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ABSTRACT: A feeding experiment was conducted to assess the suitability of locally available feed ingredients
for cattle fattening in Tanzania. The diet ingredients were maize meal (MM), molasses (MO), maize bran (MB),
rice polishing (RP), cotton seed hulls (CSH) and cotton seed cake (CSC). Five diets were formulated using these
ingredients with the aim of replacing the expensive MM and MO with MB, RP and CSH which are cheap. Diet
one (MM-MO) was a control and contained MM and MO as the energy sources. Diet two (MB-CSH) contained
CSH and MB while diet three (RP-CSH) had CSH and RP as the main sources of energy. Diet four (MB-RP-
CSH) contained CSH, MB and RP while diet five (CSH) contained only CSH as the main source of energy. All
diets contained CSC as a source of protein and mineral mix and salt. Fourty (40) Tanzania Shorthorn zebu bulls
aged three to four years with average initial weight of 172.6 + 6.1 kg were used in the experiment. The animals
were allocated to the five diets in a completely randomized design and the experiment took 80 days. Eight
animals were randomly assigned to each diet. Mean dry matter feed intake (FI), weight gain, feed conversion
ratio (FCR), average daily weight gain (ADG) and gross margin (GM) were computed for each treatment. The
average FI (5.58 kg DM/d) and FCR (10.3) were higher (P < 0.05) for the bulls fed CSH diet compared to those
on other diets. Animals on CSH had lower (P < 0.05) weight gain (41.4 kg) and growth rate (0.58 kg/d) than
those on the other diets. The highest ADG was observed on bulls on MM-MO (0.90 kg/d), followed by those on
MB-CSH (0.86 kg/d) and MB-RP-CSH (0.83 kg/d). The bulls fed diet MM-MO had the highest feed cost per unit
weight gain (TZS 3,403) and lowest GM (TZS -39,235 per animal) whereas those on MB-RP-CSH had the
lowest feed cost per unit weight gain (TZS 1,436) and highest GM (TZS 71,414 per animal). Therefore, diet MB-
RP-CSH was better than the other diets. It is concluded that, the mixture of cotton seed hulls, rice polishing and
maize bran can replace maize meal and molasses as sources of energy in cattle fattening diets.
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I. INTRODUCTION

In Tanzania, about 98% of beef is produced from indigenous breeds of cattle, namely Tanzania
Shorthorn zebu and Ankole, kept under extensive production system. This system is characterized by low input
supply in terms of feeds, veterinary drugs and poor general management practices. Beef production under
extensive system is affected by shortage of forage, especially during the dry season since animals depend
entirely on natural pastures. During the dry season, the quantity and quality of natural pastures are low and
animals fed on these pastures have low growth rate, poor body condition score and are emaciated, and thus
produce low quality meat [1] and [2]. Poor quality meat fetches low price in the markets, hence, low income to
farmers [3], [4] and [5].
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In recent years, cattle fattening has emerged as a method for value addition of indigenous cattle breeds
in Shinyanga, Simiyu Geita and Mwanza regions of Tanzania [4] and [5]. Fattening in these areas is used to add
value to mature and emaciated cattle purchased from pastoralists and agro-pastoralists. The animals are
supplemented with concentrate feeds in order to improve body weight gain, body condition score and the quality
of beef. The national ranching company (NARCO) and private owned large-scale farms practice cattle fattening
in order to counteract the effects of feed shortage during the dry season and improve meat quality. There are
also few small-scale livestock keepers and traders who mostly fatten mature cattle through grazing and
supplementation with agro-industrial by-products. Varieties of feeds are used for supplementation of cattle
being fattened. Conventional concentrates such as cereal grains, molasses, oil cakes and other cereal agro-
industrial by-products are used in commercial beef production to improve performance of animals under
fattening [6]. The use of conventional concentrates has two major limitations; the ever-increasing price, and
limited supply of cereal grains due to competition for use as human food and main ingredients in monogastric
rations. In the traditional system, livestock traders buy animals of lower grades from producers in the primary
livestock markets at lower prices and feed them with cotton seed cake, cotton seed husks, rice polishing and/or
maize bran for three to four months before selling them at higher prices in secondary and tertiary markets or
slaughter houses [4]. Under this traditional fattening system, animals are fed ad libitum amount of these agro-
industrial by-products.

In the past, cotton husks, rice polishing and maize bran were readily available, cheap and could
sometimes be costless with no economic value attached to them and were seen as wastes causing industrial
burden and pollutant to the environment [6]. However, due to the increasing practice of cattle fattening in
Mwanza, Geita, Simiyu and Shinyanga regions, the demand and price of these agro-industrial by-products have
increased [4]. This necessitates planning for their optimal and efficient use in order to obtain optimum animal
performance at lower cost and maximize profit. Ad libitum feeding coupled with high price of the feed
ingredients make traditional cattle fattening not economically efficient.

