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ABSTRACT

A study was carried out to investigate the possibility of
replacing maize with tannin (Tegemeolow sorghum
variety) in broiler diets. Threeas an sourceenergy
hundred and twenty, week old broiler chicks were fed on

diets in which maize was replaced by sorghum at 0,four
66.7 and 100% levels, C33.3,

The control diet contained maize asand D, respectively.
the only cereal grain.

Twenty birds per group were randomly assigned to the four
dietary treatments. Liveweight, daily gain, cumulative
feed intake and feed gain ratio(FGR) were measured weekly.
At eight weeks of age, sixteen birds from each treatment
were picked at random and slaughtered for the analyses of
their characteristics. Dressing percentage,carcass
gizzard, heart, liver and abdominal fat as proportions of
carcass weight determined. six weeks ofAtwere age,
sixteen male birds used in trialthe balance towere
determine the metabolizable energy.

Mean proximate composition of low tannin sorghum for crude
fibre,protein, crude ether nitrogen freeextract,

and ash and 1.6%,extracts 12.1, 65.35.4, 3.0,was
respectively. Calcium and phosphorus content were 0.03

for dietary treatment A, B,
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and 0.2%, respectively.

Liveweight gains, feed gain ratio and dressing percentage
were not significantly affected by the dietary treatments.
Substitution of sorghum for maize significantly decreased

proportionate internalthe weights of organs.
Proportionate weights of liver and abdominal fat increased
with increasing level of sorghum in the diets, whereas
that of gizzard and heart decreased.

metabolizable values corrected forMean notenergy
8.9 and 8.0 MJ/kgDM,nitrogen retention were 9.6, 10.9,

whereas the mean nitrogen - corrected metabolizable energy
8.1 and 7.1 MJ/kgDM, for diet A, B,values were 8.8, 10.0,

respectively. Mean true metabolizableC and D, energy
8.9 and 7.8 MJ/kgDM, respectively.values were 9.6, 11.0,

findings itthese that, low tanninFrom seen
sorghum (Tegemeo variety) can entirely replace maize in
the broiler diets, without causing any adverse effects on
performance.

can be
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CHAPTER 1

1.0 INTRODUCTION.

is competition betweendeveloping countries, thereIn
human population and livestock in the use of agricultural
land so that the use of grain as animal feed when human
requirements are not fully met is difficult to justify.
Consequently, only small amounts of grains

in most of these countries,animal feeding. Furthermore,
feedfood anddistinction betweenis stillthere no

grains, both being consumed as feed when necessity demands
(Dale, 1979) .

portion themaj or ofmaize theTanzania, formIn
monogastric feeds although its production is not high

requirements.animalandboth humanenough meetto
80% of total maize(1974) reported that aboutBhargava

produced is consumed on farm as human food and only 2 0% is
according to Foodinmarketed urban However,areas.

security unit (FSU) during 1992/93 Tanzania expected food

and 75,000 tonnes of wheat which was to be imported (MALD,
Consequently the low production of maize affects1992) .

feed availability to pigs and poultry, leading to high
prices of their products.

are used for

deficit of 270,000 tonnes of maize, 137,000 tonnes of rice
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animal origin per person per day in 1988 was 7g. This
constituted only 64% of the recommended level (FAO, 1984) .
The intake of animal protein increased marginally to 9g
per day by 1990. This value was still lower than the level
of 21g which was recommended by FAO in 1990. This means
that for the 1990 recommended level to be achieved effort

towards increasing the productivity of animalbemust
protein sources in Tanzania.

Poultry production, among other animal species stands a
better chance in contributing to animal protein supply.
This is chickens high fecundity,because have early
maturity, generation interval,short space
requirement. In Tanzania poultry production has not been
fully exploited, one of the reasons being poor quality and
inadequate supply of feeds for poultry (Mchechu, 1983).
The situation is made worse by the dependency on cereal
grain, in particular maize as the chief source of energy.
Since energy constitute the largest component of poultry
diet, it is therefore important to look for a cereal grain
that ranks low in competition between human and poultry.

Sorghum could suitably be used as a substitute for maize
due to its agronomic and nutritional properties.

drought tolerant crop and adapted to a
It is

considered as a

In Tanzania, the average per capita intake of protein of

and small
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wide range of ecological conditions which are unfavourable
to other cereals (Acland, (1970)1979). Wall and Ross
reported that feeding value of sorghum grain is estimated

In Tanzania, sorghum can be grown in all regions, but most
commonly in areas with marginal rainfall such as Dodoma,
Singida, Tabora and Morogoro,
Mwanza and Mara regions.
maize, is second important cereal grainsorghum the
produced in Tanzania.

The problem of sorghum utilization in poultry industry is
the presence of tannin. Some sorghum varieties have high
tannin content and others have low tannin content. Those
with tannin catechin equivalentabout 1%content are

high tannin varietiessorghumreferred to as
(Radhakrishnan and Swaprasad, 1980) and those with less

catechin equivalentthan referred0.3% lowtoare as
tannin sorghum varieties (Banda-Nyirenda and Vohra, 1990).
Tannins water soluble polyphenolic compounds whichare
bind to the sorghum proteins and reduce dry matter and
protein digestibility and hence depress growth of poultry
and other animals (Mayer and Gorbet, 1985).

Studies have shown that the nutritional status of high

to be approximately 92% that of corn.

some parts of Shinyanga,
According to FAO (1979) next to
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tannin sorghum could be improved by reducing the tannin
content level in the grain sorghum (Price et al. 1977).
Following this, several methods have been employed
including: dehulling (Reichert and Youngs, 1977), use of
inexpensive chemicals Magadi Soda (Muindi and
Thomke, Mutayoba, 1985), cooking, soaking and1983;
anaerobic storage of moistened grain (Mitaru et al. 1983)
and germination (Shem et al. 1990).

Nonetheless, all these with exceptionmethods of
dehulling, involve wetting the grain. These methods are
difficult to apply in developing countries because of the
problems associated with the control of microbiological

involved in redrying and uncontrolledgrowth, expenses
loss of nutrients during drying.

the outer
layer (pericarp) of the seed, thereby reducing the fibre
and tannin content and improving the appearance, cooking
quality, functional properties, and
digestibility of the grain (Reichert and Youngs, 1977).

reducesThe the tannin content by 98%toprocess up
(Chibber et al. 1978).

Despite the above mentioned advantages, dehulling removes
protein up to 45% and also is associated with some loss

Abrasive dehulling of sorghum grain removes

such as
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nutrientsof found in the layer of theouter

(Reichert and Youngs, 1977).

In view of the above mentioned problems, it is therefore
important to look for the possibility of using sorghum
varieties Therefore thewith tanninlow content.
objectives of this study were:

To evaluate the nutritive value of low tannin sorghuma.
(Tegemeo variety) compared to maize.

To evaluate the possibility of replacing maize by lowb.
tannin sorghum (Tegemeo variety) in broiler diets.

To evaluate the effect of level of low tannin sorghumc.
(Tegemeo variety) in the diet on feed intake, growth

efficiencyutilization andfeedrate, carcass
characteristics of broiler chickens.
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CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Sorghum grain.
Sorghum grain is African firstof It was
domesticated in Ethiopia by people of Caucasoid origin.

thIt came to East Africa in about the 12
result of migration of the Caucasoid people who came to

in the altitude Africa (Doggett,settle of Eastareas
1970).

Sorghum is drought resistant and is adaptable to a wide
range of ecological conditions which are unfavourable to

It grows successfully even in theother cereals. areas
rainfall is low andwhere 300 4 00mmtoas asaverage

level, although in1500m abovebetween 900 sea some
varietiesdifferent adapted differenttoarecases

(Acland, 1970). Sorghum tolerates medium toaltitudes
high pH conditions in the soils (Ross and Webster, 1970),

does well in areas where wheat,and usually rice, and
(Doggett, 19,70) .maize thrive al.cannot Streeter et

(1993) reported that sorghum is the third most prevalent
grain produced in the world.

Sorghum is grown in
including monocropping, intercropping with legumes, oil

a wide diversity of cropping patterns

century A.D as a
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seeds and other cereals, and in many rotational sequences
(IDRC, 1977).

