and
7.86%, respectively. in the same trend, [34,35] who
recorded OM and CP content in CS at 92,6% and
8,15 %, respectively. Regarding CF and EE contents,
they accounted for 26.36 and 4.24% for CS and
18.64 and 4.07% for OPS, respectively. The values of
CF and EE in OPS was in agreement with [20] who
showed that their contents in OPS were 17.96 and
3.73%, in the same order. Our findings for DM, CP
and CF were noticed to be lower than those observed
by [19] who recorded their values to be 38.90, 8.72,
and 28.56%, respectively.

TABLE 2. Chemical composition (% DM basis) of concentrate feed mixture (CFM), corn silage (CS), orange pulp

silage (OPS), and rice straw (RS)

Item CFM CS OPS RS
DM 90.44 29.79 20.00 89.64
OM 91.27 93.21 94.42 82.78
Cp 15.37 8.00 8.22 3.58
EE 9.86 4.24 4.07 1.48
CF 10.78 26.36 18.64 38.4
Ash 8.73 6.79 5.58 17.22
NFE 55.26 54.61 63.49 39.32
NDF 21.89 41.30 34.60 72.30
ADF 10.16 29.45 22.89 37.53
ADL 3.21 4.83 5.06 7.81
Hemi 11.73 11.85 11.71 34.77
cellulose

Cellulose 6.95 24.62 17.83 29.72

DM: dry matter,CP: crude protein, OM: organic matter,CF: crude fibre , EE: ether extract, NFE: nitrogen free extract ,ADL: acid detergent
lignin , ADF: acid detergent fibre, NDF: neutral detergent fibre. Concentrate feed mixture (CFM), corn silage(CS), orange pulp silage(OPS),

rice straw(RS).

The NDF and ADF values for CS were higher
than those for OPS (41.3 and 29.45% vs. 34.6 and
22.89%, respectively). in the same trend, [36] who
recorded NDF and ADF content in OPS at 33,96%,
and 23.81%, respectively.
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Hemicellulose content in OPS was similar to that
of CS (11.71 vs. 11.85%). The current result was
near to that noted by [19] who recorded10.15-10.8%
hemicellulose in OPS. On contrary, the cellulose
content of CS was higher than its content in OPS
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(24.62 vs. 17.83%). The present result was in
agreement with [37] who showed cellulose content in
OPS being 18.5%.

Regarding the experimental rations as given in
Table 3, CP values were approximately equal, being

11.69, 11.71, and 11.74% for R1, R2, and R3,
respectively. The CF contents ranged from 16.97
t018.97%. values of NDF and ADF fell between
32.76-34.5% and 17.58-19.28%, respectively.

TABLE 3. Calculated chemical composition of the experimental rations fed calves

Item Experimental rations (DM basis)
R1 R2 R3
DM 74.55 73.28 72.01
oM 90.50 90.66 90.82
CP 11.69 11.71 11.74
EE 7.14 7.12 7.10
CF 18.97 17.97 16.97
Ash 9.50 9.34 9.18
NFE 52.70 53.85 55.01
NDF 34.50 33.63 32.76
ADF 19.28 18.43 17.58
ADL 4.32 4.35 4.38
Hemi cellulose 15.22 15.20 15.18
Cellulose 14.96 14.08 13.19

DM: dry matter, CP: crude protein, OM: organic matter, CF: crude fibre , EE: ether extract, NFE: nitrogen free extract ,ADL: acid detergent
lignin , ADF: acid detergent fibre, NDF: neutral detergent fibre, R1: 26% corn silage+ 59% CFM+15% rice straw , R2 : 13% orange pulp

silaget 13% corn silage+ 59% CFM+15% rice straw, R3: 26% orange pulp silage + 59% CFM + 15% rice straw.

The experimental rations, values of OM, CP, EE,
ADL, hemicellulose were approximately equal, by
increasing the replacement levels of OPS, this is due
to the similar nutritional content of OPS and CS in
these nutrients. However, values of NFE a higher by
increasing the replacement levels of OPS, that
because the content of these nutrients in OPS were
higher than those recorded for CS. Whereas, values
of CF, DM, Ash, ADF, NDF and cellulose lower by
increasing the replacement levels of OPS, that
because its decreased contents in OPS compared to
CS values.