So far, there is no research that have been done in the Lake zone of Tanzania to establish or determine
the optimum inclusion levels of the locally available feed materials in cattle fattening rations. Moreover, there is
no standard diet recommended for cattle fattening under the traditional sub-sector in Tanzania [7] and [8]. The
types of feed materials and their amount used in the diets vary considerably among cattle fattening operators,
leading to finished animals having different qualities. Hence, there is a need to formulate a cheap and well-
balanced concentrate diet (that will meet beef cattle requirements) based on locally available feed resources in
order to enable farmers to produce beef economically and efficiently. This will result into increased production
of quality meat and, hence, increase the profitability of traditional fattening system. Therefore, this study was
undertaken to evaluate locally available feed resources in Misungwi and Kahama districts located in the Lake
zone of Tanzania and develop a cheap but high-quality diet for fattening of indigenous cattle in agro-pastoral
communities.

II. MATERIALS AND METHODS
Description of the study area
The feeding experiment was carried out at Tanzania Livestock Research Institute (TALIRI)-Mabuki in
Misungwi district, Mwanza region, Tanzania, which is located at 2°35 S, and 32%45 to 33%15 E. Mean annual
temperatures of the area range from 28 to 30°C and the average annual rainfall is between 600 and 800
millimetres.

Animals, experimental design and treatments

Experimental animals were Sukuma cattle bulls. Sukuma cattle are a strain of Tanzania Shorthorn zebu
breed found in the Lake zone of Tanzania, south of Lake Victoria. A total of 40 bulls whose age ranged between
three and four years with average weight of 172.6 + 6.1 kg were randomly allocated to five dietary treatments in
a completely randomized design. The diets were formulated as indicated in Table 1. The first diet comprised
maize meal (MM) and molasses (MO) as main sources of energy and is the best common conventional diet that
has been recommended in commercial cattle fattening [9]. This diet had metabolizable energy (ME) of 12.5
MJ/kg DM and crude protein (CP) of 12.5% which are recommended by NRC [10] and was expected to produce
average daily body weight gain of 1.0 kg/day. The second, third and fourth diets were balanced rations
formulated using locally available feed ingredients while the fifth diet (the control diet) was formulated based on
farmers’ feeding practice in Misungwi and Kahama districts. The major energy sources in diet two were maize
bran (MB) and cotton seed hulls (CSH) while in diet three were rice polishing (RP) and CSH and in diet four
were MB+ RP + CSH. In diet five CSH was the only major source of energy. All diets contained cotton seed
cake (CSC) as the source of protein. The least cost feed formulation method was used to determine the inclusion
levels of the various ingredients required to obtain the desired crude protein (12% CP) and energy (12.5 ME
MJ/kg DM) levels that would meet the requirements of beef cattle. The diets were considered as treatments.
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Four bulls were randomly allocated to each treatment and each treatment was replicated twice, making a sample
size of eight animals per treatment and the total sample size of 40 bulls. The groups of the experimental bulls
were later allocated randomly to the feeding pens. All feeds provided were measured and refusals were collected
just before the next feeding. Feed intake and feed conversion ratio were computed for individual animals.

Table 1. Proportions of various feed ingredients in the experimental diets

Feed ingredients Treatment

MM-MO (%) MB-CSH (%) RP-CSH (%) MB-RP-CSH CSH (%)

0,

Maize meal (MM) 38 0 0 E)A)) 0
Cotton seed cake (CSC) 13 15 15 15 15
Cotton seed hulls (CSH) - 37 37 30 83.5
Rice polishing (RP) 0 0 45 30 0
Maize bran (MB) 0 45 0 22 0
Molasses (MO) 47 0 0 0 0
Mineral mix 2 2 2 2 0
Salt 1 1 1 1 0
Urea 0.5 0 0 0 0
Local salt 0 0 0 0 15
Total 100 100 100 100 100

Note: MM-MO = diet one containing maize meal and molasses as energy sources

MB-CSH = diet two containing maize bran and cotton seed hulls as energy sources

RP-CSH = diet three containing rice polishing and cotton seed hulls as energy sources

MB-RP-CSH = diet four containing maize bran, rice polishing and cotton seed hulls as energy sources
CSH = diet five containing cotton seed hulls as the only energy source

