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EXTENDED ABSTRACT 

 

Tanzania has 36.6 million cattle and is one of the countries with the 

largest cattle population in Africa. Of the 36.6 million cattle, 96% are 

indigenous cattle  and the majority of them belong to the Tanzania 

Shorthorn Zebu (TSHZ) breed. The TSHZ are kept under low input 

systems and grazed extensively in the communal rangelands. The 

low input management practices result into poor performance that 

has led to red meat production-demand imbalance in the country.  

The mismatch between supply and demand of beef is aggravated by 

the fast human population and economic growth. Some local cattle 

producers engage in feedlot practices as a means to increase beef 

production and capture the existing red meat market and hence, 

increase income generation to support their livelihoods. Most feedlot 

practitioners feed natural grasses including Cenchrus ciliaris hay to 

cattle as the basal diet and energy-based concentrates as 

supplement. However, hay usage is limited by its unavailability and 

high price, which necessitates farmers to look for alternative least 

cost basal diets such as cereal crop residues. Rice straw is among 

the cereal crop residues which are abundantly available and cheap 

in agro-pastoral communities of Tanzania. Despite the abundant 

availability of rice straws, these straws have high proportion of 

indigestible carbohydrate which limits their utilisation as a basal diet 

for fattening cattle. Treatment with urea can improve the nutritional 

value of rice straws and, hence, high performance of the fattened 

cattle. Therefore, the current study was conducted to evaluate the 

effects of partial or complete substitution of C. ciliaris hay with urea 

treated or untreated rice straws on feed utilisation, growth 

performance, carcass and meat characteristics of TSHZ. The current 

study was conducted at Mtanana village in Kongwa district, located 

about 82 km from Dodoma capital city in central Tanzania. Fifty (50) 

bulls with initial mean (± SD) weight of 132.4 ± 26.7 kg  and age of 

2.5 - 3 years were used in the experiment. The bulls were kept 

under total confinement and assigned randomly to five dietary 

treatments with 10 animals per treatment. The dietary treatments 
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were used as basal diets and included C. ciliaris hay only (CCH), 

untreated rice straws (URS), urea treated rice straws (TRS), 

combination of untreated rice straws and hay (URH) and 

combination of urea treated rice straws and hay (TRH). In addition to 

the basal diet, all animals were fed  the same supplementary diet 

comprised of maize bran (53%), molasses (25%), sunflower seed 

cake (20%), mineral premix (1.5%) and table salt (0.5%). The 

feeding trial took 84 days and at the end of the experiment, the 

experimental animals were evaluated for feed intake, weight gain, 

daily weight gain, percentage profit return, carcass characteristics 

and meat quality. Throughout the experimental period, clean water 

was provided ad libitum to all experimental animals. The results 

indicate differences (p < 0.001) in basal diet intake whereby animals 

under TRS had the highest value (1.6 ± 0.02 kg DM/day) and those 

on CCH  had the lowest (1.3 ± 0.2 kg DM/day). Similarly, 

metabolisable energy intake was highest for animals fed TRS (86.0 

± 0.7 MJ/day) and lowest for those on CCH (72.0 ± 0.7 MJ/day).  

The animals fed TRH had the highest weight gain (64.7 ± 4.4 kg) 

and average daily gain (770 ± 0.1 g/day) while those on URS had 

the lowest weight gain (50.3 ± 4.4 kg) and average daily gain (599 ± 

0.1 g/day). Also, feed conversion ratio varied (p < 0.001) among 

treatments and was lowest for animals on TRH (8.9 ± 0.1) and 

highest for animals on URS (11.9 ± 0.1), indicating that animals on 

TRH were more effective in converting feed to live weight. Animals 

fed URH had the highest hot carcass weight and some linear 

carcass measurements such as chest depth and hind limb 

circumference. The final meat pH was slightly higher in all animals 

subjected to different dietary treatments and was above the 

recommended value of 5.8. This resulted into dark red meat, 

probably due to the stress experienced by the animals at slaughter. 

Meat fat content was lower in animals fed TRS (10.6%) than in 

animals fed TRH (13.9%) and URS (11.9%). The animals on TRS 

had the highest proportion of lean (72.3%) compared to the animals 

on other treatments. The animals on TRH showed the least cost 

(TZS 5,244/=) for gaining one kilogram of live weight. However, the 
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highest percentage profit return was observed in animals fed TRS 

(32.3%) while those fed CCH had the least (27.3%). Therefore, it is 

concluded that TRS is the best basal diet for fattening indigenous 

cattle because the animals fed this diet showed higher percentage 

profit margin, proportion of lean and lower fat and total lipid contents 

compared to those on other diets.  

 

Keywords: Crop residues, Cattle fattening; Indigenous cattle; Feed 

conversion ration, Growth rate, Gross Margin, Traditional feedlot 

system; Lineal carcass measurements; Hot carcass weight; Meat 

tenderness, 
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IKISIRI KUU 

 

Tanzania ina ng’ombe milioni 36.6 na ni miongoni mwa nchi zenye 

mifugo mingi barani Afrika. Kati ya ng’ombe milioni 36.6, asilimia 

96.1 ni ng’ombe wa kienyeji na wengi wao ni wa aina ya Tanzania 

Shorthorn Zebu (TSHZ). TSHZ hufugwa kwa mfumo huria ambao 

hutumia mbinu kidogo na pembejeo kidogo katika uzalishaji na 

huchungiwa kwa wingi katika nyanda za malisho za Jumuiya. 

Matumizi ya mbinu ndogo za uzalishaji na pembejeo husababisha 

uzalishaji duni wa TSHZ ambao umesababisha upungufu wa   

nyama nyekundu nchini kutokana na kasi kubwa ya ukuaji wa Idadi 

ya watu na uchumi. Ili kutumia fursa hiyo, baadhi ya wafugaji wa 

ng'ombe hapa nchini hujihusisha na unenepeshaji ng’ombe kama 

njia ya kutumia fursa ya soko lililopo la nyama nyekundu na 

kujiongezea kipato. Wanenepeshaji walio wengi hutumia hei ya 

Cenchrus ciliaris kama chakula kikuu cha mifugo na kuwapa chakula 

cha ziada (mchanganyiko wa pumba, madini na virutubisho vingine 

muhimu). Matumizi ya hei katika unenepeshaji ina changamoto ya 

upatikanaji na bei yake ni kubwa. Changamoto hiyo imepelekea 

kuona namna ya kutafuta vyakula mbadala vya gharama nafuu na 

vinavyopatikana kirahisi kama vile mabaki ya mazao ya nafaka. 

Majani ya mpunga ni miongoni mwa mabaki ya mazao ya nafaka 

ambayo yanapatikana kwa wingi na kwa bei nafuu nchini Tanzania. 

Hata hivyo, majani ya mpunga yana kiwango kikubwa cha 

kabohaidreti isiyoweza kumeng’enywa na hivyo mnyama kula 

kidogo na virutubisho kidogo ambayo huzuia matumizi yake kama 

chakula muhimu cha kunenepesha ng’ombe. Majani ya Mpunga 

yakiboreshwa kwa kutumia urea yanaweza kuwa na viinilishe vingi, 

na kuboresha mmeng’enyo, hivyo, kuongeza uzalishaji wenye tija 

kwa mnyama. Kwa hiyo, utafiti huu ulifanyika ili kutathmini athari za 

kutumia kiasi kidogo au kutotumia kabisa hei ya C. ciliaris na 

kutumia majani ya Mpunga yaliyoboreshwa na Urea au ambayo 

hayajaboreshwa kama majani mbadala katika ufanisi wake ukuaji 

wa mnyama, uzalishaji wa nyama na ubora wa nyama baada ya 

kulisha TSHZ. Utafiti huo ulifanyika katika kijiji cha Mtanana 
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kilichopo katika Wilaya ya Kongwa, Mkoa wa Dodoma,Tanzania. 

Madume hamsini (50) yenye wastani wa awali (± SD) uzito wa kilo 

132.4 ± 26.7 na umri wa miaka 2.5 - 3 walitumika katika jaribio hilo. 

Ng'ombe hao walihudumiwa wakiwa wamefungiwa ndani na 

waligawanywa bila upendeleo katika makundi matano yenye vyakula 

tofauti tofauti na kila kundi lilikuwa na ng’ombe 10. Vyakula 

vilivyotumika kama mlo kamili ni pamoja na hei ya C. ciliaris pekee 

(CCH), majani ya mpunga ambayo hayajaboreshwa na Urea (URS), 

majani ya mpunga yaliyoboreshwa na urea (TRS), mchanganyiko 

wa hei ya C. ciliaris na majani ya mpunga yasiyoboreshwa na Urea 

(URH) na mchanganyiko wa majani ya mpunga yaliyoboreshwa na 

urea na hei ya C. ciliaris (TRH). Mbali na lishe muhimu, wanyama 

wote walilishwa chakula kimoja cha ziada kilichojumuisha pumba za 

mahindi (53%), mabaki ya sukari (molasses) (25%),  mashudu ya 

alizeti (20%), mchanganyiko wa madini (1.5%) na chumvi (0.5%).  

Jaribio la ulishaji lilichukua siku 84 na mwisho wa jaribio, wanyama 

walifanyiwa tathmini katika ulaji wa chakula, ukuaji, asilimia ya faida 

iliyopatikana, sifa za nyama na ubora wa nyama iliyopatikana. 

Matokeo yalionyesha tofauti (p <0.001) katika ulaji wa mlo kamili 

ambapo wanyama waliokula majani ya mpunga yaliyoboreshwa na 

urea (TRS) walikuwa na ulaji wa juu zaidi (1.6 ± 0.02 kg DM/siku) na 

wale waliokula hei ya C. ciliaris pekee (CCH) walikuwa na ulaji kwa 

kiwango cha chini zaidi (1.3 ± 0.02 kg DM/siku). Vile vile, ulaji wa 

nishati ya metaboli ulikuwa wa juu zaidi kwa wanyama waliolishwa 

majani ya mpunga yaliyoboreshwa na urea (TRS) (86.0 ± 0.7 

MJ/siku) na chini kabisa kwa wale waliolishwa hei ya C. ciliaris 

pekee (CCH) (72.0 ± 0.7 MJ/siku). Wanyama waliolishwa 

mchanganyiko wa majani ya mpunga yaliyoboreshwa na urea na hei 

ya C. ciliaris (TRH) walikuwa na uzito wa juu zaidi (kilo 64.7 ± 4.4) 

na wastani wa ongezeko la uzito kwa siku (770 ± 0.1 g/siku)  wakati 

wale waliotumia URS walikuwa na uzito wa chini zaidi (50.3 ± 4.4 

kg) na wastani wa ongezeko la uzito kwa siku (599 ± 0.1) g/siku). 

Pia, uwiano wa kiasi cha chakula kilichotumika kuzalisha kilo 1 ya 

uzito hai wa mnyama ulitofautiana (p<0.001) kati ya makundi ya 

vyakula na ulikuwa wa chini zaidi kwa wanyama waliokula TRH (8.9 
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± 0.1) na wa juu zaidi kwa wanyama waliokula URS (11.9 ± 0.1), 

ikionyesha kuwa wanyama walikula TRH walikuwa na ufanisi zaidi 

katika kubadilisha chakula na kuongeza uzito wa mnyama. 

