EFFECT OF ENSILING PERIOD AND ADDITIVES ON SUGARCANE BAGASSE IN
SACCO RUMEN DEGRADABILITY

SALAHUDDEEN JAMILU MANSUR

SPS/15/MAS/00002

B. AGRICULTURE

A THESIS SUBMITTED TO THE DEPARTMENT OF (ANIMAL SCIENCE), BAYERO
UNIVERSITY KANO, IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR
THE AWARD OF DEGREE OF MASTER OF SCIENCE IN ANIMAL SCIENCE

JANUARY, 2020



DECLARATION

| hereby declare that this work is the product of my research efforts undertaken under the
supervision of (Dr. Aminu Nasiru) and has not been presented anywhere for the award of a

degree. All sources have been duly acknowledged.

SALAHUDDEEN JAMILU MANSUR
SPS/15/MAS/00002



CERTIFICATION

This is to certify that the research work for this thesis and the subsequent write-up (Salahuddeen

Jamilu Mansur SPS/15/MAS/00002) were carried out under my supervision.

Dr. Aminu Nasiru Dr. Nuhu Bello Rano

(Supervisor) (Head of Department)



ACKNOWLEDGEMENTS

All praise to Almighty Allah the most beneficient the most merciful one, for creating, guiding,
blessing me and conducting me throughout my studies for giving me wisdom, strength and
potential to complete this dissertation. | greatly appreciate the efforts of my Supervisor: Dr.
Aminu Nasiru for their ample and unrewadable advice, patience, sacrifices, commitments despite
their tight schedules, supports and guidance in terms of thorough supervision, valuable and
constructive inputs to the successful conduct of every stage of this work and its write-up. Allah
Subhanahu Wata’ala will surely reward you and may you always see the favours of Allah
wherever you find yourself. May Allah in His infinite mercy grants you, your parent and family

members abode in Jannatul Firdaus.

My appreciation goes to the members of staff of the Department of Animal Science; Dr. Yusuf
Garba, Prof. I.R Mahammad, Dr. S. K Inusa, and the Head of Department Dr. Nuhu Bello Rano
to mention but few, who in one way or the other contributed toward the success of this work,

may you all see the goodness of Allah in all your endeavours.

My appreciation also goes to the staff of livestock teaching and research farm unit, Department
of Animal Science; Aminu Garba Jakara and Kabiru that help me in conducting the rumen
cannulation and overseeing the cannulated animals during the research work. | thank you all
please. | also say a very big thank you to my classmates especially Lawan Babangida, Ahmad
Rufai and Aminu Sani Ayuba for their strong support, valuable suggestion and encouragements

in my research programme and other academic activities. May Allah bless you all.



Last but not least, I'm always grateful to my family for their substantial support with their
endless love and caring, advice and encouragement in my life. | appreciated to my Late father

Alh. Jamilu Mansur and Mum Hajiya Binta Suleman for their endless support.



DEDICATION

This research thesis is dedicated to my beloved parents Late Alh. Jamilu Mansur and Hajiya
Binta Suleman for their tireless guide support and prayers towards accomplishing my studies

successfully, may Almighty Allah shower his endless blessing upon them.

Vi



Title Page
Declaration
Certification
Approval
Acknowledgements
Dedication

Table o f Contents
List of Tables
Abstract
CHAPTER ONE

1.0 Introduction

1.1 Background Information
1.2 Problem Statement
1.3 Justification of The Study

1.4 Objectives of The Study

CHAPTER TWO

2.0 LITERATURE REVIEW

TABLE OF CONTENTS

2.1 Economic Importance of Agricultural Byproducts

2.2 Use of Agro-Industrial Byproducts for Animals in Northern Nigeria

2.3 Estimation of the Nutritive Value of Ruminant Feed

Vii

Vi

vii

Xi

Xiii



2.4 Small Ruminant Production in Nigeria

2.5 Crop Residue Utilization in Small Ruminant Feeding

2.6 Nutritional Composition of Crop Residue

2.7 Sugarcane Bagasse

2.7.1 Use of Sugarcane Bagasse as Livestock Feed in Nigeria

2.7.2 Nutritive Value of Sugarcane Bagasse

2.7.3 Methods of Preparing Sugarcane Bagasse

2.7.4 Physical Treatment of Sugarcane Bagasse

2.7.5 Chemical Treatment of Sugarcane Bagasse Silage

2.7.6 Biological Treatment of Sugarcane Bagasse Silage

2.8 Silage Additives

2.8.1 Yeasts

2.8.2 Molasses

2.8.3 Urea

2.9.0 Nylon bag technique

2.9.1 In Sacco Rumen Degradability

2.9.2 Rumen Degradation of Feeds

viii

11

13

14

15

16

16

17

17

18

19

20

21

23

24

24

25



CHAPTER THREE

3.0 Materials and Method

3.1 Experimental Location

3.2 Experimental Design and Treatment

3.3 Collection and Preparation of Test Materials

3.4 Experimental Materials

3.5 Ensiling Procedure

3.6 Description of Silage Quality

3.7 In Sacco Degradability

3.8 Analytical Techniques

3.8.3 Statistical Analysis

CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 RESULTS

4.1.1 Effects of Aditives on Sugarcane Bagasse Silage Characteristics

4.1.2 Effect of Ensiling Period on Sugarcane Bagasse Silage Characteristics

4.1.3 Interaction Effect of Additives and Ensiling Period on Sugarcane Bagasse

Silage Characteristics

27

27

27

28

28

28

29

30

31

32

33

33

33



4.1.4 Effect of Additives on Chemical Composition of Sugarcane Bagasse Silage

4.1.5 Effect of Ensiling Period on Chemical Composition of Sugarcane Bagasse
Silage

4.1.6 Interaction Between Additives and Ensiling Period on Chemical Composition
of Sugarcane Bagasse Silage

4.1.7 Dry matter Disappearance of Sugarcane Bagasse Silage Over Incubation Time
4.1.8 Organic Matter Disappearance of Sugarcane Bagasse Silage Over Incubation
Time

4.2 Effect of Additives on Dry Matter Degradability of Sugarcane Bagasse Silage

4.2.1 Effect of Silage Period on Dry Matter Degradability of Sugarcane Bagasse

Silage

4.2.2 Interaction Effect between Additives and Ensiling Period on Dry Matter
Degradability of Sugarcane Bagasse Silage

4.2.3 Effect of Additives on Organic Matter Degradability of Sugarcane Bagasse
Silage

4.2.4 Effect of Silage Period on Organic Matter Degradability of Sugarcane Bagasse
Silage

4.2.5 Interaction Effect between Additives and Ensiling Period on Organic Matter
Degradability of Sugarcane Bagasse Silage

36

37

38

40

43

46

47

48

50

o1



4.3 DISCUSSION

4.3.1 Effect of Additives, Silage Period and Interaction on Physical Characteristics

of Sugarcane Bagasse Silage

4.3.2 Effect of Additives, Silage Period and Interaction on Nutrient composition of

Sugarcane Bagasse Silage

4.3.3 Dry matter Disappearance of Sugarcane Bagasse Silage at Different Ensiling

Period

4.3.4 Organic Matter Disappearance of Sugarcane Bagasse Silage at Different
Ensiling Period

4.3.5 Effect of Additives, Ensiling Period and their Interaction on Dry Matter
Degradability of Sugarcane Bagasse Silage

4.3.6 Effects of Additives, Ensiling Period and their Interaction on Organic Matter

Degradability of Sugarcane Bagasse Silage

CHAPTER FIVE

5.0 Summary, Conclusion and Recommendations

5.1 Summary

5.2 Conclusion

5.3 Recommendation

Reference

Xi

52

54

56

57

58

58

59

61

61

61

62

63



LIST OF TABLES AND FIGURES
Table 1 Physical quality parameter scales

Table 2: Effects of Additives on Silage Characteristics Sugarcane Bagasse

Table 3: Effects of Ensiling Period on Sugarcane Bagasse Silage Characteristics

Table 4: Interaction Effects Between Additives and Ensiling Period of Sugarcane Bagasse
Silage Characteristics

Table 5: Effects of Additives on Chemical Composition of Sugarcane Bagasse Silage

Table 6: Effects of Silage Period on Chemical Composition of Sugarcane Bagasse Silage

Table 7: Interaction Effects between Additives and Ensiling Period on Chemical
Composition of Sugarcane Bagasse Silage

Figure 1: Effect of Sugarcane Bagasse (control) on dry matter disappearance

Figure 2: Effect of Sugarcane Bagasse (urea) on dry matter disappearance

Figure 3: Effect of Sugarcane Bagasse (molasses) on dry matter disappearance

Figure 4: Effect of Sugarcane Bagasse (yeast) on dry matter disappearance

Figure 5: Effect of Sugarcane Bagasse (control) on Organic matter disappearance

Figure 6: Effect of Sugarcane Bagasse (urea) on Organic matter disappearance

Figure 7: Effect of Sugarcane Bagasse (molasses) on Organic matter disappearance

Figure 8: Effect of Sugarcane Bagasse (yeast) on Organic matter disappearance

Table 8: Effect of Additives on Dry matter Degradation Characteristics of Sugarcane

Bagasse Silage

xii

30

33

34

35

36

37

39

41

41

42

42

44

44

45

45

46



Table 9: Effect of Silage Period on Dry matter Degradation Characteristics of Sugarcane
Bagasse Silage

Table 10: Interaction Effect of Additives and Silage Period on Dry matter Degradation
Characteristics of Sugarcane Bagasse Silage

Table 11 Effect of Additives on Organic Matter Degradation Characteristics ofSugarcane
Bagasse Silage

Table 12 Effect of Silage Period on Organic Matter Degradation Characteristics of
Sugarcane Bagasse Silage

Table 13: Interaction Effect of Additives and Ensiling Period on Organic Matter
Degradation Characteristics of Sugarcane Bagasse Silage

xiii

47

49

50

51

53



ABSTRACT

An experiments were conducted to evaluate the effect of additives and ensiling period on in
sacco rumen degradability of sugarcane bagasse silage (SBS). Two experiments were carried out
to achieve the objectives; the first one was to determine the effect of ensiling period and silage
additives on physical quality and proximate composition of (SBS). The experiment was laid out
in 3 x 4 factorial arrangements in RCBD with three ensiling period (3, 5 and 7 week) and four
additives (control, urea, molasses and yeast). The second experiment was to determine the effect
of first experiment on in sacco degradability. Orskov et al. (1980) procedure was used to conduct
the experiment. Data generated from the two experiments were subjected to analysis of variance.
Results obtained revealed that the physical properties of treated sugarcane bagasse were
improved in urea and molasses treated. There was also improvement with the increasing ensiling
period from 3 - 7 week. The desirable pH (4.0 - 4.7) was obtained in all silages at 3, 5 and 7
weeks. Crude protein content was higher significantly (P<0.05) with the urea and yeast (9.56 and
9.00%). Dry matter and crude fibre contents decreased significantly (P<0.05) after ensiling with
urea, molasses and yeast treatments. The highest dry matter and crude fibre was found to be
92.21 and 47.66% in the control. The crude protein contents increased after ensiling from 3 - 7
weeks while the crude fibre decreased with increasing ensiling time. The highest crude protein
(10.00%) due to interaction was obtained in urea treated at 7 week. Result obtained for the
second experiment shows that the highest dry matter and organic matter disappearances were
recorded at 7 week ensiling period for all the additives after 48 hours of incubation. The dry
matter and organic matter degradability were increased by ensiling with urea and molasses after
7 week. The highest organic matter potential degradability PD due to interaction was obtained in
urea and molasses at 7 week (100%) while the highest effective degradability ED due to
interaction was recorded in urea 7 week (41.60%). Therefore, it can conclude that the addition of
urea or molasses improved the physical, nutritional and degradation characteristics of sugarcane
bagasse silage.

Xiv



CHAPTER ONE
1.0 INTRODUCTION

1.1 BACKGROUND INFORMATION

Fibrous crop by-products or farm wastes are characterized by extensive lignification of
the cellulose and the hemicelluloses and by low levels of protein, soluble carbohydrates and
minerals (Van Hao & Ledin, 2001). Crop residues are leftovers of crop harvest. They differ from
by-products of processing such as bran, oil cakes among others and they are classified based on
crop type such as cereals, grain legumes, roots or tubers. Crop residues are source of feedstuffs
available as livestock feed during the dry season. The main constraint to the use of crop residues
as ruminant feed is the rapid decline in quality, slow rate of digestion due to high lignin content
and relatively poor nutrient content (Fajemisin, Fadiyamu, Fajemisin, & Alokan, 2012).