Management of animals

The experimental animals (Sukuma cattle bulls) were bought from primary markets in Misungwi
district. The feed ingredients used to formulate the treatment diets were bought from milling machines, ginneries
and animal feed shops in Mwanza and Shinyanga cities. Upon arrival at the experimental station, the animals
were dewormed using NILZAN anthelmintic suspension to control endoparasites and sprayed with acaricide
(Dominex 50% EC) to control external parasites. All animals were sprayed with acaricide twice per week
throughout the experimental period. All animals assigned to each treatment were provided with the respective
treatment diet for 10 days to familiarize them to the new diet and feed intake was adjusted before the actual
feeding trial and data collection started. During the last three days of the preliminary period, all animals were
weighed consecutively to obtain average initial weights. In both preliminary and experimental periods, the bulls
were grazed on natural pastures in a 250 ha area from 0800 h to 1400 h and then supplemented ad libitum with
the respective treatment diets. The data collection period took 70 days after the preliminary period of 10 days.
Fresh feeds offered were measured and refusals were collected and measured. Both feeds offered and refusals
were measured daily using a weighing balance. All animals had access to clean water three times per day.

Determination of feed intake, feed conversion ratio and growth rate

The average daily feed intake (FI) in kg DM per animal for each treatment was calculated as the total
feed provided in each pen minus feed refusal (kg) divided by the number of animals per pen (four bulls). Feed
conversion ratio (FCR) per animal in each treatment was calculated as DM feed intake per animal (kg) divided
by weight gain (kg). Body weights of the individual experimental bulls were taken and recorded every week in
the morning before grazing and concentrate feeding. Average daily gain (ADG) per animal was calculated as
final weight minus initial weight in kg divided by 70 days of the experimental period.

Determination of chemical composition and in vitro digestibility of feeds

The samples of the treatment diets and natural pasture from grazing area were analysed for dry matter
(DM), ash, crude protein (CP), ether extract (EE) and organic matter (OM) contents according to the standard
procedures of AOAC [11] at the animal nutrition laboratory, department of Animal, Aquaculture and Range
Sciences, Sokoine University of Agriculture. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid
detergent lignin (ADL) were determined according to Van Soest et al. [12]. In vitro dry matter digestibility
(IVDMD) and in vitro organic matter digestibility (IVOMD) were determined in accordance to Tilley and Terry
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[13] procedures. Metabolizable energy of the supplementary diets was calculated according to MAFF [14], i.e.
ME (MJ/kg DM) = 0.012 CP + 0.031 EE + 0.005 CF + 0.014 NFE, where CP, EE, CF and NFE are in g/kg DM.
The metabolizable energy of grazed natural pasture was calculated according to McDonald et al. [15] as ME
(MJ/kg DM) = 0.016 DOMD, whereby DOMD () is digestible organic matter per kilogram of dry matter.

Assessment of body condition score

Body condition score (BCS) for each animal was observed progressively and recorded at the start, on the fourth
week and last week of the feeding trial as recommended by Nicholson and Butterworth [16]. All animals were
individually scored using a nine-point scale, the lowest score was one (highly emaciated) and the highest score
was nine (very fat).

Gross margin analysis

Gross margin (GM) analysis was used to determine profitability of the bulls fattened using the five diets and
was calculated as;

GM=GIl-VC

Whereby GM = Gross margin, Gl = Gross income, VC = Variable costs.

In calculating the Gross Income per animal, the following formula was used;

Gl = Ps*(We) - Wb*(Pp)

Whereby Wh = Average live weight (LW) of bull in kg at the beginning of the fattening period, We = Average
LW of the bull in kg at the end of the fattening period, Pp = Average purchasing price for one kg LW of a bull
in TZS before fattening and Ps = Average selling price for one kg LW of the bull in TZS at the end of the
fattening period.

Because of imperfections in livestock auction markets such as average pricing for a group of animals,
and use of visual appraisal to estimate price of animals, each bull was valued based on price of one kg of live
body weight in order to have uniform pricing system [17]. The total cost for purchasing an animal was divided
by the total body weight of the bull in order to establish the price of buying one kilogram of live weight of the
bulls. At the end of the experiment all bulls were sold at livestock markets. The selling price of the bulls were
recorded and divided by their final body weight to establish selling price per kg live weight.

The cost per kg of each experimental diet was determined by adding the prices of the individual
ingredients used in diet formulation. The total feed cost per animal in each treatment was determined by
multiplying the average cost of one kg of the diet with the average feed intake per animal per day and the
number of experimental days. The average cost of feed per kg live weight gain was determined by dividing the
average total cost of the feed consumed during the experimental period by the weight gained by an animal.

