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Abstract
Ensiling of high-moisture agro-industrial wastes with dry roughage as animal feeds may be a secure way
to reduce the feeding cost. The objective of this study was to investigate the effects of either sugarbeet or
citrus pulp ensiled with ground corncobs, and use as replacement of maize silage in total mixed ration
(TMR) for fattening of buffalo calves. Twenty male calves of Nili-Ravi buffalo (aged 14 ± 2 months
weighing 133 ± 5 kg) were randomly assigned one of four experimental diets. Four TMRs [iso-nutritious
with 12% CP and 69% TDN] differing in forage sources at 50:50 ratio with concentrate, on DM basis; (1)
TMR maize silage, (2) TMR sugarbeet pulp ensiled with corncobs (80:20), (3) TMR citrus pulp ensiled
with corncobs (78:22), and (4) TMR green maize fodder with wheat straw (9:1). All calves received TMRs
for ad libitum intake twice daily for 80-day period. Daily feed intake, fortnightly body weights, and
digestibility and N balance study during last 5-days were recorded of individual animals. The calves fed
TMR sugarbeet pulp silage got highest daily gain (856 g/d, P < 0.05) than citrus pulp silage (776 g/d) or
green maize fodder (704 g/d). But maize silage did not differ from sugarbeet pulp silage and citrus pulp
silage (P > 0.05). Average intake of nutrients were same among the all calves. Feed conversion ratio and
digestibility of DM, NDF and ADF were higher (P < 0.05) with TMR sugarbeet pulp silage compared to
other TMRs. Economic bene�t (output/input) with TMR sugarbeet pulp silage had 15.46, 34.27, and
37.36% higher effect for fattening of buffalo calves compared to citrus pulp silage, green maize fodder
and maize silage based TMRs, respectively. In conclusion, sugarbeet or citrus pulp ensiled with ground
corncobs is simple and viable strategy for effective silage making, however, sugarbeet pulp silage had
pronounced economic impact for fattening of buffalo calves.

Introduction
A major constraint for low productivity of livestock in Pakistan is the scarcity and �uctuation in year-
round quantity and quality of fodder supply. At present, indigenous feed resources are short in terms of
dry matter (19.4%), crude protein (37.2%) and metabolizable energy (38.0%) to meet the livestock
nutritional requirements (Habib et al. 2016), leads to low productivity performance of livestock. Therefore,
there is a dire need to introduce and include low cost alternate feed resources or new
methods/technologies, to enhance the e�ciency of utilization of available biomass and to reduce the
feeding cost.

An estimated 2.1 million tons of sugarbeet pulp and citrus pulp are produced annually in the country
(GOP 2020). The sugarbeet pulp and citrus pulp are the main byproducts of the sugarbeet and citrus
processing industry. Sugarbeet pulp contains 8–9% CP and 6% sucrose (Broughton et al. 1995, Khan et
al. 2020) and 45% NDF, especially pectins (Heydari et al. 2021). Pectins do not ferment to lactic acid
(Howard 1961), therefore reducing the risk of ruminal acidosis (Boguhn et al. 2010). Citrus pulp is also
rich in fermentable carbohydrate and digestible nutrients. Moreover, sugarbeet pulp and citrus pulp both
are high in moisture contents ranged from 80–90%, which is associated with di�culties in its
transportation, handling, and storage (Scerra et al. 2001; Bampidis and Robinson 2006). The high
moisture content resulting into great loss during ensiling, which is associated with rotten of silage
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nutrients (Beauchemin 2006) and environmental pollution (Lee et al. 2020). Because drying is an energy
and cost-intensive procedure (Leupp et al. 2006), therefore, ensiling wet sugarbeet or citrus pulp by
mixing with dry roughages (ground corncobs as absorbent) may be an effective method of conservation
(Gilbery et al. 2010) and minimize the risk of e�uent production and undesirable fermentation. Maize
stovers and maize cobs are main crop residues characterized by abundance, low cost, less competitive
usage, and great potential for feed utilization. The total annual maize grains yield in the country is
5.7 million tons, accompanied by 22.8 million tons production of maize stovers and maize cobs (GOP
2020) that are mostly considered a waste and are burnt usually. The ensiling process is an effective and
simple conservation technology that is known to acidify biomass, thus it inhibits the growth of spoilage-
causing microorganisms, thereby providing safe and long-term conservation for moist forages (Mcdonald
et al. 1991). To our knowledge, limited reports are available concerning the wet sugarbeet or citrus pulp
ensiling with ground corncobs for silage making and feeding to buffalo calves. Therefore, this study was
planned to ensile wet sugarbeet or citrus pulp by mixing with ground corncobs as dry roughage and use
as replacement of maize silage in total mixed rations for its effects on voluntary feed intake, growth
performance, nutrient digestibility and economic bene�ts in buffalo calves.

