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Abstract

The experiment was designed to develop a feeding regime using 4 local feedstuffs and to determine their
rumen degradation at different time interval. The feed ingredients used where maize offal, cowpea husk
(energy source), groundnut haulms and poultry litter (protein source). The formulation was based on the
ratio 60:40 of energy to protein sources. Ten formulations F,—F;y, were developed. The dry matter (DM)
content of the formulation was within the range of (89.60-99.8%), crude protein (4.37-15.80%), crude
fibre (25.5.00-46.00%), and gross energy (12.13-13.18 GE MJ/Kg DM). Three grams of the samples were
weighed into the nylon bags and incubated for 6, 12, 18, 24, 36, 48 and 72 hours respectively. There were
significant differences in the DM disappearance of the formulations. All the formulations used in this study
recorded above 50% dry matter degradability at 48 hours period of incubation. This implies that the
formulations were highly degradable in the rumen and warrant them to be used as rations for ruminants. In
conclusion, when local feed ingredients are mixed in the right proportion, it can contribute significantly to
the nutritional requirement of ruminants.
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Description of Problem

Poor nutritional status, especially in terms
of quality of the feed resources available to
ruminants is mostly adducible to the low plane
of nutrition (1) and hence, the low productivity
of these animals (2). In Nigeria, the scarcity
and fluctuation in quantity and quality of feed
supply all year round is a major constraint to
livestock production (3; 4). Livestock subsist
on natural range lands for about six month and
depend mainly on crop residues for the rest of

the year (5). The future hope for feeding the
rapidly growing human population in the Sub-
Saharan Africa and in Nigeria in particular will
depend on the enhanced and efficient
utilization of non-conventional resources that
cannot be used as food for humans or feed for
livestock (3; 4).

An important class of non-conventional
feed is by-product feedstuff or crop residues,
which are obtained during harvest or
processing of a commodity in which human
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food or fibre is obtained (6). Large quantity of
crop residues (sorghum husk, millet husk,
cowpea husk, maize bran, wheat bran, millet
bran, groundnut haulms, maize cobs, maize
straw etc.), produced on private and
government farms in Nigeria are wasted
yearly. Some are left to rot in the field, which
may improve soil fertility but most of them are
burnt (5).

As reported by (7), native pastures and
crop residues are the most widely available
low-cost feeds for ruminants in the tropics.
Occasionally however, supplementary feeding
is provided by way of food processing by-
products such as cassava peels and cereals
milling by-products (8). In the dry season and
post-harvest periods, these feed resources
become the main sources of energy for use by
ruminants when poor quality forages prevail
(9). This is important in view of the fact that
rural dwellers in the tropics, who mostly rear
one type of ruminant or the other (10), as an
adjunct to arable crop production (11) hardly
have the means to purchase completely mixed
diets for their animals (12) nor can they afford
to invest in the establishment of improved
pastures and feed concentrates supplements
supplies (13).

Despite the abundance of a variety of
these large quantities of post-harvest crop
residues, less information is available on the
usefulness of most of these materials as feed
for ruminants, particularly in terms of their
degradability in the rumen (14). To predict
which feedstuff can support productive
functions in the animal, their degradability
must be ascertained, since most of these by-
products and crop residues contain a large
portion of lingo-cellulose and usually poor in
protein, energy, minerals and vitamins (15).

The use of simple but robust techniques
for evaluation of the nutritional quality of these
feed resources will contribute to their efficient
utilization. The most widely used method in
Nigeria is the in situ incubation of samples in

nylon bags in the rumen (16). It provides the
estimates to rate of disappearance of feeds
constituents; potential ruminal degradability of
feedstuffs and feed constituents while
incorporating effects of particulate passage
from the rumen (17). Therefore, this study
intends to investigate the nutritive value of
feeds formulated using some local feedstuffs
and there rumen degradation.

