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Abstract

The study objective was to investigate the effect of chemical
treatments on the nutritive value of sugar cane bagasse (SCB) as ruminants
feed and compare it with the untreated SCB(USCB).SCB was treated with
sodium hydroxide (SCBNa) at 4% and calcium oxide (SCBCa) at 8%.The
nutritive value of the treated SCB and the USCB was assessed by comparing
their chemical composition, gas production characteristics , in vitro dry
matter digestibility and organic matter digestibility.The standard analytical
methods were used . Both  NaOH and CaO treatments caused significant
reductions (P<0.01) in crude fiber ,neutral detergent fiber, acid detergent
fiber, acid detergent lignin, hemicellulose content of SCB and a significant

increase in its cellulose content .

Both chemical treatments caused significantly (P<0.01) decrease in
the gas production from the immediately soluble fraction (a) and
Significantly(P<0.01) increase gas production from the insoluble fraction
(b) compared with the untreated bagasse .In vitro dry matter digestibility
was increased (P<0.01) from 42.56% in USCB to 65.72% and 68.33% in
SCBNa and SCBCa respectively. Organic matter digestibility was increased
from 22.44% in USCB to 47.13% and 29.82% with SCBNa and SCBCa

respectively.

It is concluded that alkali treatments improved In vitro dry matter
digestibility and organic matter digestibility of sugar cane bagasse through

changes in its chemical composition.

Key words: Sugar cane bagasse, Alkali treatment, Ruminants feed.
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Chapter one



Chapter one

1. Introduction

According to the Ministry of Animal Resource Fisheries and Range
(2015) . the livestock population of Sudan amount to 106.622 million head ,
Feeding these animals really problem in Sudan because animals are owned
mainly by nomadic groups who depend on poor range land for their feeding,
concentrates are very expensive and not available in great amount in
production areas, so there are many difficulties that made concentrates out of
reach for more farmers. In Sudan there are many sugar cane companies
producing more than one million tons of sugar cane bagasse which can be
use for cattle feeding .These byproducts characterized by low content of
protein, minerals and vitamins as well as high content of indigestible fiber

due to lignification of cellulose. Mohammed and Salih (2015) .

It has been known for almost 100 years that the digestibility of highly
lignified materials may be improved by physical, microbiological and
chemical treatment method for improvement of poor quality forages,

roughages and by product . Sundst (1988) .

1-2 Objective:-
The objective of the study is to investigated on the improvement of the
nutritive value of sugar cane bagasse by chemical treatments as ruminant

feeds .



Chapter two



Chapter two

2. Literature Review

2.1. Livestock feed in Sudan :-

Livestock population in the Sudan amounts to 106.622 million heads
of which the Cattle are around 30.376 million heads , sheep 40.210 million
heads , goats 31.227 million heads and camels 4.809 million heads (
Ministry of Animal Resource Fisheries and Range (2015). Sudan as one of
the developing countries is fighting to satisfy the nutrient requirements of
this large number of livestock, because of inadequate production of
concentrates in addition to the competition between humans and animals
(Aregheore, 2000). Another problem which challenges animal production in
Sudan is that most of the animals are owned by nomads who depend on
poor range land for feeding their animals as concentrates are out of their
reach .The range land is decreasing due to the expansion of agriculture and

war .
2.2. Agorindustrial by products used in livestock feed:-

2.2.1. Oil seeds by products:-

These are the byproduct obtained after oil had been extracted the from the
seeds of cotton , sunflower , sesame and groundnut and the final product is
called cake . Oil seeds cakes are good source of protein for ruminants and

poultry but these feeds contain approximately 20 percent ether extract (EE)
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or fat and their use should be limited based on the fat content of the ration.
The cakes can be used to provide an additional 2 to 3 percent fat above that
provided by the basal ingredients in the ration with no more than 5 to 6

percent total fat in the dry matter. (John 2012) .
2.2.2. By products from the milling industry:-

These come from the milling industry such as bran, rice polishing, wheat
millings , maize gluten , sorghum gluten these by products are good sources

of energy and protein for animals . (Preston 2007) .
2-2-3 By products from sugar cane industry:-

These are useful by products from the sugar industry, such as molasses and

sugar cane bagasse :-
2-2-3-1 Molasses :-

This by product is produced from manufactory of sugar, molasses are
use in rations of cattle being a good source of energy, which can be
substitute for grain but molasses is a poor source of protein, and needs to be
supplemented with urea as a non-protein source of nitrogen for sustaining
higher levels of production. The constraint in utilizing high levels of
molasses is its toxicity, experience indicates that molasses may be toxic
when fed in large quantities, so the recommended inclusion rate that does
not usually exceed 15% for cattle and 8% for sheep.(McDonald et.al. 2010).



