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Aims and Scope

International Journal of Food Engineering Research (IJFER) is an international , peer-reviewed journal devoted to the publication of high quality 
original studies and reviews concerning a broad and comprehensive view of fundamental and applied research in food science&technology 
and their related subjects as nutrition, agriculture, food safety, food originated diseases and economic aspects.

IJFER is an international periodical published twice a year (April and October). The journal is published in both print and electronic format. 



From The Editor

International Journal of Food Engineering Research (IJFER) has been publishing by Istanbul 
Aydın University Faculty of Engineering Department of Food Engineering since 2015. The journal 
covers wide ranges of area such as Food Processing, Food Preservation, Food Microbiology, Food 
Chemistry, Biotechnology, Nanotechnology, Novel Technologies, Food Safety, Food Security, Food 
Quality and their related subjects as nutrition, food and health, agriculture, economic aspects and 
sustainability in food production. 

Food Engineering is getting more and more attention because it is directly related to human health. 
While the food and drinks we eat help to protect our health, on the other hand, improper conditions 
during the conversion of the raw material to the product, the use of poor quality raw materials, 
and the employees not working under hygienic conditions can cause the food harmful to health. 
Our aim in this journal is to include the recent research and reviews on food and beverages from 
field to fork. Articles submitted to the journal are accepted for publication after being reviewed by 
expert referees.

In the following years, the journal will include scientific activities such as symposiums, congresses, 
conferences and workshops held in the field of food science and technology, and information about 
the books published in this field. We hope that the journal will be a good resource for engineers, 
experts, researchers and students working in the food industry. 

Prof. Dr. Z. Dilek Heperkan

Editor
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INTRODUCTION
Kefir is a milk-based fermented beverage produced 
using a micro-organism community called kefir 
grains or kefir cultures. Based on Turkish Food 
Codex [2], kefir is defined as a fermented milk 
product in which starter cultures or kefir grains are 
used in fermentation containing different strains 
of Lactobacillus, Leuconostoc, Lactococcus and 
Acetobacter species and strains of yeast species 
that are able to ferment (Kluyveromyces marxianus) 
or non-ferment(Saccharomyces unisporus, S. 
cerevisiae, S. exiguus) lactose. Nowadays, with the 
increasing importance of consumers to eat natural 
and healthy foods, the demand for kefir also 
increases. This increase in consumer demand has 
accelerated the commercialization of kefir, which 
was previously produced only in individually at 
homes. The source of kefir is Caucasus and Tibet, 
it started to be produced in Eastern and Central 
European countries towards the end of the century 
in 19th century and today it has spread all over the 
world. 

The production of fermented foods has been done 
since ancient times (A.C. 7000-A.C. 8000) is 
known. However, commercially the production of 
meat and milk-based fermented foods increased 
after 1970. Kefir is one of the commercially 
produced fermented beverages in our country.

Fermented foods are produced using a wide variety 
of raw materials. These include a large number of 
fermented foods produced using vegetables and 
fruits, milk, meat, fish, and cereals. Examples of 
some fermented foods produced in our country 
are given in Table 1. Some foods, such as cheese, 
pickles, and wine, are more or less different in their 
sensory and structural properties but have been 
accepted all over the world. However, fermented 
fish is more preferred in northern Europe and 
America and Asian countries, while fermented rice 
is produced in Asia, fermented cereals (boza) in our 
country, the Caucasus, and the Balkans. Fermented 
foods such as pickles, vinegar, olives, sausage, 
and turnip, especially yoghurt, are traditionally 
produced individually at homes for years.

DETERMINATION OF THE PRESENCE OF LIVING
MICROORGANISMS IN KEFIR GRAIN

Gizem BAYATBALAY, Z. Dilek HEPERKAN*

Istanbul Aydın University, Faculty of Engineering, Food Engineering Department, Istanbul 34295, Turkey
*Corresponding Author: dilekheperkan@aydin.edu.tr ; +90 4441428-22406

ABSTRACT
Kefir, defined as fermented milk product, is a drink that lactic acid bacteria and yeasts formed together with 
kefir grain obtained by adding milk and waiting at room temperature for one day. Kefir is being investigated 
with increasing interest in recent years as it contains micro-organisms useful for health. Although kefir is 
produced on an industrial scale, consumers have traditionally been producing kefir in homes. This study 
aimed to determine the presence of living lactic acid bacteria and yeast in kefir grain. Man Rogosa and 
Sharp (MRS) media were used for isolation and counting of lactic acid bacteria and Yeast extract Glucose 
Chloramphenicol agar (YGC) was used for yeasts. Kefir grain was found to contain 5x104 CFU/g of living 
lactic acid bacteria and yeast.