Wanyama waliolishwa URH walikuwa na uzito wa juu zaidi wa 

mnyama baada ya kuchinjwa na kutoa viungo vya ndani na vipimo 

vingine vya mnyama huyo kama vile kina cha kifua na mduara wa 

mguu wa nyuma. pH ya mwisho ya nyama ilikuwa juu kidogo kwa 

wanyama wote waliofanyiwa utafiti kwa makundi yote ya vyakula na 

ilikuwa juu ya kiwango kinachopendekezwa cha 5.8. Hii ilisababisha 

kupatikana nyama nyekundu iliyokoza, ambayo labda ni kutokana 

na mshituko wa wanyama wakati wa kuchinjwa. Kiasi cha mafuta 

kwenye nyama (10.6%) kilikuwa cha chini kwa wanyama waliolishwa 

TRS kuliko wanyama waliolishwa TRH (13.9%) na URS (11.9%). 

Wanyama waliolishwa TRS walikuwa na kiasi kikubwa zaidi cha 

minofu (72.3%) ikilinganishwa na wanyama waliokuwa kwenye 

vyakula vingine. Wanyama waliolishwa TRH walitumia gharama 

ndogo zaidi (TZS 5,244/=) kutengeneza kilo moja ya uzito wa 

mnyama. Hata hivyo, asilimia ya juu zaidi ya faida ilionekana katika 

wanyama wanaolishwa TRS (32.3%) wakati wale wanaolishwa CCH 

walikuwa na angalau (27.3%). Kwa kuhitimisha, majani ya mpunga 

yaliyoboreshwa na urea (TRS) ndio lishe bora zaidi ya kunenepesha 

ng'ombe wa asili (TSHZ) kwa sababu wanyama waliokula majani 

haya walionyesha asilimia kubwa ya faida, uwiano mzuri wa minofu 

na mafuta na hivyo kuzalisha nyama bora ikilinganishwa na wale 

waliokuwa kwenye makundi mengine ya vyakula. 

 

Maneno muhimu: Mabaki ya mazao, Unenepeshaji wa ng'ombe; 

Ng'ombe wa kiasili;Kiwango cha ubadilishaji wa chakula kuwa uzito 

hai, Kiwango cha Ukuaji, Pato la Jumla, Vipimo vya mnyama baada 

ya kuchinjwa; Uzito wa mnyama baada ya kuchinjwa; ulaini wa 

nyama, 
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CHAPTER ONE 

 

1.0 General Introduction 

There are 1.5 billion cattle worldwide, of which one-quarter are found 

in Africa and 2.2% are in Tanzania (FAO, 2021; NBS, 2021). Cattle 

have different economic values, their meat is a highly preferred 

animal source food, and possess cultural significance among 

traditional livestock keepers (Ruvuga et al., 2020). In Tanzania the 

population of cattle is 36.6 million and of these 96% are indigenous 

cattle, predominantly the Tanzania Shorthorn Zebu (TSHZ). The 

TSHZ is a small-sized Bos indicus  breed (mature live weight <250 

kg) and is characterised by a hump on the back, long dewlap, 

various colour patterns, shiny hair coat and long legs (Mwacharo & 

Rege, 2002). There are many strains of TSHZ, such as Gogo, Iringa 

red, Chagga White, Mbulu, Maasai and Singida White (Mushi & 

Baruani, 2021). These cattle strains are essential for achieving 

sustainable development goals in the country (Godber & Wall, 

2014). The TSHZ are kept under traditional livestock production 

systems, mainly pastoralism and agro-pastoralism, which are the 

least cost or low input systems. In these systems livestock keepers 

depend on natural pastures for feeding their ruminal livestock over a 

large area of communal grazing land as dictated by pasture 

availability (Mccabe et al., 2014; Truebswasser & Flintan, 2018).  

 

The TSHZ thrives under extensive systems because of its drought 

resilience and tolerance to diseases like East Coast Fever and 

Trypanosomiasis (Hansen, 2004; Yaro et al., 2016). Also, the small 

body sizes mean that the TSHZ are early-maturing cattle, unlike Bos 

taurus cattle breeds which have large body sizes (Nogueira, 2004). 

It is estimated that the TSHZ accounts for 98% of all beef produced 

in Tanzania (URT, 2022). The higher contribution to beef production 

is primarily due to their large number in the country, and not due to 

production capacity of the individual animals (Mushi, 2020; NBS, 

2021). Consequently, there is a red-meat deficit in Tanzania as the 

current beef production can only meet 83% of the local demands 
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(Michael et al., 2018). The beef demand-production imbalance is 

attributed to the country's human population and economic growth, 

meaning that more people can afford to buy beef and its products 

(Kadigi et al., 2013; Kibona et al., 2022). Another reason for beef 

demand-production imbalance is low annual off-take rate (10%) due 

to the long period taken for an animal to attain mature live weight 

under extensive systems (Asimwe, 2015; Michael et al., 2018; Mushi 

& Baruani, 2021). 

 

The TSHZ takes longer time (5-7 years) to attain mature weight 

because of poor nutrition, and grazing land management challenges 

(Woodhouse & Mccabe, 2018; Mccabe et al., 2021). The grazing 

lands are owned collectively by the pastoralists and agro-pastoralists 

living in the respective villages. Under this system, all livestock 

keepers have equal chance for access to the available forages and 

water resources in the grazing area (Ruvuga et al., 2020; Mccabe et 

al., 2021;). The collective ownership of the grazing lands can lead to 

a concept of ―tragedy of the commons‖ because of lack of 

agreement on the proper management of the resources in the 

grazing areas. This is driven by immigrants  from other places who 

utilise the available resources unfairly (Solomon et al., 2007; Moritz 

et al., 2015). The ―tragedy of commons‖ causes degradation of 

grazing lands, which is characterised by the loss of palatable grass 

species, an increase in noxious plants (weeds) and bush 

distribution, loss of biodiversity and soil erosion (Dunne et al., 2011; 

Sangeda & Maleko, 2018; Pfeiffer et al., 2019). Grazing land 

degradation affects the ability of the foraged area to support high 

cattle performance and beef production, as is the case in most parts 

of Tanzania. Grazing lands degradation has led to increased 

pastoral mobility in search of pastures and water, which, in turn, has 

resulted into  regular conflicts between herders and farmers (Ripkey 

et al., 2021; Wainaina et al., 2021). Grazing land reallocation for 

other uses and increased frequency of extended droughts  due to 

climate change, affect forage regeneration and lead to poor livestock 
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performance due to overstocking and overgrazing (Godde et al., 

2018a; Ondier et al., 2019). 

 

Poor cattle performance in the extensive production systems is 

exacerbated by seasonal forage fluctuations in the semi-arid areas, 

which accounts for 80% of total grazing land in Tanzania (Selemani, 

2020; Mccabe et al., 2021). Semi-arid areas are characterized by 

erratic and insufficient rainfall (400 - 600 mm annually) which cannot 

support high forage production for livestock (Liwenga, 2008; Ruvuga 

et al., 2021). Forage biomass varies over the year, with abundancy 

during the rainy season and scarcity during the dry periods (Safari et 

al., 2011; Selemani et al., 2013; Ruvuga et al., 2021). Consequently, 

cattle grazed in the communal rangelands change their bodyweight 

and body condition score seasonally (Selemani et al., 2013). Cattle 

can gain weight during the rainy season, but loose the weight during 

the dry and the produced meat is of lower quality and quantity than 

in more intensive cut-and-carry systems (Mushi, 2020). The reason 

for lower cattle weight gain under extensive system is associated 

with high energy expenditure due to long distances walks while 

looking for pasture and water (Jung et al., 2002). The poor 

performance of cattle during the dry season  is also caused by poor 

nutritive values of the native grass species available in the semi-arid 

areas with low protein content ranging from 71.4 to 73.3 g/kg DM 

and energy value of 3.5 - 5.9 MJ/kg DM. The values are lower than 

the crude protein of 87.5 -117.8 g/kg DM and energy value of 7.3 - 

9.2 MJ/kg DM found in improved grasses like Cenchrus ciliaris 

(Bwire et al., 2003; Safari et al., 2011; Hamid et al., 2020; Ruvuga et 

al., 2021).  

  

1.1 Pastoral Migration, Feed Shortage Alleviation and 

Traditional Feedlot System 

Pastoralists employ various strategies to ensure optimum livestock 

performance and sustain their livelihoods in semi-arid. Pastoralists 

rely on migration to alleviate feed shortages during the dry seasons 

(Mccabe et al., 2014; Treydte et al., 2017). The pastoralists would 

move from their native land during the dry period when forage 
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resources are depleted to another area where forage is abundant. 

These seasonal migrations are usually over a very long distance of 

up to 80 km and last until forage is regenerated in the immagrant 

pastoralists’ native land (Adriansen & Nielsen, 2005). Ecologically, 

these migrations are considered necessary for grazing land 

regeneration and reducing the risk of converting open rangelands 

into desert while maintaining different ecosystem services (Teague 

& Barnes, 2017; Wainaina et al., 2021). Socially, various challenges 

associated with migration are experienced, including conflicts among 

different pastoral groups and other land users (Benjaminsen et al., 

2006; Ripkey et al., 2021). These conflicts can sometimes turn 

deadly and affect meat production and social order over a long term 

(Benjaminsen et al., 2009). Furthermore, pastoral migration is 

becoming difficult in Tanzania due to human population growth, 

which causes previously grazed areas to be used for other 

purposes, such as crop cultivation, settlements and infrastructure 

developments to meet different needs (Selemani, 2020). The 

outcome of pastoral movements has now  inculcated some 

pastoralists to change their mind set into intensification of grazing 

land to ensure its effective utilisation for sustainable ruminant 

production. 

 

Forage reserves or enclosure establishment is an example of the 

intensification in the collectively owned rangelands. These 

enclosures are tradionally known as ―Olalili or Ngitiri” among the 

Maasai pastoralists and Sukuma agro-pastoralists, respectively, in 

Tanzania (Safari et al., 2019; Selemani, 2020). The forage reserves 

are established and managed by traditional institutions, which in this 

case refers to the informal livestock organisation with the intention to 

address the recurring problem of forage shortage (Glowacki, 2020). 

The traditional institutions rely on social contracts whereby 

individuals make a collective decision on what part of rangeland not 

to be grazed during the rainy season to ensure forage accumulation, 

which would then be foraged during the dry period (Nyberg et al., 

2019; Safari et al., 2019). The arrangement provides feed supply for 

livestock during the dry period while supporting biodiversity and soil 

conservation (Tefera et al., 2007; Verdoodt et al., 2010). The system 
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is similar to rotational grazing under the ranch system since it 

employs adaptive grazing management; however, it is done over a 

large area, and decisions are usually made by experienced elders 

and implemented by youths (Sangeda & Maleko, 2018; Wainaina et 

al., 2021). Although enclosures are usually collectively owned, 

private enclosures with a size ranging from 1.6 to 8.5 ha are not 

uncommon among agro-pastoralists in areas with flexible grazing 

land tenure systems (Safari et al., 2019).  