2-2-3-2 Sugar cane bagasse :-

Sugar cane bagasse is the residue that is obtained from crushing
sugarcane in the sugar industry. Sugar cane bagasse is the most abundant
material in tropical countries such as South Africa. In Sudan there are many
sugar cane factories producing more than one million tons of sugar cane
bagasse which can be used for cattle feed (Mohamme and Salih 2015).Sugar
cane bagasse can be used in feeding livestock, for power generation and

manufacturing cellulosic ethanol.
2-2-3-2-1Chemical composition of sugar cane bagasse:-

Sugar cane bagasse contains low protein, low soluble carbohydrates (
nitrogen free extract), low fat and high crude fiber(Mohammed and Salih
2015). Fibre contents of sugar cane bagasse is in the form of cellulose,
hemicelluloses and lignin . Cellulose in bagasse is lignified as it associates
with lignin by a bond which makes it more or less unavailable for the
microbes in the ruminants digestive tract and makes sugar cane bagasse dry
matter digestibility less than 50%, however sugar cane bagasse nutritional
value can be sufficiently increased by physical, chemical or biological
treatments (Fouda 2008).In table 2-1 , 2-2 and 2-3 chemical composition of

sugar cane bagasse in Egypt, South Florida and Sudan :-



Table 2-1:-

Chemical composition and fiber fractions of sugar cane bagasse from

different authors in Egypt :-

Chemical composition Fiber fraction
Authors | DM | CP | EE | CF NFE | OM | ash | ADF | NDF | ADL | Hemic | cellul
1 - 3.0 |31 |426 |- 92.3 | - 64.4 | 78.6 | 10.4 | 54.0 |14.2
2 93917 |24 | 452 | 46.0 | 953 | 4.7 | 57.7 |84.5|18.5|26.8 |39.2
3 92.1 1.8 | 1.2 |56.7 |373|97.0 3.0 [63.7|91.9|15.6 |28.2 |48.1
4 75.0 4.1 |1.1 |37.2 (545|96.8|3.2 |- - - - -

Source: Fouda (2008)




Table 2-2:-

Mean and range of laboratory analyses of 66 sugarcane varieties grown

on organic soil plots in south Florida:-

analysis Mean% Low% High%
Dry matter 25.8 17.0 30.5
Crude protein 2.3 1.1 3.1
Crude fiber 28.1 22.7 35.9
NDF 52.7 42.6 67.7
ADF 35.4 28.3 415
Cellulose 27.0 21.9 32.0
Lignin 6.3 4.6 8.4
ash 4.3 2.7 7.1
Calcium 0.20 0.06 0.35
phosphorus 0.05 0.02 0.09

Source: Pate et.al (1984)




Table2-3:-

Chemical composition of sugar cane bagasse in Sudan:-

Analysis DM% |CP% |EE% CF% | Ash% | NFE% Me/mj/kg

Sugar cane bagasse | 96.2 1.13 0.3 4594 |1.79 46.86 5.46

Source: Yosif and Afaf (1999)




2-3 Treatment of low quality roughages:-

Agricultural by-products like cereal straws and sugarcane bagasse are
high in lingo-cellulose. It has been recognized that in order to improve the
nutritive value of lingo-cellulosic materials for livestock, some form of
pretreatment or processing of the plant material is required (Helmling et.al.
1989). Hence a pretreatment of the substrate is required to alter significantly
the structural characteristics of the lingo-cellulosic matrix. Sucha
pretreatment must enhance the close contact between microbe and fibers to

provide an efficient enzyme action (Rolz et.al. 1987) .

A great effort was done to improve the quality of straw, crop residues
,and agro industrial byproducts. Physical ,chemical or biological treatments

were studied and to used upgrade these stuffs .
2.3.1.Chemical treatment of crop residues:-

History search proven chemical treatments was made improvement the
nutritive value of straw and sugar cane bagasse by break down the ester
bond linkages between lignin , cellulose and hemicelluloses, resulted the
carbohydrates to become more available to the microorganisms in the rumen

lead improve the benefit of feed by animal .Fouda (2008) .

Orskov and Grubb (1978) investigated a mixture of NaOH with other
chemicals like urea to increase the intake and digestibility of roughages and

found a limited interaction between the two chemicals .