Materials And Methods

Silage and TMRs preparation
The wet sugarbeet pulp was obtained from Al-Moiz Sugar Mill, Dera Ismail Khan, Khyber Pakhtunkhwa
Province to Livestock Research Station (LRS), National Agricultural Research Centre (NARC), Islamabad
in early May, 2020 for silage preparation. In sugarbeet pulp the moisture content was determined as 78%
while in corncobs as 12.8%. Therefore, a mixture of sugarbeet pulp and ground corncobs (80:20) as
absorbent was made to attain �nal moisture (65–70%) similar to that of maize silage and was ensiled
into above-ground silage concrete wall bunker. A tractor was used to compact the deposited mixture in
bunker and it was covered with a plastic sheet and tires to exclude air.

Similarly, citrus pulp silage was prepared in early March, 2020 at LRS. The moisture level of citrus pulp
was 82%. A mixture of citrus pulp and ground corncobs (78:22) as absorbent was used to attain �nal
moisture of 65–70%. All material was mixed using tractor driven heavy mixer for 5 minutes and ensiled
into plastic drums and �nally covered with plastic sheet and sealed with stopper.

Maize silage in bales was prepared when the grains were in the dough stage and whole plant maize
silage samples were having 65% moisture. The forage was chopped at a theoretical length-of-cut of 1.7-
2.0 cm and conserved in 50 kg bales at LRS in May, 2020.

Four total mixed rations (TMRs) [iso-nutritious with 12% CP and 69% TDN] differing in forage source but
same concentrate to forage ratio at 50:50, on a total DM basis were prepared as (1) concentrate and
maize silage (TMR maize silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs as
(80:20) ratio (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
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as (78:22) ratio (TMR citrus pulp silage), and (4) green maize with wheat straw as (9:1) ratio (TMR green
maize fodder).

Animals And Feeding Management
Twenty (20) male calves of Nili-Ravi buffalo having 133 ± 5 kg average initial body weight were taken
from LRS, NARC and randomly divided into 4 groups with 5 calves per group. Calves were housed in
individual tie stall with iron chain. Before start of experiment, animals were vaccinated and de-wormed
against the acto and endo parasites. All animals received the diets as TMR for ad libitum intake (5% orts)
twice daily at 0900 and 1600 h for 80 days from October to December 2020. Ingredient and chemical
composition (% of DM) of TMRs are given in Table 2. Data on individual’s daily feed intake was obtained
by subtracting refusals from the weighed quantity of feed offered while body weights were recorded
fortnightly. Fresh drinking water was offered 2–3 times a day. For the �rst 15 days, experimental feeds
were given to calves as adoptability to feed prior to beginning the experiment.
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Table 2
Ingredient and chemical composition of different forage-based total mixed rations

Item Total mixed rationsa

Maize
silage

Sugarbeet pulp
silage

Citrus pulp
silage

Green maize
fodder

Dry matter (%) 61.12 59.52 60.02 58.10

Ingredients (% of DM)        

Maize silage 50 - - -

Sugarbeet pulp silage - 50 - -

Citrus pulp silage - - 50 -

Green maize fodder - - - 50

Maize grains 10 10 10 10

Wheat bran 14 14 12 14

Rice polishing 10 10 10 10

Canola meal 4.5 4.7 7 5

Corn gluten feed 5 5 5 4.4

Cane-molasses 5 5 4.4 5

Urea 0.5 0.3 0.6 0.6

Di-calcium phosphate 0.4 0.4 0.4 0.4

Limestone 0.2 0.2 0.2 0.2

Common salt 0.2 0.2 0.2 0.2

Mineral pre-mixb 0.2 0.2 0.2 0.2

Nutrient composition (% of DM)