All other variable costs including labour, veterinary drugs, transportation of feeds and animals and
miscellaneous costs were summed up and averaged per individual experimental animal. Assumption was made
that most traditional fatteners graze their animals in communal grazing areas at zero cost; hence, no cost was
added for grazing pasture.

Statistical analysis

Data generated on growth performance parameters (FI, FCR, ADG and BCS) were analysed using
GLM procedure of SAS [18]. Initial weight of an animal was used as covariate in a completely randomized
design and the effect of diet was assessed as a fixed factor. Least significance difference (LSD) was used to
determine the significance of the differences between a pair of treatment means.

1. RESULTS

Nutritive value of supplementary diets and natural pasture

The results in Table 2 show the chemical composition of experimental diets. The CP content varied
among the diets and diet MB-CSH had the highest value, followed by MM-MO, MB-RP-CSH and RP-CSH
while diet CSH had the lowest. It was revealed that MB-CSH had the highest EE whereas MM-MO had the
lowest value compared to the other diets. Diet CSH had the highest CF and ADL compared to MB-CSH, RP-
CSH and MB-RP-CSH while MM-MO had the lowest value. Ash content was highest in RP-CSH whereas CSH
had the lowest value among the diets. The diet MM-MO had the highest ME, followed by MB-CSH, MB-RP-
CSH and RP-CSH whereas CSH had the lowest. The in vitro dry matter digestibility (IVDMD) and organic
matter digestibility (IVOMD) were higher in formulated diets MM-MO, MB-CSH, MB-RP-CSH and RP-CSH
compared to CSH which had the lowest value. Natural pastures from the area in which the animals were grazed
had high DM and NDF and low CP content, IVDMD and IVOMD. The ME of pastures was also found to be
lower than that of the supplementary diets.
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Effects of dietary treatment on feed intake and growth performances of fattened bulls

Table 3 shows the effects of dietary treatment on performance of fattened bulls. The analysis of
variance revealed significant differences among the experimental diets with respect to feed intake. The results
show that animals fed diet CSH had the highest average feed intake per animal (5.58 kg DM/d) while those on
diet MB-CSH had the lowest (4.07 kg DM/d) intake compared to those on the other diets. However, the feed
intake of animals fed diet MB-CSH was not different (P > 0.05) from that of animals given diet MB-RP-CSH.

The experimental diets significantly influenced body weight gain of fattened bulls. The bulls on diets
MM-MO, MB-CSH and MB-RP-CSH had higher (P < 0.05) weight gain compared to those on diet RP-CSH and
the control diet CSH. Similar results were observed on growth rate, whereby animals offered MM-MO, MB-
CSH and MB-RP-CSH diets had higher (P < 0.05) ADG compared to those offered RP-CSH and CSH. The
highest ADG (0.90 kg/d) was observed on the bulls fed diet MM-MO, but their ADG was not significantly
different from that of animals fed MB-CSH and MB-RP-CSH diets. The ADG of animals fed the control diet
CSH was the lowest (0.58 kg/d), but it was not significantly different from that of those offered RP-CSH. The
FCR varied among the treatment diets. The highest FCR (10.3) (the poorest feed utilization) was found in
animals fed diet CSH and differed (P < 0.05) from the FCR of the animals fed other diets. Moreover, the results
show that diets MM-MO, MB-CSH and MB-RP-CSH were better utilized (P < 0.05) in being converted to live
weight compared to RP-CSH. Diet MB-CSH was more efficiently utilised and had the lowest FCR of 4.07
compared to the other diets. The results indicate that there was significant difference in final BCS among the
animals under different treatments. Bulls fed diets MM-MO, MB-CSH and MB-RP-CSH had higher (P < 0.05)
BCS values than those on diets RP-CSH and CSH. Animals on diet MM-MO had the highest (8.18) final BCS
whereas those on diet CSH had the lowest value (6.64).

Table 2. Chemical composition, energy content and digestibility of experimental diets and natural pasture

MM-MO MB-CSH RP-CSH MB-RP-CSH CSH Natural pasture
Chemical
composition
DM 935 941 951 936 922 926
(9/kg DM)
CP 124 141 73.1 115 62.8 62.1
(9/kg DM)
EE 33.2 77.0 53.9 70.8 51.9 17.2
(9/kg DM)
CF 37.9 248 346 251 409 291
(9/kg DM)
ADF 66.0 297 412 337 493 343
(9/kg DM)
NDF 282 565 564 700 688 688
(9/kg DM)
ADL 13.3 68.8 83.0 70.4 114 37.0
(9/kg DM)
ASH 105 64.4 116 103 52.3 84.5
(9/kg DM)
NFE 635 399 362 397 339 -
(9/kg DM)
Energy
ME 11.6 10.9 9.35 104 9.15 6.08
(MJ/kg DM)
Digestibility
IVDMD (%) 88.7 60.0 51.7 53.4 34.9 425
IVOMD (%) 83.8 53.7 45.3 46.9 28.2 38.0

