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Effect of time and temperature on the fermentation
of Palm (Borassus flabellifer) sap by Saccharomy-
ces cerevisiae isolate YN3

Krishna Prasad Nooralabettu* and Ronald Valder,

Abstract— Nutritionally rich palm sap tapped by chopping the inflorescence of palm tree (Borassus flabelliffer) is popular juice in several parts of India
becomes heady with time due to fermentation. Effect of time and temperature on the fermentative characteristics of Saccharomyces cerevisiae isolates
YNS3 in fresh palm sap that was sterilized at 60°C for 25 minutes was studied to optimize the condition for intervention of fermentation. Saccharomyces
cerevisiae isolates YN3 grown optimally at 60°C for 15 min with maximum alcohol production of 89.3g/L beyond which least degradative changes takes

place in nutritionally rich palm sap.

Index Terms— Palmyra Palm, sterilization, Saccharomyces cerevisiae, Borassus flabellifer, disaccharides, Toddy, Palm sap. .

1 INTRODUCTION

Palm sap is the sweet and clear, which is tapped from the
young inflorescence of the male or female trees(Borassus
flabellifer). Fermentation of palm sap is an oxido-reductive pro-
cess in which organic compounds such as sugars in an inter-
mediate oxidation state act as electron acceptors [1]. Tradition-
al method of fermentation is an uncontrolled spontaneous
process occurs due to the wide varieties of lactic acid, alcohol
and acetic acid producing yeast and lactic acid bacteria enters
the stream through contact surface contamination of inflo-
rescence, earthen pot, wind or insects [2]. Sucrose present in
the sap initially hydrolyses to glucose and fructose by micro-
bial enzyme “invertase’ located in the yeast cell wall. These end
products are carried into the yeast cells and subjected to gly-
colysis via the “Embden-Meyerhof-Parna’s” pathway leading
to the formation of ethanol, carbon dioxide and energy. Nutri-
tionally rich fresh palm sap is boiled to down to syrup or fur-
ther boiled to produce palm sugar known in Hindi as jig-
gery[3]. Palm wine is also used in South India to produce fer-
mented rice flour pan cakes such as ‘Idli’, ‘Dosa’, ‘Appam’ [4].
the plant also known to possess anti-laprotic, stimulant,
antiphlogistic, diuretic, stomachic, anti-inflammatory, seda-
tive, immunosuppressant properties and laxative proper-
ties[5], [6], [7], [8]. Palm sap is also a rich source of sugars, pro-
teins, lipids, vitamin A, vitamin C, B-complex, and others
minerals[9].
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2 MATERIALS AND METHODS

2.1 Sample Collection

Nine palm (Borassus flabellifer L.) trees were identified in
Sajipa of Dakshina Kannada District (Karnataka, India). Fresh-
ly tapped palm sap was collected at around 6.00 AM over 14
tapping process in the month of December. Under sanitary
condition, 50 mL of the samples are collected directly from the
palm sap collection earthen pot into a sterile 50 mL sample
collection vessels. Temperature of the environment varied
from 18 to 24°C and within 30 min samples were transported
to the laboratory of the Department of Biotechnology, P. A.
College of Engineering, Mangalore, in an insulated container
maintained at 4°C until analysis. Samples were immediately
filtered using sterile muslin filter cloth and maintained at 4°C
until analysis, and if any delay then preserved at -50-C in a
deep freezer (Model C340, New Brunswick Scientific, Eng-
land).

2.2 Chemicals

Analytical grade chemicals were procured from Merck
Limited (Mumbai, India), and reagents were prepared as per
the current American Chemical Society specifications [10].
Yeast Extract Potato Dextrose Agar (YEPDA), Yeast Extract
Potato Dextrose Broth (YEPDB), were procured from Himedia,
Mumbai and prepared as per manufacturer’s instructions.
Media was sterilized by autoclaving at 15 lbs pressure at 121°C
for 15 min and after inoculation plates were incubated at 37 °C
in incubator. The colonies are enumerated using digital colony
counter (Systronics, Mumbeai).

2.3 Sterilization of the palm sap

Sterilization of the palm sap was carried out at 60°C for 25
min. Sterilization was carried out in water bath (Rotek Instru-
ments, Kerala) in 250 mL capacity flask. Properly plugged and
wrapped flasks were arranged in the water bath with suffi-
cient space to facilitate the moist heat penetration. Palm sap
exposed to various temperatures for different intervals of time
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was then analyzed for total protein content, total lipid content,
Vitamin C, reducing sugar, non-reducing sugar, glucose, su-
crose, ethanol, mould count and bacterial count to optimize
the parameter.

