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Abstract
The study evaluated the nutrient intake, apparent nutrient digestibility, performance and nitrogen balance of West
African Dwarf (WAD) sheep fed cassava peel‑based diets containing kenaf grain meal (KGM) in replacement of palm
kernel cake (PKC). Sixteen female WAD sheep with an average initial live weight of 9.71 ± 0.05 kg were selected for
four dietary treatments, having four animals per diet. The diets comprised wilted guinea grass (Panicum maximum)
as basal diet and cassava peel based diets with levels of replacement of PKC by KGM at 0 %, 15 %, 20 % and 25 %,
respectively, as: 1) (25 % PKC + 0 % KGM), 2) (10 % PKC + 15 % KGM), 3) (5 % PKC + 20 % KGM), and 4) (0 % PKC + 25 %
KGM). Increasing levels of KGM in the dietary treatments significantly (p < 0.05) influenced the total feed and
nutrient intake (g / kg W0.75), digestibility and weight gain. Total feed intake (108.48 g / kg W0.75 or 662.82 g / day),
nutrient intake, feed conversion ratio (21.47) and daily weight gain (30.95 g / day) were outstanding (p < 0.05) when
PKC was completely replaced by KGM. Similarly, nutrient digestibility coefficients and nitrogen utilization values
differed with increasing level of KGM inclusion, with the peak effects recorded in sheep at 5 % PKC and 20 % KGM
inclusions than the other dietary groups. Thus, kenaf grain meal can successfully be used to replace palm kernel
cake as an unconventional protein and energy source in cassava peel based diet for WAD sheep without causing any
negative impact on nutrient intake and digestibility, nitrogen balance and growth performance.
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INTRODUCTION
The perennial challenges of feed scarcity and limiting
nitrogen (N) content of tropical grasses, especially in
the dry season, contribute majorly to research on the
exploration of crop residues, crop and agro‑industrial
by‑products in ruminants feeding systems.
The nutritional potential and efficient utilisation of
some of these potential feed resources by ruminants
had been evaluated via in vitro or in vivo methods
(Fievez et al., 2005; Ngwe et al., 2012; Ajayi et al., 2016).

Cassava peel and palm kernel cake amongst others
are typical fibre‑rich low protein feed resources often
used to supplement herbages fed small ruminants kept
intensively or semi‑intensively. Meanwhile, cassava
peel, a readily fermentable energy supplement to poor
quality feed (Adegbola et al., 2010), is low in protein
content and requires supplementation with a dietary
protein source, preferably of plant origin, to make
a nutritionally balanced feed suitable for ruminants.
Similarly, palm kernel cake (PKC), a less efficient
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ingredient in poultry due to its reduced palatability
and digestibility, is a widely utilised agro‑industrial
by‑product with crop residue‑based compounded
rations for ruminants. PKC is a medium quality energy
and crude protein source but high in fibre contents
moderately enough to meet the requirements of most
ruminants (Carvalho et al., 2005). While 30 – 50 % PKC
of the dietary dry matter is recommended for sheep,
long‑term feeding of PKC could lead to copper toxicity
(Alimon et al., 2011). Often, a combination of any of
these feedstuffs to form complete ration for ruminant
is aimed at increasing the voluntary intake, digestibility
and weight gain. However, PKC inclusion levels above
35 % and 25 – 75 % in the diets of goats and lactating cows,
respectively, decreased the digestibility of dry matter,
non‑fibrous carbohydrates, protein and dry matter
intake (Chanjula et al., 2010; Silva et al., 2013).
Forage (tree fodder or herbaceous) legumes has
been the cheapest sources of protein in ruminant
feeding systems to compensate for the limiting nitrogen
content in tropical grass species and crop residue‑based
diets. Meanwhile, a promising and non‑conventional
protein, energy and fibre source for ruminants that
has not received adequate attention is kenaf seed.
Kenaf (Hibiscus cannabinus L.) is a well‑known industrial
and commercial fibre crop cultivated around the
world (Webber et al., 2002), under different climatic
conditions with a wide range of different seed yield.
As an annual herbaceous fibre crop, it is increasingly
gaining wider acceptance by the small‑ and large‑scale
crop farmers for propagation as raw materials for jute
and fibre industries. Unfortunately, tons of kenaf seed,
which is a valuable component of the plant that is meant
for subsequent propagation, rapidly loses viability and
get wasted because of poor storage conditions and high
cost of storage facilities that are beyond the reach of
resource-poor farmers in developing tropical countries.
Hence, the seeds are discarded by setting it on a flame.
To prevent the wastage of the non‑viable kenaf
seeds and intensify efforts at promoting kenaf grain
production for wider use in the livestock industry, this
study investigated how to explore the potential of kenaf
grain in small ruminant feeding strategy as supplemental
feedstuffs when the grasses or natural forages and
low‑quality crop by‑products are limiting in protein.
Although kenaf seed is a suitable supplementary source
of protein in livestock feed (Mariod et al., 2010), no clear
understanding on the utilisation of non‑viable kenaf
seed as feed for ruminants. The high dietary fibre and
edible oil or fat contents (Cheng et al., 2016) in kenaf
seed also suggest its usefulness as a source of energy
for livestock. Kenaf seed meal improved dry matter
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intake, nitrogen digestibility and nitrogen retained in
sheep fed low‑quality hay (Sgwane et al., 2008), ditto as
a supplement in a rice ration for sheep (Phillips et al.,
2002). In contrast, Palm kernel cake may not be
a suitable protein source for ruminants due to high
degradability of the protein in the rumen (Rahman et al.,
2013a). Considering the dietary nutritional (protein
and energy) potentials of palm kernel cake and kenaf
seeds, it was hypothesised that Kenaf grain meal could
replace palm kernel cake and also supplement cassava
peel‑based diet to promote nutrient intake, digestibility
and nitrogen utilisation and growth of WAD sheep.

