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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 liq~id protein 

by-product could be used for animal feed · and recover.y 

of car-bon dioxide fr-om the fer-mentation vapour. This 

could be sold as a gas or- further- processed into dr-y ice . 

Ethanol pr-oducecl was further converted into high power 

alcohol and compared its characteristic properties 

with that of the natural fuel . Th~ high power alcohol 

was transformed into high power fuel (gellified 

material) by the interaction of potassium salts of the 

der i va t i ve of carbohydrates with high power al cohol . 

'I'he 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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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 energy . 

Part 2 include a discussion on the chemistry 

and biotechnology of t h e high fiber pr te'n obtained 

after the f ermentation . HFP is available for h uma n 

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. 



2 

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 1 how to brew beer • They also have found jugs 

tha t were used for beer more t .han 5,000 years ago . 

Chemical analysis of the jugs have uncovered the 

barley and yeast cells by which the beer was produced . 

Brevling seems to have originated in Babylon where, as in 

Egypt I bar ey grew wild I and there is some evidence that 

2 beer made from malted grain was being brewed inMesopotamia 

by 6000 B.C. By the fourth o r fifth millenium B. C . brewing 

was well es tabl ished and ev idence ex i sts of the var ious 

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 diff e rent 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 7 about 

2800 B. c . 3 ,6 . 

The Greeks learned brewing from the Egyptians and also 
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grew hops, (origin of he use of hops was unknovm ; 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 {ma ize } during their 

first attempt to colonize virginia? 

until the mid · 19th century only "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 . 
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Th e malt beverages have been p rod uced continuously in Europe 

and other countries . 5 ever s1nce . In 19th century alcohol 

produced by different raw materials was frequently used in 

some c ountrie s for burning purpose . Solidified alcoho1 9 (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 t he 1970s and the 

resulting efforts towards greater 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 

though t to it as an al terna t i ve to foss i 1 petrol in the 

193 0 s . This resulted in the Dearborn Conference on what is 

now called "gasohol" and the establishment of a major cfuel 

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



5 

1940s several develeped ceuntries used alcehel blends and 

. 10 11 unblended alcehel in many vehlcles ' . 

Brazil has been the leader: as far back as 1925, an 

alcehel pewered Medel A Ferd was demenstrated in Brazil , 

but the huge Brazilian Gevernment Pregramme (Prealcehel) was 

es tabl ished as late as 1975 and US Government ini t ia ted a 

substantial pregramme in 1978. Abeut 40 ceuntries (including) 

develeped as well as develeping ceuntries like Pakistan) are 

in the precess ef drawing up pewer alcehel pregrammes . 

Pakistan during 1980s weuld have to' base its strategy en 

melas ses as a source ef making alcehel. 
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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 frpi t juices, as in wine or 

'd 9,17 h ' h d h h t d Cl er . T e meanlng was c ange t roug Gay- Lussaes s u y 

of alcoholic fermentations to indicate the conversion of 

sugar into carbondio x id e and alcohol . Pasteur's researches 

as t o t he ca use of fer men t a t i v e r sformat'on led him to 

de f ine f ermentation a s 'life witho ut air ' . Now t h e work has 

be c ome more closely associated with the mic r oorganisms and 

the en z ymes secreated by them, which catalyze the fermenta -

15 16 tive changes ' . 

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 . I t is an 

incomplete and slow oxidation of the substances such as 

14 carbohydrates and carbohydrate like compounds, associated 

wi th evolution of carbondioxide and production of ethanol 

plus a number of by- products . with respect to oxygen supply, 
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two types of fermentation are recognized. Aerobic fecmen ­

tation (o xybionic pcocess; respiration) is t h e for m of 

dissimilation which requices free oxygen to act as a hydcogen 

acceptor. The acet i c acid and citric acid fec mentations ace 

examples . Anaecobic fermentation is dissimilation in which 

atmospheric oxygen is not involved, but other substances, 

such as aldehydes or pyruvic acid , serve as hydrogen 

acceptocs. Examples ace the alcoholic, butyl 

alcohol - acetone, and lactic acid fermentations l2 ,l3 . 

Fermentat ion is largely depend upon t h ree basic pa ra­

meters, namely; the war t composition (nut cients foe the 

yeast); the yeast itself; and the processing conditions 

(such as time, tempe ra t ure, vol ume, pcessuce vessel sha pe 

and size, agitation and currents in the fermenting woct) . 

Fermentable sugars can be obtained not only fco m succose 

(molasses, sugar cane, beet), but also from starch ( ceceals; 

corn, barley, wheat, rye, oat, rice ), as a mattec of fact, 

by far the most important raw material for the manufac ture 

of alcohol and recovery of other products such as protein . 

(a) Bottom Fermentation 

The tempera t ure of the wort at pi tch ing is 6 -9 0 C and 

t he yeast is added in the form of a slurry. A certain amount 
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of a eration ma y be employed at the earliest st age to 

encourage yeast growth . Th e sooner the yeast begins to 

grow, the less danger there is from bacterial infection. 

~vithin a few hour s 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 SoC . The head then starts to collapse and 

the temperature is allowed to fall gradually to a bout 

6 0 C. After about eight days fermentation is in all and 

the evolution of carbondio xide is too slow to bu~y up 

the yeast ce ll s 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 ISoC or 600 F . During five to seven 

day fermentation period, a light froth appears in the 

first few hours, giving place to s mall 'cauliflower' 
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and then to 'rocky head'. On the second day a high 

roc ky h ead develops, fer me n tation is vi go r ou s a nd h e a t 

generation is at its greatest . On the third day the he~ 

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 

.. 1 . 1 4,6 the proc e ss Wh1Ch 1S mos t y used 1n Eng and . 

1.1.2 Fermentation Mechanisms 

Various schemes have been proposed to elucidate 

the path\Vays involved during the fermentation of the 

18 - 21 carbohydratic materials to ethyl alcohol • 

Neube rg ' s Sc hemes 

Glucose 

Methyl glyoxal 
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1 O2 
0 
/I 

2CH -
3 

C CoOH 

Pyr uvic acid 

1 - 2CO 

0 
II 

2CH -
3 C H 

Ethanol 

1 
2CH 3 - CH 2 -- OH 

Ethanol. 

2 

(i) The reaction proceeds in acidic condi tions. 

The glucose molecule is broken into two triose moleculoo 

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 . 

- 2H 0 
2 

Triose 

1 

Glucose 

Triose 

1 
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1 0 Q 

II It 
2CH

3 C C -H +2H 2 

Methyi glyoxal 

1 +°2 C\20H 
0 
II 

2CH
3 

C - COOH 
2CHOH 

Pyr-uvic acid / 
1 -2CO 

CH 20H 

2 
Glycer-ol 0 

II 
2CH - C -H 3 

Ethanal ~ 

1 kO 
2 2 CH 3 - CH - OH 2 

0 Ethanol 
IJ 

C -3 
C - OH 

Acetic acid 

(ii) The r-eaction pr-oceeds in the alkaline condi -

tions. Her-e the tr-iose pr-oduced becomes unstable and 

thus accepts hydr-ogen to for-m glycer-ol . The pyr-uvic acid 

decar-boxylates to acetaldehyde after- its for-mation as 

in scheme (i) . The acetaldehyde is oxidized to acetic 

acid at the expense of the molecular- oxygen . 

(iii) The r-eaction proceeds after addition of 

sodium sulfite to the fer-mentation mixtur-e . Sodium 

sulfite fixes the acetaldehyde pr-oduced and blocks its 



\ 

12 

reduction to ethanol . As a resul t of this fixing I the 

yield of glycerol increases while that of ethanol 

decreases. 

/ 
~ ~ 

-H 20 

C3H60 3 ~ 

Trioses 

CH
3
-C-C-H + 

Methyl glyoxal 

CH -
3 

o 
/I 
C - H + CO

2 

o 
" CH

3
-C- COOH 

Pyruvic acid 

r 

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 monophosphate 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 . 

H oH 

"' CI 

H-C~ 
I 

HO- C-H 0 

H- f - OH I 

rl~C~ 
I 
CH OH 

2 
Glucose 

CHo 
I 

'CHoH 
I 

H oH 
'" C /-------; 

I 
H-C-OH 

I 
) CHoH 

I 
-->~ Ho-C-H 

I 
o 

CH H 
I 
CHoH 
I 
CH2oPo H 

3 2 

Active hexose 

H-C-oH 

I 
H-- C - ------' 

I 

monophosphate 
( H~1P ) 

CHlPo2H2 
Glucose-6 - phosphate 

(Rob inson ester ) 

CHo 
I 
CHoH 
I 
CHoH 

2 

1 
oxido~eduction 

cleavage 

CHo 
I 
CHoH 

! 
Glyceraldehyde 

CH
2
0PO H 

3 2 
Glyceraldehyde- 3 - phosphate 
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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 - l,6-diphosphate 

CHo 

I 
CHoH 

I 
CHP P0 3 H

2 

CHo 

I 
2 CHoH 

\ 

CH2oPoH 
3 2 

HO 
2 

) 

) 

CHo 

I 
CHoH 

I 
CHoH 

2 

CHf PO H 
I 3 2 

CHoH 

I 
CHoH 

I 
C=O 

I 
CHoH 

I 
CH2opo H 

3 2 

Fructose-l,6-diphosphate 
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(d) Final oxidoreductions 

The final oxidereductions of glyce~aldehyde p~oduct 

yield glyoxal, py~uvic acid and ethanol . 

H H H H 
CHo l /oH I I 

I /OH 
I HO C HO-C HO~C 

r -- OH 1"--0 I ~O C 
CHoH 2 

~ I ""oH I CHoH -H2o H-C/ H-C/ 
I ~ 1 ) I ~ c=o 

CH?H CHoH CHoH I 2 2 CN 
3 

\ 
CH

3 
hydrated 

Intermediates methyl glyoxal 

H 
I OH CooH C----

I I ~ OH CHo CHoH 
C~o I 2 C=o + I ) 

I + 

I CH CH 
3 CH 3 

CH 
3 Ethanal 3 

Hydrated methyl Pyruvic Ethanol 

glyoxal acid 

CooH 

I CHo 
C=o I CO 

! ) + 2 
CH

3 
CN

3 



16 

Embden-Meyerhof Scheme 

The fermentation of glucose could be carried out 

by ce ll f re e extract o f yeast . The final p r oduct is 

ethanol . The metabolic pathways were elucidated by the 

use o f inhibitors during th e course of fe r mentation . The 

specifi c inhibitors blocked the sequence by inhihlting 

specific enzymes at specific stages of reaction s equence. 

The blocking resulted into the accumulation of products 

behind the block which could be isolated as 

intermediates . The sequence was later mappe d b y co mpa­

rison of the vario u s observati ons. Iodoacetate , f o r 

example, resulted into the accumulation of fructose 1,6-

diphosphate and two triose phosphates . Si milar l y , t h e 

a ddit i on o f fluo r id e res ul ted i n t o t h e acc umul a tion o f 

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 

s u fficie n t t o sy n t he size t wo mo lec u les o f ATP . Th e 
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breakdown of glucose in g lycolys is i nvol ves a larg e 

number of reactions catalysed by the en z ymes produced 

by the yeast . The alcohol is formed by the change of 

the reaction course by yeast cells one step before the 

produc t ion of lact ic ac id . The react ions i nvol ved in 

the alcoholic fermentation is upto the formation of 

pyruvic acid . The pyruvic pr6duced as a result of 

glycolysis is decarboxylated and the acetaldehyde 

produced is reduced at the expense of NADH2 formed of 

glycolysis to form ethanol . 

COOH 
I 
c = 0 
I 
CH 3 

Pyruvic 
acid 

Carbo xylase 
Ho 

I 
CH 3 

Acetaldehyde 

THE EMBDEN- MEHYRHOF SCHEME 
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A----O 

H oH 
D- G1ucose 

A 
Hexokinase 

A phosphatase 

+ ADP 

G1ucose - 6 -
phosphatase 

Ethanol 

H oH 
G1ucose - 6 

8 

B 

Phosphohexeso 
isomerase 

Phosphohexoso 
isomerase 
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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 
/ I I CH

2
0H 

CHoH + CH 3 
) CHoH + I 

I / CH 
CH 2OP0 3 H2 

CH 2oP0
3

H2 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 

fermentatio n . The glyceric acid formed in the above 

reac tion undergo es 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 i mpo rtant groups are; (a) amylo -

lytic enzymes: which can convert starch to carbohydrates 

1 1 1 . h 23 of ower mo ecu ar welg t . (b) Proteolytic types; 

which can break down the protein consi tuents of the 

grain to simpler nitrogenous compounds. Before brewing 
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the starchy materia l is mal ted in a three-step process 

f t · . t ' and k' I' 24 o s eep1ng, germ1na 10n 1 n1ng . 

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 s hriveled 

rootlets drop o ff and are collected and sold as animal 

feed
25

. 

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 of 

starch and a small amount of sugar, together wi th the 

amyl yt i c enzymes, is crushed and mi xed with hot wa ter 

and a quantity of hop ( raw grain) is added. The 
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"striki n g h ea t " o f water i s of l SOoF. The principal 

reac t ion of t h is c oo k ing involves t h e part i a l b rea kdown 

of protei~or starches ( carbohydrates ) by means of heat 

and hyd r olysi s ( Fig . B) in the endosperm of the malted 

. 22 gr:aln star:ch is converted into soluble maltose and 

other malt s ugar:s and 

diastase 
2 ( C6 HlOOS ) n + nH 20 ) 

star:ch Maltose 

de x tr:ins by the amylolytic enzymes, DC and j3 - amylase, 

whi c h a r: e p r: esent i n t h e ma l t and which wo rk best at a 

This is wher: e the amylases ( enzymes ) enter: the pict u r: e 

by c le a v i ng the a mylos e mol e cul es into ma ltose (two 

glucose uni ts looked together ) and a sing 1 e glucose 

units ) ( Fig . C ) . When this process of mashing is 

completed, the liquid is boiled t o d e st r: oy the 

diastase a nd sweet liquor or wort ( solution of conver:ted 

carbohydr:ate : sugar ) is filtered out leaving the malt 

h usks be h ind . This wo rt is ready f o r fer me n tati o n. 

