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Microbial characteristics of freshly tapped Palmyra
Palm (Borassus flabellifer) sap

Ronald Valder, Krishna Prasad Nooralabettu*

Abstract — Microbial flora of the freshly tapped popular palmyara palm sap was investigated from coastal Karnataka, India. ITS region of rDNA OF
yeast isolates was successfully amplified using fungal primer ITS4 & ITS5 and 16S ribosomal RNA of bacterial isolates were amplified by fDD2 & rPP2
primer. Two dominant yeast species identified in the palm sap was Saccharomyces cerevisiae isolate YN3, and Lachancea fermentati isolate UCLM
17A, and dominant Lactic acid bacteria are Leuconostoc mesenteroides ATCC 8293(T) and Fructobacillus fructosus KCTC 3544(T). Present study is the

first to give comprehensive microbial data of palm sap and provides crucial data for future intervention of the palm sap from fermentation.

Index Terms— Palmyra Palm, Yeast, Lactic Acid Bacteria, Borassus flabellifer, Restriction Pattern Analysis, Toddy, Palm sap.

1 INTRODUCTION

he Palmyra palm (Borassus flabellifer) sap, an alcoholic

beverage available along coastal Karnataka, India. Fresh

palm sap tapped from the tip of the inflorescence of Pal-
myra palm tree is sweet, but gets contaminated by microor-
ganisms by the sap collection vessel and the insects that are
attracted towards it [1],[2],[3]. Nutritionally rich palm sap is
very good source of medium for the microorganisms to grow.
Freshly tapped sweet palm sap contains 11.36% (w/v) of Total
sugar, 0.96% (w/v) of reducing sugar, 0.35% (w/v) of protein,
0.056% (w/v) of nitrogen, 0.14% (w/v) of phosphorus, 0.54%
(w/v) of mineral ash, 0.4% (w/v) of iron, 13.25% (w/v) of Vit-
amin C, 3.9 IU of Vitamin B: and pH of 7.25[4]. Even though
reducing sugar is found in traces in fresh palm sap, rapid fer-
mentation by microbes hydrolyses half of sucrose to glucose
and fructose within 24 hours resulting increase in the reducing
sugar and production of lactic acid of 0.05-4.78% (w/v) and
acetic acid of 0.01-0.24% (w/v) along with the ethanol of 0.21-
5.28% (w/v) reduces the pH of the palm sap to about 5, might
makes palm sap unacceptable to consumers [5],[6],[7],[8]. Mi-
croorganisms like Schizosacharomyces pombe, Saccharomyces
cerevisige, ~Saccaromyces chevalieri, Debaryomyces hansenii,
Geotrichum lactis, Zygosaccharomyces rouxiiin, Kloeckra apiculata,
Bacillus  cereus, Bacillus  Sphaericus, Leuconostoc palmae,
Fructobacillus fructosus and Bacillus firmus were isolated in
Palm vine [9],[10],[11]. Since microorganism associated with
palm sap is known to pay a major role in fermentation, identi-
fication and characterization of the palm sap could give crucial
information to plan a strategy to intervene the fermentation of
sweet palm sap to bitter palm “toddy”.
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2 MATERIALS AND METHODS

2.1 Sample Collection

Fresh palm sap samples were collected from seven palm
trees (Borassus flabellifer L.) at around 6.00 AM professional
tappers Sajipa of Dakshina Kannada District (Karnataka, In-
dia) over 14 tapping process in the month of December. Each
day 50 mL of the samples are collected directly from the Palm
sap collection earthen pot into a sterile 50 mL sample collec-
tion tubes under sanitary conditions. The ambient temperature
recorded during this month was ranging between 18 to 24°C.
The Freshly tapped palm sap samples were collected in sterile
plastic containers and immediately stored in an ice box (4°C)
to avoid fermentation during transportation and transported
to the department of Biotechnology, P. A. College of Engineer-
ing, Mangalore within 30 min of collecting the samples to re-
duce fermentation rate considerably [12], [13]. On reaching the
laboratory, the samples were filtered by sterile muslin cloth
and kept at 4°C until analysis.

