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Abstract
Aim: The present study was carried out to evaluate the nutrient digestibility of sweet sorghum stover, an unconventional 
roughage source in ram lambs in comparison to conventional sorghum and maize stovers.

Materials and Methods: 18 Nellore ram lambs aged about 3 months (average body weight 15.65±0.10 kg) were randomly 
allotted to three complete rations formulated with roughage to concentrate ratio of 60:40 using sorghum stover (D1), maize 
stover (D2) and sweet sorghum stover (D3) as roughage source for a period of 120 days. At the end of the growth trial, a 
metabolism trial was conducted to evaluate the nutrient utilization of the complete diets.

Results: There was no significant difference in nutrient digestibility of dry matter, organic matter, crude protein (CP), 
crude fibre, ether extract and nitrogen free extract in ram lambs fed D1, D2 and D3 diets, respectively. The digestibilities of 
acid detergent fibre and neutral detergent fibre did not differ significantly among the ram lambs fed various experimental 
diets. All the lambs were on positive nitrogen balance. Nitrogen balance was comparable among the various groups. The 
digestible CP and total digestible nutrients, digestible energy and metabolisable energy content of D1, D2 and D3 diets did 
not show any significant difference.

Conclusion: It can be concluded that, sweet sorghum stover can be incorporated in the complete diets of sheep at 60% level 
by replacing conventional roughages such as sorghum stover and maize stover, processed as mash form without affecting 
the voluntary intake and digestibility of nutrients.
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Introduction

Sheep are important elsewhere, particularly in 
the developing countries of Africa and Asia, which 
have many adapted indigenous breeds. Each of these 
continents, in fact, has a greater number of sheep pro-
duces more sheep meat annually, in spite of lower 
production per head. This requires significant contri-
bution by improving per animal productivity, how-
ever, the inability of small holder producers to feed 
animals adequately throughout the year and shrinkage 
of grazing lands are remained as major constraints to 
achieve the target [1]. To overcome such problems we 
need to develop another alternate economise feeding 
systems.

One of the alternative crop residues is sweet sor-
ghum stover, an untapped roughage source. Sweet sor-
ghum (Sorghum bicolor L. Moench), which is similar 
to grain sorghum but the stalks are juicy and rich in 
fermentable sugars as high as 15-18% with cane yield 
of 40 t/ha. It is well adapted to the semi-arid tropics. 

The crop only needs 12-15 inches of rain during the 
season. Therefore, it is suitable for dry land production 
or limited irrigation. It is one of the most efferent dry 
land perennial crops in areas that do not have a winter 
freeze. It is, therefore, the fifth most important cereal 
crop in the world. The major producers are the United 
States, India, Nigeria, China, Mexico, Sudan and 
Argentina. Sudan (8.95 m ha) is the largest sorghum 
grower in the world followed by India (8.45 m ha) 
and Nigeria (7.81 m ha) [2]. Sweet sorghum provides 
grain for human consumption and fodder from stover 
to livestock [3]. Earlier much work has not been done 
regarding the usage of sweet sorghum stover as source 
of roughage in feeding of sheep.

The nutritive value of crop residues is low and 
when fed as such cannot maintain the livestock. 
Therefore, incorporation of concentrate in animal 
diets is needed to overcome nutrients requirements 
such as protein, mineral and vitamins and optimize 
the efficiency of feed utilization for growth. The 
concept of complete feed (mixing of dry roughages 
and concentrate feed ingredients) becoming more 
popular in India and this product can be fed as a sole 
source of balanced nutrients. This system also helps 
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in improving utilization of low grade fibrous residues 
and reduces the refusal of unpalatable portion of feed-
stuffs, thus reduces the feed waste and improves the 
nutrient utilization [4].