2.2 Sorghum production in Tanzania.
In Tanzania, sorghum is grown in marginal (low rainfall)

and Arusha regionsTabora, Morogoro,
in (Fig 1)and other dry parts southern Tanzaniaof

(Matemu, 1987). There are about nine cultivated varieties
giving aof sorghum grown in Tanzania (Doggett, 1970),

wide choice for selection of variety suited to different
The varieties include: Dobs bora,regions of the country.

Lulu tall, Lulu dwarf, Sandala, Serena, Imani, Tegemeo and
Table 1 shows the area (hectare) ,two local varieties.

production (tonnes) and yield per hectare of sorghum and
maize in Tanzania between 1981 1988.

Doggett (1970) observed that good quality, and palatable
were planted only in areas where birdstypes of sorghum
in the southern provinces of Tanzaniawere scarce, as

towards the coast which lies outside the Quelea zone. In
these regions the grain ripens while the birds are away
nesting.

Utilization of sorghum in Tanzania is far below the level
of its production.
utilized for subsistence consumption in the form of soft

areas like Dodoma,

Significant quantities of sorghum are
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porridge, hard porridge and for traditional beer making in
rural areas where its production is predominant. However,
this crop has failed to gain popularity amongst the urban
consumers and has not been utilised significantly in the
supply of raw materials for animal production (Runyoro,
1988).

Increased utilisation of sorghum in commercial animal feed
production could reduce the existing competition for maize

Nutritive value of sorghum.2.3
in like grains isprotein sorghum other cerealThe

albumins, globulins, prolamines andcomposed of
proteinfour classes ofglutamines. These are

distinguishable in all cereal grains on their solubility
salt solution (globulins), alcohol(albumins) ,in water
alkaline (glutamines)(prolamines) , and detergents

(Jambunathan and Mertz, 1973). Sorghum proteins serve as
components (Rooney et al.

1972).

The highest concentration of protein in the sorghum kernel
followed by the endosperm and

then the bran (Hubbard et al. 1950) .

as the source of raw materials and human food.

are located in the germ,

enzyme, structural and storage
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Table 1: production and yield perArea, ofhectare

sorghum and maize in Tanzania.

Crop

Sorghum Maize

Year A YP Y A P

1981/1982 315.92 740 1293.87 1401.97 1080233.41

1982/1983 1410372.89 253.64 680 1231.55 1739.89

1983/1984 1340476.22 301.18 630 1279.62 1711.71

1984/1985 459.80 441.93 960 1411.83 2012.98 1428

1985/1986 383.64 860 1576.28 2670.77 1690445.88

986/1987 1710416.38 367.30 860 1326.46 2787.33

1987/1988 492.73 423.51 860 1675.15 2429.33 1450

A = Area -Thousand hectares
P = Production Thousand metric tons
Y = Yield per hectare -Kgs

1981/1988: Basic Data Agriculture and LivestockSource:
Sector, Planning and Marketing Division, MALD 1988.
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deficient in lysine and

essentialother amino acids such methionine andas
threonine and these need to be supplemented from other

(Guiragossian et al. 1978; Eggum et al. 1981) .sources

Mukuru (1974) reported that chemical composition,the
physical properties, endosperm texture and type of grain
sorghum differ considerably. There is also a tremendous
variation in colour and taste of food products made from
grain sorghum.
content and are normally sweet and palatable whereas red
sorghum grains are of bitter taste and have high tannin
content.

Shepherd et al. (1971) reported the proximate composition,
protein (Kjeldah, N X 6.25), crude fat (petroleum ether
extract) , crude fibre and ash of sixty one varieties of
sorghum grown in East Africa. The ranges were:

8.9 16.6
Crude fat(%) 2.5 5.1
Crude fibre(%) 1.3 3.5
Ash(%) 2.71.1

Reed (1988) conducted a study on the phenolics, fibre and
fibre digestibility in high tannin sorghum and low tannin

White sorghum grains are low in tannin

Proteins in sorghum grain are
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sorghum grain. observed that high tannin sorghumHe
varieties had higher acid detergent fibre, lignin, soluble
and insoluble procyanidins, soluble phenolics, soluble red
pigments and neutral detergent fibre than the low tannin
sorghum varieties.

(1988)Nwokolo analyzed proximate constituents, fatty
acids, amino acids and their availability inminerals,
some tropical grains (sorghum and bulrush millet) and oil

(sesame and oil beans).seeds
found to be high in both grains and oil seeds whereas
calcium, sulphur containing amino acids and lysine were
found to be low in sorghum grain. Sorghum and millet were
similar in the proximate constituents, but their amino
acids availability was lower than that of sesame seed and
oil bean seeds.

(1993) studied the variability in FrenchMetayer et al.
determined physical characteristics,cereals. They

chemical composition and poultry metabolisable energy.
They observed that maize composition was on average 73.6
± 0.7%, 9.9 ± 0.4% and 15.7 + 0.1 MJ/kg for starch, crude
protein and metabolizable respectively. Forenergy,
sorghum (Tannin free varieties), crude proteinstarch,
content and metabolizable energy were found to be 73.0 ±
1.1%, 12.5 ± 0.7% and 16.1 + 0.1 MJ/kg, respectively. For

Phosphorus content was
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the other parameters the findings are as shown in Table 2
and 3 .

Douglas et al. (1990) observed that ether extract content
found in1was

sorghum grain. Ash, calcium, and neutralphosphorus
detergent fibre levels showed minor differences between
the two grains. Sorghum grain contained higher levels of
acid fibre did Thedetergent yellowthan corn.
metabolizable energy content of the low tannin sorghum was
found to be similar to that of yellow corn.

(1970) observed little difference in crudeDeyoe et al.
protein content of mature and immature grain sorghum. As

lysinegrain matured, and tryptophanthe contents
Leucine and methionine increased from thedecreased.

early milky to the mid milky stage and at maturity it was
intermediate between the early milky and the mid milky
levels.

Sorghum feeding in animals.2.4
Sorghum grain is one of the major cereal grains used in
diets of poultry and swine (Waggle et al. Madacsi1967;
et al. 1988). Mohamed and Ali (1988) reported that

of yellow corn to 2% higher than that
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Table 2 : Characteristics of maize

MinN Mean SD Max

Starch (%DM) 115.0 72.474.1 0.8 75.9

115.0 10.0 0.5 9.0 11.9
115.0 0.3 3.7 5.24.4

Crude fibre (%DM) 2.4 0.2 2.1 2.8115.0

Gross energy (MJ/kg) 0.1 18.5 19.040.0 18.7

Poultry ME,(MJ/kgDM) 15.6 15.3 16.040.0 0.1

SD = Standard deviation
N = Number of samples
Min = Minimum
Max = Maximum

(1993)Metayer et al.Source:

Crude protein (%DM)
Ether extract (%DM)
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MinN Mean SD Max

Starch (%DM) 10.0 73.0 70.61.1 74.3

Crude protein (%DM) 10.0 12.5 0.7 11.5 13.7

Ether extract (%DM) 10.0 3.8 0.1 3.6 3.9

Crude fibre (%DM) 10.0 2.2 0.1 1.9 2.4

Tannin (DM%) 68.0 0.1 0.03 0.02 0.4

Cell wall (%DM) 10.0 9.7 0.8 8.2 10.7

Sugar (%DM) 0.9 0.710.0 0.1 1.1

Gross energy,(MJ/kgDM) 18.810.0 18.9 0.1 19.0

Poultry ME,(MJ/kgDM) 16.1 0.1 15.8 16.310.0

SD = Standard deviation
N = Number of samples
Min = Minimum
Max = Maximum

(1993)Metayer et al.Source:

Table 3 : Characteristics of sorghum
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sorghum is regularly used in some parts of the world to
furnish large proportion proteinof anda energy
requirements of human beings and livestock.

