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ABSTRACT

Of a total of 21 yeast strains isolated from local
fermented beverages, foods and fruits 10 were found to
ferment glucose vigorously in conventional tests. They
were further screened for characteristics potentially
useful for ethanol production, namely; (a) relative rate
of glucose fermentation;(b) ability to flocculate; (c)
ability to tolerate 10 - 15%(v/v) ethanol; (d) ability
to ferment glucose at 37°C and (e) ability to ferment 40%
(w/V) glucose concentration. The relative fermentative
abilities of these yeast strains, as determined by
Warburg respirometry, ranged from 20.40 to 351 microlitres
(ul). The 10 yeast strains were identified as Saccharo-
myces cerevisiae (AK-1); S. uurevisiae (3-2); S. cerovisiae
(J-82), S. kluyvori (A-1); Kluyvcromyces mar xi anus (K-1),
Pichia anomala (AK-4), Debaryomyces hansenii (J-1),
Candida rhaggi (B-82), C. magnoliae (KF-1) and Dekkora
intermedia (KZ-1).

Acid hydrolysis of corn-cobs, groundnut hulls,

cassava flour, grass straw, saw dust, and sorghum stalk
pulp was carried out. The levels of reducing sugars
contained in the hydrolysates of these materials ranged

from 30 to 50mg/ml. The aqueous extracts were used in
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screening yeast strains AK-1, B-2, J-82 and B-1 for
ethanol production. Yields of ethanol ranging from

0.70 to 2.79%(v/v) were achieved and v/ere comparable

to those obtained when various concentrations of glucose
were used. The strains S. cerevisiae (B-2) and (J-82)
produced better results on agueous extracts of cassava
flour, corn-cob waste and sorghum stalk pulp. When corn-
cob waste, and cassava flour hydrolysates were supplemented
with nuitrients (0.1%/w/v) of urea, peptone, yeast extract,
animal dung, dawadawa, (HN,4),S04, KH, P04 and skin milk)
the yields of ethanol for the two strains (B-2 and J-82)
were considerably enhanced. The use of soy bean flour

as a supplement also enhanced considerably the yields of
ethanol at 30°C and 37°C The levels of the yields of
ethanol obtained when these supplements were used ranged

from 2.00 to 3-25%(v/v).

Improvement of the promising yeast strains in terms
of ethanol production was attempted by using two techniques
of genetic manipulation, namely; sphaeroplast fusion and
transformation. Two strains, B-2 and J-82, were used for

the fusion experiments. A yeast-like fungus (Aureobasidium

pullulans) was a DNA donor for the transformation experi-
ments involving B-2 and J-82 strains as receptors. The
resulting recombinants of the two techniques were screened

for flocculence, enhanced maltose fermentation, improved



ethanol tolerance and improved ethanol production on
suitable substrates. The transformants were found to
have better imporved performance (5.28 - 5.68%(v/v) than
the fusion products (4.85%(v/v) in terms of ethanol
production.

The results of this study hae identified local
yeast strains which could be developed for ethanol
production and has shown that hydrohysates from the

cellulosic materials could serve as low cost substrates

for ethanol production.



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

\n
-

LIST CF TABLZS

Distribution of Alcohol production

Sources of yeast isolstes examined

Sources of isolation and Relative
fermentative activities of 21 yeagt
Strains isolsted from Food Related

Som‘ces e e o9 L B A LI O

Cultural Properties, cell morpholggy

and Assospore formaztion in the 10
selected yeasts cese P

Sereening the 10 yeast strains foj
fermentative activities .

Assimilation of curbon compounds By
selected yeasts PR PP

Some Physiological Properties of th
selected yeast strains p—

Identity of the selected isolaztes

Values of Fermentative capacities

- & 8

e 10

LR

(ml of CO,) of the 10 yeasts on sSiuple

Sugars using the Warbu.ie respiromgt

Flocculation ability of the 10
selected strains sess s

exr

Growth Response to varying concenira-—

tione of ZEthanol ceas ceee

50

78

79

82

63

85

86

90

91

92



Table 12: Viability of the yeastsin 107{(v/W)

Ethfﬂlol sene enew “e e sess 93
Table 13: Fermentation of Glucose at 370, 42°

and 45°C by the 10 yeast sirains 94
Table 14: Fermentation of 40"(w/v) Glucose 95

Table 15: Values of Reducing sugors (mg/ml)
during and Saccharification of cgrn-cobdb
at Different time Intervals slesin 58

Table 16; Levels of Reducing sugars Releas from
complex substrate during sacchariffication 99

Table 17: o Zthanol yields from semi-synthgtic
medium by 10 selected strains ... 100

Table 18: Effect of varying substrate concentra-
tion on % Ethanol Yields by Four

Selected Yeast strains
and biongass formation e..e ccee T

Table 19: Production of Zthanol from hydrollysates
of complex substrates by four sellected

101

YQELS'tS Strains L - . s LI 102

Table 20: Effects of various supplements on
4 Zthanol Production by various Yeast
strains using cassava flour hydrdglysn te 103

e ¢

Table 21: Effects of various supplements on
Ethanol Production by various yedst
strains using corn~cob hydrolysate 104

Table 22: Effects of different concentratipns of
urea =nd yeast extract on Ethanol
production from cassava flour hydrolysate




X3

Table 23: ¢ DZthanol Yields (v/v) using optfimun
concentrations (0.27v/v) of the
supplements combined, (urea, and| yeast
extract) in cessava flour hydrolysate 106

Table 24: Effects of soy bean flour on Zthgnol
Yields (¢v/v) by strains B-2 and| J-82 107

L

Table 25: Charascteristics of Parent strain
and Pusion Product e b i i'e 112

Table 26: Characteristics of Transforming
Parents {B-2 and Ap) and the
Transformant TAP B-2 oo b oo 113

Table 27: Characteristics of Transforming Partners
(J-82 and Ap) and the Transforment
TFE J"“82 - s 8w LR L b & = » 114




Figure

Figure

Figure

Figure

1a:

1b:

2b:

Xiii

LIST OF FIGURES

Ethanol production by strains -

J~82 using 14%(w/v) glucose at

2 ana
30°¢

with 0.27(w/v) urea and 0.2(wyv) yeast

extract as supplements

108

Effect of soy bean flour (0.75{(w/v) on

ethanol production by strains

3000 L] LB LA

Ethanol production by strains
J-82 using 14%(w/v) glucose at

[B-2 end
J-82) using 1474(w/v) glucose a}

109

B-2 gnd

37°C with

0.2 (w/v) urea and 0.2 (w/v) y¢ast extract

as Supplementb‘ e s seesw

Effect of soy besn flour (0.7%

110

[(w/v) on

ethanol production by streins B-2

and J=-82 using 149(w/v) glucosg
37°%

b at
1

. e 0




Xiwv

TAELE OF CONT.NTS

TOPIC

Title Page cese p— - T
Declaration cese . aew soee sove
Certification cese veee ceee ceee
Dedication cose veso cece veee
Acknowledgement i w0 — .oive
Abstract sie b b aiels oinind séine
List of tables <..e cose cees cees
List of plates .... ssse cvee cene
List of figures - oaom .

1e
Te1
1.2
2.
2.1
2.1.1
2.1.2
24143
2.1.4
2¢1:5
2+1+6

CHAPTZR ONE - INTRODUCTION
INTRODUCTION (General)
Objectives of study cvan cens
CHAPTER TWO - REVIEW CF LITIRATURE
APPLICATICNS/USES OF ETHANOL
General utility cese -

Raw laterigl in Chemical Processes

Raw Material in Nicrobial biomass prod

Ethanol as =z solvent . ceae
Ethanol as a fuel S $0'E &

liiscellaneous uses of ethanol o

-ese
- - s 8
-s 8
v e
.. e
LR
LR
TR

- e s .

- = = 8

a & 0@
uction
- e "8

ii
5 &

iv

vii

xii

xiii

(@ 4]



TOPIC

2.2
2.2.1

2.2.2
20243
2.3

2.4
2.4.1
2.4‘2

2.5

2.6
2.6.1
2.6.2
2.6.3
2.7

2.741
2.7.2
2.7.3
2.7.4

XV

CONTIERTS (Contd.)

BASIC PRINCIPLES IN ETHANOL FPRODUCTIOCH

Process energy snd econcmic considenations

in Ethmnol Producticlie... S
Fermentation systems .... cecs
Product Recovery snas sous

MICROCORGANTISLIS POTIENTIALLY USEFUL FOR
ETHANCL PRODUCTION ceee o

SQURCIEZS OF YZASTS WOR STHANCL PRODUCTICT

LB N )

a4+ % 9

1

L]

Fermented Beveruages and Foods in Nigderio

Fermented Ieverages in c¢ther parts gf
the :‘l’orld .. re - 8 38 * 9 P»

CRITERIA USZED FOR SELECTING YEAST FOR
ETHANCL PRODUCTION e .

SUBSTRATES FOR ITHANCL PRODUCTICH
Saccharine NMaterials cees

Starchy iaterials taen cace

- & 4 8

a4 &t ¢+ 8

asgricultural and Agro-industrial wadtes

METHODS OF IMPROVING YIZILD IN ZETHANOL

FERMENTATION 4440 cees ceew
Environmental Factors cese
Process Improvement .... R
Bioloricnl Medification coae
Genetic lLiodification ... cens

LI

PAGE
12
14

15
20

21

24
25

25

26
28

31

34
39
41
42



xvi

CONT2ITS (Contd.)

TOPIC -

AGE

3e CHAPTER THREE MATIRIALS AKD HETIODS vese 47
3.1 SCURCES, ISOLATION AND MAINTZENANCE

OF YEAST STRAINS — sene cese 48
Jo2 CHARACTZRISATION AND IDENTIFICATION

OF THE ISOLATES Saigie *von Ve 49
3.2.1 Cultured and lorphological Cbservatlions 49
3e8e2 Fermentation of sugars -5 cene 51
3e2e3 Assimilation of carbon compounds $aen 52
3.2.4 Cther physiological tests P ceae 53
3.2.4a Nitrate Assimilation - - 53
3.2.4b  Growth at 37°C and 42° sess 53
3.2.4¢c  Growth at ligh concentrations of glpcose 54
3.2.44d Vitamin Resuirement for growth W 8o 54
3.2.4e Cycloheximide Resistaence % o aise 55
3.2.4f Urease Test <. onen .4 soese i
3.3 SCREEXING TIE YZASTS FOR ATTRIBUTES

POTENTIALLY USIFUL FOR IZTHANOL PRCDUCTICK 55
3e3s ] Determination of Fermentutive capacify 7]
3.3.2 Flocculction Test vass B
3.3.3 Ethenol Tolersnce Test - S 59
3.3.4 Fermentation of Glucose at 37°C and pbove 61

3,3.5 Fermentation of high concentrations
(4OI‘W/V) Of {Ilucof-‘e a & " a8 - s .8 .- e e 61




3.4

3ed.1
3.4.2

3.5

3:5.1
3.5.2
3.5.3

3.6
3.6.1
3.6.1a
3.6.1Db
3.6.1¢c
3:6,2
3.6.22
3.6.2b
34643

4.
4.1

4.2

Xvii
ﬁr-'-'\-r‘T'_- ((‘1 1.\
LPL R i | B I | O wil » 4

TOPIC

PREPAR.LTION OF COPLEX SUBSTRATIS

GENETIC 1IODICATION OF SZELECTED YEAP

Broth L L A L L

I T,

Protoplest FPusion sose oo o4
Preparation of the snail enzyme
Preparation of protoplasts P
Protoplsst fusion procedure q..4d
Transformation - pper
Isolation of Transforming DNA

Transformation procedure eeed

FOR ETHAICL PRCDUCTION cos ieien
Saccherification eese SR sece
Determincotion of Reducing sugars|in
the acid hydrolysates oo sees

FERIENTATIONS (ZTHANOL PRODUCTION) S
Preparztion of Inoculum seey ceee
Mediz end Fermentation Condition cocs
Determination of Zthanol in FermIntation

L

- " 0

L

Characterisation of modified strains ....

C}IAPTm FC"UR -, R:SULTS 'R

Selection and Identification of 1
yeast strains ——— -

Fermentctions of some simple sugd

he 10
m - . 8 &

T STRATLNS

TAYT
4 AT
s

62
62

63

64
64

67
66

70

71
73
74

75

6
7



xviii
CONTINTS {Contd.)
TOPIC PAGE

4.3 Assimiletion of carbon compounds PR 77
4.4 Physiological Properties sese isve 81
4.5 Identity of the 10 selected yeast|strains &4
4,6 Properties of the yeast isolates poten-

tially imvortant for Ethanol Production 54
4.6.1 Fermentative capacities i cene 8%
4.6.2 Floceculating Abilities — cawe 88
4.6.3 Ethanol Tolerance ...« T R 68
4.6.4  Fermentation of glucose st 37°C arfd above 88
4.6.5 Fermentation of concentrated substr:otes

(407w/v) glucose) %58 5 e 89
4.7 Saccharification of complex substyztes 89
4.8 Ethanol Production .... T cowe 96
4.9 Genetic l.odification of strains . 17
Do CHAPTER FIVE - DISCUSSION o - 119

REFERH\TCm L L L B N L 133

APPENDIX I Standard curve for D-glucose 146

APPENDIX IT Photomicrographs of

protoplasts, fusion products
and transformants cune 147







A

(General)
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Te1

Fernentetion ethanol has been used by =

33
P

the dawn of civilization. It was originally

L
ks

by spontaneous fermentantion and it forms an §

£

part of alcoholic beverages. The lomans gnd

(Iiller, 1975) started the process of extraci

and agpplyins; it to industrial preparations cob

N since

proaiuced
ntrincic

the Ar:obs

tings ethenol

5
-

production

of perfumes, cocnetics and medicines. Sine¢ th:l {inme
the use of ethanol has assumeé greater proportions ond

it has become very inportunt 28 a source of ¢

nergy (fuel)

and in the beverages, paint manuf:cturing and pharmaceu-
ticel inductries (Prescott and Dunn, 1959).
Ethanol production up till czpoutl 1930 wigs by

Termentation, This methed wos

and chemical methods becane

petrociemicals

(Ckafor, 1987). Ilowever, in reccent yecors,

)
-

value of petrochemical feed stocks in many

decreagsing reserves of the feed stocks have g
great interest in cthanol production by femg

2 o
~d

Consequently, fermentation ethanol now sed

aglternative energy source. The energy crisig

rise to the upsurge in the interest in use oi

abandoncé waen

caeaner
ailcble

creasing

o

ducstries

dttracted

ntotion.

11 on

of 1973 gave

fermentation

ethanol as fuel (Lyons 1983). Ilowever, if tth ophortunity

offered by fementation ethanol in extending:

petroleun is to be fully realised come basic

or renlacing

reguirecnents
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are essential to the vroduction process: sub

based on low fuel renewable materials and hig
producing strains of microorganisms especizl]

The most promisin,: renewable sustrutes f
production are the saccharine materials (Jond

Doelle and Jones, 1986) followed by starchy 4

materials derived from agriculturel and agro-
wastes (Detroy and Hesseltine, 1978). The ti
subtropical nature of the materialc mokes 1t
set up fermentation ethanol industries near 1
The gainful use of these materials would reqgl
the difficultics and limitations that beset S
industry. The difficulties of fermentation ]
the tropics include high ambient temperature
act 1

fermentation re-ctions: the two fazctors

leading to inhibition of yeast fermentative 4
competition from hezt tolerant contaminating
end low ethanol yielding wild yezst strains.,
tions of the starchy and cellulosic materiegls

e
i

cenversion efficiency of the yeasts, incomplg
of the substrates and their hydrolytic produdg
might be inhibitory to the yeests). Thus for
ment of such an industry, the emphasis will Y
to obtain an efficient hydrolysis systen or g
more efficient amylolytic yeast strains (Doe)

Jones 1986), or on strains capable of sustratf

troates

1

h ethanol

Vv yeasts,
or cthanol

s

et al,1981;

nmd cellulosice

industrial

fopicel or

possible to
helir sources.
ire overcoming
uch gn
ndustries in
and exothermic
ogether
bility and
bacteria

The linita-

are low

te hydrolysis
ts (which
develop-

the

¢ on how
n isolating
lle =nd

e conversion
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igh efficiency wt elevated temperatures |
1386).

To date, the most useful orgznism for gl

at h
t

—— S—

o

fermentation ic the yeast Sacchoromyces cerey

Andercon

coholic

risio

(Wiegel, 1980; Jones et al, 1981; Doelle and

The reason for its dominance, is probably thi

Jones, 1936).

bt the

organism has been used for centuries in the YJeverszse

industry and thus has been most intensively o
(Doelle and Jones, 1986).

One of the factors contributing to unfav
economics of ethanol production is the use of

ethancl producing strains of Sgcchoromyces s

the fermentation stcge. Consequently, researn
have been directed to the selection of yeast
enhanced fermentotion capacity, nbility to usg
spectrun of substrates and enhmnced ethanol
There are reports of attempts to produce impn
microorganisms and improved methods for using
resources {(Flickinger, 1980). Wew strains wi
efficiency of ethanol production have been ob
either by selection or by genetic manipulatio
Pancheal, et al. 1984). Additionally, floccul
cells have been used to improve efficiency of
Using mutagenesis,(Bacila and Horii,

produce respireatory deficient mutants of Sacce

1979), w

tudied

ourable

Llow

eclies in

ch efforts
streins with
¢ a wide
clermmcee.
oved
revewzble
th improved
tained

h (Rose, 1976

L
ent yeast
production.

bre zble to

haronyces




uvarum, which had reduced levels of prowth and

"

appreciagble yields of ethanol relative to th
strain. Panchal, et al. (1982b) used the te
of hybridization ond sphaeroplast fusion to

yeast strains which nroduced elevoted ethanol
in fermentations with defined media or whole
mashes,

determine their cbility to withstand oosmotic

porent

chniques

bonstruct

levels

corn

The stroins were further investigated to

pressure,

levels that would exict in commercipzl fermentations

using high sugar concentrations.

(1984) used respiratory deficient mutants of

r

o
—

Johansson gnd 3josirom

cercvisine

to investigate ethanol produection and nrotoplast fusion

1o enhgonce the fermentation capacity of = 1lg
strain. Other attempts involved the scelectig
strains able to produce high levels of ethang
temperatures (40° - 42°C) (Hacking, et al, 1
et al, 1986).