Note: DM = Dry matter, CP = crude protein, EE = ether extract, ADF = acid detergent fibre, NDF = neutral detergent fibre, ADL = acid
detergent lignin, CF = crude fibre, NFE = nitrogen free extract, ME = metabolizable energy, IVDMD = in vitro dry matter digestibility,
IVOMD = in vitro organic matter digestibility

Gross margin analysis of fattened bulls

Table 4 presents the incomes, variable costs and gross margins of fattened bulls for each treatment. The
prices per kg live weight of the experimental bulls before and after fattening were TZS 1290 and 1917,
respectively. In this study diet MM-MO had higher (P < 0.05) feed costs compared to the other diets. The feed
cost for diet RP-CSH was lower (P < 0.05) compared to that of the other diets. Other variable costs apart from
feed costs were constant for all treatments, hence, the total variable cost followed the same trend as that of feed
costs.
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The bulls offered diets MM-MO, MB-CSH and MB-RP-CSH had higher (P < 0.05) gross incomes
compared to those offered RP-CSH and CSH. The gross margin was higher (P < 0.05) for the animals offered
diet MB-RP-CSH than that observed for the rest of the treatments. The gross margins for the animals fed diets
MB-CSH, RP-CSH and CSH were not different (P > 0.05). The gross margin for the bulls offered diet MM-MO
was lower (P < 0.05) than that of animals on the other treatments. The cost of feed per kg weight gain for the
bulls offered diet MM-MO was the highest and differed (P < 0.05) from the feed costs of those offered other
diets. It was observed that animals offered diet MB-RP-CSH had the lowest cost of feed per kg weight gain and
differed (P < 0.05) from that of the animals offered the control diet CSH, but did not differ (P > 0.05) from that
of the animals fed diets RP-CSH and MB-CSH.

Table 3. The effects of supplementary diet on growth performance, feed intake and body condition score of the
experimental bulls

Parameter Treatment SEM P - value
MM-MO MB-CSH RP-CSH MB-RP-CSH  CSH
Initial LW, kg 1847 164° 157° 166° 192° 6.11 0.0009
Final LW, kg 235° 233° 215° 2317 214° 3.00 0.0005
ADG, kg/d 0.90° 0.86° 0.61° 0.83° 0.58° 0.04 <0.0001
DM intake, kg/d ~ 4.45° 4,07° 474° 4.16° 5.58° 0.04 <0.0001
FCR 5.11° 4.76° 7.73° 5.05° 10.3° 0.50 <0.0001
Initial BCS 2.40 2.30 2.30 2.40 2.80 0.00 0.288
Final BCS 8.18° 7.80% 7.09° 7.92? 6.64° 0.30 0.0012

Note: LW - Live weight, ADG - average daily gain, DM - dry matter, FCR - feed conversion ratio, BCS - body condition score

Table 4. Comparison of revenue, variable cost and gross margin of fattened bulls under different treatments

Parameter Treatment SEM P - value
MM-MO MB-CSH RP-CSH MB-RP-CSH CSH
(TZS) (TZS) (TZS) (TZS) (TZS)
Revenue
Sales of fattened 470,906° 431,902 384,058° 430,464° 446,198 1,240 0.0005
bulls
Variable costs
Purchase of bulls 237,538 212,133° 202,145° 213,488° 248,207° 7,880 0.0009
Feed costs 211,354 105,059° 73,966° 84,311¢ 94,896° 2,430 0.0001
Other costs* 61,250 61,250 61,250 61,250 61,250 - -
Total costs 510,141% 378,442° 337,361° 359,049¢ 404,353° 2,430 0.0001
Gross margin -39,235° 53,460° 46,697° 71,414% 41,845° 5,880 0.0001
Cost of feed/kg 3,403° 1,739° 1,724° 1,436° 2,292° 140 0.0001
weight gain

T Means with different superscript letters within the same row are significantly different at P = 0.05
SEM = standard error of the mean.
1Other costs = cost of veterinary drugs, transportation of feeds and animal movement permits

