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ABSTRACT

The study was conducted to assess the chemical composition of alkali treated groundnut shells and their
effects on growth and serum biochemical parameters in Yankasa rams. A total of 4 Yankasa rams where used
to conduct the experiment in a 4x4 Latin square design. Four diets (14% crude protein) were formulated to
contain untreated groundnut shell (UTGNS), urea treated groundnut shell (UGNS), lime treated groundnut
shell (LGNS) and urea-lime treated groundnut shell (ULGNS). Growth and blood serum parameters were
measured at the end of each period. Samples of the treated groundnut shell and the experimental diets were
analysed for proximate analysis, neutral detergent fibre, acid detergent fibre and lignin. The results of the
chemical composition of treated groundnut shell showed that alkali chemical increased the protein, energy,
and reduced the cell wall constituents of the untreated groundnut shell. Significant (P<0.05) effect were
observed for daily weight gain, daily feed intake and feed conversion ratio and serum biochemical profile.
Daily feed intake and daily weight gain were higher in UTGNS (183.50 g and 1110.90 g respectively); UGNS
had the least feed conversion ratio (5.98). Total protein and glucose levels were above normal range of serum
biochemical values for sheep while blood urea and creatinine were within normal range of values. The study
revealed that dietary inclusion of treated groundnut shell did not show any negative effect on the growth
performance and kidney function but indicated some signs of ailment on the activities of the liver and
pancreas.

Keywords: Urea, lime, groundnut shell, feed intake, weight gain, feed conversion ratio, serum indices, and

Yankasa rams.

INTRODUCTION

Forages, pastures, crop residues and other agro-industrial by-
products are the feed resource largely available for sheep in
their lifetime (Kibon and @rskov, 1993; Millam, 2016). These
feed resource are affected by seasonality, making the animals
experience seasonal body weight fluctuations during both
seasons (dry and wet) of the year (Dayo et al., 2009; Aruwayo
et al., 2011; Millam, 2016) due to its poor quality and quantity.
Also, availability of such feed resource, clean water, and
efficient medical care constitutes some of the constraints to
livestock production (Glatzle, 1992; Aruwayo et al., 2011)
which attributes to the major setback to ruminant production in
Nigeria (Otaru ef al., 2011; Millam, 2016).

Protein supplements such as groundnut cake, cotton seed cake,
brewers dried grains are the frequent protein sources available
during this period of low yield and poor quality herbage. But
the prices of such feed materials are expensive which
consequently leads to the rise production cost of keeping
livestock (Maigandi, 2001; Aruwayo et al., 2011; Abdel
Hameed et al., 2013). Researchers have now directed efforts
towards considering the use of non-conventional feed source in
order to curb the problem of cost of production, quantity and
quality of feed stuff for ruminants (Aruwayo et al., 2011;
Millam, 2016). Therefore, the perception of using abundant
feed materials which are readily available for ruminant
livestock production has consequently intensified research into
evaluation of more crop residues for use as livestock feeds in

Nigeria (Aregheore, 2000; Malau-Aduli et al., 2003).

One feed material considered is the groundnut shell. Groundnut
shell is an important threshing by-product from the nut of the
groundnut plant. It is an important cash crop (Alu et al., 2012)
largely (1.3 million tonnes) produced in the northern part of
Nigeria annually (Akimfemi, 2010). It is usually considered as
waste when the nut is processed for consumption (Alu et al.,
2012). While the groundnuts are being produced, processed
and consumed, the shells are usually left behind which creates
an increasing problem of elimination (Akimfemi, 2010)
especially in areas (Sokoto, Zamfara, Kano, Bauchi, Adamawa,
Kaduna, Benue, Borno, Nasarawa and Anambara States) where
they are produced in large quantities (Hostville, 2013; Millam,
2016). Ruminants in such areas largely depend on such crop
residues for maintenance and production. The poor quality of
these feed resources results in low plane of nutrition with
attendant low productivity of the animals (Doma et al., 1999;
Otaru et al., 2011). Groundnut shell is abundantly available
from the month of October to May, it can supply enough
roughage for ruminants in the country if properly harnessed
and processed (Millam, 2016).