Agricultural by-products, crop residues and other agricultural by-products categorized as
wastes have been used as a major ingredients in ruminants feeds since ancient times, because
ruminants have the ability to digest these materials by microbes in their rumen (Boucque &
Fiems, 1988; Leng, (1990) and Nair, Verma, Dass & Mehra, (2002) reported that the majority of
tropical and sub-tropical countries use agricultural by-products for livestock feeding or graze
pasture of low quality in range lands.

Improvements of the performance of ruminants in Sub-Saharan Africa (Kaitho et al., 1998;
Mekonnen, Glatzel, & Sieghardt, (2006); Mekoya, Oosting, Fernandez-Rivera & Van der Zijpp,
2008) require the use of methods to extend the availability and quality of local feedstuffs
especially to reduce feed cost. In order to accomplish this, farmers should be offered the option
to choose available, abundant, and cheap feedstuffs. This option is pointed out to utilize crop

residues and or agro industrial by product beside the available forages. However, the weakness



of crop residues as feed is generally less palatable, low degradability and low in nutrients
content. Feedstuff from agricultural wastes or crop residues are high in cell wall and low in
nitrogen content or imbalance, therefore, the digestibility is low (Soeharto, 2004) and these

characteristics will inhibit feed intake.

Lignocelluloses are a major component of crop residue cell wall, especially secondary cell
wall, with cellulose, hemicelluloses and lignin content in which lignin inheres in the cellulose
and hemicelluloses matrix. The low ability of lignocelluloses to hydrolyze (more for crystalline
structure of cellulose fibrils and presence of lignin) reduces the digestibility and restricts efficient
utilization of the feed produced by ruminal microorganisms. Although, microorganisms within
the rumen are able to exude enzymes that have potential to directly hydrolyze cellulose and
hemicelluloses in the rumen. The complex network formed by cellulose, hemicelluloses and
lignin reduces their digestibility because of lacking ligninolytic activity (Falcon et al., 1995;

Zadrazil, 1985; Otjen, Blanchette, Effland, & Leatham, 1987).

In Sacco (in situ) degradability is the most frequently used methods for determination of
degradability parameters of dry matter, organic matter (OM), protein, fibre, and other nutrients
of feeds (Van Vuuren, Tamminga, & Ketelaar, 1991). The rate and extent of drymatter
fermentation in the rumen are crucial determinants of the nutrients utilized by ruminants
(Kamalak, Canbolat, Gurbuz & Ozay, 2005). The main factor influencing the rate of
fermentation of feeds is the structure of the carbohydrate fractions, especially the extent of

lignifications of the cell wall (Nagadi, Herrero & Jessop, 2000).



Sugarcane is a tropical grass from which sugar is extracted leaving two by product which
are molasses and baggase (fibrous residue). Sugarcane bagasse is highly fibrous residue
remaining after extraction of juice from cane stem which can be used as a source of roughages
for ruminants. Bagasse is a high fiber, low protein product of very low digestibility which is
sometimes mixed with the cane molasses for cattle feeding. Utilization of Sugarcane bagasse for
animal feeding is limited due to their bulkiness that hinders their transport to areas of
consumption and their poor digestibility due their high content of fiber which contain more than
60% of its dry matter in the form of cellulose, hemicellulose and lignin. Kewalramani, Kamra,
Lall and Pathak, 1988; Ramli, Imura, Takayama & Nakanishi, (2005) reported that sugarcane
bagasse contained about 50% cellulose, 27.9% hemicellulose, 9.8% lignin and 11.3% cell

content that included 1.3% CP.

Use of sugarcane bagasse in ruminant diets for fattening livestock resulted in the
reduction of live weight gain from 970 to 810g /day as the proportion of sugarcane bagasse
reached 30% of the feed ingredients. The reduction in gain was accompanied by reduction in DM
digestibility from (76.2% to 66.8%) the digestibility of the fiber content was also reduced from
47.2 to 20.2% due to the high lignin content of sugarcane bagasse (Elkhidir, 2004).

The major biological constraint of the use of sugarcane bagasse in livestock feeding is the
vast amount of lignocellulosic material which has a very low digestibility. Torres,
Ferriera,Verasa, Melo & Andrade (2003) pointed out that due to low crude protein content in dry
matter, approximately 90% of the nitrogen may be unavailable as it is associated with fiber; and
the acid fiber content of bagasse has values between 58 and 62%. The potential of the use of
sugarcane bagasse as a ruminant feed ingredient may be realized through the development of

physical, chemical and biological treatments (Yalchi, Seif-Davati & Seyed Sharifi, 2010) which



have been applied successfully to break down lignocellulose chemical structure and increase the
soluble carbohydrate fractions. This results increase in the nutritive value of agricultural crop

residues, and improvement of the rumen digestibility and performance of ruminants.

1.2 PROBLEM STATEMENT

Sugarcane bagasse is the fibrous product resulting from the crushing of cane sugar in the
extraction or direct transformation of alcohol. (Bulle, Ribeiro & Leme, 2002) stated that the use
of bagasse from sugar cane in animal feed, on a commercial scale, has been poorly studied,
leading to accumulation of large quantities in industries. This creates problems due to the lack of
storage space and also reduces consumption by animals, since there may be contamination of the
pulp by fungi and bacteria. (Pereira, Ferreira & Garcia, 2008), reported that, a major factor that
limits the use of sugarcane bagasse for animal feed is the low digestibility of dry matter, which is
usually less than 50%. The fiber in cane sugar contains about 40% cellulose, 35% hemicelluloses

and 15% lignin, the latter being responsible for their low use in ruminant feed.

1.3 JUSTIFICATION

Non-conventional feedstuff can be used to solve the problems of livestock feeding and
reduce the competition between man and livestock. This will make the non-conventional
ingredients more utilized. The availability relatively differs from state to state or from nation to
nation and from time to time within a particular country. The agricultural and industrial by-
products could be used in animal feed at certain percentage depending on their nutritive value,
palatability and toxic effect or nutritional factor. Nigeria has large number of livestock, therefore
the used of non-conventional feeds has become essential in addressing the problem of feeding

livestock and to reduce the competition between Man and livestock. Due to unavailability of the



conventional feed resource, non-conventional feedstuff offer the best alternative in our
environment for reduction of feed cost and therefore reduction in the cost of meat, milk and other
animal products (Dafwang et al., 2001). Sugarcane bagasse being a crop residue with low
nutritive value, treatment and ensiling with other ingredients high in other nutrients could
enhance its intake and fermentation compared to feeding untreated sugarcane waste alone.
Sugarcane bagasse is especially important during the dry period when other feed materials are

inadequate.

1.4 OBJECTIVES OF THE STUDY

The objectives of this experiment were to determined:

i.  The nutritive value of ensiled sugarcane bagasse treated with urea, molasses and yeast
ii.  The degradability of ensiled sugarcane bagasse using In sacco nylon bag techniques
iii. The effect of treatment on some physical qualities (colour and aroma) of ensiled

sugarcane bagasse



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Economic Importance of Agricultural Byproducts.

Agricultural by-products, crop residues and other agricultural by-products categorized as
wastes have been used as a major components in ruminants feeding since ancient times, because
ruminants have ability to digest these materials by microorganism in their rumen (Boucque &
Fiems, 1988; Leng, 1990; Nair, Verma, Dass, & Mehra, 2002) indicated that the majority of
tropical and sub-tropical countries used agricultural by-products for feeding livestock or graze

pasture of low quality in range land.

In Nigeria a variety of cash crops are grown. Some of their products and processing by-
products include cereal straw (sorghum, wheat and millet), sugar-cane by-products (bagasse,
sugarcane tops and molasses), and groundnut and cotton by-products. These by-products are not
fully utilized in animal feeding. However some of these are now being incorporated in ruminants
feed. The increasing use of these by-products is due to several factors as: competition between
human and animal for cereal grains, increasing price of cereal grains, seasonal changes in
availability of forages and good quality feed, increasing demand of animal protein of high
quality and low price due to increasing population and their low income, increasing pressure on
agricultural land use and serious economic and environmental problems caused by improper
disposal of these resources (Jayasuriya & Pearce, 1983; Saewar, Nisa, Khan & Mushtaque,

2006).

Crop residues and most of agricultural by-products like cereal straw and sugar-cane
bagasse are fibrous and high in content of lingo-cellulose. Roughly three-quarters of straw is

cellulose plus hemicellulose (De La Cruz, 1990) and (Preston & Leng, 1987) mentioned that



agricultural by-products and crop residues have special physical and chemical characteristics
which make them difficult to incorporate in conventional balanced rations. Thus cereal straw and
sugar-cane bagasse are classified as low quality feedstuff. (Leng, 1990) defined low quality
forage as those forage which are (less than 80g crude protein/ kg) and low in soluble sugars and

starches (less than 100g/kg).

2.2 Use of Agro-Industrial Byproducts for Animals in Northern Nigeria.

There are three observable features of the livestock policy environment that inhibit the
use of crop residues and industrial by-products in Nigeria. Agricultural industries are generally
not located in the same areas as the main livestock population; therefore by-products which
accumulate in the industrial areas cannot be distributed to livestock owners at the time and in the
form and quantity desired without incurring transport costs. This constraint could be overcome
by the development and use of suitable means of treatment, preservation and transport of the by-
products. Although crop residues are widely distributed throughout the country, their use as
livestock feed is limited to the Northern zone, on the other hand, the use of industrial by-products

is only popular in the south (Ayoola & Ayoede, 2004).

2.3 Estimation of the Nutritive Value of Ruminant Feed

Evaluation of feeds should provide nutritionist with the necessary information to formulate
a diet from both physiological and economical view points, in order optimize the animal
performance (Theodorou et al., 1994).

Laboratory methods to estimate nutritive value of feed have improved since the first idea in
1725,when ruminant feed were evaluated as Straw Units (Blaxter, 1986). Initially, the techniques
were designed mainly to characterize nutritive value of feed stuff rather than to predict animal

performance. Improvements in the methods of food evaluation have followed new concepts in



chemistry, animal physiology, rumen microbiology knowledge and related field of science (Flatt,
1988).

Feed evaluation needs to define roughage characteristics which determine animal
performance, for example live weight Gain, Milk, Yield, Wool growth etc (Blummel et al.,
1997) of a particular relevance is the prediction of the animal intake which is an important aspect
of related to feeding forages (Minson, 1990).

The future development of feed evaluation system should incorporate new information
on the relationship between specific end products of digestion and performance of the animals,
as well as information on animal and microbial metabolism, feed composition and effect of
various factors on feed utilization (Flatt, 1988). An adequate dietary analysis of any sort requires
that the methods employed are relevant to a nutritional classification of the dietary chemical
components (Van Soest & Robertson, 1985).

In the evaluation of ruminant feedstuffs, different methods are currently available, some
of these methods will be considered in this review. Nowadays, the In sacco techniques is
probably the most widely used method for feed studies, however some drawbacks have been
pointed out (Michalet, Doreau & Ould Bah, 1993). Others procedures are also in used proximate
analysis, its alternative procedure for the fibre (Van Soest, 1967) and modern instrumental
techniques.

2.4 Small Ruminant Production in Nigeria

Small ruminants which include goats and sheep play a significant role in the food chain
and overall livelihoods of rural households. Sheep and goats can be reared for various reasons
such as income generation, religious purposes, household consumption, hobby and as security
against crop failure (Ozung, Nsa, Ebegbulem & Ubua, 2011). According to (FAOSTAT, 2008),

sheep numbers were in excess of one billion (1,078,200,000) and goat numbers (861,900,000)



were steadily approaching that number. And about 22% and 17% of the total world sheep and
goat population belongs to tropical Africa (Ahmed et al., 2013). Nigeria is about 70% of the
small ruminants which are found in the semi-arid zones of Nigeria and these belong to the agro-
pastoral farmers utilizing extensive and semi-intensive management systems (Ahmed & Egwu,
2014)

Among all the livestock in Nigeria, ruminants comprising sheep, goats and cattle,
constitute the farm animals largely reared by farm families in the country’s agricultural system.
Nigeria has population of 34.5million goats, 22.1million sheep and13.9million cattle. The larger
proportion of these animals’ population are however largely concentrated in the northern region
of the country than the southern region. And specifically about 90 percent of the country’s cattle
population and 70 percent of the sheep and goat populations are concentrated in northern region
of the country (Adebowale, 2012). These animals are mostly reared for meat and are also
important sources of milk, skins and manure. Their fecundity, short generation interval and
capability for fitting into all existing agricultural production systems, as well as the prevailing
demand for mutton, place them in a unique position (Ozung, Nsa, Ebegbulem & Ubua, 2011).
Sheep and goats constitute a good source of family income and livelihood, assets and agricultural
resources for smallholder farmers (Shittu et al., 2008; Salem Ben & Smith, 2008). This makes
small ruminant farming an important and secured form of agricultural investment to the Nigerian
rural and urban farmers. Despite the potentials of small ruminant, shortage of animal protein still
remains a major problem confronting the ever increasing human population in the developing
countries (Salami, Makinde & Garba, 2010). In Nigeria and other developing countries is
inadequate nutrition to small ruminants (Ahamefule & Udo, 2010). And the situation becomes

worse during the dry season when the animals are unable to meet their protein and energy



requirement from available poor quality herbage with consequent marked weight loss and low
productivity (Ngele et al., 2010).