Materials and Method
Location of experimental site

The study was conducted at the
University of Maiduguri Livestock Teaching
and Research Farm along Bama road,
Maiduguri. The study area is located on
latitude 11°15'N, longitude 30°05'E at an
altitude of 354 m above mean sea level. It falls
within the Sahelian region (semi-arid zone) of
West Africa; which is characterised by hot dry
season, short duration of rainfall of about 4-
5months. Rainfall varies from 300-500mm
while ambient temperatures range from 34-
40°C; relative humidity ranges from 45-50%
between Aprils and May. The hottest months
are between March and May, with temperature
of about 42°C or more, while the coolest
season is from June to September with high
relative humidity; 45% (18).

Sample collection and preparation

Feed ingredients used included Maize
offal, Cowpea husk, Poultry litter and
Groundnut haulms. These crop residues were
purchased at the Maiduguri livestock market
(Kasuwan Shanu). The poultry litter was
collected from the dropping pit of battery
cages at the University of Maiduguri Poultry
Farm Unit 1. The poultry litter was sundried
for two weeks (19) and underwent particle size
reduction using pestle and mortar while all
fibrous materials like feathers were removed
with a sieve. The groundnut haulms were also
ground into small particles (50 mm) using
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grinding machine to facilitate easy mixing with
other ingredients.

Experimental feed formulation
Ten experimental diets (Fi—Fi9) were
formulated in a 100 kg mixture. The feed

ingredients were Maize offal and Cowpea husk
(energy sources) and Poultry litter and
Groundnut haulms (protein sources) as shown
in Table 1. The experimental diets were
formulated by varying the level of each
ingredient in a particular formulation.

Table 1: Feed Formulation based on (100Kg)/ Formulation (Kg)

Feed stuff Fi F, F3 Fs Fs Fs F; Fs Fo F1o
Maize bran 30 40 30 20 40 10 50 20 30 20
Cowpea husk 30 20 30 40 20 50 10 40 30 40
Poultry litter 30 20 10 20 10 30 10 10 20 30
Groundnut haulms 10 20 30 20 30 10 30 30 20 10
Total 100 100 100 100 100 100 100 100 100 100

The ingredients were arranged as energy
sources (maize bran and cowpea husk) and
protein sources (poultry litter and groundnut
haulms); by using the principle guide of 60:40
ratio of energy to protein (20; 21). This is to
allow for balance in energy content of the
diets, as ruminants generally eat to satisfy their
energy needs (22). Mixing of the feed
ingredients was done manually with a shovel
on a clean cement floor. The ingredients were
thoroughly mixed to obtain a homogenous
mixture. The formulated diets were then
bagged and subsamples were collected for
laboratory analysis and rumen degradation.
Housing, feeding and in situ DM
determination

Three healthy rumen cannulated Wadara
bull at the University of Maiduguri Teaching
and Research Farm were used. The bulls were
fitted with a permanent rumen cannula of 40
mm in diameter and was housed in a pen for
easy sampling. The bulls were offered diets
containing cowpea husk, maize bran and
groundnut haulms in the mornings and
evenings; water was given ad libitum
throughout the experimental period. The items
used for the in situ degradation were: nylon
bags made from polyester filter cloth with an
approximate size of 80x20mm, with a mesh of

about 20-40y; nylon string or twine; forceps
for withdrawal of the nylon bag from the
rumen; Dettol antiseptic and cotton wool for
cleaning the cannula area after withdrawal.

The incubation procedure is as follows:
- The feed samples were ground through a
3 mm screen (mesh) using a Laboratory

hammer mill.

- The samples were oven dried at
105 °C overnight to determine the dry
matter (DM).

- The nylon bags were oven dried at 65°C
for 30 minutes, allowed to cool and
weighed.

- Three grams of the sample (feed) was
placed in the nylon bag, tied tightly using
the nylon string which is resistant to the
rumen microbes, at about 25cm to the
cannula top. The nylon bag containing
the sample was suspended in the rumen.
Samples were incubated at 0 hour (h), 6

h, 12 h, 18 h, 24 h, 36 h, 48 h and 72 h.
Sequential removal approach (23) was used to
withdraw the sample from the rumen. After
removal, the bags were washed thoroughly,
under running water until the effluent is clear.
The washed bags and samples residues were
dried in an oven at 65°C for 48 hours. The
bags was allowed to cool in a desiccator and
reweighed. @~ The DM (dry  matter)
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disappearance (23) was calculated using the
formula:
DM disappearance (%) = a;—b x 100
Where: a = weight of sample before incubation
b = weight of sample after incubation
The rate of degradation of DM was calculated
with the formula as proposed by (24).
Y=a+b(l-e %
Where: Y = degradability at time, t
a = intercept (washing losses)
b = potentially degradable fractions
c = rate of degradation of b
t =time

Proximate analysis

The proximate analyses of the formulated
diets were carried out in triplicates according
to the descriptions of (25) procedure. A bomb

calorimeter was used to determine the energy
value of the formulations.