(b) Boiling 

After mashing and sometimes after filtering, the 

wor:t is boiled . This pr:events any fur:ther: en z yme action 
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a nd . coagulates a great deal of the protein material , 

which is knO\vn as the "hot break" or "trub" . The boiling 

also sterilizes the woct, makes it more concentrated 

and provides an opportunity for the hops to be added. 

Aftec boiling the wort is filteredquickely to remove 

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

(c) Fermentation Process 

The wort is run into the fecmenting vessels , 

diluted and mixed with yeast . and held at an 

appropciate temperature for 40- 60 hrs . The living yeast 

ce l l secrete t h e e n z yme ma l tase (convert i ng maltose t o 

glucose), in vertase (converting sucrose to glucose) plus 

levulose a nd zyma se (convert glucose to e thanal pI us 

The maltase causes the sugar, 

hydcoly z e into a simple sugar, glucose 

maltase 

Cl2H22011 + H20 

Maltose 

maltose , to 

The glucose. in turn, is converted by yeast enzyme 

zymase mainly into ethanol and carbon dioxide . 

zymase 
2C0 2 + 2C 2HSOH 

Ethanol 
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Alt h ough small quantities of othec substances , h i gh ec 

alcohol s , s ucci ni c a cid , gl y c eci n e , e t c . are a l s o 

. 26 - 30 produced . 

1 . 1 . 5 Factors Influencing Fermentation 

Thece are many fac tors tha t have a sign if i ca n t 

effect on alcohol yield and efficiency . These may be 

classified as: ( a ) the physiological condition of the 

i nocul urn, ( b) the env i ronmental factors pres en t dur i ng 

ferm e ntation, and (c) the quality of the ca w ma t e ri a l s . 

( a ) Physiologica l Condition o f t he I noculum 

Th e p h ys i ol o g ica l c ond i t i on o f t he i nocu l um, th e 

quanti ty and th e cell population are of con s i d erable 

importance. Foctunately, most yeasts are cesistant to 

adverse environmental conditions and ace adaptable to 

a wide f d · · 31 cange 0 con 1 t Ions . The activity of the 

inoculum may be acres ted by holding at low 

tempera t uces foe use several hours la tee. it is not 

desirable to use a cultuce that is more than 24 to 26 

houcs old, since oldec cultures may cesult 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 co nditio ns that the residual amylases will continue 

to function until the conve rsion of residual dextrins 

is complete, and the fermentable sugar so pt:"oduced is 

convet:"ted to alcohol. The critical environmental 

factot:"s are: ( a ) pH ( b ) buffer capacity ( c ) initial 

load of contaminants ( d ) temperature ( e ) mash co n cen -

tration ( f ) alcohol concentratio n ( g ) yeast nutt:"ie n ts. 

(a ) pH 

Grain mashes, wi thout pH adjustment wi th acid ot:" 

s illag e, wil 33 enter the fer mentor at pH 5 . 4 to 5.6 . 

The principal mic robial co nt a minant s are latic acid 

formers. Above pH 5.0, their growth is rapid . Thus, it 

has been found most desirable to adjust the initial pH to 

4.8 to 5.0 wit h either stillage ot:" s u lfuric acid . As 

soon as the pH of a fermentation falls below 4.1, the 

. . d h d ' to 1 amylases are 1nact1vate . Tea Justment as ow as pH 

4.5 gives successful results. 

( b ) Buffer capacity 

The b u ffer capacity of mas h is i mportant. 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 
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fro m pH 3.5 to 4.4. Stillage is o f added value , s ince 

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-

1
. . 35 lzatlon , ease of cleaning I and the elimination of 

mash. It is desirable to operate the mashing and cooling 

and cool ing systems for the max imum 1 eng th of time 

between clean-ups. 

(d) Temperature 

The molasses fermentation may be conducted at 

36 higher temperature 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 0 to gOOF as compared with an optimum fermen­

tation temperature of 1000F in the absence of alcohol, 

and gOOF at alcohol concentrations above 4.5% by volume. 
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Failuce to contcol the tempecature within the opti mum­

gcowth tempecatuce range destroys yeast activity in a 

few hours and thu s sharply reduces the alcohol yield. 

Furthermore, the hi g h temperatures favoc t h e gcowth of 

bacterial contaminants. 

( e ) Mash concentration 

The initial c oncentration of the mash gover n s both 

the f i na 1 alcohol concen t ca t i on and the hea t release 

per unit volume. It is, therefore, necessacy to employ 

a concentcation that will neithec generate more heat 

than can be dissipated without exceeding 90 0 F noc poten­

tially result in an alcohol concentration in excess of 

the practical alcohol tolerance of the yeast strain . 

(f) Alcohol concentration 

The f e cmentation rate o f yeast is greatly ced uced 

in the presence of ethyl alcohol (ab ove 12%). It is 

a pparen t tha t a high mash concentca t ion and resul tan t 

high final alcohol concentcation will pcotcact the 

fecmentation period, possibly to a dangecous degcee, 

since the added time favocs development of contaminants 

(g) Yeast nutrients 

Stillage and urea has appceciable nutrient value 
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a nd is added for this reason and also for its buffering 

value and aid in adjusting the pH. Small gra in mashes 

(wheat, rye, barley, malt)34 are relatively rich in 

nutrients, while cor:-n mash with 8 to 10% of bar:-ley 

malt is marginal in nutrient 37 level . None of these 

requir:-e supplementing with inorganic nitrogen, as this 

does not result in yield increases . The nutrient for 

yeast can be sometime overcome by addi tion of 0.5 to 

38 1.0% of malt sprouts . 

1 .1. 6 Yeast 

Yeasts are the living entities (unicellular fungi ) 

and as such they requi re food to ma i n tai n them ina 

healthy s tate so that reproduction ( sexually or 

asexually) of their kind can continue; this food mllst 

include sources of carbon, nitrogen, sulfur, and certain 

minerals and many yeasts also required certain nutri ­

lites39 ,40. Only three of the 349 known species of yeast 

are involved in alcoholic fermentation. 

Yeasts usee in brewing can be classified as two 

species of the genus Saccharomyces: Saccharomyces 

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

A cell of Saccharomyces cerevisiae under high power 
microscope . 

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

Fig. J 
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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 celIe do not separate from the mother celIe. 

E : Diploid cells . 

Fig . K 
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Yeast preparation 

Seve~al ways are widely e mployed for the mainte-

41 - 44 nance of pu~e cultu~es . 

(a) A pu~e culture of yeast strain is maint ained 

on a suitable medium, usually malt extract o~ glucose 

yeast ex t~act aga~. New stock cultu~es on aga~ s lant s 

a~e prepa~ed every 30 to 60 days. Subcultures are incu­

bated statically at 27 0 C for 3 days cultures are sto~ed 

o at 4 C for 6 months p~ior to resubculating . 

( b) Aga~-solidified MYPG medium 

Loop-i noculated fro m a previous slant culture and 

incubated for 3 days at 2S o C and then kept at 20 _4 0 C. 

45 They can be transferred to fresh slants every 3 months . 

Yeast propagation and handling 

When the laboratory cultu~e (selected strain of S. 

ce~ev is iae) has fully developed, it is t ransf erred to 

the vessel (100 ml) of sterile wort . After 2 days incu­

bation at 26 0 C the cultures a~e mic~oscopically examined . 

The vessel in which grwoth and normal cell development 

ha s taken place is transferred to large volume of sterile 

wort used for furth er propogation again incubatio n is 

carr ied out fo~ 2 days at 2S o C. These are then used for 
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inoculation. If not needed may be o a 
kept at 4 C to 2 C 

f a t:" u p t o 3 weeks a s a s to c k cul t ur e , a nd r eady t o be 

used for another inoculation46 - 50 . 

1 . 1 . 7 Starches 

Starches are found as reset:"ve 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 mi x ture of dextrin s , ma lto s e, 

a nd g lu c o se. En zymatic h y drol ys i s \"i t h a mylase gives 

ma l to se . About 20 % of the stacch granule is composed of 

a mylo se , whi c h i s solu b l e i n wa te c . Th e re lllain de r 1 S 

in so luble amylope ctin which ab s orbs water and swells to 

51 
focm starch pastes . 

Amylose 

Amylose is a straight - chain polymer composed of 

glucose un its bound by 0<: -1, 4-1 inkages. The compound 

gives a blue 

by j3 - amylase 

Amylopectin 

color with 12 and is completely hydrolyzed 

52 
to maltose ~Fig . OJ E) . 

Amylopect)!i h a s a molecular weight of 200,000 to 
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O'\Qgrom of Hel icu l co il of glucose uni ts that is form ed when 

amy lose is suspended in w a ter. :lodin e occupies a position 

in the interi or of helical coil of glueo se units 

Fig . O 



38 

CH2
0H CH oH CH OH 2 2 

H oH OH 

o~~ 
H oH 

Diagram of amylose struc ture. 'X =100 to 400 

o 

H oH 

Ci:Igram of rnQ!tose structure. 

Fig.E 



39 

1 , 000 , 000 ( Fig.F ) . It gives a r-ed - violet colour- with 

I2 solution and is enzymatically hyd r-oly ze d with 

~ -amylase to give about a 60 per- cent yield of maltose. 

A combination of)3-amylase wh ic h catalyzes the splitting 

of DC -1 ,4 - 1 inkag es and DC -amylase which catalyzes the 

splitting of oC -L6-linkages gives mu ch high er- yield of 

53 
maltose . On the basis of these enzymatic s tudie s and 

c h e mi cal e vid e n ce the str-uctur-e of a~ylopectin has been 

found to be tha t of a br-anched polymer- con ta in i n g DC - 1, 4 

and oC - l , 6- 1 inkages. 

1 . 1 . 8 By- p r oducts 

The c h ie f by - pr-oducts ar-e car-bon di ox ide , yeast 

a nd the spent gr-ains fr-om the mash. For more y e ast is 

pr-oduced during fermentation than is needed for- s ubse-

q ue nt br-ews and it has a high nutritive value, containing 

50% protei n and 2% fat by dry weight, a good c ont e nt of 

the B vitamins and minerals such as calcium and i r on, 

a 1 thoug h small q uanti ties of other subs tance s , high er-

alcohols ( D-amyl alcohol, isoamyl alcohol), succinic 

acid, g lycerine, etc, are also produced. The brewecs 

spent grains are used for animal feeding since they 

contain about 20% protein and 8% fat by dr-y wei g ht . The 

spent hops are dried and sold as hop manure . 
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1 . 1 . 9 Significance 

The fermentations are of great economic impo~tance 

in industries such as manufacture of certain beve~ages, 

bakery p~oducts, dairy p~oducts , souerkraut, pickles 

and other foods , frequently involve microbiological 

procedures. The best-known chemical product obtained 

industrially by fermentation, a nd the one of the largest 

volume , is ethyl alcohol, but other fermentation 

chemicals, including n- butyl alcohol, acetone , lactic 

acid , citric acid, sorbose, gluconic acid, itaconic 

acid, g lycerol, 2,3 - butanediol , ribof l av in and othe~ 

vitamins , pencilli n and other antibiotics, various 

enzymes , and other substances, are or have been prod uc ed 

o n comme~cial or pilot plant scale. Still other processes 

for producing chemicals by fermentation are continually 

under investigation in labo~atory and pilot plant. 

1 . 1 . 10 High Power Fuel 

Fue 1 is a rna ter ial whose combus t ion is used to 

supply heat for any purpose . Fuels are characterized 

by their physical form at normal temperatures, whether 

they ar-e solids , liquids, or- gases, by their- heating 

value, that is, by the amount of heat given off when a 

unit weight O ~ volume of the material is burned under 
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standard conditions, and by their combustion characte-

r-is t ics , whi c h co v e r suc h point s as ea s e of ig n itio n, 

r a t e of c ombus t i on, f lame tempera t ure and f I arne pum i -

' t 6 2 nU Sl y 

Fuel having maximum pur-ity (i . e . , 99%) and allows 

higher- combustion char-acteristics, maximum heat pro-

dution is ter-med as high power fuel and most suitable 

60 
for utili z ation as pure fuel . 

( a ) Power alcohol 

Ethanol-wa ter mi x t ure possess i ng high percen tag e 

of wa t e r has no significa n ce v a lu e for bur n ing pu r pose. 

The most ener-gy - intensive step involves the r e co very of 

95 % alcohol from fermented mash ( ethanol; 4 - 5 %) and 

subsequently dehydr-ation through azeotropic distillation 

64 
to anhydrous product . 

The fermented mesh ( ethanol - water mixture) is 

distilled to increase the strength of alcohol component 

by virtue of the composition of the vapors being 

stronger in the more volatile constituent than liquid 

from which these vapors arise and obtain ethanol upto 

9 5 by conventional distillation (fractional dis t illation) . 
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The ethanol 95% is of above 190-proof . It is fur th er 

distilled with quick lime to obtain 99.5% alcohol called 

absolute alcohol. Hundred per cent alcohol (power ethanol) 

is obtained by treatmen t with magnesium turning and 

b t d o tOll 0 63 su sequen re 1S 1 atlon . 

Power a lcohol has the compos i t ion carbon , 52.2 ; 

Hydrocarbon, 13 . 1; oxygen , 34.7; octone number, 0.5 

and with a calorific value of 5048 Kcal/litre 60 , 61. When 

ignited burns in air with a pale blue, trans parent 

flame producing water and carbon dioxide 62 . 