Available breeds of sheep and goat as mentioned by (Adebawole, 2010) in the country
are mainly indigenous, and for the sheep (Ovis aeris) are ‘West African Dwarf (WAD) sheep,
Balami, Uda and Yankasa. Out of these four major of breeds of sheep in the country, the WAD
breed is common to southern region against the widespread of Balami, Uda and Yakansa breeds
in the northern region of the country. Characteristics analysis of sheep in the country, especially
among the Fulani pastoralists showed that ewes had approximately 120% fertility rate, 12% rate
of twinning and 25% lamb mortality rate at 3months old. Sheep productivity index puts lamb
weight at 0.327 kg at a weaning age of 90 days, and 0.490 kg at a weaning age of 180days per
ewe per year. Mature males of the local breeds of sheep have a live weight of about 30 to 65kg
and their female counter parts often weigh between 30 and 45kg.

The goat (Capra hircus L.) represents one of the most important livestock species found
in many part of the world, and the first to be domesticated by man as livestock about 10,000
years ago (Muhammad, 2017). The largest number of goats is found in Asia, followed by Africa,
representing about 59.7% and 33.8% respectively, and the lowest population of goats is found in
Oceania accounting of 0.1% of the total world population (FAOSTAT, 2008). However, the
breeds of goats in Nigeria are largely indigenous which includes the West African Dwarf (WAD)
goat, Sahel/desert goat- known as West African long-legged goat and Sokoto Red/Maradi. The
Kalahari goat breed, which is of South Africa origin is gradually being adapted to the Nigeria’s
ecological zones on experimental efforts. Distribution of the goat breeds in the country showed
that the West African Dwarf (WAD) goat is common to southern Nigeria while the Sahel or

desert goat and Sokoto Red are common to the northern region of the country.

10



Production characteristic of the small ruminant showed that breeds of goats in the country
had low fertility rate (below 100%), 40% twins and triplets birth rates, and low mortality rates of
22% for kids and 14.4% for adults. The productivity indices for 90 and 180 days weaning age

were 0.259 kg and 0.437 kg kid/kg doe respectively (Adebawole, 2010).

2.5 Crop Residue Utilization in Small Ruminant Feeding

Crop residues sometimes referred to as “farm waste”, are post-harvest roughage materials
or plant materials left after the removal of the primary food from the crop plant and are distinct
from agro-industrial by-products which are products arising from factory or household
processing of the harvested crop. It was been observed that most of the crop residues are
abundant during the months of September to November, while they are mostly needed and
utilized between March and July (the late dry and early rainy seasons) when the available pasture
is low in quantity and quality (Kubkomawa et al., 2015). These crop residues are used as mulch,
bedding, fuel, building materials or source of organic fertilizer. These can supply enough
roughage for the ruminant population in the country if properly harnessed, processed and
preserved (Kubkomawa et al., 2015).

Crop residues have high fiber content and are low in protein, starch and fat. So the
traditional method of increasing livestock production by supplementing forage and pasture with
grains and protein concentrate may not meet future meat protein needs. Use of the grain and
protein for human food will compete with such use for animal feed. These problems may be
circumvented by utilizing residues to feed domesticated animals (Obi, Ugwuishiwu & Nwakaire,
2016). It is an important feed resource in Sub-Saharan Africa they are becoming a dominant feed
resource as rangelands are being converted into crop land. However, the level of incorporation of

crop residues in the complete diet is influenced by the quality of crop residue (Anandan et al.,

11



2010). In Sub-Saharan Africa, crop residues are sometimes left on the field as standing hay or
stacked on traditional structures or on trees exposing them to losses due to the effects of the
weather. The problem of dry season livestock feeding in particular, has directed research efforts
towards harnessing and enhancing the utilization of abundant arable by-products and crop
residues. The abundance of crop residues makes them cheap sources of nutrients for ruminants.
Crop residues from maize (Zea mays L.), sorghum (Sorghum bicolor L.), millet (Pennisetum
glaucum), cowpea (Vigna unguiculata L.) and groundnut (Arachis hypogaea L.) are very
important livestock feed in the savanna region particularly during the long dry season.

The residues from cereal crops are relatively in abundance, but of low nutritive value
compared to the leguminous crop residues, which are normally in short supply (Musa et al.,
2011). However, crop residues, being unpalatable and low in digestibility, cannot form a sole
ration for livestock, low-density fibrous materials, low in nitrogen, soluble carbohydrates,
minerals and vitamins with varying amounts of lignin which acts as a physical barrier and
impedes the process of microbial breakdown. In West African region, farmers mostly feed their
livestock with sorghum, millet and maize stovers as basal diet, while cowpea and groundnut
haulms are fed as protein supplement and other agricultural by-products such as brans, oilcakes
are also fed to livestock as energy and mineral supplement. The knowledge of the availability
and utilization of crop residues and agro-industrial by-products in the agro-ecological zones of
Nigeria is important for assessing the potential of those resources (Onyeonagu, 2010).

However, large quantities of crop residues were produced in Nigerian farms are wasted
year after year, some are left to rot in the field, which may improve soil fertility anyway, but
most are burned. Integration of livestock and crop residue allow resources to be recycled more

effectively in livestock production enterprises. There is evidence that livestock fed with crop
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residues and agro-industrial by-products could achieve substantial weight gains (Onyeonagu,
2010). So to meet the nutritional requirements of animals, the residues need processing and
enriching with urea and molasses, and supplementing with green fodders.
2.6 Nutritional Composition of Crop Residue

Crop residues have high fiber content and are low in protein, starch and fat and it was
observed (Obi, Ugwuishiwu & Nwakaire, 2016) that crop residues are characterized by high
content of fibre usually above 40%, low content of nitrogen (0.3 to 1.0%) and low content of
essential minerals such as sodium (Na), phosphorous (P) and calcium (Ca). Cell wall estimated
by neutral detergent fibre (NDF) accounts for at least 72% of the dry matter and represents a
large source of potential energy for ruminants and the ability of rumen microorganisms to digest
cell polysaccharides, consisting mainly of cellulose and hemicelluloses is limited by lignin
(Kubkomawa et al., 2015) It is well recognized that cereal crop residues are of low nutritive
value this is because of their relatively low digestibility (<500 g digestible organic matter (DOM)
per kg dry matter (DM), low crude protein content (<50 g/kg DM) and low content of available
minerals and vitamins. These deficiencies combine to make crop residues unpalatable, thus their
consumption is also low (usually less than 15 g DM/Kkg live weight daily). And according to
(Van Soest and Robertson, 1988) since fibre is often used as a negative index of nutritive value
in predicting the total digestible nutrient (TDN) and net energy, the available energy from crop
residues is likely to be low in relation to crop residue yield. Therefore, crop residues, being
fibrous in nature require that their quality be upgraded for effective utilization by livestock. They
are characterized by low levels of one or more key nutrients which limit their utilization by
livestock so when fed to ruminants their intake is low and their utilization is limited by the slow

rate and total degradability and the rate at which particles breakdown to a critical size small
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enough to leave the rumen. However, leguminous crop residues are usually better and may be
used to complement forages if they are in adequate quantities (Kubkomawa et al., 2015)

2.7 Sugarcane Bagasse

Sugarcane is processed for its sugar which leaves two by-products, molasses and a
fibrous residue termed bagasse. Bagasse is a high fiber, low protein product of very low
digestibility which is sometimes mixed with the cane molasses for cattle feeding. Sugarcane
bagasse is one of a highly fibrous residue remaining after extraction of juice from cane stem
which can be used as a source of roughages for ruminants. Utilization of Sugarcane bagasse for
animal feeding is limited due to their bulkiness that hinders their transport to areas of
consumption and their poor digestibility due their high content of fiber which contain more than
60% of its dry matter in the form of cellulose, hemicellulose and lignin. Kewalramani, Kamra,
Lall & Pathak, 1988; Ramli, Imura, Takayama & Nakanishi, (2005) reported that sugarcane
bagasse contained about 50% cellulose, 27.9% hemicellulose, 9.8% lignin and 11.3% cell

content that included 1.3% CP.

The limitation in availability of energy to the ruminant animals from ligno-cellulose of
agricultural byproducts is due to physical and chemical association between structural
carbohydrate and lignin and the crystalline arrangement of the cellulose polymer in plant cell
wall (Morris & Bacon, 1977; Hartley & Jones, 1978; Scalbert et al., 1985). It is clear that, with
respect to animal feeding, the major biological constraints the use of sugarcane bagasse are the
vast amount of lingo-cellulosic material which has a very low digestibility. A potential for the
use of sugarcane bagasse as a ruminant feed may be realized through the development of
physical, chemical and biological treatments to disrupt the lingocellulose complex. Alkali, acid

and oxidative reagent treatments are kinds of chemical treatments for roughages (Sundstol &
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Coxworth, 1988; Suksombat, 2004). Ammoniation of low quality roughages with urea or
ammonia solution improved digestibility and nutritive value (Ngyuen, Dan, Ly & Sandsle,

2002).

2.7.1 Use of Sugarcane Bagasse as Livestock Feed in Nigeria

Shortage in animal feeds is a well-known problem; several studies have been carried out
to improve to find out an effective and practical solution to overcome the feed shortage problem
in animal feeds and resources. (Salman et al., 2011). Agricultural by-products such as rice straw
and bagasse have enough potential to be used as dairy cattle feed, although these agricultural by-
products are low in protein palatability, digestibility and thus their nutritive values (Suksumbat,
2004). Utilization of sugarcane bagasse as animal feeding is limited due to their bulkiness that
hinders their transport to areas of consumption and their poor digestibility due to their high
content of fiber which contains more than 60% of its dry matter in form of cellulose,
hemicellulose and lignin. (Ahmed et al., 2013). The use of Sacharum officinarum has been
recommended as forage in animal production systems. Recently, an increase of the use of
sugarcane silage has been observed in animal feeding (Santos et al., 2009). As a forage resource
to ruminants, it is considered as one of the alternatives used for minimizing the inadequate
nutrition of animals, especially in drought periods (Freitas, Rocha & Zonta, 2008), which
coincides with the off-season production of tropical pastures (Oliveira et al., 2002), favoring it
use as a forage for ruminants in the dry season. In recent years there has been an increasing trend
towards more efficient utilization of agro-industrial residues, including sugarcane bagasse.
Several processes and products have been reported that utilize sugarcane bagasse as raw material
(Pandey et al., 2000). One of the significant uses of sugarcane bagasse has been for the

production of protein enriched-cattle feed. Although the economy of such processes in

15



submerged fermentation is severely affected by the high cost of product isolation (and low value

of the product), Pandey et al. (2000).