2.4.1 Tannin in sorghum.
The presence in some cultivars of significant levels of

1985)polyphenols or tannin (Mayer and Gorbert,
limiting factor of sorghum utilization by monogastric.

sorghum cultivars contain phenols which affect theAll
appearance and nutritional quality of the graincolour,

The phenolic compounds can besorghum and its products.
divided into phenolic acid, flavonoids and tannin (Hahn et
al. 1984).

water soluble polyphenols having molecular
weights between 500 and 3000 and have the ability to bind

They are classified intoto protein (Hahn et al. 1984).
two distinct groups, hydrolysable and condensed tannin on
the basis of their structure (Sarkar and Howarth, 1976;

These two groups can be distinguishedHahn et al. 1984).
withandtheir chemicalby structure

hydrolysable agents (Hahn et al. 1984)

Hydrolysable tannin.2.4.1.1
sugars and phenolic acids or their

derivatives. The sugar is usually glucose, but in some
These are esters of

is the

Tannins are
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cases polysaccharides have been identified. Hydrolysable

hydrolytic -enzymes (tannase) into a carbohydrate (usually
glucose) and phenolic carboxylic acid (Ribereau-Gayon,
1972) .

2.4.1.2 Condensed tannin.
These have no carbohydrate core in their structure and are
usually derived by condensation of flavonoid precursors.

not readily degraded by acids or alkalis but
polymerised to form amorphous phobaphenes or tannin reds

1973) . Condensed tannins(Jambunathan and Mertz, are
mainly found in brown sorghum (Strumeyer and Malin, 1975;
Hahn et al. 1984).

the pericarpmainly TheTannin testa.on oroccur
presence of tannin in sorghum cultivars apart from being
bird resistant, gives the grain other agronomic advantages

resistance to fungal and bacterial attacks andsuch as
pre-harvest germination (Shayo, 1988)

Sorghum varieties containing about 1% catechin equivalent
designated high tannin sorghum varietiesare as

(Radhakrishnan and Swaprasad, 1980;
1981; Banda-Nyirenda and Vohra, 1990) and those with less
than catechin equivalent0.3% referred lowtoare as

These are

tannins are readily hydrolysed • by acid, alkali or some

Muindi and Thomke,
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tannin sorghum varieties.

Limitations of using HTS in feeding of animals.2.4.2
The increasing harmfulconcern over
effects of tannin in sorghum is creating strong pressure
for the sorghum industry to provide grain of low tannin
content ( Price and Butler, 1977).

inferiorNutritionally high tannin is whensorghum
compared to the low tannin sorghum of similar composition.
Studies have shown that high tannin sorghum grains are

digestibility, reduced proteinassociated with low
utilization, low feed efficiency, low weight gain per unit

low egg production and leg abnormalities (Roglerintake,
and Sell, 1984; Cao et al. 1985; Halley et al. 1987; Elkin
et al. 1990) .

Utilization of diets containing high tannin sorghum result
(Chang and Fuller, 1964;

Vohra et al. 1966) and rats (Jambunathan and Mertz, 1973) .
indepression overall performance isThe in chicks

observed when dietary level of tannin exceeds 0.6%
(Armstrong et al. 1974). High tannin sorghum has also

humans (Maxson and Rooney, 1972).
been associated with incidence of oesophageal cancer in

in low growth rate in chicks
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Ducks fed on high tannin sorghum based diets, exhibited
reduced weight gain and feed efficiency values compared to

theHowever,
difference in growth between ducks fed high tannin sorghum
based diets and low tannin sorghum based diets was lower

(17%dietsidenticalobserved in chicks fed
1991).
ducks might be(1991) that,speculated by Elkin et al.

less affected by dietary tannin when compared to chickens,
the pH of the digestive

than that of chickens, thus making ducks less susceptible
to the effect of tannin compared to chickens.

withassociated reducedalsoin sorghumTannins are

nitrogen and energy because of its ability to conjugate
with digestive enzyme proteins (Deiber, 1975; Hagerman and

1980; and Oh et al. 1980). (1985)Thakur et al.Butler,
reported that egg weight and pigmentation were adversely
affected when high tannin sorghum based diets were fed to
laying hens.

Banda-Nyirenda and Vohra (1990) reported that body weights
of chickens fed diets containing high tannin sorghum were
significantly lower than those dietsof chickens fed

ducks on low tannin sorghum based diets.

It was

digestibility and/ or increased excretion of endogenous

versus 33%, respectively) (Elkin et al.

possibly due to the fact that
tract contents of the ducks was slightly more alkaline

than that
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containing Studies in have shown thatratscorn.
consumption of high tannin sorghum based diets may result
in lower mineral concentrations in (Alithe bone and

1991).Harland, Additionally, weight gains and feeding
fed high tannin sorghum

based diets compared to rats fed low tannin sorghum based
diets. Increased weight gain observed when small amounts
of soyabean meal were added to grain sorghum based diets
was probably due to the increase in protein availability
(Schaffert et al. 1974).

2.4.3 Methods of reducing tannin content in HTS.
value of sorghum containing tannin may beNutritional

improved by treatment with polyethyleneglycol (Ford and
Hewitt, al. 1980), Magadi sodaSavage1977; et

solution (Muindi and Thomke, 1983;
Mutayoba, 1985), germination (Reichert et al. 1980; Chavan

Shem al. 1990), high moistureal. 1981; etet
reconstitution (Mitaru et al. 1983; Teeter et al. 1986;

1990),Elkin al. by supplementing diets withet or
orthophosphoric acid , dicalcium phosphate or amino acids
(Azcona and Bonino, 1988; Ibrahim et al. 1988; Smith and
Waldroup, 1988; Banda-Nyirenda and Vohra, 1990).

Any treatment that involves ensiling, soaking or sprouting
of sorghum has a limitation because of a need to dry the

(Na2Co3. NaHCo3. H2O)

lower in rats
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grain before it is- fed to chicken and other animals. This
implies an additional expenditure in terms of fuel which
is costly. The most practical method is to supplement the
diet with some relatively inexpensive and easily available
chemical belonging (generallytheto GRAScategory
recognised as safe) (Banda-Nyirenda and Vohra, 1990) .

Banda-Nyirenda and Vohra (1990) comfirmed the observations
of Muindi et al. (1981) that antinutritive properties of
tannin-containing sorghums are overcome by treatment with

(1981) detoxified sorghumMuindi et al.However,
for three days. Banda-

Nyirenda and Vohra (1990) , suggested that supplementation
is

Processing of the grain sorghum by pelleting has also been
reported to detoxify the tannin content of the sorghum
grain (Madacsi et al. 1988; Elkin et al. 1991)

Replacement studies.2.5
A number of studies have shown that maize can entirely be
replaced by low tannin sorghum in broiler rations (Rogler
and Sell, 1984; Cao et al. 1985; Blaha et al. 1985; Kim et

Lucbert and Castaig, 1988) .al. 1986; But in some other
it has been reported thatstudies low tannin sorghum

much simpler than soaking the grain in NaHCO3.
of the diets containing high tannin sorghum with NaHCO3

NaHCO3.
grain by soaking it in NaHCO3
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could only replace up to 50% of maize in broiler diets
(Thakur et al. 1985; Rostagno, 1988; Gaffar et al. 1990).

Thakur (1984)al. observed low tannin sorghumthatet
could replace 50% of dietary maize without affecting the
weight gain of the broilers. the intensity ofHowever,
leg colour decreased increase in ofwith the level
replacement of maize. (1988)Contrary to this Rostagno

in pigs andused sorghum the diets of poultry and
concluded that low tannin sorghum could completely replace
maize in pigs and up to 50% in poultry diets, whereas high
tannin sorghum could replace up to 50% and 25% of maize in

dietsrespectively. Chickens fedpigs and poultry,
containing low tannin sorghum had higher weight gains than
those fed diets containing maize, but feed conversion was

Health of chickens and carcassbetter with maize diets.
characteristics were not affected in chickens given low
tannin sorghum but had pale skin, legs and beaks.

Elzubeir and Jubaral (1993) observed that 2% of the birds
in which low tannin sorghum had replaceddiets

showed leg abnorma1it ies andlevel,maize 100%at
abdominal fat reduction. The latter was attributed to the

with dietarydilution the fibre, whichof feed also
reduced liveweight gain.

fed on
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Gaffar al. (1990) replaced maize inwith sorghumet
They

observed that broilers fed on a diet containing 50% maize

Feed conversionfeed than broilers fed other diets.more
and protein efficiency ratio in broilers fed 50% sorghum
diets were comparable to the maize control diets.

