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ABSTRACT

Fermented foods are of great significant because the process provides not only a
preservative technology but also make nutritious foods with a wide variety of
flavours, aromas and textures and being a good alternative in salvaging food wastes.
Though fermented vegetable products are not much popular in Sri Lanka, the
potential for such a food industry is invaluable as there is a considerable post harvest
loss of agriculture produce in Sri Lanka. The technology also can be used to
overcome the food crisis that will be faced in the near future by the whole world. This
research was carried out with the overall objective of identifying the potential for

mixed vegetable fermentation and the products’ consumer acceptability.

Common Sri Lankan low country grown vegetables, namely kakiri (Cucumis melo),
capsicum (Capsicum annuum), winged bean / dambala (Phaseolus lunatus), long bean
/ snake bean / mekaral (Vigna unguiculata subsp. sesquipedalis) and up country
grown carrot (Daucus carota) were fermented alone and in blends using 6 % salt
solution and the lactic acid fermentation was monitored through reduction in pH and
development of lactic acid acidity. All the products were analyzed for microbiological
quality using standard microbiological techniques. The fermenting medium of mixed
vegetables was analyzed microbiological quality in order to identify the responsible
microbial community in fermentation. A sensory analysis was carried out through a
questionnaire using untrained panelists. Both from the hedonic test and flavour and

texture profile analysis, the consumer acceptability was measured.
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In vegetable fermentation alone, the rate of pH reduction was higher during the first
three days while the rate was slower at the latter part of fermentation. As an average
the pH gradually decrease from 7.0 to 3.4 at the end of the fermentation period of 12
days. This resulted in development of lactic acid acidity up to an average value of
0.32 %.

For mixed vegetable fermentation, the maximum acidity reached a constant level by
the end of ten day period, fermentation can be carried out within a ten day period
during which the maximum lactic acid acidity would be attained. A packaging
solution containing 1.5 % salt and 1.5 % vinegar was found to be a satisfactory

medium for the final product to be packed.

- The microbiological analysis of fermenting medium of mixed acid fermentation
revealed that typical lactic acid bacteria which included Lactobacillus plantarum as
the frequent isolates, while L. brevis, Leuconostoc and Pediococcus were also found
among the fermenting microbial community. During fermentation, the medium is
highly susceptible to spoilage by Aspergillus and Penicillium species. This was

obviously related to the environmental hygiene as well as to raw material quality.

The final product of vegetables derived in the study was microbiologically safe for
consumption as there was no detection of spoilage bacteria, fungi and coliforms.
According to the sensory analysis, the fermented mixed vegetable product is

acceptable to the consumers.
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1.0 INTRODUCTION

1.1 GENERAL INTRODUCTION

Fermentation has been practising since a long time to slow down the rottenness of milk,
vegetables, meats and many other food types thereby prolong the shelf life of food for
several months. Indigenous fermented foods such as bread, cheese, wine and sauerkraut
have been prepared and consumed in rural households and villages for thousands of
years and are strongly linked with culture and tradition (FAO, 1998).

Apart from extending the shelf life, fermentation has also being a remedy for seasonal
overproduction of many crops thus salvaging food wastes. This also creates unique
flavours, brings changes in textural properties and improves digestibility of foods so it

enhances consumer palatability.

Indigenous fermented fruits and vegetables play an important role in food preservation
and more over they has a high potential to contribute to the growing food needs of the
world (FAO, 1998).

However, the increasing popularity of fermentation technology is due to its low
investment, simple machinery and low technology involvement with compared to other
preservative methods.

Therefore, fermentation of vegetables has been widely studied over the past century and
many of researches are focus mainly on improving the understanding of fermented
products (i.e. its chemistry and microbiology). refining the process and new product

development.



IFermentation of perishable vegetables is solely based on lactic acid fermentation carried
out by lactic acid bacteria. These bacteria produce organic acids mainly lactic acid and
acetic acid which serve as effective antimicrobial agents which reduces the pH in the
food thus preventing the growth of most food spoiling microorganisms (Lee, 1997).