For now, groundnut shell could be cheap. Bean a waste, the
only cost would be those of gathering and transporting to the
point of use. Exploiting it for ruminant production would lower
the market price of animal products. This would enable the
Nigerian masses to increase their intake of animal protein
(Akinfemi, 2010; Adamafio ef al., 2012). Though, it has been
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noted for its poor nutritional status (60% fibre, low
digestibility), it can be improved through alkali treatment for
utilization by ruminants (Millam, 2016). The feeding value of
low quality crop residues can be improved through chemical
treatment and alkali chemical have proved to be better for
upgrading fibrous feeds (Khan et al., 2006). Therefore, the
present study intends to use urea and lime to treat groundnut
shell to determine the performance and serum biochemical
parameters in Yankasa rams.

MATERIALS AND METHODS

The study was conducted at the Livestock Teaching and
Research Farm of Ahmadu Bello University, Zaria located
between latitude 11°04'N and longitude 7°42'E on an altitude
of 706 m above sea level (Wikipedia, 2020).

Four (4) yearling (known through dentition) Yankasa rams
weighing £21 kg were purchased from livestock market in
Giwa L.G.A. in Kaduna State. The rams were kept under close
supervision for two weeks. Acaricide solution were sprayed on
their body to protect against ectoparasites, de-wormed with
Anthelmintic drugs (Albendazol) and oxytetracycline (a broad-
spectrum  antibiotic)  given  through  intramuscular
administration. The rams were kept under restriction and fed
with mixture of cowpea and sorghum husk before the
beginning of the trial. The animals were weighed using
hanging balance to get their initial live weight and subsequent
weights.
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The groundnut shells (GNS); SAMNUT 10 variety, used in this
study was obtained from the Legume Research Programme of
the Institute for Agricultural Research, ABU Samaru, Zaria.
The shells were dried under a shade for 5 days and later
pulverized using a hammer mill fitted with lcm screen then
stored in bags until when required for treatment. The
processed GNS were treated with urea at 5%, lime at 5% and
urea—lime at 2.5% each, [i.e. 5 g urea was liquefied in 1 litre of
water to treat 1 kg of GNS; 5 g lime was liquefied in 1 litre of
water to treat 1 kg of GNS; and combination of 2.5 g urea and
2.5 g lime was liquefied in 1 litre of water to treat 1 kg of GNS,
respectively]. The mixture (urea, lime, and urea-lime solution)
was uniformly sprayed on the pulverized GNS and mixed
thoroughly using a shovel on concrete floor (Can et al., 2004).
The treated GNS were stored in a sealed Perdue Improved
Cowpea Storage (PICS) double polyethylene bags for a period
of 21 days as described by Al-Masri and Guenther (1999).
Thereafter, they were spread on polyethylene sheet to air dry
awaiting the start-up of experiment.

Alkali treated groundnut shells, cotton seed cake, maize offal,
salt and bone meal were the composite ingredients of the
experimental feeds. Four experimental diets containing 14%
crude protein were compounded. Treatment UTGNS was the
control diet, it has GNS without treatment. Treatments UGNS,
LGNS and ULGNS were made up of urea treated, lime treated
and urea-lime treated groundnut shell respectively. Table 1
presents the composition of the experimental diets.

Table 1: Gross composition of the experimental diets

Ingredients (kg) UTGNS UGNS LGNS ULGNS
Maize offal 35.65 46.3 449 50.55
Cotton seed cake 22.35 11.70 13.10 7.45
GNS 40.00 40.00 40.00 40.00
Bone meal 1.50 1.50 1.50 1.50
Salt 0.50 0.50 0.50 0.50
Total 100 100 100 100

UGNS: untreated groundnut shell, UTGNS: urea treated groundnut shell, LTGNS: lime treated groundnut

shell, ULTGNS: urea-lime treated groundnut shell.

The rams were kept in separate pen measuring 1.5x1.5 m. The diets were offered to the 4 rams in 4x4 Latin square design for the

determination of growth performance and serum biochemistry.

The feed were offered without restriction to the rams in the morning and evening for 60 days; 15 days for each period of 4. The
rams were fed on a particular diet for 15 days then they were exchanged to the other feed as shown in Table 2.

