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ABSTRACT

Two experinments were conducted to evaluate the feeding
val ue of brewers' sorghumresidue (BSR in rabbit diets. The
chem cal conposition of brewers' sorghumresi due used in these
experinments was al so determ ned.

In Experinent 1, weaned rabbits of about six weeks old
with an average initial weight of 617, were fed diets
containing 0, 10, 20, 30 and 40% BSR while in experinment 2,
breedi ng does of average initial weight of 1945kg, were fed
diets containing 0, 7.5, 15, 22.5 and 30% BSR. The diets in
each study were iso-nitrogenous but not isocaloric. At the
end of the six weeks weaner trial, carcass paraneters were
measur ed. A digestibility trial was also carried out to
measure the nutrient digestibility coefficients of the diets.

The result of the chemical analysis showed that BSR
contained, on dry matter basis, 30.16%crude protein, 11.82%
et her extract, 12.93%crude fibre and 2.51%ash. The contents
of cal cium phosphorus and soluble tannins were 0.14% 0.43%
and 6. 02% respectively. The gross energy content was found to
be 4.92kcal /g.

The results obtained from the study with the weaner
rabbits showed significant (P<0.05) effects of treatnents on
daily weight gain, daily feed intake, feed conversion ratio

feed cost per kilogramand feed cost per kilogramlive weight



gain. Weight gain was significantly higher (P<0.05) at 20%
BSR level when conpared with the control but reduced
significantly (P<0.05) at higher levels of inclusion. Feed
i ntake decreased significantly (P<0.05) as the level of BSR
increased in the diet. Feed conversion ratio also becane
significantly (P<0.05) poorer at higher |evels of BSR begining
from the 30% |level of BSR inclusion. Increase in dietary
level of BSR significantly (P<0.05) |owered feed cost/Kkg.
Feed cost/kg live weight gain reduced significantly (P<0.05)
up to 20% BSR | evel then increased thereafter. Mrtality was
not significantly (P>0.05) affected by dietary treatnents.

Dr essi ng percentage, gut |ength and abdom nal fat content
significantly decreased (P<0.05) while gut plus caecum wei ght
increased as dietary BSR |level increased when conpared with
the control. There were however no significant (P>0.05)
effects of treatnent on Iiver and edi bl e organ wei ghts (liver,
heart, kidney) . The digestibilities of DM CP, CF, EE, and
ash were not significantly (P>0.05) affected by increase in
the levels of BSR in the diet.

The results of the study with breeding does showed no
significant (P>0.05) effect of treatnent on gestation |ength,
litter size at birth, litter birth weight, average birth
weight and feed cost/kg of the feed. Feed intake
significantly (P<0.05) reduced as level of BSR increased in
the diet. Gestation weight gains increased significantly

(P<0.05) with increasing BSR levels up to 15% after which it

Xiii



decr eased.

The results of these studies suggest that brewers'
sorghum residue can be economcally fed in rabbit diets at
levels up to 20% and 15% for weaners and breeding does
respectively. These levels increased weight gain, reduced
cost of feeds, maximzed profit and gave no detrinental

effects on performance.



CHAPTER ONE

1.0 GENERAL INTRODUCTION

The present trend of inflation worldwide has become a
source of concern for livestcock owners as such inflatory
trends often have adverse effects on livestock feeds and hence
on cost of preoducing livestock and livestock prooducts.
Hence, there has been an increase in the competiticn between
man and his livestock for scarce grain resourceg leading to an
acute problem of feed shortages typifying the economy of many
of the developing countries. According tc Babatunde (1986),
one major solution to this problem is to drastically increase
the production of those ingredients commonly used in livestock
feeds such as mailze, groundnut and others, so as to cater for
the needs of both humans and animals. Where this cannct be
achieved, attempts should be made to source for alternative
feedstuffs for livestock. One characteristic of such
feedstuffs should be its non-competitive usage with man. Mosgt
of the alternative feedstuffs identified so far fall into the
category of agre-industrial by-products such as brewers’ spent
grains from the breweries. Thousands of tong of brewers’
spent grains are turned out annually from the many breweries
in the country, with only a small fraction been used by
animalg particularly for monogastric rations.

Brewers‘’ dried grains are defined as the dried extracted

regidue of barley malt alone or in mixture with other cereal

1



grains or grain products resulting from the manufacture of
wort or beer (Adebowale and Ademosun, 1981). According to
Bello (1984) brewers' grains and brewers’ yeast are the main
by-products of the brewing industry in Nigeria available for
use in livestock feeding. Most breweries do not have
facilities for drying this product and therefore contract out
the disposal of the wet product to farmers or agents who dry
them for livestock feeding. Brewers'’ grains has a relatively
high protein content (23.62% CP) compared with maize (10,15%
CP). It however does not contain a good balance of aminc
acids. They are rich socurces of essential fatty acids and
vitamins, especially B-complex vitamins (Singh, 19%88) and
being a by-product of fermentation, contains unidentified
growth factors (Babatunde et al., 1975). Due to its high
content of crude fibre (over 20%), barley-based brewers’ dried
grains have not been widely used in the diets of monogastric
animals particularly poultry (Nelson, 1984). It is however a
valuable feedstuff for ruminants (Umunna, 1980; Adebowale and
Ademosun, 1981; Umoh et al., 1982; Udedibie, 1984).

Much work have been carried out on barley-based brewers’
dried grains with little or no work on spent graing derived
from other sources such as from the production of the local
beer known as "burukutu or BKT". The production of thig by-
product, also known as "sorghum beer regidue", is derived from
the utilization of indigenous cereals such as sorghum used

solely or in combination with other cereal grains in the



production of the local beer (Dogari, 1985).

Following the ban on the importation of barley in 1988,
the brewing industry in Nigeria began to utilize indigenous
cereals such as maize and sorghum for the production of lager
beer (Aisien, 1989). The production of beer from 100% sorghum
however, is entirely a new concept in Nigeria. This has
resulted in the production of a by-product referred to in
these studies, as "brewers’ sorghum residue". This by-product
looks fibrous and more nutritious than the conventional
barley-based by-product. According to Udedibie and Emenalom
{1993), the striking features of the maize/sorghum based
brewers grains are its relatively low fibre (12.42%) and very
high protein (28.64%) contents. This low fibre content
significantly deviates from the crude fibre content of the
conventional barley-based brewers’ grains which ranges from
19-22% (Babatunde et al., 1975; Alawa et al., 1988; Maertens
et al., 1990). It's crude protein content of 28.64% compares
favourably with reported values for barley-based dried brewers
grains which range from 24-31% (NRC, 1978; Chase et al. 1981).
Udedibie and Emenalom (1993) have guccessfully incorporated
about 20% of this maize/sorghum residue into the diets of
poultry without any significant defects in production. Other
advantages of this by-product is that it is relatively cheaper
than maize and it does not require much additional processing
such as grinding, before incorporation into the diets of

livestock. 1Its increased usage in livestock rations will also



help to preserve the ecosystem from further pollution
resulting from its disposal. Though the product is fibrous
and would appear best suited for feeding ruminant animals,
advantage should be taken of its fairly rich source of
fermentable products, particularly the B-vitamins, by
including it in diets for rabbits which can handle high fibre
diets due to their well developed hind gut. If optimal level
of inclusion could be established, it might not only serve as
a source of B-vitamins, it might also contribute some protein
and energy and hence reduce the level of maize and protein
sources that are presently being included in the diets of
rabbits. Sorghum based brewers’ dried grains however must be
used with caution in diets of livestock as this has been shown
to contains the anti-nutritive tannin, which binds proteins
{Dogari, 1985; Kumar and Singh, 1984) and reduces amino acid
availability (Nelson et al., 1975).
This study was therefore designed to:
i. investigate the utilization of brewers’ sorghum residue
as an alternative feed source for rabbits
ii. determine the effects of using graded levels of brewers’
sorghum residue in the diets of weanling and pregnant
rabbits with the view to establishing the optimal levels
of inclusion in rabbit diets.
iii. evaluate the economic benefits of using brewers’ sorghum

residue in rabbit diets.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 THE RABBIT: ORIGIN AND DISTRIBUTION

The domestic rabbit, a descendant of the European rabbit,
Oryctolagus cuniculus, igs the domesgticated form of the only
species of the genus Oryctolagus (old world rabbit). The
European hare (Lepus europeus) in contrast, belong to one of
22 species of the genus Lepus (genuine hares). The first step
towards domestication was practiced by the Romans, who held
rabbits in enclosures called "Leporaria" (Schlelaut, 1985).
This form of production provided a constant supply of fresh
meat, as well as foetug and newborn, which they considered
delicacies. Thus originated the distribution of the rabbir to
other middle and eastern European countries. Now, the broad
scope of species of wild rabbit covers nearly all climatic
regions of the earth.

The two main producers recogniged in Africa are Ghana and
Egypt, both with 7,000 - 8,000 tonnes of carcasses a vear.
Algeria and Sudan come far behind with 1,000-2,000 tonnes a
vyear (Lebas et al., 1986). Although commercial production
exists in these countries, most rabbitries are family owned,
with a part of the output going to the market. The national
rabbit production development programme in Ghana, for example,
proposes a system where small family units keep only 3-6

breeding animals, so they can be fed on what is grown locally
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- forage, cassava etc. and produce surplus animals for sale.
The domestication and rearing of rabbit in Nigeria dates
far back to the coclonial era when rabbits were introduced
through missions and the agricultural service (FDLPCS, 1992).
Rabbit production is now well established in Nigeria. Rabbits
can be found in scattered locatiens throughout the country.
In contrast to larger species, where slow turnover of
stock creates management problem, farmers generally are
begining to appreciate the rearing of rabbits as an effective
intervention for raising the animal protein intake in many

rural areas.

2.1.1 THE RABBIT’S POTENTIAL

The advantages offered by the rabbit, in comparison to
other livestock, make it a potential livestock species for
alleviating the animal protein shortages in the country.
Schleclaut (1985) summarises the positive characteristics of
the rabbits as follows:
_a) The meat production per doe is higher than in all other
herbivorous farm animals, due to the high rate of
reproduction. In countries where the skin is also eaten after
removal of the hair, the slaughter yield rises from 60% to
75%. The carcass production per female/year 1is thereby
increased from 25 to 35 times the doe’s weight. Table 1 below

gives the meat production of various domestic species.



Table 1: Meat production of various domestic species in percentage of the adult
weight of female animals.

Species Weight Young Yearling Carcass weight
Adult Reared Weight, of Young/year

Females. per year kg. m rpl;n 1on o

kg Ine weght of

oy

mother. %,

|. Herbivores

Cattle 500 (0.9 350 33
Camel 600 0.5 - I8
Sheep 60 1.0 50 42
Sheep 60 1.5 50 6H3
Croat 45 1.5 35 53
Capybara 45 7 25 194
Rabbit

(extensive) 4 8 3 390
Rabbit

(intensive) 4 48 4 2 900
Guinea pig 0.8 20 0.6 825

2. Omnivores
Pigs 200 20 150 [.200
('hicken 3 100 3 9 000

Source: Schlolaut and Lange, 1983

b) The energy expenditure per kilogram of weight gain lies
markedly below that of sheep (39%) and even 47% below rthat of
cattle (Cock, 1977). The protein formation between the 6th
and 16th weeks of life is 45% higher than in lambs (Sharkey,
1973) . The advantageous utilization of energy and protein and
the high reproductive rate, result in the highest productivity
per area of gsmall meat producing farm animal species
(Spedding, 1975).

¢) Utilization of kitchen and garden refuse, weeds, leaves



etc. make meat and wool production in small enterprises
possible, independent of available farm land.

d} Adult weight is achieved in a 30% shorter time than in
other meat production mammals (Taylor, 1980). This, combined
with the short gestation period, makes possible a minimal
generation interval of 150 days. This being the lowest for
all meat-producing mammals. Combined with multiple kbirths, it
allows for a rapid adaptation of the animal stock to seasonal

differences in feed availability and market demands.

e) In some African countries, rabbit meat commands a higher
price than other types of m=at. This is because it 1is
considered as game or "bush meat”. With the exception of

Israel, no religious barriers are known to the consumption of
rabbit meat. In some countries however, prejudices do exist
because of a mistakenly assumed relationship to rodents.
Where the religion ceonsiders white animals to be holy,
prejudices exist against white breeds.

f) There are usually no problem in preserving (freezing,
smoking) as in large animals. This is because the carcass can
be cut into dish portions. The rabbit has therefore served as

a source of fresh meat in Europe, both in ancient and recent

times.

g) Rabbit meat is easily digestible. Only a slight amount
of wuric acid (the cause of gout) is formed through
metabolization. Therefore, it is suitable for a special

health diet.



h) The rabbit is very adaptable to different feeding and
holding conditions. It is also practical for closely settled
areag - it makes no noise that could bother neighbours (as

does the chicken), and in addition produces relatively little

odour.

i) The rabbit is one of the smallest meat animal, producing
protein from roughage. It does not compete for food with
man.

j) The rabbit is also suitable as a training object for
other forms of animal production.

k) In many countries, the market values of the meat and wool
are relatively high in comparison to other domestic animal
products. The high productivity within a small space and the
possibility of wutilizing a wide variety of feed sources,
allows for low cost rabbit production. In rural areas, rabbit
production provides an income usually above that of other
alternative.