2.2 Chemicals

Analytical grade and were manufactured by Merck Lim-
ited (Mumbai, India) were used, and solution were prepared
using chemicals supplied by Durga Lab Pvt. Ltd, Mangalore
as per the current American Chemical Society specifica-
tions[14]. Utensils and Glassware manufactured by Borosil
(Mumbeai, India) were used for the current research. Yeast Ex-
tract Potato dextrose Agar (YEPDA) was prepared using 10g/L
of Yeast extract, 20g/L of peptone, 20g/L of dextrose, 20g/L of
agar in deionised water was used for microbial growth. The
deMan, Rogosa and Sharpe (MRS) Agar was incorporated
with 10 g/L of peptone, 10 g/L of Beef extract, 5 g/L Yeast ex-
tract, 20 g/L of dextrose, 1 g/L of Polysorbate 80, 2 g/L of
CsHrNsO7, 5 g/L of CHsCOONa, 0.1 g/L of MgSO4, 0.05 g/L of
MnSO;, 2 g/L of K:HPOs4 and 12 g/L of agar with final pH ( at
25°C) 6.5+0.2. Breaking buffer was prepared using 2% Triton
X-100, 1% SDS, 100 mM NaCl, 10 mM Tris pH 8, 1 mM EDTA
at pH 8.
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2.3 Proximate analysis

Palm sap samples were collected in quadruplicates at dif-
ferent intervals of experiment. Portable Glass electrode pH
meter manufactured by Systronics, Mumbai was used to
measure the pH of the palm sap. Total protein content of the
palm sap was estimated as per Lowry and others, [15] using
bovine serum albumin (BSA) as a standard and values were
expressed as mg/mL. In this Folin-Ciocalteau method 0.4 mL
of samples were incubated with 0.5 mL of 4 M NaOH at 100°C
for 5 min, and assayed after cooling the homogenate. Total
lipid content was estimated by extraction with chloroform
ethanol method followed by reaction with sulfuric acid and
vanillin phosphoric acid reagent and values were expressed in
percentage [16]. Vitamin C in the sample was estimated by
Redox Titration methods using 2, 4-dinitrophenyl hydrazine
(DNPH) dye and standard ascorbic acid in Systronics Double-
beam UV-spectrophotometer, and values were expressed as
mg/mL [17] Reducing sugar was measured by dinitrosalicylic
acid reagent, and values were expressed in percentage (v/v)
[18]. Glucose and Sucrose was estimated using High sensitive
Glucose and Sucrose Assay kit supplied by EMerck, India.
Ethanol content in the palm sap was estimates using Colori-
metric method consist of color reaction of ethanol with sodium
dichromate, and values were expressed in percentage (v/v)
[19]. Total microbial count on YEPDA and MRS agar was per-
formed as per APHA method and values were expressed in
cfu/mL [20]. All the samples from each palm tree were ana-
lyzed in quatriplate and data was subjected to One way-
analysis of variance (ANOVA) using the Fisher’s least signifi-
cant difference (LSD) test to estimate the significant differ-
ences between each palm tree sample (P<0.05) using
Statgraphics Centurion XV software (Statpoint Technologies
Inc., Warrenton, VA, USA).

2.4 Phylogenetic analysis of fungal isolate

Total number of microbial isolates analyses in this work is
400. These isolates were cultures in 5 mL of YEPDB at 28°C in
an BOD incubator (Rotek, Cochin) at 200rpm for 18 hours and
1.5 mL each of these culture broths were clarified at Relative
Centrifugal Force(RCF) of 20,000x¢g for 5 min at 8°C
(Systronics, Mumbai). Supernatant were decanted and pellets
were used for DNA extraction as per the standard method
with following modifications [21], [22] Breaking buffer was
prepared using 2% Triton X-100, 1% SDS, 100 mM NaCl, 10
mM Tris pH 8, 1 mM EDTA at pH 8. The pellets were resus-
pended in 200 uL of breaking buffer, 0.3 g of glass beads of
diameter 0.42-06 mm and 200 pL of buffered phenol, chloro-
form, isoamyl alcohol at the ratio of 50:48:2, mixed for 1 min in
Vortex (Rotech, Cochin). The homogenate was centrifuged for
10 min at 16 000xg at 4°C after mixing with 200 pL of 10 mM
Tris buffer with 1 mM EDTA of pH 7.6. The aqueous phase is
collected and DNA is precipitated using 2.5 volumes of abso-