Table 2: Experimental layout

Period Ram 1 Ram 2 Ram 3 Ram 4
1 Tl T2 T3 T4
2 T2 T3 T4 T1
3 T3 T4 T1 T2
4 T4 T1 T2 T3

The cleaning and decontamination of the experimental pens
was done a week before the start of the trial. The individual
pen was equipped with water and feeding troughs that’s allows
unrestricted feeding and drinking with minimum wastage. Each
morning, the feeding and water troughs were emptied and
cleaned, then the next feed and water was offered. Each ram
was weighed at the end of each period between 8.00 am and
9.00 am during the course of the trial. The feed offered and left
over were weighed and recorded before the next feeding in the
morning. Feed intake were computed and recorded daily.

The jugular vein was severed and blood samples was collected
in a 5 ml syringe from each ram at the end of each
experimental period (Coles, 1986). Bleeding was carried out at
the early hours of the morning. An average of about 5 ml of
blood was collected from each ram. About 3 ml of the blood
collected was placed in a plane bottle and used for the analysis
of total protein, blood urea and creatinine test. While the other
2 ml was placed in a fluoride oxalate bottle and rotated
horizontally to mix up with the chemical within it. The anti-
coagulated blood was used for glucose determination.
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Nessler’s reaction was used to estimate the blood urea
concentration (Tannins and Maylor, 1968). The Biuret method
as described by Henry and Stobel (1957) was used to assess the
total protein. Creatinine was ascertained by Jaffe reaction
(Sarre and Nierenkrankheifen, 1959). Determination of the
blood glucose levels was done by the Glucose Oxidase
Principle (Beach and Turner, 1975).

Representative samples of the four experimental feeds, and
treated groundnut shell samples were evaluated for proximate
components as outlined by AOAC (2005). The cell wall
constituent of the experimental diets and treated groundnut
shells were revealed using the methods of Georing and Van
Soest (1970).

Statistical Analysis: The data generated were analysed using
the Generalised Linear Models Procedure (PROC GLM) of
Statistical Analysis System package (SAS, 2002) in a one-way
ANOVA. The treatment effect was tried and significant
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changes amongst treatment means was established by

Duncan’s Multiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

Chemical Composition of Treated Groundnut shells and
Experimental Diets

The chemical composition of the untreated and treated
groundnut shell (GNS) used in the study are shown in Table 3.
The values obtained indicates that both the treated and
untreated GNS had high dry matter (DM) content £91.64%.
Untreated groundnut shell (UTGNS) had higher EE (ether
extracts), lignin, ADF (acid detergent fibre), NDF (neutral
detergent fibre) and values of 23.50%, 59.90%, 69.20%,
64.00% and 2.00%, respectively with lower CP (crude protein)
level (6.90%) compared to the treated GNS. Among the treated
GNS, ULGNS had the highest CP value (15.43%) while LGNS
had the highest NFE (nitrogen free extracts) and Ash levels of
53.62% and 8.44%, respectively.

Table 3: Chemical composition of urea and lime treated groundnut shells

Parameters (%) UTGNS UGNS LGNS ULGNS
Dry matter 91.00 91.97 91.15 92.44
Crude protein 6.90 12.06 11.38 15.43
Ether extract 2.00 0.98 0.69 0.87
Ash 5.30 8.36 8.44 7.29
Nitrogen free extract 21.80 5145 53.62 50.27
Lignin 23.50 14.12 12.08 11.11
Acid detergent fibre 59.90 29.36 31.88 29.87
Neutral detergent fibre 69.20 61.32 62.15 60.60

UTGNS: untreated groundnut shell, UGNS: urea treated groundnut shell, LGNS: lime treated groundnut

shell, ULGNS: urea-lime treated groundnut shell

The treatment of groundnut shell with urea, lime and urea-lime
had slightly affected the NDF composition but increased the
NFE, CP, ADF, lignin and ash. It was also observed that,
treatment of GNS with alkali (UGNS, LGNS, and ULGNS)
resulted in the cell wall constituents. It may be inferred that
alkali treatment was effective in the hydrolysis of the fibrous
structure of GNS to release available nutrients capsuled within
the cell. As reported by Chaudhry (2000); Smith (2002) and
Adamafio et al. (2012), when maize stalks and wheat straw
was immersed in alkali, its degradation of the cellulose fraction
was exceedingly effective.