Keywords: Probiotic, Lactobacillus, Yeast, Health benefits, Saccharomyces
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Table 1: Examples of fermented food and 
beverages and their raw material

Fermented Foods Raw Materials
Boza Wheat, barley, corn, 

millet, rice
Hardaliye Black grapes, 

cherries, mustard 
(grain)

Kefir Milk
Cheese Milk (cow, sheep, 

goat) Feta cheese
Cheddar cheese
Sheep cheese (Pergamon 
Erzincan, Izmir)
Blue mould cheese
Pot cheese
Herbed cheese
Hellim cheese
Sausage Meat
Vinegar Greengrocery
Turnip Turnips, black carrot

Pickle Fruits and vegetables
Yoghurt Milk
Olive Black and green 

olives

Fermented foods in our country as a variety of 
the highest number of foods produced are cheese 
and pickles. The most common types of cheese 
are feta cheese, tulum cheese, and cheddar cheese, 
while cucumber, cabbage, and pepper pickles are 
the examples of pickles produced in the greatest 
amount of time. It is observed that vinegar, which 
is added as flavoring to food and sauces, has been 
consumed as a beverage in recent years considering 
it to be beneficial to health.

Literature related fermented foods have been found 
in numerous studies examined kefir. While some 
studies have examined the effect of the milk variety 
on the physical, chemical and sensory properties 
of kefir, the majority of research has focused on 
microbiota and kefir micro-organisms.

In addition to the milk of animals such as cows, 
sheep, and goats, there are also studies where camel 
and horse milk are used in the production of kefir. 
Vegetable-derived milk substitutes such as soy, rice, 
and coconut milk can also be used. The Kefir grain 
consists of a structure in which a group of micro-
organisms, lactic acid bacteria and yeasts, cling to 
each other with their own polymeric substances. 
When a kefir grain is added into a liquid medium 
such as milk, the micro-organisms that make 
up the kefir grain act out of the cell by releasing 
various flavorings, especially organic acids such 
as lactic acid, acetic acid and CO2. Thus, kefir is 
formed with a slightly acidic, distinctive taste, 
slightly frothy and creamy-white color. An article 
published by Altay et al. [3] about non-alcoholic 
fermented Turkish beverages has included a 
broad literature review on micro-organisms found 
in kefir. In the studies carried out in Table 2, the 
species belonging to the Lactobacillus genus and 
yeast species in Table 3, which were found in kefir 
samples.

Table 2: Lactobacillus species found in kefir

Lactobacillus spp. in Kefir References
Lactobacillus acidophilus [4, 5]
L. brevis [6]
L. casei [4]
L. casei subsp. pseudoplantarum [7]
L. delbrueckii subsp. bulgaricus [7]
L. fermentum [5]
L. helveticus [5]
L. kefiranofaciens [6]
L. kefiri [6]
L. otakiensis [5]
L. plantarum [8, 9]
L. sunkii [5]

Kefir contains different species of lactic acid 
bacteria belonging to the genus Lactobacillus, 
Lactococcus, Pediococcus, Streptococcus and 
Leuconostoc. Lactic acid bacteria is the name given 
to a group of bacteria that produce lactic acid and 
are proven not to be harmful to health. They are 
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considered GRAS (Generally Recognized as Safe) 
status because they are not harmful to health. The 
two new species as Lactobacillus kefiranofaciens 
and L. kefiri, which are not found in other fermented 
foods, have been found [6].

Table 3: Yeasts species found in kefir

Yeast species in Kefir References
Candida inconspicua [7]
C. kefyr [10]
C. krusei [10]
C. lambica [10]
C. maris [7]
Cryptococcus humicolus [10]
Geotrichum candidum [10]
Kazachstania aerobia [11]
Kluyveromyces marxianus [9]
Lachancea meyersii [11]
Pichia fermentans [12]
Saccharomyces cerevisiae [11]
S. turicensis [12]

The kefir composition is given in Table 4.

