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ABSTRACT

The agricultural material (corn,wheat,barley,oat ,
rye and molasses) was subjected to fermentation to
produce high fiber protein (HFP). The product could be
suitable for human consumption. Plus the liquid protein
by-product could be used for animal feed and recovery
of carbon dioxide from the fermentation vapour. This
could be sold as a gas or further processed into dry ice.
Ethanol produceq was further converted into high power
alcohol and compared its characteristic properties
with that of the natural fuel. The high power alcohol
was transformed into high power fuel (gellified
material) by the interaction of potassium salts of the
derivative of carbohydrates with high power alcohol.
The potassium salt of the derivative of carbohydrate
was prepared at two stages. First, derivative of carbo-
hydrates was synthesised by the interaction of carbo-
hydrates with acetone. The derivative so produced was
treated with chlorosulphonic acid in presence of
potassium carbonate to produce potassium salts of the
derivative of carbohydrates. The high power fuel could
be used for house hold and defense purposes. The fermen-
tation liquid remaining as residue could be consumed

as non-alcoholic drink and used for export.
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CHAPTER 1

INTRODUCTION



INTRODUCTION

The sensible source of high power fuel, high-
dietary fiber and protein is obtained from corn, wheat

oats, rye, barley and molasses.

Part 1 of this chapter contains a description
of the chemistry of fermentation and conversion of

ethanol to high power and gellified fuel as a renewable

sources of enerqgy.

Part 2 include a discussion on the chemistry
and biotechnology of the high fiber protein obtained
after the fermentation. HFP is available for human
consumption. This part is also furnished to account the

chemistry of liquid protein obtained after the fermenta-

tion. LP is normally consumed in preparation of animal

feed.

Part 3 contains a description of the recovery
of carbon dioxide from the fermentation vapours. This

can be sold as a gas or processed into dry ice.

Part 4 will include the discussion on the

recovery of the non-alcoholic drinks.



1. HISTORICAL REVIEW

Records have shown that man has brewed malt beverages
for centuries. The nature of the earliest fermented beverages
is uncertain; they may have been derived from barly, dates,
grapes or honey. Archaeologists have found hieroglyphic
accounts of how to brew beerl. They also have found jugs

that were used for beer more than 5,000 years ago.

Chemical analysis of the jugs have uncovered the
barley and vyeast cells by which the beer was produced.
Brewing seems to have originated in Babylon where, as in
Egypt, barley grew wild, and there is some evidence that
beer made from malted grain was being brewe62 in Mesopotamia
by 6000 B.C. By the fourth or fifth millenium B.C. brewing
was well established and evidence exists of the various
types of beer extant in Babylon about 1800 B.C. Brewing in
Egypt began at a later date than in Babylon but probably
developed independently. It was said to have been a gift of
the god Osiris, or his wife Isis, about 2000 B.C. although
it seems that several different types of beer were brewed in
Egypt a thousand years before than, and there is a reference
to its use as a mortuary offering in the 5th dynasty,about

2800 B.c.3'6.

The Greeks learned brewing from the Egyptians and also



grew hops, (origin of the use of hops was unknown; one
suggestion is that the Hebrews learned the use of hops during
the Babylonian captivity in the 8th and 9th centuries B.C.).
The Romans learned about beer from the Greeks. The northern
European races probably discovered the technique of brewing
long before the Christian era, the earliest Teutonic and
Celtic beverages being made from a mixture of corn and honey
and hence approximating mead. Various alcoholic beverage
were made by the Indians long before the advent of Europeans
but the history of American brewing really begins in 1584.
When the British brewed beer from corn (maize) during their

first attempt to colonize Virginia?

Until the mid- 19th century oﬁly "British" types of beer
were brewed in North America but about 1840 German brewers
introduced the newer methods of making larger beer, thus
laying the foundations of the vast modern American industry.
Inspite of the long history of this important chemical trans-

formation, its exact nature remained unknown before 18304'8.

In late 1830's, Schwann and Cagnaird-Latour showed that
the alcoholic fermentation was caused by organized living
beings today known as micro-organism. Pasteur in 1860's
subsquently confirmed this idea and showed that the transfor-

mation of sugars into ethyl alcohol was caused by yeasts.



The malt beverages have been produced continuously in Europe
and other countries ever sinces. In 19th century alcohol
produced by different raw materials was frequently used in
some countries for burning purpose. Solidified alcohol9 (a
jelly formed by colloidal calcium acetate in alcohol) was an

example used as a fuel for spirit lamps.

During the first half of the twentieth century, indus-
trial alcohol was produced on a large scale by fermentation.
The rising cost of petroleum during the 1970s and the
resulting efforts towards dgreater reliance on naturally
renewable resources created an unusually active interest in
fermentation ethanol, because it was not only an attractive
current alternative to fossil fuel, but also a potential
feedstock for the chemical industry. Accordingly, UNIDO
(United Nation Industrial Development Organization) organized
the first international workshop on fermentation alcohol for
use as a fuel and chemical feedstock in developing countries
at Vienna, Austria on 26-30 March, 1919. The use of alcohol
for internal combustion engine was promoted as far back as
1894 by Hartman in Leipzig, and even Henry Fort I gave much
thought to it as an alternative to fossil petrol in the
1930s. This resulted in the Dearborn Conference on what is
now called "gasohol" and the establishment of a major fuel

alcohol plant in Kansas around 1936; during the 1930s and



1940s several developed countries used alcohol blends and

unblended alcohol in many vehicleslo'll.

Brazil has been the leader; as far back as 1925, an
alcohol powered Model A Ford was demonstrated in Brazil,
but the huge Brazilian Government Programme (Proalcohol) was
established as late as 1975 and US Government initiated a
substantial programme in 1978. About 40 countries (including)
developed as well as developing countries like Pakistan) are
in the process of drawing up power alcohol programmes.
Pakistan dufing 1980s would have to-base its strategy on

molasses as a source of making alcohol.



1.1 FERMENTATION AND ITS CHEMISTRY

1.1.1 Fermentation

The term 'fermentation' is derived from the Latin
'fervere' meaning 'to be boiling', and originally signified
the gentle bubbling or boiling condition observed in the
spontaneous transformation of fruit juices, as in wine or

9;17

cider . The meaning was changed through Gay-Lussaes study

of alcoholic fermentations to indicate the conversion of
sugar into carbondioxide and alcohol. Pasteur's researches
as to the cause of fermentative transformation led him to
define fermentation as 'life without air'. Now the work has
become more closely associated with the microorganisms and
the enzymes secreated by them, which catalyze the fermenta-

tive changeslS'ls.

The fermentation is a process by which complex organic
material is broken down into simpler substances, are brought
about the action of living organisms (yeast) which secrets
the enzyme-catalyst appropriate to the process. It is an
incomplete and slow oxidation of the substances such as
carbohydratesl4 and carbohydrate like compounds, associated
with evolution of carbondioxide and production of ethanol

plus a number of by-products.with respect to oxygen supply.



two types of fermentation are reccgnized. Aerobic fermen-
tation (oxybionic process:; respiration) is the form of
dissimilation which requires free oxygen to act as a hydrogen
acceptor. The acetic acid and citric acid fermentations are
examples. Anaerobic fermentation is dissimilation in which
atmospheric oxygen is not involved, but other substances,
gsuch as aldehydes or pyruvic acid, serve as hydrogen
acceptors. Examples are the alcoholic, butyl

alcohol-acetone, and lactic acid fermentationslz'la.

Fermentation is largely depend upon three basic para-
meters, namely; the wart composition (nutrients for the
yeast); the yeast itself; and the processing conditions
(such as time, temperature, volume, pressure vessel shape
and size, agitation and currents in the fermenting wort).
Fermentable sugars can be obtained not only from sucrose
(molasses, sugar cane, beet), but also from starch (cereals;
corn, barley, wheat, rye, oat, rice), as a matter of fact,
by far the most important raw material for the manufacture

of alcohol and recovery of other products such as protein.

(a) Bottom Fermentation

The temperature of the wort at pitching is 6-9°C and

the yeast is added in the form of a slurry. A certain amount



of aeration may be employed at the earliest stage to
encourage yeast growth. The sooner the yeast begins to
grow, the less danger there is from bacterial infection.
Within a few hours a fine fluffy white head appears and
the fermenting wort is often pumped or transferred to
another preferably closed, vessel, leaving behind much
of the unwanted protein, hops and resins. Activity
increases and the stage known as 'Cauliflower', is
reached after two days. After continues for three days,
during which the temperature must not be allowed to
rise above 8°C. The head then starts to collapse and
the temperature is allowed to fall gradually to about
6“c. After about eight days fermentation is in all and
the evolution of carbondioxide is too slow to buoy up
the yeast cells and these, therefore remain at the
bottom of vessel or vat. This is known as bottom fer-
mentation', and is made use of in Germany in the produc-

tion of certain beers.
(b) Top Fermentation

When fermentation is allowed to take place at a
temperature of about 15°Cc or 60°F. During five to seven
day fermentation period, a light froth appears in the

first few hours, giving place to small 'cauliflower'



and then to 'rocky head'. On the second day a high
rocky head develops, fermentation is vigorous and heat
generation is at its greatest. On the third day the head
gradually collapses and the blanket of yeast is skimmed
off. The head then forms pleats or folds as the beer is
cooled for a second skimming. During whole process a
turbulent effervescence is produced and the evolution
of carbon dioxide is so rapid that the yeast cells are
carried to the surface of the liquid and these form a
thick forth. This is known as top fermentation and is

the process which is mostly used in England4'6.

1.1.2 Fermentation Mechanisms

Various schemes have been proposed to elucidate

the pathways involved during the fermentation of the

carbohydratic materials to ethyl alcohollB*Zl.

Neuberg's Schemes

CeH12% —>  2c.H.0

3763
Glucose Triose
—2H20
TR,
2CH3 —_— — C — H

Methyl glyoxal
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2
]
1]
2CH3 - C — Co0H
Pyruvic acid
—2C‘.O2
o]
1
ZCH3 —_— 0 — H
Ethanol
+2H2
ZCH3 i CH2 — QOH
Ethanol.

(i) The reaction proceeds in acidic conditions.
The glucose molecule is broken into two triose molecules
which are the hydrated forms of methyl glyoxal. The
triose loses a water molecule to form methyl glyoxal
which in turn is oxidized to form methyl glyoxal which
in turn is oxidized to pyruvic acid. The pyruvic acid

is decarboxylated to acetaldehyde which is ultimately

reduced to ethanol.

2¢:H: 0

61276
Glucose \\\\\WA
2C3H603 2C3H603
Triose Triose

-2H,0 l l

2
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o] Q
I I
C — C — —_ - 2
2,H3 L5 C H 1ZH2
Methyl glyoxal
N2
o +02 CHZOH
Il
ZCH3 — C — COOH 2CHOH
Pyruvyic acid /
CH20H
—2CO2
o Glycerol
Il
2CH3 === 5 == H
Ethanal‘\\\\\&
50
2 —_— —_—
2 CH3 CH2 OH
ﬂ Ethanol
CH, — ¢ — OH

3

Acetic acid

(ii) The reaction proceeds in the alkaline condi-
tions. Here the triose produced becomes unstable and
thus accepts hydrogen to form glycerol. The pyruvic acid
decarboxylates to acetaldehyde after its formation as
in scheme (i). The acetaldehyde is oxidized to acetic

acid at the expense of the molecular oxygen.

(iii) “The reaction proceeds after addition of
agodium sulfite to the fermentation mixture. Sodium

sulfite fixes the acetaldehyde produced and blocks its
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reduction to ethanol. As a result of this fixing, the

yield of glycerol increases while that of ethanol

decreases.

+H

2
C3H603 e C3H603
Glycerol
C6M12%
~H,0 ) 0 Q
c,H.0, — CH,—C—C—H + %0, —> CH,—C— COOH
3673 3 ‘v2 3
Trioses Methyl glyoxal Pyruvic acid
°
l
CH3 - E=H % CO2

Ethanal (Fixed by addition of

sodium sulfite).

Kluyver's Scheme

This involves the formation of hexose monophosphate

(HMF) as an active intermediate. The mechanism involves

the following steps:

(a) Initial phosphorylation
The initial phosphorylation of glucose occurs by

combination with an inorganic phosphate molecule. The
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hexose monophgsphate formed as a result of initial phos-

phorylation is partly converted into glucose-6-phosphate

(Robinson ester).

(b) Oxidoreduction of HMP and cleavage

The hexose monophosphate cleaves to form a mole-

cule of glyceraldehyde and a molecule of glyceraldehyde

monophosphate.

Glucose

Glyceraldehyde~3-phosphate

H oH
\C/’
?Ho I
CH H— C~——0OH
H,Po, ?HOH |
Q' f——3 ?HOH —_—S HO———$———H 0
THOH H——— BY
CHoH |
('ZH o H—
CH2OP02H
Active hexose Glucose-6-phosphate
monophosphate (Robinson ester)
(HMP)
oxidoreduction
+
cleavage
CHo
| CHo
CHoH
\ CHoH
CHoH |
CH.oPoH
Glyceraldehyde 2 372
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(c) Hydrolysis and condensation of Glyceraldehyde-3-
phosphate

The glyceraldehyde-3-phosphate hydrolyses to form
glyceraldehyde and its two molecules condense to form

fructose-1,6-diphosphate

fHo ?Ho
CHoH HP \ (|IH0H
- CHEH
HOPO, 1,
CHOPo
| 2 3H2
CHoH
I
CHoH
CHo |
I C=0
2 CHoH 5 l
' CHoH
CHOPoH |
2 32 CHfP%ﬁ2

Fructose-1,6-diphosphate
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(d) Final oxidoreductions
The final oxidereductions of glyceraldehyde product

yield glyoxal, pyruvic acid and ethanol.

CHo T oH | | T
T O I S T SSPO
CHoy —2— | Oﬁ_klo | l// |//, l‘\\
| CHoH 2 s M & H—C
| M | ——> (C=0
CHzOH CHoH CHOH ° |
2 2 H
l 3\ CH,
hydrated
Intermediates WEERYT Glyenal
H
l_/’OH COOH
S |
oH CHoH
1 CHO C:O 2
C:O "f' }L -+
l | CH
CH 3
3 Ethanal 3
Hydrated methyl Pyruvic Ethanol
glyoxal acid
CooH
CHo
C=o
, > ol ¥ (:02
3

CH
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Embden—Meyerhof Scheme

The fermentation of glucose could be carried out
by cell free extract of yeast. The final product is
ethanol. The metabolic pathways were elucidated by the
use of inhibitors during the course of fermentation. The
specific inhibitors blocked the sequence by inhibiting
specific enzymes at specific stages of reaction sequence.
The blocking resulted into the accumulation of products
behind the block which could be isolated as
intermediates. The sequence was later mapped by compa-
rison of the various observations. TIodoacetate, for
example, resulted into the accumulation of fructose 1,6-
diphosphate and two triose phosphates. Similarly, the
addition of fluoride resulted into the accumulation of
glycerate-3-phosphate and the glycerate-2-phosphate.
Different intermediates were isolated by Embden and
Meyerhof and the sequence-mapped as described above.
Harden and Young subsequently separated the cell free
extract into the heat-labile and heat-stable fractions
by dialysis. The heat labile fractions contained enzymes
and the heat-stable contained co-enzymes such as NAD,
ADP, ATP, etc. The splitting of a glucose molecule into
two halves is accompanied by the loss of free energy

sufficient to synthesize two molecules of ATP. The
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breakdown of glucose in glycolysis involves a large
number of reactions catalysed by the enzymes produced
by the yeast. The alcohol is formed by the change of
the reaction course by yeast cells one step before the
production of lactic acid. The reactions involved in
the alcoholic fermentation is upto -the formation of
pyruvic acid. The pyruvic produced as a result of
glycolysis is decarboxylated and the acetaldehyde

produced is reduced at the expense of NADH, formed of

2

glycolysis to form ethanol.