(b) Gellified ue 

Pure alcohol (power alcohol ; 99.95 %) prod uced is 
, 

converted into a liquid system of high viscosity that 

con ta i ns s t ruc t ures tha tare der i vable from colloidal 

particles (salts of carbohydrate derivatives ), which 

exhibits elastic properties in resisting deformation 
54,57 

and it frequently possesses a high degree of order (g el ) 

The sa id compos it ion may be used ina 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, 

o t 58,59 transport, pack1ng and storage cos s . 
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The feature possessed by gel which is responsible 

for their d i sti ncti v e properties is a three-dimensional 

network. This network may be temporary by virtue of 

secondary bonds, as . . h 1 . 57 ln case Wlt ge atln Gels are 

frequen tl y descr ibed as concen tra ted sol uti ons of a 

liquid in a solid. The presence of macro - molecules is 

essential for the formation of network. The rigidity 

and streng th of the net work s truc t ure endo\Vs the gel 

with its ability to undergo elastic deformation and to 

imbibe large quantities of liquid 55 ,56. 
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1 . 2 PROTEINS 

Proteins are compounds of higher molecular weight 

fro m a few thousand to a few million , which vary in 

appearence from white amorphous powders to brilliantly 

I d t 1 65/69 h h . d . 1 . co oure crys as . T ey ave ~n etermlnate me t~ng 

points and are subjectto denaturation by fluctuations 

of temperature and pH. The averag~ composition of prot e in 

is C/ 50; H, 7; 0/ 23; N, 16; S/ 0 - 3; p/ 0 - 3%. Eleme nt s 

such as Fe, Cu , Mn , Zn are found in specific pro-

t . 66/67 
e~ns . 

The complete hydrolysis of proteins yields a mixture 

f b 20 ' . d 6 7 . h t' ( 1 . o a out amIno a c~ s / w~t two excep Ions pro Ine 

and hydroxyproline, are~ - imino acids). These s ubstanc es 

hav e a primary amino function and a carboxyl function 

joined to the same carbon atom; hence they are termed 

~ -amino acids and are derivatives of the general struc-

68 - 72 
ture NH 2 - CHR - COOH . The amino acids are classified 

. 73 - 75 
~nto seven groups . 

Fibr ous Proteins 

These proteins are associated with cellular elements 

and serve function of supporting specific structure of 

cell. Examples are woolf s ilk fibroin, collagen ( connec-
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t i ve tissue ) 1 myosin ( muscle) I keratin ( hair ) a nd f i bri n 

(blood clot). 

Globular Proteins 

These consist of polypeptides ( chains of amino 

acid residues ) that are held together by cross - linked 

gro ups or in an aggregated state. 

Glutelins 

These are i nsol uble in neu t ral aqueous sol u t ions 

but soluble in dilute acid or alkali. Exa mp l es are 

g l ut~nin (wheat) a nd oryzenin ( rice ) . 

Gliadins (Prolamins) 

These are soluble in 70 to 80% ethanol and insolu-

ble in water or absolute ethanol . Examples are gliadin 

(wheat) I hordein (barleY)1 and Zein (co rn ) . The proteins 

of barleYI wheat l ryel ricel oats and corn contain the 

same types of amino acid (Table 2.1) but in different 

. db' t' 88 F' G proportlons an com lna lons . Ig. 

Albumins (eggl serum) are water soluble proteinsl 

Globulins are insoluble in salt free water and are 

soluble in dilute salt solution . Histonesl protamines 

. 65-69 are also water soluble protelns 
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TABLE 2.1 

AMINO ACIDS ENCOUNTERED IN CEREA L PROTEINS 

Amino acid Abbeeviation 

1 - Isoleucine lIe 

2- Leucine Leu 

3- Lysine Lys 

4- Methionine Met 

5- Cysteine 
~ 

Cys Cys 

6- Phenylalanine Phe 

7 - Tyeosine Tye 

8- Theeonine The 

Steuctuee 

CH - S - CH-CH - CH- CooH 
3 2 2 / 

NH2 

(-SCH 2- CH - CooH ) 2 
/ 

NH2 

/ - \ 
'\----" ,'l'CH Z-C H - CooH 
- / 

NH2 

HO-~ CH- CH-CooH kT- 2 / 
NH 2 

CH 3 IH -~H -CooH 

OH NH2 
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9 - Tr-yptophan Tr-p Cll:~rH2-? H -CooH 

N NH2 

10- Va line Val ( CH
3

) 2CH-CH-coo H 

/ 
NH2 

11- Ar-genine Ar-g H
2

N - C - NH ( CH
2

) 3- CH-CooH 

II / 
NH NH2 

H 
I 

1 2- Histidine [-lis 
/N~ \\ II CH 2 jH-COOH 

N- NH 
2 

13- Alanine Ala CH--CH-CooH 
3 / 

NH 2 

14- Aspar-tic Asp HooC -CH2 CH- cooH 
acid I 

NH2 

15 - Glutamic Glu HooC -C Ll - 01 - CH-- CooH 
acid 2 2 / 

NH2 

16 - Glycine G1y NH 2 CH 2- CooH 

17 - Set" i ne Ser Ho - CH 2"'""C H- CooH 

/ 
H 

NH2 

I 

/N~H 
18 - Proline Pro H

2
C ~ - CooH 

~I 1/ 
C--C 
I I 
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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 usual ly provides some indication of the 

amount of malt that was used in the original brew. The 

proteases are proteolytic enzymes, they break down th e 

large protein molecules into smaller sub-units. The malt 

proteases of the mash are a series of enzymes eac h 

acting on a specific protein substrate . Much of the malt 

protein is p e rman e ntly in s olub le, only about 40 % of the 

total malt p r o tei n is s o l ubilized in the mash and t hu s 

a va ilable for the reactionSl . 

(b) Pr oteolytic Activity 

Quantitatively, the ratio of proteolytic activity 

during malting and during mashing i s about one to one . 

During mashing three kinds of proteolytic activity 

take place 
o und er an optimum temperature range 50-60 C 

a nd optimum pH range of 4 . 2- 5 .3. 
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(i) Solubilization of Insoluble Proteins 

A small po~tion of insolubl e p~oteins is ~eve~sib ly 

so luble and is ultimately coagulated by heat and p~e-

cipitated du~ing the boiling of th e wort in the vessel. 

The remainde~ of this f~action is permanently soluble. 

(ii) Breakdown of Souble Protein 

The pe~manently solublep~otein (l eft afte~ p~e -

cipitationof p~otei n during the boiling of wo~t) along 

with the p~eviously soluble high molecul a~ weight , high 

complex p~otein mole c ules a~e enzymatically b~oken down 

into simple~ colloidal molecules of albumoses, peptones 

and polypeptides. These s ubstance s gives flavour, tac -

til e impression (mouth feel), to fermented syr u p. 

(i ii) Peptone Gr oup Degradation 

Further degradation of peptone group is accomplished 

mainly by the enzyme peptidase. This p~ocess occurs in 

o an optimum temperature range of 45.5 C and pH range of 

4 .2 to 5.3. The med i urn size peptones and pol ypept ides' 

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

peptides and amino acids. Thec~ comprise t he yeast 
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assimilab l e nitrogen fraction of the wort, along \-lith 

ammonia and, as such are extremely important to the 

welfare of the yeast and the quality of the finished 

80-82 
product . 

1.2.2 Recovery of Insoluble and Soluble Proteins 

(a) Insoluble Protein 

The insoluble protein can be recovered from fermen-

table mateL.ial (baLley , wheat, rye, oat, corn) during 

fermentation process on two stages: 

(i) During mashing a small portion of insoluble 

protein i s Leversibly soluble and is ultimately coag u-

lated by heat and precipitated during the boiling of 

vlOrt. 

(ii) The residue (protein from malt, fibrous 

mateLial, yeast) which is recovered after fermentation 

contains 50% protein on dry bases. It is recovered first 

by dissol ving in sui table sol vent (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 . 



53 

(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 -I- lOCo 

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 dlsti-

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°C 

elicits their slow denaturation. Consequently, most 

prote i n pur if i cat ion procedures should be carr ied ou t 

n ear 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-

t
' 69,72,73,79 
lon . 
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Ma n y fractionation methods are availab l e for t h e 

pu r ification of p r o te ins . 

(a) Salt Precipitation 

Depend upon the proteins, which are very markedly 

in their solubilities in concentrated salt solutions. 

Consequently, purification may be achieved by additio n, 

for example, of sufficient salt to precipitate some of 

the contaminating proteins, which may then be collected 

by centrifugation and discarded, a further addi tion 

precipitating the protein of interest but not all th e 

remaining contaminating proteins . The pro tei n of interest 

tog e th e r with other proteins t hat may h a v e precipitat e d 

over the s a me conc e ntration r ange, may then be c ollec t e d . 

The salts most frequently employed for this purpose are 

arnmoniurn sulfate and sodium 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 re maining in the 

solution. 
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( c ) Precipitation with Organic Solvents 

A va r iant of methods involves th e use o f o r g a ni c 

solvents, particularly acetone, methanol, and ethanol, 

in attempts to precipitate certain proteins selectively 

from a mi x t ure. These sol vents often eas i 1 y dena t ure 

proteins, and the use of very low temperatures is 

advisable. 

(d) Ion-Exchange Chromatography 

Proteins, like amino acid, may frequently be puri ­

f ied by col umn chroma tog raphy on ion- exchang e r es i ns. 

Re s ins \.Ji th hydroph i 1 i c backbone s , u s ually ce 1 1 ulose , 

a r e t h e most satisfacto ry f o r this p u r pos e. Tw o commonly 

u s ed column materials fo r protein purif i cation i n c lud e 

DEAE - cellulose, an anion- exchange resin formed by 

linking diethyl - aminoethyl functions to a c e llulos e 

back.bone, and CM - cell ulos e , a ca t i on exchange res i n 

formed by linking carboxymethyl functions to a cellulose 

backbone . Such col umns are developed by wash i ng 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 

ma terials and the s elec tiv e elution of proteins following 
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adsorption may often be used as a purification procedure. 

This chromatogr a phy ma y be performe d eithe r 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 mixt lJ res by zone method 

employing a high capacity support, usually starch 

blocks, may ef f ect excel len t separa t ion s and per:mi ts 

near quantitative recove r y o f t h e pr o tein of i nt erest. 

Th u s , zo n e e l ectro p ho resis is a good purification 

proced u re . 

(9) Molecular Sieves 

The use of molecular sieves, which sOLt out mole ­

cules according tOsize, may be adopted to protein puri­

fication. Diethyl aminoethyl and carboxymethyl function 

h ave been 1 inked to sephadex, so that a sing Ie run 

through a column may fractionate both on the basis of 

size a nd charge. 

(h) Crystallization 

Conditions for the crystalliz a tion of a give n 
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peotein must be of caeeful control of pH , ionic streng~ 

protein concentration, and tempeeatur e is essential. 

(i) Lyophilization (Freeze Drying) 

Feeeze drying is an important method of concen­

teating 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 

eate of cooling due to evaporation of solvent from the 

frozen solution is sufficient to maintain the solution 

in the frozen state throughout the couese of the 

concenteation. Most proteins are not denatueed by this 

peocedure and may be stored in the dry state , in the 

cold, foe long peeiods of time without deteeioration of 

the sample. Frozen solutions are, in geneeal, less 

stable. Owing to the low surface tension of peotein 

solutions, they may not be concenteated by evaporation 

undee vacuum in the liquid state. Pumping on a peotein 

solution eesults in extensive foaming, so that most of 

the protein ends up in the pump oil; 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 quantities as 

a by product dur i ng the al cohol i c f ermenta t ion. 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 . 

> 

From every 100 g of glucose fermented approxi -

mately 4 6 g of alcohol and 44 g of carbo n d i oxide are 

83-84 produced . 

1 . 3 . 1 Recovery of Carbon Dioxide 

Carbon dioxide is collected from closed fermentors 

after a vigorous fermentation has set in and the 

dissolved gases and air have been purged from the 

fermentor. The gas at this stage while relatively pure 

conta ins 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 2 to carbonate beverages or to be proces s ed into 
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solid by compression . Two general purification met hods 

85 86 87 are used. The Backus process ' and the Reich 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 soJids 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 

liquid carbon dioxide in two- or three-stage compressors~ 

depend i ng on the ref r igeran t used . By sui tabl y rapid 

evaporation of liquid carbon dioxide, the solid is 
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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 d~termined from fermen-

tat ion 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. The solution of potassium 

hydro xide used for absorbing carbon d i oxide had the 

concentration recommended by 160 Clemens , namely, on e 

part potas s ium hydroxide to four part s of wa t e r . The 

absorption of carbon dioxide in (1 :1 ) potassium hydro-

1 6 1 -163 xide by Engelder method , by replacement of petro-

166 1 64 ,1 65 
leum usi ng an apparatus I by using Hg mqnometer 

and the method devised by Cain and Maxw e ll by absorption 

in sa ( oH ) 2 solution167 has been report e d . The form of 

apparatus used for carbon dioxide determination is sho\vn 

in Fig.H 

1.3.3 Uses of carbon dioxide 

Solid carbon dioxide can be used pcimarily as a 
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refrigera n t for c ool ing and shrinking machine parts and 

for r e liquefaction after transport to make liquid carbon 

dioxide. Liquid carbon dioxide can be used extensively 

for carbonating beveJ::"ages, in fire extinguisheJ::"s, in 

food pJ::"eservatives, in J::"efJ::"actories, and in the chemical 

industJ::"Y· 
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1 . 4 RECOVERY OF NON - ALCOHOLIC DRINK 

The fermented liquid from starch containing material 

(whe a t, barley, r y e , oat s and corn) consist s 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 

acid (vitamin C )1 58,159. The ethanol is removed by 

distillation and non - alcoholic syrup can be treated 

VI i th f la vour , and preserva t i ves. I t may be pr e served 

for human cons umption . 
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1 . 5 SENSIBLE SOURCE S 

The sensible sourceS consist of sugar bearing 

materials , starches and sucrose. Barley, wheat , rice, 

rye, oats and maize contain starches , while sucrose (non 

crystalline sugar) i s found in blacks trap mol asses ( a 

by-product from cane). The production data of sensible 

• J . 99 d' bl sources in Paclstan are presente in Ta es (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 a nd 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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b ' . 89 arl.ey graln white, black, re d, purple and blue. 