Table 4: Kefir composition and micro-organisms 
load [1]

Property Quantity

Milk protein (w/w %) min. 2,7

Milk fat (w/w %) max. 10

Titration acidity (as lactic acid %) min. 0,6

Ethanol (v/w %) -

Total specific micro-organisms 
(CFU/g) min. 107

Total additional micro-organisms 
indicated on the label (CFU/g) min. 106

Yeasts (CFU/g) min. 104

In a study by Renner and Renz [13], amino acids, 
vitamins, and trace metals found in kefir were 
determined as well as the composition of kefir and 
given in Table 5.

Table 5: Chemical composition of kefir [13].

Components
Fat (%) 3.5 Trace metals (mg)
Protein (%) 3.3 Iron 0.05
Lactose (%) 4.0 Copper 12
Water (%) 87.5 Molybdenum 5.5
Essential amino acids Zinc 0.36
Tryptophan 0.05 Manganese 5
Phenylalanine 
+ Tyrosine

0.35 Vitamins

Leucine 0.34 A (mg) 0.06
Isoleucine 0.21 Carotin (mg) 0.02
Threonine 0.17 B1 (mg) 0.04
Methionine + 
Cystine

0.12 B2 (mg) 0.17

Lysine 0.27 B6 (mg) 0.05
Valine 0.22 B12 (mg) 0.5
Mineral 
Matter

Niacin (mg) 0.09

Calcium (g) 0.12 C (mg) 1
Phosphorus 
(g)

0.1 D (mg) 0.08

Magnesium 
(mg)

12 E (mg) 0.11

Potassium (g) 0.15 Lactic acid 
(%)

0.8

Sodium (g) 0.05 Phosphatides 
(mg)

40

Chlorine (g) 0.1 Cholesterin 
(mg)

13

Ethyl alcohol 
(mg)

0.2

It has been determined that kefir is rich in 
phenylalanine, leucine, lysine, valine and 
isoleucine amino acids and in vitamins B2, B12, 
E and its energy value is 65 kcal at 100 mL [13]. 
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Kefir is also rich in vitamin C. There are numerous 
articles about the positive effects of kefir on health. 
But some of these positive effects have not yet been 
proven. The beneficial effects of kefir on health are 
summarized below. The most important benefit of 
kefir besides its rich mineral and nutrient content 
is that it can be consumed by individuals with 
lactose intolerance. Kefir contains all the nutrients 
found in milk. Due to its unique composition and 
structure, milk is also a suitable environment 
for micro-organisms. Micro-organisms provide 
nutrients more easily in aqueous environments 
and multiply faster. A major part of lactose found 
in milk is biodegrading by bacteria. As a result, 
the amount of lactose decreases on the one hand, 
while the amount of lactic acid increases on the 
other. Similarly, some of the proteins are also 
biodegrading by bacteria. Thus, kefir becomes a 
product with properties that can be consumed by 
individuals who are lactose intolerant and allergic 
to milk proteins. Furthermore, biochemical changes 
that occur during fermentation enable kefir to have 
its own unique flavor properties.

The probiotic properties of some of the kefir 
bacteria also contribute positively to the intestine 
microbiota. Most of the health benefits attributed 
to kefir are associated with kefir containing high 
amounts of probiotic micro-organisms. Studies 
on the control and improvement of many diseases 
with the consumption of kefir are still ongoing and 
it is stated that it creates protective and therapeutic 
effects against these ailments by providing the 
balance of the stomach and intestinal flora with 
antimicrobial and anticancer effects [14, 15, 16].

Kefir is receiving increasing interest from 
consumers due to its beneficial health effects. 
Although kefir is commercially produced, 
traditionally kefir production is also very common 
in homes. In this study, the presence of living 
bacteria in the kefir grain used to produce kefir 
at home was examined and the total number 
of bacteria, lactic acid bacteria, and yeast was 
determined for this purpose.

MATERIAL AND METHOD
Material
As a material, kefir grain that used in making kefir 
individually at home was used. Kefir grain of 
approximately walnut-size was added to 500 ml 
UHT milk and incubated at 25°C.

At the beginning of incubation and 3 and 6 
hours after incubation, samples were taken and 
microbiological inoculation was done.

Determination of Total Number of Bacteria
Plate Count Agar (PCA, Oxoid) was used to 
determine the total number of bacteria. After the 
medium sterilized in an autoclave at 121°C and 15 
min. it is cooled to 50°C and poured into sterile 
petri plates. Inoculation was done by the spread 
plate technique. The total number of bacteria 
(CFU/mL) was determined by incubating at 30°C.

Determination of The Number of Lactic Acid 
Bacteria
Man Rogosa and Sharp (MRS) agar were used to 
identify lactic acid bacteria. It was prepared as PCA 
and inoculation were done by pour plate technique.