The classic fermented vegetable products are sauerkraut in which shredded cabbages are
salted and Korean Kimchi, that made from fermentation of Korean cabbage and radish
with minor ingredients including garlic, red pepper, green onion, ginger and salt. Up to
now so many types of vegetables such as cucumber, radishes, carrots, mustard leaves,
onion and capsicum are acid fermented in the presence of salt around the world (FAO,

1998).

As agriculture plays a significant role in Sri Lankan economy, vegetable farming and
processing should be developed in order to achieve the maximum profit.

During 1993, annual per capita vegetable availability stands at about 42 kg, about half
of the recommended level. However. strong seasonal variation in vegetable supply,
indicated by seasonal price swings suggests that the problem of low availability more
serious in some months than in others (AVRDC, 2000) thus paving the way to import
market. The post harvest losses of vegetables are a predominant failure in the current
market as well as at the field and thus implementation of food preservative techniques at

the domestic level is a must.

Preservation of surplus vegetables by lactic acid fermentation could be readily carry out

at domestic level even at the farm itself and thus it will improve the supply and

(§9]



availability of vegetable foods throughout the year and also the nutrition of the
population.

This technology has a great potential to improve among poor and underdeveloped
regions of the world by simply teaching the people giving them: the knowledge to
maximise the benefit of the technology and to improve the hygienic conditions of the

food.

Lactic acid fermented foods generally require little, if any, heat in their fermentation
and can be consumed without cooking, for examples, pickled vegetables, sauerkraut,
and kimchi. Indonesian tempe fermentation converts soybeans that would require as
much as 5-6 hours cooking to a product that can be cooked in soup with 5-10 min
boiling (Steinkraus, 1997). So that fermented food will be a good indirect alternative to
reduce fuel requirement as fuel is becoming a scarce and economically unaffordable

resource especially in developing countries.

Fermented vegetables are not very popular in Sri Lanka and there is no other way than
drying has been practising to preserve vegetables. Since fermented food resembles more
closely to the fresh product than dried product and as fermentation impart a
characteristically enhanced flavour to the final product, consumer acceptability could be
enhanced by introducing this technology to the country. Thus some studies related to
vegetable fermentation has already done here in Sri Lanka and they revealed the
possibility of fermenting cucumber (Cucumis sativus), kekiri (Cucumis melo),
Capsicum (Capsicum annum) and karawila ( Momordica charantia) in the presence of

salt (Ranasinghe,1993; Singhakumara,1994; Mahinda, 2003; Rathnayake,2005;).

(9]



In 1997, Sudasinghe showed the potential for semi-commercial scale manufacturing and
marketing of fermented Capsicum in Sri Lanka thus it gave the first hope of succeeding
the fermented vegetable industry within the country. Currently, fermented gherkins are
being produced for export market while some of imported fermented vegetable products
such as gherkin, baby corn arc available in the Sri Lankan market. Therefore,
encouraging vegetable fermentation as a method of preservation and development of
such commercial products would help to save much foreign exchange as well as fill out

the deficiency in contributing to international vegetable trade.

This study is an attempt to find out the possibility of fermenting some of common and
perishable low country vegetables available throughout the year, to be used as a side
dish or to be used after further preparation. The method could be practised at domestic
level and if introduced to the local as well as export market would be profitable venture

if the fermented product is successfully developed.

1.2 OBJECTIVES

Fermentation technology has confronted new challenges in the era of functional food
with its efficient biosynthesis potential. Research for selection of useful strains from
traditional fermented foods and new product development are continuing worldwide
and relevant information is accumulating.

Mixed vegetables fermentation would lead to a new look for preserved vegetables.
Since low country vegetables are abundant through out Sri Lanka and due to relative

low prices, derived fermented product may be worth while.



Therefore this research was carried out to reach following achievements with product

development.

Specific Objectives
e To identify the suitable conditions (salt concentration, time duration and
packaging) for brine salted fermentation of five selected vegetables alone and in
blends.
* To characterize the microbial flora involved in mixed vegetable fermentation
process.
¢ To evaluate the microbial quality of the final product.

e To carry out a sensory evaluation for the final mixed vegetable product.

Overall Objective
e To develop a fermented product from vegetables in blends and to investigate its

sensory qualities.