 

Unfortunately, forage reserves are dominated by native pasture 

species which have poor nutritive value, which limits their utilisation 

for adequate livestock feeding and improved cattle performance 

under pastoral production systems in Tanzania (Safari et al., 2011; 

Ruvuga et al., 2021). Also, resting duration and type of forage 

reserve management (private or communal) do not necessarily 

result in high biomass yield of the palatable grass species in semi-

arid areas (Tefera et al., 2007; Seymour et al., 2010; Verdoodt et al., 

2010; Safari et al., 2019). The lack of quality and  palatable grass 

species has led to the recommendation for cultivation of improved 

forage species, e.g. Cenchrus ciliaris, in the traditional established 

reserves to ensure feed availability throughout the year (Ngenzi et 

al., 2023). It is expected that adoption of improved forage species 

cultivation by livestock keepers would maintain forage supply all 

year around. This will ensure high meat yields in terms of carcass 

weight while maintaining other meat attributes such as colour and 

tenderness (Mushi, 2020; Kimirei et al., 2022). Improved forage 

establishments in African semi-arid areas is limited by collective 

ownership of grazed rangelands, availability of planting materials 

and technical know-how, especially among the pastoralists who  do 

not have relevant experience (Leweri et al., 2021; Mekonnen et al., 

2022; Ngenzi et al., 2023).  

 

It well known that pasture grazing  alone can not provide sufficient 

nutrients to fulfill the requirements of most beef cattle breeds, even 

under the best conditions and management (Greenwood, 2021). It is 



6 
 

 
 
 

recommended that beef cattle should be fattened before slaughter in 

order to improve beef production (Wendimu et al., 2023). Beef cattle 

can be fattened during the dry season, which entails feeding animals 

with high nutritive value feedstuffs to increase their weight, improve 

body conformation, carcass yield and quality. This feeding practice 

is known as feedlotting and intends to increase economic return and 

negate body weight loss experience during the dry season, which 

can lead to poor meat quality attributes (Ruvuga et al., 2020; Kibona 

et al., 2022).  Recently, traditional feedlot system has been 

established  in the Lake zone of Tanzania, mainly because of the 

need to offset the red meat deficit and get high return from fattening 

enterprises (Kimirei et al., 2022). Livestock keepers and other 

feedlot practitioners feed nutritious diets to the already matured but 

underweight cattle to ensure that they attain the required market 

weight within a relatively short period of less than 100 days (Asimwe 

et al., 2015; Mushi, 2020). Through this approach, the fattened cattle 

are kept indoor in the barn, fed ad libitum hay as basal diet and 

supplemented with high energy concentrates obtained from 

agricultural by-products such as cereal brans, seed cakes and  

molasses together with minerals/vitamins to meet their nutritional 

requirements (Mushi, 2020; Kimirei et al., 2022; Ruvuga et al., 

2022). 

 

These agricultural by-products are rich in essential macro-nutrients, 

namely, protein and energy and can promote fast growth rate of 639 

- 952 g/day in TSHZ (Asimwe et al., 2015; Mushi, 2020). The fast 

growth rate means high carcass weight and meat yield, which can 

reduce the red meat production-demand imbalance in Tanzania 

(Michael et al., 2018). Hay is commonly used as the basal diet 

during fattening, however, nowadays it is becoming scarce and sold 

at high price during the dry periods and hence,its use increases 

operational cost. Therefore, there is a need to find alternative cheap 

feed resources such as cereal crop-residues that can be used as 

basal diet. Crop residues such as maize stovers, rice straws and 

sorghum stovers obtained after cereal crop harvesting are potential 
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feed resources for animals under the feedlot (Mushi, 2020; Subudhi 

et al., 2020). Cereal crop residues can be co-fed with- or replace 

improved grass hay as the basal diet in traditional feedlotting system 

as they are abundantly available (Njie & Reed, 1995; Mushi, 2020; 

Sarkar et al., 2020). Livestock keepers usually purchase crop 

residues on-farms shortly after harvesting (Treydte et al., 2017; 

Ngenzi et al., 2023). Nazli et al. (2018) and Mushi (2020) reported 

daily weight gain of 133 - 618 g/day for beef cattle fed different crop 

residues. Rice straws are among the most abundant crop residues 

in Tanzania, but have poor feeding value because of their low 

nutritional values as they contain high neutral detergent fibre (NDF) 

of up to 849 g/kg DM (Wanapat et al., 2009; Nazli et al., 2018). 

Moreover, high  NDF contents means that cattle fed rice straws 

would not be able to attain the required market weight on time. This 

could prolong the fattening period, affect meat quality, national food 

security and overall profitability of the feedlot practice (Mushi & 

Baruani, 2021; Ripkey et al., 2021). Nevertheless, rice straw 

nutritional value improvement for more profitable feedlotting system 

is possible.  

 

1.2 Problem Statement and Justification 

Rice straws can be used  as a basal diet for cattle under feedlot  

conditions. However, rice straws have high NDF and ADF contents, 

lignification and silicification levels and low crude protein content that 

lead to low palatability, intake and digestibility. The rice straws can 

be treated using different means and methods to improve their 

feeding value. Urea and strong alkalis like calcium hydroxide are 

used to treat and enhance the utilisation of rice straws (Vadiveloo & 

Fadel, 2009; Wanapat et al., 2009; Lunsin et al., 2018). Calcium 

hydroxide can react and break down structural carbohydrates, thus 

improving feed intake, digestibility and performance of cattle fed rice 

straws based diet (Wanapat et al., 2009). However, the use of 

strong alkali for straw treatment is limited by their availability, high 

price and handling difficulties, especially under traditional feedlot 

systems. Moreover, alkali does not increase crude protein content in 
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the treated straws that is needed to support optimum growth (Wei et 

al., 2018). On the other hand, urea treatment improves forage 

digestion and adds nitrogen to the treated forage, which is then 

converted into microbial protein in the rumen (Wanapat et al., 2009; 

Lunsin et al., 2018). Increasing nitrogen content and easy handling 

compared to strong alkali make urea treatment a suitable method for 

improving rice straws utilisation in traditional feedlot system in 

Tanzania. Also, urea is readily available in many parts in Tanzania, 

and it is sold as a subsidised industrial fertiliser for crop cultivation 

(Cedrez et al., 2020). This means traditional livestock keepers can 

acquire urea at a lower price, thus making feedlot practices 

profitable. Therefore, urea treatment is the most suitable method to 

improve the straws quality under traditional feedlot system.  

 

Urea treated rice straws can replace conventional basal diets, e.g. 

grass hay under the traditional feedlotting system in Tanzania. 

However, there are no studies that have evaluated the effects of 

replacing grass hay with urea treated rice straws as basal diet for 

fattened TSHZ under traditional feedlot system. The previous 

studies on TSHZ feedlotting focused on the use of agro-industrial 

by-products as supplementary diet and maize stovers and treated 

wheat straws as the basal diet, and their use resulted in positive live 

weight gain (Asimwe et al., 2015; Mushi, 2020). However, these 

studies showed lower economic returns due to the higher feeding 

cost associated with the use of agricultural by-products (Asimwe et 

al., 2016). On the other hand, feeding ruminants with rice straws 

results into good animal performance. For instance, Mafriwal cattle 

fed rice straws based diet gained 133 - 383 g per day (Nazli et al., 

2018). Similarly, a study by Wanapat et al. (2009) reported improved 

milk yield and composition in Thailand's dairy cow fed urea treated 

rice straws. However, none of the studies assessed the economic 

analysis of treating and feeding rice straws to fattened cattle under 

tropical conditions. Also, there are limited studies on the effects of 

co-feeding grass hay and rice straws as basal diet. Therefore, this 

study was undertaken to evaluate the effects of replacing grass hay 
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as the basal diet with untreated or urea treated rice straws on growth 

performance and feed utilisation of zebu cattle under the traditional 

feedlot system. Moreover, the study investigated the economic 

return of using untreated and urea treated rice straws basal diet to 

facilitate easy adoption of the technology by different feedlot 

practitioners. In this study Cenchrus ciliaris hay was used as the 

control basal diet since most feedlot practitioners in Tanzania use it 

as the basal diet for cattle fattening. It was expected that the results 

obtained from the current study would contribute to improving the 

feeding practices and profitability of the traditional feedlot system in 

Tanzania. 

 

1.4 Study Objective 

1.4.1 General objective 

To increase production of quality beef and profitability of cattle 

finishing operations through improved utilisation of rice straws as the 

least cost basal diet under the traditional feedlot system in Tanzania. 

 

1.4.2 Specific objectives 

i. To evaluate growth performance and nutrients utilisation of 

TSHZ cattle fed either untreated or urea treated rice straws 

in place of C. ciliaris hay as basal diet in traditional feedlot 

system. 

ii. To assess the effects of replacing C. ciliaris hay with 

untreated and urea treated rice straws on carcass and meat 

qualities of TSHZ cattle finished under traditional feedlot 

system. 

iii. To analyse economic return and profitability of using 

untreated or urea treated rice straws in place of C. ciliaris 

hay as basal diet for fattening cattle under traditional feedlot 

system. 

 

1.5 Null Hypothesis 

There are no significant differences in growth performance, feed 

utilisation, carcass characteristics, meat quality and profitability 
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between TSHZ fed rice straws and those fed C. ciliaris hay as basal 

diet under traditional feedlot system. 

 

1.6 Methodology Overview  

A complete randomized feeding trial was conducted for 84 days at a 

cattle fattening unit located at Mtanana B village in Kongwa district, 

Dodoma region, central Tanzania (Paper I). A total of 50 TSHZ bulls 

with initial mean weight of 132 kg were obtained from the local 

farmers at Mtanana A and Mtanana B villages. Upon arrival at the 

fattening unit, all animals were dewormed and sprayed with 

acaricides to control endoparasites and ectoparasites, respectively. 

