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Abstract

Single and mixed strain fermentation were compared to check the effect on properties of wine. Two
strains of Saccharomyces cerevisiae (MTCC 11815 & MTCC 170) were used to study the effect of inoculum
age and inoculum size on fermentation of grape juice. The inoculum sizes used were 2%, 5%, 10% and
15%, while inoculum age effect was studied using 24 h, 48 h and 60 h old inoculum. Fermentation
efficiency of 77.2% was achieved in mixed strain culture using 15% inoculum, 17% initial sugars giving
ethanol concentration of 6.70% (w/v) after 48 hrs. Fermentation efficiency of 84.65% was achieved
with MTCC170 using 15% inoculum and 17% initial sugars giving ethanol concentration of 7.34% (w/v)
in 48 hrs. Strain MTCC11815 produced 8.5% (w/v) ethanol from 17% initial sugars giving 98% efficiency
using 2 and 5% inoculum. Concentration of phenolics increased with inoculum concentration while
nitrogen and phosphates did not show any regular trend. The nitrogen and phosphate concentration
was affected by type of strain rather than other factors.
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INTRODUCTION

Wine making is one of the oldest
techniques known to the civilization and even
today it is one of the most commercially prosperous
biotechnological processes (Moreno-Arribas and
Polo, 2005). Microorganisms have a prominent
role in determining the chemical composition
of wine as they metabolize fruit sugars and
other components into ethanol, carbon dioxide
and hundreds of secondary end-products that
collectively contribute to the wine character
(Lambrechts and Pretorius; 2000).

The commercial alcoholic fermentation
is normally batch type and requires preparation
of fresh inoculum for every new batch as a result
of which an initial lag phase is observed during
fermentation . This lag may be reduced by recycling
yeast from previous fermentation lots (Puri et
al., 2012). Recycling of yeast inoculum has been
considered as an important parameter in lowering
wine production costs with improved fermentation
performance (Krasucki, 2011). Inoculum size
and age have always been critical in deciding
fermentation yields. Low inoculum concentration
adversely effects the mechanism of fermentation
process, thus causing much lower yield and rate of
product formation, while high cell concentration
causes increased activities of organisms which end
up utilizing the fermentation end results for their
growth and in the process limit the yield and rate
of formation of fermentation products as well (Lee
et al, 2008).

Length of lag phase is affected by size
of inoculum and its physiological conditions
and its always preferred to transfer inoculum
in log phase of growth, when the cells are still
metabolically active (Lincoln, 1960). Age of
inoculum is considered important in case of
sporulating bacteria, as sporulation occurs at the
end of log phase (Lincoln, 1960; Ray et al., 2007).

Phenolic compounds are one of the major
quality factors in wine grapes and in the resulting
wines. In addition, phenolic compounds have
a direct effect on some important organoleptic
characteristics of wines, such as color, flavor,
bitterness, and astringency (Garrido & Borges,
2011). These compounds are present in grape skin,
flesh and seed and are known to posses natural
antioxidant and health protective properties.

According to Styburski et al. (2018)

phosphorous content of the wort has strong
influence on the quality, colour and taste of the
beer. Nitrogenous compounds are known to effect
fermentation process, final chemical composition
of the wine and its aroma (tools.thermofischer.
com).

Mixed strain fermentation have been
explored since some time as to know about the
synergistic effect of the varied cultures on the
volatile and sensory properties of the wine.It has
been confirmed that the volatile profiles created
by mixed fermentation cannot be created by
individual fermentations (Howell et al, 2006).
But the interest is mainly on studying the effect
of Saccharomyces and non- Saccharomyces
species combination, in which many a times
Saccharomyces is known to have antagonistic
effect on the non- Saccharomyces species as toxic
compounds produced by Saccharomyces starter
culture are known to kill the non- Saccharomyces
species added late in fermenting wort (Perez-
Nevado et al., 2006).

During our literature search we did not
come across mixed strain fermentation involving
Saccharomyces species only. The current study was
under taken with objective of observing effect of
mixed Saccharomyces species fermentation and
inoculum age and size on pure and mixed strain
fermentation.