MATERIALS AND METHODS
Experimental location, animal management, and
experimental design
The experiment was carried out in the research station
of the Institute of Agricultural Research and Training,
Obafemi Awolowo University, Moor Plantation,
Ibadan, Nigeria (7°15’ – 7°30’N, 3°45’ – 4°0’E). The area
has a tropical humid climate with a mean annual
rainfall of 1,415 mm and an average daily temperature
between 28 and 35 °C. Sixteen WAD female sheep
with an average live weight of 9.71 ± 0.05 kg were used
for the study. The animals were randomly assigned to
individual pens and each to one of four treatment diets
in a completely randomised design with four animals
per treatment. Before the commencement of the
experiment, the animals were administered long‑acting
injectable antibiotics (Oxytetracycline) and dewormed
with AlbendazoleR 2.5 % body weight oral suspension
(Anthelmintics) at 1 mL / 10 kg body weight. The sheep
were also treated against ectoparasites with Diazintol at
a dose of 2 mL to 6 litres of water. Animals were adjusted
to their treatments diets over a 2‑week preliminary
period, followed by the 84‑day feeding trial.

Experimental diets, feeding and growth trials
Feed ingredients were sourced from animal feedstuff
vendors, whereas dried kenaf grain was collected from
the Kenaf and Jute Fibre Programme of the Institute of
Agriculture Research and Training (IAR & T), Ibadan.
Guinea grass (Panicum maximum) was harvested from
an established pasture in IAR & T and allowed to wilt
under room temperature before feeding. Kenaf grain
and dried cassava peel were separately crushed with
attrition and hammer mills, respectively, into small
particle size (1.5 – 2.5 mm), to allow for proper mixing
with other ingredients and to prevent selective eating.
Thereafter, all the ingredients were separately weighed
and mixed according to the proportion of each dietary
treatment to form four experimental diets: Diet 1 = 25 %
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palm kernel cake and 0 % kenaf grain meal; Diet 2 = 10 %
palm kernel cake and 15 % kenaf grain meal; Diet 3 = 5 %
palm kernel cake and 20 % kenaf grain meal; and
Diet 4 = 0 % palm kernel cake and 25 % kenaf grain meal.

Feeding and growth trials
The animals were maintained in adherence to the
accepted code of practice for the care and humane
treatment of animals for experimental purposes
approved by the Ethics Committee on animal welfare
of Obafemi Awolowo University. Experimental diets
were offered separately to individual animals at 3 %
of the body weight at 08:00 h and wilted Guinea grass
was offered as a basal diet to all the sheep at 2 % of the
body weight at 16:00 h. Provision was made for a daily
feed allowance of 10 % above the previous week’s
consumption. Clean water was provided ad libitum.
The initial live weights of animals were taken and
recorded at the commencement, then weekly before
feeding in the morning throughout the experimental
period (105 days) excluding two weeks of the adaptation
period. Daily feed intake was determined by subtracting
feed refused from feed offered over a 24‑h period.

