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Effect of physical parameters on alcohol dehydrogenase and aldehyde
dehydrogenase during the production of acetic acid from ethanol by an
ethanol resistant strain Saccharomyces cerevisiae AB100
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Abstract : An ethanol resistant strain of Saccharomyces cerevisiae AB^ was examined to ascertain its acetic acid pro
duction. The influence of physical parameter on acetic acid production and activities of alcohol dehydrogenase (alcohol:
NAD+ oxidoreductase; E.C. 1.1.1.1) and aldehyde dehydrogenase (aldehyde : NAD+ (1>+) oxidoreductase; E.C. 1.2.1.5)
were also observed. The optimal conditions finally found were . initial pH = 4.5. incubation temperature = 30 "O,
incubation time - 48 h, volume ol medium — 85 ml, age o! inoculum = 48 h and cell denMtv ~ 10.25 x 1()5 'Mum'
o|itnmd condition'. «<ie also o|iiimmn lm Hu miliilks ol (tie iw« main i eguluiui y ciuvincs i.e. alcohol dehydrogenase
and aldehyde dehydrogenase,
Keywords : Acetic acid, physical parameters, alcohol dehydrogenase, aldehyde deliydrogenase.

Introduction

for the growth ol Sacchaiomyces caevtsuie AB10t) which

Acetic acid as an industrial chemical is produced us
ing yeast by the three step fermentation process The first
step is the production of ethanol from a carbohydrate
source, sucli as glucose. The .second step is the pi educ

gave the maximum activity of the two enzymes to give
the maximum production of acetic acid from ethanol.

tion of acetaldehyde hy oxidation of t ili.mol ami 11 sc. thud

step is the oxidation of acetaldehyde io acetic acidic
C6H12°6 -* 2CH3CH2OH + 2CO,
2CH3CH2OH + 02 -a 2CH3COOH + 2H20
Two enzymes such as, alcohol dehydrogenase (alcohol
NAD+ oxidoreductase; E.C. 1 1.1 1) and aldehyde
dehydrogenase (aldehyde : NAD+ (P+) oxidoreductase;
E.C, 1.2.1.5) are responsible for the production of acetic
acid from ethanol^CH3CH2OH + NAD + <-» CM3CHO + NADH + H +
CH-CHO + NAD+ + ICO -4
CH3COOH + NADH + H +
Cultivation of microorganism require favourable envi
ronment, like - appropriate temperature, pH, incubation
pci tod, volume of medium, age of inoculum and cell den-'
sity. These essential factors in optimum amount work
together as a budding material for the multiplication of
microorganism. Thus the main objective of the present
work was to investigate the optimum cultural conditions
510

Experimental
(1) Mn 1 not yuiuan tiuj

b,n 1 !uu omy tts cCicuslae

ABjqq, a newly isolated ethanol resistant strain in our
laboratory, have been used in these studies^.
(it) Medium and culnual conditions ■ The mamtanance
media consisted of 1% D-glucose, 0 5% peptone, 0 5%
yeast extract and•4% agar agar powder pH was adjusted
to 5 0 Organism was maintained at 30 °C for 48 h
Inoculum was harvested by washing the slant with sterile
distilled water, adjusting the cell density to 2 05 x 105
per ml
The medium for fermentation consisted of 10% DglmoM , 0 1 %

Kli,i'0|, 0

(NM^jcSU^, 0 U5 %

MgSO.jJiHO, 0.1% yeast extract. pH was adjusted to
4.5, Both medium were sterilized at 121 °C and 15 lb/
inch2 pressure for 15 nun.
250 ml conical flasks containing the fermentation
medium were inoculated with 5 ml of inoculum and incu
bated at 30 °C for 96 h.
After fermentation, the cell was separated by centrifu
gation and the supernatant was used for analysis of acetic
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Effect of minerals (macro and micro) on alcohol dehydrogenase and aldehyde
dehydrogenase activity during acetic acid production by an ethanol resistant
sfrnin of Snrrhnromvros corcvisiae Alt|0()
Modliurima Chakraborti* and Ajit Kumar Banik
Department of Chemical Engineering, University of Calcutta, 92. Acliarya Prafuila Chandra Road,
Kolkata-700 009, India
E-mail ■ mc$c93@gmail com
Manuscript received 02 September 2010. accepted 30 December 2010
Abstract : To overcome the limitation of low productivity, some conditions are to be established for the control of mi
cro organism nctivllv, so that their multiplication am! successive functioning can he fsunml. During the growth period,
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(both macro and micro), can make yeast to perform better than e\er. In tins study, it has been found that, 0.1% NaCl.
0.01% CaCI2, 0.125% KII,P04, 0.125% K2HP04, 0.05%. MrS04.711,0, 1% Na2HP04.211,0, 1 mg/L boric acid. 10 pg/
ml each of Fe2+, Mn*+ and Zn2+ is the optimum requirement for our organism to produce the maximum amount of
acetic acid i.e. 10.678 g/L.
Keywords : Acetic acid, Saccharnmyces cerevisiae, macro and micro elements.