However, their findings were slightly different from those
of Syed Ali and Yeong (1977) who showed that low tannin
sorghum could replace up to 60% of maize in broiler diets

Despite good growth rate, palerand 75% in layer diets.
egg yolk colour and shank colour were observed in chickens
fed low tannin sorghum based diets, probably due to the

tannin sorghum grain.low xanthophyll pigment in low
(1967), reported that,Bornstein and Bartov

greatly affect the acceptability of broiler meat in some
parts of the world thus limiting the use of sorghum grain
in finishing diets.

Azcona and Bonino (1988) reported that although low tannin
sorghum grains could considerably replace maize in poultry

ingredients containing pigments should be addeddiets,
where good pigmentation of skin and egg-yolk is required.
Furthermore, they observed that sorghum grain containing
more than 1% tannin could replace maize completely in the

and 50% sorghum gained significantly more and consumed

this could

broiler diets at the rate of 0, 50, 75, and 100%.
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diet of pullets 6-20 weeks old and about 50% of maize in
the diet of laying hens provided supplementary proteins
and methionine were added.

The need for protein and methionine supplementation was
also noted in broilers fed high tannin sorghum based diets
(Azcona and Bonino, 1988). Furthermore, supplementation of
methionine and choline in high tannin sorghum based diets
was shown to alleviate the depressing effect of tannin,
consequently resulting into improved performance of
broilers (Chang and Fuller 1964; Armstrong et al. 1973 ).
However, on the contrary Glick and Joslyn (1970) reported

but supplementation with casein improved growtheffect,
when rats were fed diets with tannic acid.

sorghum grain broiler dietsAdding to
increased feed intake,
density of the sorghum grain as compared to maize (Kim et
al. 1986) . (1985) observed no differencesCastro et al.
among groups in laying percentage, mean weight of eggs or

[kg/ egg productionintake (g) ] maizefeed when was
replaced by low tannin sorghum in the diet of laying hens.

that supplementation with choline or methionine had no

probably due to the low energy
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2.6 Metabolic studies.
Studies to compare the apparent digestibilities of amino

sorghum, wheat,
barley, oat groats and wheat middlings for growing pigs

whereas wheat had slightly lower digestibility followed by
barley and wheat middlings was the least digestible.

Digestibility averages of dry matter, andgross energy,
nitrogen for the low tannin sorghum grains were found to
be higher than the corresponding digestibility averages
for pigs fed on the high tannin sorghum grains (Cousin et
al. 1981).

Cohen and Tanksley (1973) determined energy and protein
digestibility of sorghum grain with different endosperm
texture and starch type by growing pigs. They observed
that digestibility coefficients for dry matter, organic

and the concentrationand ofmatter, energygross
digestible and metabolizableenergy energy were
essentially the same for the normal and waxy starch diets.
Protein digestibility and nitrogen retention did not
differ significantly among the three endosperm textures
and the two starch types.

for corn, low tannin sorghum and oat groats were similar,
(Lin et al. 1987) showed that gross energy digestibility

acids, gross energy and starch in corn,
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intermediate texture
nutritional advantage in digestible

energy and metabolizable energy over those with flory or
slight insignificantbuttexture. However,corneous

weight gains were observed in pigs fed the waxy starch.
A slight reduction in protein digestibility was observed
in growing chicks fed diets containing high tannin sorghum
(Vohra et al. tannin in1966), and they concluded that
diet reduction nitrogencaused in intake andfeed
retention.

Lucbert and Castaig (1988) compared sorghum with different
concentrations of tannin to maize as the dietary cereal

broiler diets. tannin sorghumin Low wassource
substituted for maize without problems of utilization, but
poor performance was observed in medium tannin sorghum

The poor performance obtained with mediumbased diets.
related its lower metabolizableto

digestibility andDry mattercontent.energy
the percentage of gross

energy metabolised in chickens were also decreased with
tanninincreasing levels in sorghum grainof content

(Halley et al. 1987).

Studies on the digestibility of protein and availability
of amino acids in sorghum with low (0.11%) and medium

Grain containing endosperm with an

metabolizable energy as well as

tannin sorghum was

appeared to have a
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tannin (0.88%) recently reported by Rigonicontent were
and Meggiolari (1993). In these studies the apparent and
corrected digestibility of protein and apparent and real
availability of amino acids were estimated. The corrected
digestibility of low tannin sorghum befound towas
similar that Histidine, threonine, andto
arginine were found to be less available in medium tannin
sorghum than in low tannin sorghum.

Studies on digestibility and nitrogen - balance conducted
in poultry given maize and sorghum of similar proximate

1964) showed that protein,composition (Seidler, et al.
fibre and nitrogen-free extract were more digestible and
nitrogen - value was lower in sorghum based diets than in
maize based diets.

(1989) and apparent
feedstuffs by roosters.

The apparent metabolizable energy for maize and low tannin
Kcal/g andand thesorghum were 3.04 2.90 truemean

3.47 Kcal/g,metabolizable
respectively. The metabolizable energy content corrected
for zero nitrogen retention (MEn) of low tannin sorghum did
not differ significantly from that of yellow maize but the

of high tannin sorghum was lower than that of yellow
maize and low tannin sorghum (Douglas et al. 1990) .
MEn

metabolizable energies of some

energy values were 3.65 and

of maize.

determined the trueAlbino et al.
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CHAPTER 3

3.0 MATERIALS AND METHODS

Experiment 1 (growth study)3.1
3.1.1 Experimental animals and management.
Three hundred and twenty day old broiler chicks were
obtained from Interchick hatcheries in Dar-Es-Salaam,
which is about Sokoine Universitykm from of200
Agriculture (SUA), Morogoro. On arrival, the birds were
housed at the poultry unit of the Department of Animal
Science and Production in two brooding pens, each with

The chicks fed on ration Afloor area of 2.5 were
(Table 4) for the first seven days. Feed and water were

ad-libitum basis usingsupplied metal feeders andon
drinkers, respectively.

On the fourth day of age, the birds were wing banded using
medicated with coccidiostatsplastic tags and andwere

coccidiosisantibiotics control and bacterialto
infections and also were vaccinated against New Castle

Sexing was not done on the birds.disease.

the seventh day of age the chicks were weighed andOn
randomly allocated to the four dietary treatments (Table
4) , each replicated in four pens. Each pen had twenty
birds.

m .
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The brooding period lasted for four weeks during which two
100-watt electric bulbs in each pen were used. One bulb
was removed at the end of the brooding period while the
other was left to provide light in order to encourage feed
intake. At the end of the brooding period, the birds were

pens up to the end of the experiment
(i.e. eight weeks of age). Feed and water continued to be
supplied on ad-libitum basis throughout the experimental
period.

Replacement of the litter was done as a control against
Inspite of this control measure, coccidiosiscoccidiosis.

was diagnosed and treatment was done using Esb3 3 0% powder
at a rate recommended by the manufacturer (i.e. 2g / litre
of drinking water). The medicated water was provided to

This was given on a skip aall the birds for seven days.
day basis where one day of medicated water was followed by

The medicated water was freshly
prepared each day of the drug administration.

3.1.2 Diet formulation.
dietary in theusedFour treatments A to D were

experiment. These were locally compounded with diet A as
the main

diets WhiteIn B to D,energy.
sorghum (Tegemeo variety) replaced maize by 33.3, 66.7,

a day on plain water.

kept in the same

Ration A had maize as source ofa control.
the remaining three
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and 100%. the animal proteinwas
seed cake and sunflowercotton cake plantsource, as

protein sources. The four rations were formulated to be
as isocaloric as possible. The formulation of rations and
their calculated analyses are shown in Table 4.

3.1.3 Data recording.
Liveweight and feed intake.3.1.3.1

The birds were individually weighed weekly. The amount of
feed in each pen was recorded and at the end of each week,
the remaining feed in the feeder was also weighed. Feed
intake per pen was obtained as the difference between the
total weight of feed and weight of residual.

Feed efficiency.3.1.3.2
Feed conversion ratio was computed by dividing the total
cumulative feed intake by the total gains of all the birds

ndThis was calculated from the 2 week to thein each pen.
week of age.

Mortality and leg abnormalities.3.1.3.3
Mortalities and cases of leg abnormalities were recorded
throughout the experimental period. Leg abnormalities

determined by subjective evaluation of each bird.were
Only birds showing a medium or severe degree of bowing

8 th

Fish meal used as
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Table 4: Composition of the experimental diets.