Stewart et al, (1984), recommended that
organism employed Tor the production of ethan

possess the following characteristics: rapid

n of reas

coulent

t

1 at elevated

384; Anderson

any nicro-
ol shouvldd

and roelevant

fermentation ability; appropriate flocculatiop and

sedimentation cheracteristics; genetic stability; ocemoto-

lerance (i.e. the ability to ferment concentr

cted corbohy-

drate solutiong); ethanol teolerance and the ability to

produce elevated concentrations of ethanol; h

vigbility for rcpeated recycling; end tempera

ich cell

Ture



tolerance. Test yeast strains with one or tyo of these
characteristics have been used in attempts t9 produce
high concentrations of ethanol (Panchal and $tewnrt,1981;
Rose, 1976; Panchal et =1, 1982a; FPlor and Hdyashida,
1983; Hacking et al, 1984; Anderson et al, 1%86). In
spite of these efforts no yeast stirain has bgen establi-
shed as yet with a1l of or most of these characteristics.
Besides, if on efficient yeast strain is dev¢loned in
any industrialized cowntry it is wnlikely to|re:ch
developing couwntries since it might be patented in its
country of origin. In this study an attempt|has becen
nzde to select from natural sources in Nigeris, yecust
streins potentially uwseful for ethanol fermentetion, and
to use protoplast fusion and transformation fecimioues

for improving the performance of two promising strains.
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Nigeria is based solely on imported yesp

or/and uncowmitrolled spontaneous ferment

QBJZCTIVES OF STUDY

Presently fermentation ethanol industry in

t strains

ations.

Importation of yeast strains from abroafl is expensive,

unreliable znd may not suit the local t

rpe of

substrates. In the light of these, this|study was

desiymed to:

1

2e

4.

5.

Isolate yeast strains from local spurces such as

fermented beverages, foods, and fruits.

Screen the yeast isoclates for their

fermentative activity.

Select and characterise the yeast Isolotes with

high fermentative zetivity for ethanol production.

Screen renewable substrates suitabld

ethanol production.

for

Use improvement programmes to enharce

ethanol yields, such as:

(a) use of nutrient supplements gnd

growth factors.

(b) genetic modifications.
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2. REVIEW OF LITERATURE

241 APPLICATIONRS /USES OF ETHANOL

Fermentation ethanol has a wide range qgf

applications/usea which include:

2.7.1 General ntility: This use of ethanol copmprises

use in the hospital where it is a necespity as

an ablution and an antiseptic. It is second
only to water in wsefulness in the chemfical
laboratery. It is a necessity in the hpme where
it is used @8 a fuel for cleaning, as an ablution
and for a variety of other purposes (Prescott

and Dunn 1959).

2+1.17 Raw Material in Chemical Processes: Ethanol is

used a8 a raw material in the productionm of
ether and ethylene through dehydration processes
(Prescott and Dunn 1953). Using oxidising
processes ethanol can be used as a raw material
in the production of ethylaniline and diethyl-
gniline. When ethanol reacts with helogens, it
provides a raw material for the productjon of
ethylbromide and ethylicdide. In the mgnhufacture
of esters ethsnol is used extensively ag a raw

material.
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2¢1.3 Raw Material in Microbial Biomass Production:

Ethanol has been demonstrated to be useful for
single cell protein (SCP) production from both
bacteria and yeasts (Laskin, 1977; Beker et al,

1977). Bonnet et al, (1980) had used ethanol in
a continuous culture to grow a yeast (Saccharo-

myces cerevisime) with a very good yield. There

are numerous advantages that render ethanol a good
substrate for microbial biomass production: purity,
acceptability, perfect water miscibili|y, easy
storage and handling, no toxicity and relatively
low oxygen demgnd compared to otﬁer substrates

such as hydrocarbons (Phaff et al, 1978).

2.1.4 Ethanol as a Solvent: As a solvent eth

tries. It is used as a diluent or a thinning
solvent for the manufacture of lacque
furniture and metal polishes, lotions
Ethanol is used as solvent for dyes in fthe
magnufacture of various dyes, confectioner's colours
and food products. It is used as a solvent for
nitrocellulose in the manufacture of noh-scatter-
able glass, photographic films, cellulofid elements,

pastes and varnishes. It is a solvent for essentiagl
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0oils in the manufacture of vanilla, lemon,

peppermint, Jjasmine etc, Its other applications

as a solvent include, solvent for soapd

in the

manufacture of liquid soaps; solvent far the

preparation of tinctures, in the cystallization

process, in the manufacture of dinitrobenzol and

oxalic acid, and in the purification pro

in the manufacture casein and milk prog

cesSses

ucts.

Ethanol as a solvent has a wide applic%tion in

the manufacture of diverse and varied dpugs.

Ethanol as a Fuel: IEthanol is used as p fuel

for heating, lighting and power supply [Prescott

and Dunn, 1959). As a fuel for power fe
ethanol is becoming a major component of
mobile fuels. A 10% alcohol gasoline (g
blend is in use already in the U.S.A.(M1

The unpredictable hikes in the prices of

rmentation
auto-
asohol)
ller, 1975).

jaleha by

renewable o0il resourcee has stimulzsted interest

in the utilisation of fermentation ethan
potential liquid fuel (Ghose snd Tyagi,
In Brazil, fermentation ethancl has repl
gasoline (Anon, 1979); and Lima (1980) d

the potential of using ethanol in combin

ol as a
1979).

aced 204
iscussed

ation
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with gasoline as a fuel. Faust et al,|(1983)
indicated thet ethancl used ss a fuel ¢r fuel
additive improves engine performance apd exhaust

gas composition.

2.1.6 Miscellaneous Uses of Ethanol: Koransky et al,

(1977) hed shown that ethanol could be |used for
selective isolation of spore-forming hgcteria
from mixed cultures of microorganisms using 50%
(v/v) ethanol for one hour as the most effective
concentration. As & precipitating agent ethanol
is used in the manufacture of insulin and glycero-
phosphates., Ethanol is used as a carbaon remover
from cylinders of car engines. Wwhen used as a
non-freezing solution ethanol lowers the freezing
point of water and so serves as a non-fireezing
sgent in automobile radiators. I+ is npt corrosive
nor does it attach rubber parts or comnngctors.
Ethanol is used as a preservative for specimens
in bioclogicel museums and often added tp liquid

mixtures such as proprietory medicines)

2.2 BASIC PRINCIPLES IN ETHANOL PRODUCTION :

Fermentation ethanol is that produced a$ a

by-product of microbial metabolism. Thf
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production occurs when suitable microdrganisms
grow and metgbolise various substrateqd which

may be saccharine (molasses and sugar [cene juice)
starchy(cereals, tubers) or cellulosidgs
(agricultural and agroindustrial wastes) (Essien
and Pyle 1983). It differs from syntqetic

ethanol which ig produced by chemicel means from
raw materigls such as petroleum and ifs deriva-
tives {natural gas, coal, 0il shales) |{(Miller,
1975). Fermentation ethanol forms an |intrinsic
part of alcchol beverages and some feymented
foods. In primitive times, the fermentations
occurred naturally (without any conscigus
inoculation of microorgenisms) and the biochemicel
mechanisms were not wnderstood. Developments in

microbiology, bieochemistry and procesg engineering

have proved helpful in upgrading fermgntation to
modern industry, thus providing alcohdlic beverages
of better quelity, and commereial ethsmol for
appropriate industrial wses. Specifi¢ requirements
for industrial ethsnol production areg suitable
microbial strain, fermentation substrate and

appropriate process technology.
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PROCESS ENERGY AND ECONOMIC CONSIDERATI

ONS

IN ETHANOL PRODUCTION: Ethanol producti

fermentation requires some energy both

and indirectly. Energy expended direct

the form of fuel and indirectly in thei

equipment and labour (egricultural and |
operations). Agricultural energy inpu
account for up to two-thirds of the tot
requirement in ethanol production (Ess#

Pyle, 1983). Process energy imputs inc

on by
directly
ly is in
form of
process

8 can

al energy
en and

lude

energy for raw material processing, fermentation

product recovery and effluent treatment

« The

stages of product recovery (distillation) and

effluent treatment consume much of the

energy requirements.

Fermentation of sugars to ethanol is an
process, Therefore it requires extract
heat to maintain fermenter temperature
This can be achieved by cooling and the
provided is somehow minimal. However,

constitute a serious constraint where

process

exothermic
ion of excess
at 30 - 35°C,
energy
cooling may

cooling water

temperatures are so high that refrigeration becomes

necessary (Essien and Pyle, 1983). Alt

ernatively,

thermopilic microorganisms are employed in the

fermentation (Wiegel, 1980).
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Raw materials account for the greater part of

the cost of producing fermentation ethpnol.

Essien and Pyle (1983) have shown (Table 1) that

the cost of certain raw materials far outstrips

that of processing.

The cost of equipment and

other utilities may be similar depending on

availability of capital equipment and

expenses.,

ther

In order to cut down the high cost of

ethanol production resulting from the Righ cost of

raw materials, an alternative strategy would be to

use raw materials like the agricultural

and indus-—

trial wastes, with the potential to give high

product yields. In short, competitive

will control the basic raw materiagls ta

Fermentation Systems:

economics

be used.

The raw materials sare

fermented to ethanol often using a fermentation

system that is cost effective.

of such systems:

There are four

the classical batch fermenta-

tion; continuous fermentation; immobilised cell

fermentation;

and extractive fermentation.

The classical batch fermentation (24-72h)

is practised only in small fermentation

in Europe (Faust et al, 1983).

plants

The larger
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TABLE 1: DISTRIBUTION OF ATCOHOL PRODUCTION
COST ( APPROXIMATE PERCENTAGES)

RAW RAW Ei

MATERIALS MATERI AL Pﬂgggﬁ“ImG

COST

Corn > 70 .?0

Sugar Cane 60 ~ 70 40 - 30

Cassava 60 4Q

Molasses 78 2%

(From Essien and Pyle, 1983).
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fermentation plants in Brazil and the U.S.A.
use large scale batch fermentations in |a rotary
menner to supply fermented wort continuously

to the distillation unit. The fermentins; cells
have to be centrifuged and washed before the
next use. This limits the batch systenm to
small fermenting volumes so that an alterna—
tive system (continuous), whereby the gmaller

|

fermentation could be scaled up, has tg be

employed.

The operation of continuous system invalves a
continuous flow of medium into a stirrdd
fermentation vessel at a rate that permits
sufficient conversion of the substrate |[to ethanol
within the vessel. Though apparently dimple,

the continuous fermentation system has two
limitations (Rosen 1978) since the composition

of the product stream is the same as that of the
mediumn in the fermenter: the first is the inhibition
of ethanol and the second is the problem of cell
wash out. Jones et al, (1981), observed that this
system hes been used extensively in U.S5.5.R. but

in the West (U.S.A. and U,K.) its use Has not

proved economical due to the failure to achieve
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three goals, namely: high substrate utilizatlion,

high ethanol concentration in the fermentation

stream up to distillation unit, and high etthoi

productivity in conventional well-mixed tank%.

The 1mmobilised-cell fermentation system makes

use of high cell densities in the fermenter *f the

fermentation medium 18 made to flow through &

colunn

in which the cells are immobilised by attachment to

|
a s80lid support. The cell immobilisation meﬁhods

include adsorption into resins or entrapment:in

gelatinous beads. In this system there is nd need

for agitation so that cell reeycle and recovdry,

capital and energy costs may pe lower than for other

fermentation systems. Essien and Pyle, (1983)

’

observed that for this system high productivilties are

possible since ethanol inhibition is only limi

the lest states of fermentation. However, it

ted to

is

fraught with the problem of degassification which

industrial application of the system has to overcome

since roughly the same weight of carbon dioxide and

ethanol is produced during the fermentation.

The extractive fermentation system is a pomposite

of techniques that simultaneously involve continuous

removal of ethanol from the system as it is formed so
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that preduct inhibition is reduced. Some o
techniques include: vaccum fermentation whi
process where sugar is continuously fed to
ter operating wmnder a very low vaccum s8¢ th
Wwith th

gthanol boils off w8 it is formed.

que high cell densities can be maintained,

f these

th is g

. fermen-—
gt the

is techni-—

ethanol

inhibition is removed, high productivities would be

achieved and high concentrated sugzr feeds
The system is complex and eXpensive thus ma)
unattractive when compared with the other s
The second is the flash fermentation techni
consists of a continuous stirred tank fermel
operating under atmospheric pressure and coj
an eXternal flash vessel under vaccum. The
continuously drawn from the fermenter and e
flashed off. Problems of contamination and
minimised here., Another technique of the e
fermentation system is the scheme which cou
nuous ligquid extraction of the ethanol with
cell fermentation, The key to such a Procei
solvent that preferentially extracts ethano
and secondary fermentation products, and wh

nontoxic tg the fermenting cells, is safe t

a8 large scale, and easily end chegply yield

extrascted ethanol.

can be used,
King it
ystems.

nue which
nter

nnected to
broth ié
thanol
OXygen are
xtractive
ples conti-
immobilized
s is g

L over water
ich is

b handle on

5 up the
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Most of these fermentation systems are

unlikely to reduce simultaneously bg

th the

total process plant energy demand and the

capital cost of fermentation ethanol

production.

However, Jones et al, (1981), obseryed that

whatever fermentation system is chod

growth and ethanol production are f

en, yeast

ctions

of their envircnment which is partly determined

by the choice of substrates and fe

enter.

Product Recovery: The recovery of ethanol

from the fermentation broth by distillation

reguires some energy.

In spite of this,

conventional digtillation stands out as the

simplest of the other glterngtives
ineclude: distillation with vapour r?
sion; freeze-crystallisation end dis
and ligquid - liguid extraction and 4

The direct distillation is the

which proven designs are readily av

hich
compres—
tillation;
istillation.
one for

ilable.

Freeze - crystrallisation and liquiq-liquid

extraction are not yet known to have been

commercially applied to ethanol rec

fermentgtion broths.

very from

Vapour recompyession

dietillation would be obviously attractive where

relatively cheap electricity is avajlable.
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The straight distillation could be coupled
to another process to improve the recovery
of ethanol. This process replaces distilla-
tion over the final stages of ethanol|purifi-

cation with absorption on corm starch, The

dilute broth is distilled to about 8 ethanol

and the vapour passed over packed bed{of the
abscrbent, Water is preferentially a
to leave a pure ethanol stream. The
may then either 'be regenerated by p
air through the packed bed or returne
front end to the fermentation process

Very little significant process
ments in distillation have been repor
(Essien and Pyle, 1983). This implie
the traditional method of separating

and water may remain the only choice

time to come.

' 243 MICROORGANISMS POTENTIALLY USEFUL FCR
ETHANOL PRODUCTION.

Among eucaryotic organisms, yeas
the primary agentis of ethanol producti
(Jones et al, 1981; Doelle and Jone, 1986)
and some are known to produce ethanol [from
glucose, lactose, pentoses gnd other hiexoses,

Apart from the yeasts, several fungi produce
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ethanol (Wiegel, 1980): two Aspergillus, th

Fusarium and Penicillium species can produg

more than one mole of ethanol per mele of g
consumed. The thermophilic moulds are not
for industrial ethanol production since the
grow as fast as yeasts or bacteria (Wiegel,
However, the cellusose - degrading thermoph
might be of uge in ethanocl production when
combination with other organisms like yeast
'fermentation of cellulosic materials.

some emount of ethanol is found among

. Termentation products of anaerobic snd facu

anaerobic bacteria: for example, Entercbact

rea

e

lucose
suitable
vy do not
1580).,
ilic fungi
used in

5 in the

the
latively

ericeae,

lactic acid bacteria, Zymomonas and Sarcing
these, Zymomonas can form almost ethanol en
gluoee via the Intner - Doudoroff pathway, wh
the Sarcina produce ethanol using a mechani
ling that of yeast, but forms acetate from
and hydrogen together with carhon dioxide b

formate (Wiegel, 1980). Some serobic bacte

(Pgsevdomonas and Alcegligenes)can produce et

they are incubated under anaerobic conditio
oxygen limitation. Among the fermentations

philiec bacteria, that by Eymomonas mobilis

as a pure ethanol fermentation. This is be

. Of
tirely from
ereasd
5m resemb—

pyruvate
y way of

ria
nanol if
ns or

by meso-
18 regarded

cause the
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glucose molecule is metabolised solely to ethanol
and carbon dioxide with some amount of aceﬁata.
This ability makes it the most promising of the
mesophilic bacteria to be used for ethanol product-
ion (Wiegel, 1980; Doelle and Jones, 1986)4

The use of bacteria for industrial ethanol
production has the following advantages: th%y have
a wide spectrum of substrates; they cause né aeration
problems and they form little biomass. Although, some
of them produce appreciably high yields of ;thanol
from glucose the formation of significant aéount of

other products during fermentation preclude$ their

industrial use. Zymomongs mobilis, being the most

promising, (Wiegel, 1980; Karsch et al, 198j), is

not used for industrial ethanol production éecauﬁe of
the high production of acetate (plus acetaldehyde),

at a ratio of 100 ethanol: 2-3 aceatate, th; non-utili-
zation of starch, maltose, or xylose and th% dependence
on advanced technology. Acetate causes proqlems since
it cannot be separated from ethanol by the durrently
applied distallation technique. Yeast ferme%tations
are cagrried out at pH 3.0 - 5,0, the bacterﬂa require
pH values above 5.0. This pH range is suitable for
other microorganisms which withstand high et?anol
concentrations so that fermentations using Zggomonas

mobilis requires sterilisation of the medium and
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trial production of fermentation ethanol,

"Yeasts are the organisms of choice for lary
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fermentation vessels.

Furthermore, the ethanol

concentrations at the beginning of the fermentation

process gre too low to prevent overgrowth

bacteria. In view of these set backs, thd
of Zymomonas do not seem to be sufficient

its substitution for yeast.

by other

advantages

to permit

Karsch et al, (1983),indicated that fpr industrial

fermentations Zymomonas gobilis Seens to be inferior

since the advantage of higher ethanol and

the lower

biomass production is disadvantaged by decfrease in

pH from 6.3 to 3.3 during yeast fermentatipns thus

making sterilization of the medium unneces

b ary.

In

addition, the problem of product inhibitiop is greater

during fermentation with bacteria than with yeasts.

Bacteria are nmore sensitive 10 ethanol th

yeasts

(ethanol tolerance of 3.84v/v ethanol for Ppacteria com-

pared to 10 - 18%v/v for yeast) (Wiegel, 1

SQURCES OF YEASTS FOR ETHANCL PRODUCTION

of yeast often used are Saccharomyces and K

myces species (Jones et al, 1981; Doelle an

1886).

Yeast strains abound, which include natural

ted beverages and foods, plants,

water.

Numerous diverse sources of such sy

enimgls, S

80).

re scale indus-~

The strains

[luyvero-

d Jones,
itable
ly fermen-—

lbils and
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Fermented Beverages and Foods in Nigeris

Nigeria is rich in fermented bevertges and

foods from which suitable yeast strains for

ethanol production cen be isolated,

example, burukutu (Faparusi, 1973)

For

was found

to contain yeast strains from the qorghum

malts and the fermenting mash.

Fram

the

sorghum malts one strain of Sa.ccnarc#nyceﬂ end

two strains of Saccharomyces were

the mash. Okafor (1872) isolated 1

t Trom

yeast

strains from samples of palmwine friom widely

different localities in Nigeria amo

were 12 Saccharomyces strains. In

gst which

h 8tudy on

"Ogi®, Akinrele (1970) got yeast stpains

including a strain of Saccharomyces)

Fermented Beverages in other parts ¢f the World

A South Africen local beer was
contain three strains of yeast (Van

1956) one of which was Saccharomyces

found to
de Walt,

Sp.