In this context, we made an attempt to observe 
the nutrient digestibility in Nellore ram lambs by 
comparing conventional crop residues (maize and sor-
ghum stover) with sweet sorghum stover as complete 
feed.
Materials and Methods
Ethical approval

The experiment was approved by Institutional 
animal ethics committee.
Site of study

The experiment was conducted at the Department 
of Animal Nutrition, College of Veterinary Science, 
Rajendranagar, Hyderabad, Andhra Pradesh, India. 
The ambient temperature and relative humidity values 
during the period of study were in the range of 28-42°C 
and 28-32%, respectively.
Experimental diets and animals rearing

The three experimental complete diets were pre-
pared by using different roughages i.e., sorghum sto-
ver (D1), maize stover (D2) and sweet sorghum stover 
(D3) at 60% level as roughage source along with 
other concentrate ingredients and processed into mash 
form. Ingredient compositions of the experimental 
diets were presented in Table-1. 18 ram lambs aged 
3 months with a mean body weight of 15.4±0.2 kg 
were divided randomly into three groups of six ani-
mals each in a completely randomized design. All the 
animals were housed in well-ventilated pens (4 m × 
3 m) and maintained healthy surroundings and proper 
cleanliness during the experimental period. They were 
dewormed at the beginning of the experiment and again 
in the middle of the experiment. The three experimen-
tal diets (D1, D2 and D3) were randomly allotted to 
three groups of ram lambs. The respective diets were 
offered at 9.00 h and 15.00 h daily for 120 days. The 
animals were offered weighed quantities of respective 

complete diets ad libitum. Residues, if any, were 
weighed on the next day morning before offering of 
feed. Clean, fresh and wholesome water was made 
available to each animal at all the time. Experimental 
animals were shifted to metabolic cages at end of the 
growth trial.
Metabolism study

At the end of growth trial, experimental animals 
were shifted to hygiene, well ventilated metabolic 
cages and allowed to feed on their respective diets @ 
90% of their required intake. Animals had access to 
feed and water throughout the experiment. Animals 
were acclimatized to metabolic cages for 5 days prior 
to collection period. During the 7-day collection 
period, the amounts of feed distributed and individual 
refusals, feces, and urine were weighed daily. During 
the period of metabolism trial, 24 h collection of feces 
was made using fecal bags harnessed to the ram lambs. 
Urine was collected in glass bottles kept at the bottom 
of the metabolic cages, which were added with 50 ml 
of 5% sulphuric acid daily to avoid nitrogen loss. 
Representative samples of each feed offered, refusals, 
and feces were collected for 7 days and composited. 
After the estimation of dry matter (DM), the samples 
of the all experimental feed, refusals and feces ground 
separately in a laboratory Wiley mill through 1 mm 
screen and preserved in air tight bottles for subsequent 
analysis. For balance studies, 5% total urine voided 
daily by each animal, after thorough mixing, was 
composited and preserved in glass bottles and kept in 
refrigerator till analysed for nitrogen content.
Chemical analysis

Feed, feces, and urine samples were analyzed 
for N using “terbotherm” and “vapodest” (Gerhard, 
Germany) analysed on micro-Kjeldal method [5]. 
DM, ether extract (EE), and total ash were determined 
according to procedures described by Association of 
Official Analytical Chemists [5]. Cell wall constit-
uents in feeds, feces, and residues were performed 
as per the method described by Van Soest et al. [6]. 
Ca was estimated as per the method described by 
Talapatra et al. [7]. P was determined colorimetrically 
as per the method of Ward and Johnston [8].
Statistical analysis

The data was subjected to one-way analysis of 
variance. The differences between the means were 
tested by significance using Duncan’s multiple range 
test [9]. All the statistical procedures were carried out 
as per the procedures of Snedecor and Cochran [10] 
by programming and processing in computer.
Results
Chemical composition and nutrient digestibility

Chemical composition of stovers is presented in 
Table-2. The DM, organic matter (OM), crude fibre 
(CF), EE, nitrogen free extract (NFE), neutral deter-
gent fibre (NDF) and acid detergent fibre (ADF) 
contents of sorghum stover, maize stover and sweet 

Table-1: Ingredient composition of experimental diets.

