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Hyperlipidemia or high cholesterol increases the risk of developing heart
disease, coronary artery disease and artherosclerosis, In addition to using drugs and
controlling food. Specific strains of probiotic lactic acid bacteria have been studied for
beneficial of heath. One of specific probiotic properties is able to reduce serum
cholesterol. Seventy-five strains of lactic acid bacteria were isolated from traditional
fermented Thai food products of Thailand are screened for bile salt hydrolase
activity.Two bacteria strains (F1-1 and F23-5) which exhibit higher bile salt hydrolase

activity were identified based on phenotypic and 16s rDNA gene sequence analysis.

The F1-1 strain was identified as Lactobacillus pentosus DSM 20314" and
F23-3 was Enterococcus faecium CGMCC 1.2136'. Characterization and identification
of acid and bile tolerance of selected strain had survived and viability at pH 3.0, pH 4.0,
bile acid concentration of 0.3%, 0.8%, and did not survive at pH 2.0. F1-1. F23-5
isolates were selected to determine their serum lipid profile in high-fat fed rat. The group
of rat fed high-fat with the F23-5 isolate group exhibited total cholesterol level 48.2
mg/d|, the significant lower total cholesterol level in blood sample compare with rat fed
high-fat group was 92 mg/dl . Intestinal microbiota analysis of exhibited that pre-
treatment and after-treatment were only minor changes of viable bacteria count but
similar bacterial type in the intestinal. F23-5 isolate was abile to decrease total
cholesterol level in rat fed high fat, therefor it was selected to use fermentation of milk

product. This fermentation milk product by F23-5 (enterococcus faecium ) were



investigated of their quality parameters, the result showed that they exhibited good

quality similar to commercial fermented milk product.
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CHAPTER |
INTRODUCTION

Probiotics are live microorganisms that provide health benefits to the host when
ingested in appropriate amounts.” The Food and Agricultural Organization and World
Health Organization's (FAO/WHQO) defined probiotic bacteria as "live micro-organisms
which, when administered in adequate amounts confer a health benefit on the host".”
Probiotics have multiple and diverse effects on the host, the benefits provided by
probiotics are strain-specific, therefore no such probiotic strain can have all proposed
benefits, not even strains of the same speoies.(s) Properties of probiotics include
improvement of gastrointestinal micro-flora, modulation of immune system, cancer
prevention, treatment of irritable bowel syndrome, alleviation of postmenopausal
disorders, antihypertensive effects and reduction of serum cholesterol.”’ One of the
most significant groups of probiotic organisms is the lactic acid bacteria (LAB),
commonly used in fermented dairy products. These bacteria have a long history of safe
use in foods.”

Lactic acid bacteria are widespread microorganisms which can be found in any
environments rich mainly in carbohydrates. They are the normal microbiota or micro-
flora of the gastrointestinal and genitourinary tracts of human and animal.* " LAB are
gram positive, rods or cocci, non-spore forming, acid tolerant, low GC containing,
anaerobic or micro-aerophilic bacteria and the modes of glucose fermentation are
homo-fermentative and hetero-fermentative.” LAB can be found in dairy products,
fermented meats, fermented vegetables, and beverages.(g) Many strains of LAB are
among important groups of microorganisms used in the foods and feed industries.
Some strains of LAB are known as probiotics that exhibit potential health and nutritional
benefits. Their ability is proven to be effective against diarrhoea, irritable bowel disorder
and allergies. Stimulation of immunity, reduction of lactose intolerance symptom and

. 10 Y .
reduction of cholesterol are also proven.( ' The most commonly used probiotics of lactic



acid bacteria are Lactobacillus, Bifidobacterium, Pediococcus, Lactococcus and
Streptococcus.m’ 2

Cholesterol in the human body that elevates levels of the blood cholesterol or
hypercholesterolemia may lead to atherosclerosis and pose a major risk of developed
cardiovascular diseases (CVDS).“S) World Health Organization's (WHO) reported that
cardiovascular diseases were responsible for 46% of deaths worldwide, accounting for
7.25 million deaths a year. By the year 2030, cardiovascular diseases will affect
approximately 23.3 million people around the world." Serum total cholesterol (TC)
levels are correlated with cardiovascular diseases risk factor over a broad range of
cholesterol values." Mechanisms for cholesterol reduction by probiotics have been
proposed; deconjugation of bile salt by bile salt hydrolase (BSH), assimilation of
cholesterol into bacteria cell membranes and production of short-chain fatty acids
(SCFAs) by the growth of probiotics.m

Bile salt is a yellow-green aqueous solution whose major constituents include
bile acids, cholesterol, phospholipids, and the pigment biliverdin."” Cholesterol, a
precursor of bile acids, is synthesized in hepatocytes of the liver, stored and
concentrated in the gallbladder, and released into the duodenum after food intake."
Bile salt is further metabolized by the liver via conjugation (N-acyl amidation) to glycine
or taurine. Bile functions as a biological surfactant that emulsifies and solubilizes lipids,
thereby playing an essential role in fat digestion.“g) Conjugated bile salt are absorbed
into the portal bloodstream and are taken up by hepatocytes, reconjugated, and
resecreted into bile. Conjugate bile salt is catalyzed by bile salt hydrolase from Gl
microbiota and probiotics.

Bile salt hydrolase activity is responsible for the deconjugation of bile salt by
hydrolysis of the amide bond of the conjugated bile salt, and liberation of the
glycine/taurine moiety from the steroid core. Deconjugated bile salts are less soluble
and less efficiently reabsorbed by the intestinal lumen than their conjugated
(20)

counterparts, thus it results in excretion of larger amounts of free bile acids in feces.

Therefore, the deconjugation of bile salt lead towards a reduction in serum cholesterol



either by increasing the demand of cholesterol for de novo synthesis of bile salt to
replace that lost in feces.”"

Some probiotic LAB are able to reduce serum cholesterol levels. This effect can
be ascribed to an enzymatic deconjugation of bile salt.”” Based on the enzymatic ability
of probiotics to deconjugate bile salt, many experiments have in vitro and in vivo to
investigate cholesterol lowering effect of lactic acid bacteria. Some strains of probiotic
LAB were able to deconjugation bile salt by bile salt hydrolase in vitro. Previous studies
showed that consumption of fermented milk products containing lactobacilli or
bifidobacteria has led to a decrease in the concentration of serum cholesterol in
humans.””

Several species of LAB are potential microorganisms and have been widely
applied in food fermentation worldwide. Fermentation is generally considered as a safe
and acceptable preservation technology of foods. Fermentation using LAB can be
categorized into two groups based on the raw materials used, non-dairy and dairy
fermentation. LAB have a role in milk fermentation to produce acid which is important as
preservative agents and generating flavor of the products. The main purpose of milk
fermentation using LAB is to prolong its shelf-life as well as to preserve the nutritious
component of milk.

Specific strains of probiotic lactic acid bacteria have been beneficial of heath
and Specific properties of probiotic lactic acid bacteria strains are able to reduce serum
cholesterol. In this study, LAB will be isolated from Thai fermented foods. The selected
isolates will be screened for potential LAB with bile salt hydrolase activity and then
assessed the effects of each strain on rats fed with high-cholesterol diet. The survival of
the strains after passage through rat intestines will be determined, and addition of lactic

acid bacteria strains in milk will be performed and the quality parameters of fermented

milk products will be studied.



Hypothesis
Specific strains of probiotic lactic acid bacteria are able to reduce cholesterol

and can be used in probiotic dairy products.

Objective
1. To isolate and select lactic acid bacteria obtained from Thai fermented food.
To screen lactic acid bacteria for bile salt hydrolase activity

To characterize and identify probiotic lactic acid bacteria strains

> W N

To study the effects of probiotic lactic acid bacteria strains on rats feeding
with high-cholesterol diet.
5. To study the addition of probiotic lactic acid bacteria strains in milk and the

quality parameters of probiotic lactic acid bacteria to fermented milk.



CHAPTER I
LITERATURE REVIEW

1. Definition of probiotics

Probiotics are live microorganisms that are good for health, especially digestive
system and support body’s ability to absorb nutrients and fight infection.”” The word
"orobiotic" is a derived of two Greek words: "pro," to signify promotion of and "biotic,"
which means life.”” According to the definition by the World Health Organization (WHO),
probiotics are “live microbial food supplements which, when administered in adequate
amounts confer a health benefit on the host” (FAO/WHO, 2001). One of the most
significant groups of probiotic organisms are the lactic acid bacteria (LAB), these
bacteria have a long history of safe use in foods.”” The viability and metabolic activity of
these microorganisms must be maintained during all the food processing stages, from
manufacture to ingestion, which also can survive in the gastrointestinal tract.””

1.1 General properties of probiotics

Probiotics must be safe for their intended use. The 2002 FAO/WHO
guidelines recommend that, though bacteria may be generally recognized as safe
(GRAS), the safety of the potential probiotic should be assessed by the minimum
required tests: e

Determination of antibiotic resistance patterns

Assessment of side effects during human studies

Epidemiological surveillance of adverse incidents in consumers (after
market)

If the strain under evaluation belongs to a species that is a known
mammalian toxin producer, it must be tested for toxin production. One possible scheme
for testing toxin production has been recommended by the EU Scientific Committee on
Animal Nutrition.””

If the strain under evaluation belongs to a species with known hemolytic

potential, determination of hemolytic activity is required



1.1.1 Resistance to hydrochloric acid, bile

Acid and Bile tolerance is one of the most crucial properties used to
select potentially probiotic bacteria strains. As it determines its ability to survive in the
small intestine and colonize the host, and consequently its capacity to play its functional

role as a probiotic.

1.1.2 Colonize of the gastrointestinal tract

Probiotic bacteria must exhibit a number of functional characteristics,
including the resistance to gastric acidity, bile tolerance and the ability to adhere to the
intestinal epithelium cell has been considered as one of the selection criteria for
probiotic strains. Some of the strains to adhere to Caco-2 cells, for example L.

acidophilus LA1, Lactobacillus GG and L. rhamnosus LC-705.

1.1.3 Modulation of normal-flora

Probiotics to successfully exert its benefit on the host’'s gut
microbiota it should be able to remain viable during storage and also be capable of
surviving, and potentially colonizing, the host’s intestinal environment. probiotics and
faecal microbiota transplantation, and modulating the intestinal community in a

beneficial way.

1.1.4 Anti-microbial

The antimicrobial or antagonistic activity of probiotics is an important
property that includes the production of antimicrobial compounds, competitive exclusion

of pathogens, enhancement of the intestinal barrier function.



2. Lactic acid bacteria

Lactic acid bacteria are widespread microorganisms which can be found in any
environment rich mainly in carbohydrates such as fermented foods, dairy products and
non-dairy products, yogurt, cheese, sauerkraut, sausage and other fermented foods.
These bacteria produce lactic acid as the major metabolic end product of carbohydrate
fermentation. In human and animal, lactic acid bacteria are symbiotic and are found in
the gut flora.™”

Lactic acid bacteria are gram-positive bacteria, non-spore, aero tolerance,
acid-tolerant with a DNA base composition of less than 53% G+C. Their morphology is
divided to rod and cocci shape. The mode of glucose fermentation is homo-fermentation
and hetero-fermentation. The homo-fermentative lactic acid bacteria convert
carbohydrate to lactic acid as the only or major end product. e

Lactic acid bacteria are amongst the most important groups of microorganisms
used in the food industry. Lactic acid bacteria have been used in food preservation and
modification of organoleptic characteristics of foods, such as flavors and texture, with
their generally recognized as safe (GRAS) status. Nowadays, lactic acid bacteria have
important role in the industry for the synthesis of pharmaceuticals, chemicals, or other
products.(?’z)

2.1 Classification of lactic acid bacteria

The general basis of classification of lactic acid bacteria is connected with
the work of Orla-Jensen. This classification system at the genus level first divides the
LAB, according to morphology (cocci or rods, tetrad formation), mode of glucose
fermentation (homo- or heterofermentation), growth at certain “cardinal” temperatures
(e.g., 10°C and 45°C), and form of lactic acid produced (D, L, or both).m) Nowadays, to
determine the sequence of long stretch of rRNA (~1500 bases of 16S rRNA) from
bacteria comparisons of these sequences are currently the most powerful and accurate
technique for determining phylogenetic relationships of microorganisms. In addition,
rRNA sequencing is becoming an important aid in the classification of lactic acid

bacteria, as exemplified by the descriptions of new genera.(34>



The characteristics of LAB are gram-positive, catalase Negative, anaerobic
or microaerophilic, acid-tolerant and non-sporulating rods and cocci. LAB were called
‘milk—souring organisms’, and often negatively associated with loss of food and feed due
to fermentation.”™ LAB are most widely studied and are exploited in numerous industrial
applications ranging from starter cultures in the dairy industry to probiotics in dietary
supplements and bio-conversion agents.