Determination of The Number of Yeast
YGC medium is used to determine the number 
of yeasts. This medium was prepared as PCA. 
Inoculation was done by the spread plate technique.

RESULTS
The total number of bacteria, the number of lactic 
acid bacteria and the number of yeast were given 
in Table 7, in the kefir grain that was inoculated in 
milk initially, 3 and 6 hours after incubation.

Table 6: Total number of bacteria, lactic acid 
bacteria and yeast in kefir grain

Media Incubation time (h)
0 3 6

PCA (CFU/g) 2x105 6x105 6x106

MRS (CFU/g) 5x104 3x104 2x105

YGC (CFU/g) 5x104 3x104 5x105
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As can be seen, by the examination of Table 7, the 
total number of bacteria per gram was 105 CFU, 
while 6 hours later it increased to 6x106 CFU. The 
change in the total number of bacteria due to time 
is given in Figure 1.

The number of lactic acid bacteria in kefir (Table 
6) was initially 5x104 CFU/g, but after 6 hours it 
increased to 2x105 CFU/g, while the number of 
yeast increased from 5x104 CFU/g to 5x105 CFU/g.

Figure 1: Colonies after 0, 3. and 6. hours 
incubation in PCA 

Figure 2: Lactic acid bacteria and yeast colonies 
at the end of 6 hours in MRS agar media

Figure 3 shows yeast colonies in YGC Agar media 
and Figure 4 shows yeast cells in light microscopy 
(40x).

Figure 3: Yeast colonies in YGC (Parallel 
Inoculation)

Figure 4: Yeast cells under a microscope (40x)
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CONCLUSION
In this study, the presence of living lactic acid 
bacteria and yeasts in the kefir grain used to 
produce kefir was determined. In order for kefir 
grain to be used safely in kefir production, testing 
whether pathogenic bacteria are contaminated to 
the grain should be carried out. Furthermore, to 
determine which yeast and lactic acid bacteria are a 
presence in the kefir grain, it is necessary to isolate 
the species as pure, to perform biochemical tests 
for lactic acid bacteria, and to identify all isolates 
with PCR at the molecular level.
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INTRODUCTION
According to the results of the studies, there have 
been serious increases in the hunger rates, which is 
taking into account the increasing world population. 
In 2000, 900 million people were living below the 
hunger limit, while in 2016 this rate was around 
815 million. A rapid acceleration in food waste is 
observed in proportion to these statistics. In 2018, 
our country, which has a population of 82 million, 
is wasting 214 billion of food waste annually. 
According to the Consumer Rights Association 
report in 2018, there are over 16 million people 
in Turkey can not be adequately nourished. Some 
activities determined to achieve the dream of zero 
starvation in the world by targeting 2030 are listed 
below [1,5].

Universal access to safe and nutritious food
Terminating all forms of malnutrition
Doubling the efficiency and revenues of small-
scale food producers
Sustainable food production and durable 
agriculture practices
Protection of genetic diversity in food production
Investing in rural infrastructure, agricultural 
research, technology, and gene banks
Avoiding agricultural trade restrictions, market 
disturbances and export subsidies
Stable food markets and timely access to 
information [2].

LINEAR INCREASE BETWEEN POVERTY AND FOOD WASTE
IN THE WORLD

İzem SÜZGÜN, Esmanur YİĞİT, Gülay BAYSAL*

Istanbul Aydın University, Faculty of Engineering, Food Engineering Department, Istanbul 34295, Turkey
*Corresponding Author: gulaybaysal@aydin.edu.tr ; +90 4441428-22409

ABSTRACT
The problem of hunger has been the primary concern of human beings for centuries. With calamity, poverty, 
and death, starvation chaos is one of the biggest dreads of human beings. There are main reasons for 
this. People have to eat their fills to survive and continue their generation. The competence of people to 
participate, produce and create economic, political, cultural, and artistic activities that will make their lives 
meaningful depends on being healthy, and for to be healthy, they must be well fed. If food is consumed 
without wasting, the resources of the earth are sufficient to feed more people than the world population 
today.