lute ethanol and again centrifuged at 16 000xg at 4°C for 10
min. Then pellets were washed with 70% ethanol and after
drying resuspended in 50 uL of sterile demineralised water
with 2 TU RNase. These samples were incubated at 37°C for 30
min and then stored at —20°C. The nuclear rDNA regions in-
cluding the internal transcribed spacer regions such as ITS 1,
5.8 TRNA gene, and ITS 2 (5.85-ITS) was amplified using ther-
mal cycler (Corbett Research, Australia) under the PCR condi-
tions[23]. Here, initial denaturation was done at 95°C for 5
min; 35 cycles of denaturation was carried at 94°C for 1 min,
primers annealing was carried at 55.5°C for 2 min, extension
was done at 72°C for 2 min and final elongation was carried
out at 72°C for 10 min. The assays were carried out in 50 mL of
solution containing 1x PCR buffer with 2.25 mM of MgCl., 100
UM of deoxyribonucleotide phosphate (ANTP) mix, 0.5 uM
each of Forward primer ITS5(5' TCCTCCGCTTATTGATATGC
3" and reverse primer ITS4 (5'
GGAAGTAAAAGTCGTAACAAGG 3'), 1.25 U of Tag DNA
polymerase, and 2 puL of DNA solution. Amplified products
were analysed by 1.5 % agarose gel electrophoresis. The prod-
ucts of PCR, at 10 pL of each amplicon with 1.5 uL of 6x load-
ing buffer were separated electrophoresis in a 1.5 % (w/v)
agarose (Invitrogen) gel containing 0.7 ug/mL of ethidium
bromide, in 0.5 x TBE buffer (44.5 mM Tris), 44.5 mM of boric
acid, 1 mM of Na2-EDTA for 90 min at 100 V. A standard mo-
lecular weight marker (100-bp DNA ladder; Invitrogen) was
used to determine the approximate sizes of the amplicons. The
gel was photographed under transilluminated Ultra-violet
(UV) light. Kodak Molecular Imaging Software version 5.0
(Carestream Health, Inc,Rochester, NY, USA) was used to de-
termine band size by comparison against the DNA ladders.
Sequence was performed on ABI Prism model 3100 automated
DNA sequencer by the termination method using ABI-BigDye~
Terminator 3.1Cycle sequencing kit. GenBank database at
http://www.ncbi.nlm.nih.gov/nucleotide was referred to com-
pare the sequence using the Basic Local Alignment Search Tool
(BLAST). The sequences have been deposited in GenBank un-
der NCBI accession numbers KJ5026662.1, KC621077.1,
KC515355.1, JQ418546.1, JN403044.1, GQ340445.1,
GQ340438.1, KJ451620.1, GQ340439.1, and GQ340440.1.