Content in rations (%)
Ingredients A B C D
Maize 60.00 40.00 20.00 0.00
Sorghum 0.00 20.00 60.0040.00
Cotton seed cake 17.00 17.00 17.0017.00
Sunflower cake 7.20 7.207.20 7.20
Fish meal 10.00 10.00 10.00 10.00
Ground limestone 4.00 4.004.00 4.00
Dicalcium phosphate 0.600.60 0.60 0.60
DL-Methionine 0.15 0.15 0.150.15
L-lysine 0.05 0.050.05 0.05
Broiler premix 0.500.50 0.50 0.50
Salt 0.50 0.50 0.500.50
Total 100.00 100.00 100.00100.00

Calculated analyses
2741.40 2701.80 2664.202780.80

Crude protein (%) 20.57 20.57 20.57 20.57
Crude fibre (%) 5.12 6.32 6.92 7.52
Lysine (%) 1.03 1.01 0.99 0.97
Methionine (%) 0.52 0.51 0.500.53

0.25 0.25 0.24 0.23
0.78 0.77 0.730.75

Calcium (%) 1.531.54 1.54 1.53
0.490.48 0.48 0.49

Total phosphorus (%) 0.80 0.820.81 0.81

Cystine. (%)
Meth.+Cystine (%)

Metabolizable energy 
(kcal/kg)

Available phosphorus 
(%)
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were considered to be abnormal.

3.1.3.4 Growth rate
Growth rate
intervals as follows.

W = Wt 2

where:
W = Average daily weight gain (g/d) (i.e. growth

rate)
= Liveweight at time t 1

n IT ii

Carcass characteristics.3.1.3.5
At the end of the eighth week, four birds were randomly

(i .e.picked from each replicate sixteen birds perpen
Slaughteringtreatment) slaughter.for done bywas

severing neck the base of the headthe and theat
Plucking was done after scalding in hotoccipital bone.

water (about 100°C) . The legs were severed at the tibio-
joint. Eviscerationmetatarsal done throughwas a
incision abdominaltheof wall abouttransverse 1 cm

caudal to the distal end of the keel. The internal organs
(i.e. intestines, gizzard, liver, heart and abdominal fat)

carefully removed and weighed.were

Wt2 =

- wt1/t2- t1

t2

Wt,

was calculated from liveweight at two week

The gizzard was
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separated from the of the gut and longitudinallyrest
incised so as to remove and discard its contents and the
horny layer. The internal organs
percentage of the carcass weight of the birds.

Dressing percentage was calculated using the following
formula:

DP = CW/LW X 100
Where:

DP = Dressing percentage
CW = Carcass weight
LW = Live weight

3.1.4 Chemical analysis of feedstuffs and rations.
Ingredients and rations were analyzed for their content of
dry matter, crude protein, crude fibre, ether extract, ash

according (1990)nitrogen freeand AOACextract to

procedure.

(Metabolic study).Experiment 2:3.2
Metabolizable energy determination.3.2.1

A complete randomized design (CRD) with four replicate
four dietary treatmentsmale birds in each of the was

The six weeks old birds were transferred to theemployed.
individual metabolism cages and randomly assigned to the

Adequate separation of the birdsdietary treatments.

were expressed as a
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between the adjacent cages was provided by leaving a cage
unoccupied on either side. A polythene sheet laidwas
below each cage to collect the droppings. The birds were
fed on the treatment diets for five and six days during
the preliminary and collection periods, respectively and
droppings were quantitatively collected
Sibbald et al. (1960) . Feed and water were provided ad-
libitum.

Droppings from each cage were collected every 24 h. After
careful separation of unwanted particles, the samples were
weighed, placed in containers and then frozensealed

Successive collections were added to theirimmediately.
containers making singlerespective plastic frozena

composite for each lot.

Chemical analysis of poultry excreta.3.2.2
At the end of the collection period the frozen composites

homogenised thoroughly andweighed,thawed, thenwere
forced air oven h. The dryat

samples were ground to pass through a 1 mm sieve and then
equilibrate with the air moisture h

bottles for storage for further analysis.

Analysis nitrogenfor done by Kjeldahcontent was

60°C for 48dried in a

before they were transferred into the screw cap sample
allowed to for 12

as outlined by
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procedure, gross energy by using a bomb calorimeter, ether

done according to AOAC (1990) procedures.

Computation of metabolizable energy.3.2.3
The metabolisable (AME) valuesApparent wereenergy

from the gross energy figures of the feeds andcalculated

AME (Kcal/kg) =

Gram test ingredient intake

The nitrogen was
obtained using the following formula:

MEn(MJ/kg) = AME
34.4

Feed input

MJ/kg retained nitrogen in theusedThe value 34.4
calculation of nitrogen - corrected metabolizable energy

isvalue
This factor is the mean energy per kgAnderson (1958).

nitrogen excreted by the chick in the form of uric acid.

(MEn)

(MEn) a correction factor according to Hill and

(Total N consumed - Total N excreted) x

excreta (Chemi et al. 1980) as follows:

extract, ash, crude fibre, and nitrogen free extract were

corrected metabolizable energy

(GE intake - Excreta energy) x 1000
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The true metabolizable energy (TME) was obtained through
the relationship between the N - corrected AME (MEn) and
the TME according to Sibbald (1977) as follows:

TME = ME, x 1.097n

values of sorghum were derived by difference
(1960)using the formula given by Sibbald al.et as

follows:

ME,MJ/kg test material = 100 x

[ME,MJ/kg T.D - ME,MJ/kg B.D x (%basal in T.D)/100]

%Test material in Test diet

where:
T.D = Test diet
B.D = Basal diet

3.3 Data analysis.

Statistical analysis.3.3.1

usingcarried completevarianceAnalysis of outwas

randomized design (CRD) incorporating nested pen effects,

ME and ME„ n

as outlined by Snedecor and Cochran (1989) .
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where:

bird on the ith dietary= Observation on the
treatment.

fi = The general mean.
= The effect of the ith dietary treatment.

= The random error peculiar to each bird.

the second experiment the analysis of varianceFor was
carried out using complete randomized design (CRD), as
outlined by Snedecor and Cochran (1989).

= p. + T i
where:

dietary
treatment.

ji = The general mean.
= The effect of the ith dietary treatment.
= The random error.

in theAll the data
using the statistical package SAS (1990) . General linear
model (GLM) procedure was used to compute the least square

for the main effects and the probabilities for anymeans
pair of least square means.

jth

= Observation on the jth

pen within the ith treatment.

bird on the ith

= M + T.

Yij

Ti

Y-.uijk

Y...ijk

+ Eijk

+ Eijk

Ti

Yij

+ PU

E...ijk

Pij

Eij

= Effect of the jth

study were analyzed on a computer
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Economic analysis of the diet formulations.3.3.2:

Based the prices (1993/94) feedof thecurrenton
ingredients used in formulation of the diet treatments,
the economic analysis of the diets was conducted.
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CHAPTER 4

4.0 RESULTS

4.1 Proximate chemical composition of feed ingredients

and diets.
The nutrient of feed ingredients inusedcontent the
experimental diets is summarised in Table 5. The crude

23.3% for fish meal, cotton seed cake and sunflower cake,
respectively. Fish meal had the highest values of ether

calcium and phosphorus.ash, Cotton seed cakeextract,

and sunflower cake had almost similar ash, ether extract
Sunflower cake had the highestand phosphorus content.

crude fibre content followed by cotton seed cake and fish
Dry matter content was highest inmeal had the lowest.

sunflower cake and lowest in fish meal.