Statistical analysis

The data obtained were analysed using
the Generalised Linear Models Procedure
(PROC GLM) (26) in a one-way analysis of
variance. The treatment effect were tested and
significant differences between treatments
means was established by Duncan’s Multiple
Range Test. The rate of DM disappearance
was analysed using the NEWAY programme
developed by the Rowett Research Institute.

Result and Discussions

The proximate composition of the
formulated diets (F;-Fyo) is shown in Table 2.
There were significant differences (P<0.05) in
the dry matter content of the formulated diets.

Table 2: Proximate composition of the diets (%)

P (%) F1 F2 F3 Fa Fs Fe F7 Fs Fo F1o SEM
DM 99.682 97.40c 99.702  94.90¢ 99.802  97.70¢  89.60¢ 94.604 99.642 98.900  0.24
CcP 13.130c 12,69  8.31f 4.379 13.48> 15802  8.45 10.59¢ 9.45¢ 7.96° 0.23
CF 33.50e 46.000  28.209  32.50f  26.50"  44.000  40.50¢ 37.004 25.50i 26.00M (.28
EE 6.00¢ 5.00d 3.00 3.00 5.00d 3.00 4.00e 7.000 6.00¢ 8.002 0.28

Ash 3.00¢ 3.50e 3.00¢ 9.50¢ 13.500  2.00f 15.002 3.00e 3.00e 8.00d 0.25
GE 12130 12.42>  12.47> 1255 1288 129726 13012 1301e> 13012> 1318 (.28

abe; Means with different superscripts within a row are significantly different (P<0.05), P=Parameter,
DM=Dry matter, CP=Crude protein, EE=Ether extract, CF=Crude fibre, GE= Gross energy (MJ/kg DM).

Dry matter content ranged from 89.60% to
99.80%. Highest dry matter content was
observed in F5 (99.80%) and the lowest in F;
(89.60%). The dry matter values, obtained in
this study was in line to what was reported by
(27, 28 and 29) for dry matter content of crop
residues as it is said to increase with maturity
of the plants.

On the basis of crude protein content;
there were significant difference (P<0.05)
among formulated diets. Diet Fs had the
highest crude protein content (15.80%), while
diet F, had the least protein content (4.37%).
The increase in crude protein (above 7%) in

the diets implied that the combination of the
different feed ingredients have helped to raise
the crude protein contents of some other feed
ingredient of lower crude protein value. This
result may increase feed intake. This was in
consistence with what was reported by (30),
who obtained a raise in crude protein values
when groundnut shell was supplemented with
agro-industrial by-products.

There were significant  difference
(P<0.05) between the crude fibre contents of
the formulations. Crude fibre contents was
highest in F, (46.00%), while the lowest crude
fibre contents was recorded in Fy (25.50%).
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The Crude fibre content in this study was in
consistence with the work of (32) who
recorded a crude fibre range of 30-45% and
(29) who recorded a range of 23-38%.

There  were significant  difference
(P<0.05) in the Ether extract between the
formulations. Highest ether extract values was
recorded in first Fyy (8.0%), while the lowest
value was recorded in diets F3, F4 and F6
(3.0%) respectively. This result was in
consistence to the work of (31) who recorded
ether extract values in the range of 3.0-6.0%.
On the other hand, it is in conflict with the
work of (29) who reported ether extract values
to range between 1.90-2.60% when crop
residues were mixed to form a ration.