Chaudhry and Miller (1995) treated wheat straw with sodium hydroxide

and alkaline hydrogen peroxide and investigated their effect on the chemical
8



composition of wheat straw and they found increase in cellulose, crude
protein ,acid detergent fiber, decrease in neutral detergent fiber, acid
detergent lignin , ash , hemicellulose and improvement on in vitro dry matter
digestibility .

Chaudhry(1998). Treated wheat straw by calcium oxide, sodium
hydroxide and alkaline hydrogen peroxide .Observed an improvement on
metabolisable energy, organic matter digestibility and increase in gas
production parameter.

Munever( 1998 ) Investigated the effect of sodium hydroxide treatment
on chemical composition and digestibility of straw , he found that sodium
hydroxide treatment reduced the hemicellulose , protein and crude fiber
content of the straw and increased the cell wall content of cellulose and
lignin as well as the organic matter digestibility.

Wang et al (2006) .Treated rice straw with a combination of sodium
hydroxide and ammonia bicarbonate. They found significant changes in the
physical properties of the treated straw. They concluded that the increase in
ash and changes in the physical properties is an indication of improvement

in the digestibility of the straw.

Calcium hydroxide was recommended for the treatment of low quality
roughage by many researchers as it is less caustic, easier to handle than
NaOH and provides CaO. The effect of calcium hydroxide and urea
treatment of barley straw with calcium hydroxide and urea decreased their
content of hemicellulose and neutral detergent fiber and increased in vitro

organic matter digestibility, ash and dry matter (Zaman and Owen ,1995).



Metha et.al.(2009) studied the effects of treating rice straw with urea
(5.5%) or urea and calcium hydroxide(2.2+2.2%), on feed intake,
digestibility , rumen fermentation and milk yield of dairy cows . Their study
revealed a decrease in neutral detergent fiber, acid detergent fiber and dry

matter and significant improvements in dry matter intake and digestibility.

Mohammadet.al.(2010) investigated the effects of calcium oxide and
calcium hydroxide treatments on the chemical composition and in vitro dry
matter digestibility of soybean straw. They found that treatment by calcium
oxide and calcium hydroxide caused changes in the chemical composition as
decline in neutral detergent fiber, acid detergent lignin, acid detergent fiber,
crude protein, cellulose and hemicellulose, but there was an increase in ash
and in vitro dry matter digestibility .The reduction in the cell wall
composition implies that the intake of soybean straw may be improved by

chemical treatment.
2.3.2. Chemical treatment of sugar cane bagasse:-

The Effect of delignification on the in vitro rumen digestion of
polysaccharides of sugar cane bagasse made by(Robertet.al.1973) observed
reduce the lignin content and increased the cellulose content . Improvement

dry matter digestibility .

A simplified method for alkali treatment of low quality roughages for
use by small holders in developing countries, was adopted by Kategile et.al
(1981),they observed an improvement on the dry matter digestibility of

roughages by the different levels of sodium hydroxide .

10



Molina et.al. (1983) investigated the effect of treating sugar cane bagasse
with different levels of NaOH, before ensiling, on its cell wall composition
and digestibility of both dry and organic matter. They found that the cell
wall content of neutral detergent fiber (NDF) decreased with increasing
NaOH level but the acid detergent fiber (lignocelluloses fraction) was not
changed. In vitro digestibility of dry matter, organic matter and cell wall

contents increased with the increase in NaOH level.

Tudor and Inkerman (1989) sprayed fresh sugar cane bagasse with a
30% solution of NaOH and fed them to weaned cattle. They did not observe
any health problems and found an increase in the sugar cane bagasse

palatability in addition to an increase in vitro digestibility from 30% to 55%.

Fouda (2008) treated sugar cane bagasse with different chemical
treatments (urea,CaOH and HCI ) at different concentrations and incubation
periods. He found changes in the chemical composition of the sugar cane
bagasse, linear reduction in crude fiber content and nitrogen free extract He
concluded that treatment increased in dry matter, ash and improved the

organic matter digestibility of sugar cane bagasse.

Chaji et.al. (2010) processed sugar cane bagasse by NaOH, high steam
or a combination of high steam and sodium hydroxide and assessed their
nutritive value by in vitro gas production technique, result obtained show
improvement in metabolisable energy and organic matter digestibility . All
the treatments resulted in increase in gas production from the insoluble

fraction (b) and the gas production rate for the insoluble fraction (c) .

11



An increase in crude protein and hemicellulose and a decrease in neutral
detergent fiber and acid detergent fiber and cellulose were the changes
observed in the chemical composition of sugar cane bagasse treated with

different levels of urea and moisture (Tiwari, 2013) .