Introduction
Microorganisms require specific minerals for growth

MnS04 and 0.024 g/L FeS04 were detrimental to yeast
growth and NaCl at 0.228 g/L limited both growth rate
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type of organism as well as the nature of the basal me
dium used
Yeast has a complex nutritional requirement1. To over
come the limitation of low productivity of acetic acid,
some conditions are to be established to favor the multi
plication and successive functioning of the organismsEach enzyme catalyzes a different reaction and also has
specific nutrient requirement for optimum performance.
So the studies of the optimized combinations of minerals
aie ilius ol uicat piactical unpuitaiiec1 It lias been im
ported that Zn2+ is an important element for yeast cells3

The present study was undertaken to examine the ef
fect of minerals, both macro and micro, on alcohol dehy
drogenase and aldehyde dehydrogenase activity of Satcharomyces cerevisiae AB|qq during the production ot
acetic acid
Materials and methods
(t) Micwoigamsm used
Sacchaiomyces cerevisiae AB10o, a newly isolated etha
nol resistant strain in our laboratory have been used in
these studies1'
(u) Medium and culttaal condition

At a concentration of 0 2 ppm. Zn2+ promotes and pro

The maintenance media consisted of 1 % D-glueose.

vides optimal growth of yeast Considerable studies have
been made in the requirement of minerals for growth of
yeast It has been reported that when phosphate was restricied. the phosphorus pool decreased before growth
rate decreased and was accompanied by changes m respi
ration and metabolite production4. The threshold phos

0 5% peptone, 0 5% yeast extract and 4% agar agar pow
der. pi 1 was adjusted to 5 0 Organism was maintained at
30 °C for 48 h Inoculum was harvested by washing the
slant with sterile distilled water, the cell density to 2 05
x 105 per ml The medium for fermentation consisted ol
10% D-glucose, 0.125% KH2P04, 0.5% (NH4)S04,
0 05 MrgO,71UO pH was adjusted to 4 5 Belli me-

phorus roureniralion for vcnxt pmwih is 0 7 ppm 0 1 yj\.
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Role of complex nutrients, vitamins and amino adds on alcohol dehydrogenase
and aldehyde dehydrogenase activity during acetic acid production by an
ethanol resistant strain of Sacchnromvccs cerevisiae ABI00
Modhurima Chakraborti* and Ajit Kumar Banik
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Abstract : Complex nutrients are composed of different vitamins, amino acids and minerals. Addition of such compo
nents in the production media of acetic acid can increase the yield affecting die two main regulatory enzymes alcohol
drln llroitenasc and uldrhidr drhi itronrnasi’ and nkn mnhiw il i nsl rfSialiir rlnr In .chv nv'.iih.l.fllly. In lb*'
<U"4v
’.m ,i In ,ti i i n i ill li.ii |n,m,l Hi in,, s I ii mi i it 1'llu.lHllv t.y liuirasliin Iht .uiin add pioduilhiii uplo 1.1 46 g/l, and tell m mill

upto 4.48 g/L. Vitamins like - nicotinic acid and i)-hiotin and amino acids such as - i.-tryptophan and l.-glutamic acid
also showed their effecthity. Other vitamins and amino acids had negligible effect on both acetic acid production and
activity of alcohol dehydrogenase and aldehyde dehydrogenase.
Keywords : Acetic acid, Saccharmnyces cerevisiae, complex nutrients, vitamins, amino acids.

