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ABSTRACT

Cheese production by native starter cultures instead of commercial ones is beneficial in respect of higher quality, nutrient content, immunogenicity and having
beneficial microorganism. The objective of the presented study was molecular identifying of microorganism and exploring its active ingredients in native cheese.

MRS and M17 media were used to culture bacteria in 15, 37 and 45°c for 24, 48 and 72 hours and then morphologic and biochemical tests were used to identifying the
species. Predominant species were detected using 16S rRNA and gene sequencing. Active ingredients and fatty acid profile was studied by GC lactobacili, lactococci
and enterococci were identified as the predominant bacteria. Acid palmitic had the highest concentration among the saturated fatty acid, with 42.47%, and acid meristic
and acid lauric acid were next with the 13.22% and 3.9% concentration respectively, among the unsaturated fatty acids.
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INTRODUCTION

Milk is the first and the most important source of nutrition for many mammals
before they are able to digest other types of food. It contains many other nutrients
including protein, carbohydrates, amino acids and lactose. (Haytowitz et al.,
2018). Moreover, Milk is known as one of the richest places of growth of lactic
acid bacteria (LAB) (Delavenne et al., 2012; Wouters et al., 2002). Lactic acid
bacteria (LAB) are a group of Gram-positive, anaerobic or facultative aerobic,
non-sporulating, cocci or rods, and lactic acid is one of the main products of the
carbohydrates (Elyass et al. 2017; Hayek et al., 2019). Lactic acid bacteria are
the main part of bacteria in desirable food fermentations. They play an essential
role in the production of all dairy products and are involved in the production of
many other fermented foods. According to the end product of glucose
fermentation Lactic acid bacteria include two groups, Homofermenters or
Heterofermenters. The Homofermenters produce lactic acid as the main product
of fermentation of glucose. The Heterofermenters produce lactic acid, carbon
dioxide, acetic acid, and ethanol from the fermentation of glucose. According to
(Sharma et al., 2020; Steele et al., 2013) LAB asset has many features, their
fermentative ability, improves the digestibility of fermented dairy products,
transform lactose, increasing food safety and healthy, improving organoleptic
attributes, enriching nutrients. Some of the LAB species have the main role in the
ripening process of cheese (Vizquez-Veldzquez et al., 2018; Duan et al., 2008;
Weinberg et al., 2007) as well as their preservation. They also used to improve
the quality of the taste, texture, aroma, flavor, and viscosity in the manufacture of
dairy products (Ghalouni et al., 2018; Marcelino et al., 2013) . The objective of
the study was to isolate and identify naturally occurring lactic acid bacteria from
traditional cheese in Isfahan in center of Iran.

Fermentation by lactic acid bacteria (LAB) is a reasonable and effective food
preservation technique and according to the above reasons can use in many
processed industrially or by traditional techniques. LAB has useful usage in
cheese processing.

Traditional raw-milk cheeses are highly valued for their flavors (Chen et al.,
2018), while in pasteurization many flavors eliminate and nutritional Value
decrease; while they are opposite of food standards and the food industry looks
for a better product to improve human health (Sriphochanart et al., 2010).
Nowadays, we need to change older methods, in addition, protect of positive
properties of products. Scientists looking for new kinds of LAB starter —cultures
in order to increase microbial safety, increased resistance, technological,
nutritional, more organoleptic, health advantages, and probiotic properties
(Aymerich et al., 2005).

MATERIAL AND METHODS
Sample collection
The study was conducted from spring 2015 to isolate and identify the naturally

occurring lactic acid bacteria from local cheese. The sample was collected using
a sterilized sample bottle and brought to the laboratory with an icebox for

microbiological investigation. The sample was kept in a refrigerator (around 4°C)
till the analysis begins.

Isolation of lactic acid bacteria

For isolation of lactic acid bacteria, 10 milliliters of cheese sample was
homogenized with sterilized peptone physiological saline solution (1% peptone
(Oxoid), 0.9% NaCl) for about 1-3 minutes aseptically. Appropriate serial
dilution (10 to 10®) was prepared. A volume of 0.1 milliliters of appropriate
dilutions was spread plated on MRS (OXOID) agar media. Then the plates were
incubated for 48hours in an anaerobic jar at 320C. Typical LAB characteristics
colonies were randomly picked up and purify by streaking two or three times on
fresh MRS agar plates followed by macroscopic and microscopic examinations.
The colonies displaying the general characteristics of lactic acid bacteria were
chosen from each plate for the physiological and biochemical tests.

