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ABSTRACT 

Two trials were conducted for a period of 90 days each to evaluate the feeding value of 

different proportions of urea treated rice straw and gamba hay in the performance of 

growing and fattening Yankasa rams. In the first trial, twenty four (24) growing Yankasa 

rams of mean initial body weight of 15.77±2.5 kg and aged 6 – 8 months were allotted to 

four dietary treatments with six (6) animals per treatment in a Completely Randomized 

Design. Urea treated rice straw and gamba hay proportions of 0:60, 20:40, 40:20 and 60:0 

were used as roughage diets. A concentrate diet consisting of maize grain, cotton seed 

cake, rice milling waste, wheat bran, bone meal and salt was formulated to contain 15 % 

crude protein. The animals were fed roughage diets ad libitum while concentrate was fed 

at 1.5% of individual body weight. Data were collected on growth performance and blood 

profile. Data generated were subjected to analysis of variance and differences in means 

were compared using Duncan’s Multiple Range Test. The result of chemical analysis 

showed that treatment of rice straw with urea increased its crude protein content from 

3.64 to 8.89 % and decreased the neutral detergent fibre content from 72.16 to 67.98 %. 

Total dry matter intake varied from 263.11 to 325.01 g/day with the highest value 

recorded in animals fed 60:0 UTRS:gamba hay diet. Results of crude protein and neutral 

detergent fibre intake followed similar pattern. The highest (P<0.05) average daily gain 

(79.81 g/day) was obtained in growing rams fed 60:0 UTRS:gamba hay diet while the 

lowest (P<0.05) value (44.44 g/day) was obtained in animals fed 0:60 UTRS:gamba hay 

diet. Growing rams placed on 60:0 UTRS:gamba hay diet had the lowest (P<0.05) feed 

conversion ratio value (7.77). Dry matter digestibility was significantly (P<0.05) affected 

by UTRS:gamba hay proportions. Animals fed 60:0 UTRS:gamba hay diet had a high dry 
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matter digestibility (67.62%). The digestibility of other nutrients followed the same 

pattern. Animals fed 60:0 UTRS:gamba hay diet had significantly (P<0.05) higher 

nitrogen intake (16.12 g/day) and the lowest (P<0.05) in the diet containing 0:60 

UTRS:gamba hay (12.06 g/day). Nitrogen balance significantly (P<0.05) differed across 

the dietary treatments. Animals fed diet containing 60:0 UTRS:gamba hay had high 

nitrogen retention (13.30 g/day) while those fed 0:60 UTRS:gamba hay diet had low 

nitrogen retention (7.78 g/day). With exception of serum creatinine, all the serum 

parameters measured were significantly (P<0.05) different. Animals on 60:0 

UTRS:gamba hay diet  had higher (P<0.05) value of serum glucose (61.02 mg/dl) while 

animals fed 0:60 UTRS:gamba hay diet had the lowest (P<0.05) value (49.55 mg/dl). 

Serum urea nitrogen and total protein followed similar pattern.  In the second trial, twenty 

(20) intact Yankasa rams with mean initial body weight of 21.87±2 kg and aged 12 – 18 

months were allotted to four dietary treatments with five (5) animals per treatment in a 

Completely Randomized Design. Urea treated rice straw and gamba hay proportions of 

0:60, 20:40, 40:20 and 60:0 were used as roughage diets. A concentrate diet consisting of 

ingredients similar to those of the first trial was formulated to contain 13 % crude protein. 

The animals were fed roughage diet ad libitum while concentrate was fed at 2.0 % of 

their individual body weight. Data were collected on growth parameters, serum blood 

profile and rumen liquor metabolites. Data generated were subjected to analysis of 

variance and differences in means were compared using Duncan’s Multiple Range Test. 

The result of chemical analysis of the experimental diets was similar to that obtained in 

the growth trial. The result revealed that, there were significant (P<0.05) differences on 

all the growth parameters measured. Total dry matter intake was significantly (P<0.05) 
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higher (1035.98 g/day) in animals fed diet containing 60:0 UTRS:gamba hay compared 

to those fed the rest of the diets. Similarly, animals fed 60:0 UTRS:gamba hay diet had 

high average daily gain (72.89 g/day) compared to animals on  other diets. Lowest 

(P<0.05) value (38.00 g/day) was recorded in animals fed 0:60 UTRS:gamba hay diet. 

Rams fed 60:0 UTRS:gamba hay diet had the least (P<0.05) feed conversion ratio (14.21) 

indicating that animals on diet containing 60:0 UTRS:gamba hay were more efficient in 

converting feed to live weight gain than animals fed other diets. Digestibility of nutrients 

was significantly (P<0.05) different across the treatment groups. Total nitrogen intake 

and nitrogen retention were significantly higher (P<0.05) in animals fed diets containing 

60:0 and 40:20 UTRS:gamba hay. No significant (P>0.05) difference was observed on 

rumen fluid pH while significant (P<0.05) differences were obtained on rumen ammonia 

nitrogen and Total volatile fatty acids (TVFA). Animals fed 60:0 UTRS:gamba hay diet 

had higher (P<0.05) rumen ammonia nitrogen and TVFA (27.80 mg/dl and 16.13 

Mmol/l, respectively). Lowest (P<0.05) values (21.79 mg/dl and 12.98 Mmol/l, 

respectively) were obtained in rams fed 0:60 UTRS:gamba hay diet. Significant (P<0.05) 

differences were observed on all blood profile parameters measured except the serum 

creatinine. The serum glucose, urea nitrogen and total protein values ranged from 50.29 

to 61.32 mg/dl, 5.73 to 8.64 mg/dl and 58.77 to 67.03 g/l, respectively. Values obtained 

for serum glucose, urea nitrogen, serum creatinine and total protein fell within the normal 

ranges of 50-100 mg/dl, 15-30 mg/dl, 1-2.7 mg/dl and 60-79 g/l, respectively for sheep. 

In terms of economic benefit, the results revealed that cost of feed consumed per kg body 

weight gain (497.76 ₦/kg) was lower and better in fattening rams fed diet containing 60:0 

urea treated rice straw:gamba hay proportions. The study recommends that urea treated 
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rice straw and gamba hay proportions of 60:0 UTRS:gamba hay could be used to replace 

gamba hay as sole roughage diet for sheep feeding as sheep had higher weight gain in the 

treated straw based diets compared to gamba hay based diet. The study further 

recommends that small-holder farmers may adopt the treatment of rice straw with urea to 

improve its nutritive value and reduce the cost of feed per kg body weight gain.  
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CHAPTER ONE 

1.0 INTRODUCTION 

 

Sheep are important part of the global agricultural economy and they play a major role in 

many local economies (Weaver, 2005). Njidda and Kibon (2004) stated that sheep are 

multipurpose animals, but they are primarily kept for the production of meat (mutton), 

and they account for about 11% of the total meat supply in Nigeria. The authors further 

stated that the inclusion of animals slaughtered in the rural areas outside the slaughter 

houses would have made this figure higher. Afolayan (1996) reported that Yankasa sheep 

is very popular among sheep farmers, most especially in northern Nigeria. Their high 

productivity in terms of growth performance and prolificacy are paramount to the farmer 

(Akpa et al., 2006). Inadequate and poor quality of feed, especially during the long dry 

season is one of the major factors militating against livestock production in Nigeria. The 

seasonality of feed supply in northern Nigeria has affected animal production adversely 

(FDLPCS, 1992). 

According to Rumirez-Orduna et al. (2005), due to high cost, most smallholder livestock 

farmers cannot afford to supplement the diet of their animals with expensive feed 

ingredients. Production of livestock and their productivity are far below the population’s 

requirement for animal protein. This under-production and low productivity are attributed 

mainly to inadequate year-round availability of feed and water, coupled with poor 

management (Abbey et al., 2001). In the Savannah zone of Nigeria the basal diets of 

most ruminants in the dry season is based on crop residues and dry standing grasses, and 

most of these feed resources are imbalanced in nutritional value and vary from year to 

year (Zemmelink, 1999). 
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The natural rangeland serves as the major sources of forages for ruminants in Nigeria. 

Rangeland forages, however, decline in both quality and quantity during the dry season, 

resulting in low productivity of animals. Gamba (Andropogon gayanus) is a tropical grass 

which is widely distributed throughout the savanna ecology of Nigeria and forms the bulk 

of feed available to ruminants grazing on rangelands (Fitzhugh, 1978). Gamba grass is 

usually established as permanent pasture in most commercial ranches or smallholder 

farms. It can be cut as fresh feed or conserved as hay. The crude protein content of gamba 

grass is moderate in young growth (7 - 10%) but declines rapidly with maturity (2 - 5%) 

(Leeuw, 1979; Agishi, 1985). Alli-Balogun (2010) reported CP, NDF and ADF contents 

of gamba hay as 3.76, 76.4 and 56.2%, respectively.  

 

Rice straw, like other cereal crop residues is a potential source of energy for ruminants. 

However, its potential as an energy source is limited because it is high in dietary fibre 

(>50%) and low in crude protein (2 - 7%) and mineral contents (0.02 - 0.16%) (Sundstol 

and Owen, 1984; Jung et al., 1993). One way in which, the low nutritive value of rice 

straws could be improved, is through treatment with urea. In feeding trial strategies for 

improving milk production by Ehoche (2002), urea treatment of crop residues is 

acknowledged to improve nutritional value of crop residues and other fibrous by-products 

and reduce feed cost and wastages with practical application at the smallholder level in 

developing countries. The author further stated that in the tropics, cereal crop residues 

such as maize, sorghum, millet stover and rice straw were produced in large quantities 

and could be used as ruminant livestock feeds.  Akande (2001) reported that in Nigeria, 

rice is cultivated in virtually all agro-ecological zones and the residue (straw) can be 
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obtained or purchased at relatively cheap or free of charge from all rice farms. According 

to FAO (2012), Nigeria is the second largest producer of rice in Africa after Egypt and 

the largest in West Africa. FAO (2013) reported that Nigeria production of paddy rice 

was estimated at 4,700,000 tonnes. This gives rise to increase in rice straw output in the 

country which could be harnessed for ruminant livestock feeding. It was also reported by 

Parnich (1983) that, information on the utilization of rice straw in the diets of sheep is 

scanty. The use of rice straws could help improve ruminant livestock production, if its 

nutritive value is enhanced. 

 

1.1       Justification 

Utilization of crop residues as feed has been the subject of intense research and 

development worldwide since the mid1970s but there appears little effort has resulted in 

greater utilization of crop residues in developing countries (Owen and Jayasuriya, 1989. 

Kalio et al. (2013) reported that in Nigeria, millions of tons of crop by-products are 

generated every year in our rural communities as unavoidable crop by products or 

residues. Akande (2001) reported that in Nigeria, rice is cultivated in virtually all agro-

ecological zones. There is a tendency that paddy rice will be more available in future 

through the recent Presidential initiative on rice production in Nigeria which is aimed at 

encouraging local rice production in order to reduce over-dependence of the country on 

imported rice (James, 2011) which means increase in rice straw output in the country. 

Due to lack of adequate disposal facilities, most of the rice straw generated from rice 

farming in Nigeria are left in the fields to be partially grazed by large ruminants only 

without small ruminants benefitting as rice straw is inefficiently utilized by them because 
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of its high fibre content. Jung et al. (1993) reported that the potential of rice straw as 

energy source is limited because of the complex lignified cell wall structure, which 

shields the energy yielding nutrients from microbial degradation in the rumen. Most 

small ruminant farmers therefore, do not utilize the straw in feeding their animals but left 

it in the fields to rot or burned in situ, resulting in pollution of environment as well as 

causing soil erosion.  

In recent time, there is concern on global warming due to burning of wastes. Akinfemi 

and Ogunwole (2012) reported that burning of rice straw increases particle matter into the 

atmosphere as well as increases atmospheric temperature by carbon dioxide emission, 

thus increasing global warming Such global concern necessitated alternative option of 

recycling of waste into beneficial products. Therefore, Feeding rice straw to livestock will 

not only serve as potential energy source for ruminants but will reduce its environmental 

impact.  

Treatment of rice straw with urea for feeding of ruminants has been given more attention 

and has proved to be effective (Doyle et al., 1986; Schiere and Ibrahim, 1989; Chenost 

and Kayouli 1997). However, the technology has not been widely practiced by farmers in 

Nigeria probably due to inadequate awareness. The study will therefore determine the 

responses of growing and fattening Yankasa rams fed different proportions of urea 

treated rice straw and gamba hay. 
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1.2      Aim and objectives of the study 

The aim of the study was to improve the nutritive value of rice straw through treatment 

with urea for feeding small ruminants. 

            Specific objectives were:  

1. To determine the effect of feeding different proportions of urea treated rice straw and 

(Andropogon gayanus) gamba hay on feed intake and nutrient utilization by growing 

and fattening Yankasa rams. 

2. To determine the effect of feeding different proportions of urea treated rice straw and 

gamba hay on blood serum metabolites of growing and fattening Yankasa rams. 

3. To determine the effect of feeding different proportions of urea treated rice straw and 

gamba hay on rumen fluid metabolites of fattening Yankasa rams.   

4. To determine the economic benefit of fattening Yankasa rams fed different  

       proportions of urea treated rice straw and gamba hay. 

 

1.3       Hypotheses 

HO =Diets containing different proportions of urea treated rice straw and gamba hay have 

no significant effect on feed intake and nutrient utilization by growing and fattening 

Yankasa rams. 

HA= Diet containing different proportions of urea treated rice straw and gamba hay have 

significant effect on feed intake and nutrient utilization by growing and fattening 

Yankasa rams. 

HO =Diets containing different proportions of urea treated rice straw and gamba hay have 

no significant effect on blood serum metabolites of growing and fattening Yankasa rams. 
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HA= Diet containing different proportions of urea treated rice straw and gamba hay have 

significant effect on blood serum metabolites of growing and fattening Yankasa rams. 

HO =Diets containing different proportions of urea treated rice straw and gamba hay have 

no significant effect on rumen fluid metabolites of fattening Yankasa rams. 

HA= Diet containing different proportions of urea treated rice straw and gamba hay have 

significant effect on rumen fluid metabolites of fattening Yankasa rams. 

Ho=Diets containing different proportions of urea treated rice straw and gamba hay have 

no economic benefit on the fattening of Yankasa rams. 

HA=Diets containing different proportions of urea treated rice straw and gamba hay have 

economic benefit on the fattening of Yankasa rams. 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Small ruminant production in the tropics  

Ruminants are kept worldwide for their numerous economic and social contributions to 

humanity. Recently, more attention has been paid to small ruminants in developing 

countries as their advantages are becoming more understood than ever before, 

particularly for their ability to produce meat and milk, even in hostile environments 

(Aganga and Fabi, 2007). Furthermore, the resistance of small ruminants to the many 

diseases of cattle and the ease of marketing their products make them the animal of 

choice for many resource-poor farmers and peri urban livestock farmers (Gatenby, 2002). 

In a report by FAO (1991), Tropical Africa has about one sixth and about a third of the 

total world flock of sheep and goats, respectively with an average of an animal per 10 ha 

of land. Most families in the humid zone of West Africa keep small ruminants (ILCA, 

1979). 

 

Small ruminant flock holding sizes are larger in the drier north than in the humid south 

(Francis, 1988). In South Eastern Nigeria, Francis (1988) reported that goats were more 

widely owned than sheep. Sheep were owned by 28% of the household contrary to 92% 

goats’ ownership. In South Western Nigeria, average flock size is in the range of 2-5 

animals per owner with goats being also more common than sheep. 
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2.2 Small ruminant population and distribution in Nigeria 

Nigeria is endowed with estimated 19.5 million cattle, 72.5 million goats, 41.3 million 

sheep, 7.1 million pigs, 278,840 camels, 145 million chickens, 11.6 million ducks, 2.1 

million turkeys and 974,499 donkeys making the nation the topmost Livestock producer 

in West Africa (FMARD, 2016). According to Lombin (2007) the population of goats, 

sheep and cattle in Nigeria were estimated to be 40.8 million, 27 million and 16.3 million 

respectively. In terms of number, these population figures put Nigeria as the largest 

producer of livestock in the ECOWAS sub-region.  FAO (2008) reported that Nigeria has 

large population of domestic ruminants in Africa consisting of 52,488,000 goats, 

33,080,400 sheep and 16,152,700 cattle. The population of the major domestic animal 

species found in the semi-arid zone of west African region is said to have increased in the 

last 30 years (Ben, 2002).  

 

According to Williams et al. (2001), the population of cattle, sheep and goats increased 

by 0.5, 2.2 and 1.7% per year respectively between 1961-63 and 1991- 93. Sheep and 

goats dominate the livestock population and are said to have higher population compared 

to any other ruminant species (Garba and Muhammad, 2008) and well adapted to the 

various ecological zones of Nigeria. About ¾ of the small ruminant population are 

concentrated in the northern states of Nigeria (Lamorde, 1993). Cattle, sheep and goat 

distribution in Nigeria is limited by tse-tse fly incidence and by the availability of forage. 

The semi-arid ecological zone is virtually tse-tse fly free, but has the lowest forage 

resources, carry over 70% of the total population of livestock in Nigeria are concentrated 

in the Guinea and Sudan zones (Gefu and Adu, 1982). The trend in ruminant livestock 
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population in Nigeria is gradually favouring the production of small ruminants compared 

to cattle. This situation has been attributed to dramatic increase in human population, 

decreasing land holdings and increase in demands of livestock products (Hoffmann, 

2002).  

 

2.3 The place of small ruminants in the Nigerian economy 

Livestock sector contributes 5-6% of the gross domestic products (GDP) and 20% of the 

agricultural component of the gross domestic product of Nigeria (Ikhatua, 2000). Oni 

(2000) reported that sheep and goats account for about 36% of the total national meat 

supply and they have tremendous potential for growth. In Nigeria, sheep and goats have 

always formed an integral part of the domestic economy and source of wealth for 

Nigerians. It is generally recognized that sheep have a potential to make a significant 

contribution to food security, poverty reduction and improved livelihoods of smallholder 

producers in Africa and globally (Perry et al., 2003). Small ruminants continue to make 

substantial contribution to the economy of Nigeria as suppliers of food, raw materials and 

foreign exchange. Sheep and goats play very important roles in the economy of the small 

holder farmers as they provide vast range of services apart from meat and milk such as 

skins and pelts for leather and rugs, risks spreading or for social functions and foreign 

currency (Adane and Girma, 2008). 

  

In smallholder production systems, goats and sheep are important because they require 

low initial capital and maintenance costs, are able to use marginal land and crop residues, 

produce milk and meat in readily usable quantities, and are easily cared for by most 
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family members. Tibbo (2006) reported that majority of households keep small 

ruminants; sheep and goats alongside their crops in a mixed farming system due to the 

fact they have higher reproductive capacity and growth rate. More than 80% of sheep and 

goats in Nigeria are generally raised by poor farmers and distressed women with little 

capital inputs (Ranhotra and Jordan, 1996). According to Sarwa et al. (2004), sheep and 

goats have a greater proportion of the total wealth of the poor families than of the rich. 

The keeping of sheep and goats in any community is related to the value attached to their 

production. Small ruminants are raised for meat, milk, fiber pelts and skin (Williamson 

and Payne, 1978). Total meat production from African goats and sheep combined is 

estimated at 1.15 million tonnes, equivalent to about 16 % of total world output from 

these species (FAO, 1985). 

  

Sheep and goats do not compete with humans or poultry for food because they can be 

produced on forage alone and require small quantity of grain or concentrate for good 

production. Small ruminants form an integral part in the livestock economy production 

system in Nigeria (Hossain et al., 2002). They continue to make substantial contribution 

to the economy of Nigeria as supplier of food, raw materials and foreign exchange. 

Ruminants have major role in balanced agricultural system as converters of low quality 

feeds to highly desired protein food of high biological value for the benefit of man 

(Osineye, 2015). Sheep and goats with their small body, high reproductive capacity and 

rapid growth rates in some instances, are ideally suited to production by resource- poor 

small holders. They can be integrated into the overall production system, absorbing 

surplus labour and consuming small amounts of otherwise unused feed. The low capital 
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requirement for starting or expanding small ruminant production means that risks are low 

and that the enterprise is well suited to low input systems. In Nigeria, small ruminants 

represent about 63.70% of the total growing domestic animals (Yakubu et al., 2010). 

Small ruminant livestock under small holder systems were condemned as scavengers, 

surviving on crop residues, household wastes and natural vegetation regardless of their 

quality. However, the economic importance of livestock especially small ruminants 

(sheep and goats) in mixed farming systems is now receiving attention. In small holder 

production systems, sheep and goats are important because they require less initial capital 

and maintenance costs; are able to use marginal land and crop residues; produce meat and 

milk in readily usable quantities; easily cared for by most family members; are prolific 

and require only short periods to increase flock sizes after natural disasters such as 

drought or as a result of increased demand and market prices. The rate of return on 

investment under good management is high (35%) for goats and 55% for sheep 

(Lamorde, 1993). Furthermore, small ruminants compete well with other livestock in 

quality of meat produced. In addition, they play an important role in the welfare of the 

smallholder arable farmer in Nigeria through the income generated when sold. Also, with 

the increasing frequency of droughts and boom and bust pattern in the cattle population, 

sheep and goats are playing a significant role in stabilizing households and providing 

them with a means of recovery after droughts (Peacock, 1983). Thus, their importance in 

small holder farming systems is rapidly increasing. Small ruminants produce about twice 

as much meat per animal unit in the tropics than cattle (Egahi et al., 2012). 
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In sub-Saharan Africa, sheep provide almost 30% of the meat consumed and around 16% 

of the milk produced (Lamorde, 1993). Sheep contribute about 50% of the total 

domestically produced meat in Nigeria (Lamorde, 1993). Sheep are ruminant animals that 

have a modified gut that allow them to digest cellulose. They thrive in a wide variety of 

environments in the tropics and sub-tropics. Globally, sheep rearing is predominantly 

aimed at wool production but in many countries, meat is the major product (Croston and 

Pallot, 1994). Nuru (1985) stated that in Nigeria, sheep play significant role in the socio-

economic life of rural and poor resource farmers. They contribute to the nutrition of 

people producing protein of high biological value to the populace and are kept as source 

of financial reserves for the farmers and insurance against crop failure. Sheep have a 

special function among the followers of Islam and are also used for funeral celebrations 

and dowries in Ghana (Koney, 2004).  