These advantages make the rabbit an important livestock
species for bridging the animal protein supply - demand gap,
in areas where land space, initial capital investments and
feed requirements for other livestock species are becoming a

constraint.



2.2 AGRO-INDUSTRIAL BY-PRODUCTS FROM THE BREWERY
INDUSTRY.

Beer consumption has increased dramatically in tropical
countries over the last two decades and the number of
breweries has multiplied considerably, particularly in Africa.

The Nigerian brewing industry which started with the
establishment of a brewery in 1949, currently comprises of
about 33 brewing plants.

According to Olomu (1984) an industrial by-product isg
defined as that material which remains after the main product
of interest has been removed or extracted in an industry. The
main grain by-product of interest in the brewery industry in
Nigeria is brewers'’ spent grains or sorghum beer residue form
the local alcohol brewing industries (Dogari, 1985). These
grain by-products are usually low cost, low energy materials
which can be used to formulate cheap rations for livestock
feeding (Olomu, 1984} . Bello (1984) further enumerated a
number of benefits which may be derived from utilizing these
agro-industrial by-products. These include:

a. Reduced dependance on imported feed ingredients which
constitute a drain in foreign exchange.,

k. Reduction in environmental pcllution thereby improving
environmental sanitation.

e Provision of good sources of calcium, phosphorus,
protein, B-complex vitamins and some essential amino

acids which would have been wasted,
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d. Creation of new employment opportunities at place of
production and in secondary industries based on such raw
materials.

Needless to say, the conversion of these by-proeducts in
the diets of livestock reduces the use of feedstuffs which

have competitive usage with man e.g. maize.

- A 1 | The brewing process.

The brewing process involves the use of barley or other
cereals which are treated soc that starch under the influence
of added diastase, is converted into malt-sugar during
accelerated germination. The germination is interrupted by
heating and the shrivelled roots (sprouts) are separated from
the malted grains which are washed with water. The mixture is
then filtered to yield wort as the filtrate, and brewers’
spent grains as the residue. The wort is further processed
for beer while the grainsgs are considered "waste" (Sedam,
1957). Brewersg'’ spent grain is the main by-product from the
brewing industry. This spent grain when dried is referred to
as brewers’ dried grain (BDG) and is available for livestock

feeding.
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2:2.2 Description of some brewery by-products.

Brandis (1985) identified the following as brewery
by-products or wastes: malt mash (this contained 85% water,
0.5% crude ash, 3.98% crude protein, 2.11% crude fibre and
2.86% crude fat), brewers’ yeast, spent grain, malt sprouts,
protein residues, culms, grain polishings and, hop mash.

According to Serres (1992), brewerg’ grain is the major
by-product from brewing. Brewers’ grain 1s the insoluble
residue following malt extraction during masghing and it
contains starch, sugars, crude fibre, crude protein and
minerals. In the fresh state it contains up to 85% watex, but
dries easily. It has a protein content of about 20% but
levels of crude fibre are often high (15%). It is for this
reagon that brewerg’ grain is limited in moncogastric feeding
to about a third of the final diet (Serres, 1992). A moisture
level of below 15% is desirable for proper conservation. In
the wet state, the product is usually referred to as "brewers’
wet grain".

According to Bello (1984), the main by-products of the
brewing and allied malting industries are brewers’ dried
grains, brewers’ dried yeast, malt sprouts and dried spent
hops.

Brewers’ i rain are defined as the dried,
extracted residue of barley malt, alone or in mixture with
other cereal resulting from the manufacture of wort. Brewers'’

dried grainsg is very fibrous and is a rich source of

12



fermentation products particularly B-vitamins (Babatunde et
al., 1975). Brewers' grains and cther brewing by-products may
be used for livestock feed in the wet (Crickenberger and
Johnson, 1982), ensiled {Cebrian and Swan, 1979) or dried
state (Babatunde et al., 1975). Dried brewers’ grains and
dried brewers’ vyeast are the main by-products of brewing
industry in Nigeria available for use in livestock feeding
(Bello, 1984). It is regarded as an intermediate source of
protein and energy (Alhassan, 198%5). Most breweries however,
do not make these by-product available in the dried form but
rather contract out the disposal of the wet product to farmers
or agent who dry them for sale. This has greatly limited its
use for livestock feeding. Wet brewers’ grains are reported
to have an exposed storage life of abcocut 4-5 days in warm or
hot environment, and up to B8-days in cold weather (Mowat,
1980} . Studies show that wet brewers’ grains could be
preserved in the wet state for future use without adverse
effects. Myers and Ollier (1962) demonstrated that 5kg of
salt per tonne of spent grain in wooden silos lined with
polythene gave a silage, 20 weeks later of eqguivalent
nutritional gquality as the fresh material. Allen et al.
{1975) effectively preserved brewers grains in open piles for
2-3 weeks by treating with 4% of a mixture of propionic acid
and formic acid (85%}). Lilly et al. (1380) have shown
through laboratory and pilot scale studies that wet brewer’s

grains could be stabilized by incorporating 30% beet molasses
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and 0.3% potassium soxbate stored in closed containers. Sunde
et al. {1978) had earlier recommended the used of sorbic acid
as a preservative. Bello (1984) reported the chemical
composition of dried brewers’ grains as 18-20% CP, 6% oil, 20%
fibre, 0.05% total phosphorus, 0.20% calcium, 0.90% lysine,
0.40% methionine and 1960 metaboligabe energy (M.E.)} kcal/kg.

Brewers’ yeast contains a high level of protein with a
full complement of amino acids, vitamins of the B complex and
unidentified but important growth factors (Babatunde, 1986).
The yeast may contain hop constituents which gives it a bitter
taste and may render the beef unpalatable when included in
large quatities. The composition of yeast varies with strains
and conditions of growth.

Most, bhut not all hreweries are ahle tc separate out
yeast for subgequent drying. The resultant yeast is brown with
a characteristic smell. In spite of its bitterness, it is
extremely palatable to livestock such as pigs (Serres, 1992} .
This product is high in protein (45% CP) and digestible
carbohydrate and therefore is a sought-after cowmmeodity. It is
also rich in B-vitamins as well having a good balance of amino
acid which approaches that of animal proteins. This allows it
to be used in diets of lactating and pregnant sows to a level
of 2-3% (Serres, 19%2). The only limiting factor in itg use

as identified by the author is its high price.
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Table 2. Composition and energy values oft brewers’ grains from various sources.

BDG! BDG? SBR BSR Sorghum Maize

DM 92.40 96.30 91.00 NA 89.00 87.00
P 27.60 25.00 22.00 28.64 11,10 8. 10
Chk 19.60 11.40 8.40 12.42 2.00 8.00
EE 6.10 [.80 4.60 6.50 3.00 3.20
Ash 2.90 NA 8.61 71.27 [.80 1.60
NFE 43.80 52.60 47.39 45.17 71.10 66,10
Ca 0.36 NA 0.13 0.31 0.04 0.40
P 0.62 NA 0.16 0.56 0.31 0.27
keal/’kg GE 4996 - NA NA NA NA

DE, MJ/kg 1978 287() NA NA NA NA

BDG' - Brewers™ dried grain (Babatunde er al.. 1975)

BDG” - Brewers dried grain (Maertens ef al.. 1990).

SBR - Sorghum beer residue (Dogari, 1985).

BSR - Maize/sorgum based brewers grain (Udedibie & Emenalom, 1993).
NA - Not available

2.3. NUTRIENT CONTENT OF BREWERS’ DRIED GRAINS.

One way of assessing the nutritive value of a feedstuff
is by determining its chemical composition in terms of dry
matter, energy, protein, fibre, vitamins and minerals.
Brewers’ dried grains (BDG) are reported to contain about
twice the nutrient contents of the original grains except for
the starch that was converted to alcohol (Kiessel and
Prentiss, 1979; Mowat, 1980). Jensen et al. (1976) noted
that as a result of the utilisation of the starch in the
original grains for alcohol, low metaboligable energy values
were associated with the wuse of the spent grains in
monegastric diets. The nutrient composition of brewers’ grain

varies with place, type and source of grain, method of brewing



(Mclean, 1960} and even method of drying (Lopez and Carmona,
1981). This makes general statements on the composition of
brewers’ grains difficult.

Proteln content.

According to Bello {1984), brewers’ grains are
intermediate in protein content ranking above rice bran.
Reports from literature indicate that the crude protein level
of conventional barley based brewers’ dried grain {(BDG) varies
from 18-27% (Babatunde et al., 1975; Lopez and Carmona (1981);
Bello, 1984; Lufadeju et al. 1988; Alawa et al., 1988;
Maertens et al., 1990). The protein content of sorghum beer
residue 1is however given as 22% (Dogari, 1985) and a
slightly higher wvalue of 28.6% has been reported for
maize/sorghum based dried grains by Udedibie and Emenalom
(1993). According to Adegbola et al. (1988), the protein of
BDG is highly insoluble and resistant to ruminal degradation.

Information on the amino acid content of brewers’ dried
graing is scanty. Perry (1980) and Pond and Maner (1974)
reported that although the protein content of brewers’ grain
was high (20-30%), it does not contain a good balance of amino
acids, However, according to Almquist (1972), BDG has
adeguate amount of essential amino acids, especially those
that are deemed to be limiting in monogastric diets such as
methionine 0.4%, phenyalamine 1.2%, threonine 1.0%, lysine
0.9%, tryptophan 0.4 and valine 0.6%. Ademosun {1973) also

showed the amino acid content of BDG to be superior to maize

16



or guinea corn, which are used as the major energy sources 1in
poultry rations in Nigeria.

Energy content.

Brewers’ dried grains have been described by Babatunde et
al. (1975) as very fibrous and may serve as an energy source.
It is documented that the energy content of brewers’ dried
grain ranges from 1800-2500 kcal/ME/kg (Harms et al., 1969;
Jensen, et al., 1976; Sullivan et al., 1978; Bello et al.,
1984). Maertens et al. (1989) reported the digestible energy
(DE) value of BDG in rabbits as 2870kcal/kg. Jensen et al.
(1976) noted that as a result of the conversion of utilization
of the gstarch in the original cereal grains, low metabolisable
energy values are to be associated with the use of BDG in
monogastric animals.

Crude fibre content.

The crude fibre content of brewers’ dried grains range
from 11.7-21.5% (Babatunde et al., 1975; Lopez and Carmona,
1981; Bello, 1984; Alawa et al., 1988; Udedibie and Emenalom,
1993) . Babatunde et al. (1975) noted that BDG being very
fibrous is best siuted for ruminant feeding with very limited
use in monogastric rations. However, Dogari (1985) reported
a lower crude fibre value of 8.4% for sorghum beer residue.
The maize/sorghum based brewers’ grain has been described as
less fibrous and more nutritious than the conventional barley

based by-product.
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Ash content.

Ash content ranging from 3.1 to 4.6% have been reported
for brewers’ dried grain by various authors (Babatunde et al.,
1975; Lopez and Carmona, 1981; Bello, 1984; Lufadeiju et al.,
1986; Alawa et al., 1988. Udedibie and Emenalom (1553)
however reported a higher ash value of 7.27% for maize/sorghum
based BDG.

The nutrient composition of BDG has made it a potential

feed source for most livestock rations.

2.4. UTILIZATION OF BREWERS’ DRIED GRAINS IN NON-

RUMINANT DIETS.

Brewers’ dried grains have been used in the diets of pigs
(Babatunde et al., 1975), beef cattle (Adeyanju and Ilori,
1976; Umunna et al., 1982) and sheep and goats (Adebowale and
Ademosun, 1981) . Few works have been reported in rabbits

(Omole and Ajayi, 1876; Alawa et al., 1990).

2:.4:1 Utilisation of brewers’ dried grains in swine
diets.

According to Serres (1992), the high fibre content (15%),
low protein and great variability of brewers’ grain limits its
value for pigs. However, it is quite widely used in
small-scale systems of pig production in Nigeria.

Babatunde et al. (1975) reported that when 70 weaner pigs

were fed graded levels of 5, 10, and 15% BDG no significant
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differences in average dally gains and efficiency of feed
utilization was observed, but the average daily feed and
digestible energy intakes were significantly affected. The
authors concluded that inclusion of barley brewers’ dried
grains at 15% of the diet for growing pigs did not depress
growth rate although nutrient digestibility was lowered. This
level of inclusion substancially reduced total feed costs.