LAB belong to the order Lactobacillales and include genera: Aerococcus,
Alloiococcus, Carnobacterium, Enterococcus,Lactobacillus, Lactococcus, Leuconostoc,
Oenococcus, Pediococcus, Streptococcus, Symbiobacterium, Tetragenococcus,
Vagococcus and Weissella, which are alllow guanine-cytosine content organisms (31—
49 %).(36) LAB in Actinobacteria phylum only includes species of Bifidobacterium genus’
" Characteristics of LAB are summarized in Table 1.

2.2 Metabolism of Lactic Acid Bacteria

Lactic acid bacteria degrade different carbohydrates and related
compounds primarily to lactic acid coupled with energy (adenosine-tri-phosphate=ATP)
production pathway. Lactic acid bacteria utilize carbohydrates (e.g., glucose) to form

(38)
In

lactic acid by either the homo fermentative or hetero fermentative pathway.
addition to the main metabolic pathways of LAB connected with fermentation of
carbohydrates, lactic acid bacteria nitrogen metabolism is connected with hydrolysis
and synthesis of proteins.(sg) Lactic acid bacteria may also produce compounds with

antimicrobial activity, and flavor compounds in dairy products and baked goods.
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2.3 Application of Lactic acid bacteria

Lactic acid bacteria have an important role in the industry for the synthesis
of chemicals, pharmaceuticals, or other useful products. LAB have beneficial effects in
the food industry, the products of fermented foods are based on the use of starter
culture of lactic acid bacteria. They produce antimicrobial substance, sugar polymers,
sweeteners, aromatic compounds, vitamins, enzymes, and exhibit probiotic
properties.m) Use of LAB as functional ingredients in the industries is shown in Figure 1.

Today in the developed world, lactic acid bacteria are mainly associated with fermented

dairy products.

MEDICINE FOOD & FEED CHEMISTRY
NDUSTRIV
USES

LACTIC ACID BACTERIA

l

/ FUNCTIONAL INGREDIENTS ———— ENZYMES

PROBIOTICS \
/ \\\ VITAMINS

STARTER CULTURES

et T

DRIRY FOODS NON-DAIRY FOODS

EXOPOLYSACCHARIDES

LOW-CALORIE SWEETENERS

v

ANTIMICROBIAL AGENT

BIOPRESERVATIVES MEDICINES SECTION

Figure 1 Uses and Functional Ingredients of Lactic Acid Bacteria

Sauce: Florou-Paneri P, Christaki E, Bonos E. (2012). Lactic Acid Bacteria as

Source of Functional Ingredients. 589-614.
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2.4 Health benefit of Lactic Acid Bacteria
Lactic acid bacteria probiotic strains have the strongest human health

efficacy in the management of lactose intolerance, rotaviral diarrhea and antibiotic

(41)

associated diarrhea. LAB can stimulate the immune system, maintain healthy

)

intestinal microflora, inhibit some pathogen, reduce inﬂammation,(42 reduce blood

(43)

cholesterol leading to decreased blood pressure. Health benefits of probiotic LAB

are summarized in Table 2.

Table 2 Lactic acid bacteria derived probiotics and human health

Lactic Acid Bacteria Effects on human health

Lactobacillus acidophilus Secretes lactic acid which reduces the pH of
the gut and inhibits the development of

pathogens (Sa/monella spp, E.coli).

Lactobacillus johnsonii Effective in inhibition of H. pylori and against
inflammation
Lactobacillus plantarum Produces short-chain fatty acids that block the

generation of carcinogenic agents by
reducing enzyme activities
Lactobacillus fermentum Effective in restoration of a normal microflora.
Effective against bacterial vaginosis flora
Lactobacillus reuteri Reduces the duration of diarrhea
Enterococcus faecium Can reduce blood cholesterol leadingto

decreased blood pressure




12

2.5 Lactic Acid Bacteria in Dairy Industry

The group of lactic acid bacteria (LAB) occupies a central role in these
processes, and has a long and safe history of application and consumption in the
production of fermented foods and beverages.(44) In the new generation of fermented
foods, LAB with diverse physiological and metabolic traits are combined. Their
metabolic and technological properties are often different from those of traditional starter
cultures, thus appropriate production processes must be developed.w

In dairy industry, various industrial strains of LAB are used as starter
cultures. Starter cultures of LAB were obtained from a sequence activities and passed a
process of isolation, selection and confirmation. The most important properties of LAB
are their ability to acidify milk“® and to generate flavor and texture, by converting milk
protein due to their proteolytic activities.“” *” The mild acid taste and pleasant freshness,
are characteristics of fermented milk products such as yoghurt and cheese.

LAB have been used in the fermentation of dairy products, as a simple and
safe way of preserving such foods. The main species of LAB that can potentially be
used as probiotic cultures in dairy products belong to the Lactobacillus spp. (L.
acidophilus, L. lactis, L. casei, L. plantarum, L. rhamnosus, L. reuteri, L. delbrueckii
subsp. bulgaricus) or to the Enterococcus spp. “ A minimum viable LAB count of 10°

CFU/g in fermented dairy food is recommended for the claimed health benefits. LAB

strains used in different food products are shown in Table 3.



Table 3 Fermented foods and beverages and their associated lactic acid bacteria %0

)
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Type of fermented product

Lactic acid bacteria

Dairy products

-Hard cheeses without eyes

L. lactis subsp. lactis, L. lactis subsp.

cremoris

-Cheeses with small eyes

L. lactis subsp. lactis, L. lactis subsp. lactis
var. diacetylactis, L. lactis subsp. cremoris,

Leuc. mesenteroides subsp. cremoris

-Swiss- and ltalian-type cheeses

Lb. delbrueckii subsp. lactis, Lb. helveticus,
Lb. casei, Lb. delbrueckii subsp. bulgaricus,

S. thermophilus

-Butter and buttermilk

L. lactis subsp. lactis, L. lactis subsp. lactis
var. diacetylactis, L. lactis subsp. cremoris,

Leuc. mesenteroides subsp. cremoris

-Yoghurt

Lb. delbrueckii subsp. bulgaricus,
S. thermophilus

-Fermented, probiotic milk

Lb. casei, Lb. acidophilus, Lb. rhamnosus,

Lb. johnsonii, B. lactis, B. bifidum, B. breve

-Fermented sausage (Europe)

Lb. sakei, Lb. curvatus

-Fermented sausage (USA)

P. acidilactici, P. pentosaceus

Fermented fish products

Lb. alimentarius, C. piscicola

Fermented vegetables

-Sauerkraut Leuc. mesenteroides, Lb. plantarum, P.
acidilactici
-Pickles Leuc. mesenteroides, P. cerevisiae
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Table 3 (continued)

Type of fermented product Lactic acid bacteria

Fermented vegetables

-Fermented olives Leuc. mesenteroides, Lb. pentosus, Lb.
plantarum
-Fermented vegetables P. acidilactici, P. pentosaceus, Lb. plantarum,

Lb. fermentum

Soy sauce T. halophilus

Fermented cereals

-Sourdough Lb. sanfransiscensis, Lb. farciminis, Lb.
fermentum, Lb. brevis, Lb. plantarum, Lb.
amylovorus, Lb. reuteri, Lb. pontis, Lb. panis,

Lb. alimentarius, W. cibaria

Alcoholic beverages

-Wine (malolactic fermentation) O. oeni

-Rice wine Lb. sakei

B.=Bifidobacterium, C.=Carnobacterium, L.=Lactococcus, Lb.=Lactobacillus,
Leuc.=Leuconostoc,  O.=0enococcus, P.=Pediococcus, S.=Streptococcus,

T.=Tetragenococcus, W.=Weissella.

3. Lactic acid bacteria as probiotics

Microorganisms as commercial probiotics are mainly of lactic acid bacteria with
over one hundred species recognized, for example: L. acidophilus, L. rhamnosus,
L.reuteri, L. casel, L. plantarum, L. bulgaricus, L. delbrueckii, L. helveticus. %0
Probiotics are subject to regulations contained in the general food law, according to
which they should be safe for human and animal health.®” In the USA, microorganisms
used for consumption purposes should have the GRAS (Generally Regarded As Safe)
status, regulated by the FDA (Food and Drug Administration). In Europe, EFSA

introduced the term of QPS (Qualified Presumption of Safety).(Ez) Probiotics can colonize
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the gastrointestinal and exert their beneficial effect in the long term, i.e. probiotics can

be used to treat a variety of mucosal surface infections.

4. Properties of probiotics
Functional properties of probiotics have been demonstrated for various
therapeutic applications. Many clinical studies have proven the effectiveness of
probiotics for treatment of diseases such as obesity, insulin resistance syndrome, type 2
diabetes, and non-alcoholic fatty liver disease. Furthermore, the positive effects of
probiotics on human health have been demonstrated by increasing the body’s immunity
(immunomodulation). Probiotics for treatment of diseases are shown in Table 4. Probiotic
lactic acid bacteria derived probiotics have potential health benefits in the following:
1.Diarrheal diseases
A variety of probiotic bacteria, mainly lactobacilli have been used in the
treatment and prevention of antibiotic associated diarrhea. Probiotics prevent diarrhea
due to their, due to their direct or indirect interaction with the enterotoxins. ™
2.Inflammatory bowel disease
LAB may affect positively the intestinal mobility and relieve constipation,
possibly through a reduction of the intestinal pH, reduce the risk of pouchitis to
decrease mucosal inflammation. Among other typical treatments L. rhamnosus is used
aiming at decreasing the rate and the severity of disease after surgery.(54)
3 Irritable bowel syndrome
Irritable bowel syndrome is described as a heterogeneous group of
gastrointestinal symptoms. Probiotics such as L. plantarum strain 299V and E. faecium
PR88 could be used as an effective treatment against this syndrome such as L.
plantarum strain 299V and E. faecium PR88 could be effective treatments against this
syndrome.(%)
4 Prevention of colon cancer

Probiotics may be attributable to a combination of mechanisms like the

induction of pro- or anti-inflammatory and secretary responses that could inhibit
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carcinogenesis. Probiotics can protect against the development of colon cancer in
humans.® It is hypothesized that the strains tested may have anti-carcinogenic effects
by reducing the activity of the enzyme B—glucuronidase.(57>
5. Lactose intolerance
Lactose intolerance is most common disorder of the intestinal
carbohydrate digestion. Probiotics can improve the lactose digestion by reducing the
intolerance symptoms and slowing corocecal transit.*”
6. Blood cholesterol
Probiotic bacteria significantly reduce blood cholesterol and increase
resistance of low density lipoprotein oxidation, leading to decrease of blood pressure.
Strains such as L. acidophilus, L. plantarum and Enterococcus faecium reduced total-

. 59, 60
cholesterol and LDL-cholesterol in plasma.< )

Table 4 probiotics for treatment of diseases.

Subjects Microorganism Time of Main Outcome
administration

Obesity

50 obese L. salivarius Ls-33 | 12 weeks Increase in the ratios of

adolescents Bacteroides, Prevotellae
and Porphyromonas.

50 adolescents | L. salivarius Ls-33 | 12 weeks No effect.

with obesity

87subjects with | L.gasseri SBT2055 | 12 weeks Reduction in BMI, waist,

high BMI abdominal VFA, and hip
circumference

210 adults with | L.gasseri SBT2055 | 12 weeks Reduction in BMI and

large VFA arterial BP values




Table 4 (continued)
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Subjects

Microorganism

Time of

Administration

Main Outcome

75 subjects | L. acidophilus 8 weeks Changes in gene
with high BMI Lab, B. lactis expression in PBMCs as
Bb12, L. casei well as BMI, fat
DNOO1 percentage, and leptin

levels.

70overweight E. faeciumand 2, | 8 weeks Reduction in body

and obese | S. thermophilus weight, systolic BP, LDL-

subjects C.

Insulin resistance syndrome

28 patients with | L. casei Shirota 12 weeks No effect.

IRS

30 patients with | L. casei Shirota 12 weeks Significant reduction in the

IRS

24 PM women L. plantarum 12 weeks Glucose and

with IRS homocysteine levels were
significantly reduced

Type 2 diabetes

40 patients L. planatarum A7 8 weeks Decreased  methylation

with T2D process, SOD, and 8-
OHDG.

