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ABSTRACT

Nagaland is inhabited by diverse tribal communities and it produces varieties of fermented foods, which
so far least explored. Fermented food products in Nagaland are still produced from spontaneous and
uncontrolled fermentation and thus it results in a product of variable quality. In, this study, the vegetable
based fermented food products i.e., Hungrii (Brassica leaves), Rhujuk/Bastanga (Bamboo shoot) and
Tsutuocie (Cucumber) have been studied for their microbial population. Microbiological analysis of the
fermented products revealed the presence of Bacillus species in almost all the fermented food products.
Food contaminant like Staphylococcus was detected in the fermented product, as fermentation in
Nagaland is still carried out at the household levels using traditional methods.
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INTRODUCTION

Foods are considered to be perfect media for the growth
of microorganisms, sometimes rendering it to be
inedible and dangerous for consumption. Intriguingly,
not all microorganisms are foes, since they can convert
raw food materials into palatable, analgesic and
mentally stimulating food products with flavors, aroma
and texture pleasant for human consumption™®. A wide
spectrum of microorganisms is involved during
fermentation processes but only a few types usuall;/
determine the quality of the end product’.
Microorganisms may be present as natural indigenous
microbiota in uncooked plant or animal substrates,
utensils, containers, earthen pots, or environment or as
added starter  cultures containing  functional
microorganisms®. Fermentation of fruits and vegetable
products began started from the time ancient people
started collecting and storing food. Perishable and
seasonal leafy vegetables, cucumbers including young
edible tender bamboo shoots are traditionally fermented
into edible products using the indigenous knowledge of
bio preservation®®. Hungrii Rhujuk/Bastanga and
Tsutuocie are vegetable based fermented food products
of Nagaland. They are commonly consumed as a
condiment. Fermented condiments are used as taste
enhancers in traditional dishes’. Hungrii is a fermented
product prepared from mustard leaves. Pit-fermentation
method is followed during its preparation. The leaves
are sun dried, pressed tightly into the pit and covered or
plastered with mud on top. Natural fermentation takes
for about 15-18 days, after which it is sun dried again to
get the final product. It can be stored for 2-3 years
(Figure 1A). Rhujuk/Bastanga is prepared from
succulent bamboo shoots. The sheaths are removed,
cut into small pieces and slightly pounded. They are
then put into bamboo basket, with hole in the middle and
kept pressed tightly for about 2-3 weeks till they
completely get drained of its juice. The fermented
product can be stored for years (Figure 1B). Tsutuocie is
a cucumber based fermented product. For its
preparation, seeds are removed from the matured
cucumbers and cut into small pieces. They are put into
jars or earthen pots along with some amount of water
and allowed to ferment naturally for about 3-4 months. It
can be kept for over 5-6 years (Figure 1C). In Nagaland,
fermented foods are still prepared ftraditionally at
household level. Natural or spontaneous fermentation
usually occurs during the preparation of the various
traditional fermented products, which leads to
occurrence of mixed microbial populations and
difference in product quality®®. Present study was
undertaken to isolate the dominant microorganisms
present in the final fermented food product and to
identify them using DNA- based identification method.

MATERIALS AND METHODS

Material

Samples were collected randomly from different
households from in and around Nagaland. Samples
were kept in a refrigerator at 4°C until processing.

Methods
Estimation of pH
Five grams of sample were mixed and homogenized

with 10 ml distilled water and pH was measured using a
digital pH-meter.

Microbiological methods

Ten grams of sample were taken aseptically and
homogenized in sterile physiological saline [peptone
(0.1%, w/v); NaCl (0.85%, w/v)] for 1 min. Then serial
dilutions were prepared by transferring one ml from first
dilution (10™) to 9 ml peptone water and serially diluted
further up to 10™"° dilutions with saline water. Then plate
counts were carried out using the following media,
temperature and incubation periods to enumerate
different microbial group.

Total viable bacteria count

To determine the total bacterial count 0.1 ml of serially
diluted 0.1% (w/v) sample was inoculated plate count
agar (PCA) and incubated at 30-32°C for 48h. Colony
forming units (CFU) were counted using a colony
counter and the results were presented as cfu ml™.

Enumeration of coliform bacteria

Appropriate decimal dilutions (0.1 ml) of the
homogenate was spread on Nutrient Agar and Tryptone
Soya Agar and was incubated at 37°C for 24 h.
Members of Enterobacteriaceae were enumerated using
Violet red bile glucose agar and incubated at 30°C for
48 h.