 

Nigeria possesses about 41.3 million sheep (FMARD, 2016).  It requires less capital as 

they can be completely maintained on pastures, browse, and agricultural waste 

products. A flock of sheep can provide families with food each day in the form of milk, 

but only in limited parts of the world are sheep milked for diary foods. Sheep milk is an 

excellent raw material for the milk processing industry especially in cheese production. 

The Mediterranean countries are the biggest producers of sheep milk. They participate 

with approximately 47% in the overall world production of sheep milk. 

(http://agriculturenigeria.com/farming-production/livestock/sheep). Sheep milk yields 18 

to 25 % cheese, whereas goat and cow milk only yield 9 to 10 %. 

(http://agriculturenigeria.com/farming-production/livestock/sheep). While sheep usually 

http://agriculturenigeria.com/farming-production/livestock/sheep
http://agriculturenigeria.com/farming-production/livestock/sheep
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produce less milk than goats and much less than cows, sheep milk sells for a significantly 

higher price per pound, almost four times the price of cow milk. 

(http://agriculturenigeria.com/farming-production/livestock/sheep). 

 

2.4  Breeds of sheep in Nigeria  

Several hundred breeds of sheep have been identified by FAO (Food and Agriculture 

Organization) of the United Nation, with the estimated number varying somewhat from 

time to time: About 863 breeds as at 1993 (Maijala, 1997), 1314 breeds as at 

1995 (Scherf, 2000) and 1229 breeds as at 2006 (FAO, 2007). These numbers exclude 

extinct breeds, which are also enliste by FAO. However, in Nigeria there are four breeds 

of sheep: The West African Dwarf, Yankasa, Uda and Balami.  

2.4.1 Yankasa  

Yankasa (Hausa, White Fulani,Yankasa) is the most widely distributed being found all 

over the country (Adu and Ngere, 1979). The Yankasa is a medium sized breed of sheep. 

The tail is long and thin, the ears moderately long and somewhat droopy (Mason, 1996).  

Rams have curved horns and a hairy white mane and ewes are polled (Mason, 1996).  

Yankasa have white coat colour with black patches around the eyes, ears and muzzle, the 

rams stand 70 to 80 cm at the withers and weigh 55 to 60kg at maturity (Mason, 1996).  

Mature females could weigh 25 to 40kg while male weighs between 35 and 50kg 

(Mason, 1996). The milk yield in kilograms per lactation is between 30 and 56kg and has 

a lactation length of 91 days (Mason, 1996).  The milk yield is 960 grams per day 

(Mason, 1996). 

  

http://agriculturenigeria.com/farming-production/livestock/sheep
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2.4.2 Uda  

The Uda is also known as Bororo and North Nigerian Fulani (Mason, 1996).  The Uda is 

found in Northern Nigeria, Southern Niger, central Chad, Northern Cameroon and 

Western Sudan (Mason, 1996). It is one of the hair sheep breeds of the Sahel type. It is 

also a meat breed. It is a long legged breed of sheep with distinctive coat colour of brown 

or black anterior and white posterior (Ngere et al., 1979). They are large with straight and 

long face (Mason, 1996). The rams of the Uda are horned and the ewes are usually polled 

(Mason, 1996). The Uda is slightly smaller bodied than the Balami, although their size 

ranges overlap and the weight of mature females could be 30 to 40kg while mature rams 

weigh 30 to 60kg (Mason, 1996). Milk yield per lactation lies between 32 and 36kg for 

an average lactation length of 91 days (Mason, 1996).  

2.4.3   Balami  

           Balami sheep is the largest indigenous breeds of sheep in Nigeria (Buvanendran    

           and Adu, 1990).  As a pastoral animal, it is confined to the semi-arid north but it is  

            favoured as a stall fed breed by Muslims throughout the Nigerian middle belt. It is white  

            and hairy with pendulous ears, long leg and a long thin tail (Mason, 1996). Rams are  

            horned but ewes are normally polled. Another feature that makes the Balami distinctly  

            recognizable is its Roman, bulbous nose that distinguishes it from the Yankasa (Mason,  

            1996). It has good potential as a meat producer. The weight of mature males ranges from  

            40 to 80kg while that of female lies between 30 and 40kg. The milk yield per lactation    

            lies between 28 and 33kg in 70days (Mason, 1996). 
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2.4.4 West African Dwarf sheep 

The West African dwarf is the predominant breed of the humid tropics from southern 

West Africa through central Africa (Mason, 1996). The West African Dwarf is a small 

bodied, compact breed which may be all white, black, brown or spotted black or brown 

on a white coat (Mason, 1996). Its variation in colour and patchy distribution makes it 

difficult to distinguish it clearly from the Yankasa rams. Its weight is approximately 37 

kg (Mason, 1996). Rams have a well-developed throat ruff and are horned while the ewes 

have mature weights of 25 kg and are usually polled (Mason, 1996). Yankasa sheep tend 

to have a short lambing interval and can be bred at the age of 7 to 8 months (Mason, 

1996). The prolificacy of adult ewes is low to moderate and it ranges from 1.15 to 1.50 

lambs per lambing. This breed is also trypano-tolerant (tolerant to trypanosomiasis 

disease) (Mason, 1996). 

 

2.5 Feed resources for small ruminant production in Nigeria 

The cardinal principle behind successful livestock development programme of any nation 

is the availability of suitable animal feed resources. Nigeria is endowed with these 

resources, but not yet fully exploited (Lamorde, 1993). In developing countries the major 

feed resource for ruminant animals is the pasture (Fadiyimu et al., 2015). The feed 

resources available for small ruminants are natural pastures, browses and crop residues 

and by-products. The availability and quality of these resources vary, but evidence is 

presented to show that when they are properly selected and combined according to their 

nutritional characteristics, adequate and productive diets could be provided all year 

round, for sustainable small-ruminant production and productivity. Pasture development, 
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hay and silage, making of concentrates using available grains and tubers, utilization of 

crop residues and agro-allied by-products, all would go a long way in aiding the 

development of livestock in Nigeria. 

 

Livestock feed may be defined as any dietary substance that nourishes the animal’s body 

for maintenance and reproduction. These feeds are either roughages (forages) or 

concentrates (Lamorde, 1993). According to Lakpini (2002), feeds are substances 

voluntarily taken in by animals to provide nutrients such as energy, protein, mineral and 

vitamin metabolized in the body to maintain the body, produce body tissue, fluids and by-

products such as meat, milk and eggs. Most feeds are natural substances which most 

commonly are organic matter with little component of inorganic matter. Feed is in very 

short supply and of poor quality (Tanko, 1993). The author further stated that most range 

lands grazed by these livestock in the sub-humid, to the dry savannas produce less than 1 

tonne DM/ha and contain crude protein of 9% to 8% only during the early and mid-wet 

season. According to Isah, et al. (2015), in developing countries like Nigeria, livestock 

are fed mainly on low quality roughages, including natural grazing and agro-industrial 

by-products, all of which contain large quantities of lignocellulosic material. These feeds 

are deficient in protein, energy, minerals and vitamins. In addition, at certain times of the 

year, the quality of grazing and browse deteriorates substantially due to seasonal 

influences, and livestock productivity consequently declines. 

  

The productivity of the natural range cannot support optimum performance of animal all 

year round due to short rainy season (less than 750mm per annum) (Ruthenberg, 1980). 
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The seasonality of feed supply in northern Nigeria has adversely affected animal 

production (FDLPCS, 1992). For greater part of the year, grasslands in the tropics do not 

supply sufficient nutrients in stocks for adequate productivity (Otchere et al., 1977). 

African pastoralists are highly dependent on crop residues from their own small plantings 

or from crop farms to supplement grazing during the dry season. McDowell (1985) 

reported that in northern Nigeria, grazing normally provides sufficient energy from June 

to October but grazing cannot meet the animals’ energy needs from December through 

May resulting in serious weight losses. Crop residues have been reported to play very 

significant role in supplementing for the shortfall (Raay and De Leeuw, 1975) during the 

early part of the dry season. The crop residues are made up mainly by cereal stover, 

which are mostly low in nutritional quality, grain legume haulms, which are valuable 

feed resources due to their higher crude protein content 12 to 20% and digestibility (60 to 

80%) as reported by Tanko et al. (1990); Larbi et al. (1999) and Omokanye et al. (2001). 

Large quantities of legumes (cowpea shells and groundnut haulms) and cereal crop 

residues are produced annually and can be used as cheap sources of protein and energy in 

growing sheep.  According to Stanforth (1979), poor quality roughages (forages and crop 

residues) which are high in fibre and low in nitrogen, energy and minerals are often the 

feed available to sheep and goats in Nigeria particularly during the late dry season 

(March-May). Agricultural by-products and crop residues are also used for fattening and 

dry season feeding of small ruminants (Ademosun et al., 1988). Low digestibility 

associated with low nitrogen content of the feed limits intake and animals on these diets 

alone are often in negative energy and nitrogen balance (Paulino et al., 2008). It is 
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therefore essential that these deficiencies are corrected when crop residues and 

agricultural by-products are used as feeds. 

2.5.1 Forage resources  

Forages are the single most important feed source for ruminants worldwide (Wilkins, 

2000). They are edible parts of plants, other than separated grain, usually with substantial 

contents of cell walls (Wilkins, 2000). Forages are suited to utilization by herbivores that 

have a capacity for microbial digestion of cell wall constituents (Wilkins, 2000). 

According to Babayemi et al. (2014) forages are plants that are cultivated for their 

vegetative portions and are used in fresh or preserved forms for feeding livestock. Forage 

is the major nutritional resource for ruminants particularly in sub-Saharan African 

countries (Akinsoyinu and Onwuka, 1988) and most of the forages that provide animal 

nutrition are supplied by the natural vegetation and generally referred to as natural 

pastures. The semi-arid ecological zone of Nigeria has the lowest forage resources, yet is 

hosting over 90% of the cattle and 70% sheep and goats population (RIM, 1992). The 

zone is characterized with sporadic year round shortage in the supply of pasture both in 

quality and quantity despite the abundant supply during the late rainy and early dry 

season; and livestock farmers experience a shortage of forage for feeding livestock 

(Muhammad et al., 2008). Natural pastures or rangelands are the cheapest form of 

ruminant feeds available in Nigeria. However, it has been observed that natural pasture 

species in the tropical countries are of low quality (Henzell and Mnnetje, 1980) and 

barely satisfy the nutritional requirements for maintenance of animals (Mohamed-Salem, 

1994).  Natural pastures are the main source of minerals but do not satisfy all the 

minerals required by livestock (Miles and McDowell, 1983). Good quality forage 
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generally provides adequate protein for mature sheep (Nyako, et al., 2015). Gamba 

(Andropogon gayanus), one of the high-yielding grass species in West Africa, has been 

found to be palatable and nutritive  at lush stage of growth and are well accepted by 

ruminants throughout the year under moderate grazing pressures, but becomes coarse and 

fibrous if under-grazed. Its nutritional value is moderate in young growth (CP 7-10%) 

and (about 18% CP) in fertile soils (Schultze-Kraft, 1992). Feed value decreases rapidly 

after flowering, and so conserved feed materials is often of little nutritional value.  

  

Fodder trees and shrubs constitute a vital component in livestock production in the arid 

and semi-arid tropical zones of Africa where about 52% cattle, 57% sheep, 65% goats 

and numerous camels are found (Dicko and Sikena, 2003). The excess of pasture 

produced during the rainy season is conserved for redistribution over the year. Hay and 

silage making are the two conventional forage conservation methods. There are inherent 

difficulties in conservation of forage as hay (Amodu et al., 2008); the right time climate 

suited for hay making coincide with the time when forages are of low quality while 

making of good quality hay during the rainy season when they are of optimum nutrient 

concentration is practically impossible due to humid condition (Kallah et al., 1997). 

Ensiling offers alternative means of fodder conservation during the rainy season while 

retaining nutrient quality of the forage. Silage production however, is not a common 

practice among the majority of livestock producers in Nigeria, but a viable option for 

succulent feed conservation for use during the dry season. According to Ibahze et al. 

(2015), silage making is an important tool for farmers in preservation of surplus feed 

during the wet season in ensuring all year round availability of feed. Ensiling is the 
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preservation of forages, crop residues and by-products based on lactic acid fermentation 

under anaerobic condition. The lactic acid bacteria ferment the plant sugars (Water 

Soluble Carbohydrates) in the crop to lactic acid (Mannatje, 1999). Smith et al. (1979) 

reported that among the numerous methods of processing poor quality feedstuff, ensiling 

is considered the most economical process. Browse plants can improve the total supply of 

feed given to ruminants; it can improve the quality of the feed and can also compensate 

for seasonal fluctuations (Smith et al., 1979). Browse species are locally perennial 

sources of feed, rich in protein and minerals that are particularly appropriate for small 

ruminants (Norton, 1994). Trees and browse legume forages are rich in most essential 

nutrients such as proteins and minerals and tend to be more digestible than grasses and 

crop residues (Carew et al., 1989). A large numbers of trees and herbaceous legume 

leaves have been found to meet the nutrient requirement of small ruminants (Devendra, 

1971). Leaves from browse plants and fodder crops form a major part of livestock feed in 

tropical countries, (Mandal, 1997) and play an important role in improving dietary 

protein (Aregheore et al., 1998; Kaitho et al., 1998) as a supplementary feed. A study 

carried out by ILCA in Nigeria, established that the use of Leucaena and Gliricidia as 

supplementary feeds significantly increased the growth and survival rates of lambs (Atta-

Krah and Reynolds, 1989). Daily feed intake has been reported to increase when sheep 

and goats were supplemented with leguminous browses (Amodu and Otaru, 2004). 

Browse plants have been reported to have been fed to sheep and goats as they form a 

good substitute for grass during prolonged period of drought to check the seasonal 

fluctuation in feed resulting in improved animal performance (Garba and Ado, 2015). 
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2.5.1.1 Grass forages 

Pasture grasses, mainly C4-plants frequently contain crude protein levels of 8% or less, 

which are inadequate for animal production (Humphreys, 1991). During the dry season, 

there is a drastic decrease in the nutritional quality of tropical grasses, which is reflected 

by low crude protein (CP) and increased lignin content in the cell wall (Paulino et al., 

2008). The limited CP availability provides the critical threshold for adequate microbial 

growth on the fibrous carbohydrates in basal forage (Lazzarini et al., 2009). This CP 

deficiency implies poor utilisation of potentially degradable cell wall by microorganisms 

and results in decreased intake and animal performance (Paulino et al., 2008). Gamba 

grass grows well on infertile, acid soils in hot climates and in a wide range of climates, 

but is particularly useful in areas with a long dry season. Gamba grass stays green long 

into the dry season when most other grasses are already dry, is easy to cut and can 

tolerate grazing. Gamba provides palatable forage when young but feeding value declines 

rapidly with age and decreasing leaf/stem ratio (Amole et al., 2015). Mineral content is 

low (0.08 P and 0.27 Ca in DM) (Ajiji et al., 2013). Agishi (1985) reported that gamba 

grass is available in abundance in almost all ecological zones in Nigeria. The problem 

with gamba, like other tropical grasses, is the rapid decline in crude protein and soluble 

carbohydrate with age (Amole et al., 2015). This is coupled with a progressive increase 

in crude fibre and lignin (Agishi 1985; de Leeuw 1979). Of the pasture grass species, 

only Andropogon gayanus is well adapted to a wide range of relevant environmental 

conditions. It grows reasonably well in both the wet season and long into the dry season 

(Phengsavanh, 1997). 
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2.5.2 Agro-industrial by-products 

The use of agro-industrial by-products as feed is an alternative method of overcoming 

shortages and higher prices of conventional feeds in ruminant nutrition. Many by-

products have substantial nutritive value as animal feed. Thus cereals can be largely 

replaced by these by-products and therefore competition between human and animal for 

nutrition is less. Furthermore, using these by-products in animal nutrition can solve 

related environmental problem (Mirzaei-Aghsaghali and Maheri-Sis et al., 2008). The 

use of kitchen waste, industrial waste, agro-by-products and crop residues are 

comparatively cheaper than conventional feeds, particularly soon after harvest. Some of 

the agro-industrial by product of importance in Nigeria include: Groundnut cake, Cotton 

seed cake, Beniseed cake, Castor seed cake,  Palm kernel cake,  Brewer dry grain,  

Molasses,  Brewers spent grain,  Rice bran, Maize offal, Wheat bran, etc (Onyeonagu and 

Njoku, 2010). The use of crop residues and agro industrial by-products as supplement is 

becoming increasingly popular in Nigeria. Agro-industrial by-products in Nigeria vary 

from primary processing of farm produce wastes to wastes from agro-allied industries. 

Some wastes are left unutilized, often causing pollution and hazard. Those that are 

utilized do not have their full potentials harnessed (Devendra, 1982). Pagot (1992) 

reported that agro-industrial by-products have high nutrient content to sustain ruminant 

animals despite their high fibre level. Tegbe et al. (1995) indicated that except for rice 

offals and cassava root peels, the crude protein content of most agro-industrial by-

products are higher than that of maize. The suitability of grain offal (dusa) and crop 

residues in feeding ruminants is also well documented (Ahamefule et al., 2002 and 

Anigbogu, 2005). In Nigeria, large quantities of agro-industrial by-products are produced 
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and many of them have potentials as non-conventional feedstuffs (Adeniji and Ehimere, 

2003). Such by-products include corncobs, cassava peels and brewers’ grain. Brewers’ 

spent grains, the by-product of the grains fermented during beer making process have 

been used as feedstuffs for both ruminants and monogastric animals (Ekanem, 2012) and 

is considered to be a good source of un-degradable protein and water soluble vitamins 

which stimulate appetite and feed intake (Tolkamp, 1988). 

2.5.3 Crop residues forages  

Crop residues usually consist of the above ground part of cereal plants after grain 

removal. They are potentially rich sources of energy, because up to 80 % of their dry 

matter consists of polysaccharides (Meng, 2002). Cell walls of crop residues consist 

mainly of polysaccharides, protein and lignin (Meng, 2002). These substances, with small 

amounts of other components, like acetyl groups and phenols, are organized in a complex 

three-dimensional structure (Meng, 2002). Other wall components include suberin, cutin, 

tannins, waxes and minerals (Meng, 2002). 

  

The term crop residue generally refers to various by-products from crop cultivation.  

Each residue, and even each fraction of certain residues, is different in terms of its 

availability, its nutritive value and its potential impact in relation to the overall feeding 

system. The fibrous crop residues have high biomass with low crude protein and high 

crude fibre contents, of approximately 3-4% and 35-48% respectively (Devendra, 1997). 

‘Crop residues’ has become the used term in tropical research and development circles 

for describing the fibrous by-products of cereals, sugarcane, roots and tubers, pulses, 

oilseeds, oil plants, vegetables and fruits (Owen and Jayasuriya, 1989). Ahmed and 



24 
 

Kibon (2015) stated that crop residues are post harvest roughages after harvesting and 

threshing the cereal crops. They include the residues made up of stalks, husks and cobs 

from maize, sorghum, millet, rice, wheat, sugarcane etc. The authors further stated that 

residues are also obtained from legume crops such as groundnuts, cowpeas, soybeans and 

other leguminous crops which include haulms, cowpea husks, groundnut pods and vines. 

Crop residues have been estimated to account for about 25 % of the total feed energy 

suitable for ruminant livestock in both developed and developing countries (Kossila, 

1985). Tchinda et al. (1993) reported native pasture and crop residues to be the most 

widely available low-cost feeds for ruminants in the tropics. Crop residues are potentially 

rich sources of energy as about 80% of their DM consists of polysaccharide but usually 

underutilized because of their low digestibility, which limits feed intake (FAO, 2002). 

According to Tanko (1993), feed is in very short supply and of poor quality. The author 

further stated that most range lands grazed by these livestock in the sub-humid, to the dry 

savannas produce less than 1 tonne DM/ha and contain crude protein of 9% to 8% only 

during the early and mid-wet season. Stanforth (1979) reported that, poor quality 

roughages (forages and crop residues) which are high in fibre and low in nitrogen, 

metabolizable energy and minerals are often the feed available to sheep and goats in 

Nigeria particularly during the late dry season (March-May). 

 

Crop residues have been reported to play very significant role in supplementing for the 

shortfall (Raay and de Leeuw, 1975) during the early part of the dry season. The crop 

residues are made up mainly by cereal stover, which are mostly low in nutritional quality, 

grain legume haulms, which are valuable feed resources due to their higher crude protein 
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content 12 to 20% and digestibility (60 to 80%) as reported by Larbi et al. (1999) and 

Omokanye et al. (2001).  

 

Cereal straws are produced in considerable quantities in many countries representing the 

most widely underutilized source of carbohydrates. Intake may be increased, about 20% 

by chopping the residue (Males, 1987). With supplement, intake of residues may increase 

from 20 to 30% (Males, 1987). Variations in the proximate analysis of different 

unconventional feeds were reported by various authors. According to Hamzat et al. 

(2007), variation occurred in the physical, biological and nutritional properties of the 

different sources.  