'‘Merissa', a Sudanese local beer cor

| tains a

yeast strain, (Dirar, 1978), which \4&5 found

to be a Sgccharomyces sp. Other soy

rces in

the Sudan found to contain large numbers of

yeasts straine are cane molasses (Agab and

Dirar, 1980) amongst which were Saccharomyces

8p.
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A local fermented drink in Kenya,

thussa’,

contains two strains of yeast (Noul, 1980)

one of which is a Saccharomyces sp.

'tuba' (coconut palmwine) and nips
(nipa palmwine) which are naturally
drinks in the Phillipines, contain
strains (Yamagatae et a1, 1980). 58

yeast strains were found to be Sacce

Coconut
'tuba!

fermented
D25 yeast
1 of these

haromyces

Sp. as=2ociagted with palm sap fermen
Ulloa, (1981), in a communication i
that a host of diverse fermented be]
produced in Mexico {'Pozol', 'tesqu
' juba', t*colenche', and 'tepache',)

microbiclogical analyses showed thel

tation.
ndicated
rerages are
lno', 'pulque’,
whose

1 to be

rich sources of yeast strains and Sgccharomyces

species from a good number of them.,

Kluzgero—

myces fragilis has been used for etRancl product- ™

ion (Jansens gt al, 1983)and K. marfianus has

been used to produce ethanol from Jdrusalem

artichoke extract (Margaritis and Bgjpai, 1983).

CRITERIA USED FOR SELECTING YEASTS JOR

ETHANOL PRODUCTION

For ethanol production, the microorg

(yeasts) used should have certain ch

Stewart et al, (1984) and Thorton {1

ranisms
aracteristics.

983) observed




27

such characteristics among other to includ
and relevent carbohydrate fermentation abi
gppropriate flocculation and sedimentation

ristics; genetic stability; osmotolerance

=]

rapid

| itys

characte-

i.e, the

ability to grow in and ferment concentratef carbohy-

drate solutions): ethanol tolerance and ab;

produce elevated concentrations of ethanol

L1ity ta

high cell

viability for repeated recycling; and therfpotolerance.

It is not stated anywhere in literature th
strein used for commercial production of e
every one of this host of characteristices.

attempts have been made to use yezst strall
few combinations of those cheracteristics,

and Stewart (1981) used a yeast strain (Sa

bt any yeast
thanol has
However,

s with a
Panchal

pchgromyces

sp) with a flocculating gbility whose industrial

potential with regard to cell recycle is o]

importance. It will be more economicgl to

F great

use in g

continuous fermentation system since the ngcessity for

centrifugation is obviated. Some yesst st
to ferment glucose to ethgnol at 4000 were

by Hacking et al (1984); they include Kluy

rains able
gelected

reromyces

and Saccharomyces strains. Using osmotoleq

strains, Haraldson and Bjoerhing (1981) we;

rant yeast
re able to

produce ethanol from concentrated substrates such a3
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molasses. Rose (1972) used yeasts pf high

osmotolerance to produce ethanol frpm high

concentrations of cane molgsses, Ih a related

study, Rose, (1976), selected flocculating and

sugar tolerant yeast strains which fruickly

fermented molasses to 12%4(v/v) ethapol. Growth

of yeasts and ethanol production at

supra-optimal

temperatures was undertsken by Krouwel and

Braber (1979). They observed that raising the

temperature from 30° to 39°C resultd in expected

effect: less growth and high ethanol producti--

vity, and that at temperatures gregter than

39°C cell death predominated. Working with the

yeast Saccharomyces uvgrum, Oliver #md Brown

(1982) found that fermentation continued at =

temperature of 40°C and above. In %eneral, it

ie elear that ysasts possessing all
characteristics desirable for ethang

tion have not been reported,

SUBSTRATES FCR ETHANOL PRODUCTION

The substrates or feedstocks used fd
production fall into three categorie
sacCharine materigls; starchy materi
the sgricultural (cellulosic) and ag

wastes.

the known

1l fermenta~

r ethanocl
g: the
als; and

Troindustrial
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Saccharine Materigls:

The saccharine materials are the substfates that
contain fermentable sugars, for examplg juices

from sugar cmne, beet sugar, and molasges (Lyons,
1983). These are the simplest and the [most

widely used raw materials for ethanol groduction.
They do not require additional preparafion. Ethanol
from sugar cane or beet sugar is not pnoduced indepe-
ndently, but in & sugar refinery, wherd the available
infrastructure can be made use of more |economically.
For instance, molasses as a by-product [from the

sugar refinery can be Ifed along in thel ethanol
process. However these potentials are fconstrained
by their availability since sugar produetion fluctu-
ates often, and few locations harvest shgar cane all
the year round (Faust et al, 1983). The possible
alternative is the use of molasses which is a by-
product of a sugar processing industry.| Molasces

has been widely reported to be used in gthanol
production: Bose and Ghose (1973) used Indian cane
molasses for ethanol production with a yleld of 43%
(w/v). They used paddy soak water inste¢ad of mineral
supplements eand obtained higher yields ¢f 47%(w/w).
Cane molasses was used for protein and ¢thanol

production (Agab and Dirar, 1980). It was observed
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in that study that the suitability of molasdes for

ethanol production depends on its place of ﬁroduction

and its content of mineral nutrients. Strajns of

Zymononas mobilis hgve been used in comparigon to

Saccharomyces cerevisiage for ethanol producfion using

cane molasses gs substrute (Van Vunren and Neyer, 1982).

The result demonstrgted that at low concentridtions

Zymomongs compared favourably with S. cerevisiae, while

at higher sugar concentrations the yeast prdduced

considerably more ethanol thaen Zymomonas. Ugclarified

molazsses was used by Dhamija et al, (1582) for ethancl

production where they by-passed the pretreafment steps

and had good yields with reduced fermentatidn time.

Haraldson and Rosen (1982a , 1982b) on two geparate

occasions have used sugar cagne molasses for|continuous

ethanol fermentation. Cane molasses was us$d for

ethanol production {Park and Sato, 1982) with a fungal

invertase as an enhancing agent. The enhan¢ing ability

of the invertase was influenced by both temperature and

pH, with better results at pH values below %.0 and at

30°¢. However, the use of molasses for eth
production in developed countries e.g. U.S.4.

widespread (Lyons, 1983).

ol

is no%t
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2.6.,2 Starchy Materials:

Starchy reaw materials make up the
majority of feedstocks for ethanol prpduction.
They are widely aveilable, can be propuced
on annugl basis according to demand ih most
areas of the world (Faust et al, 1983). They
can be stored to allow all year round| fermenta-
tion. The sources of starchy rew matprials
include the cereel grains and tuberoup roots
(cessava, yam, and sweet potatoes) (dp Menezes
1978; Screekantiah and Satyanaarayankrazo, 1980),
Ueda et al, (1981) have deomonstrated|that
production of ethanol from raw cassavg starch
ig feasible, and that raw cassava stalch mgshes
could be effectively converted to ethgnol with-
out cooking by use of fungal saccharijying
agent. Using acid hydrolysis, Aghar gnd Hamdy
(1981) were able te produce ethanol fiom sweet
potato stgrch. However, the ethanol groduction
costs from these sources are prohibitive because
of the difficulty of handling materials, lique-
faction snd saccharification of the starch

(Ueda et gl, 1981). A8 a result of these
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disadvantages starch from grains is|much

more preferable snd are (grains) widely

used for ethanol production in developed
countries like the U,3.A., Western ope

and the U.S.3.R. (Lima, 1980). Howg¢ver, due

to increase in demand for grains g3|food and
feed, there is the urgent need for gubstitution

of grain starch for ethanol productjon.

- 2.6.3 Agriculturgl and Agroindustrigl Wastes:

Such suitable substitutes to grain $tarch

include ggricultural and agreoindustiial wastes
(Stantor, 1978; Sitton et al, 1979;|Detroy and
Hesseltine, 1978). Wastes from agriculture and
agro—industries are the excesses angd residues
from growing and processing raw sgricultural
products such as grains, fruits, powpltry, fish

and trees. They contain mainly cellulose, ligno-
cellulose snd hemicellulose. Wood 1s the richest
source of cellulose but other alterpative purposes
compete for the use of wood (Faust ¢t al, 1383),
such gs direct buming for heating, |for building
and furniture, and for pulp and pap¢r manufactura.
Wood hydrolysis is practised on a large scale

only in the U.S.5.R. (Faust et al, 1983),
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Its hydrolystate contains glucose of usually P

The sugars in wood can be fermented but requi

liquid passages during distillation which incp

energy demand and capital cost enormously. A

industry involved in the combined production p

cellulose/chemicals and ethanol seems to proy

better future for ethanol from wood.

The cellulosics from agricultural and agpk

wastes seem more promising. Agroindustrial w

sulphite liquor, potato wates, straw, bagasse

pal wastes. Cellulose in paper has been used

production (Anon, 1975). Nagy et al, (1975} ah

et al (1979) reported the fermentation of agri

wastes (Corn-cob and kenaf stems) by Torulopsi

=i 4%0

re large

eases the
woood based
f wood/

ide a

o-industrial

pates include

end munici-
for ethanol
d Sitton
cultural

8 ukilis

to ethanol. Engymatic hydrolysis of the cellf

to ethanol

al, 1976

make their fermentation by yeasts g

(Cysewski and Wilke, 1976; Wilke, et

1978).
Ghose and Tyagi (1979) for

and Young, Bagasse hydrolysate was use

ethanol production

Ho

batch and continuous fermentation systems.

these waste materials or cellulosics have beeh

to be of inferior quality (Faust et al, 1983)}
in cellulose and rich in lignins,hemicellulosg

by-products. Furthermore they are mainly sea$

more so the difficulty of cellulose hydrolysis

thermal or enzymatic) has inhibited its large

losics
asier
Savarese
d by
in both
wever,
reported
being poor
and other
onal, and
(chemical,

application
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for ethanol production. The methodp of

hydrolysis used include amcid hydroll
concentrated hydrochloric or sulfum
(ECL or H2804) under pressure, alks
drolysis or enzymatic digestion; an
hydrolysis is never 100% in any of

processes (Faust et al, 1983).

METHODS OF TMPROVING YIELD IN ETHAN

ySis with
ic acids
line prehy-—
1l the

these

DL

FERMENTATION ¢

Any scheme for yield improvement in
fermentation must take into account

factors that operate together, name

ethanol
these

ly: environ-

mental, process, biological, and gehetic factors.

Environmental Factors:

For an increased etingnol production
environmental factors affecting yeag]

are important. The factors include

the
Bt growth

concentra~

tion of ethanol, substrate, nutrienk Supple~

ments, pH, temperature, dissolved okygen and

carbon dioxide.

The effect of ethanol concentration
primary limiting factor in ethanol
Since a8 the concentration increase

a decrease in the fermenting cell p

is the
broduction
3 there is

ppulation
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(Troyer, 1853) and consequently a reductior] in ethanol
yield. The-reduction in ethanol productioq during
fermentation is not due to the lethal effedts of ethanol
alone but rather to the reentry of ethenol [into the cells
thereby causing their deactivation (Panchall and Stewart,
1980), Ethanol itself induces rigidity of {the cell
membrane (Ingram, 1976). Panchal and Stewgrt (1580)
heve shown that wsaturated liquids such ad| linoleic
acid end Tween 80 enhance the excretion rate of ethenol
from the yeast cell. The lipids inecrease the fluidity
of the cell membrane. Thus, it appears that a balance
between the three factors: ethanol reentry;] fluidity of
the cell) membrane due to unsaturation; and [the effect
of ethanol on this {fluidity,are critical defferminants
for meintaining high ethanol producition and| cell viagbility.
Generally, high substrate concentratiohs entail
reduced dilution water requirements, the popaibility of
reduced distillation costs, and limiting ethanol inhibi-
tion. However, high substrate concentratiops are
inhibitory to fermentations due to the osmokic phenomena
(Jones et al, 1981). The exact substrate cpncentration
inhibitory to fermentations is strain dependgnt and at
concentrations zbove 14%(w/v) most yeast cells begin
to plamolyse (Jones et al, 1981). Nagodawithana et al,
(1974); and Panchal and Stewart (1980), indjcated that
this effect could be partially overcome by jncremental

feeding and by dilution of fermentation medjum. Haral-
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dson and Bjoerting (1981) obtained high yiglds of
ethanol using concentrated substrate, (50%4¢/v)

molgsses with Schizosaccharomyces pombg and

S. cerevisiae.

The use of nutrients and supplements In
fermentations is essential for the growth ¢f yeast
cells. The most commonly used nutrients age urea,
emmonium sulfate, phosphorus, trace elemenys, vitamins
and growth promoting factors such as amino {acids, nucleic
acids, fatty acids and stercls. The growtl} promoting
factors are consumed in biosynthesis and i§ is in this
role that they enhance high yields of etharfol (Jones et al,

1981). A 58.40% increase in fermenter productivity has

been reported for S. cerevisige by the addjtion of a
protein - phospho — lipid (Jansens et al, 1983). Hayas-
hida et al, (1982) obtained ethanol yields (20.1%v/v)
by the addition of fimgal mycelia to the fdrmentation
medium.

As in all fermentations, pH is a very [important

factor in industrigl ethanol production. is 1is due
to its controlling effect on bacterial contflamination,
fermentation rates, yeast growth and by-prddu t forma-
tion. The choice of pH in a fermentation pHrogramme
depends on the buffering capacity of the fgqrmentation

mediuwm: in lightly buffered medium the optimum initial
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pH is approximately 5.5, but in more highl;
mediag it is 4.5 to 4.7. Jones et al, (1987
a pH raenge of 4 to 5 for most fermentationg
absolute limits of pH for growth of most s

Saccharomyces cerevisiae is between 2.4 and

the optimum at 4.5.
Sugar fermentations are exothermic andg
fermenters are often cooled. The choice of

temperature is influenced by phyziological

r buffered

) recommended
s, Tthough the

rains of

8.6 with

industrial
operating

requirements

of the fermenting organisms, by the physicdl problems

of evaporative ethanol loss, and by foaming

temperatures (Jones et al, 1981).
mum tolersgble temperatures for growth and i
are strain dependent. For enhanced ethanol

mesophilic strsins of Saccharomyces are the

priate: their optimum range of temperature
while about 40°C is the maximum (Xrouwel sn

Lee et al, (1980), observed that the optims

at elevated

The optimum and maxi-

ermentations
production
most appro-
being 28-35°C
3 Braber, 1979).

] temperature

for growth is 34°C while the specific ethanjol production

rate was gt 37-43°C. Oliver end Brown {198

that for enhanced production Saccharomyces

the mogat reaistant to growth inhibition by
temperatures 2 and 10°C below their growt

(35°¢). It has been indicated that the opt

2) reported
Atrains are
ethanol at
h optimum

imum tempersa—

ture for specific fermentation is to be fro

higher than the optimum for growth (Jones

5° 40 10%
al, 1981).

\




38

Dissolved oxygen in the fermentation mejdium hags

considerable influence upon the percentage of

remeining under conditions of fermentation.
Nagodawithane et al, (1974) have shown that
disolved oxygen content increased sbove 13%
of fermentation is inhibited. The exact level

=

=

minimal oxygen regquirement in fermentation i
dependent and varies with the enviromment (J

1981). The best conditions for enhanced eth

cells

However,
ns the
the rate
of the

2train

pnes et zl,

bnol produc—

tion are to operate a rapid fermentztion at p lower
temperature with 13% or below dissolved oxygkn in
the medium (Nagodawithana st al, 1974). Undpr these

conditions over 949 of the cells inoculated Wwill

remain viable after ethanol concentration hag

avout 12{v/v).

establishment and maintenance of gnaerobic ¢

Higher temperatures support

S8ince there 18 a decrease in oxygen solubili
1980).

tations carbon dioxide inhibits the growth o

the mediuwm (Wiegel, During anaerobic

regched

the

hnditions
ty in

fermen-

yeast

cells, major inhibition occuring when the digsolved

carbon dioxide level resaches 0.02M (Jones et
In order to improve the ethanol yields of a
tion system the level of the dissolved carbonp

in the medium should be kept around 0.018M{ o
(Jones et al, 1981).

al, 1981).

fermentg-

dioxide

below
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2.7.2 Process Improvement:

Processa improvement in ethenol prodyction
involves maenipulgtion or modification of |fermentation
procedures or systems, and product recov$ry. FPermen-
tation procedures for industrial ethanol |production
are relatively independent of the raw materials
employed. However, a major aim of the ddvelopment
in alcohol fermentation technology is tolobtain
fermentation systems with substantially Higher
overgll ethanol productivities than the $raditional
batch system. One of the main objectived is to
reduce the volumes of the fermenter and domsequently
their capital cost. OQther improved systdms include
continuous fermentation, immobilised celll fermentation
and extractive fermentation,. Higher produectivities
have been reported for continuous stirred fermenters
operating in series,with the significent jimprovement
resulting from the reevery and recycling of the yeast
from the product stream (Wada et al, 1980; Weeks et al,
1982; Bssien and Pyle 1983). In such systemsengery and
equipment demands mey incresse but the inkreases gre
more than offset by the substantial improyement in
ethanol productivity. However, Paust et pl, (1983)
observed that continuous fermentation canhot yield
alcohol concentrations as high as batch opgrations
which produced 10 - 12%(v/v) in one stagef and that
at higher productivity rates the ethanol{ becomes inhibi-
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tive above 8.5%(v/v). At any rate, this is o
continuously removing the alcohol through v
permeable membranes or liguid-liquid extracti
and Wilkie (1978) described cell recycle and
fermentation processes for the continuous pro
of ethanol and observed that a 57% reduction

capital investment would be realised by conti

vercome by
cum, Semi-
pbn. Cysewski
IV a.Ccum
duction

in fixed

[uous

operation and further decreasses in required ckpital

investment of 68 and 71% could be obtained fo
recycle and vaccum operation respectively ove

fermentation. In the immobilised cell fermen

r cell
r batch

tation system

there is no need for agitation, thus making dell recycle

and recovery possible, capital and energy cos
significantly lower than for fermentation syd
and Pyle (1983) observed that high productivi
possible with this system because ethanol inh
limited to the last stage of the fermentation
extractive fermentation techniques are relati
and perhaps cost intensive (Essien and Pyle,

such their use for large scale industrial prd

ethanol is not encouraged.