2.7.2 Nutritive Value of Sugarcane Bagasse

Bagasse is the residual fibre that remains after extraction of sugarcane juice. There are
two main types of bagasse factory and pressed cane stalks or farm bagasse, Bagasse consists
approximately 50% cellulose and 25% each of hemicellulose and lignin. Chemically, bagasse
contains about 50% a-cellulose,30% pentosans, and 2.4% ash (Pandey et al., 2000) Because of
its low ash content, bagasse offers numerous advantages in comparison to other crop residues
such as rice straw and wheat straw, which have 17.5% and 11.5% ash respectively (Sindhu &

Gnansounou, 2016).
2.7.3 Methods of Preparing Sugarcane Bagasse

Sugarcane Bagasse, rice straw and other agricultural byproducts, contain lignocellulosic
materials (Suksumbat, 2004). The main components are cellulose, hemicellulose and lignin. As a
result of its high content of lignin, ruminal digestion is inhibited and thus the nutritive value of
bagasse and pith is low for ruminants. To improve the nutritive value of these agriculture
residues, it is important to breakdown the linkages among cellulose and lignin, by mechanical,
chemical or biological treatments (Salman et al., 2011), according to (Pereira, Ferreira & Garcia,
2008) a factor that limits the use of sugarcane bagasse for animal feed is the low digestibility of
dry matter which is usually less than 50%. However its nutritional use can be increased

sufficiently increased by physical, chemical and biological treatments (Costa et al., 2015).
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2.7.4 Physical Treatment of Sugarcane Bagasse

Use of steam and pressure treatments alone or in conjunction with chemical treatments is
known to disrupt the lignocellulosic material in a way that allows for the improved utilization of
cell wall polysaccharides by cell free enzymes (Fan, Lee & Beardmore, 1981; Grohman, Torget
& Himmel, 1985; Brownell & Saddler, 1987). Physical treatments include soaking/wetting,
chopping, grinding, pelleting, steaming under pressure and gamma radiation. (Suksombat, 2004).
These can result in a lower cellulose crystallinity resulting in cellulosebeing better degradable by
enzymes (Agbor et al., 2011; Hendriks & Zeeman, 2009; Sarkar, Ghosh & Banneree, 2012;
Sarnklong, Cone, Pellikaan & Hendriks, 2010). These physical treatments have a limited
feasibility to be applied on farm, because machines or industrial processes are required

(Sarnklong, Cone, Pellikaan & Hendriks, 2010).

2.7.5 Chemical Treatment of Sugarcane Bagasse Silage

Santos et al. (2009) reported an increase in the use of sugarcane silage in animals
feeding. However, during the fermentation process, the high water soluble sugar contents results
in sugarcane silage with high ethanol levels which in turn increases the dry matter loses and
lowers its nutritive value. Thus, silage fermentation may be altered using chemical and biological

additives.

Chemical pretreatments using acid are considered effective and economical (Pandey et
al., 2000). Acids hydrolyze hemicellulose and produce a liquid phase that is rich in xylose, with
minor amounts of lignin derivatives (Rezende et al., 2011). High yields of hemicellulose removal
(up to 90%) with only 15% of cellulose loses were also obtained by (Rocha et al., 2011) on

sugarcane bagasse, using a mixture of sulfuric and acetic acids.
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Alkali treatments were initially used to increase the biomass digestibility for animal
feeding. Diluted alkali solutions lead to disruption of lignocellulosic cell walls by dissolving
hemicellulose, lignin and silica, by hydrolyzing uronic and acetic acid esters and by swelling
cellulose (Zhang & Lynd, 2007; Jackson, 1977). Sodium hydroxide presents the greatest
degradation and subsequent fermentation yields when compared to other alkalis, such as sodium
bicarbonate, ammonium hydroxide, calcium hydroxide and hydrogen peroxide (Rodriguez-
vazquez & Villanuevaventura, 1992a; Rodriguez-vazquez & Diazcervantes, 1994b) used a
NaOH hydroxide solution to treat the pith component of the sugarcane bagasse(0.2g of NaOH

per pith gram), obtaining a maximum digestibility of 71% at 92 degree celsius.

2.7.6 Biological Treatment of Sugarcane Bagasse Silage.

Recycling of agricultural residue can be achieved naturally or artificially by micro-
organisms (Olagunju et al., 2014). Fibrolytic enzymes from fungi and bacteria have been added
to lignocellulosic biomass in order to improve the accessibility of cellulose and hemicellulose.
Addition of fibrolytic enzymes from different white rot fungi to wheat straw did result in a
higher in vitro neutral detergent fiber (NDF) rumen degradability of 13% (Rodriguez et al.,
2008). Biological treatments of some by-products are very essential in order to degrade lingo-
cellulosics into lignin, cellulose, hemicellulose and improve the crude protein content (Abdel-
Aziz et al., 2014). Fermentative bacteria especially the lactic acid bacteria, utilize plant sugars to
produce acids that drive silage to a stable, terminal pH (Mahanna, 2007). While yeasts are not
producing, they remain metabolically active, producing heat, carbon dioxide and ethanol and
also by-products, including acetic acid, aldehydes and esters (Dennis, 2007). It is also known
that, for every alcohol that is produced, a carbon dioxide molecule is generated, which further

contributes to dry matter loss (Mahanna, 2007).
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2.8 Silage Additives

Silage additives have been in use for a very long time (Owen, Ngodigha & Amakiri,
2008) but it is only in the last 15 to 20 years that the availability of machinery, knowledge of
silage fermentation processes, grassland management practices and awareness of the value of
forage in the ruminant diet have contributed to the significant growth in additive usage. Jones
(1994) observed that over 130 silage additives were available in UK. Over 50 million tones of
silages were produced in 1994, but only about 18 million tones of these silages were treated with
silage additive. (Owen, Ngodigha & Amakiri, 2008) summarized the factors which may be
regarded as important characteristics of silage additive and reported that silage additives should
produce high quality stable silage with no secondary fermentation, which would improve animal
performance. The silage additives should also be non- corrosive to machinery, and easy and safe
to handle. Finally, the silage additives should be well-proven and backed by major company.
Additives are used to improve silage preservation by ensuring that lactic acid bacteria dominate
the fermentation phase .They can be divided into three general categories: Fermentation
stimulants, such as bacterial inoculants and enzymes, Fermentation inhibitors such as propionic,
formic and sulphuric acids, Substrate or nutrient sources such as maize grain, molasses, urea and
anhydrous ammonia (Woolford, 1984; Henderson, 1993; Bolsen, Ashb & Wilkinson, 1995).

A number of trials resulted in the conclusion that only strong acids, either alone or in
combination with formaldehyde, have the potential consistently to modify fermentation (Thomas
& Thomas, 1985). However, these additives have largely lost popularity due to both cost and
handling difficulties on the farm. Bacterial inoculants have inherent advantages over other
additives, due to their low cost, safety in handling, a low application rate and no residues or

environmental problems. However, results of their application are variable, probably due to the
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differing ensilage conditions prevailing at the time of application .However, when the additives
are applied together with enzymes, which degrade plant cell walls and starch providing addition
sugars for fermentation to lactic acid. They appear to have achieved improvement in
fermentation and nutritional quality of tropical grasses and legumes (Bolsen, 1999). On small
scale farms, commercial additives, which comprise inoculants and enzymes, may be too costly. It
is likely therefore that the third category of additive will be of most benefit to silage made in
small holdings. Possibly the most important benefit of additives such as maize or sorghum grain
or cassava meal improved dry matter in early cut crops when moisture content is high where
rapid drying (wilting ) is not possible or effluent is lost to the silage through seepage . Tropical
grasses have been successfully ensiled when supplemented with maize meal (Onselen & Lopez,
1988) cassava meal (Panditharane, Allen, Fontenot & Jayasuriya, 1986) and sorghum grain
(Alberto, Portella & De oliverira, 1993).

2.8.1 Yeasts

The yeast used in ethanol production (Saccharomyces cerevisiae) has a by-product with
the potential for animal feed, due to its high protein and vitamin content. Among the
microorganisms studied, yeasts appear to meet the more favorable characteristics for using in
animal feed. (Moreira et al., 2002) reported that the content in crude protein is variable (30 to
60%), the total nitrogen is about 80% of amino acids, 12% of nucleic acids and 8% of ammonia.
Approximately 7% of total nitrogen occurs as free amino acids and in other compounds, such as
flutationa, lecithin, Adelino acid, vitamins, enzymes and coenzymes in small quantities.
Carbohydrates constitute 15 to 60% of the dry weight of yeast, being represented averagely as

33% trehalose, 27% glucans, 21% mannans and 12% glycogen.
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Alcohol industry is concerned with processing the yeast in order to preserve its nutritional
properties, such as enzymes, nucleotides and metabolites of fermentation, which are of
fundamental importance in improving animal performance. Despite the seasonal production,
concentrated between the months of May and November, the sugar mills ensure the supply of
yeast for 12 months. (Blumer, 2002) stated that in the rumen, the yeast appear to increase
consumption by increasing the rate of fiber degradation, causing an increase in the number of
anaerobic bacteria and more stable ruminal environment. They do this by reducing diurnal
variations of pH, ammonia and volatile fatty acid. Yeasts seem to be related to reduce the
production of methane in the rumen by promoting increased competition between methanogenics
and acetogenics bacteria. (Possenti et al., 2008) affirms that in diets for ruminants, yeasts have
been used to improve the symbiotic relationship between rumen microorganisms and their host,

improving rumen fermentation processes in animals given diets rich in starch.

2.8.2 Molasses

Molasses is a by-product or end product of sugar cane (Saccharum officcinarum L.) or
sugar-beet (Beta vulgaris L. var. Conditiva) resulting from the manufacture of raw or refined
sugar. It is a viscous liquid and heavily condensed to separate into a low degree, of which not all
of sugar can be crystallized by the usual processes. It can be found in the market in liquid or
solid (powder). Molasses contains an average of 5% protein, but is rich in energy, and a very
palatable laxative (EMBRAPA, 2015). Molasses is the carbohydrate source used most frequently
and is of particular benefit when applied to crops low in soluble carbohydrates such as tropical

legumes and grasses.
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Valadares et al. (2002) pointed out that molasses should be used, diluted in water at a
ratio of 1:1 to 1:2, and given together with dried forages and concentrates, properly
supplemented with protein. Molasses, by weight, has 67% of energy from corn, but offers the
advantage of stimulating the multiplication of bacteria in the rumen, therefore leading to the
digestion of fibrous feed. Since the cost of molasses is not more than 60% of the cost of corn, it
can be mixed in a ratio to 1/3 of concentrated feed and the gradually introduced in the diet.
Molasses has been used widely as a food supplement in the diet of ruminants with good results,
and the percentage composition of the feed used in cattle-will depend on the stage of the flock

and the type of pasture (nutritional value of pasture).

Najafpour & Shan (2003) asserted that molasses can vary from 85 to 92° Brix. The Brix
content measured (in degree Brix), are very close to the concentration of sucrose in the product,
25 to 40% sucrose from 12 to 35% of reducing sugars, 2.5 to 9% crude protein, 7-15% ash, 3100
kcal/kg gross energy and 80% TDN. According to these authors, there are differences in the
chemical composition of molasses produced from sugar cane grown on organic soils in relation
to those of mineralized soils and it is possible that these differences may produce different

effects when fed to animals.

Molasses is an energy supplement used in order to stimulate consumption in feed for
ruminants and as a reduction of powder to substitute other ingredients for the same purpose,
provided it price is competitive. There are reports of supply of sugarcane molasses for cattle
since 1890, originally used pure. This product has entered the match in the 30's and then to urea
in 50 years. With time, other nutrients were added to the formulations true protein, lipids,

minerals, vitamins, additives and even homeopathic ingredients (Freitas, Rocha & Zonta, 2008).
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High prices of protein food and alternative sources to provide adequate nitrogen for the animals

has become necessary in order to minimize production costs in feed.

2.8.3 Urea

Urea is a source of non-protein nitrogen and it has been frequently used in ruminant
feed. However, for the best utilization of urea by ruminants, it is important to increase energy
source. Molasses is a good alternative, besides improving the palatability of urea, it improves
intake. It has been shown that when provided in adequate amounts, molasses is a good source of
energy, improves the palatability of food, stimulates the activity of microorganisms in the
breakdown of cellulose and is good source of trace minerals. Molasses can be an excellent binder
for making up rations and is a good solvent for urea, vitamins and other ingredients (Freitas,
Rocha & Zonta, 2008; Najafpour & Shan, 2003) showed that the aroma of molasses and the use
of low quality residues such as straw, cobs and hay make them a food with higher nutritional
quality, increasing weight gain and improving the fur of animals as well as causing the increase
of food consumption by 30%. They also stated that the dose of molasses for sheep should be 100
to 250 g for lambs and adults per head. The methods of use of molasses are mixed; the best is
around 2% in the diet, or 200 g/day when mixed with chopped grass, hay and straws in general.
In beef cattle in confinement, 350 g/day molasses should be used (mixed into fodder). Feeding
creep-feeding system in the molasses is a good alternative, since this increases the palatability of
the diet, causing the animal to increase the consumption of feed, allowing greater rumen

development
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2.9.0 Nylon-Bag Technigue (in situ)

The nylon-bag technique provides a means of ranking feeds according to the rate and
extent of degradation of dry matter, organic matter, nitrogen or other nutritional parameters. It
involves incubating samples of feeds in the rumen of fistulated animals for periods of 60 to 120
hours and subsequent determination of the disappearance of different feed components (Osuji,
Sibanda & Nsahlai, 1993). The nylon technique uses bags (9cm x 18cm) made of nylon mesh
(30-50um) in which a sample of known weight is tightly sealed in the nylon bags and placed in
the rumen of fistulated animal. After the required period of time, the sample is removed, washed,
dried and weighed. Degradability (or disappearance) of the substrate is determined by the weight
loss during the incubation periods. The dried residue may also be used for chemical analysis
(Osuji, Sibanda & Nsahlai, 1993). Nylon bag (or in situ) techniques, are, however, quite useful
for evaluating kinetic aspects of digestion in ruminants through the use of multiple incubation
times and computer models, rates of nutrient digestion can be estimated (Khan, Nisa & Sarwar,

2003).