Item D1 D2 D3

Ingredient (%)
Sorghum stover 60 - -
Maize stover - 60 -
Sweet sorghum stover - - 60
Maize 12.4 12.4 12.4
GNC 6.8 6.8 6.8
SFC 8 8 8
DORB 9 9 9
Molasses 2 2 2
Urea 0.6 0.6 0.6
Mineral mixture 0.8 0.8 0.8
Salt 0.4 0.4 0.4

D1, D2, D3 refers to complete rations of sorghum 
stover (D1), maize stover (D2) and sweet sorghum 
stover (D3) with roughage to concentrate ratio 60:40 
respectively. GNC=Ground nut cake; SFC=Sun flower 
cake; DORB=De oiled rice bran
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sorghum stover on DM basis were comparable and 
which were ranged from 93.00 to 94.60, 90.25 to 
90.55, 36.80 to 38.60, 45.53 to 46.68, 75.20 to 76.60, 
41.74 to 43.54%, respectively. Whereas protein con-
tent was less (4.01%) in sorghum stover compared to 
other two stovers (Table-2). Similarly, chemical com-
positions of experimental complete diets were also 
comparable among the dietary treatments with excep-
tion of protein which was lower in sorghum stover 
based complete diet (Table-3).

The dietary treatments had no significant (p>0.05) 
difference in the digestibility (%) of DM, OM, crude 
protein (CP), EE, CF, NDF and ADF which were 
ranged from 60.05 to 61.55, 61.01 to 64.08, 61.73 to 
64.93, 69.81 to 73.17, 57.30 to 59.48, 66.28 to 69.72, 
52.26 to 54.80, 46.31 to 48.43, respectively (Table-4).
Nitrogen balance

Nitrogen balance in experimental ram lambs 
was 5.81±0.21, 6.23±0.56 and 6.91±0.87 g/day for 
D1, D2 and D3 diets, respectively. Incorporation of 
unconventional feed source (sweet sorghum stover) as 
complete diet in lambs feed did not affect (p>0.05) 

the average N intake (g/day), average daily nitrogen 
balance (g/day), N balance (percentage of intake) and 
N balance (percentage of absorbed) (Table-5).
Nutritive value

The DM intake (DMI)/kg w0.75 was 96.53±6.94, 
98.62±5.78 and 103.12±8.36 g/day, respectively for 
D1, D2 and D3 diets and the values were not dif-
fered significantly (p>0.05). Similarly, the digestible 
crude protein (DCP), total digestible nutrients (TDN), 
digestible energy (DE) and metabolizable energy 
(ME) values of experimental diets were not affected 
significantly (p>0.05) by type of stover present in the 
complete diets (Table-4).

The DCP (g/day) intake of D3 fed lambs was 
significantly (p<0.05) higher than those fed D1 and 
D2 diet. The TDN intake (g/day) was significantly 
(p<0.05) higher in lambs fed D3 diet. The daily 
intakes of DE and ME either per animal or per unit 
metabolic body size did not differ among the lambs 
on various diets. The lambs consumed more DM in 
all groups than requirements stipulated by Indian 
Council of Agricultural Research (ICAR) (1998) 
shown in Table-4. The average daily DCP, TDN and 
ME intakes of lambs fed experimental diets met the 
DCP (73 g), TDN (510 g) and ME (7.5 MJ/d) require-
ments at 25 kg body weight, @ 100 g of average daily 
gain [11].
Discussion
Chemical composition of experimental diets

Proximate principles and cell wall constitu-
ents were comparable among all of the experimen-
tal diets, except CP which was lower in sorghum 
stover based complete diet as sorghum stover con-
tained 4.01% CP (Table-1). The non-significant 
difference in chemical composition was obvious as 
diets had similar ingredient composition. It was in 
agreement with Sudheer [12], who observed sim-
ilar chemical composition among sorghum stover, 
maize stover and sweet sorghum bagasse based 
complete diets. The chemical composition of sor-
ghum stover based complete diet was in agreement 
with the chemical composition reported by Rajmane 
and Deshmukh [13] and Dhore and Khune [14] who 
prepared 60% sorghum stover based complete diets. 
The chemical composition of sorghum stover based 
complete mash diet obtained in the present study 
was also in agreement with the findings of Singh 
et al. [15]. The chemical composition of maize sto-
ver based complete diet was in agreement with the 
chemical composition reported by Sudheer [12]. The 
chemical composition of sweet sorghum stover based 
complete diet was similar to the chemical composi-
tion reported with other crop residues (60%) based 
complete diets like wheat straw [16,17] wheat straw 
and spent straw [18], sweet sorghum bagasse [19], 
bajra straw [15,20], maize stover [15] and sorghum 
stover [13,14].