MATERIALS AND METHODS
Chemicals

All the chemicals and reagents used in
the present study were of analytical grade and
procured from Bio-Red, Himedia.
Procurement and maintainance of micro-
organism strains

Yeast strain of Saccharomyces cerevisiae
MTCC 11815 procured from P.A.U, Ludhiana and
MTCC 170 procured from IMTECH, Chandigarh
were used for the present investigations. and were
maintained on Glucose yeast extract (GYE) agar
slants.
Procurement of Raw Material

The fully ripened grapes was collected
in the month of February from Khanna, Punjab
and sorted by shape and ripeness. Then collected
grapes was washed with water and mixed with a
blender. The juice along with skins was stored at
4°C for further use. The fruit juice thus obtained
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was analyzed for pH, total soluble solids (°B), total
sugars and reducing sugars after filtration through
double muslin cloth.
Preparation of Must

The must was pasteurized by heating at
60°C for 30 min to inactivate wild microorganisms.
The initial total soluble solids (TSS) of the wort
was adjusted to 17°B. Diammonium hydrogen
phosphate (0.1%, w/v) as nitrogen source for yeast
was added. To inhibit the growth of undesirable
microbes, potassium metabisulphite (100 ppm)
was also added.
Production of wine

The must was inoculated with 10%
(v/v) of 24 h old culture (unless and otherwise
specified) of Saccharomyces cerevisiae MTCC 170
and 11815. Fermentation was carried out at 30°C
till the readings were constant under stationary
conditions.
Optimization of inoculum size

To investigate the effect of inoculum size
on fermentation of wine, the must was inoculated
with 2%, 5%, 10% and 15% inoculum containing 1
x 10°cells/ml.
To study the effect of age of inoculum

To investigate the effect of age of
inoculum on wine, the fermentation was carried
out with 24 hr,48 hr and 60 hr old inoculum.
Conditions for fermentation
e Sugar conc: as per brix of juice
e pH:55
e  Temperature: 30°C

All experiments were performed in
triplicates and readings given are the mean of
triplicate readings.
Analytical Techniques

Total soluble solids (TSS) in wine were
determined by using Erma hand refractometer of
0-32°Brix.. The pH of the samples was determined
by using digital pH meter. Reducing sugars of fruit
juice/wine were estimated by 3, 5-dinitrosalicylic
acid (DNSA) method (Miller et al; 1959) and
ethanol content was estimated after distillation
by method described by Caputi et al; (1968).
Folin & Ciocalteu’s phenol assay was used for
determination of phenolic content in grape wine.
Nitrogenous compounds analysis was done using
Formol titration technique. Ascorbic acid method
was used for determination of phosphate content
in wine.

Cell count was determined by
hemocytometer. Statistical analysis was performed
by using the software origin 6.0
Calculations

The ethanol concentration was
determined by the ethanol standard curve.

The other calculations were made as follows:-

1. Sugar utilized = Initial sugar conc. (%) —
residual sugar conc. (%).

2. Ethanol fermentation efficiency (%) = actual
ethanol produced % (w/v)x100/ theoretical
ethanol produced

3. Theoretical ethanol production %(w/v) = sugar
utilized x 0.51

RESULTS AND DISCUSSION
Effect of inoculum size

Four inoculum sizes viz. 2%,5%,10% and
15% were used to study the effect of inoculum
size on ethanol content and other components of
grape wine.

From 2% inoculum 8.5, 3.71 and 4.34 %
(w/v) ethanol concentration was obtained from
S.cerevisiae MTCC 11815 (Table 1), S.cerevisiae
MTCC 170 (Table 2) and mixed strain (Table 3)
respectively. While the same ethanol concentration
was achieved with 5% inoculum using S.cerevisiae
MTCC 11815 strain, 4.35 and 5.42% (w/v) and 8.07,
6.53 and 5.72 % (w/v) ethanol concentrations
were obtained with 5% and 10% inoculum
respectively. Use of 15% inoculum gave final
ethanol concentration of 7.01, 7.34 and 6.7% (w/v)
for S.cerevisiae MTCC 11815, S.cerevisiae MTCC
170 and mixed strain fermentation respectively.
It was observed that fermentation efficiency was
maximum (98%) for S.cerevisiae MTCC 11815 with
2 and 5% inoculum size and it decreased to 93%
and 80% as the inoculum size increased to 10 and
15% respectively (Table 1). For S.cerevisiae MTCC
170, fermentation efficiency increased from 42.8%
to 84.6% (Table 2) as the inoculum size increased
from 2 to 15%. Similarly, fermentation efficiency
increased from 50to 77.2% for 2 and 15% inoculum
size respectively in mixed strain fermentation.
Although it still remained less than single strain
fermentation. Duhan et al. (2013) observed that
fermentation efficiency of S.cerevisiae MTCC 170
increased as inoculum size increased from 5 to 15%
but maximum efficiency (91.39%) was achieved
with 10% inoculum. According to Breisha (2010)