45 patients L. acidophilus La- | 6 weeks Significant difference

with T2D 5,B. animalis mean changes of HbA1c,

subsp. lactis BB-
12

TC, and LDL-C.
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Subjects Microorganism Time of Main Outcome
Administration
44 patients L. acidophilus La- | 8 weeks Increased HDL-C levels
with T2D 5, B. animalis and decreased
subsp. lactis BB- LDL-
12 C/HDL-C ratio.
64 patients L. acidophilus 6 weeks Reduced fasting blood
with T2D Lab,B. /actis Bb12 glucose and antioxidant
status.
60 patients L. acidophilus 6 weeks TC and LDL-C
with T2D Lab,B. lactis Bb12 Improvement.
45 males with | L. acidophilus 4 weeks No effect.
T2D NCFM
Non-alcoholic fatty liver disease
20obese L. rhamnosus GG | 8 weeks Decreased ALT and PG-
children PS Ig Ag antibodies
with NAFLD
28 adult L. bulgaris, 12 weeks Decreased ALT and Y-
individuals with | S.thermophilus GTP levels.
NAFLD
72 patients with | L.acidophilus La5, | 8 weeks Reduced serum levels of
NAFLD B. breve subsp. ALT, ASP, TC, and LDL-
Lactis Bb12 C.
440bese Bifidobacterium, 16 weeks Improved  fatty  liver
children Lactobacillus, S. severity, decreased BMI,
with NAFLD thermophiles and increased

GLP1/aGLP1.
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5. Cholesterol

Cholesterol is a waxy, fat-like substance that occurs naturally in all parts of the
body in the blood. Cholesterol is present in tissues and in plasma. The body uses
cholesterol to protect nerves, make cell tissues, and produce certain hormones.®"”
Cholesterol are synthesis of liver and the body also gets cholesterol directly from the
food such as eggs, meats, and dairy products. Lipoproteins carry cholesterol in the
blood. The two main types that carry cholesterol to and from cells are called low density
lipoproteins (LDL-C) and high density lipoproteins (HDL—C).(BZ) When there is too much
cholesterol in the blood, it builds up in the walls of the arteries (plaque). Plaques can
also split open, leading to formation of a blood clot that blocks the flow of blood. Over
time, it can increase a risk factor in the genesis of atherosclerosis of vital arteries,
coronary, and peripheral vascular disease.””

5.1 Cholesterol synthesis

Cholesterol like long-chain fatty acids, synthesis starts with acetyl-CoA in
the liver. The biosynthesis of cholesterol into five stages. The schematic diagram of
cholesterol biosynthesis is shown in figure 2

Stage 1 synthesis of mevalonate from acetyl-CoA : the three acetate units
condense to form a six-carbon intermediate, mevalonate.

Stage 2 formation of isoprenoid units from mevalonate by loss CO2. :
involves the conversion of mevalonate into activated isoprene units.

Stage 3 condensation of six isoprenoid units from squalene: the
polymerization of six 5-carbon isoprene units form the 30-carbon linear structure of
squalene.

Stage 4 cyclization of squalene give rise to the parent steroid, lenosteroid :
the cyclization of squalene forms the four rings of the steroid nucleus.

Stage 5 the formation of cholesterol: formation of cholesterol from lanosterol
takes place in the membranes of the endoplasmic reticulum and involves changes in the

steroid nucleus and side chain. Finally, the double bond of the side chain is reduce

. (64)
producing cholesterol.
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Figure 2 Cholesterol synthesis pathways

Sauce: https://courses.lumenlearning.com/suny-hccc-nutrition/chapter/6-35-

cholesterol-synthesis

5.2 Lipoproteins

Lipoproteins are particles that contain triacylglycerol, cholesterol,
phospholipids and amphipathic proteins. Lipoproteins can be differentiated on the basis
of their density, the degree of lipid in a lipoprotein affects its density—the lower the
density of a lipoprotein, the more lipid it contains relative to protein.<65' * Four major
types of lipoproteins are chylomicrons, very low density lipoprotein (VLDL), low-density
lipoprotein (LDL), and high-density lipoprotein (HDL). The fates of lipoproteins produced
by the liver is shown in Figure 3

Low-density lipoprotein (LDL)

The function of LDL is to deliver cholesterol to cells, where it is used

in membranes, or for the synthesis of steroid hormones. Cells take up cholesterol by

receptor-mediated endocytosis. LDL binds to a specific LDL receptor and is internalized


https://courses.lumenlearning.com/suny-hccc-nutrition/chapter/6-35-cholesterol-synthesis/
https://courses.lumenlearning.com/suny-hccc-nutrition/chapter/6-35-cholesterol-synthesis/
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in an endocytic vesicle. Receptors are recycled to the cell surface, while hydrolysis in an

. 67
endolysosome releases cholesterol for use in the cell. e

High-density lipoprotein (HDL).

HDL is involved in reverse cholesterol transport, excess cholesterol
is eliminated from the body via the liver by HDL in a process as reverse cholesterol
transport which secretes cholesterol in bile or converts it to bile salts. HDL (or really, the
HDL precursor) is synthesized and secreted by the liver and small intestine. It gathers
cholesterol to form mature HDL, which then returns the cholesterol to the liver via various

pathways.(es)

...........

excess cholestero

from cells

x y cholesterol
to cells

VLDL? > ‘D * uptake via receptor

mediated endocytosis

(lipoprotein lipase)
chylomicrons
TAG to cells

(from enterocytes)

Figure 3 The fates of lipoproteins produced by the liver

Sauce: https://courses.washington.edu/conj/bess/cholesterol/liver.html

5.3 Transport of cholesterol
Cholesterol is transported in the plasma in lipoprotein with the form of
cholesteryl esters. Dietary cholesterol is absorbed by the intestine together with dietary
unesterified cholesterol and other lipids. Among the cholesterol absorbed, 80-90% are

esterified (with long-chain fatty acid) in the intestine mucosa.®” Dietary cholesterol


https://courses.washington.edu/conj/bess/cholesterol/liver.html
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equilibrates with plasma cholesterol in day and with tissue in weeks. Cholesterol
synthesized and secreted by the liver in VLDLs and these are converted to LDLs

70, 71
( ) Cholesterol

through the action of endothelial cell associated lipoprotein lipase.
found in plasma membranes can be extracted by HDLs and esterified by the HDL-
associated enzyme lecithin-cholesterol acyl transferase, LCAT. The cholesterol acquired
from peripheral tissues by HDLs can then be transferred to VLDLs and LDLs via the
action of cholesteryl ester transfer protein (CETP) which is associated with HDLs."
5.4 High cholesterol

Cholesterol is an important basic block for body tissues, elevated blood
cholesterol is a well-known major hypercholesterolemia contributes to 45% of heart
attacks in Western Europe and 35% of heart attacks in Central and Eastern Europe.m
World Health Organization's (WHO) reported that cardiovascular diseases were
responsible for 46% of deaths worldwide, accounting for 7.25 million deaths a year. By
the year 2030, cardiovascular diseases will affect approximately 23.3 million people
around the world. Serum total cholesterol (TC) levels are correlated with cardiovascular

. . 74
diseases risk factor over a broad range of cholesterol values.””

6. Bile salt
Bile is a yellow-green aqueous solution whose major constituents include bile

acids, cholesterol, phospholipids, and the pigment biliverdin.””

Bile salt is synthesized
in the liver, stored and concentrated in the gallbladder interdigestively, and released
into the duodenum after food intake. Bile salt functions as a biological detergent that
emulsifies and solubilizes lipids, principally facilitating the intestine digestion and
absorption of dietary fats and fat soluble vitamins.”
6.1 Bile salt synthesis

Bile acids are derivatives of cholesterol synthesized in the hepatocyte.
Cholesterol, ingested as part of the diet or derived from hepatic synthesis is converted
into the bile acids cholic and chenodeoxycholic acids, which are then conjugated to an

amino acid (glycine or taurine) to yield the conjugated form that is actively secreted into

. . (77)
cannaliculi.
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The primary bile salt are synthesized from cholesterol in hepatocytes. The
two primary bile acids synthesized in the human liver are cholic acid (CA; 3a, 7a, 12a-
trinydroxy-5b-cholan-24-oic acid) and chenodeoxycholic acid (CDCA; 3a,7a-dihydroxy-
5b-cholan-24-oic acid). The pathway of bile acid biosynthesis divides early into one
subpathway leading to cholyl-CoA, characterized by an extra Q-OH group on position
12, and another pathway leading to chenodeoxycholyl-CoA. A second pathway in
mitochondria involving the 27-hydroxylation of cholesterol by sterol 27-hydroxylase as
the first step is responsible for a significant proportion of the primary bile acids
synthesized. The primary bile salt are further metabolized by the liver via conjugation (N-
acyl amidation) to glycine or taurine, a modification that decreases the pKa to
approximately 5. Thus, at physiological pH, conjugated bile acids are almost fully

ionized and may be termed bile salts. " Bile salt synthesis is shown in figure 4

Vitamin C
‘ﬁ NADPH +H® NADP"
HO “ 7a-Hydroxylase “OH

Cholesterol '/@/—/' 7a-Hydroxycholesterol
S
Bile 1 Zu;;gro»
acids
Vitamin C 0,
deficiency  \aopH + H*

2CoA—SH

Propionyl-CoA

OH

(Several NADPH I
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Figure 4 Bile salt synthesis

Sauce: E Merritt M, Donaldson J. (2009) Effect of bile salts on the DNA and

membrane integrity of enteric bacteria. 1533 - 41 p.
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6.2 Roles of Bile Acids in Fat Digestion and Absorption

Their amphipathic nature enables bile acids to carry out two important
functions:

Emulsification of lipid aggregates: Bile acids have detergent action on
particles of dietary fat which causes fat globules to break down or be emulsified into
minute, microscopic droplets. Emulsification is not digestion, but is of importance
because it greatly increases the surface area of fat, making it available for digestion by
lipases, which cannot access the inside of lipid droplets.

Solubilization and transport of lipids in an aqueous environment: Bile acids
are lipid carriers and are able to solubilize many lipids by forming micelles - aggregates
of lipids such as fatty acids, cholesterol and monoglycerides - that remain suspended in
water. Bile acids are also critical for transport and absorption of the fat-soluble

. . 78
wtamms.( )

7. Probiotic bacteria as cholesterol-lowering

Probiotics have been suggested to have cholesterol-lowering effects, especially
the strains of genera Lacfobacillus and Bifidobacterium.*” The mechanisms for
cholesterol removal by probiotics have been proposed, such as the cholesterol
assimilation into bacterial cell membranes, deconjugation of bile salts by bile salt
hydrolase (BSH) and production of short-chain fatty acids (SCFAs) during growth of
probiotics.

7.1 Cholesterol-lowering mechanisms of BSH activity

BSH-active probiotic bacteria may act in the intestine as well as in the liver

and other organs. BSH-active probiotics have been shown to increase intraluminal bile
acid deconjugation, resulting in increased levels of circulating deconjugated bile salts.
The increased deconjugation of bile salts decreases cholesterol absorption by

74
enterocytes.( )

BSH activity is responsible for the deconjugation of bile acids, by
hydrolysis of the amide bond of the conjugated bile acid, and liberation of the
glycine/taurine moiety from the steroid core. Deconjugated bile salts are less soluble

and less efficiently reabsorbed by the intestinal lumen than their conjugated
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counterparts, thus it results in excretion of larger amounts of free bile acids in feces.””
Therefore, the deconjugation of bile acids lead towards a reduction in serum cholesterol
either by increasing the demand of cholesterol for de novo synthesis of bile acids to
replace that lost in feces.”” BSH activity is specific to the microbiota and is not present
in eukaryotic cells, substantiating the importance of the gut microbiota in cholesterol
metabolism.