Intake and performance evaluations
Intake and performance evaluations of animals such
as total feed intake (g / day and g / kg W0.75), intakes
(g / kg W0.75) of nutritional components (DM, CP, EE,
Ash, NDF, ADF, and ADL) and weight gain (g / day) were
determined. For an explanation of the abbreviations,
see the Laboratory analysis section. The feed conversion
ratio was determined as the average daily weight gain
(ADWG) divided by the total feed intake (g / day), where
ADWG is the difference between final body weight
and initial body weight divided by the number of days
in the experimental period. The apparent digestibility
coefficients of all nutritional components (DM, CP, EE,
Ash, NDF, ADF and ADL) were calculated by dividing
the amount of nutrient consumed and its respective
nutrient in faeces and the result was multiplied by 100.
Nitrogen balance (g / kg W0.75) was calculated as follows:
Nitrogen balance = Nitrogen intake (g / kg W0.75) −
− [Faecal nitrogen (g / kg W0.75) +
+ Urinary nitrogen (g / kg W0.75)].
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and urine samples were sampled daily for dry matter
determination and chemical analysis. Loss of nitrogen
by volatilisation was prevented by adding 10 ml of
10 % concentrated sulphuric acid (H2SO4) into plastic
containers for the collection of urine (Chen and Gomes,
1995). Daily collections of faeces and urine were bulked,
with 10 % sub‑sampled from each for analysis. Ten
per cent of urine samples were taken and frozen at
−20 °C pending subsequent nitrogen determination.
Faecal samples were oven‑dried to a constant weight
in a forced air oven at 60 ºC, ground and analysed for
chemical components.

Laboratory analysis
Samples of the ingredients, feed offered (experimental
diets and guinea grass), orts and faeces were oven‑dried
to a constant weight, ground to pass through a 1‑mm
screen, using a Wiley mill (Arthur H. Thomas,
Philadelphia, PA, USA). The ground samples were
analysed for dry matter (DM; Method 967.08), crude
protein (CP; Method 988.05), ether extract (EE; Method
2003.06), and ash (Method 942.05) contents according
to the methods of Association of Official Analytical
Chemists (AOAC, 2005). The fibre fractions Neutral
detergent fibre (NDF), Acid detergent fibre (ADF) and
Acid detergent lignin (ADL) were determined according
to the procedure of Van Soest et al. (1991). The urine
samples were also analysed using the Micro‑Kjeldahl
distillation following Method 988.05 of the AOAC
(2005).
The organic matter digestibility (OMD) was
determined using the equation developed by Jarrige
(1989) as follows:
OMD = 91.9 − (0.355 × NDF %) +
+ (0.387 × ADF %) − (2.17 × ADL %) − (0.39 × EE %)
where:
NDF = neutral detergent fibre, ADF = acid detergent
fibre, ADL = acid detergent lignin and EE = ether
extract. Metabolisable energy (ME) was determined
using two separate equations and the average taken.
The first was according to De Boever et al. (1997)
equation as follows:
ME (MJ / kg DM) = 12.86 + 0.0265 EE −
− 0.0056 ADF − 0.0153 Ash − 0.0253 ADL

Digestibility and nitrogen balance
All the sheep were transferred into individual metabolic
cages specially made for separate collection of faeces
and urine at the end of the growth trial. The study
was carried out for seven days for each treatment
for measurements of feed intake, faeces, and urine
from each sheep. Feed offered, feed refused, faeces

where:
EE = ether extract, ADF = acid detergent fibre and
ADL = acid detergent lignin. The second was according
to Moran (2005) equation as follows:
ME (MJ / kg DM) = 0.185 TDN − 1.89
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Where:

Where:
Yij = observed variation from animal and diet,
µ = population mean, Di = fixed effect of diets (1 – 4)
and eij = residual error. Duncan’s Multiple Range Tests
was used to identify differences among means and
significant differences were declared at p < 0.05, where
dietary treatments affect.