Crude protein 12.38 12.48 12.19 12.39

Ether extract 4.14 3.54 3.88 4.12

aTotal mixed rations were (1) concentrate and maize silage as 50:50 ratio on DM basis (TMR maize
silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs (80:20) as 50:50 ratio on
DM basis (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
(78:22) as 50:50 ratio on DM basis (TMR citrus pulp silage), and (4) concentrate and green maize
with wheat straw (9:1) as 50:50 ratio on DM basis (TMR green maize fodder).

bProvided the following per kg pre-mix: CaHPO4 700 g, CaCO3 80 g, NaCl 70 g, MgSO4 50 g, NaHCO3
50 g, ZnSO4 15 g, FeSO4 15 g, MnSO4 10 g, Sulphur 5 g, CuSO4 4.5 g, CoCl2 0.2 g, KI 0.3 g,
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Item Total mixed rationsa

Maize
silage

Sugarbeet pulp
silage

Citrus pulp
silage

Green maize
fodder

Neutral detergent �bre 39.48 29.49 24.46 40.03

Acid detergent �bre 21.13 15.22 13.79 22.33

Total digestible
nutrients

69.39 69.54 69.33 69.26

aTotal mixed rations were (1) concentrate and maize silage as 50:50 ratio on DM basis (TMR maize
silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs (80:20) as 50:50 ratio on
DM basis (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
(78:22) as 50:50 ratio on DM basis (TMR citrus pulp silage), and (4) concentrate and green maize
with wheat straw (9:1) as 50:50 ratio on DM basis (TMR green maize fodder).

bProvided the following per kg pre-mix: CaHPO4 700 g, CaCO3 80 g, NaCl 70 g, MgSO4 50 g, NaHCO3
50 g, ZnSO4 15 g, FeSO4 15 g, MnSO4 10 g, Sulphur 5 g, CuSO4 4.5 g, CoCl2 0.2 g, KI 0.3 g,

Digestibility And N Balance Trial
Followed by feeding trial a �ve days in-vivo digestibility and N balance study was performed. Feed,
silages, orts, faeces and urine (10% of total) samples were collected daily, composited for each animal,
and stored in refrigerator at 4°C for chemical analysis.

Chemical Analysis
Chemical analysis of samples of wet sugarbeet pulp, citrus pulp, green maize fodder, ground corncobs,
silages, feeds, orts and faeces were performed for proximate composition (DM, CP, EE, and crude ash) by
AOAC (2005) methods, cell wall fractionation (ADF, NDF, ADL) with the ANKOM �bre analyzer using
reagents described by Van Soest et al. (1991) method. Samples of silages were also analyzed for
fermentation pro�le for pH by Lee et al. (2020) and NH3-N by Chanery and Marbach (1962) methods.
Daily urine output was collected in plastic buckets which were acidi�ed by daily addition of 30 ml 6 N
H2SO4 to avoid N losses due to ammonia volatilization and to prevent bacterial growth. A representative
sample (2%) was taken of each animal for N determination (AOAC 2005) and N retention estimation.

Economic Return Pro�t
The economic return pro�t expression (a ratio of output to input) was calculated by using feed price,
calves body weight, and growth rate as the formula given by (Xie et al. 2012).

Output/input = (ADG × MPBW)/ (DMI × MPF)
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Where,

ADG is the average daily gain (kg/head), MPBW is the average market price of body weight (Pakistani
rupees (PKR)/kg), DMI is the daily DM intake (kg/head/day), and MPF is the market price of feeds
(PKR/kg).

Statistical analysis
The data regarding feed intake, body weight, weight gain, and digestibility and N balance parameters
were given as means ± SE. The data were statistically analyzed with the standard procedure of analysis
of variance according to Completely Randomized Design as described by Steel et al. (1997) using
Minitab 15 software. The means were compared by Duncan’s Multiple Rang Test at 5% level of
probability.