In another study, Yaakugh et al. (1588} replaced 25, 50
and 75% of the maize portion of rations fed to young pigs with
brewers’ dried grains. Their results showed that beyond 25%
maize replacement, performance in terms of average daily gain
and feed utilization was depressed.

Tegbe (1985) reported a significant decrease in the daily
feed intake and daily gain when weaner pigs received up to 30%
BDG levels in their diets in the starter phase. During the
grower and finisher phases they however reported a significant
increase in feed intake, daily weight gain and poorer feed to
gain ratio. They concluded that young pigs (starters and
growers) could tolerate 10% BDG in their diets while other
pigs (finishersg) can be fed as much as 20% BDG in their diets
without any detrimental effect on performance.

Madubuike (1988) fed graded levels of BDG up to 15% level
in the diets of early weaned pigs and reported no adverse
effect on total gains and average weight gains of the pigs.
In addition, average daily feed intake and feed to gain ratio

increased with increasing levels of BDG in the diets. The
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pigs placed on the 15% BDG however consumed more feed per unit
gain and also scoured more frequently than the others. This
showed a lower degree of tolerance for increased fibre level.
They reported that the 15% BDG which has a higher fibre level
may have also depressed digestion and the pigs made up their
gain through increased feed intake, which may have become
responsible for the observed scouring.

Quemere et al. {1983) fed BDG to 168 pigs at O
(control), 10, or 20% and reported similar daily feed intake
for all the diets. Energy intake when compared with the
contrcl was 3% less or 8% less with 10 and 20% BDG
respectively. The rate of gain was 18% less with 20% BDG.
For females, rate of gain was not affected with 10% BDG but
was 7% less with 20% BDG. They also reported a non-linear
increase in the feed intake/kg gain with increasing dietary
BDG during the growing period. This trend was less marked
during the finishing period. Dietary BDG reduced the carcass
yield, especially for females given 20% BDG. Carcass grading
index was reduced by BDG parallel to the decrease in carcass
muscle percentage.

Wahlstrom and Libal (1976) fed pregnant sows on diets
containing 0, 20 and 40% BDG and reported no significant
treatment effect on litter size, litter and individual pig
weight at birth and weaning. Gestation weight gains were
however significantly different for sows on the different BDG

levels, with sows on the 20% BDG recording the highest gain
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while the 40% diet gave the lowest.

2.4.2 Utilisation of brewers’ dried grains in poultry
diets.

The use of brewers’ dried grains (BDG} in poultry diets
has been well documented. It has been found that BDG can be
incorporated into poultry starter and grower mash rations at
levels of up to 10% and 15% respectively without adverse
effects on the performance of the birds (Ademosun, 1974;
Jensen, 1981; Ibrahim, 1986).

Broiler diets.

From trials conducted with breilers, Olomu [(1984)
reported that with the addition of siutable fats, broiler
starters may be able to tolerate up to 30% BDG and broiler
finishers up to 37% BDG without much adverse effects.

Onwudike (1983) reported that feeding diets containing
30% BDG did not affect weight and carcass yields of broiler
chickens given diets with up to 30% BDG from 21 days to 11
weeks old. Chickens given large amounts of BDG showed a
significant increase in size of pancreas and a decrease in
abdominal fat and size of liver. The most efficient diet in
terms of amount of feed to produce 1kg of gain, was that with
15% BDG.

Deltoro Lopez and Fernandez (1981) gave diets with up to
40% BDG to broiler chickens from 0 to 12 weeks of age, and

found no treatment effect on feed intake or dressing
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percentage. Digestive tract weight gsignificantly reduced when
ugsing 20% or more BDG. Abdominal fat pad significantly
decreased in weight with the use of BDG. They concluded that
BDG should not exceed 10% for birds of 0-8 weeks old or 20%
for birds of 8-12 weeks cld.

Layer diets.

Ademosun (1973) employed diets containing up to 30% BDG
for chicks from 0-8 weeks of age. No differences in food
consumption were found, but for body weight gain and feed
efficiency it appeared that BDG should not exceed 10%. In a
second trial, the author fed diets containing up to 45% BDG to
growing birds from 8-18 weeks. The results showed that 30%
BDG caused an increase in food intake and a deterioration in
feed efficiency.

Onwudike {1981} found that hen-day egg production value
was highest for birds on 30% BDG. The average egg weight was
also highest for birds at 20% level of BDG and mean daily feed
intake was highest at 40%. This was expected becausge as the
energy content of the feed falls, there is a tendency for
increased feed consumption.

For 8 months , Harco hens which had been laying for about
10 weeks were given one of 5 diets containing ©, 10, 20, 30 or
40% BDG (Onwudike, 1987). Average hen-day production values
on the above diets were 56.7, 56.5, 58.7, 60.9 and 55.8%
respectively; average egg weight was 59.3, 59.7, 60.9, 62.4

and 62.39 and mean daily feed intake was 121.6, 130.8, 154.2,
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166.4 and 168.9g.

Deltoro-Lopez et al. (1981) in a different trial, fed
diets containing 0, 15, 30, 45 or 60% BDG to 20 Rhode Island
Red laying hens in the seventh month of lay. The experiment
lasted 75 days after which 90% BDG was offered to the same
hens for two weeks. Diets containing 45% or more BDG had
significant difference 1in digestibility of nitrogen or
nitrogen retention. Feed intake, egg production, feed
efficiency, egg weight, egg quality and body weight gain were
also studied. Diets with 15 or 30% BDG seemed to be adequate,
although the losses of body weight and shell quality suggested
that this level should not be ugsed without further research.
At 60% dietary level, BDG caused a significant decrease in
most of the characteristics studied. The use of 90% BDG
caused a reduction in feed intake, large body weight losses
and, in the second week of the experimental period, an
inhibition of the lay.

Deltoro Lopez et al. (1982) fed BDG to laying hens at
the levels of 0, 4, 8, 12 and 16% of the diet. Feed intake,
egg production, feed conversion efficiency and body weight
were not significantly different among the groups but egg
weight, interior egg quality and fat content of liver were
significantly greater with 16% BDG than in control group.

Deltoroc Lopez et al. (1983) found that feed intake, eqg
production, feed conversion efficiency and body weight were

not sgignificantly different among groups when BDG was fed to



Rhode Island Red hens at O, 4, 8, 12 or 16% as replacements
for some of the sorghum, barley, soya and lucerne of the diet.
However, egg weight, interior egg quality, and fat content of
the liver were significantly greater with 16% BDG than in the

control group.

2.4.3 Utilisation of brewers’ dried grains by rabbits.
Although studies have been conducted on the use of
brewers’ dried grains as a feed supplement for the various
classes of 1livestock 1listed above, information on its
utilization by rabbits is limiting as its use in rabbit
feeding is very recent. Alawa et al. (1890), described the
performance of growing rabbits fed diets based on corn in
which various proportions of the corn were replaced with BDG.
They reported that the rabbits tended to consume more dry
matter as the level of BDG in the diets increased. This was
asgociated with increasing dietary fibre concentrations caused
by increasing proportion of BDG in the diet. Least final
weights and gains were also recorded for this group of rabbits
which also had the poorest feed conversion ratio. A
depression in growth rates and increase in the amount of feed
consumed per unit of live weight gain was noticed as BDG in
the diet increased. The apparent digestibilities of the diets
were significantly depressed (P<0.05) by the inclusion of BDG.
They concluded that the replacement of 25-50% of the cereal

grain portion of diets did not cause serious loss 1in
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performance, measured as liveweight gain, although 25%
inclusion level was considered best, being comparable to the
control.

In metabolism trials, 8 Spanish giant rabbits were given
BDG containing 28.85% CP mixed with 50% dried bean pods or
supplemented with mineral and vitamin premix 3% and sugarbeet
molasses 30%. Digestibility of nutrients in the grains,
except for CP and EE, ascertained by difference, was increased
by adding bean pods. Palatability of brewers’ grains was
improved by both treatments (Fonolla, et al., 1985).

Omole and Ajayi (1976) showed that the incorporation of
BDG in rabbit rations up to 15% led to an increase in daily
weight gain, but further increase in BDG concentration up to
45% resulted in reduced body weight gain and efficiency of
feed utilization. In another study by Alawa and Amadi (1991),
it was reported that BDG had a greater potential for
utilization compared to corn cobs or wheat bran in diets in

which 35% of these by-products were used to replace maize.

2.4.4 Utilisation of sorghum beer residue or BKT waste.
The production of the local beer known as "burukutu"
(BKT) using sorghum or maize, generates spent grains which is
of variable quality depending on the system used. This
by-preoduct has also been referred to as "sorghum beer residue"
(Dogari, 1985). Though it has been fed to 1livestock,

literature is still very scanty on its utilization. The grain
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source is mostly sorghum and is used by pig farmers singly or
in combination with other feedstuffs in pig fattening schemes
(Tegbe et al., 1885).

In a feeding trial, Tegbe et al (1995) fed weaner pigs
graded levels of 0, 10, 20 or 30% local spent grain (BKT
waste) and found a decrease in weight gain, feed intake. Feed
to gain ratio and feed cost per kilogramme gain, as the level
of BKT waste increased in the diet. The 10% BKT diet gave the
best result. In another trial, these authors fed diets of 0,
12.5, 25 or 37.5% BKT waste to adult pigs and found that
performance characteristics in terms of feed intake, weight
gain and feed:gain ratio were not affected by the level of BKT
waste fed.

According to Dogari (1985), sorghum beer residue or BKT
waste, can be included up to 50% of broiler starter diets.
From thig regult there were no significant differences in
weight gain of broilers fed sorghum beer residue and those fed
maize as the main energy source. However because of the low
energy level of sorghum beer residue, inclusion levels higher
than 50% led to significantly lower weight gains even though
this led to a saving in cost of feed. Dogari (1985) also
reported that increasing levels of sorghum beer residue in the
diets of broiler chickens up to 50% depressed weight gains,
feed efficiency and feed cost per kilogramme gain. Feed

consumption increased and mortality was unaffected.
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Dogari (1985) gave its chemical composition as shown
below. Alongside these values is the composition of brewers

dried grain.

Table 3: Chemical, tannin composition and amino acid profile of
sorghum beer residue.

Sorghum beer residue

DM, % 91.00 97.95

CP, % 22.01 19,95
EE, % 4.60 7.10
CF, % 8.40 1X.63
Ash, % 8.61 3.15
Ca, % 0.13 -
P, % (.16

Tannin, % 3.40 :
Lysine g/16gN 0.54 (.83
Histidine .. 0.63 (.58
Arginine .. (.83 (.95
Aspartic acid .. 1.52

Threonine . 0.92 (.70
Serine o 1.13

Glutamic acid .. 3.75

Proline . 2.29 -
Glycine |, 0.77 .82
Alanine .. [.90 -
Cystine . 0.49 0,98
Valine .. [.27 (.01
Methionine ., (.34 (0.29
Isoleucine . .09 0.77
Leucme |, 2.65 1.60
Tyrosine . 1.11

Phenylanine |, 1.46 .16
M.E., kcal/kg 1764 1960

Source: Dogari. 1985.



2.5 PROBLEMS ASSOCIATED WITH FEEDING BREWERS’ SPENT
GRAINS .

Most literature reports evaluate the utilization of
brewers’ grain with respect to its fibre component. Pond and
Maner (1974) reported that the main problem with the use of
brewers’ grain in monogastric diets lies in the fact that it
is a low energy, high fibre (bulky) feed. They suggest that
it is best suited for ruminants that can handle high fibre,
low energy feed better than the monogastrics. Brewers’ grain
have been reported to contain high levels of selenium and
levels of over 0,045 ppm may limit performance in feedlot
cattle especially if dietary protein is low or deficient
{(Maclean, 1960; Crickenberger and Johnson, 1982). Convard and
Moxon (1979) reported that about 19% of the selenium supplied
in dried brewers’ grain to dairy cows appeared in milk. This
was especially so where the dried graing were the main source
of dietary selenium. They sounded a note of caution as to the
human health hazards of selenium toxicity from milk.

However, the inclusion of brewers’ grain in diets is said
to reduce the incidence of parakeratosis in the rumen of
animals fed cereal grains. The animals also showed less
indications of liver abscesses (Oster et al., 1977; Preston et
al.,; 1973).

The existence of a large number of fungi in fresh

brewers’ grains kept in the open have been documented, though
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the grain did not lose colour or cdour (Lopes and Pascal,
1981) . Sunde et al., (1979) had earlier observed thar no
pathological meculd had been associated with the use of wet
brewerg’ grain.

Tangle et al. (1960) reported that long term feeding of
brewerg’ grain to dairy cows often produced infertility. They
related this to the imbalance of the essgential amino acids,
especially tryptophan which they observed to be very low
0.19/100g protein). They recommended the use of about 10kg
brewerg’ grain per day alongside typtophan-rich-feeds in order
to check the problem. However, Crickenberger and Johnson,
{1982) observed in heifers that feeding increased quantities
of wet brewerg’ grain, increased selenium intake levels
without apparent beneficial or detrimental effect on

reproductive performance.