COOH Carboxylase 4
_— CHo -~ NADH + H CH,oH
c=R CO I +
; 2 CH, ~NAD
c, Sy
Pyruvic Acetaldehyde Ethanol
acid
THE EMBDEN-MEHYRHOF SCHEME
CHopo
A 2793t B
Hexokinase 0 Y Phosphohexeso
A Phosphatase Mg++ATpI* H isomerase
N
+ ADP Mo OH
H oH Glucose-6- H oH
D-Glucose phosphatase Glucose-6
1| 8
Phosphohexoso
isomerase
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HoPoCH
43 - CH.OPo
2 o3,
Phosphohexokinase H Ho
phosphatase  ATP H OH
> ADP OH H
Fructose
Fructose-6-(p) 1,6~-diphosphate
/110
Aldolase
CHopo CHo
R |
c=0 ?HOH
I
CH.OoH Cl
T 2 Triosephosphate EF?F2 1
isomerase
E
Dihydroxyactone Glyceraldehyde-3-
phosphate phosphate
g
-0OPo
o
Ho Triose phosphate 2 CHoH
r dehydrogenase |
~ Ofp
2 CHoH oy S CH2 PO,
NADH + H' Glycerate-1,3-
Clopo diphosphate
5 3H2 P
GlycerallHehyde-3-
phosphate
phospho-
ATP G glycerate

kinase
\ Ann



Enol

pyruvic acid

(o)
{7 lj
?—~Or1 C-oH
Phosphoglycero- -
CHopo.H mutase 2 CHoH
T o SO |
T = CH.0Po H
CH.PH 27
Glycerate-3-
phosphate
Glycerate-2-
phosphate
1 Enolase
o)
Il
C-oH
2 |
C—opo
[
c
qu
Enolpyruvic acid
phosphate
ATZ?//fi;%
3
Pyruvate
kinase
& ADP
I
P
C—OH
CH2
kabikiiontaneous
\\ |COOH
=0
CH
3
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Pyruvic acid
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The oxidized NAD' reacts at step (F) of glycolysis
and is reduced. The process is repeated again and again.
The stage (F) and (G) can be linked with acetaldehyde

and alcohol in the following reaction:

CHo CHo CooH
/ | | cH,, OH
CHoH + GHy ——=} _CHoH +
| CH
CH20P03H2 CH20P03H2 3
Glyceraldehyde Acetal- Glycerate-3- Ethanol
-3-phosphate dehyde phosphate

Thus NAD+ acts as a hydrogen carrier and the above
reaction occurs only in the stationary phase of the
fermentation. The glyceric acid formed in the above
reaction undergoes the subsequent glycolytic reactions
to produce more acetaldehyde to produce more phospho-

glyceric acid. The cycle is repeated again and again.

1.1.3 Malt production

During malting, profound changes occur in grains,
the most important being the development of certain
enzymes. The two most important groups are; (a) amylo-
lytic enzymes: which can convert starch to carbohydrates
of lower molecular weight23. (b) Proteolytic types;:
which can break down the protein consituents of the

grain to simpler nitrogenous compounds. Before brewing
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l
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the starchy material is malted in a three-step process

of steeping, germination and kilnin924.

The grains are steeped for some days in water and
then spread out, or 'couched' to a certain depth on
the floor. Under favourable conditions of humidity and
temperature, soon the moist grains begin to sprout
(Fig. A). During germination proteins and starches are
broken down and diastase (amylytic enzymes; principally
alpha and beta amylase) and other enzymes are
produced. After germination the malt is dried in a kiln
until the moisture content is between 3-5%. The shriveled
rootlets drop off and are collected and sold as animal

feedzs.

1.1.4 Brewing Process

The three main stages of the brewing process are:

mashing, boiling and fermentation. (Fig. 1).

(a) Mashing

The malt, which contains a considerable.amount ofL
starch and a small amount of sugar, together with the
amylytic enzymes, is crushed and mixed with hot water

and a guantity of hop (raw grain) is added. The
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Simplified flowsheet of a typical brewing process.
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"striking heat" of water is of 150°F. The principal

reaction of this cooking involves the partial breakdown

of proteinsor starches (carbohydrates) by means of heat

and hydrolysis (Fig. B) in the endosperm of the malted
22

grain®”. Starch is converted into soluble maltose and

other malt sugars and
diastase

2(C6H1005)n + nH20 _— n C12H22011

Starch Maltose
dextrins by the amylolytic enzymes, ¢ and A -amylase,
which are present in the malt and which work best at a
temperature between 40°c ana 60°c (1040 or 1400F).
This is where the amylases (enzymes) enter the picture
by cleaving the amylose molecules into maltose (two
glucose wunits looked together) and a single glucose
units) (Fig. C). When this process of mashing is
completed, the 1liquid 1is boiled to destroy the
diastase and sweet liquor or wort (solution of converted
carbohydrate: sugar) is filtered out leaving the malt

husks behind. This wort is ready for fermentation.

(b) Boiling
After mashing and sometimes after filtering, the

wort is boiled. This prevents any further enzyme action
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(¢)
Complete
Hydrolysis
{:1 oQ ¢§ Ay ;%ﬁs
s s ot 3 43T
(D)

(a)
(b)
(c)
(a)

Partial schematic amylopection structure
Dextrins from incomplete hydrolysis of a
oligosaccharides from hydrolysis of dextrins

Final hydrolysis product: D-glucose.
Each circle represents a glucose unit.

Fig.B
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and coagulates a great deal of the protein material,
which is known as the "hot break" or "trub". The boiling
also sterilizes the wort, makes it more concentrated
and provides an opportunity for the hops to be added.
After boiling the wort is filtered quickely to remove

the hops and also as much of the hot break as possible.

(c) Fermentation Process

The wort 1s run into the fermenting vessels,
diluted and mixed with yeast ,and held at an
appropriate temperature for 40-60 hrs. The living yeast
cell secrete the enzyme maltase (converting maltose to
glucose), invertase (converting sucrose to glucose)plus
levulose and zymase (convert glucose to ethanal plus
C02). The maltase causes the sugar, maltose, to
hydrolyze into a simple sugar, glucose

maltase

# H Q) s 2

C12H220714 2 C6912%

Maltose Glucose

The glucose. in turn, 1is converted by yeast enzyme
zymase mainly into ethanol and carbon dioxide.

zymase
C6H1206 S SRS 2C02 + 2CZH5OH

Glucose Ethanol
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Although small guantities of other substances, higher
alcohols, succinic acid, glycerine, etc. are also

producede_Bo.

1.1.5 Factors Influencing Fermentation

There are many factors that have a significant
effect on alcohol yield and efficiency. These may be
classified as: (a) the physiologiéal condition of the
inoculum, (b) the environmental factors present during

fermentation, and (c) the guality of the raw materials.

(a) Physiological Condition of the Inoculum

The physiological condition of the incculum, the
guantity and the cell population are of considerable
importance. Fortunately, most yeasts are resistant to
adverse environmental conditions and are adaptable to
a wide range of conditions3l. The activity of the
inoculum may be arrested by holding at  low
temperatures for use several hours later. it is not
desirable to use a culture that is more than 24 to 26
hours old, since older cultures may result in a yield

reduction of 2 to 4%32.
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(b) Environmental Factors

High yields can only be attained by maintaining

such conditions that the residual amylases will continue

to function until the conversion of residual dextrins
is complete, and the fermentable sugar so produced is
converted to alcohol. The «critical environmental
factors are: (a) pH (b) buffer capacity (c¢) initial
load of contaminants (d) temperature (e) mash concen-

tration (f) alcohol concentration (g) yeast nutrients.

(a) pH

Grain mashes, without pH adjustment with acid or
stillage, will enter the fermentor at pH 5.4 to 5.633.
The principal microbial contaminants are latic acid
formers. Above pH 5.0, their growth is rapid. Thus, it
has been found most desirable to adjust the initial pH
4.8 to 5.0 with either stillage or sulfuric acid. As
soon as the pH of a fermentation falls below 4.1, the

to
amylases are inactivated. The adjustment as low as pH

4.5 gives successful results.

(b) Buffer capacity
The buffer capacity of mash is important. Grain
mashes are generally well buffered from pH 5.0 to 6.0,

poorly buffered from pH 4.4 to 5.0, and well buffered

to
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from pH 3.5 to 4.4. Stillage is of added value, since
it adds considerably to the buffer capacity of the
mash between 3.5 and 4.4. This aids in stabilizing the
pH above 4.1 for maximum period and is one reason why
stillage mashes give higher average yields than mashes

from the grains without stillage.

(c) Initial load of contaminants

Good process sanitation is most important in the
control of contamination and the realization of maximum
alcohol yields. The piping installation and equipment
design should make provision for adequate steam steri-
lizationss, ease of cleaning, and the elimination of
mash. It is desirable to operate the mashing and cooling

and cooling systems for the maximum length of time

between clean-ups.

(d) Temperature

The molasses fermentation may be conducted at
higher temperatur936 than the grain fermentation, since
the carbohydrate is present initially in a fermentable
state. The optimum temperature for the growth of certain
yeast is 84° to 90°F as compared with an optimum fermen-
tation temperature of 100°F in the absence of alcohol,

and 90°F at alcohol concentrations above 4.5% by volume.
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Failure to control the Lemperature within the optimum-
growth temperature range destroys yeast activity in a
few hours and thus sharply reduces the alcohol yield.
Furthermore, the high temperatures favor the growth of

bacterial contaminants.

(ej Mash concentration

The initial concentration of the mash governs both
the final alcohol concentration and the heat release
per unit volume. It is, therefore, necessary to employ
a concentration that will neither generate more heat
than can be dissipated without exceeding 90°F nor poten—
tially result in an alcohol concentration in excess of

the practical alcohol tolerance of the yeast strain.

(f} Alcohol concentration

The fermentation rate of yeast is greatly reduced
in the presence of ethyl alcohol (above 12%). It is
apparent that a high mash concentration and resultant
high final alcohol concentration will protract the
fermentation period, possibly to a dangerous degree,

since the added time favors development of contaminants

(g) Yeast nutrients

Stillage and urea has appreciable nutrient value
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and is added for this reason and also for its buffering
value and aid in adjusting the pH. Small grain mashes
(wheat, rye, barley, rnalt)34 are relatively rich in
nutrients, while corn mash with 8 to 10% of barley
malt is marginal in nutrient leve137. None of these
require supplementing with inorganic nitrogen, as this
does not result in yield increases. The nutrient for
yeast can be sometime overcome by addition of 0.5 to

1.0% of malt sprout538.

1.1.6 Yeast

Yeasts are the living entities (unicellular fungi)
and as such they require food to maintain them in a
healthy state so that reproduction (sexually' or
asexually) of their kind can continue; this food must
include sources of carbon, nitrogen, sulfur, and certain
minerals and many yeasts also required certain nutri-

39,40
s .

lite Only three of the 349 known species of yeast

are involved in alcoholic fermentation.

Yeasts used in brewing can be classified as two

species of the genus Saccharomyces: Saccharomyces

cerevisiae (Fig. J and K) and saccharomyces urarum.
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Chain of yeast cells.

A cell of Saccharomyces cerevisiae under high power
microscope.

N
ER

nucleus, M = mitochondria,
endoplasmic reticulum, B = bud.



Reproduction Pattern of Saccharomyces cerevisiae.

A: Large cells in a culture of Saccharomyces cerevisiae.

B: Variation in the size of the cells in a culture of Saccharomyces
cerevisiae.

C: Cells from a strain of Saccharomyces cerevisiae in which the
daughter cells separate from the mother cells at maturity.

D: Cells from a strain of Saccharomyces cerevisiae in which
the daughter cells do not separate from the mother cells.

E: Diploid cells.

Fig. K



35

Yeast preparation
Several ways are widely employed for the mainte-—

nance of pure cultures4ld44.

(a) A pure culture of yeast strain is maintained
on a suitable medium, usually malt extract or glucose
yeast extract agar. New stock cultures on agar slants
are prepared every 30 to 60 days. Subcultures are incu-
bated statically at 27°%c for 3 days cultures are stored

at 4°c for 6 months prior to resubculating.

(b) Agar-solidified MYPG medium
Loop-inoculated from a previous slant culture and
incubated for 3 days at 28°C and then kept at 29-4%.

They can be transferred to fresh slants every 3 month545

Yeast propagation and handling

When the laboratory culture (selected strain of S.
cerevisiae) has fully developed, it is transferred to
the vessel (100 ml) of sterile wort. After 2 days incu-
bation at 26°C the cultures are microscopically examined.
The vessel in which grwoth and normal cell development
has taken place is transferred to large volume of sterile
wort used for further propogation again incubation is

carried out for 2 days at 25%C. These are then used for
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g . o] o
inoculakbtion. If not needed may be kept at 4°C to 2°C

for upto 3 weeks as a stock culture, and ready to be

vsed for another inoculation46_50.

1.1.7 Starches

Starches are found as reserve materials in plants
and occur as granules characteristic. The major portion
of the grains is composed of starch. Complete hydrolysis
of starch with strong acids gives glucose. Partial acid
hydrolysis gives a complex mixture of dextrins, maltose,
and glucose. Enzymatic hydrolysis with amylase gives
maltose. About 20% of the starch granule is composed of
amylose, which is soluble in water. The remainder 1is
insoluble amylopectin which absorbs water and swells to

form starch past9551

Amylose

Amylose is a straight-chain polymer composed of
glucose units bound by oC -1,4-linkages. The compound
gives a blue color with I, and is completely hydrolyzed

by B -amylase to maltoae52CF]g.D,E).

Amylopectin

Amylopectin has a molecular weight of 200,000 to
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1,000,000 (Fig.F ). It gives a red-violet colour with
12 solution and 1is enzymatically hydrolyzed with
-amylase to give about a 60 per cent yield of maltose.