Results
The chemical composition of the sugarbeet pulp, citrus pulp, green maize fodder, ground corncobs and
their silages are given in Table 1. Green maize fodder exhibited high DM, NDF, ADF and ADL contents
compared to sugarbeet pulp or citrus pulp, while these values were relatively lowest in citrus pulp. But
sugarbeet pulp exhibited the highest CP (9.2%) content. The corncobs, as the main dry roughage had
relatively low CP (3.6%) and high DM, NDF and ADF compared to all others forages.
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Table 1
Chemical composition of different forages and silages (% of DM)

Itemc Silagesa   Foragesb

MS SPS CPS SEM GMF SP CP C

Dry matter 34.3 33.5 32.6 2.4 31.6 22.7 20.3 88.2

Crude protein 7.3 8.5 4.7 1.2 7.0 9.2 5.5 3.6

Ether extract 3.1 0.5 1.1 0.1 1.8 0.6 1.5 0.4

Crude ash 6.5 4.3 5.8 1.2 7.5 3.7 5.2 3.5

Neutral detergent �bre 58.9 40.4 30.7 3.6 59.3 39.1 29.7 79.8

Acid detergent �bre 32.5 24.6 17.2 3.3 34.7 27.7 20.2 42.5

Acid detergent lignin 3.52 1.12 2.61 0.9 4.50 1.20 4.25 8.35

Fermentation pro�le                

pH 4.2 3.8 3.6 0.1 - - - -

NH3-N, % of total N 6.7 9.5 7.5 0.7 - - - -

aMS, maize silage, SPS, sugarbeet pulp silage performed by a mixture of sugarbeet pulp and
corncobs (80:20), CPS, citrus pulp silage performed by a mixture of citrus pulp and corncobs (78:22)

bGMF, green maize fodder, SP, sugarbeet pulp, CP, citrus pulp, C, Corncobs

cValues of each parameter are means of 3 observations.

The maize silage had slightly high DM, EE, NDF, ADF and ADL values than sugarbeet pulp silage or citrus
pulp silage but lower than green maize fodder. However, the CP of sugarbeet pulp silage was the highest
of three silages while the EE content was relatively low. All silages had good fermentation pro�le with pH
ranging between 3.6 and 4.2 and NH3-N ranging between 6.7 and 9.5% of total N.

In all TMRs, DM, CP and TDN contents were almost similar, 58.10 to 61.12%, 12.19 to 12.49%, and 69.26
to 69.54%, respectively. However, NDF (24.46 to 40.03%) and ADF (13.79 to 22.33%) contents were varied
because several ingredients were used in order to adjust the CP and TDN levels in the different TMRs
(Table 2).

Results on DM intake, BW change and FCR of buffalo calves fed different TMRs are given in Table 3.
Total DM intake or DM intake as percent of BW in buffalo calves did not differ (P > 0.05) due to different
TMRs. Total BW gain or ADG of buffalo calves across the feeding TMRs were changed signi�cantly (P < 
0.05). The highest total BW gain (68.50 kg, P < 0.05) was observed in calves fed TMR sugarbeet pulp
silage than those fed citrus pulp silage or green maize fodder (62.05 or 56.30 kg), but maize silage (65.75
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kg, P > 0.05) did not differ from sugarbeet pulp silage and citrus pulp silage based TMRs. The overall
ADG and FCR of buffalo calves were in the same respective pattern across the different TMRs.

Table 3
Effect of different forage-based total mixed rations on growth performance of buffalo calves

Item Total mixed rationsa

Maize
silage

Sugarbeet pulp
silage

Citrus pulp
silage

Green maize
fodder

Growth rate        

Initial BW (kg) 133.50 ± 
4.13

133.00 ± 4.76 134.75 ± 3.05 133.25 ± 5.00

Final BW (kg) 199.25 ± 
3.45

201.50 ± 4.10 196.80 ± 3.80 189.55 ± 5.50

Total BW gain (kg) 65.75ab ± 
2.47

68.50a ± 2.09 62.05b ± 2.45 56.30c ± 3.01

Average BW gain (kg/day) 0.82ab ± 
0.03

0.86a ± 0.03 0.78b ± 0.04 0.70c ± 0.03

Dry matter intake

Total DM intake
(kg/head/day)

5.38 ± 0.10 5.39 ± 0.13 5.33 ± 0.15 5.41 ± 0.29

DM intake on % BW
(kg/day)

3.23 ± 0.11 3.22 ± 0.10 3.21 ± 0.12 3.36 ± 0.14

FCR (kg DM intake /kg
gain)

6.56ab ± 
0.14

6.30a ± 0.12 6.83b ± 0.15 7.73c ± 0.18

aTotal mixed rations were (1) concentrate and maize silage as 50:50 ratio on DM basis (TMR maize
silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs (80:20) as 50:50 ratio on
DM basis (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
(78:22) as 50:50 ratio on DM basis (TMR citrus pulp silage), and (4) concentrate and green maize
with wheat straw (9:1) as 50:50 ratio on DM basis (TMR green maize fodder).