Gas production and ruminal degradability of sugar cane bagasse treated
by calcium oxide were investigated by Nirawan et.al.( 2014 ). Their results
revealed that ruminal degradability, gas production from the insoluble
fraction (b), potential extent of gas production (a+b) and cumulative gas

production was increased by calcium oxide treatment .

Mohammed and Salih (2015) investigated the effect of feeding by sugar
cane bagasse treated with urea on the properties and quality of fresh meat of
Sudan Baggara Zebu Bulls . They found that treatment of sugar cane bagasse
with urea increased the sugar cane bagasse crude protein and reduced its
crude fiber content without any effect on the meat quality attributes and

meat chemical composition of logissimus dorsi .

Shrecket.al (2013) treated crop residues with calcium oxide and sodium
hydroxide and fed them to steers partially replacing corn. He observed that
calcium oxide treatment improved in vitro organic matter digestibility and

performance of steers .

2-4 Digestion of carbohydrates in the ruminants:-

Chemically carbohydrates are composed of carbon, hydrogen, and
oxygen. Carbohydrates of plant origin are the primary component in
livestock feed such as roughages , hay, straw and sugar cane bagasse the

proportion of cellulose and hemicelluloses is much higher while the water

12



soluble carbohydrate is much lower .The end products of carbohydrate
breakdown in the rumen are known as volatile fatty acid (acetic acid,
propionic acid and butyric acid) .They are very important being major
source of energy for the ruminant .\Volatile fatty acids are absorbed through
the walls of the rumen then transported in the blood stream to the liver ,in
the liver they are converted to other sources of energy . From the liver
energy produced is used for various functions (i.e. milk production,
maintenance of body systems, pregnancy and growth) .Gases are also an end
product of breakdown the carbohydrates such as Carbon dioxide and
methane are produced during the fermentation of carbohydrates and the lost
by eructation (McDonald et. al. 2010) .

13
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Chapter three

3. Materials and methods

3.1. samples preparation :-

Sugar cane bagasse was purchased from kuku market and chopped
manually by a knife to about 3cm®.Two thirds of the sugar cane bagasse
were subjected to one of the following chemical treatments and the third

portion was untreated and served as a control.
3.2 Chemical treatment:-

3.2.1.Calcium oxide (CaO) treatment:-

Eight hundreds grams of CaO were dissolved in ten liters of water. The
chopped sugar cane bagasse was soaked in the solution, at a concentration of
80 gm CaO : Kg dry matter sugar cane bagasse, for 45 minutes. After that
the mixture was drained through a sieve and the liquid sugar cane bagasse
ratio was 2:1 , initial temperature of the solution was 48°C and a PH of more
than 13.The mixture was put into well sealed and air evacuated plastic bags

and after fifteen days were removed and air dried at room temperature .
3.2.2.Sodium hydroxide (NaOH) treatment:-

Four hundreds grams of NaOH were dissolved in 15 liters of water. The
chopped sugar cane bagasse was soaked in the solution , at a concentration
of 40 gm NaOH : Kg dry matter sugar cane bagasse, for 45 minutes. After
that the mixture was drained through a sieve and the liquid sugar cane

bagasse ratio was 3:1 , initial temperature of the solution was 50°C and more

16



than 13 initial PH. The mixture was put into well sealed and air evacuated
plastic bags and after fifteen days were opened and the sugar cane bagasse

was removed and air dried at room temperature.
3.3. Chemical analysis:-

Proximate analysis of the untreated and chemically treated of sugar cane
bagasse samples was performed according to the Association Official of
Analytical Chemist (AOAC, 1990). Crude fiber (CF) was determined
according to the method of (Van Soest et al, 1991;) . Neutral detergent fiber
(NDF) ,Acid detergent fiber (ADF) and Acid detergent lignin (ADL) content
was determined by the method of Goering and Van Soest (1970 ). Cell wall
content that is cellulose , hemicellulose and lignin were calculated by the
following equations according to VVan Soest et.al. (1991) :

Cellulose % = ADF% — ADL% .

Hemicellulose % = NDF% — ADF% .

Lignin% = ADL% .

NFE was calculated by the following formula:-

NFE% = 100 — (Moisture% + CF% + CP% + EE% + Ash%) .