For the two energy sources used in the experiment, sorghum
a higher crude protein content thanwas

respectively).maize (12.1 and 8.3%, The ash and
(1.6 andphosphorus content

0.2%) for ash and phosphorus, respectively. Ether extract
found to be higher in maize (4.1%) than in sorghumwas

(3.0%). The calcium levels were 0.05 and 0.03% for maize
and sorghum, respectively. Dry matter content was higher
in maize (91.3%) than in sorghum grain (87.3%).

were similar in both grains

protein levels of the protein sources were 63.6, 33.8 and

found to have
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The chemical composition of diets used in the experiment
is presented in Table 6. Substitution of sorghum for
maize significantly lowered the dry matter content in the
diet whereas the effect of the level of sorghum was
insignificant. Substitution of sorghum for maize resulted

in significant (P<0.05) decrease in proteincrudea

whilst significant increases in crude proteincontent
with increasing sorghum levels observed.content were

Replacing maize with sorghum had no effect (P>0.05) on
crude fibre content but crude fibre was found to increase

in diet.with increasing levels sorghum theof
Substitution of sorghum for maize in the diet resulted in
significant decreases (PcO.Ol) of ether extract, nitrogen-
free extract, calcium and phosphorus.

Health status of the birds.4.2
The experiment started with 320 day old broiler birds.
Eight birds died during the experiment, making an overall

Two birds in treatment A (maize basedmortality of 2.5%.
diet) died on the third week of age due to coccidiosis and

and (33.3 and 66.7%fromthree each B Ctreatment
maize)for due legsorghumsubstitution of to

abnormalities.

Leg abnormality was characterised by reluctance to walk,
swollen hocks and lateral deviation of the metatarsal
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limbs. Severely affected birds lost

weightand finally died due to starvation for failing to
reach the feeders and drinkers. Less severely affected
birds survived up to the end of the experiment and their
growth rates were not very much affected. The incidences
of leg problems were 1.3, 2.5 and 1.6% of the birds2.5,

and 100% substitution of sorghum for33.3, 66.7
maize respectively.

Liveweight.4.3
The mean body weights of the birds at different ages are

The summary of analyses of variance forshown in Table 7.
the mean body weights of birds at various stages of growth
is presented in Appendix Table II.

The mean body weights at the second, third and fourth week
not significantly affected by the dietarywere

No consistent trend was observed during thistreatments.

period.

From the fifth to the eighth week of age, no clear trend
Insignificant increase in body weights withwas shown.

increasing level of sorghum in the diet were observed
during this period.

of age,

on 0,

for one or both
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4.3.1 Growth rate
The average daily gains of birds fed different dietary
treatments are presented in Table 8. Appendix Table III
shows the summary of analysis of variance for daily gains
during the experimental period.

The results in Table 8 and Appendix II show that there
considerable variation between weeks with respect towere

growth rate throughout the experiment. Generally, the
substitution of sorghum for maize caused no significant
difference in growth rate throughout the experiment.

4.3.2 Carcass parameters.
internal

The analysis of variance isorgans are shown in Table 9.
summarised in Appendix IV.

Dietary treatments had no significant effect on dressing
percentage whereas, mean weights of the internal organs

dietary(P<0.001) affected bywere
There was a significant (P<0.05) differencetreatments.

in the mean weights of gizzard between treatments.

The dressing percentages and mean weights of
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Birds on maize based diet had significantly higher gizzard
weights than the birds fed other diets. Changes in mean
weights of hearts, liver and abdominal fat followed the
same trend as that observed for the gizzard weight.

The overall observation showed that birds fed maize based
diet had significantly (P<0.05) higher weights of gizzard,
heart, liver and abdominal fat than the birds fed other
diets.

ofWhen internal expressed percentagewere asorgans

significantly (P<0.05) influenced by thewere found to be
dietary treatment except for the proportionate weights of
liver.

The proportionate weights of gizzard and heart for birds

(treatment D) were significantlysorghum based dieton
(P<0.05) lower than those fed the other diets, whereas the
proportionate mean weights of abdominal fat for the birds
fed maize based diet were significantly (P<0.05) higher
than those fed other diets.

carcass weight the proportionate weights of all organs
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Feed intake and feed conversion efficiency.4.3.3

Cumulative feed intake, liveweight gain and feed/gain

ratio for birds (replicate)
presented in Appendix V.

The mean treatment effects on the cumulative feed intake

and feed/gain ratio are shown in Table 10. Feed intake

not significantly (P>0.05) influenced by the dietarywas
during the second week to the fifth week oftreatments

significant difference between dietaryhowever,age, a
Birds fed sorghum

based diet had a significantly higher feed intake from the

significantlysorghum for maize
lower feed intake.

significantly (P>0.05)(FGR)Feed/ gain ratio notwas
influenced by the dietary treatments during the first five

Feed/ gain ratio in first and second period)weeks (i.e.
of the experiment. A significant effect was observed from
the sixth week onwards, but the trend was not clear.

Metabolizable energy of the diets and the low tannin4.4

sorghum grain.
Gross energy (GE), uncorrected for nitrogen metabolizable
energy (MEC) , nitrogen-corrected metabolizable energy (MEn)

fifth to the eighth week of age, whereas those on 33.3%

treatments was observed thereafter.

substitution of had a

in each pen per week are
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and true metabolizable energy (TME) content of the diets
are summarized in Table 11. The analysis of variance is
summarised in Appendix Table VII. Gross energy of the
diets decreased significantly (P<0.001) with increasing
level of sorghum in the diet.

Increasing sorghum levels significantly (PcO.Ol) affected
the metabolizable energy values in the diets.
and TME values were significantly higher at 33.3% level of
substitution of sorghum for maize than in the other diets,

0 and 66.7% level of substitution.
The and lowest 100%TME content atwere
substitution of sorghum or maize.

and TME values of sorghum were obtained by theThe ME .C '

difference between the values of diets at 33.3, 66.7 and
100% level of substitution of sorghum for maize and those
of control diet (0% substitution) .
and TME with increasing level of sorghum in the diet were
observed (see Table 12) .

The overall means of the derived values of sorghum were
MJ/kgDM for andand TME,10.3, 10.39.4

respectively as summarized on Table 12.

ME . c' MEn,

Decrease in MEC,

MEC MEn

MEn

MEn

The ME . ME„ c n

but were similar at
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Economic evaluation of diet treatments.4.5:

The economic analyses of the diets used in this study
1993/94 price of ingredients are presented on

Table 13 and Appendix Table VIII.

Substitution of sorghum for maize significantly (P<0.05)
influenced the cost of producing a kg of feed, feed cost
per kg gain and weight of saleable meat per bird. The
cost of producing

with substitution of sorghum for maize in the diet and the

cost decreased further with increasing level of sorghum in

the diet.

Table 12:

metabolizableandmetabolizable truecorrected energy

energy of low tannin sorghum.

Energy parameter MJ/kgDM Treatment

C D MeanB

Metabolizable energy:

6.9 10.315.9 8.0

6.07.1 9.415.1N

True metabolizable 7.8 6.6 10.316.5
energy(TME)

Corrected (MEn)

Uncorrected for N (MEC)

a kg of feed decreased significantly

based on

Uncorrected for N - metabolizable energy, N-
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The cost of feed per kg gain increased significantly with
increase in the level of substitution of sorghum for maize

66.7%.to at 100% substitution (i.e.However, diet D)
there was a significant decrease in the feed cost per kg
gain.

Substitution of sorghum for maize significantly increased

the cost of feed per kilogram of saleable meat. However,
the cost decreased with increase in level of sorghum in

diet.the

Economic evaluation of diet treatments.Table 13:

Diets

A BItem C D

91.4b92.4’Feed cost per kg (Tsh) 90.4C

Feed consumption per bird(kg) 3.1 3.23.1 3.2

Feed cost per bird (Tsh) 286.4 280.2 282.9 276.5

Weight gain per bird (kg) 1.5 1.4 1.4 1.5

200. lb 184.3dFeed cost per kg gain (Tsh) 190.9C 202.1’
l.lb l.lbSaleable meat per kg gain (Tsh) 1.3’ 1.0c

238.7dFeed cost per kg meat (Tsh) 280.2’ 251.4C

b and c = All means in the same row with the same superscript1. a,

are not significantly different (P>0.05)

1 US $ = 500 Tsh2.

257.2b

89.4d
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CHAPTER 5

5.0 DISCUSSION

5.1 Health of the birds.
Leg abnormalities was the major problem encountered in
this study. The mortality rate due to leg abnormalities
was 1.9% of the birds and 7.8% of the birds continued with
the experiment but under poor health condition. This
might have contributed to the poor results for the birds

in replaced byandtreatment B Con
and 66.7% respectively.sorghum by 33.3

these two treatments were mostly affected.