Table 4 presents the outcome of the chemical constituents
contained in the diets compounded for the trial. From the table,
it can be observed that there was an increased the levels of DM
(94.13%), lignin (10.08%), CP (18.25%) and Ash (6.19%) in
LGNS; ADF (30.08%), EE (4.78%) and NFE (67.9%) in
ULGNS; and NDF (54.28%) and CF (64.00%) in UTGNS.
However, UTGNS had the least lignin (8.78%), ADF (27.19%),
CP (16.69%), EE (4.18%), Ash (4.52%) and NFE (66.2%).
NDF contents was least in LGNS (49.87%) while ULGNS had
the lowest CF value of 4.66% when matched with the other
treatment rations.

Table 4: Chemical composition of the groundnut shells based diets

Parameters (%) UTGNS UGNS LGNS ULGNS
Dry matter 92.17 94.04 91.88 94.13
Crude protein 16.69 17.94 18.25 17.56
Ether extract 4.18 4.56 4.19 4.78
Ash 4.52 4.87 6.19 5.10
Nitrogen free extract 66.20 65.24 66.45 67.90
Lignin 8.78 8.88 10.08 9.32
Acid detergent fibre 27.19 29.82 29.44 30.08
Neutral detergent fibre 54.28 50.88 49.87 52.22

UTGNS: untreated groundnut shell, UGNS: urea treated groundnut shell, LGNS: lime treated groundnut

shell, ULGNS: urea-lime treated groundnut shell

Cotton seed cake was believed to have boosted the level of
protein (CP) in all the diets, which gives them an amount
which was greater than that (15%) recommended by NRC
(2007), for optimal production or upkeep for sheep. The high

value of NDF with lower CP, EE, Ash and NFE in UTGNS
could be as a result of the lignified nature of GNS in the diet
because it was not treated with alkali. The improved CP levels,
lower CF values and high NFE levels in the treated groups
could be as a result of effective supplementation to the
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groundnut shell (Smith, 1989).

Growth Performance for Yankasa Rams Fed Experimental
Diets

The outcomes of the growth performance of the rams fed the
experimental feeds are shown in Table 5. The values points out
that there was significant difference (P<0.05) in all parameters
measured except initial weight which turn up to be non-
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indicates that daily weight gain was higher significantly
(P<0.05) in both UTGNS and LGNS (183.50 g and 175.00 g
respectively) compared to other treatments. The findings under
this investigation also revealed highly significant difference in
both daily feed intake and water intake for rams receiving
UTGNS (1110.90 g and 3019.50 1 respectively) diets compared
to the other treatments. Feed conversion ratio was least
significantly (P<0.05) in both UGNS (5.98) and LGNS (7.15)

significant (P>0.05). The findings observed from the table compared to other treatments.
Table 5: Growth performance for Yankasa rams fed experimental diets
Parameters UTGNS UGNS LGNS UTGNS SEM
Initial weight (kg) 21.13 20.50 20.50 21.38 0.92
Final weight (kg) 23.882 21.88° 23.13% 22.75% 0.94
Weight gain (kg) 2.75% 1.38° 2.632 1.38° 0.34
Daily weight gain (g) 183.50* 91.75b 175.002 91.75° 22.53
Daily feed intake (g) 1110.90* 914.30° 975.50° 1088.10% 63.91
Water intake (1) 3,019.502 2,562.00° 2,693.802° 2,816.002® 176.75
Feed conversion ratio 7.20% 5.98% 7.15° 10.06° 1.44

ab: Means with different superscripts within a row are significantly different (P<0.05), UTGNS: untreated groundnut shell,
UGNS: urea treated groundnut shell, LGNS: lime treated groundnut shell, ULGNS: urea-lime treated groundnut shell,

SEM: standard error of means

Higher weight gain detected in this study was in accordance
with the works of Kade (2020) who fed treated groundnut shell
to ram-lambs and reported a highest daily weight gain in the
group of animals fed lime treatment. Although, lower values
were reported by same author to be in the untreated group. The
higher weight gain recorded in this study may be an indication
of better nutrient utilization from the groundnut shells. This
suggest that in order to achieve greater live weight gains in
growing rams, the level of supplementation made to the group
of animals receiving UTGNS and LGNS diets is adequate
(Ansah et al., 2017; Khan et al., 2017). It may also be as a
result that the rams fed UTGNS and LGNS had a better
nutrient absorption and utilization which resulted in a
significantly higher weight gain and daily weight gain as
compared to those fed UGNS or ULGNS (McDonald et al.,
2010).