A combination of B-amylase which catalyzes the splitting
of o¢ -1,4-1inkages and cc -amylase which catalyzes the
splitting of o€ -1,6-1inkages gives much higher vyield of
maltoseSB. On the basis of these enzymatic studies and
chemical evidence the structure of amylopectin has been

found to be that of a branched bolymer containingeC-1,4

andeC-1,6-1linkages.
1.1.8 By-products

The chief by-products are carbon dioxide, yeast
and the spent grains from the mash. For more yeast is
produced during fermentation than is needed for subse-
quent brews and it has a high nutritive value, containing
50% protein and 2% fat by dry weight, a good content of
the B vitamins and minerals such as calcium and iron,
although small quantities of other substances, higher
alcohols (D-amyl alcohol, isoamyl alcochol), succinic
acid, glycerine, etc, are also produced. The brevers
spent grains are used for animal feeding since they
contain about 20% protein and 8% fat by dry weight. The

spent hops are dried and sold as hop manure.
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1.1.9 Significance

The fermentations are of great economic importance
in industries such as manufacture of certain beverages,
bakery products, dairy products, souerkraut, pickles
and other foods, frequently involve microbiological
procedures. The best-known chemical product obtained
industrially by fermentation, and the one of the largest
volume, is ethyl alcohol, but other fermentation
chemicals, including n-butyl alcohol, acetone, lactic
acid, c¢itric acid, sorbose, gluconic acid, itaconic
acid, glycercl, 2,3-butanediol, riboflavin and other
vitamins, pencillin and other antibiotics, wvarious
enzymes, and other substances, are or have been produced
on commercial or pilot plant scale. Still other processes
for producing chemicals by fermentation are continually

under investigation in laboratory and pilot plant.

1.1.10 High Power Fuel

Fuel is a material whose combustion is used to
supply heat for any purpose. Fuels are characterized
by their physical form at normal temperatures, whether
they are solids, 1liguids, or gases, by their heating
value, that is, by the amount of heat given off when a

unit weight or volume of the material is burned under
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standard conditions, and by their combustion characte-
ristics, which cover such points as ease of ignition,

rate of combustion, flame temperature and flame pumi-

nusity62.

Fuel having maximum purity (i.e., 99%) and allows
higher combustion characteristics, maximum heat pro=
dution is termed as high power fuel and most suitable

for utilization as pure fuelGO.

(a) Power alcohol

BEthanol-water mixture possessing high percentage
of water has no significance value for burning purpose.
The most energy-intensive step involves the recovery of
95% alcohol from fermented mash (ethanol; 4-5%) and
subsequently dehydration through azeotropic distillation

to anhydrous product64.

The fermented mesh (ethanol-water mixture) |is
distilled to increase the strength of alcohol component
by wvirtue of the composition of the vapors being
stronger in the more volatile constituent than liquid
from which these vapors arise and obtain ethanol upto

95 by conventional distillation (fractional distillation).
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The ethancl 95% is of above 120-proof. It is further
distilled with guick lime to obtain 99.5% alcohol called
absolute alcohol. Hundred per cent alcohol (power ethanol)
is obtained by treatment with magnesium turning and

subsequent redistillation63.

Power alcohol has the composition carbon, 52.2;
pydrocarbon, 13.1; oxygen, 34.7; octone number, 0.5

and with a calorific value of 5048 Kcal/litreGO'Gl.

When
ignited burns in air with a pale blue, transparent

flame producing water and carbon dioxide62

(b) Gellified fuel

Pure alcohol (power alcohol; 99.95%) produced is
converted into a liguid system of’high viscosity that
contains structures that are derivable from colloidal
particles (salts of carbohydrate derivatives), which
exhibits elastic properties in resisting deformation
and it frequently possesses a high degree of order (991?4'57
The said composition may be used in a proper way for
bruning purposes (burns with pale blue, transparent
flame), without sacrificing any of the advantages
inherent to the physical condition of a solid body and
which chiefly reside in the reduction of shipping,

transport, packing and storage costs” 222,
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The feature possessed by gel which is responsible
for their distinctive properties is a three-dimensional
network. This network may be Ltemporary by virtue of
secondary bonds, as in case with gelatin57. Gels are
frequently described as concentrated solutions of a
liguid in a solid. The presence of macro-molecules is
essential for the formation of network. The rigidity
and strength of the network structure endows the gel
with its ability to undergo elastic deformation and to

imbibe large quantities of liqui655'56.
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1.2 PROTEINS

Proteins are compounds of higher molecular weight
from a few thousand to a few million, which wvary in
appearence from white amorphous powders to brilliantly

coloured crystals65'69.

They have indeterminate melting
points and are subjec¢tto denaturation by fluctuations
of temperature and pH. The average composition of protein
is ¢, 50; H, 7; O, 23; N, 16; S, 0-3; P, 0-3%. Elements
such as Fe, Cu, Mn, 2Zn are found in specific pro-

tein366'67.

The complete hydrolysis of proteins yields a mixture
of about 20 amino acids67, with two exceptions (proline
and hydroxyproline, areoC-imino acids). These substances
have a primary amino function and a carboxyl function
joined to the same carbon atom; hence they are termed
of —amino acids and are derivatives of the general struc-—

tur968&72 NH2—CHR—C00H. The amino acids are classified

. 3-75
into seven groups .

Fibrous Proteins
These proteins are associated with cellular elements
and serve function of supporting specific structure of

cell. Examples are wool, silk fibroin, collagen (connec-
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tive tissue), myosin (muscle), keratin (hair) and fibrin

(blood clot).

Globular Proteins
These consist of polypeptides (chains of amino
acid residues) that are held together by cross-linked

groups or in an aggregated state.

Glutelins
These are insoluble in neutral aqueous solutions
but soluble in dilute acid or alkali. Examples are

glutenin (wheat) and oryzenin (rice).

Gliadins (Prolamins)

These are soluble in 70 to 80% ethanol and insolu-
ble in water or absolute ethanol. Examples are gliadin
(wheat), hordein (barley), and Zein (corn). The proteins
of barley, wheat, rye, rice, oats and corn contain the
same types of amino acid (Table 2.1) but in different

proportions and combinationsaB.Fig.G

Albumins (egg, serum) are water soluble proteins,
Globulins are insoluble in salt free water and are
soluble in dilute salt solution. Histones, protamines

are also water soluble proteins65_69.
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TABLE 2.1

AMINO ACIDS ENCOUNTERED IN CEREAL PROTEINS

Amino acid Abbreviation Structure
ill
1- Isocleucine Ile 02H§~— C‘I.- CH—CooH
CH3 ['41'12
2- Leucine Leu (CH3)2CH—CH2—CH—COOH
NHZ
3- Lysine Lys H?N-—(CH.))ACH—COOH
N112
4—- Methionine Met CH;— S—CH—CH,;— CH— CooH
3 2 2 /
NH2
5- Cysteine Cys Cys (—-SCE-lz-—CH—CooH)z
/
NH2
6—- Phenylalanine Phe <\ />—CH2—-CH—-COOH
—— fﬂ'
NH2
7- Tyrosine Tyr Ho—@CHZ— 7£I—CO0H
NI—I2
8- Threonine Thr CHB— Cil—l —(ill——-CooH
OH NH

2
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Ile
Leu
Lys
Met
Phe
Cyéf cys
Thr
Trp
val
Arg
His
Ala
Asp
Glu
Gly
Ser

Pro

Tyr

Polypeptide chain of cereal protein (each circle

represents one amino acid)

Fig.c
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1.2.1 Chemistry of Proteins in the Fermentation Process

(a) Role of Proteases

The protein in the fermented material is derived
from malt and usuvally provides some indication of the
amount of malt that was used in the original brew. The
proteases are proteolytic enzymes, they break down the
large protein molecules into smaller sub-units. The malt
proteases of the mash are a series of enzymes =2ach
acting on a specific protein substrate. Much of the malt
protein is permanently insoluble, only about 40% of the
total malt protein is solubilized in the mash and thus

available for the reactionBl.

(b) Proteolytic Activity

Quantitatively, the ratio of proteolytic activity

during malting and during mashing is about one to one.

During mashing three kinds of proteolytic activity
take place under an optimum tempcrature range 50-60°¢

and optimum pH range of 4.2-5.3.
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(i) Sclubilization of Insoluble Proteins

A small portion of insoluble proteins is reversibly
soluble and is ultimately coagulated by heat and pre-
cipitated during the boiling of the wort in the vessel.

The remainder of this fraction is permanently soluble.

(ii) Breakdown of Souble Protein

The permanently soluble protein (left after pre-
cipitationof protein during the boiling of wort) along
with the previously soluble high molecular weight, high
complex protein molecules are enzymatically broken down
into simpler colloidal molecules of albumoses, peptones
and polypeptides. These substances gives flavour, tac-

tile impression (mouth feel), to fermented syrup.

(iii) Peptone Group Degradation

Further degradation of peptone group is accomplished
mainly by the enzyme peptidase. This process occurs in
an optimum temperature range of 45.5°% and pH range of
4.2 to 5.3. The medium size peptones and polypeptides:

are broken down into simpler protein residues, i.e.

peptides and amino acids. Thece comprise the vyeast
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assimilable nitrogen fraction of the wort, aleng with
ammonia and, as such are extremely important to the
welfare of the yeast and the quality of the finished

productao_az.

1.2.2 Recovery of Insoluble and Soluble Proteins

(a) Insoluble Protein
The insoluble protein can be recovered from fermen-
table material (barley, wheat, rye, oat, corn) during

fermentation process on two stages:

(i) During mashing a small portion of insoluble
protein is reversibly soluble and is ultimately coagu-

lated by heat and precipitated during the boiling of

wort.

(ii) The residue (protein from malt, fibrous
material, yeast) which is recovered after fermentation
contains 50% protein on dry bases. It is recovered first
by dissolving in suitable solvent (70% ethanol) and
filtering off undissolved fibrous and residual material.
The filterate is diluted with excess of distilled water
until precipitate appear. After filteration the preci-

pitation is dried in oven.
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(b) Soluble Protein

During fermentation the permanently soluble protein
(in the form of haze) further broken down into simpler
molecules. Coagulation of these molecules is done first
by cooling the fermented liquid and then centrifugation.

The recovered protein is dried in oven at 35 -+ 1%¢.

Further purification of protein is done in water and

ethanol (70%).

1.2.3 Purification of Proteins

The purification of proteins from natural sources
is usually a formidable task. Many of the usual methods
of purification of organic materials, such as disti-
llation and solvent extraction, are not suitable for
the purification of proteins owing to their size and
instability. Proteins are fragile molecule. In general,
exposure to even moderate temperature, for example 37°%¢
elicits their slow denaturation. Consequently, most
protein purification procedures should be carried out
near the freezing point of the solvent in use. On the
other hand, if the protein of interest happens to be
unusually stable to heat, a brief heat treatment may
serve to precipitate the bulk of the contaminating
material, thus effecting a substantial purifica-

tion69'72'73'79.
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Many fractionation methods are available for the

purification of proteins.

(a) Salt Precipitation

ﬁepend upon the proteins, which are very markedly
in their solubilities in concentrated salt solutions.
Consequently, purification may be achieved by addition,
for example, of sufficient salt to precipitate some of
the contaminating proteins, which may then be collected
by centrifugation and discarded, a further addition
precipitating the protein of interest but not all the
remaining contaminating proteins. The protein of interest
together with other proteins that may have precipitated
over the same concentration range, may then be collected.
The salts most frequently employed for this purpose are
ammonium sulfate and godium sulfate; the former |is

usually preferable.

(b) Isoelectric Precipitation

Most proteins have a minimum solubility near their
isoelectric point, suitable adjustment of the pH may
result in the precipitation of the protein of interest,
most of the contaminating proteins remaining in the

solution.
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(c) Precipitation with Organic Solvents

A variant of methods involves the use of organic
solvents, particularly acetone, methanol, and ethanol,
in attempts to precipitate certain proteins selectively
from a mixture. These solvents often easily denature
proteins, and the use of very low temperatures is

advisable.

(d) Ion-Exchange Chromatography

Proteins, like amino acid, may ﬁrequently be puri-
fied by column chromatography on ion-exchange resins.
Resins with hydrophilic backbones, usually cellulose,
are the most satisfactory for this purpose. Two commonly
used column materials for protein purification include
DEAE-cellulose, an anion-exchange resin formed by
linking diethyl-aminoethyl functions to a cellulose
backbone, and CM-cellulose, a cation exchange resin
formed by linking carboxymethyl functions to a cellulose
backbone. Such columns are developed by washing with
buffers of increasing ionic strength or increasing or

decreasing values of pH, as appropriate.

(e) Adsorption Chromatography

The selective adsorption of proteins onto certain

materials and the selective elution of proteins following
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adsorption may often be used as a purification procedure.
This chromatography may be performed either on a
column or in slurries of the adsorbant. Frequently
employed materials for the adsorption chromatography of
proteins include calcium phosphate gel, alumina gel,

diatomaceous earth (celite), starch and hydroxylapatite.

(f) Electrophoresis

Electrophoresis of protein mixtures by zone method
employing a high capacity support, wusually starch
blocks, may effect excellent separations and permits
near quantitative recovery of the protein of interest.
Thus, =zone electrophoresis is a goecd purification

procedure.

(g) Molecular Sieves

The use of molecular sieves, which sort out mole-
cules according tOsize, may be adopted to protein puri-
fication. Diethyl aminocethyl and carboxymethyl function
have been linked to sephadex, so that a single run
through a column may fractionate both on the basis of

size and charge.

(h) Crystallizaticn

Conditions for the crystallization of a given
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prokein must be of careful control of pH, ionic strength

protein concentration, and temperature is essential.

(i) Lyophilization (Freeze Drying)

Freeze drying is an important method of concen-
trating protein solutions or reducing them to dryness.
In this procedure, the protein solution is frozen in an
acetone-dry ice bath and connected to a vacuum line. The
rate of cooling due to evaporation of solvent from the
frozen solution is sufficient Lo maintain the solution
in the frozen state throughout the course of the
concentration. Most proteins are not denatured by this
procedure and may be stored in the dry state, in the
cold, for long periods of time without deterioration of
the sample. Frozen solutions are;, in general, less
stable. Owing to the low surface tension of protein
solutions, they may not be concentrated by evaporation
under vacuum in the liquid state. Pumping on a protein
solution results in extensive foaming, so that most of
the protein ends wup in the pump o0il; furthermore,
proteins are denatured on surfaces, and hence foaming

must be avoided.
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1.3 CARBON DIOXIDE

Corbon dioxide is obtained in large guantities as
a by product during the alcoholic fermentation. For
each molecule of glucose fermented, two molecules of
ethyl alcohol and two molecules of carbon dioxide are

produced. The chemical reaction is exothermic and heat

is liberated.

C6H1206 —_— 202H50H + 2C02 1 Heat

From every 100 g of glucose fermented approxi-

mately 46 g of alcohol and 44 g of carbon dioxide are

863-84
produced .

1.3.1 Recovery of Carbon Dioxide

Carbon dioxide is collected from closed fermentors
after a wvigorous fermentation has set in and the
dissclved gases and air have been purged from the
fermentor. The gas at this stage while relatively pure
contains water vapor and traces of ethyl alcohol and
other organic chemicals including aldehydes, esters,
acetates and ketones. These are responsible for an odor

and impurities, must be removed prior to utilization

of CO, to carbonate beverages or to be processed into
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solid by compression. Two general purification methods

85,88 and the Reich processg?

are used. The Backus process
The Backus process depends primarily on a direct

adsorption of the impurities, while in the Reich process

the impurities are first oxidized and then removed by

adsorption or absorption.