BSH activity can be detected in all lactobacilli and bifidobacteria strains.
BSH is deconjugation of bile acid, which makes the bile salt less soluble and be
excreted out as free bile acid via feaces. This will reduce the cholesterol in serum and
increase synthesis to replace the lost bile acid.”” Mechanisms of BSH activity are

shown in figure 5, Table 5 summarizes findings for cholesterol lowering effects of

probiotics.
Taurine
Bile salt hyrolase (BSH)
OH 9 OH
NH—R o NH:/\XO
° + WO Hydrolysis ° * ORO
RDCA
OH” NH’\/L
B o T OH
Glycine

Figure 5 Mechanisms of BSH activity

Sauce: Bhange P, Sridevi N, Bhange DS, Prabhune A, Ramaswamy V. (2014)
Immobilization of bile salt hydrolase enzyme on mesoporous SBA-15 for co-precipitation

of cholesterol. International Journal of Biological Macromolecules. 63:218-24.
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)

Probiotic organism Experimental Major findings
system
Yogurt (unknown) Human Reduced total cholesterol and
n vivo LDL

Fortified buffalo milk-  Rat Reduced total cholesterol,

yogurts with B. LDL-cholesterol, and triglyceride

longum

L. plantarum Mice Reduced blood cholesterol
Decreased triglycerides

L. plantarum Rat Decreased total cholesterol

L. plantarum Rat Decreased LDL, VLDL, and
increased HDL with decrease in
deposition of cholesterol and
triglyceride in liver and aorta

In vitro L. fermentum Culture media  BSH activity

L. plantarum Culture media  Cholesterol assimilation

L. acidophilus Culture media  Assimilation of cholesterol

L. bulgaricus Attachment of cholesterol onto
cell surface

L. casei Disrupt the formation of
cholesterol micelle Deconjugation
of bile salt Exhibited bile salt
hydrolase activity

L. reuteri Culture media  Cholesterol assimilation

L. fermentum
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MATERIALS AND METHOD

Materials
1. De Man Rogosa Shape (MRS) media (Oxoid, Basingstoke, Hampshire, UK)
Calcium carbonate (CaCo3)
Glycerine (Sigma, USA)
Skim milk (Difco, USA)
Anaerobic gas package (MGC, japan)
Anaerobic jar (Mitsubishi, Japan)
Light microscope (Nikon, Japan)

pH meter (Thermo Scientific, USA)

© © N o o A~ w0 BN

Incubator (Selecta, Spain)

—
o

. Autoclave (Selecta, Spain)

—_
—_

. Larminar flow hood (Nuaire, USA)

N
N

. Centrifuge (Sartorius Stedim, Germany)

N
w

. Spectrophotometer UV (Shimadzu, Japan)

—_
~

. Sodium salt of taurodeoxycholic acid (TDCA) (Sigma, USA)

—
(€}

. Cacium chloride (CaCl,) (Merck, Germany)

—
(@]

. Carbohydrates (Merck, Germany)

17. L- arabinose, cellobiose, D-galactose, gluconate, melibiose, O-methy-D-
glucoside, Rhamnose,salicin, trehalose, sucose, ribosemaltose

18. Yeast extract (Difco, USA)

19. Peptone (Difco, USA)

20. Beef extract (Difco, USA)

21. Tween 80 (Difco, USA)

22. Agar (Difco, USA)

23. Nitrate (Sigma, USA)

24. L(+) arginine HCI (Sigma, USA)
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26.
27.
28.
29.

30.
31.
32.

28

Hydrochloric acid (HCL) (Merck, Germany)

Potassium phosphate dibasic (K,HPO,) (Merck, Germany)

PCR Authorized thermal Cycler ( Eppendrof, Germany)

PCR DNA fragment extraction kit ( Geneaid Biotech, Taiwan)

Gel electrophoresis chamber MiniRun GE-100 (HandzhouBioer technology,
China)

Ox gall (sigma, USA)

Eosin methylene blue (EMB) (Difco, USA)

Selective Media for Bifidobacteria (BSM) (Difco, USA)
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Method

1. Isolation and selection of lactic acid bacteria

Thirty traditional fermented food samples were collected from Bangkok,
Thailand. One g of fresh samples were activated and cultivated in 10 ml DeMan
Rogosa Shape (MRS) broth and incubated at 37°C for 48 h under anaerobic condition
using anaerobic jar. One loop full of broth culture were transferred and streaked on MRS
agar plate containing 0.3% calcium carbonate (CaCO,). Single pure colony of lactic
acid bacteria were selected by the presence of clear zone around the colony and were
be picked up for purification based on different colony morphology. The isolates were
firstly screened for catalase activity and Gram staining, and only those that are catalase-
negative and Gram-positive were selected. Pure culture were selected and maintained
in MRS broth containing 20% glycerol for storage at -80°C and were lyophilized for

further studies. *®!

2. Screening of lactic acid bacteria for bile salt hydrolase activity

The lactic acid bacteria were screened for bile salt hydrolase (BSH) activity by
direct plate assay. Ten pl (109 CFU/mI) of a culture grown in MRS broth were spotted
onto MRS agar plates supplemented with 0.5% sodium salt of taurodeoxycholic acid
(TDCA, Sigma, USA) and 0.37 g/l of calcium chloride (CaCl,)and incubated at 37°C for
48 h under anaerobic condition using anaerobic jar. MRS agar plate without
supplementation of TDCA and CaCl2 were used as control. The BSH activity were
determined by the diameter of the precipitation zones. The assay were performed in
duplicate. (84-80)
3. Characterization and identification of probiotics lactic acid bacteria

3.1 Acid and bile tolerance test

3.1.1 Acid tolerance

Selected lactic acid bacteria isolates were cultivated into MRS broth
at 37°C for 48 h under anaerobic condition. Each strain of 10° CFU/ml were inoculated

into MRS broth at various pH values 2.0, 3.0 and 4.0 adjusting with hydrochloric acid
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(1IN HCL). The cultures were incubated at 37°c for 3 h under anaerobic condition using
anaerobic jar. After incubation, 10-fold serial dilution were performed with addition of
phosphate buffer (pH 7.2). One hundred pl of each serial dilution (107-10°) were
transferred onto MRS agar plate. Spread plate technique were used and incubated at
37°C for 48 h under anaerobic condition using anaerobic jar. Total viable counts were
determined after 3 h incubation and displayed by the log 10 of colonies grown on MRS
agar. Unadjusted pH MRS broth (pH 6.5) were used as control. All experiments were

. . E 87
done in duplicate and two expenments.( )

3.1.2 Bile tolerance

Selected lactic acid bacteria isolates were cultivated into MRS broth
at 37°C for 48 h under anaerobic condition. Each strain containing 10° CFU/ml were
inoculated into MRS broth at various concentrations of bile salt (0.3 and 0.8%) using
Oxgall. The cultures were incubated at 37°C for 3 h under anaerobic condition using
anaerobic jar. After incubation, 10-fold serial dilution were performed with addition of
phosphate buffer (pH 7.2). One hundred pl of each serial dilution (10_4—10'6) were
transferred onto MRS agar plate. Spread plate technique were used and incubated at
37°C for 48 h under anaerobic condition using anaerobic jar. Total viable counts were
determined after 3 h incubation and displayed by the log 10 of colonies grown on MRS
agar. Unadjusted pH MRS broth (pH 6.5) were used as control. All experiments were

. . . 87
done in duplicate and two expenments.( )
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3.2 Phenotypic characteristics ®)

3.2.1 Acid production (sugar utilization)

Lactic acid bacteria isolates were tested for acid production ability
from different carbohydrate sources (L- arabinose, cellobiose, D-galactose, gluconate,
melibiose, O-methy-D-glucoside, rhamnose, salicin, trehalose, sucose, ribose, maltose).
The basal media containing 0.5% carbohydrates, 0.5% yeast extract, 0.5% peptone,
0.5% beef extract, 0.025% tween 80, 0.5% salt solution and bromocresol purple as an
indicator were used. The pH level was adjusted to 6.8. Isolates were cultivated into MRS
broth at 37°C for 48 h under anaerobic condition. Each strain of 10° cells/ml were
inoculated into medium. The culture was incubated at 37°C for 24-48 h under anaerobic

condition using anaerobic jar. The basal medium was used as control.

3.2.2 Nitrate reduction

Each strain of selected lactic acid bacteria (109 CFU/ml) were
inoculated into nitrate medium containing 0.1% KNO,, 0.3% yeast extract, 0.5%
peptone, 0.5% NaCl, 0.01% tween 80 and 0.1% agar. The culture was incubated at
37°C for 24-48h under anaerobic condition using anaerobic jar. The nitrate mediums

were used as control.

3.2.3 Arginine hydrolysis

Each strain of selected lactic acid bacteria at the concentration of
10”cells/ml were inoculated into arginine agar containing 0.1% peptone, 0.3% yeast
extract, 0.5% NaCl, 0.03% K,HPO,, 1.0% L(+) arginine HCI, 0.001% phenol red, 0.01%
tween 80 and 0.1% agar at pH 7.2. The culture was incubated at 37°C for 24-48 h
under anaerobic condition using anaerobic jar. The arginine medium was used as

control.
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3.2.4 Growth at different temperatures

Each strain of selected lactic acid bacteria at the concentration of
10° CFU/ml were inoculated into MRS broth, and incubated at 20, 30, 37, 40, 43 and
65°C for 24-48 h under anaerobic condition using anaerobic jar. The MRS broth was

used as control.

3.2.5 Growth at pH 2.0, 3.0, 3.5, 4.0, 4.5

Each strain of selected lactic acid bacteria at the concentration of
10° cells/ml were inoculated into MRS broth at various pH levels (2.0, 3.0, 3.5, 4.0, 4.5)
adjusted with hydrochloric acid. The culture were incubated at 37°C for 24-48 h under

anaerobic condition using anaerobic jar.

3.2.6 Growth at salt

Each strain of selected lactic acid bacteria at the concentration of
10° CFU/ml were inoculated into MRS broth at various NaCl concentrations, 3.0 and
6.5%. The culture was incubated at 37°C for 24-48 h under anaerobic condition using

anaerobic jar.

3.2.7 Gas production

Each strain of selected lactic acid bacteria at the concentration of
10° CFU/ml were inoculated into MRS broth with Durham tubes. The culture was
incubated at 37°C for 48 h under anaerobic condition by using anaerobic jar. The MRS

broth was used as control.

3.2.8 Slime production

Each strain of selected lactic acid bacteria at the concentration of
10” CFU/ml were streaked onto slime production medium containing 2% sucrose, 0.5%

yeast extract, 0.5% peptone, 2% agar with pH adjusted to 6.8-7.0. The culture was
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incubated at 37°C for 24-48 h under anaerobic condition by using anaerobic jar. The

slime production medium was used as control.

3.2.9 Starch hydrolysis

Each strain of selected lactic acid bacteria at the concentration of
10° CFU/mI were streaked on starch agar containing 2% starch, 0.5% yeast extract,
0.5% peptone, 2% agar and adjust to pH 6.8-7.0. The culture was incubated at 37°C for
24-48 h under anaerobic condition using anaerobic jar. The starch medium was used as

control.

3.2.10 Growth rate
Lactic acid bacteria isolates were cultivated onto MRS agar at 37°C
for 24 h under anaerobic condition. One loop full of cultured were inoculated into MRS
broth (25 ml) and incubated at 37°C for 24 h under anaerobic condition. After that, the
inoculum were transferred into 25 ml production media (MRS broth) with a concentration
of OD600 = 0.2. The production media was incubated at 37°C for 36 h under anaerobic
condition using anaerobic jar. Measurement at OD600 was done every 3 h. All

experiment was done in triplicates.

3.3 Genotypic characteristics by 16S rDNA sequencing
Lactic acid bacteria grown at 37°C for 24 h on MRS agar were used for 16S

rDNA gene sequences. The 16S rDNA sequences coding region were amplified by PCR
in a PCR thermal cycler. The sequences of the PCR products using the prokaryotic 16S
ribosomal DNA universal primers 27F(5 * AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5'-GGTTACCTTGTTACGACTT-3") were purified using a Geneaid Gel/PCR DNA
fragment Extract Kit ( Geneaid Biotech, Bade City, Taiwan). The sequenced analysis of
PCR products by Macrogen, Korea were done using universal primers. The similarity of

16S rDNA gene sequences were determined using BLAST software compared to
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EzTaxon-e database. Multiple alignments of sequence were performed by CLUSTAL X
in BioEdit Sequence Alignment Editor Software. The phylogenetic tree were constructed

with neighbor-joining in the MEGA 6 software.

4. Animal study

Thirty male Sprague-Dawley rats aged 6 weeks and weighed 214 - 230 g were
used in this experiment. The rats were housed individually in a metal cage under a
controlled environment with 23+2°C temperature, 55+5% humidity and maintained on a
12 h light-dark cycle. The rats were fed a commercial diet (082G) containing 27.2%
protein, 6.49% fat, 2.17% fiber, 6.63% Ash, 0.479% NaCl, 1.31% Ca and 0.836% P for 1
week. After adaptation period, the rats were randomly selected and assigned to one
control group and five experimental groups with five rats each.® %%

(1) Normal group: the rats were fed commercial diet and normal saline.