TDN = Total digestible nutrient, ME = metabolisable
energy. The total digestible nutrients (TDN) in forage
(guinea grass) and experimental diets, kenaf grain meal
and palm kernel cake were determined according to the
prediction equations of Jayanegara et al. (2019). Given
that the prediction equation of TDN for forage and
concentrate is:

RESULTS AND DISCUSSION

TDN = pNDF + qNFC + rEE + xCP

Chemical composition of ingredients and
experimental diets

where:
NDF = Neutral detergent fibre; NFC = Non‑fibre

Table 1 shows the chemical composition of the
experimental diets, guinea grass, kenaf grain meal
(KGM) and palm kernel cake (PKC). For the ingredients
(KGM and PKC) and guinea grass, the crude protein (CP)
contents were 21.44 %, 18.44 %, and 8.60 %, respectively.
The NDF, ADF and ADL contents of KGM were
lower than the PKC (Table 1). The value of dry matter
(88.80 – 88.95 %) for the experimental diets was relatively
similar. The CP level ranged from 14.73 % in Diet 1 (25 %
PKC + 0 % KGM inclusion) to 16.22 % for Diet 3 (5 %

carbohydrate; EE = ether extract, CP = crude protein
and pqrx are coefficients.

Statistical analysis
Data were subjected to analysis of variance using
a general linear model (PROC GLM) of SAS (2000), in
a completely randomised design, with the following
statistical model:
Yij = µ + Di + eij

Table 1. Ingredient proportions (kg) and chemical composition (g / 100 g DM) of experimental diets
Ingredients (kg)

Diet 1

Diet 2

Diet 3

Diet 4

KGM

PKC

Guinea grass

Dried cassava peel

55.00

55.00

55.00

55.00

–

–

–

Corn bran

15.00

15.00

15.00

15.00

–

–

–

Palm kernel cake

25.00

10.00

5.00

0.00

–

–

–

Kenaf grain meal

0.00

15.00

20.00

25.00

–

–

–

Soya bean meal

2.50

2.50

2.50

2.50

–

–

–

Di–calcium phosphate

1.00

1.00

1.00

1.00

–

–

–

Limestone

0.75

0.75

0.75

0.75

–

–

–

Premix

0.25

0.25

0.25

0.25

–

–

–

Salt

0.50

0.50

0.50

0.50

–

–

–

Dry matter

88.81

88.80

88.87

88.95

93.23

93.80

88.76

Crude protein

14.73

14.93

16.22

15.73

21.44

18.44

8.60

Ether extract

2.84

2.95

3.08

3.14

3.48

6.82

2.85

Ash

7.48

7.33

7.15

7.27

5.40

5.21

9.04

NDF

65.21

64.07

62.15

61.63

49.87

64.41

66.23

ADF

49.80

50.12

49.10

48.64

28.91

48.48

46.03

ADL

18.37

18.14

16.16

15.87

10.64

17.94

16.86

TDN

47.90

48.77

50.13

50.37

58.94

52.44

51.76

OMD ( %)

47.06

48.05

52.58

53.18

60.95

45.15

48.56

ME 1

12.08

12.09

12.15

12.16

12.44

12.24

12.11

ME 2

6.97

7.13

7.38

7.43

9.01

7.81

7.69

Mean ME

9.52

9.61

9.77

9.79

10.73

10.02

9.90

Nutrients

Determined nutrients

ME (MJ / kg DM)

KGM = Kenaf grain meal; PKC = Palm kernel cake; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ADL = Acid
detergent lignin; ME = Metabolisable energy; OMD = Organic matter digestibility; TDN = Total digestible nutrients.
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PKC + 20 % KGM inclusions). The ash content ranged
from 7.15 % to 7.48 %, being highest (7.48 %) in Diet 1 and
least in Diet 3 (7.15 %). Ether extract was highest (3.14 %)
in Diet 4 (0 % PKC + 25 % KGM). Except for the ADF in
Diet 2 (10 %PKC + 15 % KGM), the NDF, ADF and ADL
contents in the diets decreased as the percentage of
KGM inclusion increases, with values ranging from
61.63 % to 65.21 %, 48.64 % to 49.80 % and 15.87 % to
18.37 %, respectively. In contrast, the determined
values of Total Digestible Nutrients (TDN), Organic
matter digestibility (OMD %) and mean Metabolisable
energy (ME) by the equations of De Boever et al.
(1997) and Moran (2005) progressively increased as the
percentage of KGM in the diets increases, with highest
values observed in Diet 4 (12.24 %, 50.37 %, 53.18 % and
9.79 MJ / kg DM) and lowest in Diet 1(9.75 %, 47.90 %,
47.06 % and 9.52 MJ / kg DM).
The range of CP level (14.73 % to 16.22 %) for all
experimental diets is above the values (13.6 % to 13.7 %
CP) reported by Rahman et al. (2013b) for goats fed
concentrate mixture of 32 % PKC. The relatively high
CP levels in Diet 4 (15.73 %) compared to Diet 1 (14.73 %)
revealed that Kenaf grain meal can replace palm kernel
cake to meet the protein requirement of WAD sheep.
Similarly, the highest CP value (16.22 %) observed in
Diet 3 (5 % PKC + 20 % KGM inclusions) compared to
the levels (15.48 % to 15.89 % CP) for goat diets with