2.9.1 In Sacco Rumen Degradability

In sacco method, also named as nylon bag or In situ is based on depositing separately
feed stuffs into bags which are incubated into the rumen of an animal fitted with a rumen
cannula. The main objective is to measure the disappearance of dry matter and or other nutrients.
In early experiments (Quin, Vanderwath & Mayburdh, 1939) silk bags were used to incubate
samples. These were later replaced by other types of clothes e.g nylon, polyester or Dacron.

Mehrez & Orskov (1977) proposed the use of In sacco methods as a routine procedure for
measuring protein degradation rate, incubating several bags in order to obtain kinetic evaluation

of the degradation. Van Soest, Mertens & Deimum 1978; Orskov, Reid & Kay, (1988) have
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suggested the use of kinetics of fermentation data to improve the estimation of nutritive value of
feed when both in vitro and In sacco methods are considered. Such a dynamic approach
improves markedly the potential of this technique as suggested by (Orskov, Hovell & Mould,

1980) in forage evaluation.

2.9.2 Rumen Degradation of Feeds

Degradation is one of the most important quantitative factors determining the nutritional
value of feed protein, the supply of ammonia, peptides and branched-chain fatty acids to ruminal
microorganisms, and the passage of undegradable proteins to the intestine (Hvelplund &
Weisbjerg, 2000). The nylon bag technique described by (@drskov, Hovell & Mould, 1980) for
the determination of the degradation of feedstuffs in the rumen at various incubation periods can
be used to screen feeds at the initial stages of assessing their nutritive values. Applying the
equation of McDonald (1981), y = a + b (1- e®), to describe the course of degradation of the
feeds, the constants, a, b, and ¢ obtained can also be used to predict feed intake and growth rate
(Drskov, Reid & Kay, 1988; Blummel & @rskov, 1993) reported that the in vitro gas production
technique developed by (Menke et al., 1979) could also be used to determine gas production at
various incubation periods and these values could be used to describe the course of fermentation
of the feeds, by applying the equation of (McDonald, 1981). These workers reported high
positive correlation between the in vitro gas production and the dry matter degradability values

of feeds at the various incubation periods (Blummel, Steingass, Becker & Soller, 1993).
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The technique used to estimate ruminal fermentation by the incubation of small samples
of feed in the rumen was first used by (Quinn, Wath, Vander & Myburgh, 1938). However, it
was not until the introduction of mathematical tools capable of transforming the data of ruminal
disappearance rates in values of effective degradability (@rskov & McDonald, 1979) that the
method became widespread (Hvelplund & Weisbjerg, 2000). Today, the in situ method is the
most widely used in research to determine estimates of rumen protein degradability, having been
adopted in several countries (Schwab, Tylutki & Ordway, 2003) as well as by the (NRC, 2001).
@rskov et al. (1980) observed that the nylon bag technique was not only a powerful tool for
indexing the relative degradability of feedstuffs, but that it may also be used to study rumen

processes, as it is possible to vary the factors within the bag, or within the rumen.

The in-situ procedure consists of placing feed samples in a nylon bag with a defined pore
size (40-60 um), and infusing them into cannulated animals (cattle, sheep or goats). The pores
must be small enough to prevent the loss of particles and large enough to allow for access of
microorganisms to the material. Due to the small quantity of incubated samples, they do not
interfere with ruminal fermentation, and it is assumed that the conditions inside the bags are

similar to those in the rumen.
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CHAPTER THREE

3.0 MATERIALS AND METHOD
3.1 EXPERIMENTAL LOCATION
The experiment was conducted at the Laboratory and Research Farm Department of

Animal Science, Bayero University Kano. The laboratory is located in the new site campus of
the University, about 13 kilometers from Kano metropolis in Ungogo Local Government Area of
Kano State. Kano State lies on longitude 9° 30' and 12° 30' North and latitude 8° 42 and 9° 30
East in the semi-arid region in the northern Nigeria (Olofin, 2007). Kano state occupies a total
land area of 24,400 square kilometers (NPC, 2006). The mean annual rainfall vary from 600-
1000mm (KNARDA, 2001). The location has about 4-8 months of dry season with maximum

and minimum temperatures of 33°C and 15.2°C, respectively.

3.2 EXPERIMENTAL DESIGN AND TREATMENT

Thirty six bottles (jam bottles) were used for the ensilage with four treatment
combinations designated as control, urea, molasses and yeast respectively, and each treatment
were replicated three times the sample to be ensiled for 3, 5™ and 7" (weeks). A 3 x 4 Factorial
Experiment in Randomized Completely Block Design (RCBD) was used for this study. The

treatment are:

TO = untreated sugarcane bagasse

T1 = sugarcane bagasse + urea solution

T2 = sugarcane bagasse + molasses solution

T3 = sugarcane bagasse + yeast
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3.3 COLLECTION AND PREPARATION OF TEST MATERIALS

The sugarcane bagasse was collected from Yan rake Market, Sharada in Kano metropolis
and chopped into about (1-3cm) length using a medium crushing machine to make compaction
easy (Ogunlolu, Jolaosho, Akinola & Aniwe, 2010). All foreign materials (stones, metals and
polyethene) were removed. The bottles was properly washed with detergent then dried under
shade in a clean environment. The sugarcane bagasses were crushed using a medium crushing

machine of the Animal Science Laboratory, Bayero University Kano.
3.4 EXPERIMENTAL MATERIALS

The materials used for the experiment include; sugarcane bagasse, Jam bottle, Laboratory
yeast, urea, sugar molasses, plastic tube, rubber band/nylon thread, nylon bag, washing machine,
and rumen cannulated animal. The Jam bottle and chemicals was purchased from market around

Kano State metropolis.

3.5 ENSILING PROCEDURE

Before the ensiling, 7.0kg of sugarcane bagasse were chopped into smaller pieces of
about 1-3cm. four combinations of sugarcane bagasse, treated with urea, molasses, laboratory
yeast, and untreated sugarcane bagasse were used. The crushed sugarcane bagasse was treated by
sprinkled with the solution of (urea molasses and yeast). The mixtures was ensiled and tightly
packed into the bottles and compressed using a wooden stick to remove air. Each treatment was
replicated three times and kept for three ensiling period of 3, 5 and 7 week and stored under
shade. Grease was rubbed at the brim to ensure tight condition after filling with silage materials
and compressed. At the end of each ensilage period samples was drained for chemical analysis

and degradability studies.
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Treatment of Molasses at a level of 3% dry matter of sugarcane bagasse was diluted in
1000ml of water and mixed thoroughly with sugarcane bagasse. Good silages have been reported
when molasses was applied at 3-5 % (Valadares et al., 2002). Yeast at a level 1% was used on
dry matter basis of sugarcane bagasse and dissolved in 3000ml of water and mixed with bagasse
as described in the procedure of (Gattass et al., 2008). 1% of urea on dry matter bagasse was
dissolved in 3000ml of water and mixed with bagasse as described in the procedure of (Roy &
Rangnekar, 2006). 2000ml of water was added to the raw sugarcane bagasse and ensiled directly.

The bottle was covered air tight and kept for a period of 3, 5 and 7 weeks of fermentation.
3.6 DESCRIPTION OF SILAGE QUALITY

After 3, 5 and 7 weeks, the fermentation was terminated and the silage were opened for
silage quality evaluation. The assessed quality characteristics were colour, aroma and pH
according to (Babayemi & Igbekoyi, 2008). The pH was determined by adding 100ml of distilled
water to 25g of each treatment in a beaker and a pH meter was inserted to determine the pH. The
physical characteristic of the ensiled material were determined for its aroma and colour by three
independent scorers on a subjective scale of 1 to 4 for aroma and colour as shown in the table

below.
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Table 1: Physical Quality Parameter Scales

Rating Colour Aroma

1 Dark or deep brown Putrid or rancid
2 Light brown Pleasant

3 Pale yellow Sweet

4 Yellowish green Very sweet

Source: (Muhammad et al., 2009)

3.7 IN SACCO DEGRADABILITY

Degradability study of sugarcane bagasse were carried out in cannulated Kano brown
bucks with an average age of 48 months old according to the nylon bag technique (Orskov et al.,
1980). The animals were allowed ten days period to adapt the feeding and housing condition
prior to suspension of bags. The diet of the animals would be as similar to the feeds under
investigation. Sugarcane bagasse silage was allowed to dried and ground through a 2.0 mm sieve
before rumen incubation. Duplicate samples of about 4/g each was placed in nylon bags (bag size
18x140mm, pore size 45 pm) and suspended in the rumen of three fistulated bucks for 8, 12, 18,

24, 36, and 48 hrs (Orskov & Mc Donald, 1979).

After removal from the rumen, the bags were dipped into cold water (13 degree F)
depending on the weather condition and the environment, to stop microbial activity then washed
with tap water to remove rumen matter from outside the bags for about 30 minutes. Samples of 0
hr were prepared by washing the bags containing the test samples for 30 minutes. The washed
bags and contents were dried for 48 hours at 60°C in an oven as described by (Nocek, 1985). The

bags were allowed to cool and their weights were recorded and used to calculate percent dry
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matter loss. The results from the in-situ study were fitted to model of P=a+b (1-e"*') (Orskov and

Mc Donald, 1979) to determine the degradation characteristics of incubated samples.

P=a+b(1-e%

Where

P = Potential degradability after time‘t’

a = Water Soluble Fraction (zero hour)

b = Insoluble but degradable fraction after time ‘t’

¢ = Rate of degradation of slowly degradable fraction b
t = Incubation length i.e. 8, 12, 18, 24, 36 and 48 hours

e = exponential
3.8 ANALYTICAL TECHNIQUES

3.8.1 Proximate Analysis

The result of the ensiled samples of the sugarcane bagasse was analyzed in the Animal
Science Laboratory, Bayero University Kano. According to standard procedure of (AOAC,
2005) for determination of moisture content, crude fibre, crude protein, ash, Ether extract, and
nitrogen free extract were calculated as 100 — (%ash + %moisture + %crude fiber + %crude

protein + %ether extract) according to (Mathew et al., 2014).

3.8.2 Fiber Fraction Determination

A representative sample of silage (1grms) from each treatment was analyzed for fiber
fraction neutral detergent fiber (NDF) and acid detergent fiber (ADF) according to the procedure

of (Van Soest, Robertson & Lewis, 1991).
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3.8.3 Statistical Analysis

The data generated were subjected to analysis of variance (ANOVA) sing SAS package,
(1999) significant differences detected between the means were separated using Duncan Multiple

Range Test (DMRT) and considered significant at probability level of 0.05.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 RESULTS

4.1.1 Effects of Aditives on Sugarcane Bagasse Silage Characteristics

Result of additives on sugarcane bagasse silage characteristics are shown in Table 2. The
result shows that colour of silage made from (urea, yeast and molasses) were pale yellow with
sweet aroma except in (control). The pH values ranged from 4.12 — 4.70 and there was
significant (p<0.05) difference among the treatments. The silage made from (control) has the
higher value of pH (4.70) and the least value was recorded on urea treatments. All silage treated

with sugarcane bagasse had pH value less than 5.0.