(2) High-fat diet group: the rats were fed high-fat diet containing 1 ml of lard
with egg yolk.

(3) High-fat diet group + probiotic LAB stain F1-1: the rats were fed high-
cholesterol diet and 1 ml (109 CFU/ml) of probiotic LAB F1-1

(4) High-fat diet group + probiotic LAB stain F23-5: the rats were fed high-
cholesterol diet and 1 ml (109 CFU/ml) of probiotic LAB F23-5.

(5) Probiotic LAB stain F1-1: the rats were fed commercial diet and 1 ml (10°
CFU/ml) of probiotic LAB F1-1

(6) Probiotic LAB stain F23-5: the rats were fed commercial diet and 1 ml (10°

CFU/ml) of probiotic LAB F23-5
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The rats were having free access to water and their group specific diet. Body

weights were recorded weekly and food intake were recorded daily.

Treat time
T T e e e e e ———— 1
I :
oo (O)—(1)—()—)—CH—@
1 I 1
i Iy ! |
I Al e e e ———————————— [
1 1 |
1 week 1 1 1
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Blood sample Blood sample :
Fecal sample Fecal sample :
1
|

¥

Blood sample
Fecal sample
4.1 Assay for serum lipid profile
For analysis of blood lipids, blood samples were collected on days 28, 1
milliliters of each blood sample collected from the heart were transferred to
nonheparinized tubes. After storage at 0°C for 30 min, sample tubes were centrifuged
(3,000xg) at 4°C for 1 min. The serum were examined the concentrations of serum total
cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C) by Professional laboratory,Thailand
(PROLAB,).
4.2 Intestinal microbiota analysis

Fecal sample were collected on days 0, 28. One gram of each sample will
be homogenized with 9 ml of PBS (pH 7.2) by vortexing for 10 min, and 10-fold serial
dilutions were performed with PBS. Each serial dilution (0.1 of 107, 107, 10°) were
transferred to the Eosin methylene blue (EMB), De Man Rogosa Shape (MRS) and
Bifidobacterium Selective Media (BSM) for separation of Escherichia coli, Lactobacillus

and Bifidobacterium, respectively. Spread plate technique were used and incubated at



36

37°C for 48 h under anaerobic condition using anaerobic jar. The numbers of colonies

. iy (91, 92)
were recorded after anaerobic condition.

5. The quality parameters of probiotic lactic acid bacteria in fermented milk
5.1 Fermented milk products using probiotics
Each strain of selected probiotic lactic acid bacteria at the concentration of
10° CFU/mI were used for inoculation. The milk supplemented with 10% milk powder
and 1% sugar were heated at 85°C for 30 min and allowed to cool to 37°C. The selected
strain was added to milk and incubated at 37°C until pH of milk reaches 4.6. Changes of
pH during fermentation were measured every 5 min using a digital pH-meter. Quality
parameters of fermented milk during storage at 4 + 1°C were evaluated every 7 days for
28 days. The parameters include the viability, pH, viscosity, texture, syneresis,
rheological properties and microstructure.
5.2 Measurement of viability
After incubation, 10-fold serial dilutions were performed with addition of
phosphate buffer (pH 7.2). 100 pl of each serial dilution (107-10™") were transferred onto
MRS agar plate. Spread plate technique were used and incubated at 37°C for 48 h
under anaerobic condition using anaerobic jar. Total viability were counted and
displayed as cell numbers by the log 10 of colonies grown on MRS agar.
5.3 Measurement of pH
The pH values of the fermented milk products were determined using a pH
meter after calibration with fresh pH 4.0, 7.0 and 10.0 standard buffers.
5.4 Apparent viscosity
Viscosity of fermented milk products were carried out under room
temperature (22 + 2°C) using a Brookfield Viscometer with adjusted rotational speed of
0.5 rpm. The viscosity were read at the 15th second during the measurement.””
5.5 Measurement of texture
After inoculation, the samples of fermented milk products were poured into
plastic containers of 52 mm in diameter until a height of 50 mm were reached. Texture of

fermented milk was determined using a compression test carried out with a TA.XTplus
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Texture Analyser (Stable Micro Systems, Surrey, UK). A 20 mm acrylic cylinder probe
was used. The test speed is fixed at 1 mm/s and the penetration depth is 10 mm.
Firmness were expressed as gram (g), which is a peak force of compression. The
texture analysis experiments were repeated three times on different dates’ ©4
5.6 Measurement of syneresis
Fermented milk (about 30 g) prepared in centrifuge tubes were centrifuged
at 680 x g for 10 min at 4°C. Percent (%) syneresis is calculated as shown in equation.(%)
% Syneresis = Weight of whey (g)/total weight of milk (g) x100
5.7 Measurement of rheological properties
Dynamic oscillatory measurements were performed with a HAAKE
RheoStress1Rheometer (Thermo Sciencetific, Waltham, MA, USA) using a plate and
cone geometry with 1 mm gap at 4°C. Amplitude sweeps were carried out with strain

ranging from 0.05 to 100% and frequency of 1 Hz. Storage modulus (G’) and tan delta

(tan5) were obtained.*”

6. Statistical analysis

The statistical significance or differences were evaluated by Graph Pad
Prism version 8.00 Student’s t-test with one-tailed distribution. A p-value £ 0.05 was
considered statistically significantly. For animal study was used one way ANOVA with

comparing each group with control group expressed as meanz SD.
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CHAPTER IV
RESULTS

4.1 Isolation and selection of lactic acid bacteria

Twenty four of traditional fermented food samples included Sour meat, Sour
pork, Rice fermented, Pickle wild spider flower, Pickle garlic chives, Pickle scallion,
Pickle lettuce, kimci, pickled garlic, sliced preserved bamboo shoot, pickled chinese
mustard, fermented fish, Pickled ginger, pickled Jujube, Pickled tamarind and Isaan
sausage were collected from Bangkok , Roi Et and Chiang Mai Thailand. A total 75
lactic acid bacteria were isolated from traditional fermented Thai foods. These lactic
acid bacteria isolates were identified by lactic acid production, gram positive and
catalase test. Which all isolate exhibit gram-positive, produce lactic acid and catalase-

negative show as on Table 6.

Table 6 Isolation of lactic acid bacteria

Sample Locations Isolate Acid production  Gram reaction Catalase test
F1-1 + Ve+ -
Sour meat F1-2 + Ve+ -
Bangkok
(Nham nae) F1-3 s Ve+ -
F1-4 + Ve+ -
F2-1 I Ve+ -
Sour pork
Bangkok F2-2 + Ve+ -
(Nham moo)
F2-3 + Ve+ -
Rice F3-1 + Ve+ -
fermented Bangkok
F3-2 + Ve+ -
(Kaomark)
F4-1 + Ve+ -
Picklewild F4-2 * Vet }
Bangkok
spider flower F4-3 * Vet )
F4-4 + Ve+ -




Table 6 (continued)
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Sample Locations Isolate Acid production  Gram reaction Catalase test
F5-1 + Ve+ -
Pickle garlic Bangkok F5-2 + Ve+ -
chives F5-3 + Ve+ -
Sour pork Roi Et, F6-2 + Ve+ -
(Nham moo)
F7-1 + Ve+ -
Roi Et,
Sour meat F7-2 + Ve+ -
(Nham nae) F7-3 + Ve+ -
Pickle wild Roi Et, F8-1 s Ve+ -
spider flower
F9-1 =k Ve+ -
Roi Et,
F9-2 = Ve+ -
Pickle scallion
F9-3 + Ve+ -
Roi Et, F10-1 + Ve+ -
Pickle lettuce F10-2 - Ve+ -
Sour meat Roi Et, F11-2 + Ve+ -
(Nham nae)
F12-2 + Ve+ -
Roi Et,
Sour meat -
F12-3 + Ve+

(Nham nae)
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Sample Locations Isolate Acid production  Gram reaction Catalase test
Pickle garlic
Roi Et, F13-1 + Ve+ -
chives
Kimci Bangkok F14-1 + Ve+ -
F20-1 + e+ -
F20-2 + Ve+ -
Pickled garlic Bangkok
F20-4 + Ve+ -
F20-5 + Ve+ -
F20-11 + Ve+ -
F20-13 + Ve+ -
Pickled garlic Bangkok
F20-15 + Ve+ -
F20-18 e Ve+ -
F21-1 + Ve+ -
Sliced F21-3 == Ve+ -
preserved Bangkok F21-5 + Ve+ -
bamboo shoot F21-6 + Ve+ -
F21-15 + Ve+ -
Pickled F22-1 + Ve+ -
chinese Bangkok F22-2 + Ve+ -
mustard F22-3 + Ve+ -
F23-1 + Ve+ -
F23-2 + Ve+ -
F23-3 + Ve+ -
Sour pork Bangkok F23-4 + Ve+ -
F23-5 + Ve+ -
F23-6 + Ve+ -
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Sample Locations Isolate Acid production  Gram reaction Catalase test
F24-1 + Ve+ -
Pickled fish Bangkok F24-2 + Ve+ -
F24-3 + Ve+ -
F25-1 + Ve+ -
Pickled ginger | Bangkok F25-2 + Ve+ -
F25-3 + Ve+ -
F26-1 F Ve+ -
F26-2 £a Ve+ -
Sour pork Chiang Mai F26-3 + Ve+ -
F26-4 o Ve+ -
F26-5 + Ve+ -
F27-1 i Ve+ -
Pickled Jujube
Bangkok F27-2 g Ve+ -
F28-1 + Ve+ -
F28-2 + Ve+ -
Pickled F28-4 + Ve+ -
tamarind Chiang Mai | F28-5 + Ve+ -
F28-7 + Ve+ -
F28-10 + Ve+ -
F29-1 + Ve+ -
Isaan sausage | Bangkok F29-2 + Ve+ -
F29-3 + Ve+ -




4.2 Screening of lactic acid bacteria for bile salt hydrolase activity
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Out of 75 lactic acid bacterial isolates, were screened for bile salt hydrolase

(BSH) activity by direct plate assay. Only 2 isolate of F1-1 and F23-5 were exhibited bile

salt hydrolase activity (Table 7). These isolate exhibited high bile salt hydrolase activity

by provide precipitation around colony on plate. The presence of bile salt hydrolase

(BSH) in probiotics, which also helps to reduce the blood cholesterol level of the host.

The result below showed precipitation around colony which diffused into medium plate

(Figure 6-7)

Table 7 Lactic acid bacterial strains for bile salt hydrolase activity

No Sample Isolate BSH
1 Sour meat F1 F1-1, F1-2, F1-3, F1-4 F1-1
2 Sour pork F2 F2-1, F2-2,F2-3

3 Rice fermented F3 F3-1, F3-2

4 Pickle wild spider flower F4 F4-1, F4-2, F4-3, F4-4

5 Pickle garlic chives F5 F5-1, F5-2, F5-3

6 Sour pork F6 F6-2

7 Sour meat Fr Fr-1, Fr-2, F7-3

8 Pickle wild spider flower F8 F8-1

9 Pickle scallion F9 F9-1, F9-2, F9-3

10 | Pickle lettuce F10 F10-1, F10-2

11 Sour meat F11 F11-2

12 | Sour meat F12 F12-2, F12-3

13 | Pickle garlic chives F13 F13-1

14 | kimci F14 F14-1

15 | pickled garlic F20 F20-1, F20-2, F20-4, F20-5, F20-

11, F20-13, F20-15, F20-18
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NO Sample Isolate BSH
16 | sliced preserved bamboo | F21 F21-1, F21-3, F21-5, F21-6, F21-
shoot 15
17 | pickled chinese mustard F22 F22-1, F22-2, F22-3,
18 | sour pork F23 F23-1, F23-2, F23-3, F23-4, F23- | F23-
5, F23-6 5
19 pickled fish F24 F24-1, F24-2, F24-3
20 | Pickled ginger F25 F25-1, F25-2, F25-3
21 sour pork F26 F26-1, F26-2, F26-3, F26-4, F26-
5
22 pickled Jujube F27 F27-1, F27-2
23 | Pickled tamarind F28 F28-1, F28-2, F28-4, F28-5, F28-
7, F28-10
24 Isaan sausage F29 F29-1, F29-2, F29-3
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Figure 6 Bile salt hydrolase activity of F1-1 isolate

Precipitation zone around colony on MRS agar plates supplemented with 0.5%
sodium salt of taurodeoxycholic acid.
A: bile salt hydrolase activity of lactic acid bacteria
25-2: 25-2 isolate of positive control (Lactobacillus sp.)