About 85% of the malt is used in making beer , 10% 

for making industrial alcohol and whisky a nd th e remain -

der for malt sirups in the world. Sa r ley requ ires 

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 Europe in Prehistoric 

times, a nd was one of the most valuable cereals of 

ancient Persia, Greece , a nd Egypt. Arc h aeol o gists h ave 

come upon carboni z ed grains of wheat in Pakistan and 

Turkey I 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 (h ead ) of common 
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wheat contains 25 to 30 grains in 14 to 17 spikelets . 

~vheat 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 flours 90 . 

1.5.3 ·Rice (Oryza sativa) 

Rice, probably originated in India or Southeastern 

Asia, where several wild species are found, possibly 

evolvi ng from a wild form , which no longer exists. 

Rice culture is believed to have spread into Ch i na 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 

s hort 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 kecnels var:y from 

3.5 to 8 millimeter:s 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, 

bro\.Jn, amber red, or purple . An average rice pa nicle 

contains 100 to 150 seeds91 . 

Rice is u sed 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 

oat (A. fa t ua) and wild red oat (A . sterilis)92 . 

Appare n tly cultivated oats 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 th~ Iron and Bronze Ages. 

The oat plant is an annual grass classified in 

the genus Avena . Under average condi tions the plant 

produces three to five hallow cu1ms 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 
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stored when their moisture co n te n t is les s tha n 14 per 

ce nt . Th e o a t c ar y opsis is narrowly o b long o r s pindl e-

shaped, deeply furrowed, and usually covered with fine 

hairs, especially at the upper e nd . 

Oa ts often fed whole to horses and sheep . Ground 

or chopped oats are fed extensively to dairy cattl e , 

breeding stock, and young stock . Oats ar:-e fed e x ten-

sively to poultry .. Oats flour:- is used in breakfast 

food and other:- foods . Oat product is used as an a nti -

ox id 2\ i'~t and s tabi 1 i zer in ic e c r:-ea m a nd other d a i ry 

93 
prod ucts 

1.5.5 Rye (Secale cerea le) 

Ry e was unknown to the ancient Eg yptians a nd Gr:-e e ks, 

but is supposed to have come into cultivation in As i a 

94 
Minor mor:-e than 4,000 year:-s ago . 

Secale cereale is an annual or winter annual grass 

classified in the tribe Hordeae to which wheat and 

95 
barley also belong . The stems of rye are larger and 

larger than those of wheat . The leaves of the two 

plants are similar except that those of rye are coarser 

and mo r e blui s h in c olour . 
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Rye are used for- making whi sky and a l co hol a nd 

aloo for food. Rye usually is mixed with 25 to 50 % 

wheat flour for bread making. Distillers prefer a plump 

light-coloured gr'ain when using rye for- whi sky. Rye 

s traw formerly was u sed for packing nur sery stock , 

crockery, a nd other mat er- ials and for stuffing hor se 

co ll ars . 

1.5.6 Corn ( Maize: Zea mays) 

['1aiz e 15 perhaps the most compl e t e ly deme s tica t e t-l 

of all field crops. It cannot exi s t as a wil d p l a nt . 

Co rn was see n by Colum b u s in Cu ba o n Nove mbe r 5 , 1 497 , 

o n hi s fir s t voyag e to America. The most likely c e nt e r 

of origin of cor-n i s Mexico or Central America, wi th a 

possib l e secondar y origin in So ut h America. 

Ma i ze is a coarse annual grass , classified in th e 

tribe May deae, which has monoecious (separat8 5tami n ~te 

a n d pistillate ) inflorescences
96

. 

Cor n is used to feed hogs , cattle, poultry, horses, 

a nd s heep in that orcler. It is also used for feed, 

alcohol , breakfast foods and flour . 
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1.5.7 Blackstrap Molasses 

Blackstrap molasses (Saccharine Material s ) used 

in ethyl alcohol fermentation, is a by - product of th e 

sugar- industr-y, obtained after the sucrose has been 

crystallized and centrifuged from defecated, evaporated 

cane juice. The pr-ocess of evaporation and cry s tall i-

zation is usually repeated three times until the 

inver-t sugar-, non-sugar organic constituents and high 

viscosity of the molasses will permit no fur-ther crys -

tall i z a t ion 0 f the s u c r 0 s e . The r e s i du e i s k n 0 \v n a s 

fin a l or bl ac ks trap mo l asses. Bl acks t rap molasses is, 

ther-efore , a ra th er cr u de c o mplex mixture , containing 

s u cr- o se , invert s ugar-, sal ts, and all o f the a lkal i -

sol ubl e non - sug ar i ng red i en ts norma 11 y presen tin the 

de feca ted cane j u i ce, as well as those formed dur i ng 

97 
the process of sugar manufacture . 

In addition to sucrose, glucose, fructose and 

raffinose, which are fermentable , molasses also 

contains r-educing 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, c ontaining nitrogen and derived f r- om condensation 

98 
products of sugars and amino compounds . 
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TABL E 5 . 1 

PRODUCTION OF BARLEY IN PAKI STAN ('000' 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 

1977-78 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 

19f10 - 8 12 . 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 55.0 13 . 7 62.1 8.7 139.5 

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 35.1 12.9 52.0 11.8 111.8 

1988-89 39.7 12. 9 52.1 17.8 122.5 



72 

TABLE 5 . 2 

PRODUCTION O~ WHEAT IN PAKISTAN (' 000' TONNES) 

Yea!:" Punjab Sind N. W.F . P. BALUCHISTAN TOTAL 

1975-76 65 71 .6 1320.9 660.4 1 37 .8 8690.7 

1976-77 6807.7 1478 .6 711. 6 14 6 .0 9 143.9 

19 77 - 78 6090.2 1427.0 688.6 161.4 8367.2 

1 9 78 - 79 7323 . 6 1 680.1 737.5 208.8 9950.0 

1979-80 7913 .5 1849 .4 862 . 5 231. 1 10856.5 

1980-8 1 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 1 2414.4 

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 2211.5 959.4 510 . 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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TABLE 5.3 

PRODUCTION OF RICE IN PAKISTAN ('000' TONNES) 

Year- Punjab Sind N.W.F.P. BALUCHISTAN TOTAL 

1975-76 1207 . 2 1286.1 84.6 39.6 2617.5 

1976- 77 1 332.0 1292.0 85.4 28.0 2737.4 

1 977-78 1507.8 1315.3 87 .6 38.9 2949.6 

19 78 - 79 1765.9 1 340.9 104 . 0 61.2 32 72 .0 

1979-80 1 518. 4 1499. 1 104 .7 93.6 3215. 8 

1980-8 1 1361 . 7 1549.9 105.1 106.5 3123.2 

1981-82 1450.9 1584.2 110.7 283.9 3429.7 

1982-83 1407.0 1560.1 112.7 364.9 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 .8 255 .2 2918 . 9 

1986-87 1534 .8 1548.5 118.3 284.7 3486.3 

1987 - 88 1352 .3 1537 .5 107 . 5 243.6 3240.9 

1988- 89 1367.3 1 439.9 117 .8 279 . 2 3200.0 
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TABLE 5 . 4 

PRODUCTION OF MAIZE IN PAKISTAN ('000' TONNE S ) 

Year- Punjab Sind N. W. F . P . BALUCHISTAN TOTAL 

1975 - 76 386 .3 12 . 8 401. 5 1.9 802.5 

1976-77 361 . 7 13 .2 386 . 1 2.8 763 .8 

1977 - 78 391.7 12 .2 414.5 2.5 820 .9 

1978-7 9 384.5 12.5 398 . 9 2.7 798 .6 

1979 - 80 420 . 6 13.6 438.4 2.6 875.2 

1980-81 444.7 12.3 510.9 2.5 970.4 

1981-82 405.3 10 .9 512.2 2.0 930.4 

1982-83 45 0 .1 9.8 542.9 2.6 1005. 4 

1983-84 450.0 9. 8 550.9 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 1111 . 2 

1987 - 88 404.8 8.7 709 .3 4.1 1126 .9 

1988 - 89 455.3 9.7 735.1 4.0 1204.1 
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TABLE 5.5 

PRODUCTION OF MOLASSES IN PAKISTAN ('000' TONNES) 

Year:-

1982 - 83 

1983-84 

1984-85 

1985-86 

1986-87 

1987-88 

1988-89 

1989-9 0 

Cane 
cr:-ushed 

404415.965 

330998 . 480 

339491.805 

141702.197 

81209 . 040 

480995.683 

522214.79 1 

263578.982 

Molasses 
pr:-oduced 

14560 . 0 

14110.0 

11828 . 0 

5226,0 

2769.4 

18107.4 

18700.16 

9056.0 
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TECHNIQUES 



76 

ANALYTICAL TECHNIQUES 

2.1 Conventional Techniques 

2.1.1 Moisture (% dry matter) 

The moisture content of a sample can be determined 

o by drying the sample in an oven at 105 C. The los s in 

weight after drying is moisture. 

However, this method d6es 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 ni trogen of protein and other compounds are 

transfor-med 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 knO\m 

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 g'1antify the ammonia evolved. For 

the latter case, a standardized alkali is us ed to back 

titrate the excess acid so that a quantity of acid 

neutraliz ed by the ammonia can be found. That is equal 

to the quantity of ammonia evolved. The following 

analytical method is a combination of macro Kjeldahl 

digestion with semi-micro distillation by using Markam 

sti ll apparatus. 

2.1.3 Ether extract (fat) 

Oiethyl ether or petroleum ether is continuously 

evaporated, then condensed and it passes through 

sample in thimble placed in extractor. ~\}hen 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 h ave been extrac­

ted. 

2.1.4 Crude fibre 

Crude fibre is defined as an organic residue that 
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t"emains aftet" being digested first with a .,eak acid 

solution, and th en a \-Jeak alkaline sol ution. 

Therefore, a moistut"e ft"ee and ether-ex tt"acted sample 

is fit"st digested with a dilute H2So4 and then a dilute 

NaoH solution. The residue collected aftet" digestion is 

ignited. The loss in weight on ignition is t"egistet"ed 

as ct"ude fibt"e. 

2.1.5 Ash 

The sample is ignited at 600 0 C to but"n off all 

ot"ganic mattet"s. The inot"ganic carbon-ft"ee substance 

which remains at that temperatut"e is called ash . 

2.1.6 Carbohydrates 

Stat"c h is convet"ted by acid hydt"olysis into reducing 

sugat"s which at"e determined by volume using Fehling IS 

1 t
' 100-103 so u lon . 

2.1.7 Energy values of food 

When organIc s ubstances at"e oxidi zed, they libet"ate 

a cet"tain amount of heat. This calorific enet"gy varies 

accot"ding to the type of ot"ganic mattet" undergoing oxi-
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dation. I n arrivi n g at the total energy value of a n y 

given diet it is possible to burn weighed samples of 

the various food in an oxygen atmosphere in an appara­

tus called a bomb calorimeter. Thus, while pr-oteins 

yield about 5.7 calories per . gram when burned in a 

calorineter, correction for incompletely oxidized urea 

and other N compounds r-educes 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 

whi c h in vivo resist enzymatic digestion l03 

The energy values of food protein, fat, and car-bo-

hydrates are as follows: 

Protein = 4.1 calories per g. 

Fat 9.3 calories per- g . 

Car-bohydrates 4.1 calories per g. 

To allow for- the incomplet e digestion of these 

nutrients these calori<c conversion factors wer-e 

multiplied by the coefficients of digestibility and thus 

rounded off to 4, 9 and 4 , r-espectively. The calorific 

value of foods may be estimated by applying these 

figures to the percentage composition as determined by 
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c h emica l a na l ysis. For this purpose, the I proximate I 

analysis includes moisture, ash, protein, fat, crude 

104 105 
fiber, and carbohydrates ' 
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2.2 INSTRUMENTAL TECHNIQUES 

2.2.1 CHN Analyzer 

Cacbon, Hydcogen and Nitcogen was estimated by CHN 

Elemental analyzer, Model 240 B, Peckin - Elmec Noc walk 

Connecticut, U.S.A. 

The Elemental analyzer estimate Lhe cacbo n, hydcogen 

and ni tcogen content in ocganic compounds accurately. 

Combustion occucs in pULe oxyg e n und ec s tatic condi -

tions. The combustion pcoducts are then analyzed 

automatically in self-integcating , steady-state thecmal 

co ndu c tivity analyzec which eliminates the tedious 

weighing of absorption traps associated with classical 

gravimetric analysis. Results ace cecorded with the 

pLogrammable calculatoc system. The complete sample cun 

is stoced into memory foc automatic opeLation. Blanks, 

sensitivity factocs and analytic~l cesults are computed 

directly in weight percent with calculator system. 

Resul ts 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; 

hel i um; atmosphere; oxygen. Diagcam of the instrument 

is s hoHn in Fig. 1 . 
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2 . 2 . 2 Infrared Spectroscopy 

'1'h e infra-red region refers to that part of t.he 

electromag net ic spectr um between the visible a n d micro-

wave regions , extend i ng from 0 . 75 )1m t o about 1000 um . 

Inf rared spectroscopy provides a powerful t oo l for 

qualitative analysis of o rga nic compo un d o n th e basis 

of streching or bending vibratio n relative to other 

bo nd s in mol ec ule s. Ino r ga n ic compounds containing po l y-

atomic ca tions or anion s also give useful I.R. 

The c ommon s ub-divisions of I.R. are: 

107 spectra 

Near infra-red: wher-e majority of the abs or:" pt..ion 

bands aLe due to overtones of the hydrogen stretching 

vibrations , which are useful for the quantitative 

analysis of various fu nctional gro ups. 

Fundamental infra-red reg ion : wh ere a vas t amount 

of quantitati v e information of abo ut functional groups 

and mo l ec ul ar struc tur e are given 

For infra-red region: which gives informatio n 

main ly abo u t rotational , tr ans ition s , vibratio n a l modes 

of crystal lattices c1nd ske l e tal vi brations of large 

molecules. 
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The marked contrast to the visible and near ultra-

viol e t r eg ion, a l mos t all s Ubs t a nc es s how abs o rpt i o n in 

the infra-red region, the only exception being monoatomic 

or homopolar molecules such as Ne, He, 02 and H
2

. Further 

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 weight l08 . 

