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I. INTRODUCTION

In an era where malnutrition continues to be a global health concern, the fortification
of food has emerged as a powerful tool to combat nutrient deficiencies and improve public
health worldwide. The global evaluation conducted by the WHO and UNICEEF revealed that
approximately 190 million preschool-age children suffer from a deficiency in vitamin A, and
over 2 million individuals exhibit inadequate levels of essential micronutrients such as iron,
iodine, and zinc. [1]. Micronutrient malnutrition spans across both developing and
industrialized nations, carrying significant health and economic consequences. Enhancing the
health and nutritional well-being of millions of individuals remains an ongoing and crucial
endeavor, wherein food fortification plays a vital role as a sustainable strategy. Given their
affordability and moderate consumption, dairy products naturally stand out as a compelling
candidate for enriching dietary minerals. In recent years, Among the various food categories,
dairy products hold a special place due to their widespread consumption, versatility, and
nutritional profile to large populations. Dairy products, including milk, cheese, and yogurt,
are not only valued for their macronutrient content, such as proteins and fats but also offer an
excellent platform for fortification with a range of essential micronutrients. Fortified milk
beverage is a drink that is designed to help pre-school children’s health to contribute to their
growth performance, and brain development and to prevent malnutrition [2]. The addition of
key vitamins, minerals, and other bioactive compounds to dairy products can significantly
enhance their nutritional value, making them an ideal vehicle for addressing nutrient gaps and
promoting optimal health. This chapter aims to delve into the vital role of food fortification in
dairy, exploring the importance, underlying principles, potential benefits, challenges, and
regulatory considerations associated with enriching dairy products to improve their
nutritional composition. By examining the historical background, current practices, and
emerging trends in dairy fortification, we seek to provide a comprehensive understanding of
this field and its impact on promoting health and well-being.

II. FOOD FORTIFICATION AND ITS SIGNIFICANCE IN ADDRESSING
NUTRIENT DEFICIENCIES

For individuals facing a deficiency risk, dietary supplementation emerges as a swift
and economical remedy that concurrently prevents excessive intake in those with sufficient
dietary levels. Nonetheless, supplements can lead to undesirable effects, and adherence might
be lacking. Another prospective approach is food fortification, entailing the augmentation of
nutrients in food to levels exceeding their natural content. [3]. Food fortification refers to the
process of adding essential nutrients to food products to increase their nutritional value and
address specific nutrient deficiencies in populations. It involves the deliberate addition of
vitamins, minerals, or other bioactive compounds to staple or commonly consumed foods
during processing or production.

The significance of food fortification lies in its potential to combat widespread
nutrient deficiencies, which can have significant effects on public health. Nutrient
deficiencies, such as deficiencies in vitamins (e.g., vitamin A, vitamin D) and minerals (e.g.,
iron, iodine), are prevalent in many parts of the world, particularly in developing countries.
These deficiencies can lead to various health problems, impaired growth and development,
increased susceptibility to infections, and even long-term disabilities. The most effective
approach to thwarting micronutrient malnutrition involves ensuring the intake of a well-
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rounded diet that meets the requirements for every essential nutrient. Regrettably, achieving
this goal is a considerable challenge worldwide due to the necessity for unrestricted access to
sufficient food and the adoption of suitable dietary practices. From this standpoint, food
fortification has the dual advantage of being able to deliver nutrients to large segments of the
population without requiring radical changes in food consumption patterns [4].

Food fortification offers several key advantages in addressing nutrient deficiencies:

e Improved Nutritional Status: Fortified foods can provide essential nutrients that
may be lacking in the regular diet, helping individuals meet their daily nutrient
requirements.

o Public Health Impact: Fortification has the potential to reach large populations,
including vulnerable groups such as children, pregnant women, and the elderly. It can
have a significant impact on reducing the prevalence of nutrient deficiencies and
associated health problems at the population level.

o Cost-Effectiveness: Food fortification is often a cost-effective strategy to improve
nutrient intake compared to alternative interventions like dietary supplements or
individualized counseling.

e Sustainable Approach: Fortification integrates essential nutrients into existing food
systems, utilizing the existing distribution channels and infrastructure, which makes it
a sustainable long-term approach.

e Wide Reach: Fortified foods are generally consumed by broad sections of the
population, making it feasible to target a wide range of individuals and demographics.

By fortifying commonly consumed food products, such as dairy products, cereals,
cooking oils, and salt, food fortification programs aim to enhance the nutritional quality of
the overall diet, particularly in communities where access to diverse and nutrient-rich foods is
limited. It is important to note that food fortification is not a standalone solution to all
nutrient deficiencies. It should be implemented as part of a comprehensive approach that
includes promoting a diverse and balanced diet, improving food security, and addressing
underlying socio-economic factors that contribute to malnutrition.