Table 2: Effects of Additives on Sugarcane Bagasse Silage Characteristics

Parameter
Treatment pH Colour Aroma
Control 4.70° Light brown Pleasant
Urea 4.12° Pale yellow Sweet
Molasses 4.66° Pale yellow Sweet
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Yeast 457% Pale yellow Sweet

SEM 0.039 - -

Means with different superscripts within the same column are significantly different (P<0.05).

4.1.2 Effect of Ensiling Period on Sugarcane Bagasse Silage Characteristics

The result of ensiling period on sugarcane bagasse silage characteristics are presented in
Table 3. The pH values of silages were significantly affected (P<0.05) by ensiling period. The
pH values varied from 4.28 at 7 weeks, 4.33 at 5 weeks and 4.38 at 3 weeks. In terms of colour
and aroma, all silage made at different period was light brown and pleasant aroma at 3 weeks,

pale yellow colour and sweet aroma at 5 and 7 weeks respectively.

Table 3: Effects of Ensiling Period on Sugarcane Bagasse Silage Characteristics

Parameter
Period pH Colour Aroma
Week 3 4.38°% Light brown Pleasant
Week 5 433" Pale yellow Sweet
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Week 7 4.28" Pale yellow Sweet

SME 0.074 - -

Means with different superscripts within the same column are significantly different (P<0.05

4.1.3 Interaction Effect of Additives and Ensiling Period on Sugarcane Bagasse Silage

Characteristics

Results of additives and ensiling period on sugarcane bagasse silage characteristics are
shown in Table 4. The result revealed that a treatment (urea and yeast) has Pale yellow colour
with sweet aroma, control and yeast has a combination of both Pale yellow and Light brown
colour with sweet and pleasant aroma in all the period of ensiled, pH range from 3.76 — 4.75 at

all treatments and period of ensiled.

Table 4: Interaction Effects between Additives and Ensiling Period of Sugarcane Bagasse Silage
Characteristics

Parameter
Treatment Period pH Colour Aroma
Control 3 4.75 Light brown Pleasant
5 4.69 Light brown Pleasant
7 4.63 Pale yellow Sweet
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Urea

Molasses

Yeast

SEM

TxP

4.32

4.21

4.10

4.59

451

4.48

4.10

3.86

3.76

0.029

Pale yellow

Pale yellow

Pale yellow

Light brown

Pale yellow

Pale yellow

Pale yellow

Pale yellow

Pale yellow

Sweet

Sweet

Sweet

Pleasant

Sweet

Sweet

Sweet

Sweet

Sweet

Means with different superscripts within the same column are significantly different (P<0.05). T x P = Treatment by

Period Interaction
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4.1.4 Effect of Additives on Chemical Composition of Sugarcane Bagasse Silage

The results of additives on chemical composition of sugarcane bagasse silage are shown in
Table 5. The result revealed that there were significant (p<0.05) difference among all the
parameters evaluated. Percent DM of silage made from SBS (control) has the highest value of
92.21% while the least value 89.21% was recorded from the silage made from SBS (yeast).
Treatment (urea) had highest CP (9.56%) among the treatment and the lowest CP (5.18%) was
recorded in the (control) followed by (molasses) respectively. CF value was higher at (control)
(47.66%) and the remaining treatments were close to similar value. The treatment (urea and
yeast) had the higher value of NFE and the lower value was recorded in (control). The lowest
value of ADF and NDF were recorded in treatment (urea) while the higher value ADF and NDF
were recorded also at treatment (urea). The result revealed that DM increasing as the treatment
increasing, the higher content of CP recorded at (urea and yeast) while the lowest content of

ADF and NDF were recorded both at the same treatment.

Table 5: Effects of Additives on Chemical Composition of Sugarcane Bagasse Silage

Parameters

Treatment DM Ash CP CF EE NFE ADF NDF

Control 92.21* 530° 5.18 4766 1.31% 4051° 57.78%° 71.45°
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Urea 90.07° 5.81° 956° 25.24° 197° 57.42% 51.45" 66.03°

Molasses  89.51°° 5.35° 8.66° 27.65° 3.36° 54.87%° 5531% 75.32°

Yeast 89.21° 4.98° 9.00° 24.62° 456° 56.81° 51.87° 72.63°

SEM 0.128 0.21 0.254 1500 0.174 1673 1635 1.006

Means with different superscripts within the same column are significantly different (P<0.05). DM: Dry matter, CP:
Crude protein, CF: Crude fiber, EE: Ether extract, NFE: Nitrogen Free Extract, ADF: Acid detergent fiber, NDF:
Neutral detergent fiber

4.1.5 Effect of Ensiling Period on Chemical Composition of Sugarcane Bagasse Silage

The effects of ensiling period on chemical compositions of sugarcane bagasse silage are
shown in Table 6. The parameters evaluated are DM, ASH, CP, CF, EE, NFE, ADF, and NDF
and they were all significant (p<0.05) at all the period of ensiled. The DM percentage was
highest at 3 weeks ensiling period (90.50%) compared to 5 and 7 weeks respectively. ASH was
highest at 7 weeks (6.33%) and lowest at 3 weeks (4.47%). Crude protein CP content was
highest at 7 weeks (10.10%) while the least CP content was obtained at 3 weeks (5.82%). CF

content was highest at 3 weeks (48.73%) and lowest at 7 weeks ensiling period (32.10%).

Table 6: Effects of Silage Period on Chemical Composition of Sugarcane Bagasse Silage

Parameter

Period DM Ash CP CF EE NFE ADF NDF
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Week 3 90.50* 4.47° 5.82° 48.73% 242" 38.33° 46.41° 67.81°

Week5  90.31° 526° 9.84° 37.93° 223° 44.74* 5280° 74.80°

Week 7 89.94° 6.33* 10.10° 32.10° 3.75° 47.70° 63.10° 71.46°

SEM 0236 0176 0331 1273 0252 1259 1169 1.040

Means with different superscripts within the same column are significantly different (P<0.05). DM: Dry matter, CP:
Crude protein, CF: Crude fiber, EE: Ether extract, NFE: Nitrogen Free Extract, ADF: Acid detergent fibre, NDF:
Neutral detergent fiber

4.1.6 Interaction Between Additives and Ensiling Period on Chemical Composition of Sugarcane

Bagasse Silage

The effect of interaction between additives and ensiling period on chemical composition
of sugarcane bagasse silage are shown in Table 7. Additives and ensiling period significantly
affect the chemical composition of the silage. Percent dry matter (DM) of silage made without

additives (control) at 3 week ensiling period was highest (92.58%) while yeast at 7 weeks was
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least (88.60%). Percent Ash shows that there is increasing value as the ensiled period increase
were the highest value recorded at (molasses) week 7 and the least value observed at (control)
week 3. The CP result revealed that (urea) had the greatest CP content at 7 weeks of ensiled
10.00% and the least was recorded at (control) 3.53% at 3 week. The lowest CF interaction was
recorded in urea 7 weeks (29.20%). The highest ether extract ware obtained in yeast 3 weeks
(4.60%) and 7 weeks (5.76%) while the least was recorded in control 3 weeks (0.46%). The
nitrogen free exract was highest in urea 3 weeks (62.66%) and lowest was recorded in control 7
weeks (30.36%). The interaction between additives and ensiling period on chemical composition

of sugarcane bagasse silage were all significantly (p<0.05) different of all parameters evaluated.

Table 7: Interaction Effects between Additives and Ensiling Period on Chemical Composition of
Sugarcane Bagasse Silage

Parameters

Treatment Period DM ASH CP CF EE NFE ADF NDF

9258 3.73 3.53 53.93 046 4169 59.00 75.26

40



Control

Urea

Molasses

Yeast

SEM

91.80

92.26

90.35

89.28

88.90

91.56

89.85

88.81

89.78

89.26

88.60

0.031

4.43

7.73

4.55

6.01

5.50

5.28

4.43

7.73

4.33

6.16

4.46

0.029

4.34

5.10

9.56

9.75

10.00

7.66

7.75

8.92

8.38

8.78

9.84

0.063

51.48

49.55

38.55

33.72

29.20

51.34

41.35

38.48

43.35

38.32

37.21

0.24

0.60

2.86

2.23

4.33

3.53

2.40

0.66

2.86

4.60

3.33

5.76

0.021

49.49

30.36

62.66

32.40

42.56

57.05

49.49

30.36

43.96

43.44

38.03

0.23

47.30

67.06

41.66

59.63

64.63

40.00

47.30

67.06

45.00

57.00

53.63

0.48

69.00

70.10

63.33

85.00

77.63

59.00

69.00

70.10

73.66

76.20

68.03

0.22
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TXP * * * * * * * *

Means with different superscripts within the same column are significantly different (P<0.05). T= Treatment x
Period Interaction, 3= weeks 3, 5= weeks 5, 7= weeks 7

4.1.7 Dry matter Disappearance of Sugarcane Bagasse Silage Over Incubation Time

The in sacco dry matter disappearance of sugarcane bagasse revealed the possible
degradation of sample incubated after certain period of time. Disappearance of dry matter from
the bags incubated in the rumen increased with increasing time. After 48h of incubation time

almost 50% - 70% of the feed ingredients have disappeared.

Figure 1 below shows dry matter disappearance DM of sugarcane bagasse (control) with
the period of silage during in sacco rumen incubation. Sugarcane bagasse SCB has an effect on
DM dry matter disappearance for all the silage week 3, 5 and 7. Dry matter disappearance of
week 7 has higher value (control) after 48h of incubation. The results of dry natter disappearance
of urea treated sugarcane bagasse are shown in Fig 2. The urea dry mater curve revealed that,
sugarcane bagasse treated with urea and ensiled at 3 weeks produced greatest DM disappearance
values after 48 hours incubation period. The disappearance pattern show that period 3 had higher
value of 59.42% after 48h of incubation. There was significant (p>0.05) difference on dry matter

disappearance at week 5 and 7 when compared with period 3. The results of dry matter
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disappearance of molasses treated sugarcane bagasse at different ensiling period are shown in
Fig 3. The dry matter disappearance curve revealed that molasses treated sugarcane bagasse at 7
weeks produced greatest DM disappearance (68.91%) after 48 hours followed by 5 weeks
(55.84%) and least was three weeks (47.88%) after 48 hours incubation period. Dry matter
disappearances (%) of sugarcane bagasse treated with yeast Fig 4 revealed that sugarcane
bagasse treated with yeast at 7 weeks had the highest DM disappearance followed by 5 weeks

and the least was recorded at 3 weeks ensiling period after 48 hours incubation time.

50 -

==@=TOwks3
== TOwks5
TOwks7

Dry matter disapparance (%)

0 10 20 30 40 50 60
Incubation period (hours)

Figure 1: Effect of Sugarcane Bagasse (control) on dry matter disappearance
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Figure 2: Effect of Sugarcane Bagasse (urea) on dry matter disappearance
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Figure 3: Effect of Sugarcane Bagasse (molasses) on dry matter disappearance
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Figure 4: Effect of Sugarcane Bagasse (yeast) on dry matter disappearance

4.1.8 Organic Matter Disappearance of Sugarcane Bagasse Silage Over Incubation Time

These figures below shows the pattern of organic matter disappearance of sugarcane
bagasse silage SBS with the treatment and period of ensiling, the pattern increased as the
incubation time increased. The organic matter OM disappearance of sugarcane bagasse were
almost up to 60% disappear after 36hr of incubation, since there were no significant (p>0.05)
difference between disappearance after 24, 36 and 48hr of incubation. However, at the end of the

incubation (urea and molasses) with period of ensiled has higher value of disappearance.

The results of organic matter of untreated sugarcane bagasse ensiled at different period
are shown in Fig 5. The curve revealed that silage produced at 7 weeks recorded highest OM
disappearances values during 48 hours (43.29%) followed by 3 weeks and the least was
recorded at 5 week ensiling period (39.17%) after 48 hours. Figure 6 show the results of organic

matter disappearance of urea treated sugarcane bagasse ensiled at different period the curve
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revealed that 7 weeks silage recorded the highest OM disappearance of (59.94%), followed by 5
weeks and 3 weeks ensiling period after 48 hours of incubation period.