Enumeration of lactic acid bacteria

From appropriate dilutions, 0.1 ml aliquots were spread
plated in ftriplicates on pre-dried surfaces of MRS (de-
Mann, Rogosa and Sharp) agar plates supplemented
with calcium carbonate(1%, w/v). The plates were
incubated anaerobically in an Anaerobic Gas-Bag
system at 30-32°C for 48h.

Enumeration of Staphylococci

Selective enumeration was carried out by spread plates
on Baird-Parker agar media. The plates were incubated
at 37°C for 48 h.

Yeast and mold enumeration

From suitable dilution of sample, 0.1 ml was transferred
onto solidified potato dextrose agar and yeast malt agar,
supplemented with 12 ug ml™’ Streptomycin to inhibit
bacterial growth. Plates were then incubated at 27°C for
48 h.

Phenotypic characterization

Morphologically different colonies were isolated and
purified cultures were grown on slants of the same
medium and stored at 4°C. Purified isolates were
checked for gram stain and for catalase production.

Molecular identification

DNA isolation

Extraction of genomic DNA was done using CTAB
protocol'®. About 5 ml bacterial broths was centrifuged
at 10,000 rpm for 5 min at 4°C followed by suspended in
500uL of TE buffer and thoroughly mixed with 200uL of
Lysozyme. The mixture was incubated for 45 min at
37°C water bath. To this 10uL of proteinase K and 50uL
of SDS were added and mixed thoroughly and
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incubated at 37°C until the solution becomes clear and
viscous. Subsequently, 100uL of 5M NaCl was then
added and incubated at 65°C for 5 min. It was again
incubated at 65°C for 10 min after addition of 100uL
CTAB solution. The suspension was extracted with
equal volumes of phenol: chloroform: iso-amyl alcohol
(25:24:1) and centrifuged at 10,000 rpm for 10 min. The
upper phase was transferred and to it equal volume of
chilled isopropanol was added and mixed thoroughly by
inverting the tubes. Aqueous phase was recovered by
centrifugation at 10,000 rpm for 15 min. Isopropanol was
removed and the pellet was washed in 70% ethanol by
centrifugation at 10,000 rpm for 15 min. The pellets
were then allowed to stand for 5-10 min and then re-
suspended in 50uL of TE buffer. The extracted genomic
DNA was tested qualitatively on 1% (w/v) agarose gel
electrophoresis and quantified using Nanodrop
Spectrophotometer.

Polymerase Chain Reaction (PCR)

The PCR was performed in a thermal cycler under the
following standardized conditions. The 16S rDNA gene
sequences were amplified using universal primers 9F
(5'-CGCGGGATCCGAGTT TGATCCTGGCTC-3') and
1492R (5'-GGCCGTCGACACGGA
TACCTTGTTACGACTT-3") and 27F (5'-
AGAGTTTGATCCTGGCTCAG-3'1) and 1492R (5'-
GGCTACCTTGTTACGACTT-3")"""2.  About 25pL of
PCR mixture was amplified in a PCR programmed with
the following temperatures: 94°C for 5 min then 35
cycles at 94°C 1 min, 60°C for 1 min and 72°C for 30
sec. The final extension was at 72°C for 5 min and
stopped at 4°C.

16S rDNA sequencing

Amplified products were separated by electrophoresis in
1.2% (wl/v)agarosegel and were purified using a
commercial kit (HiPura PCR Product Purification Kit,
Make: HiMedia, India). Sequencing was done at 1%
Base, Singapore. To determine the closest known
relatives of the partial DNA sequences obtained,
searches for homologous nucleic acid sequences was
performed using the BLAST algorithm
(http://www.ncbi.nlm.nih.gov/). Percent similarity values
of the most closely related identities were determined by
a comparison with the sequences available in the
database using BLAST software”.

RESULTS

pH and microbial count

Microorganism needs particular environment to survive
and grow, thus pH value is an important factor upon
which microbial population can be determined. The pH
levels of Hungrii and Rhujuk/Bastanga were observed to
be acidic (5.2 and 4.7 respectively). Whereas, Tsutuocie
was found to be alkaline in nature (8.2). The total
microbial loads of Hungrii and Tsutuocie were in the
range of 10* cfu mI™", and for Rhujuk/Basatnga, it was in
the range of 10’cfu mI". Yeast and molds were not
detected in any of the samples.