2.5 Phylogenetic analysis of bacterial isolate

Genomic DNA was isolated using GenElute™ Bacterial
Genomic DNA Kit according to manufacturer’s instructions.
An overnight bacterial culture of volume 1.5 mL was centri-
fuged at 16,000xg to isolate cells into pellets. Pellets were re-
suspended in 200 uL of 2.115 x106 lysozyme solution and in-
cubated at 37°C for 30 min. To this mixture 20 uL of the Pro-
teinase K solution, and then 200 uL of Lysin solution C was
added. The resulting mixture is thoroughly mixed in the ver-
tex for 15 min and then incubated at 55 °C for 10 min. Homo-
geneous mixture was loaded to GenElute Miniprep Column
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and centrifuged at 12,000xg to remove separate lysate. The
lysate was washed with 200 uL of ethanol and thoroughly
mixed in vertex for 10 min. The entire lysate was loaded to
binding column using wide bore pipette and centrifuged at
7000xg for 1 min. The ethanol free column was washed using
wash solution 1 and centrifuged at 7000xg for 1 min. The alco-
hol free column was again washed using wash solution 1 and
centrifuged at 16,000xg for 3 min. Column was eluted with 200
uL of Elution solution and centrifuged at 7000xg for 1 min. The
eluate containing genomic DNA was stored at -20°C. The 165
rRNA gene was sequenced over a continuous stretch of 1531
bp to determine the phylogenetic position of the isolates.
Amplification of the 16S ribosomal RNA(rRNA) conserved
region was performed using the universal primers fDD2 (5’
CCGGATCCGTCGACAGAGTTTGATCITGGCTCAG 3’) and
rPP2 (5" CCAAGCTTCTAGACGGITACCTTGTTACGACTT 3')
[24]. PCR was set up using 12 pL of double distilled water, 2
puL of 10xPCR buffer, 2 uL deoxynucleoside triphosphate
(dNTP) mixture, 0.4 pL of each primer, 0.2 uL of 1.5 U Taq
DNA polymerase and 2 pL of template DNA. Amplification
was performed using the thermal cycler (Corbett Research,
Australia) and the PCR cycling parameters consisted of initial
denaturation was done at 95°C for 5 min; 35 cycles of denatur-
ation was carried at 94°C for 1 min, primers annealing was
carried at 55.5°C for 2 min, extension was done at 72°C for 2
min and final elongation was carried out at 72°C for 10 min.
The PCR product obtained from the above reactions were then
processed for Cycle Sequencing reaction. The amplified frag-
ments were sequenced by ABI 3730 XL with BigDye®
Terminatorv3.1 Cycle Sequencing kit. The analysis of the se-
quenced fragments was done by Avant 3100 Gene Analyzer.
DNA sequences were determined by the chain termination
method using an ABI Prism Dye Terminator Cycle Sequencing
kit (Applied Biosystems). Gene sequence of closely related
species retrieved from GenBank is used to compare the 165
rRNA gene sequence of strain. A phylogenetic tree was con-
structed based on the multiple alignment-based similarity ma-
trixes by the neighbor-joining method using the software
package Bionumerics, version 3.50 (AppliedMaths)[25].

3 RESULTS

3.1 Physico chemical characteristics of palm sap
Freshly tapped palm sap collected from inflorescence of
Borrasus flabellifer was transparent without any colour and less
viscous. The pH of the fresh samples was ranging between 7-
7.4 and near to neutral. Fresh palm sap samples were estimat-
ed for total sugar, reducing sugars, non-reducing sugars, glu-
cose and non-glucose reducing sugar content in cell free me-
dium. Non-reducing sugar in the palm sap is sucrose. Content
of reducing sugars is subtracted from the content of total sug-
ar to calculate the content of non-reducing sugar. Total sugar