2.4 Microorganisms and cultural preparations

A stock culture of Saccharomyces cerevisiae isolate YN3 was
used for the present study as it was the predominant flora iso-
lated from palm sap. Saccharomyces cerevisiae isolate YN3 was
grown in YEPDB. The pH of the medium was adjusted by
adding ammonium solution (1:1) or 2(N) HCI solution before
autoclaving. YEPD was sterilized at 120°C in moist heat at 15
Ibs pressure for 15 min. After sterilization 250 mL of YEPDB
was inoculated with Saccharomyces cerevisiae isolate YN3 and
incubated at a temperature of 30°C and pH 6.5 for 3 days un-
der semi-aerobic condition, when the concentration of cells in
optical density of the medium was reached 1.3 nm. At appro-
priate intervals of time, samples were drawn for analysis in
quadruplicates. After attaining appropriate growth yeast cells
were separated from the media by centrifugation at RCF of
3,500xg for 10 min (Remi C-24, Mumbai, India). Pellets were
separated and stored at stored at -40°C in a cold store for fur-
ther stud [11].

2.5 Kinetics for palm sap fermentation

Fermentative characteristics of Saccharomyces cerevisiae isolate
YN3 and effect of different temperature and time interval of
the fermentation were studied in the 1L laboratory fermenter
[12]. Growth characteristics of the Saccharomyces cerevisiae iso-
late YN3 in sterile palm sap with associated changes in the
components of the medium were carried at temperature of 10,
20, 30, 40, 50, and 60°C for time interval of 5 h up to 50 h were
carried out at pH 6.5. Palm sap so treated was then analyzed
for total protein content, lipid content, Vitamin C, reducing
sugar, glucose, sucrose, ethanol, and total yeast count on
YAPDA by drawing samples at different intervals of time to
optimize the growth parameter.

2.6 Proximate analysis during incubation

At different intervals of experiments, palm sap samples
were collected in quadruplicates. Cell free samples were pre-
pared by centrifuging the samples at relative centrifugal force
(RCF) of 1681.1 x g for 5 min at 4°C (C-24BL/CRP24 model cen-
trifuge, Remi Laboratory Instruments, Mumbai, India). The
pH was measured using Portable Glass electrode pH meter
(Systronics, Mumbai). Incubation of the samples at 30°C was
carried out in an incubator (Rotek Instruments, Kerala). Tem-
perature of the samples was estimated using infra-red ther-
mometer (Quicktemp 826 T4, Austria).

Absorbance of the cell free samples of Saccharomyces
cerevisiae isolate YN3 at 10, 20, 30, 40, 50 and 60°C (YEAST-AB-
10, YEAST-AB-20, YEAST-AB-30, YEAST-AB-40, YEAST-AB-
50, and YEAST-AB-60, respectively) was measured in 1 cm
Quartz cell at 420 nm with a visible spectrophotometer
(Systronics, Mumbai). Total protein content in the samples at
10, 20, 30, 40, 50, or 60°C (YEAST-TPC-10, YEAST-TPC-20,
YEAST-TPC-30, YEAST-TPC-40, YEAST-TPC-50, and YEAST-

TPC-60, respectively)for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or
50 h were estimated by Lowry’s method and values were ex-
pressed in mg/mL[13]. Total lipid content (YEAST-TLC-10,
YEAST-TLC-20, YEAST-LPC-30, YEAST-TLC-40, YEAST-TLC-
50, and YEAST-TLC-60, respectively) in palm at 10, 20, 30, 40,
50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 50 h were
estimated after extraction with chloroform-methanol extrac-
tion method followed by reaction with sulfuric acid and vanil-
lin phosphoric acid reagent and values were expressed in per-
centage (w/v) [14]. Vitamin C content in the samples at 10, 20,
30, 40, 50, or 60°C (YEAST-VC-10, YEAST-VC-20, YEAST-VC-
30, YEAST-VC-40, YEAST-VC-50, and YEAST-CV-60, respec-
tively) for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 50 h were
estimated by Redox Titration methods using 2, 4-
dinitrophenyl hydrazine (DNPH) dye and standard ascorbic
acid, and values were expressed as mg/mL [15].