The bulls were randomly divided into five groups of 10 animals for 

each group. The animals in each group were housed together, and 

group-fed with their respective dietary treatment. The dietary 

treatments were Cenchrus ciliaris hay (CCH), untreated rice straws 

(URS), urea-treated rice straws (TRS), combination of untreated rice 

straws and hay (URH) and combination of urea-treated rice straws 

and hay (TRH). These dietary treatments were fed as the basal diets 

and all animals were supplemented with the same concentrate diet 

comprised of maize bran, molasses, sunflower seed cake, mineral 

premix and table salt. The basal and concentrate diets were 

measured before and after feeding to determine feed intake. Animal 

body weights were measured at the start of the feeding experiment 

and then biweekly up to the end of the experiment. The following 

parameters were computed:- average daily feed intake, 

metabolizable energy intake, weight gain, daily weight gain, feed 

conversion ratio and profitability of the fattened cattle. At the end of 

the feeding trial, the fattened cattle were taken to the abattoir for 

slaughter, whereby five out of the ten animals from each treatment 

were sampled randomly for carcass and meat quality assessment 

(Paper II). The carcass characteristics and meat qualities evaluated 

were slaughter weight, linear carcass measurements, non-carcass 

components, tissue composition, meat temperature and pH, meat 

chemical composition and tenderness. 
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1.7 The organisation of the Dissertation  

The dissertation is organised into five chapters, and the first chapter 

provides background information on livestock production systems in 

semi-arid areas, feed shortage alleviation strategy and feedlotting 

practices, justification for undertaking the current study, research 

objectives and methodology overview. The published paper and 

accepted manuscript are presented in Chapter two and Chapter 

three, respectively. Chapter four presents a general discussion in 

detail whereby key results are interpreted and compared with other 

findings. The chapter also addresses the knowledge gap, which was 

not answered by the current study, and raises new research 

questions. Finally, Chapter five provides conclusions and 

recommendations to different stakeholders for effective utilisation of 

rice straws based diets and improving traditional feedlot system in 

Tanzania. 
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CHAPTER THREE 

 

3.0 Carcass Measurements and Meat Quality of Tanzania 

Shorthorn Zebu Finished on Untreated or Urea-Treated Rice 

Straws as a Hay Replacement 
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Abstract 

A study was conducted to evaluate the effects of complete and 

partial replacement of Cenchrus ciliaris hay as a basal diet with 

urea-treated or untreated rice straws on carcass measurements and 

meat quality of Tanzania shorthorn Zebu (TSHZ) under a traditional 

feedlot system. The dietary treatments were C. ciliaris hay (CCH), 

untreated rice straw (URS), treated rice straw (TRS), untreated rice 

straws plus C. ciliaris hay (URH) and treated rice straws plus C. 

ciliaris hay (TRH). Ten 2.5 - 3-year-old TSHZ bulls were randomly 

allocated and fed the respective diets for 84 days. The animals on 

URH had the highest slaughter weight (203.9 kg), empty body 

weight (182.7 kg) and hot carcass weight (115.5 kg), while those on 

CCH had the lowest slaughter weight (175.4kg) and empty body 

weight (146.4kg). There were no variations (p > 0.05) among 
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animals on different treatments regarding lean, fat and bone 

proportions, changes in pH and cooking loss. The shear force after 

ageing for one and seven days was lowest (p < 0.05) for the meat 

from animals on TRS (52.1 N/cm2) compared to those on other 

treatments. Similarly, animals on TRS had a higher lean meat 

proportion (72.3%) compared to 69.8-71.5% for the animals on other 

treatments. The meat was dark red, and the final pH was 5.9 - 6.1 

post-slaughter for all treatments, above the 5.8 recommended in 

quality meat. It is concluded that TRS can be used as a basal diet 

due to high lean meat proportion and tenderness, while URH can be 

selected due to high carcass weight for TSHZ fattening in the 

traditional feedlot system. 

 

Keywords: Cattle fattening; Indigenous cattle; Crop residues; 

Traditional feedlot system; Lineal carcass 

measurements; Hot carcass weight; Meat tenderness 

 

3.1 Introduction 

Tanzania has a population of 36.6 million cattle, dominated by 

Tanzania Shorthorn Zebu, TSHZ cattle (Bos indicus) breeds 

(Michael et al., 2018; National Bureau of Statistics, NBS, 2021). The 

TSHZ are kept in arid and semi-arid areas, under agro-pastoral and 

pastoral systems, where they are fed natural pastures and migrate 

seasonally over a large area in search of forage and water. Agro-

pastoral and pastoral livestock production systems are faced with a 

decline in the size of available grazing land. The decline is attributed 

to rangeland reallocation for crop cultivation and settlement due to 

human population growth and increased drought frequency and 

intensity caused by climate change (Chimwamurombe & 

Mataranyika, 2021; Ruvuga et al., 2021). Also, there are seasonal 

changes in natural pasture availability, both in quantity and quality, 

during the dry season (J. Safari et al., 2011). Moreover, overgrazing 

and lack of pasture species that are better adapted to biotic (pests 

and diseases) and abiotic (drought and poor soil fertility) stress 

reduce rangeland productivity (Godde et al., 2018b).  
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Poor rangeland productivity leads to animal weight loss during the 

dry season, causing a delay in attaining the desired market weight ( 

Safari et al., 2011). Also, fluctuations in animal growth lead to low 

beef production in agro-pastoral and pastoral systems. The weight 

loss and animal delay in attaining market weight affect meat quality, 

farmers' income, food security and livelihoods (Mushi, 2020). 

Otherwise, human population growth, increased urbanisation, and 

middle-income earners have increased red meat demand in 

Tanzania. Currently, it is estimated that the red meat deficit in the 

country is about 17%; thus, there is a need to optimise livestock 

performance (Komarek et al., 2021; Michael et al., 2018). Livestock 

keepers make different efforts to increase meat production, such as 

feedlot practices, where matured animals are finished using nutrient-

rich diets, e.g. concentrates for 90 days. The concentrate diet 

enables animals to attain the market weight earlier and enhances 

meat quality attributes (Mushi, 2020; Safari et al., 2009; Shija et al., 

2013).  

 

Adoption of feedlot practice by traditional livestock farmers is limited 

by the availability and high cost of concentrates such as maize grain, 

maize bran and molasses, which are needed to formulate energy-

dense diets (Asimwe et al., 2016; Ekpa et al., 2019). Under the 

traditional feedlot system, animals are fed grass hay, e.g. (Cenchrus 

ciliaris) as a basal diet and supplemented with concentrates (Mushi 

et al., 2009; J. Safari et al., 2009). Hay is fed to reduce operational 

costs and ensure normal rumen functioning by supplying dietary 

fibres (González et al., 2012). The number of feedlot practitioners 

has increased rapidly in recent years because of the profitable 

nature of the enterprise (Michael et al., 2018). The high number of 

practitioners has triggered an increase in hay demand, while 

unreliable rainfall and prolonged dry season have reduced hay 

production and raised its price consequently (Sala et al., 2020). 

There is a need to find an alternative cheap fodder that can be used 

as the basal diet in traditional feedlot operations to reduce feeding 

costs while maintaining meat quality.  
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Rice straw is among the most readily available and cheaper fodder 

materials in the tropics, with the production of up to 3.2 million 

tonnes (t) in Tanzania in 2018/2019 (Kamel, 2022). Extensive rice 

cultivation produces straws as a crop residual, which can be fed as a 

basal diet to animals under a traditional fattening system. However, 

rice straws have low energy, protein, and digestibility due to high 

lignin content, limiting their feed value and utilization (Nazli et al., 

2018). Urea treatment of rice straw can improve intake, digestibility 

and protein levels (Vadiveloo & Fadel, 2009; Wanapat et al., 2009). 

There are limited studies done on the effects of feeding urea-treated 

rice straws on carcass characteristics and/or meat quality of TSHZ, 

with most studies focused on the effects of urea-treated rice straw 

on cattle growth performance (Nazli et al., 2018; Wei et al., 2018). 

The current study evaluated the effects of partial or complete 

replacement of C. ciliaris hay with untreated or urea-treated rice 

straws on carcass characteristics and meat quality attributes.  

 

3.2 Materials and Methods 

3.2.1 Study area description 

The study was conducted at Mtanana village, Kongwa district (6o- 

6o6’S, 26o22’- 36o30’E), 82 km from Dodoma capital city in central 

Tanzania. The district is located 1067 m above sea level and 

experiences 254 - 660 mm and 23 - 32oC annual rainfall and daily 

temperature, respectively (Asimwe et al., 2015a). The district 

experiences a semi-arid climate with vegetation dominated by 

natural pastures such as Aristida spp., Chloris gayana, Cynodon spp 

and Urochloa mosambicensis grass species (Asimwe et al., 2015b). 

Agriculture (crop cultivation and livestock production) is the major 

economic activity in the district. The district had ~1.5 million TSHZ 

cattle in 2021 (per district records) grazed continuously in the 

communal rangelands. Similarly, feedlot practices are standard in 

the district, thus the site selection for this study.  
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3.2.2 Experimental animals 

Fifty TSHZ bulls with an initial live weight of 132.4 ± 26.7 kg (mean ± 

SD) and 2.5 - 3 years old (age determined based on dentition) were 

obtained from farmers and fattened under traditional feedlot system. 

The experimental animals were randomly divided into five groups of 

10 animals, and each group was housed in a ban of 20 m x 20 m. 

There were no significant differences (p = 0.085) in the initial live 

weight of the animals in different groups. All animals were 

dewormed using Albendazole 10% W/V (Bimeda-Oral suspension) 

at the beginning of the fattening period and after 45 days. Also, the 

animals were sprayed with Albadip Super 100EC 

(Alphacypermethrin 100%) at the start of the experiment and then 

every 14 days to control external parasites.  

 

3.2.3 Experimental treatments and management of the animals 

Five dietary treatments were formulated, which included C. ciliaris 

hay (CCH), untreated rice straws (URS) and urea-treated rice straws 

(TRS). Others were untreated rice straws plus C. ciliaris hay (URH) 

and urea-treated rice straws plus C. ciliaris hay (TRH). The dietary 

treatments were analysed for crude protein (CP), neutral detergent 

fibre (NDF), dry matter digestibility (IVDMD) and metabolisable 

energy (ME) (Table 1) as described in detail in Kilyenyi et al. (2023). 

These treatments were used as the basal diets where CCH was a 

control, while rice straw-based diets (URS, TRS, URH and TRH) 

were the evaluated treatments. The C. ciliaris hay was obtained from 

the Tanzania Livestock Research Institute, Mpwapwa, where it was 

harvested after seed production. Rice straws (SARO 5/TXD 306 

variety) were purchased and collected from farmers in the Kilosa 

district. The rice straws were treated with urea, prepared by mixing 3 

kg with 20 litres of water and then spraying on 100 kg of straws. The 

rice straws were fermented with urea for 21 days following Vadiveloo 

and Fadel (2009) techniques. Rice straws and hay were chopped 

manually into 3 cm long pieces before feeding. Untreated (URS) or 

urea-treated (TRS) rice straws were mixed in equal proportions with 
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C. ciliaris hay in the feeding trough for URH and TRH treatments, 

respectively. 

 

In addition, a concentrate diet was formulated using maize bran 

(53%), molasses (25%), sunflower seed cake (20%), mineral premix 

(1.5%) and table salt (0.5%). The concentrate diet was laboratory 

analysed for ME and CP, 12.7 MJ ME /kg DM and 112.4 g CP /kg 

DM. The concentrate diet was fed as a supplementary diet to all 

experimental animals. It was provided at 80% of the animals' dry 

matter intake (DMI), estimated at 3% of the respective group's 

average body weight. The forage and concentrates DMI were used 

to calculate the individual animals' total metabolisable energy intake 

(TMEI) (Kilyenyi et al., 2023). All animals had free access to drinking 

water during the entire feeding period. The animals were given an 

adaptation period of 10 days to acclimatise to the experimental 

settings and then fed their respective dietary treatment for 84 days. 

Each experimental animal was weighed individually before the start 

of the experiment to obtain the initial live weight and then at the end 

of the experiment for the final live weight.  

 

3.2.4 Carcass measurements 

Five animals were sampled randomly from 10 animals for each 

dietary treatment, resulting in a sample size of 25 animals used to 

evaluate different carcass measurements and meat quality. Carcass 

measurements included slaughter weight, empty body weight, 

carcass weight, linear measurements and non-carcass components. 