Identification

The isolates from all the three products after gram
staining were found to be mostly gram negative, spore
formers and catalase positive belonging to the genus
Bacillus. One of the isolate isolated from
Rhujuk/Bastanga was found to be gram positive rod
belonging to Staphylococcus species. Microbial species
present in Hungrii, Rhujuk/Bastanga and Tsutuocie were
identified after comparing their sequence data to
sequences listed in the NCBI database are given in
Table 1, 2, 3. Sequencing of the 16S rRNA gene of the
isolates from Hungrii, confirmed that they belonged to
the Bacillus group of bacteria. Sequence of the isolate
BJ-DEBCR- 19, 26, 36 were 98-100% identical to the
16S rRNA gene of Bacillus licheniformis. Whereas,
isolates BJ-DEBCR- 11, 23, 35 were 98-99% identical to
Bacillus  pumilis, Bacillus subtilis and Bacillus
amyloliquefaciens respectively. Sequencing of the 16S
rRNA gene of the isolates from Rhujuk/Basatnga,
confirmed they belonged to the Bacillus group of
bacteria. Sequence of the isolate BJ-DEBCR- 9, 14, 30,
31, 37, 39 were 97-99% identical to the 16S rRNA gene
of Bacillus subtilis. But, isolates BJ-DEBCR- 5, 38, 32
were 97-99% identical to Bacillus licheniformis and
Bacillus amyloliquefaciens respectively. However, one
of the isolate BJ-DEBCR-37 was found to be 99%
identical to Staphylococcus species. Sequencing of the
16S rRNA gene of the isolates from Tsutuocie,
confirmed that they belonged to the Bacillus group of
bacteria. Sequence of the isolate BJ-DEBCR- 7, 8, 25
were 98-99% identical to the 16S rRNA gene of Bacillus
subtilis Subsequently, isolates BJ-DEBCR- 10, 12, 34
were 98-99% identical to Bacillus licheniformis and
Bacillus pumilis respectively.

Table 1
16S rRNA sequence based identification of microbes from Hungrii with
GenBank accession numbers

Sl. Isolates Closest related Max. Query E Similarity GenBank

No. microorganism score (%) value (%) Accession
1 BJ-DEBCR-11  Bacillus pumilis 1249 94 0.0 99 KU;:)?334
2 BJ-DEBCR-19  Bacillus licheniformis 1400 100 0.0 100 KX258615
3 BJ-DEBCR-26  Bacillus licheniformis 1290 99 0.0 98 MF487824
4 BJ-DEBCR-36  Bacillus licheniformis 1400 100 0.0 100 MF487834
5 BJ-DEBCR-23  Bacillus subtilis 1773 99 0.0 99 MF487821
6 BJ-DEBCR-35  Bacillus amyloliquefaciens 1469 98 0.0 98 MF487833
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Table 2

16S rRNA sequence based identification of microbes from Rhujuk/Bastanga
with GenBank accession numbers

SI. Isolates Closest related Max. Query E Similarity GenBank
No. microorganism score (%) value (%) Accession No.
1 BJ-DEBCR-9  Bacillus subtilis 953 91 0.0 98 KU854957
2 BJ-DEBCR-14 Bacillus subtilis 1615 99 0.0 99 KU854961
3 BJ-DEBCR-30 Bacillus subtilis 1177 99 0.0 99 MF487828
4 BJ-DEBCR-31 Bacillus subtilis 2383 100 0.0 99 MF487829
5 BJ-DEBCR-37 Bacillus subtilis 985 96 0.0 97 MF487835
6 BJ-DEBCR-39 Bacillus subtilis 1764 100 0.0 99 MF487837
7 BJ-DEBCR-5  Bacillus licheniformis 1945 99 0.0 99 KU301337
8 BJ-DEBCR-38 Bacillus licheniformis 1184 99 0.0 97 MF487836
9 BJ-DEBCR-32 Bacillus amyloliquefaciens 1070 100 0.0 99 MF487830
10 BJ-DEBCR-27 Staphylococcus spp. 1646 96 0.0 99 MF487825
Table 3
16S rRNA sequence based identification of microbes from Tsutuocie with
GenBank accession numbers