varying inclusions of palm kernel cake (Chanjula et al.,
2010) further elucidates the positive associative effects
of dietary protein in kenaf grain meal with the moderate
CP content of palm kernel cake. Additionally, the range
(2.84 – 3.14 %) of ether extract for all experimental
diets were not above the range of dietary fat (5 – 6 %)
considered as maximum (Kucuk et al., 2003) for
ruminants that could inhibit microbial activity and
reduce nutrient digestibility.
The high fibre fractions of all the diets were not
far‑fetched as the notable ingredients mixtures (cassava
peel, kenaf grain and palm kernel cake) are naturally
fibrous (Mok, 2013; Dierenfeld and Fagbenro, 2014;
Ayadi et al., 2016). Comparatively, contamination of
palm kernel cake with nutshells during oil extraction
could have contributed to high fibre fractions of diets
containing a varying proportion of PKC and KGM
relative to diet replaced with KGM. Similarly, the hard
fibrous seed coat of kenaf grain might also be a reason
for the high NDF values observed for diet replaced with
kenaf grain. Remarkably, the determined metabolisable
energy (ME) values show that all the diets irrespective of
the proportion of replacement were sufficient to supply
the energy required for growth and maintenance of
small ruminants as documented (Salah et al., 2014).
The nutritional contents of all the experimental diets
revealed that kenaf grain meal could successfully

Table 2. Feed and nutrient intake and weight gain of WAD sheep fed experimental diets according to varying inclusions of palm
kernel cake and kenaf grain meal
Parameters

T1

T2

T3

T4

SEM

P‑value

Feed intake (g / day)
Cassava peel‑based concentrate

280.71d

295.15c

313.63b

344.27a

6.15

<.0001

Guinea grass

258.25

315.06

a

320.37

318.55a

6.81

<.0001

Total feed intake (g / day)

538.96d

610.21c

634.00b

662.82a

11.85

<.0001

93.41

106.12

106.74

a

108.48

1.56

<.0001

b

Total feed intake (g / kgW

)

0.75

c

a

b

b

Nutrient intake (g / kgW0.75)
Dry matter

82.93d

94.26c

94.80b

96.39a

1.38

<.0001

Crude protein

11.01

12.38

a

13.20

13.35

0.24

<.0001

Ash

7.69d

8.72b

8.65c

8.81a

0.12

<.0001

Ether extract

2.66d

3.08c

3.16b

3.26a

0.06

<.0001

a

d

c

b

Neutral detergent fibre

61.37

69.21

68.54

69.26

0.86

<.0001

Acid detergent fibre

44.82d

50.97b

50.75c

51.41a

0.70

<.0001

Acid detergent lignin

16.48d

18.56a

17.63c

17.73b

0.19

<.0001

d

b

c

Weight gain (g / day)
Initial body weight (kg)

9.48

9.62

9.86

9.88

Final body weight (kg)

11.20c

10.97d

11.66b

12.48a

0.15

<.0001

Average daily weight gain (g / day)

20.48b

16.07c

21.43b

30.95a

1.42

<.0001

Feed conversion ratio

26.37

37.97

29.59

21.47

1.57

<.0001

c

a

b

d

= Means with the same superscripts in the same row are significantly different (p < 0.05) SEM = standard error of the mean;
P‑value = Probability value
TI = 25 % PKC + 0 % KGM; T2 = 10 % PKC+15 % KGM; T3 = 5 % PKC + 20 % KGM; T4 = 0 % PKC + 25 % KGM.
abcd
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replace palm kernel cake to meet the nitrogen and
energy requirements of small ruminants.