Table-2: Chemical composition (% DMB)* of 
experimental stovers.

Item Sorghum 
stover

Maize 
stover

Sweet sorghum 
stover

DM 93.00 93.80 94.60
OM 90.55 90.26 90.25
CP 4.01 5.52 5.53
EE 1.26 1.31 1.28
CF 38.60 37.90 36.80
NFE 46.68 45.53 46.64
NDF 76.60 75.20 76.48
ADF 43.54 42.54 41.74

Each value is an average of triplicate analysis, *On dry 
matter basis except for dry matter. DMB=Dry matter 
basis, DM=Dry matter, EE=Ether extract, CF=Crude 
fibre, NFE=Nitrogen free extract, NDF=Neutral detergent 
fibre, ADF=Acid detergent fibre, OM=Organic matter, 
CP=Crude protein

Table-3: Chemical composition (% DMB)* of 
experimental complete diets.

Item D1 D2 D3

DM 91.25 91.65 92.05
OM 90.35 90.20 90.20
CP 10.45 11.31 11.38
EE 1.34 1.52 1.46
CF 29.22 27.85 27.42
NFE 49.30 48.90 49.94
NDF 56.56 55.72 56.48
ADF 32.15 30.98 31.87

D1, D2, D3 refers to complete rations of sorghum 
stover (D1), maize stover (D2) and sweet sorghum 
stover (D3) with roughage to concentrate ratio 60:40 
respectively; Each value is an average of triplicate 
analysis; *On dry matter basis except for dry matter. 
DM=Dry matter, DMB=Dry matter basis, OM=Organic 
matter, EE=Ether extract, CF=Crude fibre, NFE=Nitrogen 
free extract, NDF=Neutral detergent fibre, ADF=Acid 
detergent fibre, CP=Crude protein
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Voluntary feed intake
The DMI was similar among the experimen-

tal diets (Table-4). Similar DMI (1134 g/day) was 
reported by Nalini Kumari et al. [19] with 60% 
sweet sorghum bagasse based complete diet in lambs. 
Blummel et al. [21] reported no statistical differences 
in DMIs between bulls fed the sweet sorghum bagasse 
plus stripped leaf based blocks and those fed sorghum 
stover based commercial feed block. Dhuria et al. [20] 
reported 81.8 g of DMI/kg w0.75 in sheep fed bajra straw 
(60% level) based complete feed. The similar DMI 
observed with the experimental ration containing D3 
in the present study indicated that the sweet sorghum 
stover was equally palatable in comparison with the 
rations containing sorghum stover and maize stover. 
The results obtained were in agreement with Seshaiah 
and Ramana Reddy [22], who found that the DMI/kg 

metabolic body weight was similar in lactating graded 
Murrah buffaloes fed sweet sorghum bagasse mash 
diet with sorghum stover mash diet. Similar results 
were found by Jadhav and Deshmukh [23] on two 
complete rations containing 60% level of black gram 
straw and wheat straw in sheep.
Nutrient digestibility

No significant difference was found among the 
three rations in the digestibility coefficient of DM, 
OM, CP, EE, CF, NFE, NDF and ADF. Our results 
were in consistent with the findings of Seshaiah and 
Ramana Reddy [22] who observed no difference 
(p>0.05) in the digestibility coefficient of DM, OM, 
CP, EE, CF, NFE, NDF and ADF in graded Murrah 
calves by replacing the conventional roughage source 
(sorghum stover) with unconventional roughage 
source (sweet sorghum stover bagasse) which were 

Table-4: Effect of feeding different stover based complete diets on dry matter intake; nutrient digestibility, nutritive 
value and plane of nutrition in Nellore ram lambs.

