Optimise Your Biogas Production

AMPTS® lIl - Automatic Methane Potential Test System - Standard tool for anaerobic batch fermentation testing

The Automatic Methane Potential Test System (AMPTS) Il allows users to detemine the true
biochemical methane potential and dynamic degradation profile of any biomass substrate.
This in turn will allow users to more easily determine the optimal retention timeand mix of
substrates for co-digesting, screen proper pre-treatment methods and evaluate the need for
additives.

BPC®Go - Simplify and secure low gas volume and flow mesurements

BPC* Go is the next-generation gas volume and flow meter containing an in-built computer

——— to simplify and secure low gas flow measurements. It automatically measures both wet and

L - dry gases at laboratory scale with high precision and accuracy without the need for

"!"’ ; recalibration. Built to the highest standards of Scandinavian quality, it is simple to set up and
' / use for online, real-time monitoring from any location.

Gas Endeavour®lll - Flexible system for real time - Low gas volume and flow High accuracy and precision

The Gas Endeavour allows users to measure low gas volume and flow when ever there is a
demand for accurate and precise measurements. This smart analytical instrument can be used
for both research and industrial applications in animal nutrition studies, wastewater analyses,
ethanol fermentation, hydrogen production, greenhouse gas emissions, evaluation of
microbial communities and their activity and more.

CSTR- Full scale fermentation simulation

BPC Blue is a state-of-art laboratory instrument specifically designed to
and anaerobic hiodegradability of various biodegradable plastics and polymer materials

n, 0l
N in a wide range of simulated environmental conditions. The instrument is fully compliant
y | with the most important ISO, European and American standards for biodegradability
‘ L . evaluation in both aerobic and anaerobic conditions. Featuring an automatic operation
.81 g

and an intuitive user-friendly design, the BPC Blue enables almost anyone to carry out the
test and obtain highly accurate results.

BPC® Blue - The Ultimate Choice for Material Biodegradability Assessment

.5.,.. Bioprocess Control has developed a series of continuous stirred tank reactors (CSTR)
N e .“ﬂ specifically designed for scientistsand process engineers to simulate full-scale fermentation
= ;- processes in laboratory- or small pilot-scale. Today, the company offers three size options

- (two, five and ten liters) and four different configurations.

EEF wie”
BPC® Move - Leading edge mechanical mixing for laboratory applications
BPC®" Move is a compact standalone mechanical agitator ideal for easy, reliable mixing,

dispersion and dissolution of particle-free solution and slurries. It combines the strength and
reliability of mechanical agitation with the ease-of-use of magnetic stirring. Discover a new

by w].{{ type of stirring that will improve user's laboratory experience significantly.

¢ Specific Methanogenic activity tests e Leak rate detection e Biochemical Oxygen Demand(BOD)
¢ Aerobic & Anaerobic respiration studies e Ethanol fermentation ¢ Greenhouse gas emission studies
¢ Biodegradability tests » Bio-Hydrogen production ¢ Low gas flow Biogas process studies

Features «

Bioprocess Control AB Elixir Technologies - Exclusive Distributor
Scheelevagen 22 No. 300/2 Chamundeshwari layout, +91 802345 6254 /55/56.

223 63 Lund, Sweden ‘ ¥ Doddabommasandra Main Road,  sales@elixirtechnologies.in
www.bioprocesscontrol.com elixir technologies ~ Vidyaranyapura, Bangalore - 560097. www.elixirtechno.in
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Superior Way of Human Health Promotion — Selenium Enriched Table Egg

Dragan Sefer*, Stamen Radulovié, Svetlana Grdovi¢, Dejan Peri¢,Radmila Markovi¢
University of Belgrade - Faculty of Veterinary medicine, Department of Animal Nutrition and Botany,
Bulevar Oslobodjenja 18, 11000 Belgrade, Serbia
*e-mail: dsefer@vet.bg.ac.rs