Slightly higher calcium levels and low phosphorus levels
this problem.contributedmight havein dietthe to

Calcium levels were 1.3% and phosphorus levels ranged from
Since most of phosphorus in the sorghum0.6%.0.5 to

grain is bound in organic form such as phytic acid which
reduces its nutritional bio-availability, these levels of

than the recommended levels forphosphorus lowerare
(1983) and NRC (1984) .broilers, as given by Blair et al.

it is very likely that the imbalance betweenTherefore,
in the diets mightcalcium and phosphorus levels have

resulted into higher Ca/P ratio associated with incidence

of leg abnormalities as reported by Hulan et al. (1985) .

which maize was
The birds on
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Premix supplemented to the diets could not be analyzed
before due lack of facilities.to This premixuse
probably did not adequately meet all the requirements for
vitamins Biotin, Choline,

which were reported by Summers et al. (1978) to cause leg
abnormalities in broilers.

Proximate composition of ingredients and diets.5.2
crude protein, ether extract and ash content of theThe
tannin sorghum grain observed in the present studylow

al.ranges reported by Shepheredwithin the etwere
(1993).and Metayer et al.(1981)Eggum et al.(1971);

fibre level of 5.4% observed in thethe crudeHowever,
present study was much higher than the levels (1.3 to 3.5%

(1971) andand 1.9 to 2.4%) reported by Shephered et al.
(1993), respectively. The reason for suchMetayer et al.
equivocal and in contrast to reports byhigh value are

low tannin sorghum varietiesi. e.(1979)Almond et al.
high tanninthan thefibrecrudehave lower content

The calcium content of 0.05% obtainedsorghum varieties.
in the study was within the acceptable levels (Wall and

1981) whereas phosphorusal.1970Ross,
content was slightly lower (Wall and Ross, 1970).

Ether extract content of the maize used in this study was

tannin sorghum buthigher than that of low ash1.1%

and Eggum et

Folacin and Niacin,such as
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similar for the two cereal grains. These
observations compare well with the observations reported
by Douglas et al. (1990) . Ether extract was found to be

higher in maize than that of sorghum,1 whereas
observed between the two grains

with respect to the ash content.

(0.3
2.5%) reported by Phelps (1966) for the pre-press solvent

crude protein level
of 33.8% was much lower than the value of 41.0% reported

The reason for this is not clear. Theby Phelps (1966).
fibrecrude protein, crude

ether extract in the diets containing higher levels of low
tannin sorghum than the control diet were a reflection of
the differences in the chemical composition between maize

These findings are in agreement with otherand sorghum.
had higherthat sorghum crudeshowedstudies which

crude fibre and lower ether extract than maizeprotein,
grain (Douglas et al. 1990).

Formulated diets where maize was replaced by low tannin
sorghum, had significantly higher crude protein content.
This was due to high crude protein content of low tannin
sorghum (12.1%) as compared to that of maize (8.4%).

extracted cotton seed cake. However,

minor differences were

used in the present study was within the range
The low ether extract content (0.7%) of cotton seed cake

content was

and lowerhigher levels of

to 2%
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Significant increases in crude fibre withcontent
increasing levels of low tannin sorghum grain in the
diets, probably due to the higher levels of crudewas
fibre

maize.that of Ether dietsof theextract content
decreased with increase in the level of low tannin sorghum
in the diets. This is due to the fact that ether extract
content in maize was 1.1% higher than that of low tannin

Similar observation was reported by Douglas etsorghum.

al. (1990).

Growth performance.5.3
There was no significant difference in the liveweight gain

Yeong and Syed Alifirstfor the
observationssimilar for(1978), made(1976) and Hew

chicks and pigs respectively when maize was substituted by
The probable cause for the lack oflow tannin sorghum.

could bedifference betweensignificant treatments

explained by a slight variation in nutrient content of the
dietary treatments.

Similar observation was reported by Vanschoubroek et al.

their proteinthe pigspigs i . e .(1964) grew,ason
requirements were reduced and the maize based diet which
was compounded to contain 18% crude protein became optimal
so that the higher protein from the higher sorghum diets

as compared to

four weeks of age.

content in the low tannin sorghum
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superfluous, and the of growthrate and feedwere

conversion ratio of pigs were no longer different for all
the treatments.

Significantly lower liveweight gains observed from the
fifth week onwards in birds fed low tannin sorghum based
diets than those fed the maize based diets, were probably
due to the dilution of the feed with the dietary fibre

This is inwhich was high in the low tannin sorghum.
by Elzubeir andobservation madewith theagreement

that the increase in crude fibre in the(1993) ,Jubaral

diet may affect the weight gain and feed utilization which

digestibility ofandfeeding levelsinteract with
beThe mainnutrients.

explained by the higher feed intake of the birds fed on
inphenomenon which isdiets,the sorghum commona

way of maintaining amonogastric animals constant
metabolizable energy intake.

tannin contentanalysis forIn this study,

facilities
A number of studies haverequired for this analysis.

indicated that low tannin sorghum contain very low levels
Relatively higher feed intake observedof tannin if any.

dietbirds sorghum basedthestudy forin this on
(treatment D) which had the highest inclusion level of low

as a

tannin sorghum was not done

reason for the similarity can

due to lack of
in the low
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tannin sorghum,

insignificant amount of tannin in low tannin sorghum
(Tegemeo variety) and probably lower energy content. This
is based on the findings of Vohra et al. (1966), that the
presence of higher tannin content in diet reduces feed
intake and N - retention in growing chicks.

the present findings, it that theFrom
in sorghum had thetannin content on

performance of broilers.

diets were supplemented with 0.15% DL-methionine and 0.05%

(1964) ;Chang and FullerL-lysine which according to
(1988) ,and Azcona and Bonino(1973)al.Armstrong et

alleviate growth depressing effects of tannin.

Carcass yield and composition.5.4
As expected birds which were heavier at slaughter had also

Higher growth rate is linked to theheavier carcasses.
higher dressing percentage (Hayse and Marion 1973; Marion,

The birds fed on the1984) .Pesti and Fletcher,1976;
maize based diet had similar carcass weight as birds on
the high levels of sorghum based diets. This might have

similarity in the growth andthe ratebeen due to
feed utilization observed in these diets

(Bornstein and Bartov, 1967) .

The weights of abdominal fat, were significantly lower for

no major effect

could be an indication of presence of

However, all the experimental

could be seen
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compared to birds fed the maize based diet. This might
have been due to the low calorie - protein (C/P) ratio of
diets containing low tannin sorghum. This is in agreement
with the findings of Donaldson (1985), who observed that
body fat content increased with increasing C/P ratio.

Since in this study low tannin sorghum had low caloric

was lower in low tannin sorghum containing diets than that
Decrease in the weight ofof the maize containing diets.

fat resulting from utilization of sorghum inabdominal
poultry diets, has also been attributed to the dilution of

(Elzubeir andthe

Liver weights for the birds on
significantly higher as compared to the liver weights in

This might have been causedbirds on sorghum based diets.
tanninin low sorghumthedietary fatby lowthe

containing diets.
deficiency in dietary fat produces enlarged and(1963)

fatty liver during early life of chicks which extends
(1993),throughout the growing period. Streeter et al.

liver weightin enhancedattributed increasethe to
metabolic functions such as digestion, nutrient transport

a maize based diet were

value and high protein content than maize, the C/P ratio

the birds fed the low tannin sorghum containing diets, as

Jubaral, 1993).
feed with dietary fibre in sorghum

As reported by Marion and Edwards
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sorghum gluten meal.

Gizzard weights decreased with increasing level of low
tannin sorghum in the diets. This might have been caused

by the increased coarseness of the diets containing maize

compared to the low tannin sorghum containing dietsas
which relatively fine in This is intexture.were
agreement with a study by Wyllie and Kinabo (1980) , who
reported that increased coarseness of the diet, increases

gizzard weight due to increased muscular activity of the

gizzard in response to the coarse diets.

Feed intake and feed/ gain ratio.5.5
diet containingforOverall

higher levels of sorghum (i.e. treatment D) was slightly
(although insignificant) higher as compared to that of

(1986) and RothKim et al.birds on the other treatments.
(1994) observed higher feed intake when maize waset al.