Infra-red studies of prepared compounds we re 

carried out on infra - red spectrophotome ter, Hit a chi 

Mode l 270-5 0, J a pa n, with d ata p roce ss o r . Spec t ra were 

scanned in full wavelength range of the i nstr ument i.e. 

-1 
4000-2 50 cm . Sp e ctra of solid compound wer e r ecorded 

as transparent KBr disc, while spectra of liquid 

compounds as thin film using Nacl windows V1hile gel 

between pressed KBr disc. Transparent disc was made by 

mixing and grinding appropriate amount of sample and 

KBr. Fine gr i nd powder was pressed by hydraul i c press 

h · h d' 109 at 19 pressure to get transparent lSC • 

Band positions of different compounds are tabulated 

in Tables 4.1 - 4.7. Schematic diagram of instrument is 

shown in Fig. 2. 



2.2.3 Thermal Analysis 

'l'hermal " I . ana . ysls 
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may be defined as a Igroup of 

techniques in wh i ch change in propert i es ( physi ca 1 or 

chemical) are studied as a function of t e mpera ture when 

subjected to controlled temperature program ' . 

Quite a number of m2t hods of t h ermal analysis hav e 

bee n de veloped in t h e co urse of time to investig ate 

thermal processes occurr i ng wh e n a sol id produc tis 

heat e d or cooled . 

Methods associated with a change in mass 

( a ) Thermograv im e t ry 

( b ) Derivative Thermog ra vimetry 

Methods associated with change in energy 

( a ) Differential Thermal Analysis 

( b ) Differential Scanning co l arimetry 

( TG) 

( DTG) 

( DTA) 

( DSC ) 

Methods associated with the evolution of volatile p r oduct 

( a ) Evolved Gas Oetection 

( b ) Ev o lved Gas Ana l ysis 

( EGD ) 

( 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 ~echnique and is also used 

in our present work. 

TC (the r mogravimetry ) may be defined as "ch ange in 

mass of sample as a function of temperature when 

subjected to controlled temperature program". 

The resulting mass change versus temperature c urves 

(thermograms) provide information concerning the thermal 

stability and composition of the initial sample, 

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 a ll of the area of chemistry and allied 

f · ld 111-119 
~e s • 
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The techniques associated with change in energy are 

DSC ( Differential Scanning Calorimet ry ) and DTA ( Diffe-

rential The r mal Analysis) . Both techni q ues are very 

i mportan t a nd are used for determi na t i on of en th a l p i c 

cha nges in organic and inorganic compounds. 

DSC may be def i n ed as I meas urernen t of c h a nge in 

e nergy of sample with respect to reference as a fu nction 

of temperature when s ubje c t ed to controlled temperat ur e 

prog ram I • 

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 

tempera t ure when s ubj ec ted to con troll ed tempera t ure 

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-

t
o 126,127 lon , fusion h 

0 0 128,129 
c aracterlstlcs , phase 

transitions d h f 0 0 130 f an eat 0 vaporlzatlon 0 organic 

compounds are g iven . DTA has a lso been used for studying 

131 - 143 
aromatic compounds and for number of polymers . 
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2 . 2 . 3 . 1 Thermogravimetry 

Thermogravimetric analysis was carried by NETZSCH 

si mult a neous thermal analyzer STA 429. This is an 

instrument which detects and record s the c hanges in 

mass as a linear function of temperature or time. The 

resulting ma ss change versus temperature curve (thermo-

gram) provides information concerning the thermal 

s t a bility and composition of the initial sample. 

Sample was contai ned in Platinium Crucible ( 8 mm 

Diam. x 10 mm depth ) wi th a c e n tra l base r-ecess. The 

cruible was then adjusted On a palladium Ruthenium 

Cr-ucible suppor-t plateform, which was connected to the 

micr-o balance. Such that slight change in weight of 

sample \vas indicated by Magnetic Compensation Syste m 

(MCS), which gave a pr-oportional signal t o th e r-ecor-der­

and cO[[l~u te(" i nt er-fr:lce t o plot th e we i y h t l Oss of 

sample against temperature 

The schematic diagr-am of thermobalance is shown in 

Fig. 3 . 

2.2 . 3 . 2 Differential Thermal Analysis (DTA) 

DTA analysis was carried out by the NETZSCH TG, DTA 

SIMULTANEOUS THERMAL ANALYZER TA-4 29. Small sample 
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quanti ties can be tested on this instrument in the 

t e mpe r a tur e range of - 1 6 0 to +2 4 00 0 C under vacuum , i n 

s tatic or dynamic atmosphere using inert, reactive or 

corrosive gases . 

Thermal y inert kaol i ne or al umi na was used as a 

reference material. The sample and reference ar- e con-

tained in platinum crucibles. The cr-ucibles are 

mounted. So that beeds of two pt/pt 13% Rh th e rmocouples 

come within the base recess of each cr-ucible . The sam p l e 

t P. m fH' r. (1 t II r. p ( l' ) i:l t () k (' n f r () 111 t h f' ~1 (\ II I r 1 (' t Il (\ rill (Jr () II P 1 n I 

t h e c.liffer-e nt ia l t e mpe r- a tu t:"e ( /). '1.' ) is a mplified a nd th en 

' T' and ' (\ T I are recor-ded on a leeds Northr-op X
l

-X
2 

1 0 

in r-eco r- der. 

Instrument was run with samples of 10-30 mg and 

heating r-ate of 100~ 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 

( A ) 144 
that is specific and characteristic of the 

element under consideration. ~vhen radiation of a 

selected frequency passes through an enclosure contai-

ni ng free a toms wh i ch ca n emi t tha t frequency when 

excited, resonance effects are accompanied by an 

absorption of incident radiation and so the intensi ty 

f h . t d d' t' . d d145-l47 o t e transml te ra la lon lS ecrease . 

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 estab l ished for the quantification of major 

and trace metals are listed in Table 2 . 4 . 

Th e Hitachi Zeman Atomic Absorption spectrophoto-

meter is a hig h speed, dual frequency, s imul taneous 

photometr.ic background correction. Other salient 

feat u res of t h e eq u ipment are automatic selection of 
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TABLE 2 . 4 

INSTRm1ENTAL CONDITIONS USED FOR THE DETERMINATION 

OF MACRONUTRIENTS AND MICRON UTRIE NTS FOR A.A.S. 

Conditions Fuel 
Detection ~vave Slit flow Type of 

limit length vlidth rate flame 

Elements }Jg/ml (17m) (nm) (L/m in ) 

Na 0.0003 589.0 0.5 1.6 Air-C 2H5 

K 0.003 76 6.5 0.5 1.9 " 

Ca 0 . 001 442.7 0.5 2.0 " 

~1g 0 . 000 3 285.2 0.5 1.6 " 

Fe 0.01 248.3 0 .2 1.9 " 

Cu 0.003 324.8 0 . 5 1.7 " 

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 1.7 " 

Cr 0.003 357.9 0.5 2.0 " 

Pb 0 . 01 217.0 0.4 1.8 " 

Hg 0.1 
(0 .00003 )n 

253.7 0.5 1.6 " 

Ni 0 . 01 232.0 0 .5 1.7 " 

As 0 . 1 193.7 0.5 1.9 " 
( 0 . 003)n 

n _ vapour generation, as hydrides for As and Se . 
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optimum opeLational conditions, automatic LecoLding of 

the data , including the \-loLking CULve and top level 

da ta-pLocess i ng func t ion to enSULe high pLec i s ion and 

. 148-150 
hlgh accuLacy . 



EXI:)ERIMENTAL 
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EXPERIMENTAL 

2 . 3 REAGENTS 

All reagents were purchased from Merch Schuchardt 

( West Ger many ) and Fluka (U .S.A. ), are listed below: 

(a) Anhydrous ex: -0 glucose (V) 

( b ) Anhydrous oC -0 fructose 

(c) Anhydrous oC -0 galactose 

(d) Acetone 

( e ) n - hexane 

( f ) pyridene 

(g) Sulfuric acid 

(h) Chlorosul f uni c acid 

( i ) .!I,nhydr-ous cupr-ic sulfate 

( j ) Sodium hydr-oxide 

(k) Calcium hydroxide 

(1) Potassium sulfate 

(m) Potassium carbonate 

( n) Calcium oxide 

(0 ) Boric acid 

(p) Magnesium 

(q) f>lethyl red 

( r ) Methylene 

( s ) Iodine 

(t) Ether 

(u) Absestos 

(v) Chloroform 

turnings 

blue 



98 

2.3.1 Purification of the Reagents 

(a) Acetone 

In acetone (1000 ml), s uccessive quantities of 

potassium pecmanganate was added until the violet colouc 

pecsisted. Th e so lution was cefluxed foc 4 hcs. Then 

added anhydcous potassium carbonate (100 g ), filteced 

the solution and distilled, dry acetone obtained 99.95% 

and cefractive index 1.3554 106 

(b) Ethanol 

In final fermented solution (1 L ), distilled watec 

(1 L) 'vas dded. Disti led the solution exact ly upto 

1 L contain ethanol (4 .8% ) . Again distilled it with th e 

help of fractional distillation to obtaine ethanol 

(95 %). 

Pouced the content ( 500 ml; 95% ethanol) into 1 L 

cound-bottomed flask, calcium oxide (125 g; 2.23 mol.) 
J 

was added. Refluxed the mixture gently for 6 hrs. and 

allowed it to stand overnight . Distilled the ethanol 

(disca cded first 20 ml of distillate). The distillate 

contained pure ethanol of 99 . 5%, cefractive index 1 .3 499. 

In ethanol ( 50 mI, 99.5% ), magnesium tucnings ( 3 g ) 
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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 4S0 ml of absolute ethanol ( 99.S% ) . Refluxed 

the mixture for I hr. Distilled off the ethanol into 

the vessel in which it was stored. The purity of 

ethanol was 99.9S% , refractive index 1 .3S96. 

Mg + 2C
2

H
S

OH 

Mg(OC 2 HS )2 + 2H 20 

> 

----~ 

H2 + Mg ( OC 2HS ) 2 

Mg ( OH ) 2 + 2C 2HSOH 
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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 lid and 

heated the contents in an oven at 105 0 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) CUS04 .SH 20 and K2S04 in the ratio 

of (1 :13:3 ), concentrated H2S04 (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% ~'J/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 H2S04 " The percentage of protein contents 

~ere calculated . 
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2.4.1.3 Ether extract (fat) 

Moisture fr-ee sample (2 g) \vas 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 H2S04 was 

added to digest for 30 min. The extracted fibre was 

neutralized 1,-lith N/IO NaOH solution, and transferred 

the content in beaker and added 200 ml of boiling dil 

NaOH and digested the content for 30 min. Neutr-alized 

the contents with 10 ml hot dil H2S04 , then with 10 ml 

hot water. Dried the content at 135 0 C for 2 hrs. Ignited 

the content at 600°C in furnace for 30 min., cooled 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 ac'd ( 5 ml) . The 



102 

o contents were kept at 60 C for 2 hrs. The pH of the 

so lution was maintained at 7 by addition of NaOH so lu-

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 

5 g of fermentable material (eith er wheat, corn, 

barley , r ye 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 contai~ing 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 

difference between the volume of the base would give 

the volume of carbon dioxide absorbed according to the 

followinq equation: 
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1 ml 0 . 1 N Ba(OH)2 = 1.119 ml of CO 2 at N.T.P. 

At the beginning of the experiment 0.1 N Ba(OH)2 was 

titrated against 0.1 N Hcl to have the first reading 

for later calculations. From the volume of CO2 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 h rs. ), 

then fil tered. The fil trate was re jected . Th e residue 

was stored for ge r mination for 8 days at 18- 25 0 C 

(humidity, 40-65%) and was allowed to shake after every 

12 hrs . The germinated product (g reen mal t ) contain 

roots, which were rejected, the rest of the product was 

heated at 66 0 C for 18 hrs . and the malt (140 g) contain 

5% moisture . The mal t was then converted into fine 

powder and mixed with rice powder (60 . 0g) . The mixture 

was changed into slurry by adding 1 L of water . 

The slurry was heated at 450 C by stirring for ~ an 

hr . Then added distilled water (1 L), and further heated 

at 700 C f o r 1 h r. The product was recovered as light 

b r own colour syrup (saccharified mash), cooled at 

20-30oC (iodine test indicted the complete conversion 

of starch into sugar). The saccharified mash was then 

filtered. The residue (malt husks~ 5 g) was a nalysed 

(dry matter, 25.42~ protein 7 . 96~ fat, 1.20~ crude 

fiber! 5 . 94; ash; 1.37~ carbohydrate, 15%). 
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To the filtrate (wort; pH 5 . 4) further added yeast 
k 

starter (lO .O g) . The mixture temperature (9 - 12o C) wa s 

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; C2H50H; 

4.7; fat, traces; carbohydrates, nil; ash, nil; crude 

fibre, nil%, pH, 4.5). 

The residue (SO g) after filteration was analysed 

(dry matter, 3S.90; protein, 16 .21; ash, 1.S9; carbo-

hydrates, nil%). 

2. 4 .2.2 Whea B) 

Wheat (ioO g) was converted into malt by steeping 

for 24 hrs . (including shaking after every s i x hrs.), 

then f i 1 tered . The f i 1 tra te was rejected. The res idue 

was stored for germination for 8 days at 18-2So C ( humi-

di ty, 40-6S%) 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 0 C for 18 hrs. and the malt (95.0 g ; contain 4.5% 

moist ure ) . The mal t was then converted into f .ine powder 
I I 

and mi xed wi th rice powder (40 g) . The mixture was 

changed into slurry by adding 1 L of water . The slurry 

was hea~ed at 4S oC by stirring for ~ an hr. Then added 

distilled water (600 ml) and further heated at 70 0 C for 
kswelled yeast. 
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1 hr. The product was recovered as light brown colour 

syrup (saccharified mesh), cooled at 20-300 C (iodine 

test indicted the complete conversion of starch into 

sugar) . The saccharified mesh was then filtered. The 

residue (mal t husks: 5 g) was analyzed (d ry matter, 

19 . 42: protein, 7 . 93: fat, 1.1: crude fi bre, 10.91: ash, 

0 . 8 : carbohydrate, 17%) . To the filtrate wort (pH, 

5.3 further added yeast starter (10 g). The mi xture 

temperature (9 - l3 0 C) was then maintained for fermen-

tat ion. Th e fermenta,tion , was· ;com.p1.eted.w,i ,t hin 7 -8 d!3Ys . 