Acetic acid is an important feedstock for many chemi

origin, vitamins and ammo acids on the activity oi the
two main enzymes of acetic acid production i e alcohol

cals, such as - sodium acetate is used as an acidulant and

dehydrogenase and aldehyde dehydrogenase, because
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Introduction

Calcium

magnesium acetate (CMA) lias been identified by the US
Federal Highway Administration as an environmentally
safe and non corrosive deicer for use of roads in winter
and potassium acetate was identified as a heat exchange
flutd'~J At present these products are made from petro
leum derived acetic acid at a cost of about S 650 per ton
Fermentation is potentially a cost effective alternative for
acetic acid production. Production of acetic acid via fer
mentation using renewable biomass feedstock has been
Uiirlirrl r \ tf'iisi vol \
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However, one obstacle to the successful commercia
lization of this process is the expensive nutrients required
in this medium. If a low cost medium can supply all the
nutritional requirements (like, nitrogen sources, vitamins,
amino acids and trace elements) to sustain viability and
productivity, then it would be economically feasible to
produce acetates by fermentation8
The present study has been designed to show the ef
fect of the complex nutrients from both plant and animal
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acids and minerals, highly required (or satisfactory growlli

and productivity of our desired organism
Materials and methods
Microorganism used
Sacchatomyces cerevisiae AB100, a newly isolated eihanol resistant strain m our laboratory have been used in
these studies9-10.
Medium and cultural condition :
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0 5% peptone, 0 5% yeast extract and 4% agar agar pow
der. pH was adjusted to 5 0 Organism was maintained at
30 °C for 48 h Inoculum was harvested by washing the
slant with sterile distilled water, the cell density to 2 05
x 105 per ml The medium for fermentation consisted ol
10% D-glucose, 0 125% KH2P04, 0 5% (NH4)2S04
0 05% MgS04 7H20 and 10 pg/ml of each ol
FeS04.7H20, MnSO,, 11,0 and ZnSO.,.7H,0. pH was
adjusted to 4 5. Both medium were sterilized at 121 °C
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Development of high yielding ethanol resistant strain of Sciccharomyces cerevisiae
for ethanol production
Modhurima Chakraborti*. Pallab Saba and Ajit Kumar Banik
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E-mail
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•\bstract Saccharonnces cerevisiae AB, an ethanol producing strain (4.0%) was treated with 10%, 15% and 20% etha
nol for 30. 60 and 180 min. Onl\ 5.5% colonies isolaled bv 30 min incubation in 10% ethanol gave higher alcohol pro
duction (7.5%) than the parent strains. These strains when incubated in 15% alcohol for 60 nun then only 4.5% alcohol
resistant strains gave higher alcohol production (9.5%) than the parent strains. On further exposure to 20% ethanol,
there was a decrease in alcohol production.
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Introduction

parent strain, containing 2 4 x 107 cells/ml, was then

In view of increasing importance of alcohol as an al

treated with 10% ethanol for 30, 60 and 180 min ol incu

ternative resource for chemicals and liquid fuel, a great

bation at 30 °C After incubation for 30, 60 and 180 min,

deal of research interest m ethanol fci mentation has been
generated in recent years1"5 The major areas of research

the cell suspension m each case was diluted and plated
out on YPD agar medium 570 isolates were selected liom

interests in ethanol fermentation have been : (i) increased

different stages of treatment with 10% ethanol for etha

ethanol concentration and specific ethanol production rate,
(n) improvement of ethanol tolerance of yeast6"9 and (in)
development of continuous ethanol lermentation process
using high density cell culture10 In India, due to rising

nol production It was observed that the Sarrhm om\ee\
cerevisiae AB 510, gave higher yield ot ethanol (7 5%)
than the parent strain (4 0%) m medium ! The results
are shown in Fig. 1 and Table 1

cost of petroleum and the rate of depletion of fluid fossil

A total of 570 colonies were isolated during the incu

fuel resources, it is necessary to produce more and more
ethanol front agricultural carbohydrate products to sat

bation in 10% ethanol It appears from Table 1 and Fig
1 that tiie maximum number of Saccharomyces cerevisiae

isfy the fuel consumption demand and other chemical in

AB is killed m 10%' ethanol during 180 mm incubation

dustries need11-17

Only 5 5% of 10% ethanol resistant strains obtained dur

The present paper deals with the development of high

ing 30 min incubation gives more ethanol production

yielding ethanol resistant strains ot Satdiaromytes
ce/evtsiae to increase the rate of production of ethanol

(7 5%) than the patent sliam (40%) wheieas maximum
killing takes place in 180 mm incubation So there is no
correlation between the maximum killing and the isola

from carbohydrate materials

tion of more positive variants for higher ethanol produc
Results and discussion

tion than the parent strain

(A) Isolation of 10% ethanol tesistant sttams of Sacchawmyces cerevisiae AB The cel! suspension of the