Distillation a8 a conventional method of

ethanol from fermentation broth demands a lof

of process energy input. One way of alleviaf
problem is to modify the conventional distill

scheme 80 that it becomes less energy intensi

ts are
tems. Issien
ties are
libition is
The

vely complex

1983).

duction of

As

recovering
} 1n terms
ling this
lation

ve or to
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replace it with a low energy non-di
Separation technique. For eXsample,

extraction and dehydration with st

stilation
liguid-liquid
chy naterisls

are two process alternatives (Essign and Pyle,

1983). These processes offer the ¢
for improving both the energy effid
ethanol recovery and the economics
production., Thus the 8cope for imy
productivity and the viebility of T
ethanocl through modest improvements
techniques gppear to be limited vis

econcmics of produdtion. There is

rospects
iency of
of ethanocl
roving the
iomagss

in process
~g~vis the

the possibi-

1lity that significant breask-throughs will depend

on the use of cheaper feeds, such as cellulosics

and the type of yemst streins ~ the

improvement.

Biological Modification:

Improvement in ethanol yields
biological modification entails thel
combinations of yeast 9traine or mi
systems.
ristics of the selected strains whi
would not have been found in any si
{(e.g. flocculation, osmotolerance o
rance). Jones and Greenfield {1981

improved productivity using a dual

biological

through
use of

xed culture

This device exploits certain characte-—

ch otherwise
ngle strain

r thermotole-
) had an
Bystem that
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consisted of two yeasts (S. cerevisiag and a sake

yeast), chosen because of their different levels

of tolerance to sugar and ethanol. Us$ihg a mixed
culture of various organisms Hayashidfl and Ohtar
(1981) were able to obtain up to 20%(¥/v) ethanol.

The organisms used included Saccharomyces cerevisiae,

S. uvarum and Schizosaccharomyces sakq as well as

Aspergillus oryzae which provided a proteolipd

substance a8 a supplement in the medium. Use of
fungal mycelia (Haysshida et al, 1982) enhanced

ethanol concentration up to 20.1%(v/vj.

2.7.4 Genetic Modification:

It is possible that enhanced yie%da of
ethanol could be achieved by a combinﬂtion of
biological and genetic modifications. | Genetic
modification involves the use of processes that
enable the trensfer of certain desirable characters
from an organism to the one used in thle production
of ethanol. For example, cellulolytic| ability

can be transferred from organisms like| Trichoderma

viride and Aspergillus niger to a yeasft strain to

facilitate the use of cellulosiecs for ethanol
produdtion. Amylolytic characteristicg can be

transferred to certain yeasts thereby increasing

their capacity to use starchy materialig for ethanol
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production. With respect to higher alcohol %

yeasts are being identified plus the genes wh

control these characteristic (Lyons, 1983) ar

olerance,
ich

d by

means of gene cloning techniquessuch genes cén be

transferred to other yeasts with low ethanol {1
Genetic moditification also opens the possibai
genetically altering the yeasts used mostly f

ethanol production (Saccharomyces sp) so thatf

normally unfermentable sugars like whey lactg
xylose will become fermentable.
constitute the basis of genetic engineering i
since they involve transfer of characters not

yveast but also from other organisms.

olerance.
lity of

or

ge and wood

All these pqssibilities

echniques

only from

Genetic construction of yeast{ strains thiat will

produce increased fermentation rates and tolerate high

ethanol concentrations would be of high indus

importance.

risl

Efforts directed towards achievihg this

goal have been reported by Panchal et al, (19B4), and

their results show that considerable progres
be made by controlled genetic manipulation of
strains. The manipulation can be effected by

any of the traditional techniques of mutation

zation or the novel technigues of cell fusio

transformation.

Mutagenesis is the technique of effectin

by means of chemicals (e.g. alkylating agents

could
the yeast
utilising
y hybridi-
1 and/or

£ mutations

) and
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physical agents (e.g. uv-irradiation). Spont

mutations giving rise to spontaneous mutants

aneous

are the

most desirable since they rarely occur and re¢vert but

their probability of induction is low (Eland

Both chemical(e.g. ethidium bromidelend physi

I

5 g 2; @_,1971).
al (e.g.

Ultra violet (uv) irradiation) agents can prgduce respi-—

ration deficient mutants in yeast (Nagai et
Ethanol production by respiration deficient
been found to be highly efficient (Bacila et
Bacila and Horri, 1979). The respiration def

mutants they obtained gave high yields of etk

5

s 1961).
tants have
al, 1978;
[icient

lanol and

proved to be more efficient in ethanol produ¢tion than

the wild strains.

Bpecific, that is, mutations mey occur in sey

However, mutagenic treatm?nt

]

are non

reral genes

or characters (Elander et al, 1977), consequgntly a mutant

strain which has a favourable mutation (char
also have some unfavourable mutations,
Another technique of genetic modificatid
hybridization. This technique takes advantad
heterothallic yeast life cycle by selecting H

strains and maeting them to form a diploid stx

properties different from those of elther pan

This permits the selection of desirable charad

and elimination of undesirable ones.

Tcter) may

n is

e of the
laploid

ain with

ent strains,

ters
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However, the success of hybridization (pnd mutagenesis)
depends on the ability of the yeast strpins to sporulate.
In strains that cannot sporulate, a technique of cell
fusion is employed. Cell fusion or profoplest/
sphaeroplast fusion is a process by whiph two yeast
cells are fused together by mixing in the presence

of polyethylene glycol (PEG). Spheroplgsts which

do not fuse are eliminated by the use of the
regeneration medium. Panchal, et al, ([1982a) used

cell fusion technique to obtain a staeble fusion

product with increased fermentation effjciency and

increased tolerance to high osmotic pregsure. The
fusion product was also highly thermotolerant and
grew and fermented glucose at 40°¢c. Hybridization
and protoplast fusion techniques were employed by
Panchal et al, (1982b) to construct novel yeast
strains which were capable of producing|elevated
ethanol levels in fermentations with defined media

or whole corn mashes. Legmann and Maergalith (1983)

used fusion products which wers able to produce

high concentrations of ethanol. By means of
protoplast fusion, Johansson and Sjostrdm (1984)
obtained a modified flocculent strain wijth emhanced

ethanol fermentation capacity.
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The non-specificity in cell fusion|can be

overcome by using a technique of transfermation.

1

In this technique, a donor DINA® can be|derived

from cells of another yeest strain, spegies,

genus, completely unrelated phylum or even chemically
synthesised DNA. This native DNA is then mixed

with the recipient strain in a transforpation

medium, incubated end plated out on a regeneration
medium. Selection for desired charactefpistices then
follows. To the best of my knowledge np attempt

has been made in using this technigue fpr enhanced

ethanol production yet.

DNA1 - Deoxyribose nucleic acid
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CHAPTER THREE

MATERIALS AND METHODG
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MATERTALS AND METHODS

SOURCES,

ISOLATION AND MAINTENANCE OF YEAST

STRAINS.

Samples of various fermented beverages,

foods and fruits (Table 2) were collecfed into

sterile univergal bottles.

The yeasts were isolated from the
and foods using the method of Beech ang
(1971). In this method each sample w
by streaking on to malt extract agar (I
and incubated at room temperature (26

three days.

beverages

| Davenport

inoculated
EA) plates
L 28%) for

As for the fruits, each sphmple was

cleaned superficially using 0.9 sodiupm hypoch-

lOI‘itB.

The spoilt part was then inoculated in

a broth made up of (w/v) 2% glucose
extract (Oxoid). The growing organis
broth were transferred to MEA after 4

to inocculation, pH of the medium was

2% melt
from the
. Prior

Justed to

4.5 to minimise bacterial growth. Eadh distinct

type of yeast colony which developed qn MEA plates

was purified by two successive subculfures on

plates of the same medium.

strains were then stored on MEA or pot

The isolated yeast

ato dextrose
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agar (PDA) (Oxoid) slants, kept at 5°C|and

subcultured every three weeks. Alternatively,

the isolates were Stored in sterile digtilled

water as recommended by McGinnis et al|(

1974),

Posenwinkel (1976), McGinnis (1980), Ameh and

Okagbe (1985), and Cruz et al, (1986) gnd kept

at normal refrigeration temperature (4[- 8°C).

CHARACTERISATION AND IDENTIFICATION OF |THE

ISOLATES

Generally, the methods used in thgq

characte-

rization and identification of the yeadt isolates

were adapted from those of Beech et al,

(1968),

Okafor (1971), and Barnett et al, (198}) using

the identification key No.3.

All incubsations were carried out gt room

temperature (26 - 28°C),

Morphological Observations

Colonial appearance and pigment fdrmation

observed on 2.0% (w/v) MEA (Oxoid), reinforced

with 0.0%%(w/v) iron 111 ammonium nitrdte, (Beech

et al, 1968). The plates were examined

three and seven days incubation.

after
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TABLE 2: SOURCES OF YEAST ISOLATES |EXAMINED

(1) Fermented Beverages and Foods

Ak amu

Burukutu

Kafsa

Kunun-zaki

Pito

Ujongwua
(ii) Fruits

Oranges

Tomatoes
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Pellicle formation and vegetative morp
were observed using malt extract broth (0Ox
The broth was dispensed in universal bottl
sterilised at 121°C for 15 minutes, inocul
with the yeast cultures after cooling, and

for four days before examination. Suitabl

hology
pid).

ps and
hted
incubated

y prepsared

slides stained with methylene blue and exapined by

ligh microscopy were used for determining
morphology of the vegetative cells,
Ascospore formation was tested by grow
the yessts on sodium acetate (O0.%w/v) agal
were checked for on a weekly basis for siXx
using a standard spore staining method.
Pseudomycelium or true mycelium was oD
using cornmeal agar (Oxoid). A streak was
across the agar surface towards one side o
dish with a small inoculum. Two point ino
were then made on either side of the stres]
cover slip was placed over one point inocu
another over the centre of the streak. Th

were incubated for four days before examin

Fermentation of Sugars.

Fermentation tests were carried out as

the

ing
. Spores

weeks

Berved
made

ff the
culations
K. One
lation and
p plates

ption.

per key

No.3 of Barnett et al,(1983) for the follo

inulin,

ing sugars:

cellobiose, galactose, glucose, raffinose,
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sucrose, lactose and maltose. The basal
contained O,5%%(w/v) yeast extract (Oxoiq)
(w/v) peptone (Ox0id). The bzsal mediug

pensed in 4.0ml aligquots in screw-cappeq

medium
y O.75%
was 4is-

tubes

{180 x 16mm) with inverted Durhszm tubes |and was

sterilized at 121°C for 15 minutes. The
woere prepared at a concentration of 6.04(

except raffinose which was at 12,.0%(w/v)

sugers
w/v)’

and

were filter-sterilized. 2.0ml aliguots {of each

filter sterilized sugar solutions were gdded

ageptically to the fermentation tubes and inoculated

with 0.1ml of a 24h culture suspensgion dof the yeast.

The tubes were examined at two, three anld seven days

intervals for a total of three weeks, A

basal medium

without any sugar was inocculated with a [yeast to

Serve as a control.

Assimilation of Carbon Compounds.

The cprbon gssimilpgtion tests were parried

out in screw cepped tubes (180 x 16mm) up
bagal liquid medium made up of O.67%(w/v$
nitrogen base (YNB) (Difco)} and 5.0%(w/v)

test carbon compound. O.°%ml aliquots of

ing a
yeast
of the

the carbon

compound were dispensed into tubes contalning 4.%ml

of sterile distilled water. ©C.Mml (1.2 x 102 cells/

ml) of washed suspension of a 24h culture

of the test
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veast was added to the tubes and incubsled
statically at room temperature (26 - 2800).

Growth was assessed after three to sevejq days.

3.2.4 _Other Physiological Tests
The physiological tests carried ocuf included
nitrate assimilntion, relative abilitieg to grow
in 50%(w/v) and 50%4({w/w) glucose (analaf), in
vitamin free medium (VM ): cycloheximidd resista-

nce,urea hydrolysis and growth at 37°C qni 4200.

3.2.4a Nitrate Assimilation,

The nitrste assimilation test was darried
out in tubes (180 x 16mm) usinz a basal medium
containing 11.77%(w/v) yeast carbon base |( YCB)
(Difco) end 0.78%(w/v) potassium nitratd (Analar).
O.5ml atiquots of the medium were added [to 4.5ml
of sterile distilled water in tubes and mixed

2 cells/ml)} |aliquots

thoroughly. O0.1ml (1.2 x 10
of a washed susyension of a 24h culture pf the test
yeast were inoculeted into the tubes, infkubated

at room tempersture (26 - 28°C) and examlined for

turbidity or sediment after three and se¥en days.

3.2.4b Growth at 37°C ana 42°C.

Growth at 37°C and 42°C was examinefl by

inoculsting the test yeast strain on duplicate




3.2.4c Growth at High Concentrations of Glucosg.

3e2.4d

D4

MEA plates which were incubated at the

riate temperstures.

for growth of the yeasts after four days

tion.

epprop-

The plates were cRecked

incuba-—

The relative ability of the yeast 4

trains

to grow in high concentretions of glucoge was

tested using 50%(w/v) and 50%(w/w) conce
of the sugar. The medium contained (fir

trations) 50%(w/v) and 50%(w/w) of glucﬁ

ntrations
1al concen—

se (Analar)

respectively, 1.0%(w/y) yenst extract ((xoid)

1.9 {(w/v) peptone (Oxoid) and 2:(w/v) a4
The plates were examined for growth aftd

seven days incubation.

Vitamin Requirement for Growth:

Vitamin reguirements for growth wag
by using a vitamin free yeast base (Dif(
10 x strength of the medium was prepured
to manufacturer's specifications and wasg
sterilised. 4.5ml aliquots of distilled
dispensed into 160 x 16mm tubes and auto

12100 for 1% minutes.

of the prepared medium was introduced in

tar {(Oxoid).

r four to

tested
o) «
according
filter-
water was

cleved ot

After cooling O.iml aliguot

to each

tube and was then inoculated with the tept yeast
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strain. The tubes were examined for gréwth zfter
four to seven days incubation. To checli the
validity of the results a Second tube wgs inocul:ited

from the first one in which growth cccufed.

3e2+4e Cycloheximide Resistance:

Growth in presence cof cycloheximide was
assessed wsing liguid YNB (0.67%4(w/v) (Uifco)
with 5% glucose (Analar). A filter sterfilized
solution of cycloheximide was dispensed |at final
concentrations of 0.01% into tubes whieh| were then
inoculated with the test yeast strains. | Growth was

examined atf'ter four to seven days.

3.2.4f Uregse Test:

The test was done using urea broth {Difco)
dispensed into tubes asepticalty in alighots of
O.oml. A loopful of cells from a 24 or #8h culture
of the test yeast sirain was suspended if the broth
and incubated at 37°C. The tubes were ekamined every
half hour for a change of colour to red,|which
indicated urease activity.

3.3 SCREENING THE YEASTS FOR ATTRIBUTES POTINTIALLY
USEFUL FPOR ETIANQL PRODUCTION

Je3a1 Determingtion of Fermentative Capacity.

Based on the results of the classicgl

fermentation tesis, ten of the yeost stgains

CASHIN RRARIM L IRPEHY
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were selectea for further testing for their [ermen-—
tative capacity in terms of corpon cioxliae pfoduction.
The yeast strains were A¥-1, A¥-4, B-1, 3-2,| B-82,
J-1, J-82, KP-1, KZ-1 and R-1 (for their goofl verfor-
mance in the fermentation of glucose withan B8h). The
sugars wsea for the determinztion of rermentpitve
capacity were glucose, maltose, sucrose, manpose,
galactose, arabinose, cellobiose, ribose znd| xylose.
The method of Umbreit et al, (1964) was|adapted
1or determining the fermentative cgpacity. [[n this
work, the 'direct methed' was 1ollowea. Twolreaciion
flasks were used for each strzin and each supar. One
of the flasks contained alkali (107w/v KCH) in the
centre well to absorb carvon dioxide and thefelore
recorded oxygen upteke. The other 1lask lacked alkali
and recorded carvon dioxide evelution. The Fermentation
medium was made up of 2U(w/v) of the sugar, P.57(w/v)
yeast extract (Oxoid) and u 5% (w/v) peptone|(Oxoia)
pH 4.5, and was sterilized

at 121°C for 15 minutes. 2.0ml aliquots of the fermen-

tation medium was added to the main compartment of the
tlasks, O.2ml washea suspension (71 x 104 cel s/ml)

of a 24h culture of the yeast strain was addéd to the
gside-arm. 0,.,2ml1 of the alkali and a strip of filter
paper were added to the centre well ufter gr¢asing the
rim of tne well. Tne attachment joint on the mamometer

was greased together with the insert plug of |the side
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arm and then the flask with 145 contents was
the manometer and fastened by mesns of a ruby
The manometer was attached to the conctent te
bath with the flask dipping into the water,
the set up was dipped into the water, the con
the side zrm were tipped into the mein compni
Tlosk were

the flask. The pnanometer and the

allowed to equilibrate for 10-15 minutes. TY
fluid was sdjusted to the reference point on
side with the stop—-cock initizlly open. They
cork was cloged and resdings taken. Subsequg
were made at one hour intervals for four how
of gas was indicated by a minus (-} sipn and
by a plus (+). Using the ¥arburg respiromet

et =1, 1964}, a relationship was uced to ¢

the volupe of curbon dioxide (CO,)} eveloved

litres, ul). For flask I with KOU:

Volume change due to oxygen (02) uptake

If the r~iven flpsk constints for O2 and CO?

K'02 and X'C0,, respectively;

el

1

Jjoined to
er ribbon.
mperalbure
Just before
tents of
tment of
sheken and

e mancometer

the closed

 the ctop-

nt reasdings
5., Uptake
relecze
r {Umbreit
iculnte

in micro-—

were

: — ] ]

then X02 = h'K 02

where h! = manometer reading (mm)
ang I = volume of O absorbeh.

2
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For flask TII (nc KOH) :
The observed volume was due Yo the balance

of 02 absorption and CO2 evolution. TIf the given

flask constants were K20? and K2002 anid the observed

change was hg,
2

then h™ total = h 02 + h CO2
= }’.'02 .{u02
bl tie— +
2 P
K O2 K 002
hence X, 5 _ (h2 - X0
2 2 2
e K*C0
2
K 023
2
2 ( L) k°co,
( k“O2)
( )

The fermentative capacity determinations were done
at 3700 and 4200 for glucose mmd 37°C ffor the other

sugars. 40%(w/v) glucose was tested af 37°C.

Flocculation Test:

The flocculation test was carried |out with
the method described by Burns (1937). [In this

method the test yeast was grown in 2.0H(w/v)
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glucose, 0.3%w/v) yeast extract (Oxoild) and
0.%(w/v) peptone (Oxoid) for 48h, wdshed twice
with sterile distilled water zand dried on a
Buchner funnel. Five grams of the drfied yeast
was mixed with 100ml of distilled watpr. 10ml
of this mixture was suspended in a 15pl graduated
centrifuge tube with 1,0ml of pH 4.6 phcetate
buffer and then shaken vigorously by hand. The
suspension was allowed to settle for PO minutes
and the volume of settled yenst was measured at
the end of the time. In assessing flecculation,
a volume of 1.0ml sediment was taken fo indicate
that the yeast was highly flocculent:|0.5nl
sediment was for a weakly tlocculent ¢gne =nd

O.1ml or less was for a non-flocculent strain.