'rhe liquid was filtered. The filtrate ( 50 ml) was 

analysed (protein, 0 .3: C2H50H, 4 . 5 : fat, traces: carbo­

hydrates, nil: s, il: r de fibre, nil%: pH 4.). he 

residue ( 50 g) after filtration was analysed (dry matter , 

35.90: crude protein , 16.21: ash, 1.59: carbohydrates I 

nil %) . 

2.4 . 2.3 Oat ( D) 

Sample (150 g) was converted into mal t by steeping 

for 24 hrs. (including s haking after every six hrs. ), 

then filtered . The filtrate was rejected . The res idue 

was stored for germination for 8 days at o 18- 25 C, 

(humid ity 50- 70%) and was allowed to shake after every 

12 hrs. The germinated p rod uc t (g reen malt) contain 
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roots, which were rejected and the rest of the product 

was heated at 65 0 C for 20 hrs. and the mal t (1.44 g) 

contain 5.2% mo isture. 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 4So C by stirring for ~ a n h r. 

Then added distilled water (1 . 0 L ) , and further heated 

at 700 C for 1 hr . The product was recovered as light 

brown colour syrup, cooled at 20- 30oC (iodine test 

indicated the complete conversion of starch into sugar). 

The saccharified mesh was then filtered . Th e residue 

(mal t husk: 5 g ) was analyzed (d ry ma tter, 20.41: 

protein, 7.33: fat, 1.0: crude fibre, 9 . Bl: ash, 0.9: 

carbohydrate, 9%). To the filtrate wort (pH 5 . 3 ) further 

added yeast starter (10 . 0 g) . Th e mixture temperat ure 

(9 - 12o C) was then maintained for fermentation. The fer­

mentation was completed wi thin 7 - B days . rermentated 

liquid was fi ltered . The filtrate (50 ml) was analysed 

(protein, 0 . 26: C2HSOH, 4.4: fat, traces: carbohydrates, 

nil: ash, nil: crude fibre, nil %: pH 4.B). 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 ( 8 ) 

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- 30oC (humidity 

30- 60%), and was allowed to shake after every 12 hrs. 

The germinated product (g reen malt) contain roots, which 

were rejected, the rest of the product was heated at 

650 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. 

o The slurry was heated at 45 C by stirring for ~ an hr . 

Then added distilled water (1 . 0 L and further heated 

for 1 hr. he product was recovered a ligh t 

brown colour syrup (saccharified mesh), cooled at 20- 30oC 

(iodine test indicated the complete conversion of starch 

into sugar). The saccharified mesh was then filtered. 

The residue (malt husker 5 g) was analyzAd (dry matter7 

30.91: protein, 7.11: fat, 0.81: crude fibre, 8.99: ash, 

0 . 9: carbohydrate, 13%). To the fi1terate wort (pH 5.4) 

further added yeast starter (10.Og) . The mixture tempe­

rature (9-12oC) 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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was analysed (protein, 0.25; C2H50H, 4.4; fat, traces; 

carbohydrates, nil ; ash, nil; crude fibre, nil%; pH 4.7). 

The resi due (50 g) after filtration was analysed (dry 

matter, 34.71; crude protein, 11.35; ash, 1.61: 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 0 C (humidity, 

50-60%) and was allowed to shake after every 12 hrs. The 

germinated product (green rna t) contain roots which were 

o rejected, the rest of the product was heated at 65 C 

for 18 hrs . and the malt (140 g) contain 5% moisture. 

The mal t was then converted into fine powder and mixed 

wi th rice powder ( 60 g). 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 . . 0 L), and further heated at 700 C for 1 hr . The 

product was recovered as light brown colour syrup 

(saccharified mesh), cooled at 20- 30oC (iodine test 

indicated the complete conversion of starch into sugar) . 

The saccharified mesh was then filtered. The residue 
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(malt husks: S g) was analyzed (dry matter, 21 . 31: crude 

protein, 6.31: fat, 1.23; crude f'bre, 9 . 92: ash, 1.1: 

carbohydrate, 14% . 

To the fi lt rate wort (pH, 5.5) further added y east 

starter 10 g) . The mix ture temperature (9 - l2o C) was 

then maintained for fermentation . The fermentation was 

completed within 7- 8 days . Fermented liquid was filtered . 

The filterate (SO ml) was analysed (protein, 0 . 26 : 

C2HSOH, 4.2: fat , traces: carbohydrates, nil: ash, nil: 

crude fibre, nil%: pH, 4.9). 

The residue (58 g) after f i 1 terat ion was analysed 

(dry matter, 34 . 0 : crude protein, 10.9S: ash, 1 .71: 

carbohydrates, nil%). 

2.4.2.6 Molasses (G) 

Molasses (suga r 54%) was diluted in distilled water 

(1 L) . The solution was kept at densi ty between 1. 06 

and 1 . 07 (contain molasses 19S g; sugar, 10 . 8%) . The 

dil uted material (sol ut ion) was called mesh. Mesh was 

adjusted to the optimal temperature (25 -300 C) and yeast 

(lQ 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 sol ut ion (200 ml) was mixed wi th dist i lIed water 

(200 ml) and distilled at temperature (lOOoC) until 200 

ml was distilled. The solution was analyzed (protein, 

nil: fat, nil:: carbohydrate, nil: C2H50H, 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 

te mperature ( 65 0 C ) for 6 hrs. The dried malt husks was 

obtained ( A, 25.42% ; B , 19.42; 0 , 20.4%; E , 20.10% , F , 

21.3 1 %) . 

2.5 . 2 Solid Protein 

Solid protein was recovered from fermented material 

at two d i fferent stages. 

In Stage- l wh e n wort was boi l ed a nd t h en centri ­

f uged , t h e pr o tein was coagulated . After filteratio n 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% ) . 
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In S t a t e-2 fer- me n ted mixtur-e was filter-ed . The 

residue was driecl at 40 + 1 0C f o r 4 h rs. Solid c r-ude 

p r-ot ei n was isol a t e d ( A , 35. 9 0; B, 32 . 88 ; D, 32.31 ; E, 

34. 71 ; p, 34. 0 %) . 

It wa s further- purified in 7 0 % ethanol undissolv ed 

fibrous material was filtered off . Filterate was diluted 

with water- and the mi x t ur-e was cooled to isola te 9 0 % 

solid protein at 35 + lOCo 

2 . 5 . 3 Liquid Protein 

After- the recover-y of the solid pr-otein the filte­

rate contained the liquid protein ( A, 0.3; B , 0.28; D, 

0.26; E, 0.25; F, 0.26% ) which was recover-ed by cooling 

then centr-ifugation. 
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2.5.4 Carbon dioxide 

Carbon d i ox ide evol ved dur i ng f ermen ta t ion ( con­

tains traces of et hanol vapour, organic chemicals, 

including aldehydes , esters, acetates and air) was passed 

through the traper 1 containing distilled ""ater , then 

passed through traper s 2 and 3 con tai n i ng ac t i va ted 

carbon and ca l cium oxide respective by the purified gas 

was colJected in cylinder by pumping. 

2.5.5 Ethanol 

Ethanol was recovered after the completion of 

fermentation process. It was iS0lated by converting it 

to an azeotropic mixture and then distilled. The 

distillate contain et h a nol ( A, 4.8; B, 4.7; D, 4.6; E, 

4.2; F , 4.1; G, 4.3% ). 



115 

2.5.6 Non-alcoholic Soft Drink 

The alcohol free mixture was pasteurized at 60 0 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 e l ectric 

o oven maintained at 40 + 1 C for 24 hrs. for the purpose 

of weight normaliation. After complete removal of mois-

ture I the sample \.Jas grinded in a mortor until fine 

powder was obtained. An exactly weighed of 1 g of each 

sample was transferred to a China u ish a nd 10 ml of 65% 

nitric acid was added to it. The dish was subseq uently 

placed for about 30 min. in oven maintaineu 

The digested sample was dil u ted with distilled water and 

transferred I wi th constant and careful washings I to a 

measuring f l ask ( 50 ml) by suitably making up the 

valume . This so luti on was aspirated d irect ly on to the 

A.A. spectrophotomet er 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%) 

2 . 7 . 2 Preparation of Isopropylidene Derivatives 

( 98 ) 

2 . 7 . 2 . 1 l,2 : 5,6-Di-O-isopropylidene-OC-D-glucofuranose(IV) 

Anhydrous oC-D glucose ( V) ( 37.5 g; 0.20 mol.) \vas 

dissolved in acetone ( 250 ml). Then pulverized anhydrous 

z inc chloride ( 30 g; 0.21 mol. ) followed by phosphoric 

acid (1 .8 7 ml; 85% ) was added respectively. The mixture 

was s tirred for 30 hr a. at ambie nt . the undisso lved 0-

glucose ( 15.45 g ) was filtered off. Filtrate was c ool ed 

and made alkali n e with NaoH so lution ( 21.25 9 , 40% ). The 

insoluble inorganic salts were removed and was hed with 

acetone. The concentrated filtrate was d ilu ted with 

37.5 ml of dis tilled water and ex tract e d with chloroform 

( 3 x 37 . 5 ml). 'Th e ex tract was was h ed wi th water and 

finally concentrated to form a white crystalline compound 

of 1,2; 5 , 6 d i -0- isopropy l idene oC -0-9 1 ucose (VI); recrys -
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tallized the product in chloroform and n-hexane (I : 2 

V/ V) 151-153. 

( Found C = 54.93 , H = 7 .21, 0 = 3 7 .86. 

Ca lc ul ated C = 5 5 .38 , H = 7 .69 , 0 = 36 . 92% ) 

Yield = 65 % 

m. p . 

Rf 0.76 cm . 

It is partially soluble in acetone , completely soluble 

in chloroform while insoluble in n-hexane. 

o 

H 

z nc' 2' H PO 
3 4 H 

OH 

H 

o 
H 
I 

H 

2 . 7 . 2 . 2 1,2 : 4, 6 - Di - O- isopropyIicdene- DC -D-Sorbofuranose 

Anhydrous DC - 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 respect i vel y. The mi x t ure was s t i rred 

for 30 hrs. at ambient. The mixture was filtered off. 

The filtrate was cooled and the solution was made alka -

line with sodium hydroxide (4 2.5 9' 40% ) . The mixture 

\-Jas filtered . Filt ra te was concentrat e d . The residue 
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was diluted first with distilled water (75 ml) and then 

ex tra c t ed with chloroform (3 x 7 5 ml ) . Th e ex trac t 

compound was washed and concentrated to form white 

c rystalline compound of l , 2:4 , 6-Di-O-isopropylidene-~-D 

s orbofur a nose. Recrystallized the product in chloroform 

and n-hexane (1:2 V/V) . 

Found C = 55.02 H = 7.23, 0 = 37.75 

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

Yie l d 

m.p. 

Rf = 0.77 cm. 

It is partially solubl e in acetone ; completely i n chlo -

roform while insol uble in n-hexane. 

0 0 
HOCH

2 CHpH l'vIe 2 CO 
H 

H 
H OH ZnC l 2 , H Po H HO 

OH 3 4 

/ 
OH H 

NE'2C--
0 

H 

2.7.2.3 l,2:3,4-Di-O-isopropylidene-OC-D galactopy­
ranose(X ) 

0 
--CN 

0/ 

Powdered of anhydrous D-galactose, (45 g: 0 . 25 mol) 

pO\"dered anhydrous cupric s u lfate ( 100 g: 0.625 mol.) 

and conc. sulfuric acid ( 5 ml: 1.84 d ) was mixed together 



HO 

120 

and finally acetone 1 L (13.7 mol.) was added to the 

mixture and stirred for 24 hrs. at ambient. Cupric 

sulfate was filtered and washed with little anhydrous 

ace ton e. F i 1 t rat e \va s n e u t r ali z e cl by po H de red cal c i urn 

h Y d r 0 x i (1 e (4. 7 g ) un til the sol uti 0 n i. s n e u t r ali zed to 

g ive congo red colouration. The insoluble inorganic 

materials ( Ca ( 0f-l)2 anci CaS0
4

) \.Jas filtered off, and 

Hashed wi t h dry acetone. The filtrate was concentrated 

by distillation to form a light yellow oil of 1 , 2:3 ,4 , 

Di -0- isopropyl idene- 0(. -D-galac topyranose. 

(Found C = 55'79, H = 7.21 , 37.00 

Calculated C = 55.30, H = 7.69, 0 = 36 .92). 

Yield 66 . 65% 

Rf 0 .7 2 

It is partia lly soluable in acetone , completely in chlo-

f h ' l' 1 bl ' h 154-157 ro orm, Hie 1nso u e in n- exane . 

CH
2
0H 

['vi e C CH
2
0H 

0 2\: 
0 \ 

~ Ne
2

CO 0 H 
J _-V6H Cu sq, , H

2
SO

4 
H I , 

H 0 

H \ 
ON 

H o \ 
------ crVl e2 
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2.7.3 Preparation of Appropriate Salts of Isopropylidene 
Derivatives 

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

Anhydrous l , 2:4 , 6-Di-O-isopropylidene-oC-D-sorbo-

fura nose (10 g; 0.038 mol. ) was mixed with well-cooled 

mixtur-e (-SoC ) of P¥r-idene (15 ml) and chjcrosulfonic 

ac i d (2.560 ml)(mixtur-e was prepared slowly by addit i on 

of flc1S o
3 

dr opwise into pyridene ). Th e mixture l.Jas 

s t :i r red for- 4 h LS , the naIl 0 \-1 edt h e rn i x t u r- e t o s tan d 

fOL 3 h.L s . Excess pyLi.dene was removed by dis t i l lation 

and added K
2

C0
3 

(4.04 g) stirred the mi xture for 8 hrs. 

allowed it to stand for over night. ~olourless ccysta-

ll.inp. compound so produced \o/as washed with acetone. 