The experimental animals were transported to Kongwa Ranch 

abattoir, 22 km from the fattening location. Upon arrival, the animals 

were inspected and allowed to rest for 13 hours before slaughter. 

Each animal was weighed before slaughter to determine slaughter 

weight. The animals were stunned during slaughter and suspended 

immediately, which was followed by the severing of the neck with a 

sharp knife as per Halal slaughter protocols. The suspended body 

was left to bleed completely, then skinned and eviscerated.  
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Non-carcass components, namely heart, kidneys, liver, lungs, 

spleen, and internal fats (heart, ruminal, renal, and inguinal), were 

removed from the carcass and weighed individually. The rumen, 

reticulum, omasum, abomasum, small intestine and large intestine 

were weighed, first with their respective contents and then without 

the contents after being washed thoroughly. This was done to 

determine the weight of the full and empty gastrointestinal tract 

(GIT), respectively, and their difference was used to estimate the 

weight of GIT contents. The GIT contents' weight was subtracted 

from the slaughter weight to determine the empty body weight. Offal 

such as head, hide, feet, tail, anus, scrotum and penis were 

collected and weighed together. The percentage of each organ was 

calculated as the weight of the respective organ to empty body 

weight. 

 

Hot carcass weight was determined by weighing the unchilled 

carcass after removing the head, hide and internal organs. Dressing 

percentage was calculated as the ratio of hot carcass weight to 

slaughter weight times 100. The left half carcass was used to 

determine linear measurements (see Figure 1) using a 5 m tape 

measure. Carcass length was measured from the cranial side of the 

ischio-pubis symphysis to the middle of the 1st rib. Chest depth was 

measured from the downside of the medulla channel at the 5th to 6th 

thoracic vertebra to the intersection down the side of the external 

bone with a line through the middle of the internal face of the tarso-

metatarsal joint and parallel to the caudal side of 5th rib. Hind limb- 

length and circumference were measured from the tibia distal end to 

the cut edge of subcutaneous fat and around a line joining anterior 

pubic symphysis, respectively. 

 

3.2.5 Meat quality assessment 

Meat quality was determined by measuring meat temperature and 

pH, lean, fat and bone proportion in the carcass, meat colour, shear 

force and cooking loss. Digital meat thermometer and pH meter 

(Mettle Toledo) were used to measure carcass temperature and pH. 
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The temperature and pH were taken directly from the left half of the 

carcass on the 10th rib in the Longissimus dorsi (LD) muscle. The 

temperature and pH were measured 45 minutes and 24 hours post-

slaughter at room temperature and in the chill room, respectively. 

Carcass composition was determined using the 10th rib joint of the 

left half carcass following the Robelin and Geay (1984) method. The 

total joint weight was measured before dissection into fat, lean and 

bone tissues. Individual tissues were weighed separately and 

expressed as a percentage of the total joint weight. 

 

About 500 g of LD muscle was sampled from the right half of the 

carcass from the 7th - 13th ribs 45 minutes post-mortem, packed and 

taken to the laboratory for analysis. The muscle was split into three 

pieces, each 5 cm in length. These pieces were aged one, seven, 

and fourteen days by being placed in a cold room set at 4°C. After 

the respective ageing time, the meat sample was sealed in PVC 

bags and stored at -200C. The meat samples aged for one day were 

used for colour determination using a colorimeter (CR-410, Minolta 

Co. LTD, Japan). The colour measurements were taken thrice per 

sample and averaged. The colours were measured in L* (lightness), 

a* (redness), and b* (yellowness). 

 

A 2 cm thick aged meat sample weighing 120 g was thawed and 

cooked to determine cooking loss. The sample was cooked in the 

thermometric-controlled water bath set at 750C for one hour and 

then cooled at room temperature for two hours. The cooked sample 

was removed from the PVC bag, dried with clean paper towels and 

weighed. Cooking loss was calculated in percentage based on a 

weight difference before and after cooking. The cooked sample was 

then cut along the fibre direction into 1 cm x 1 cm cubes 5 cm long 

to determine shear force using the Warner-Bratzler shear force 

instrument (WBSF, Z2.5, Germany). The instrument was set at a 1 

kN load cell with a 100 mm/min crosshead speed. The force 

required to shear through the cube at a right angle to the muscle 

fibre direction was recorded.   
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Meat chemical composition was determined using LD muscle aged 

for one day, following the methods of the Association of Official 

Analytical Chemists (AOAC, 1990). Moisture content was 

determined by oven-drying 3 g of minced meat at 105oC for 48 h. 

The dried meat was burnt at 6000C in a muffle furnace for 6 h to 

determine ash content. Kjeldahl method was used to determine CP 

in a 1 g meat sample. A 5 g meat sample was used to estimate the 

total lipid content extracted using petroleum ether in a Soxhlet 

apparatus.  

 

3.2.6 Statistical analysis  

Data on carcass measurements and meat quality attributes were 

analysed using the R-Statistical program version 4.2.3. The data 

were analysed using a one-way ANOVA model: Y (carcass 

measurements and meat quality traits) = Dietary treatment + 

Residual error. Ageing effects on meat tenderness were analysed by 

another ANOVA model: Y (cooking loss or shear force) = Aging 

duration + Dietary treatment + Aging duration*Dietary treatment + 

Residual error. Tukey's test was used to determine the significance 

of the differences between means of independent variables, and the 

difference was declared statistically significant at p ≤ 0.05.  

 

3.3 Results 

3.3.1 Carcass measurements and non-carcass components 

Table 2 shows carcass measurements and non-carcass 

components; the treatments' slaughter and empty body weights 

differed (p ≤ 0.05). The animals on CCH had lower slaughter weight 

and empty body weight by 28.5 kg and 36.4 kg, respectively than 

animals on URH, which had the highest slaughter weight (203.9 kg) 

and empty body weight (182.7 kg). There were no statistical 

differences (p > 0.05) in hot carcass weight, dressing percentage, 

carcass length and non-carcass components among the treatments. 

 

The treatment influenced chest depth, hind-limb circumference, and 

length (p < 0.05). They were the lowest in the animals fed on the 



30 
 

 
 
 

CCH diet and highest in the URH diet. The chest depth, hind-limb 

circumference and length values for the animals on CCH were lower 

by 9%, 13% and 8%, respectively, compared to those on URH. 

Moreover, chest depth and hind-limb circumference did not differ (p 

> 0.05) among the animals on URS, TRS, URH and TRH diets. 

Hind-limb length varied between URS and TRH, with a difference of 

4.2 cm between the diets.  

 

3.3.2 Meat quality 

Table 3 shows the different meat quality attributes of TSHZ under 

different dietary treatments. The lean, fat and bone proportion on the 

10th rib joint and their ratio did not differ (p > 0.05) among the 

treatments. Treatments significantly affected shear force but not 

meat colour and cooking loss. Shear force varied significantly 

among the treatments on day 1 and day 7 but not on day 14 after 

ageing. On day 1, meat from animals on URS had the highest shear 

force, while animals on TRS had the lowest value. Also, the meat 

from animals on CCH had a shear force that was lower by 11.23 and 

2.12 N/cm2 compared to the URS and URH, respectively, but it 

exceeded TRS and TRH by 12.94 and 0.69 N/cm2, respectively. On 

day 7, the meat from animals subjected to the CCH diet had higher 

shear force by 10.96, 7.21, 6.71 and 0.01 N/cm2 than TRH, TRS, 

URS and URH, respectively.  

 

Ageing duration had effects (p ≤ 0.001) on both cooking loss and 

shear force, where mean shear force was significantly higher on day 

1 (67.4 N/cm2) than on day 7 (41.2 N/cm2), which, in turn, was 

higher than that on day 14 (36.8 N/cm2). The cooking loss followed a 

similar trend: day 1 (22.8%), day 7 (21.3%) and day 14 (19.9%). 

There were no variations (p > 0.05) in the pH and temperature of the 

meat samples from animals subjected to different dietary treatments. 

Figures 2 and 3 show that meat temperature and pH declined with 

time. The pH values were 6.5 - 6.6 after 45 minutes post-slaughter 

and 5.9 - 6.1 after 24 hours, while temperatures were 34.7 - 35.7oC 
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and 9.8 - 11.0oC, 45 minutes and 24 hours post-slaughter, 

respectively. 

 

3.4 Discussion 

3.4.1 Carcass measurements 

The variations in carcass measurements between the animals fed 

the control diet (CCH) and those on other treatments (URS, TRS 

and URH) were attributed to the differences in TMEI, which was 

lower by 10-16% in the control compared to other treatments. The 

animals on CCH and TRH had a slaughter weight lower than 200.5 - 

292.9 kg for TSHZ, while those on URH, URS and TRS were closer 

or within the mentioned range (Mushi, 2020). The lower slaughter 

weight in the animals on CCH and TRH indicates that these 

treatments could not produce heavier carcasses due to insufficient 

nutrient supply. However, hot carcass weight did not vary among 

treatments in this study but was lower than 119 – 151 kg (Asimwe et 

al., 2015b, 2015a; Mushi, 2020), with the variations attributed to 

differences in fattening period, slaughter age,  feeding strategy and 

Zebu cattle strains.  

 

The animals on all treatments had lower hind limb length and chest 

depth than 65.5 - 69.5 cm and 48.2 - 60.0 cm, respectively, for Zebu 

cattle (Ojong et al., 2017). Hind limb circumference was within 81.8 - 

91.3 cm (Asimwe et al., 2015a) in all treatments in this study except 

for CCH. The chest depth, hind-limb length, and circumference 

differences between the current and previous studies may be due to 

the plane of nutrition, diet composition and/or feed intake variations. 

Similarly, these factors contributed to the differences in empty body 

weight observed in this study, which was lower than 190-268 kg for 

TSHZ (Asimwe et al., 2015a, 2015b). The higher slaughter, empty 

body, and carcass weights showed that hay replacement with 

untreated rice straws (partial or complete) and urea-treated rice 

straws (complete) resulted in better outcomes. 
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Slaughter and empty body weights did not vary between the bulls 

fed urea-treated rice straws (TRS) and untreated rice straws (URS), 

attributed to similar TMEI in the two treatments. Also, CP variations 

between URS and TRS were small and did not influence weight gain 

(results not reported here) and slaughter weight. Consequently, 

URS, TRS or URH can be used as a basal diet for TSHZ fattening in 

place of hay with poor nutritional values. There were no variations in 

dressing percentage among animals on different treatments in the 

present study, which was attributed to a lack of differences in the 

non-carcass components, i.e.  GIT and internal fat, as was also 

noted by Simões et al. (2005) in cattle. The dressing percentage 

values observed in this study were within 49-52% obtained by 

Shirima et al. (2016) in extensively grazed TSHZ. However, the 

values in the present study are higher than 47.3 – 51.9% obtained 

by Mushi and Baruani (2021) in free-ranging TSHZ strains.  