Abstract

Eggs have an important role in human nutrition and are an important source of protein, fat and trace
elements. The production and consumption of eggs in the world has been increasing in recent decades. The
consumption of eggs has long been associated with negative effects on human health, mainly due to their
cholesterol content. However, it is now known that the level of cholesterol in the serum is influenced by
several other factors such as genetic predisposition, hormonal status and eating habits, and not only cholesterol
from eggs. In recent years, the foods that are used daily in people’s diet are not only intended to satisfy the
needs in basic nutrients, but food is expected to prevent food-related diseases and acquire a better immune
status. By using specific nutritional strategies, it is possible to produce functional food that, in addition to basic
nutrients, also contains components that participate in preserving health and reducing the risk of disease. A
low concentration of selenium in the soil, and consequently in the nutrients used in feed, can cause a deficiency
of this microelement in animals. Deficiency symptoms also occur in humans through foods of animal origin,
which significantly weakens the system of antioxidant protection in the body. The utilization of selenium in
animals depends on the chemical form in which it is found in the meal. Selenium, which is used as an additive
in vitamin-mineral premixes in feed for laying hens, is present in one of two basic forms: organically bound
to amino acids (selenocysteine and selenomethionine) or in the form of an inorganic salt (most often sodium
selenite). After entering the body through a meal, selenium is incorporated into tissue proteins, which creates
its reserve. Deposited selenium in the body is in an inactive state and in cases of oxidative stress or selenium
deficiency in feed, it changes to an active form. The source of selenium in feed mixtures for laying hens has an
effect on the selenium content of eggs. By adding organic selenium to laying eggs, amounts of 20-25 pg per
egg can be achieved, which is about 30% of the recommended daily intake for humans. For the production of
such eggs, it is necessary to add organic selenium in the amount of 0.3-0.5 mg/kg to the laying feed. Organic
sources of selenium have better biological availability and the content of selenium in table eggs is more stable.

Keywords: feed, food, eggs, organic selenium

Acknowledgement: The study was supported by the Ministry of Science,Technological Development and
Innovation of the Republic of Serbia (Contract number 451-03-47/2023-01/200143).

Chemical Composition of Eggs

Consumable chicken eggs represent an exceptional source of nutritionally valuable nutrients and are an
inseparable part of a high-quality and well-balanced human diet. At the same time, edible chicken eggs are a
moderate source of calories (on average 140kcal/100g), which makes them a food with a favorable ratio of
nutritional and energy value. The production and consumption of eggs in the world has been increasing in
recent decades. The consumption of eggs has long been associated with negative effects on human health,
mainly due to their cholesterol content. However, it is now known that the level of cholesterol in the serum
is influenced by several other factors such as genetic predisposition, hormonal status and eating habits, and
not only by cholesterol from eggs. In terms of basic chemical composition, the whole egg is a mixture of
water, protein, fat, carbohydrates and ash. The content of basic nutrients in eggs is mostly stable (Table 1)
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and depends of the ratio of egg whites and yolks, while the presence of micronutrients is determined by the
influence of several different factors, where the influence of nutrition is dominant. Water is the most abundant
ingredient in the egg, followed by proteins, which are evenly distributed in the egg white and yolk, while fats
are mostly present in the yolk and vitamins and minerals are mostly concentrated in it.

Table 1. The basic chemical composition of the whole edible hen’s egg (USDA, 27; USDA, 23)

Nutrient g/100 g
Proteins 12.56
Fats 9.51
Carbohydrates 0.72
Moisture 76.15
Ash 1.06

Egg proteins are nutritionally complete proteins because they contain all essential amino acids. Egg
whites and yolks contain proteins of high biological value and digestibility. The biological value of egg
protein (a measure of the building of food protein into tissue protein) is 94 and is the standard by which the
biological value of all other proteins is evaluated. One hen’s egg contributes only 3% of the energy value of
the recommended daily energy intake, which is 2000 kcal, and at the same time provides 11% of the daily
needs in proteins. The contribution of the intake of essential amino acids amounts to 13-31%, depending on
the type of essential amino acid. The average protein content in a fresh hen’s egg is about 12.5%. Egg yolks
contain about 16% proteins, which are a complex of low-density lipoprotein (LDL), high-density lipoprotein
(HDL), phosvitine and livetine. In the composition of egg white, the share of proteins is on average 10-11%,
and they consist of albumin and globulin (rare part of egg white), ovalbumin (dense part of egg white), mucin
and mucoid (structural part of egg white). Ovalbumin makes up more than 50% of the protein in the egg white,
it is rich in essential amino acids, which are crucial for the development of the chicken embryo, but also an
exceptional source of amino acids in human nutrition. Chicken egg white contains numerous proteins with a
unique structure and functional properties, such as ovotransferrin, ovomucoid, ovomucin, ovomacroglobulin
(ovostatin), ovoflavoprotein, lysozyme, ovoinhibitor, ovocystatin, avidin. Many of these proteins, as well as
their breakdown products, have been proven to have biological activities significant for improving human
health, such as antimicrobial, antioxidant and immunoregulatory properties.