Keywords: Poverty, Starvation Chaos, Food Waste, Waste Policies
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Figure 1: World Hunger Rates [3]

In the brochure of the United Nations Food and 
Agriculture Organization (FAO), various numbers 
were given by drawing attention to the hunger 
situation in the world. Accordingly, the world 
produces enough food to feed everyone, but still, 
1 out of 9 people in the world have struggled with 
chronic hunger. In recent times, it is thought that the 
number of chronically hungry people, calculated to 
be 815 million in 2016, has increased more. The 
fact that the living of the hungriness fact 60% are 
women adds another dimension to the magnitude of 
the problem. According to the data, hunger causes 
more people to die from epidemic diseases such 
as malaria, tuberculosis, and AIDS in the world. 
It is stated that 45% of child deaths are caused by 
malnutrition, while 155 million children under 
the age of 5 are reported to have developmental 
retardation [1, 4, 5, 6].

Hunger and Obesity Compete
In other respects, it is stated that more than a quarter 
of the world’s population, 1.9 billion people are 
overweight, and 600 million of them are obese. 
According to the literature, about 3.5 million 
people die every year due to excess weight. It is 
also among the data that the costs of malnutrition 
or overfeeding have reached the world economy of 
3.5 trillion US dollars [7].

Figure 2: Hung er Map of 2017 [8]

Blue zones <5,% Yellow zones 5-14.9%, Orange 
zones 15-24.9%, Red zones 25-34.9%, Burgundy 
zones 35%, Values of gray zones are unknown.

Five Innovative Solution Suggestions for Waste 
Foods
According to the United Nations Report, if waste 
foods were a country, this country would be third 
in the world greenhouse gas emissions ranking, 
after the United States and China. According to the 
United Nations Report, innovative solution titles 
for waste foods are listed below.

Food Shift: It is based on the establishment of a 
more sustainable system that all produced foods 
can be processed and preserved.

Food Cowboy: The surplus production is based on 
the principle of networking between food owners 
(farmers) and charities providing free food for 
people in need.

Spoiler Alert: Large farms and wholesalers are 
based on sharing real-time information about 
surplus food and providing access to potential 
buyers.

Imperfect Produce: It is based on the principle of 
replacing the traditional food system and providing 
a more positive perspective to the rejected products.

For Solutions: It is based on the principle of saving 
food waste with a type of fertilizing system.
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CONCLUSION 
Even though food waste prevention becomes a 
global priority, government policies alone will not 
be enough and individual waste prevention policies 
can be implemented only by everyone, which 
can create permanent solutions. It is necessary 
to increase personal awareness to increase health 
levels with equal opportunities in all countries of 
the world, where healthier opportunities can be 
used as an equality principle. 
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ABSTRACT
Exopolysaccharides (EPS) which are produced by lactic acid bacterias are principally used in various fields 
such as the food industry, medicine, pharmacy, and cosmetics. Along with being colorless and odorless, 
bacterial EPSs have been subject to intensive research in recent years due to their various technological 
features and non-toxicity. In this study, changes in the rheological properties of wheat water of EPS, 
produced by eight different bacterial species and strains in soybean water were investigated. The species 
used in the study are Lactobacillus coryniformis C55, L. paracasei D41, L. Brevis 25A, Lactococcus lactis 
A47 and F39, Pediococcus parvulus E42, Streptococcus macedonicus A15 and Weisella confusa C19. In 
this study, the effect of EPS on the viscosity of wheat water was determined with the Ostwald-de Waele 
Model using Parallel Plate Sensor. At the same time, the pH of wheat water and distilled water was adjusted 
to 6.0 to eliminate the variables and viscosity behavior was examined at room temperature. Viscosity values 
appearing for 120 seconds at different shear rates from 0 s-1 to 300 s-1 were read in the study. The highest 
viscosity increase in wheat juice among the EPSs of the studied species was determined in the EPS produced 
by L. coryniformis C55 species. The findings obtained in the study showed that Lactobacillus coryniformis 
C55 has the potential to be used as a stabilizer in grain-borne foods.

Keywords: Exopolysaacharides, Reology, Lactic Acid Bacteria, Wheat, MRS

INTRODUCTION
Exopolysaacharides are the components that 
have high molecular weight (>106mol/g) which 
is produced by micro-organisms [1]. EPS, created 
by lactic acid bacteria in microbial EPSs, is used 
in the food industry as an emulsifier for various 
purposes such as increasing viscosity, improving 
texture properties and improving taste. Apart from 
the food sector, it is used in different fields such as 
medicine, pharmacy and cosmetics due to its anti-
coagulant and antioxidant properties, preventing 
tumor development, stimulating the immune 
system, and anticoagulant [2, 3].