Carbon dioxide is purified as following:

(a) The gas is washed in a water serubber which
removes entrained solids and all but traces of
aldehydes and alcohols. Some 0.5 to 1% of the total
alcohol produced in the fermentation is recovered by

distillation of the carbon dioxide wash water.

(b) Water vapour is removed from gas by an acid
scrubber containing sulfuric acid and this is followed
by (3) passage through an activated-carbon for removal

of odors.

Gaseous carbon dioxide can be compressed to form
ligquid carbon dioxide in two- or three-stage compressors,
depending on the refrigerant used. By suitably rapid

evaporation of 1liquid carbon dioxide, the solid 1is
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F}gl# Schematic diagram for the determination c¢i carbon dioxide

(a) ecylinder (Helium gas), (c) wzter Zlask, (c) fermented vessel
(6} gas washinc bottle, (e {f), (g) ocas aopsorption bottle
(Ba(OH)2 solution], (n) test bottle (Ca(oH),)
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formed as a snow which may be compressed into cakes for

use as 'dry ice'.

1.3.2 Determination of carbon dioxide

The carbon dioxide to be determined from fermen-
tation process can be absorbed in known concentration
of potassium hydroxide solution. The oxygen and nitrogen
coming along with carbon dioxide is not determined
because of minor importance. Theo solution of potassium
hydroxide used for absorbing carbon dioxide had the
concentration recommended by ClemenslGO, namely, one
part potassium hydroxide to four parts of water. The
absorption of carbon dioxide in (1l:1) potassium hydro-

xide by Engelder methodl6l—163, by replacement of petro-

leum using an apparatuslss, by using Hg mqnometer164'165
and the method devised by Cain and Maxwell by absorption
in Ba{oH)2 solution167 has been reported. The form of

apparatus used for carbon dioxide determination is shown

in Fig.H

1.3.3 Uses of carbon dioxide

Solid carbon dioxide can be used primarily as a
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refrigerant for cooling and shrinking machine parts and
for reliquefaction after transport to make liguid carbon
dioxide. Liquid carbon dioxide can be used extensively
for carbonating beverages, in fire extinguishers, in
food preservatives, in refractories, and in the chemical

industry.
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1.4 RECOVERY OF NON-ALCOHOLIC DRINK

The fermented liquid from starch containing material
(wheat, barley, rye, oats and corn) consists of nearly
92.1% water, 3.4 to 3.6% alcohol by weight (4.3 to 4.8%
alcohol by volume), calcium, iron, sodium, potassium,
vitamin A, thiamine, riboflavin, niacin and ascarbic

158/159 ' ghe ethanol is removed by

acid (vitamin )
distillation and non-alcoholic syrup can be treated
with flavour, and preservatives. It may be preserved

for human consumption.
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1.5 SENSIBLE SOURCES

The sensible socurces consist of sugar bearing
materials, starches and sucrose. Barley, wheat, rice,
rye, oats and maize contain starches, while sucrose (non
crystalline sugar) is found in blackstrap molasses (a
by-product from cane). The production data of sensible

sourceg in pakistan® > are presented in Tables (5,1-5.5).
1.5.1 Barley (Hordeum vulgare)

Barley apparently originated by domestication of
wild two-rowed from, H. vulgare spontaneum; in or near
the area bordering Syria and Iraq with Iran and Turkey.
Six-row barley was being cultivated by about 6000 B.C.
Barley culture spread to India, Europe and North Africa,

during the Stone Age.

Barley belongs to the grass tribe Hordeae, in which
the spikes have a zig zag rachis. The vegetative portion
of the barley plant is similar to that of the other
cereal grasses except that the auricles on the leaf are
conspicuous. The grains are about 8 to 12 millimeters
long, 3 to 4 millimeters wide, and 2 to 3 millimeters

thick. Five colour conditions are recognized in the
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barley grainagz white, black, red, purple and blue.

About 85% of the malt is used in making beer, 10%
for making industrial alcohol and whisky and the remain-
der for malt sirups in the world. Barley requires
grinding or rolling for satisfactory feeding to animals

other than sheep.
1.5.2 Wheat (Triticum aestivum)

The origin of cultivated wheat is still speculative.
Wheat was cultivated throughout Euvrope in Prehistoric
times, and was one of the most valvable cerecals of
ancient Persia, Greece, and Egypt. Archaeologists have
come upon carbonized grains of wheat in Pakistan and
Turkey, the tombs of Egypt, and in storage vessels

found in many other countries.

Wheat is an annual or winter-annual grass with a
spikelet inflorescence which consists of a sessile
spikelet placed at each notch of the zig zag rachis.
It is classified in the grass tribe Hordeae and in the
genus Triticum. This genus is characterized by two- to
five flowered spikelats placed £flat at each rachis

point of the spike. The average spike (head) of common
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wheat contains 25 to 30 grains in 14 to 17 spikelets.

Wheat is a more efficient feed than other grains
in weight grain per feed unit. The chief food use of
wheat is in the form of flour for baked products other
food uses include prepared breakfast foods, bread flour,

cake, bread, cracker, pastry and family floursgo.

1.5.3 Rice (Oryza sativa)

Rice, probably originated in India or Southeastern
Asia, where several wild species are found, possibly
evolving from a wild form, which no longer exists.
Rice culture is believed to have spread into China by
3000 B.C. and westward into Europe by 700 B.C. The first
commercial rice planting in the United States was at

Charleston, S.C., about 1685.

It belongs to the grass tribe Oryzeae characterized
by one flowered spikelets, laterally compressed, and two
short glumes. It is an annual grass with erect culms 60
to 180 cm tall. The rice grain is enclosed by the lemma
and Palea (called hull). The hulled kernels vary from
3.5 to 8 millimeters in length, 1.7 to 3 millimeters

in breadth, and about 1.3 to 2.3 millimeters in
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thickness . The colour of unmilled kernel may be white,
brown, amber red, or purple. An average rice panicle

contains 100 to 150 seedsgl

Rice is used as food in many countries. The raw

rice is used, for satisfactory feeding to animals.

1.5.4 oat (Avena sativa)

Cultivated oats formerly were believed to have
been derived chiefly from two species, the common wild
cat (A. fatua) and wild red oat (A. sterilis)gz.
Apparently cultivated ocats were unknown to the ancient
Egyptians, Chinese, Hebrews, and Hindus. The common
oat, first found growing in Western Europe, spread to
other parts of the world It was believed to have first

cultivated by the ancient Slavonic peoples who inha-

bited this region during the Iron and Bronze Ages.

The oat plant is an annual grass classified in
the genus Avena. Under average conditions the plant
produces three to five hallow culms from 1/8 to 1/4
inch in diameter and from 2 to 5 feet in height. The
average leaves are about 10 inches long and 5/8 inch

wide. Oats are harvested in summer and can be safely



68

stored when their moisture content is less than 14 per
cent. The oat caryopsis is narrowly oblong or spindle-
shaped, deeply furrowed, and usually covered with fine

hairs, especially at the upper end.

Oats often fed whole to horses and sheep. Ground
or chopped oats are fed extensively to dairy cattle,
breeding stock, and young stock. Oats are fed exten=-
sively to poultry.. Oats flour is used in breakfast
food aﬁd other foods. Oat product is used as an anti-
oxidant and stabilizer in ice cream and other dairy

productsg3.

1.5.5 Rye (Secale cereale)

Rye was unknown to the ancient Egyptians and Greeks,
but is supposed to have come into cultivation in Asia

Minor more than 4,000 years agogd.

Secale cereale is an annual or winter annual grass
classified in the tribe Hordeae to which wheat and
barley also belonggS. The stems of rye are larger and
larger than those of wheat. The 1leaves of the two

plants are similar except that those of rye are coarser

and more bluish in colour.
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Rye are used for making whisky and alcohol and
also for food. Rye usuvally is mixed wikh 25 to 50%
wheat flour for bread making. Distillers prefer a plump
light-coloured grain when using rye for whisky. Rye
straw formerly was used for packing nursery stock,
crockery, and other materials and for stuffing horse

collars.

1.5.6 Corn (Maize; Zea mays)

Maize is perhaps the most completely demesticated
of all field crops. It cannot exist as a wild plant.
Corn was seen by Columbus in Cuba on November 5, 1492,
on his first voyage ko America. The most likely center
of origin of corn is Mexico or Central America, with a

possible secondary origin in South America.

Maize is a coarse annual grass, classified in the
tribe May deae, which has monoecious ( separate staminate

and pistillate) inflorescences ®.

Corn is used to feed hogs, cattle, poultry, horses,
and sheep in that order. It is also used for feed,

alcohol, breakfast foods and flour.
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1.5.7 Blackstrap Molasses

Blackstrap molasses (Saccharine Materials) used
in ethyl alcohol fermentation, is a by-product of the
sugar industry, obtained after the sucrose has been
crystallized and centrifuged from defecated, evaporated
cane Jjuice. The process of evaporation and crystalli-
zation 1is usually repeated three times until the
inverthsugar, non-sugar organic constituents and high
viscosity of the molasses will permit no further crys-
tallization of the sucrose. The residue is known as
final or blackstrap molasses. Blackstrap molasses is,
therefore, a rather crude complex mixture, containing
sucrose, invert sugar, salts, and all of the alkali-
soluble non-sugar ingredients normally present in the
defecated cane juice, as well as those formed during

the process of sugar manufactureg?

In addition to sucrose, dglucose, fructose and
raffinose, which are fermentable, molasses also
contains reducing substances not fermentable by yeast.
These copper—-reducing, nonfermentable compounds are
mainly caramels, free from nitrogen, produced by the
heating necessary during sugar manufacture and melanoi-
dins, containing nitrogen and derived from condensation

products of sugars and amino compoundsgg.
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5.1

TONNES )

Year Punjab Sind N.W.F. P, BALUCHISTAN TOTAL
1975-76 68.8 8.8 48.3 4.2 130.1
1976-77 64.5 10.1 47 .4 1.6 123 :6
1L977~-78 55.4 11.2 51.0 3.0 120.6
1978-=79 65.1 10.8 49.7 3.7 129.3
1979-80 59.8 9.7 43.6 5.0 118.1
1980-81 112.5 7.0 52.2 3.8 175.5
1981-82 85 .7 9.9 56.9 5.0 157 <5
1982-83 90.0 10.9 62.8 21.6 185.3
1983-84 5.0 137 62.1 8.7 1395
1984-85 45.7 13.0 62.2 10.7 131 6
1985-86 49.8 13.0 60.1 10.8 133.7
1986-87 43.9 12.6 64.3 13.4 134.2
1987-88 35.E 12.9 52.0 1.8 111.8
1988-89 39.7 12.9 521 17.8 122.5
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TABLE 5.2

PRODUCTION OF WHEAT IN PAKISTAN ('0O00' TONNES)

Year Punjab Sind N.W.F.P. BALUCHISTAN TOTAL
1875-76 6571.6 1320.9 660.4 , 137.8 8690.7
1976-77 6807.7 1478.6 711.6 146.0 9143.9
1977-78 6090.2 1427.0 688.6 161.4 8367 .2
1978-79 7323.6 1680.1 1375 208.8 9950.0
1979-80 7913.5 1849.4 862.5 2311 10856.5
1980-81 8350.0 1945.8 940.8 238.0 11474.6
1981-82 7962.1 2061.7 962.2 318.2 11304.2
1982-83 8935.1 2066.7 998.4 414.2 12414 .4
1983-84 7622.8 1945.8 859.8 453.5 10881.9
1984-85 8315.1 2078.7 872.1 437.1 11703.0
1985-86 10431.6 2172.2 906.5 412.7 13923.0
1986-87 8334.3 2211.5 959.4 510O.7 12015.9
1987-88 9203.8 2180.4 899.2 391.7 12675.1

1988-89 10517.0 2360.6 1003.7 537.9 14419.2
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TARLE 2-3

PRODUCTION OF RICE IN PAKISTAN ('O0OO' TONNES)

Year Punjab Sind N.W.F.P. BALUCHISTAN TOTAL
1975-76 1207.2 1286.1 84.6 39.6 2617.5
1976-77 1332.0 1292.0 85.4 28.0 2737.4
1977—?8 1507.8 I315.3 87.6 38.9 2949.6
1978-79 1765.9 1340.9 104.0 61.2 3272.0
1979-80 1518.4 1499.1 104.7 93.6 3215.8
1980-81 1361.7 1549.9 1O5.1 106.5 3123.2
1981-82 1450.9 1584.2 110.7 283.9 3429.7
1982-83 1407.0 1560.1 11247 364.9 3444.7
1983-84 1409.4 1478.8 115.8 335.5 3339.5
1984-85 1534.9 1345.0 115.5 319.8 3315.2
1985-86 1478.2 1071.7 113.8 25552 2918.9
1986-87 1534.8 1548.5 118.3 284.7 3486.3
1987-88 1352.3 1537.5 10% .5 243.6 3240.9
1988-89 1367.3 1439.9 117.8 279.2 3200.0
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TABLE 5.4

PRODUCTION OF MAIZE IN PAKISTAN ('0O00' TONNES)

Year Punjab Sind N.W.F.P. BALUCHISTAN TOTAL
1975-76 386.3 12.8 401.5 19 802.5
1976-77 361..7 1A3s2 386.1 2.8 763.8
1977-178 391.7 12.2 414.5 2.5 820.9
197879 384.5 12.5 398.9 2 i 798.6
1979-80 420.6 13.6 438.4 2.6 875...2
1980-81 444,77 12.3 510.9 2.5 970.4
1981-82 405.3 10.9 512.2 2.0 930.4
1982-83 450.1 9.8 542.9 2.6 1005.4
1983-84 450.0 9B 550.9 2.8 1013..5
1984-85 460.0 10.4 554.0 3.2 1027.6
1985-86 415.0 10.1 580.6 3.7 1009.4
1986-87 453.3 10.4 643.5 4.0 LLEY 2
1987-88 404.8 Bl 70853 4.1 1126.9
1988-8¢ 455.3 9.7 735.1 4.0 1204.1
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TABLE 5.5

PRODUCTION OF MOLASSES IN PAKISTAN ('0O00' TONNES)

tens srushes praaend
1982-83 404415.965 14560.0
1983-84 330998.480 14110.0
1984-85 339491.805 11828.0
1985-86 141702.197 5226,0
1986-87 81209.040 2769.4
1987-88 480995.683 18107.4
1988-89 522214.791 18700.16
1985-90 263578.982 9056.0
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ANALYTICAL TECHNIQUES

2.1 Conventional Techniques

2.1.1 Moisture (% dry matter)

The moisture content of a sample can be determined
by drying the sample in an oven at 105°c. The loss in

weight after drying is moisture.

However, this method does not apply to those
samples with high volatile compounds. There are several
methods to determine the moisture content of samples in
this category; drying in vacuum ovens, freeze drying
and distillation with toluene by using dean and stark

receiver.