1. The Global Prevalence of Nutrient Deficiencies and Their Impact on Public Health:
Nutrient deficiencies are a significant global health concern, affecting populations in both
developed and developing countries. The impact of these deficiencies on public health
can be far-reaching, leading to various health problems and compromising overall well-
being. Based on mortality data from the World Health Organization (WHO),
approximately 0.8 million deaths annually (constituting 1.5% of the total) can be
attributed to insufficient iron levels, and a similar number can be linked to a lack of
vitamin A. When evaluating the impact on overall well-being, as measured by disability-
adjusted life years (DALYs), iron-deficiency anemia accounts for a loss of 25 million
DALYs (equivalent to 2.4% of the worldwide total), while vitamin A deficiency
contributes to 18 million DALY lost (equivalent to 1.8% of the global total), and iodine
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deficiency results in a loss of 2.5 million DALY (constituting 0.2% of the global total).
[5]. Up until the 1980s, efforts to alleviate undernutrition in developing countries were
focused on protein—energy malnutrition (PEM). While PEM certainly remains an
important concern, we have since come to appreciate the significance of micronutrient
malnutrition in terms of its effect on human health and function. As a result, the past two
decades have seen an increase in activities that seek to understand and control specific
micronutrient deficiencies [6]. Here's a discussion on the global prevalence of nutrient
deficiencies and their implications:

e Vitamin A Deficiency: Vitamin A deficiency (VAD) is a prevalent issue, particularly
in low- and middle-income countries. It primarily affects young children and pregnant
women. VAD can lead to impaired vision, increased susceptibility to infections, and
even blindness. It is estimated that VAD affects millions of children worldwide, with
the highest prevalence in Sub-Saharan Africa and Southeast Asia.

e Iron Deficiency: A deficiency in iron stands as a prevalent insufficiency of essential
nutrients on a worldwide scale, impacting both developed and developing nations
alike. Iron plays a crucial role in generating hemoglobin, which transports oxygen
within the bloodstream. Inadequate iron levels can lead to conditions such as anemia,
fatigue, diminished cognitive capabilities, and compromised immune reactions. This
deficiency affects individuals of all age brackets, with women of reproductive age and
young children facing heightened susceptibility.

o lodine Deficiency: The shortage of iodine presents a noteworthy global health
challenge, predominantly impacting communities residing in landlocked and
mountainous areas. lodine assumes a vital role in synthesizing thyroid hormones,
which hold paramount importance for growth, development, and metabolic processes.
Inadequate iodine levels can result in the enlargement of the thyroid gland (goiter),
hindered cognitive function, and developmental irregularities, particularly among
children. The implementation of universal salt iodization initiatives has yielded
noteworthy advancement in mitigating iodine deficiency disorders across numerous
countries.

e Vitamin D Deficiency: The insufficiency of Vitamin D is widespread across the
globe, impacting both developed and developing nations. Vitamin D plays a pivotal
part in maintaining bone health, supporting the immune system, and promoting
general wellness. A scarcity of sunlight exposure and limited dietary outlets
contribute to the deficiency of Vitamin D. This deficiency's outcomes encompass
conditions like rickets in children and osteomalacia in adults, while also elevating the
susceptibility to several chronic ailments, including osteoporosis, cardiovascular
disorders, and specific forms of cancer.

e Other Nutrient Deficiencies: Besides the above examples, deficiencies in other
nutrients, such as vitamin B12, folate, zinc, calcium, and omega-3 fatty acids, can also
have significant implications for public health. These deficiencies can impact various
physiological processes, including neurological development, immune function, and
bone health.
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The consequences of nutrient deficiencies on public health are substantial.
They can lead to increased susceptibility to infections, impaired growth and
development, cognitive impairments, compromised immune function, and increased
mortality rates, particularly among vulnerable populations such as children, pregnant
women, and the elderly. Table 1 shows a comprehensive outline detailing the
occurrence, factors contributing to risk, and the health implications associated with
micronutrient deficiencies specified within the guidelines provided by the World
Health Organization (WHO)

Table 1 Micronutrient deficiencies: prevalence, risk factors and health consequences

Micronutrient

Prevalence of
deficiency

Risk factors

Health
consequences

Iron

Across developing
nations, there are
approximately 2
billion instances of
anemia. Prevalence
rates of anemia are
estimated to be around
50% in  pregnant
women and infants
under 2 years of age,
40% in school-aged
children, and 25-55%
in other women and
children.