Identification of Lactic Acid Bacteria

To the Genus Level For the selection of isolated bacteria, overnight cultures of
each isolate in MRS broth (Oxoid) were used. All isolates were initially tested for
catalase enzyme, motility, and gram reaction. Identification of LAB was done
based on morphology, physiology, and biochemical characteristic (Ghalouni et
al., 2018; Karakas-Sen et al., 2018). These preliminary tests make it possible to
classify the isolates into genus on the basis of characteristics and tests of
identification mentioned by Harrigan and MacCance.

Molecular identification

Pure bacterial isolates were further tested for cell morphology, motility, gram
reaction, catalase production, acid production from glucose, and growth at 30C,
37 C, and 42 C according to the methods described by Jason Chen Kok Ho, Lim
Yin Sze (Ho et al., 2018). Cell morphology of cocci or rod-shaped, gram-
positive, catalase-negative, non-motile, and isolates with characteristic was
considered as lactic acid bacteria. Isolated lactic acid bacteria were tested for
fermentation of Glucose, Lactose, Xylose, Sucrose, Arabinose, Galactose,
Trehalose, and Sorbitol. All LAB strains were characterized and identified to the
genus level according to Bergey’s Manual of Determinative Bacteriology
(Abdullah et al., 2010).

Total genomic DNA of all isolates was extracted from overnight cultures by
using a previously reported method.

For each strain, the purified DNA was used as a template for 16S rRNA gene
amplification on the automatic thermal cycler (PTC200, MJ Research, and
Waltham, MA). The primers of the 16S rRNA gene were, 27F (5'-
AGAGTTTGATCCTGG CTCAG-3) and

1492R (5-GGTTACCTTGTTACGACTT-3).

The reaction mixtures and PCR amplifying procedure was described in the
previous study. the sample contained 1 x Taq buffer (TaKaRa Bio Inc., Shiga,
Japan), 1.5 mM MgCl2, 0.2 uM of each dNTP, 10 pmol of each primer, 10 ng of
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template bacterial DNA, and 1.0 U of Ex TaqTM polymerase (TaKaRa Bio Inc.). Gaithersburg, MD, USA), the MS data of literature, and when available, the
The reaction conditions were as follows: 94°C for 5 min, 94°C for 1 min, 55°C injection of authentic standards. The fatty acid composition was expressed as
for 1 min, 72°C for 2 min, 30 cycles, and then 72°C for 10 min. The sequencing g/100 g of total fatty acids of cheese.
of 16S rRNA gene performed in Macro gene Corporation of northern Korea. The
sequences were determined using the BLAST algorithm and were submitted to RESULTS AND DISCUSSION
the National Center for Biotechnology Information (Wang et al., 2015).

The main aim of this study was identification and isolation the dominant flora of

Fat extraction traditional Isfahan cheese.

Count of colony in 1gr of Traditional cheese was about 7.5x 10°,
Fat extraction from cheese, conversely, was performed according to the modified 350 -
Folch’s technique. m15
The Folch method is the most well-known fatty acid extraction method proposed 2 300 4 =37
by Jordi Folch and the most reliable method for the quantitative extraction of 8 250 A 45
lipids (Liu et al., 2014). A mixture of chloroform and methanol at a ratio of 2:1 G
(v/v) was used as the extraction solvent, and the final volume must be 20 times E 200 1
the 1 g sample. After that, water or a salt solution was added to cause the phase € 150 -
separation. The lower phase was used in analyzing fatty acids (Fernandez et al., 2
2011). 2 100 1

F 50 -
GC_MS (Gas Chromatography) 0
Fatty acid methyl esters were detected using a GC_MS Saturn 2100T (Agilent _ . 48
6890N, USA) capillary column (50 m length, 0.25 mm id, 0.20 pm film Time (hours)
thickness). Split injection (1 pL) was adopted (ratio 1:50) and helium was used as Temperature (centigrade)
a carrier gas at a flow rate of 1.2 mL/min. The oven temperature was held at 50 The figure, the number of cells and Grow at 15, 37 and 45 °C (1-1)
oC for 5 min, programmed to 160 °C at a rate of 10 °C/min, held at 160 °C for 10
min, programmed to 180 °C at 0.3 °C/min, held to 180 °C for 5 min, and then Identification and Isolation:
increased to 240 C at 20 °C/min, and held at 240 °C for 10 min. The transfer line
was held at 240 °C and the mass spectroscopy source at 200 °C. Acquisition was Four isolates were gram negative and catalase positive which are not the
performed in electron ionization mode (70 eV) at 0.4 scan/s, and the mass range characteristics of LAB.