2.6 INDUSTRIAL UTILIZATION OF SORGHUM IN NIGERIA.
Until recently, sorghum has been a principal staple food
in Nigeria. The Structural Adjustment Programme (SAP), made
it imperative however for food, beverage and Dbrewery
industries to explore optiong of finding local sources of
their raw materials (Aribisala, 1989%). This has become an
important factor in enhancing the utilization of sorghum. The
emerging principal uses of sgorghum as an industrial raw
material includes production of biscuits and confectionery,

beverages, weaning foods and beer., Currently, sorghum has
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been identified to have the greatest potential of being used
as a material in the brewing subgector. Many brands of beer
in the market now have substantial content of local sorghum
and maize (Aribisala, 1989).

In the utilization of sorghum to produce beer and flour,
some by-preducts are naturally made available for commercial
feed manufacture (Aduku, 1989). These include:

Brewers’ sorghum residue: This is obtained when sorghum
malt has been used for beer production. This is currently in
mixtures with maize grits and is used in feed formulation
arbitrarily since the chemical composition is not known.

Sorghum floats: These are light, immature or weevil
attacked grains which float on water in the procegs of soaking
grains in a malting process.

Sorghum bran: The bran is derived from the milling of
sorghum into flour.

Scrghum gprouts: These are shoots of germinated grains
in the production of malted scorgum used in beer production.
The germinated grains are dried and the shoots broken off.
These shoots are high in protein and amino acids, high in
cyanide (Ikediobi et al., 1987) but low in tannin (Kubiczek er

al., 1984).

&7 TANNIN IN SORGHUM AND SORGHUM PRODUCTS
Sorghum grains contain an antinutritive factor called

tannin. Due tec the presence of tannin, the feeding value of
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sorghum is between 85-95% of that of maize. Tannin have been
found to have a deleterious effect on the nutritive value of
sorghum (Vochra et al. 1966) which may affect its feeding
value for monogastrics. It has been shown that protein in
high tannin sorghum has lower nutritive value than that of low
tannin sorghum due largely to the harmful effects of tannin
exerted in the digestibility of proteins (Bagepalli et al.,
1980). Nelson et al. (1975) showed that there is a reduction
in amino acid availability with increasing tannin content.
Sorghum graing of high tannin content are of importance to
agronomists who prefer these high tannin varieties for their
resistance to bird attack, inhibition of pre-harvest
germination and resistance to mould growth (Harris and Burns,
1970) .

Okoh et al. (1989) reported a great deal of variation in
the tannin content of various sorghum grain varieties, ranging
from 0.012% in HPB to 0.215 % in YG5760. They observed that
about 11 varieties of those studied had 0.11-0.215% tannin
content.

Considerable decreases in growth rate and feed efficiency
of rats and chicks due to presence of dietary tannin in
appreciable amounts were reported by Featherstone and Rogler
(1975) . Ward et al. (1977) reported a reduction in feed
intake, feed gain ratios, dry matter and amino acid negative
weight gains when a diet containing 3.9% purified condensed

tannin was fed compared with the control which had no added
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tannin. Connor et al. (18%69) also reported a depressian in
testig weight and total lipid content and an individual bird
variation in liver weights. These authors concluded that
apart from the depression in feed intake, tannin exerts other
toxic effects which have to be further investigated. However,
Potter et al. (1966) showed that tannic acid levels of up to

2% cause egg yolk mottling.

2.8 CRUDE FIBRE DIGESTION AND UTILIZATION IN RABBITS.
Rabbits are typically herbivorous animals which consume
high forage diets. Though they feed on large quantities of
fibrous feedstuffs, they are not efficient in wutilizing
dietary fibre (Cheeke et al., 1986). Rabbits being hindgut
fermenters, selectively retain large particles in the caecum.
Normal peristaltic movements propel the larger, less denge
fibre particles through the colon and at the same time
contractions of the coleon moves fluids and small particles
which are high in density, in a retrograde manner to the
caecum. The small particles and fluids are retained for
prolonged periods in the caecum (Pickard and Stevens, 1972),
allowing for extensive fermentation. In esgsence, the
digestive strategy is to separate fibre and non-fibre
components in the hindgut, with the rapid excretion of the
non-fibre constituents for fermentation in the caecum. The
non-fibre components are digested efficiently, because they

are re-ingested as the cecotropes and thus subjected to more
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than one passage through the digestive tract. Fibre on the
other hand is very poorly digested in the rabbit, because it
is rapidly propelled through the colon and excreted in the
hard feces.

In spite of its poor digestion, fibre plays an important
role in maintaining normal functioning c¢f the digestive tract

and in preventing enteritis.

2.8.1 Digestibility of crude fibre in rabbits.

The digestibilities of all components of a diet decrease
as the fibre level increases and they wvary with the type of
feedstuff. Feeds high in cellulose and lignin generally have
a crude fibre digestibility of less than 15% in rabbits while
non-lignified materials such as beet pulp have crude fibre
digestibility as high as 60% {Maertens and De groote, 1984).
Cheeke and Raharjo (1988) reported that the digestibility of
fibre of grain milling by-products such as rice bran is high.
The increase in digestibility of cereal straw and sawdust
through alkali treatment was reported by De Blas et al. (1979)
and Omole and Onwudike (1981}, The effect of alkali is
probably due to the reduction of the lignin content, and
possibly increased degradation to small particle sizes by
mastication, resulting in increased cecal retention of the
fibre fraction (Cheeke et al., 19886). Grinding of feeds to
reduce their particle size results in an increased cecal

retention time {(Laplace and Lebas, 1977}.
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2.8.2 The role of fibre in rabbit nutritiom.

Diets low in fibre have been found to reduce growth rates
of weanling rabbits (Champe and Maurice, 1983; Cheeke and
Patton, 19578; Lebas and Laplace, 1977). Pote er al., (1980)
showed that there was an increase in average daily gain, daily
intake and daily DE intake when a fibre source such as alfalfa
meal was added to a cereal based diet. There are several
possible explanations for the low growth rate of rabbits fed
a high energy, low fibre diet. Laplace and Lebas (1977)
observed that finely ground feed increased the retention time
of digesta in the cecum, and decreased dry matter intake.
Lebas and Laplace (1977) further reported that highly
digestible diets are consumed in lower quantities and retained
in the digestive tract longer than high fibre diets.
Increasing the retention time of feed in the digestive tract
is a precursory sign of diarrhea, which is preceded by
cecal-colonic hypomotility (Laplace, 1978). This author
concluded that attempts to improve efficiency of feed
utilization by lengthening retention time and increasing
recycling by cecotrophy are generally unsuccessful; any
disturbance of the normal rhythms of feed intake and fecal
excretion pattern is generally deleterious. Thus according to
Cheeke et al. (1986), a plausible explanation for reduced
growth rate of rabbits fed low fibre diets is that prolonged

cecal retention time occurs, with reduced feed (and energy)

34



intake and a predisposition to diarrhea. He noted that the
favorable effects of fibre, termed a "ballast" effect by
Collin et al. (1976), are apparently due to a stimulation of
cecal-colonic motility, probably by the scabrous effects of
the larger particles and the increased bulk of the digesta.
This is analagous to the roughage effect of forages in
ruminant gut motility. The minimum levels of dietary fibre
which have stimulated maximum growth rate in various studies
ranged from 9 - 11 % crude fibre (Champe and Maurice, 1983;
Cheeke and Patton, 1978; Collin et al., 1976; Pote et al.,
1980; Spreadbury and Davidson, 1978} .

Numerous investigators (Collin et al., 1976; Laplace,
1978; Pote et al., 1980 and Spreadbury and Davidson, 1978)
have noted that dietary fibre has a protective effect against
diarrhea in weanling rabbits. The exact mode of action is not
clear. Cheeke and Patton (1980) proposed that low fibre and
high starch diets promote carbohydrate overload of the
hindgut, leading to the proliferation of pathogens. Borriello
and Carman (1983) attributed enterotoxemia (a major form of
enteritis) to toxins produced by Clostridium spiroforme. The
diarrhea-promoting effects of low fibre dietg are therefore
associated with two factors: (1) the low fibre level results
in a reduction in cecal-colonic motility, so that increased
cecal retention time of ingesta occurs, and (2) a low fibre
diet is a priori one high in readily available carbohydrate

(Cheeke et al., 1986).
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Another beneficial effect of fibre is that they prevent
cases of trichcocbezoars and hair pulling. Masses of hair balls
(trichobezoars) in the stomach block the pyloric opening and
ultimately results in death from starvation. In pregnant
does, hair balls lead to ketosis and fatty acid syndrome
(Patton et al., 1983). Rabbits eat hair when fed low fibre

diets in an attempt to satisfy a craving for fibre.
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CHAPTER THREE

3.0 EFFECT OF GRADED LEVELS OF BREWERS‘ SORGHUM
RESIDUE ON PERFOMANCE OF WEANER RABBITS.

3.1 ABSTRACT

Proximate composition of brewers’ sorghum residue (BSR)
was determined and a six week feeding trial was conducted to
evaluate the feeding value of ESR for weaner rabbits. In this
experiment, five diets were formulated to contain 0, 10, 20,
30 and 40% levels of BSR respectively. Each diet was fed to
three replicates of Ffour weaner rabbits with an average
initial weight of 6&17g. Carcass analysis and nutrient
digestibility determination were conducted at the end of the
feeding trial.

Brewers’ sorghum residue contained 93.72% DM, 30.16% CP,
11.82% EE, 12.93% CF, 2.51% ash, 0.14% Ca, 0.43% P. The
goluble tannin and gross energy content were 6.02% and
4 .92kcal/g respectively.

The results obtained from the growth study with weanex
rabbits showed significant (P<t}.05) effects of treatments on
daily weight gain, daily feed intake, feed to gain ratio, feed
cost per kileogram and feed cost per kilogram live weight gain.
Weight gain was significantly higher (P<0.05) at 20% BSR level
when compared with the contrcl but reduced significantly
(P<0.05) at higher levels of BSR inclusiocon. Feed intake

decreased significantly (P«<n.05) ag the level of BSR
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increased in the diet. Feed to gain ratio also became
significantly (P<0.05) poorer ar higher levels of BSR begining
from the 30% level of BSR inclusion. Increase in dietary
level of BSR significantly (F<0.05) lowered feed cost/kg.
Feed cost/kg live weight gain reduced significantly (P<0.05)
up to 20% BSR level then increased thereafter. Mortality was
not significantly (P>0.05) affected by dietary treatments.

Dressing percentage, gut plus caecum weight, gut length
and abdominal fat content were significantly reduced (P<0.05)
as dietary BSR level increased when compared with the control.
There were however no significant (P>0.05) effects of
treatment on liver and edible organ (liver, heart, kidney)
weights.

The digestibilities of DM, CP, CF, EE and ash were not
significantly (P>0.05) affected by increase in the levels of
BSR in the diet,

The results of this experiment showed that weaner rabbits
could tolerate up to 20% BSR inclusion in their diets without

any detrimental effects on the.r performance.
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3.2 INTRODUCTION

Due to the increasing cust of feed concentrates for
livestock producticn, emphagis is now been placed on sourcing
alternative feed ingredients, particularly those which do not
have competitive usage with man. Such alternative feed
sources include agreo-industrial by-products such as brewers’
spent grains from the brewing .ndustry. Prior to the ban on
the importation of barley malt in 1988, the main by-product
from the brewing industry was hrewers’ spent grains. It was
basically barley-basgsed. This bs/-product has served as a major
source of both energy and prote.n for livestock (Tegbe, 1985).
It is also known Lo contain proporticnally more valuable

vitamins, fat, fibre and protein than were contained in the

barley grain used (Kingsell et al., 1979 ). Being a by-
product of fermentation, it is Dbelieved to contain
unidentified growth factors (Singh, 1988). The high crude

fibre content of barley-based dried brewers’ spent grains
(over 20% CF), limits its use in the diets of monogastric
animals, particularly poultry (Ademosun, 1973; Nelson, 1984) .,
It has however been successiully used as feed for pigs
{Babatunde et al., 1988), sheep and goats {(Adebowale and
Ademosun, 1981; Adu, 1985) and rabbits (Omole and Ajayi, 1976;
Alawa et al., 1990}.

The bhan on the importation of this exotic cereal, led
most breweries in the country into using scrghum or maize or

a coumbination of both, for the production of lager beer
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({Aribisala, 1989). This consequently resulted in the
production of a sorghum-based or maize/sorghum-based brewers’
residue which 1s termed here as "brewers’ sorghum residue".
Studies conducted by Udedidie and Emenalom (1993), showed that
this by-product can be used up to 88% in the diets of broiler
diets. These authors found it to be less fibrous and more
nutritious than the conventicnal barley-based brewers’
residue,

A close variant of brewers’ sorghum residue termed
"sorghum beer regidue”, is derived from the fermentation of
sorghum for the production of the local beer called "burukutu"
(Dogari, 1985). This by-product has been shown to contain a
high percentage of protein {(22%) and a low energy content
(1764kcal /kg) . Broiler chickens were able to tolerate this
by-product up to 50% of their diets.