Reducing sugar in palm sap at 10, 20, 30, 40, 50, or 60°C
for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 50 h were estimated
dinitrosalicylic acid reagent, and values were expressed in
percentage (v/v) [16]. Glucose and Sucrose at 60, 70, 80, 90,
100, 110 or 120°C (YEAST-SU-10, YEAST-SU-20, YEAST-SU-30,
YEAST-SU-40, YEAST-SU-50, and YEAST-SU-60, respectively,
AND YEAST-GL-10, YEAST-GL-20, YEAST-GL-30, YEAST-
GL-40, YEAST-GL-50, and YEAST-GL-60, respectively) for at
5, 10, 15, 20 or 25 min were estimated using High sensitive
Glucose and Sucrose Assay kit provided by EMerck, India,
and values were expressed in percentage (w/v).

Changes in ethanol content in the palm sap was estimated
at different intervals of time at different temperature based on
the colorimetric reaction of ethanol with sodium dichromate,
and values were expressed in percentage (v/v) [17]. Ethanol
content of the cell free samples of Saccharomyces cerevisiae iso-
late YN3 at 10, 20, 30, 40, 50 and 60°C (YEAST-EOH-10,
YEAST-EOH-20, YEAST-EOH-30, YEAST-EOH-40, YEAST-
EOH-50, and YEAST-EOH-60, respectively) was measured.

Changes in mould count and bacterial count of the palm
sap at 60, 70, 80, 90, 100, 110 or 120°C were performed as per
APHA method and values were expressed in cfu/mL [18]. Mi-
crobial count of the palm sap samples of Saccharomyces
cerevisiae isolate YN3 at 10, 20, 30, 40, 50 and 60°C (YEAST-
COUNT-10, YEAST-COUNT-20, YEAST-COUNT-30, YEAST-
COUNT-40, YEAST-COUNT-50, and YEAST-COUNT-60, re-
spectively) was measured.

2.7 Statistical analysis

The samples were collected and analyzed in quadrupli-
cate and data was analyzed by One way-analysis of variance
(ANOVA) using the Fisher’s least significant difference (LSD)
test to estimate the significant differences between each sam-
ple (p<0.05) using Statgraphics Centurion XV software
(Statpoint Technologies Inc., Warrenton, VA, USA).
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3 RESULTS

3. Changes in temperature and time of incuba-
tion

3.1 Effect of Temperature and Time on absorbance
of Palm Sap with yeast

Effect of temperature of incubation on the optical densi-

310

temperature of incubation on the increase in optical density of
the palm sap samples remained at 5% level of significance.

3.2 Effect of Temperature and Time on ethanol
production in Palm Sap by yeast

Effect of temperature of incubation on the ethanol of the
palm sap with Saccharomyces cerevisiae isolate YN3 at 10, 20, 30,
40, 50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 h is
illustrated in the figure 2.

ty of the palm sap incubated with Saccharomyces cerevisiae iso-
late YN3 at 10, 20, 30, 40, 50, or 60°C of incubation for 5, 10, 15, a0 a0
20, 25, 30, 35, 40, 45, and 50 h is illustrated in the figure 1.
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Fig. 1 Effect of temperature and time of incubation on the Here, shows the interaction between the two variables of
optical density of the paim sap of constant pH §.5 with incubation of yeast isolates such as temperature and time but
Saccharomyces cerevisiae isolate YN3
at constant pH of 6.5 on the absorbance and the ethanol

Measuring optical density of the palm sap during fer-
mentation by microbes provides valuable information on the
number of cells in the media, the chemical components re-
leased into the media by living organisms and the physico-
chemical changes in the components of the media at various
temperatures. Optical density of the fresh palm sap increased
from 0.01+0.004 in initial sample to 1.068+0.5 in samples incu-
bated for 55 h at 30°C. The palm sap incubated at 10, 20 and
60°C for 50 h did not show any significant(p>0.05) change in
optical density in comparison to the optical density of its ini-
tial samples, as confirmed by One way ANOVA with post hoc
Tukey’s test. However, optical density of the palm sap inocu-
lated with Saccharomyces cerevisiae isolate YN3 and incubated
for 30, 40 and 60°C showed 93, 26, 33, and 49 folds increase in
the optical density at 420 nm. Here, One way ANOVA with
post hoc Tukey’s test confirms that overall significant effect of