2.5.4 Nutritive value of crop residue 

Nutritive value is generally determined by feed composition, intake and utilization 

efficiency of digested matter. Thus, the value of a feed depends on chemical composition, 

digestibility, intake and efficiency (Meng, 2002). Cereal crop residues are deficient in 

nitrogen and have high cell-wall content, which reduce their intake and digestibility (Jess 

and Michael, 1989). It is necessary to study the factors that limit energy intake from 

cereal crop residues, because large increases in animal productivity can be achieved by 

relatively small increases in digestibility and intake (Ranjhan, 1997).  The limited use of 

cereal straws is due to their low voluntary intake and low digestibility, associated with 

high lignin content, the manner in which this indigestible material is bound to the 

digestible cellulose and hemicellulose, and the low nitrogen concentration (Sundstol and 

Coxworth, 1984). Crop residues are known to have low content of available protein, 

energy and minerals (Doyle et al., 1986 Tagel-Din et al., 1989). Ruminants prefer 
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feedstuffs relatively rich in crude fibre (Williamson and Payne, 1987). Mahadevan (1983) 

estimated that in quantitative terms, crop residues can supply a substantial part of the 

maintenance requirements of all ruminants. 

 

2.6 Factors affecting the nutritive value of crop residues 

 

A variety of factors have been identified that may influence the nutritive value of crop 

residues. These factors can be divided into three categories namely: plant, animal and 

environmental.  

2.6.1 Plant factor 

The lignin fraction and associated phenolic compounds are factors most consistently 

associated with the rigid structure of plants and limited accessibility (Meng, 2002). The 

association of lignin with cell wall polysaccharides is also believed to be responsible for 

resistance of plant cell walls to microbial digestion in the rumen (Meng, 2002). The 

author further reported that other plant factors which include: species, stage of maturity 

at harvest, cultivar, and proportions of leaf, sheath and stem are believed to influence the 

nutritive value of crop residues. As plants mature, nutrient digestibility generally 

declines, linked to a decrease in the digestibility of cell wall components (Meng, 2002). 

Xing (1995) reported that, at an early growth stage, in vitro DM digestibility (IVDMD) 

of wheat straw is pretty high. As wheat matures, however, the IVDMD of straw 

progressively decreases. When the grain is completely mature at harvest, the straw has 

its lowest IVDMD value, resulting from decreased nitrogen content and increased 

lignification. Xing (1995) also reported a variation in chemical composition and 

digestibility of crop residues among cultivars. Another large variation in chemical 

composition and digestibility is found among straw fractions. Research data from Xing 



27 
 

(1995) showed that stems from wheat straw have a much lower organic matter (OM) 

digestibility, compared with leaf blades and sheathes. This low digestibility can be 

attributed to their high content of NDF and lignin. In rice straw, the OM digestibility of 

stems is much higher than that of leaf sheathes and blades. Similar results were also 

reported by Aman and Nordvist (1983). 

2.6.2 Animal factors 

Little information is available about animal factors that influence the nutritive value  

of crop residues. Farmers in China have long known that different breeds and types  

of animals use crop residues with various efficiencies (Meng, 2002). Cattle, which retain 

fibrous matter in the rumen slightly longer than sheep or goats, presumably have an  

advantage with lower quality crop residues (Meng, 2002). Cross-bred Brahman (Bos 

indicus) steers, when fed hay with 730 g/kg NDF, digested more NDF in the rumen and 

had longer ruminal retention time for lignin than did Hereford (Bostaurus) steers  

(Kennedy, 1982). With increasing popularity of cross-breeding techniques in  

China, farmers noted that, on a high concentrate diet basis, hybrid  beef steers have  

much better growth performance than do native breeds; in contrast, on a low-quality  

fibrous feed, the contrary was observed (Meng, 2002). Although the exact  

mechanism of this difference in animal performance between hybrid and native  

breeds is unclear, an inherent difference in food intake and digestion capacity may be  

responsible. 

2.6.3 Environmental factors 

Some environmental factors, including location, climate, soil fertility and soil type,  

seem to influence the nutritive value of crop residues (Meng, 2002). Recent studies 
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(Xing, 1995) have indicated that there can be significant differences in chemical 

composition and digestibility of crop residues from crops grown on different soil types. 

Irrespective of crop cultivar, straw from wheat grown in the so-called tide soils (alluvial 

soils with diurnal variation in groundwater level) had considerably higher CP content and 

lower fibre (NDF, ADF and ADL) content than straw from drab soils (cinammon soils of 

forest origin) (Meng, 2002). These are probably the cause of digestibility differences. 

 

2.7 Methods of improving the nutritive quality of cereal crop residues 

Ruminants despite their unique and highly efficient digestive system are not able to  

extract sufficient energy to grow and produce milk from low quality or highly  

lignified residues (Meng, 2002). These must be properly processed or treated in some 

way to make them useful for production. Feeding crop residues limit ruminant 

productivity by lowering intake because they hinder ruminal functions (Sarwar et al., 

2004). In order to improve the intake and digestibility of low quality crop residues, 

physical and chemical treatments have been explored. These treatments disrupt the cell 

wall by dissolving hemicelluloses, lignin and silica, hydrolyzing uronic acid and acetic 

acid, esters and swelling cellulose (Jackson, 1977). These processes may improve the 

digestibility of the treated materials and the net yield of available dry matter (Doyle et al., 

1986). Several treatments have been applied to try to increase intake and digestibility of 

cereal straws; perhaps the most widely used treatments are chopping the straw, addition 

of ammonia or urea nitrogen (Adu et al., 1990), anaerobic in-silo fermentation, treatment 

with ammonium hydroxide (Diarra, 1983) and supplementation with concentrates 

(Huston et al., 1988), or with good quality hay (Zan, 1989).  
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Results of cereal straw treatment with urea nitrogen appear to vary greatly. According to 

Smith et al. (1979) nutritional value of poor quality feedstuffs can be increased by the 

following methods: ensiling, dehydration, single cell protein production, pelleting, deep 

stacking, chemical enhancement of digestibility; ensiling is considered the most 

economical process. At present, the main treatment methods of forages such as cereal 

straws are either mechanical e.g grinding), physical (e.g. temperature and pressure 

treatment) or a range of chemical treatments of which sodium hydroxide or ammonia are 

among the more successful (Greenhalgh, 1984). Ibrahim (1981) summarized the various 

methods of improving the nutritive value of fibrous residues as shown in figure 1. 
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Figure 1: Methods of improving the nutritive value of fibrous residues (Source: Ibrahim 

1981) 

 

 

 



31 
 

2.7.1    Physical treatment  

Physical treatments of crop residue have received an appreciable amount of research. 

Crop residues can be ground, soaked, pelleted or chopped to reduce particle size or can 

be treated with steam and/ pressure or X-rays (Emtenan et al., 2012). Chopping and 

grinding rice straw may reduce time of passage in the rumen and improve feed intake 

(Doyle et al., 1986). Grinding increases the voluntary intake of straw with or without an 

increase in digestibility, but it often leads to an increase in digestible energy (DE) intake. 

Jackson (1977) quoted an increase of up to 30% in DE by grinding. Many of these 

treatments are not practical for use on small-scale farms as they require machines or 

industrial processing (Schiere and Ibrahim, 1989). However, small machines to grind or 

chop rice straw maybe feasible (Schiere and Ibrahim, 1989). It was reported that the use 

of steam treatment in a high pressure vessel at different pressures and for a range of 

different treatment times increased the rate of in vitro degradation in the rumen fluid after 

24h but could not enhance the potential degradability of the fibrous fractions, neutral 

detergent fibre (NDF), acid detergent fibre (ADF) and hemicelluloses (Liu et al., 1999). 

Of the methods available for physical processing, grinding has given reasonable results 

when roughages are included in complete diets (Swan and Clark, 1974).  

2.7.2    Heat and pressure treatments 

Steam and /pressure treatment of straw is another promising method to improve the 

quality of cellulosic feedstuffs for animals by solubilization of cellulose and 

hemicellulose and/or by freeing digestible materials from lignin or silica (Horton et al., 

1991). By applying the steam explosion process, Kling et al. (1987) demonstrated that 

about 60% of the hemicellulose fraction in the sugarcane bagasse was hydrolyzed and 

http://www.feedipedia.org/node/2958
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further, the susceptibility of cellulose to enzymatic hydrolysis increased. Steam pressure 

without ammonia increases acidity and promotes solubilization of hemicelluloses. The 

increases in acidity come partly from the release of acetyl groups in the hemicellulose 

and are likely an explanation of some of the increased digestibility (Bacon et al., 1981). 

Increases in digestibility are in the same range as for ammonia treatments (Van Soest., 

2006). 

2.7.3 Biological treatment  

Ruminant animals in many tropical countries subsist mainly on crop residue based diets 

(Mahesh and Madhu, 2013). The increasing expansion of agro-industrial activity over the 

last few years has led to the accumulation of a large quantity of lignocellulosic residues 

all over the world (Mahesh and Madhu, 2013). Although a vast energy potential is locked 

in these lignocellulosic crop residues (Jung, 1989), these are not utilized to their fullest 

potential for ruminant feeding due to poor digestibility, low nitrogen and mineral 

contents which rendered them to be classified under non-maintenance type of feeds. 

Recently, the biological treatments of crop residues to improve the accessibility of 

cellulosic fractions, thus improving their digestibility and feeding value have been 

attracting extensive interests among researchers (Yu et al., 2009). The major obstruction 

in biological conversion of lignocelluloses is the physical protection of cellulose by lignin 

against cellulo-lytic enzymes (Mahesh and Madhu, 2013). The potential of biological 

treatments has been explained by the ability of certain microbes (specifically 

basidiomycetes fungi) to disrupt plant cell wall by partial breakdown of the lignin-

carbohydrate complex (Keller et al., 2003) thus improving their utilization in the rumen 

by increasing the availability of fermentable energy to ruminal microbes (Akin et al., 
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1993). This way, basidiomycetes seems to be the most promising microorganisms for 

biological pre-treatment and among them the selective lignin degrading white rot fungi 

(WRF) holds immense importance (Yu et al., 2009) in enhancing the utilization of poor 

quality roughages for animal feeding. WRF such as Phanerochaete chrysosporium, 

Pleurotus sp., Lentinus edodes, Coriolus versicolor, Phlebia sp. and Ceriporiopsis 

subvermispora have largely been studied for their ability to ferment different crop 

residues (wheat straw, olive mill solid waste, oil palm fronds etc.) to produce improved 

animal feed (Okano et al., 2009; Hassim et al., 2012) P. chrysosporium fungi degrades 

lignin to the extent of 65 to 70% while others like Ganoderma applanatum and Coriolus 

versicolor degrade over 45% of lignin in lignocellulosic materials (Gupta et al., 1993). 

Thus, microbial conversion seems to be a practical and promising alternative for 

increasing the nutritional value of agro by-products by transforming them into animal 

feed and producing a value added product (Villas-Bôas et al., 2002). The ideal 

microorganism for upgrading lignocellulosics into animal feed should combine high 

ligninolytic capability with low degradation of cellulose and hemicelluloses.  

2.7.4    Chemical treatment of crop residues and by-products  

The use of chemicals to improve nutritive value of crop residues dated back to 1920s 

when the German scientist, Beckman, used sodium hydroxide to treat stacks of crop 

residues with consequent improvement in its digestibility (Owen and Jayasuriya, 1989).  

Since 1964, there has been a widespread renewal of interest in chemical treatment, 

particularly in the developing countries, which have the highest potential for crop 

residues as ruminant feed (Owen and Jayasuriya, 1989).   Many chemicals have been 

used to enhance the digestibility and intake of roughages; the most common ones; sodium 
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hydroxide, ammonia, sodium bicarbonate, sodium sulphate, ammonium hydroxide, 

calcium hydroxide and potassium hydroxide (Sundstol et al., 1978). Among these 

chemicals sodium hydroxide has proven to be the most effective in improving 

digestibility but lacks nitrogen and less available (Sundstol et al., 1978). The use of alkali 

from treatments of crop residues was given less attention after mid 1970s due to high cost 

and increased environmental pollution. Instead, use of ammonia from urea or other 

sources has increased in popularity for crop residues treatment (Teshome, 2009). 

 Both in vitro and in vivo, sodium hydroxide has been used as the chemical reagent for 

treatment. Various levels of body weight increases have been recorded depending on the 

level of inclusion of the roughage in the diet. Pirie and Greenhalgh (1978) reported 0.7–

1.2 kg gain in beef cattle fed diets containing 60% treated straw. Similarly, Jayasuriya et 

al. (1982a) showed that milk yield of Friesian cows can be increased by 26% by feeding 

diet containing 65% urea treated rice straw. The achievement of increase in digestibility 

and intake are diminished by some drawbacks such as high price of sodium hydroxide, 

the corrosive nature of the chemical and the necessity for protective equipment and 

trained personnel for application. This has made sodium hydroxide treatment 

unfavourable. Ammonia is an alternative to sodium hydroxide for treatment of crop 

residues (Jackson 1977; Sundstol et al 1978). It has been adopted in many European 

countries because it does not leave residual alkali like sodium hydroxide and it increases 

the nitrogen content of the material (Teshome, 2009). 

2.7.5 Supplementation of crop residues and other by-products 

Supplementary feeds should be given during the dry season in order for the animals not 

to lose weight (Ademosun et al., 1988). These supplementary feeds include agro-
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industrial by-products (groundnut, coconut and palm kernel cakes), by-products of grain 

extraction (maize, rice, sorghum and millet), household wastes such as peels of cassava, 

cocoyam, yam and plantain and industrial by-products (brewers spent grains) (Ademosun 

et al., 1988). Supplementation with concentrates (Tagel-Din et al., 1989) or with legume 

hay usually improve straw utilization (Adu et al., 1990), although results may vary 

depending on the level of supplementation. High levels of supplementation with 

concentrates have caused intake of the straw to decrease (Adu et al., 1990). 

 

Apart from alleviating nutritional deficiencies, an ideal supplement should also maintain 

or increase intake of the basal dietary material (Ademosun et al., 1988).  The supplement 

should increase the efficiency of utilization of nutrients leading to increased animal 

production. It is not always that a feed added to a basal diet acts as a true supplement 

(Ademosun et al., 1988). The authors further stated that instead of truly supplementing 

the nutrients in the basal diet, the added feed may substitute part of the nutrient supply. 

Tree fodder legumes such as Glyricidia maculate and Leucaena leucocephala have been 

found to be highly suitable as supplements for treated straw diets. They contain a 

relatively high content of undegraded dietary protein (UDP) compared to common 

protein supplements such as coconut oil meal (Jayasuriya et al., 1982b), which 

presumably supplies the extra amino acid requirement of the animal.  Supplementation 

should be by way of small quantities of green forage, tree fodder legumes (Glyricidia 

maculata, Leucaena leucocephala), industrial by-products (tea waste, oil seed meals), 

non-protein nitrogen (poultry litter) and minerals (Orskov and Ryle 1990). A supplement 

of green legume forage obtained from shrubs, tree leaves or water plants may further 
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enhance the utilization of the straw by ruminants, although the need seems to be smaller 

for animals fed treated straw (Orskov and Ryle 1990). Supplementation with non-protein 

nitrogen or high protein feedstuffs may improve intake and digestibility, but cannot 

always compensate for other anti-nutritional factors, such as high fibre content and 

presence of phenolic compounds; Chesson and Orskov, 1984). 

 

2.8       Rice straw or paddy straw 

Rice straw is the vegetative part of the rice plant, cut at grain harvest or after. It may be 

burned and left on the field before the next ploughing, ploughed down as soil improver or 

used as a feed for livestock (Kadam et al., 2000). 

2.8.1   Distribution 

Rice (Oryza sativa, L) which belongs to the family Poaceae originates from Asia where 

it has been cultivated since 6500 BC and is now naturalized in most tropical and 

subtropical regions (Heuze and Tran, 2015). Rice grows from 53°N in China to 35°S in 

Australia (Heuze and Tran, 2015). Optimal growing conditions includes: 20-30°C daily 

average temperature, with night temperature of over 15°C; fertile, heavy soils, 6.5-7 pH 

(Heuze and Tran, 2015). The two distinct varieties are "Swamp rice", which is usually 

planted in stagnant water and requires about 200mm rainfall per month or an equivalent 

amount from irrigation, whereas "upland rice" requires less irrigation and 750 mm 

rainfall on a 3-4 months period and no dessication (Heuze and Tran, 2015). Rice is the 

world’s second largest cereal crop producing large amounts of crop residue (Emtenan et 

al., 2012).  USDA (2010) reported that rice is the most important food crop for half of the 

human race and is the world’s most consumed cereal after wheat. More than half of the 

http://www.feedipedia.org/node/2962
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world’s population depends on rice for 80 % of its food caloric requirements (Braun, 

2006). In Africa, rice production has increased dramatically between 1970 and 2007 by 

over 130 % (Braun, 2006). 

2.8.2    Characteristics of rice straw 

Chemical composition of rice straw varies between varieties and growing seasons (Shen 

et al., 1998). The quality of rice varies tremendously. Data collected from rice straw 

samples revealed that the crop protein varies from 2 to 7 % while the ADP varies from 41 

to 56% on a dry matter basis (Daniel et al., 2002). According to the authors research has 

not been able to explain thoroughly the reasons for variability in the nutritive value of 

rice straw, but some of the important factors responsible for the the variability could due 

to difference between days of harvest and baling, nitrogen fertilization management and 

geographic locations of the rice fields in the rice growing regions. Research has shown 

that higher nitrogen fertilization of the rice plants, results in higher crude protein 

production in the straw (Daniel et al., 2000). Theander and Aman (1984) reported that 

rice straw contains a relatively high proportion of leaf (60%), compared to other cereal 

straws such as Hordeum vulgare barley (35%), Avena sativa oats (43%) and Triticum 

aestivum wheat (20-41%). According to Vadiveloo (2000) leaves of rice straw contain 

less NDF than the stems but more ash and acid-insoluble ash, resulting in a lower in vitro 

DM digestibility of the leaves (50-51%) compared to the stems (61%). Daniel et al. 

(2002) reported that the species of the plant, the agronomic practice used, soil and 

temperature and the stage of growth influence the chemical composition and palatability 

of straw. Tesfaye (1999) and Solomon (2004) reported that there is a considerable 

variation in the contents of crude protein and crude fibre.  
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2.8.3    Nutritive value of rice straw 

Nutritive value of a given feed is generally determined by nutrient composition, intake 

and utilization, efficiency of digested matter, species of plant, stage of maturity at 

harvest, cultivars and leaf to stem ratio (FAO, 2000). The usefulness and nutritive value 

of crop residues can also be variable depending on the species of livestock to which it is 

offered. Cattle, which retain fibrous matter in the rumen slightly longer than sheep have 

presumable advantage with lower quality crop residues (FAO, 2000). In some rice plants, 

the stubble has been reported to be of higher nutritive value than the straw, yet intake of 

the straw by cattle still exceeds that of stubble (Wanapat and Kongpiroon, 1988). The leaf 

fraction of the straw is more acceptable than the more highly digestible stem fraction of 

the stubble (Wanapat and Kongpiroon, 1988). Nour (2003) reported that rice straw 

contains CP concentration ranging between 2.0 and 6.0%. According to the author, rice 

straw contains more silica (12-16%) and less lignin (6-7%) than other straws which 

contain 3-5% silica and 10-12% lignin. Silica is a mineral with no nutritive value. Sharma 

et al. (2012) stated that paddy straw has limited nutritive value (low crude protein and 

digestibility) and high silica content; it should be used only as replacement for part of the 

forage in a ration (Daniel et al., 2002). It should not be used as a complete ration. When 

straws are fed to ruminants, the primary limitations to production are low overall 

digestibility, slow rate of passage in the rumen, low propionate fermentation pattern in 

the rumen, and low contents of fermentable nitrogen and by-pass protein (Daniel et al., 

2002).  
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2.9 Utilization of rice straw in ruminants  

Rice straw is potentially an important energy feed for ruminants as it is rich in 

carbohydrates (Jung et al., 1993). The authors further stated that, the potential of rice 

straw as an energy source is limited because of its complex lignified cell wall structure, 

which shields the energy yielding nutrients from microbial degradation in the rumen. The 

utilization of rice straw can be increased, provided some measures are taken to modify 

the structure of its cell walls (Chenost and Kayouli, 1997). Heuze and Tran (2013) stated 

that rice straw can be treated in order to improve its nutritive value and that those 

treatments are designed to enhance feed intake or/and digestibility. They added that 

improving digestibility may be achieved through mechanical, chemical, heat and pressure 

treatments. Nisa et al. (2004) stated that enhancement of the nutritive value of dry 

roughages with physical, chemical or biological treatments have been the focus of 

research. Liu and Orskov (2000) stated that numerous methods of physical, chemical and 

biological treatments have been investigated including supplementation with other 

feedstuffs on components in order to improve the utilization of rice straw by ruminants. 

According to Smith et al. (1979) nutritional value of poor quality feed stuffs can be 

increased by the following methods which include: ensiling, dehydration, single cell 

protein production pelleting, deep stacking and chemical enhancement of digestibility; 

ensiling is considered the most economical process. 

2.9.1 Voluntary intake of rice straw 

Animal performance is the product of supply, nutrient concentration, intake, digestibility 

and metabolism (Martens, 1994). Voluntary intake and digestibility are of great 

importance in evaluating roughage quality. The metabolism regulating voluntary intake 
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of low quality feeds such as rice straw is still not fully understood (Sarnklong et al., 

2010). The generally accepted theory of feed intake regulation for poor quality roughages 

is that the capacity of the rumen to process the feed is the major factor determining 

voluntary feed intake (Baile and Forbes, 1974). Pearce et al. (2014) stated that voluntary 

intake of highly digestible forages is controlled by metabolic factors or is linked to 

requirements for maintenance and production. In the case of poorly digestible materials, 

however, attention has been focused on physical control of intake, particularly distension 

of, and removal from, the reticulo-rumen (Pearce et al., 2014).  