Brewers’ sorghum residue is now widely used by most
livestock producers in a harphazard manner since they have no
adequate information on its composition. The chemical
composition of this product varies with the grain source,
propotions of the various grains used, brewing process
(Kafidiya, 1992 personal communications). It has become
necessary to determine the chemical composition of the by-
product before incorporating it into the diets of rabbits
since little or no information exists on the use of brewers'’

sorghum residue in livestock diets.



The experiments carried out were therefore designed to:

s determine the proximate composition of brewers' sorghum
residue

ii. determine the effect of dietary inclusion of brewers’
sorghum residue on performance of weaner rabbits

iii. determine the effect of brewers’ sorghum residue on

overall feed cost.

3.3 MATERIALS AND METHODS.
3.3.1 Collection and processing of brewers’ sorghum
residue.

The brewers’ sorghum residue (BSR) used for this study
was obtained in the wet state from the Nigerian Breweries
Plc., Kaduna, brewers of ‘Star Lager beer’. Four tipper loads
of the wet BSR were collected in four trips from the brewery.
The wet BSR was then processed by spreading on cement floor
and left to sun dry for three days with regular turning to
prevent mouldiness.

3.3.2 Determination of the <chemical composition of
brewers’ sorghum residue.

Representative samples of dried brewers’ sorghum residue
were collected and chemially analysed to determine their
composition for dry matter, crude protein, crude fibre, ether
extract, ash, calcium and phosphorus, according to AOAC (1975)
methods. Nitrogen composition was determined using micro

kjeldahl apparatus. Gross energy of the BSR was determined
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with a Gallenkamp oxygen ballistic bomb calcrimeter. Soluble
tannin concentrations were determined at the ILCA (now ILRI)
labouratory at Addis Ababa.

3.3.3 Experimental diets, animals and management

Five experimental diets were formulated to contain 0, 10,
20, 30 and 40% levels of BSR respectively. All the diets
contained 18%CP with the metabolizable energy varying
depending on the content of BSR in the diet. Rice offal, bone
meal, vitamin-mineral premix and salt formed 15, 3.0, 0.25 and
0.50% of the diets respectivelv (Table 4).

Sixty (60} mixed breeds of rabbits weighing an average of
617g, were randomly assigned to the five dietary treatments
with 12 rabbits per treatment. All experimental animals were
housed in groups of four per replicate in cages of dimension
60x50x45cm. The animals were weighed at the beginning of the
experiment and weekly thereafter. Feed consumption was
recorded daily. Feed and water were provided ad l1ibitum. The
feeding trial lasted for 6 week:. Parameters measured include
average daily feed intake, average daily weight gain, feed to
gain ratio, feed cost per kilogram and feed cost per
liveweight kilogram gain. At the end of the feeding trial,
one rabbit per replicate was slaughtered to determine the
effect of dietary treatments on carcass parameters. Four
rabbits were randomly selected from each treatment group at
the end of the experiment and transferred to metabolic cages

where total faecal collections were taken to determine the
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apparent nutrient digestibilities of the diets. Polythene
sheets were placed under each cage to collect the faeces daily
for 7 days. These were then weighed pooled and stored in the
freezer. At the end of the trial the faeces were oven dried
at 70°C for 24 hours and grounded for chemical analyses. The
digestion trial and calculation of the apparent nutrient
digestibility coefficients ars according to the procedure
given by Harris (1983) see Appendix 30
3.3.4 Proximate analysis

Nutrient contents of fe=d and faeces were analysed
according to the AOAC (1975) methods described in 3.3.2.
3.3.5 Statistical analysis

Data collected were subjecred to analysis of variance and
differences between treatment means were compared using
Duncan’s Multiple Range Test (Steel and Torrie, 1980). The

trends were determined using curvilinear contrasts.

3.4 RESULTS AND DISCUSSION.
3.4.1 Nutrient content of brewers’ sorghum residue

The results of the chemical analyses of brewersg’ sorghum
residue are presented in Table 5.

The crude protein value of 30.16% reported for brewers’

sorghum residue (BSR) was higher than the values of 22.01%
obtained by Dogari (1985) for sorghum beer residue. It was

closer to the value of 27.6% and 28.64% reported for barley-

based brewers‘dried grain and maize/sorghum-based brewers’
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dried grain reported by Babatunde et al. {(1975) and Udedibie
and Emenalom (1993) respectively. The high crude protein
content obtained in this study confirms the reports of other
workers who found that brewers’' sorghum residue is very high
in protein. This high protein content of BSR is as a result
of the concentration of protein in the residue as the
extraction of starch through fermentation occured.

The crude fibre value of BSR (12.93%) 1is in agreement
with the value of 12.42% reported by Udedibie and Emenalom
(1993). It is however higher than the value of 8.40% obtained
for sorghum beer residue reported by Dogari (1985) but lower
than the values of 1B.83% and 21.5% reported for brewers’
dried grains by Olomu (198f) and Alawa et al. (1988)
respectively. The crude fibre results confirm that BSR is
high in fibre which will likelv have a detrimental effect on
the performance of monogastric animals if fed at wvery high
levels. The high crude fibre value of BSR observed in the
present study is probably due to a high concentration of the
fibrous testa in the resdue after the removal of starch.

The ether extract value of 11.82% obtained from this
study was found to be higher than values of 6.5% reported for
maize/sorghum based BDG by Udedibie and Emenalcm (1993). The
differences observed could be due to the variation in cereal
grains used, the method and degree of accuracy of labouratory
techiques used for analyses. When maize grit is used, the

germ containing most of the fat is removed. Sorghum grain on
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the other hand is used without removing the testa and germ
containing fat. The process of fermentation reduces the
carbohydrate component while the fat content is increased.

The ash (mineral) value of 2.51% obtained in this study
were found to be close to the value of 2.9% and 3.15% reported
by Babatunde et al. (1975) and Olomu (1988) for brewers’ dried
grains. It was however lower than the values of 8.61% and
7.27% lower than the values reported for sorghum beer residue
and maize/sorghum based BDG by Dogari (1985]) and Udedibie and
Emenalom (1993) respectively. The calcium content of 0.14% is
in agreement with the value of 01.13% reported by Dogari (1985)
for sorghum beer residue but lcwer than the 0,31% reported by
Udedibie and Emenalom (1993) for maize/sorghum based brewers’
dried grain. The phosphorus value of 0.43% compares
favourably with 0.56% reported by Udedibie and Emenalom (1993)
but higher than 0.16% reported by Dogari (1985).

The dry matter value of 93 72% cbtained in this study was
within the range of 88.0-96.3% reported for barley-based BDG
by other workers (Babatunde et al., 1975; Bello et al., 1984;
Lufadeju et al., 1986; Dogari, 1985; Alawa et al., 198B8).
This differences in the dry matter value observed could be due
to variations in the moiture ccntent of the by-product before
dry matter determination.

The gross energy content of 4.92Kcal/g agrees with the
value of 4.28Kcal/g reported for maize/sorghum based dried

brewers’ grain by Udedibie and Emenalom (1993).
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The tannin content was higher (6.02%) than that of
sorghum beer residue (3.40% by Dogari (1985). This
difference may be due to the variety of sorghum used, the
proportion of sorghum to other grains used for the beer
production, the brewing pocess and the method of tannin

extraction.

3.4.2 Performance of weaner rabbits fed brewers’' sorghum
residue

The performance of weaner rabbits fed graded levels of
brewers’ sorghum residue are presented in Table 6.

There was an inverse relationship between dietary level
of inclusion of BSR and fecd intake (Table 6). Feed
consumption decreased linearly (P<0.05) as the level of BSR in
the diets increased. Averag= daily feed intake for the
control diet was highest (64.06g) while the lowest intake of
feed was recorded for the 40% BSR diet (34.37g). Rabbits on
the 40% BSR diet therefore consumed less of the feed when
compared to those on the contreol diet. This result is in
agreement with the findings of Udedibie and Emenalom (1993)
who reported that birds on maize/sorghum based dried brewers’
grain diets consumed significantly less feed when compared to
those on the commercial (control) diet. Tegbe et al. (1985)
observed a similar decrease in feed intake of weaner pigs fed
diets containing up to 30% brewers’ dried grain (BDG).

Yakuugh et al. (1988) also reported that average daily feed
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intake decreased linearly as level of BDG replacing maize
increased in the diet. Alawa et al. (1990) however reported
that dry matter intakes of rabbits increased though non-
significantly with increase in dietary BDG. It is known that
rabbits consume for energy. This implies that rabbits would
consume more of a feed with low energy content. Therefore, ir
is expected that rabbits beyond 10% BSR dietary level would
consume more feed as was report=d in the study by Alawa et al.
(1990) . This was not the case 1n this study. A few plausible
explanations could be advanced for this observation. Though
young, fast growing rabbits adjust their voluntary food intake
in response to changes in the energy density of their food, a
number of factors can interfere with this auto-regulating
ability. When the energy content of the ration falls below
the recommended value, the young rabbit is unable to eat
sufficient amounts of the feed to supply its energy needs and
growth is thereby reduced (Lang, 1981). In the present study,
caloric density of the diets decreased as the level of BSR
inclusion increased in the diets, falling below the
recommended value in treatment ¢ and 5. This explaing the low
intake of feed for these treatment groups. Further
explainations can be deduced from the reports of Fekete et al.
(1985) who noted that antinutritive substances may affect the
auto-regulating capacity of rabbits. In this study, one
antinutritive factor identified was tannin which is present in

the sorghum. The dietary content of tannin increased from
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0.60-2.41% as BSR in the diets increased from 10-40% level of
inclusion. The presence of tannin and the astrigent nature
have been reported to reduce voluntary feed intake (Kumar and
Singh, 1984). McLeod (1974) also reported that tannins tend
to depress the nutritive value of fodder for ruminants by
reducing its voluntary feed intake and digestibility.

Feed consumption was regressed against BSR levels and the
following prediction equation was obtained:

Y = 74.599-7.399X
where Y = Feed intake (g/“eed/rabbit/day)

X Treatment level

The results show that inclusion of brewers’ sorghum
residue significantly (P<0.05) affected weight gain. A
quadratic response (P<0.05) was observed for average daily
weight gain of rabbits. Weight gain increased from 0 to 20%
BSR inclusions and decreased thereafter. The weight gain of
rabbits on 20% BSR diet was higher than the wvalues for all
other diets including the control. There were however, no
significant difference (P>0.05) in weight gains of rabbits fed
10 and 20% BSR diets and the control. Diet 5, which contained
40% BSR, gave a significantly (P<0.05) lower weight gain than
all other dietg. These results compare favourably with those
of Omole and Ajayi (1976), who reported improved gaing only up
to 15% for rabbits fed diets of 0 to 45% BDG diets. Alawa et
al. (1990) reported a non signiticant decrease in daily weight

gains when BDG replaced 25, 50 and 75% maize of the diets of
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rabbits. The authors attributed this decline to increased
dietary crude fibre concentration. Madubuike (1988) also
reported that total gains of pigs did not differ when placed
on up to 15% BDG diets. Depression in body weights was
reported when BDG was included in pig diets beyond 20% level
(Deltoro and Fernandez, 198:2; Tegbe, 1983) . However,
Babatunde et al. (1975) also reported that pigs which received
10% BDG recorded the fastest growth than those on 5 or 15% BDG
diets. The reduction in weight gain at higher levels of BSR
inlusion in this study, could be attributed to the reduction
in feed intake and reduced eneray intake consequently reducing
the quantity of available nutients at the tissue level. The
level of dietary tannin in the diets also increased from 0.61
in the 10% BSR diet to 2.40% in the 40% BSR diet According to
Dale et al. (1980), a significant depression in body weight
gain occured when diets containing 0.5% and 1.0% tannic acid
were fed to broilers in a basal broiler starter ration.
Tannins also diminsh the permeability of the qut wall by
reacting with the outer cellular layer of the gqut, so that the
passage of nutrients through the gut wall is reduced
(Mitjavile et al ., 1877). In addition tanning react with
protein to form protein-tannin complexes (Kumar and Singh,
1984), reduceg amino acid avai.ability (Nelson et al., 1975;
Rostagno et al., 1973b) and also reduces the availability of
sulfur (Garner and Hurwood, 1176).