2.1.2 Crude protein

The nitrogen of protein and other compounds are
transformed into ammonium sulphate by sulfuric acid
digestion. The digest is cooled, diluted with water and
alkalified with sodium hydroxide. The released ammonia
is distilled into a boric acid solution, or a known

volume (always in excess) of standardized acid. If the
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distillate is in boric acid, then it is titrated with
standardized acid to gnantify the ammonia evolved. For
the latter case, a standardized alkali is used to back
titrate the excess acid so that a quantity of acid
neutralized by the ammonia can be found. That is equal
to the gquantity of ammonia evolved. The following
analytical method is a combination of macro Kjeldahl
diges£ion with semi-micro distillation by using Markam

still apparatus.
2.1.3 Ether extract (fat)

Diethyl ether or petroleum ether is continuously
evaporated, then condensed and it passes through
sample in thimble placed in extractor. When the
extract in the extractor reaches its maximum height
it is siphoned into a receiving flask. Then the solvent
is again evaporated and passes through the sample for
second extraction. This is a continuous cyclic process

until all the ether soluble materials have been extrac-

ted.
2.1.4 Crude fibre

Crude fibre is defined as an organic residue that
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remains after being digested first with a weak acid
solution, and then a weak alkaline solution.
Therefore, a moisture free and ether—-extracted sample
is first digested with a dilute H2So4 and then a dilute
NaoH solution. The residue collected after digestion is
ignited. The loss in weight on ignition is registered

as crude fibre.

2.1.5 Ash

The sample is ignited at 600°C to burn off all
organic matters. The inorganic carbon-free substance

which remains at that temperature is called ash

2.1.6 Carbohydrates

Starch is converted by acid hydrolysis into reducing
sugars which are determined by volume using Fehling's

solutionloo—lOB.

2.1.7 Energy values of food
When organic substances are oxidized, they liberate

a certain amount of heat. This calorific energy varies

according to the type of organic matter undergoing oxi-
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dation. In arriving at the total energy value of any
given diet it 1is possible to burn weighed samples of
the various food in an oxygen atmosphere in an appara-
tus called a bomb calorimeter. Thus, while proteins
yield about 5.7 calories per gram when burned in a
calorineter, correction for incompletely oxidized urea
and other N compounds reduces this value in the body to
4.1. Further correction must be made for indigestible
carbohydrates usually grouped together under designation
'crude fiber' which resists hot acid and alkaline
digestion is an accurate measure of the polysaccharides

which in vivo resist enzymatic digestionloa.

The energy values of food protein, fat, and carbo-
hydrates are as follows:
Protein = 4.1 calories per g.

Fat

9.3 calories per g.

I

Carbohydrates 4.1 calories per g.

To allow for the incomplete digestion of these
nutrients these calori« conversion factors Wwere
multiplied by the coefficients of digestibility and thus
rounded off to 4, 9 and 4, respectively. The calorific

value of foods may be estimated by applying these

figures to the percentage composition as determined by
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chemical analysis. For this purpose, the 'proximate'

analysis includes moisture, ash, protein, fat, crude

[ =4
fiber, and carbohydratesloq'lOJ.



81

2.2 INSTRUMENTAL TECHNIQUES

2.2.1 CHN Analyzer

Carbon, Hydrogen and Nitrogen was estimated by CHN
Elemental analyzer, Model 240 B, Perkin-Elmer HNorwalk

Connecticut, U.S.A.

The Elemental analyzer estimate the carbon, hydrogen
and nitrogen content in organic compounds accurately.
Combustion occurs in pure oxygen under static condi-
tions. The combustion products are then analyzed
auvtomatically in self-integrating, steady-state thermal
conductivity analyzer which eliminates the tedious
weighing of absorption traps associated with classical
gravimetric analysis. Results are recorded with the
programmable calculator system. The complete sample run
is stored into memory for automatic operation. Blanks,
sensitivity factors and analytical results are computed
directly in weight percent with calculator system.
Results of the analysis are given in Table 3.1-3.2. The
specification of the instrument are: furance; combustion
induction; detector; thermal conductivity; carrier gas:

helium; atmosphere; oxygen. Diagram of the instrument

is shown in Fig. l.
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2.2.2 Infrared SpectroScopy

The infra-red region refers to that part of the
electromagnetic spectrum between the visible and micro-
wave regions, extending from 0.75 ym to about 1000 um.
Infrared spectroscopy provides a powerful tool for
qualitative analysis of organic compound on the basis
of streching or bending vibration relative to other
bonds in molecules. Inorganic compounds containing poly-
atomic cations or anions also give useful I.R. spectr6107.

The common sub-divisions of T.R. are:

Near infra-red: where majority of the abscrption
bands are due to overtones of the hydrogen stretching
vibrations, which are wuseful for the guantitative

analysis of various functional groups.

Fundamental infra-red region: where a vast amount
of qguantitative information of about functional groups

and molecular structure are given

For infra-red region: which gives information
mainly aboubk rotational, transitions, vibrational modes
of crystal lattices and skeletal vibrations of large

molecules.
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Monochromator/Photometer and 5 Power (ON-OFF Switeh
Electronics Compartment 6 Control Panel
Recorder Pen . 7 Sample Arca
frequency (Wavenumber) Display §  Baseline Control

Source Compartment

Figure 2 = Model 1330 IR Spectrophotomelter
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The marked contrast to the visible and near ultra-
violet region, almost all substances show absorption in
the infra-red region, the only exception being monoatomic

or homopolar molecules such as Ne, He, O, and H Further

2 2°

no two compounds with different structures have the same
infra-red spectrum except for optical isomers and some
high molecular weight polymers, differentiating only

slightly in molecular weightlog.

Infra-red studies of prepareq compounds were
carried out on infra-red spectrophotometer, Hitachi
Model 270-50, Japan, with data processor. Spectra were
scanned in full wavelength range of the instrument i.e.
4000-250 cmﬁl. Spectra of solid compound were recorded
as transparent KBr disc, while spectra of liqguid
compounds as thin film using Nacl windows while gel
between pressed KBr disc. Transparent disc was made by
mixing and grinding appropriate amount of sample and
KBr. Fine grind powder was pressed by hydraulic press

at high pressure to get transparent disclog.

Band positions of different compounds are tabulated
in Tables 4.1-4.7. Schematic diagram of instrument is

shown in Fig. 2.
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2.2.3 Thermal Analysis

Thermal anélysis may be defined as a ‘'group of
techniques in which change in properties (physical or
chemical) are studied as a function of temperature when

subjected to contrclled temperature program'.

Quite a number of mzthods of thermal analysis have
been developed in the course of time to investigate

thermal processes occurring when a solid product is

heated or cooled.

Methods associated with a change in mass
(a) Thermogravimetry (TG)

(b) Derivative Thermogravimetry (DTG)

Methods associated with change in energy
(a) Differential Thermal Analysis (DTA)

(b) Differential Ecanning colarimetry (Dsc)

Methods associated with the evolution of volatile product
(a) Evolved Gas Oetection (EGD)

(b) Evolved Gas Analysis (EGA)
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Methods associated with dimensional changes
Thermomechanical Analysis (TMA)

or
(Dilatometry)

As we see it can be divided into three groups of
techniques in which we study change in mass, change in

energy and change in dimension.

The instrumental techniques associated with change
in mass are TG; EGA and EGD. Among these three tech-
niques TG is most important technique and is also used

in our present work.

TC (thermogravimetry) may be defined as "change in
mass of sample as a function of temperature when

subjected to controlled temperature program".

The resulting mass change versus temperature curves
(thermograms) provide information concerning the thermal
stability and composition of the initial sanmple,
intermediate and the composition of residue, if anyllo.
The method of TG is basically quantitative in nature
and mass change can be accurately measured. TG is widely
used in almost all of the area of chemistry and allied

fielgslll—119,
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The techniques associated with change in energy are
DSC (Differential Scanning Calorimetry) and DTA (Diffe-
rential Thermal Analysis). Both technigues are very
important and are used for determination of enthalpic

changes in organic and inorganic compounds.

DSC may be defined as 'measurement of change in
energy of sample with respect to reference as a function
of temperature when subjected to controlled temperature

program'.

While DTA which is also used in our work may be
defined as "measurement of change in temperature of
sample with respect to reference as a function of

temperature when subjected to controlled temperature

program".

The application of these techniques (DSC and DTA)
. 120-125 ’
to organic compounds have been reviewed . Speci-

fically DTA applications to melting point determina-

n126'127, fusion characteristicslzs'lzg, phase

transitions and heat of vaporizationlBO of organic

tio

compounds are given. DTA has also been used for studying

aromatic compounds and for number of polymerslsl"l43.
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2.2.3.1 Thermogravimetry

Thermogravimetric analysis was carried by MNETZSCH
Simultaneous thermal analyzer STA 429. This 1is an
instrument which detects and records the changes in
mass as a linear function of temperature or time. The
resulting mass change versus temperature curve (thermo-
gram) provides information concerning the thermal

stability and composition of the initial sample.

Sample was contained in Platinium Crucible (8 mm
Diam. x 10 mm depth) with a cencral base recess. The
cruible was then adjusted on a palladium Ruthenium
Crucible support plateform, which was connected to the
micro balance. Such that slight change in weight of
sample was indicated by Magnetic Compensation System
(MCS), which gave a proportional signal to the recorder
and computer interface to plot the weight loss of

sample against temperature

The schematic diagram of thermobalance is shown in

Fig. 3.

2.2.3.2 pifferential Thermal Analysis (DTA)

DTA analysis was carried out by the NETZSCH TG, DTA

SIMULTANEOUS THERMAL ANALYZER STA-429. Small sample
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guantities can be tested on this instrument in the
temperature range of =160 to +2400°C under vacuum, in
static or dynamic atmosphere using inert, reactive or

corrosive gases.

Thermaly inert kaoline or alumina was used as a
reference material. The sample and reference are con-
tained in platinum crucibles. The <crucibles are
mounted. So that beeds of two pt/pt 13% Rh thermocouples
come within the base recess of each crucible. The sample
temperature (T) ia taken from the aanple thermocouple,
the differential temperdture (AT) is amplified and then

-X, 10

'T' and '"AT' are recorded on a leeds Northrop Xl X,

in recorder.

Instrument was run with samples of 10-30 mg and

heating rate of 10°¢ per minute

Schematic diagram of DTA instrument is illustrated

in Fig. 4 and 5. Results of analysis are given in

Table 5.1 and thermograms 5.2-5.4.
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2.2.4 Atomic Absorption Spectroscopic Method

Atomic absorption spectroscopy may be defined as a
method for determining the concentration of an element
in a sample by measuring the absorption of radiation in
atomic vapour produced from the sample at a wavelength
(N ) 1ed that is specific and characteristic of the
element under consideration. When radiation of a
selected freguency passes through an enclosure contai-
ning free atoms which can emit that frequency when
excited, resonance effects are accompanied by an
absorption of incident radiation and so the intensity

of the transmitted radiation is decreasedl45_147.

For the determination of major and trace elements,
Hitachi Zeman Atomic Absorption Spectrophotometer Model
Z-8000 made of Japan was used. The standard analytical
conditions established for the gquantification of major

and trace metals are listed in Table 2.4.

The Hitachi Zeman Atomic Absorption spectrophoto-
meter is a high speed, dual frequency, simultaneous
photometric background correction. Other salient

features of the equipment are automatic selection of
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TABLE 2.4

INSTRUMENTAL CONDITIONS USED FOR THE DETERMINATION
OF MACRONUTRIENTS AND MICRONUTRIENTS FOR A.A.S.

Conditions Fuel
Detection Wave Slit flow Type of
limit length width rate flame
Y SaTER ng/ml (7m) (nm) (L/min)

Na 0.0003 589.0 0.5 1.6 Air—C2H5

K 0.003 766.5 0.5 1.9 !

Ca 0.001 a42 .7 0.5 2.0 !

Mg 0.0003 285.2 0.5 1.6 "

Fe 0.01 248.3 0.2 149 "

Cu 0.003 324.8 6 1 1

Mn 0.003 279.5 0.4 1.8 -

Zn 0.001 213.9 0.5 1:9 "

cd 0.001 228.8 0.4 g "

ex 0.003 357.9 0.5 2.0 .

Pb 0.01 2170 0.4 1.8 "

Hg [ 1 253.7 0.5 1.6 "

(0.00003)"
Ni 0.01 232.0 0.5 1.7 "
As 0.1 193.7 0.5 1.9 "
(0.003)nN

N = yapour generation, as hydrides for As and Se.
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optimum operational conditions, automatic recording of
the data, including the working curve and top level
data-processing function to ensure high precision and

high accuracyldB_lSO.



EXPERIMENTAL
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EXPERIMENTAL

2.3 REAGENTS

All reagents were purchased from Merch Schuchardt
(West Germany) and Fluka (U.S.A.), are listed below:

(a) Anhydrousec-D glucose (V)

(b) Anhydrousec-p fructose

(c) Anhydrouscc -D galactose

(d) Acetone

(e) n-hexane

(f) Pyridene

(g) Sulfuric acid

(h) Chlorosulfunic acid

(i) Anhydrous cupric sulfatg

(3) Sodium hydroxide

(k) Calcium hydroxide

(1) Potassium sulfate

(m) Potassium carbonate

(n) Calcium oxide

(o) Boric acid

(p) Magnesium turnings

(g) Methyl red

(r) Methylene blue

(s) Iodine
(t) Ether
(u) Absestos

(v) Chloroform
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2.3.1 Purification of the Reagents

(a) Acetone

In acetone (1000 ml), successive quantities of
potassium permanganate was added until the violet colour
persisted. The solution was refluxed for 4 hrs. Then
added anhydrous potassium carbonate (100 g), filtered
the solution and distilled, dry acetone obtained 99.95%

and refractive index 1.3554 106.

(b) Ethanol

In final fermented solution (1 L), distilled water
(1 L) was added. Distilled the solution exactly upto
1 L contain ethanol (4.8%). Again distilled it with the
help of fractional distillation to obtaine ethanol

(95%).

Poured the content (500 ml; 95% ethanol) into 1 L
round-bottomed flask, calcium oxide (125 g; 2.23 mol.)
was added. Refluxed the mixture gently for 6 hrs. and
allowed it to stand overnight. Distilled the ethanol
(discarded first 20 ml of gistillate). The distillate

contained pure ethanol of 99.5%, refractive index 1.3499.

In ethanol (50 ml, 99.5%), magnesium turnings (3 q)



99

was added, followed by iodine (0.4 g). Warmed the mixture

until the iodine disappeared. Continued the heating

until all the magnesium was converted into ethanolate,
then added 450 ml of absolute ethanol (99.5%). Refluxed

the mixture for 1 hr. Distilled off the ethanol into

the vessel in which it was stored. The purity of

ethanol was 99.95%, refractive index 1.3596.

Mg + 2C2H50H —_— M. Mg(OC2H

2 5)2

Mg(OC,Hg), + 2H,0 ———>  Mg(OH), + 2C,H.OH
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2.4 COMPOSITION AND FERMENTATION OF SENSIBLE SOURCES

2.4.1 Composition

The composition of sensible sources were determi-
ned by the standard methods described in the literature,

and results are reproduced in Tables (2.1 - 2.4).

2.4.1.1 Moisture (% dry matter)

Sample (2 g) was placed in a crucible with 1lid and
heated the contents in an oven at 105°C for 12 hrs. The
contents were cooled in a desiccator and weighed. The

percentage of moisture contents were calculated.