used was 10-400 m/z. The identification of the compound was made by using the
NIST library (National Institute of Standards and Technology—NIST,

The table (1-1) Identification of Isolate by Grow at aerobic Condition, Morphology, Temperature growth at 15 °C, Temperature growth at 45 °C, Fermentation of
Glucose, Culture, Temperature of isolation, Gram Dye, Catalase test, Oxidase test

. Oxidase Catalase Gram Temperature of Fermentation Temperature Temperature Grow _at
Species . . Culture growth at 45 growth at 15 Morphology aerobic
Test test Dye isolation of Glucose o
°C °C Condition
Lactobacillus agilis - - + 37 M17 + - - Bacilii +
Lactobacillus plantarum - - + 37 MRS + - - Bacilii +
Lactobacillus paracasei - - + 37 MRS + - + Bacilii +
Lactobacillus salivarius - - + 37 MRS + - - Bacilii +
Streptococcus thermophilus - - + 37 M17 - + - Cocci +
Streptococcus oralis - - + 37 MRS - - - Cocci +
Lactococcus lactis - - + 37 MRS - - - Cocci +
Enterococcus faecalis - - + 45 M17 - + + Cocci +
Enterococcus faecium - - + 45 M17 - + + Cocci +
The table (1-2) Identification of dominant Bacteria in two cultures (MRS and Thermophilic starters such as Salivarius subsp, Lb. lactis, Lactobacillus
M17) helveticus, Lb. delbrueckii, Lb. casei, Strep, and Bulgaricus .Thermophilic is
Species M17+van M 17 MRS+van MRS Total used in the production of cheeses like Parmesan and Emmental where a higher
Enterococcus B " N 6 6 incubation temperature is employed. o o
L The effects of starter organisms in the cheese process are biotic and intricate. the
actococeus . ! - 2 3 main function is the fermentation of the sugar lactose to lactic acid. This and the
Lactobacillus - 3 - - 3 resulting decrease in pH contribute to the shelf-life and safety of the cheese and
Pediococcus - - - - - give a sharp, fresh flavor to the curd (Acharya et al., 2004).

The table (1-3), Identification of Enterococcus by five main tests

Bile_esc
. . . iy NACL
Species Gelatinase Citrate SIM ulin (6.5%)
(4%) ]
Enterococcus faecalis + + + + +
Enterococcus faecium + + + + +
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The table (1-4) Fermentation of 9 sugars to identification Species

Species Glucose Lactose ribose arabinose xylose sacarose galactose trehalose sorbitol
Lactobacillus agilis + + + - - + + + _
Lactobacillus plantarum + + + + + + + + +
Lactobacillus paracasei + + + - - + + + R
Lactobacillus salivarius + + + - - + + + -
Streptococcus thermophiles + + - * * * + + R
Streptococcus oralis + + + - - * + + R
Lactococcus lactis + + + * * * + * _
Enterococcus faecalis + + * - - + + * _
Enterococcus faecium + + * + - + + + R

1500bp
1000bp

500bp

250bp

Positive Negative Enterococci
Control  Control

The figure (1-2) the amplification of the 16s rRNA gene
PCR

The figure above (1-1) shows the amplification of the 16s rRNA gene, in a 1500
bp band, from isolated enterococci. The bands facing it in the next 4 columns are
related to the nucleotides of isolated Enterococci and the first column is related to
the negative control against which no band is formed. The DNA marker size is
1000 bp in the second row.

16S rRNA Gene Sequencing

B 20 ) ) 50

{ \
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The figure (1

After DNA extraction and PCR 16sr RNA according to Pitchers method by
follow, 27F (5-AGAGTTTGATCCTGG CTCAG-3) and 1492R (5-
GGTTACCTTGTTACGACTT-3)

The band was obtained at 1500 bp, then the gene product was sent to Macro Gene
in South Korea for sequencing, which was obtained as a graph above, and then

the primer was compared using primers available at the NCBI site. The result of
sequencing was Enterococcus faecium, the similarity was about 98%. This is in
line with the results of morphological, biochemical, and glucose fermentation
tests.