The following prediction equation was obtained when
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weight gain was regressed against the dietary levels of BSR:
Y = 11.143 + 5.743X - 1.441X%°

where Y Weight gain (g/rabbit/day)

X Level of BSR

The results show that feeding BSR at 20% dietary level
gave the best feed to gain ratio. However, this was not
gignificantly (P>0.05) better than that of the control. There
was also no significant (P>0.05) difference obtained for feed
efficiences between treatments 1,2,3 and 4. Diet 5 with 40%
BSR gave significantly (P<0.0%) pocrer feed efficiency when
compared with the wvalues for all other treatment groups.
Rabbits fed the 20% BSR diet required only 3.34kg of feed to
produce 1kg of weight gain as against 9.33kg required by those
fed 40% BSR diet. Similar findings reported by Alawa et al.
(1990) indicated no significant differences in feed to gain
ratio when BDG was fed up to 30% of the diets of rabbits.
Omole and Ajayi (1976) also obiserved that feed efficiency of
rabbits decreased only when 30% BDG was included in their
diets. This poor feed to gain ratios at higher levels of BSR
inclusion, is an indication of the poor nutritive value of the
feed when BSR exceeds 20% of the diet.

When feed efficiency was regressed against dietary levels
of BSR, the following prediction equation was obtained:

Y = 7.545 - 3.8903X + 0.835X*

where Y

Feed efficiency

X Level of BESR
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The costs of feed per kilogramme were found to decrease
linearly (P<0.05) from N6.40 for the contreol diet to N2.70
per kilogramme of feed for the 40% BSR diet (Fig. 1d). Table
6 shows that the rabbits fed the 40% BSR diets were on a
significantly (P<0.05) cheaper feed per kilogramme than those
of cother dietary treatments. This trend observed is due to
the relacement of more of the expensive feed ingredients
(maize and soyabean meal) in the diets by the relatively cheap
BSR.

Feed cost per kilogramm wa: regressed against the dietary
BSR levels and the following prediction equation obtained:

Y = 7.315 - 0.8285X
where Y = Feed cost per k.logramme (N/kg)

X Level of BSR

i

Table 6 shows that feed cost per kilogramme live weight
gain decreased quadratically {(P<0.05) as BSR level increased
in the diets. Rabbits on the 20% BSR diets had the lowest
feed cost per kilogramme live weight gain (N14.93), while
treatment 1, the control, gave significantly (P<0.05) higher
feed cost per kilogramme 1live weight gain. The regression
equation obtained when feed cost per kilogramme live weight
gain was regressed against dietary BSR levels was:

Y = 38.642 - 14.049X + 2.156X°

Feed cost per k_logramme gain (N/kg gain)

where Y

X

Level of BSR



No mortalities were recorded for the groups of rabbits
fed the 0, 10 and 20% BSR diers. Mortalities of 33.3% and
16.7% were however reported for rabbits on 30 and 40 % BSE

diets respectively.

3.4.3 Effect of dietary 1levels o¢f brewers’ sorghum
residue on carcass parameters.

The carcass characteristics of rabbits fed brewers’
sorghum residue (BSR) based d.ets are shown in Table 7.

The dressing percentage decreased linearly as BSR levels
in the diet increagsed. Rabbite on treatment 3 (20% BSR diet)
dressed better than those on all other treatment groups.
There were however no signicicant differenceg in the dressing
percentageg of rabbits fed 0, 10, and 20% BSR diets. The
reduction in dressing percentage as BSR levels of the diet
increased is as a result of the reduced feed intake and
consequently reduced growth rate of these rabbits as BSR
levels increased in their diers.

Significant differences (P<0.05) were also observed in
gut plus cecum weight, qut length and abnominal fat content of
rabbits as the level of BSR in the diets increased. Gut plus
caeca weight increased linearlv (P<0.05) as the level of BSR
in the diets increased. This however disagrees with the
reports of Dogari (1985) who observed a significant increase
in gut weight and gut length as the level of sorghum beer

residue increased from 10 to 60% in the diets of broiler
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finishers. Pond et al. (1981) linked the bulky nature of high
fibre diets with increase in weight/volume of the stomach and
various segments of the gastro-intestinal tracts thereby
resulting in incresed capacity of the gastro-intestinal tracts
to accomodate more of large quantities of bulky materials.
Since the fibre levels of the diets in this study fall within
the range recommended for growing rabbits, the decrease in gut
plus caeca weight and gut length could explained in line with
the decrease in the feed intake of rabbits as BSR levels
increased in the diets. Reduction in feed intake resulted in
a reduction in the amounts of nutrients available at the
tissue level for body biulding such that growth is greatly
impaired.

Abdominal fat content reduced as BSR in the diets
increaged. This confirms the results of other authors who
have reported a decrease in fat content as BDG increased in
the diets of pigs and chikens (Aletor, 1986; Onwudike, 1983;
Lopez et al., 1981; Paliev, 1983). This is probably due to
the decreased intake of feed and consequently decreased energy
intake. In addition, the energy values of the BSR based diets
decreased with dietary increase in BSR, such that rabbits on
these diets were unable to eat sufficient amounts to meet
their energy requirements let alone depositing any excess.
Serres (19%92) in a similar study found that meat in the
carcass of pigs tended to increase while fat decreased with

increasing amounts of brewer:s’ grains in the diet. No
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significant differences were obseved in liver weight and
edible organ (liver, kidney, heart) weight. This agrees with
the findings of Dogari (1985) who observed that liver and
gizzard weights were not affected by dietary treatments when
sorghum beer residue was included up to 50% in diets of

broilers.

3.4.4 Effect of dietary 1levels of brewers’ sorghum
residue on nutrient digestibility.

The apparent nutrient digestibilities of the diets are
presented in Table 8. No significant differences were
observed in the digestibility coefficients of dry matter (DM),
crude protein (CP), crude fibre (CF), ether extract (EE) or
ash as the level of BSR in the diets increased. In a similar
study, Babatunde et al. (1975) observed insignificant
decreases in dry matter, energy, nitrogen, ether extract and
crude fibre digestibility when diets containing 0 to 15% BDG
were fed to growing rabbits. Yaakugh et al. (1988) however
observed significant depressions in the digestibilities of dry
matter, energy, nitrogen, ether extract, crude fibre and ash
as the level of BDG replacing maize increased in the dietg of
pigs.

The digestibilities of DM, CP, EE and ash followed the
same trend, insignificantly r=ducing with increase in the
level cof BSR fed in the diets. Alawa et al. (1990) however

reported a significant decrease in the digestibility of dry
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matter and organic matter as the level of BDG increased in the
diet of rabbits. According to these authors, the decline in
DM digestibility may be attributed to the increase in dietary
levels of crude fibre as BDG levels increased in the diets.
Crude fibre levels in this present study were however within
the range recommended for growing rabbits. The difference in
the nutrient digestibilities of the control and all other
treatments, though insignificant, may be as a result of the
difference in the level of feed intake of the rabbits. With
increase in the level of BSR in the diets, feed intake reduced
and this consequently resulted ro a reduction in the amount of
feed available for digestion. Another reason may be due to
the bulkiness of the BSR based diets., Bulky diets tend to
move more rapidly through the gut, thereby reducing retension
time for enzmatic action and conseguently lowering nutrient
digestibility.

The digestibilities of crude fibre increased
insignificantly (P>0.05) as the level of BSR increased from 10
te 40% in the diets of the rabbits. This was also not
different from the control diet. Yaakuugh et al. (1988)
reported a depression in crude fibre digestibility as the
level of BDG replacing maize in the diets of pigs increased.
The result in the present study confirms that rabbits in
comparism to pigs and poultry, are able to handle high amounts

of fibre due to the presence of micro-organisms in the cecum.
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The depression in the digestibilities of DM, CP, EE and
ash obgerved in this study, can also be associated with the
increasing level of tannin as the level of BSR increased in
the diets. According to Burns and Cope (1974), tannin
diminish the digestibility of dry matter and nitrogen. The
reduction in the digestibiliry of tannin-rich feeds was
explained on the basis of the inhibition of digestive enzymes
(Bressani and Elias, 1979). The antinutritive effects of
tannins have been attributed tc their ability to form enzyme-
resistant complexes with protein and carbohydrate (Van Soest,
1982; Liener, 1989}). Also, a3 a result of tannins forming
complexes with protein, enzyme reactions involved in digestion
are retarded by direct inhibition of the enzymes themselves

(Lengstaff and McNab, 1991).

3.5 CONCLUSION.

The analyses showed that brewers’ sorghum regidue is
rich in crude protein, high in fibre but low in minerals such
as calcium and phosphorus. It is therefore advisable to
determine the chemical composition of brewers’ sorghum residue
to be used in rabbit diets because of possible variations due
to the source and method of processing which may affect the
gquality of the product.

The inclusion of brewers’ sorghum residue from 0 - 40%
levels 1in the diets of weaner rabbits resulted in a

progressive decline in the energy content of the feed and an
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increase in the level of tannin in the diets. The failure of
rabbite on the high BSR diets to increase feed intake so as to
compensate for the low energy level of the diets, led to the
poor weight gains reported ir this study. This low feed
intake ar 30 and 40% BSR 1levels resgpectively, was also
associated with the unpalatable nature and high levels of
toxic tannin in the diets. This consequently resulted in lower
weight gaing and depregsion in the digestibility of the feeds.
Rabbits in this study performed satisfactorily on BSR diets up
to 20% dietary levels when final weights, average daily gain,
feed to gain ratio and mortality were congidered. Furthermore,
the 20% BSR diet tended to prodice the best savings in cost of
feed per kilogram gain. On the hasis of these observations, it
is recommended that brewers’ sorghum residue (BSR) could be
fed as a feeding ingredient up to 20% level in the diets of

weaner rabbits.
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Table 4. Composition and calculated analyses of diets.

TREATMENTS

| 3 3 4 5
Levels of BSR. %
Ingredients () i 20 30 40
Maize 52.96 44,27 45.56  41.85 38.15
Soyabean meal 28.29 21.98 15.69 9.40 3.10
Brewers™ sorghum residue 0.00 10.00 200000 30.00 40.00
Rice offal 15.00 [5.00 15.00 15.00 15.00
Bone meal 3.00 200 3.00 3.00 3.00
Vitamin-mineral premix! 0.25 0.25 0.25 0.25 0.25
Salt 0.50 (.50 0.50 0,50 (2.50
Total 100,00 100.00 100,00 100,00 100,00
NRC
Calculated analyses: Requirement
Crude protein, % 18.00 15.00 18.00 18.00 [8.00 18.00
M.E., keal/kg’ 2679.66 2576.22 2473.57 2370.42 2267.38 2500
Crude fibre, % 10.00 [1).66 11.32 [1.99 [2.60 10-12
Ether extract, % 3.86 4.23 4.60) 4.97 5.35 3.0
Lysine, % ().96 (.83 ().83 0.73 (.64 ().65
Methionine + Cystine, % 0.56 0.57 0.58 .59 0.60 (.60
Arginine, % 1.12 1.05 0.95 0.91 (.84 (.60
Calcium. % 1.16 % e bal7 1,17 K. 17 [.00
Phosphorus. % (.88 (.88 0.87 0.87 (.86 (.50

Tannmn, % (.00 (.60 .20 .81 2.41

27501, Vit E 151U, Vit.K 0.002g, Vit.B, 0.0015g. Vit.B, 0.006g. Nicotinic acid 0,035
Calcium D-Pantothenate 0.01mg, Vit.B, 0.0035, Vit.B,, 0.02g. Folic acid 0.001g. Biotin
0.0005g, Vit.c 0.025g. Cheline chloride 0.39g, Zinc bacuracin 0.02g. Methionine 0. 2g
Avatee (Lasolocid) 0.09¢. manganese 0.1g iron 0.05g. Zinc 0.04g. Copper 0.002g.
lodine (.00153g, cobalt 0.000225g. Selenium 0.0001g.

‘Metabolizable energy calculated using ML values for poultry.




Table 5. Proximate composition of Brewers'
sorghum residue (BSR) % DM.

Nutrient % DM
pry matter 03.70
Crude protein 30.10%
Ether extract 11l .82
Crude fibre 12.93
Ash 2.5
NFE 42 .53
Calcium 0.14
Phosphorus 0.41
Grogs enerqgy, Kcal/kg 4.92
Soluble tannins, % 6.0



Table 6. Performance of weaner rabbits fed graded levels of BSR.

| evel of BSR. %

Parameter 0 10 20 30 40 SEM
Ave. int, wi., g 633.33  633.33 63333 605.83  612.50 8.69
Ave. fin. wi., g 1300.00° 1282.50" 1341.67* 1047.22" 781.39° 36.45
Daily wt. gain, g 15.09°  15.47*  16.87" 10.50" 3.86° 095"
Daily feed intake, g 64.06°  61.21"  55.87" 46,40" 3437 3.06
FCR 404 396" 334" 440" 933 (.53
Feed cost/kg. N/kg 6.40° 5.46° 4.51 3.57" 2.70r 0. 006
Feed cost/kg gain.