 

3.4.2 Meat quality characteristics 

The lean, fat, and bone proportions and lean-to-fat ratios did not 

differ significantly in all dietary treatments, which indicated the 

experimental animals were in a similar plane of nutrition. However, 

the meat of the animals on TRS had a higher lean proportion than 

those on other treatments; thus, urea-treated rice straws are ideal 

for producing premium meat. Nonetheless, the lean proportion in this 

study is higher than 57.0-68.9%, while the fat proportion is higher 

than 2.8 - 3.9% but within 13.7 - 27.1% in Zebu cattle (Asimwe et al., 

2015b, 2015a; Ojong et al., 2017). The variations in lean and fat 

contents are attributed to the differences in the rib sample, type of 

diet used, and fattening duration. The lean-to-fat ratio observed in 

this study is higher than the 2.0 - 4.8 ratio (Asimwe et al., 2015a, 

2015b) but lower than the 7.0 - 8.8 ratio (Mushi & Baruani, 2021), 

this shows that the experimental animals were fed moderately.  

 

The low total lipid content in LD muscle obtained in this study meant 

the fattening period, and diets were sufficient for lean muscle 

deposition. They did not cause excessive fat deposition. Excessive 
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fat is unhealthy in meat due to the risk of coronary heart disease; 

thus, consumers do not prefer it, which lowers the market value 

(Fayet-Moore et al., 2014; Park et al., 2018; Shahrai et al., 2020). It 

is also expensive to produce meat with a high fat content as more 

energy is required for fat deposition than muscle development. Meat 

temperature and pH declined post-slaughter for all treatments, as 

was expected. Still, they did not vary among bulls on different 

treatments because of similar fatness levels, as described by Mushi 

(2020). Also, slow carcass cooling was due to large hot carcass 

weight in this study because smaller carcasses cool fast (Shija et al., 

2013). Fast carcass cooling and slow pH decline can lead to cold 

shortening, affecting meat tenderness and increasing the ageing 

duration (Álvarez et al., 2022).  

 

The final or ultimatum pH (pHu) post-slaughter for all treatments 

exceeded 5.8 recommended for quality meat (Li et al., 2014). The 

pHu is influenced by muscle glycogen reserves, with insufficient 

reserves leading to higher pHu, which alters meat taste and colour 

(Barrasso et al., 2022). Meat colour was darker red in all treatments, 

similar or close to L* = 32.1-37.3 and a* = 13.3-17.4 in cattle with 

high pHu (Li et al., 2014). Also, meat colour was darker in this study 

than in the previous studies, where cattle were fattened with 

straws/hay or fattened after being extensively grazed (Guerrero et 

al., 2013; Soulat et al., 2022). Overall, experimental animals had 

sufficient TMEI, and it can be argued that animals had adequate 

glycogen reserves. Therefore, it can be concluded that the high pHu 

in this study was due to the stress of experimental animals at the 

abattoir and during slaughtering (Guerrero et al., 2013). Dark red 

meat has a lower shelf-life (Viljoen et al., 2002); hence, improving 

the slaughtering environment for quality meat production in Tanzania 

is essential.  

 

The cooking loss in this study is higher than 17.1 - 18.8% reported in 

French cattle (Guerrero et al., 2013) but closer or within 21.1-23.0% 

in TSHZ (Mushi & Baruani, 2021). The variations between the 
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studies are attributed to the differences in the ageing period, carcass 

fat content, breeds and prior management of fattened cattle. This 

study's shear force values on day 1 and day 7 are within 44.0 - 

110.4 N/cm2 for TSHZ (Asimwe et al., 2015a; Mushi and Baruani, 

2021). The meat of the TRS and TRH animals had lower shear and 

produced more tender meat than that of other treatments. The TRS 

and TRH can be suggested as better diets; however, animals fed 

these diets had lower hot carcass weights than those on the URH. 

Shear force and cooking loss declined with ageing time in this study; 

thus, the meat from URH should be aged longer than 7 days, 

improving meat tenderness, as Cho et al. (2016) noted.  

 

3.5 Conclusions 

Replacing C. ciliaris hay with untreated- (partial, i.e. URH or 

complete, i.e. URS) and treated rice (complete, TRS) straws 

resulted in higher slaughter weight, empty body weight and carcass 

weight. Linear carcass measurements, meat colour, changes in pH 

and temperature, shear force and cooking loss were similar or even 

better in URS, URH, TRS and TRH compared to CCH. Moreover, 

the proportions of lean, fat, bone, and chemical composition in meat 

were similar in all dietary treatments. Therefore, the study has 

shown that replacing C. ciliaris hay with rice straws results in 

superior carcass characteristics and meat quality attributes in TSHZ 

under a traditional feedlot system. The TRS is recommended as an 

ideal diet among the five basal diets used for TSHZ fattening. It 

leads to tender meat with a relatively higher proportion of lean, 

suitable for premium beef production.  
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Table 1: Dietary treatments (basal diet) and their chemical 
composition  

Dietary 

treatments 

CCH URS TRS URH TRH 

Cenchrus ciliaris 

hay (%) 

100 - - 50 50 

Untreated rice 

straws (%) 

- 100 - 50 - 

Treated rice 

straws (%) 

- - 100 - 50 

ME (MJ/kg DM) 5.5 9.0 9.3 7.3 7.4 

CP (g/kg DM) 56.9 54.2 72.6 55.6 64.8 

NDF (g/kg DM) 743.5 651.0 543.9 697.3 643.7 

IVDMD (%) 31.6 51.9 53.1 41.8 42.4 

TMEI (MJ/day) 72.0 84.6 86.0 85.8 80.3 

 

CCH = Cenchrus ciliaris hay, URS = Untreated rice straw, TRS = 

Treated rice straw, URH = Untreated rice straw with hay, TRH = 

Treated rice straw with hay 

ME = Metabolisable energy, CP = Crude Protein, EE = Ether extract, 

NDF = Neutral Detergent Fibre, IVDMD = In-vitro dry-matter 

digestibility, TMEI = Total metabolisable energy intake (dietary 

treatment and supplement) 
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Table 2: Carcass quality of Tanzania short-horned Zebu bulls 
fed different dietary treatments 

Parameters 

Dietary treatments 

CCH URS TRS URH TRH SE

M 

p-

value 

Carcass characteristics 

Slaughter weight (kg) 175.4
c
 197.2

a,b
 197.3

a,b
 203.9

a
 184.8

b,c
 6.5 0.025 

Empty body weight (kg) 146.4
c
 174.5

a,b
 174.8

a,b
 182.7

a
 161.9

b,c
 6.1 0.017 

Hot carcass weight (kg) 96.3 106.5 106.1 115.5 95.3 5.8 0.125 

Dressing percentage (%) 52.2 53.3 51.6 53.9 51.3 1.4 0.673 

 

Linear carcass measurements 

(cm) 

     

 

 

Carcass length 92.6 98.4 97.8 98.3 88.6 1.2 0.07 

Chest depth 35.6
b
 38.0

a
 37.4

a
 39.2

a
 38.6

a
 0.7 0.02 

 

 circumference 
80.4

b
 89.2

a,b
     88.8

a,b
 92.8

a
 85.2

a,b
 2.5 0.02 

Hind limb length 59.4
c
 64.4

a
 62.4

a,b,c
 63.2

a,b
 60.2

b,c
 1.2 0.04 

 

Non-carcass components 

Head, hide, feet, tail, anus, 

scrotum and penis (%) 
25.4 25.8 24.3 24.6 24.3 

1.0 
0.756 

Heart (%)  0.6 0.6 0.6 0.6 0.6 0.1 0.780 

Spleen (%) 0.6 0.6 0.6 0.6 0.7 0.1 0.838 

Kidney (%) 0.4 0.5 0.5 0.5 0.4 0.1 0.554 

Internal fat (%) 1.5 2.0 1.7 2.0 1.6 0.3 0.636 

Liver (%) 2.0 1.9 2.0 1.9 1.9 0.1 0.960 

Pluck (%) 2.1 2.2 2.1 2.2 2.0 0.1 0.796 

Gastrointestinal tract (GIT) – full 

(%) 
22.8 22.6 24.7 22.5 22.2 

1.6 
0.789 

Gastrointestinal tract (GIT) – 

empty (%) 
8.4 8.0 7.6 7.7 7.5 

0.3 
0.370 

Gastrointestinal tract (GIT) – 

content (%) 
14.4 14.6 17.1 14.8 14.6 

1.5 
0.714 

a, b, c Means in the same row with different letters are statistically 

different (p<0.05)  

CCH = Cenchrus ciliaris hay, URS = Untreated rice straw, TRS = 

Treated rice straw, URH = Untreated rice straw with hay, TRH = 

Treated rice straw with hay 
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Table 3: Meat quality attributes of the Tanzania short-horned 
Zebu bulls fed different dietary treatments 

Parameters 

Dietary Treatments   

CCH URS TRS URH TRH 
SEM p-value 

Tissue composition of 10
th

 rib joint (%) 

Lean 69.8 71.5 72.3 71.0 69.8 2.0 0.9 

Fat 10.1 11.9 10.6 10.9 13.9 2.1 0.7 

Bone 19.3 15.6 15.5 17.4 15.4 2.0 0.7 

 

The ratio of lean, fat and bone on the 10
th

 rib joint  

Lean:Bone 3.6 4.6 4.7 4.1 4.5 0.8 0.8 

Lean:Fat 6.9 6.0 6.8 6.5 5.0 2.0 0.6 

(Lean + Fat): Bone  4.1 5.3 5.4 4.7 5.4 1.0 0.9 

 

Chemical composition of Longissimus dorsi muscle  

Moisture (%) 71.0 69.7 74.2 73.0 73.1 2.1 0.546 

Ash (%) 4.0 4.6 4.8 4.7 4.7 0.5 0.795 

Crude Protein (CP) (%) 23.4 23.2 24.1 22.7 23.0 5.6 0.914 

Total lipid (%) 0.6 2.5 0.8 1.8 1.2 0.1 0.668 

 

Meat colour 

L* 33.1 31.3 32.3 32.1 33.9 2.3 0.925 

a* 10.8 10.7 10.8 11.9 10.9 1.0 0.900 

b* 5.4 5.1 5.2 5.7 5.7 0.8 0.966 

 

Shear force after ageing  

Day 1 (N/cm
2
) 65.1

b
 76.3

a
 52.1

c
 67.2

a,b
 64.4

b
 2.9 <0.001 

Day 7 (N/cm
2
) 46.0

a
 39.3

a,b
 38.8

a,b
 46.0

a
 35.1

b
 2.6 0.012 

Day 14 (N/cm
2
) 39.8 36.9 34.8 37.0 35.3 2.9 0.763 

 

Cooking loss after ageing  

Day 1 (%)  21.6 23.4 23.2 22.7 23.2 0.9 0.564 

Day 7 (%)  20.8 21.9 21.3 21.5 20.7 0.7 0.741 

Day 14 (%)  20.1 20.1 19.7 19.7 19.6 0.6 0.970 
a, b, c Means in the same row with different letters are statistically 

different (p<0.05)  

CCH = Cenchrus ciliaris hay, URS = Untreated rice straw, TRS = 

Treated rice straw, URH = Untreated rice straw with hay, TRH = 

Treated rice straw with hay 

L* = lightness; a* = redness; b* = yellowness 
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Figure 1: Lineal carcass measurements, as adopted from 

Navajas et al., 2010 

Keynote: Carcass length (A-B), Chest depth (C-D), Hind limb length 

(A-F), Hind limb circumference (G-H) 
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Figure 2: Temperature change for the meat from the Tanzania 

Shorthorn Zebu subjected to different dietary 
treatments  
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Figure 3: pH change for the meat from the Tanzania Shorthorn 

Zebu subjected to different dietary treatments  
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CHAPTER FOUR 

 

4.0 General Discussion  

4.1 Nutritive Values and Feed Intake  

Chemical composition of the Cenchrus ciliaris hay (CCH), untreated 

rice straw (URS) and urea treated rice straw (TRS) showed that 

neutral detergent fibre (NDF) content was relatively higher in 

untreated rice straws (URS) than in urea treated rice straws (TRS). 