3.4. Digestibility of treated and un treated sugar cane bagasse:-

3.4.1. Experimental animals:-

Study was conducted at the Farm of Sudan University of Science and
Technology, Kuku area. Three Kenana steers aged 4-5 and were fitted with
rumen cannula as described by Brown, (1968); for collection of the rumen
fluid that was used for in vitro digestibility and gas production study
techniques. They were fed a balanced ration of concentrate and roughage to

maintenance level with free access to water and salt lick.
17



3.4.2. In vitro dry matter digestibility (IVDMD):-
The two stage IVDMD procedure of Tilley and Terry, (1963) was

adopted. The method includes two consecutive digestion phases.

During the first digestion phase, the control and the treated sugar cane
bagasse were incubated wunder anaerobic conditions with rumen
microorganisms for 48 hours at 39°C . This was followed by a 48 hour acid-
pepsin digestion phase at 39°C, under anaerobic conditions. Following this
96 hour incubation, the residues were collected and oven dried (105°C for

12 hours). Calculation of IVDMD was calculated by the following equation:
%IVDMD = (1 — wd — wb/ws) x 100

wd = weight of dry plant residue, wb = weight of dry residues from blank,

and ws = dry weight of original plant sample.
3.4.3. In vitro gas-production technique:-

The Menke in vitro gas-production technique (Menke et.al. 1979) was
adopted. 200mg of dry matter from each sample, in triplicate, were put into
precision glass syringes then the rumen fluid buffer mixture was added to
them, and they were incubated in a water bath with a stirrer .The blank was
syringes containing only rumen fluid-buffer mixture. All the samples and the

blank were run into replicates

The gas produced was read at a series of incubation times (sequential
incubation), mainly 3,6, 12, 24, 48, 72 and 96 hours. The net gas production
of the samples was determined by subtracting the volume of gas produced in

18



the blanks (Menke and Steingass, 1988). Gas production data were fitted to
the model of @rskov and McDonald (1979)

Y=a+b (1-e)

a = the gas production from the immediate soluble fraction (ml).

b = the gas production from the immediately insoluble fraction (ml).
¢ = the gas production rate for the insoluble fraction (ml).

a + b = the potential gas production (mi/h).

t = the incubation time (h).

Y = the gas production at time t.

The ME (MJ/ kg DM) contents of the samples were calculated using

equation of (Menke and Steingass 1988) as follows:
ME (MJ/ kg DM) = 2.20 + 0.136 GP + 0.057 CP

Where, GP is the 24 h net gas production (ml/ 200 mg) and CP is the crude
protein (%).

Organic matter digestibility (OMD) (%) of samples were calculated using
equation of ( Menke and Steingass 1988) as follows:

OMD (%) = 14.88 + 0.889 GP + 0.45 CP + 0.0651 XA
Where, GP is the 24 h net gas production (ml/ 200 mg DM)
CP = Crude protein (%)

XA=Ash content (%)

19



3.5. Statistical analysis:-

The data obtained were subjected to one way analysis of variance to
determine the variation among the sugar cane bagasse samples with regard
to DM digestibility and fermentation kinetics. Significant differences among
the samples were assessed using Least Significant Differences (LSD) test
according to Gomez and Gomez, (1984). The Statistical Package for Social

Sciences Program (SPSS version16) was used for the analysis.
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Chapter four

4. Results

4.1. The effect of NaOH and CaO treatments on the chemical

composition of sugar cane bagasse :-

The effect of the treatments on the chemical composition of sugar
cane bagasse is shown in table (4-1) .The lipid content of the sugar cane
bagasse was not affected by any of the two treatments. The treated sugar
cane bagasse showed a significant increase in ash and dry matter (P<0.01), a
significant decrease in nitrogen free extract, crude protein and crude fiber
(P<0.01).The effect of treatments on the metabolizeable energy was increase
(P<0.01) from 3.30 Mj/Kg DM in control to 7.12 Mj/Kg DM and 4.46
Mj/Kg DM in treated by sodium hydroxide and calcium oxide respectively.

Table (4-2) shows the fiber fractions of treated and untreated sugar
cane bagasse there was a decreased (P<0.01) NDF from 86.85% in untreated
sugar cane bagasse to 66.45% and 63.1% with sodium hydroxide and
calcium oxide treatments respectively, also ADF was significantly reduced
(P<0.01) from 72.22% in the control to 59.02% and 59.91%% with sodium
hydroxide and calcium oxide treatments respectively, ADL was significantly
decreased (P<0.01) from 39.83% in control to 19.40% and 22.45% with
sodium hydroxide and calcium oxide treatments respectively .