Yield 42 % 

m.D. 

Rf 1.2 cm 

(found C = 37.81' H 5.38, 0 = 37.82 , K = 9 .93% 

Calculated C = 38.09 , H = 5.02 , 0 = 38.09 , S = 8.46, 

K 10.31%). 

It is insoluble in acetone , n-hexane while soluble 1n 

water. 
-+ 

OSOPf< 

0 ______ 

lN~2 
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The appropriate salts of l,2:5,6-0i-a-isopro-

py l idene - ~ -O-g lu cof u ranose ( VI ) a n d l, 2:3 , 4-Di - O- i so-

p r-opyl i de n e - oC -O-galac t op yr- a no s e (X) vler-e p r epa r- ed by 

the same proced ur e as descr i bed in 2 .7. 3 .1. 

2.7.3 . 2 PotQssium salt of acid sulfuric ester of 
1,2: S, 6-0i-O-isop ropy lidene- cC -O-glucofuranose 

Yi e l d 3 . 58 9 

m. p . 

Rf 1. 4 c m 

(Foun d C = 3 8 .0, H = 4.95 , 0 = 3 7. 99 , K = 9 . 98% , 

C Cl 1 c u 1 a t eel C 38 . 09 , H = 5 . 02 , 0 = 38 . 09 , S = 8.46, 

K 10.31%) 

It is insoluble in ace t one, n-hexane \"hil.e :-]()LuhJe in 

o o 
H 

I OH 
H 

H 

H 

H 

H 
0\ 

O--C/vj(7J 
2 

K CO~ 2 j 

H 

o 

H 

I 

\ 
CMe 

2 



123 

2.7.3.3 Potassium salt of acid s ulfuric este r of 
1 , 2 : 3 , 4-Di-O-i~opropylidene - - D- galactopyranose 

Yi e l d = 3 . 3 9 

m. p . 

Rf = 1. 1 cm 

(Foun d C = 37 . 32 H - 4.8 9 38.91, K = 1 0 , 55 % 

Ca lculat ed C 38 .09 , H = 5.02, 0 = 38.09 , S = 8 . 46 , 

K 10.319.; 

It l s s ol uble in acetone , n-hexane wh i 1 e sol ubl e in 

wa ter. 

CH OH 
N @ C 

C H 0 S OOH 
N~ C 2 I 2 2 

2 \ 
2 I' I 

0 I I 0 
0 H HCI S03 0 H \ 

\ \~ 
° H pyridene Hi t 

° 
H 

\ 

I \ H O~ H 
CNe 

0 _____ \ 
CN e

2 

Ne C --t-
k

2
C0

3 

2 CH
2
OS0

2
OK 

0 

H 
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2.8 PREPARATION OF HIGH POWER FUEL 

Anhydr-ous potassium salt of acid sulfur-ic ester 

of l,2:4,6-Di-O-isopr-opylidene-~-D-soLbofur-anose (4 g; 

0.01 mol.) was dissolved in distilled water- ( 4 lnl) heat 

the content at 1000e for 10 min . To the solution , added 

ethyl alcohol ( 50 ml , 99.95% ), by constant stiLr-ing 

untjl a clear- solution '.Jas obtained . AllOl.Jecl it to 

stand and coo l ed f or half an hr . The product was light 

yellow thick col l oidal gel ( 60 g) . 

( Found e == 41. 21 H = 10.92 , 0 = 42.60 , K 1. '02 

Rf = 1 . 2 cm. 

[ t 1 S sol u b 1 e i n met 11 a n 0 1, e t han 0 1 and d i l:t e t. h Y 1 s u 1 -

[oxide , while insoluble in acetone, chloroform and ether-. 

It b u rns wi t h presis t a n t blue flame. 



Sample 
Number 

A 

B 

C 

0 

8 

F 

G 

Common 
Name 

Barley 

tv h ea t 

Ri ce 

Oats 

Rye 

Cor n 
(maize ) 

Mola sses 
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TA BLE 2. 

SENSIBLE SOURCES 

Biological Name 

Hordevm vulgare 

Tritium aestivum 

Oryza sativa 

Avena sativa 

SccQ l e c2reale 

Zea mays 

(n o n- c rystalline 
s uga r) 

Colour 

Brown 

Bro 1 . .Jn 

\.-.]hi te 

Light 
cream 

Bcown 

Light 
yelloH 

DaLk 
BLown 



Sample 
Number 

1\ 

B 

C 

D 

E 

F 

G 
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TABLE 2.1 

COMPOSITION OF SENSIBLE SOURCES ( per 2 gm) 

Dry 
matter 

% 

92 .44 

90 .06 

8 7.71 

86 . 91 

35 .30 

88 .30 

83 .74 

Protein Fats 

% % 

12 . 00 1. 30 

12.08 3.25 

8 .31 2.13 

12.85 6.90 

10.91 1. 00 

8.91 3.20 

3.55 

CLude 
fiber 

% 

4.50 

3.41 

1.40 

1. 30 

2.20 

2.30 

Carbo­Ash 
hydrate 

% % 

1.81 72.75 

1.72 69.82 

0.68 74.93 

2.90 63.61 

1.70 69 . 11 

1. 30 72.23 

1.37 " 54.00 



Sample 
Numb er-

fl. 

B 

D 

E 

F 
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TA BLE 2 .2 

COMPOSITION OF MALT HUSKS (Pe~ 5 g ) 

D~y 

matter 

% 

25.42 

19 . 42 

20.41 

20.10 

21 . 31 

P~otein 

(soli d ) 

% 

7. 96 

7.93 

7.33 

7.11 

6 . 31 

Fat 

% 

1. 20 

1.10 

1.0 

0.81 

1 . 23 

Crude 
fibre 

% 

15.94 

10. 9 1 

9.81 

8.99 

9 . 92 

Ash 

% 

1. 37 

0.8 

0.9 

0. 9 

1. l 

Cal:'bo­
hydrate 

% 

15 

17 

9 

1 3 

l4 
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TABLE 2.3 

COMPOSITION OF ALCOHOLIC PRODUCT ( Pe~ 50 mI) 

Sample 
Nu mbC? r 

A 

B 

D 

E 

F 

G 

Protein 
(li q uid) 

% 

0. 3 

0 . 28 

0.26 

0.2 5 

0 .26 

Fa t Alco hol 

% % 

Trace 4 . 7 

Trace 4 . 5 

Trace 4.4 

T~ace 4 . 4 

T~ace 4 . 2 

4 . 3 

pH 

4 . 5 

4. 7 

4.8 

4 .7 

4.9 

4.7 



Sample 
Numbee 

A 

B 

D 

" w 

F 
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Ti\BLE 2.4 

COMPOSITION OF SOLID ALCOHOLIC PRODUCT 

REMAINED AFTER FERMENTATION (Pee 50 gm) 

Dey 
matter 

% 

35.90 

32.88 

32.31 

:4.71 

34.00 

Crude 
protein 

(solid) 

% 

16.21 

15.21 

1 2.3 1 

11.35 

10.95 

Ash 

% 

1. 59 

1. 41 

1.01 

1. 61 

1. 71 
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T.il, ELE 3 .1 

ELEMENTAL ANALYSIS OF ISOPROPYLIDENE DERIVATIVES 

s. 
No . 

Compound 

1. l,2:5,6 -Di -O-isopropylide~c 

- DC - D-g 1 ucofuranose 

2. l,2 :4,6-Di-O-isopropylidene 

- cC - D-sorbofuranose 

3. l,2 :3,4-Di-O-isopropyli dene 

- c( -D- galactopyranose 

C:arbo~ 

% 

Foend 

54.93 

55.02 

55.79 

Hydrogen 

Calc. Found 

55 . 38 7.21 

55.38 7 .23 

55.38 7.21 

o. 
'0 

Calc. 

7. fi9 

7.69 

7 . 69 

Oxygen 
% 

Found 

37.86 

37.75 

37.00 

Calc. 

36.92 

:)6.9 

36.92 
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TABLE 3.2 

ELE MENTA L ANALYSIS OF TEJS SALT OF ACID SULFURIC ESTER OF 

ISOPROPYLID ENE DER IVATIVES 

Carbon Hydrogen 
Compound % % 

Fo und Calc. Found Calc . 

Potassium salt of acid sulfuric 38 .00 38.09 4.95 5 . 02 

ester of l,2:5,6-Di-0-isopropy -

1 i dene- cC - D-g 1 ucofuranose 

acid 
Potassium salt of sulfuric ester 3 7.81 38.09 5.38 5.02 

of l , 2:4,6-Di - O- isopropylidene 

- DC -D-sarbofuranose 

Potassium salt of acid sulfuric :"1 .32 3 8 .09 4 . 89 5.02 

ester of l,2:3,4-Di-O- isopropy-

1 idene- cI: - D-galactopyranose 

Oxygen 
% 

Found Calc. 

37.99 38.09 

37.82 38. 09 

38.91 38.09 



11 
to 

(J1 

~ 
I 

'=' ..... 
I 
o 
I ..... 

ttl 
o 

'U 
'1 
o 
'U 
'< 
I-' ..... 
Q, 
to 
::s 
10 
I 

?-. 
I 

'=' I 
10 
I-' 
c: 
o 
o 
H\ 
c: 

" III 
::'! 
o 
c;, 
m 

255 

-=-

(51 

o o 
<0 

I 

I~ 

0J 



133 

'l'ABLE 4.1 

ASSIGNMENT OF INFRA RED SPECTRAL DATA OF 

1,2: 5, 6-Di-0-isopropyl idene- oC D­

Glucofuranose 

Observed 
Frequencies 

-1 (cm ) 

3424 

2986 

2896 

2872 

1713 

Band 
Assignment 

H-bonc1ed --OH (S) 

-·CH 3 
( S ) 

C-f-J un 
C- 0 ( [1 ) 

C=O (V) 

1458 C~CH-:: ( S ) 
-

1431 C- 0 ( [.j ) 

1380 C-(CH 3 )2 

doublet ( S ) 

1320 
O-H bending ([-'1) 

1287 

1245 C-oH with five member 

ring ( [·1 ) 

1221 C- 0 (S) 

1161 C-(CH 3 )2 

1116 
c-o 

1062 stretching ( S ) 

1029 
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TABLE 4 . 2 

ASSIGNMENT OF INFR ARE D SP ECTRAL DATA OF 

1,2:4 , 6-0i-O-isopropy1idene- oC -O­

sorbofuranose 

Observed 
Frequencies 

-1 (cm ) 

3292 

2986 

2932 

2896 

1455 

1377 

1242 

1 212 

1194l 

1158 J 
1107 

l068l 

1 038 J 

Band 
Assignment 

H-bonded -oH (b) 

C- H stretch ing ( M ) 

C- (CH 3 ) 2 bending 

vib. (V) 

C-oH with five member 

ring (S) 

C- 0 stretching (S) 

sketa1 vib. ( M ) 

oH deformation vib.(S) 

C- 0 stretching (S) 
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TABLE 4.3 

ASSIGNMENT OF INFRARED SPECTRAL DATA OF 

1,2 : 3, 4-Di - O-isop r opy 1 idene- c<. -D­

ga1actopyra nose 

Observed 
Frequencies 

-1 (cm ) 

34 7 2 

2986 

2932 

273 4 

1 458 

1386 

1254 

1212 

1164 

1068 

Band 
Assignment 

H-bonded - oH (S) 

C-H s t r et chi ng ( v ) 

C-oH (S) 

C- 0 (S) 

C-(CH 3 )2 ske ta1 vib . (b) 

C-o stretching (b) 
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H 

o 

O~CMe 
2 

\ 

~ 

v 
~i~ . ~.~. Potassium sa l t of 1,2:5,6-Di-O- isopropylidene-~-D-glucofuranuse(VI) 

LO 
If) 

0,J 
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TABLE 4.4 

ASSIGNMENT OF INFRARED SPECTRAL DATA OF 

potassium salt of acid sulfuric ester o f 

1/2 : 5/6-Di-0-isopropy1idene-~-D-g1ucofuranose 

Observed 
Frequencies 

(em-I ) 

3424 

2980 

2932 

2855 

1629 

1416 

1353 

1320 

1278J 

1251 

1221 

1161J 

1116 

1028J 

1005 

Band 
Assignment 

H-banded - oH (S) 

C-H stretching (V) 

Ring 

C-CH3 (M) 

C--(CH 3 )2 bending vib (S) 

- s02- 0- (S) 

C-oH with five member 

ring ( b ) 

-SO -O-(S) 
2 

C- (CH 3 )2 sketa1 vib. (b) 

S= 0 stretching (V) 
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? ic . ~ .5 Potassium salt of a cid sulfuric ester of 
1/2:4/5-Di-O-isopropylidene- ~-D-sarbofuranose 

A~""-

IS) 

IS) 

N 
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TABLE 4.5 

ASSIGNMENT OF INFRARED SPECTRAL DATA OF 

potassium salt of a cid sulfuric ester of 

1,2: 4 , 6-Di-0- isopropyl idene- DC -D-sarbofuranose 

Observed 
Frequencies 

- 1 (cm ) 

3292 

2980 

2932 

2890 

]455 

1377 

1314 

1242 

1212 

1158 

1104 

1065 

1038 

1008 

Band 
Assignment 

H-bonded-oH (b) 

C-H stretching (V) 

C- CH3 (M) 

C-(CH 3 )2 bending vib.(V ) 

-S02- 0- (V) 

C-oH with five member 
ring (s) 

- S02-0- (S) 

C-(CH3 )2 sketal vib. (S) 

0- H bending (S) 

S=o stretching (S) 

b board; M = medium; V = very weak; S = sharp. 
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Nec 
21 
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H ~CNe2 

~ . s . Potassium salt of 1,2:3,4-Di-O-i sopropylidene- ~-D-galactopyranoee(X) 
tSl 
I.f) 