Higher feed intake observed in this study with UTGNS was in
conflict with the reports described by some authors (Gunun et
al., 2013a, 2013b; Wanapat et al., 2013), who found out that
the DM (dry matter) of treated rice straw improved the intake
of dairy cows related to untreated rice straw. The authors also
reported that urea-lime treatment could have the highest results
among all treatments which was in conflict with the present
study. The high feed intake in the animals receiving UTGNS
diets of this study also conflicts the findings of Abdel Hameed
et al. (2013) and Kade (2020) who reported that lambs fed
treated GNS compared to the untreated GNS had increased
feed intake. This could mean that raw GNS could have more
effectiveness on intake of GNS in ruminants. This may also be
as a result of the increased palatability of the diet due to
supplementation with high fermentable carbohydrates and
protein which improved the nutritive value of the feed (Smith,
1989; Melaku et al., 2004). The increase might also be as a
result of high water intake which in turn aids in more saliva
production that buffer the rumen pH, softening the fibre,
effective microbial activity in the rumen and enhanced
fermentation. On the other hand, treatment with urea alone had
a negative outcome on intake in the present study recording the
lowest intake. This is in contrast to some researchers

(Sarnklong et al., 2010; Abdel Hameed et al., 2013; Wanapat et
al., 2013) who demonstrated that treatment with urea will
improve intake. However, Yulistiani et al. (2015) reported that
urea treated rice straw did not increase intake when fed to
sheep. This finding is similar to the results obtained in this
study. Lower intake in the group of rams receiving UGNS diet
recorded in this study might be attributed to animal differences
of feed acceptability (Huyen et al., 2012). Furthermore, the
limitation for the intake might be as a result of slow digestion
(Distel et al., 1994) or distension of the rumen wall (Grovum,
1988).

The least feed conversion ratio observed in the set of rams
receiving UGNS and LGNS observed under this investigation
is comparable with the works of Kade (2020) who fed treated
groundnut shell to ram-lambs and observed least FCR in the
group of animals receiving lime treated diets (8.94). The
efficacy of feed use for growth is affected by energy loss as
heat, or heat augmentation (McDonald ef al., 2010). The higher
the heat loss, the less the feed utilization, thus reduced growth
and vice versa. This means that, when the poor quality status of
feed materials for ruminants are improved (either through
treatment or supplementation or any other means) to reduce
lignin concentration, efficient feed utilization will improve
growth. This may be the situation as observed in the group of
animals receiving experimental diets UGNS (Table 3).
Likewise, the emanation of enteric methane was found to be
affected by diet quality; increased lignin produces higher
emission and vice versa (O'Hara et al., 2003). The growth of
ruminants is influeneced positively when more gross energy is
conserved as a result of lower methane emission (Ansah ef al.,
2017). In the present study, methane was not quantified, but
may be a contributor to differences in utilization of nutrients.
More so, lower concentration of non-photosynthetic tissues and
lower lignin concentration may also account for improved
growth performance in ruminants (Wilson and Kennedy, 1996;
Ansah et al., 2017).
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Serum biochemical parameters in Yankasa rams fed
experimental diets

Table 6 revealed the results of the serum biochemical
parameters in Yankasa rams fed experimental diets. All serum
biochemical indices measured revealed significant effect
(P<0.05) when the experimental diets was fed to the Yankasa
rams. Values for total protein was observed to higher
significantly (P<0.05) in groups receiving UTGNS (129.25

Millam et al

FJS

g/L) experimental diets compared to other treatments. The
group of animals receiving UGNS (4.73 mmol/L), LGNS (4.88
mmol/L) and ULGNS (5.08 mmol/L) experimental diets had
values that were significantly higher for serum glucose. Values
for blood urea nitrogen and creatinine were observed to be
higher significantly in the group animals receiving UGNS
(5.00 mmol/L and 164.75 pumol/L respectively) experimental
diets compared to other treatments.