F1-1: F1-1isolate

3-1: 3-1 isolate of negative control (Lactobacillus sp.)
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Figure 7 Bile salt hydrolase activity of F23-5 isolate

Precipitation zone around colony on MRS agar plates supplemented with 0.5%
sodium salt of taurodeoxycholic acid.
B: bile salt hydrolase activity of lactic acid bacteria
25-2: 25-2 isolate of positive control ( Lactobacillus sp.)
F23-5: F23-5isolate

3-1: 3-1 isolate of negative control(Lactobacillus sp.)
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4.3 Characterization and identification of probiotic lactic acid bacteria
4.3.1 Acid and bile tolerance test
Acid and bile tolerance is one of the most crucial properties used to select
potentially probiotic bacterial strains. As it determines its ability to survive in the small
intestine and colonize the host, and consequently its capacity to play its functional role
as a probiotics. Isolation of F1-1 and F23-5 showed the highest bile salt hydrolase
activity were selected foe determination of acid and bile tolerance test.
Acid tolerance
As tolerance to acid condition in the stomach affected of potentiality survival
probiotic lactic acid bacteria were determined. Lactic acid bacterial isolate which
exhibited strongest bile salt hydrolase activity; isolate of F1-1 and F23-5 of lactic acid
bacteria were inoculated into MRS broth at various pH values 2.0, 3.0 and 4.0 at 37°C
for 3h. After incubated at 37°C for 3 h., all isolates did not survive at pH 2.0 as
compared to MRS control at pH 6.5. F1-1 isolate exhibited ability survives at pH 3.0 and
pH 4.0 of 4.15x10° CFU/mI and 7.67x10° CFU/mlI respectively. F23-5 isolate exhibited
ability to survive at pH 3.0 and pH 4.0 were 4.15x10" and 7.67x10" CFU/m respectively.
Bile tolerance
Probiotic bacteria must exhibit a number of functional characteristics,
including the resistance to gastric acidity, bile tolerance and the ability to adhere to the
intestinal epithelium cell has been considered as one of the selection criteria for
probiotic strains. Lactic acid bacterial isolates which exhibited strongest bile salt
hydrolase activity, isolate of F1-1 and F23-5 of lactic acid bacteria were inoculated into
MRS broth at various concentrations of bile salt 0.3% and 0.8% using Oxgall incubated
at 37°C for 3h. After incubated, the survival of F1-1 %bile at 0.3 % bile and 0.8 % bile
were 5.46x10" CFU/ml and 4.45x10" CFU/ml respectively. F23-5 in percentage of %bile
at 0.3 % bile and 0.8 % bile were 6.5x10'CFU/ml and 5.36x10’CFU/m respectively.



Table 8 The survival of F1-1 isolate in different in pH values at 37°C for 3 h.

pH value CFU/ml SD
MRS o h. 3.05x10° 1.20x10°
MRS 3 h. (control) pH 6.5 5.90x10° 4.24x10°
pH 2.0 0 0
pH 3.0 4.15x10’ 5.70x10’
pH 4.0 7.67x10" 1.51x10
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The survival of F1-1 isolate in different in pH values

Figure 8 The survival of F1-1 isolate in different in pH values at 37°C for 3 h.

Statistical analysis used one-way ANOVA
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Table 9 The survival of F23-5 isolate in different in pH values at 37°C for 3 h.

pH value CFU/mI SD
MRS o h. 6.7x10° 9.90x10’
MRS 3 h. (control) pH 6.5 7.65x10° 1.06x10°
pH 2.0 0 0
pH 3.0 4.08x10’ 1.18x10’
pH 4.0 8.20x10" 2.83x10’
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The survival of isolate F23-5 in different in pH values

Figure 9 The survival of F23-5 isolate in different in pH values at 37°C for 3 h.

Statistical analysis used one-way ANOVA (***p<0.001)
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Table 10 The survival of F1-1 isolate in different concentration of bile at 37°C for 3 h.

% Bile CFU/mI SD
MRS o h. 3.05x10 1.20x10’
MRS 3 h. (control) pH 6.5 5.90x10’ 4.24x10°
0.3 % bile 5.46x10" 2.82x10°
0.8 % bile 4.45x10" 1.25x10"
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The survival of F1-1 isolate in different concentration of bile

Figure 10 The survival of F1-1 isolate in different concentration of bile at 37°C for 3 h.

Statistical analysis used one-way ANOVA
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Table 11 The survival of F23-5 isolate in different concentration of bile at 37°C for 3 h.

% Bile CFU/ml sD
MRS o h. 6.65x10° 7.20x10°
MRS 3 h. (control) pH 6.5 9.90x10’ 2.32x10’
0.3 % bile 6.58x10" 2.94x10
0.8 % bile 5.36x10 4.35x10"
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Figure 11 The survival of F23-5 isolate in different concentration of bile at 37°C for 3 h.

Statistical analysis used one-way ANOVA
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4.3.2 Phenotypic characteristics

Two isolate of F1-1 and F23-5 were identified on the basis of physiological
and biochemical characteristics. Isolate F1-1 was rod-shaped, negative catalase test
and gram-positive. This strain growth in 3% NaCl, 6.5% NaCl and at pH3, 4, 8, 9, 9.6
and growth at 20°C, 30°C and 37°C. Slime activity, gas production, nitrate reduction,
amylase activity, arginine activity were exhibit negative.

F23-5 isolate was cocci-shaped, negative catalase test and gram-positive.
This strain growth in 3% NaCl, 6.5% NaCl, and at pH3, 4, 8, 9, 9.6 and growth at 20°c,
30°, 37°c and 45°c. Arginine activity were exhibit positive and catalase test, Slime
activity, Gas production, Nitrate reduction, Amylase activity were exhibited negative.
(Table12.)

Carbohydrate fermentation test was used for classified of bacteria to
fermented a specific carbohydrate. F1-1 isolate was exhibit produce acid from of 15
carbohydrate included arabinose, cellobiose, fructose, galactose, glucose, lactose,
maltose, mannitol, mannose, raffinose, ribose,s, Sucrose, trehalose and xylose.

F23-5 isolate was exhibit produce acid from of 13 carbohydrate include
arabinose, cellobiose, fructose, galactose, glucose, lactose, maltose, mannitol,
mannose, ribose, salicin, sucrose and trehalose but did not produce acid from raffinose

and xylose. (Table 13)

Table 12 Phenotypic characteristic of selected lactic acid bacteria
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+ growth of bacteria, - not growth

Table 13 Acid production from carbohydate lactic acid bacterial strain

Carbohydrate fermentation
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4.3.3 Growth rate

The production media were incubated at 37°C for 36 h. under anaerobic
condition using anaerobic jar. Measurements at OD600 was done every 3 h. Growth
rate activity of 2 isolate of lactic acid bacteria were exhibit specific of growth rate. F1-1
isolate exhibit growth rate to lag phase at 0 to 2 h., log phase at 3 to 9 h. and stationary
phase at 12 h.(Figure 12). F23-5 isolate exhibited growth rate to lag phase at 0 to 5 h.,

log phase at 6 to 9 h. and stationary phase at 15 h. (Figure 13).



Table 14 The OD growth rate of selected lactic acid bacteria

F1-1 F23-5
Time (h.) 0OD6e00 pH 0OD600 pH
0 0.20 6.35 0.2 6.34
3 0.456 5.150 0.203 5.6
6 0.831 4.870 0.29 5.44
9 1.737 4.630 0.402 5.28
12 1.903 4.400 0.532 5.09
15 2.143 4.340 0.578 4.97
18 2170 4.200 0.616 4.96
21 2.307 4.200 0.666 4.85
24 2.390 4.200 0.657 4.76
27 2.510 4170 0.655 4.71
30 2.487 4.180 0.651 4.62
33 2.690 4.200 0.63 4.43
36 2.700 4.160 0.622 4.38

53



3.00

2.50

g
o
o

1.50

absorbance at 600nm

1.00

0.50

0.00

OD growth curve of F1-1 isolate

54

3 6 9 12 15 18 21 24

Time( h)

Figure 12 The OD growth curve of F1-1 isolate
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This isolate exhibited growth rate at lag phase, log phase and stationary phase.

Measurement at OD600 was every 3 h.
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OD growth curve of F23-5 isolate
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Figure 13 The OD growth curve of 23-5 isolate
This isolate exhibit growth rate at lag phase, log phase and stationary phase.

Measurements at OD600 was every 3 h.

4.3.4 16S rDNA sequences
Screening of bile salt hydrolase activity and phenotypic, exhibit isolate of
F1-1 and F23-5 were show strong bile salt hydrolase activity. To exactly confirm the
identity of these isolates at species level, the 16S rDNA sequences was determined
using BLAST software compared to EzTexon-e database. Phylogenetic tree analysis
was performed to reveal the relationship between the representative isolates and the
known reference strains. Based on the 16S DNA sequences, a representative F1-1

isolate was identified as Lactobacillus pentosus from 99.88% similarity of gene
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sequence to Lactobacillus pentosus DSM 20314" and 1360 bp (Table 15). This strin
was detected in Sour meat (Nham nae).

F23-5 isolate was identified as Enterococcus faecium from 99.93% similarity
of gene sequence to Enterococcus faecium CGMCC 1.2136" and 1361 bp (Table 15).
This strin was detected in Sour pork (Nham moo). The phylogenetic analysis was
constructed with neighbor-joining as inferred by the neighbor-joining method. Bootstrap
values (expressed as percentages of 1,000 replications) exhibit two cluster including

Lactobacillus and Enterococcus (Figure 14)

Table 15 Species of lactic acid bacterial isolates

Isolate no. Length (bp)

Closest species Similarity %

F1-1 Lactobacillus pentosus DSM 20314 99.88 1360

F23-5 Enterococcus faecium CGMCC 1.2136 99.93 1361
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Figure 14 Phylogenetic tree based on 16S rDNA sequence

showing the relative position of Lactobacillus sp. and Enterococcus sp.
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4.4 Animal study
4.4.1 Serum lipid profile

The mechanisms for cholesterol removal by probiotics have been proposed,
such as the cholesterol assimilation into bacterial cell membranes, deconjugation of bile
salts by bile salt hydrolase (BSH) and production of short-chain fatty acids (SCFAs)
during growth of probiotics. Reducing cholesterol by probiotic lactic acid bacteria can
be hypothesized by the fact that intake of Probiotic lactic acid bacteria increased the
HDL-C concentration or/and resulted in lowering of the LDL-C level in the serum. The
serum were examined the concentrations of Total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C). Low-density lipoprotein cholesterol (LDL-C), and
Triglycerides (TG).

Rats fed with the High-Fat diet group exhibit higher total cholesterol levels
compared with the normal group, while the groups that received probiotic lactic acid
bacteria F23-5 isolate solution (1 ml) exhibited total cholesterol level 48.2 mg/dl had
significantly lower (P < 0.001) total cholesterol levels compare with rat fed high-fat group
was 92 mg/dl as shown in Figure 15.

F23-5 isolate show that higher High-density lipoprotein cholesterol compare
with control group. The High-Fat diet +probiotic LAB F1-1, probiotic LAB F1-1 and
probiotic LAB 23-5 group were not significant. As exhibited in Figure 16, The High-Fat
diet +probiotic LAB F23-5 group had high high-density lipoprotein cholesterol compare
with High-Fat diet group but not significantly. As exhibited in Figure 17, show no
difference of low-density lipoprotein cholesterol. As exhibited in Figure 18, all group

show high level of triglycerides (mg/dl) in rats.



Table 16 Serum cholesterol levels of rats in different diet-fed groups.

Group Total cholesterol (mg/dl) SD
Normal group 69.2 12.62
High-Fat diet group 92 4.062
High-Fat diet +probiotic LAB F1-1 75.4 10.92
High-Fat diet +probiotic LAB F23-5 482 6.94
Probiotic LAB F1-1 73.8 9.26
Probiotic LAB 23-5 69.4 8.93
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Figure 15 Total cholesterol (mg/dl) in animal group

Control group, high-fat diet , high-fat diet with Probiotic F1-1 and F23-5 and

Probiotic LAB. Statistical analysis used one-way ANOVA (**p<0.001)

59



60

Table 17 Serum cholesterol levels of rats in different diet-fed groups.

high-density lipoprotein

Group SD
cholesterol (mg/dl)
Normal group 49 9.54
High-Fat diet group 46.2 8.87
High-Fat diet +probiotic LAB F1-1 46,6 4.83
High-Fat diet +probiotic LAB F23-5 oy 12.76
Probiotic LAB F1-1 47 13.41
Probiotic LAB 23-5 476 6.99
80+
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High Density Lipoprotein
Figure 16 High-density lipoprotein cholesterol (mg/dl) in animal group
Control group, high-fat diet , high-fat diet with Probiotic F1-1 and F23-5 and

Probiotic LAB. Statistical analysis used one-way ANOVA
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Table 18 Serum cholesterol levels of rats in different diet-fed groups.