Figure 7 shown the results of organic matter disappearances of sugarcane bagasse treated
with molasses at different ensiling period. The OM disappearance of sugarcane bagasse treated
with molasses revealed that 7 and 3 weeks ensiling period produced highest OM disappearance
during 48 hours (69.59 and 69.50 %) followed by 5 weeks (60.63%) after 48 hours. Figure 8
show organic matter disappearance. The curve revealed that, silage produced after 7 weeks had
the highest organic matter disappearance values during 48 hours (44.67 %). The trends indicated

that there is increased in the disappearance values as the ensiling period increase.
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Figure 5: Effect of Sugarcane Bagasse (control) on Organic matter disappearance
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Figure 6: Effect of Sugarcane Bagasse (urea) on Organic matter disappearance
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Figure 7: Effect of Sugarcane Bagasse (molasses) on Organic matter disappearance
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Figure 8: Effect of Sugarcane Bagasse (yeast) on Organic matter disappearance

4.2 Effect of Additives on Dry Matter Degradability of Sugarcane Bagasse Silage

The effect of sugarcane bagasse silage on dry matter in sacco degradability is shown in
Table 8. Sugarcane bagasse no has significant effect on the in sacco DM degradability
parameters except in ‘a’ quickly soluble fraction and effective degradability (ED), from the result
obtained (yeast) has higher quickly soluble fraction ‘a’ (17.30%) and (molasses) has higher ‘b’
slowly degradable fraction with (control) having the lower value. Treatments (control and
molasses) has significantly (p<0.05) higher degradation rate constant ‘c’ when compared with
(urea and yeast). But no significant (p>0.05) difference was observed between treatments on
quickly soluble fraction ‘a’ and ‘b’ slowly degradable fraction with the (control) having lower
PD (59.16%). Moreover, (urea and molasses) recorded highest dry matter in sacco effective

degradability ED.
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Table 8: Effect of Additives on Dry matter Degradation Characteristics of Sugarcane Bagasse
Silage

Parameters
Treatments a b c A B PD ED Lt
Control 560 5416  0.03 15.24°  44.16° 50.16° 2572° 1.94°
Urea 16.80 65.96  0.01 20.32%  62.44™ 8276  30.46°  0.00°

Molasses -16.20 84.50 0.02 21.02* 4727 6830 38.02° 0.00°

Yeast 1730 63.68 0.02 8.33° 72.67*  80.98°  23.60° 0.00°

SEM 0.16 0.15 0.01 0.85 3.88 4.08 0.70 0.25

Means with different superscripts within the same column are significantly different (P<0.05). a- quickly soluble
fraction; b- slowly degradable fraction; c- degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD- potential degradability; ED- effective degradability (%); LT- lag time

4.2.1 Effect of Silage Period on Dry Matter Degradation Characteristics of Sugarcane Bagasse

Silage

The effect of silage period on dry matter in sacco degradation characterisitics of
sugarcane bagasse silage are presented in Table 9. From the result obtained period 7 has higher

value of ‘a’ quickly soluble fraction, ‘b’ slowly degradable fraction and ‘c’ degradation rate
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constant. There was no significant (p>0.05) in ‘a’ quickly soluble fraction and ‘b’ slowly
degradable fraction while significantly (p<0.05) difference exist ‘c’ degradation rate constant
within the period of silage. Week 7 has significantly (p<0.05) higher PD and ED (88.07 and

31.31%) when compared with period 3" (64.80%) having the lowest value.

Table 9: Effect of Silage Period on Dry matter Degradation Characteristics of Sugarcane Bagasse
Silage

Parameters

Period a b c A B PD ED Lt

Week 3 21270 77.50 0.07% 14.87 48.07° 64.80° 26.95°  0.63

Week 5 12.23 55.18 0.03? 16.73 50.68° 67.41° 30.09° 0.82

Week 7 12.97 75.10 0.01° 17.08 71.16°  88.07* 31.31* 0.00

SEM 1.70 3.00 0.020 1.20 3.93 3.93 1.14 0.28

Means with different superscripts within the same column are significantly different (P<0.05). a- quickly soluble
fraction; b- slowly degradable fraction; c- degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD- potential degradability; ED- effective degradability (%); LT- lag time
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4.2.2 Interaction Effect between Additives and Ensiling Period on Dry Matter Degradation

Characteristics of Sugarcane Bagasse Silage

Interaction effect between additives and ensiling period on dry matter degradation
characteristics of sugarcane bagasse silage is presented in Table 10. The result obtained shown
that there was no significant (p>0.05) difference in PD and lag time Lt while significantly
(p<0.05) exist in others parameters. Molasses has the highest value of ‘a’ quickly soluble fraction
and the lower value recorded at (yeast) within treatments and ensiling period of silage. The
higher PD was obtained at sugarcane bagasse silage of (urea and molasses) when compared with

(control) having the lowest value at 5 week.
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Table 10: Interaction Effect of Additives and Silage Period on Dry matter Degradation

Characteristics of Sugarcane Bagasse Silage

Parameters
Treatment  Period a b c A B PD ED Lt
Control 3 -5.14 58.10 0.03 8.80 44.20 5230 2046 2.53
5 8.77 38.29 0.04 16.50 30.60 4706 26.23 3.30
7 13.26 64.87 0.03 20.43 57.70 78.13 3046 0.00
Urea 3 4.24 60.90 0.02 9.76 55.43 65.16 36.53 0.00
5 -3.16 8091  0.03 3.23 7460 77.80 37.13 0.00
7 19.52 80.48 0.01 21.33 78.66 100 40.40 0.00
Molasses 3 20.15 4577  0.02 19.70  48.73 68.43 36.86 0.00
5 20.76 59.10 0.02 15.06 64.80 79.86 37.36 0.00
7 21.02 78.98 0.01 26.20 73.80 100 39.03 0.00
Yeast 3 20.85 26.61 0.02 17.03 30.43 4746 1756 0.00
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5 16.50 40.92 0.06 24.70 3273 5743 23.86 0.00

7 8.70 91.30 0.01 12.00 88.00 100 29.36  0.00
SEM 3.53 26.3 0.01 0.52 3.28 3.32 0.31 0.25
TxP * * * * NS NS * NS

Means with different superscripts within the same column are significantly different (P<0.05). a= quickly soluble
fraction; b= slowly degradable fraction; c= degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD= potential degradability; ED= effective degradability (%); LT= lag time

4.2.3 Effect of Additives on Organic Matter Degradation Characteristics of Sugarcane Bagasse

Silage

Table 11 shows the effect of additives on organic matter in sacco degradability of
sugarcane bagasse. The result revealed that there was no significant (p>0.05) difference among
parameters except in potential degradability PD and effective degradability ED. The higher value
of ‘a’ quickly soluble fraction is obtained in (urea and molasses), similarly with ‘b’ slowly
degradable fraction having the least value recorded at (control). The potential degradability PD
and effective degradability ED of (urea and molasses) has significantly (p<0.05) higher (98.07

and 96.83%) with the lower values obtained at (control and yeast) with (58.02 and 57.15%).
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Table 11: Effect of Additives on Organic Matter Degradation Characteristics of Sugarcane
Bagasse Silage

Parameter

Treatment a b C A B PD ED Lt

Control 1424 4291 0.04% 15.02°  42.06 57.15°  25.74°  0.66

Urea 17.00 81.07 0.01° 23.36° 7471 98.07°  39.74*  0.00

Molasses 23.00  73.83 0.01° 22.92%  73.92 06.83°  34.52°  0.00

Yeast -24.70  82.72 0.02° 10.08°  47.96 58.02°  26.22°  0.00

SEM 1.70 0.13 0.028 0.50 19.55 3.12 0.27 0.16

Means with different superscripts within the same column are significantly different (P<0.05). a- quickly soluble
fraction; b- slowly degradable fraction; c- degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD- potential degradability; ED- effective degradability (%); LT- lag time

4.2.4 Effect of Ensiling Period on Organic Matter Degradation Characterisitcs of Sugarcane

Bagasse Silage

The effect of ensiling period on organic matter degradation characteristics of sugarcane
bagasse silage is presented in Table 12. From the result obtained there was no significant
(p>0.05) difference among the parameters and within the period, but significant (p<0.05) effect

exist in effective degradability ED with higher value obtained at 7 week (32.83%). The higher
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value of potential degradability PD was obtained at 7 week (84.35%) and the least value was

obtained at 5 week (73.80%).

Table 12: Effect of Silage Period on Organic Matter Degradation Characteristics of Sugarcane

Bagasse Silage

Parameters
Period a b C A B PD ED Lt
3 -27.50 100.58  0.07 17.11 56.71 74.40 30.71° 0.50
5 5.00 69.40 0.04 17.70 56.70 73.80 31.12° 0.00
7 10.50 73.85 0.08 18.74 65.57 84.35 32.83° 0.00
SEM 0.12 0.09 0.02 1.23 3.93 4.55 1.10 0.16

Means with different superscripts within the same column are significantly different (P<0.05). a- quickly soluble
fraction; b- slowly degradable fraction; c- degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD- potential degradability; ED- effective degradability (%); LT- lag time
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4.2.5 Interaction Effect between Additives and Ensiling Period on Organic Matter Degradation

of Sugarcane Bagasse Silage

The effect of interaction between additives and ensiling period of sugarcane bagasse on
organic matter degradation are shown in Table 13. The result shows that there were no
significant (p>0.05) difference at all parameters except effective degradability ED. The soluble
fraction (a) was highest in yeast 3 weeks (27.63%) and lowest was recorded in control 3 weeks (-
3.45%). Fraction degraded in the rumen (b) fraction was highest in molasses 7 weeks (84.44%)
and lowest was obtained in yeast 5 weeks (33.57%). The values of potential degradability (PD)
values were highest for urea and molasses at 7 weeks ensiling period and the lowest was
recorded in control at 3 weeks (43.76%). The effective degradability (ED) of OM was highest in

urea 7 weeks (41.60%) and lowest in control 3 weeks (21.26%).
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Table 13: Interaction Effect of Additives and Ensiling Period on Organic Matter Degradation

Characteristics of Sugarcane Bagasse Silage

Parameter
Treatment Period a b C A B PD ED Lt
Control 3 -3.45 43.80 0.02 17.80 26.00 43.76 2126 2.00
5 5.61 41.52 0.06 10.60 36.53 47.13 26.23 0.00
7 6.38 44.12 0.04 1843 32.06 5050 29.06 0.00
Urea 3 24.68 65.82 0.01 2590 64.63 100 38.43 0.00
5 21.17 78.29 0.01 2340 76.60 9050 39.20 0.00
7 21.69 78.31 0.01 1950 80.53 100 41.60 0.00
Molasses 3 12.57 81.23 0.01 19.06 7516 9423 3230 0.00
5 24.22 75.78 0.01 28.76 71.26 100 34.43 0.00
7 15.56 84.44 0.01 22.26 77.74 100 36.83 0.00
Yeast 3 27.63 33.57 0.02 1396 4630 6020 27.96 0.00
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5 11.75 54.98 0.02 5.70 61.03 66.73 2446 0.00

7 -11.61  58.74 0.09 10.60 36.53 47.13 26.23 0.00
SEM 5.33 5.31 0.02 0.50 1955 3.12 0.27 0.16
TxP NS NS NS * NS NS * NS

Means with different superscripts within the same column are significantly different (P<0.05). a= quickly soluble
fraction; b= slowly degradable fraction; c= degradation rate constant (fraction/hour); A- washing lost, B- rumen
degradability fraction, PD= potential degradability; ED= effective degradability (%); LT= lag time

4.3 DISCUSSION

4.3.1 Effect of Additives, Silage Period and Interaction on Physical Characteristics of Sugarcane

Bagasse Silage

Generally, pH is one of the quickest and simples ways of evaluating silage quality. Silage
that has been properly fermented will have a much lower pH. (Kung & shaver, 2002) in their
interpretation of silage analysis stated that a good quality grass and legume silage pH value in the
tropics ranges between 4.3 — 4.7 Most of the pH value of the ensiled sugarcane bagasse silage
reduce with increasing days of ensiling. The pH value also showed a trend increasing with

inclusion of additives and the time period. Untreated sugarcane bagasse (control) had a higher

58



pH value of 4.70 with the list value of 4.12 after 3, 5 and 7 weeks period of ensiling,

respectively.

Other silages on interaction between additives and ensiling weeks had low pH varying from
3.76 — 4.10, 4.48 — 4.59 and 3.98 — 4.32 after 3, 5 and 7 weeks of ensiling, respectively. This pH
was acidic to moderately acidic and indicates proper fermentation and good keeping quality.
Using a similar procedure and higher period of fermentation, though with a different material
(Water Hyacinth) (Akinwande, Mako & Babayemi, 2011) obtained a low pH range 4.3 — 4.66
while (Babayemi, Ekokoto, & Inyan, 2009) obtained a pH range of 3.38 — 4.61 when cassava
peels was ensiled together with Albiza saman pod. The result of the present study fall within the
range of 4.0 — 5.5 reported by (Menenses et al., 2007) which are classified to be pH for good
silage, pH levels higher than the normal stipulated range might be an indication of lack of

organic acid generation during fermentation.