V. DISCUSSION
Nutritive value of diets used in the experiment

Among the experimental diets, diet MB-CSH had the highest CP content and this could be attributed to
inclusion of cotton seed cake (CSC) and maize bran (MB) that contained higher CP relative to the other
ingredients. The observed CP values for diets MM-MO, MB-CSH and MB-RP-CSH are within the range of 11
and 14% reported by Cole and Hutcheson [19]. This implies that the formulated diets MM-MO, MB-CSH and
MB-RP-CSH are more suitable for supplementation of cattle being fattened. According to Rutherglen [20], the
CP content of the diet should be between 12.31 and 15.91% to meet protein requirement of fattened cattle and to
promote high growth rate. The CP content of natural pasture observed in this study was below 7% and is similar
to that reported by Chamatata [6]. This finding indicates that, the natural pastures in the grazing area are of poor
quality and cannot alone meet the recommended CP requirements for high performance of beef cattle. Similarly,
the diet used by farmers (diet CSH) to supplement fattened animals had CP content that is below the
recommended level. Thus, there is a need to supplement grazing animals with concentrates which have high CP
content, especially during the dry season.

The results for chemical composition analysis show that diets MB-CSH and MB-RP-CSH had higher
EE compared to the other diets. This might be due to high level of MB included in these diets since MB had
higher EE content relative to the other ingredients. The EE contents for the diets MB-CSH, RP-CSH and MB-
RP-CSH are higher than the maximum recommended level of 6% for mature cattle diets [21]. Despite this high
EE level, there were no negative effects such as diarrhoea to the animals.

The observed higher levels of CF and ADL in diet CSH might be due to high inclusion level of cotton
seed hulls (CSH) which contained high proportions of those components. The percentages of CF and ADL were
slightly less in diets MB-CSH, RP-CSH and MB-RP-CSH because these diets had low level of CSH. Diet RP-
CSH had relatively higher CF and ADL compared to MB-CSH and MB-RP-CSH and this is attributed to
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inclusion of high amount of rice polishing (RP) which contained larger proportions of CF and ADL. The CF in
diet MM-MO was below the minimum recommended level of 170 g/kg DM in concentrates for supplementation
of beef cattle [10] while diets MB-CSH, RP-CSH, MB-RP-CSH and CSH had CF values that exceeded the
minimum required level. Although MB-CSH and MB-RP-CSH had high CF contents, they are more suitable as
supplementary diets than RP-CSH and CSH because of having relatively higher levels of CP and ME which is
enough to meet the body requirement for microbial activity needed to ferment low quality forage [22] and [23].

The energy (ME) value was highest in diet MM-MO and lowest in CSH. The energy contents in MM-
MO, MB-CSH and MB-RP-CSH are within the range of 10 to 13 MJ/kg DM recommended by Rutherglen [20]
and NRC [10] for beef cattle. This implies that these diets have adequate energy content and can be used for
fattening of cattle. In this study, the IVOMD was higher in diets MM-MO, MB-CSH and MB-RP-CSH. The
IVOMD values for these diets are higher than the minimum level of organic matter digestibility (45%)
recommended by Kossila [24] for beef cattle feeds. This is probably due to higher and balanced CP and ME
levels in these diets. According to McDonald et al. [15] optimal protein and energy levels in the diet ensure
optimum conditions required for microbial growth to promote digestibility of organic matter in the rumen.
Based on the higher digestibility values observed in diets MM-MO, MB-CSH, RP-CSH and MB-RP-CSH it can
be said that these diets are more suitable for fattening of cattle compared to the control diet CSH, which is the
common diet used by farmers.

Effects of diets on feed intake and growth performances of fattened bulls

The results indicate variations in average daily feed intake among bulls supplemented with the different
diets. The feed intake of animals on MM-MO is within the range reported by other authors for molasses and
maize based diets [25] and [9]. The concentrate intakes for the bulls offered diets MB-CSH, RP-CSH, MB-RP-
CSH and CSH which contained cotton seed hulls are less than the intake of 8.84 and 6.28 kg DM/d reported by
Chamatata [6]) and Mawona [8], respectively, for steers fed diets formulated based on cotton seed hulls. The
difference in feed intake is attributed to differences in animal body weights and feed formulations that were used
in the two experiments. The higher feed intake observed in animals fed diet CSH compared to the intakes of
those offered diets MM-MO, MB-CSH, RP-CSH and MB-RP-CSH is due to the fact that diet CSH contained
only cotton seed hulls as the source of energy and thus the bulls on this diet ate more in order to compensate for
the energy deficit of CSH and meet body requirements [26] and [15]. Furthermore, the high palatability of CSH
coupled with its high passage rate [27] and [28] possibly resulted into the high voluntary intake of the low
energy density but highly fibrous supplement. This is contrary to the notion that high fibre feedstuffs like CSH
depress feed intake as they take up space and limit the capacity of the rumen [15].