Ethanol Toleronce Test:

Two methods were used for testing |the
ethanol tolerance of the yeasts. The |[first was
the gqualitative method described by SKinner
et al, (1961), and the second was a quantitative
one described by Nagodawithana and Stefinkraus
(1976). In the qualitetive method (10P-x)ml(ml is
the volume of ethanol to ve used) of the basal

medium was sterilized at 12100 for 1% pinutes =and




60

xml of ethanol added aseptically after the n|

cooled to 45-50°C. This was dispensed asept

sterile tubes (180 x 16mm) and inoculated wi
washed culture of the test yeast. The tubes

examined after three to four days incubation
of turbidity or sediment was taken to indicgy
The different final concentrations of ethano
2,5, 10,15,20 and 25%(v/v) and the basal medi
up of 1%(w/v) yeast extract (Oxoid), 2%¢(w/v)
(Oxoid), 2%(w/v) dextrose (Difco). When sol]
used, 2%(w/v) agar (Oxoid) was added to the
(Benitez et al, 1983). The second quantitat
was done for only ten selected yeast strains
AX-4, B-1, B-2, B-82, J-1, J-82, ¥F-1, K2-1
at 104(v/v) ethanol.
plate count medium and a broth. The medium
of 3.9%(w/v) potato dextroce agar (PDA) (Oxo
peptone (Oxoid), 1%(w/v) and 10%(v/v) ethano
aliguots of the broth were dispensed into se
16mn), sterilized at 121°C f

tubes, (180 x

and the ethanol added after it has cooled.

were inoculated with a wahsed suspension of

Serigl dilutions were mede at intervals of O]

48h -

using the agar plates, which were examined

after three to four days. The final

This method involved u

0. 1ml aliquots of the dilutions were 8]

edium had
ically into
th 24h

were

« Occurrence

te growth.

1 tested were

un was maode
peptone

id medium was
basal medium
ive test
(AK-1,

bnd R—1)
Bing a

Was made up
id), O.75%
. 5ml
rew—-capped

br 15 minutes
[he tubes

h 24h culture.
hy, 24h, and
bre ad

for growth

colony
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counts were taken as avernges of the dfilutions
containing 30 - 300 colonies per platel, The
percent viability was determined by diyiding the
viable count (colony forming units, cfjn) at the
desired time by the initial viable coupt and

multiplying by 100,

3e3.4 Fermentation of Glucose at 3703 and abpve:

The ability of the 10 yeasts to ferment
glucose at 37°C and above was tested ufing a
medium containing 6.0(w/v) glucose, O.pL(w/v)
veast extract (Oxoid) and O.%(w/v) peptone.
The medium was dispensed in 5ml aliquoge in
screw-capped tubes (180 x 16mm) with Durham
tubes and autoclaved at 121°C for 15 minutes.
The tubes were inoculated with O, 1ml aliquots
(1.6 x 10?cells/hl) of a 24h wasted culture of
the test yeast. The tubes were then incubszted
at varying temperatures of 370,42? and |45°C
respectively. They were examined for gas produc-

tion for seven to fifteen days.

3.3.5 Fermentation of high Concentrations
(404 (w/v) of Glucose.

The ability of the 10 yeasts to fqrment high
concentrations of glucose was tested uding 40%¢(w/v)

glucose in a medium containing O.3%(w/¥) yeast
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extract (Oxoid) and O.%%(w/v) peptone |

Cxoid).

Sml aligquots of the medium were dispenged into

screw-capped tubes (180 x 16mm) with Diyrham tubes

and autoclaved at 12100 for 15 minutes.

were inoculated with O.1ml aliquots (1,

The tubes

6 x 107

cells/ml) of a washed 24h culture of the test yeast

and incubated at 3000. The tubes were

gas production for seven to fifteen day

PREPARATION OF COMPLEX SUBSTRATIS TFOR
ETHANOL IFERMINTATION

examined for

=M

The materials which formed the conplex subsSt-

rates were cassava flour, corm-cobs, ggoundnut

hulls, sorghum stalk pulp, grass straw

dust.

Saccharification:

and Saw

The acid saccharification method described

by Pontiveros et al, (1979) was adapted.

In this

methecd, a known amount of the hammer-mijlled

material (finely ground) was mixed with
concentration of acid (H2304 or HCL) inl

and autoclgved. The ratio of substrate

a known
woter

to acid

(w/v)} as well as the hydrolysis time wejre varied

for 15, 30 and 60 minutes.

material was filtcred using Whatman No.,

The acid treasted

5 filter
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paper.

The pH of the filtrate was adjpsted to

4.5 by adding 25((w/v) ammonium hydroxjde.

Determination of Reducing Sugars in thé acid

Hydrohysates:

The determination of reducing suggrs in the

acid hydrolysates was done using the C¢lorimetric

method described by Dubois et al, (1954).

method involved pipetting 1ml aliguots
lysate, 1ml of 5I(w/v) phenol in water
concentrated sulphuric acid (H2304) in
acid was added rapidly directing
acid against the ligquid suface rather 1
the side of the tube in order to obtairy
and avoid side reactions.
to stand for 10 minutes, sheken and the
10 - 20 minutes in a water bath at 25°
readings were taken. Absorbance of t}
was taken at 490nm using a WPA S101 spd
meter (WPA Linton Cambridge, U.K.). B3]
prepared by substituting distilled watdq

hydrolysate.

determined by reference to a standard d

constructed using D-glucose (appendix 1

The
of the hydro-
and 5ml of

a tube. The

the st{rezm of the

than against

| good mixing

Tne tubes wdre allowed

n placed for
- 30°C before
e solution
ctrophoto-
anks were

T for the

The amount of reducing sygar was then

urve previously

Y. All solu-

tions were prepared in triplicates to nlinimize errors

resulting from accidental contamination

cellulose,

with
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FERMENTATICONS (ETHANOL PRODUCTION)

Preparation of Inocculum:

Cultures orf the test yeasts were 4
24h at 30°C in 19(w/v) yeast extract ((
2% peptone (w/v) (Oxoid) and 2%{w/v) gl
{Analear) medium. The cells were harved
centrifugation, resuspended in sterile

water and ther inoculagted into the subs

rown for
xo01id),
ucosie

ted by
distilled

trate in

the proportion of 10%4(v/v) of the original volume

of the subsirate.

1.8 x 1O8 cells/ml,

Mediag and Fermentztion Conditions:

500ml Erlenmeyer flasks were used
fermenters. Fermentation of a semi-syn
medium containing 10%({w/v) glucose (Ans
0.5%t(w/v) yeast extract (Oxoid) and 0.7
peptone (0x0id) was carried out for 10
strains (AK-1, AK-4, B-1, B-2, B-82, J-
KF-1, XZ-1, and R-1) at 30° ana 37°%C.
the performance of these strains four 4
B-1, B-2, and J-82) were selccted for f
fermentation studies, of 14 — 15%(w/v)

glucose (Analar).

The density of inocylum was

as
thetic
lar),

59 (w/v)
selected
1, J-82,
Based on

trains (AK-1,

hrther

ond 40%(w/v)
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The fermentation of the complex substrp
{acid hydrolysates) (molasses, corn-cob, gr
saw dust, sorghum stalk pulp and cassava {1l
carried out at 30° and 37°C using the four $
strains (AK-1, B-1, B-2 and J-82). All fer
were for the duration of 48h at the end of |
ethanol content was determined.

The complex substrates {cassava flour i
il

hydrolysates) were selected for further ferr

tests an the bgsis of the results of the inil

tation tests. The yeast strains used were
selected strains (AK-1, B-1, B-2, and J-82)
tation was carried out at 30° and 37°C for 4
Some supplementary nutrients (NH4)2804,

peptone, yeast extract, animal dung, daddaw

milk, urea and soybean flour) were used in f
of cassava flour and corn-cob hydrolysates.
ion of etharol yield by nutrient supplementa
studied by using the supplements that gave p
yields in the preliminary tests.
and J-82 were used.
Fermentations were carried out at 37°C
conditions (that is optimum levels of suitad

ments, the best sustrate) for the yeast strs

i1ts percentoge viability was determined.

pin B-2,

tes

has straw,

bur) was

elected

hentations

vhich the

hnd corn-cob

entation

tizl fermen-

the four

and fermen-

Eh.

KHZPO4,

a Skim
ermentations
Optimizat-

tion was

romising

Yesst strains B-2

under ideal

le supple-

and
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Determination of Ethanol in Fermentatipn broth:

The ethanol concentrations during| the
fermentations were determined using a themical
oxidation metiiod deseribed by Caputi aphd Wright
(1969)., The sample (1ml) containing ethanol was
steam distilled into 25ml1 of acidified|potassium
dichromate uweing a microkijeldahl appargtus.

(The acidified potassium dichromcte was |made up

of 32.5%(w/v) HyS0, and 3.374(w/v) potgssium
dichromate). The distillation was StOIjed when

the volume of the dichromate and the dilstillate
reached approximztely 4Cml. The flask |was then
immersed for 20 - 25 minutes in a watexy bath at

a temperature of 60 4+ 2°C to complete the oxidation
of ethanol to acetic acid by heating. |The unreacted
dichromate in the mixture was then titpated with

a standard ascidified 13.5%(w/v) ammonijum ferrous
sulfate (3%(w/v) 32304) using O-phenanthroline
ferrous sulfate as indicator., The end |point

change was from blue-green to brown aflter adding
three - four drops of the indicator. A blank
determination was verformed using 2%5nl |of acidified
postassium dichromate and ammonium ferrmous sulfate.
To calculate the percent (%) ethanol yield by

volume, the following relationship was jced:
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sgmple titre (

% E+OH = blank titre

25 - 25 x
?

GENETIC MODIFICATION OF SELECTED YEAST

Caputi and
Wrizht, 1969)

CTRAINS

Two yeast strains (B-2 and J-82) were

chosen, on the basis of their performan
the physiological tests, fermentation A
and ethanol production, for genetic mod
experiments designed to enhance ethanol]]
capacities. Two genetic modification 1
were employed; protoplast fusion and iy

The gastric juice of the snail (Helix f

ce in

ests
ification
production
echniques
ansformation.

omatia)

containing enzymes lytic on yeust cell
used in preparing protoplasts and in e;

the transforming DNA.

Protoplast Fusion:

The protoplast fusion experiments
out using the method described by de F1i

(1984).

lytic enzyme was adapted from that desgq

The procedure used for the prg

Khan and Sen (1974) and that used for f{
tion of protoplasts was adapted from tH
described by Khan and Sen (1974), Arnol

Garrisen (1979) and de Figueroa et al,

walls, was

[truction of

were carried
gueroa et al,
paration of
ribed by

fhe prepara-~
e methods

ld and

(1984).
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3.6.1a Preperation of the Snail IEnzynme:

About five snails{Helix pomatisa)

were

collected znd starved for about 48 —|72h. They

were opened up and the reddish brown|fluid of the

gut was collected, The fluid was ceptrifuged in

the cold and the supernatant was dialysed against

distilled water for 8h at 0°C. The dialysis ba-

was changed at 2h intervals, to prevegnt the gt

fluid from attacking the dialysis menbranes after

a prolonged period of contact. The ppoduct after

the dialysis was a viscous fluid which formed the

‘erude engyme' end it was stored at OPC. (¥hen

and Sen, 1974).

3.6.1b Preparation of Protoplasts:

The yeast cells were grown in a n
up of 1¥(w/v) yeast extract (Oxoid), 4
peptone (Oxoid) and 2{{w/v) dextrose (
till the late logarithmic phase (i.e.
3000 on a shaker. They were harvested
fugation and washed twice with sterile
water. The washed cells were then sus
2ml of a phosphate buffered (0.,1M, pH

to which 1ml of 1MKCL, 2ml of the 'cru

ediumn, made
e (w/v)
Analar),

12h) at

by centri-
distilled
pended in
$.8) solution

de enzyme'

and 2ml of 2%4(v/v) 2-B-mercapto - etharol were

added. The suspension was incubated a

1 3000 for
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60 minutes. The course of photoplast

formation

was followed spectrophotometrically by diluting

0. 1ml of the suspension to 10ml with distilled

water and reading the extinction from
time at 70O0nm.
suspension had decreased by about 507
ted suspension wus centrifuged in the
at 10000g for five minutes. The pellg

(containing the protoplasts) was washe

MKCL and stored at 0°C. (Khan and Sen,

Arnold and Garrison, 1379).

Protoplast Fuslon — Procedure:

BEqual portions of protoplasts wex

When the extinetion of

time to
the
the incuba-
cold (0°C)
t
d with

19743

e mixed

to approximately 4 x 108 protoplasts ﬁmd sSpun

in a centrifuge to & pellet. The pell
resuspended in 4m) 2%%(w/v) polyethyld
(PEG, 4000) containing 10nM calcium cj
(10my CaCl

pH 6.8).

2) in a buffer (0.1 phosphy

The suspension was incubzated
for 25 minutes. 1ml aligquots of this

was added to 100ml of melted yeast nit

et was then

ne glycol

loride

te buffer
at 30%
suspension

rogen base

(YNB) minimal medium (i.e. 0.67%¢ YNB and 1%(w/v)

glucose (4nalsr), and IN(w/v) agar), and was

quickly poured over alreaey solidified

medivm. The cooled plates were incubel

minimzl

ted at 30°C
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until colonies of regenerants developgd. Colonies
were then picked and transferred from|the minimal

medium to plates of complete medium.

3e6:2 Transformation:

The transformation experiments were carried
out following the procedure described|by Ito et al,
(1983). The procedure used for isolaping the
transforming DNA was adapted from thoge described
by Khan and Sen (1974), de Figueroa e} al, (1924)
and Liamur (1961).

Each transformation experiment h$d a control
in which the same batch of recipient ¢ells was
subjected to the same experimental conpditions
excepl that no donor DNA was added. Iefore each
experiment the sterility of the DNA wgs checked to
ensure that the DNA was not contaminated with
donor cells,

To check for contamination during the experi-

mental period, a control plate was exposed to the
donor DNA for 5 minutes at the same time ags dilu-~
tions of the transformation mixture wgre plated
out. The contamingnts were, if any, |[carefully
examined for any resemblance to the tgensforment

isolated.
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The orgenism used for this was 4

fungus, Aureobasidium pullulans., Theg

grown in a medium made up of 1%(w/v)
(Oxoid), 27(w/v) peptone (Oxoid) and

rose (Analar) till the late logarithm

(i.e. for 12 = 15 h) at 30°C on a shaker.

cells were harvested by centrifugatio
twice with sterile distilled water.
cells were then suspended in a soluti
0. 11 phosphate buffer, pH 6.8, WKCL,

~
‘—J

enzyme ('crude enzyme') and 2=5— m|

ethanol. The suspension was incubate
60 minutes and then centrifuged in th

at 10000g for five minutes. The pell

plasts) was washed with buffered 1MKCE

pellet was then suspended 1n saline -

. and

The was

i

[

=X

yeast-like

cells were

yeast extract
27 (w/v) dext—

ic phase

The

i

washed

S

hed

on containing

2ml of lytic

prcapto-

O
2t 30°C for

cold(4-5°¢C)

bt (now proro-

The washed
EDTA (0.15M

Nacl + O.1MEDTA) and treated with 2I(w/v) sodium

dodecyl sulphate.
60°C for zbout 15 minutes wntil it be(
rent and viscous (i.e. indicating lys]
protoplasts).
to the lysed suspension znd the mixtwuy
with equzl volume of chloroform-—-isoamy
centy

for 20 minutes. The mixture wos

The mixture was hegted at 50 -

tomes transSpa-

s of the

0.1 sodium perchloratg was added

Pe was Shaken

rl alcohol

tifuged for
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five minutes at 5000g. The upper ague
was carefully pipetted onto a clean st
universal bottle. Absolute ethanol wa
added to the agueous layer to precipit

DNA. The precipitate was drained free

bus layer
prile
5 then

Lte the

of ethanol

and transferred to 10-15ml dilute slaime citrazte

(0.014K Nacl + 0.00181 trisodium citr:d
gently by swirling back and forth unti]
a complete dispersion.
to standard using saline-citrate (1.9
trisodium citrate) and shaken with =

of chloroform - iso amyl alecohol for 1}
centrifuged and the supernatant removed
was repeated three times, The Sunerna
was precipated with ethanol and dispeng
citrate (0.19 Nacl + 0.015\ trisodium
7.0 + 2%,
MEDTA, pH 7.0) was added, rapidly stiry

Acetate EDTA (3Yl-sodium acef

volume of isopropanol was added dropwig
was precipatated in a fibrous or dispej
going througsh a gel phase, redissolved
with isopropancl. The final precipitat
free of acetate and salt by gently stix

ethanol and was then dissolved in a sol

saline = citrate) and stored in the col

3

1t obteined

be) shaken
| there wos

The solution wgs adjusted

Nacl + 0.1°M

¢qual volume

p minutes,

this step

ed in saline -

citrate, pH

tate ¢+ 0.001
fed and 0,54
e. The DNA

rse form ofter
and precipated
e was washed
ring in

vent (dilute

de
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Transformation Procedure:

The transformation procedure usgd was that

described by Ite et al, (13983).

cells were transformed by the donor DNA.

recipient yeast cells were grown in g

containing 1%(w/v) yeast extract (Oxo

Intgqct cell yeast

The

mediwun

id), 27%(w/v)

peptone (Oxoid) and 27(w/v) glucose (Analar) till

logarithmic phase. The cells were hal
centrifugation, washed with 0.1 phos
pH 6.8, and resuspended on the buffer
cells/ml, 0.5ml aligquots of the susp
transferred into a sterile test tube

volume of 0.2 (lithium or sodiwm chl

added to the suspension in the test thbe.

mixture was incubated with shaking at

hour.

was transferred to a small sterile tul

15ul of

ted statically with additon of

solution at 30°C for 30 minutes.

rvested by
phate buffer,
to 2 x 108
pnsion was
hnd an equal
hride) was
The

30°C for one

0.1ml aligquots of the suspended mixture

be and incuba-—

the DNA

An ¢qual volume

of sterile 70% PEG was added, mixed tRoroughly and

the mixture was left to stand for one

hour. The

tube was then immersed in a water bathh at 4200 and

incubated for five minutes.

immediately at room temperzture, wash

The celld

were cooled

dd twice with

sterile distilled water then resuspended in 1ml of
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sterile distilled water. O.1ml aligyo

suspension was spread on a plate of (.

YNB (Difco) and 2%4(w/v) glucose (Anellar).

plates were incubated at 3000 for two
days and the colonies appearing where

tu e yeast transformants.

Characterization of Modified Strains:

The modified strains (i.e.
products and the transformants) were p
ised with respect to transfer of flocp

enhanced maltose fermentation, improve

ts of the
75%(w/v)
The
to four

considered

the fusion

haracter-
ulence,

d ethanol

production and tolerance,and amylolytic activity.