Silage can be evaluated physically through color and smell (Aroma) by chemical analysis
(Wattiaus, 2000). The colors obtained in the present study were close to the original color of the
materials used for the silage. This observation coincides with the findings of (Oduguwa,
Jolaosho, Akinola & Aniwe, 2007; Ashiru, Maigandi, Muhammad & Abdulhamid, 2007;
Babayemi, Ifut, Inyang & Isaac, 2010) using similar procedure though with different feed
materials. Silage of urea and yeast were lighter in color than that silage with molasses. Good
silage must present a pleasing taste; the color should be light brown, pale yellow and greenish

yellow and must be without moulds (Amodu & Abubakar, 2004).
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The aroma was generally pleasant and sweet for silage with urea, molasses and yeast.
(Oduguwa, Jolaosho & Ayankoso, 2007) stated that the most important physical characteristics
in terms of acceptability of silage to animal is odour, but other physical properties helped to
determined well preserved silage. The result for aroma obtained in this study compares with the
result of several authors (Menenses et al., 2007; Oduguwa, Jolaosho & Ayankoso, 2007
Muhammad, Abdu, lyeghe & Sulaiman, 2009; Baba, Uba & Halim, 2010; Inyang, Ifut, Eyoh &
Ndehedehe, 2012) all reported that the end product of good silage had a pleasant or fruity smell.
Olurunnisomo & Dada (2011) however observed a pleasant smell in all their treatments when
Elephant grass was ensiled with cassava peels. Amodu & Abubakar (2004) stated that good

silage usually has an acceptable aroma (clean and not putrid odor).

4.3.2 Effect of Additives, Silage Period and Interaction on Nutrient composition of Sugarcane

Bagasse Silage

Results of the proximate composition of the sugarcane bagasse SCB of this study showed
very slight variations among the treatments which could be attributed to several factors like
variations in the type of additives to be included, type of variety, cultivation practices and
environmental conditions which are in agreement with the earlier reports by (Larbi et al., 2007;
Tesfaye & Chali, 2008; Lebot, 2009; Abonyi, lyi & Machebe, 2012) who all reported that there

were variations in chemical composition of different Agricultural by products.
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The dry matter values of silage made from treatments and their period of ensiling are
comparable. The DM percent of untreated silage was significantly higher than any of the
treatment this was as a result of reduction in DM loss in silage during fermentation (Patterson et
al., 1998). It was revealed from the result that urea and yeast treated sugarcane bagasse silage
have the high crude protein which was due to ammonization of the sugarcane bagasse during the
silage production phase and this supports the findings of (Saenger, Lemenager & Hendrix, 198;
Ali, Fontenot & Allen, 2012; Tesfaye, 2005; Cloete, Villiers & Kritzinger, 1983) who reported
increased crude protein of various crop residues when ammoniated. The present study revealed
that, CF has the higher value in treatment (control) and increased with the increasing of ensiling
period. The NDF content of treated sugarcane bagasse with urea decreased as the treatment
period increased. The ADF and NDF of sugarcane bagasse treated with urea shows significant
(p<0.05) decreased when compared to others treatment while with increasing period of ensiling.
The findings by (Atta, EImnan, Fadel & Salih, 2007; Kraidees, 2005) showed the same trend in

bagasse and that ADF decreased when urea treated and ensiled for seven weeks.

4.3.3 Dry matter Disappearance of Sugarcane Bagasse Silage at Different Ensiling Period

The in sacco nutrients disappearance results indicated the disappearance features of
sugarcane bagasse with additives which differed slightly among themselves from the trend. The
in sacco dry matter disappearance of sugarcane bagasse revealed the possible degradation of
sample incubated in sacco after certain period of time which extended from 0 to 48 hours. There
was an increase in DM disappearance associated with increasing incubation time.

Figure 4 showed DM disappearance of SCB (control) with period of ensiling during in sacco
rumen incubation. The disappearance pattern shows significant increase as the time of incubation

with period of ensiling of 48 hours having the higher value of disappearance followed by 36, 24,
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18, 12 and 8hrs of incubation. Figure 5 shows pattern of DM disappearance of SCB (urea), the
pattern shows significant effects among treatments due to the presence of urea which increase
microbial population, hence increased the potential degradability PD. This in line with the
findings of (Smith, Idou, Asaolu & Odunlami, 1991) that maximum value of PD was recorded by
ration A and the value of potential degradability PD is due to higher content of readily
degradable soluble carbohydrate and urea. Figure 6 and 7 the result of the pattern shows that
there is an effect within the treatments and ensiling period. The value of DM disappearance of
tested treatment are within the range of moderate to high level of disappearance this is an

agreement with the finding of (Elmnan, Atta & Ismeal, 2019).

4.3.4 Organic Matter Disappearance of Sugarcane Bagasse Silage at Different Ensiling Period

Figure 8, 9, 10 and 11 showed the result of organic matter disappearance of the tested
treatment with ensiling period of (control, urea, molasses,yeast and 3, 5, and 7 weeks), during
incubation time which extended from 0 — 48 hours. There was an increase in organic matter OM
disappearance associated with increasing incubation time. In general the disappearance rate of
SCB on organic matter was slow for the first 8 hour of rumen incubation when only 30% of the
incubated sample has disappeared. Thereafter, disappearance rapidly increased and was

apparently complete after 48 hours. The result of the present study is line with the finding of

62



(Ben salem, Nefzaoui, Salem & Tisserand, 1993) on effect of lipid supply on in situ degradation
in cow: comparison of hay and corn silage diets.

Figure 9 organic matter disappearance was higher for urea than control which has the
lower disappearance figure 8. The increase of sugarcane bagasse on organic matter with
increasing level of ensiling period and incubation time observed in this study agree with the
findings of (Elmnan, Atta & Ismeal, 2019) in an experiment to study the effect of sugarcane
bagassse treated with urea as energy source in total mixed ration for goat In vitro digestibility
and In situ degradability study.

4.3.5 Effect of Additives, Ensiling Period and their Interaction on Dry Matter Degradability of

Sugarcane Bagasse Silage

Dry matter degradability has significant effect on in sacco parameters. The higher value
observed for the immediately soluble DM fraction from the result obtained (urea) and period 3
has higher quickly soluble fraction ‘a’ while (molasses) and period 3 has higher ‘b’ slowly
degradable fraction with (yeast) having the lower value. The DM slowly degradable fraction ‘b’
of the present study was greater than those reported by (Phesatcha & Wanapat, 2012; Khorshidi,

Abedi, Kioumarsi & Sheriman, 2013; Yacout, Khayal, Shwerab & Khalel, 2016).

The DM degradation rate constant ‘c’ obtained in this study were in disagreement with the
one recorded by (Kariuki et al., 2001) were higher value of degradation rate constant ‘c’
observed. The maximum value of potential degradability (PD) was recorded by treatments (urea)
followed by (yeast, molasses and control) with their ensiling period of 3, 5 and 7. The maximum
value of PD for (urea) due to its high content of readily degraded of soluble carbohydrates and N
and low content of CF. Consequently the low value of PD recorded by (control) rations could be

explained by their high CF.
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According to (Turki & Atcham, 2011) effective degradability of feed in the rumen
depended on the length of retention of the feed in the rumen, which is also a function of the
quantity and quality of the feed given to the animals. The effective degradability recorded in the
present study were within the range reported by (Nasiru, Badamasi & Hakimi, 2016) but lower
than those reported (Phesatcha & Wanapat, 2012; Yacout, Khayyal, Shwerab & Khalel, 2016).
The low DM effective degradability contents of the treatments and ensiling period in this study,
despite high potential degradability values are most likely as a result of the slow rate of

degradation.

4.3.6 Effects of Additives, Ensiling Period and their Interaction on Organic Matter Degradability

of Sugarcane Bagasse Silage

The organic matter degradation of treatments and ensiling period was found to be
comparable. The readily degradable fraction ‘a’ and slowly degradable fraction ‘b’ was found to
be higher at (urea and molasses) this is due to the presence of nitrogen and molasses, these
provides fermentable carbohydrate and increased soluble carbohydrate. Thus, fermentation with
urea and molasses could increase the nutritive value of sugarcane bagasse. This result was
consistent with (Ahmed et al., 2013) who reported that urea treatment raised CP from 2.2% of
raw bagasse to 10.4%. The effective degradability ED of organic matter OM was found to be
higher due to readily degradable and the rate of degradation. Feedstuffs with higher effective
degradability are those which are more degradable in the rumen of goats. Therefore the effective
degradability of the present study was higher than those recorded by (Yacout, Khayyal, Shwerab
& Khalel, 2016).

The maximum value of potential degradability (PD) was recorded by urea followed by

(molasses, yeast and control). The maximum value of PD for (urea and molasses) due to its high
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content of readily degraded of soluble carbohydrates and nitrogen and low content of CF.
Consequently the low value of PD recorded by (control) could be explained by their high CF.
Urea treatment was reported to cause partial break down of the bond between the lignin and
other cell wall components that lead rumen bacteria to degrade fibrous material in the rumen
(Ngyuen, Dan, Ly & Sandsle, 2002). High supply of nitrogen immediately after incubation might

result in increasing degradation rate of fibrous by-products up to 48 hrs than that in the late time.

CHAPTER FIVE
5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 SUMMARY
The research was conducted at the Laboratory and Research farm Department of Animal
Science, Bayero University Kano state, to evaluate effect silage additives and ensiling period on
In sacco rumen degradability of sugarcane bagasse silage SBS using fistulated Kano brown
bucks. Two experiments were carried out to achieve the objectives; the first one was to

determine the effect of silage additives and ensiling period on physical quality, nutritive value of
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sugarcane bagasse silage SBS. The second was to determine the effect of first experiment on
disappearance and in sacco degradability. The experimental design was a 3 x 4 factorial
arrangements in randomize completely block design (RCBD). The treatments were four un
ensiled SCB (contol), SCB + urea, SCB + molasses and SCB + yeast with three period of
ensiling (3, 5 and 7 weeks). The result and degradability parameters were subjected to analysis of
variance (ANOVA) using SAS package (1999), significant difference between individual means
were identified using Duncan Multiple Range Test (DMRT).

The result of study revealed that, the pH of all silage was significant (p<0.05) affected by
treatment and ensiling period and the value of pH are within the range which are classified to be
good silage. The colour was light brown and pale yellow with acceptable aroma. The result of
proximate composition shows that there were significant (p<0.05) difference among all
parameters evaluated. The result of in sacco dry matter and organic matter disappearance of
sugarcane bagasse SCB revealed the possible disappearance of sample incubated after certain
period of time. There was significant (p<0.05) difference among the treatment and ensiling
period of both DM and OM disappearance on SCB, after 48hrs of incubation time almost 50 —
80% of the feed ingredients have disappeared. However, at the end of incubation time (urea and
molasses) with ensiling period has higher value of disappearance.

The degradation kinetics value obtained in this study did not vary significantly (p>0.05)
in ‘a’ quickly soluble fraction and ‘b’ slowly degradable fraction. There was significant (p<0.05)
difference between silage additives and ensiling period on potential degradability PD and
effective degradability ED of (urea and molasses) having the higher value when compared with

other additives.

5.2 CONCLUSION
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Based on the experiments it can be concluded that silage additives (urea and molasses) at
period 7 weeks ensiling period were proven to be excellent in terms of
1. Physical, nutritional and degradation characteristics of sugarcane bagasse.
1. Disappearance of urea and molasses at 7 weeks ensiling period had the highest
percentage dry matter and organic matter disappearence at 48 hours incubation time.
2. In sacco degradability of urea and molasses at 7 weeks ensiling period had the greatest
dry matter and organic matter rumen degradability, indicating that additives and ensiling

period had a positive effect on in sacco degradability of sugarcane bagasse silage.

5.3 RECOMMENDATION
The following recommendations are made
1. Silage made from urea or molasses ensiled at 7 week period is recommended during
ensilage and degradability studies.
2. Further investigation need to be conduct in vivo feeding trial with sugarcane bagasse
ensiled with urea or molasses as to justify the present finding.
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