2.4.1.2 Crude protein

Sample (2 g) was transferred to Kjeldahl flask.
Added catalyst (5 g) CuSO4.5H20 and KZSO4 in the ratio
of (1:13:3), concentrated sto4 (30 ml). The mixture
was digested for 30 min. Transferred the contents into
a 100 ml volumetric flask. Alocate the 5 ml of the
contents and added 5 ml of NaoH (40% W/W). Distilled
for 5 minutes and collected in a flask containing 5 ml

of 2% boric acid. Distilled it for 5 min. and titrated

against N/5 HZSO4. The percentage of protein contents

were calculated.
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2.4.1.3 Ether extract (fat)

Moisture free sample (2 g) was placed in dried
extraction thimble. Plugged the thimble with absorbent
cotten wool placed the thimble in an extractor. The
extract was evaporated to dryness on water bath for 2

hrs. The percentage of fat contents were calculated.

2.4.1.4 Crude fibre
To the moisture free sample (2 g), dil H,S0, was

added to digest for 30 min. The extracted fibre was

neutralized with N/10 NaOH solution, and transferred

the content in beaker and added 200 ml of boiling dil

NaOH and digested the content for 30 min. Neutralized

the contents with 10 ml hot dil H2504, then with 10 ml

hot water. Dried the content at 135°C for 2 hrs. Ignited

the content at GOOOC in furnace for 30 min., cocled and

weighed.

2.4.1.5 Ash

Dried sample (2 g) was placed in cruible and ignited

it at 600°C for 4 hrs. Cooled the content and weighed.

2.4.1.6 Carbohydrates (suger)

Powdered sample (2 g) was dissolved in distilled

water (60 ml), then added hydrochloric acid (5 ml). The
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contents were kept at 60°C for 2 hrs. The pH of the
solution was maintained at 7 by addition of NaOH solu-
tion (40%). Made the volume 100 ml and transferred it
to burette. From burette, aaded the solution to the
boiling liquid (Fehling's solution (5 ml of solution A
and 5 ml of solution B)), until the blue colour of
solution became hardly discernible then added methylene
blue solution (indicator 1%) and titrated until the
blue colour of indicator disappeared. The percentage

of sugar contents were calculated.

2.4.1.7 Carbon dioxide determination

c

5 g of fermentable material (either wheat, corn,
barley, rye and oat including hop (rice; 40%) was
dissolved in appropriate water and made the volume 50 ml.
Three traps were connected with the fermentation flask
(Fig. H) each containing 0.1 N barium hydroxide solution.
After completion of fermentation helium gas was flashed
through the apparatus and solutions from three traps
were taken, mixed and titrated against 0.1 N hydro-
chloric acid using phenalphthalein as an indicator. The
aifference between the volume of the base would give

the volume of carbon dioxide absorbed according to the

followino equation:
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1 ml 0.1 N Ba(OH)2 = 1.119 ml of C02 at N.T.P.

At the beginning of the experiment 0.1 N Ba(OH)2 was
titrated against 0.1 N Hel to have the first reading

for later calculations. From the volume of C02 and

known volume of fermentable liquid the percentage of

carbon dioxide was calculated.
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2.4.2 FERMENTATION

2.4.2.1 Barley (A)

Barley (150 g) was converted into malt by steeping
for 24 hrs. (including shaking after every six hrs.),
then filtered. The filtrate was rejected. The residue
was stored for germination for 8 days at 18-25%
(humidity, 40-65%) and was allowed to shake after every
12 hrs. The germinated product (green malt) contain
roots, which were rejected, the rest of the product was
heated at 66°C for 18 hrs. and the malt (140 g) contain
5% moisture. The malt was then converted into fine
powder and mixed with rice powder (60.0g9). The mixture

was changed into slurry by adding 1 L of water.

The slurry was heated at 45°%c by stirring for % an
hr. Then added distilled water (1 L), and further heated
at 70°C for 1 hr. The product was recovered as light
brown colour syrup (saccharified mash), cooled at
20-30°C (iodine test indicted the complete conversion
of starch into sugar). The saccharified mash was then
filtered. The residue (malt husks; 5 g) was analysed
(dry matter, 25.42; protein 7.96; fat, 1.20; crude

fiber, 15.94; ash, 1.37; carbohydrate, 15%).
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To the filtrate (wort; pH 5.4) further added yeast
starterk(lU-Ug). The mixture temperature (9-12°c) was
then maintained for fermentation. The fermentation was
completed within 7-8 days. Fermented liquid was filtered.
The filtrate (50 ml) was analyzed (protein, 0.3; 02H50H:
4.7; fat, traces; carbohydrates, nil; ash, nil; crude

fibl’.‘e: nil%r pH; 4.5).

The residue (50 g) after filteration was analysed
(dry matter, 35.90; protein, 16.21; ash, 1.59; carbo-

hydrates, nil%).

2.4.2.2 Wheat (B)

Wheat (100 g) was converted into malt by steeping
for 24 hrs. (including shaking after every six hrs.),
then filtered. The filtrate was rejected. The residue
was stored for germination for 8 days at 18-25°C (humi-
dity, 40-65%) and was allowed to shake after every 12
hrs. The germinated product (green malt) contain roots,
which were rejected. The rest of the product was heated
at 65°C for 18 hrs. and the malt (95.0g; contain 4.5%
moisture). The malt was then coqverted into fine powder
and mixed with rice powder 0 g). The mixture was
changed into slurry by adding 1 L of water. The slurcy
was heated at 45°c by stirring for % an hr. Then aéded

distilled water (600 ml) and further heated at 70°¢c for
*swelled yeast. o
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1 hr. The product was recovered as light brown colour
syrup (saccharified mesh), cooled at 20-30°C (iodine
test indicted the complete conversion of starch into
sugar). The saccharified mesh was then filtered. The
residue (malt husks; 5 g) was analyzed (dry matter,
19.42; protein, 7.93; fat, 1.1; crude fibre, 10.91; ash,
0.8; carbohydrate, 17%). To the filtrate wort (pH,
5.3 ) further addedlyeast starter (10 g). The mixture
temperature (9-13°C) was then maintained for fermen-
tation. The fermentation:was completed within 7-8 days.
The liquid was filtered. The filtrate (50 ml) was
analysed (protein, 0.3; CZHSOHr 4.5; fat, traces: carbo-
hydrates, nil; ash, nil; crude fibre, nil%; pH 4.7). The
residue (50 g) after filtration was analysed (dry matter,
35.90; crude protein, 16.21; ash, 1.59: carbohydrates,

nil %).

2.4.2.3 oat (D)

sample (150 g) was converted into malt by steeping
for 24 hrs. (including shaking after every six hrs.),
then filtered. The filtrate was rejected. The residue
was stored for germination for 8 days at 18-25°,
(humidity 50-70%) and was allowed to shake after every

12 hrs. The germinated product (green malt) contain
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roots, which were rejected and the rest of the product
was heated at 65°C for 20 hrs. and the malt (144 gq)

contain 5.2% moisture. The malt was then converted into
fine powder and mixed with rice powder ¢(60.0g). The
mixture was changed into slurry by adding 1.0 L water.

The slurry was heated at 45°%¢ by stirring for % an hr.

Then added distilled wafer (1.0 L), and further heated
at 70°C for 1 hr. The product was recovered as light
brown colour syrup, cooled at 20-30°¢ (iodine test
indicated the complete conversion of starch into sugar).
The saccharified mesh was then filtered. The residue
(malt husk:; 5 g) was analyzed (dry matter, 20.41;

protein, 7.33; fat, 1.0; crude fibre, 9.8l1; ash, 0.9;

carbohydrate, 9%). To the filtrate wort (pH 5, 3) further
added yeast starter (l10.0g). The mixture temperature
(9-12°C) was then maintained for fermentation. The fer-
mentation was completed within 7-8 days. Frermentated
liquid was filtered. The filtrate (50 ml) was analysed

(protein, 0.26; 02H50H’ 4.4; fat, traces; carbohydrates,
nil; ash, nil; crude fibre, nil %; pH 4.8). The residue
(5 g) after filtration was analysed (dry matter, 32.31;

crude protein, 12.31; ash, 1.01; carbohydrates, nil%).

2.4.2.4 Rye (E)

Rye (200 g) was converted into malt by steeping for
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24 hrs. (including shaking after every 6 hrs.), then
filtered. The filtrate was rejected. The residue was
stored for germination for 8 days at 20-30°c (humidity
30-60%), and was allowed to shake after every 12 hrs.
The germinated product (green malt) contain roots, which
were rejected, the rest of the prpduct was heated at
65°c for 18 hrs. and the malt (180 g) contain 5%
moisture. The malt was then converted into fine powder
and mixed with rice powder (60.0 g). The mixture was
changed into slurry by adding 1.0 L of distilled water.
The slurry was heated at 45°¢ by stirring for % an hr.
Then added distilled water (1.0 L. ) and further heated
at 70°¢ for 1 hr. The product was recovered a light
brown colour syrup (saccharified mesh), cooled at 20-30%¢
(iodine test indicated the complete conversion of starch
into sugar). The saccharified mesh was then filtered.
The residue (malt husks, 5 g) was analyzed (dry matter,
30.91; protein, 7.11:; fat, 0.81:; crude fibre, 8.99; ash,
0.9; carbohydrate, 13%). To the filterate wort (pH 5_g)
further added yeast starter (10.0g). The mixture tempe-
rature (9-12°C) was then maintained for fermentation.

The fermentation was completed within 7-8 days.

Fermented liquid was filtered and filtrate (50 ml)
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wvag analysed (protein, 0.25; C2HSOH, 4.4; fat, traces;
carbohydrates, nil; ash, nil; crude fibre, nil%: pH 4.7).
The residue (50 g) after filtration was analysed (dry
matter, 34.71; crude protein, 11.35; ash, 1.61l; carbo-

hydrates, nil$).

2.4.2.5 Corn (F)

Corn (150 g) was converted into malt by steeping
for 24 hrs. (including shaking after every 6 hrs.) then
filtered. The filterate was rejected. The residue was
stored for germination for 8 days at 22-25°% (humidity.,
50-60%) and was allowed to shake after every 12 hrs. The
germinated product (green malt) contain roots which were
rejected, the rest of the product was heated at 65°¢
for 18 hrs. and the malt (140 g) contain 5% moisture.
The malt was then converted into fine powder and mixed
with rice powder ( 60 g). The mixture was changed into
slurry by adding 1 L of water. The slurry was heated at
45°¢ by stirring for % an hr. then added distilled water
(1.0 L), and further heated at 70°C for 1 hr. The
product was recovered as light brown colour syrup
(saccharified mesh), cooled at 20-30°C (iodine test
indicated the complete conversion of starch into sugar).

The saccharified mesh was then filtered. The residue
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(malt husks: 5 g) was analyzed (dry matter, 21.31; crude
protein, 6.31; fat, 1.23; crude fibre, 9.92; ash, 1.1;

carbohydrate, 14%.

To the filtrate yort (pH, 5-5) further added yeast
starter ( 10 g).The mixture temperature (9-12°C) was
then maintained for fermentation. The fermentation was
completed within 7-8 days. Fermented liquid was filtered.
The filterate (50 ml) was analysed (protein, 0.26;
CZHSOH' 4.2; fat, traces; carbohydrates, nil; ash, nil;

crude fibre, nil%; pH, 4.9),

The residue (50 g) after filteration was analysed
(dry matter, 34.0; crude protein, 10.95; ash, 1.71;

carbohydrates, nils).

2.4.2.6 Molasses (G)

Molasses (sugar 54%) was diluted in distilled water
(1 L). The solution was kept at density between 1.06
and 1.07 (contain molasses 195 g; sugar, 10.8%). The
diluted material (solution) was called mesh. Mesh was
adjusted to the optimal temperature (25-30°c) and yeast
(10, g) was mixed (prepared by cultivation of an appro-

priate organism such as saccharomyes cerevesiae). The
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fermentation process was completed in 52 hrs. The resul-
ting solution (200 ml) was mixed with distilled water
(200 ml) and distilled at temperature (100°c) until 200
ml was distilled. The solution was analyzed (protein,

nil; fat, nil;; carbohydrate, nil; 02H50H. 4.3; pH, 4.7).
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2.5 RECOVERY OF THE PRODUCTS

2.5.1 Malt Husks

The spent grains (5 g) recovered during mesh
filtration were dried in oven by maintaining
temperature (65°C) for 6 hrs. The dried malt husks was
obtained (A, 25.42%; B, 19.42; 0, 20.4%; E, 20.10%, F,

21.31%).

2.5.2 Solid Protein

Solid protein was recovered from fermented material

at two different stages.

In Stage-1 when wort was boiled and then centri-
fuged, the protein was coagulated. After filteration it
was dried at 35 + 1°c. the protein was recovered as

solid product (A, 1.2; B, 1.1; D, 1.3: E, 1.0; F, 0.9%).



T3

In State-2 fermented mixture was filtered. The
residue was dried at 40 + 1°C for 4 hrs. Solid crude
protein was isolated (A, 35.90; B, 32.88; D, 32.31; E,

34.71; F, 34.0%).

It was further purified in 70% ethanol undissolved
fibrous material was filtered off. Filterate was diluted
with water and the mixture was cooled to isolate 90%

solid protein at 35 + 1°e.

2.5.3 Ligquid Protein

After the recovery of the solid protein the filte-
rate contained the liquid protein (A, 0.3; B, 0.28; D,
0.26; E, 0.25; F, 0.26%) which was recovered by cooling

then centrifugation.
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2.5.4 Carbon dioxide

Carbon dioxide evolved during fermentation (con-
tains traces of ethanol wvapour, organic chemicals,
including aldehydes, esters, acetates and air) was passed
through the traper 1 containing distilled water, then
passed through trapers 2 and 3 containing activated

carbon and calcium oxide respective by the purified gas

was collected in cylinder by bumping.

2.5.5 Ethanol

Ethanol was recovered after the completion of
fermentation process. It was isolated by converting it
to an azeotropic mixture and then distilled. The
distillate contain ethanol (A, 4.8; B, 4.7; D, 4.6; E,

4.2; F, 4.1; G, 4.3%).
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2.5.6 Non—alcoholic Soft Drink

The alcohol free mixture was pasteurized at 60°c

for half an hr. It was stored for drinking.
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2.6 ESTIMATION OF MACRONUTRIENTS AND MICRONUTRIENTS
IN SENSIBLE SOURCES BY A.A. SPECTROSCOPY

2.6.1 Experimental Procedure

The cereal samples were first dried in electric
oven maintained at 40 + 1°c for 24 hrs. for the purpose
of weight normaliation. After complete removal of mois-
ture, the sample was grinded in a mortor until fine
powder was obtained. An exactly weighed of 1 g of each
sample was transferred to a China dish and 10 ml of 65%
nitric acid was added to it. The dish was subsequently

placed for about 30 min. in oven maintained at 40 + 1%

The digested sample was diluted with distilled water and
transferred, with constant and careful washings, to a
measuring flask (50 ml) by suitably making up the
valume. This solution was aspirated directly on to the

A.A. spectrophotometer for the estimation of trace

metal content (Tables 6.1-6.2 ).
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2.7 PREPARATION OF THE RAW MATERIALS IN THE
SYNTHESIS OF HIGH POWER FUEL

2.7.1 Ethanol (99.95%) = . s 2 = e = R {98)

2.7.2 Preparation of Isopropylidene Derivatives

2.7.2.1 1,2:5,6-Di-0O-isopropylidene—oC-D-glucofuranose(1V)
Anhydrous o< -D glucose(V) (37.5 g; 0.20 mol.) was
dissolved in acetone (250 ml). Then pulverized anhydrous
zinc chloride (30 g; 0.21 mol.) followed by phosphoric
acid (1.87 ml; 85%) was added respectively. The mixture
was stirred for 30 hrs. at ambient. the undissolved D-
glucose (15.45 g) was filtered off. Filtrate was cooled
and made alkaline with NaoH solution (21.25 g, 40%). The
insoluble inorganic salts were removed and washed with
acetone. The concentrated filtrate was diluted with
37.5 ml of distilled water and extracted with chloroform
(3 x 37.5 ml). The extract was washed with water and
finally concentrated to form a white crystalline compound

of 1,2;5,6 di-c—-isopropylideneol-D-glucose(VI); recrys-—
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tallized the product in chloroform and n-hexane (1:2
r-—

V/VJlJl 153.

