


























































































































and levulinic acid [Balat et a/ 2008]. These by products interfere with fermentation,

they would have to be removed before fermentation can occur.

2.5.3.3. Alkaline pretreat ent

Bases can also be used for pretreatment of lignocellulosic materials and can be used at
temperatures ligher than 100°C [Chaudhary, 2012]. These bases include: NaOH,
Ca(OH);, ammonia etc. The effect of alkaline pretreatment depends on the lignin
content of the materials [Ganguly et reatment increases cellulose and
this can be attributed to decrease it nd Bishnoi, 2013]. Studies have

shown that a strong alkali such as N _ a high number of pores since a

A _d
strong alkali results in a morﬁfwé I;grﬁggaérf&}jb&aﬂ%%elling which leads to an

increase in internal surface area, 4 -t#¥ctt&se ih degrée ¢F polymerization, a decrease in
crystallinity [Fan et a/, 1987] The mechanism of alkaline hydrolysis involves the
saponation of intermolecular ester bonds cross linking xylan hemicelluloses and other
components such as lignin, d the porosity of the lignocellulosic materials increases

with the removal of these crosslinks [ Ganguly et a/, 2012].

2.5.3.4. Oxidative pretreatment

Hydrogen peroxide removes the hemicelluloses and lignin in-order to increase the
accessibility of enzymes [Sin 1 and Bishnoi, 2013]. The pretreatment of cane bagasse
with (OH), greatly enhanced its susceptibility to enzymatic hydrolysis [Sun and Cheng,

2002] In (OH), treatment several reactions can take place such as electrophilic
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- Detoxification of the hydrolyzate

- Microbial (yeast or fungus) fermentation of the sugar solution(hydrolyzate);

- Distillation and purification of the fermented solution to produce pure alcohol
Fermentation of lignocellulosic materials is more difficult than the well established
processes of ethanol production. Ethanol fermentation can be carried out by 3 steps:
separate hydrolysis and fermentation (SHF), simultaneous saccharification and
fermentation (SSF) and simultaneous saccharification and co-fermentation (SSCF).

Ethanol is then recovered by distillatic

2.8.1. Separate hydrolysis and fei F)

ar
In the separate hydrolysis asﬁ fe«rmé?té‘lfg} 83;1[-"? (gﬁcqgfaieéulose is first hydrolyzed

to glucose and then glucose is fefHertdef fo dthandl. <thé separation of hydrolysis and
fermentation offers various processing advantages and opportunities. It enables
enzymes to operate at higher temperature for increased performance and fermentation,
organisms to operate at moderate temperatures, optimizing the utilization of sugars
[Chandel et a/, 2007]. The major drawback with SHF is that cellulolytic enzymes are
end-product inhibited so that the rate of hydrolysis is progressively reduced when

glucose and cellobiose accumulate [Tengborg et a/, 2001].

2.8.2. Simultaneous saccharification and fermentation(SSF)
The SSF process, can attempt to solve the problems associated with SHF particularly

end product inhibition; however the reaction conditions are compromised [Margeot et
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have been reported for the . icose conversion while Pichia stipitus, Candida shehatae
and pachysolen tannophilus ive been reported for xylose conversion [Fu and Peiris,

2008].

2.9.1. Saccharomyces cerevisiae
Saccharomyces cerevisiae (S erevisia) is a model eukaryotic organism, often used in

research because it is easy to manipulate and culture, and is widely used in industrial

applications to manufacture enzyn s for beer, wine and bread,
[http:www.nature.com acces d on ¢ - metabolizes glucose to ethanol
during fermentation and is ;o0 kno Jigher alcohols and esters from

N
amino acids [Schoondermﬁffg}‘lé Ei ﬁl' 12%@8 E‘Sf;llgf.@anmuganathan, 1960;

Yoshimoto et a/, 2002]. S. cereviside-{§ capable of tery rapid rates of glycolysis and
ethanol production under op nal conditions, However this high rate is maintained for
only a brief period during batch fermentation and declines progressively as ethanol

accumulates in the surrounding broth [Casey, 1986; Ingram, 1984; Moulin 1984].

2.9.2, Escherichia coli ( E-coli)

E-coli has several advantages as a biocatalyst for ethanol production including the
ability to ferment a wide spectrum of sugars, no requirements for complex growth
factors, and prior industrial use. The major disadvantage associated with using £-col/
cultures are narrow and neutral pH growth range (pH 6.0-8.0) less hardy cultures

compared to yeast, and public perceptions regarding the danger of E-coli strains.
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2.9.3. Zymomonas mobiles (Z-mobilus)

Zymomonas mobiles produces ethanol at high yields, however it is only able to ferment
glucose and fructose. Z-mobilus appears to be homo-ethanol fermentative because they
convert pyruvate to ethanol using pyruvate decarboxylase (PDC), however it only

consumes one NaDH,H" for each ethanol produced [Dien, 2007].

2.10 SEPARATION PROCEDURES

2.10.1 Distillation

Distillation is a separation method m __ _hemistry, which is based on the

volatility of the components[jliﬁ }IgTJg WBfebgﬁllmrg ethanol-water mixture
requires special attention unlike noHH& dictillation. Hfs isbecause the mixture ethanol-
water, (boiling point 78.4 “C and 100 "C) depending on the ratio of ethanol to water

[Young et a/, 1922], is an azeotropic mixture.

2.10.2 Azeotropic distillation of alcohol

When mixtures of compounds are distilled, which produce vapors having the same
composition as the liquid, the particular mixture undergoing distillation is called an
azeotropic mixture. Boiling points of azeotropes are higher or lower than the boiling
points of the components 1 the mixture and cannot be separated by normal

distillation. A special distillation method must be applied as shown in figure 10.
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5.3. MORPHOLOGICAL STRUCTURES

Figure 4.4 shows the SEM micrographs for untreated and pretreated Kikuyu grass taken

at 15KV and 1000 magnification mode.

¥, :
15kV - X1,000 10pum UFH-SEM 15kv - X1,000 .. 3 UFH-SEM

15kV X1,000 10pm UFH-SEM 15kV. X1,000 10um UFH-SEM

Figure 4.4: Scanning Electron microscope of (A)-untreated grass (B)-O; treated grass

(C)-H,0, treated grass (D)-H,SO4 treated grass and (E) NaOH treated grass.

These images taken at 24 hours of prtereatment showed that the pretreatment induced
physical changes in the biomass. The untreated Kikuyu grass shows external fibres and

layers covering the surface of the material, these layers could include cellulose,
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