N/kg gain 25.700  21.59" 14,93 15.82¢ 23.03° 0.0067°
Mortality, % 0.0 0.0 0.0  33.33 16.67 7.57

*“Means on the same row with different superscripts ditfer significantly (P < 0.05)
SEM - Standard error of means

FCR - Feed to gain raho,

"Linear effect significant (P < 0.05)

“"Quadratic effect significant (P <0.035)

Table 7. Carcass evaluation of weaner rabbits fed graded levels of BSR.

Level of BSR. %

Parameter 0 10 20 30 40 SEM
Dressing percentage, % L2 63.7" T72.9* 567 528 2.78%*
Liver wt., g 43.3 55.0 60.0 43.3 35.0 9.42
Liver wt. (% body wt.) 2.3 3.3 3.8 3.6 3.8 0.46
Edible organ wt.. % body wi. 3.8 42 5.0 32 5.2 (.57
Gut & cecum wi, (% body wt.) 5.8 5.2 .3 2 68" .72
Gut length, ¢m 413.00  343.0" 431. 7" 392.3" 345.0° 21.44°

Abdominal fat (% body wt.)  0.96*  0.74" 051"  0.28 0.23 0.13
™“Means on the same row with different superseripts differ significantly (P < 0.05)
SEM - Standard error of means

‘Linear effect significant (P < 0.03)

""Quadratic effect significant (P < 0.035)



Table 8. Apparent nutrient digestibility coefficients of BSR based diets.

Parameter

Dry matter
(‘'rude protein
C'rude fibre
Ether extract
Ash

** Not significant (P >0.05) .

0

0).86
0.47
(.91
0.54

0.79

[0
0.76
().85
0.31

0.92
0.34

6

20
0.75
0.81
0.41

0.91
0.29

Level of BSR, %

30
0.75
(.81
0.45
(.88
0.28

40

0.76

0,80
.49
0.81
0.43

SEM

0.03™
(.03"
0.09"

0.03"
0.08"



CHAPTER FOUR

4.0 EFFECT OF GRADED LEVELS OF BREWERS’ SORGHUM
RESIDUE ON REPRODUCTIVE PERFORMANCE OF
BREEDING DOES.

4.1 ABSTRACT

An experiment was conducted to determine the optimum
level of brewers’ sorghum residue (BSR} that can be included
in the diets of breeding does w:thout adverse effects on their
reproductive performance. Forty five (45) does with an
average initial weight of 1945g were used for this experiment.
The does were alloted randomly to five dietary treatments.
The diets were formulated to contain 18% crude protein and
brewers’ sorghum residue (BSR) was included at 0, 7.5, 15,
22.5 and 30 percent levels of the diets respectively. There
were three replicates per treatment. All diets were iso-
nitrogenous with 18% crude prot=in (CP). The trial lasted for
six weeks covering a two week adaptaion period and four weeks
gestaion period.

Average daily feed intakes of 135.5, 130.4, 117.6, 109.4
and 83.9g were significantly different (P<0.05) for does fed
0, 7.5, 15, 22.5 and 30% BSR diets respectively. Gestation
gains of 344.4, 393.3, 417.8, 285.0 and 152.2g also
significantly differ (P<0.05) as BSR levels increased in the
diet. Gestation length, litter size at birth, litter birth
weight, average kit birth weiglt and mortality of kits within

the first week of 1life, were not affected by dietary



treatments. Does con the 15% BsR diet gained insignificantly
(P>0.05) more weight during gestation and kindled more and
heavier kits than does on the other treatment groups. This
study indicated that BSR could be used in the diets of
breeding does up to 15% level without detrimental effects on

reproductive performance.

4.2 INTRODUCTION

It is generally agreed that cost of feeds accounts for
about 60 -~ 85 percent of the total cost of livestock
production. In the light of today’s economic crunch, 1t has
become critical to source for alternative feed ingredients
which do not have competitive usage with man. It is hoped
that these alternative feed socurces will reduce the cost of
livestock production in the country. Fetuga et al. (1974)
stated that the lack of information on the composition and
utilization of the many and varied protein sources indigenous
to Africa was the major problem rather than a real shortage of
the sources of protein. Tegbe et al. (1984) suggested that
one means of increasing animil protein production in the
developing ccuntries was throuvh the use of cheap and readily
available agro-industrial by-products in the diets of our
livestock.

Brewers’ dried grains (13DG), an agro-industrial by-
product is derived as the major by-product of the brewing

industry (Bello, 19%84). It is relatively high in fibre and
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has been incorporated in the di-=ts of pigs (Tegbe et al. 1983,
1985), cattle {Umoh et al., 1982; Umunna et al., 1980),
chickens (Ademosun, 1973) and rabbits (Alawa et al., 1990;
Fonolla et al., 1985). Levels of 20 and 30% BDG were reported
to significantly reduce rate of gain of growing chickens
(Ademosun, 1973). Other studi~s with growing pigs indicated
BDG may supply up to 50% of the supplemental protein (23% of
diet) without significantly afrecting rate of gain, but this
level reduced feed efficiency. Omole and Ajayi (1976) showed
that BDG may be incorporated up to 15% in rabbit rations.
Brewerg’ dried grain used in these experiments reported were
basically barley-based. However, most brewing industries now
produce a brewers’ residue that is either maize or sorghum
based (Aisien, 1989).

Since the effect of brewer:;’ sorghum residue has not been
determined in the diets of breeding does, this experiment was
conducted to:
> study the effect of graded levels of brewers' sorghum

residue in the diets of breeding does.

ii. determine the effect of brewers’ sorghum residue on

overall feed cost.
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4.3 MATERIALS AND METHODS

A total of forty five (45 does with an average initial
weight of 1945g were used for this experiment. The does were
allotted randomly to five dietary treatments. The diets were
iso-nitrogenous formulated to contain 18% crude protein and
brewers’ sorghum residue (BSR) was included at 0, 7.5, 15,
22.5 and 30 percent levels in rhe diets respectively. There
were three replicates per treatment, Rabbits were housed
individually in cages measuring 60x50x45cm raised 100cm from
the concrete floor. Does were individually fed 150g daily of
a common diet for two weeks prior to mating, and fed ad
libitum thereafter. They were then mated to bucks of same
breed as the respective does. The composition and calculated
analyses of the diets are given in Table 9.

Nine (9) sexually mature bucks (13 + 0.5month o©ld),
maintained on a standard diet were ugsed for breeding. A buck
was mated to a total of five (5 does. The pregnant does were
continued on their respective diets through gestation. Kits
were weighed at birth using pclythene bags to carry them to
prevent rejection by the doe.

Records of feed intake, cgestation gain (weight changes
from day doe was mated to 25 days before kindling), gestation
length, total number of kits born, litter weight of kits born,
average weight of kits and mortality of kits within the first
week of 1life were collated and subjected to analysis of

variance and the differences between treatment means were
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compared using Duncan’s Multipls Range Test (Steel and Torrie,

1980) . The trends were determined using curvilinear contrasts.

4.4 RESULTS AND DISCUSSION

The weight changes and reproductive performance of does
fed graded levels of BSR are summarized in Table 10.

The resgults show an inverse relationship between feed
intake and the level of inclugiomn of BSR in the diet. Average
daily feed intake decreased linearly (P<0.01) as the level of
BSR increased in the diet., Fead intake for the control diet
was 133.5 as against 83.9 for the 30% BSR diet. Thus rabbits
fed the 30% BSR diets consumed significantly (P<0.05) less
feed than those on the control diet. There was however no
significant {(P>0.05) differences in feed intake of rabbits fed
0, 7.5 or 15% BSR diets. Jdedibie and Emenalom (1993}
reported in a similar finding that Dbroilers fed a
maize/sorghum based dried brewers’ grain diet consumed
significantly {(P<0.05) less fe2d than those which received a
commercial diet (control). However, Walhstrom and Libal
{1976) reported an increase in fteed intake of pregnant sows as
BDG levels increased from 0 - 40% in their diets. A number of
factors can be responsible for the differences observed in
feed intake among treatments in this study. It has been
reported that the unpalatable nature of brewers’ grains
reduceg feed intake (Babatunde et al., 1975). The deceage in

feed intake observed for does in this study may also probably
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be due to the decrease in en=rgy content of the diets as
dietary BSR increased from 0-30:. In addition, tannin content
of the diets tended to increase with increase in BSR inclusion
in the diet. Kumar and Singh (1984) reported that non-
palatability due to the astrigent tannins lead to a decrease
in voluntary feed intake of birds.

The following equation was derived when feed intake of
does was regressed against BSR levels.

¥ = 140:15 - 1:65X

where Y Feed intake (g feed/rabbit/day)

X Level of BSR

Gestation gain (total weight gained by does from mating
to 25 days of gestation) increased quadratically (P<0.05) with
increase in level of BSR in the diet. Does on 15% BSR gained
more weight duing gestation than those on the other treatment
groups. Table 9 shows that the energy value of the diets
decreased with increasing 1levels of BSR in the diet.
Therefore increasing dietary levels of BSR consequently
decreased the amount of energy ivailable to the rabbits in the
diet. This low energy levels coupled with the reduction in
feed intake, resulted in the noor weight gains observed at
higher levels of dietary BSR inclusion. Energy values for
treatments 4 and 5 (22.5 and 30% BSR diet) were lower than the
value of 2500kcal/kg recommended by NRC (1870). Similar
findings were reported by Walhs-rom and Libal (1976) who found

that inclusion of BDG in the diets of pregnant sows above 20%
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level resulted in significant decrease in gestation gain.
Gestation gain was regressed against BSR levels and the
following prediction equation derived:
Y = 342 .39 4+ 13.39X 0.66X°

where Y = Gestation gain (g)

X Level of BSR

There was no significant (P>0.05) difference in the
gestation lengths of does fed graded levels of BSR. Litter
gize, litter birth weight and average birth weight also did
not significantly (P>0.05) differ among treatment groups.
Litter size, litter birth weight and average birth weight
seemed however higher for does which were fed 15% BSR diets
than those fed the control or other treatment groups. This
agrees with the report of Wahlstom and Libal (1976) who
reported that litter size of live pigs and litter and
individual pig weight at birth and weaning were not affected
by gestation dietary level of BDG.

The result showed a non-significant effect of dietary
levels of BSR on mortality of kits within the first one week
of life. The highest mortality (15.9%) was however recorded
for 7.5% BSR diet and the lowest (2.2%) for the 22.5% BSR
diet. This however, may not be related to dietary treatments.

An inverse relationship was observed between feed cost
and dietary levels of BSR. There was a linear decrease
(P<0.05) in the total cost of feed as the level of BSR

increased in the diets. Th: control diet was the most
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expensive (N6.40/kg) while 20% BSR diet was the least
expensive (N3.60/kg). When feed cost was regressed against
dietary BSR levels the following prediction equation was
obtained:

Y = 6.4 - 0.094X

where Y

I

Feed cost (N/kg

X Level of BSR

[

The result show that feed cost per kilogramme live weight
gain decreased quadratically P<0.05) as BSR levels in the
diet increased. It costs the le=ast to raise the weight of the
doe by 1lkg by feeding 15% BSR diet and the highest when the
control diet was fed. The regression equation derived for
predicting feed cost/kg gain i:s given as follows:

Y = 63.22 - 2.96X + n.08X?

where Y Feed cost/kg gain (N/kg gain)

n

X Level of BSR

The low feed costs were expected since the increase in levels
of c¢heap brewers’ sorghum residue used in the diets
consequently reduced total feed cost by reducing the amounts
of the expensive ingredients (maize and soyabean meal) used in

the rations.



CONCLTTSION

From the results obtained in this study, it can be

concluded that:

1.

The diets of pregnant do=s8 can contain up to 15% BSE
without deleterious effect on their performance

The poor performance of do=s on diets containing high BSR
levels could be attributed to the combined effects of low
caloric value, bulky nature of the diets and their high
tannin contents.

There is cost benefit effect in feeding brewers’ sorghum

residue to pregnant rabbi's up to 15% of the diet.
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Table 9. Compuosition and calculated analyses of diets.