±SE, Standard error of means, n = 5 buffalo calves per treatment.

a, b, cValues within a row with different superscripts differ signi�cantly (P < 0.05)

Table 4 showed that the apparent total-tract digestibility of DM, NDF and ADF were highest (P < 0.05) in
buffalo calves fed TMR sugarbeet pulp silage than those fed maize silage, citrus pulp silage or green
maize fodder. However, no difference was observed for DM, NDF and ADF digestibility between citrus
pulp silage and green maize fodder. Daily N intake and faecal and urinary N were also not in�uenced (P > 
0.05) by different TMRs (Table 4).
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Table 4
Effect of different forage-based total mixed rations on nutrient digestibility and N balance of buffalo

calves
Item Total mixed rationsa

Maize
silage

Sugarbeet pulp
silage

Citrus pulp
silage

Green maize
fodder

Total DM intake
(kg/head/day)

5.38 ± 0.10 5.39 ± 0.13 5.33 ± 0.15 5.41 ± 0.29

Total-tract Digestibility (%)

Dry matter 72.20b ± 
2.12

77.88a ± 2.15 61.50c ± 2.03 66.42c ± 2.55

Crude protein 75.16 ± 
1.15

78.80 ± 1.61 75.13 ± 1.52 73.81 ± 1.60

Neutral detergent �bre 75.10b ± 
1.50

78.59a ± 1.51 68.61c ± 1.42 71.33c ± 1.40

Acid detergent �bre 67.75b ± 
1.13

70.30a ± 1.10 62.75c ± 1.30 63.51c ± 1.55

N balance (g/day)

N intake 106.57 ± 
1.92

107.20 ± 2.32 102.00 ± 2.38 100.83 ± 2.18

N outgo (faeces + urine) 75.22 ± 
1.12

77.61 ± 1.21 73.22 ± 1.14 72.72 ± 1.31

N retention 31.35 ± 
1.14

29.59 ± 1.92 28.78 ± 2.36 28.11 ± 1.48

Retention % of intake N 29.42 ± 
1.09

27.60 ± 1.13 28.22 ± 1.12 27.87 ± 1.12

aTotal mixed rations were (1) concentrate and maize silage as 50:50 ratio on DM basis (TMR maize
silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs (80:20) as 50:50 ratio on
DM basis (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
(78:22) as 50:50 ratio on DM basis (TMR citrus pulp silage), and (4) concentrate and green maize
with wheat straw (9:1) as 50:50 ratio on DM basis (TMR green maize fodder).

±SE, Standard error of means, n = 5 buffalo calves per treatment

a, b, cValues within a row with different superscripts differ signi�cantly (P < 0.05)

The economic bene�t from feeding of different TMRs to buffalo calves is given in Table 5. On DM basis,
the price of one kg maize silage, sugarbeet pulp silage, citrus pulp silage and green maize fodder based
TMRs was PKR 30.21, 23.33, 24.90 and 25.05, respectively. Therefore, the total feed cost for one kg gain
was PKR 198.86, 146.22, 167.00 and 193.60 for maize silage, sugarbeet pulp silage, citrus pulp silage or



Page 11/17

green maize fodder based TMRs, respectively. The market price of each kg of live BW was considered as
PKR 350. Therefore, economic bene�t (ratio of output/input) with TMR sugarbeet pulp silage had 13.81,
32.04, and 35.79% higher effect compared to citrus pulp silage, green maize fodder and maize silage
based TMRs, respectively.