 

The kinetic features of digestion for straws with varying proportions of nutrients and for 

straws which are supplemented to provide limiting nutrients are variable. According to 

Devendra (1997), the main determinants of intake and degradability of rice straw depend 

on their morphological characteristics such as the proportion of the different plant parts 

(leaves and stems), the chemical components in their tissues, their relative amounts of 

cell contents and cell walls and the physical and chemical nature of the cell walls. These 

influence the chewing behavior of animals and the extent of fragmentation in the reticulo-

rumen (Sarnklong et al., 2010). Supplementation of a ration of rice straw with protein, 

energy and / or minerals may optimize rumen function also maximizing utilization of the 

rice straw and increasing intake (Sarnklong et al., 2010). Different supplementations can 

be used, such as concentrates, molasses, multi-nutrient blocks, green leaves, crop residues 

and locally available by-products (Sarnklong et al., 2010). Straw intake and digestibility 

in ruminants are influenced by straw characteristics (including chemical composition, 

morphological and anatomical features, physical nature and palatability); by feeding 
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conditions (including the amount offered and the frequency of feeding); and by animal 

characteristics (including species/genotype, live weight, age, body condition, type and 

level of production and disease) (Pearce et al., 2014). The authors further stated that 

extremes of temperature and humidity and social interactions between animals may also 

affect intake. Eating rate has been used to evaluate herbage quality (Pearce et al., 2014).   

With wheat straw, material with a high proportion of stem is eaten much more slowly 

than leafy material (Pearce et al., 2014).  

  

Habituation is also a factor, because straws that are eaten relatively slowly in early tests 

may be eaten more quickly in later tests. This occurred particularly with rice straws in 

which, it is believed, silica levels, may have affected acceptability initially (Hartley and 

Jones, 1978). The specific plant causes of such animal responses are unknown. The silica 

content of rice straw affects its palatability and hence the amount ruminants will eat. The 

limiting factors for utilization of rice straw by ruminants are low crude protein, high fibre 

and low available energy contents (Van Soest, and Jones (1968). According to Doble and 

Walker (1977), the utilization of rice straw as livestock feed is limited due to its poor 

palatability and low digestibility. Some studies have shown that high silica and lignin 

contents of the rice straw impede digestion by ruminants (Hartley and Jones, 1978). Rice 

straw is usually fed untreated without supplements in spite of the fact that many methods 

for improved utilization of rice straw have been developed and recommended (Sarwar et 

al., 2002).  Because roughages remain in rumen longer due to high concentration of 

indigestible fibre and lignin, intake is reduced and thus impedes ruminant productivity 

(Sarwar et al., 2002). Preston (1985) reported that ammoniation usually decreases 
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digestibility by 5-10 % nitrogen content by 1-2 % DM and voluntary intake by as much 

as 50 % when offered free choice. Most data reviewed (Rehrahie, 2001; FAO, 2002) have 

shown decreased Nitrogen Detergent Fibre (NDF) and Acid Detergent Lignin (ADL), and 

a considerable increase in crude protein contents of the crop residues due to urea 

treatment.  

 

The crude protein content of treated straw is always higher than untreated straw 

indicating the effectiveness of treatment (FAO, 2002). Fall et al. (1989) indicated that 

urea treatment improved intakes (g/kgW0.75) from 48 to 61 with the corresponding 

improvement in digestibility (g/kg DM) from 428 to 545 for untreated and treated rice 

straw, respectively. Maximum use of straws as feed for ruminants depends on efficient 

fermentation by rumen microorganisms (Fall et al., 1989). Feeding rice straw should not 

exceed 25 %, but could be increased to 50 % if fed with supplement of feed having 14% 

crude protein or the entire ration with 2 pounds of tested liquid or block supplements 

(ANR, 2002). Dutta et al. (1990) reported higher digestibility coefficient of nutrients on 

urea treated rice straw based diet than those on untreated straw. Jackson (1977) reported 

that the crude protein content of the straw based diet could be increased by urea 

supplementation as urea is the cheapest source of nitrogen. The author further stated that 

urea treated straw contains higher crude protein than that of untreated straw. 

2.9.2 Selection in relation to physical characteristics of rice straws 

Weston (1985) included texture as a criterion governing acceptability of feeds and Hogan 

et al. (1986) suggested that animals select plant material on the basis of "tenderness." 

However, such characteristics are difficult to assess because, often, no one feature 

predominates and several factors interact (Sarnklong et al., 2010). In straws, such as 
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wheat and barley Wahed and Owen (1986) and Doyle et al. (1987) reported that animals 

usually show a preference for leaves rather than stems. In rice straw however, selection of 

leaves in preference to stems may not occur (Doyle et al, 1987), possibly because the leaf 

blades contain more silica than the stems (Van Soest, 1982).   

 

2.10 Constraints to rice straw utilization 

 

Several studies have been reported on the physical and chemical characterization and 

utilization of rice straw as ruminant feed (Vadiveloo, 2003). Rice straw consists of 

predominantly of cell walls, comprised of cellulose, hemicellulose and lignin (Sarnklog 

et al., 2010). To breakdown these components cellulase, hemicellulase and ligninase are 

required (Schiere and Ibrahim, 1989). These enzymes are not produced by the animals 

themselves but the reticulo-rumen of ruminants contains microorganisms that do produce 

cellulase and hemicellulase (Sarnklog et al., 2010). However, lignin cannot be broken 

down in the rumen due to the lack of ligninase (Sarnklog et al., 2010). Even if lignin 

could be degraded in the rumen it would not provide much energy for the animals 

(Sarnklog et al., 2010).  Lignin however, has important effects on livestock production 

through effects on degradability and feed intake (Sarnklog et al., 2010). Han and Ha 

(1989) reported that rice straw is low in lignin (3-5 %) and contains 52-55 % cellulose 

and hemicellulose suggesting a potential source of energy for ruminants. The authors 

however stated that because rice straw is high in silica (9-15 %) and its structure is 

resistant to rumen microbial digestion, some chemical and physical treatments are 

necessary for maximum utilization as feedstuff.  According to Jackson (1977) high fibre, 

lignin, silica and low crude protein and mineral status and low nitrogen contents of cereal 

straws are responsible for their low voluntary intake. With regard to forages, it has been 
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traditionally defined as the complex of dietary nutrients that are relatively resistant to 

digestion and are slowly and only partially degraded by herbivores (Chesson and 

Forsberg 1988). By this definition, fiber is composed of structural polysaccharides, wall 

proteins, and lignin. The main anti-quality role of lignin in forages is in limiting digestion 

of the structural polysaccharides cellulose and hemicellulose (Hatfield et al., 1999). 

Lignification controls the amount of fiber that can be digested and, therefore, has a direct 

and often important impact on the digestible energy (DE) value of the forage (Jung and 

Allen 1995).  

 

Lignification also influences the amount of dry matter that can be consumed by an animal 

(Mertens, 1994). The undigested portion of the forage passes slowly through the digestive 

system and contributes to the fill effect of the diet (Mertens, 1994).  The greater the 

concentration of un-degradable fibre in the diet the less dry matter an animal can 

consume (Mertens, 1994). Therefore, lignifications impacts forage nutritive value by both 

decreasing DE concentration and limiting dry matter intake (Moore et al. 1993). It is an 

established fact that lignin concentration of forages is negatively correlated with 

digestibility (Jung and Deetz, 1993). The reason DM digestibility is negatively correlated 

with lignin concentration is because the concentration of lignin always increases as cell-

wall concentration rises, and forage cell walls are always less digestible than cell soluble. 

Rice straw contains less lignin than other straws but has higher silica content. The leaves 

contain more silica than stems (Van Soest, 2006). Rice straws are more digestible than 

leaves because their silica content is lower, therefore the paddy crop should be cut as 

close to the ground as possible if the straw is to be fed to livestock (Jackson, 1977). Silica 

http://www.feedipedia.org/node/2983
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is cell-wall bound or soluble. They are excreted in the urine and some calculi may occur 

but do not seem to be a serious problem. Silica and lignin in that order are the primary 

limiting factors in rice straw quality. Silicon is a nutrient element which has been 

overlooked largely because of its assumed inertness, but also because of its geochemical 

abundance that so greatly exceeds its metabolic use by plants and animals (Van Soest, 

2006). Silica, one element of the rice cell walls can be present in high concentrations 

ranging from 5 % to 15 % depending on the rice variety (Vadiveloo, 1992) and the 

availability of this mineral in the soil (Agbagla- Dohnani et al; 2003). Silica reduces 

digestibility of rice straw in the rumen due to its direct action in preventing colonization 

by ruminal microorganisms (Bae et al; 1997; Agbagla-Dohnani et al., 2003). The role of 

silica on the quality of rice straw was also reviewed by VanSoest (2006) in an attempt to 

put into perspective the problems of silicon metabolisms. Furthermore, Heuze and Tran 

(2013) stated that excessive feeding of rice straw produces harmful effects, as it contains 

oxalic acid which binds the calcium in the diet. 

 

Daniel et al. (2002) highlighted challenges in feeding rice straw which include poor 

palatability, low digestibility due to very high silica content (8-14 %) particularly true in 

the rice leaves which contains the highest levels of silica. The high silica level combined 

with other mineral compounds produces an average ash content of 17 % for rice straw. 

Low protein (2-7 %) CP and high oxalates rice straw differs from other straws in having a 

higher content of silica (12-16 versus 3-5 %) and a lower content of lignin (6-7 versus 10-

18 %) whereas in all other straws lignin is the chief cause of low digestibility, in rice 

straw it is silica. The nutritive value of a feed is determined by (a) the concentration of 
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nutrients in the feed, (b) the amount eaten, (c) the proportion of the nutrients digested and 

(d) the efficiency with which absorbed nutrients are used (Pearce et al., 2014). Data on all 

of these components are rarely available for cereal straws, and indices, such as chemical 

composition and digestibility values, are commonly used to assess nutritive value (Pearce 

et al., 2014). Very few in vivo digestibility experiments have been conducted using cereal 

straw fed alone (without supplements) and most digestibility measurements are made in 

vitro (Pearce et al., 2014). 

 

Rice straw is low in nutritive value with low level of protein 2–5% DM), high fiber and 

lignin content (NDF>50 %), low DM digestibility (<65 %) thus resulting in low 

voluntary feed intake (1.5- 2.0 %) (Wanapat et al., 1985). Because of its low energy and 

protein content, the straw alone cannot support normal growth, causing a loss of body 

mass (Parnich, 1983). It should be used only as a replacement for part of the forage in a 

ration and not be used as a complete ration (Daniel et al., 2002). Studies have shown 

mixed results, depending on the quality of the straw and how it was used in the ration 

(Nader, 2000). Poorer animal performance has usually occurred when rice straw was the 

only feed. Rice straw contains high levels of oxalates (1-2 % DM) that are known to 

decrease calcium concentration and thus require calcium supplementation throughout the 

diet (Van Soest, 2006). Straws contain about 80 % of substances which are potentially 

digestible and are therefore sources of energy but actual digestibility by ruminants is only 

45 to 50 % (Jackson, 2010). Furthermore, the amount an animal can eat is limited to less 

than 2 % of body weight because of slow rate at which it is fermented in the rumen 

(Jackson, 2010). For good growth on straw diets, a level of 8 to 10 % protein is needed 

http://www.feedipedia.org/node/2983
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for young stock with subsequent improvement in consumption and energy intake 

(Jackson, 1979). The level of phosphorus in rice straw (0.02 to 0.16 %) is less than the 

level of about 0.3 % that animals need for growth and normal fertility (Jackson, 1979).  A 

level of about 0.4 % calcium in the diet is usually considered adequate for livestock and 

many samples of rice straw have this amount, the range being from 0.25 to 0.55 % 

(Jackson, 1979).  

  

Rice straw does not contain enough sugars, amino acids and minerals for efficient 

microbial growth, therefore feeding ruminants with only rice straw, without any 

supplement of other required nutrient sources will result in poor performance of the 

animals (Doyle et al., 1986). Animals fed un-supplemental straw diet will usually not 

gain any weight and very often will actually lose weight Sarnklog et al., 2010). The 

combination of low intake, low degradability, low nitrogen content and an unbalanced 

mineral composition means that rice straw alone may not even meet the animals’ 

maintenance needs (Sarnklog et al., 2010). Poor degradability is caused by a series of 

factors (Schiere and Ibrahim, 1989). The fibre is very difficult to degrade which is partly 

an intrinsic characteristic of the straw fibre (Sarnklog et al., 2010). Biogenic silica, 

especially in the cuticle layer is a barrier to stop pathogens from attacking the plant 

tissue, including cellulose during rice growth (Daren et al., 1994) but also reduces the 

digestion of rice if harvested (Wilson, 1993). Among the trace elements affecting 

digestibility is silica, the content of which in rice straw varies between genotypes and 

according to growing conditions (Juliano, 1988). 
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Environmental factors such as location, climate, soil fertility and soil type have also been 

found to influence the nutritive value of crop residues (Van Soest, 1988). Digestibility of 

roughage is related to temperature, reflecting a negative correlation with increase in 

temperature in which high temperature increases the rate of enzymatic process associated 

with lignin biosynthesis promoting lignifications of cell wall and more rapid metabolic 

activity resulting in decreased pool of metabolites in the cell (Van Soest, 1988). 

 

The quality of rice straw depends on many factors: variety, time between harvest and 

storage, nitrogen fertilization, plant maturity and weather conditions (Drake et al., 2002) 

The high level of lignification and silicification of the carbohydrate and the slow and 

limited ruminal degradation of the carbohydrate; as well as low content of nitrogen as the 

main deficiencies of rice straw affecting its value as feed for ruminants (VanSoest, 2006). 

The most widely used measure of the nutritive value of a feed is its digestibility 

(VanSoest, 2006).  The digestibility of the leaf of rice is characteristically lower than the 

stem (Phang and Vadiveloo, 1992). As leaf comprises some 70% of whole straw 

(Vadiveloo, 1995), low leaf digestibility reduces the overall quality of rice straw and 

limits its use as an animal feed. Although digestibility is important, it is not the sole 

determinant of the nutritive value of a feed (Vadiveloo and Fadel, 1992). With low 

quality feeds, feed intake and compositional characteristics are also important (Madsen et 

al., 1997). Rice straw varies greatly in its feeding value with crude protein (CP) values 

from 2 to7% and acid detergent fibre (ADF) values from 46 to 56%. Some of the factors 

that may influence quality include days between grain harvest and baling, nitrogen 

fertilization, soil type and rice varieties, (Daniel et al., 2002) 
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2.11 Environmental impact of rice straw  

Burning of straw causes atmospheric pollution and nutrient loss although it is a cost 

effective method for straw disposal. Also, it helps to reduce diseases that may occur due 

to re-infection from inoculum in the straw biomass (Keshtkar et al., 2007).When rice 

straw is burned or ploughed down, it may cause air pollution or leachates. Ploughing 

down will also propagates fungi (Kadam et al., 2000). Lemieux et al. (2004) stated that 

biomass burning has effect on global climate by emitting particulate matters and other 

gaseous pollutants. One tonne of rice straw burning releases 3 kg particulate matter, 60 

kg CO, 1460 kg CO2, 199 kg ash and 2 kg SO2 (Jenkins and Bhatnagar, 2003). Lung and 

respiratory diseases caused by burning adversely affect public health (Wang and 

Christopher, 2003). Pollutants emitted during biomass burning can produce significant 

changes in blood parameters as indicated by increased lymphocytosis, eosinophilia and 

neutrophilia in sheep (Ahmed et al., 2003), oxidative stress (Rivero et al., 2005) as well 

as kidney (Uboh et al., 2010) and liver dysfunction in buffaloes (Massaguer et al.,2002). 

Biomass burning releases considerable amounts of some environmental toxicants which 

function as endocrine disruptors and integrity of reproductive function in mammals and 

ultimately contribute to infertility (Smith et al., 2007).  Disappeared estrous activity, 

increased number of services per conception and high incidence of smooth ovaries with 

low progesterone level were evidenced in cross bred cows (Ahmed et al., 2003; Hozein, 

2011) with impairment of reproductive health and adverse effects on fetal outcomes is 

increasingly recognized (Veras et al., 2009). Feeding rice straw to livestock is a way to 

reduce its environmental impact and to make it as an energy source and as a protein 

provider. 

http://www.feedipedia.org/node/2962
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2.11.1 Rice straw as a source of organic manure  

Rice straw is the only organic material available in significant quantities in most rice 

farms. About 40 % (N), 30-35 % of (P), 80- 85 % of (K) and 40 -50 % of (S) taken up by 

rice remains in vegetative plant parts at crop maturity (Emtenan et al., 2012). Straw is 

also an important source of micronutrients such as zinc (Zn) and the most important 

influence on the cumulative silicon (Si) balance in rice (Emtenan et al., 2012).  Whereas 

mineral fertilizers are used and straw is incorporated, reserves of soil N, P, K and Si are 

maintained and may even be increased (Emtenan et al., 2012). Whereas S-free mineral 

fertilizers are used, straw may be an important source of S, thus, straw burning should not 

be practiced. In contrast, burning effectively transforms straw into a mineral K nutrient 

source and only a relatively small amount of K is lost in the process (Emtenan et al., 

2012). Straw is removed from the field, burned in situ, piled or spread in the field, 

incorporated in the soil, or used as mulch for the following crop. Each of these measures 

has a different effect on overall nutrient balance and long-term soil fertility (Dobermann 

and Fairhurst, 2002). In areas where harvesting has been mechanized (e.g. Thailand, 

China and northern India), all the straw remains in the field and is rapidly burned in situ, 

therefore, losses of S, P and K are small (Keshtkar et al., 2007). In Indonesia and 

Philippines, straw is heaped into piles at threshing sites and burned after harvest. The ash 

is usually not spread on field and transferred from the periphery of the field to the center, 

or even from surrounding fields to the center field where the residues are burned. Over 

time, this practice results in the accumulation of nutrients (K, Si, Ca, Mg) in some parts 

of the field and nutrient depletion in other parts (Emtenan et al., 2012). Incorporation of 

straw and stubble into wet soil (during plowing) results in temporary immobilization of N 
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and a significant increase in methane (CH4) emission from rice paddy, a practice that 

contributes to greenhouse gases (Emtenan et al., 2012). Incorporation of large amounts of 

fresh straw is either labour-intensive or requires suitable machinery for land preparation 

and may result in the build-up of disease problems (Emtenan et al., 2012). Transplanting 

should be carried out two to three weeks after straw incorporation (Emtenan et al., 2012). 

 

2.12 Chemical treatment of rice straw 

Chemicals used to improve the utilization of rice straw may be alkaline, acidic or 

oxidative agents. Among these, alkali agents have been most widely investigated and 

practically accepted for application on farms (Sarnklong et al., 2010). Basically, these 

alkali agents can be absorbed into the cell wall and chemically break down the ester 

bonds between lignin and hemicellulose and cellulose and physically make the structural 

fibers swollen (Chenost and Kayouli, 1997). These processes enable the rumen 

microorganisms to attack more easily the structural carbohydrates, enhancing 

degradability and palatability of the rice straw (Prasad et al., 1998; Selim et al., 2004). 

The most commonly used alkaline agents are sodium hydroxide (NaOH), ammonia (NH3) 

and urea (Sarnklong et al., 2010). Since the beginning of the 19th century, attempts have 

been made to improve the digestibility and nutritive value of crop residues (Meng, 2002). 

The author reported that a major breakthrough was chemical treatment to remove 

encrusting substances (cellulose, hemicellulose and lignin). 

   

Many chemicals have been screened in laboratory experiments for their potential to 

enhance digestibility of crop residues (Meng, 2002). However, only three are being 
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routinely used in animal research: sodium hydroxide (NaOH), ammonia (NH3), and 

calcium hydroxide (CaOH) (Meng, 2002). Much emphasis has been put on straw 

upgrading techniques using treatment with chemicals (Owen and Jayasuriya 1989a), 

sodium hydroxide or ammonia in temperate countries and urea-ammonia in tropical 

countries. Treatment with these chemicals increases digestibility by 100 to 150 g 

DOM/kg DM and increases intake by about 4 g DM/kg live weight/day (25%) (Owen and 

Jayasuriya, 1989a). 

2.12.1 Sodium hydroxide treatment 

Several NaOH treatment methods to improve the use of crop residues for ruminant 

feeding have been developed by Jackson (1977) and Arieli (1997). The principal 

advantages of the different NaOH treatments are increased degradability and palatability 

of treated straw compared to untreated straw (Chaudhry and Miller, 1996). However the 

application of NaOH can be a cause of environmental pollution, resulting in a high 

content of sodium in the environment (Sundstol and Coxworth, 1984). NaOH treatment 

involves washing the straw after treatment and may cause water pollution. Sodium 

hydroxide treatment of crop residues has been investigated and used (Meng, 2002). The 

procedure basically followed the "dry method," where NaOH is applied at 3-5 % and the 

moisture content is 20-30 % of DM (Meng, 2002). 

 

Alkali treatment may saponify the ester bonds between lignin and carbohydrates or the 

phenolic acid-carbohydrate complexes in plant cell wall (Meng, 2002). The author further 

stated that through these effects, structural carbohydrates in both lignified and unlignified 

plant tissues become more digestible, with consequent increase in rate and digestibility 
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(Meng, 2002). The treatment with NaOH results in increase in crop residue palatability 

and digestibility, and in animal performance (Xiong, 1986). Steers fed rations based on 

NaOH-treated wheat straw gained 20 percent faster than did the control group when 

concentrate was half of total ration (Sun, 1985). Ye et al. (1999) reported that dairy cows 

fed NaOH-treated rice straw diets ingested 1.9 kg (86.4 percent) more straw and 

produced 1.4 kg (7.9 percent) more milk per day than those on untreated-straw diets. 