content is shown. Ethanol content of the palm sap inoculated
with Saccharomyces cerevisine isolate YN3 increased from
0.011+0.001% in initial sample to 8.85+0.05% in samples incu-
bated for 55 h at 30°C. One way ANOVA with post hoc Tukey’s
test was not able to establish any significant (p>0.05) change in
ethanol content in the palm sap incubated at 10, 20, 50 and
60°C for 50 h in comparison to the ethanol content of its initial
samples,. However, ethanol content of the palm sap inoculated
with Saccharomyces cerevisiae isolate YN3 and incubated for 30
and 40°C showed 83, and 3 folds increase in the ethanol con-
tent. Here, the experiment confirms that overall significant
effect of temperature of incubation on the increase in ethanol
content of the palm sap samples remained at 5% level of sig-
nificance, as indicated by One way ANOVA with post hoc
Tukey’s test.

3.3 Effect of Temperature and Time on viable
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count of yeast in Palm Sap
Similarly, effect of temperature of incubation on the count

of Saccharomyces cerevisiae isolate YN3 at 10, 20, 30, 40, 50, or

60°C of incubation for 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 h is

illustrated in the figure 3.

ANOVA with post hoc Tukey’s test was able to establish signifi-
cant (p<0.05) level of sucrose in samples incubated at 20, 30,
and 40°C for 50 h in comparison to the sucrose levels of its
initial samples. Sucrose in the palm sap inoculated with Sac-
charomyces cerevisiae isolate YN3 and incubated for 20, 30, and
40°C showed 2, 9 and 2 folds decrease in the sucrose level.
Overall significant effect of temperature of incubation on the
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decrease in sugar by the yeast of the palm sap in these samples
remained at 5% level of significance, as indicated by One way
T ANOVA with post hoc Tukey’s test.
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cerevisiae isolate YN3 was increased from 6.00x105 cfu/mL to <ucrose level in palm sap of constant pH 6.5 with
Saccharomyces cerevisiae isolare YN3

4.95x107 cfu/mL. One way ANOVA with post hoc Tukey’s
confirms that the palm sap incubated at 10, 40, 50 and 60°C for
50 h did not show any significant (p>0.05) change in viable
count in comparison to the viable count of its initial samples.
However, viable count of the palm sap inoculated with Saccha-
romyces cerevisiae isolate YN3 and incubated for 20 and 30°C
showed 3 and 83 folds increase in the viable count. One way
ANOVA with post hoc Tukey’s test affirms that, overall signifi-
cant effect of temperature of incubation on the increase in via-
ble count of LAB of the palm sap in these samples remained at

5% level of significance.

3.4 Effect of Temperature and Time on sucrose
utilization by yeast in Palm Sap

Similarly, effect of temperature of incubation on the su-
crose level of palm sap with Saccharomyces cerevisiae isolate YN3
at 10, 20, 30, 40, 50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45,

and 50 h is illustrated in the figure 4.
Utilization of sucrose in palm sap that was sterilized and

inoculated with Saccharomyces cerevisiae isolate YN3 was inves-

tigated. Sucrose level in the sample during 50 h of incubation

3.5 Effect of Temperature and Time on Glucose
utilization by yeast in Palm Sap

Similarly, effect of temperature of incubation on the glu-
cose level of palm sap with Saccharomyces cerevisiae isolate YN3
at 10, 20, 30, 40, 50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45,
and 50 h is illustrated in the figure 5.

Glucose is the immediate carbon source to microbes in
the palm sap. Reduction in glucose level in the palm sap from
1.21+0.003% to 0.13 +0.02% during 50 h of incubation of Saccha-
romyces cerevisiae isolate YN3 at 30°C indicates the microbial
activity. One way ANOVA with post hoc Tukey’s test was not
able to establish a significant (p>0.05) level of difference in
glucose levels in between samples incubated at 10, 50, and
60°C for 50 h and the glucose levels in the initial samples. Glu-
cose levels in the samples inoculated and incubated with Sac-
charomyces cerevisiae isolate YN3 for 20, 30, and 40°C showed
1.7, 9.1 and 1.6 folds reduction in the glucose level. One way
ANOVA with post hoc Tukey’s test confirms the overall signifi-
cant effect of temperature of incubation on the decrease in glu-
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cose of LAB of the palm sap in these samples remained at 5%
level of significance.
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Fig. 3 Effect of time and temperature of incubation on glucose
level in palm sap of pH 6.3 with Saccharomyces cerevisiae
isolare YN3

3.6 Effect of Temperature and Time on protein
content in Palm Sap with yeast

Effect of temperature of incubation on the protein content
of palm sap with Saccharomyces cerevisiae isolate YN3 at 10, 20,
30, 40, 50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 h is
illustrated in the figure 6.