Lactic acid bacteria (LAB) is used to identify 
a group of bacteria that have Gram positive 
(+) metabolically and physiologically similar 
properties. It is mostly used for bacteria that form 
lactic acid by metabolizing lactose. LAB has a 
special status which is generally accepted as safe 
(GRAS, Generally Recognized as Safe) and is 
suitable for use in food. Lactic acid bacteria are not 
limited to a certain genus or ambient conditions. 
They are also found in herbal products, food 
processing environments, humans or animals. LAB 
are asporogenic, immobile bacteria. In addition to 
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these common features, morphologically it shows 
significant differences depending on the genus. 
All species of the genus All species of the genus 
Lactobacillus are rod-shaped, the genus Lactococcus 
are coccus and the genus Leuconostoc are mostly 
cocobacillus. LAB is divided into two groups 
as homofermantative and heteroferemantative 
depending on the pathway they follow to break down 
lactose. In Table 1, some fermentative properties are 
given according to some lactic acid bacteria types 
and glucose metabolism.

Table 1: Lactic acid bacteria genus and 
fermentative specifications

The shape of 
the bacterium

Homofermantative 
LAB

Heterofermantative 
LAB

Rod-shaped Lactobacillus 
acidophilus

Lactobacillus 
brevis

L. delbrueckii L. kefir

L. helveticus L. paracasei

L. plantarum

L. coryniformis

Round-shaped Lactococcus 
lactis

Pediococcus 
parvulus

Streptococcus 
macedonicus

Oval 
(coccobacillus)

Leuconstoc 
mesenteroides

Weisella confusa

Oenococcus oeni

Some of the species of genus Lactobacillus have 
homofermantative specifications while another 
part is heterofermantative. In spite of that, 
Lactococcus, Streptococcus and Pediococcus are 
always homofermantative, Leuconstoc, Weisella and 
Oenococcus species are heterofermantative (Table 
1).

Some lactic acid bacteria produce EPS in the form 
of capsules in the cell, while others produce EPS, 
which can be released outside of the cell [4]. Some 
LAB types are known as major EPS producers. For 
example, Leuconostoc spp. Due to the diversity of 
their structure and physico-chemical properties, 
they are the primary dextran producers. Dextran, 
synthesized by Leuconostoc mesenteroides 
(NRRL B-640), contains D-glucose surplusing in 
the form of a flat chain and shows psedoplastic 
behavior. The dextran synthesized by Leuconostoc 
citreum (SK24.002) consists of -1,3 and -1,6 
D-glucopyranose units and it is water soluble.

The composition and specifications of bacterial EPS 
vary greatly depending on the producer bacteria. 
However, EPSs consisting of monosaccharide 
are classified as homopolysaccharide. 
Homopolysaccharides (fructan or glucan) are 
synthesized from high amounts of sucrose [4]. 
The acidic property of polymers is usually stem 
from the presence of uronic acid. However, 
other acidic compounds such as lactate, pyruvate 
and acetate also support this acidic property 
[2]. Heteropolisaccharide EPSs, on the other 
hand, are synthesized from multiple types of 
monosaccharides such as glucose, galactose, 
fructose and rhamnose, and also contain some non-
acidic components. For example, EPS obtained 
from Lactobacillus sakei 0-1 isolated from meat 
products contain D-glucose and L-rhamnose [5]. 
The EPSs obtained from L. acidophilus LMG 9433 
and L. helveticus NCDO 766 contain D-galactose 
and D-glucose, but their proportions are different. 
Many EPS originated from LAB, with different 
composition and properties, have broad field of 
application in the food industry. They are mostly 
used as additives to prevent syneresis and improve 
texture and viscosity in fermented milk products 
[3]. EPS produced by Pediococcus parvulus in 
fermented oat-based products has been used as 
a stabilizer and has also been shown to improve 
tissue and palate [6]. The aim of this study is to 
investigate the effect of the EPS produced by LAB 
species in soybean on viscosity and rheological 
behaviors in wheat water.
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MATERIAL AND METHOD
Material
In this study, EPSs dependent to 8 lactic acid 
bacterial species were studied. The EPS produced 
by bacteria in soy water was added to wheat water 
and the rheological properties of wheat water were 
examined. Distilled water was used as a control. 
In the study, 8 species were examined. Lactic acid 
bacteria species used in the study are given in 
Table 2.