(B) Isolation of 15% etlumol resistant strains of Sac
charomyces cerevisiae AB 510 . The cell suspension ot
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ABSTRACT
Acetic acid is an important feedstock for many chemicals Several
chemical factors are known to cause inhibitory influence on
microbial growth which can hamper the acetic acid production
also. There are several chemicals that can prevent the growth of
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ABSTRACT

Ethanol is the mam product produced by Saccharomyces
cerevisiae when grown on sugar containing medium
anaerobically. But ethanol itself inhibits the growth of yeast
& its own production by feedback inhibition process The
exothermic nature of ethanol producing mechanism also
inhibits the growth of yeast. So, in this' study, we have
isolated an ethanol & temperature resistant strain of
Saccharomyces cerevisiae YB, which was originally isolated
from North Bengal Pineapple waste disposal material We
also studied that, the isolated Saccharomyces cerevisiae YR23
strain produces maximum amount of ethanol (4.7%) at pH
4.5, 30°C temperature, 48 hours of incubation period &
10.25* 103 cells/ml cell density
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STUDIES OF ALCOHOL DEHYDROGENASE AND ALDEHYDE DEHYDROGENASE
ACTIVITIES DURING ACETIC ACID PRODUCTION BY AN ETHANOL
RESISTANT IMMOBILIZED STRAIN OF SACCHAROMYCES CEREVISIAE AB100
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MODHURIMA CHAKRABORTI
Department of Chemical Engineering, University of Calcutta 92, A.P.C. Road, Kolkata 700009, India

ABSTRACT
The wine yeast Saccharomyces cerevisiae was immobilized in sodium alginate
beads for production of acetic acid. In order to optimize immobilization
conditions, a study was conducted using various concentrations of alginate,
CaCI2 , ceil loading, bead diameter etc. The optimized parameters were alginate
concentration 4% (w/v), CaCI2 concentration 0.3 (M), cell: alginate ratio 5‘4,
storage period 24 hrs. and cell bead diameter of 3 mm. In comparison to free
cells (1.0678 gm/100ml), the rate of fermentation by immobilized cell proved to
be greater (1.395 gm/100ml), showing suitability for acetic acid production.

This article can be downloaded from www.ijpbs.net
B - 71

BT-4

Improvement of Activities of Alcohol Dehydrogenase
and Aldehyde Dehydrogenase during Acetic Acid
Production in Presence of Some Complex Nutrients
by an Ethanol Resistant Strain of Saccharomyces
cerevisiae AB 100
Modhurima Chakraborti, Ajit Kumar Banik, and Ranjan Kumar Basu
Department of Chemical Engineering, Biochemical Engineering Division,
University of Calcutta, 92, A.P C Road, Kolkata-700 009, India

lcohol Dehydrogenase and Aldehyde Dehydrogenase are oxidoreductases
present widely m animal tissues, plants and microorganisms. Saccharomyces
cerevisiae AB
requires sequential activity of these two enzymes-alcohol
dehydrogenase and aldehyde dehydrogenase, respectively, for production of acetic
acid from a natural source However, one obstacle to the successful commercialization
of this process is the expensive nutrients required in this medium. II a low cost
medium can supply all the nutritional requirements (like-nitrogen sources, vitamins,
amino acids and trace elements) to sustain viability and productivity, then it would
be economically feasible to produce acetic acid by fermentation. Complex nutrients,
composed of different vitamins, amino acids and minerals, can increase the yield of
acetic acid affecting the two main regulatory enzymes alcohol dehydrogenase and
aldehyde dehydrogenase and also makes it cost effective due to easy availability.

A

In the present study, among various complex nutrients, soybean meal has
proved its maximum effectivity by increasing the acetic acid production up to 13.46
gm/L and cell weight up to 4 48 gm/L. Vitamins like- nicotinic acid and D-biotm
and ammo acids, such as- L-tryptophan and L-glutamic acid also showed their
effectivity. Other vitamins, amino acids and complex nutrients had negligible effect
on both acetic acid production and activities of alcohol dehydrogenase and aldehyde
dehydrogenase

muz

qlH

w

2BT(10)