16S and 23S rRNA genes are really important for the identification and detection
of many spaces bacteria, but because of the high similarity between their rRNA
sequence as L. sakei and L. curvatus, 16S and 23S rRNA probes and primers
cannot use. Therefore we can use differences in length and sequence of the 16S-
23S rRNA intergenic spacer regions of the rRNA operon, which can be helpful
(Rosqvist et al., 2015).

PCR is a reasonable molecular method for the identification of bacteria without
the need for colony isolation. The sensitivity of PCR in foods can be decreased
because of some complexity of the food matrix and the presence of many PCR
inhibitors.

Fatty acid

The table (1-5) The FA composition of experimental cheese
FATTY ACID PROFILE (Fatty acid composition (g/100 g of total fatty acids)

Fatty Acid Result Reference Range
Butyric Acid (C 4:0) 1.3 14
Caproic Acid (C 6:0) 1.19 083
Caprylic Acid (C 8:0) 1.54 0517
Capric Acid (C 10:0) 3.30 1.7.39
Lauric Acid (C 12:0) 3.90 2345
Myristic Acid (C 14:0) 13.22 5.4_145
Myristoleic Acid (C 14:1) 1.7 0517
Palmitic Acid (C 16:0) 42.47 25_41
Palmitoleic Acid (C 16:1) 3.49 16
Stearic Acid (C 18:0) 4.75 6_15
Oleic Acid (C 18:1) 15.99 18_33.4
Oleic Acid (C 18:1) 2.85 1.06_3.48
Linolenic Acid (C 18:2) 2.39 0.9_3.7
Linolenic Acid (C 18:2) 0.29 0.32_1.15
Arachidonic Acid (C 20:0) 1.53 0.8_303

Considering the unsaturated FA of cheese, the concentrations of unsaturated fatty
acid were %76.95, and saturated fatty acid was %23.05.

The highest concentration of fatty acid was Palmitic Acid (%42.47), Myristic
Acid (%13.22), and Capric Acid (%3.30).

In particular, the level of Palmitic Acid (%42.47) was higher than the Reference
Range, which is reasonable because of season and kind of diet. Also, not only the
plant family but also the single plant species of the pasture can influence the FA
composition (Kliem et al., 2018).

Many studies have reported that, and C12:0, C14:0, and C16:0 in particular, have
hypercholesterolemic properties and favor the increase of blood low-density
lipoprotein. (Ohlsson et al., 2010). In the present trial, the %60 concentration of
FA is contained C12:0, C14:0, and C16:0.

Fatty acids will vary depending on the type of cheese. Differences in the types of
fatty acids in cheese due to the lipolysis process that cheese underwent during
ripening. According to this, one of the most important lipolytic factors is the
lipoprotein lipase (LPL) derived from the milk and which is inactivated after
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pasteurization. This enzyme preferentially acts towards short-chain fatty acids
(McSweeney et al., 2017). Coppa et al .observed that in cheeses ripened, the
effect of the cheese-making process had a very small effect on the FA profile.
(Coppa et al., 2011).

Considering the categories of FA, because of low level unsaturated fatty acid,
Local cheese from Isfahan has high humidity, high resistance toward oxidation.
Essential fatty acids of the n-3 and n-6 families are PUFA that are not
synthesized by the human organism and must be supplied in the diet. The fatty
acids essential for normal human development are linoleic C18:2, a-linolenic
C18:3 (n-3), eicosapentaenoic C20:5 (n-3; EPA), docosahexaenoic C22:6 (n-3;
DHA), y-linolenic C18:3 (n-6), and arachidonic C20:4 (n-6) acids (Bodkowski et
al., 2017) which, we could find one of them in Isfahan’s local cheese.

According to the table, Butyric Acid was the most amount of Reference Range;
in other hand it had an important role in flavor and taste of dairy products, which
it can be an advantage to our sample.

Chromatogram
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The figure (1-4) Gas Chromatography-Flame lonization Detector chromatogram
of fatty acids methyl esters of total fatty acids extracted from sample of cheese.