Table 2: Species of bacteria used in the study

Species of bacteria Strain Number

L. coryniformis C55

L. paracasei D41

L. brevis 25-A

Lactococcus lactis A47 ve F39

Pediococcus parvulus E42

Streptococcus macedonicus A15

Weisella confusa C19

Method
In the study, wheat water and distilled water were 
used to examine the rheological properties. Both 
samples were adjusted to have pH 6 at room 
temperature. Test tubes containing 10 mL of wheat 
water and 10 mL of test tube were heated in the 
water bath for 15 minutes and then 0.1 g EPS was 
added. It is homogenized with vortex and kept in 
a water bath until it dissolves completely. Control 
samples were prepared in the same way for each 
sample. After obtaining a viscous solution, the 
samples are removed from the water bath and be 
waited for about 30 minutes at room temperature. 
Viscosity properties of EPS in wheat water were 
measured by using Parallel Plate Sensor (Plate 
PP35 Ti, 1.0 mm gap, D = 35 mm) with HAAKE 
RheoStress 1 (Thermo electron, Typ003-7370, 
Germany) device. The measurement was made at 
room temperature (25̊C) and each measurement 
lasted 120 seconds. The shear rate was adjusted 
from 0.01 s-1 to 300 s-1 and the viscosity appearing 

at varying shear rates was measured. With the 
Ostwald-de Waele Model, viscosity behavior, 
consistency coefficient and flow behavior index 
were calculated.

η: Viscosity [Pa.s]

K: Consistency coefficient [Pa. Sn.]

γ: Shear rate [s-1]

n: Flow behavior index

η = K γn-1

RESULT AND DISCUSSION
Viscosity values of EPS obtained from bacteria in 
wheat water are given in Figure 1.
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Figure 1: Viscosities of all wheat water samples 
through different shear rates.

When the viscosities of the EPS and control 
samples obtained from each bacterial species were 
calculated with the Ostwald-de Waele Model, 
it was observed that the control samples had the 
lowest viscosity value. The species with the highest 
viscosity is L. coryniformis C55 and it is seen that 
the EPS produced by it increases the viscosity at 
constant pH. Various specifications of lactic acid 
bacteria species used in the study are given below.

Lactobacillus coryniformis is a catalase negative, 
oxidase-negative, Gram (+) and rod-shaped 
bacterium [7]. Although it is generally facultative 
heterofermentative, it also has homofermentative 
subspecies [8]. L. coryniformis is one of the less 
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studied genes among the bacteria Lactobacillus 
genus and is generally associated with fermented 
vegetable products [9]. L. coryniformis has 
subspecies that produce 99% and more of total 
lactic acid as D-lactate. With this property, it 
functions as a good biocatalyser [8]. In addition, 
antimicrobial activities are important because it 
has been observed in studies that L. coryniformis 
strains can produce antifugal components with 
broad spectrum protein [7].

Lactobacillus paracasei is generally insulated 
from foods such as fermented vegetables, milk, 
dairy products. It is also found in the flora of the 
human intestinal tract. While only a few strains 
cause infections, the majority are GRAS and are 
considered probiotics. By virtue of its technological 
features, its use in the development of innovative 
and patented probiotic vegetable products has been 
commercially approved by the Italian Ministry 
of Health. In addition, when probiotics strains 
are combined with starter cultures in fermented 
products, they contribute positively to the probiotic 
functions of these foods [10]. L. paracasei is 
facultative heterofermentative. Hexoses such as 
galactose, glucose and fructose are converted into 
lactic acid through the Embden-Meyerhof cycle. In 
addition to lactic acid, they are mostly metabolized 
to acetic acid and ethanol, while they form a small 
amount of butyric acid, diacetyl and formic acid. 
In general, only the L (+) isomer of lactic acid is 
synthesized, while some strains of L. paracasei 
can synthesize equal amounts of L (+) and D (-) 
isomers. L. paracasei strains generally develop at 
4oC [11].

Lactococcus lactis species are bacteria that are 
Gram (+), catalase negative, facultative anaerobic, 
asporogenic , round-shaped and capable of forming 
chain of various lengths [12, 13]. Lactococcus 
lactis is a mesophilic species of bacteria that 
constitute one of the main components of starter 
cultures on an industrial scale [13]. It is generally 
homofermentative and produces L-lactic acid. It 
can develop between 12 and 40oC, and optimum 
growth temperature is around 30oC. Some strains 
can survive at temperatures lower than 10oC and 

some strains at temperatures above 50oC. This 
species is not tolerant to high salt concentration 
and does not develop at a salt concentration above 
6.5%. It is generally isolated from fresh vegetables, 
fruits and cereals, but also from animal skins. 
Lactococcus lactis is used as a starter in many 
fermented milk products, especially cheese, in the 
production of fermented foods [12].