content in the fresh palm sap was ranging between
09.88+0.08% (w/v) and 17.32+0.04% (w/v). Here, One way
ANOVA with post hoc Tukey’s test was able to establish a
significant(p<0.05) difference in the total sugar content
amongst the samples collected from seven different palm
trees. Non-reducing sugar content in the palm sap estimated
immediately after the tapping was ranging between
8.49+0.06% (w/v) and 2.64+0.01% (w/v), wich is mainly
sucrose. The overall variation of non-reducing sugar levels
amongst the samples collected from seven different palm trees
remained at 5% level of significance, as indicated by One way
ANOVA with post hoc Tukey’s test. Here, of the total sugar
content of palm sap 86.41+0.99% of content of is non-reducing
sugar. Content of reducing sugar in the palm sap was varing
between 1.38+0.03% (w/v) and 2.64+0.01% (w/v), of which
percentage of glucose varied between 0.69+0.01% (w/v) and
01.32+0.06% (w/v), and non-glucose reducing sugar varied
from 0.53+0.02% (w/v) to 1.32+0.06% (w/v). We have recorded
a significant (p<0.05) variation in the level of reducing sugars
collected from seven palm trees. Here, percentage of reducing
sugar is 13.38+0.98% of the total sugar content of the palm sap.
Of the total reducing sugar content of the palm sap samples,
49.84+0.14% of content was glucose and 40.46+3.08% of content
is non-glucose. Moreover, it very interesting here to record
that eventhough there was a significant (p<0.05) variation in
the content of given type of the sugar between the samples
collected from seven palm trees, One way ANOVA with post
hoc Tukey’s test was not able to establish any significant
(p>0.05) variation the the ratio of the reducing sugar or non-
reducing sugars to total sugar content of the palm sap. Protein
content of palm sap collected from seven different trees varied
significantly(p<0.05) between 0.99+0.76 mg/mL and 2.90+0.45
mg/mL, and lipid content varied significantly (p<0.05) between
0.027+0.002% and 0.09+0.002%. Similarly, Vitamin C in palm
sap collected from seven different trees varied
significantly(p<0.05) between 0.04 +0.005 mg/mL and 0.11
+0.005 mg/mL. Total bacterial count reported between palm
sap collected from seven different palm trees varied from
2X10% cfu/mL to 3X10° cfu/mL, and total mould count reported
between palm sap collected from seven different palm trees
varied from 8X102 cfu/mL to 9X10° cfu/mL. Bacterial or mould
polpulation of the freshly collected palm sap varied
significantly amongst the samples of seven different palm
trees. Freshly tapped palm sap did not record significant
(p<0.05) level of alcohol, as indicated by One way ANOVA
with post hoc Tukey’s test. Two types of yeast were isolated
from YAPDA at 30°C. Isolate with smooth colonies, round
colony margins, with budding sperical cells were identified as
Saccharomyces. The other yeas colony was creamish, smooth,
glucose, spindle shaped cell with ascospores, galactose and
sucrose assimilating isolate was identified as Lachancea sp. The
two types of bacterial colonies were isolated on MRS medium
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incubated at 30°C. Small, whitish, convex, circular, and
smooth colonies were Gram positive cocci with the chain of up
to 40 cells,
anaerobic, catalase negative, resistant upto to 3% of Nacl, that
produced lactic acids and ethanol were identified as
Leuconostoc sp., marked as MRS1. Where as Small, whitish,
convex, circular, and smooth colonies were Gram positive
bacilli that produced acetic acids were identified as

Fructobacillus sp, marked as LACL1.

non-motile, non-spore forming, facultaive

3.2 Phylogenetic analysis of bacterial isolate

Pure cultures were obtained from the palm sap and ge-
nomic DNA from such pure cultures was used to optimize the
amplification conditions. Polymerase chain reaction (PCR)
amplification and analysis of restriction of the complex Inter-
nal Transcribed Spacer (ITS) regions, both non-coding and
variable and 5.85 rRNA gene, both coding and conserved pro-
vides phylogenitic relationships. Fungal isolates of palm sap
are grouped by amplification of the 5.85-ITS region of the
yeast, and bacterial isolates of palm sap are grouped by ampli-
fication of the 16S rDNA ITS region of the bacteria. Phenotypi-
cally characterised yeasts were further grouped using ITS-PCR

Analysis of the resulting 165 rDNA sequences was carried
out to confirm the genetic homogeneity of the selected target
among the subjected isolates and to estimate identity with the
type of the isolates. The yeast isolate showed 99% sequence
similarity with Saccharomyces cerevisiae. Sequence analysis with
NCBI accession number KJ502662.1 Saccharomyces cerevisiae
isolate YN3 showed that the query length was 454, score was
807 bits(894), expect was 0.0, identities were 452/454 (99%),
Gaps were 1/452(0%), and Strand was Plus/Plus.

The 5.85-1TS region Lachancea sp was amplified using ITS4
and ITS5 primer. The sequence of the Lachancea sp. was fed to
GenBank to compare the sequence using the BLAST as indi-
cated in the Table 2. The sequences have been deposited in
GenBank under NCBI accession numbers GQ340445.1,
GQ340438.1, KJ451620.1, GQ340439.1, GQ340440.1, with the
data of Lachancea sp. UCLM 88.3, Lachancea fermentati isolate
UCLM 1aA, Lachancea sp Y309, Lachancea fermentati isolate
UCLM 55A, Lachancea fermentati isolate UCLM 17A with the
Alignment statistics given in the Table 2.