Table 6: Serum biochemical parameters in Yankasa rams fed experimental diets

Parameters UTGNS UGNS LGNS UTGNS SEM Normal range
Total protein (g/L) 129.252 93.00¢ 119.75% 108.50° 9.47 60-79
Glucose (mmol/L) 3.98° 4.732 4.882 5.082 0.20 2.78-4.44
Urea nitrogen (mmol/L) 4.63° 5.00? 3.18¢ 2.70¢ 0.16 2.8-7.1
Creatinine (umol/L) 150.25° 164.75% 138.50P 153.00% 6.14 106-168

abed: Means with different superscripts within a row are significantly different (P<0.05), UTGNS: untreated groundnut shell,
UGNS: urea treated groundnut shell, LGNS: lime treated groundnut shell, ULGNS: urea-lime treated groundnut shell, SEM:

standard error of means

Blood parameters are important indices of physiological,
pathological and nutritional status in living organisms (Ewuola
et al., 2004). Serum biochemistry analysis is used to determine
the level of heart attack, liver damage and to evaluate protein
quality and amino acid requirements in animals as reported by
Harper et al., (1979). The biochemical values for total protein
did not kow-tow the values of Nayawo et al. (2017) and
Aruwayo et al. (2011), the authors documented lower values of
total protein after feeding Yankasa rams with urea treated rice
straw. The increase in total protein could probably be due to
increased protein content in the diet as well as increased
protein intake. This may also imply that the diets supplied
more than enough protein to maintain normal serum protein
levels (Aruwayo et al., 2011). Values for the total protein
obtained in this study are higher than those of the normal range
(60-79 g/L) recommended for sheep as reported by Kaneko et
al. (2008) and Latimer (2011).

Concentration of serum glucose indicates the metabolism of
carbohydrate in high energy feeds (Coles 1986). The serum
glucose in the study had reduced levels, lower than the values
reported by Nayawo et al. (2017), the authors observed higher
level of blood glucose in Yankasa ram fed urea treated rice
straw. The results of serum glucose observed in this study were
above the values of normal ranges (2.78-4.44 mmol/L)
recommended for sheep (Kaneko et al., 2008; Latimer, 2011).
Serum glucose of the group of animals receiving UTGNS
experimental diets which was within normal range. The
increase above normal range may be attributed to increased
intake in soluble carbohydrates (hyperglycaemia) leading to
increased level of blood glucose (Wada et al., 2014). This is in
support of Abd El Latif (2003) who indicated that values of
blood glucose concentration in growing Friesian calves were
correlated with the energy in the diets.

Blood urea is a product of protein metabolism which is usually
found to be high in adult sheep than younger ones. Urea
measurement is used especially to indicate renal disease and to
a lesser extent liver dysfunction (Kaneko e al., 1997). The
blood urea levels detected in the present trial were all within
normal range (2.8-7.1 mmol/L) recommended for sheep
(Kaneko et al., 2008; Latimer, 2011). This is an indication that

there was no kidney dysfunction or the diets provided adequate
protein for the animals (Aruwayo, et al., 2011). The higher
values of blood urea nitrogen for rams receiving UGNS diets in
this study might be as a result of high release of ammonia in
the rumen resulting to high absorption of ammonia from the
rumen into the blood (Abubakar et al., 2010; Gunun et al.,
2013b; Nayawo et al., 2017). Also, Yadav and Yadav (1988)
reported increased in blood urea in cattle fed treated straw
compared to the untreated.

Creatinine testing is used to diagnosis impaired renal function
or renal disease along with blood urea nitrogen (Sodano and
Grisanti, 2010). The levels of creatinine recorded in this study
were all within normal range (106-168 pmol/L) recommended
for sheep (Kaneko et al., 2008; Latimer, 2011). This shows that
the treatment of groundnut shell with alkali chemical did not
compromise the renal function of the rams. The levels of
creatinine in conjunction with blood urea concentrations point
towards a normal kidney.

CONCLUSION

The result obtained in this study indicated that dietary inclusion
of treated groundnut shell in the diet of Yankasa rams supplied
nutrients needed by the rams, decreased intake of feed,
increased gain of weight and feed conversion ratio. The blood
biochemical parameters recorded in this trial were within levels
recommended for blood urea and creatinine while that of total
protein and glucose where above recommendation for sheep.
This implies that the diets containing treated groundnut shell
were not harmful for the kidney but had effects on the pancreas
and liver. Therefore, it can be concluded that, inclusion of
treated groundnut shell in the diets of Yankasa rams did not
revealed any negative effect on the growth and kidney
performance but showed some signs of ailment on the activities
of the liver and pancreas. Urea treated groundnut shell may be
used in diets of ruminants with minimum health complications.
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