Cell wall content of treated and untreated sugar cane bagasse is
displayed in table (4-3) .cellulose was increased (P<0.05) from 32.37% in

the control to 39.62 % and 37.46% with sodium hydroxide and calcium
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oxide treatments respectively, hemicellulose was decreased (P<0.01) from
14.62% in the control to 7.42% and 3.18% by sodium hydroxide and
calcium oxide treatments respectively, lignin was decreased (P<0.01) from
39.85% in the control to 19.40 and 22.45% with sodium hydroxide and

calcium oxide treatments respectively .

4.2.The effect of NaOH and CaO treatments on in vitro dry
matter digestibility (IVDMD) of sugar cane bagasse :-

Table (4-4) shows the in vitro dry matter digestibility (IVDMD) of
treated and untreated sugar cane bagasse. (IVDMD) was increased from
42.56% in the control to 65.72% and 68.33 % with sodium hydroxide and

calcium oxide treatments respectively (P<0.01) .

4.3.The effect of NaOH and CaO treatments on organic matter
digestibility (OMD) :-

Organic matter digestibility of treated and untreated sugar cane
bagasse is show in table (4-5) there was increase (P<0.01) in organic matter
digestibility from 22.44% in control to 47.13% and 29.82% in sodium

hydroxide and calcium oxide treatment .

4.4 The effect of NaOH and CaO treatments on in vitro gas

production:-

Cumulative gas production data are shown in table (4-6) the gas
production from the immediately soluble fraction (a) was decreased
(P<0.01) from1.06 ml in untreated sugar cane bagasse to -1.23 ml and 1.02
ml with sodium hydroxide and calcium oxide treatments respectively. The

gas production from the insoluble fraction (b) was increased (P<0.01) from
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13.35 ml in untreated sugar cane bagasse to 62.58 ml and 44.92 ml with
sodium hydroxide and calcium oxide treatments respectively. Potential gas
production (a+b) was increased (P<0.01) from 14.42ml in untreated bagasse
to 61.34ml and 45.94ml with sodium hydroxide and calcium oxide
treatments respectively. The gas production rate (c) was reduced (P<0.05)
from 0.03ml/hour in the control to 0.02ml/hour and 0.01ml/hour with
sodium hydroxide and calcium oxide treatments respectively. In figure (4-1)
there are increase in curve of gas production in treated sugar cane bagasse

compared the untreated sugar cane bagasse on different time .
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Table 4-1 :-

Proximate analysis of treated and untreated sugar cane bagasse :-

Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance

Bagasse (control) bagasse (NaOH) bagasse (CaO) level

Parameters MzSD MzSD
M+SD

Dry matter % 82.77 £ 0.07° 83.70 +0.16" 84.78 + 0.01° ok
Crude protein % 3.24+0.04% 1.77+0.01° 1.83+0.01° *ox
Either extract % 0.03£0.00 0.03+0.00 0.03+0.00 NS
Crude fiber % 43 +0.00° 34.30+ 0.01° 37.87 +0.02° ok
Ash % 4.19+0.28° 17.74+0.17° 16.10+0.13" o
Nitrogen free extract % 32.32+0.31° 29.86+ 0.33" 29+ 0.17° Hk
metabolizeable energy MJ/kg
calculated by gas test study 3.30+0.14° 7.12+#0.11° 4.46 +0.20° ok

Means with different superscript within the same row are significantly different at
(P<0.05) .

**: Significance level P<0.01 .
* . Significance level P<0.05

NS: Not significant
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Table 4-2:-

Fiber fraction of treated and untreated sugar cane bagasse:-

Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance
Bagasse (control) bagasse (NaOH) bagasse (CaO) level
M+SD M+SD MzSD
Parameters
NDF% 86.85 +0.03° 66.45 +1.34° 63.1+1.12° ok
ADF% 72.2241.01° 59.02 +0.09" 59.91 +0.58" *k
ADL% 39.83+ 0.17° 19.40+1.21° 22.45 +0.28" ok

Means with different superscript within the same row are significantly different at

(P<0.01) .

**: Significance level P<0.01 .

* . Significance level P<0.05

NS: Not significant

NDF : Neutral detergent fiber .

ADF : Acid detergent fiber .

ADL : Acid detergent lignin .

25




Table 4-3:-

Cell wall content of treated and untreated sugar cane bagasse:-

Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance
Bagasse (control) bagasse (NaOH) bagasse (CaO) level
M+SD M+SD M+SD
Parameters
Cellulose % 32.37+1.17° 39.62+1.3% 37.460.86° *
Hemicellulose % 14.62 +1.06° 7.42+1.43° 3.18 £0.54° *k
Lignin % 39.85 +0.16° 19.40+1.21° 22.45+0 .28° o

Means with different superscript within the same row are significantly different at

(P<0.05) .