Although NaOH treatment works effectively in improving the nutritive value of crop 

residues, NaOH is expensive, corrosive and its use may result in significant excretion of 

sodium ions in animal excreta (Meng, 2002). The author further reported that long-term 

accumulation of sodium may lead to soil fertility problems and environmental pollution. 

2.12.2 Ammonia treatment of rice straw 

Treatment of straw with anhydrous or aqueous ammonia (NH3) or other ammonia 

releasing compounds has been widely investigated to improve degradability (Abou EL-

Enin et al., 1999).  Ammonia treatment not only increases the degradability of the straw, 

but also adds nitrogen (Abou-EL-Enin et al., 1999) and preserves the straw by inhibiting 

mould growth (Calzado and Rolz, 1990). Besides, ammonia treatment is an effective 

means of reducing the amount of supplemental nitrogen, reducing the costs of purchasing 

protein-rich feedstuffs and enhancing acceptability and voluntary intake of the treated 

straw by ruminants. The ammonia treatment slightly decreased NDF and increased ADF 

contents indicating that the cell wall properties were changed (Sanklong et al., 2010). 

Moreover, ammoniated rice straw is characterized by low physical strength, higher 

proportion of small feed particles with more attachment and growth of the rumen bacteria 

(Selim et al., 2002). The reduced particle size and the increased attachment sites could 
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lead to subsequent increased microbial colonization and digestion (Sanklong et al., 2010). 

Ammonia treatment increases feed value by making the cell wall more available for the 

rumen microorganisms and also the increased Nitrogen content improves microbial 

growth (Sanklong et al., 2010). Ngele et al. (2009) reported that the crude protein content 

in crop residues can be increased by ammoniation. 

2.12.3 Lime (CaO)/Ca (OH)2 treatment of rice straw 

Lime (CaO)/Ca(OH)2) has been thought of as a potential alkali for straw treatment since 

it is cheap and readily available (Sundstøl, 1985; Doyle et al., 1986). Calcium (Ca) 

residues, which remain in the treated straw, cause no serious problems to the animal or to 

the environment (Chaudhry, 1998).  Research has already been carried out to examine 

effects of treatment with lime on the nutritive quality of cereal straw (Pradhan et al., 

1997). Combinations of lime and urea may be attractive for straw treatment (Owen et al 

1984; Sundstøl, 1985). Such a mixture would be able to combine treatment effects of 

both chemicals (Hadjipanayiotou 1984), together with the supplemental effects of the 

added Ca and nitrogen in the treated straw. In addition, mould inhibition is an important 

effect of ammonia released from urea from this mixture in moist straw (Zaman and 

Owen, 1995; Zaman et al., 1994; Pradhan et al., 1997). In such a combination neither the 

level of urea, and thus residual NH3, nor Ca would be necessarily as high as if the 

chemicals were used alone (Nguyen et al., 2001). In addition, since the amount of urea 

can be reduced at the expense of a cheaper chemical (lime), the mixture would be more 

economical, as long as the overall treatment effect is maintained or enhanced (Nguyen et 

al., 2001). Moreover, the quality of animal excreta as fertilizer would be increased due to 

the residual N and Ca (Nguyen et al., 2001). Nevertheless there may be associative 
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effects when the two chemicals are put together for straw treatment (Nguyen et al., 

2001). 

 

According to Van Soest (1994) calcium hydroxide may enhance the treatment effect of 

urea because urea normally hydrolyses into ammonium carbonate, a weaker base than 

ammonia that yields ammonium hydroxide in water as the treatment chemical, when urea 

is used with lime calcium hydroxide will remove carbonate from ammonium carbonates 

and generate hydroxide.  Calcium hydroxide has been shown to become more effective 

when combined with ammonia or urea for straw treatment (Males, 1987). High alkalinity 

induced by lime may inhibit the activity of urease. Research works have indicated, on the 

one hand, the presence of urease activity and, on the other hand, its partial inhibition 

under lime plus urea treatment conditions (Pradhan et al., 1997). Calcium hydroxide is 

generally less effective in treating crop residues than other alkaline sources such as 

NaOH or NH3 (Meng, 2002). Combining Ca(OH)2 with urea or other alkalis seems to 

solve this problem. Mao and Feng (1991) showed that rice and wheat straw treatment 

increased the CP content by 3.5 times (8.3 vs 3.1 %) and in situ DM digestibility by 69.8 

% (65.9 vs 38.8). In a feeding trial (Feng, 1996), dairy heifers fed such treated rice straw 

showed significant increases in dietary DM intake (from 6.56 to 6.89 kg), weight gains 

(from 829 to 898 g/day), feed conversion (7.9:1 to 7.6:1) as compared with those fed the 

untreated straw. Cao et al. (2000) reported significant improvements in the nutritive value 

of wheat and rice straws as a result of combination treatment with urea, calcium 

hydroxide and common salt. 
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Combined treatment reduced the content of NDF, ADF and hemicellulose, but did not 

change the content of cellulose and lignin over the untreated straw (Cao et al., 2000). The 

in vitro DM digestibility of treated straws was enhanced relative to untreated straws (Cao 

et al., 2000). Growth performance data with cross-bred beef cattle fed the combined, 

ammoniated or untreated rice straw diets revealed that cattle fed the combined diets had 

somewhat more dietary DM intake, better daily gain, improved feed conversion and 

considerably reduced feed cost per kg of weight gain than cattle on either untreated or 

ammoniated straw diet (Cao et al., 2000). Saadullah et al. (1980) concluded that 

treatment of rice straw with ammonia through urea is as efficient as anhydrous ammonia. 

Ngele et al. (2009) reported that the crude protein content in crop residues can be 

increased by ammoniation. 

2.12.4 Urea treatment of rice straw 

One of the most promising methods of ammoniation is to use fertilizer grade urea as a 

solution (4–5% w/w) and preserve the sprayed material under air tight conditions for 3–4 

weeks (Sundstol andCoxworth, 1984). The method developed by Jackson in India and 

tested and modified by animal nutritionists in this region (Jayasuriya and Perera 1982) 

has clearly demonstrated that this treatment increases digestibility and intake of the 

residue leading to increased animal production. Urea treatment of poor quality roughages 

has earlier been reported (Lufadeju et al., 1985) to improve feed utilization by enhancing 

rumen microbial protein synthesis, which increases forage degradation and voluntary 

intake. Rice straw can also be treated with urea, which releases ammonia after dissolving 

in water (Schiere and Ibrahim, 1989). For practical use by farmers, urea is safer than 

using anhydrous or aqueous ammonia and also provide a source of nitrogen (crude 
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protein) in which straw is deficient (Schiere and Ibrahim, 1989). Urea can be obtained 

easily in many developing countries as it is easy to handle and transport (Sundstol and 

Coxwoth, 1984) and cheaper than NaOH or NH3. The most common NPN source used in 

ruminant feeding is urea (Whittier, 2013)  Many other products have been used 

experimentally and commercially, but most of them do not compare favourably to urea, 

because of greater toxicity, higher cost or lower palatability (Whittier, 2013). As 

treatment of straw with urea can be done under very simple storage conditions (Dolberg 

et al., 1980), and since urea is cheap, easy to handle, the efficiency of urea in straw 

treatment has made the method potentially available to many more small farmers living 

in remote villages with poor or no access to roads. Urea, a common chemical fertilizer, is 

readily available in many parts of the tropics, and is a relatively safe chemical that is easy 

to store and also easy to dissolve in water. In addition, urea is a solid chemical, so it is 

easy to handle and transport (Sundstol and Coxworth, 1984). Another advantage of urea 

is that in many developing countries, it is considerably cheaper than NaOH or ammonia, 

and is much more readily available (Sundstol and Coxworth (1984). Rice straw and other 

fibrous materials are normally low in protein (Hang, 2003). Therefore the added nitrogen 

is considered as one of the advantages of urea treatment (Nguyen, 1998). Saadullah et al., 

(1981c) reported an increase of 2.3 –2.5 times the CP in the untreated straw concentration 

of 33 g/kg DM. Treated straw CP increased significantly with urea concentration in the 

treatment (Verma et al., 1996) and a concentration of 40 to 50 g urea/kg DM straw is 

considered to be an appropriate level (Verma et al., 1996). 
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The advantage of using higher levels was marginal in terms of digestibility. The 

magnitude of the CP increase of treated straw varies according to many factors such as 

material, environment and procedure of the treatment process (Hang, 2003). Variation of 

material CP concentration determines the magnitude of the increase, and higher increases 

were noted for straws with low CP concentration after urea treatment, as shown in many 

studies (Promma et al., 1994; Agrawal et al., 1989 and Chowdhury and Huque., 1996). In 

studies on fresh rice straw the CP increases were from 3.6 to 6.4 fold over that of 

untreated fresh rice straw CP concentration (4.8 % of DM) in the study of Chowdhury 

and Huque (1996), 2.1 fold in the untreated rice straw (6.88 % of DM) in the study of 

Man and Wiktorsson (2001). Urea can be a substitute for alkali as a delignification agent 

through ammoniation. Urea treatment is a conventional technique for improving the 

quality of rice straw, especially increasing the nitrogen content (Shema et al., 1998). 

Crude protein intake is a major determinant of ruminant performance due to increase 

availability of fermentable protein and other nutrient required by rumen bacteria as well 

as a greater opportunity for dietary protein to escape rumen fermentation (Anele et al., 

2010). In sheep rations, the amount of protein is much more important than quality of 

protein since mature sheep like any other ruminant, use the naturally occurring protein 

and non-protein nitrogen (urea) in their diets effectively (Clay, 2000). 

  

According to Trach et al. (2001) urea treated rice straw could increase overall intake, 

digestibility thus enhanced the performance of ruminant as compared to untreated rice 

straw. To increase the nitrogen content, urea treatment of straw promotes saponification 

of phenolic ester linkages (Dias-da-Silva and Guedes, 1990). According to Hanafi et al. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092894/#b13-ajas-26-12-1689-5
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(2012) urea treatment may be the most suitable method for small-scale farmers to 

improve the quality of straws. It was reported (Khejornsart and Wanapat, 2010) that 

reducing levels of urea could be used as an alternative to 5% urea for treatment; and that 

treating rice straw with 3% urea could maintain the nutritive value, especially those of 

ammonia nitrogen (NH3-N), total VFA and propionate concentration when compared 

with 5 % UTRS in vitro. An additional effect of urea treatment seems to be that it 

increases the content of extractable biogenic silica (Shen et al., 1998), and thus enhances 

its digestibility (Dias-da-Silva and Guedes, 1990). Urea, when used for treatment of 

straw, enhances the nutritional quality of the straw in terms of increased nitrogen content, 

improved palatability and digestibility (Wongsrikeao and Wanapat, 1985). Urea 

treatment is also a suitable method for improving the feeding value of rice straw or the 

nutritional level of a diet based on rice straw (El-shobokshy et al, 1989). During the 

treatment process, ammonia is generated from urea, and in the presence of water it forms 

an alkali, ammonium hydroxide (Hang, 2003). It has been well-established that alkali 

treatment makes the cell walls more available for fermentation in the rumen (Hang, 

2003). In warmer climates urea treatment is more feasible because of the easy availability 

of urea and its quick breakdown into ammonia compounds under higher ambient 

temperatures (Walli et al., 1995). Urea is cheaper, readily available and assumed to be 

equivalent to anhydrous or aqueous ammonia for upgrading cereal straws in the warmer 

regions of the world (Jabbar et al., 2009). Urea treatment is also a good preservation 

method (Wilkins, 1998). Ammonia, trapped in the straw heap or bag, causes an increased 

straw pH (>8) that inhibits oxidative and microbial fermentation (Wilkins, 1998) and 

keeps treated straw in a good condition. Urea treatment has emerged as the method of 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092894/#b13-ajas-26-12-1689-5
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choice for use at farm level in the tropics as it is best adapted to the condition of 

smallholder farmers (Chenost, 1995). The use of urea as a precursor of ammonia has been 

recommended for developing countries with low technological base for its safety in 

application, availability in the local markets at cheap cost and preservative properties (El-

shobokshy et al, 1989). However, the adoption rate of this technique remained low 

(Chenost, 1995). One reason may be the relatively tedious technology and high 

requirement of labour. O'Donovan et al. (1997) reported that the urea treatment process 

would be popular if it is simple, practical and the material to be used in the treatment is 

available on the farm. The amount of urea needed to effectively treat straw is considered 

to be more than the optimum amount of ammonia for microbial growth in the rumen 

(Chenost, 1995). Urea treatment is a two-stage process consisting of ureolysis, where 

urea is converted to ammonia and the effect of generated ammonia on the cell walls of 

the forages being treated (Chenost, 1995). 

  

The key to improve the use of crop residues for ruminants is to overcome the barriers to 

rumen microbial fermentation of hemicelluloses (Chenost, 1995). The two well-known 

factors of rice straw that limit bacterial digestion in the rumen are its high level of 

lignifications and low contents of nitrogen, vitamins and minerals (Chenost, 1995). The 

author reported that, in principle, there are two approaches, which should be taken in 

combination, straw delignification treatment and nutrient supplementation (Chenost, 

1995). There are many variations in the methods of treatment of low quality roughages 

with urea. However, the principal method consists of dissolving urea in water and 

sprinkling it on layers of straw (Chenost, 1995). Water is used to dissolve and hydrolyze 
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urea in urea treatment and also to act as a means of moving ammonia compounds into the 

straw (Hang, 2003). Too low water to straw ratios result in low N content, but too wet 

straw allows fungal growth, particularly if ammonia escapes (Hang, 2003). An amount of 

water ranging from 30 – 65 liter per 100 kg DM straw seems to be optimum, depending 

upon the water availability (Rai et al., 1993). The level of urea used varies, but it is 

commonly between 4%-5% of air dried mass of the straw, and the amount of water varies 

from as low as 0.2 litres per kg of straw (Sundstol and Coxwell, 1984; chenost, 1995). 

The treatment period depends on the temperature of the surrounding and may be as low 

as 1 week in warm areas and up to 8 weeks in cold environment (Chenost, 1995).  

 

Increased straw digestibility due to urea treatment has been well documented previously 

(Doyle et al., 1986; Ibrahim and Schiere, 1989). Urea treatment may therefore be most 

suitable for small-scale farmers to improve the quality of straws particularly varieties 

showing a low degradability (Sarnklong et al., 2010). Urea treatment may also weaken 

the bonds between the silica-covered cuticles and underlying tissues (Bae et al., 1997) 

thus removing an important barrier to digestion and exposing the underlying silica free 

tissues to enzymatic action. However, the application of urea treatment by farmers in the 

village level may be limited due to the fact that it is labour intensive and time consuming 

and causes management problems (Cheva and Jaerachi, 1987). 

 

2.13 Effect of chemical treatment of rice straw 

Chemical treatment of rice straw enhances the nutritional quality of the straw in terms of 

increased nitrogen content, improved palatability and digestibility (Chenost and Kayouli, 
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1997). It is also a suitable method for improving the feeding value of rice straw or the 

nutritional level of a diet based on rice straw (Chenost, 1995). An additional effect of 

chemical treatment of rice straw seems to be that it increases the content of extractable 

biogenic silica (Shen et al., 1998), and thus enhances its digestibility (Dias-da-Silva and 

Guedes, 1990). To increase nitrogen content, treatment of rice straw with chemical 

promotes saponification of phenolic ester linkages (Dias-da-Silva and Guedes, 1990). 

2.13.1 Effect of chemical treatment of rice straw on intake and digestibility.  

 Hart and Wanapat (1992) indicated that chemical treatment like (5 %) urea treated rice 

straw improved overall intake, nutrient digestibility, VFA production and increased 

passage rate of particles in the rumen. A comparative study of chemical treatment 

methods was conducted by Wanapat et al. (1985), it was found that based on digestibility 

and energy utilization studies that the most efficient treatments ranked from highest to 

lowest were; wet NaOH treatment, dry NaOH treatment, anhydrous NH3 treatment, urea 

treatment and untreated rice straw. In addition, the use of ammonia bicarbonate treatment 

has been shown to increase the fiber digestion kinetics, nutrient digestibility and nitrogen 

balance (Liu et al., 1995). Jayasuriya and Perera (1982) have clearly demonstrated that 

urea treated rice straw increases digestibility and intake leading to increased animal 

production. Similarly, Fadel Elseed (2005) and Wanapat et al. (2009) reported that urea 

treated rice straw could increase overall intake, digestibility, thereby enhancing the 

performance of ruminants. 

 

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092894/#b14-ajas-26-12-1689-5
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Location of the study 

The study was conducted at the Livestock Farm of the Department of Agricultural 

Education, Sa’adatu Rimi College of Education, Kumbotso, Kano State, Nigeria. Kano 

lies on longitude 9°30' and 12°30' North and latitude 9°30’ and 8°42' East on an elevation 

of 468m. It has a mean daily temperature range of 30°C to 33°C and annual rainfall 

ranges between 787 and 960 mm (KNARDA, 2001). Kano is characterized by wet and 

dry climate, a wet season (May-September) and dry season October-April (Olofin, 1987).  

  

3.2     EXPERIMENT 1: Effect of feeding different proportions of urea treated rice straw 

and gamba hay on performance of growing Yankasa rams 

3.2.1    Experimental animals and management 

Twenty four (24) growing Yankasa rams aged 6-8 months with mean initial body weight 

of 15.77±2.5 kg were used for the study. The growing rams were procured from Danbatta 

and Gezawa markets in Kano State. Prior to the commencement of the experiment, the 

animals were given prophylactic treatments, consisting of intramuscular injection of 

Oxytetracycline and Vitamin B complex at the dosage of 1ml/10 kg body weight of the 

animal. The experimental animals were later drenched with 1ml/10 kg body weight of 

Albendazole® and treated against ectoparasites with 0.5 ml/10 kg body weight of 

Ivomec®. The animals were ear-tagged for identification and quarantined for a period of 6 

weeks. Adequate feed and clean fresh water were provided to the animals ad libitum. 
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3.2.2    Source of feed and processing 

Rice straw (Oryza sativa L.) was collected from rice farms in Danhassan, District of Kura 

Local Government Area of Kano State. The rice straw was chopped manually to a 

particle length of 3-5cm. Chopped rice straw was treated by dissolving 4.0 kg of urea 

grade fertilizer in 50 litre of water and sprinkled on 100 kg rice straw (Schiere et al., 

1988) and mixed manually. Thereafter, the chopped rice straw materials were stacked for 

14 days under air tight condition in PICS (Perdue Improves Cowpea Storage) sacks. The 

treated rice straw materials were left open to dry for three (3) days and ammonia gas 

escaped before being fed to the experimental animals.  

Gamba hay (Andropogon gayanus Kunth) was collected from two villages in Gabasawa 

Local Government Area of Kano State. The gamba hay was also chopped to a particle 

size similar to that of the rice straw. The treated rice straw and gamba hay were then 

bagged and stored in a store for two weeks before being used for animal feeding trial. 

3.2.3 Experimental treatments, design and feeding of animals  

The dietary treatments consisted of urea treated rice straw (UTRS) and gamba hay 

(Andropogon gayanus) proportions of 0:60, 20:40, 40:20 and 60:0. A concentrate diet 

consisting of maize grain, cotton seed cake, rice milling waste, wheat bran, bone meal 

and salt was formulated to contain 15 % crude protein (Table 3.1). The growing rams 

were balanced for weight and randomly assigned to four dietary treatments with 6 

animals per treatment in a Completely Randomized Design. Experimental animals were 

housed in individual pens of 2m x 1m dimension with corrugated iron roof and a concrete 

floor. The house was cleaned and disinfected and the animals were individually fed 

experimental diets. Roughage and concentrate were served in separate feed troughs. 
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Roughage diet (UTRS:gamba hay) was offered ad libitum while concentrate diet was fed 

at the rate of 1.5 % body weight individually throughout the feeding trial. The feed 

offered was adjusted at regular intervals of two (2) weeks along with changes in body 

weight. Clean fresh water was provided to the animals ad libitum throughout the period 

of the experiment. Daily records of feed intakes were taken by weighing the feed offered 

and the leftover (orts) the following day in the morning. The daily intakes of feed were 

estimated for each animal by subtracting the feed leftover from the quantity offered to the 

animals. Weight of individual animals was measured at the onset of the trial after an 

overnight fasting by withdrawing their feed and water from 7.00 pm to 8.00 am to obtain 

their initial weights and subsequently at 2 weeks intervals between 8.00 am and 9.00 am 

throughout the feeding trial. Weight gain was determined by subtracting the initial 

weights from the final weight within the feeding period. 

3.2.4 Blood sampling 

Blood samples were collected from the growing rams at the end of the growth trial, at 

zero time (before morning feeding) and at 2, 4 and 8 hours after feeding.  Five (5) ml of 

blood samples were drawn from the jugular vein of individual animals using sterilized 

19-gauge needle and syringe as described by Frandson (1986). The samples were placed 

in labeled sample bottles without EDTA for biochemical studies according to Ajagbonna 

et al. (1999). The blood samples were thereafter centrifuged for 5-10 minutes at 3000 

rpm to separate serum from blood cells (Coles, 1986). 
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Table 3.1: Composition of concentrate mixtures fed growing Yankasa rams 

Ingredients (%) 

Maize  20 

Rice mill waste                   19 

Wheat bran 35 

Cotton seed cake                      25 

Bone meal 0.5 

Salt 0.5 

Total 100 

Calculated CP (%) 

ME (Kcal/kg) 

15 

2753 
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3.2.5   Metabolism trial 

At the end of the growth trial, five (5) growing rams were randomly selected from each 

treatment and housed in metabolic cages for total faecal and urine collection as described 

by ILCA (1993). The animals were maintained on their respective treatment diets and 

allowed a 14-day adjustment period to the cages before faecal and urine collection for 7 

days. Water was provided ad libitum. Feed offered and orts, total faeces and urine voided 

were recorded for a period of seven (7) consecutive days. At the end of the collection 

period, all faecal samples from each growing ram were bulked and after thorough mixing, 

10 % of it was sub sampled and oven dried at 70 0C for 48 hours for dry matter 

determination. Total urine output for 24 hours from each animal was collected into a 

plastic container containing 20 ml of 0.2N HCl to prevent Nitrogen loss by volatilization 

(ILCA, 1993). The collected urine was strained through a layer of glass wool to remove 

detached hair fragments or other solid contaminants. At the end of the 7 day collection 

period, 10 % of total daily urine collected was sub-sampled and stored in the refrigerator 

at -16°C until required for Nitrogen determination. 