The results implies that urea treatment improved feed quality by 

reducing the amount of structural carbohydrate as it has been 

reported by Vadiveloo and Fadel (2009). The rice straws in this 

study had lower NDF than the value of 713 - 808 g/kg DM and 553 - 

722 g/kg DM reported by Nazli et al. (2018) and Subudhi et al. 

(2020), respectively. The differences in NDF values between the 

current and previous studies may be due to the difference in the rice 

variety used and amount of urea used during treatments. Cenchrus 

ciliaris hay (CCH) in this study had NDF content at the upper limit 

and higher than the value of 685 - 710 g/kg DM reported in C. ciliaris 

in semi-arid areas (Mganga et al., 2021; Ngenzi et al., 2023). The 

NDF variations could be due to the differences in C. ciliaris variety 

and growth stage during harvest. Also, CCH had higher NDF than 

URS, similar to the findings reported by Nazli et al. (2018) on rice 

straws and maize silage, but it is in contrast to the belief that forage 

grasses have lower structural carbohydrates than cereal crop 

residues (Galina et al., 2004; Safari et al., 2011; Wei et al., 2018). 

The C. ciliaris hay had higher NDF content in this study because it 

was prepared after seed harvesting, hence, the grasses were 

harvested at advanced growth stage and of poor quality. Rice straws 

were also collected after harvesting of the rice grains in the current 

study. The higher NDF content in C. ciliaris than URS in this study 

could be due to morphological differences whereby C. ciliaris contain 

higher stem to leaf proportion than rice straws (Mganga et al., 2021; 

Ngenzi et al., 2023). Lowland rice tends to have straws with lower 

NDF content (Subudhi et al., 2020) as it was observed in this study. 
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The NDF varied between CCH and rice straws diets (URS and TRS) 

which meant either URS or TRS could be better basal diet than CCH 

for cattle fattening in traditional feedlot system. This claim is 

substiated by the observed differences in IVDMD and ME between 

CCH and the rice straws and the differences is attributed to high 

NDF value in CCH which influences nutrient digestibility (Trujillo et 

al., 2010). Nonetheless, the IVDMD and ME found in the CCH were 

within the range of 21 - 61% and 2.6 - 9.2 MJ/kg DM, respectively 

(Mganga et al., 2021; Ruvuga et al., 2022; Ngenzi et al., 2023). On 

the other hand, the URS and TRS had IVDMD within the range of 37 

- 62% and 50 - 70%, respectively, while their ME were higher than 

the value of 4.8 - 6.4 MJ/kg DM reported for untreated rice straws 

and 5.4 - 8.9 MJ/kg DM for treated rice straws (Vadiveloo & Fadel, 

2009; Nhiem et al., 2013; Nazli et al., 2018; Saeed et al., 2018; 

Firson & Wahyono, 2020). The variations in IVDMD and ME of rice 

straws between the current and previous studies are due to 

differences in rice varieties, digestibility and ME estimation methods, 

and urea concentration used for rice straw treatment. Moreover, the 

IVDMD and ME differences between URS and TRS were very small 

and this has been observed in other studies on urea treated rice 

straws (Vadiveloo & Fadel, 2009). The reasons behind this little 

differences between URS and TRS was the lower urea 

concentration (3%) used and the treatment duration. However, CP 

content was higher in TRS than in URS and CCH due to additional 

nitrogen from urea. This demonstrates the importance of treatment 

of rice straws with urea as it was recommended by Wanapat et al. 

(2009). Generally, there is a need for additional studies to evaluate 

the effects of higher urea concentration on IVDMD, ME and CP of 

rice straws and the low quality C. ciliaris hay. 

 

Forage nutritional values influence feed intake which, in turn, 

contributes to animal growth performance. The hay DM intake for 

animals on CCH treatment is the same as the DM intake of 1.2 - 1.3 

kg DM/day (Asimwe et al., 2015), but lower than the value of 3.5 kg 

DM/day (Asimwe et al., 2015; Mushi, 2020) observed among 
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fattened TSHZ fed hay based diets. The variations in hay intake 

between the current and the previous studies are due to diiferences 

in forage species, feed management, animal condition and hay 

quality. On the other hand, animals on URS and URH treatments 

had hay DM intake lower than 2.7 - 3.0 kg DM/day that has been 

observed in animals fed untreated rice straws based diet 

(Kongphitee et al., 2018) while those on TRS and TRH had hay DM 

intake that is lower than 3.1 - 3.7 kg DM/day obtained for zebu cattle 

fed urea treated rice straws based diets (Nguyen et al., 2021). The 

animals fed rice straws based diets had lower roughage intake in the 

current study compared to the previous studies due to the 

differences in the inclusion levels of rice straws in the diet, zebu 

cattle strains and age of cattle used. Overall, animals on CCH had 

lower roughage intake compared to those on rice straw based diets 

because C. ciliaris hay had higher NDF content which causes satiety 

due to its high retention period and slow digesta movement in the 

gut (Trujillo et al., 2010). Also, high NDF content was the reason 

why animals on CCH had the lowest concentrate and total feed 

intake compared to those on other diets. Similarly, the higher 

roughage intake in animals on TRS compared to those on URS was 

due to the differences in their NDF values as described above. 

Unexpectedly, the roughage intake was higher for animals on URH 

than those on TRH, which could be a result of synergestic effects of 

combining C. ciliaris and untreated rice straws that caused 

increased feed intake due to high palatability, despite their higher 

NDF. 

 

Also, the differences in metabolisable energy (ME) intake among 

animals subjected to different dietary treatments in this study was 

the direct results of differences in total feed intake and nutritive 

values of the diets. The ME intake of animals fed rice straw based 

diets is higher than the ME intake of 57.7 - 65.2 MJ/day obtained in 

animals fed rice straws based diet while the ME intake of animals on 

CCH is within the ME intake of 56.9 - 80.7 MJ/day observed in 

animals fed hay based diets by Asimwe et al. (2015), Mushi (2020) 
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and Nguyen et al. (2021). The observed ME intake of animals under 

different dietary treatments in the current study were sufficient to 

meet maintainance and growth requirements of TSHZ under the 

traditional feedlot system. 

  

4.2 Growth Performance, Feed Conversion Ratio and Economic 

Analysis 

The weight gain and average daily weight gain obtained in this study 

were within the value of 58 - 95 kg  and 280 - 960 g/day, 

respectively, observed  in TSHZ (Asimwe et al., 2015; Mushi, 2020; 

Kimirei et al., 2022). The animals on CCH and URS treatments 

showed lower weight gain and average daily weight gain compared 

to those on URH, TRS and TRH treatments. These results meant 

that CCH and URS as basal diets were not capable of supporting 

optimum weight gain of TSHZin the traditional feedlot system. TRH 

was found to be the ideal basal diet for fattening TSHZ as the 

animals fed this diet had the highest body weight gain and average 

daily weight gain. However, the best basal diet selection should be 

supported by low feed conversion ratio and high economic return to 

ensure profitable fattening venture.  

 

The feed conversion ratio (FCR) values in this study were within the 

range of 6.1 - 11.5 that has been observed in the fattened TSHZ 

(Asimwe et al., 2015; Kimirei et al., 2022). Lower FCR values reflect 

higher feed utilisation efficiency because FCR is the ratio of feed 

intake to the liveweight gained by the animal. Therefore, animals on 

CCH, URS and URH had the least feed utilisation efficiency as they 

had high FCR values, meaning that animals fed these diets would 

require large feed quantity for gaining one kg of live weight and 

would have high enteric methane emissions (Stergiadis et al., 2016; 

Hawkins et al., 2021). Methane is the green-house gas of high 

environmental significance since it has higher global warming 

potential than carbon dioxide (Stergiadis et al., 2016). Also, the large 

amount of feed required for one kg of live weight gain would result 

into high feed cost, thus reduce farm income and profitability of the 
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traditional feedlot system (Asimwe et al., 2016). The animals fed 

TRH diet showed the highest feed utilisation efficiency as they had 

lower FCR value. Therefore, TRH is an ideal basal diet for fattening 

TSHZ cattle as it was efficiently converted into animal live weight. 

Furthermore, it costed less to produce one kilogram of live weight for 

the animals fed TRH diet. The low feed cost per kilogram live weight 

gained in animals under TRH is due to their higher feed utilisation 

efficiency. It seemed that combining C. ciliaris hay and urea treated 

rice straws improves feed utilisation efficiency.  

 

Overall, the observed feed cost per kilogram live weight gained and 

total feed cost in this study were higher than the cost of  TZS 2 374 

– 3 244/= and TZS 216 085 – 258 729, respectively, obtained in 

previous study for fattened TSHZ (Kimirei et al., 2022). The 

variations in cost of feed between the two studies is due to 

differences in ration formulation, feed cost and animal feed intake. 

On the other hand, the cost differences between treated and 

untreated rice straws is due to the additional cost of urea, despite 

the existing subsidies in Tanzania (Cedrez et al., 2020). Similarly, 

urea treatment increased the roughage cost for TRS compared to 

CCH, despite the lower cost of rice straws due to their abundancy 

(Njie & Reed, 1995; Mushi, 2020). It seems that the inclusion of C. 

ciliaris hay in treated rice straws (TRH) reduced the roughage feed 

cost. Consequently, TRH was found to be the best basal diet for 

fattening TSHZ under traditional feedlot system as the animals fed 

this diet showed lower cost per kilogram live weight gained, lower 

FCR and higher daily weight gain compared to the animals fed other 

diets. However, the animals on TRH had the lowest percentage 

profit margin, this means that the use of this diet as the basal diet 

would not result into high financial return for the farmers. The 

percentage profit margins in the current study are higher than the 

value of 6.8 - 16.3% obtained in Nguni cattle (Nkadimeng et al., 

2021), but lower than the value of 34.8 - 55.6% estimated from 

TSHZ (Kimirei et al., 2022).  The variations could be attributed to 

differences in feed types and fattened animal conditions. 
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The animals on TRS had the highest percentage profit margin 

compared to those on other dietary treatments. Therefore, the use of 

TRS diet could result into higher economic return which is appealing 

to the livestock farmers and the main motivation to adopt feedlot 

practices in Tanzania (Rangi et al., 2018). The TRS is 

recommended as the basal diet for fattening of TSHZ if the primary 

objective is to increase farm income. Additional information on 

carcass characteristics and meat quality would help to determine the 

best basal diet among the five treatments used in this study.  