**: Significance level P<0.01 .

*: Significance level P<0.05

NS: Not significant
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Table 4-4:-

In vitro dry matter digestibility of treated and un treated sugar cane

bagasse:-
Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance
Bagasse (control) Bagasse (NaOH) Bagasse (CaO) level
Parameter M=SD M=SD M+SD
In vitro dry matter digestibility % 4256 +2.01° 65.72 +1.31° 68.33 + 1.85° *oE

Means with different superscript within the same row are significantly different at

(P<0.01) .
**: Significance level P<0.01 .
* . Significance level P<0.05

NS: Not significant
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Table 4-5 :-

Organic matter digestibility of treated and un treated sugar cane

bagasse :-
Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance
Bagasse (control) Bagasse (NaOH) Bagasse (CaO) level
Parameter M=SD M=SD M=SD
Organic matter digestibility % 22.71 #1.25° 48.30+0.62° 31.30+1.94° o

Means with different superscript within the same row are significantly different at

(P<0.01) .
**: Significance level P<0.01 .
*: Significance level P<0.05

NS: Not significant
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Table 4-6 :-

Fermentation gas parameter characteristics of treated and un treated
sugar cane bagasse :-

Treatments Untreated sugar cane Treated sugar cane Treated sugar cane Significance
bagasse(control) bagasse (NaOH) bagasse (CaO) Level
gas parameter M=SD MzSD M=SD
a (ml) 1.06+0.30° -1.23+0.92° 1.02+1.14° ok
b (ml) 13.35+0.90° 62.58+4.12° 44.92+1.52" **
C (ml/hour) 0.03+0.01% 0.02+0.01% 0.01+0.00° *
a+b (ml) 14.42+1.20° 61.34+4.41° 45.94+1.43" o

Means with different superscript within the same row are significantly different at

(P<0.05) .

**: Significance level P<0.01 .

* -

Significance level P<0.05

NS: Not significant

a = the gas production from the immediately soluble fraction ( ml) .

b = the gas production from the insoluble fraction ( ml) .

c = the gas production rate constant for the insoluble fraction ( ml /hour) .

(a+b) = the potential extent of gas production ( ml)
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Figure 4-1:-

Gas production in treated and un treated sugar cane bagasse
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Chapter five

5. Discussion

Chemical treatments of sugar cane bagasse caused an increase in dry
matter content from 82.77% in untreated sugar cane bagasse to 83.70% and
84.78%with sodium hydroxide and calcium oxide treatments respectively,
the results are on line with Zaman and Owen (1995) and Fouda(2008) ,these
result were due to increase in ash content, Crude protein decrease from
3.24% in control to 1.77% and 1.83% with sodium hydroxide and calcium
oxide treatments respectively. These results agree with Munever ( 1998 )
and Mohammad et al ( 2010 ) but disagree with Chaudhry (1998), Wange
(2006), Fouda (2008) and Methaet.al. (2009) , Crude fiber content decreased
from 43% in control to 34.30% and 37.87% with sodium hydroxide and
calcium oxide treatments respectively .These result similar Minever ( 1998 )
and Fouda (2008), the significant decrease in crude fiber content due to
chemical treatments may be attributed to the breakdown of the lingo-
cellulosic bonds due to chemical hydrolysis which resulted later in the
release of available fermentable carbohydrate Abd elbaki et.al.(1984),
Chemical treatments of sugar cane bagasse increase ash content from 4.19%
in untreated bagasse to 17.74% and 16.10% with sodium hydroxide and
calcium oxide treatments respectively , this result accord Zaman and Owen
(1995), Wange et.al.(2006), Fuoda (2008) and Mohammad et.al. ( 2010 ),
ash content was increased in treated sugar cane bagasse . This is might be
due to the addition of basal minerals( NaOH and CaOH ) Bakshiet.al.(1985),
nitrogen free extract was decreased from 32.32% in control to 29.86 % and

29% with sodium hydroxide and calcium oxide treatments respectively .This
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results is on line Fuoda (2008),Changes occurred in nitrogen free extract
values may be due to the increase in ash content. Fuoda (2008),
metabolisable energy increased from 3.30 Mj/Kg DM in control to 7.12
Mj/Kg DM and 4.46 Mj/Kg DM in treated by sodium hydroxide and calcium
oxide respectively. This result on line with Chaudhry (1998)and Chaji
et.al.(2010). Improvement in metabolisable energy due to decrease in
hemicellulose and lignin surrounding cellulose. Lead increase in soluble

part of cell wall content (cellulose) . Singh et.al.(1998) .