3.2.6   Chemical analysis 

Feeds and faecal samples were analyzed for proximate composition by the procedure of 

A.OA.C. (2007). Neutral Detergent Fibre (NDF), Acid Detergent Fibre (ADF) and Acid 

Detergent Lignin (ADL) were analyzed by the Method of Van Soest et al. (1991). 

Nitrogen (N) in the urine samples was determined by Kjeldhal Procedure (AOAC, 2007). 

The blood samples collected were analyzed for serum urea nitrogen by the Method of 

Tannins and Maylor (1968). Total protein was estimated by the method of Henry and 
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Stobel (1957). Serum creatinine was determined according to the method described by 

Lamb (1991). Serum glucose was determined by the method of Werner et al. (1976). 

 

3.3 EXPERIMENT 2: Effect of feeding different proportions of urea treated rice straw 

and gamba hay on performance of fattening Yankasa rams 

3.3.1 Experimental animals and management 

Twenty (20) intact Yankasa rams aged 12 – 18 months with mean initial body weight of 

21.87±2 kg were used for the study. The rams were procured from Danbatta and Gezawa 

markets in Kano State. Prior to the commencement of the experiment, the rams were 

given prophylactic treatments, consisting of intramuscular application of Oxytetracycline 

and Vitamin B complex at the dosage of 1ml/10 kg body weight of the animal. The 

animals were drenched with 1ml/10 kg body weight of Albendazole® and treated against 

ectoparasites with 0.5 ml/10 kg body weight of Ivomec®. The rams were ear-tagged for 

identification and quarantined for a period of 6 weeks. Adequate feed and clean fresh 

water were provided to the rams ad libitum.  

3.3.2    Source of feed and processing 

Rice straw (Oryza sativa L) was collected from rice farms in Danhassan, District of Kura 

Local Government Area of Kano State. The rice straw was chopped manually to a 

particle length of 3-5cm. Chopped rice straw was treated by dissolving 4.0 kg urea in 50 

litre of water and sprinkled on 100 kg rice straw (Schiere et al., 1988) and mixed 

manually. Thereafter, the chopped rice straw materials were stacked for 14 days under air 

tight condition in PICS (Perdue Improves Cowpea Storage) sacks. The treated rice straw 
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materials were left open to dry for three (3) days and ammonia gas escaped before being 

fed to the experimental animals.  

Gamba hay (Andropogon gayanus Kunth) was collected from two villages in Gabasawa 

Local Government Area of Kano State. The gamba hay was also chopped to a particle 

size similar to that of the rice straw. The treated rice straw and gamba hay were then 

bagged and stored in a store for two weeks before being used for animal feeding trial. 

3.3.3 Experimental treatments, design and feeding of animals 

The dietary treatments consisted of urea treated rice straw (Oryza sativa L) and gamba 

(Andropogon gayanus Kunth) hay proportions of 0:60, 20:40, 40:20 and 60:0. A 

concentrate diet consisting of maize grain, cotton seed cake, rice milling waste, wheat 

bran, bone meal and salt was formulated to contain 13 % crude protein (Table 3.2). The 

rams were weighed and randomly assigned to four dietary treatments with five (5) rams 

per treatment in a completely randomized design. Experimental animals were housed in 

individual pens of 2m x 1m dimension with corrugated iron roof and a concrete floor. 

The house was cleaned and disinfected and the animals were individually fed 

experimental diets and weighed fortnightly. They were fed concentrate diet at the rate of 

2.0 % body weight individually throughout the feeding trial. Roughage diet 

(UTRS:gamba hay) was offered ad libitum. The feed offered was adjusted at regular 

intervals of two weeks along with changes in body weight. Clean fresh water was 

provided to the rams ad libitum throughout the period of the experiment, which lasted for 

90 days. Daily feed intake were recorded for the 90 days of fattening trials by weighing 

the feed offered and the leftover (orts) the following day in the morning. The daily intake 

of the diets were estimated for each animal by subtracting the feed leftovers from the 
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quantity offered to the animals. Weight of individual animals were taken at the onset of 

the trial after an overnight fasting by withdrawing their feeds and water from 7.00 pm to 

8.00 am to obtain their initial weights and subsequently at 2 weeks intervals between 8.00 

am and 9.00 am throughout the fattening trial. Weight gain was determined by 

subtracting the initial weights from the final weights within the fattening period. 

3.3.4    Rumen fluid sampling 

Rumen fluid samples were collected from animals in the middle of the experiment at 0, 4 

and 8 hours after morning feeding. Fifteen (15) ml of the fluid was collected from all the 

rams in each treatment using stomach suction tube into sterilized bottle. Immediately 

after collection, the pH of each sample was measured using henna digital hand pH meter 

(model 9404). Thereafter, 10 ml of the samples were filtered through 4 layers of cheese-

cloth to remove particulate matter. The filtered samples were placed in a 30 ml bottle and 

acidified with 5 drops of concentrated sulphuric acid (H2SO4) to trap ammonia and kept 

in air-tight containers at -20 0C until required for analysis to determine the concentration 

of rumen ammonia nitrogen (NH3-N). Ammonia nitrogen concentrations were measured 

by steam distillation method (Markham, 1942). Total volatile fatty acids (TVFAs) were 

determined according to the procedure described by AOAC (1990).   

3.3.5 Blood sampling 

Blood samples were collected from the rams at the end of the fattening trial, at zero time 

(before morning feeding) and at 2, 4 and 8 hours after feeding.  Five (5) ml of blood 

samples were drawn from the jugular vein of each animal using a sterilized 19-gauge 

needle and syringe as described by Frandson (1986). The samples were placed in labeled 

sample bottles without EDTA for biochemical studies according to Ajagbonna et al. 
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(1999).The blood samples were thereafter centrifuged for 5-10 minutes at 3000 rpm to 

separate serum from blood cells (Coles, 1986). 
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Table 3.2: Composition of concentrate mixtures fed fattening Yankasa rams   

Ingredients (%) 

Maize  25 

Rice mill waste                                              27 

Wheat offal 30 

Cotton seed cake                      17 

Bone meal 0.5 

Salt 0.5 

Total  100 

Calculated CP (%) 

ME (Kcal/kg)  

13 

2986 

              CP= crude protein, ME=Metabolisable energy                                                                  
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3.3.6 Metabolism trial 

At the end of the fattening trial, for (4) rams were randomly selected from each treatment 

and housed in metabolic cages for total faecal and urine collection as described by ILCA 

(1993). The animals were maintained on their respective treatment diets and allowed a 

14-day adjustment period to the cages before faecal and urine collection for 7 days. 

Water was provided ad libitum. Measurements of feed offered and orts, total faeces and 

urine voided were taken for a period of seven (7) consecutive days. At the end of the 

collection period, faecal samples from each ram were bulked and after thorough mixing, 

10 % of it was sub sampled and oven dried at 70 0C for 48 hours for dry matter 

determination. Total urine output for 24 hours from each animal was collected into a 

plastic container containing 20 ml of 0.2N HCl to prevent Nitrogen loss by volatilization 

(ILCA, 1993). At the end of the 7 day collection period, 10 % of total daily urine 

collected was sub-sampled and stored in the refrigerator at -16°C until required for 

Nitrogen determination.  

3.3.7    Cost –benefit analysis 

Cost benefit analysis of feeding different proportions of urea treated rice straw and 

gamba hay to fattening Yankasa rams was assessed using prevailing market prices to cost 

the concentrate and roughage diets. The cost of the roughage diet was estimated by 

computing the cost of gamba hay and urea treated rice straw valued at N5/kg and N15/kg, 

respectively as at 2015. The cost of the feeds consumed and the value of the weight gain 

by the rams throughout the fattening trial were computed for each ram. 
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3.3.8       Chemical analysis 

Feeds and faecal samples were analyzed for proximate composition by the Procedure of 

A.OA.C (2007). Neutral Detergent Fibre (NDF), Acid Detergent Fibre (ADF) and Acid 

Detergent Lignin (ADL) were analyzed by the Method of Van Soest et al. (1991). 

Nitrogen (N) in the urine samples was determined by Kjeldhal Procedure (AOAC, 2007). 

The blood samples collected were analyzed for serum urea nitrogen by the Method of 

Tannins and Maylor (1968), total protein was estimated by the method of Henry and 

Stobel (1957). Serum creatinine was determined according to the method described by 

Lamb (1991). Serum glucose was determined by the method of Werner et al. (1976). 

Rumen ammonia nitrogen (NH3-N) was measured by micro-kjeldahl technique, using 

Markham micro-distillation apparatus (Markham, 1942). Total volatile fatty acids 

(VFAs) was measured using the Procedure described by AOAC (1990). 
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3.4 Data Analysis 

Data collected from the study were subjected to analysis of variance using the General 

Linear Model Procedure of SAS (2001). Where treatment means were significantly 

different, Duncan’s Multiple Range Test (Duncan, 1955) was used to compare the 

treatment means. The model used for the experiment is stated below: 

            Yij = µ + Ti   +eij  

            Where  

            Yijk = any observation made in the experiment 

            µ = population means 

            Ti = Effect due to treatment added or treatment effect  

            eij = Experimental error 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Chemical composition of feed ingredients (Experiments 1 and 2) 

Table 4.1 presents the chemical composition of untreated rice straw, proportions of urea 

treated rice straw and gamba hay and concentrate mixtures used in Experiments 1 and 2. 

The results showed that urea treatment of rice straw increased crude protein content from 

3.64 % in untreated rice straw to 8.89 % in rice straw treated with urea. As a result of 

urea treatment, the NDF content was reduced to 67.98 % from 72.16 %. Similarly, the 

ADF and ADL contents of untreated rice straw were reduced from 43 % and 11.23 % in 

untreated rice straw to 41.35 % and 8.57 % respectively in urea treated rice straw.  Crude 

protein content of 2.69 % was obtained for gamba hay (0:60 UTRS:gamba hay). The 

NDF, ADF and ADL contents of gamba hay recorded were 79.59, 38.56 and 10.78 %, 

respectively. Crude protein contents of 4.75 and 6.83 % were obtained for 20:40 

UTRS:gamba hay and 40:20 UTRS:gamba hay respectively. The NDF, ADF and ADL 

content obtained for 20:40 UTRS:gamba hay were 75.72, 40.49 and 10.04 %, 

respectively while the content of NDF, ADF and ADL for 40:20 UTRS:gamba hay were 

61.17, 71.85, 40.42 and 9.30 %, respectively. The crude protein, NDF, ADF and ADL 

contents of concentrate mixtures for Experiments 1 were 14.89, 38.46, 19.88 and 6.29 % 

respectively while concentrate mixture for Experiment 2 contains crude protein, NDF, 

ADF and ADL contents of 12.69, 41.32, 20.69 and 6.88 %, respectively. 
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Table 4.1 Chemical composition of Experimental diets (Experiments 1 and 2) 

 

Parameters 

 

UTRS: GH 

0:60 

  

UTRS:GH 

60:0 

 

URS 

100 

   

UTRS: GH 

20:40 

 

UTRS: GH 

40:20 

 

CONC 1 

 

CONC 2 

DM 90.78 91.11 93.58 90.89 91.00 92.76 88.20 

OM 89.20 88.54 90.72 88.98 89.00 85.88 84.65 

CP 2.69 8.89 3.64 4.75 6.83 14.89 12.69 

NDF 79.59 67.98 72.16 75.72 70.85 38.46 41.32 

ADF 38.56 41.35 43.10 40.49 40.42 19.88 20.69 

ADL 10.78 8.57 11.23 10.04 9.30 6.29 6.88 

UTRS=urea treated rice straw, GH=gamba hay, URS= untreated rice straw, CONC 1=concentrate for experiment 1, 

CONC 2= concentrate for experiment 2, DM=dry matter, OM=organic matter, CP=crude protein, ADF=acid 

detergent fibre, ADL=acid detergent lignin 
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4.2 Experiment 1: Effect of feeding different proportions of urea treated rice straw and 

gamba hay on performance of growing Yankasa rams 

4.2.1   Feed inatake and weight gain of growing Yankasa rams  

The results showed significant (P<0.05) differences in dry matter intake between the 

treatments (Table 4.2). Roughage dry matter intake was significantly higher (P<0.05) in 

growing rams fed diet containing 60:0 UTRS:gamba hay (325.01 g/day) than in growing 

rams fed 40:20 UTRS:gamba hay (314.06 g/day) which value was higher (P<0.05) than 

those fed 20:40 UTRS:gamba hay (277.73 g/day) while those fed 0:60 UTRS:gamba hay 

had the least (P<0.05) value (263.11 g/day). Concentrate dry matter intake, total dry 

matter intake and total dry matter intake per metabolic weight followed the same trend. 

Similarly, significant (P<0.05) differences were observed in the values obtained for crude 

protein intake and NDF intake.  It was observed that the crude protein intake for animals 

fed diet containing 60:0 UTRS:gamba hay (295.18 g/day) was significantly higher 

(P<0.05) followed by those on 40:20 UTRS:gamba hay diet (276.41 g/day) whose value 

was higher (P<0.05) than that of growing rams fed 20:40 UTRS:gamba hay diet (253.03 

g/day).  Least (P<0.05) value (247.67 g/day) was obtained in growing rams fed 0:60 

UTRS:gamba hay diet. There was no significant difference (P>0.05) between the NDF 

intake for growing rams on 60:0 and 40:20 UTRS:gamba hay diets but differed 

significantly (P<0.05) compared to those fed 0:60 UTRS:gamba hay diet (406.53 g/day). 

Lowest (P<0.05) value (401.89 g/day) was obtained for growing rams on 20:40 

UTRS:gamba hay diet. Animals on diet containing 60:0 UTRS:gamba hay had the 

highest (P<0.05) total weight gain (7.18 kg) and daily gain (79.81 g/day) followed by 

those on 40:20 UTRS:gamba hay and least (P<0.05) value was obtained for animals on 
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diet containing 0:60 UTRS:gamba hay. Feed conversion ratio (FCR) differed 

significantly (P<0.05) among the treatments. Growing rams fed 60:0 UTRS:gamba hay 

diet had the least (P<0.05) value (7.77) compared to those on 0:60 UTRS:gamba hay diet 

(11.49). There was significant (P<0.05) treatment effect on feed conversion ratio with 

growing rams fed 60:0 UTRS:gamba hay diet recorded 32.38% improvement in 

conversion ratio compared to the 0:60 UTRS:gamba hay group. The improvement in feed 

conversion ratio however decreased with decrease in proportion of urea treated rice straw 

in the diet when other diets were compared to the 0:60 UTRS:gamba hay diet group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 
 

Table 4.2: Effect of different proportions of urea treated rice straw on feed intake 

and weight gain of growing Yankasa rams 

 

Parameters  

Proportions of UTRS and gamba hay (%)  

SEM 

 

0:60 20:40 40:20 60:0 

DM I (g/day)       

Roughage  263.11d 277.73c 314.06b 325.01a 9.21  

Concentrate 247.67d 253.03c 276.41b 295.18a 4.52  

Total  DMI 510.78d 530.76c 590.47b 620.19a 10.32  

Total DMI/kgW0.75 

CP Intake (g/d)  

NDF Intake (g/d) 

Initial weight (kg) 

Final weight (kg 

64.57d 

13.74d 

406.53c 

15.77 

19.76d 

67.10c 

25.21c 

401.89d 

15.77 

20.73c 

74.65b 

40.33b 

418.35a 

15.77 

21.80b 

78.20a 

55.13a 

421.60a 

15.83 

22.95a 

0.46 

0.53 

3.54 

0.31 

0.31 

 

 

Total wt. gain (kg)  4.00d 4.97c 6.02b 7.18a 0.65  

ADG (g/d) 44.44d 55.18c 66.85b 79.81a 6.25  

FCR (g/DMI/g gain) 11.49a 9.62b 8.83c 7.77d 0.73  

a,b,c,d= Means with different superscripts across the rows differed significantly (P<0.05), 

UTRS=urea treated rice straw, SEM=standard error of means,  ADG= average daily 

gain, FCR=feed conversion ratio, DMI= Dry Matter Intake 
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4.2.2 Nutrient digestibility of growing Yankasa rams fed different proportions of urea 

treated rice straw and gamba hay 

The effect of different proportions of urea treated rice straw and gamba hay on nutrient 

digestibility of growing Yankasa rams is presented in Table 4.3. There were significant 

differences (P<0.05) in digestibility coefficients of DM, OM, CP, NDF and ADF among 

the treatment groups. Dry matter digestibility was higher (P<0.05) in growing rams fed diet 

containing 60:0 UTRS:gamba hay (67.62%) than in those on 40:20 UTRS:gamba hay diet 

(65.95%) followed by growing rams on 20:40 UTRS:gamba hay diet (56.72%), while the 

least (P<0.05) value (55.84%) was obtained for growing rams fed diet containing 0:60 

UTRS:gamba hay proportion. Organic matter digestibility followed similar trend. Crude 

protein digestibility in growing rams fed diet containing 60:0 UTRS:gamba hay was 

significantly higher (P<0.05) (67.92%) than in those on 40:20 UTRS:gamba hay (64.55%) 

whose value differed significantly (P<0.05) compared to groups fed diets containing 20:40 

and 0:60 UTRS:gamba hay (55.94% and 54.53%, respectively). Digestibility coefficients 

of NDF, ADF and ADL in growing rams fed diet containing 60:0 UTRS:gamba hay 

(74.84%, 63.75% and 60.93%, respectively) were higher (P<0.05) compared to those fed 

40:20 UTRS:gamba hay diet (68.24%, 59.53% and 58.60%, respectively) which had higher 

(P<0.05) values than those on 20:40 UTRS:gamba hay diet (61.69%, 50.52% and 49.64%, 

respectively), while the least (P<0.05) values were obtained for growing rams on 0:60 

UTRS:gamba hay diet (56.79%, 47.81% and 45.25%, respectively).  
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Table 4.3: Effect of different proportions of urea treated rice straw and gamba hay on 

nutrient digestibility of growing Yankasa rams 

 

Digestibility coeff. (%)  

Proportions of UTRS:gamba hay (%)  

SEM 

 

0:60 20:40 40:20 60:0 

Dry matter 55.84d 56.72c 65.95b 67.62a 0.62  

Organic matter 54.53d 55.94c 64.55b 67.92a 0.59  

Crude protein 69.23d 72.75c 75.31b 77.94a      1.79  

Neutral detergent fibre   56.79d 61.69c 68.24b 74.84a 1.73  

Acid detergent fibre 47.81d 50.52c 59.53b 63.75a  0.89  

Acid detergent lignin 45.25d 49.64c 58.60b 60.93a   0.76  

 a,b,c,d:Means with different superscripts across the row differed significantly (P<0.05), 

UTRS= urea treated rice straw, SEM=standard error of means 
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4.2.3 Nitrogen balance of growing Yankasa rams fed different proportions of urea treated 

rice straw and gamba hay  

The effect of different proportions of urea treated rice straw and gamba hay on nitrogen 

balance of growing Yankasa rams is presented in Table 4.4. Nitrogen intake was 

significantly higher (P<0.05) in growing rams fed diet containing 60:0 UTRS:gamba hay 

(16.12 g/day) than those fed 40:20 UTRS:gamba hay diet (14.66 g/day) which value was 

significantly higher (P<0.05) than the value of those on 20:40 UTRS:gamba hay (13.56 

g/day). Growing rams fed 0:60 UTRS:gamba hay diet had the least (P<0.05) value (12.06 

g/day). There was no significant (P>0.05) difference in urinary nitrogen between growing 

rams fed 60:0, 40:20 and 20:40 UTRS:gamba hay diets. However, the values were 

significantly higher (P<0.05) compared to the value obtained for growing rams on 0:60 

UTRS:gamba hay diet. Faecal nitrogen and total nitrogen output values obtained for 

growing rams fed diet containing 0:60 UTRS:gamba hay (3.43 g/day and 4.28 g/day, 

respectively) were significantly higher (P<0.05) compared to the values for growing rams 

fed the other treatment diets. Least (P<0.05) values (1.82 g/day and 2.82 g/day) were 

recorded for faecal nitrogen and total nitrogen output respectively in growing rams fed 

diet containing 60:0 UTRS:gamba hay. Nitrogen absorbed, nitrogen retained and percent 

nitrogen retention were significantly higher (P<0.05) in growing rams fed 60:0 

UTRS:gamba hay diet (14.30 g/day, 13.30 g/day and 82.50%, respectively) than in the 

other treatments while the least (P<0.05) values were obtained for growing rams on 0:60 

UTRS:gamba hay diet (8.63 g/day, 7.78 g/day and 64.51%, respectively). 
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Table 4.4: Effect of different proportions of urea treated rice straw and gamba 

hay on Nitrogen balance of growing Yankasa  rams 

 

 

Nitrogen balance, g/day 

Proportion of UTRS:gamba hay   

SEM 
 

      0:60 20:40 40:20 60:0 

Total Nitrogen Intake  12.06d 13.56c 14.66b 16.12a 0.66  

Urinary Nitrogen 0.85b 0.94a 0.97a 1.00a 0.06  

Faecal Nitrogen  3.43a 2.85b 2.12c 1.82d          0.33   

Total Nitrogen Output  4.28a 3.79b 3.09c 2.82d          0.21   

Nitrogen Absorbed  8.63d 10.70c 12.54b 14.30a          0.52  

Nitrogen Retained  7.78d 9.77c 11.57b 13.30a          0.49  

Percent N retention 64.51d 72.05c 78.92b 82.50a          3.29  

a,b,c,d: Means across the rows with different superscripts differed significantly 

(P<0.05),  UTRS=urea treated rice straw, SEM=standard error of mean, 
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4.2.4 Serum Biochemical profiles of growing Yankasa rams fed different proportions    

            of urea treated rice straw and gamba hay. 