Except for the amylolytic activity the
for characterising the other paramnetel]
given earlier in the Materials and llef

In determining the amylolytic aci
the modified strains a method describg
and Anagnostakis (1975) ané Federich (
used. In this method, the medium used
(w/v) 0.7% peptone (Oxoid), 0.% yees
(0x0id), 2¢ glucose (Analar) and 0.27
starch, pH 6. After incubation for th
days the plates were flooded with iodi
and a yellow zone around a colony in o

blue medium indicated amylolytic activ|

methods

'8 have been
Lthods,
tivity for

d by Hankin
1982) was
contained
t extract
soluble

ree to five
ne soluttion
therwise

ity.
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4e RESULTS

21 yeast strains were isols:ted from
fermented beversses, foods and fruits (7T

"Pito" yielded the highest number (5) of

hble 3).

the isolntes,

followed by burukutu, kunun-zaki znd spofilt oranges

which yielded three isolates ench.
(akamu and kaf:) yielded two nnd one iso
respectively.
or dull white, scaly, flat or raised ent
serrated colonies. In the preliminary f
tests the 21 yeast strains were found to
glucose.  Ten of them(AK-1, AK-4, B-1,

J-1, J-82, KP-1, ¥Z-1, and R-1) did so v

i.e. they filled Durham tubes with gnos wi

(Tﬂble 3).

All the 21 yeasts had whife,

The pther sources

l ates

creamy

ire or
brmentation
ferment
p-2, B-82,

bry vigorously

thin 468h

Selection and Identification of the 10 Yeast Strzins:

Out of the 21 strains, 10 which were

observed

to ferment glucose fairly rapidly were s¢lected

(AK-1, AXK-4, B-1, B-2, B-82, J-1, J=82, ¥F-1, K2Z-1

and R-1).

Identification of the 10 selected 1golates

was effected by means of studies involvingg cultural

end morphologicnl observations, fermentation tests

of some simple sugars, physiologicazal proj

assimilation tests of carbon compounds.

erties

and

A detailed
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deseription of the culbural and morphological

characteristics of the 10 selected yeasty

in Table 4.

Fermentations of some simple sugars:

The screening fermentation test usiy
simple sugars showed that the 10 selected
fermented glucose vigorously (Table 5).
was fermented by eight; J-82 and KZ-1 shg
and negative results. None of the 10 stx

fermented inuwiin and lactose. Celloblose
nose were fermented by two strainsg (J-1,
and four strains (AK-1, J~1, and KF-1) re¢

and galactose wos fermented by six of the

Assimilation of Carbon Compounds:

The resulte of the c¢:-rbon assimilatil
are shown in Table 6.
those recommended in key Ho.3 of Barneit

None of the yeast strains was able to ass

these three
lactose and starch).
one or more yeast strains assimiloted at
of them (Table 6). Cellobiose was assimi
five, inulin by five, D-galactose by six

and L~sorbose by one strain,

The carbon compourids

0f the remaining cn

Sucrose was

are given

T

o some

yeasts
Maltose
wing weak
ains

ond raffi-
and XZ~1)
snectively

iselates,

S

on tests
used were
et al

imilate

carbon compounds (I~ and D- grabinose,

least ench
latedq by
strains

gssimilated

(1983).

rbon compounds



TABLE 3: SOURCES OF ISCL:TION AND RELATIVE

FERMENTATIVE ACTIVITIES CF 21 YEAST
STRAINS ISOLATED FROM FOOD RELATED
SOURCES
ISOL:TE/STRAIN Ry e oy
HRERIRY LR CAPACTTY
AK-1 Samarn akamu +4
AK-4 " v +%
J—-1 Adokn Ujongu §+
J-82 " f s
R=-1 Samaru Crange +4
-1 o burukutu ++
PT-23 " pito +
PT-20 " " -
KZ-1 " kununzaki 4t
B2 " burukutu +2
PT-21 " pito +
KZ2-3 " kununzaki ++
KF- " kafa a4
PT-230 " pito +
KP-2 " kafa +
KZ-2 " kKununzaki +
PT-201 " pito +
B-82 " burukutu 44
T—1 o tomato
R=-21 " orenge
R-2 L orange
KEY:- + = positive fermentation (gas groduction)

vigorous fermentation.
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FORMATION IN THE 10 SELECTED YEASTS,

L PROPERTIES, CELL MORPHOLOGY AND ASCOSPORE
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ISOLATE

COLONTIAL
APPEARANCE

PSEUDO-/TRUE
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AX -1

B-2

Raised, white,

entire, and leorge

Smooth, raised
entire, dull
white hard and
large

White, smooth,
entire znd
raised

Raised, white,
entire, smooth
and large

White, smooth
entire raised
and lerge

White, smooth
entire and
reised

mycelium

Pseudomyceliunm

present

nycelium

mycelium

mycelium

mycelium

GROWTH IN SHAPE OF CELIS ASCOSPCRE

MYCELIUM MOE.H....H.HO...H T ' yn 1

ON DALNAU PLATES LIQUID NMEDIA 1IN LIQUID MEDIA FORMATION

L Ovoidal/sperical _
No pseudo-/true Sedinent multilateral One ﬁﬁmw 5
budding Speric: pores
per ascus
Ovoidal/elongated
Sediment multilateral No spores seen
budding

I — Large, ovoidal/ _

No psendo-/true Sediment spherical Mdm 5 mwwmmo1 s
multilateral ﬁmwrondmmw oe
budding per ascu

- i, Large ovoidal/

No pseudo-/true Sediment sperical, No spores seen

N multilateral
budding
No pseudo-/true O T Spherical and
N =8 large multi- No spores seen
lateral
budding
No pseudo-/true Spherical, One-two s
Sediment multilateral spherical
budding spores per

ascus




TABLZ 4: (Continued)

. COLONTAL PSIUDO-/TRUT rpowme T SHAPE OF CELIS ASCOSPORE
TSOLATE  pppEsRimoE MYCELTUN FORMATION SO0 B Tn"LIqUID MEpIA FORMATION
ON DALULAU PLATES * - ¢
Wi - idn Cne - two
i ST No pmemo/trie g LESS oYM ome o
J-82 raised myceliwm nultilateral spores per
budding ascus
Smooth, raised
mﬁdHHm“ oﬁmmﬁw_ Yo speudo-/true Sediment mﬁmﬂwomp and )
KP-1 white, gliste- nycelium Suspension mﬁwwﬂwwd a No spores seen
ning maltilgters
budding
Kz-1 MMMMMM.HMWMMm% No wwmcmol\éuﬂm Sediment Qgive, _
white myce-ium Pechicle multilatersl Ko spores seen
budding
Flat, dull No o
; pseudo-/true . Spericsl
51 Mwwwwm hard mycelium Sediment multilateral No spores seen

budding
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by nine, maltose by seven, me-&-D-glucosid
three, melibiose by five, raffinose by eig
by five, erythritol by three, xylitol by f
tol by five, D-glucono - 1,5-1lzctone by fo
by two, succinate by two, citrate by three
by two strains each. No yenst strain assij

the carbon compounds tested.

4.4 Physiological Properties:

The physiological properties of the
veast strains tested for include growth a
and 50%(w/w) glucose, growth in vitamin f
(VFM), cycloheximde resistance, urense pry
nitrate assimilation and relative abiliti
varying conditions of temperature and pH
the strains were able to grow in 50%(w/v)
only straine ¥P-1 could grow in 50°C(w/w)

KZ-1 and R-1, could not grow in the vitam

whereas the rest of the strains were able
cycloheximide resistance and urease tests
results for all the strains, Nitrate was
by only two strains (AK-4, and ¥P-1). Th
strains showed growth at 30°C; at 37°C st
failed to grow and strain J-1 showed wenk
42°C only strain J-82 showed any siomific
3

P by
nt, glycerol

ive, D-manni-
br, D-lactate
end D-lysine

hiloted =211

10 selected

t 50%(w/v)
reemed lum
bduction,

ps to grow at
(Table 7). All
glucose, but

y Strains,

in free medium
to grow. The
showed negative
assimilated

by

p 10 selected
rains R-1
rrowth. At
mt srowth

owed weak
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TABLE 53 SCREENING THE 10 YEAST STRAINS RCR
FERMENTATIVE ACTIVITY
ISOLATE Fermentation of Sugars
Cell. Gal. Glu. Inu. Lac. Mal. Suc. Raff

AK-1 - + +4 - - + -+ +
AK-4 - + 4+ - = + 4 -
B-1 - - ++ - - + + +
B-2 - - ++ - - + - -
B-82 - + 4+ - - + - -
J-1 + + ++ - - + + +
J-82 - + 4+ - - + H -
KF-1 - + 4+ - - + + -
K~-2 K - ++ - - - —~ -
R-1 - - ++ - - + + -
KEY:= + = positive fermentation (gas prpduction).

++ = vigorous fermentation

+ = weak fermentation

- = no fermentation

cell = cellobiose

Gal = galactose

Glu = glucose

Inu = inulinj; Lac = lactosp;

Mal = magltose; Suc = Sucrosg;

Raff = raffinose
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Cellohiose
Inulin
D-galactose
L-sorHose
D-arallinose
L-arabinose
L-rhamnose
Sucro
Halto:E
Me -&-D-glucoside
Melibipse

Erythri tol
D-Mannfitol
Glucont1, 5-lactone
D-I-laptate
Succingate

Citrate

L-lysihe

| o

Xylito.
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growth and four strains (B-82, J-1, KZ-1 4nd R-1)

failed te grow. The growth of all the strains at
PH valuess 3.0 and 4.5 was good but much better at
4.9, while at pH 6.0 the growth of four sirains
(AK-1, AR-4, J-1 and KZ-1) wae weak. On the whole,
the 10 selected yeast strains could grow optimally
at 30°C and pH 4.5.

Identity of the 10 Selected Yeast Strains:

The 10 selected yeasts were identifiefi to the
species level based on the characteristics| and
properties determined through the various tests
(Table 8). They were s8ix genera and eight|different
species, made up of four genera of Sacchar¢myces
(AK-1, B-1, B-2 and J-82) two of Candida (B-82 end
KF-1), one genus of Debaryomyces (J-1), ng;ggg

(K2-1), Pichia (AK-4) and Kluyveromyces (R-41) respec-

tively.

Properties of the Yeast Isolates Potentialll
Important for Ethanol Production:

The properties potentially important flor
ethanol production tested for in the 10 sellected
strains included: relative fermentative cappcities;
flocculating abilities; ethanol tolerance; fermenta-
tion of glucose at 3700 and above, and fermentation

of concentrated substrate (40%(w/v) glucose).




DABLE 7:  SOME PHYSIOLOGICAL PROPERTIES OF THE 10 SELECTED YEAST STRAINS

Isolate MMMﬂ“W4wumwwﬂmwa VFM mwmwmmwwom dﬂmwwm MWMMMMW mwoﬁdsom& . mﬂosww av
0.01%(w/v) lation J07C 37°C 42°C 3.0 4.5 6.0
AR -1 + - + - - - + + + +  ++
AEK-4 + - + - - + + + + ++ ++ ot
B-1 + - + - - - + + + + + +
B-2 + - + - - - + + + ++  ++ o+
B-82 + - + - - - + + - + + 4+
A J=1 + - + - - - + + - + + o+
J=82 + - + - - - + + + +  ++ o+
KF-1 + + + - - + + + + + + 4+
KZ-1 + - - - - - + + - + + 4+
R-1 + - - - - - + - - + ++ 4+
KEY:— + = Growth; + = ~'weak growth, - = no growth ;

VM = Vitanin free medium
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IDENTITY OF THE SELECTED ISOLATES

TABLE 8:
ISOLATE
AK - 1
AK - 4
B -1
B-2
B - 82
Jd -1
J - 82
KF - 1
KZ - 1

IDENTITY

W

Saccharomyces cerevisia

Pichia snomals

Saccharomyvces kluyveri

jA

Saccharomyces cerevisia

Candida rhaggi

Debaryomyces hensenii

Saccharomyces cerevisiag

Candida magnoliae

Dekkera intermedig

Kluyveromyces marxianus
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Fermentative Capacities:

Respirometric tests conducted se
the 10 yeasts under different conditi
different sugars which could occur in
of agriculturgl residues which are pQg
ntation substrates) were used to quan
ethanol producing capabilities (Table
tests showed that at 37°C with 2%(w/v
strains AX-1, B-1, B-2, J-1 and J-82
fermentative producing 200 - 360 micr
of carbon dioxide within four hours.

420C and for the same concentration o

parately with
ons (e.g. with
hydrolysates
tential ferme-
titaée their
9). These
) glucose
were highly
olitres (ul)
at

However,

f glucose

(2%(w/v) only one strain (J-82) produced above

100ul of carbon dioxide, whereas five

(B-82, J~1, KF-1, KZ-1 and R-1) showe

tative ability.

strains

d no fermen-

The rest of the stralins were

weakly fermentative at this temperatupe (429C).

Further respirometric tests carried o
gimple sugars showed that none of the
yeasts fermented the pentose sugars (

ribose and xylose) (Table 9). Galact

ut for some
selected
nrabinose

DSe was

fermented by all the yeast strains expept KZ2-1 and
R-1, maltose was not fermented by three strains
(B-82, K2-1 and R-1), while mannose and sucrose

were fermented by all the yeast straims with strains

J-82, B-2, and B-1 showing the best performance.




4.6,2 Floceulating Abilities:
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The relative rate of flocculation (ml/10 min.)
of the 10 strgins (Table 10) shows only three
atrains (AK-4, J-82 agnd R-1) were fougd to be
flocculent while others were non-~floc¢ulent.

Ethanol Tolergnce:

The ability of the yeasts to tolgrate various
concentrations of ethanol is shown in|Table 11.

A1l the 10 yeasts were able to grow in presence

of 5%{w/v) ethanol. At 10%(v/v) concdntration,
AX-4 and R-1 showed weak growth snd KE-1 failed

to grow completely. AK-1, J-1 and J-$2 grew wezkly
at 19%(v/v), while at 20%(v/v) all th¢ strains were
virtually inhibited, For the percent|viability in
10%(v/v) ethanol two strains (J-82 and KF-1) had
the highest percentage, 133.0% and 25%.0% respect-
ively (Table 12). B-82 and R-1 had 44.20 and
35.00% viability respectively while the rest of the

strains had percentage viability valugs below 20%,

Fermentation of glucose at 3700 and Above:

Table 13 shows the relative abilities of
the yeazst strains to ferment glucose st the varying
temperatures of 37°, 42° and 45°c. A]1l the strains

except KZ-1 and R-1 fermented glucose |at 37°C. At
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42°c for strains(AK-1, AK-4, B-1 and

J-82)

vigorously fermented glucose while stpains B-2,

B-82 and KF-1 were moderately fermentﬁtive.

two strains (AK-1 and J-82) showed po

Only

itive fermen-—

tative ability at 45°C, the others gave negative

results.

Fermentation of Concentrated Substrate

(407 (w/v)

Glucose):

The relative abilities of the yedst strains

to ferment concentrated substrate (40fAw/v glucose)

are shown in Table 14. 3Six of the ye

capable of fermenting 40%(w/v) glucosj?
strains KZ-1 and R-1 were not capable,
8train KPF-1 weakly fermented 40%(w/v)

(after six days).

Saccnarification of Complex Substratesg

Of the two acids (hydrochlorie an
sulphuric¢ acids) examined, the hydroch
(HCL) proved to be superior and produc

levels of reducing sugars:

t8 were
However,

whereas

wlucose

oric acid

d higher

10%4(w/v) coxn cob in

5¢#(v/v) 1M HCL gave 50mg/ml; 10%(w/v) ¢orn cob
in 5(v/v) 1 H2504 gave 30mg/ml;10%(wAv) cassava

flour in 5%(v/v) 1M H2$04 gave 45mg/ml
cassava flour in 5¢)v/v) 1M HCL gave 5
using 30 minutes as the saccharificatio

each substrate. The values of reducing

and 10%(w/v)
ml,
n time for

sugars were




TABLE 8: Values of Fermentative Cgpacities (ul of oomv of the 10 yeasts
on scme simple-sugars using-the Warburg repirometer

* gyucose 40%E(W/V) o ovis cell a1 i b- 1
a argbi- Cello- gsalac- i Xyl-
Isolate uqoo pnoo mwﬁoowm nose biose tose mgltose mannose oge Sucrose oBe
at 37°C
||nWﬂ|u¢m4@ww|ww4¢o|mo.mo = = TT9. 30 Y6, 80 T16.00 - T8.70 -
AK~4 154.80 87.30 96.82 - - 36.10 108.80 127.00 - 11.70 -
B -1 208,20 37.60 179.50 - - 16.80 100.20 129,00 - 127.70 -
B -2 342.00 53.00 139,64 - - 36,50 178.10 209.90 - 155.1C -
w .lmm UJN.OO - .-m.—-mmw - - #.Ncmo - qma A._O - mo WO b
- - Very
o J -1 288 - 177.55 - weak 32.40 41.80 101.20 - 12.90 -
o) 4 days
J- 82 351 132,00 247.88 - - 29.20 107,90 151.50 - 10C. 70 -
Very
KF-1 h0. 32 - 38.00 - - 63.80 22, 60 slow - 39.¢60 -
4 days
- _ - _ Very
Kz-1 47.84 weak - -~ 64,60 - 8.93 -
4 days
_ _ _ _ _ . _ very _ _
R 1 20.40 weak 7.60

a ~ all data are averages of triplicate determinations.
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Flocculation ability of the 10 ¢

elected strains

Yeast strain

Flocculation r4
(m1/10 mins)

te

R R

Eqmumwtﬂ

N =

82

=/
|

0.20
1.00

a

all data are averages of duplicatg determinztions
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entrations

TABLE 11: Growth Response to varying congd

of Ethanol
ISOLATES ETHANOL CONCENTRATION (%v/v)

2 5 10 15 20 |25
AK - 1 + + + + - -
AKX - 4 + + + - = =
B -1 + + + - - —
B~ 2 + + + - - -
B - 82 . + + - - —
Jd -1 + + . + - -
J - 82 + + 4 “ + -
KP- 1 + + + - - b
Kz - 1 + + - - . .
R -1 + + + - - -
KEY:- + = positive growth delayed

+ = weak growth

no growth.