Journal of Pure and Applied Microbiology

2139

www.microbiologyjournal.org



Kaur et al. | J Pure Appl Microbiol | 14(3):2137-2145 | September 2020 | https://doi.org/10.22207/JPAM.14.3.54

s1ed1|d1J} JOo ueaw aJe s3uipead Ay,
S'G :(jentut)Hd ‘Q,0¢€ :a4nlesadwal

JITT T0S0 MTEEFCSE €0°€FOTC L €90°0 ¥695°0C0°0F96C°0  €£'T LT°0 FEV'E 90TX9t  SOTx8'S S9¥8 €0 EFVEL TETFIET L60F0LT %ST
M8LE 86¥'0 MLS'EFCSE 6T°CTFOTC P00 F8050200F96C0 CET PT'0OFILE 90TXT'T SOTx8S TESL 8LTFES9 LTTF6T'T L60F0°LT %0T
MNCTT TOSO TM8Y'EFLIESYEFOTT L LOOFS6E0CO0FI6C0 T60 EOT'OFBL'E 90TXL'T SOT xS LLT0S L8OFSEY 8TFIOC L60F0°LT %S

€LC 86v'0 S T+vIP O0C¥O0TC <CT'0+SS€'0 ¢00+€E6C0 LLO v0'0FrL'E 90TX8¥  SOT X8'S 8 VLOFTL'E €ECEFLLT L60F0°LT %C

|euld  |enlu] [euld leqiu] |euly eyl |euld leuly leqiu]
(u/|w/Bw
(1/3w) (1w/8w) -pasnpoud (%) (%) s1esns  (g.)
1U3u0d 1Ua3u0d (Jw/8w) |joueyis) (Jw/s|22) Auanpyg  (A/M)y%  Bupnpay sie3ns 9zIs
91eydsoyd uadoniN saljousyd Auanonpoud Hd uUNnod ||3D uopeluswIa4 |oueylg  |enpisay |eniu] wninaou|

04T JJLIN 2eISIAR432 *S Ag uoponpoud [OUBY1D UO SZIS WNNJ0UI 0 10947 1 d|qeL

'sa3ed||d1J} JO Ueaw aJe sSulpeas Ay,
S°S :(jeniur)Hd D,0¢€ :a4njesadwa)

JTE0F60Y vP0F 6550 S TFLIE STFSLT MO8OF6EE 8TOFESTO 9IV'T TI8TOF6'E (0TXL'E 0Ix8 108 9L00F10°L TI80FYEE 060F LI %ST
19T°0¥95°C v¥'0¥655°0 TO'CF08E CTFSC6T TL8OFLSY SE0F08C0 89T SE0FSE 0IXEV 0Tx8 PE6 LL00FLO08 080FEC 060FLT %01

TYT'OFL8T PP'0F655°0 S6F08€ STFSLT  TOE0T9Yy 8T0FE8CTO0 88T  8COFSE J0IX6't OTx8 86 9/0°0¥9'8  TL'0¥€EC’C 06'0+L1 %S
CT'0¥€0'E PVO0¥T09°0 8T*S8E BY'¢C+S'¢6T C6'0+TL Y 8T'0+€8C0 88T 0C0¥6'€ ,0TxT'8 0Tx8 86 LO'0¥S'8  L6°0F6V'C €6°0FLT %C
|eutd leqiu| |eutd jeguu] |euly leqiu] |eutd [euld el
(Y/1w/Sw (%)
(1/3w) (Jw/3w) -paonpoud Aouanuy3 (%) sae8ns (g.)
1U3uU0d 1UaluU0d (Ju/3w) |oueyia) (Jw/s|22) uone) (A/M)og Supnpay  siesns 9zIs
a1eydsoyd uaSoslN saljousayd Auanonposd  Hd JUNOJ |[9) -UswWuJa4  |oueyl3 |enpisay |eliu] wnnaou|

STSTT DJLIN 3015112433°5 Ag uonanpoud joueyld Uo 3zis WN|Nd0Ul JO 19343 °T 3|qelL

www.microbiologyjournal.org

2140

Journal of Pure and Applied Microbiology



Kaur et al. | J Pure Appl Microbiol | 14(3):2137-2145 | September 2020 | https://doi.org/10.22207/JPAM.14.3.54