Presented in Table 4.5 are the results of serum biochemical profiles of growing Yankasa 

rams. Serum glucose was significantly higher (P<0.05) in growing rams fed diet 

containing 60:0 UTRS:gamba hay (61.02 mg/dl) compared to the other treatments with 

the least (P<0.05) value (49.55 mg/dl) recorded by growing rams on 0:60 UTRS:gamba 

hay diet. The trend of glucose over time of sampling (fig. 2) shows that glucose 

concentration for growing rams on diet containing 60:0 UTRS:gamba hay were 

numerically higher at 4 hour (61.07 mg/dl) and 8 hour (61.23 mg/dl) post feeding 

compared to those of growing rams on other diets. Animals fed diets containing 0:60, 

20:40 and 40:20 UTRS:gamba hay had higher glucose concentration at 4 hour post 

feeding after which it declined slightly at 8 hour post feeding. Serum urea concentration 

differed (P<0.05) significantly among the treatments. Growing rams fed diet containing 

60:0 UTRS:gamba hay had significantly higher (P<0.05) serum urea nitrogen (11.69 

mg/dl) than in the other treatments while the least (P<0.05) value (6.38 mg/dl) was 

obtained for growing rams fed diet containing 0:60 UTRS:gamba hay. The trend of urea 

nitrogen over sampling time (fig. 3) indicated that it increased at 2 hour post feeding up 

to 4 hour post feeding and declined at 8 hour post feeding. Higher value (12.85 mg/dl) 

was obtained at 4 hour post feeding for rams fed diet containing 60:0 UTRS:gamba hay.  

The serum creatinine values for all the treatments were similar (P>0.05) across the 

treatments. The trend of sampling over time for creatinine (fig. 4) showed that the 

concentration of creatinine increased with UTRS proportion in the diet and also increased 

linearly with time up to 4 hour post feeding and declined at 8 hour post feeding across the 
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treatments. Highest value (1.18 mg/dl) was recorded for rams fed diet containing 60:0 

UTRS:gamba hay.  Growing rams on 60:0 UTRS:gamba hay diet had significantly higher 

(P<0.05) total protein (68.35 g/l)  compared to those fed other diets. Lowest (P<0.05) 

value (60.93 g/l) was recorded for growing rams fed diet with 0:60 UTRS:gamba hay. 

The trend of sampling over time for total protein (fig. 5) had the same pattern with urea 

nitrogen. The results showed that Total protein reached peak at 4 hour post feeding and 

declined at 8 hour post feeding. Highest value (69.15 g/l) was obtained for rams fed diet 

containing 60:0 UTRS:gamba hay.  
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Table 4.5: Effect of different proportions of urea treated rice straw and gamba hay 

on serum biochemical profiles of growing Yankasa rams 

 

Proportions of UTRS:gamba hay (%)  

SEM 

 

0:60 20:40 40:20 60:0 

Glucose  (mg/dl) 49.55d 53.38c 54.67b 61.02a 0.96  

Urea nitrogen  (mg/dl)  6.38d 7.54c 10.06b 11.69a 0.74  

Creatinine  (mg/dl) 1.11 1.13 1.14 1.16 0.08  

Total protein  (g/l) 60.93d 62.29c 65.86b 68.35a 0.88  

a, b, c,dMeans across the same row are significantly different (P< 0.05), UTRS= urea 

treated rice straw, SEM= standard error of means   
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Figure 2: Effect of time of sampling on serum glucose of growing Yankasa rams fed different 

proportions of urea treated rice straw and gamba hay diets  

 

 

 

 

Figure 3: Effect of time of sampling on serum urea nitrogen of growing Yankasa rams fed 

different proportions of urea treated rice straw and gamba hay diets 
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Figure 4: Effect of time of sampling on serum creatinine of growing Yankasa rams fed different 

proportions of urea treated rice straw and gamba hay diets 

 

 

 

       Figure 5: Effect of time of sampling on serum total protein of growing Yankasa rams    

                 fed different proportions of urea treated rice straw and gamba hay diets 
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4.3  EXPERIMENT 2: Effect of feeding different proportions of urea treated     

           rice straw and gamba hay on performance of fattening Yankasa rams 

4.3.1   Feed intake and weight gain of fattening Yankasa rams  

The results obtained indicated that dry matter intake values differed significantly 

(P<0.05) between the treatments (Table 4.6). Roughage dry matter intake was 

significantly higher (P<0.05) in rams fed diet with 60:0 UTRS:gamba hay (594.61 g/day) 

than in rams on 40:20 UTRS:gamba hay diet (548.43 g/day) which value was 

significantly higher (P<0.05) than rams fed 20:40 UTRS:gamba hay (466.92 g/day). 

Least (P<0.05) value (445.51 g/day) was recorded in rams fed 0:60 UTRS:gamba hay. 

There was no significant difference (P>0.05) in the value of concentrate dry matter 

intake.  

Total dry matter intake and total dry matter per metabolic weight differed significantly 

(P<0.05) among the treatment groups. Rams fed diet containing 60:0 UTRS:gamba hay 

had higher (P<0.05) values (1035.98 g/day and 102.47/kgW0.75, respectively) than those 

of rams on 40:20 UTRS:gamba hay (987.18 g/day and 97.64/kgW0.75, respectively which 

values were significantly higher (P<0.05) than rams fed 20:40 UTRS:gamba hay (895.06 

g/day and 89.95/kgW0.75, respectively). Lowest (P<0.05) values were obtained in rams 

fed 0:60 UTRS:gamba hay (866.94 g/day and 85.75/kgW0.75, respectively). Crude protein 

intake followed the same trend. Significant differences (P<0.05) among the treatments 

were observed for neutral detergent fibre intake. Neutral detergent fibre intake value for 

rams fed diet containing 60:0 UTRS:gamba hay was significantly higher (P<0.05) 

(704.26 g/day) compared to that of rams on 40:20 UTRS:gamba hay diet (699.41 g/day) 

whose value was significantly higher (P<0.05) than those fed diet containing 0:60 UTRS: 
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gamba hay (689.99 g/day). Rams on 20:40 UTRS:gamba hay diet had the least (P<0.05) 

value (677.74 g/day). Total weight gain and average daily gain were significantly higher 

(P<0.05) in rams fed 60:0 UTRS:gamba hay (8.46 kg and 72.89 g/day, respectively) 

followed by those fed 40:20 and 20:40 UTRS:gamba hay diets with least (P<0.05) values 

(3.42 kg and 38.00 g/day, respectively) in rams fed diet containing 0:60 UTRS:gamba 

hay. Significant differences (P<0.05) among the treatments were observed for feed 

conversion ratio. Rams fed 60:0 UTRS:gamba hay had the least (P<0.05) value (14.21) 

compared to 22.81, 18.87 and 15.29 for rams on 0:60, 20:40 and 40:20 UTRS:gamba hay 

diets respectively. Animals fed diet containing 60:0 UTRS:gamba hay were more 

efficient in converting feed into live weight than animals fed other diets. 
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Table 4.6: Feed intake and weight gain of fattening Yankasa rams as influenced by 

different proportions of urea treated rice straw and gamba hay  

 

Parameters 

Proportions of UTRS:gamba hay (%)  

SEM 

 

0:60 20:40 40:20 60:0 

DMI (g/day)       

Roughage   445.51d 466.92c 548.43b 594.61a 19.00  

Concentrate  421.43 428.14 438.75 441.37 25.07  

Total  DMI 866.94d 895.06c 987.18b 1035.98a   27.01  

TDMI/kgW0.75 

CP intake (g/d) 

NDF Intake (g/d) 

Initial Wt. (kg) 

85.75d 

23.32d 

689.99c 

21.86 

89.95c 

42.51c 

677.74d 

21.40 

97.64b 

67.42b 

699.41b 

21.86 

102.47a 

92.10a 

704.26a 

21.88 

0.44 

0.58 

3.96 

0.51 

 

Final Wt. (kg) 25.28d 25.62c 28.68b 30.34a 0.32  

Weight gain (kg) 3.42d 4.22c 6.82b 8.46a 0.73  

ADG (g) 38.00d 47.44c 64.55b 72.89a   5.96  

FCR(gDM/g gain) 22.81a 18.87b 15.29c 14.21d  0.95  

 

a,b,c,d: Means with different superscripts across the row differed significantly (P<0.05), 

UTRS=urea treated rice straw,TDMI= total dry matter intake, CP=crude protein, 

NDF=neutral detergent fibre, ADG=Average daily gain, FCR=feed conversion ratio,   

SEM=standard error of means,  
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4.3.2 Nutrient digestibility of Yankasa rams fed different proportions of urea treated rice 

straw and gamba hay 

The results of nutrient digestibility of fattening Yankasa rams fed different proportions of 

UTRS:gamba hay are presented in Table 4.7. There were significant differences (P<0.05) 

in digestibility coefficients of DM, OM, CP, NDF and ADF among the treatment groups. 

Higher (P<0.05) significant value (72.47%) was obtained in dry matter digestibility for 

rams fed diet containing 60:0 UTRS:gamba hay compared to rams on 40:20 

UTRS:gamba hay diet (68.93%) whose value was significantly higher (P<0.05) than 

those on 20:40 UTRS:gamba hay diet (64.30%). Least (P<0.05) value (61.60%) was 

recorded for rams fed 0:60 UTRS:gamba hay diet. Organic matter digestibility was 

significantly higher (P<0.05) in rams fed diets containing 60:0 UTRS:gamba hay 

(69.51%) followed by rams on 40:20 and 0:60 UTRS:gamba hay diets (67.56% and 

67.46%, respectively) whose values were similar (P>0.05) while the least (P<0.05) value 

(65.25%) was obtained for rams fed diet containing 20:40 UTRS:gamba hay. Crude 

protein digestibility was significantly higher (P<0.05) in rams fed diet containing 60:0 

UTRS:gamba hay (79.26%) than in rams fed 40:20 UTRS:gamba hay diet (76.89%) 

whose value differed significantly (P<0.05) compared to rams on 20:40 and 0:60 

UTRS:gamba hay diets (71.11% and 62.53%, respectively). Neutral detergent fibre 

digestibility followed the same trend. Acid detergent fibre digestibility value for rams fed 

60:0 UTRS:gamba hay diet (67.67%) was significantly higher (P<0.05) than for those fed 

diets containing 40:20 UTRS:gamba hay (62.43%) and 20:40 UTRS:gamba hay (61.89%) 

whose values were similar (P>0.05). Rams fed 0:60 UTRS:gamba hay diet had the least 
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(P<0.05) value (59.07%). Acid detergent lignin digestibility followed a pattern similar to 

the acid detergent fbre digestibility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



95 
 

Table 4.7: Effect of different proportions of urea treated rice straw and gamba 

hay on nutrient digestibility of fattening Yankasa rams 

 

Digestibility coefficient 

(%) 

         Proportions of UTRS:gamba hay (%) 

0:60 20:40 40:20 60:0 SEM 

Dry matter 61.60d 64.30c 68.93b 72.47a 0.83 

Organic matter 67.46b 65.13c 67.56b 69.51a 0.76 

Crude protein  62.53d 71.11c 76.89b 79.26a 0.90 

Neutral detergent fibre 60.64d 65.25c 68.58b 76.93a 0.85 

Acid detergent fibre 59.07c 61.89b 62.43b 67.67a 0.45 

Acid detergent lignin 49.62c 50.66b 50.97b 51.39a 0.33 

a,b,c,d: Means with different superscripts across the row differed significantly (P<0.05), 

UTRS=urea treated rice straw, SEM= standard error of mean 
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4.3.3 Nitrogen balance of fattening Yankasa rams fed different proportions of urea  

            treated rice straw and gamba hay 

The results of nitrogen balance for fattening Yankasa rams are presented in Table 4.8. 

Nitrogen intake was higher (P<0.05) in rams fed diet containing 60:0 UTRS:gamba hay 

(19.32 g/day) than in those fed 40:20 UTRS:gamba hay diet (17.71 g/day), which value 

was significantly higher (P<0.05) than in those fed 20:40 UTRS:gamba hay diet (16.53 

g/day).  Animals on diet containing 0:60 UTRS:gamba hay had the least (P<0.05) value 

(14.13 g/day). There was no significant (P>0.05) difference in urinary nitrogen among 

the treatment groups. Rams on 0:60 UTRS:gamba hay had significantly higher (P<0.05) 

value for faecal nitrogen (3.50 g/day) compared to the values for rams fed the other diets. 

Rams fed diet with 60:0 UTRS:gamba hay had the least (P<0.05) value (1.28 g/day). 

Total nitrogen output followed the same trend. Nitrogen absorbed, nitrogen retained and 

percent nitrogen intake values were higher (P<0.05) in rams fed diet containing 60:0 

UTRS:gamba hay (18.04 g/day, 16.54 g/day and 85.61 %, respectively) than in the other 

treatments while the lowest (P<0.05) values were obtained for rams fed 0:60 

UTRS:gamba hay diet (10.63 g/day, 9.40 g/day and 66.52 %, respectively). 
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Table 4.8: Nitrogen balance of fattening Yankasa  rams as influenced by 

different proportions of urea treated rice straw and gamba hay 

 

 

Nitrogen balance, g/day 

Proportion of UTRS:gamba hay   

SEM 
 

0:60 20:40 40:20 60:0 

Total Nitrogen Intake  14.13d 16.53c 17.71b 19.32a 0.51  

Urinary Nitrogen 1.23 1.34 1.47 1.51 0.29  

Faecal Nitrogen  3.50a 2.26b 1.64c 1.28d          0.32   

Total Nitrogen Output  4.73a 3.60b 3.11c 2.78d          0.30   

Nitrogen Absorbed  10.63d 14.27c 16.07b 18.04a          0.48  

Nitrogen Retained  9.40d 11.93c 14.60b 16.54a          0.50  

Percent N retention 66.52d 72.17c 82.44b 85.61a          3.07  

a,b,c,d: Means across the rows with different superscripts differed significantly 

(P<0.05),   UTRS= urea treated rice straw, SEM=standard error of mean 
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4.3.4 Rumen fluid metabolites of fattening Yankasa rams fed different proportions of  

            urea treated rice straw and gamba hay  

            The results of rumen fluid metabolites are shown in Table 4.9. The mean rumen pH 

values ranged from 6.66 - 6.97 and were similar (P>0.05) across the treatment groups. 

The  trend of pH over sampling over time (fig. 6) shows that, highest pH value (6.97) was 

obtained at 4 hour post feeding in rams fed diet containing 0:60 UTRS:gamba hay and 

lowest (6.05) at 0 hour post feeding in rams fed the same diet. The rumen ammonia 

nitrogen concentration ranged from 21.79 mg/100 ml for diet containing 0:60 

UTRS:gamba hay to 27.80 mg/100 ml for 60:0 UTRS:gamba hay diet which animals had 

significantly (P<0.05) higher values compared to animals fed the other diets. The trend of 

ammonia nitrogen over time of sampling (fig. 7) shows that rumen ammonia nitrogen 

concentrations for rams on diets containing 60:0 and 40:20 UTRS:gamba hay were higher 

at 0 time, 4hour and 8 hour post feeding compared to the values for rams fed diets 

containing 0:60 and 20:40 UTRS:gamba hay. Highest value (28.00 mg/100ml) was 

obtained at 4 hour post feeding for rams fed 60:0 UTRS:gamba hay diet. Ammonia 

nitrogen concentration after 8 hour started to decline across the treatments. Total volatile 

fatty acids (TVFA) content followed similar trend with rumen ammonia nitrogen. The 

trend of sampling over time (fig. 8) shows that the concentration of TVFA increased with 

increase in UTRS proportion in the diet and also increased linearly with time. Higher 

values (17.00 and 16.12 Mmol/l) were obtained at 8 and 4 hour post feeding in rams fed 

diets containing 60:0 and 40:20 UTRS:gamba hay respectively. Lowest value (12.82 

Mmol/l) was recorded at 0 hour for rams fed diet containing 0:60 UTRS:gamba hay.   
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Table 4.9: Effect of different proportions of urea treated rice sraw and gamba hay 

on rumen metabolites of fattening Yankasa rams 

 

 

Parameters  

Proportions of UTRS:gamba hay (%)  

SEM 0:60 20:40 40:20 60:0 

pH     6.97 6.78 6.66 6.75 0.31 

NH3-N (mg/dl) 21.79d 22.49c 25.26b 27.80a 0.53 

TVFA (Mmol/l) 12.98d 13.58c 14.75b 16.13a 0.33 

 a,b,c,d: Means with different superscripts across the row differed significantly (P<0.05), 

NH3-N=rumen ammonia nitrogen,TVFA=total volatile fatty acids, UTRS=urea treated 

rice straw SEM=standard error of means 
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           Figure 6: Effect of time of sampling on rumen pH of fattening Yankasa rams fed different    

            proportions of urea treated rice straw and gamba hay diets 

 

 

Figure 7: Effect of time of sampling on rumen ammonia nitrogen of fattening Yankasa rams fed 

different proportions of urea treated rice straw and gamba hay diets 
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 Figure 8: Effect of time of sampling on TVFA of fattening Yankasa rams fed   

 different proportions of urea treated rice straw and gamba hay diets 
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4.3.5 Serum Biochemical profiles of fattening Yankasa rams  

The results of serum Biochemical profiles of the fattening Yankasa rams are presented in 

Table 4.10 There was no significant difference (P>0.05) in serum glucose between rams 

fed 60:0 and 40:20 UTRS:gamba hay diets (61.37 mg/dl and 60.65 mg/dl, respectively). 

The values were however, higher (P<0.05) than in rams fed 20:40 UTRS:gamba hay 

(51.62 mg/dl) which in turn had significantly higher (P<0.05) serum glucose 

concentration than those fed 0:60 UTRS:gamba hay (50.29 mg/dl). The trend of serum 

glucose over time of sampling (fig. 9) indicated that it increased at 2 hour post feeding up 

to 4 hour post feeding across the treatments and declined at 8 hour post feeding. Higher 

value (62.46 mg/l) was obtained at 4 hour post feeding for rams fed diet containing 60:0 

UTRS:gamba hay. Serum urea nitrogen was significantly higher (P<0.05) in rams fed 

60:0 UTRS:gamba hay 8.64 mg/dl) compared to those fed 40:20 UTRS:gamba hay (7.40 

mg/dl) which value was higher (P<0.05) than in the other treatments. There was no 

significant difference (P>0.05) between the values recorded for rams fed diet containing 

0:60 UTRS:gamba hay (5.98 mg/dl) and rams fed 20:40 UTRS:gamba hay (5.73 mg/dl). 

The trend of urea nitrogen over time of sampling (fig. 10) indicated that it increased at 2 

hour post feeding up to 4 hour post feeding and declined at 8 hour post feeding. Higher 

value (12.85 mg/dl) was obtained at 4 hour post feeding for rams fed diet containing 60:0 

UTRS:gamba hay. Serum creatinine concentration was similar (P>0.05) among the 

treatment groups. The trend of sampling over time for creatinine (fig. 11) showed that the 

concentration of creatinine in rams fed 0:60 and 20:40 UTRS:gamba hay diets increased 

linearly with time up to 4 hour post feeding and declined at 8 hour post feeding. Animals 

fed 20:40 UTRS:gamba hay diet had higher value (1.18 mg/dl) at 4 hour post feeding. 
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Animals on 40:20 and 60:0 UTRS:gamba hay diets had increase in serum creatinine 

linearly with time. Higher values (1.17 and 1.15 mg/dl) were obtained in animals fed 

diets containing 40:20 and 60:0 UTRS:gamba hay respectively at 8 hour post feeding. 

The total protein values for rams fed 60:0 and 40:20 UTRS:gamba hay were similar 

(P>0.05) (67.03 g/l and 66.51 g/l, respectively), but significantly higher (P<0.05) than for 

rams fed 20:40 UTRS:gamba hay (62.52 g/l). Fattening rams on 0:60 UTRS:gamba hay 

diet had the lowest (P<0.05) total protein concentration (58.77 g/l). The trend of sampling 

over time for total protein (fig. 12) had the same pattern with urea nitrogen in which the 

TP reached peak at 4 hour post feeding and declined at 8 hour post feeding. Highest value 

(69.15 g/l) was obtained for rams fed diet with 60:0 UTRS:gamba hay. 
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Table 4.10: Effect of different proportions of urea treated rice straw and gamba 

hay diets on serum biochemical profiles of fattening Yankasa rams  

 

Parameter  

Proportions of UTRS:gamba hay (%)  

SEM 

 

0:60 20:40 40:20 60:0 

Glucose  (mg/dl) 50.29c 51.62b 60.65a 61.37a 0.81  

Urea nitrogen  (mg/dl)  5.73c 5.98c 7.40b 8.64a 0.62  

Creatinine  (mg/dl) 1.12 1.18 1.14 1.12 0.07  

Total protein  (g/l) 58.77c 62.52b 66.51a 67.03a 0.92  

a, b, cMeans are significantly different (P< 0.05) across the same row, UTRS=urea treated 

rice straw, SEM= standard error of means   
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Figure 9: Effect of time of sampling on serum glucose of fattening Yankasa rams fed different    

proportio

ns of 

urea 

treated 

rice 

straw 

and 

gamba 

hay diets 

 

 

         Figure 10: Effect of time of sampling on serum urea nitrogen of fattening Yankasa  

                    rams fed different proportions of urea treated rice straw and gamba hay diets 
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            Figure 11: Effect of time of sampling on serum creatinine of fattening Yankasa  

                       rams fed different proportions of urea treated rice straw and gamba hay diets 

  

 

   Figure 12: Effect of time of sampling on serum total protein of fattening  

              Yankasa rams fed different proportions of urea treated rice straw and gamba hay diets 
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4.3.6 Cost benefit analysis 

The cost-benefit analysis of feeding different proportions of urea treated rice straw and 

gamba hay to fattening Yankasa rams is shown in Table 4.11. The rams on 0:60, 20:40, 

40:20 and 60:0 UTRS:gamba hay diets had total weight gain of 3.42 kg, 4.22 kg, 6.82 kg 

and 8.46 kg, respectively. The cost of concentrate consumed increased from ₦2021.42 in 

the diet with 0:60 UTRS:gamba hay to ₦2047.89 in the diet with 60:0 UTRS:gamba hay. 