(Found C = 54,93, H = 7.21, O = 237 gg.

Calculated C = 55.38, H = 7.69, 0 = 36.92%)

Yield = 65%
m.p. = 109°¢
Rf = 0.76 cm.

It is partially soluble in acetone, completely soluble

in chloroform while insoluble in n-hexane.

~CH

Me c<® l :
OH
CH2 2 [oFg H

N
Me,CO // \ T

Zncl H
97 an’ v OH PL//i‘

H 0 S
C M92

2.7.2.2 1,2:4,6-Di-O-isopropylicdene-coC -D-Sorbofuranose
Anhydrous e¢ -D-fructose (75 g; 0.41 mol.) was
dissolved in acetone (500 ml). The pulverized =zinc
chloride (60 g; 0.44 mol.) and phosphoric acid (3.74 g;
85%) was added respectively. The mixture was stirred
for 30 hrs. at ambient. The mixture was filtered off.
The filtrate was cooled and the solution was made alka-
line with sodium hydroxide (42.5 g, 40%). The mixture

was filtered. Filtrate was concentréted. The residue
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was diluted first with distilled water (75 ml) and then
extracted with chloroform (3 x 75 ml). The extract
compound was washed and concentrated to form white
crystalline compound of 1,2:4,6-Di-O-isopropylidene-%-D
sorbofuranose. Recrystallized the product in chloroform
and n-hexane (1:2 V/V).

Found ¢ = 55.02 H = 7.23, 0 = 37.75

Calculated C = 55.38, H = 7.67, 0 = 36.92%)

Yield

55%

I

" m.p. 71.47%
RE = 0.77 cm.
It is partially soluble in acetone; completely in chlo-

roform while insoluble in n—-hexane.

0
HOCH
2 CH20H Mez o H )
_‘&“-—‘
H OH Zncl, ,H Po, H HO /CM
H \| OH 0 0
| | /]
OH H MeC— H

2.7.2.3 1,2:3,4-Di-O-isopropylidene—-cC-D galactopy-
ranose(X)

Powdered of anhydrous D-galactcse, (45 g; 0.25 mol)
powdered anhydrous cupric sulfate (100 g; 0.625 mol.)

and conc. sulfuric acid (5 ml; 1.84 d) was mixed together
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and finally acetone 1 L (13.7 mol.) was added ltc the
mixture and stirred for 24 hrs. at ambient. Cupric
sulfate was filtered and washed with little anhydrous
acetone. Filtrate was neutralized by powdered calcium
hydroxide (4.7 g) until the soluticn is neutralized to
give congo red colouration. The insoluble inorganic
materials {Ca{OH)2 and CaSOd) was filtered off, and
washed with dry acetone. The filtrate was concentrated
by distillation to form a light yellow oil of 1,2:3,4,
Di-O-isopropylidene-« -D-galactopyranose.
(Found C = 55.79' H=7.21 , = 37.00
Caleculated € = 55.38, H = 7.69; 0 = 36.92).

Yield = 66.65%

Rf = 0.72

It is partially soluvable in acetone, completely in chlo-

154-157

roform, while insocluble in n-hexane
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2.7.3 Preparation of Appropriate Salts of Isopropylidem=

Derivatives

2.7.3.1 Potassium salt of acid sulfuric ester of
1,2:4,6 -Di-O-isopropylidene—- &«-D-Sorbofuranose

Anhydrous 1,2:4,6-Di-O-isopropylidene-oC -D-sorbo-
furanose (10 g; 0.038 mol.) was mixed with well-cooled
mixture (-5°¢) of pyridene (15 ml) and chlecrosulfonic
acid (2.560 ml)(mixture was prepared slowly by addition
of []c:lSo3 dropwise into pyridene). The mixture was
stirred for 4 hrs, then allowed the mixture to sktand
for 3 hrs. Excess pyridene was removed by distillation
and added K2CO3 (4.04 g) stirred the mixture for 8 hrs.
allowed it to stand for over night. Colourless crysta-
lline compound so produced was washed with acetone.

Yield 42

[=a]

il

m.o. 113°¢

RE

I

1.2 cm
(Found ¢ = 37.81- H = 5,38, O = 37.82, K = 9.93%
Calculated C = 38.09, H = 5.02, 0 = 38.09, 8 = 8.46,

K

il

10.31%).

It is insoluble in acetone, n-hexane while soluble in

water.
05020H 0502('”(
4 0 O\\
Ho \\\ \\\CMe ////
0- O\\C 0 H /2 H
/ Mﬂ@me &% 0 0
| HCisog 7 RCO >/
e 2
Me,C 0 H Mg € —0 H© 3M62C———~O

oaﬁ“ﬁ;pMpz
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The appropriate salts of 1,2:5,6-Di-0D-isopro-
pylidene- o< -D-glucofuranose(VI) and 1,2:3,4-Di-0O-iso-
propylidene- o -D-galactopyranose(X) were prepared by

the same procedure as described in 2.7.3.1.

2.7.3.2 pPotassium salt of acid sulfuric ester of
1,2:5,6-Di-0O-isopropylidene- <« -D-glucofuranose

Yield

3.58 g

m.p. = 108°%

Rf = 1.4 cm
(Found ¢ = 38.0, H = 4.95, 0 = 37.99, K = 9.98%,
Calculated C = 38.09, H = 5.02, 0 = 38.02, S = 8.46,

K = 10.231%)

It is insoluble in acetone, n-hexane while soluble in

vater
0—CH 0—CH
"ot s n ik
O0—CH
0 O—CH 0
H H
O H 050,0H
g 0, Hci so, H /o
| S Pyridene 7
0—CMef L b S
0—CH 2
M c/ R
@.) ——0—C
& (-'H O
H
0K
050,0

H 0 ——CMe
2
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2.7.3.3 Potassium salt of acid sulfuric ester of
1,2:3,4-Di-O-isopropylidene-

vield = 3
m.p. 60°
RE = 1.

(Found C = 37.

i

Calculakted C

K

It is soluble

water.

-D-galactopyranose

.3 g

s

1 cm

32 H = 4.89 = 38.9):K = 10;55%
38.09, H = 5.02, 0 = 38.09, S = 8.46,
10.31%

in acetone, n-hexane while soluble

H
HC1S0,

pyridene

in
CH2050?+

O
) ;

H

0

L

0 \

TT—(CMe

2
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2.8 PREPARATION OF HIGH POWER FUEL

Anhydrous potassium salt of acid sulfuric ester
of 1,2:4,6-Di-O-isopropylidene-<-D-sorbofurancse (4 g;:
0.01 mol.) was dissolved in distilled water (4 ml) heat
the content at 100°C for 10 min. To the solution, added
ethyl alcohol (50 ml, 99.95%), by constant stirring
until a clear solution was obtained. Allowed it to
stand and cooled for half an hr. The product was light
yellow thick colloidal gel (60 g).
(Found C = 41.21 H = 10,92, O = 42.60, K = 1.92

Rf = 1.2 cm.
[t 1s soluble in methanol, ethancl and diwmethyl sul-
foxide, while insoluble in acetone, chloroform and ether.

It burns with presistant blue flame.



TABLE 2.

SENSIBLE SOURCES

Sampl=a Common ; g
. e Biological Name Colour
A Barley Hordevm vulgare Brown
B Wheat Tritivm aestivum Brown
c Rice Oryza sativa White
D Oats Avena sativa Light
cream
[ Rye Secale cereale Brown
F Corn Zea mays Light
(maize) vellow
G Molasses Dark
(non-crystalline Brovwn

sugar)
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TABLE

-

2.l

COMPOSITION OF SENSIBLE SOURCES (per 2 gm)

Soele DO, erotein  ravs SENOS  hen C2ECC
E % % % % %

A 92.44 12.00 1.30 4.50 )wB3. H2.75
B 90.06 12.08 3.25 3.41 1.72 69.82
[ 87.71 831 2:13 1.40 0.68 74.93
D 86.91 12.85 6.90 130 2,90 &3.61
E 85.30 10.51 1.00 2.20 1.70 692.11
F 88.30 8.91 320 2.30 1.30 72.23
G 83.74 3.55 - - 1.37 54.00




127

TABLE 2.2

COMPOSITION OF MALT HUSKS (Per 5 g)

Sample Dry Protein Fat Crude Aen Carbo-
Number matter (solid) fibre hydrate
% % % % % %
p 25.42 796 1.20 15.94 1.37 15
B 19.42 7.93 1.10 10.91 0.8 By
D 20.41 7x33 1.0 9.81 0.9 S
B 20.10 7.11 081 8.99 0.9 13

1]
™
-
Lt
f—t
o
L
=
o
Mo
L
o
ts
o)
il
'
bt
DN




COMPOSITION OF ALCOHOLIC PRODUCT (Per 50 ml)
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TABLE 2.3

giﬁgéi ?i?;iig} Fat Alcohol pH
% % %
A 0.3 Trace 4.7 4.5
B 0.28 Trace 4.5 4.7
D 0.26 Trace 4.4 4.8
B 0.25 Trace 4.4 4.7
F 0.26 Trace 4.2 4.9
G = = 4.3 4.7
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TABLE 2.4

COMPOSITION OF SOLID ALCOHOLIC PRODUCT

REMAINED AFTER FERMENTATION (Per 50 gm)

Sample Dry Crgd? o
NMumber matter proteza =
(solid)

% % %

N 35.90 16.21 1.58

2} 32.88 15.21 1.41

D 32.31 12.31 1.01

o 34.71 1135 1.61

P 34.00 10.95 ) B
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TABLE 3 3

ELEMENTAL ANALYSIS COF ISOPROPYLIDEMNME DERIVATIVES

s Carben Hydrogen Oxygen
No. Compound % % %
Found Calc. Found Calt. Found Calc.
1. 1,2:5,6-Di-O-isopropylidense 54.93 55.38 721 7.69 37.86 36.92
—~oC~-D-gluccfuranose
2. 1,2:4,6-Di-O-isopropylidene 55.C2 58 .38 1423 7.69 37 .15 36.92
- o -D-sorbofuranose
3. 1,2:3,4-Di-O-isopropylidene 55.7% 55.38 7 .21 7.69 37.00 36.92

- -D-galactopyranose




TABLE 3.2

ELEMENTAL ANALYSIS OF THE SALT OF ACID SULFURIC ESTER OF
ISOPROPYLIDENE DERIVATIVES

3 Carbon Hydrogen Oxygen
. % % %
o, Compound -
found Calc. Found Ealc. Found Calc.
1. Potassium salt cf acid sulfuric 38.00 38.08% 4.95 5.02 37.9¢ 38.09
ester of 1,2:5,6~-Di-0O-isopropy-
lidene-& -D~-glucofuranose
acid )
2. Poctassium salt of sulfuric ester 37.81 38.09 5.38 5.02 37.82 38.09
of 1,2:4,6-Di-O-isopropylidene
-& -—p-sarbofuranocse
3. Potassium salt of acid sulfuric 3% .32 38.09 4.8¢ 502 38.91 38.09

ester of 1,2:3,4-Di-0O-isopropy-

lidene- X -D-galactopyranose
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1,2:5,6-Di-O~isopropylidene~c{~D-glucofuranose(IV)
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TABLE 4,1
ASSIGNMENT OF INFRARED SPECTRAL DATA OF

1,2:5,6-Di-O-isopropylidene- < D-

Glucofuranose
Observed Band
Frequencies Assignment
(em™ 1)
2424 H-bended-0H (8)
(s ] - ;
2986 CHB (s)
2826 Cc—H (M)
2872 C—0 (n)
1713 ' c—=0 (V)
1458 C—CH, (S)
1431 C—0 (1)
1380 c-(CH3)2
doublet (8)
1320
0—H bending (M)
1287
1245 C—ol with five member
ring (M)
1221 =iy (8)
1161 C—-(CHB)2
1116
cC—0
1062

stretching (8)
1029
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4.2 1,2:4,6-Di~0O-isopropylidene- «~D~sorbofuranose

255
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TABLE 4.2
ASSIGNMENT OF INFRARED SPECTRAL DATA OF

1,2:4,6-0i-0-isopropylidene~cC-0-

sorbofuranose
Observed Band
Frequencies Assignment
(em™ 1)
3292 H-bonded -oH (b)
2986 CH3 (8)
2932 CH, (s)
2896 C—H stretching (M)
1455 C——CH3 (M)
1377 C—-(CH3)2 bending
vib. (V)
1242 C—oH with five member
ring (S)
1212 C— O stretching (8S)
1194 C~-—(CH3)2
1158 sketal vib. (M)
1107 oH deformation vib.(8)

1068
C— O stretching (S)
1038




40007
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TABLE 4.3

ASSIGNMENT OF INFRARED SPECTRAIL DATA OF
1,2:3,4-Di-0-isopropylidene-e<-D-

galactopyranose
Observed Band
Frequencies Assignment
(em™ )
3472 H-bonded —oH (S)
2986 -CH3 (s)
2932 CH, (s)
2734 C—H stretching (V)
1458 C—CH, (5)
1386 C~+(CH3)2 bending vib(S)
1254 C—oH (8)
1212 c—o0 (8)
1164 C-—(CH3)2 sketal vib. (b)

1068 C-o stretching (b)
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/O_'CH
Me_ C |
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950,0H
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4000
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Potassium salt of 1,2:5,6-Di-O-isopropylidene- o -D-glucecfuranuse(VI)



ASSIGNMENT OF JINFRARED

TABLE 4.4

SPECTRAL DATA OF

potassium salt of acid sulfuric ester of

1,2:5,6-Di-O-isopropylidene-o -D-glucofuranose

Observed Band
Frequencies Assignment
(cm™t)
3424 H-banded —oH (S)
2980 CH3 (s)
2932 CH, (s)
2855 C—H stretching (V)
1629 Ring
1416 C—CH, (M)
1353 C——(CH3)2 bending vib (S)
1320 -502—-0—_ (s)
1278 C—oH with five member
1251 ring (b)
122; —SO§~ 0-(S)
1161
i C—(CH,3), sketal vib. (b)
1028

