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Fermentation process for preparing tungtap- a traditionally fermented fish product consumed by the ethnic tribes of
Meghalaya, is carried out at room temperature for a period of 3-6 months under slightly acidic condition and the end product
is consumed along with regular meals. Pre-salted fish (Puntius spp. or Danio spp.) is mixed with fish fats and packed in
earthen pots and left for traditional fermentation for a period of six months. Bacterial diversity associated with this
fermented fish product contained Lactobacillus sp., Enterococcus faecalis, Enterococcus sp., Streptococcus sp.,
Micrococcus sp., Staphylococcus aureus, Staphylococcus saprophyticus, spores forming Bacillus sp, Bacillus subtilis,
Bacillus cereus, Bacillus thuringiensis and halophilic bacilli. Yeasts characterized from the samples belong to Candida and
Saccharomycopsis species.
Keywords: Ethnic tribes of Meghalaya, Fermented fish product-tungtap, Traditional fermentation, Earthen pots, Lactic acid
bacteria.
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Tungtap is a popular fermented fish (Puntius spp.
and/or Danio spp.) product, commonly prepared and
consumed by the Khasi and Jaintia tribes of
Meghalaya in North-Eastern state of India. This
practice is similar to traditional processing of fish
such as fermentation, salting, drying and smoking
which are principal methods of fish preservation in
South-East Asia1. A fermented fish can be described
as any fishery product that has undergone degradative
changes through enzymatic or microbiological
activities either in the presence or absence of salt2. In
the traditional method of preparation, fish is washed
properly, dried in the sun for 3-4 days, supplemented
with some amount of fish fats to create semianaerobic condition and kept in earthen pots. Earthen
pots are stored at room temperature (18-280C) for 3-6
months until use. Proteolysis and liquefaction that
occur during fish fermentation is largely due to
autolytic breakdown of the fish tissues3.
Preparation of tungtap is distinctively different
from other fermented fish products such as ngari
(Puntius sophore), hentak (Esomus danricus) of
Manipur4. Some of the distinctive features of tungtap
is that it does not fall under the category of fish paste
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or fish sauce5 as it is consumed as pickle and taste
enhancer. Although the fish product still retains the
original shape, it gets softened due to pre-salting of
fish prior to fermentation. The uniqueness of this
process is that the fish is previously dried to very low
water activity (aW) which renders less favorable
conditions for microbial growth6, 7, 8. Foodborne
pathogenic bacteria are inhibited at aW of 0.92 or less
that is equivalent to 13% salt concentration (w/v)9.
Microorganisms play an important role in the later
stage of fish fermentation leading to the degradation
of tissue proteins. This study deals with the traditional
method of preparation of tungtap and the bacterial
diversity especially the lactic acid bacteria (LAB)
associated with it.
Methodology
Traditional method of preparation of tungtap

Fishes (Puntius spp. and Danio spp.) (Fig. 1) are
collected from local rivers from southern parts of
Meghalaya like the Dawki and Shella popularly
known as Brahamaputra valley and Bangladesh.
These are sundried for 3-4 days and then kept in jute
bags. The fishes are salted in salt: fish ratio of 1:10
(Fig. 2). The dried fish in 30-40 kg batches are
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supplemented with some amount of fish fats and
packed in earthen pots which are sealed using fish
scales, mud, oil slurry or polythene sheets to make the
earthen pots airtight (Fig.3). The earthen pots are then
kept at room temperature (18-28ºC) for 2-6 months.
Once the fish fermentation process is complete, it is
taken out and sold in the market (Fig. 4).
Physiological and microbiological analysis