Silage fermentation characteristics

The fermentation characteristics, given in
Table 4, stated the success of silage processing

according to the general quality standers. The
OPS had a good odor and color, and there were no
signs of rotting or mold. The pH values in OPS
and CS were observed to be 3.4 and 4.0,
respectively. In the same context, [37,38] noted
that the pH value of OPS ranged from 3.0 to 3.8;
these values were within the normal range for
high-quality silage as recorded by [39]. Moreover,
flige point (FP) for CS and OPS accounted for
104.97 and 85.4, which were in agreement with
Ulger et al. [40]. Depending on the FP value, an
excellent silage quality was determined in the two
kinds of silages, that indicates a similarity in the
fermentation properties in both.

TABLE 4. Fermentation characteristics and quality of corn silage and orange pulp silage

Item CS OPS

PH 3.99 34
TOA, % of DM 6.04 8.16
TVFA, % of DM 1.39 1.78
NH3-N, % of DM 0.02 0.04

FP 104.97 85.40
Quality excellent excellent

Corn silage (CS), Orange pulp silage (OPS), Total organic acids (TOA), Total volatile fatty acids (TVFA), Flige point (FP)
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The present study demonstrates that total organic
acid concentration of CS was lower than that of OPS,
being 6.04 and 8.16%, respectively; which appears to
be close to that obtained by Chavan et al.[40]. Total
volatile fatty acid (TVFA) concentration in both
types of silages (CS and OPS) was within the normal
range (1.39 to 1.78) for excellent-quality silage,
which point out to an acceptable silage fermentation.
In parallel, low values for NH3-N (0.02 to 0.04% of
DM) of the two kinds of silage were noted in this
study; also, these results are in accordance with those
evaluated by [41].

Effect of replacing CS by OPS on nutrients
digestibility and nutritive value of the experimental
rations

The effect of replacing CS with OPS at different
levels (R2, 50%-R3, 100%) on nutrient digestibility
and nutritive values of the experimental rations are
given in Table 5. Dry matter digestibility for R2 and
R3 were 70.98 and 69.45%, respectively. These
results were Similary, Shdaifat et al. [18] who used
diets that contained 30% OPS + 70% CFM and 45%
OPS + 55% CFM and showed that the DM

digestibility values for the experimental rations were
71.27 and 69.94. Otherwise, [42] fed OPS at 10, 15,
and 20% of TMR and found that the DM digestibility
values were decreased (from 72 to 67.5%) by
increasing the inclusion level of OPS.

The values of OM digestibility in the current
study with R2 and R3 were 74.60 and 72.99,
respectively. These results were in the same line with
[43] who showed that the OM digestibility values for
(10-30%) OPS containing rations were (74.91 to
76.02%).

The digestibility of CP in R2 was higher than R1
and R3, being 69.8 vs. 66.7 and 65.4%, respectively.
These results were in agreement with those noticed
by [44], as they estimated the CP digestibility at 66
to 69%. It worth mentioning that incorporation of
OPS into ruminant diets had a positive effect on N
supply to the intestine by creating favourable
conditions inside the rumen [12]. No significant
differences were detected in CF digestibility among
all the experimental rations (R1, R2 and R3; p>0.05).
However, the CF digestibility was recorded within a
range of 61 to 66 % by [43,45].

TABLE 5. Nutrients digestibility and nutritive values of the experimental rations

Experimental rations (DM basis)

Item R1 R2 R3
Nutrients digestibility, %

DM 70.47 70.98* 69.45°
OM 73.79° 74.60° 72.99°
cp 66.66" 69.76" 65.39°
EE 89.95° 88.95° 85.20°
CF 73.68 73.50 73.25
NFE 73.23° 74.12° 72.92°
NDF 61.39* 54.70° 51.92°
ADF 62.51° 57.20° 52.63°
Hemicellulose 59.97° 51.67° 51.10°
Cellulose 68.79° 66.32° 60.80°
Nutritive values (%)