's91e21|d1J] JO ueaw aJe s3uipeal 8yl ,
%0T : wnjnaou| ‘g'q :(jetul)Hd D,0¢€ :a4njesadwa)

1 8T0°0¥8C'T 80°0SPE0 MNO'SFCOE 0CTFSLT MSTOFCT'E €S0FL6E0 CT  600FSE 90Tx9'E SOTXY'T P99  PTTIF6L'S 87'0F86'C €V IFLI 09
TPI00FOr'T 800SYE0 MSTFLI9E STFELT M ECOFEVE €S0FL6E0 6V'T CTCOFBLE 90Tx8C 90TxE'T  MTES  8900F61L €T'0F6T'T EVIFLI 14
900'0¥SL'S 800SYE0 Cv+58E OC+SLT [8FLTv €S0FL6€E0 €LT STOFLE LOTxL'V SOTXS'T €96  ¥00'0FSE'8 9C0F9T EVIFLT ve
|euly leqiu] |euld leqiu] |euly jetiu] |eutd |euld leqiu]
(u/1w/Bw
(1/3w) (1w/3w) -paanpoud (%) siesns (g,
1Ua3uU0d 1Ua3uU0d (Ju/3w) |joueyis) (Jw/s|22) (%) Aouapwyg (A/m)y Supnpay  ssedns 9zIs
a1eydsoyd usdoJlN saljouayd Auanonposd  Hd unod |3 uonejuswia4 |oueyly |enpisay  |ewllu] wnnoou|
STSTT DJLIN a0is1na432 'S Aq uondnpoud joueyia uo ae wnnNdoul JO 193443 *p d|qeL
's91ed1|d14] JO ueaw aJe s3uipeal 9y 4
S :(lemur)Hd “Q,0€ :2anjesadwal
M™TE 9/50 PSTFS0E SO0F8LT L9L0FS59 OTFSI9T0 6€£7T S00F79'E OIXT'T OTXT+OTXT LTLL 90F0L9 OTFT TTIFO0LI %ST
TI8E €L50 T6TFS8E S0F8LT GE0F00C OTF69C0 8IT C00¥98'E OTXLT OTXT+OIXT 1S9 6'T+C7L'S 60+T9T ETTF0LT %0T
T™86'€ 9/50 | STF96€ SO0F8LT 6E0F86T 66'0F59C0 €T'T  800FSEE OTX88 LOTXT+OTXT 79 8E0FTY'S LO0FLT TIFOLT %S
89V 9450 8'EFSEE  SO0FBLT €0¥1T060 O0OT*#S9C0 060 v0'0¥9°€ O0TX¥V'S OTXT+OTXT 0S Vo¥rveEYr L0¥6C TT+0LI %L
[euld  jeniu |eutd el |euld el |euld |euld leqiu]
(4/1w/3w
(1/3w) (1w/8w) -paanpoud (%) siesns  (g.)
1ua3u0d 1ua3u0d (Jw/3w) |oueyia) (Jw/s|22) (%) Aousdyyg (A/m)9  Supnpay  siedns azIs
a1eydsoyd ussoJlN saljouayd Auanonpoud Hd unod 13D uonejlusawla4 [oueyly  |enpisay leiul  wnjnaou|

04T DDLIN 30151n2433 'S %9 STSTT JJLIN apIsIna432°s Ag uordnpodd [oueyla UO dzIS WNINJ0UL JO 19947 € d|qeL

www.microbiologyjournal.org

2141

Journal of Pure and Applied Microbiology



Kaur et al. | J Pure Appl Microbiol | 14(3):2137-2145 | September 2020 | https://doi.org/10.22207/JPAM.14.3.54