Table 5
Effect of different forage-based total mixed rations on economic analysis of buffalo calves

Item Total mixed rationsa

Maize
silage

Sugarbeet
pulp silage

Citrus pulp
silage

Green maize
fodder

Total DM intake (kg/head/d) 5.38 5.39 5.23 5.41

Average BW gain (kg/head/d) 0.82 0.86 0.78 0.70

Market price of feed (PKR/kg) 30.31 23.33 24.90 25.05

Feed cost (PKR/head/d) 163.06 125.75 130.23 135.52

Feed cost (PKR/kg gain) 198.86 146.22 167.00 193.60

Pro�t (PKR/head/d)b 123.94 175.25 142.77 109.48

Economic bene�t (output/input)c 1.76 2.39 2.10 1.81

Economic bene�t of sugarbeet pulp silage
over others TMRs (%)

35.79 - 13.81 32.04

aTotal mixed rations were (1) concentrate and maize silage as 50:50 ratio on DM basis (TMR maize
silage), (2) concentrate and sugarbeet pulp ensiled with ground corncobs (80:20) as 50:50 ratio on
DM basis (TMR sugarbeet pulp silage), (3) concentrate and citrus pulp ensiled with ground corncobs
(78:22) as 50:50 ratio on DM basis (TMR citrus pulp silage), and (4) concentrate and green maize
with wheat straw (9:1) as 50:50 ratio on DM basis (TMR green maize fodder).

bOn DM basis, the price of one kg TMR containing maize silage, sugarbeet pulp silage, citrus pulp
silage, and green maize fodder was Pakistani rupees (PKR) 30.21, 23.33, 24.90 and 25.05,
respectively. (I US$ = 150 PKR)

cPro�t, (MPBW × ADG) − DFC and Economic bene�t, (ADG × MPBW)/(DFC × MPF) where MPBW is the
average market price of body weight (PKR 350/kg), DFC is daily feed cost, and MPF is the market
price of feeds.

n = 5 buffalo calves per treatment

Discussion
Balanced feeding is an integral element for animals to exploit their genetics productive potential, while
feed cost contribution in total animal production is estimated to be 60–70% (Becker 2008; Anjum and
Afzal 2015). Therefore, nutritionists always focus on utilization of alternate feed resources which would
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be suitable for animal feeds and cost effective, as well (Beigh et al. 2017). Chemical composition of agro-
industrial byproducts (wet sugarbeet or citrus pulp, corncobs and their silages) indicates these as
valuable feedstuffs for ruminant nutrition. Comparatively sugarbeet pulp or citrus pulp had slightly less
DM, NDF and ADF contents than green maize fodder whereas, CP (9.2%) content was higher in sugarbeet
pulp. Similar to our results, previous researchers (Ali et al. 2000; Talha et al. 2002; El-Badawi et al. 2003;
Lardy, 2003) reported CP (8.0 to 10.71%), EE (0.1 to 2.40%) and total ash (3.25 to 6.67%) on DM basis in
sugarbeet pulp.

All silages were well preserved, as indicated by lowering of pH (3.6 to 4.2) and NH3-N (6.7 to 9.5%) in the
current study. These results could be attributed to high water-soluble carbohydrates in the sugarbeet or
citrus pulp, which provided as the basic substrate (Rooke and Hat�eld, 2003) for fermenting bacteria
population, resulted in lowering of silage pH that suppressed spoiling microbes. In good preserved silage,
the acceptable pH ranges from 3.6 to 4.40 (McDonald et al. 1991; Xu et al. 2007; Gilbery et al. 2010) and
NH3-N 10–15% of total N (Xu et al. 2007; Kung et al., 2018) that also supports �ndings of current study.

Lee et al. (2020) reported almost similar pH (3.1), NDF (24.6%) and crude ash (4.5%) in ensiled citrus pulp
when compared to the citrus pulp silage composition in the current study. Anaerobic fermentation during
ensiling reduced the NDF, ADF and ADL contents of maize silage compared to its crops before ensiling
that was also supported by Wang et al. (2015) who found a reduction in NDF content in an ensiled whole
crop corn than its crop. No silage e�uent was found when wet sugarbeet or citrus pulp ensiled with
ground corncobs. This might be due to high liquid absorbency ability of corncobs (Anjum and Afzal
2015) that has reduced moisture of biomass for active fermentation.

Total DM intake or DM intake as percent of BW in buffalo calves were almost same (P > 0.05) with
different TMRs. This might be due to iso-nutritious (CP 12% and TDN 69%; Table 1) and palatable
property of well fermented silage based TMRs. Intake is usually affected due to distinct odor of spoiled
silage produced as a result of different volatile products (Kung et al. 2018). According to NARO (2009),
the diets containing 12% CP and soluble or insoluble carbohydrates are su�cient for necessary ruminal
microbe’s activity. E�ciency for utilization of dietary protein and carbohydrate is generally dependent on
rumen ecology, especially microbial population (Wanapat et al. 2013).