Ash content showed significant difference
(P<0.05) between the formulations. Ash

The lowest values were recorded in diets Fg
(2.0%); the result was way below what was
obtained by (29) who reported ash content
ranges between 6.00%-11%.

There were significant  difference
(P<0.05) between the energy content of the
various formulations. Highest energy content
were recorded in Fy, (13.18 MJ/Kg DM). This
was in conflict with the findings of (29) who
used similar ingredients but was in consistence
with the reports of (33) and (32), who reported
on the general low energy values for crop
residues.

In situ dry matter (DM) degradation of
formulations

Figure 1 gives the DM degradation in
percentage of the formulated diets at different

content was highest in diet F; (15%) which  hours of incubation in the rumen.
was little above what was reported by (29).
0 Figure 1: Percentage (%) DM degradation of the
formulations
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After 6 hours of incubation, highest
degradation percentage was recorded in F;
(26%). The general low DM disappearance
after 6hours of incubation is a confirmation of
the generally how quality ascribed to crop
residues (34). The highest degradation
percentage recorded in F; may be attributed to
the high content of maize offal in the diet
which is highly degradable and in turn
increased the diet degradation in the rumen, it
served as a good source of high rumen
degradable feedstuff (35). It may also be
attributed to the diet fed to the bulls. The basal
diet might have encouraged the growth of
rumen microbes which were already in large
numbers to colonise the feed in the nylon bags
(3). The lowest degradability recorded in F;
(7%) may have resulted from high cell wall
contents (36) as a result of the high levels of
Cowpea husks and Groundnut haulms which
will require a longer time for degradation.

At 12 hours of incubation, the highest
degradation percentages were obtained in Fg
(36%), while the lowest were recorded in F,
(13%), still confirming the generally low
quality of crop residues which have been
reported to be of low feeding value (34; 37).

After 18 hours of incubation, the highest
degradation percentages were obtained in Fyq
(49%). The relatively high DM disappearance
value in this diets may be attributed to the
presence of poultry litter which provided a
good source of rumen degradable protein
required by the microbes for protein synthesis
(35).

After 24 hours of incubation, all the diets
had DM disappearance values above 50%,
except F4 (42%) and F; (49%). These increase
may be attributed to large particle loss from
the nylon bags with high levels of Poultry litter
and Maize bran than for those with high levels
of Cowpea husks and Groundnut haulms. The
Poultry litter and maize bran were highly
soluble and therefore, may have yielded a
relatively higher chances of degradation in the

rumen (14). Also, degradation increases with
longer resident time in the rumen for feed
stuffs such as poultry litter and maize offal.

At 36 hours of incubation, the highest DM
disappearance percentages were obtained in Fs
(69%). The low degradability ascribe to husks,
hays, and haulms is in consistence with values
demonstrated by F; (38; 39). It was reported
that harvesting at different stages of growth of
crop residues (40) differ in solubility and
degradability and also (41) demonstrated that
the degree of lignification has a negative effect
on cell digestion in forages. Any of this
mentioned factors above would have been
responsible for the results obtained after
36hours of incubation.

The disappearance of the DM contents in
the diets by the end of 48 hours of incubation
is generally considered to be equivalent to
digestibility (42) and being the mean retention
time of fibrous feed in ruminant (37). The
result revealed that Fs had 80% dry matter
disappearance. The findings of this study
showed DM disappearance values for all diets
after 48 hours of incubation is said to be
satisfactory since they were above the
prescribed 40-50% (43) to warrant further
consideration as ruminant feed resources. This
information provides an insight into the level
of rumen undegradable DM post incubation for
48 hours.

In a larger sense, the relatively high dry
matter disappearance values in these diets
especially Fs, and Fq reveals the potential of
the diets being good source of nutrients for
microbial growth (44).

Conclusion and Applications
From the study, it was found that
1. Fsincreased DM by 10.2%; F¢ increased

CP by 11.43% and Fy, increased GE by
1.05%. All the formulation had a DM
disappearance that is above 50% at 48
hours of incubation, which warrant them
to be considered as feeds for ruminants.
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2. This shows that combination of two or

more different feeds of protein and
energy sources can Yyield a better result
than using a single feed ingredient to
feed ruminant animals.
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