Protein content in the initial palm sap was 1.50+0.69
mg/mL, and the protein content during 50h of incubation with
Saccharomyces cerevisiae isolate YN3 at 10, 20, 30, 40, 50 and 60°C
was increased, respectively, to 1.33+0.45, 1.39+0.78, 1.37+0.65,
1.46+0.76, 1.33+0.81, and 1.17+0.83 mg/mL. One way ANOVA
with post hoc Tukey’s test was not able to establish any signifi-
cant (p>0.05) difference in protein content in between samples
incubated at 10, 20, 30, 40, 50 and 60°C for 50 h, and in com-
parison to protein content of the initial samples.

3.7 Effect of Temperature and Time on lipid con-
tent in Palm Sap with yeast

Effect of temperature of incubation on the lipid content of
palm sap with Saccharomyces cerevisiae isolate YN3 at 10, 20, 30,
40, 50, or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 h is
illustrated in the figure 7.

Lipid content in the initial palm sap was 0.05+0.008
mg/mL, and the Lipid content during 50h of incubation of in-
cubation of Saccharomyces cerevisiae isolate YN3 at 10, 20, 30, 40,
50 and 60°C was increased, respectively, to 0.04+0.009, 0.03
+0.008, 0.03 +0.007, 0.03 +0.009, 0.05+0.008, and 0.05+0.009
mg/mL. One way ANOVA with post hoc Tukey’s test was not
able to establish a significant (p>0.05) difference in Lipid con-

tent in between samples incubated at 10, 20, 30, 40, 50 and
60°C for 50 h, and in comparison to protein content of the ini-
tial samples.
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Fig. & Effect of temperature and time of incubation on the
protein content in palm sap of constant pH 6.5 with
Saccharomyces cerevisiae isolare YN3

3.8 Effect of Temperature and Time on Vitamin C
in Palm Sap with yeast

Similarly, effect of temperature of incubation on the lipid
content of palm sap inoculated with Saccharomyces cerevisiae
isolate YN3 at 10, 20, 30, 40, 50, or 60°C of incubation for 5, 10,
15, 20, 25, 30, 35, 40, 45, and 50 h is illustrated in the figure 8.

Vitamin C in the initial palm sap was 0.069+0.008 mg/mL,
and the Vitamin C during 50h of incubation of incubation of
Saccharomyces cerevisiae isolate YN3 at 10, 20, 30, 40, 50 and 60°C
was increased, respectively, to 0.056+0.006, 0.040 +0.008, 0.040
+0.007, 0.041 +0.005, 0.068+0.006, and 0.065+0.007 mg/mL. One
way ANOVA with post hoc Tukey’s test was not able to estab-
lish a significant (p>0.05) difference in Vitamin C in between
samples incubated at 10, 20, 30, 40, 50 and 60°C for 50 h, and in
comparison to protein content of the initial samples.

Here, effect of temperature on Saccharomyces cerevisiae iso-
late YN3 at 10, 20, 30, 40, 50, or 60°C of incubation for 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55 or 50 h was studied. Here,
interaction between the two variables of incubation of yeast
isolates such as temperature and time but at constant pH of 6.5
on the absorbance and the ethanol content was analysed.

Changes in the physico-chemical properties of the Yeast
inoculated in sterile palm sap was carried out at controlled
physical factors such as temperature and pH that are im-
portant for the fermentation of ethanol. Freshly tapped palm
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sap collected from inflorescence of Borrasus flabellifer was
transparent without any colour and less viscous with an opti-
cal density of 0.01 at 420 nm.

The pH of the fresh palm sap was 7.8 and near to neutral.
It was found that with the increase time at 30°C and pH 6.5
absorbance of the palm sap increased, but absorbance of the
cell free palm sap did not vary much. During this period, it
was found that with increase in time at 30°C and pH 6.5
ethanol production is increased. However, below 20°C or
above 40°C no much change in absorbance or ethanol
production was recorded. Maximum rate of alcohol proction
was observed between 10-15 min of incubation at 30°C and pH
6.5. Longer period of incubation of both isolates in palm sap at
higher temperatures reduced the production of ethanol. Even
at optimum temperature but longer period of incubation also
reduced the rate of alcohol production. It was registered that
at 30°C for 50 h of incubation maximum production of ethanol
was attained.
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Fig. 7 Effect of temperature and time of incubation on the lipid
content in palm sap of constant pH 6.5 with Saccharomyces
cerevisiae isolare YN3