The CP and energy contents of diets MM-MO, MB-CSH, and MB-RP-CSH were within the range
recommended by NRC [10] and thus could support microbial activity for increased intake of poor forage.
According to Rowe et al. [29] when animals feeding on low quality roughage are supplemented with
concentrates containing adequate amount of nutrients such as CP and ME, the intake of the basal diet is
increased. This concurs with earlier observation made by DelCurto et al. [30] in a study on utilization of
dormant low quality tall grass. The authors found that feeding beef cattle a supplementary diet containing
sufficient CP increased both intake and utilization of the low-quality forage. In this study it is assumed that the
overall DM intake (from grazing and concentrate supplementation) was higher for animals offered diets with
higher CP and ME contents (i.e. MM-MO, MB-CSH, and MB-RP-CSH) indicating that these diets are suitable
for fattening cattle compared to CSH.

All animals increased in body weight, this implies that, Tanzania Shorthorn zebu (TSHZ) bulls have
ability to gain weight when supplemented. The higher body weight gains which were noted in bulls fed diets
MM-MO MB-CSH and MB-RP-CSH compared to that of animals fed diets RP-CSH and CSH might be due to
the sufficient nutrients contained in those diets which were able to meet body requirements. The growth rate of
bulls in this study is higher than the growth rate of 0.35 kg/d reported by Mpairwe et al. [31] and Msanga and
Bee [32] for bulls grazing on natural pasture without supplementation. The growth rate of bulls fed diet MM-
MO is higher than the ADG of 0.812 kg/d observed by Mwilawa [9] for TSHZ bulls fed molasses based
concentrate and hay under total confinement. The slightly higher ADG might be the result of free choice and
selectivity of quality natural pasture during grazing. The growth rate of animals under MM-MO is lower than
the ADG of 1.13 kg/d observed by Luziga [33] in Boran crosses supplemented with molasses based concentrate.
This difference in ADG is possibly due to breed difference [34]. The growth rates of animals fed diet MB-CSH
and MB-RP-CSH in the current study are higher than the ADG of 0.612 and 0.78 kg/d observed by Chamatata
[6] and Mawona [8], respectively, on TSHZ cattle supplemented with CSH and CSC. This might be attributed to
proper nutrient balance in the experimental diets used in this study. However, the daily weight gains observed in
bulls fed diets MB-CSH, RP-CSH, MB-RP-CSH and CSH in this experiment are lower than the values of 1.0 to
1.5 kg/d reported by Mkonyi et al. [3] in TSHZ supplemented with concentrate diet formulated using CSH in
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Mwanza region. This might be due to breed difference and different ratios of the concentrate ingredients and
possibly due to quality of basal feed (pasture) in the study areas.

The weight gain of the bulls fed the control diet CSH was lower than that of those offered the
formulated diets MM-MO, MB-CSH, RP-CSH and MB-RP-CSH because the control diet comprised of cotton
seed hulls as the only energy source which had high fibre content and low ME, CP and digestibility. Thus,
animals supplemented with the control diet were not able to meet their nutritional requirement for growth. This
implies that cotton seed hulls cannot be used as the sole source of energy in fattening diet. Hence, farmers’
practice of supplementing grazing cattle with cotton seed hulls alone or in combination with cotton seed cake
should be discouraged. Feeds with high protein and energy contents are required in order to promote rumen
microbial growth and, hence, improve digestibility of the poor quality roughage. Thus, livestock farmers who
fatten cattle should be advised to include maize bran as the source of energy either alone or in combination with
rice polishing when formulating supplementary diets. The higher weight gain and growth rate values observed
in animals fed MM-MO, MB-CSH, and MB-RP-CSH implies that maize bran, rice polishing and cotton seed
cake which are locally available can promote higher growth performance in beef cattle if the diet is properly
formulated to meet the nutritional requirements.