Table 2 BLAST analysis of sequence of fungal isolates.

into 2 different groups, and bacteria were clustered into 2 dif- Gene Bank | Description Max | Query | E Tdentity
ferent groups using ITS-PCR. To identify the yeast isolate of . score | cover | value
palm sap, 5.85-ITS region of the yeast was amplified using | .+ .
ITS4 and ITS5 primers. GenBank database was referred to | S——— = o | 1072 11072 | oo 9%
compare the sequence using the BLAST. The sequences have ' veL s 3 P '
been deposited in GenBank under NCBI accession numbers
KJ5026662.1, KC621077.1, KC515355.1, JQ418546.1, JN403044.1, | GQ340438.1 | Lachancea 1074 | 1074 1 00 | 99%
with the data of Saccharomyces cerevisiae isolate YN3, Saccharo- {ej ?{ﬁlﬁA isolate
myces cerevisiae strain DQY2, Saccharomyces cerevisiae strain
Sc01, Saccharomyces cerevisiae strain BAPY3, and Saccharomyces KJ451620.1 Lachancea sp Y309 | 1058 | 1058 0.0 99%
sp. BTPJ1 with the Alignment statistics given in the Table 1. GQ340439.1 | Lachancea 1054 | 1054 | 0.0 99%
fermentati  isolate
Table 1 BLAST analysis of sequence of fungal isolates. UCLM 55A
Gene Bank | Description Max | Query | E Identity GQ340440.1 Lachancea 1047 1047 0.0 99%
Accession score | cover | value fermentati  isolate
number UCLM 17A
KJ5026662.1 | Saccharomyces 807 807 0.0 99%
cerevisiae isolate Analysis of the resulting 16S rDNA sequences was carried
YN3 out to confirm the genetic homogeneity of the selected target
KC621077.1 | Saccharomyces | 807 | 807 0.0 999, among the subjected isolates and to estimate identity with the
cerevisiae strain type of the isolates. The Lachancea sp showed 99% sequence
DQY2 similarity with Lachancea fermentati. Sequence analysis with
KC515355.1 | Saccharomyces 807 | 807 0.0 99% NCBI accession number GQ340438.1 Lachancea fermentati iso-
cerevisige strain late UCLM 1aA showed that the query length was 604, score
Sc01 was 1074 bits(1190), expect was 0.0, identities were 599/600
JQ4185461 | Saccharomyces 807 | so7 0.0 999 (99%), Gaps were 1/452(0%), and Strand Plus/Plus.
cerevisiae strain To identify the Leuconostoc spp. of palm sap, 16S rDNA
BAPY3 ITS region of the bacteria amplified using fDD2 and rPP2 pri-
JN403044.1 | Saccharomyces s07 | 807 0.0 99% mers. Bioinformatical Analysis of the resulting 16S rDNA se-
sp. BTPJ1 quences was carried out to confirm the genetic homogeneity of
the selected target among the subjected isolates and to esti-
IJSER © 2018
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mate identity with the type of the isolates. Genetic homogenei-
ty of 165 rDNA among different strains of the isolate was con-
firmed. Dendrogram of the tested isolates and the type strain
was constructed based on these data. The alignment of the 165
rDNA sequences confirms the presence of highly homogene-
ous region consisting of 387 bp. This analysis of Leuconostoc
spp. is in distinct line of descent within the genus Leuconostoc,
with the closest neighbors being Leuconostoc mesenteroids sub-
species mesenteroids ATCC 8293(T) ribosomal RNA gene, par-
tial sequence (CPOOO0414) with 99.45% similarity(Fig 1).

am LM 18811 TFNE2T44

KETC 352TTAEMIO 1000043 LEuconasios gebium aengmatcun POLIESITM

Lewconostoc nae IHOOGTHAF 439560

Fig. 1. Analysis of alignment of the 165 rDNA sequences of
Leuconostoc spp (MRS 1).

Similarly, analysis of alignment of the 16S rDNA sequenc-
es of Fructobacilli confirms within the genus Fructobacilli, with
the closest phylogenetic affiliation with Fructobacillus fructosus
KCTC 3544(T) ribosomal RNA gene, partial sequence
(AEOPO1000025) with 98.31% similarity(Fig 2).