Statistical significance of palm wine fermentation by Sac-
charomyces cerevisiae isolate YN3 is explained by analysis of var-
iance (ANOVA). The probability of p-value for models of less
than 0.05 indicates that the process were significant. Here, re-
sponse of the variables temperature and time were significant
with p-value of less than 0.05 at 30°C. For below 20°C or above
40°C, p-value was > 0.05 indicating that this value was insignif-
icant.

Total sugar content in the fresh palm sap was
13.45+0.06% (w/v). Sucrose content, which is non-reducing
sugar in the palm sap was 11.63+0.06% (w/v). Reducing sugar
in the palm sap was varing between 1.81+0.09% (w/v).
Glucose, which is reducing sugar in the palm sap was
0.90+0.01% (w/v). Fructose, which is non-glucose reducing

sugar was 0.7520.05% (w/v). Protein content of palm sap was
1.54+0.76 mg/mL. Similarly, Vitamin C in palm sap was 0.071
+0.003 mg/mL.
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Fig. 8 Effect of temperature and time of incubation on the
Vitamin C in palm sap of constant pH 6.5 with Saccharomyces
cerevisiae isolare YHI

Changes in the Count of Saccharomyces cerevisiae isolate
YN3 on YEPD, in palm sap at 10, 20, 30, 40, 50, or 60°C for 5,
10, 15, 20, 25, 30, 35, 40, 45, and 50 h was studied. Count of
Saccharomyces cerevisiae isolate YN3 on YEPDA was 1.8x10*
cfu/mL.

In one hand, optimum growth of Saccharomyces cerevisiae
isolate YN3 on YEPD at 30°C was recorded in palm sap be-
tween 15 and 30 h. On the other hand sharp reduction in the
total sugar content was recorded in palm sap at 30°C and pH
6.5 between 15 and 30 h. Increase time at 30°C and pH 6.5
incresed the consumption of sugar in the palm sap. But, no
much change in microbial load or sugar consumption was
recorded below 20°C or above 40°C.

Maximum rate of sugar consumption was recorded
between 15-30 h of incubation at 30°C and pH 6.5. Even at 30°C
and pH 6.5, longer period of incubation of both isolates in
palm sap at higher temperatures reduced the consumption of
alcohol. Longer period of incubation also reduced the rate of
alcohol production even at optimum temperature but. It is
interesting to note that at 32°C optimum temperature after 50
h of incubation maximum utilization of sugar was recorded.

Analysis of variance by ANOVA was able to establish sta-
tistical significance of consumption of sugar of palm sap by
Saccharomyces cerevisiae isolate YN3 as indicated by the proba-
bility of p-value for process of less than 0.05. In this study, re-
sponse of the variables temperature and time on microbial
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growth and carbohydrate utilization were significant with p-
value of less than 0.05 at 30°C. For at and below at 20°C or at
and above at 40°C, p-value was > 0.05 indicating that this value
was insignificant.

Changes in the sucrose and glucose of palm sap by Sac-
charomyces cerevisiae isolate YN3 at 10, 20, 30, 40, 50 or 60°C for
5, 10, 15, 20, 25, 30, 35, 40, 45, or 50h is illustrated in the figure
4 and 5. Sucrose content in palm sap reduced drastically at
30°C and pH 6.5 between 15 and 20 h. However, temperature
above 40°C and below 20°C not much changes in sucrose lavel
in palm sap with Saccharomyces cerevisiae isolate YN3.

Maximum rate of sucrose consumption was recorded
between 15-20 h of incubation at 30°C and pH 6.5. Even at 30°C
and pH 6.5, increase in incubation period in both the isolates
in palm sap at higher temperatures not much sucrose change
was recorded. Here, One way ANOVA with post hoc Tukey’s
test was able to establish a significant(p<0.05) difference in the
sucrose content amongst the samples collected at 10, 20, 30, 40,
50 or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, 45, or 50h of incu-
bation in both of the strains. However, in samples collected
above 40 °C and below 20°C for 5, 10, 15, 20, 25, 30, 35, 40, 45,
or 50h did not significantly (p>0.05) exhibit any changes in
sucrose level, as indicated by One way ANOVA with post hoc
Tukey’s test .