N 
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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-isopropy1idene-~-D-ga1actopyranose 

Observed 
Frequencies 

(cm- 1 ) 

3286 

2980 

2932 

2896 

1455 

1380 

1314 1 
1242 ( 

1212J 

1194 

1158 

1124 

1065 

1038} 

1 0 08 

Band 
Assignment 

H-bonded-oH (b) 

C-H stretching ( V ) 

C--(CH 3 )2 beding vib.(S) 

SO - 0 - ( M ) 
2 

-S020- (S) 

C-(CH 3 )2 sketa1 

vib. (S) 

C-o stretching ( M) 
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TABLE 4.7 

ASSIGNMENT OF INFRARED SPECTRAL DATA OF 

Observed 
Frequencies 

(em-I ) 

3406 

2974 

2890 

1650 

1452 

1425 

1386 

1275 

1083 

1044 

876 

HIGH POWER FUEL 

Band 
Assignment 

Free 0- H stretching ( b) 

-CH 3 sym. deformation 

doublet (S) 

C- o-C (b) 

-CH 3 sym. deformation ( M) 

S02- 0- (V) 

~C(CH3)2 sym. doublet (V) 

0- H bending 

C-O stretching (Alcohol) 

C - 0 primary alcohol (S) 

(S) 
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TAB LE 5.1 

DTA AND DSC RESULT 

Temperature Loss in Volatile Sample weight(%) DTA DSC Intermediate 
°c Found Calculated matter 

Gellif ied 91 80 81 End. C2 H5OH+H 2O C12H1909SK 
matter 

301 Exo. CO K2S04 

357 Exo. 

358 Exo. Crystalline K
2

S04 
transition 

388 Exo. -do- K
2

S04 
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TABLE 6.1 

CONCENTRATION OF MACRONUTRIENTS IN SENSIBL~ SOURCES 

(mg %, dry weight) 

Sample 
Number 

r-'letals 

Sodium 

( Na ) 

Potassium 

( K ) 

Calcium 

(Ca) 

r'1agnes i um 

( t-1g ) 

A 

0.43 
+ 

0.004 

6. 797 
+ -

0.061 

0.456 
+ -

0.003 

2.785 
+ -

0.012 

B C 

0.063 0.031 
+ + 

0~001 0.001 

5.193 1.752 
+ + - -

0.047 0.011 

0.868 0.0817 
+ + - -
0.007 0.001 

1. 812 0.353 
+ + - -
0.023 0.003 

o E F G 

0.041 0.32 0.074 66.51 
+ + + + 

0.002 0.003 0.001 0.01 

1.631 4.312 3 . 6 1 3 1383.22 
+ + + + - - - -

0.018 0.032 0.022 0.018 

0.613 0.723 0.031 18.98 
+ + + + - - -

O.OOG O.OOG 0 . 003 0.02 

1.732 1. 1113 2.021 23.84 
+ + + + - - -

0.022 0.02 0.014 0 . 03 
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'r ABLE 6.2 

CONCENTRATION OF MICRONUTRIENTS IN SENSIBLE SOURCES 

(mg/kg , dry weight ) 

Sample 
Number 

A B C D E F G 

r-1etals 

Manganese 22.460 31 . 480 8 . 952 18.44 1 17.312 7.65 1 2.1 
+ + + + + + + - - - - - - -

( t1 n ) 0.200 0.32 0 .08 1 0.1 92 0.30 0.0 68 0.02 

Iron 22 . 343 16.281 4.401 17.941 15.345 12.691 7.7 
+ + + + + + + - - - - - - -(Fe) 

0 .1 89 0.162 0.038 0.178 0.143 0.0923 0 . 05 

Zinc 29 . 061 30.Rg 7 17 . 503 22.1121 21.385 22 . 131 7.24 
+ + + + + + + - - - - - - -

(Zn) 0.188 0.281 0.147 0.192 0.200 0.214 0.24 

Copper 3 .261 2.580 0.818 2 . 21 3 2 .1 00 1. 710 1. 46 
+ + + + + + + - - - - - - -

( Cu) 0.030 0 .0 23 0.006 0 .0 29 0.021 0.009 0.0 2 

Chromium 1.254 1.280 1.151 0 .934 0.953 0.57 
+ + + + + * . + - - - - - -

(Cr) 0.011 0.013 0.011 0.011 0 . 012 0.012 

Cadmi um 0.253 0.069 0.303 0.153 0.09 2 0 .298 1. 29 
+ + + + + + + - - - - - - -

( Cel ) 0.002 0.001 0.002 0.003 0.00 2 0.003 0.02 

Mercury 0.0213 0.098 0.003 0.010 0.0092 0.115 
+ + + + + + * - - - - - -

( Mg ) 0.001 0.001 0.001 0.001 0.0 0 12 0 .001 
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Continued Table 6.2 

Lead 0.2010 0.439 0.503 0.1701 0.1231 1.300 
+ + + + + + * - - - - - -

(Pb) 0.0023 0.0039 0.002 0.0021 0.001 0.009 

Arsenic 0.108 0.119 0.91 
+ + * * * + * - - -

(As) 0.001 0.001 0.001 

Nickle 1.460 0.048 1.16 1.021 0.910 1.790 
+ + + + + + * - - - - - -

( N i ) 0.013 0.001 0.011 0.021 0.02 0.0092 

* below detection limit. 



153 

TABLE 6 . 3 

CONCENTRATION OF TRACE ELEMENTS IN 

HIGH POWER FUEL 

Trace 
Element 

Fe 

Cr 

Ca 

Na 

Mg 

K 

Zn 

Pb 

Cu 

Cd 

As 

Hg 

Ni 

Mn 

* Below detection limit. 

Concentration 

( mg% ) 

0 .13 

* 

* 

0 . 10 

0 .3 

31 . 72 

* 

0.2 

* 

* 

* 

* 

* 

* 
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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-I. 

3.2 Fermentation of these sensible sources exhibi t 

the product ion of high fibrous protei n, HFP; 1 iquid 

protein, LP; carbon dioxide, ethanol and soft drink. 

Compar i son of the resul ts of sensible source s after 

fermentation are recorded. 

WHEAT : HFP , 3 . 85; LP, 0 . 3; CO
2

, 44; Et H, 4.5; soft 

drink, 92% . 

BARLEY: HFP, 3 . 94; LP, 0.3; CO
2

, 43; EtoH, 4.7; 

soft drink, 91%. 

OAT: HFP, 4.87; LP, 0.26; EtoH, 4.4; CO
2

, 43.5; 

soft drink, 92%. 

RYE:, HFP, 2.54; LP, 0 .25; EtoH, 4.4; CO
2

, 43; soft 

drink, 90%. 

CORN: HFP, 2.34; LP, 0.26; EtoH, 4.2; CO
2

, 42; 

soft drink, 92%. 

MOLASSES : HFP, nil; LP, nil; CO
2

, 43; EtoH, 4.3 ; 

soft drink , nil%. 
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TABLE 1 

ANALYSIS OF THE PRODUCTS 

Corn Wheat Rye Barley Oats Molasses 

Cr ude fiber- 2 . 3 3.41 2.2 4 .5 1.3 
( % ) 

Total dietry 84 . 34 85 .15 81.2 86.05 83 . 36 54 
fiber ( 96 ) 

Sol uble ( % ) 81.7 81.74 79.0 81. 55 82.06 

Insoluble ( 9" ) 2.3 3.41 2. 2 4.5 1.3 

Protein ( %) 8 . 9 1 12.08 10.91 1 2 . 00 12 .85 

Total Carbo- 74 .54 73. 23 71.31 7 7 . 25 64 . 9 1 54 
hydra t es ( %) 

Avail, Carbo- 72.23 69.82 69.11 72.75 63.61 54 
hydrte::;(".;) 

Calories 353 . 36 356.77 329.08 350.70 367.94 216 
( per 100 g ) 

Fat(% ) 3 . 20 3 . 25 1.00 1. 30 6.90 

Ash ( %) 1. 3 1. 72 1. 70 1. 81 2 . 90 1. 37 

Moisture ( 9:; ) 11.70 9.94 14.70 7.56 13.09 16.26 

Ca1cium(mg%) 0.131 0.868 0 . 7 23 0.456 0.613 18.98 

Sodium(mg%) 0.074 0.06 0.32 0. 4 3 0.041 66.51 

Potassium(mg%) 3.61 5.19 4.31 6.79 1.63 138.3 

Iron ( mg/kg ) 1 2 . 69 16.28 15. 34 22.34 17.94 7.7 

Copper(mg/kg) 1. 71 2.58 2.10 3.26 2.21 1.46 

Zinc (mg/kg ) 22.10 30.89 21. 38 29.06 22.44 7 .24 

Manganese ( 7. 65 31.48 17.31 22.46 18.44 2.1 
( 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 f or human cons umption 

in the baker ies etc . Liquid Prote i nO . 2- 0 . 3% can be 

used in lieu of or in addition to fresh water for cattle. 

Recovery of c arbo~ dioxide 43% from fermenta ti on vapour. 

This can then be sold as a gas or further process ed 

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 f uel (gellified fuel) for cooking and defence 

purp sses . Ethanol is reproduced as a power fuel. The 

character i st ics p r opert ies are given in Table 2 and 

compared to commonly known fuels. Ethanol 168 ,169 is 

completel y soluble in gasol in, di esel or fuel oi I, 

provided no water is present in the system . The combus­

tion properties of the power alcohol falls very close 

to that of gasol ine . I t mixes and burns well wi th 

gasoline in internal combustion engines. The power 

fuel such as cannot be used as diesel substitute, 

because of difference in their combustion proper t ies. 

3.5 The powe r fuel is further convert e d to high power 
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TABLE 2 

MAIN PHYSICAL/CHEMICAL PROPERTIES OF 

POWER ALCOHOL AND HYDRO CARBON FUELS 

Property Et ha nol/ Gasoline Diese l power 
alcohol 

Formula C2HSOH C -4 C12 C14C19 
Hydro Hydro 
carbon carbon 

Molecula r 46 .1 100- 105 240 
weigh t avg . avg . 

Composi t ion 
(Wt.% ) 

Ca r bon 52 . 2 85-88 85 - 88 

Hydrocarbon 13 . 1 12-15 12-15 

Ox ygen 34. 7 Negative Negative 

Speci fi c 0 . 79 0 . 72 - 0 . 78 0 . 83- 0 . 88 gravity 

Octane Number 

Research 106-111 79-88 

Motor 89-100 71 - 90 

Octane Number 0 . 5 5- 10 45- 55 

Solubility Infinite 0 0 
in water 

Calorific 5048 7700 8738 
va lue 
Kcal/mole 

Fuel o il 

C20 
Hyd r o 
c arbon 

85 - 87 

10- 11 

Negative 

0 . 88 - 0 .98 

NA 

0 

8795 
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fuel (ix -xii ) by treating it with derivative of carbo -

hydrates (glucose, fructose galactose) prepared by 

the interaction of these carbohydrate (0 .20 mol.) wit h 

acetone (250 ml) in the presence of znCl 2 , H3P0 4 and 

mainta in the experimental conditions. The derivatives 

s o produced are further converted into salts by treating 

it with chlo r osulphonic acid (2 .56 ml), pyridene (20 ml) 

in the presence of potassium carbona te (0 . 02 mol). The 

salt so produced is treated wit h the power alcohol t o 

form gellified material. 

3.6 Reaction sequence resulting from the fermentation 

of the sensib e sources a d formation of high power fuel. 

s.s. ------------------7) 

(C
6

H
I Q

0
5

) n" n H20 --~') 

) 

) 

(C6H 1005)n, nH20 

n C12H22011 + H20 

( i ) 

( i i ) 

( iii ) 

( iv ) 

(v) 

( v i) 
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(vii) 

) (viii) 

) 

In Sections 3.2, 3.3, 3.4 and 3.S of this chapter 

were summarized the results of the study of the fermen-

tation and formation of high power fuel. In this 

sect ion these resul ts wi 11 be cons idered in terms of 

possible reaction sequences. 

Sensible sources involve in the conversion of 

starch (n. C6 H100 S )' nH 20 into sugar ( nC12H220ll) by 

diastase enzymic effect. The bio-degradation of sugar 

into glucose is caused by the maltCise enzymic effect 

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

of the degradation of carbohydrates by yeast at the 
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same rate as does the glucose ( iv-vi). The react ion 

proceeds in acidic condition. 

The glucose molecule is broken into two triose 

molecules which are hydrated to form methylglyoxal. The 

triose l oses water to form glyoxal which in turn is 

oxidized to pyruvic acid. The pyruvic a cid is decarbo-

xylated to aldehyde which on reduction produced ethanol 

(vi-viii). Glucose is treated with acetone t o convert 

it into its isoproplidene derivative and then these 

derivative are transferred into useful salts which 

changes power alcohol t o high power fuel ( ix-xii). 

Ethanol molecules, 

bonding between themselves in pure alcohol system. This 

tendency of alcohol shows an interesti ng transformation 

to produced high power fuel when ethanol comes in 

contact with the derivative of glucose salt it changes 

into gellified material. It is po s sible 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 disti ncti ve 

properties of three dimensional network (Fig. 1). 
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3 . 7 Evidence in Favour of the Formation of High Power 
Fuel 

The evidence for these proposed structure rest 

first on elemental analysis, C, 42.60; H, 11. 29; 0, 

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 

o 
shows broad volatilization endotherm at 90 C. TG result 

however does not give interpre ted results further to 

volat iIi zat ion. DTA resul t shows two exothermi c peaks 

at 301 0 C representing the decomposition of the residue 

indicating the breakdown of organic matter . Further 

peak at 358 0 C is an exothermic change due to the crys-

tall ine transi t ion of the potassi urn sal t. DSC resul t 

shows broad endothermic peak at 900 C and two exothermic 

peak at 357 0 C and 3880 C respectively. Combine TG, DTA 

and DSC resul t support the existence of three dimen-

sional network. IR result indicate the stretching 

frequency at 1425 due to the existence of S02-0-bond 

formation, the resul ts 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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