The fresh fermented fish samples (tungtap) were
collected in sterile containers from various regions of
Meghalaya and were transported to the laboratory for
analysis. The samples were homogenized in mortar
and pestle, taking 10 gm of well mixed sample
blended in 90 ml of 0.85% (w/v NaCl) physiological
saline. The pH, temperature and water content of the
samples were determined using standard methods. For
isolation of LAB, the diluted inocula were plated out
on deMan Rogosa and Sharpe (MRS) agar10 and the
plates were incubated at 37° C for 48-72 hrs. For
enumeration of endospores forming bacteria,
inoculum was plated in nutrient agar medium
(HiMedia, India) and the plates were incubated at
30° C for 48 hrs. Total viable counts was determined
after incubation at 30° C for 48 hrs by the plate count
agar method11. Colonies were randomly picked from
the plates and slant cultures were prepared on nutrient
agar tubes for further analysis. The purity of the
cultures was confirmed by extensive streaking on
nutrient agar. Biochemical characterization included
Gram staining, catalase, cytochrome oxidase, Hugh
Leifson test, methyl red and Voges-Proskauer test,
nitrate reduction, citrate utilization and indole
production. The motility was checked besides other
physiological and colony characteristics. LAB and
endospore forming bacteria were identified by using
standard methods12,13.
Results and discussion
The ripening of tungtap takes 3-6 months that
leads to softening in pre-salting fermentation
procedure as compared to post-fermentation salting
process. It developed slightly brownish pale colour
with unique aroma once fermentation was complete
compared to the fresh unfermented fish where
such smell was not noticed. The microbial
diversity constituted species of Enterococcus,
homofermentative cocci (Enterococci, Streptococci),
heterofermentative rods (Lactobacillus), endosporeforming rods (Bacillus), aerobic coccus (Micrococcus
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sp.) and yeasts (Candida sp., Saccharomycopsis sp.)
along with pathogenic forms like Bacillus cereus,
Staphylococcus aureus and Clostridium sp.
Enterococcus
spp.,
Streptococcus
spp.,
Lactobacillus spp. were observed with log CFU/gm of
4.8-5.5 in one day old sample which increased
slightly to 4.8-5.8 in seven days old sample. There
was no significant change in the density of endospore
formers, total viable counts, moulds and yeasts with
regard to one day and seven day old samples
(Table 1). Aerobic mesophiles represented a high
microbial population (log CFU/gm 7.4-9.0) as
reported previously in momone, a fermented fish
products in Ghana14-16. These comprised mostly
Micrococcus sp. and Bacillus sp. with 60% and 40%
respectively, of total bacterial flora in one week old
ripened tungtap. The presence of low density of
Staphylococcus aureus, Clostridium sp. and yeast
contaminants in some of the fermented fish samples
could be due to contamination and indicated that there
is a need for improved handling and processing15.
Tungtap is different from other fermented fish
products such as those in Africa, where their
popularity has been influenced by the fish
consumption pattern16, and reported to be relatively
higher in the coastal countries due to proximity to the
source of fish than in the inland17 which is far from
the source of fish. The distinct smell of this fermented
fish has influence on consumer’s orientation patterns
and may not be palatable to everyone. However, in
the absence of fresh fish, cured fish products such as
smoked, salted, sundried and fermented fish are
popular, which become a good source of animal
proteins especially in rural areas. Preparation of this
fermented fish product takes several months to
develop a desired flavour during which the process
encounters changes in population dynamics of LAB
and other microbes necessary for fermentation. This
kind of food fermentation allows bacteria, yeasts and
molds to predigest, and therefore, break down the
carbohydrates, fats, and proteins which carry bacteria
into our digestive tract18. The presence of pathogenic
Bacillus cereus, Staphylococcus aureus and members
of Enterobacteriaceae is suggestive of microbial
contamination during processing in a traditional
fermentation process19. A small number of Bacillus
spp. in foods is not considered significant19.
Staphylococcus sp. is regarded as a poor competitor
and its growth found in fermented foods is generally
associated with a failure of the normal microflora20.
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Fig. 1 – Fresh fish Puntius sp.; Fig. 2 – Dried, salted and fat added Puntius sp.; Fig. 3 – Earthen pots where fishes are stuffed for
fermentation; Fig. 4 – Ripened tungtap available in the market for sale
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Table 1—Microbial counts and physico-chemical properties of tungtap (1 day & 7 days old) samples
No. of fermented samples collected from markets of Meghalaya
pH

Molds and yeasts
Endospore
Total viable
formers
counts

Molds and
yeasts

4.8 ± 0.2 5.5 ± 1.2

3.3 ± 0.0 5.0 ± 1.0

7.4 ± 1.2 9.0 ± 1.0

5.0 ± 0.0 5.6 ± 0.1

4.8 ± 0.3 5.8 ± 1.4

3.4 ± 0.1 5.0 ± 1.0

7.3 ± 0.8 8.9 ± 1.0

5.2 ± 0.3 5.7 ± 0.1

Temp (C)

Moisture (%)

LAB

Fifteen samples each
Tungtap
6.0 ± 0.1 (one day old)
6.2 ± 0.1

18.0 ± 4.6 –
26 ± 2.6

34.0 ± 1.0 36.2 ± 2.0

6.0 ± 0.1 6.3 ± 0.2

18.0 ± 4.6 –
26 ± 2.6

34.0 ± 3.0 36.2 ± 2.0

Tungtap
(seven days old)

Values are ±SD given as range

Conclusion
In the traditional processes, due to lack of scientific
investigation to standardize the methods, the use of
poor quality raw materials, improper salting,
inaccurate method of fermentation, water content,
microbial contaminants and other unfavourable
conditions, gradual deterioration of the quality of
fermented fish takes place21. As regards to tungtap,
there has been no proper traditional method of
packaging this fermented fish product for
transportation and effective commercialization
because earthen pots are still used for fermentation
and the product is marketed in jute sacks that are not
very conducive for storage and transportation22. Glass
bottles, plastics or more advanced modern techniques
are not yet effectively used. Presently, cheaper plastic
containers are replacing the traditional types. The
most important function of packaging the fermented
fish products is that the containers are air-tight to
facilitate fermentation and storage.
The prevalence of LAB, which contribute to healthpromoting benefits underlines the need and
significance of scientific approaches in its production,
storage and consumption. Investigations on their
microbial enzymatic profiles may reveal their
probiotic significance and importance of identification
and development of starter cultures.