Low-density lipoprotein

Group SD
cholesterol (mg/dl)

Normal group 4.8 0.84
High-Fat diet group 5 0.71
High-Fat diet +probiotic LAB F1-1 4 0
High-Fat diet +probiotic LAB F23-5 5.2 1.10
Probiotic LAB F1-1 46 0.55
Probiotic LAB 23-5 44 0.5
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Figure 17 High-density lipoprotein cholesterol (mg/dl) in animal group

Control group, high-fat diet , high-fat diet with Probiotic F1-1 and F23-5 and

Probiotic LAB. Statistical analysis used one-way ANOVA
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Table 19 Serum cholesterol levels of rats of different diet-fed groups.

Group Triglycerides (mg/dl) SD
Normal group 207.6 46.75
High-Fat diet group 252 81.0
High-Fat diet +probiotic LAB F1-1 4382 147.96
High-Fat diet +probiotic LAB F23-5 300 86.25
Probiotic LAB F1-1 258.2 138.19
Probiotic LAB 23-5 269 140.62
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Figure 18 Triglycerides (mg/dl) in animal group

o-

Control group, high-fat diet , high-fat diet with Probiotic F1-1 and F23-5 and

Probiotic LAB. Statistical analysis used one-way ANOVA
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4.4.2 Intestinal microbiota analysis

Fecal samples were collected on days 0 (pre-treatment) and 28 (after-
treatment). Each serial dilution was transferred to the Eosin methylene blue (EMB), De
Man Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM) by spread plate
technique and incubated at 37°C for 48 hr under anaerobic condition.

The EMB selective media were showed 4 colonies on media plate included
black, punctiform, pink, circular, pink, punctiform and purple,circular. MRS were showed
4 shaped colonies on media plate white, circular, white, circular, raised, white, circular
and white, undulate. BSM were 2 colony shape on media plate included white, circular
and white, punctiform.

Normal group were exhibit bacterial colony count on EMB plate not much
difference between pre-treatment and after- treatment. Bacterial colony count on MRS
and BSM (Table19) were not difference in colony count between pre-treatment and
after-treatment.

High-fat diet group were exhibited colony count on EMB media pre-
treatment (not fed high fat) fond 4 shape of colony and after-treatment (after fed high fat)
had significant decrease 3 shape of colony on EMB media (Table 19). Colony count on
MRS was not difference between pre-treatment and after- treatment, colony count BSM
media exhibited after-treatment were high of colony count compare pre-treatment.

High-fat diet +probiotic LAB F1-1 group were exhibited bacterial colony
count on EMB media were not different between per-treatment and after-treatment,
colony count on MRS media have decrease 2 shape of colony form 4 shape colony.
BSM media exhibited after-treat were significant induce colony count on media.

High-fat diet +probiotic LAB F23-5 groups,after-treatment reduced colony
count on EMB and MRS media compare to per-treatment. BSM media exhibit not
different between per-treatment and after-treatment.

Probiotic LAB F1-1 group after-treat exhibited decreased colony count on
EMB and MRS media compare to pre-treatment, BSM media exhibit after-treatment were

significant induce colony count on media.



Probiotic LAB 23-5 group was indicated that after-treatment decreased
bacterial colony count on EMB and BSM media compare to pre-treatment and MRS

media exhibited not difference bacterial colony count between pre-treatment and after-

treatment.

Table 20 Viable cell count (CFU/mI) on selective media
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S o o N1 0
2 S 85 8t - &
Selective Colony % kot ° < a S 2 o 2 o 2 4
= s S 5 8 £ 2 3 - 3 - 3
media characteristics £ T < =2 5 £ 2 5 2 o g 5
5 o o 2 5 8 S kS
z 5 . T 5 g S
FIT’ & o a a
EMB Black, punctiform 9.4x10° 4.7x10° 0 7.8x10° 1.14x10' 5.6x10"
Pink, circular 4.0x10° 4.6x10° 4.3x10° 2.8x10° 8.0x10° 1.37x10°
Pink, punctiform 4.1x10° 6.5x10° 3.5x10° 1.33x10" 3.9x10° 2.3x10
Purple, circular 2.2x10° 3.5x10° 1.7x10° 0 0 0
c
g MRS White, circular+a 5.1x10° 5.2x10 2.5x10° 1.10x10° 6.9x10' 1.48x10°
© White, \ ’ ) ; .
o 1.06x10 4.1x10 2.2x10 5.4x10 1.9x10 0
E circular,raised
o White, circular 4.9x10 4.1x10 2.4x10° 1.64x10" 1.21x10° 5.1x10’
White, undulate 1.02x10° 6.7x10" 1.23x10 7.9x10° 7.9x10 5.5x10
BSM White, circular 1.27x10° 5.5x10° 6.6x10° 4.4x10° 9.5x10° 1.45x10°
White, punctiform 7.6x10° 4.3x10° 1.8x10° 2.1x10° 4.7x10° 1.8x10
EMB Black, punctiform 3.0x10’ 7.0x10° 8.2x10° 1.45x10° 3.8x10° 7.1x10°
Pink, circular 3.4x10° 0 3.0x10° 0 0 2.5x10°
Pink, punctiform 2.7x10 0 4.4x10° 1.33x10° 2.5x10° 1.5x10°
- Purple, circular 9.0x10° 0 3.3x10° 0 0 0
C
2 MRS White, circular+a 6.1x10° 0 5.0x10° 5.1x10° 6.9x10 3.7x10’
g White, 6 7 6 6 7
7 5.1x10 1.97x10 5.7x10 3.0x10 6.8x10 0
0] circular,raised
Z . . 7 7 6 7
White, circular 1.33x10 1.87x10 0 9.2x10 0 4.7x10
White, undulate 5.4x10° 2.09x10 0 0 0 1.59x10°
BSM White, circular 3.8x10 1.92x10 1.33x10" 3.5x10 1.03x10°  4.51x107
White, punctiform 1.04x10° 2.2x10 1.57x10 7.3x10 7.9x10° 4.18x10’
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Figure 19 Intestinal microbiota analysis in normal group collected
on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB), De Man
Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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Figure 20 Intestinal microbiota analysis in high-fat group collected

on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB), De Man

Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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High-Fat diet + probiotic LAB F1-1
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Figure 21 Intestinal microbiota analysis in high-fat diet + probiotic LAB F1-1 group
collected on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB),
De Man Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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High-fat diet + probiotic LAB F23-5
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Figure 22 Intestinal microbiota analysis in high-fat+ F23-5 group
collected on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB), De

Man Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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probiotic LAB F1-1
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Figure 23 Intestinal microbiota analysis in F1-1 LAB group
collected on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB),
De Man Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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probiotic LAB F23-5
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Figure 24 Intestinal microbiota analysis in F23-5 LAB group
collected on day 0 (pre-treat) and 28 (after-treat) by Eosin methylene blue (EMB),
De Man Rogosa Shape (MRS) and Bifidobacterium Selective Media (BSM)
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4.5 The quality parameters of probiotic lactic acid bacteria in fermented milk

F23-5 isolate was reduced total cholesterol level in rat fed high-fat diet., this
strain was selected to study the fermentation in milk product. Duration of milk
fermentation by probiotic was 18 h. for pH value 4.61. After fermentation, the fermented

milk was storage at 4°C for 28 days.

4.5.1 Viability of probiotics in fermented milk product
Viable counts of F23-5 isolate was counted and displayed as cell numbers
by log10 of colonies grown on MRS agar. Fermented milk sample decreased with
storage time (28 days) from 6.53x10'* CFU/mL to 1.55x10° CFU/m. Viable counts were
higher than 10° CFU/mL until the 28th day of storage (Table 21). For exerting potential

benefits to the consumer required by Food and Drug Administration, Thailand.

Table 21 Viability of probiotics in milk product using starter probiotic cultures

Storage period (day) CFU/ml SD
1 6.53x10"° 2.31x10"
7 1.82x10" 1.06 x10'?
14 6.26 x10° 512 x10°
21 5.58 x10° 1.39 x10°
28 1.55x10° 1.30 x10°
4.5.2 pH value

The pH values of the fermented milk products were determined using a pH
meter. The pH value in fermented milk sample exhibit pH value between 4.61 to 4.93
and the pH value decreased 4.61 at 1 day, 4.49 at 7 day, In contrast, the pH value
increase to 5.35 at 14 day, 5.16 day, and 4.93 at 28 day as show as Table 22. The pH
drop within the 7 day of storage, as the bacterial produced higher amount of lactic acid

through lactose hydrolysis was especially fast during the initial period.
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Table 22 pH value in milk product using starter probiotic cultures using starter probiotic

cultures during storage at 4°C for 28 days

Storage period (day) pH SD
1 4.61 0.006
7 4.49 0.060
14 5.35 0.03
21 5.16 0.06
28 4.93 0.09

4.5.3 Apparent viscosity
Viscosity of fermented milk products were using a Brookfield Viscometer
with adjusted rotational speed of 0.5 rpm. The viscosity were read at the 15th second
during the measurement. The apparent viscosity of milk product sample with F23-5
isolate as the storage period having higher apparent viscosity. Apparent viscosity were
1.23 Pa.s at 1day, 1.32 Pa.s at 7 day, 1.35 Pa.s at 14day, 1.32 Pa.s at 21 day and 1.27
Pa.s at 28 day respectively.

Table 23 Viscosity characteristics at shear rate = 22 s” of milk product using starter

probiotic culture during storage at 4°C for 28 days

Storage period (day) Apparent viscosity (Pa.s)
1 1.23
7 1.32
14 1.35
21 1.32

28 1.27
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viscosity of milk product
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Figure 25 Viscosity characteristics of milk product fermented

by probiotic lactic acid bacteria F23-5 during storage at 4°C for 28 days

4.5.4 Rheological
The rheological of fermented milk products were using Dynamic oscillatory
measurements were performed with a HAAKE RheoStress1Rheometer (Thermo
Sciencetific, Waltham, MA, USA). Rheological of fermented milk product sample with
F23-5 isolate as the storage period having higher G’(Pa). G’ were 137.42 Pa at 1 day,
152.08 Pa at 7 day, 172.22 Pa at 14 day, 179.66 Pa at 12 day and 169.23 Pa at 28 day

respectively.
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Table 24 Rheological characteristics in milk product using starter probiotic cultures

storage modulus and loss tangent at frequency of

days.

1 Hz. during storage at 4°C for 28

Storage period (day) G’ (Pa) Loss tangent
1 137.42 0.27
7 152.08 0.41
14 172.22 0.46
21 179.66 0.2
28 169.23 0.42
Rheological of milk product
X & §
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Figure 26 Rheological characteristics of milk product fermented

by probiotic lactic acid bacteria F23-5 during storage at 4°C for 28 days
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4.5.5 Texture characteristics

Texture of fermented milk was determined using a compression test carried
out with a TA XTplus Texture Analyser (Stable Micro Systems, Surrey, UK). The textures
properties of the fermented milk sample exhibit to the highest firmness 51.15 g to
69.55g. Firmness of fermented milk sample perennially increase to storage period were
51.150g at 1 day , 56.7g at 7day, 59.433g at 14day, 68.183g at 21 day and 69.55g at
28 day respectively. The fermented milk by F23-5 isolate had the highest content of 10%

milk powder cause increase highest firmness and the best texture.

Table 25 Texture characteristics in milk product using starter probiotic cultures

during storage at 4°C for 28 days

Storage period (day) Firmness(g) SD
1 51.15 4.56
7 56.70 4.96
14 59.433 5.21
21 68.183 5.67
28 69.55 7.45

4.5.6 Syneresis
Syneresis of fermented milk product was indicated in percentage (%) of
syneresis which calculated by equation (% Syneresis = Weight of whey (g)/total weight
of milk (g) x100). Syneresis regression equation of fermented milk product sample with
strain F23-5 as exhibit Percent (%) syneresis was lower of all storage time period at 1 to
21 day were 0.00 % seneresis and after 14 days were a little increase (%) syneresis in

fermented milk sample.