1005

S=0 stretching (V)




1007

501

140

4,000

.4.5 Potassium salt of acid sulfuric ester of

1,2:4,6-Di-O-isopropylidene- «c-D-sarbofuranose

255
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TABLE 4.5

ASSIGNMENT OF INFRARED SPECTRAL DATA OF
potassium salt of acid sulfuric ester of

1,2:4,6-Di~O-isopropylidene—«< -D-sarbofuranose

Observed Band
Frequencies Assignment
(em™1)
3292 H-bonded-oH (b)
2980 CH, (s)
2932 CH, (8)
2890 C—H stretching (V)
1455 C—C113 (M)
1377 C——(CH3)2 bending vib.(V)
1314 -S505— 0— (V)
1242 C—oH with five member
ring (S)
1212 ' ~S045—0— (S)
1158 C—(CH4), sketal vib. (S)
1104 o—H bending (8)
1065
1038 S=o0 stretching (S)
1008

board; M = medium; V = very weak; S = sharp.
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4000

“. potassium salt of 1,2:3,4-Di-O-isopropylidene- «c-D-galactopyranose(X)

2554
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TABLE 4.6

ASSIGNMENT OF INFRARED SPECTRAL DATA OF
potassium salt of acid sulfuric ester of

1.2:3,4-Di-O-isopropylidene-« -D-galactopyranose

Observed Band
Frequencies Assignment
(cm™ 1)
3286 H-bonded-oH (b)
2980 CH3 (s)
2932 CH, (8)
2896 C—H stretching (V)
1455 C—CH, (8)
1380 C——(CH3)2 beding vib.(S)
1314
SOé-— 0O — (M)
1242
1212
-505— 0~ (5)
1194
1158
c—(cH,) sketal
1124 3"
vib. (S)
1065 c~—(cn3)2 (s)
1038

C—o stretching (M)
1008
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TABLE 4.7

ASSIGNMENT OF INFRARED SPECTRAL DATA OF

HIGH POWER FUEL

Observed Band

Frequencies Assignment

(em™ 1)
3406 Free o—H stretching (b)
2974 -CH3 sym. deformation

doublet (S)

2890 .:CH2 (b)
1650 C—o—C (b)
1452 -CH, sym. deformation (M)
1425 S0,—o— (V)
1386 3C(CH3)2 sym. doublet (V)
1275 O—H bending
1083 C—0 stretching (Alcohol)
1044 C— o primary alcohol (S)
876 CHs— CH

= Ol 15}




TABLE 5.1

DTA AND DSC RESULT

Loss in ;
Sample Temgerature weight (%) DTA DSC ;giig;le Intermediate
a: Found Calculated

Gellified 91 80 81 End. - C,HgOH+H,0 012H1909SK
matter

301 - - Exo. - CcO Kst4

357 - - - Exo. - -

358 - - Exo. - Crystalline K,S0,

transition

388 - - - Exo. —-do- K2504
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CONCENTRATION
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TABLE 6.1

(mg%, dry weight)

OF MACRONUTRIENTS IN SENSIBLE SOURCES

Sample
Number
A B Q D B F G
Metals
Sodium .43 B.063 0.031 0.041 0.32 0.074 ©6.51
* * + > * + *
(Na) 0.004 0.001 0.001 0.002 0.003 0.001 0.01
Potassium 6.797 5.193 1.752 1.631 4,312 3.613 1383.22
i + 5 & * i o
(K) 0.061 0.047 0.011 0.018 0.032 0.022 0.018
Calcium 0.456 0.868 0.0817 0.613 ©.723 0.031 18.98
= .2 I * + T, X
(Ca) 0.003 0.007 0.001 0.006 0.006 0.003 0.02
Magnesium 2.785 1.812 0.353 1.732 1.413 2.021 23.84
. i s * = * =
0.012 0.9023 0.003 0,022 0.02 0.014 0.03

(Mg)
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TABLE 6.2

CONCENTRATION OF MICRONUTRIENTS IN SENSIBLE SQURCES
(mg/kg, dry weight)

Sample
Number

Metals

Manganese 22.460 31.480 8.952 18.441 17.312 7.651 2.1

i3 x i i g x X
(¥n) 0.200 0.32 0.081 0.192 0.30 0.068 0.02
Iron 22.343 16.281 4.401 17.941 15.345 12.691 7.7
= = i i 4 * e
(Fe) 0.189 0.162 0.038 0.178 0.143 0.0923 0.05
Zinc 29.061 30.897 17.503 22.4421 21.385 22.131 7.2
25 & i z 2 X 2
(Zn) 0.188 0.281 0.147 0.192 0.200 0.214 0.24
Copper 3.261 2.5680 0.818 2,213 2.100 1.7101.46
= = & & i = =
(Cu) 0.030 0.023 0.006 0.029 0.021 0.009 0.02
Chromium 1.254 1.280 1.151 0.934 0.953 0.57
b . = 2 = % s
(ex) 0.011 0.013 0.011 0.011 0.012 0.012

Cadmium 0.253 0.069 0.303 0.153 10.092 ©.298 1.29
+ + + + + + +

(cd) 0.002 0.001 0.002 0.003 0.002 0.003 0.02

Mercury 0.0213 0,098 0.003 ©.01L0 ©.0092 0.115
+ + + + + + *

(Mg) 0.001 0.001 0.001 ©0.001 0.0012 0.001




Continued
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Table 6.2

Lead

(Pb)

Arsenic

(As)

Nickle

(ni)

0.2010 0.439 0.503

+

+ +

0.0023 0.0039 0.002

0.108
+

0.001

1.460
+

0.013

0.119
* *

0.001

0.048 1.16
+ +

0.001 0.011

0.1701 0.1231 1.300
+ + +

0.0021 0.001 0.00¢

0.91

* * 3-

0.001

1.021 0.8210 1.790
+ + +

0.021 0.02 0.0092

* = below detection limit.



153

TABLE 6.3

CONCENTRATION OF TRACE ELEMENTS 1IN
HIGH POWER FUEL

Trace Concentration
Element

(mg%)
Fe 0.13
cr *
Ca *
Na 0.10
Mg 0.3
K 31.72
Zn i
Pb 0.2
Cu *
cd *
As *
Hg ¥
Ni *
Mn *

* Below detection limit.



CHAPTER 3

RESULTS

AND
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RESULTS AND DISCUSSION

3.1 The initial analysis results of sensible source of
wheat, corn, barley, rye, oat and molasses are repro-

duced in Table-1l.

3.2 Fermentation of these sensible sourceg exhibit
the production of high fibrous protein, HFP; 1liguid
protein, LP; carbon dioxide, ethanol and soft drink.
Comparison of the results of sensible sources after
fermentation are recorded.

WHEAT: HFP, 23.85; LP, 0.3; 802, 44; ELoH, 4.5; soft
drink, 92%.

BARLEY: HFP, 3.94; LP, 0.3:; CO 43; EtoH, 4.7;

2!
soft drink, 91%.

OAT : HFP, 4.87: LP, 0.26; EtoH, 4.4; C02, 43.5:
soft drink, 92%.
RYE:, HPP, 2.54: LP, 0.25: BtoH, 4.4% CO 43; soft

2!‘
drink, 90%.

CORN: HFP, 2.34; LP, 0.26; EtoH, 4.2; COZ' 42;

soft drink, 92%.

MOLASSES: HFP, nil; LP, nil; CO 43; EtoH, 4.3;

2!
soft drink, nil%.
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TABLE 1

ANALYSIS OF THE PRODUCTS

Corn Wheat Rye Barley ©Oats Molasses

Crude fiber 2.3 3.41 2,2 4.5 153 -
(%)

Total dietry 84.34 85.15 81.2 86.05 83.36 54
fiber (%)

Soluble (%) 81.7 81.74 792.0 81.55 82.06 -
Insoluble (%) 2.3 3.4% 2.2 4.5 L.3 -
Protein(%) 8.91 12.08 10.91 200 12.85 -

Total Carbo- 74.54 73.23 71.31 77.25 64.9] 54
hydrates(%)

Avail, Carbo- 72.23 69.82 69.11 72.75 63.61 54
hydrtes(%)

Calories 353.36 356.77 329.08 350.70 367.24 216
(per 100 g)

rat(%) 3..20 3.25 1.00 1.30 6.90 =
Ash(%) 13 I« 72 .78 Lo 81 2.90 Y..37
Moisture(%) 11.70 9.94 14.70 756 13,02 ‘16.26

Calcium(mg$%) 0.131 0.868 0.723 0.456 0.613 18.98
Sodium(mg%) 0.074 0.06 0.32 0.43 0.041 66.51
Potassium(mg%) 3.61 5.19 4.31 6.79 1.63 1.38.:3
Iron (mg/kg) 12.69 16.28 15.34 22.34 17.94 BT
Copper(mg/kg) 1.71 2.58 2.10 3.26 221 1.46
Zine (mg/kg) 22.10 3€0.89 21.38 29.06 22.44 7.24

Manganese ( 7.65 31.48 17.31 22.46 18.44 2 X
(mg/kg)
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3.3 The exploted sensible sources show the following
recoveries are made during the fermentation. High Fibrous
Protein 2-4%, which can be used for human consumption
in the bakeries etc. Liquid Protein 0.2-0.3% can be
used in lieu of or in addition to fresh water for cattle.
Recovery of carbon dioxide 43% from fermentation vapour.
This can then be sold as a gas or further processed
into dry ice. Non-alcoholic drink 93% is treated with

flavour and can be used for export.

3.4 Down stream processing of 5% ethanol into high
power fuel (gellified fuel) for cooking and defence

purposses. Ethanol 1is reproduced as a power fuel. The

m

characteristics properties are given in Table 2 and
compared to commonly known fuels. EthanollGB'169 is
completely soluble in gasolin, giesel or fuel oil,
provided no water is present in the system. The combus-
tion properties of the power alcohol falls very close
to that of gasoline. It mixes and burns well with
gasoline 1in internal combustion engines. The power

fuel such as cannot be used as diesel substitute,

because of difference in their combustion properties.

3.5 The power fuel is further converted to high power



MAIN PHYSICAL/CHEMICAL PROPERTIES OF
POWER ALCOHOL AND HYDRO CARBON FUELS
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TABLE 2

Froperty Bthanol/ . o1ine  Diesel Fuel 0il
power
alcohol
Formula CZHSOH C4— C12 C14C19 C20
Hydro Hydro Hydro
carbon carbon carbon
Molecular 46.1 100-105 240 -
weight avg. avg.
Composition
(WE.%)
Carbon 52.2 85-88 85-88 85-87
Hydrocarbon 13.1 12-15 12-15 10-11
Oxygen 34.7 Negative Negative Negative
Specific 0.79 0.72-0.78 0.83-0.88 0.88-0.98
gravity
Octane Number
Research 106-111 79-88 - -
Motor 89-100 71-90 - -
Octane Number 055 5-10 45-55 NA
Solubility Infinite 0 0 0
in water
Calorific 5048 7700 8738 8795
value

Kcal /mole




fuel (ix-xii) by treating it with derivative of carbo-
hydrates (glucose, fructocse galactose) prepared by
the interaction of these carbohydrate (0.20 mol.) with

acetone (250 ml) in the presence of ZnCl H,Po

g’ Hghey @ng
maintain the experimental conditions. The derivatives
so produced are further converted into salts by treating
it with chlorosulphonic acid (2.56 ml), pyridene (20 ml)
in the presence of potassium carbonate (0.02 mol). The

salt so produced is treated with the power alcohol to

form gellified material.

3.6 Reaction sequence resulting from the fermentation

of the sensible sources and formation of high power fuel.

88 > (CBHmOS)n.nHzo (i)
(CeHygPgly Mgl ———3' M Gy H530,5 * 80 b

Cplyg0yy * HyO ————3 n{2CH,,0.) (iii)
€ Hy 0, N 2C3HgO4 (iv)
%5MePs > CH,COCOH + H,0 (v)
CH,COCOH + }502 > CH,COCOOH (vi)
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CHBCOCOOH > CH3COH + Co, (wvii)

2CH3COH + 2H2 —_— 2CH3 CH20H (viii)

CgHy,0p + 2(Me)2CO > Cy 50509 (ix)
- . N

(ix) C1S0,H > CyoH,00gS + HCL (x)

0.SOK" + KHCO

—_— .
(x) + K,CO4 Cy12H19% 3 (xi)

(xi) + ncC

HSOH + nH,O = SK

2 2

€728230%%4

In Sections 3.2, 3.3, 3.4 and 3.5 of this chapter
were summarized the results of the study of the fermen-
tation and formation of high power fuel. 1In this
section these results will be considered in terms of

possible reaction sequences.

Sensible sources involve in the conversion of
starch (n. C6H1005) -nH,0 into sugar (“c12H22011) by
diastase enzymic effect. The bio-degradation of sugar
into glucose is caused by the maltase enzymic effect

(i-iii). The pyruvic acid is an important intermediate

of the degradation of carbohydrates by yeast at the

(xii)



160

same rate as does the glucose (iv-vi). The reaction

proceeds in acidic condition.

The glucose molecule is broken into two triose
molecules which are hydrated to form methylglyoxal. The
triose 1oses water to form glyoxal which in turn is
oxidized to pyruvic acid. The pyruvic acid is decarbo-
xylated to aldehyde which on reduction produced ethanol
(vi-viii). Glucose is treated with acetone to convert
it into its isoproplidene derivative and then these
derivative are transferred intc wuseful salts which

changes power alcohol to high power fuel (ix-xii).

Ethanol molecules, C,HOH experience hydrogen
bonding between themselves in pure alcohol system. This
tendency of alcohol shows an interesting transformation
to produced high power fuel when ethanol comes in
contact with the derivative of glucose salt it changes
into gellified material. It is possible that gels are

frequently described(54—57)

as concentrated solution of
a liquid in a solid. The liquid system in this case is
a system of high viscosity and contains distinctive

properties of three dimensional network (Fig. 1).
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Fig.] . Proposed Structure of High Power Fuel
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3.7 Evidence in Favour of the Formatiom of High Power
Fuel

The evidence for these proposed structure rest
first on elemental analysis, C, 42.60; H, 11.29; O,
42.60; K, 1.92%. Thermal analysis results are reprodu-
ced in Fig. 2, TG shows loss in weight 80% corresponding
to the elemination of volatile matter of ethanol present
in the network. TG result is also supported by DTA which
shows broad volatilization endotherm at 90°c. TG result
however does not give interpreted results further to
volatilization. DTA result shows two exothermic peaks
at 301°c representing the decomposition of the residue
indicating the breakdown of organic matter. Further
peak at 358°Cc is an exothermic change due to the crys-
talline transition of the potassium salt. DSC result
shows broad endothermic peak at 90°c and two exothermic
peak at 357°¢ and 388°c respéctively. Combine TG, DTA
and DSC result support the existence of three dimen-
sional network. IR result indicate the stretching
frequency at 1425 due to the existence of SDz-O-bond
formation, the results are tabulated in Table 4_.7. In
the trace element study the result reveals the

presence of potassium metal 31.72 mg%.
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DTA

Fig. 2

Thermal Analysis Results of High Power Fuel

Temperature —>
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