J1 JO ueaw aJe s8ulpeal Ay 4

%0T : wnnoou| ‘' :(jemul)Hd 3,0€ :24njesadwal

TE0F 8T'TF MOTF L EoF 10 SOTXTT 6'0F 6'0F [4 5
8’1l 8TV LVE 0T+29T [4 ¥8LE0 L60 60°0FCT'€ SOTXL'T +SOTXTT ™S 69V 9Ly 08T 09
1 87°0F 8T'TF MSTF NZ44l 120 SOTXC'T S'0F 6'0F (4
a1 6CY 413 6'0F79T 8960 ¥08€0 Yo't VE'0FC9'E SOTX0'€  +S0IxC'T LS 'S 6'¢ 8T 14
Sv'0F ST'T+ STF L0¥ TT0 SOTxT'T 9'0F 0'TF LY'TF
A 6C'C 6S€ 6'0F7¢9T SS80 F8LEO 7T T'OFES'E  GOTx9'6  +SOTXT'T 19 €€'S 19°€ 8LT £4
jeuly leqiu] jeuly leqiu jeuly jeqiu jeuly jeuly lequu
(4/1w/Bw
(1/8w) (1w/3w) -pasnpoud (%) (%) siesns  (g,)
JUU0D JUU0D (Jw/Sw) joueyia) (Jw/s|22) Aduapyy3 (A/m) Supnpay  ssedns azIs
ajeydsoyd uaSoslN saljouayd Ananonpoud Hd unod ||3) uopeluswId] 9% |Oueyld  |enpisay  |ewiu|  wnjndou|

0LT DDLIN 2BISIA9192 *S 18 STSTT DJLIA 2€ISIA9492°S Ag uononpoud [ouey3ld Uo 8. WN|Ndoul 40 39943 *9 3|qel

*s93e21|d1I} JO ueSW Je sBulpeal Y|,
%0T : wn[ndou| ‘g'q :(jeniul)Hd ‘J,0€ :a4njesadwal

T6v'06LL0 TT'OFISED TSSFT8E STFOTT MBOLFILS0 LSOOFVSED 950 600FCSE POT«¥'T €0TXSL T1E 9TFLT 09€EFFSST T80F0LT 09
JIT0F67C TTOFISE0 TV'9F86E STFOIC TYEOOFISI0 LSOOFVSED ¥vL0 TTOFILE 90T«C€ SOTX99 ™y €8'TF99°€E LEFELT T180%0LT 87
€00F6EV'0 TTOFTISE0 O0EFCOF ST*O0IC 8VOFOCT [LSOOFPVSEOD T60 €L00F78'E 90T«E'T SOTXEV  ¥L°0S ETFVY LTEFT9C TBO0FELT 144
|euld leqiu] leuly jequu |euld leqiu] leuly |euld leqiu]
(u/1w/3w

(1/8w) (1w/8w) -paonpoud (%) siesns  (g,)
JUaU02 JUU0D (jw/8w) Joueyis) (Jw/s|22) (%) Aouspyg  (A/M)% Bunpay siedns azIs
ajeydsoyd uagonIN saljouayd Auanonposd  Hd unod ||3) uopejuswlia4 |oueyly |enpisay jelqiu]  wnjndou|

04T DJLIN ap1si1n2432°s Aq uoponpoud joueyla uo aSe wnjndoul Jo 10947 S djqeL

www.microbiologyjournal.org

2142

Journal of Pure and Applied Microbiology



Kaur et al. | J Pure Appl Microbiol | 14(3):2137-2145 | September 2020 | https://doi.org/10.22207/JPAM.14.3.54

increase in inoculum concentration from 3 to
6% reduced the fermentation time by 6%. Kaur
et al. (2007) obtained 7% ethanol concentration
from 15% initial sugars (substrate- malt) using 6%
inoculum of S.cerevisiae MTCC 11815. Kaur et al
(2019) obtained 8.84% ethanol (substrate rice)
using 10% inoculum S.cerevisiae MTCC 11815
giving fermentation efficiency of 86.6%.

In fermentation with S.cerevisiae MTCC
11815 (Table 1), adrop (4.71 to0 3.39 mg/ml) in the
concentration of phenolics was observed while the
phosphate content increased (3.03 to 4.09 mg/I)
as the inoculum size increased from 2 to 15%. No
constant trend was observed in nitrogen content.
For S.cerevisiae MTCC 170 (Table 2), the phenolics
concentration increased from 0.355 to 0.569
mg/ml with incoculum size. Nitrogen content
decreased from 414 mg/ml to 352 mg/ml with
increase in inoculum concentration and the
phosphate content decreased from 2.73 to 1.11
mg/I.

Phenolics content continued to increase
with increase in inoculum size in mixed strain
fermentation (Table 3) also as it increased from
0.901 mg/ml (2% inoculum) to 6.55 mg/ml (15%
inoculum). Both nitrogen (335 to 305 mg/ml) and
phosphate (4.58 to 3.27 mg/l) content decreased
with increase in inoculum concentration with
mixed strain fermentation.