In current study, the �nal BW, ADG and FCR tended to be higher (P < 0.05) for buffalo calves fed sugarbeet
pulp silage versus citrus pulp silage or green maize fodder. However, the calves fed maize silage had
similar �nal BW, ADG and FCR to both sugarbeet pulp silage and citrus pulp silage groups. These �nding
were also supported by Anderson et al. (2015) who observed no difference in ADG and gain e�ciency in
steers fed sugarbeet pulp versus corn silage based �nishing diets. Similar to our results, El-Badawi et al.
(2003) reported increased average daily gain in growing sheep when fed concentrate with sugarbeet pulp
at 50% inclusion level compared to diet without sugarbeet pulp. Mojtahedi and Danesh Mesgaran, (2011)
reported higher average daily gain in Holstein steers when replaced barley with sugarbeet pulp by 11, 22
and 33% levels in diets.
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Apparent total-tract digestibility for DM, NDF and ADF, except CP, were highest (P < 0.05) for the TMR
sugarbeet pulp silage compared to other TMRs which mirrored in increased (P < 0.05) ADG and decreased
FCR (P < 0.05) in the current study. Improved nutrients digestibility with sugarbeet pulp silage might be
due to the delayed in passage rate of soluble or insoluble NDF contents which ultimately increased
availability for ruminal microbe’s activity and growth (El-Badawi and El-Kady 2006; Abo-Zeid et al. 2017).
Previous researchers reported that in sugarbeet pulp, NDF content is digested more quickly than forage
NDF (Bhatti and Firkins, 1995) that could possibly be due to higher pectin-soluble �bers (Heydari et al.
2021) and colonization of rumen microbes (Wanapat et al. 2013). Improved apparent digestibility of DM,
NDF and �bre fractions for the diets containing sugarbeet pulp was also reported in dairy cows (Voelker
and Allen, 2003; Huhtanen et al. 2008; Alamouti et al. 2009) and Barki lambs (Mahmoud et al., 2016). In
contrast to our results, substituting sugarbeet pulp for corn silage had no effect on DM, OM, NDF and
ADF digestibility in dairy cows (Naderi et al. 2016) and sheep (Boguhn et al. 2010) that could be due to
difference in composition and feeding level of TMR sugarbeet pulp silage and breed.

In current study, digestibility of citrus pulp silage decreased compared to sugarbeet pulp silage or maize
silage which is supported by �ndings of Scerra et al. (2001) who studied the effect of orange pulp silage
versus oat hay based TMRs on growth rate in lambs. They suggested orange pulp silage TMR as more
economical and acceptable for quality meat production. Alkire (2003) also observed improved weight
gain in beef cattle fed dried citrus pulp compared to other treatments due to easily digestible cell wall of
citrus pulp.

Feeding of TMR sugarbeet pulp silage in our study resulted in 4–5 g/d more faecal and urinary N
excretion. Haque et al. (2021) reported that surplus N intake greater than that required for growth is
excreted in the manure, mainly through urine. Overall, N balance was positive in all buffalo calves ranging
from 28.11 to 31.35 g/d (P > 0.05).

On DM basis, one kg sugarbeet pulp silage based TMR had 6.73, 7.37, and 29.92% reduced price when
replaced with citrus pulp silage, green maize fodder and maize silage, respectively. Meanwhile, due to low
feed cost for one kg BW gain, more pro�t and economic return was obvious with sugarbeet pulp silage.
Low-priced feed allowance and better FCR of sugarbeet pulp silage as compared to other TMRs produced
the highest economic return. Therefore, economic bene�t (ratio of output/input) with TMR sugarbeet pulp
silage had 13.81, 32.04, and 35.79% higher effect compared to citrus pulp silage, green maize fodder and
maize silage based TMRs, respectively.

Conclusions
It may be concluded that wet sugarbeet pulp or citrus pulp ensiled with ground corncobs at the mixing
ratio of 80:20 is simple, viable and effective strategy for conservation as silage. Moreover, sugarbeet pulp
silage inclusion up to 50% of DM in TMR had pronounced positive effects on the �nal BW, ADG, FCR and
economic bene�ts in buffalo calves compared to the other TMRs. Further research is required to study
inclusion levels of sugarbeet pulp silage in dairy and beef cattle.
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