Sl. Isolates Closest related Max. Query E value Similarity GenBank

No. microorganism score (%) (%) Accession

1 BJ-DEBCR-7  Bacillus subtilis 2135 98 0.0 98 KU?[‘:)C;.335

2 BJ-DEBCR-8  Bacillus subtilis 1591 99 0.0 99 KU854956

3  BJ-DEBCR-25 Bacillus subtilis 1212 100 0.0 99 MF487823

4  BJ-DEBCR-10 Bacillus licheniformis 1116 91 0.0 98 KU854958

5 BJ-DEBCR-12 Bacillus pumilis 1458 96 0.0 98 KU854960

6 BJ-DEBCR-34 Bacillus pumilis 1692 94 0.0 99 MF487832

DISCUSSION reason of its presence in the food products even after

Fermented food products have a long history and they
form significant part of the diet of many indigenous
communities in the developing world '*. Nagaland has a
rich diversity of indigenous fermented foods, which so
far are least explored. Fermented food products in
Nagaland are still prepared at household level and most
of the cases, natural or spontaneous fermentation
occurs resulting in a product of variable quality. Bio-
preservation of leafy vegetables and fruits to extend the
storage life and to enhance safety of foods using the
natural microflora are popularly practiced in Nagaland.
These products are mostly non-salted and are usually
sun dried after the completion of the fermentation
period. Mostly, the production of vegetable based
fermented products involves the natural fermentation
process with various lactic acid bacteria playing
dominant role in imparting flavor, taste and aroma'®.
However, in the present study, the most dominant
microorganism isolated from Hungrii, belonged to the
members of the Bacillus species namely Bacillus
subtilis, Bacillus licheniformis, Bacillus pumilis and
Bacillus amyloliquefaciens. Bacillus species are
reported to have high survival rates, which may be the

post-fermentation treatment of the fermented product16.
Bacillus amyloliquefaciens is also reported to be one of
the most prevalent gram-positive aerobic spore-forming
bacteria with the ability to synthesize polysaccharides
and polypeptides”. Bacillus species are also reported to
produce acids which may be the reason for the acidic
nature of the food'®. Bamboo shoots constitute a major
component of traditional cuisine in most of the Asian
countries. It forms a rich ecological niche which harbors
a plethora of microorganisms19. In the present study, the
most dominant  microorganism  isolated  from
Rhujuk/Bastanga, belonged to the members of the
Bacillus species namely Bacillus subtilis, Bacillus
licheniformis and Bacillus amyloliquefaciens. Studies
have also reported the presence of Bacillus species in
other fermented bamboo shoot products®?'. It was also
reported that Bacillus subtilis showed the highest level
of efficiency in accumulation of total phytosterol, which
are precursors of many pharmaceutically active
steroids®#. Staphylococcus species was also isolated
which are usually considered undesirable when the
count is greater than 10%cfu g”. Low numbers of these
organisms is indicative of poor handling conditions
whereas high counts are frequently associated with
incidence of food poisoning”. Most commercial
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cucumber fermentations rely upon growth of the
microorganisms that is naturally present on the surface
of cucumbers'. Cucumbers are mostly fermented by
adding salt or acetic acid to limit the growth of spoilage
microorganism324. However, during the preparation of
Tsutuocie, no salt is added but instead water is added.
In the present study, the most dominant microorganism
isolated from Tsutuocie, belonged to the members of the
Bacillus species namely Bacillus subtilis, Bacillus
licheniformis and Bacillus pumilis. The high pH of the
product may be one of the reasons for the occurrence of
Bacillus  species in  dominance over other
microorganisms in the final product, due to the ability of
the microorganisms to hydrolyze protein into amino
acids and ammonia®®. Bacillus species were found to
be predominant microflora in these fermented products,
indicating their versatility and easy excess in the
manufacturing process but it is reported that they are
not involved in spoilage instead some of the Bacillus
species prevent fungal growth®?. In addition to lactic
acid bacteria, it is known that Bacillus members possess
probiotic activity?®?. The absence of lactic acid bacteria
in most of the fermented vegetables and fruit, probably
owns to loss of survival during aging process®’. The
results of this study is also in agreement with the
generally  accepted concept  that traditional
fermentations are dominated by a few microbial species
that are selected during the course of fermentation
because of good adaptation to the food matrix®"*%.

CONCLUSION

In Nagaland, fermented food products are still produced
by spontaneous fermentation. Consequently, there is
immense variation in the microorganism involved as well
as sensory characteristics and quality of the fermented
products. Thus, improvement of crude traditional
methods by employing modern scientific technologies is
the need of hour to upgrade the quality and production
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