Feed and nutrient intake and weight gain
The feed intake, intake of nutrients (g / kg W0.75) and
weight gain (g / day) by WAD sheep were influenced
(p < 0.05) by the replacement levels of palm kernel cake
with kenaf grain meal across the treatments (Table 2).
Total feed intake (g / day and g / kg W0.75) values ranged
from 538.96 to 662.82 and 93.41 to 108.48, respectively,
with highest values (662.82 g / day and 108.48 g / kg W0.75)
observed for sheep fed Diet 4 (25 % KGM inclusion)
and lowest (538.96 g / day and 93.41 g / kg W0.75) in
sheep fed Diet 1(25 % PKC inclusion). However,
total feed intake (g / kg W0.75) was similar (p > 0.05) for
sheep fed Diets 2 (10 % PKC + 15 % KGM) and 3 (5 %
PKC + 20 % KGM), respectively. The intake of nutrients
(g / kg W0.75) differed (p < 0.05) significantly. Except
for the lignin fraction, sheep fed cassava peel‑based
concentrates diet in which KGM totally replaced PKC
(0 % PKC + 25 % KGM inclusion), had a higher (p < 0.05)
intake of DM (96.39 g / kg W0.75), CP (13.35 g / kg W0.75),
Ash (8.81 g / kg W 0.75), EE (3.26 g / kg W 0.75), NDF
(69.26 g / kg W0.75) and ADF (51.41 g / kg W0.75) compared
to other treatments.
As the intake of DM (94.80 g / kg W0.75), CP
(13.20 g / kg W0.75) and EE (3.16 g / kg W0.75) by sheep fed
Diet 3 (5 % PKC + 20 % KGM) closely followed sheep fed
Diet 4 (0 % PKC + 25 % KGM inclusion), values of intake
of nutrients by sheep fed Diet 1 (without replacement
for PKC) was relatively lower than other sheep fed diets
of PKC inclusion, either partially (10 % PKC + 15 % KGM
or 5 % PKC + 25 % KGM) or replaced with KGM. While
similar (p > 0.05) weight gain was observed for sheep fed
Diets 1 and 2, respectively, weight gain (30.95 g / day) and
efficiency of feed conversion (21.47) were significantly
(p < 0.05) highest for sheep fed diet containing a higher
percentage of KGM without PKC inclusion compared
to other treatment groups.
The total feed intake (610.21 – 662.82 g / day) observed
in this study is below the range (668.27 – 829.82 g / day)
reported (Fentie and Melaku, 2008) for Farta sheep.
However, the dry matter intake (82.93 – 96.39 g / kg W0.75)
is above the range (58.6 – 82.2 g / DM kg W0.75) for the
same breed of sheep. Briefly, the higher total feed intake
(610.21 – 662.82 g / day and 106.12 – 108.48 g / kg W0.75)
observed for WAD sheep fed diets containing KGM
is an indication that experimental diets were readily
accepted from the comparable dry matter intake
(82.93 – 96.39 g / kg W0.75) observed among the dietary
groups. High lipid intake above the maximum by
animals reduces dry matter intake often orchestrated
by physiological satiety mechanism (Leonhardt and
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Langhans, 2004). However, the comparable (p < 0.05)
dry matter intake among the dietary groups in this study
could be attributed to the ether extract (2.84 – 3.14 %)
content in the diets, which was lower than 50 – 70 g / kg
DM ether extract considered as maximum to negatively
affect the dry matter intake. The trend of increase
in dry matter intake observed in the present study
also corroborates the findings of Sgwane et al. (2008)
when sheep fed low‑quality hay was supplemented
with kenaf seed. This also suggests that the nitrogen
content of kenaf seed and fibre fractions was sufficient
in nutrients to improve ruminal microbial activities
for feed degradability and consequently translates to
a higher dry matter intake.
Similarly, the crude protein (14.93 – 16.22 %) and
ether extract contents of all the diets with KGM
inclusions was sufficient to elevate the intake of CP
and EE, ditto the ash intake. Therefore, highest total
feed intake (662.82 g / day and 108.48 g / kg W0.75), weight
gain (30.95 g / day) and efficiency of feed conversion
(21.47) recorded for sheep fed Diet 4 (25 % KGM
inclusion), implies a superior performance from the
total replacement of PKC with KGM compared to
other treatment groups. Furthermore, body weight
gains (p < 0.05) by sheep fed Diet 3 (21.43g / day) and 4
(30.95g / day), respectively, compared with sheep fed
Diet 2 (10 % + PKC 15 % KGM) affirmed that between
20 – 25 % of KGM could successfully replace PKC in
cassava peel‑based ration for sheep. However, the
intake of NDF in this study is contrary to the range of
55 – 60 % NDF in feed reported to limit intake (Meissner
and Paulsmeier, 1995). Acceptable intake by the sheep
of the generally high NDF fraction for all experimental
diets, though considered as medium quality fibre
for ruminants may have been enhanced, probably
by increasing chewing and rumination activities as
documented (Yang and Beauchemin, 2009). Thus,
higher intake in this study, especially with increasing
replacement of palm kernel cake by kenaf grain
meal affirmed that non‑viable kenaf seed is rich in
rumen‑degradable nutrients, particularly nitrogen,
sulphur and essential minerals required for optimal
rumen microbial growth.