Similarly, cost of roughage consumed and total feed consumed increased from ₦345.05 

and ₦2366.47 in the diet with 0:60 UTRS:gamba hay to ₦454.97 and ₦2502.86 in the 

diet with 60:0 UTRS:gamba hay respectively.  However, the cost of total feed consumed 

per kg live weight gain was lowest (P<0.05) for rams fed 60:0 UTRS:gamba hay diet (₦ 

497.76) compared to their counterparts fed other diets with values increasing with 

decreasing dietary levels of urea treated rice straw. 
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Table 4.11 Cost-benefit analysis of feeding different proportions of urea treated 

rice straw and gamba hay to fattening Yankasa rams  

 

Parameter  

Proportion of UTRS:gamba hay (%)  

SEM 0:60 20:40 40:20 60:0 

Total weight gain (kg)  3.42c 4.22c 6.82b 8.46a 0.93 

Concentrate intake (g/d) 421.43d 428.14c 438.43b 441.37a 25.07 

Roughage intake (g/d) 445.51d 466.92c 548.75b 594.61a 19.00 

Total DM intake (g/d) 866.94d 895.06c 987.18b 1035.98a 27.01 

CCC (₦) 2021.42d 2025.14c 2038.39b 2047.89a 2.63 

CRC (₦)   345.05d 353.43c 382.87b 454.97a 7.21 

CTFC(₦) 2366.47a 2378.57b 2421.26c 2502.86c 10.50 

CTFC/kg/gain (₦/kg) 691.95a 563.64b 523.31b 497.76c 5.21 

a,b,c,d: Means across the same rows with different superscripts differed significantly 

(P<0.05), UTRS=urea treated rice straw, SEM= standard error of means, CCC= Cost 

of concentrate consumed; CRC= Cost of roughage consumed CTFC= cost of total 

feed consumed 
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CHAPTER FIVE 

5.9 DISCUSSIONS 

5.1 Chemical composition of experimental feeds (Experiments 1 and 2 

The chemical composition of untreated rice straw, proportions of urea treated rice straw 

and gamba hay and concentrate mixtures for experiments 1 and 2 (Table 4.1) indicated 

that urea treatment increased the crude protein content of the rice straw from 3.64 % in 

the untreated rice straw to 8.89 % after treatment with urea. This result is in agreement 

with the findings of Puri and Gupta (2001) who reported that crude protein content of rice 

straw increased from 3.40 % in untreated to 8.04% in urea treated straw. Several authors 

have also reported increases in crude protein content of cereal straws as a result of urea 

treatment (Jackson, 1977; Saadullah et al., 1981; Promma et al., 1994 and Chetna Bhatt 

et al., 2004). The increase in crude protein content of treated rice straw is associated with 

the conversion of urea into ammonia during treatment period, part of which may have 

been organically bound with treated straw (Chetna Bhatt et al., 2004). The reduction in 

NDF content of urea treated rice straw from 72.16 to 67.98 % observed in this study was 

comparable to earlier reports (Singh et al., 2001; Chetna Bhatt et al, 2004 and Midau et 

al., 2015). The decrease in NDF content was due to solubilization of hemicelluloses 

content during treatment of straw and its subsequent removal from cell wall constituents 

(Givens et al., 1988 and Chetna Bhatt et al., 2004). The observed decrease in ADL 

content by urea treatment could be ascribed to the breakdown of lignocellulose bond 

through ammonium hydroxide (NH4OH) formation in the stack during treatment as 

ascertained by Punj et al. (1977). Rehrahie (2001) reported that most data reviewed have 

shown decreased fibre fractions and a considerable increase in crude protein contents of 
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crop residues due to urea treatment. The crude protein content of 2.69% obtained for 

gamba hay in this study was lower than the 3.50 % CP of gamba hay reported by Alli-

Balogun (2010). The NDF content of gamba hay (70.59 %) was also lower than the 75.95 

% obtained by Alli-Balogun (2010) and 76.4% obtained by Lufadeju (1988). Similarly, 

the value of ADF obtained in this study was lower than 56.2 % reported by Lufadeju 

(1988). The differences in values may be attributed to variation in soil fertility, maturity 

or time of harvest, leaf to stem ratio, cultivar, curing and method of processing which 

affect the chemical composition (Fuglie, 1991; Lambert and Litherland, 2000; Ajiji et al., 

2013). 

 

5.2       Experiment 1 

5.2.1 Feed intake and weight gain 

The significantly higher total dry matter intake observed in growing rams fed diets 

containing urea treated rice straw hay could be due to increased availability of nutrients 

as a result of urea treatment. Urea treatment of poor quality roughages has been reported 

to improve feed utilization by enhancing rumen microbial synthesis thereby increasing 

forage degradation and voluntary intake (Lufadeju et al., 1985). The CP and NDF intakes 

observed in growing rams fed diets containing urea treated rice straw might be attributed 

to the higher CP and NDF digestibility (Table 4.3). The higher CP intake values obtained 

in growing rams fed urea treated rice straw diet was in conformity with Narayan et al. 

(2004) who found a higher CP intake when urea treated wheat straw was fed to goats and 

lactating buffaloes.The significantly higher total weight gains and daily weight gains in 

growing rams fed diets containing 60:0 and 40:20 UTRS:gamba hay compared to those 
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fed 20:40 and 0:60 UTRS:gamba hay diets might be due to increasd dry matter intake and 

nutrient utilization. Puri and Gupta (2001) and Saadullah et al. (1982) reported that 

improvement in gain was directly related to the dry matter intake. The results wre in 

agreement with what was reported by Finangwai and Dafur (2015) that treatment of acha  

straw with urea had a positive effect on weight gain. Ibrahim et al. (1989) however found 

no effect of urea treatment on animal performance. The increased total weight gain and 

average daily gain could be due to increased nitrogen availability in the digestive tract for 

effective degradation of straw. The least feed conversion ratio (FCR) value (7.77) 

obtained indicated that growing rams on diet containing 60:0 UTRS:gamba hay were 

more efficient in converting feed to live weight gain than the growing rams fed other 

diets. 

5.2.2 Nutrient digestibility  

Increased apparent digestibility of DM, OM and CP in growing rams fed diets containing 

urea treated rice straw was in agreement with the results of Wanapat et al. (2009) who 

reported that urea treatment of rice straw improved digestibility of DM, OM, and CP in 

dairy cows when fed urea treated rice straw based diet. Prasad et al. (1998) also reported 

increase in CP digestibility in crossbred cows fed baled and stacked urea treated rice 

straw. The higher apparent digestibility of NDF and ADF recorded in diets containing 

urea treated rice straw was in line with the report of Hart and Wanapat (1992) who found 

that treatment of rice straw with urea increased digestibility of NDF and ADF contents. 

The results also agreed with the finding of Abdu (1998) who reported increased 

digestibility of urea treated sorghum stover. It was also reported by Djas-da-Silva and 

Guedes (1990) that an additional effect of urea treatment seems to be that it increases the 

file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b50-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b14-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b14-ajas-26-12-1689-5
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content of extractable biogenic silica, and thus enhances its digestibility. Increase in 

digestibility of NDF and ADF contents of urea treated rice straw could be attributed to 

the swelling of the hemicelluloses-lignin complex (Mapato et al., 2010) resulting in an 

increased surface area available for attack by rumen microorganisms and thus increasing 

the rate of breakdown and the rate of passage of treated straw through the digestive tract. 

(Goto and Yokoe, 1996; Ha et al., 2001). Dahiya et al. (1990) and Rai and Agrawal 

(1991) reported that the significant improvement in the digestibility of fibre fractions of 

urea treated rice straw could be attributed to either incorporation of N in the nitrogen 

deficient rice straw or alteration of lignocellulose complex or both. 

5.2.3 Nitrogen balance  

The higher nitrogen intake in growing rams fed diet containing urea treated rice straw 

could be attributed to higher crude protein in the diets following urea treatment. This was 

in line with Preston and Leng (1987) who reported that crude protein concentration in a 

diet has a significant effect on the nitrogen intake of sheep. Increased nitrogen absorbed 

and nitrogen retained in groups fed diets with urea treated rice straw may be as a result of 

the higher crude protein content of the straw due to urea treatment. The significant 

differences in nitrogen retention from urea treated rice straw diets indicated that the 

nitrogen in treated rice straw was adequate for the amount of energy available from its 

fermentation. Animals fed diet containing (0:60 UTRS:gamba hay) in this study had 

lower nitrogen retention, as did the sheep of Adu and Adamu (1982) which were fed three 

low crude protein tropical grass hays. The result also conformed to the report by 

Abubakar et al. (2010) who evaluated different sources of nitrogen and recorded positive 

nitrogen balance for those fed urea sources. The increased nitrogen retention in this study 
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agreed with Pradhan et al. (1995) who reported that urea treated rice straw increased 

nitrogen retention in goats.  

5.2.4 Serum profiles 

The results showed significant differences (P<0.05) in serum glucose, urea nitrogen and 

total protein, while there was no significant difference in creatinine across the treatment 

groups. Finangwai et al. (2010) reported non-significant differences in serum glucose, 

urea nitrogen and creatinine in crossbred (Friesian× Bunaji) bulls fed urea treated maize 

stover based complete diets. The glucose concentration values were within the normal 

range of 40-100 mg/dl (Merck, 2016). The total serum protein values recorded in all the 

treatment groups fell within normal physiological ranges of 60 - 82g/l (Singh and Gupta, 

1986; Farghly et al., 1993). 

 

5.3 Experiment 2 

5.3.1 Feed intake and weight gain 

The significantly higher (P<0.05) total dry matter intake in fattening rams fed diets 

containing urea treated rice straw may be a reflection of increased palatability and 

digestibility of the straw. Mc Donald et al. (1995) observed that there is a positive 

relationship between digestibility and feed intake. Chenost and Kayouli (1997) also 

attributed feed intake to improved palatability and softening effect of urea treatment on 

rice straw. The authors further reported that urea treatment increase intake of rice straw in 

the range of 15 to 50 %.The present result was also in agreement with the report of 

Finangwai et al. (2008) that urea treatment of straw increased feed intake in crossbred 

bulls. The increase in CP, and NDF intake observed in this study could be due to better 
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digestibility of the nutrients (Table 4.3.). Higher total weight gain and average daily gain 

in groups fed roughage containing urea treated rice straw could be a result of increased 

dry matter intake. The result was in line with the findings of Saadullah et al. (I982), Puri 

and Gupta (2001) and Finangwai and Dafur (2015). 

5.3.2    Nutrient digestibility 

  Increased digestibility coefficient values for DM, OM and CP in rams fed diets   

  containing urea treated rice straw obtained in this study agree with Doyle et al. (1987;  

  Hart and Wanapat (1992) and Trach et al. (2001) who reported increase in nutrient  

  digestibility in ruminants fed straw treated with urea. The higher apparent digestibility  

  of NDF and ADF recorded in diets containing urea treated rice straw was in line with  

  the report of Ibrahim and Schiere (1989) and Hart and Wanapat (1992) who found that  

  treatment of rice straw with urea increased digestibility of NDF and ADF contents.  

  Prasad et al. (1998) reported higher nutrient digestibility of OM, CP and of the fiber  

  fractions for urea treated straw diets than for untreated straw fed to crossbred cows.  

  Moreover, Dutta et al. (2004) and Gunun and Wanapat 2012 reported increased  

  digestibility of NDF and ADF in goats and dairy steers fed urea-treated rice  

  straw. Increase in digestibility of NDF and ADF contents of urea treated rice straw  

  could be attributed to the swelling of the hemicelluloses-lignin complex (Nurfeta et  

  al., 2009; Mapato et al., 2010) resulting in an increased surface area available for  

  attack by rumen microorganisms and thus increasing the rate of breakdown and the  

  rate of passage of treated straw through the digestive tract (Goto and Yokoe, 1996; Ha  

  et al., 2001). 

file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b14-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b14-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b11-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b12-ajas-26-12-1689-5
file:///C:/Users/Abdullahi%20nayawo/Downloads/Effects%20of%20Physical%20Form%20and%20Urea%20Treatment%20of%20Rice%20Straw%20on%20Rumen%20Fermentation.htm%23b12-ajas-26-12-1689-5
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5.3.3   Nitrogen balance of fattening Yankasa rams fed different proportions of urea  

  treated rice straw and gamba hay 

  The higher total nitrogen intake, nitrogen absorbed and nitrogen retained observed for  

  rams fed diets containing urea treated rice straw might be attributed to higher crude  

  protein in the diets. This was in line with the reports by Preston and Leng (1987) and  

  Abubakar et al. (2010). The higher significant value obtained for urinary nitrogen  

  output on animals fed diets containing urea treated rice straw when compared to group  

  fed 0:60 UTRS:gamba diet could be a reflection of higher nitrogen intake.    

  This was in conformity with the findings of Kerchgessner et al. (2001), who reported  

  that nitrogen consumed in excess of animal requirement will be excreted in urine. The  

  higher values of faecal nitrogen observed on animals fed diet containing 0:60  

  UTRS:gamb hay could probably be due to reduced digestibility of crude protein that  

  was not well utilized and thus was excreted. In contrast with these results, Sinha et al.  

  (2011) did not find any significant effect on total nitrogen intake, faecal and urinary  

  nitrogen excretion in Mithun (Bos frontalis) fed urea-treated paddy straw when  

  compared to Napier grass (Pennisetum purpureum Schumach).  

5.3.4   Rumen metabolites  

   The rumen pH values of the treatment groups obtained in this study agree with the  

  recommended standard rumen pH values of 6.7 reported by Van Soest (1994). Van Soest  

  (1994) reported that cellulolytic organisms grow optimally at pH 6.7  

  and pH below 6.2 inhibited the rate of digestion, decreased acetic acid and depressed  

  cellulolytic activity. In this study, treatment of rice straw with urea had no effect on  

  rumen pH, an indication of balance between the concentrations of VFA and NH3 in  
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  the rumen as described by Alam, et al.  (2010). The results showed significantly higher  

  rumen ammonia concentration in animals fed diets containing 60:0 and 40:20  

  UTRS:gamba hay compared to those fed 20:40 and 0:60 UTRS:gamba hay diets. The  

  significant difference observed in the values obtained for ammonia nitrogen    

  concentration in the rumen fluid of rams fed diets containing 60:0 and 40:20  

  UTRS:gamba hay could be due to the extent of CP digestibility and nitrogen uptake by   

  the rumen microbes. Evidence from literature indicate that the minimum rumen ammonia  

  concentration required vary depending on the type of fibrous material being digested  

  (Dixon, 1987). The result was consistent with previous studies which indicated that  

  urea treatment of straw increased rumen ammonia concentration (Farghly, 1993;  

  Wanapat et al., 2009 and Mapato et al., 2010). The values (21.79 – 27.80 mg/dl) for  

  rumen NH3-N concentrations obtained in this study were similar to the NH3-N range  

  of 15 to 30 mg/dl reported by Wanapat et al., 2008; Poungchompu et al., 2009;  

  Anantasook et al., 2013). The higher TVFA concentration observed in the groups fed  

  diets containing 60:0 UTRS:gamba hay might be a result of increased feed intake  

  and digestibility as reported by Jayasuriyya et al. (1987) and Nisa et al. (2014). Those  

  groups with higher nutrient digestibility showed higher values of TVFA (Table 4.3.2).  

  The increase in TVFA could be due to higher crude protein in the diets which  

  provided adequate nitrogen required for rumen microbes to maximally digest the  

  components of dietary fibre, leading to the production of total volatile fatty acid as  

  reported by Givens and Moss (1993). Ipharrauerre et al. (2005) also reported that the  

  concentration of TVFA in the rumen fluid of cattle increased with increased crude  

  protein content of the diet. 
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5.3.5 Serum metabolites 

The significant differences in serum glucose, urea nitrogen and total protein and the non 

significant effect in serum creatinine obtained in this study did not conform to the values 

reported by Finangwai et al. (2010) when they fed urea treated maize stover based 

complete diets to crossbred (Friesian × Bunaji) bulls. The increased serum glucose in 

rams fed diets containing urea treated rice straw could be a result of increased intake of 

soluble carbohydrate leading to increase in the level of blood glucose. This is in support 

of Abd El Latif (2003) who indicated that values of blood glucose concentration in 

growing Friesian calves were correlated with energy in the diets. The higher values of 

blood urea nitrogen concentration for rams fed diets containing urea treated rice straw 

proportion might be a result of high release of ammonia in rumen resulting in high 

absorption of ammonia from the rumen to the blood (Sano et al., 2009; Abubakar et al. 

2010). Gunun et al. (2013) also reported increased blood urea nitrogen concentrations 

with increasing rumen ammonia nitrogen level when cows were fed urea treated rice 

straw. Similarly, Yadav and Yadav (1988) found that, cattle given ration containing urea 

treated straw showed higher serum urea concentration than those fed untreated paddy 

straw. Values obtained for the serum parameters in this study fell within the normal range 

of serum glucose, urea nitrogen, serum creatinine and total protein fell within the normal                                

ranges of 50-100 mg/dl, 15-30 mg/dl, 1-2.7 mg/dl and 60-79 g/l, respectively for sheep 

(Kaneko, 1989; Banerjee, 2007; Merck, 2016). The higher values of total serum protein 

obtained for rams fed diets containing urea treated rice straw could probably be due to 

increased crude protein content of the diet as well as higher crude protein intake.  
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5.3.6   Cost- benefit analysis 

 The higher cost of total feed consumed recorded in rams fed diets containing urea  

 treated rice straw could be due to the higher dry matter intake compared to animals  

 fed diet containing 0:60 UTRS:gamba hay. The cost of feed consumed per kg live  

 weight gain was lower and better in rams fed 60:0 and 40:20 UTRS:gamba hay diets  

 compared to the other treatment groups. This result agreed with Singh et al. (2001)  

 who reported that treatment of rice straw with urea significantly increased live weight  

 gain and average daily gain which in turn lead to reduced cost of feed per kg live  

 weight gain of crossbred heifer. 
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CHAPTER SIX 

6. 0     CONCLUSIONS AND RECOMMENDATIONS 

6.1      Conclusions 

1. Crude protein content increased from 3.64 in untreated rice straw to 8.89 % in urea 

treated rice straw while the NDF decreased from 72.16 to 67.98 % as a result of urea 

treatment. 

2. Dry matter intake in growing and fattening rams fed diets containing 60:0 and 40:20  

urea treated rice straw:gamba hay was significantly higher than those on 20:40 and 0:60 

urea treated rice straw:gamba hay diets. 

3. Daily weight gain was significantly higher in growing and fattening rams fed 60:0 and 

40:20 urea treated rice straw:gamba hay diets compared to those fed 20:40 and 0:60 urea 

treated rice straw:gamba hay diets. 

4. Digestibility coefficients of DM, OM, CP, NDF and ADF were significantly increased 

in diets containing urea treated rice straw. 

5. Blood serum and rumen fluid metabolites were within the normal physiological ranges 

for sheep.   

6. Cost of feed consumed per kg body weight gain was lower and better in fattening rams 

fed diets with 60:0 and 40:20 urea treated rice straw:gamba hay proportion. 
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6.2 Recommendations 

The study recommends as follows: 

1. Urea treated rice straw could be used to replace gamba hay as a roughage source for 

sheep feeding as sheep had higher weight gain in the urea treated rice straw based diets 

compared to gamba hay based diet. 

2. Small-holder farmers may adopt the treatment of rice straw with urea to improve its 

nutritive value and reduce the cost of feed per kg body weight gain. 
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APPENDIX  

Cost of experimental feed materials used in the study 

 

Cost of gamba hay------------------------------------------------------------------------------------₦5/kg 

₦5 × 100 kg-------------------------------------------------------------------------------------------₦500 

Cost of urea treated rice straw----------------------------------------------------------------------₦15/kg 

₦15 × 100 kg-----------------------------------------------------------------------------------------₦1500 

Cost of concentrate ingredients 

Maize----------------------------------------------------------------------------------------------------₦45/kg 

45 × 100 kg---------------------------------------------------------------------------------------------₦4500 

Wheat bran----------------------------------------------------------------------------------------------₦40/kg 

40 × 100 kg---------------------------------------------------------------------------------------------₦4000 

Cotton seed cake---------------------------------------------------------------------------------------₦70/kg 

₦70 × 100 kg-------------------------------------------------------------------------------------------₦7000 

Rice milling waste---------==------------------------------------------------------------------------₦10/kg 

Bone meal----------------------------------------------------------------------------------------------₦15/kg 

Salt-------------------------------------------------------------------------------------------------------₦5/kg 

Cost of live rams/ kg--------------------------------------------------------------------------------₦450.00 

Cost of roughage consumed= cost of roughage × intake of roughage  

Cost of concentrate consumed= cost of concentrate × intake of concentrate 

Cost of total feed consumed = cost of roughage consumed + cost of concentrate consumed 

Cost per kg live weight gain= cost of total feed consumed 

                                                               Weight gain 

 

 