The lipid content in the whole edible chicken egg is on average 10% (French Agency for Food, 2017).
The entire lipids of the egg are concentrated in the yolk in the form of triglycerides (65%), phospholipids
(28-30%) and cholesterol (4-5%). The composition of lipids in the yolk is determined by various factors, of
which diet has the greatest influence. Unsaturated (monounsaturated and polyunsaturated) fatty acids make up
approximately 50% of the fatty acid composition of egg lipids. Of the monounsaturated fatty acids, the most
abundant is oleic (C18:1 n-9), and of the polyunsaturated linoleic (C18:2 n-6) and arachidonic acid (C 20:4
n-6). Saturated fatty acids make up 30-35% of the fatty acid composition of the egg, with the largest share
of palmitic (C16:0) and stearic (C18:0) acids. Egg fats also contain sterols, the most important of which is
cholesterol. A edible hens egg contains an average of 400 mg of cholesterol per 100 g (USDA, 27).

Chicken eggs are a nutritionally valuable source of water-soluble vitamins, as well as fat-soluble vitamins.
Yolks are primarily a source of fat-soluble vitamins A, D, E and K, but also contain vitamins of the B complex
(B1, B2, B5, B6, B9 and B12). Egg white contains a high concentration of vitamins B2, B3 and BS5, but also
significant amounts of vitamins B1, B6, B9 and B12 (Table 2). According to literature data, consuming two
chicken eggs can satisfy 10-30% of daily vitamin needs.
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Table 2. Vitamins in the whole egg (Maqgbool, 2017)

Vitamins ug/100g
Vitamin A (Retinol) 193
Vitamin D (Cholecalciferol) 1.5
Vitamin E (Tocopherol) 1.3
Vitamin K (Phylloquinone) 0.3
Vitamin B1 (Thiamine) 40
Vitamin B2 (Riboflavin) 450
Vitamin B3 (Niacin) 80
Vitamin B5 (Pantothenic acid) 1700
Vitamin B6 (Pyridoxine) 170
Vitamin B9 (Folate) 47
Vitamin B12 (Cobalamin) 0.89

Consumable chicken eggs contain significant amounts of minerals, primarily potassium, sodium, calcium
and phosphorus. Also, they are a source of essential microelements, copper, iron, magnesium, manganese,
selenium and zinc (Table 3).

Table 3. Minerals and trace elements in the whole egg (USDA 27)

Minerals and microelements mg/100g
Calcium 56
Magnesium 12
Selenium 0,03
Sodium 142
Zinc 1,29
Phosphorus 198
Manganese 0,028
Iodine 0,021
Copper 0,072
Iron 1,75
Potassium 138

Functional Food

In recent years, the food that are used daily in humans diet are not only intended to satisfy the needs
in basic nutrients, but food is expected to prevent food-related diseases and acquire a better immune status.
Functional food cannot be simply defined, since a large number of different food products can be classified
as functional foods. That is why the European Commission proposed a “working” definition that implies that
functional food must be composed of natural ingredients and must not be in the form of tablets, capsules or
food supplements. Functional food must, in addition to the appropriate nutritional effects, have a beneficial
effect on the functions of the organism that are important for improving health and/or reducing the risk of
disease development. It is consumed as part of the daily, usual diet, and its effectiveness must be scientifically
proven. Functional food can be natural food, food enriched with a certain ingredient or a certain ingredient
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removed from it, food in which the properties or bioavailability of one or more ingredients have been changed,
or any combination of the above possibilities (Roberfroid, 2002). The development of functional products and
the functional food market has increased with the development of the science of animal nutrition, as a basic
condition for the creation of functional food. The success of a new functional product on the market does not
only depend on its beneficial effect on health, but also on its acceptable taste, appearance and availability to
consumers (Gréevi¢ et al., 2011). By using specific nutritional strategies, it is possible to produce functional
food that, in addition to basic nutrients, also contains components that participate in preserving health and
reducing the risk of disease.

