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Abstract

The carbohydrates known as non-digestible oligosaccharides (NDO) include inulin-fructooligosaccharides (FOS),
which have been consumed by humans for a very long time. In vitro and in vivo research have demonstrated that
inulin has several nutritional benefits, primarily related to the stimulation of bifidobacteria. Similar to dietary fiber,
inulin shares all the properties and health advantages of non-digestible polysaccharides (NDP). The normal
physical effects of dietary fiber, including significant increases in osmotic pressure, intestinal bulking effects,
intensive water holding, and dramatic viscosity building, are not present in inulin.

The capacity of inulin to specifically promote the growth of bacterial genera and species known to be health-
promoting in vivo in humans, such as Bifidobacterium (apart from Bifidum) and Lactobacillus, at the expense of
potentially harmful microorganisms, accounts for a number of the vitamin's more notable health benefits.
Therefore, inulin is typically regarded as a bifidogenic factor prebiotic. Prebiotics, such as inulin, have the
advantage of promoting the selective growth of endogenous bacteria in their natural habitat, without being overly
impacted by their surroundings, unlike probiotics.

Inulin can be referred to as a "physiologically functional food" or food ingredient, or simply a food with potential
health-promoting effects, due to its effects on gut microbiota, blood glucose attenuation, lipid homeostasis, mineral
and nitrogen bioavailability, immunomodulation effects, and the ability to add texture and improve rheological
characteristics and nutritional properties of food.
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l. INTRODUCTION
Functional foods

The term "functional foods" was first used in Japan in 1984 as a result of a study of the relationship between food
intake and consumer satisfaction, and the physiological changes that these foods cause in human health [11]. The
European Federation of Functional Food Science in Europe (FUFOSE) referred in 1999 to the science of functional
foods and some of the characteristics that must be available in order for food to be considered functional, which
are:

1. It must be in the form of natural food, and the effect of the fortified substance must be in acceptable quantities
in the daily diet.

2. It must be a complete natural food or food to which other components have been added or food from which one
of the components has been removed by biological or physical techniques.

3. It can be a food in which the bioavailability of one or more specific elements has been modified.

4. Functional food may be beneficial to the entire community or a specific group of it. On the other hand, the
International Life Sciences Institute (ILSI) in North America described functional foods as foods that have
convincing evidence that they have a beneficial and healthy effect on one or more of the body's functions, unlike
traditional foods. Functional foods were also defined by a set of other important definitions, including "foods that
contain auxiliary substances or any auxiliary nutritional component or foods that provide a health benefit in
addition to nutritional benefits [38], or they are those foods or nutritional elements that provide the body with
health and therapeutic benefits in addition to meeting traditional nutritional requirements as nutritional needs.
Dairy products
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Lactic acid bacteria have been used in the production of fermented foods, and interest has increased in developed
countries due to the health benefits obtained. [16] confirmed that consuming dairy products fermented with lactic
acid bacteria (LAB) can control cardiovascular diseases, improve mental health, reduce lactose intolerance, break
down phytic acid (an inhibitor of mineral absorption in the intestine), and improve the balance of intestinal
microbes.

[1] confirmed in their study on the manufacture of dairy products using lactic acid bacteria, in addition to their
role in fermentation and their ability to lower cholesterol levels.

The demand for therapeutic fermented dairy products has increased in recent years due to the development of their
manufacturing processes and the belief in the importance of the health-beneficial substances they contain [20].
They also confirmed [25]. Beneficial bacteria resist and expel toxins and strengthen the immune system and can
maintain the vitality of starter bacteria for 35 days by adding Lactobacillus acidophilus, a type of probiotic bacteria
that can be added to fermented milk and loves high acidity. They pointed out [41] that human consumption of
dairy products fermented by bacteria helps reduce heart blood pressure in some adults, as proteins in fermented
dairy products are broken down into small peptides, which increases their vitality and the body's ability to digest
them. These peptides are absorbed in the intestines, thus causing a reduction in blood pressure. Consumption of
therapeutic dairy products can also improve difficult immune functions [28].

Cholesterol
It is a sticky, semi-fatty, white, tasteless, and odorless steroid substance that is found in all parts of the body
[15].
Cholesterol is found naturally in the brain, nerves, liver, blood, and bile and is essential for the body to function
properly [22].