TREATMENTS

1 2 3 4 5
Levels of BSR, %

Ingredients 0 7.3 15 22.5 30
Maize 5296 30.18 47.40 44,64 41.85
Soyabean meal 28.29  13.57 18.84 14,10 9.40)
Brewers' sorghuin residue 0.00 7.50 15.00 2250  30.00
Rice offal 15.00 15.00 15.00 15.00 15.00
Bone meal 3.00 3.00 3.00 3.00 3.00
Vitamin-mineral premix' 0.25 0.25 0.25 0.25 0.25
Salt 0.50 0.50 0.50 (.50 {}.50
Total 100.00  100.00 100.00  100.00 100,00

NRC
Calcylated analyses: Requirement
Crude protein, % 18.00 18.00 18.00 18.00 18.00 18
M.E., kcal/kg? 2679.66 2002.30 2525.09 2437.85 2370.42 2500
Crude fibre, % 10.400) 10.50 10.99 [1.49 11.99 [2
Ether extraci, % 3.86 4.14 4.42 4.70 4.97 3
Lysine, % 0.96 0.88 0.81 0.74 0.73 0.75
Methionine + Cystine, % 0.56 {1L.56 {}.57 0.58 0.59 0.59
Arginine, % 1.12 1.07 (.02 0.96 0.91 0.80
Calcium, % 1.11 [.13 1. 15 [.16 .19 1. 10
Phosphorus, % 0.86 0.89 (.93 (.97 1.01 .80
Tannin, % 0.00 (.45 0.90 t.35 1.81

'Vitamin-mineral premix supplied per kilogramme ration:- Vit A 1251 11U, Vit.D, 2750[U
Vit E 151U, Vit.K 0.002g, Vit.B, .0015g. Vit.B, 0.006g, Nicotinic acid 0.035, Calcium D,
Pantothenate 0.01mg, Vit B, 0.0035, Vit.B . 0.02¢g, Folic acid 0.001g, Biotin (.0005g, Vit
0.025g, Choline chloride 0.39g, Zinc bacitracin 0.02g, Methionine 0.2g Avatee (Lasolocid
0.09g. manganese 0.1g, iron 0.05g, Zinc 0.04g, Copper 0.002g, lodine 0.00153g, cobal
0.000225¢, Sclenium 0.0001g.

*Metabolisable energy calculated using M. values for poultry,
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Table 10. Effect of brewers’ sorghum residue (BSR) on does™ performance.

Levels of BSR, %

ltem 0 7.5 15 22.5 30
Gestation gain, g 344.4 393.3* 417.8 285.0" 152"
Ave. daily feed intake, g 135.5*  130.4*  117.6" 109.4" 839
Litter size at birth 4.3 49 5.0 4.8 4.0
Litter birth weight, g 185.0 218.6 274.2 260.0 191.7
Ave. birth weight. g 42.3 44 .8 57.3 52.9 48.4
Gestation length, days 30.0 32.0 32.7 3l.6 31.7
Kit mortality, % 7.8 15.9 12.9 2.2 5.9
Feed cost/kg. N/kg 6.4 57 4.9 4.3 3.6
Feed cost/kg gain. N/kg gain 62,9 47.2 35.1¢ 41.1¢ 49.2"

SEM - Standard error of means .
"Linear effect significant (P < 0.05)
“TQuadratic effect significant (P<0.05, 0.01)

SEM

OOH.63 "

6.28’
.52
36.24
5.01

(). 8Y
5.78
(}.(M)3
(.003



CHAPTER FIVE

5.0 GENERAL SUMMARY AND CONCLUSION.

The objective of this study is to source for alternative
and cheap feed ingredients which can be incorporated into the
diets of growing and breeding rabbits without adverse effects
in their diets. These alternative feed sources must not only
be cheap, they must not have competitive usage with man.
Brewers’ sorghum residue (BSR) fits well into this category.
Given the digestive strateqgy of the rabbit which allows for
efficient utilization of fibrous feeds such as BSR by the
retention of the non-fibrous components, BSR has a high
potential as a feed ingredient for rabbits. Intensifying
rabbit production side by s.de with other ruminant and
monogastric animals, will alsc go a long way to improve the
presently low per caput consumption of animal protein in the
country. Ruminants which hitherto have received much
attention in production, have a lower turnover rate and are
slower to mature than the non-ruminants, rabbit, poultry or
pigs.

The uge of fibre in rabbit diets have a number of
reasons, among which are the reduction in incidences of
coccidiosis, fur chewing and aiding in digestion. When fibre
source such as brewers’ sorghum regidue are used, B-complex
vitamins, mineral and unidentified growth factors are added to

the diets.



The results of the chemical analysis show that brewers’
sorghum residue (BSR) 1is 93.72% dry matter, 30.16% crude
protein, 11.82% ether extract, 12.93% crude fibre, 2.51% ash,
0.14% Ca and 0.43% P. The gross energy and tannin contents of
brewers’ sorghum residue is 4.9.kcal/g and 6.02& respectively.
The chemical composition of brewers’ sorghum residue may
however differ depending on the source and the grains used
(Kafidiya, 1992 personal communications) .

Two studies were carried out using weaner and breeding
rabbits respectively. The diets in each of the study were
iso-nitrogenous but not iso-caloric. The weaner rations
contained 0, 10, 20, 30 and 40% brewers’ sorghum residue while
the rations for the breeding does contained 0, 7.5, 15, 22.5
and 30% brewers’ sorghum residue respectively. The resultsg
obtained from these experiment: show that:

Lo Brewers’ sorghum residue 1s a rich source of protein and
other nutrients for rabb.t growth.

v R Inclusion of brewers’ sorghum residue in weaner rations
reduced feed intake and feed cost per kilogramme of the
feed.

3. Weight gain increased up to 20% BSR inclusiocn in the diet
and thereafter decreased

4, The 20% BSR diet also gave the best result in terms of
feed conversion and feed rcost per kilogramme liveweight
gain.

5 BSR inclusion in the diet reduced dressging percentage,
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10.

1.

gut length and abdominal fat content.

Inclusion of BSR had no significant effect on liver
weight and edible organ weight.

Gut plug caecum weights increased as the level of BSR
included in the diet increased up to 30%.

BSR inclusion in the diets of weaner rabbits had no
significant effect on digestibilities of the wvarious
nutrients.

Inclusicn of BSR in the diets of pregnant does had no
effect on reprecduvtive parameters such as gestation
length, litter size at birth, 1litter birth weight,
average birth weight and kit mortality.

Gegtation gain was highegt for rabbits on 15% BSR diets.
There was a savings in the cost of feed when BSR was
included in the diets of both weaner and pregnant
rabbits.

These studies have shown that without adjusting for

enerqgy, brewers’ sorghum residue can be included at a level of

20% and 15% in the diets of weanling and breeding does

respectively without adverse effects on performance. Beyond

this levels, growth rate relative to the control diet will be

significantly depressed. Thes: levels reduced feed cost and

hence cost of production of rabbits in areas where brewers’

sorghum residue is available.
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APPENDICES

Appendix 1: ANOVA for final weight for experiment 1.

Source of variation DF 85 MS i
Treatment -4 669688.956 167422 .239 G2.0X
Error 10 39855, 735 3985.579

Total 14 709544 .741

Source of variation DF S8S MS F
Treatment 4 354 .0167 88.504 32.77
Error 10 27.00983 2.7009

Total 14 381.0260

Source of variation DF SS MS F
Treatment 4 1749 .541 437.386 15.60
Error 10 280.46L 28.046

Total 14 2030.005

Source of variatioen DF SS
Treatment 4 71.583
Errer 10 8.427
Total 14 80.010

e T T T e pp——

Source of variation DF S8

Treatment 4 25.898
Error 10 0.001
Total 14 25.899

- e e e =

0.843

ME F
6.475 64745.10
0.0001



Appendix 6: ANOVA for feed cost/kg gain for experiment 1.

Source of variation DF 88 MS F
Treatment 4 261.44.° £5.360 99999 .99
Error 10 0.00L 0.0001

Total 14 261 .44}

Source of variation DF 88 MS F
Treatment ¥ 3 0.133 0.133 0.60
Error 3 0.667 0.222

Total 4 0.8

Source of variation DF 88 MS F
Treatment 1 83.333% 83.333 0.60
Error 3 416 .6n7 138.8809

Total 4 500.0

Scurce of variation DF 83 MS F
Treatment 4 714 .402 178.601 4 .54
Error 10 393 .562 39.356

Total 14 1107 .964

Appendix 10: ANOVA for liver wt as % of live weight
experiment 1.

Source of wvariation DF 83 MS F
Treatment 4 4 .84 1.211 LBl
Error 10 6.673 D.667

Total 14 b T OO
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ANOVA

Appendix 11:
experiment 1.

for gut weight % of live wt. for

Source of wvariation DF 58 MS F

Treatment 4 611),B09 152.702 13.27

Error 10 115.086 11.509

Total 14 725,896

Appendix 12: ANOVA for abdominal fat wt % of live wt for
experiment 1.

Source of variation DF S8 MS F

Treatment 4 L.1403 0.285 6.39

Error 10 1.4461 0.045

Total 14 L.586

ANOVA for edible

Appendix 13:
experiment 1.

organ wt % of live

Source of variation DF 88 MS ¥
Treatment 4 5.297 1.324 1:.35
Error 10 9.8 0.98

Total 14 15.097

Appendix 14:
experiment 1.

e e R WS e e e D B W e L e N S WD D R e e S B WS e

ANOVA for dry matter digestibility coefficient for

Source of variation DF 38 MS i
Treatment 4 0.013 0.003 1.8%
Error 15 0 049 0.003

Total 19 0 062
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Appendix 15: ANOVA for crude protein digestibility coefficient
for experiment 1.

T T N e

Source of wvariation DF 38 MS F
Treatment 4 0.012 0.003 1.14
Error 15 0.039 0.003
Total 19 0.051
Appendix 16: ANOVA  for crude fibre digestibility coefficient
for experiment 1.
Source of wvariaticon DF SS MS F
Treatment 4 Nn.092 0.023 .81
Error 15 .428 0.029 |
Total 19 0.520

e m e e e e e — M o e e R ER T e e EE EE ER T M e wr mm d o e T e M M oy e e e e MR EE e e e e e e e o

Appendix 17: ANOVA for ether extract digestibility coefficient
for experiment 1.

Source of wvariation DF Ss MS F

Treatment 4 0.01¢9 0.005 1.2¢6

Error 15 0.057 0.004

Total 19 0.4076

Appendix 18: ANOVA for ash digestibility coefficient for
experiment 1.

Source of variation DF 38 MS F

Treatment 4 N.269 0.067 3.00

Error 15 1.337 G.022

Total 19 n.607
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Appendix 19: ANOVA for nitrogen free extract digestibility
coefficient for experiment 1.

Source of variation DF 58 MS ¥
Treatment 4 n.004 0.001 C.85
Error 15 n.016 0.001

Total 19 0.019

. et il

Appendix 20: ANOVA for litter size for experiment 2.

- e M e e e e R e e e e e e e e e M A T M e e e e e e e e A e e e e e e e e e e e

Source of variation DF 88 MS F
Treatment 4 4.209 1.052 0.64
Error 25 10.890 1.639

Total 29 15.2

T o Ty I Iy SRR

Source of variation DF SS MS F
Treatment 4 37177.€619 9294 .405 1.19
Error 25 195289.881 7811 .5895

Total 29 232467.5

o e e e e e e e e e e e e G e e e e e e e e e e e = e ==

Source of variation DR 88 MS F
Treatment - 890 .545 222.636 1.49
Error 25 1732.687 149.307

Total 29 4623.232

Source of variation DF S8 MS B

Treatment B 25.811 6.453 31.33
Error 26 125.867 4.841

Total a0 15%.677
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Appendix 24: ANOVA for gestation weight gain for experiment 2.

Source of variation DF S8 MS F
Treatment B 402946 .212 100736.553 2.58
Brror 39 1521133.333 39003.419

Total 43 1924079.545%

e T T et e i

- . e a  a e e e e e wm  m m  w Am e  a  m — —  e  —

Source of wvariation DF S8 M F
Treatment 4 1084 .944 271.236 0.90
Error 40 12042.822 301.0706

Total 44 13127.766

2.
source of variation oP ss Ms P
Treatment 4 14502.763 3725.691 10.51
Error 40 14184 .009 354.600
Total aa  20086.772

Source of variation DF 88 MS F
Treatment 4 44,987 11.247 99599 ,99
Error 40 0.003 0.000075

Total 44 44 989

- e e e MR SR TR M M e e A W N SR AR W W W e e e R R R O R M R e e e e e e S e o e e e e M o o o -

Source of variation DF 88 MS F
Treatment 4 3920.036 9B80.009 999 .99
Error 40 0.003 0.00008

Total 44 3920.039

e e e T T A . T T e

$1



Appendix 29. Prices of ingredients at the time of the
experiments (1993).

Ingredients Price per tonne (N)
Maize 4,200
Soyabean cake 15,000
Rice offal 300
Brewers sorghum residue 1,500
Bone meal 1,800
Salt 7,600
Premix 128,000
Appendix 30. Calculation of apparenet nutrient digestibility
coeffients.

The digestion trial and the calculation of the nutrient
digestibility coefficients are according to the proceduresg given by
Harris {(1983). Basically, the principle cof the digestion trial
measures the amount of a particular nutrient that is digested and
absorbed from the digestive tract. The method of determining how
much is absorbed involves measuring how much of a particular
nutrient is consumed by the animal and how much of the nutrient is
excreted in the faeces. The nutrient digestibility ccefficient is
therefore given as follows:

% Digestibility = Am n -
Amount consumed .

92