2

3
4

5

6

7
8

9

10
11

12

Acknowledgement
GF Rapsang acknowledges the DBT-JRF research
fellowship
received
from
Department
of
Biotechnology, Govt. of India to carry out the present
study.
References
1

Cooke R D, Twiddy D R & Alan Reilly P J, Lactic
fermentation of fish as a low-cost means of food

13

14

preservation, In: Fish Fermentation Technology, edited by
Lee CH, Steinkraus KH & Alan Reilly PJ, (Tokyo: United
Nations University Press), 1993, 291-300.
Zakhia N & Cuq J L, Traditional methods of fish
fermentation in Ghana. Proceedings of the FAO export
consultation on fish technology in Africa, ACCRA, Ghana,
1991, 22-25.
Backhoff P H, Some chemical changes in fish silage, J Food
Technol, 11 (1976) 353-363.
Thapa N, Pal J & Tamang J P, Microbial diversity in ngari,
hentak and tungtap, fermented fish products of North-East
India, W J Microbiol Biotechnol, 20 (2004) 599-607.
Yankah V V, Studies on momone: a Ghanaian fermented fish
product. Biological Sciences thesis, (Department of nutrition
and food science, University of Ghana–Legon), 35 (1988)
431-453.
Barbut S, Tanaka N & Maurer A J, Effects of varying levels
of Chloride salt on Clostridium botulinum toxin production
in Turkey Frankfurters, J Food Sci, 51 (5) (1986) 1129-1131.
Luck E & Jager M, Antimicrobial Food Additives, (Springer,
New York), 1997.
Schelef L A & Seiter J A, Indirect Antimicrobial, In:
Antimicrobial in foods, edited by Davidson PM & Branen A,
(Marcel Decker Inc, New York), 1993.
Eyo A A, studies on the preparation of fermented fish
products from Alestes nurse, In: Proceeding of FAO expert
consultation on fish technology in Africa, Ghana, 2125,
1991.
De Man J C, Rogosa M, and Sharpe M E, A medium for the
cultivation of lactobacilli, J Appl Bacteriol, 23 (1960) 130.
Speck ML, Compendium of methods for the microbiological
examination of foods, (American Public Health Association,
Washington DC), 1984, 663-681.
Claus D & Berkeley R C W, Genus Bacillus Cohn 1872, 174,
In: Bergey’s Manual of Systematic Bacteriology, Vol 2,
edited by Sneath PHA, Mair NS, Sharp ME & Holt JG,
(Williams and Wilkins, Baltimore), 1986, 1105-1139.
Sneath P H A, Mair N S, Sharp M E & Holt J G, Bergey’s
Manual of Systematic Bacteriology, Vol 2, (Williams and
Wilkins, Baltimore), 1986, 965-1599.
Abbey L D, Hodari-Okae M & Osei-Yaw A, Studies on
traditional processing and quality of fermented fish
(momone), Ghana/Netherlands artisanal fish processing and
applied research project report, Food Research Institute,
Accra, Ghana, 1994,48.

138

INDIAN J TRADITIONAL KNOWLEDGE, VOL 11, NO. 1, JANUARY 2012

15 Essuman K M, Fermented fish in Africa, A study on
processing, marketing and consumption, FAO Fisheries
Technical Paper. No 329. Rome FAO 1992, 2001, 80.
16 Nwabueze A A & Nwabueze E O, Consumer attitude to
fermented fish (Heterotis niloticus) in Ndokwa -East, Delta
State, Nigeria, Agric Biol J N Am, 1(4) (2010) 694-696.
17 Food and Agricultural Organisation, Fermented fish
products, Prepared by Mackie IM, Itardy R and Hobbs G,
FAO Fish Report, 100 (1971) 54.
18 Holzapfel W H, Haberer P, Snel J, Schillinger U & Huis in’t
Veld JHJ, Overview of gut flora and probiotics, Int J Food
Microbiol, 41(1998) 85-101.
19 Beumer R R, Microbiological hazards and their control:

Bacteria, In: Fermentation and food safety, edited by
Gaithersbury MD, Adams MR & Nout MJR, (Aspen
Publishers, Inc., USA), 2001, 141-157.
20 Ijong F G & Ohta Y, physicochemical and microbiological
changes associated with Bakasang processing—a traditional
Indonesian fermented fish sauce, J Sci Food Agric, 71(1)
(1996) 69-74.
21 Majumdar R K & Basu S, Characterization of the traditional
fermented fish products lona ilish of North East India, Indian
J Trad Knowle, 9 (3) (2010) 453-458.
22 Essuman K M, Fermented Fish in Africa, A study on
processing, marketing and consumption FAO Fisheries
Technical Paper. No 329, Rome FAO, 1992, 2001, 80.