Effect of Chemical Nutrients on Alcohol Dehydrogenase and
Aldehyde Dehydrogenase activity during Acetic Acid production
by an Ethanol resistant strain of Saccharomyces cerevisiae
Modhurima Chakraborti, Ranjan Kumar Basu, Ajit Kumar Banik
Department of Chemical Engineering, Biochemical Engineering Division
University of Calcutta, 92, A.P.C Road, Kolkata - 700 009
E-mail. modhurima_chakraborty@yahoo.co.in, Mob: 9836845646

Abstract:
Alcohol Dehydrogenase and Aldehyde Dehydrogenase are oxidoreductases
present widely in animal tissues, plants and microorganism. Saccharomyces cerevisiae
requires sequential activity of these two enzymes—Alcohol Dehydrogenase and Aldehyde
Dehydrogenase respectively, for production of acetic acid from a natural source Alcohol
Dehydrogenase acts initially to produce acetaldehyde and then comes Aldehyde
Dehydrogenase to produce our desired product i.e. acetic acid. Present study was done
in order to assess whether changes in nutrient conditions resulted in any alteration of
the enzyme's activity.
Among these nutrients, there are some macro & some micro elements. 10%
glucose & 0.5% (NH4)2, S04 were studied as the best carbon and nitrogen source
respectively (0.2719 gm/100ml) KH2P04 (0.125%) and MgS04, 7H20 (0.05%) stimulated
the enzyme activities as well as acetic acid production (0.2941 gm/100ml).
Among the micro nutrients, Fe3+' Mn2+ and Zn2+(10 pg/ml of each) had maximum
positive effect on the activities of both enzymes and therefore maximum production of
acetic acid occurred (1.0678 gm/100ml). Cu2+ exerted its toxic effect on our organism
and thus decreased both the enzyme activities as well as acetic acid production Other
trace elements, like- Ni2+' Co2+, V3+ and Mo6+ showed very insignificant effect.
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Effect of Different Carbon Sources on Alcohol Dehydrogenase
and Aldehyde Dehydrogenase during the production of Acetic
Acid by an Ethanol Resistant strain
Saccharomyces cerevisiae AB100
Modhurima Chakraborti, Ranjan Kumar Basu, Ajit Kumar Banik
Department of Chemical Engineering, Biochemical Engineering Division
University of Calcutta, 92, A PC Road, Kolkata-700 009
E-mail modhurima chakraborty@yahoo eo m
The influence of low cost carbon sources on the two major enzymes of acetiq acid A produc
tion, alcohol dehydrogenase and aldehyde Dehydrogenase, of Saccharomyces cerevisiae AB,fl0
was studied to ascertain the industrial importance of this organism Eight different carbon sources
were used m this study, like - glucose, galactose, arabmose, xylose, maltose, lactose, sucrose and
starch, m which the organism used glucose mostly as the desired carbon source. Rest of the
sugars were utilized rarely. The produced acetic acid concentration increased with increasing
concentration of glucose upto 100 gm/L and after that, it decreases gradually The maximum
acetic acid production and cell weight was 3 978 gm/L and 3 69 gm/L respectively
Maximum activity of alcohol dehydrogenase (at 24 hours) and aldehyde dehydrogenase (at
48 hours) was also achieved at this concentration of glucose.
16th West Bengal State Science & Technology Congress, 28 Fsb - 1 March, 2009 □ 568
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Development of Alcohol Resistant strain of Saccharomyces
cerevisiae and production of Acetic Acid
Modhurima Chakraborti, Ranjan Kumar Basu, Ajit Kumar Banik
Department of Chemical Engineering, Calcutta University
92, A.P.C. Road, Kolkata - 700 009
Ethanol is used as biofuel for automobiles worldwide and Saccharomyces cerevisiae remains the major
industrial ethanol producer, beacuse it is a "generally recognized as safe” (GRAS) microorganism During industrial
production yeast cells are exposed to the stress due to the accumulation of ethanol which affects the cell growth,
activity and productivity of target products. So the ethanol stiess tolerant yeast strains are highly desired.
Alcohol resistant strains of Saccharomyces cerevisiae were developed in our laboratory to remove the toxic
effects of ethanol. Resistance was done by serial dilution and pour plate method with alcohol concentration from
10% to 20%. By submerged culture method the resistant strain produces more alcohol than parent one. Then this
alcohol is converted to acetic acid by shake culture method There we found that, one of the 10% alcohol resistant
strains (total 16 strains ) produces maximum acetic acid ( 5gm/ litre ). Resistant strains above 10% alcohol
concentration produce less acetic acid.