The possible reasonreplaced by sorghum in broiler diet.

for this might be the low energy density in low tannin

sorghum as compared to maize, making the birds to eat more

The overall observation shows that feed gain ratio in this

affectedstudy insignificantly by the dietarywas

so as to meet their energy requirement.

the birds on

and excretion of metabolic products due to feeding of

feed intake
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Bornstein and Bartov (1967) and Gaffar et al.treatments.

(1990), observed no difference between maize and sorghum
as far as growth rate and efficiency of food utilization
of broilers were concerned . The birds fed on the diets
containing highest level of sorghum (i treatment D). e.
showed a feed gain / ratio similar to that of the control
diet. The possible reason for this could be the high

protein content in sorghum based diet. The performance of

birds fed on these diets probably were influenced by this

factor affecting the calorie/protein (C/P) ratio which in

and bodyaffected the growthcould have rateturn
composition of broilers as reported by Donaldson (1985) .

tannindiets and lowofMetabolizable5.6 energy
sorghum.

The higher metabolizable energy values observed (i.e. in
result of substitution of sorghum for maizediet B)

for this is not clearlynot expected.was
could be variationsknown. among

cereals in their proximate composition, particularly in

crude fibre and ether extract fractions as suggested by

Fetuga (1977) .

inthis variationforpossibleAnother reason

metabolizable energy value, could be due to the change in
protein quality in the diet after mixing the two grains

as a
The reason

The possible reason
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together. This is according to Sibbald et al. (1960)
that the protein quality or the profile of bioavailable

values of the diet.

The nitrogen (MEC) ,

nitrogen corrected metabolizable energy (Mn) and true
(TME)

diet D), were significantly
lower. The probable reason is the higher crude fibre and
low ether extract content in sorghum based diets (Sibbald,
1975) .

The uncorrected for nitrogen metabolizable energy
value for the low tannin sorghum used in the study (10.3

lower than the values reported by Albino et
(1977)(1989)al. and Fetuga

Nitrogen - corrected metabolizable energyrespectively) .
(9.4 MJ/kgDM), the

values reported by Connor et al. (1976) and Fetuga (1977) ,

True metabolizable(15.7 and 13.3 MJ/kgDM, respectively).
of 10.3 MJ/kgDM observed in this study wasenergy (TME)

also lower as compared to that of 14.5 MJ/kgDM reported by
The cause for these variations mayAlbino et al. (1989).

be due to variation in climatic conditions and soils where
the crop was grown as suggested by Douglas et al. (1990) .

high levels of sorghum (i.e.

(MEn)

(MEC)

amino acids may affect the apparent metabolizable energy

was also lower as compared to

uncorrected metabolizable energy

metabolizable energy

MJ/kgDM) was

values for diets containing

(12.1 and 14.0 MJ/kgDM,
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Economic analysis of the diets.5.7
Substitution of sorghum for maize significantly increased
the cost of producing a kg gain and that of a saleable

This was due to the fact that maize based dietmeat.
(control) produced more saleable meat per kg of feed than
sorghum based diets.

Taking into consideration that the liveweight gain and
dressing did significantlydifferpercentage not
(P>0.05),(Table 9),
maize based diets, it may be economical to feed sorghum to

energy where sorghum is muchbroilers

it is important to notecheaper than maize. Therefore,
that in areas where the price of sorghum is higher than

it will not be economical to substitutethat of maize,
sorghum for maize.

source of

between the birds fed sorghum and

as a
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CHAPTER 6

6.0 CONCLUSION AND RECOMMENDATIONS

High protein content, low tannin content and low demand as
human food, the important factors which make loware
tannin sorghum a good replacement for maize in poultry
feeds. Various studies have shown that low tannin sorghum

can partially or totally replace maize in poultry rations

resulting in reduction in the of poultrycosta

production.

low tanninthis study, itFrom can
sorghum (Tegemeo variety) , can entirely replace maize as

sole carbohydrate source in broiler diets. Replacementa

to a

broilerin performance.causing effectadverseany

the substitution was not cost effective.However,

Based on the findings from this study, it is recommended

tannin sorghum be used in place of maize inthat low

broiler production in ares where sorghum is cheaper than

This is due to the factmaize or is abundantly available.

that apart from reducing the competition for cereal grain

agronomicitslivestock dueandbetween human to

advantages, it as well improves the carcass composition of

the commercial broilers.

can go high as 60% of the diet withoutlevel as

be concluded that
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Since low tannin sorghum is relatively low in energy and
fat content compared to maize, itas reduce thecan
problem of excessive energy intake above the broiler's

normal metabolic needs, which is associated with fat
deposition.

deposition whichFat in considerably highoccurs
proportion in the abdominal area is essentially a waste
product in the carcass of commercial broiler. Moreover

accumulationthe excessive isof fat associated with

decrease in feed efficiency.

The analytical determination ofArea for further study:

in evaluationtannin is important the of thevery
nutritional value of sorghum. Therefore a study should be

tannindetermine of sorghumconducted the contentto
and its negative correlation between(Tegemeo variety)

metabolizable energy and protein utilization in poultry.
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Appendix V: Cumulative feed intake, liveweight gain and feed/gain ratio.

Feed gain ratioFeed intake(g) Liveweight gain(g)

PEN BIRDS TRT FI1 FI2 FI3 LWT1 LWT2 LWT3 FG1 FG2 FG3

207 9860 22220 32580 7193 12060 12120 1.37078 1.84245 2.68812A
10 19 8892 20539 29906 6423 11210 11438 1.38440 1.83220 2.61462A
11 20 9660 22760 31760 7054 12500 10560 1.36944 1.82080 3.00758A

1915 9576 21660 30381 7058 11894 9709 1.35676 1.82109 3.12916A
3 19 9452 20520 29146 6942 10925 9424 1.36157 1.87826 3.09274B
8 20 9480 21420 30740 6805 11600 10460 1.39309 1.84655 2.93881B

12 8964 19080 25686 6464 7776 1.38676 2.03455 3.3032418 9378B
9300 21760 31340 6242 12880 10960 1.48991 1.68944 2.8594914 20 B

9560 1.35736 1.80736 3.092051 20 9040 20640 29560 6660 11420C
9300 21180 30800 6801 11680 10380 1.36745 1.81336 2.967244 20 C

9 20 C
16 18 8670 20196 27404 6678 12438C
2 20 D
5 20 D
6 20 D

13 20 D

Where:
nd

ih

FGl
FG2

9760 22200 32200 7191 12060 11300 1.35725 1.84080 2.84956
9480 22560 32800 6904 12980 12160 1.37312 1.73806 2.69737

9420 21280 31280 6787 11860 11120 1.38795 1.79427 2.81295
9420 21360 30900 7066 11100 10780 1.33314 1.92432 2.86642

2 rd

9860 22040 31560 7200 11860 10880 1.36944 1.85835 2.90074
7236 1.29829 1.62373 3.78718

FI1 = Feed intake in the first period (2nd - 3rd week)
FI2 = Feed intake in the second period (4lh - 5lh week)
FI3 = Feed intake in the third period (6lh - 7lh week)
LWT1 = Total liveweight gain in the first period.
LWT2 = Total liveweight gain in the second period.
LWT3 = Total liveweight gain in the third period.

= Feed gain ratio in the first period.
= Feed gain ratio in the second period.

FG3 = Feed gain ratio in the third period.
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Cost of the diet treatments.Appendix Vlll:

Ingredient cost in a diet (100kg) / Diets

Price/kgFeed ingredient C DA B

Maize 3600.0 2400.0 1200.060.0

1000.0 2000.0 3000.0Sorghum 50.0

544.0Cotton seed cake 32.0 544.0 544.0 544.0

Sunflower cake 216.030.0 216.0 216.0 216.0

Fish meal 300.0 3000.0 3000.0 3000.03000.0

Ground limestone 80.0 80.0 80.020.0 80.0

Dicalcium phosphate 300.0 300.0300.0500.0 300.0

DL-methionine 531.0531.03540.0 531.0 531.0

L-lysine 120.02400.0 120.0120.0120.0

Broiler premix 1500.0 750.0750.0 750.0750.0

Salt 200.0 100.0100.0 100.0100.0

Diet cost per 100kg 9241.0 8641.09041.0 8841.0