TDN 74.81° 75.54* 73.83°
DCP 7.79° 8.17° 7.68°

+SEM P-value
0.24 0.001
0.24 0.001
0.76 <0.001
0.73 <0.001
0.10 0.275
0.19 0.002
1.41 <0.001
1.42 <0.001
1.43 <0.001
1.18 <0.001
0.26 0.002
0.09 0.036

DM: dry matter, CP: crude protein, OM: organic matter, CF: crude fibre, EE: ether extract, NFE: nitrogen free extract , ADF: acid detergent
fibre, NDF: neutral detergent fibre, TDN: total digestible nutrients,DCP: digestible crude protein, R1: 26% corn silage+ 59% CFM+15% rice
straw, R2: 13% orange pulp silage+ 13% corn silage+ 59% CFM+15% rice straw, R3: 26% orange pulp silage + 59% CFM + 15% rice
straw, a b ¢, Means within rows followed by different superscripts are significantly different at (P < 0.05), SEM - standard error of the mean

EE digestibility was significantly different (p<0.05)
for the experimental rations, being higher for R1 and
R2, followed by R3 (89.95, 88.95, and 85.20%,
respectively). In contrast to the previous data, [17,42]
recorded lower values for EE digestibility (from 62
to 76.40%) when OPS included in rations.
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The NFE digestibility was significantly (p<0.05)
affected by feeding the experimental rations. (R2)
had a wvalue of NFE digestibility that was
significantly higher than R3 (74.12 vs. 72.92%),
while the difference between R1 and R3 were
approximately equal (p>0.05). on
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The NDF digestibility was significantly (p<0.05)
higher in R1 than R2 or R3 (61.39 vs. 54.70, and
51.92, respectively), which was similar to [46]
results, who stated that NDF digestibility at 54.5 and
56 % in rations containing 30 and 45% of OPS. On
the other hand, [19] noted that NDF digestibility can
reach 66.50% for ruminant diets containing 50-100%
OPS.

Likewise, the digestibility of ADF, cellulose, and
hemicellulose were significantly (p<0.05) decreased
with the implication of OPS in rations (R2 and R3)
compared to R1, Orange by-products are rich in
pectin, generally have a positive effect on the
ruminant environment, but the decrease in fiber
digestibility may be associated with the high lignin
content of OPS [47].

The nutritive value of experimental rations, as
TDN, was significantly different among groups
(p<0.05), where R2 recorded the highest value
compared to R1 and R3 (75.54% vs. 74.81 and

73.83%, respectively; p<0.05). Similarly, the highest
DCP value was observed with R2 in a comparison to
R1 and R3, being 8.17, 7.79 and 7.68%, respectively
(p<0.05), however, difference between R1 and R3
was not significant.

Effect of replacing CS by OPS on feed intake, growth
performance and economic efficiency

Feed intake, average daily gain (ADG), feed
conversion, and economic efficiency of the
experimental rations are presented in Table 6. Total
dry matter intake (DMI) was approximately equal for
all groups (R3, R2, and R1, being 9.17, 9.16, and
9.15 kg DM, respectively). These results were in the
same context, [19], as they observed non-significant
difference in the feed intake of diets including 20 and
40% OPS. On the other hand, [20] assessed DMI in
beef cattle fed diets with different replacement levels
of CS by OPS and observed a linear increase in DM
intake with increasing the OPS substitution level.

TABLE 6. Feed intake, growth performance and economic efficiency of calves fed the experimental rations