Located in lactic acid bacteria, Pediococcus 
parvulus is often found in dairy products and is used 
in cheese making. The importance of Pediococci 
species in fermentation and cheese ripening is still 
unknown, but some strains have been reported 
to have the potential to heal tissue due to EPS 
production. It has an antimicrobial effect because 
they produce bacteriocin [14]. Pediococcus 
parvulus develops at 35oC and pH 4.0, but not 
at 45oC and pH 9.0 [14]. Pediococcus parvulus 
is an anaerobic bacteria that requires folinic acid 
for food. Pediococci species are used in the food 
industry as biopreservative and probiotics [15].

Streptococcus macedonicus is a lactic acid bacteria 
that is often found in cheese and can produce EPS, 
form acid from N-acetylglycosamine, arbutin, 
lactose, maltose and raffinose, and produce 
acetoin. It can develop at 45oC, but its development 
in the presence of ballast has not been detected. 
Streptococcus species are not widely used in 
food fermentation, but since S. macedonicus is 
a multifunctional bacterium, it gives hope for its 
use as a starter culture. Since strains can produce 
bacteriocin, they can be used as bioprotectors in 
fermented and non-fermented foods [16].

Weissella confusa is a bacterium isolated from 
peppers, tomatoes, blackberries and papaya, and 
found mostly in fermented vegetable juices [17]. 
W. confusa has strains that can produce EPS, but 
are currently used directly in animal feeding [18]. 
Weissella species are a good dextran producer, 
especially in leavened bread. It is used in bread 
production due to its properties such as extending 
the shelf life of leavened bread, increasing volume 
and providing softness [19].
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Lactobacillus brevis has been isolated from 
dairy products, green plants and animals. They 
are available in single or short chain form. They 
can develop at 15oC, they do not develop at 
45oC. Lactobacillus brevis strains are obligate 
hetereformentetive. Strains can fermantate esculin, 
galactose, maltose, lactose, raffinose, sucrose and 
xylose. It produces superoxides in the presence of 
oxygen. It has catalase activity that can eliminate 
hydrogen peroxide [20]. In general, they use as 
flavorant or texture improver in milk products. 
It has probiotic and antimicrobial potential [20]. 
Lactobacillus brevis has been frequently detected 
during beer fermentation and ripening stages [21]. 
It is used as a probiotic culture and support culture 
in some cheese types [20].

Polysaccharide and its derivatives are used in 
many areas such as food and cosmetics with 
many properties such as gelling agent, thickener, 
stabilizer [22]. EPSs are also frequently used 
in areas such as biomedical, biopharmacy and 
cosmetics because of their anti-tumor, stimulating 
immune system, anticoagulation, hypoglycemic, 
and antioxidant effects outside of the food industry 
[2]. Bacterial EPSs are one of the substances that 
play a role in the attachment of probiotic bacteria to 
the surfaces. EPS biosynthesis has been performed 
in many Bifidobacterium species species and these 
molecules are thought to play a role in the immune 
modulating capacity of strain. It was observed 
that the physicochemical properties of EPS such 
as monomer composition and molecular weight 
were also effective in these positive developments. 
Neutral feature and high molecular weight EPS 
shows a suppressor profile, while negatively 
charged bifido-bacterial EPS can activate different 
immune cells. These properties apply not only to 
bifido-bacterial EPS molecules, but also to other 
microbially sourced polymers [23]. Bacterial EPSs 
are used as an additive to prevent syneresis and 
improve texture and viscosity in dairy products. 
It is also recommended to consumers in terms of 
health benefits.

CONCLUSION
Wheat is one of the primary food sources, which 
ranks second after rice, and 35% of the world 
population regularly consumes wheat-based 
food. The protein content of wheat is higher than 
other grains. It was demonstrated with this study 
that EPSs of lactic acid bacteria can be used 
as a stabilizer in wheat juice. In this study, the 
highest increase in viscosity in wheat juice was 
achieved with EPS obtained from Lactobacillus 
coryniformis C55 species. Results obtained in 
the study showed that Lactobacillus coryniformis 
C55 has the potential to use as a thickener in the 
development of new cereal-based products. It 
is thought that determining the structural and 
molecular properties of EPS with future studies 
will be beneficial in terms of contributing to new 
areas of use.
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