Apparent nutrient digestibility
Apparent nutrient digestibility coefficient differed
(p < 0.05) significantly. The DM, CP and EE digestibility
values across the treatments ranged from 63.37 %
to 73.35 %, 86.06 % to 79.49 % and 81.79 % to 87.26 %,
respectively while the NDF, ADF and ADL digestibility
values also ranged from 74.36 % to 81.32 %, 74.70 %
to 81.66 % and 80.58 % to 85.52 %, respectively. Sheep
fed Diet 3 (5 % PKC + 20 % KGM inclusions in cassava
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Table 3. Apparent nutrient digestibility (%) by WAD sheep fed experimental diets according to varying inclusions of palm kernel
cake and kenaf grain meal
Nutrient (%)

TI

T2

T3

T4

SEM

P‑value

d

Dry matter

63.59

68.65

73.35

63.37

1.06

<.0001

Crude protein

79.49d

84.41b

86.06a

80.36c

0.70

<.0001

Ether extract

81.79d

83.40b

87.26a

82.60c

0.54

<.0001

Ash

68.43

72.62

76.35

d

67.48

0.91

<.0001

Neutral detergent fibre

75.08c

78.76b

81.32a

74.36d

0.73

<.0001

Acid detergent fibre

75.70c

78.87b

81.66a

74.70d

0.71

<.0001

Acid detergent lignin

81.21

83.30

85.52

80.58

0.50

<.0001

c

c

c

b

a

b

a

b

a

d

= Means with the same superscripts along the same row are significantly different (p < 0.05). SEM = standard error of the mean;
P‑value = Probability value
TI = 25 % PKC + 0 % KGM; T2 = 10 % PKC + 15 % KGM; T3 = 5 % PKC+20 % KGM; T4 = 0 % PKC + 25 % KGM
abcd

peel‑based concentrate) had higher (p < 0.05) DM, CP,

the abomasum and small intestine (Rotger et al., 2006)
could have been provided by cassava peel, a highly
fermentable carbohydrate in a ruminant ration.

EE, Ash and fibre (NDF, ADF, ADL) digestibility values
compared to other treatment groups. However, nutrient
(DM, NDF, ADF and ADL) digestibility coefficients

Nitrogen utilisation

of sheep fed Diet 1 (25 % PKC + 0 % KGM) was higher

Nitrogen (N) utilisation by the sheep was affected
(p < 0.05) by the inclusion levels of palm kernel cake
and kenaf grain meal in the diets (Table 4). N‑intake
values increased across the treatment as the percentage
of replacement with KGM in the feed increases.
N‑intake values were highest (2.14 g / kg W0.75) in sheep
fed Diet 4 and lowest (1.76 g / kg W0.75) in sheep fed
diet without KGM inclusion. Similar trend of wider
numerical (p < 0.05) differences for nitrogen absorbed
and retained and apparent nitrogen digestibility were
also observed between sheep fed Diet 1 (1.36 g / kg W0.75,
1.40 g / kg W0.75 and 79.46 %) and Diets 2 to 4 (1.63 to
1.78 g / kg W0.75, 1.67 to 1.82 g / kg W0.75 and 80.40 % to
86.04 %), respectively.
Urinary N by the sheep was not influenced (p > 0.05)
by the varying inclusion levels of either PKC or KGM
in the feed. However, faecal N between sheep fed
Diet 2 and 3, respectively, was similar (p > 0.05), but
higher (0.42g / kg W0.75) for sheep on Diet 4. Highest