23

by 100

TABLE 12: Viability of the yeast in 10%(jv/v) Ethanol
TIME % b
ISOLATE “ viability
(cfu) 24h 48h
B - 5.6 x 10° 2.0 x 10° 2.0 x 100  35.7
AK - 4 5.0 x 10° 1.0 x 10° 2 x 100 4.0
B - 1 7.0 x 10° 2.0 x 10° 1.0 x 107  14.3
B- 2 3.1 x10° 1.3 x10° 2 x 10  64.5
B-82 1.2x10° 2.0 x10°7 5.5 x 10P  44.2
J -1 2.5 x 10° 2.1 x 10° 1.0 x 10P 4.0
5 5 b
J - 82 3.0 x 107 3.0 x 10 4 x 10 133.2
KZ -1 1.1 x10°% 3.0 x 107 1.3 x 10  11.8
6 6 3
KF - 1 3.6 x 10° 8.0 x 10° 9.2 x 10 255.5
6 5 D
a - all data are averages of duplicate|determinations
b - the percent viability was determinpd after 48h
by dividing the viable count at thg desired time
by the initial viable count and multiplying
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TABLE 13: Fermentation of Glucose at I7°, 42°
and 45°C by the 10 yeast stirains

Isolate Temperature
37°c  42°¢c  45°%

AK - 1 ++ ‘4 +
AK - 4 R ++ =
B -1 ++ 4+ -
B -2 ++ + -
B - 82 44 + -
Jd -1 + - -
J - 82 Gt ++ +
KF - 1 + + -
KZ - 1 - - -
R - 1 - - -
it~ 4+ = Vigorous fermentation (full

tube of gas within 24h)
+ - moderate fermentation (48-T72h)

= no fermentagtion
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TABLE 14: Fermentation of 40%(w/v) (lucose
ISOLATE RELATIVE PERFORMANGE
AKX - 1 ++
AK - 4 +
B -1 ++
B~ 2 ++
B - 82 +
Jd -1 ++
J - 82 -+
KF - 1 +
KZ - 1 -
R - 1 -
KEY:~ 4+ = positive fermentation ( a full

tube of gas within |48h).

+ = positive fementatﬂon (a full
tube of gas within [72h).

delayed fermentatian
(within six days)

I+
]

- = no fermentation.
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determined using a standard curve (Agpendix i),

for glucose. Table 15 shows the valy
reducing sugars (mg/ml) in the agueol
of corn cob. Subsequent determinatig
reducing sugars for the various compl
ates are shown in Table 16: cassava f
stalk pulp, saw dust, grass straw, gz

and corn cob. Cassava flour and corr

tes of

s extract

ns of

lex substr-
lour, sorghum
toundnut hulls

cob gave the

best yields of reducing sugars followed by ground-

nut hulls and sorghum stalk pulp.

Ethanol Production:

In screening the 10 selected stx
ethanol production, a Ssemi-synthetic
(10%(w/v) glucose, 0.3%(w/v) yeast ed
and 0.5%(w/v) peptone (0Oxoid) was usd
temperatures of 30°, 37°, and 42°C fqg
The performance of four strains(AK-1,
and J-82) at the various temperatures
able to that of the yeast (555) at th

ding temperatures. In general, 30°C

tains for

medium,

tract (Oxoid)

d at varying

r 48n(Table 17).
B-1, B-2

are compar-

e correspon-

favoured the

best yields of ethsnol while 42°C wad not favoura-

ble. The yields at 37°C were moderat
strains (B-1 and AK-1) appesred to pn

best percentage ethanol yields (v/v)

e. Only two
oduce their

at 37°C.
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As a result of these observations, four yeapt strains
(AK=1, B-1, B=2 and J-82) were selected for| further
ethanol screening tests. Table 18 depicts [the results
of the effects of substrate concentration oh percentage
ethanol yields (v/v) by the four selected ypast strains.
B~2 and J-82 exhibited better ethanol produfption at 10
and 1%(w/v) glucose than the others. At Sf(w/v) and
40%(w/v) glucose the percentage ethanol yield (v/v) was
in the same range (2 - 2.5 w/v for % w/v pnd (9.00 -
10.504(v/v) for 40%¢w/v respectively for all| the strains.
Ethanol production froem the hydrolysptes of the
complex substrates by the four selected strpins is given
in Table 19. Compared to the yielde obtaingd from 5%
(w/v) glucose by the selected strains the yjlelds from
the hydrolysates of cassava flour, corn-cob|and sorghum
stalk pulp are encouraging, particulszrly for strains like
B-1, B-2, and J-82. The yields from saw du$t, grass
straws and groundnut hulls were generazally p¢or. The
performance of the wine yeast (555) in thes¢ substrates
was comparable to those of the selected sirfins (Table 19).
The percentage ethanol yields by the two stfains (AK-1
and B-1) from molasses of 1.06 specific grayity are high
when compzred with the yield obtained with the strain 555.
AK-1 had the highest yield (6.71%4v/v) while|J-82 had the

lowest (4.03%v/v).
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TABLE 15: Values of Reducing sugars (mg

ml)

during Acid Saccharification

o1 Coqg—

cob at different time intervs

13

Experimental Conditions Time (minutes)

% substrate (w/v) % acid (v/v)® 15 30 60
3 3 19.00 [19.20 13.00"
3 4 19.00 19,20 15.00
3 5 28.00 28.00 19.00
2 3 23.00 [32.50 33.00
5 5 34.20 [0.00  40.00
10 2 37.50 50.00 40.00
10 10 35.00  [39.50 30.00
12 5 38,00 J47.00 40.00
g = the acid used was 1.0MHCL
b - all data are averages of triplhicate

determinations,
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TABLE 16: Levels of Reducing Sugars Relegsed from
Complex Substr-tes During Sacchgrification

Complex Substrate® Reducing Sugars (mg/ml]h
Cassava flour 65 - 70

Corn-cob 50 - 54
Groundnut hulls 45 - 50

Sorghum stalk pulp 45 - 50

Saw dust 30 - 34

Grass straw 40 - 45

a - all substrates were dried to congtant

weight and hammer-milled before gacchari-
fication. 10%(w/v) of each substrate was
used, in 5%(v/v) of 1M acid for }0 minutes
saccharification.

b -~ all data are averages of triplicgte
determinations.
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TABLE 17: % Ethanol Yields from Semi-syntheftic
Medivm® by 10 Selected Strains.
% Ethenol Yields (v/v)b
Strain o o o
30°C 37°C 427C
AR - 1 4,00 4.30 3.35
A - 4 3.77 3.00 2.00
B-2 5.10 4.60 2.28
J - 1 4.20 3-70 2.10
J - 82 4.33 4.20 3.77
KF - 1 3.77 2-80 1.82
XZ -1 4.07 3.00 2,02
R -1 3.1 3.70 2,00
555° 5.10 5,03 2.50
a - the synthetic medium comprised 1p%(w/v)
glucose, 0.3%{(w/v) yeast extractl (Oxoid),
and 0.%%t(w/v) peptone (0xoid). | The
fermentation was for 48h.
b - gll data are averages from duplijcate
flasks - two determinations per [flask,
¢ — 555 is a wine yeast.
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TABLE 18: Effect of different substrate (zllcose)
Concentrations on « Ethanol Yieldp by
Four Selected Yeast Strains® and
Biomess formation
Substrate ¢
Concentration %(v/v) Et-0H Yields per stfrain
%(w/v)®
5 AK ~ 1 B -1 B -2 J 4 82
2.05 2.46 2:25 2:35
(1200 (90)  (80) (140
10 4.00 4.07 5.10 4.33
(110) (80) (80) (1%0)
1% 4.40 4.30 6.70 5.00
(80) (60) (70) (100)
40 10.37  9.52  9.86 9.#0
(80) (50) (60) (80)

- fermentation carried out at 30°C for|48h.

- substrate consists of appropriate leyels of
glucose in a basal medium containing
0.3%(w/v) yeast extract (Oxoid) and
0.5%(w/v) peprtone (0Oxo0id). i

1410624
c - all data are avercges of duplicate
determinations.
d - fipures in parentheses represent % cpll
vigbilities after 48h fermentation.
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TABLE 19: Production of Ethanol from hydrol:

sates of

Complex Substrates by Pour Selected

Yegst Strazins

a

per strain

Substrate (complex) % EtOH Yields(v/%)b
Hydrolysate
Cassava flour (50Omg/ml) 1.80 2.0 2.79 2.0
(125)% (105) (115)] (125)
Corn-cob {50mg/ml) 1.80 2.01 2.62 2.20
(g5) (101) (100] (100)
Groundnut hulls(45mg/ml) 1.72 1.70 2.02 1.80
(90) (100) (90) (90)
Gress Straw (40mg/ml) 0.75 0.81 0.93 C.71
(80) (80)  (80) (80)
Saw dust (38mg/ml) 0.70 0.82 0.80 0.91
(8o) (80) (90) (90)
Sorghum stalk pulp(S50mg/ml)1.61 1.80  2.01) 2.00
(90) (90) (100}  (100)
Sugar ¢ane molasses 6.71 6.01 5.00 4.03
(1.06 specific gravity) (100) (100) (100) (100)
d
Contrcl substrate 2.05 5. 46 2. 95 2,925
110 (100) (120}  (130)
a - Fermentations carried out at 3000 for 4%h.
b - all data are averages from duplicate fljsks.
¢ - 555 is a wine yeast.
d -~ @ control substrate (Semi-synthetic) made up of
5d(w/v) lucose, 0.3% yezst extract (Ox¢id) and
w/v? peptone (0x01d).
e - Tfigures in parentheses are % cell viabilities

of the cells after 43h.
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TABLE 20: Effects of Various Supplements on Ethanol
Production by Various Yeast Straing Using
Cassava Flour Hydrolystate (50me/ml)

Additive % EBtOH Yields (v/v)® by Strains
(0. 17 (w/v) P

. AX -1 B -1 B -2 J - g2
None 1.80 2.0 2.77 2.0
KHQPO4 1. 61 1. 64 T2 1.7
(NH4)2304 172 1.70 1.82 1585
Mg S04.7TH,0 1.81 1.62 1.82 1.8
Yeast extract 1.80 2.78 2.14 2,31
Peptone Ta73 1.68 1.60 1.87
Skin milk 280 1.56 1867 1.87
Ures, 1.85 1.90 2.54 2.07%
Daddawa 1.80 1.22 2.06 2.04
Animal dung 1.78 Tty 1.62 2.0(
Control d 2.05 2.46 B 2.29%
Combined & 2.10 2.40 2.83 2, 64

P o o p
Il

all concentrations
= all data are averages of duplicate flagks.

= control was a semidefined medium - % glucose,
0.3% yeast extract, 0.% peptone.

= fermentations carried out at 3000 for 4%5h.
are final in 100m]1 ¢f medium.

combined medium made wp of 0.1%(w/v) egch of
the supplements in the complex medium.
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TABLE 21: Effect of different supplements on
Ethanol Production hy Various Yeast
Strains (Using Corn-cob Hydrolystate

50mz/m1) 2

Additive % BtOH Yields (v/v)® by Jtrains
(0. 1%(w/v)"®

. AK -1 B-1 B-2| J - 82
Wone 1.80 2,01 2,62 2,20
KH,P04 1.992 1. 46 2.64 2.10
(NH4)2 S04 2.10 1.20 2.64 1.78
MgS04. TH,0 1.80 1.69 2. 60 1.80
Yeast extract 2.00 1.20 2. 66 2.40
Peptone 1.95 1.20 2.65 1.70
Skim mili 1.80 1.42 2.60 2.00
Urea 1.90 1.20 2.67 2.40
Daddawa 1.90 1.20 2.60 2.00
Anima) dung 1.81 1.20 2.60 1.60
contro1d 2.05 2.46  2.25( 2.25
Combined ™ 2.25 2.50 2.80 2. 50

= fermentation carried out at 3000 for|48h.
= gll concentragtions were finals in 10(ml of medium,
¢ = all data are averages from duplicate |[flasks,

d = control was g semi-defined medium - %% (w/v)
glucose, 0.3% yeast extract, and 0.5% peptone.

e = combined medium - made up of 0.1%{w/Y) of all
the supplements in the complex mediua.
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TABLE 22: Effect of Differen%k Concentrationg of urea
and Yezst Extract on Ethanol Prdduction

from Cassava Flour Hydrolysate by Strains

B -2 and J~ 82,

Substrate Supplement conc % E+QH [Yields
H

( 50mg/m1) (% wVﬁ)b (v/v) er strain
B - 2 J - 82
Cassave Urea 0.1 2.54 2.07
0.2 3,00 3.20
0.5 2.50 2.40
Yeast extract OC.1 2.14 2.31
0.2 3.33 340
0.5 3,2 3.00
a = Termentations were carried out|at 3000
for 48h.
P = all concentrations were finels|in 100ml

of medium.

¢ = all data are averages of dupligate
determinations.
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4 Ethanol Yields (v/v) using optimum
Concentrations (0.2%{(w/v) of the
Supplements Combined/Urea and Yezdt
Extract in Cessava Flour Hydrolystlate
(50mg/m1) 2
Strain % Ethanol Yields (v/4)° at
30% 379c
B - 2 2.46 2.%0
J - 82 3.02 3.25
a = fermentations carried out fé¢r 48h
at 30% ana 37°C
b = all data are averages of duplicate

determinations.
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TABLE 24: Effects of Soyhean Flour on Ethangl
Yields (% v/v) by Strains B-2 and §-822.
Soy Bean Flour % E+OH Yields (v/¥)C per straln/substrate
(o) Cassava flour(50mg/ml). 5%w/v glucose
o,
B -2 J - 82 B -2 J - 82
0.2 3.10 3.00 3.00 3.10
d.3 3. 10 3.12 3.00 3. 20
005 3.20 3: 20 3.20 3- 23
0.75 3.40 3.42 3.50 3.62
1.00 3.20 3.20 3.27 3-.30
2.00 3.10 3.20 3,20 3.32
None® 2.80 2,20 2.50 2.50
a = fermentations carried out at 3000 for 48h.
b = all concentrations were finals in (00ml
0of medium
¢ = gall data are averages of duplicate|determinztions
d = +there was no soy bean Ilour in each of the

medig.
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TABLE 25: Characteristics of Parent Strains
And Fusion Product

Parents Fusion Product

Characteristics
B - 2 J - 82 BJ -~ 2820

Flocculation ability 0.2m1/10min 1.5m1/10min| 1.5m1/10min

Maltose fermentation  Vigorous moderate vigorous

Ethanol tolerance 10%(v/v) 1586(v/¥) 10%(v/v)

Ethanol production

from 10%8(w/v) glucose 5.10%(v/v) 4.224(v/v) | 4.85(v/~)

Growth at 37°C + - +
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TABLE 26: Characteristics of Transforming P

arents

(B - 2 and Ap) and the Transforman

t TApB-2

Parents
B - 2 Ap

Characteristics

Transformant
TAp B - 2

Amylolytic activity - +

Flocculation activity 0.2m1/10min 1.3ml1/10mip 1.4m1/10min

Maltose fermentation Vigorous weak
Ethanol tolerance 10%(v/v) -

Ethanol production

from 10%(w/v) glucose 5.10%(v/v) 4.0%(v/v)

Growth at 37°C * +

moderate

10%4(v/v)

5.68%(v/v)
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TABLE 27: (Characteristics of Transforming Pafrtners
(J-82 and Ap) and the Transformant [Ap J-82

Characteristics Parents Transformant
J - 82 Ap TAp J- 82

Amylolytic activity - + -

Flocculation ebility 1.5m1/10min 1.2m1/10min 1.6m1/10min

Maltose fermentation moderate we ak moderate
(full tube of (full tube og
gas in 72-96h) gas in 72-96h)

Ethanol tolerance 15%(v/v) - 10%(v/v)

Ethanol production

from 10% glucose 4.33%(v/v) 4.0%(v/v) | 5.28%4(v/)

Growth at 37°C + i 3
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Two complex substrates (cassava flour And corn-cob
hydrolysates) were selected for further ethdgnol production
using nutrient supplements. Their selection was based
on their performence as recorded in table 19. The supple-
ments used were ammonium sulfate (NH4)2SO4), potassium

dihydrogen phosphate (KI'I2P04), magnesium sullfate (MgS04)

yeast extract, peptone, skim milk, urea, "dgddawa" and
enimal dung (Table 20 and 21). Generally, e supplements
did not appreciably enhance the yields of ethanol. However
a few of them such as yeast extract, and urea did not have
appreciable detrimental effects on ethanol oduction
compared to when no supplements were used. he strains

B-2 and J-82 gave better ethanol yields with the supplements
particularly when yeast extract urea and d awa were

used (Tables 20 and 21). Consequently, strains (B-2 and
J-82) were selected for further optimization| of the
promising supplements - urea and yeast extract, using
cassava flour hydrolysate (50mg/ml) as the fermentation
substrate (Table 22). The best yields of ethanol by the
two strains was obtained when the supplements were 0.2%
(w/v) in the medium. However, when & combinption of the
optimum concentration (0.2%) of the supplements was used

in fermentations at 30° and 37°C only strain| J-82 did

show appreciasble ethanol yields comparably ([fable 23).
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The ethanol yields by strgin B-2 under thes
were relatively low (2.46 and 2.50%v/v) com
when the supplements were used separately.

The effect of soy bean flour on ethamno
strains B-2 and J-82 using cassava flour hy
ml ); Flw/) of glucose,gnd optimum amount of
tested using 14%(w/v) glucose for different
vals at 30° and 37°C. Generally, use of so
increased the ethanol production by the two
compared to the yields obtained from the su
containing no soy bean flour (Table 24). O
of soy bean flour gave the best ethanol yie
the strains.

In determining the effects of soy bean
14%(w/¥) glucose medium, 0.75%(w/v) of soy
was used (optimum from Table 24). The resu
from the four sets of tests are given in fi
2a and 2b. Figures 1a and 2a give the ethal
(%v/v) by the two strains in 14%(w/v) gluco
without soy bean flour but with 0.2%(w/v) o

yeast extract respectively at 30° and 37°C

=]

-3

conditions

bared to

|l yields by

50y bearn was
time inter-
y been flour
strains as
bastrates

L7 5% (w/v)
lds for all

flour in
bean flour

I ts obtained
bures la, 1b,
nol yields

Be medium

f uresg and

for 120Ch,

Both strains (B-2 and J-82) produced optimupm ethanol

levels at 48h at two temperatures, with J-8
6.84(v/v) at 37°C =and 6.4%(v/v) at 30%. H
the 0.7%%(w/v) soy bean flour was incorpora

? producing
bwever, when

tad into the

Arolysate( 50mg/
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medium the ethanal yield improved for the organisms
(Figures 1b and 2b) at the two temperatures (30° ang
37°C). It took the two strains longer time|(72h) at
30°C to obtain the maximum ethanol yield (7l17%v/v)
whereas at 37°C it took only 48h to obtain the maximum
yield (7.14%v/v). The percentage vigbilitig¢s for the
gtrains (B~2 and J~82) remained high until after 72h
both at 30° and 37°C whether soy bean flour|was incor-

porated or not.