The observed lower utilization efficiency (high FCR) for animals fed diet CSH might be due to low
organic matter digestibility compared to diets MM-MO, MB-CSH, RP-CSH and MB-RP-CSH. The same reason
could be attributed to the higher FCR observed in animals fed diet RP-CSH which contained 37% cotton seed
hulls. The substitution of MB with RP might have lowered the digestibility, hence, low utilization by animals on
RP-CSH. The reason for the lower digestibility might be the high CF and ADL and low CP contents contributed
by higher inclusion levels of RP in RP-CSH and CSH in CSH diet. These findings are similar to those reported
by Gadberry et al. [35] who found low organic matter digestibility and poor feed efficiency and performance of
finishing cows fed rice by-product based diets compared to those fed maize bran based diet. According to
McDonald et al. [15] high levels of CF and ADL in ruminant rations negatively affect the organic matter
digestibility and thus, end up with poor extraction of the required nutrients [22] and [36]. The implication of
poor feed utilization is the increased costs of feeding as more feed is required to produce a unit weight gain. In
order to improve feed utilization, it is recommended to include not more than 30 to 50% of CSH in beef rations
[37], [6] and [38]. Basing on the results of the present study, it can be inferred that the proportions of ingredients
used in diets MM-MO, MB-CSH, and MB-RP-CSH were optimal for promoting high weight gain and animals
fed these diets had better feed utilization compared to those fed diet RP-CSH and the control diet CSH.

The higher BCS for bulls fed diets MM-MO, MB-CSH and MB-RP-CSH could be attributed to the
high weight gain which is the result of animals eating good quality diets. These diets (MM-MO, MB-CSH and
MB-RP-CSH) contained adequate nutrients which were readily available to the animals to meet their body
requirements compared to diets RP-CSH and CSH. Body condition score showed a positive relationship with
weight gain of the experimental bulls. The findings in the present study are consistent with the findings by
Bartholomew et al. [39] who found a positive linear association in unit change of body condition with weight
change for oxen fed different quality diets. This implies that the body condition score of beef cattle can be
manipulated basing on the type of diet used. Basing on the results of this study it can be inferred that the
formulated diets MM-MO, MB-CSH and MB-RP-CSH had optimal energy and protein contents and animals fed
these diets showed better BCS compared to those on diets RP-CSH and CSH.

Gross margin analysis

The observed higher feed cost of diet MM-MO can be attributed to the high costs of the ingredients that
were used in feed formulation. Molasses as a by-product of sugarcane processing, is abundantly available near
sugar processing industries but is not easily available in many parts of Tanzania, and this triggers high
transportation cost. On the other hand, the use of maize meal in diets for fattening cattle is not feasible because
of the exorbitant cost as a result of its competitive uses for both human food and monogastric animal feeds.

In the current study it was found that the use of locally available feed ingredients (CSH, RP, and MB)
reduced feed costs from 41.4% (MM-MO) to 21.9% (RP-CSH) of the total variable costs. Decrease in feed cost
resulting from the use of locally available and cheap feed resources has been observed by Norris et al. [40] who
reported the decline of 70% in feed costs when high levels of low quality roughage were included in the diets.
This implies that the use of CSH, RP, and MB in supplementary fattening diets can reduce cost and increase
profit margin of feedlot operations. In the present study, animals supplemented with diet MB-RP-CSH had the
lowest cost of feed per body weight gain. This shows that diet MB-RP-CSH is a cheap feed, but yet has high
nutritive value and can be used as an alternative fattening supplementary diet to produce a unit weight of meat at
a relatively lower cost compared to the other supplementary diets. Although animals provided with the diets
MM-MO and MB-CSH had higher total weight gain and ADG than the animals fed diet MB-RP-CSH, the cost
of feed consumed per kg live weight gain was also higher for these diets. On the other hand, even if diet RP-
CSH had the lowest cost, inefficient utilisation of this diet and, hence, higher feed intake for unit weight gain
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resulted into the animals fed this feed to have lower gross margin than those fed diet MB-RP-CSH. This means
that cheap diets should also be of good quality in order to be efficiently utilized by the animal and meet body
requirement for weight gain and, hence increased selling price margin and gross margin. Therefore, this study
has revealed that farmers can adopt the use of CSH, RP, and MB as sources of energy and CSC as a source of
protein in cattle finishing diets and their proportions in the diet should be like those in diet MB-RP-CSH to
improve the efficiency of utilisation of the supplementary diets and ADG at a moderate cost.

V. CONCLUSIONS

. Finishing cattle by supplementing with cotton seed hulls alone or in combination with rice polishing results
in animals having higher feed intake, but lower growth rate and weight gain and, hence, lower profit.

. Finishing cattle by supplementing with maize meal and molasses based diet results in higher growth rate
and weight gain, but higher feed costs and, hence, lower profit.

. Fishing cattle by supplementing with a diet based on the mixture of maize bran, rice polishing and cotton
seed hulls reduces feed costs and at the same time promotes higher growth rate and weight gain, hence,
increases profit. Therefore, diet MB-RP-CSH is more profitable than diets MM-MO MB-CSH, RP-CSH
and CSH.

. The mixture of cotton seed hulls, rice polishing and maize bran can substitute maize meal and molasses as
sources of energy in cattle fattening diets.
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