Based on the type of cow feed, it can be said that cows fed in pastures have richer
milk than cows fed alfalfa. Studies have demonstrated that fatty acids (FA) are
useful and effective in the human diet. On the other hands, polyunsaturated fatty
acids (PUFA) are able to decrease cardiovascular disease risk and, in animal
models, conjugated linoleic acids (CLA) have been shown to be involved in anti-
carcinogenic, immune-modulatory, and anti-diabetic activities (Sudrez-Vega et
al., 2019). Fatty acids are components of lipids and have a decisive influence on
the quality of dairy products. Fatty acids can exist as free forms and bound forms,
such as cholesterol and phospholipids. Fatty acids can be found in many
components, also they contain four groups such as saturated, monounsaturated
(MUFA), polyunsaturated (PUFA), and trans fats (TFA)( Tokatl: et al., 2019).
SFAs and TFAs (‘bad' FA) have a negative effect on coronary heart disease while
MUFAs and PUFAs have a positive role by reducing the risk of coronary heart
disease (CHD)( Ruiz-Niiiez et al., 2016). World Health Organization (WHO),
has introduced the “REPLACE” action package to provide a strategic approach to
eliminate industrially-produced TFA from the global food supply chain by 2023
globally, for the investigation purpose of fatty acid composition, GC-MS
analysis is used predominately compared to other techniques (LC-MS, GC-FID)
due to the advantages in efficiency, selectivity, and cost (Krone et al., 2010).
This method included three parts: extraction of the fatty acids from the sample
matrix, derivatization of the fatty acids, and GC-MS analysis.

CONCLUSION

In the present study, the collection samples prepared from local cheese of milk of
cows. With this, a total of 83 lactic acid bacteria belonging to the genus
Lactobacillus, Lactococcus, Leuconostoc, Streptococcus, Enterococcus, and
Pediococcus were identified from one cheese sample. The results obtained from
the present study demonstrated that there is a diversity of lactic acid bacteria in
local cheese. The presence of LAB in milk and milk products enhances the
bioavailability of nutrients and act as a preservative. From this study, we can
conclude that cheese is a rich source of LAB. In addition, it was proven that
cheese contained both homo-fermentative and hetero-fermentative lactic acid
bacteria. This local cheese could serve as a source for beneficial lactic acid
bacteria in future researches. Further studies will be done on the characterization,
identification of species level, and their probiotic potential. Isfahan local cheese
is a major source of dietary fatty acids. The study demonstrated that Isfahan local
cheese is a rich source of saturated fatty acids that has a detrimental effect on

health but it is also observed that it is also a major source of essential fatty acids
that have a beneficial impact on health. In any case, attempts to improve the
resolution of as many as possible FA in the GC analysis have been constant
during the last decades. in many studies, the analysis of milk fat means
identifying the Cis and Trans, due to the effects of isomers of c18:1 and CLA , on
human health. Based on results only t11-C18:1 is associated with human health.
(Valdivielso et al., 2017). Lavasani and Ehsani (2012) reported butyric acid as
one of the most important fatty acid in probiotic Lighvan cheese inoculated with
Bifid bacterium lactic. Microorganisms with lipolysis activity, such as
enterococci and yeasts identifying in local Lighvan cheese (Kafili et al., 2009),
and lipoprotein lipase played a key role in lipolysis. The results demonstrated,
cheese contains other fatty acids, e.g. conjugated linoleic acid and oleic acid,
which have the potential to improve long-term health, due to the Properties of
this acid including antioxidant, anti-cancer, anti-hypertensive, anti-cholesterol
and anti-diabetic, cardiovascular problems. As cheese fat is one of the most
complex natural fats, due to its FA composition, its accurate analysis is also one
of the most complex and challenging tasks for any food analyst. For decades, it
has been a field for constant advance and improvement. New chromatographic
arrangements in multiple dimensions, long GC capillary columns, TLC, SPE, and
HPLC methods for improved fractionations, mass spectrometers to identify minor
FA make it possible to detect and quantify the vast majority of the FA present in
milk. However, there is still scope either to refine existing methods or to improve
techniques that could accelerate and makes shorten the analysis. In any case, the
current options are numerous and varied and the analyst must choose an adequate
methodology according to the objectives pursued.

Traditional fermented dairy consumption dates back thousands of years around
the world. Over the years, a number of lactic acid bacteria were selected and
passed on to the next generation. in order to be beneficial LAB, there has been
increasing interest in the exploitation of LAB in traditional fermented dairy
products and biodiversity. By pure culture method and gene sequencing
technology, 9 LAB strains were isolated and identified.
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