Cholesterol is a type of fat that helps perform some vital functions, but it is harmful if its level in the human
body rises above the normal rate for a long time. Cholesterol in the blood is linked to long-chain, unsaturated
fatty acids, forming esters, which are transported via lipoproteins through the blood in the body [12].
[17] indicated that there are several factors that affect the level of cholesterol in the blood, namely:
1. Genetic defect in the process of lipoprotein metabolism as a result of internal diseases in the endocrine
system, and liver and kidney diseases contribute to causing this defect in cholesterol concentration.
2. Disorder in the secretion of some hormones, including:
A- Thyroid hormone (Thyroxine): It has an opposite effect on cholesterol concentration, so patients who suffer
from hyperthyroidism are often accompanied by a significant increase in cholesterol concentration.
B- Female sex hormone (estrogen): It reduces cholesterol levels in the blood.
[33] explained that the level of cholesterol in the blood is classified as follows:
1. The desirable blood cholesterol level, which is less than 200 mg/100 ml.
2. The high blood cholesterol level, which is the dividing line between the desirable and the bad or dangerous, is
200-239 mg/100 ml.
3. The bad or dangerous blood cholesterol level, which is 240 mg/100 ml and above, was previously indicated by
[36].

[35] confirmed that the human body produces the cholesterol it needs, so a person does not need to consume it in
his diet. Egg yolks, meat, whole milk, and its products are a rich source of cholesterol, while it is not found in
fruits, vegetables, grains, nuts, and seeds.

Saturated fatty acids are a major cause of high blood cholesterol, which increases the risk of heart disease. Trans
fats are another factor in raising cholesterol levels [52]. Several researchers have noted that consuming oils rich in
omega-3 polyunsaturated fatty acids has an effect in reducing blood plasma cholesterol levels and thus protecting
against sudden death due to vascular diseases resulting from high cholesterol [37]. The US Department of
Agriculture [50] set the dose of cholesterol consumed from food at 200 mg/day and excluded fats from the (Trans)
group of meals due to their harmful effect on health.

The Chemical Structure of Cholesterol
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The cholesterol molecule consists of 27 carbon atoms arranged in an alcoholic core, consisting of four rings and a
tail. Cholesterol contains a saturated phenanthrene core (except for the double bond between C5 = C6) linked to a
saturated five-membered ring at positions 13 and 14. It also contains side groups shown in the structural symbol
of cholesterol as in Figure (1).

Figure (1). The structural code of cholesterol.
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In general, all sterols have the same ring system, but they contain an OH group at position (3) and two methyl
groups at positions (18 and 19). They also contain a side chain connected to carbon atom number (17). It is clear
from the structural code of cholesterol that the rings are not aromatic rings, as they are all saturated except for ring
B, which contains a double bond between carbon atoms (5 and 6) [13].

The harms of cholesterol

Most studies conducted on the relationship between cholesterol and human health have indicated that high levels
of cholesterol in the blood are one of the most important factors causing atherosclerosis, which leads to heart and
arterial diseases in the body [50] [27].

[44] confirmed that plaques and deposits that occur in the arteries contain a high amount of cholesterol.

[5] explained that high concentrations of a specific type of lipoprotein in the blood, which is low-density
lipoprotein (LDL) hyperlipoproteinemia, which contain a high percentage of cholesterol, are closely related to an
increased incidence of atherosclerosis, in addition to the fact that its function is to transport this cholesterol from
the liver after it is manufactured and transported to the cells of the body's tissues.

The American Heart Association [4] has shown that the presence of cholesterol in the blood at a concentration
higher than 150 mg/dL constitutes dangerous signs in the development of hypercholesterolemia and the beginning
of atherosclerosis. 96 million people have more than 200 mg/dL cholesterol and 37.8 million have a cholesterol
level of 240 mg/dL or more.

High levels of fats, especially cholesterol, in the blood serum are associated with many cardiovascular diseases,
as [21] indicated the relationship between high dietary cholesterol and the occurrence of arterial thrombosis when
feeding rabbits on a feed containing 1% cholesterol caused damage to the aortic artery with the appearance of
narrowing of the blood vessels and thus the possibility of blockage of these vessels and obstruction of blood flow
in them, which helps in the formation of a clot.
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Cholesterol is the main cause of atherosclerosis, which causes coronary heart diseases (CHD) resulting from the
observation of a large percentage of cholesterol among the materials deposited on the walls of the arteries, especially
in the clot, as cholesterol constitutes 70% of the components of the cells lining the walls of the arteries, in addition to
calcium and carbohydrates. This was confirmed by [30] who found that reducing the level of cholesterol in the blood
by 1% leads to a reduction in the incidence of heart disease by 2-3%. Coronary heart diseases and fatal heart attacks
that occur in patients suffering from high cholesterol levels in the blood (Hyperchlosterenic individuals) are among
the most serious diseases in the world. [49] explained that the complications of high cholesterol in the blood include:

Atherosclerosis Crl ) leas
Heart Attack Jadal) 3 g3l
Myocardial infarction il Alae oLl
Hypertension pll Jaka g L5 )
Cerebral coma e Laal) )
Infarction s Lial

Benefits of Cholesterol

Many people consider cholesterol to be a harmful substance that causes serious diseases in humans, and this is the
dark side of the truth, as cholesterol has great benefits for the body, the most important of which is helping the digestive
system in the process of digestion and absorption of fatty substances. Since cholesterol is one of the basic components
of various types of tissues, especially nervous tissue, it helps in the transmission of nerve currents, and without it,
nerve cells cannot be stimulated by sensory stimulation, which results in loss of motor ability and speech.

[43] explained that cholesterol is an important basic element for the manufacture of bile acids, steroid hormones, and
fat-soluble vitamins such as A, D, E, and K. also confirmed that cholesterol is a type of fat and is beneficial to the
body as it helps in performing some vital functions. Many researchers have indicated that cholesterol can act as an
antibiotic [47] [2] [19]. It is important within the cell membrane due to its function in cell transport, nerve signals, and
nerve conduction [42]. Within the cell, cholesterol is the primary compound for many biochemical processes [53]. In
the liver, cholesterol is converted into bile, which contains salts that dissolve fats in the digestive system and aid in
the intestinal absorption of fat molecules [54] [50] confirmed that cholesterol is the primary compound for the
manufacture of steroid hormones and adrenal hormones such as cortisol and aldosterone, in addition to sex hormones
such as progesterone, estrogen, testosterone, and their derivatives. Cholesterol is important for the construction and
maintenance of the cell membrane, as it regulates the fluidity of the membrane over physiological temperatures. The
hydroxyl group in cholesterol interacts with the polar head groups of phospholipids and sphingolipids in the
membrane, and at the same time the fatty part (steroid) and the hydrocarbon chain are immersed in the membrane
alongside the nonpolar fatty acid chain of the other peptide. In this structural role, cholesterol reduces the permeability
of the plasma membrane to protons and sodium ions [24] [44] . Found that cholesterol enters into the formation of
vitamin D by converting cholesterol present under the skin by sunlight into a compound with the properties of vitamin
D, which is the vitamin that prevents rickets. Cholesterol also enters into the formation of cholic acid in the liver,
which in turn leads to the secretion of bile juice that the body needs to break down fat, which facilitates the work of
enzymes in it and its absorption.

Causes of high cholesterol

The level of cholesterol in the blood is not only affected by what we eat, but also by our bodies' ability to quickly
produce cholesterol and quickly get rid of it. In fact, the human body produces what it needs of cholesterol, so it is not
necessary to consume additional cholesterol through food. [7] explained that there are several factors that help in
raising cholesterol levels, the most important of which are:

1-Genetic factors: Genes determine the speed at which the body produces harmful cholesterol and the speed at which
it gets rid of it. There is a type of hereditary high cholesterol that usually leads to early heart disease. However, even
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if a person does not suffer from any type of hereditary high cholesterol, genes play an important role in determining
the level of harmful cholesterol.

2-Food: There are two main types of food that cause high harmful cholesterol:

A- Saturated fast: These are fats found mainly in animal foods such as meat and chicken, as well as in some vegetable
oils such as corn oil and palm oil.

B- Cholesterol: We get it only from animal products such as meat, chicken and eggs. There is nothing in food that
causes high levels of harmful cholesterol such as saturated fats, so eating large amounts of saturated fats and
cholesterol are the main reason for high levels of harmful cholesterol and increased rates of coronary heart disease.
3-Weight: Significant weight gain (obesity) contributes to raising levels of harmful cholesterol.

4-Physical activity: Physical activity may reduce levels of harmful cholesterol and raise levels of good cholesterol.
5-Age and gender: The level of total cholesterol before menopause (maturity) in women is lower than its level in men
in the same age group, and as men and women age, their cholesterol levels rise.

6-Psychological stress: Several studies have shown that long-term psychological stress leads to an increase in levels
of harmful cholesterol, and perhaps the reason for this is that psychological stress affects eating habits, as some people
tend to eat fatty foods that contain a lot of saturated fats and cholesterol.

7-Drinking alcohol: Drinking alcohol raises the level of good cholesterol but does not lower the level of bad
cholesterol. It is not clear whether this reduces the risk of coronary heart disease. Drinking alcohol causes damage to
the liver and heart muscle and leads to high blood pressure and high levels of triglycerides.