Role of Selenium

Selenium is an essential trace element that has multiple roles in the body due to its participation in
biochemical processes. It is a component of 25 selenoproteins. It has a favorable effect on the immune
system, preventing the occurrence of inflammatory processes, cancer and oxidative stress, reducing the risk
of atherosclerosis and cardiovascular diseases. Selenium has a role in the protection system of biological
membranes against oxidative damage. It performs this role together with vitamin E (Markovi¢ et al., 2010).
Of the total selenium in the body, 40% is present as an active ingredient of the enzyme glutathione percosidase
(GPx). Selenium, together with vitamin E, has the role of an antioxidant, and participates in the conversion of
free radicals into inactive and less toxic compounds. Free radicals are present in tissues with intensive oxygen
circulation, they cause peroxidation of phospholipids, by acting on the double bonds of unsaturated fatty acids
of phospholipids that enter into the composition of cell membranes. Free radicals are created when oxygen is
added to those fatty acids, from which a hydrogen atom was previously separated. Free radicals can react with
another lipid molecule, from which a hydrogen atom has been separated, and the product is hydroperoxide in
the first molecule and a new free radical in the “attacked” lipid molecule. Molecules of lipid hydroperoxides
are split to form dialdehydes, most often malondialdehyde (MDA). A series of such reactions leads to damage
to the cell membrane structure and even to complete destruction (Rayman, 2000).

A series of positive effects of selenium on health resulting from the strengthening of the body’s defenses
(strengthening of immunity, prevention of the formation and progression of arteriosclerosis, preservation of
sperm fertility) have been confirmed, but with a rather narrow therapeutic range (in a ratio of 1:8) between
the average needs (55 pg/day) and upper limit of safe intake (400 pg/day) (Backovi¢, 2005). Relative
selenium deficiency in humans is associated with an increased incidence of cardiovascular and other diseases
etiopathogenetically related to oxidative stress and immune-mediated inflammation, infertility, and thyroid
dysfunction (Lynne, 2004). A complete deficit is observed in long-term total parenteral nutrition with
preparations without selenium, and in some regions it is associated with the occurrence of endemic Keshan
and Kashin-Boeck diseases (Margaret Rayman, 2000). The addition or restriction of selenium affects the
activity and metabolism of neurotransmitters, which causes changes in mood and behavior in humans and
animals (Backovi¢ et al., 2002). A low concentration of selenium in the soil, and consequently in the nutrients
used in animal feed, can cause a deficiency of this microelement in animals. Deficiency symptoms also occur
in humans through foods of animal origin, which significantly weakens the system of antioxidant protection
in the body.

Production of Selenium Eggs

The utilization of selenium in animals depends on the chemical form in which it is found in the meal.
Selenium, which is used as an additive in vitamin-mineral premixes in feed for laying hens, is present in one of
two basic forms: organically bound to amino acids (selenocysteine and selenomethionine) or in the form of an
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inorganic salt (most often sodium selenite). After entering the body through a meal, selenium is incorporated
into tissue proteins, which creates its reserve. Deposited selenium in the body is in an inactive state and in
cases of oxidative stress or selenium deficiency in feed, it changes to an active form. The source of selenium
in feed mixtures for laying hens has an effect on the selenium content of eggs. By adding organic selenium
to laying eggs, amounts of 20-25 pg per egg can be achieved, which is about 30% of the recommended daily
intake for humans. For the production of such eggs, it is necessary to add organic selenium in the amount
of 0.3-0.5 mg/kg to the feed for laying hens. In research carried out at the Department of Animal Nutrition
and Botany, Faculty of Veterinary Medicine, a product with a specific composition called selenium egg was
obtained with the addition of organic selenium in mixtures for laying hens, with 42 ug of selenium in 100g
of egg mass. Based on these results, we can conclude that organic sources of selenium have better biological
availability and that the content of selenium in table eggs is more stable. The use of organic forms of selenium
in the nutrition of laying hens increases the content of selenium in eggs.
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