(p < 0.05) than those on Diet 4 (0 % PKC + 25 % KGM),
totally replaced with KGM.
Nutrient digestibility is dependent on the cell
wall constituents; especially neutral detergent fibre
and lignin. Despite the high cell wall concentration of
experimental diets in this study, replacement of PKC
with KGM improved dry matter and nutrient intake
by WAD sheep. As evidently shown, the crude protein
(14.93 % – 16.22 %) and relatively lower ether extract
(2.95 % – 3.14 %) contents of all the diets with KGM
inclusions could have provided sufficient substrates
for optimal rumen activities for enhanced fibre
degradability and intake of NDF and ADF compared to
sheep fed diet without KGM inclusion. Considering the
high rumen degradability and solubility of the protein
in kenaf seed and palm kernel cake (Kucuk et al., 2003;
Carvalho et al., 2005), protection of nitrogen from total
degradation in the rumen for subsequent absorption in

Table 4. Nitrogen utilisation (g / kg W0.75) by WAD sheep fed experimental diets according to varying inclusions of palm kernel
cake and kenaf grain meal
Parameters

T1

T2

T3

T4

SEM

P‑value

a

Nitrogen intake

1.76

1.98

2.11

2.14

0.04

<.0001

Faecal Nitrogen

0.36b

0.31c

0.30c

0.42a

0.01

<.0001

Urinary Nitrogen

0.04

0.04

0.04

0.04

0.00

1.000

N‑retained

1.36d

1.63c

1.78a

1.68b

0.04

<.0001

N‑absorbed

1.40d

1.67c

1.82a

1.72b

a

d

c

b

0.04

<.0001

% Nitrogen retained

77.27

82.15

84.26

78.55c

0.72

<.0001

% Nitrogen absorbed

97.25d

97.48c

97.93a

97.70b

0.07

<.0001

Apparent nitrogen digestibility (%)

79.46

84.27

86.04

80.40

0.70

<.0001

d

d

b

b

a

c

= Means with the same superscripts along the same row are significantly different (p < 0.05). SEM = standard error of the mean;
P‑value = Probability value.
TI = 25 % PKC + 0 % KGM; T2 = 10 % PKC + 15 % KGM; T3 = 5 % PKC + 20 % KGM; T4 = 0 % PKC + 25 % KGM
abcd
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N‑utilization values [N‑absorbed and retained (1.82
and 1.78 g / kg W0.75), per cent N‑retained and absorbed
(97.93 and 8.26 %)] were observed in sheep fed Diet 3,
containing 5 % PKC + 20 % KGM inclusion levels.
Apparent N‑digestibility values were quite high,
ranging from 79.46 % in Diet 1 (25 % PKC + 0 % KGM) to
86.04 % in Diet 4 (0 % PKC + 25 % KGM).
The nitrogen (N) balance across the dietary
treatments unveiled the positive associative effects of
palm kernel cake replacement with kenaf grain meal in
the cassava‑based concentrate on nitrogen utilisation.
Highest N‑retention by sheep on Diet 3 compared to
the group on diet without KGM inclusion (Diet 1) could
be attributed to the relatively higher protein content
in the diet and lower N‑excretion. Lower N‑retention
observed for sheep on Diet 1 could be linked to the high
protein degradability of PKC in the rumen. However,
the higher N‑intake by sheep on Diet 4 suggests that
the nitrogen was the most available and sufficient for
maintenance and tissue deposition, which accounted
for the highest and significant body weight gain.
Similarly, greater N‑digestibility observed especially
for sheep fed diets with varying inclusion levels of PKC
and KGM corroborates other findings (Phillips et al.,
2002; Carvalho et al., 2005; Sgwane et al., 2008), which
could have arisen from the positive associative effects
of the high ruminal digestible protein. In summary, the
significant N‑utilisation observed for the experimental
sheep may be from the readily fermentable energy
substrates provided by cassava peel, corn bran and the
by‑pass protein from kenaf seeds which resulted in
positive N retention as opined by Sgwane et al. (2008)
and Sarwar et al. (2003).

CONCLUSION
The replacement of PKC with KGM increased the
nutrient intake and digestibility, nitrogen utilisation
and body weight gain of WAD sheep compared to
sole PKC inclusion in cassava peel based concentrate.
Meanwhile, sustenance of higher feed and nutrient
intake, least feed conversion ratio and improved body
weight gain with Diet 4(0 % PKC + 25 % KGM inclusion
levels), without negative impact elucidate the possibility
of total replacement of PKC with KGM in cassava peel
ration for WAD sheep. Therefore, kenaf grain meal
would be a supplementary protein and energy sources
to cassava peel for small ruminant feeding.
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