Glucose consumption was recorded at highest level
between 15-20 h of incubation at 30°C and pH 6.5. Increase in
incubation period in both the isolates in palm sap at higher
temperatures did not record much glucose change even at
30°C and pH 6.5. Here, significant(p<0.05) difference in the
glucose content was recorded amongst the samples collected
at 10, 20, 30, 40, 50 or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, or
50h of incubation in both of the strains, as established by One
way ANOVA with post hoc Tukey’s test.

However, One way ANOVA with post hoc Tukey’s test
was not able to establish as significant (p>0.05) difference in
samples collected above 40 °C and below 20°C for 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55 or 50. Here interesting note here that
One way ANOVA with post hoc Tukey’s test was not able to
establish as significant (p>0.05) difference protein content, li-
pid content and Vitamin C content in samples incubated at 10,
20, 30, 40, 50 or 60°C for 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50H.

4 DISCUSSION

Values obtained from the proximate analysis of the palm sap
more or less similar to the values published in previous works
[19], [20]. In this work, first lot of the sterilized fresh palm sap
was divided into six sub-lots and inoculated with Saccharomy-
ces cerevisiae isolate YN3, and temperature of incubation of the
inoculate was optimized by incubating each sub-lots at differ-
ent temperature, but at constant pH of 6.5. Second lot of the
sterilized fresh palm sap was divided into six sub-lots and
inoculated with Saccharomyces cerevisiae isolate YN3, and pH of
the palm sap was optimized by incubating each sub-lot at dif-
ferent pH levels, but at optimised temperature condition. Total
sugar content in the fresh palm sap was ranging between
09.88+0.08% (w/v) and 17.32+0.04% (w/v), which means that
the sugar concentration in the palm sap was ranging between
98.80 g/L to 173.32 g/L, the value confirms with the previously
reported values[21]. Temperature is an important parameter
that influences the fermentation in batch mode. However,

temperature tolerance in yeast during fermentation was previ-
ously reported by research work [22]. Production of ethanol
was very high during the initial 24 hours of incubation at 40°C;
however, thereafter the ethanol production was only 76.7 g/L
at 35°C. Decline in ethanol production after 24 hours of incu-
bation at 40°C may be due to the inactivation of yeast cells due
to high temperature for longer time period. Previous reports
suggest that ethanol producing yeast grows rapidly at tem-
perature between 25 °C and 33°C, and rate of ethanol produc-
tion increases between 30 °C and 37°C[23]. Ethanol production
was least at and below 20 and at and above 40°C and therefore
not favourable temperature for the strain Saccharomyces
cerevisiae isolates YN3, as there extreme temperature conditions
were stressful. Temperature of 30°C was moderator as the eth-
anol production increased even up to 50 h of incubation.
Hence temperature of incubation plays a major role in the
production of ethanol as it controls the viability of the cells,
growth rate of the isolate, exponential phase of the ethanol
production strain, enzyme activity of the alcohol producer,
and function of the semipermeable membrane of the cells [24].
Change of colour from transparent to whitish colour is due to
the production of a gum probably dextrans by lactic acid bac-
teria, and in addition to this heavy suspension of yeast and
bacteria gives milky-white colour to the palm sap[25], [26] .
Volatile profile of the palm sap is due to the ethanol and acetic
acid produced by the microbes [26]. Decrease in the sugar con-
tent in palm sap during initial stage of fermentation is due to
the microbial metabolic activity [27]. Reduction in pH during
the initial fermentation is due the production of lactic acid by
Lactic acid producing bacteria [28]. Accumulation of ethanol in
palm sap during fermentation depends on several factors such
as type of the microorganism, composition of the palm sap,
species of palm tree, and environmental factors such as tem-
perature [28].

Growth optimum of between 14 to 25, decreased at 30°C and
10°C, indicate the mesophylic characteristics of the isolate [29]

5 CONCLUSION

Freshly tapped palm sap is sweet and clear, but microbial
activity changes it to milky white and sour. Saccharomyces
cerevisiae isolates YN3 grown optimally at 60°C for 15 min with
maximum alcohol production of 89.3g/L beyond which least
degradative changes takes place in nutritionally rich palm sap.
Degradative activity of yeast can be intervened by adjusting
the temperature of the medium and period of incubation to a
level beyond the optimum levels where least degradative
changes takes place. Present study gives valuable information
for the intervention of the palm sap from fermentation.
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