Table 26 Syneresis characteristics in milk product using starter probiotic cultures

during storage at 4°C for 28 days

Storage period (day) Synersis (%) SD
1 0.00 0.00
7 0.00 0.00
14 0.65 0.00
21 0.85 0.19

28 1.09 0.17
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CHAPTER V
DISCUSSION

In this study, preliminary isolation of lactic acid bacteria including lactic acid
production, cell morphology features, catalase test and Gram-staining were performed.
Seventy five lactic acid bacteria were isolated from traditional fermented Thai foods. All
isolates were lactic acid production, Gram-positive, catalase-negative, and rod- or
cocci-shaped bacteria (Table 6). The traditional fermented Thai food samples for
isolation have a generally high lactic acid bacteria count which are the good isolation
sources of lactic acid bacteria.

Hypercholesterolemia is a main risk factor for the progress of coronary heart
disease. Thus, reducing the cholesterol level of serum is essential to prevent the disease
199 Probiotics have been attributed to some mechanisms, such as the interpolation of
cholesterol into the cell membrane, cholesterol assimilation, and adhesion of cholesterol

101
on the cell surface( )

As a result, new bile acids from the cholesterol begin to
synthesize. Therefore, the total concentration of cholesterol reduces in the body. L.
plantarum DP4, DP3, DP14, L. casei DP29, L. brevis DP41 and DP44 exhibited
hypocholesteromic  effect and could possibly be applied to prevent
hypercholesterolemia(m). Cholesterol-lowering ability and BSH activity in vitro were
critical parameters for screening probiotics possessing potential activity (Tsai et al.,
2014 and Song et al., 2015). All seventy five lactic acid bacteria were screened for bile
salt hydrolase (BSH) activity by direct plate assay. The results were showed in table 7,
two isolates of F1-1and F23-5 have the highest bile salt hydrolase activity. The presence
of bile salt hydrolase (BSH) in probiotics, which also helps to reduce the blood
cholesterol level of the host *®. BSH activity can be detected in all some species such
as lactobacilli and bifidobacteria strains . BSH is deconjugation of bile acid, which
makes the bile salt less soluble and be excreted out as free bile acid via faces. This will
reduce the cholesterol in serum and increase synthesis to replace the lost bile acid.

The important properties of probiotic bacteria are the ability to survive in the

acidic and bile tolerance in the gastrointestinal tract. Acid and bile tolerance is one of
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(103)

the most crucial properties used to select potentially probiotic bacteria strains . The
pH values of 2.0, 3.0 and 4.0 and bile salt concentration at 0.3% and 0.8% compared to
MRS media control ( pH 6.5 ). F1-1 isolate was tolerated and able to survives at pH 3.0
and pH 4.0 with the number 4.153x10° CFU/ml and 7.675x10° CFU/ml respectively. F23-
5 isolate exhibited ability to survives at pH 3.0 and pH 4.0 with the number 4.153x10’
and 7.675x10" CFU/m respectively. F1-1 and F23-5 isolates did not survive at pH 2.0 as
compared to MRS control at pH 6.5, pH 2 is a strong acidic may affect to cell membran
of bacteria were not abiliyt to survive. All isolate were tolerance in pH values of 3.0 and
4.0 and bile salt concentration at 0.3% and 0.8%, Evidence indicates that ability to
adhere to the intestinal epithelium cell have been considered as one of the selection
criteria for probiotic strains. Probiotic must survive under severe condition in the
stomach with low pH and resist bile salt to adhere to the intestinal.

Two isolate of F1-1 and F23-5 were the highest bile salt hydrolase activity was
isolated from traditional fermented Thai food of Bangkok Thailand. These isolates were
identified on the basis of physiological and biochemical characteristics presented in
Tables 12 and 13. The result of phenotype (biochemical test and carbohydrate test)
show that conformable lactic acid bacteria in general characteristics "% Growth rate of
cell bacteria show as different at time to growth cell bacteria. The result show that two
isolate of lactic acid bacteria to growth rate activity exhibit specific of time rate to growth
cell bacteria such as lag phase, log phase and stationary phase (figure 11-figure 12).
Bacterial growth rates during the phase of exponential growth, under standard
nutritional conditions included culture medium, temperature, pH and etc."”

These strain were further identified on the basis of 16S rDNA sequencing as F1-
1 isolate showed 99.88% similarity to Lactobacillus pentosus DSM 20314' and 1360 bp
(Table 15), this strain was detected in sour meat (Nham nae) collected bangkok
Thailand. Montet et al.(2014) report that Lactobacillus pentosus was the predomaint
laactic acid bacteria associated with fermented vegetables and fermented meat.

F23-3 isolate clearly showed 99.93% similarity to Enterococcus faecium

CGMCC 1.2136' and 1361 bp (Table 15), this strain was detected in sour pork (Nham
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moo) collected bangkok Thailand. Maki (2014) report that Enterococcus faecium
isolated from Khanom-jeen product agnd could be found in many meat fermented.
Phylogenetic relationship between lactic acid bacteria were constructed based on the
16S rDNA sequences from evolutionary distances by the neighbor-joining method, The
phylogenetic analysis was constructed with neighbor-joining exhibit two cluster
including lactobacillus and Enterococcus. (Figure 13).

Hypercholesterolemia is considered a major risk factor for the development of
coronary heart disease, and although pharmacologic agents are available to treat this

" 106
Condmon.( )

These cholesterol-lowering effects mechanisms include BSH activity,
assimilation of cholesterol by the bacteria, binding of cholesterol to the bacterial cell
walls, or physiological actions of the end products of short-chain fatty acid
fermentation.”®” In this study we select 2 isolate of F1-1 and F23-5 which were show
higher bile salt hydrolase activity were selected to test in animal model study, The serum
were examined the concentrations of serum Total cholesterol (TC), High-density
lipoprotein cholesterol (HDL-C). Low-density lipoprotein cholesterol (LDL-C), and
Triglycerides (TG). The results show that rats fed with the high-Fat diet group exhibit
higher total cholesterol levels compared with the normal group, while the groups that
received probiotic lactic acid bacteria LAB F23-5 solution (1 ml) exhibited total
cholesterol level 48.2 mg/dl had significantly lower (P < 0.001) total cholesterol levels
compare with rat fed high-fat group was 92 mg/dl as shown in Figure 14. F23-5 strain
show that higher High-density lipoprotein cholesterol compare with control group.
Hypocholesterolemic effects of probiotic mixture on diet-Induced hypercholesterolemic
rats by Shang-din Kim, this of probiotic mixture of two lactobacilli and three
bifidobacteria has the potential to reduce serum total cholesterol, triglycerides, and LDL-
cholesterol levels in hypercholesterolemic rats®”. E. faecium WEFA23 was found to have
potential for improvement of MS symptoms, including obesity and hyperlipidemia in HFD
rats, these stain showed desirable probiotic properties of cholesterol removal, BSH

activity, and adhesion ability.“OS)
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Fecal samples are often used to investigate the intestinal microbiota because
they are easily collected and not invasive to the host."” Fecal sample were collected on
days O(pre-treat) and 28(after-treat) Each serial dilution were transferred to the Eosin
methylene blue (EMB), De Man Rogosa Shape (MRS) and Bifidobacterium Selective
Media (BSM) by Spread plate technique and incubated at 37°C for 48 h under
anaerobic condition.

In this study, the result of microbiota show as some group bacteria form whole
bacteria count in intestine tract in rat. Viable cell count on selective media (table 20)
show the different colony characteristic, After-treated in animal study group compare
with pre-treated group; high-fat diet, high-fat diet +probiotic LAB F23-5, probiotic LAB
F1-1 and probiotic LAB 23-5. The result indicated that after-treated have decreased
bacteria count on EMB media plat compare with pre-treated group. Normal, high-fat diet
and probiotic LAB 23-5 groups revealed that bacteria count not different on MRS media
between pre-treated and after-treated, high-fat diet +probiotic LAB F1-1, high-fat diet
+probiotic LAB F23-5 and probiotic LAB F1-1 groups were decreased bacteria count on
MRS media. High-fat diet, high-fat diet +probiotic LAB F1-1 and probiotic LAB F1-1
groups were induced bacteria count on BSM media, normal, high-fat diet +probiotic
LAB F23-5 and probiotic LAB 23-5 groups were not different bacteria count on BSM
media after-treatment.

F23-5 isolate exhibit decrease total cholesterol level in rat fed high fat, there for
select to use fermentation in milk product. This milk product by F23-5 isolate
(Enterococcus faecium ) was investigated of quality parameters in fermented milk.
Viable counts in milk product were higher than 10° CFU/mL until the 28th day of storage
(Table 20). For exerting potential benefits to the consumer required by Thai Food and
Drug Administration (Thai FDA)"'?.

The pH value exhibit were increase to 5.35 at 14 day, 5.16 day, and 4.93 at 28
day as show as Table 21. The pH drop within the 7 day of storage, as the bacterial
produced higher amount of lactic acid through lactose hydrolysis was especially fast

during the initial period. The pH value exhibit changes in pH value were not clear ternd
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of pH value at storage period due to condition of storage may not be stable. But the
commercial fermented milk product were decrease pH value at Storage period(m).

The apparent viscosity of milk product sample with F23-5 isolate as the storage
period having higher apparent viscosity. Apparent viscosity were 1.23 Pa.s at 1day,
1.32 Pa.s at 7 day, 1.35 Pa.s at 14day, 1.32 Pa.s at 21 day and 1.27 Pa.s at 28 day
respectively. Rheological of fermented milk product sample with F23-5 as the storage
period having higher G’(Pa). G’ were 137.42 Pa at 1 day, 152.08 Pa at 7 day, 172.22 Pa
at 14 day, 179.66 Pa at 12 day and 169.23 Pa at 28 day respectively.

Texture characteristics exhibit Firmness of fermented milk sample perennially
increase during storage period and syneresis characteristics in milk product exhibit 0%
at 1-21 day. The fermented milk by F23-5 isolate had the highest content of 10% milk
powder cause increase highest firmness and lower of percent syneresis. Milk powder

was increases the volume of milk solid, the resulted fermented milk product is thicker.

Conclusion

The investigation of seventy five lactic acid bacteria isolated from traditional
Thai fermented food product collected in Thailand were screened for bile salt hydrolase
activity. Two lactic acid bacteria are F1-1 and F23-5 isolates exhibit higher bile salt
hydrolase activity on plate assay. The characterization and identification of probiotic
lactic acid bacteria, the stains F1-1 and F23-5 isolates were ability survival ability at pH
3.0 and pH 4.0 as compared to MRS control at pH 6.5. F1-1 and F23-5 isolates exhibit
survival in bile percentage at 0.3 % bile and 0.8 % bile. On the basic of the phenotypic
characteristic and 16s DNA sequence analyses, F1-1 isolate showed 99.88% similarity
to Lactobacillus pentosus DSM 20314' and F23-3 isolate showed 99.93% similarity to
Enterococcus faecium CGMCC 1.2136 .

F1-1 and F23-5 isolates were selected to determine their serum lipid profile
included Total cholesterol (TC), High-density lipoprotein cholesterol (HDL-C). Low-
density lipoprotein cholesterol (LDL-C) and Triglycerides (TG) in rat fed high-fat. Rat fed

high-fat with F23-5 isolate group exhibited total cholesterol level 48.2 mg/dl, the
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significant lower total cholesterol level in blood sample compare with rat fed high-fat
group was 92 mg/dl . Intestinal microbiota analysis exhibit pre-treatment and after-
treatement were were decrese bacterial type in the intestinal.

F23-5 isolate was able to decrease total cholesterol level in rat fed high fat, this
isolate was selected to study fermentation in milk product. This milk product by F23-5
(Enterococcus faecium) was investigate of quality parameters in fermented milk include
viable counts, pH value, viscosity characteristics, rheological characteristics, texture
characteristics and synersis characteristics. This milk product by F23-5 isolate exhibit
good quality parameters in fermented milk was similar to commercial fermented milk
product.

The results from this study of probiotic lactic acid bacteria in fermented food
product collected in Thailand which are the good source of lactic acid bacteria. F1-1
and F23-5 isolates exhibit higher bile salt hydrolase activity, all isolate can be
considered as the good probiotic propertise use to rat fed high-fat diet. According to the
results of rat fed high-fat diet and rat fed high-fat diet + probiotic, F23-5 exhibited the
significant lower total cholesterol level in blood sample and higher High-density
lipoprotein cholesterol compare with control group. Investigation of quality parameters in
fermented milk, This milk product by F23-5 isolate exhibit good quality parameters in

fermented milk was similar to commercial fermented milk product.
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