Effect of inoculum age

To study the effect of inoculum age on
alcohol concentration three age parameters viz. 24
h, 48 h and 60h were chosen and 10% inoculum
size was used.

As the age of inoculum increased from
2410 60 h, the concentration of ethanol produced
decreased and so did the concentration of
different chemicals produced when S.cerevisiae
MTCC 11815 (Table 4) was used for fermentation.
From initial sugar content of 17°Brix, ehanol
concentration of 8.35% (w/v) was obtained with
96.3% fermentation efficiency using 24 h old
inoculum, which decreased to 7.19% (w/v) ethanol
concentration giving 83% fermentation efficiency
with 48 h old inoculum and 5.79% (w/v) ethanol
was produced with 66% fermentation efficiency
with 60 h old inoculum.

The concentration of phenolics and
nitrogen and phosphates decreased from 4.17 to
3.12 mg/ml, 385 to 302 mg/ml and 5.75 to 1.28

mg/| respectively as the age of inoculum increased
from 24 h to 60 h.

Similar results were obtained when
S.cerevisiae MTCC 170 (Table 5) was used
as fermenting strain. Ethanol concentration
decreased from 4.4% (w/v) to 2.7% (w/v) as the
age of inoculum increased from 24 to 60h. The
corresponding fermentation efficiency for 24, 48
and 60 h old inoculum were 50.74, 41 and 31%
respectively. The phenolics content was 1.2 mg/
ml after using 24 h inoculum which decreased to
0.576 mg/ml with 60 h old inoculum. Similarly
nitrogen content decreased from 402 mg/ml to
382 mg/ml. Phosphate concentration increased
as age of inoculum increased from 24 to 48 h but
decreased with further increase in inoculum age.

In mixed strain fermentation (Table 6),
final ethanol concentration of 5.33% (w/v) giving
61% fermentation efficiency was obtained using 24
h old inoculum, which decreased to 4.69 % (w/v)
with 60h old inoculum. The ethanol concentration
obtained with mixed strain was better than
results obtained from S.cerevisiae MTCC 170
single strain fermentation. Against the trend of
decreasing compound concentration with increase
in inoculum age, the phenolics concentration
increased from 0.855 to 1.12 mg/ml with increase
in inoculum age from 24 to 60 h respectively. The
nitrogen content continued to decrease with
increase ininoculum age, as it fell from 359 to 347
mg/ml for 24 and 60 h inoculum respectively. The
concentration of phosphates increased with use
of 48 h old inoculum but decreased with further
increase in age. It was also observed that amount
of reducing sugars were left unused during mixed
strain fermentation as residual sugar content was
comparatively higher the amount left in single
strain fermentations. Nogueira et al. (2008)
reported that nitrogen content in wine varied
with cider variety and mainly depended upon the
initial concentration of nitrogen present in the
wort. Nogueira et al. (2008) also observed that
concentration of different polyphenols varied
with apple variety and increase or decrease in
concentration of polyphenols depended upon
factors like method of juice extraction, oxidation
during extraction and interaction of the yeast cell
wall with different varieties of polyphenols during
fermentation. Zou et al (2017) observed that
concentration of phenolic compounds increased
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with alcoholic fermentation and decreased with
acetic acid fermentation. Samoticha et al. (2019)
reported decrease in concentration of phenolic
compounds with increase in ethanol content.

Yeast inoculum size has a significant
effect for ethanol production (Turhan et al., 2010).
Gibbons and Weastby (1986) reported that a 5%
inoculum resulted in rapid yeast and ethanol
production and higher inoculum showed no
advantages. Tahira et al. (2010) using a different
inoculum at 1-5% observed that the amount
of ethanol produced gradually increased with
the increase in the inoculum. Inoculum size for
microbial growth which prevent growth vary with
inoculum size.

The age of inoculum certainly had a
detrimental effect on the final ethanol yield as
ethanol produced decreased with increase in
inoculum age. High inoculum size can also be the
reason for decrease in fermentation efficiency
as more substrate is utilized for maintaining
high population of fermenting microorganism.
Pramanik et al, (2003) observed that the maximum
(9.1%) ethanol was produced by using 15 days
old inoculum . Further increase and decrease in
inoculum age resulted in decreased ethanol yield.
At particular cell density, growth phase of yeast
cellsis slow and life cycle deviates from the growth
path. Manikandan et al (2010) found that 24 h old
slant of S.cereviasae gave higher yield of ethanol
compared to 48 h old slant.
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