Parameter Rations SEM

D1 D2 D3

Body wt. (kg) 24.63±2.33 23.80±3.6 24.13±1.41 0.18
DMI g/kg w0.75 96.53±6.94 98.62±5.78 103.12±8.36 1.18
DM 60.05±1.97 60.23±1.32 61.55±2.15 0.31
OM 61.01±1.60 63.56±2.66 64.08±2.13 0.53
CP 61.73±1.58 63.47±1.62 64.93±2.18 0.54
EE 69.81±1.90 72.59±1.5 73.17±2.40 0.73
CF 58.72±2.27 57.30±1.95 59.48±1.65 0.42
NFE 66.28±1.28 67.57±1.45 69.72±1.25 0.63
NDF 52.26±2.42 53.41±1.86 54.80±1.54 0.57
ADF 46.31±2.32 47.96±2.25 48.43±1.84 0.52
Nutritive value

DCP (%) 6.45±0.75 7.18±0.61 7.39±0.87 0.16
TDN (%) 58.41±1.20 58.66±1.10 60.92±1.45 0.51
DE (MJ/kg DM) 10.78±1.15 10.82±1.23 11.24±1.86 0.83
ME (MJ/kg DM) 8.84±0.63 8.88±0.54 9.22±0.67 0.08

Plane of nutrition
DCP (g/day) 68.82c±3.86 76.33b±2.59 82.99a±1.72 2.32
TDN (g/day) 623.23b±2.68 623.56b±3.52 684.13a±3.09 12.13
DE (MJ/kg w0.75) 1.04±0.15 1.07±0.12 1.16±0.17 0.19
ME (MJ/kg w0.75) 0.85±0.08 0.88±0.10 0.95±0.09 0.02

a,b,cvalue bearing different superscripts in a row differ significantly (P<0.05), D1, D2, D3 refers to complete rations of 
sorghum stover (D1), maize stover (D2) and sweet sorghum stover (D3) with roughage to concentrate ratio 60:40 
respectively. SEM=Standard error of the mean, DMI=Dry matter intake, DCP=Digestible crude protein, TDN=Total digestible 
nutrients, DE=Digestible energy, ME=Metabolizable energy, DM=Dry matter, OM=Organic matter, EE=Ether extract, 
CF=Crude fibre, NFE=Nitrogen free extract, NDF=Neutral detergent fibre, ADF=Acid detergent fibre, CP=Crude protein

Table-5: Effect of feeding different stover based complete diets on nitrogen balance in Nellore ram lambs.

Parameter Complete diet SEM

D1 D2 D3

N intake (g/day) 17.83±0.31 19.24±0.45 20.44±0.12 0.43
Faecal N loss (g/day) 9.31±1.08 10.23±1.56 10.60±0.98 0.21
Urinary N loss (g/day) 2.71±0.96 2.78±0.87 2.93±0.89 0.04
Total N loss (g/day) 12.02±0.11 13.01±0.11 13.56±0.56 0.32
N absorbed (g/day) 8.52±1.54 9.01±2.07 9.84±1.98 0.23
N balance (g/day) 5.81±0.21 6.23±0.56 6.91±0.87 0.18
N balance (% of intake) 32.59±1.32 32.38±1.30 33.81±1.20 0.31
N balance (% of absorbed) 68.23±2.58 69.15±2.21 70.22±1.87 0.36

D1, D2, D3 refers to complete rations of sorghum stover (D1), maize stover (D2) and sweet sorghum stover (D3) with 
roughage to concentrate ratio 60:40 respectively. SEM=Standard error of the mean
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supplemented as complete mash diets (50:50 roughage 
to concentrate ratio). Whereas, Reddy and Reddy [24] 
stated that the grinding and blending of crop residues 
with concentrate (in a given ratio) into mash was 
found to be useful for efficient utilisation of crop res-
idues in ruminants. In the present study, digestibility 
coefficient of proximate principles and fibre fractions 
were in consistent with the findings of Nalini Kumari 
et al. [19] who did experiment on ram lambs which 
were fed on sweet sorghum bagasse based complete 
diets containing 60:40 roughage to concentrate ratio. 
Our results were also similar with findings of Dhuria 
et al. [20] and Dhore and Khune [14] who used 60% 
sorghum stover based complete diet in male kids and 
60% wheat straw, gram straw and bajra straw based 
complete diets in sheep.
Nitrogen balance