The two different chemical treatments caused a decrease in neutral
detergent fiber (NDF),acid detergent fiber (ADF) ,and acid detergent lignin
(ADL).These results agree with the findings of (Chaudhry and Miller,1995;
Wange et.al. 2006; Methaet.al. 2009, Mohammad et.al , 2010 and Nirawan
et.al.2014) . The changes in the sugar cane bagasse fiber content with the
alkaline agent can be attributed to the chemical break of the ester bonds
between lignin and hemicellulose and cellulose in the sugar cane bagasse
(Fadel et.al. 2003) .

The sugar cane bagasse cellulose content increased from 32.37% in the
control to 39.19% and 37.36% with sodium hydroxide and calcium oxide
treatments respectively. This supports the findings of Mdunever(1998),
Robertet.al.(1973)and Fouda(2008).This result due to decrease in
hemicellulose and lignin surrounding the cellulose, lead increase in cellulose
content . Singh et.al.(1998) .
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Hemicellulose content decreased from14.62% in the control to 7.42%
and 3.18% with sodium hydroxide and calcium oxide treatments
respectively. This result agree with the findings of Zaman (1995) ,Chaudhry
and Miller (1995), Minever (1998) and Mohammad et.al.(2010),lignin
content was decreased from 39.85% to 19.40% and 22.45% in treaded sugar
cane bagasse by sodium hydroxide and calcium oxide respectively. This
result agrees with Robert et.al. (1973), but disagree with Munever ( 1997 )
and Chaudhry (1998) .This reduction is most probably due to solublization

of the hemicellulose and lignin with the alkali treatment .

Chemical treatment improved in vitro dry matter digestibility from
42.56% in control to 65.72% and 68.33% with sodium hydroxide and
calcium oxide treatments respectively. These result are on line with the
findings of Fouda (2008) , Metha et al (2009) and Mohammad et al ( 2010
),Shreck (2013)and Nirawan et.al.(2014). When the sugar cane bagasse is
exposed to an alkali, the ester linkages between lignin, cellulose and
hemicelluloses are hydrolyzed, so that the carbohydrates becomes more
available to the microorganisms in the rumen for improvement in
digestibility McDonald et.al. (2010) .

In vitro organic matter digestibility was improved from 22.44% in the
control to 47.13% and 29.82% with sodium hydroxide and calcium oxide
treatments respectively .These findings are on line with the findings of
Molina et.al.(1983), Miinever(1998), Wange et.al.(2006), Chaji et.al. (2010)
, and Shreck (2013). These improvement in organic matter digestibility due

to decrease in crude fiber content in treated sugar cane bagasse .
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Gas production from the insoluble fraction (b) was increased from
13.35ml in untreated sugar cane bagasse to 62.58 ml and 44.92 ml with
sodium hydroxide and calcium oxide treatments respectively. Potential
extent of gas production (a+b) was increased from 14.42ml in untreated
sugar cane bagasse to 61.34ml and 45.94 ml with sodium hydroxide and
calcium oxide treatments respectively. These results agree with Chaji et.al.
(2010) and Nirawan et.al.( 2014 ). This result due to decrease in crude fiber
content in treated sugar cane bagasse, lead increase the digestibility and gas
production compared untreated sugar cane bagasse. McDonaldet.al. (2010) .
Gas production rate constant for the insoluble fraction (c) was decreased
from 0.03ml in control to 0.02 ml and 0.01ml with sodium hydroxide and
calcium oxide treatments respectively. Gas production from the immediately
soluble fraction (a) decreased from1.06 ml in untreated sugar cane bagasse
to -1.23 ml and 1.02 ml with sodium hydroxide and calcium oxide
treatments respectively. This result without agree Chaji et.al.(2010) and
Nirawan et.al ( 2014 ) . There are increase in curve of gas production in
treated sugar cane bagasse compared the untreated sugar cane bagasse on
different times. These results agree with Chaji et.al. (2010).Increase of gas

production due to improve the digestibility of sugar cane bagasse .
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Chapter six
6. Conclusions and Recommendations

6-1Conclusions:-

Alkali treatment improved the nutritive value of sugar cane bagasse as

shown by :-
The cell wall cellulose was increased .
The cell wall hemicellulose was decreased .

In vitro dry matter digestibility, Organic matter digestibility, metabolizeable

energy was improved .
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6-2 Recommendations:-

More studies are needed to support alkali treatment of sugar cane
bagasse as ruminant feeds more so on palatability, intake, performance and

economical feasibility.
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