4.9 Genetic Modification of Strainess

The modification techniques used were protoplast
fusion snd transformation. Characterististics of the
fusion partners (B-2 and J-82) and fusion products
(BT-2820) are shown in Table 25. The perfojmance of
the fusion product in terms of ethanol prodyction wss
8lightly better (4.8%fv/v) than thzt of one|of the
fusion pariners (J-82) which produced 4.33%y/v) from
10%(w/v) glucose as substrate. The other fgsion partner
(B-2) had a better yield (5.10%4v/v). The fusiogzgggig_
tolerate ethamol only up to 10%(v/v), which|was not as
good as the tolerence shown by the fusion partner (J-82).
The flocculation gbility end maltoss fermentation cgpacity
shown by the fusion product did not indicat any

marked improvement in respect of the fusion|partners,

though it was able to grow at 37°C just as they did.
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For the trensformation experients the
tiecs of the tranasforming partners (B~-2 and

gidium pullulans) and the transformant (TAp

shown in Table 26. Table 27 depicts the ch

of another set of transformation experimentp
J-82 and Ap a5 partners and the transforman
The transformant TAp B—-2 had no amylolytic

compared to Ap; had a high flocculation abi

than B-2; moderately fermented maltose but

cheracteris-—
Fp - Aureoba-
-B-2) are

nracteristies

invelving

t TAp J-82,
petivity
ity better

hs good as

B-2; tolerated ethanol up to 10%(v/v); prodnced 5.68%

(v/v) ethanol from 10%{w/v) glucose doing b
the transforming partmers snd grew at 37°C.
The transformant TAp J-82 had no amylo]
activity, tolerated 10%(v/v) ethanol, gave
ethanol from 10%(w/v) glucose, a level of ¥y
than that produced by either of the partnersg
maltose moderately (giving a full tube of g

72 = 96h), but was highly flocculent (1.6aml)

st ter than

Lytic

b . 284
jeld higher

y fermented

s within
/10min) just

a8 one of the transforming partmers (J—Bé)aﬁd was able

to grow at 3700.
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5. DISCUSSTION

The fermentation of maltose by the 10 selected

strains (Table 5) enhances their industrial futility

in brewing and fermentation ethenol producti
substrates such as mglted or hydrolysed cerd
carbohydrates are wsed (Hass, 1960; Stewart ¢
In contrast, the inebility of the strains tg
any of the pentose sugars (arabinose, ribosg
(Table 9) limits their use for ethanol prody
cellulosice whose hydrolysis products compri
hexose and pentose sugars (Han et al, 1976; 1
et al,1978).

sucrose would limit its wse for ethanol prod

Similarly, the failure of J-81

molasses.

It is significant to note that the 10 4
strains fermented glucose at 37°C (Table 9)
some of them (AK-1, B-1, B-2, J-1 end J-82)

vigorously., At 42°C, only one strain (J-82)

lon when
al
t al, 1984).

ferment

and Xylose -

ction from
se both

srailides,

to ferment

uction from

elected
and that
did so

was found

tc be promising. The ability to effect fer&entation

at higher temperatures is advantageous over
yeast ethanol fermentations which occcur gt |
(Jones et al, 1981, Hacking gt al, 1984). T

include fast rates of substrate consumption

O

conventicnal

¢ - 35%

e advantages

and ethanol

formation, facilitated ethenocl recovery, capital savings

in terms of temperature control, creating ay

14 maintaining
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anaerobic conditions and energy savings in 4

reduced viscosity of the fermentation broth

1980). 1In related studies, Hacking et al,(1
Anderson et al,(1986), isolated and selecte
tolerant yeast strains which were able to fe
glucose to ethanol at 40°C eand sbove. Opti
ture for ethanol fermentation has been foun

higher than that of the growth temperature

tempera~
to be

r a yeast

strain (Lee et al, 1980, Oliver and Brown 1982); and

Krofiwel and Braber (1979) had shown that rai
fermentation temperature from 300 to 39°C r
less growth but higher ethanol productivity.
strains found in this study gble to ferment
at 37°C and above would be very suitable for
tion ethanol industry in the semitropic and
regions (e.g. Nigeria). .

One of the limiting factors in the prod
ethanol is the effect of ethanol on yeast dy
fermentation.
and therefore ethanol production (Troyer, 19
effect becomes more pronounced when ferments

carried out at higher temperestures. The hig

uction o

The yeast

glucose

fermenta-

tropic

-3
4

ring
This effect results in reducdd growth
53).

tione are

The

her the

temperature the greater the inhibitory effedqt of ethanol

(Nagodawithana et al,1974; Navorro and Durrg

et al,1981). Lee et al,(1980) using Sacchar

nd 1978; Jones

omyces

uvarum found that optimal growth temperatur

e

was
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34°C, while the specific ethanol production
at 37° - 43°c, and up to 37°C the inhibitox
0f ethanol increased significantly. Nagodsg
and Steinkraus, (1376), indicated that ethg
to inhibit yeast cell growth at relatively
tration, whereas the fermentative activity
seemed to tolerate ethanol until its concen

approached approximately 20%(v/v). In othe

was maximal
y effects

'withana

ol appeared

low concen-
of the cells
tration

r wordse,

yeast strains which are ethanol tolerant, gnd have the

capacity to produce high concentrations of
short time would be very useful for commerd
production. One of the strains (J-82) in %
shows such promises (Table 11 and 12); it g4
at 10%4(v/v) and had =& fairly good growth at
of ethenol. Beintez et gi,(1983), have rep
results for some wine yeasts.

strain in this study is a Saccharomyces,

observation has been made by Jones et at,(1

and Jones (1986} and Benitez et al (1983) w

that Sacchgromyces can tolerate ethanol con

of 7 to 13%{(w/v).

To be efficient in ethanol production

strain has to be tolerant to elevated ethan

tiones and should be tolerant o high concen

sugars (Panchal et al,1982a). This is a ne

prerequisite since an economically viable e

A

ethanol in g
ial ethanol
his study
rew well
154(v/v)

orted gimilar

The most ethienol tolerant

similear
p81), Doelle
ho reported

rentrations

H yeast

n1l concentra—
trations of
bessary

thanol
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production process would require high (10 4 15%w/v)
final concentrations of ethanol in the fermenter prior
to distillation. This necessitates the use |of a medium
with an elevated content of fermentable camnbohydrate.
A minimum commercial target in ethanol proﬂuction is

5% (w/v)
fermentable sugars (Hacking et al,1984). Spuch a medium

84 (w/v) yield from medium containing 14 - 1

with high sugar concentrations imposes somoftic effects

on the fermenting cells. Panchal and Stewart (1980)
indicated that osmotic pressure has a significant effect
on the excretion of ethanol as well as yeasf viability,
in that it creates an unfavourable environment for etha-
nol production (Jones et al,1981). In such|a situation a
yeast strain which combines the properties ¢f high
fermentative capacity, with osmotolerance spd ethanol
tolerance will be of great industrial potential. It

has been found in this stpudy that some of the yeast
strains possess these properties (Table 7,9, and 11).

It is interesting to note dhgt strain J-82 datisfies all
these criteria (i.e. high fermentative capagdity,
osmotolerance and ethanol tolerance). Such |a strain

of yeast would be of great industrial promige in
commercial ethanol fermentations where hithsugar
concentrations are used.

In ethanol production, flocculation is jessential

for increased efficiency of substrate utilisrtion.
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It circumvents the need to produce cells for each rum,

and decreases the gmount of by-products., AJnother obvious

advantage of floceulation is that it cuts down the cosis

of centrifugation and makes possible the rdcycling of

the fermenting cells in continuous culture |[systems

(Panchal and Stewart,1981). In this study,) some

Strains (J-82, AK-4 and R-1) (Table 10) weie found to

be flocculent. In a similar study, Rose (1376) selected

new yeast strains with flocculence and ability to

tolerate high sugar concentrations in molagses which

was fermented to 12%(v/v) ethanol. J~82jisolated in

this study hes close similarities to the sifrains

deseribed by Rese (1976). Doelle and Joned, (1986),

have indicated that ethanol concentrations jpf 10%(v/v)

with short fermentation times can only be gchieved

using recycling techniques for high biomass| concentra~

tions. In the light of this the industrial| potentizl

of the flocculent strains (J-82, AK-4 and R-1) from

this study are quite tremendous.
With the exception of strains KZ-1 and| B~1 all

the sBelected isolates were able to grow without the

need for exogenous Sources of vitamins (Tablle 7). The

specifie vitamin requirements for KZ-1 and R-1 were

not determined in this atudy, bvut the ability of the

rest to grow in vitamin free medium is a prpperty

which increases their potentigl industrial fisefulness

(Rose, 1972).
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The optimum growth temperature and pH For the
selected strains were 30°-35°C and 4.5-5.00|respect-
ively. These conditions are similar to thoge indicated

by Jones et al,(1981), and Lee et g1,(1980)| Yeast

flocculence is said to be s8ignificantly affected by
the pH of the medium (Panchal and Stewart 1980); cells
grown in a medium of initial pH 3.0 do not flocculate
well, The flocculent strains from this = ¥ grow
well at pH 4.5. OSome of the advantages of ¢arrying
out fermentations at low pH values are the reduction
in the level of contamingtion from bacteria gnd that
of obviating the necessity for sterilisation of the
fermentation medium.
The ethanol yields from conventional sybstrates
(e.g. glucose) at varying temperatures are gncouraging.
The 10 selected yeasts gave ethanol yields gomparable
to those of the wine yeast (555) used as a sftandard
(Table 17). The decrease in the yields at 42°C is not
unexpected since increaese in temperature reduces ethanol
production (Xrouwel and Braber 1979; Jones et al, 1981).
Four strains (AK-1, B~1, B-2 and J-82) whicH were
promising for ethanol production were used flurther
in the fermentations of glucose (5,10,15 and 40%(w/v)
(Table 18). The ethanol yields of strains H-2 (6.70%
{(w/v) end J-82 (5.00%4v/v) from 1% (w/v) glucose are

significant and more so that these values arje fairly
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close to the minimum target of ethanol yield (8%w/v)
froe 14-15%(w/v) glucose in commerciasl fermentations
(Hacking et al,1984). Another important pyoperty
of these strains is thot they maintein high cell
vigbilities (1004 and above) for up to 48h. This is
one of the important properties used for sglecting
yeast strains for ethancl production (Stewgrt et al,
1984} and the property is useful for repeafed recy-
cling of cells in continuous fermentation dperations,
The ability of the complex subsirates |[(Cassava
flour, corn cob, groundnut hulls, sorghum gtalk pulp,
grass straw and sawdust) to support ethanol production
is worthy of note. In this study, the strgins of yeasts
used for ethanol production were AK-1, B-1,] B~2 end
J-82,{Table 19). Their performance on the [substrates
is significant because they (the substrates) are
cheap snd easily availsble., Though seasongl, they cons-
titute a variety of ggriculturasl and agro-industrial
wastes that are. renewable. Alcochol producgd from
cellulosic materials is comparable to synthetic alecohol
in gquality end performance {Miller,1975). [Attempts
have been made by other workers to produce lethanol from
such substrates: Ghose and Tyagi(1979) were| able to
achieve 9.7%4(w/v) ethonol yield from cellullosic hydro-
lysates; Sitton et al (1979) obtained yields of 0.31gal
alcohol per pound of residues of sgriculturpl wastes;
De Menezes et al,{1983) used bamboo hydrolypate to

obtain sustentiel yields of ethenol; and Shumbe
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and Kennedy (1985) had 6.6%(v/v) ethanol fr
sates of agricultural residues containing 1
In this study the best yields which came fnr
sates of cassava flour, corn-cob, sorghum S
and growdnut hulls were in the range of 2.¢
(v/v).

might be due to lack of D-glucose isomerase

The low yields of ethanol got in thj

strains of yeast used to convert the pentos
in the hydroclysate to glucose for further ff

{Shambe aznd Kennedy 1985) and the presence

pm hydroly-
4. glucose.
bm hydroly-
ballke pulp
D0 - 2.79%
s study

in the

=1
=

sugars
prmen tation

bf mono-

meric residues in the hydrolysates which might be

toxic to the fermenting cells (Israilides e]

Ethanol production from renewable resources

considered a profitable industry in some plj

present.

b a1, 1978).
nmight be

hees at

The competitive ecconomics and needs will

have to dictate a major shift from using starchy cereal

greins and saccharine materials to feed sto¢ks such as

cellulogics., The shift would be desirable 1f the zlecohol

industry is to survice. However, the major|bottleneck

of such an industry is the processing of th¢ cellulosics

to fermentable solution (i.e. the liguefact:

saccharification steps). Equally too, the
and politics of the industry (i.e. the etha
would play a significant role in the new dey
irn the areg in what is to be now called soc]
or agricultural biotechnology.

Ethanol Progremme snd the U.S. Corn Conversi

lon and the

gconomics

)0l market)
relopment

lo-gconomic

The Brazilign National

on Programme
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(Doelle and Jones 1986) are examples of est

programmes in this ares. Developing countri

which are becoming incressingly self-suffic
egricultural production, and countries with
ggriculturel exports, have to look for domes
of the products, and one possibility is the
of the surplus intc commodity products such
For an OPEC country, such as Nigeria, en al
mme has benefits such as preservation of cr
ground for the future, and improvement and

agricultural productivity. The agricultural

would in addition cut any exodus into towns
When some of the complex substrates wep

ted with some nutrients (NH4)SO4, MgSO4,7H20

yeast extract, peptone, urea, daddawa, skim
animal dung)} the ethsnol yields improved fop
strains (B-2 and J-82). Jones et al (1981)
the use of nutrient supplements to enhance ¢
production. Other supplements that would el
¥ield include ergosterol, unsaturated fatty
"

i

(linoleic and oleic acids), ascorbic acid a
(Panchal and Stewart, 1980; Jansens et al, 19
and Cruz 1987). Panchal and Stewart (1980)
the use of unsaturated fatty acids and Tween
latory factors that enhanced ethanol yield.
et al,(1983) had enhanced fermentation ratef

romyces fragilis by the addition of oleic/l

bblished

es, some of

bent in

large

tic uses=

conversion

as ethanol,

bohol progra-—
bde 0il under—

increase in

activity
end cities.

e Supplemen-

yKH P05

milk and

some 0f the
indicated

thanol

hhance ethanol

acids
d Tween 80

3; Alternum

discussed

80 as regu-

Jansens

of Kluyve-

inoleic acida
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end ergosterol to the fermentation broth, 1
reducing fermentation time fram 90 to 60 £
lactose solution. Alternum end Cruz (1987)
bean 0il H0 increase ethanol yield by about
In this study, besides the inorgsnic supple
some orgeanic supplements, such a8 yeast exi
peptone, animal dung, daddawa and soy bean
used. The s0y bean flour was the most prox
them all, giving enhanced yields of 20 - %0

without the supplements. When the soy bean

used in fermenting 14-1%%4(w/v) glucose at 30

the effects were tremendous.
was a yield increase of 15-50% over and bet

the soy bean flour was not used. The impro

theraeby

r a 20%

used soy

3.5%.

men ts,
iract,
flour were
ising of

b over those

flour was

° ana 37%

For instance |at 3700 there
ter than when

ved perfor-

mance might be due to the fact that soy bean flour

contains some unsaturated fatty acids (Alte
1987) which have been known to improve eths
by yeasts (Penchal and Stewart,1980), end a
is rich in preformed aminocacids which may b
intact by the yeast in preference to other 1
sources such a3 smmonia or ures in the medis
and Rose 1963). Consequently yields of eth
be expected to be higher from fermentations

with soy bean in form of flour or oil.

However,

rnum and Cruz
nol production

lso soy bean

o assimilated
hitrogen

hm (Reinbow
anol would

of media

the

80y beasn flour used in this study would be ¢f more

industrial use for ethenol production, sinc¢ it contains

both amino acids and unsaturared fatiy acids

b (0il), then
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the soy bean 0il alone.

Improvement in envirommental condition
fermentations in conjunction with genetic m
of the fermenting cells would engender enhal
yields tremendously (Panchal et al,1984).
manipulation of yessts for enhanced ethanol
offers an alternative means for strain impr
The technigues that show greatest potential
promise a5 gids in this process are spherop
last fusion gnd transformation. Both of th
total disregard for ploidy and mating types
uently would have great applicability in th
industry (Stewart et al,1980), The techniq

last fusion has been found to be a useful ¢

genetically modifying yeast strains, partio

atreins of undefined genetic make up (Panch

3 during
anipulation
hced ethenol
fenetic
production
pvement,

5 and
lost/protop-
bm have a

and conseq-—

e fermentation
he of spherop-
pol for

larly yeast
1 et al,

1982b), and has been successfully used in improving

yeast streins for ethanol production (Panchal et al,

1982b; Johensson and Sjostrom, 1984; and de|Figueroce

et g1, 1984).

transformation were used in this study and |

The two technigues of spheroplast fusion gmd
the results

in terms of ethanol production were signifi¢ant. There
was & 124 improvement in the ethanol yield ¢ver that of
one of the fusion partmer (J-82) (Table 25)] In respect
of the other parameters used the fusion product {BJ-2820)

did not do very well, since there was no improvement in
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performance when compured to fusion pertners

The

results of the transformation studies asre more encour-

aging in terms of ethanol production (Table
The transformant (TAp B-2) had a better e
improvement over either of the parents (i.é
higher) (Table 26). The transformant (TAp
24 - 304 improved ethanol yield over those
parent (Table 27). There was no improvemen|
characteristics over those of the parents.

Despite this, these results are still
and significant since from them it can be ]
it is possible to transfer genetic material
unrelated organisms. The organisms used in

are very unrelated (especially in the trans

26 and 27).
thanol yield

. 10 - 42%
J-82) had a
of the either
t in the other

interesting
nferred that
be tween

this study

formation

studies) Aureobasidium pullulens (Ap) and Sjaccharomyces

cerevigiae (B -~ 2 and J-82) (intergeneric 1

In a similar study Harris and Thompson (196

to transform some strains of Saccharomyces

donor strain Saccharomyces chevalieryW332 (
(1974) made

transformation). Khan snd Sen
when they attempted intraspecific, intersp

intergenric transformation studies for 25

yeast.

of ethanol production unlike the attemptin

]

But none of the earlier attempts wags in respect

ransformation).
D) were able

Spp using a
interspecific
Some SUCCess wliv
cific, and

trains of

this study.

The use of improved strains on an industrial

scale would be of tremendous value in the g

lobal efforts
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to increase the efficiecy and the yield of

ethanol

production by fermentation. In some countyies such

as the U.S5.A., ethanol is produced from pejro-chemicals

but this method is likely to be replaced by fermenta-

tion processes, This may restore the confj

dence of

the human race faced with the prospect of Funning

out of fossil fuels.
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APPENDIX IT:

Photomicrographs of protoplasts, fupion
product and transformants.
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Plate 1:Protoplasts from Saccharomyces cerevisige
B-2 cells using snail enzymes. Arrows
point to some of the protoplasts.
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Plate 2: Protoplasts from Saccharomyces cerevisiaze
J-82 cells using snail enzyme. Arrows point
to some of the protoplasts.




Plate 3: Cells of fusion product BJ-2820
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Plate 4: Cells of transformant TAp B-2.
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Plate 5: Cells of transformant TApJ-82.