Positive nitrogen (N) balance was recorded in 
all the experimental lambs indicating that all experi-
mental diets met the N requirement of the experimen-
tal ram lambs. The N balance was non-significantly 
(p>0.05) 19 and 11% higher in lambs fed D3 than 
those fed D1 and D2 diets. Positive N balance was 
also reported in lambs fed bajra straw based complete 
mash diet [20,25] and gram straw based diet [26]. 
Seshaiah and Ramana Reddy [22] reported higher N 
balance in graded Murrah buffalo calves fed sweet 
sorghum bagasse based complete mash diet than those 
fed sorghum stover based complete mash diet. The 
results of the present study showed that, the incorpo-
ration of sweet sorghum stover at 60% level had no 
adverse effect on N absorption and utilization.
Nutritive value and plane of nutrition

No significant difference was observed in DCP 
(%) and TDN (%) contents among the ram lambs fed on 
various roughage based complete diets (Table-4). The 
15% higher DCP content of D3 diet when compared to 
D1 diet may be attributed to its higher CP content and 
apparently higher digestibility. No significant differ-
ence was found in ME and DE values (MJ/kg DM) of 
the experimental diets D1, D2 and D3. The observed 
DCP and TDN values of the present study were higher 
than the values reported by Yadav and Deshmukh [18] 
and Jadhav and Deshmukh [23] in lambs fed wheat 
straw (60%) based complete diets. The results sug-
gested that the inclusion of 60% sweet sorghum stover 
had a better effect on nutrient utilization.

The DCP intake was significantly higher by 9 
and 21% in D3 diet when compared to D2 and D1 
diets. The higher DCP intake in lambs fed D3 diet 
may be attributed to its higher CP and DCP contents 
and apparently higher DMI. These findings were in 
agreement with Jadhav and Deshmukh [23] in lambs 
fed wheat straw and black gram straw based complete 
diets. The TDN intake was also significantly higher 
in D3 diet compared to D1 and D2 diets. The higher 
TDN of D3 diet may be attributed to its non-signifi-
cantly higher nutrient digestibilities and DMI. Nalini 

Kumari et al. [19] reported 60.26 and 552.79 g intake 
of DCP and TDN respectively in ram lambs fed sweet 
sorghum bagasse based complete mash diet. ME and 
DE intakes (MJ/day) of ram lambs fed experimental 
diets D1, D2 and D3 were 8.84±0.63 and 10.78±1.15, 
8.88±0.54 and 10.82±1.23 and 9.22±0.67 and 
11.24±1.86, respectively. Nalini Kumari et al. [19] 
reported ME (MJ/day) and DE (MJ/day) of 9.12 and 
11.04 in lambs fed sweet sorghum bagasse based com-
plete mash diet (60:40 roughage to concentrate ratio). 
The nutrient intake of lambs was comparable to the 
reports of, Yadav and Deshmukh [18] and Thirumalesh 
et al. [27]. The plane of nutrition (Table-4) of the 
ram lambs fed experimental diets containing differ-
ent roughage sources in the present study indicated 
that the observed DCP and TDN intakes were met 
the nutrient requirements suggested by ICAR (1998) 
for the lambs of 25 kg body weight and at the rate of 
100 g/day. The plane of nutrition in the three groups 
fed sorghum, maize and sweet sorghum stovers based 
complete diets at 60% level was satisfactory as indi-
cated by the gain in body weight (Table-5).
Conclusion

The results from the present study indicated that 
sweet sorghum stover which is a newer and cheaper 
untapped roughage source could be utilized at 60% 
level (replacing sorghum stover and maize stover) 
in complete diet processed into mash form without 
affecting the voluntary feed intake and nutrient digest-
ibility in ram lambs.
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