The role of microorganisms in reducing cholesterol levels

Cholesterol is one of the important building blocks in the structure of the cell and is also used in the manufacture of
hormones and energy production to some extent. Many deaths in the world are attributed to high levels of cholesterol
in the blood, leading to cardiovascular diseases such as coronary artery sclerosis in particular [14], as the World Health
Organization (WHO) expected the number of deaths from this disease to increase by 40% of the number of deaths in
2020. There are many chemical drugs that have the ability to reduce the level of cholesterol in the blood, but they
usually show undesirable side effects, so there was an urgent need to search for an alternative to these drugs by means
that would reduce the level of cholesterol in the blood without being exposed to these side effects. In this regard, the
use of the bio-enhancer added to dairy products emerged as a means to reduce the level of cholesterol in the blood
[23]. Conducted a study in which he demonstrated the ability of Lb. acidophilus bacteria to reduce cholesterol levels
in MRS-EY medium. He concluded that this bacteria has the ability to reduce cholesterol from 8.41 mg/cm? in MRS-
EY medium before growth to 5.59 mg/cms3 and 5.37 mg/cm3 after 24-48 hours of growth. The percentage of reduction
was 33.65% and 36.64% respectively. In a study conducted by [3], which included the isolation of 29 isolates of
Lactobacillus bacteria from children's stools and the detection of the best among them to reduce the existing
cholesterol, he concluded that Lb. casei bacteria was the most efficient as it reduced cholesterol to 80.4% after growing
it on MRS-EY medium for 24 hours. Hamster rats were also fed milk fermented with L. plantarum NTU102 Lb., L.
para casei sbsp.para casei Lb. acidophilus BCRC 17010 reduced the level of liver cholesterol, blood serum, low-
density lipoprotein cholesterol (LDL-C, HDL-C), and total cholesterol in them [9]. This was followed by several
studies in this field. [10] added Lb. plantarum bacteria to the diet of a group of laboratory rats. He observed a decrease
in the level of triglycerides, low-density lipoprotein cholesterol (LDL-Cholsterol), and free cholesterol in the blood of
these rats compared to their level in control rats whose diet was free of this bacteria. This type of bacteria was also
found to be capable of producing the enzyme that decomposes bile salts (BSH), which means its ability to colonize
the intestines. Several studies have indicated that consuming fermented dairy products In certain farms, it led to a
reduction in human serum cholesterol, and the removal of cholesterol by microorganisms present in food can reduce
the cholesterol ready for consumption by him [56].

[55] found in a study conducted on 32 people whose blood cholesterol levels ranged between 220-280 mg/cm3 that
consuming milk containing Bifidobacterium longum bacteria at a rate of 300 cm3/day contributed to reducing the level
of cholesterol in the blood by 32% after four weeks of consumption.
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[26] also explained that feeding rabbits fermented milk products containing S. thermophilus and L. bulgaricus bacteria
caused a significant decrease in the levels of total cholesterol and LDL in the blood serum of rabbits consuming these
products after 4 and 8 weeks of feeding compared to the control group consuming skimmed milk. In a study by [34]to
investigate the ability of 11 strains of the Lactobacillus genus to reduce cholesterol in the culture medium, it was found
that these strains have the ability to reduce cholesterol at levels ranging from 12.03-32.25 mg/cm3. Oral administration
of laboratory rats with the fermented product containing live cells of the local isolate L. salivarius (LP5) at a rate of
10° cfu/ml had a positive effect in reducing the percentage of total cholesterol, low-density lipoprotein values, and
triglycerides, with a significant increase in high-density lipoprotein values.

Proposed mechanisms for the action of lactic acid bacteria in reducing cholesterol