 

4.3 Carcass Characteristics and Meat Quality 

The observed empty body weights in this study were within the 

range of 150 - 263 kg while hot carcass weights were lower than the 

value of 126 - 150 kg that was obtained  in fattened TSHZ (Asimwe 

et al., 2015; Mushi, 2020). The variations in hot carcass weight 

between the current study and the previous studies are due to the 

differences in the fattening diet and period and physiological 

condition of the animals. Moreover, the lower hot carcass weight 

observed in this study could be due to the differences in TSHZ 

strains and age of the animals at slaughter. The hot carcass weight 

observed in this study is within  the range of 99 - 117 kg that was 

obtained in unfattened TSHZ (Mushi, 2020; Mushi & Baruani, 2021). 

The results in this study indicated that there were no variations in hot 

carcass weight among animals subjected to the five dietary 

treatments. However, animals on URH had the highest values, 

meaning that this diet is capable of supporting animals to produce 

large meat quantity. On the other hand, the empty body weight 

varied among animals fed different diets and this was attributed to 

the variations in gut fill as the result of feed intake and differences in 

nutrient composition among the diets, especially NDF. The dressing 

percentages of fattened TSHZ bulls did not differ among the animals 

fed dietary treatments and were within the range of 51 - 53% 

obtained in fattened TSHZ, but slightly higher than the dressing 

percentage of 47 - 52% for unfattened TSHZ (Mushi & Baruani, 

2021). The slightly higher dressing percentage observed in this 
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study compared to unfattened TSHZ study is due to the differences 

in feed intensity provided which affected the liveweight as well as the 

fat depth which resulted to higher dressing percent. 

 

Moreover, there were lack of statistical differences in non-carcass 

components among animals subjected to different dietary 

treatments. This is because the experimental animals had almost 

the same body size and were at similar plane of nutrition. However, 

the empty gastrointestinal tract (GIT) was relatively larger in animals 

fed CCH and URS diets, despite possessing slightly lower full GIT 

and GIT contents. This is  because these animals were fed more 

fibrous diets which tend to expand the GIT to accommodate bulky 

amount of feed to supply the required nutrients (Simões et al., 

2005). Other non-carcass components such as spleen, kidney, pluck 

and internal fats in the current study were higher than the values of 

0.3 - 0.4% for spleen and 0.3% for kidney, but lower than 3.9 - 4.1% 

for pluck and within the range of 0.9 - 2.9% for internal fat (Asimwe 

et al., 2015). The variations in spleen, kidney and pluck contents 

between the current and previous studies are possibly due to the 

differences in prior management of the fattened animals, basal 

metabolism rate and nutrient composition of the fattening diet. 

Studies have shown that prior management has significant 

contribution to the outcomes and quality of the produced red meat 

under traditional feedlot system (Soulat et al., 2022). Further studies 

are required to assess the effects of age and other physiological 

condition like sex on carcass characteristics of TSHZ under feedlot 

condition. This will enable feedlot practitioners to develop selection 

criteria that can result in production of quality meat and make the 

fattening enterprise profitable .  

 

The carcass length observed in this study is within the range of 97 - 

111 cm obtained in TSHZ by Mushi & Baruani (2021), except for the 

animals on CCH diet which had lower values than the mentioned 

range. The results in this study indicated that CCH diet was 

incapable of supporting optimum meat production as it has been 
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described for the live weight gain (see section 4.1). The chest depth 

observed in this study is lower than the values of 58 – 60 cm 

obtained in zebu cattle (Ojong et al., 2017) and 48 - 52 cm obtained 

in TSHZ (Asimwe et al., 2015). Similarly, hind limb length in the 

current study is lower than the values of 69 - 75 cm and its 

circumference is within the range of 82 - 93 cm, except for animals 

on CCH (Prado et al., 2008; Asimwe et al., 2015). The chest depth 

and hind limb length variations between the current study and the 

previous studies is due to the differences in prior management and 

nutrition plane. The low chest depth and hind limb length observed 

in this study indicated that the fattened TSHZ had smaller carcass 

size. The slow change of carcass temperature observed in the 

current study is contrary to expectation for the carcass with smaller 

size as it was stated by Shija et al. (2013). The slow changes in 

carcass temperature and pH are useful in ensuring meat quality by 

avoiding cold shortening which occurs when sarcoplasmic reticulum 

in the muscles are incapable of calcium sequestration at a very low 

temperature (Álvarez et al., 2022; Hwang et al., 2022). The final or 

ultimate pH (pHu) of the meat of the animals from all dietary 

treatments were higher than the pH of 5.8 recommended for quality 

meat (Mushi & Baruani, 2021). High pHu in meat is caused by 

incomplete muscle breakdown of glycogen reserves into lactic acid 

due to limited reserves or arrested process by fast drop in 

temperature (Álvarez et al., 2022; Barrasso et al., 2022). 

 

For all animals slaughtered, high meat pHu was observed, despite 

the sufficient energy supply which can be stored as glycogen by 

experimental animals. It can be said that the low glycogen reserve 

which led to high pHu was due to the fact that the slaughtered 

animals used the glycogen reserve when they were on their way to 

the abattoir or during the slaughtering process as the result of poor 

handling practices (Guerrero et al., 2013). The poor handling such 

as infighting or stunning method can lead to struggling and stress 

and make the  animals to exhaust their available energy reserves 

(Barrasso et al., 2022). There is a need for further studies on stress 
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tolerance of TSHZ and how to improve slaughter management for 

quality and safe meat production in Tanzania. Higher pHu has 

implications on meat safety and quality because it can reduce shelf 

life due to possible microbial growth, which, in turn, affect meat 

colour, tenderness and overall taste (Viljoen et al., 2002; Li et al., 

2014). The meat colour in the present study was dark red for all 

animals subjected to different dietary treatments. This observation 

has also been reported in animals with high pHu (Li et al., 2014). 

Studies have shown that meat colour differs between the animals 

managed under extensive grazing system and those fattened under 

feedlot conditions (Guerrero et al., 2013). Meat colour is an 

important indicator of meat ―freshness‖ and most consumers prefer 

bright red or pink colour, hence, the darker colour observed in this 

study could lead to loss in income (Viljoen et al., 2002). Similarly, 

pHu can affect meat taste and tenderness which are determined by 

cooking loss and shear force. In this study the initial cooking loss 

and shear force on day 1 were within the range of 15.7 - 27.2 and 

44.0 - 67.8 N/cm2, respectively, reported by Asimwe et al. (2015), 

likely due to the similar levels of intramascular fat and pHu between 

the two studies.   

 

In the present study, the cooking loss and shear force declined with 

an increase of aging duration as was expected because of the 

physio-chemical effects of cold storage on carcass post-rigor mortis 

(Cho et al., 2016; Barrasso et al., 2022). Cooking loss did not vary 

among dietary treatments, implying that the meat of all animals 

under different treatments retained their juiceness. Meat juiceness is 

good for chewness and taste. Also, low cooking losses indicates that 

the meat mass was maintained. This is a good property as it serves 

as a basis on which retailers and processers of meat products are 

paid (Watanabe et al., 2018). The shear force of meat varied among 

animals under different dietary treatments in day 1 and 7 in the 

current study, mainly because of their differences in intramuscular 

fat (Mushi, 2020). The meat of animals under TRS and TRH had the 

highest tenderness due to lower shear force in day 1 and 7. This 
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implies that the animals fed these two diets produced quality meat. 

Therefore, it can be said that TRS and TRH were the better basal 

diets as their use resulted in meat with high tenderness. Also, the 

results revealed further that prolonged aging period of up to day 14 

did not result into any variations in  meat tenderness (Cho et al., 

2016).  

 

The results on tissue composition showed that animals fed TRS diet 

had the highest lean content in their carcass, indicating that TRS 

was the best basal diet compared to other dietary treatments. 

Similarly, the meat from the animals fed TRS had lower fat content 

compared to the animals on other dietary treatments, except CCH. 

Meat fat content is important because it provides juiceness and 

tenderness in the meat. However, high fat content is not preferred by 

the consumers due to the risk of coronary diseases (Fayet-Moore et 

al., 2014). On the other hand, fat deposition in muscles  is highly 

energy demanding, thus it is uneconomical to the feedlot 

practitioners to produce meat with high fat content (Park et al., 

2018). In the present study, the lean and fat proportions in the meat 

of fattened animals were higher than the values of 66 - 69% and 3 - 

6%, respectively, but slightly lower than the value of 72-75% for lean 

obtained in Zebu cattle (Ojong et al., 2017; Nantongo et al., 2021). 

The differences in fat and lean proportions between the current 

study and previous studies is due to the differences in the diet and 

beef cattle breed used and age of the animals at the time of 

slaughter. Furthermore, total lipids in Longismus dorsi in the present 

study are within the range of 0.2 - 2.0%, except for the animals on 

URS which had higher than the mentioned range. The reasons for 

the variations are the same reasons as those affected lean and fat 

proportions reported in this study. Also, high total lipids in meat of 

the animals fed URS implies that the meat from these animals might 

be unhealthy to most consumers. The lowest fat and total lipid 

contents were observed in meat of the animals fed CCH diet, 

indicating that the CCH could be the better diet because of the least 

lipids contents compared to the other diets.  However, this is not the 
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case since animals fed CCH diet had the lowest hot carcass weight 

and lean content, implying that this diet is incapable of producing 

optimum meat yield. From the current study, it can be concluded that 

the TRS was found to be the best basal diet for production of quality 

meat because the animals fed this diet produced meat with relatively 

lower shear force, total lipids and fat content while at the same time 

had higher lean proportion and acceptable hot carcass weight.  
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CHAPTER FIVE 

 

5.0 Conclussion and Recommendation  

5.1 Conclussions  

The results from this study revealed that urea treatment of rice 

straws improved nutritive values by reducing NDF and increasing 

CP, IVDMD and ME. In this study, the animals fed TRH had the 

highest body weight gain and daily weight gain while those fed CCH 

had the lowest. Similarly, animals fed TRH had the lowest feed cost 

per kilogram live weight gain and feed conversion ratio while those 

on TRS treatment had the highest percentage profit margin. The 

animals on URH had relatively higher hot carcass yield while those 

on CCH had the lower carcass weight compared to those on TRS, 

URH and TRH. The non-carcass components did not vary among 

the animals on dietary treatments. The meat of the animals fed TRS 

had higher proportion of lean and lower proportion of fat contents 

than those on other treatments. Furthermore, the meat of the 

animals fed TRS had the least total lipids compared to that of 

animals on other dietary treatments. Therefore, it is concluded that 

urea treated rice straws is better than both untreated rice straws and 

C. ciliaris hay and can replace C. ciliaris hay as the basal diet for 

fattening of TSHZ cattle. Furthermore, the TRS diet is recommended 

as the best basal diet for fattening cattle because it resulted into high 

profit margin, proportion of lean and low fat and total lipid contents. 

 

5.2 Recommendations  

i. Urea treated rice straws should be used as the basal diet 

during cattle finishing under traditional system;  

ii. Further studies are recommended to establish the optimal 

concentration of urea to be used in treating rice straw for 

profitable finishing of TSHZ under traditional sector; 

and 

iii. There is also a need to conduct studies to determine 

appropriate handling and management practices at abattoirs 
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in the traditional sector for improving the quality of meat 

produced. 
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