Fig. 2. Analysis of alignment of the 165 rDNA sequences of
Leuconostoc spp (LAC 1).

5 DISCUSSION

The freshly tapped palm sap is transparent, clear, less vis-
cous, sweet, with a sugar content of approximately 9-17% w/v
[26],[27],[1],[28],[29],[7]. Of the total sugars estimated in the
freshly tapped palm sap, around 86% is non-reducing sugar of
which majority is sucrose and around 13% is reducing sugar
of which is equally shared by glucose and non-glucose reduc-
ing sugars. Proportion of the sugars of the sap of Phoenix
dactylifera reported to have of 95.27% of sucrose, 2.51% glucose
and 1.61% fructose on dry weight basis [30]. Freshly tapped
palm sap samples were recorded with pH near to neutral,

which indicates the freshness of palm sap [31],[1],[32],[7].
Palm sap changes the colour, taste, and appearance during
collection period and transport from colourless, transparent,
sweet and less viscous to whitish, translucent, sour, and more
viscous palm wine due to the initial activity of Lactic acid bac-
teria that are reported to produce gum like dextranes [33],[29].
Subsequently, bacterial and yeast cell loads is also responsible
for giving a milky-white appearance of the palm sap [34]. The
levels of composition of palm sap depends on the state of the
fermentation taken place by Lactic acid producing bacteria,
followed by alcohol producing yeast, subsequently by acetic
acid producing microbial flora [35],[26],[1],[5],[6],[7].

In the initial stage of fermentation palm sap is sweet and
does not contain alcohol [31],[1],[32],[7]. On the first day of
tapping Raphia palm wine was reported to contain sucrose,
maltose, glucose and fructose sugars, on the middle of the
tapping period the wince was recorded to possess xylose and
cellobiose, and after few days of tapping palm wine was re-
ported have the irregular appearance of galacturonic acid,
arabinose and rhamnose sugars[37],[38]. Members of microbi-
al consortium of each stage mutually communicate to trade
metabolites, respond to the presence of other and help in met-
abolic activities of their counterparts of next stage [26],[39].
One the first day of sampling palm wine of Borassus flabellifer
reported to have to 9.29 to 17.44% of sucrose, 0.50 and 1.85% of
glucose, and 0.050 and 1.81% of fructose [29]. Total sugar con-
tent of palm wine of Elaeis Quineensis reported to have reduced
to more than half during every week of tapping, but level of
sugar in freshly tapped palm sap is maintained through con-
tinuous oozing of the sweet sap by the plant [1],[32],[3]. Dur-
ing the early stages of tapping, low level of sugar content in
the palm sap is a clear indication that a major portion of the
sugars is fermented as a result of the microbial metabolic ac-
tivity. Variation in the sugar content amongst palm trees are
due to the cutting of trees, leaves those effects the photosyn-
thesis [3],[37],[38].

Initial microbial activity decreases the pH that inturn en-
hances the invertase activity of the yeast of the next stage
[26],[29], and subsequent ethanol produced by the yeast is
used as substrate by the acetic acid producing bacteria to pro-
duce acetic acid [26],[1]. In our study pH of the freshly tapped
palm tap was approximately neutral, and with the microbial
activity pH falls down due to the production of lactic acid by
lactic acid producing bacterial during the initial period and
latter by the production of acetic acid acetic acid producing
bacteria that inturn gives particular aroma of palm wine
[271,[31], [11[5],[6],[32],[7]. However, level of these constituents
depends on the several factors such as types of the microbes
involved, composition of the palm sap, species of palm, envi-
ronmental temperature, wind velocity, type of tapping, flow
rate of the sap, time of the tapping, and time lag period be-
tween sap collection and analysis of the sample wind [7]. Even
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though Palm sap tapper slice off the walls of the receptacle
that reduces the microbial load, palm sap collected directly
from the palm tree early in the morning in our study was not
sterile probably due to some microbiota that has colonized the
walls of the receptacle got into the flowing palm sap into clean
collecting pot [1], [7]. Characteristics aroma of the palm wine
is due to varieties volatile components such as alcohols, esters,
acids, aldehydes, ketones [40],[41],[42].