The production of Hydroxymethy! glutarate by lactic acid bacteria may inhibit the enzyme Hydroxymethyl — glutaryl
— CoA reductase, which is one of the requirements for the process of cholesterol formation. It can be said that the
exact mechanism for reducing cholesterol by lactic acid bacteria is still unknown. There are three proposed
mechanisms for reducing cholesterol by lactic acid bacteria, as follows:
The first mechanism stated that the ability of Lb. reuteri bacteria to reduce cholesterol is through metabolic processes
in which cholesterol is converted into 3-Keto-5B-cholestane and 3-B-Hydroxy-5-cholestane, vital metabolites of
cholesterol.
The second mechanism: [18] [32] indicated that the action of reducing blood cholesterol levels by lactic acid bacteria
may be through inhibiting the absorption of cholesterol coming with the food mass in the intestine. It is believed that
lactic acid bacteria possess a Bile Salt Hydrolase (BSH) system that is effective in reducing cholesterol levels through
its interaction with the host's bile salt metabolism, as the dissociation of bile salts by this system produces compounds
including Cholestyramine and Colestipol. These compounds bind to bile acids, which prevents their reabsorption in
the enterohepatic circulation, resulting in an increase in the demand for cholesterol as precursors for the synthesis of
bile salts, leading to a reduction in its percentage in the blood. On the other hand, unbound bile salts do not function
functionally as is the case in the bound forms in dissolving cholesterol, and therefore they prevent them. From being
absorbed, which leads to a reduction in serum cholesterol concentration.
-The third mechanism: It was noted in the study conducted by [6] that Lb. acidophilus bacteria were able to
reduce cholesterol from the culture medium, which may be a result of cholesterol incorporation into the cell
wall of the bacteria, while the mechanism by which Lb. casei bacteria were able to reduce cholesterol from the
culture medium was justified by the fact that the bacteria affected the stability of cholesterol micelles, which
precipitated with unbound bile salts.

The health importance of inulin

Inulin is characterized by its resistance to digestion and decompaosition in the human intestine due to its composition
containing beta (2-1) bonds, so it is considered an energy reducer [39] as bacteria benefit from it only when it enters
the intestine, as it contributes significantly as a bio-enhancer for the growth of therapeutic bacteria (Bifidobacteria)
that work to improve general health. Inulin does not cause an increase in the level of absorbable glucose and thus does
not increase insulin secretion [51]. Inulin is not digested by digestive enzymes in the stomach, but is fermented by
colon bacteria in the large intestine through short-chain fatty acids and carbon dioxide. Inulin is considered a low-
calorie carbohydrate because it provides less than 50% of the energy provided by other digestible carbohydrates [46].
[51] indicated a significant decrease in the content of triglycerides in both the blood and liver of laboratory rats when
inulin was included in their diet containing saturated fats. Inulin increases the bioavailability of mineral salts, and this
may be due to its osmotic effect on the water transported inside the large intestine. It was also noted that there was an
increase of about 60% in the levels of calcium and magnesium absorption when rats were fed a diet containing chicory
inulin [40].

Effect of inulin on blood lipids and cholesterol Sources have indicated the effect of inulin and its relationship to lipid
metabolism. Daily feeding of rats with 10% inulin for one week resulted in a significant reduction in the level of
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glycerides in the blood serum [45] confirmed that rats fed a diet containing 10% and 29% polyfructose reduced serum
cholesterol levels. He also indicated a decrease in cholesterol, mainly a decrease in very low-density lipoprotein
(VLDL), while high-density lipoprotein (HDL) increased. [48] concluded that inulin has the ability to reduce lipid
levels when consuming a high-fat diet, as it prevents the accumulation of glycerides and cholesterol and reduces the
fat content to a greater extent compared to experimental animals fed a high-fat content. When 10% inulin was added,
it reduced glycerides and very low-density lipoprotein (VLDL) by: Inhibition of the key enzyme Glycerol-3-phosphate
aceyltransferase in the synthesis of fatty acids. In a study conducted by [31] on two treatments, the first by adding
10% inulin and the second by adding 10% polyfructose to rats' diets for 7 weeks, both of which led to a significant
reduction in serum cholesterol as well as abdominal fat and an increase in intestinal length compared to the control
treatment. In a study conducted by [29] on rats, 0.2% cholesterol was added to the diets of the treatments containing
1% and 5% chicory extract, as well as the diet containing 5% inulin powder for 4 weeks, it was shown that the
percentage of high-density lipoprotein (HDL) in the serum increased significantly, and the percentage of low-density
lipoprotein (LDL) liver glycerides decreased significantly in the serum of the three treatments compared to the control.
It also significantly increased the excretion of fat, cholesterol and bile salts in the feces of the treatments compared to
the control. The effect of inulin on fat metabolism in humans differed according to the presence or absence of chronic
diseases. In a study on diabetic patients that lasted for 14 days, with the intake of 8 g of polyfructose with a coffee
drink, the cholesterol level was reduced by 19 mg/dl and low-density lipoproteins were significantly reduced by 17
mg/dl. In a study conducted by [8] on 12 males with high cholesterol, serum triglycerides were reduced by 40 mg/dl
when 20 g of inulin from chicory extract was consumed, and serum cholesterol was reduced by 11 mg/dl and LDL
was reduced. In a study of 21 male and female volunteers with high cholesterol, who consumed 18 grams of inulin
daily with a low-fat diet for 4 weeks, there was a significant decrease in LDL by 4.4% and total cholesterol by 8.7%.
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