Experimental rations

+SEM P-value
Item R1 R2 R3
Initial live body weight, Kg 243.00 237.50 241.17 1.04 -
Final live body weight, Kg 356.00 357.00 341.83 2.54 <0.001
Total body weight gain, Kg 113.00° 119.50* 100.67¢ 2.90 0.001
Average daily weight gain a a b
(ke/h/d) 0.94 1.00 0.84 0.027 0.008
Feed intake Kg/ day
concentrate feed mixture
(CFM) 6 6 6 - -
corn silage (CS) 8 4 0 - -
orange pulp silage (OPS) 0 6 12 - -
rice straw (RS) 1.5 1.5 1.5 - -
Total feed intake, Kg/h/d. 15.50 17.50 19.50 - -
Total DMI/h/d 9.15 9.16 9.17 - -
Feed conversion ratio (kg b c a
DM/ kg gain) 9.73 9.16 10.92 0.26 <0.001
Economic efficiency
TMR Price ((LE/kg) 2.44 1.99 1.63 - -
Total Feed cost (LE/h/d) 37.82 34.83 31.79 - -
Feed cost (LE)/1Kg gain 40.23 34.83 37.85 - -
Relative economic efficiency o o o
(REE) (%) / lkg gain 100% 87% 94% - -
Daily gain income (LE/h) 54.52 58.00 48.72 - -
Income (LE/h/d) 16.70 23.17 16.93 - -
REE (%)/h/d 100% 137% 100% - -

R1: 26% corn silage+ 59% CFM+15% rice straw,

R2: 13% orange pulp silage+ 13% corn silage+ 59% CFM+15% rice straw, R3: 26%

orange pulp silage + 59% CFM + 15% rice straw, Price of 1 ton CFM= 4500 LE Price of 1 ton CS = 1200 LE; Price of 1 ton OS =300 LE
and Price of 1 ton RS = 800 LE; Market price of 1 kg live body weight in (2021) = S8LE, REE(%) / 1kg gain: The cost of feed intake for
produce one kg gain per calve in each group relative to the control group cost *100.Daily gain income (LE/h): Average daily gain ,Income
(LE/h/d): Daily gain income (LE/h) - Total Feed cost (LE/h/d). REE (%) h/d: Income (LE/h/d) in each group relative to the control group
*100. SEM : standard error of the mean, a,b,c Means within rows followed by different superscripts are significantly different at (P < 0.05).
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In the current study, a non-significant increase in
ADG for R2 was noted, while a significant (p<0.05)
decrease was reported for R3 compared to the control
(0.94, 1.00 and 0.84 kg/day for R1, R2 and R3,
respectively). These results might be related to the
higher digestibility for R2 followed by R1 and then
R3. Regarding the economic efficiency, the present
data are in harmony with those obtained by [48]
when they used dried orange pulp as alternative
energy source by 50% replacing corn grains to
achieve lower cost of feeding.

The best feed conversion was reported for R2
followed by R1 and then R3 (9.16, 9.73 and 10.92,
respectively). The improvement in feed conversion
could be attributed to improvements in both nutrient
digestibility and nutritive values. In the same context,
[23] evaluated the replacement of CS by OPS in
lamb rations, and found an improvement in feed
efficiency, decreased daily feeding costs, and
consequently improved relative economic efficiency.

Although ADG was reported as the lowest for R3
(0.84 kg/day) compared to R1 (0.94 kg/day) and R2
(1.00 kg/day), the feed cost for one kg ADG was
lowered by 6%, likewise, it was reduced by 13% in
R2 compared to the control. Furthermore, the
estimated daily income was enhanced by 37% for R2
compared to the control, while there was not any
negative effect on the daily income noted for R3.

Conclusions

Under our study conditions, the fermentation
characteristics for corn and orange pulp silages (i.e.,
pH, total organic acids, total VFAs, NH3—N and flige
point) were within the normal standards for an
excellent silage quality, reflecting the well-made
silages. Over all nutrient’s digestibility, replacing
corn silage by 100% orange pulp silage in R3
showed the least values comparing to R1 and R2.
Otherwise, digestion coefficients of EE, NDF, ADF,
hemicellulose and cellulose found to be higher for
the control group (R1) comparing to R2 and R3.
Replacing corn silage by 50% orange pulp silage
(R2), led to an increase of OM, CP, NFE digestibility
as well as TDN and DCP in a comparison with other
groups. Moreover, animals in R2 expressed a higher
ADG, Dbetter feed conversion and economic
efficiency compared to control and 100%
replacement groups. Therefore, the current study
suggests that using of orange pulp silage and corn
silage mixture (50:50) is recommended regarding
nutrient  digestibility and animal performance,
considered an effective strategy to reduce the feed
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cost and maximize farm profitability in addition to
presenting an ecological service by applying the
circular bioeconomy approach.
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