Total bacterial count reported between palm sap collected
from seven different palm trees varied between 2X10° cfu/mL
and 3X10¢ cfu/mL, and Total mould count reported between
palm sap collected from seven different palm trees varied
between 8X102 cfu/mL and 9X105 cfu/mL. Total bacterial count
varied between 2X10® cfu/mL and 3X10¢ cfu/mL, and Total
mould count varied between 8X102 cfu/mL and 9X10° cfu/mL,
which is much less than the earlier reported microbial loads in
other palm wines. Elarlier report recorded the yeast popula-
tions palm wine of between 10:to 10- cfu/mL, and Total aero-
bic mesophiles varied between 10 and 10- cfu/mL [26],[1]
[51,[34],[6],[7]. Predominant Lactic acid bacteria reported in
palm wine fermentation are Lactobacillus plantarum and
Leuconostoc mesenteroides, and are responsible for the sour
taste of palm wine and are responsible for the pH decrease
during the taping through the organic acids production [1],[6].
Yeast isolated from the palm sap was identified phenotypical-
ly by cultural characteristics on the YEPDA and microscopic
characteristics and the Lactic acid bacteria on isolated from the
palm sap was identified base on the cultural characteristics on
MRS agar, Gram staining, Catalase test and carbohydrate as-
similation [45], [46]. Lactic acid bacteria was phenotypically
characterized by microscopic morphology,
catalase test, and carbohydrate assimilation pattern and the
yeasts was identified using standard morphological and phys-
iological tests such as morphology, colony characteristic,
pseudohyphae, ascospore, vegetative reproduction sugar as-
similation [46]. Two dominant yeast species identified in the
palm sap was Saccharomyces sp., and Lachancea sp., and domi-
nant Lactic acid bacteria are Leuconostoc sp. and Fructobacillus
sp. However, identification of microbial flora through pheno-
typic characterisation is inaccurate and time consuming [47].
Pure cultures were obtained from the palm sap and genomic
DNA from such pure cultures was used to optimize the ampli-
fication conditions. Yeasts isolated from palm sap were
grouped by amplification of the 5.85-ITS region of the yeast,
and Lactic acid bacteria isolated from palm sap are grouped
by amplification of the 16S rDNA ITS region of the bacteria.
The Saccharomyces isolated from palm sap showed 99% se-
quence similarities with Saccharomyces cerevisiae isolate YN3
and the Lachancea sp. showed 99% sequence similarity with
Lachancea fermentati isolate UCLM 1laA. Similarly, analysis of
alignment of the 16S rDNA sequences of analysis of
Leuconostoc  sp.

Gram staining,

confirms affiliation with  Leuconostoc

mesenteroids subspecies mesenteroids ATCC 8293(T) and
Fructobacilli sp. confirms affiliation with Fructobacillus fructosus

KCTC 3544(T).

6 CONCLUSION

The chemical composition of the freshly tapped palm sap from
different parts of Mangalore district varied, but ratio of the
reducing sugar and non-reducing sugar remained almost
same. Glucose is the main reducing sugar and sucrose is the
major non-reducing sugar of palm sap, and are the substrate
for the alcohol, lactic acid and acetic acid producing microbial
flora in the palm sap, making the palm vine an interesting
source to isolate microbes of potential industrial importance.
Traditional microbial techniques along with phylogenetic
identification to identify the microbial flora of the palm sap
are very useful. Dominant microbial flora isolated from the
palm sap collected for the seven palm tree around Mangalore
were Saccharomyces cerevisiae isolate YN3, Lachancea fermentati
isolate  UCLM 1laA, Leuconostoc mesenteroids subspecies
mesenteroids ATCC 8293(T) and Fructobacillus fructosus KCTC
3544(T). Information on source of these diverse microbial flo-
ra in palm sap and change in microbial population during
fermentation of palm sap and associated changed taking place
in the chemical composition during this period has to be stud-
ied in detail.
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