Preterm delivery or
low birth  weight,
Pregnancy and
adolescence, Heavy
menstrual losses,
Parasite infections
which cause heavy
blood losses, Low
intakes of vitamin C,
Allergy to cow’s milk

Reduced  cognitive
performance,

Lower work
performance and
endurance, Impaired
iodine and vitamin A
metabolism,
Anaemia,

Increased risk  of
maternal  mortality
and child mortality
(with more severe
anaemia)

Vitamin A

An estimated 254
million preschool
children are vitamin A
deficient

Low intakes of dairy
products, eggs and f-
carotene from fruits
and vegetables,
Presence of helminth
infection, ascaris

Increased risk of
mortality in children
and pregnant women,
Night blindness,
xerophthalmia

Iodine

Approximately 2
billion individuals
face insufficient
iodine intake, placing
them in jeopardy of
experiencing  iodine
deficiency disorders.

Residence in areas
with low levels of
iodine in soil and
water, Living in high
altitude regions, river
plains or far from the
sea, Consumption of
non-detoxified
cassava

Birth defects,
Increased risk  of
stillbirth and infant
mortality, Cognitive
and neurological
impairment including
cretinism, Impaired
cognitive  function,
Hypothyroidism,
Goitre

Zinc

While data
insufficient,
likelihood

remains
the
of

Low intakes of animal
products, High phytate
intakes,

Non-specific if
marginal deficiency,
possibly poor
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deficiency prevalence | Malabsorption and | pregnancy outcomes,
ranging from | infection with | Impaired growth
moderate to high is | intestinal  parasites, | (stunting), Decreased
notable in developing | Diarrhoea, especially | resistance to
nations,  particularly | persistent Genetic | infectious diseases,
within regions such as | disorders
Africa, South-East
Asia, and the Western
Pacific
Folate Insufficient data Low intakes of fruits | Megaloblastic
(vitamin B9) and vegetables, | anaemia, Risk factor
legumes and dairy | for: — neural tube
products, Genetic | defects and other
disorder of folic acid | birth  defects —
metabolism elevated plasma
homocysteine; —
heart disease and
stroke — depression
Vitamin B12 Insufficient data Low intakes of animal | Megaloblastic
(cobalamin) products, anaemia, Severe
Malabsorption  from | deficiency can cause
food due to gastric | developmentaldelays,
atrophy induced by | poor neurobehavioral
Helicobacter pylori, or | performance and
bacterial overgrowth | growth in infants and
children, nerve
demyelination  and
neurological
dysfunction
Vitamin B1 Limited information | High consumption of | Beriberi presents in
(thiamine) exists regarding | refined  rice  and | two forms:
marginal deficiency, | cereals, Low intakes | — a cardiac form
while severe | of animal and dairy | with risk of heart
deficiency (known as | products, and | failure
beriberi) has been | legumes, a neurological form
documented in certain | Consumption of | with chronic
areas of Japan and | thiaminase, peripheral
northeastern Thailand. | Breastfeeding (from | neuropathy (loss of
deficient mothers) sensation and
reflexes)
Vitamin B2 While data remains | Low intakes of animal | Symptoms are non-
(riboflavin) inadequate, there is|and dairy products, | specific and can
some evidence | Chronic alcoholism include fatigue, eye
suggesting  that it changes and in more
could be prevalent in severe cases,
developing countries. dermatitis (stomatitis,
cheilosis), brain
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dysfunction and
microcytic anaemia
Impaired iron
absorption and
utilization

Vitamin B3 Data regarding | Low intakes of animal | Severe deficiency

(niacin) marginal deficiency is | and dairy products, | results in pellagra,
lacking. However, | High consumption of | which is
severe deficiency | refined cereals, | characterized by: —
(referred to as | Maize-based diets dermatitis
pellagra) remains (symmetrical
prevalent in Affica, pigmented rash on
China, and India. skin areas exposed to
Recent reports have sunlight); —
also indicated its digestive mucosa
occurrence among disorders (diarrhoea
displaced populations and vomiting); —
in southeastern Africa neurological
and during famine symptoms,
situations. depression and loss

of memory

Vitamin C Frequently observed | Low intakes of fresh | Severe deficiency
during famine | vitamin C-rich fruits | results in scurvy with
circumstances (such as | and vegetables, | haemorrhagic
edema in East Africa) | Prolonged cooking syndrome (i.e.
and among displaced bleeding gums, joint
populations reliant on and muscle pain,
extended food aid peripheral oedema)
(like East Africa and
Nepal), severe
deficiency (known as
scurvy) persists.

Vitamin D Higher = at  more | Low exposure to ultra- | Severe forms result
northerly and | violet radiation from | in rickets in children
southerly latitudes | the sun, Wearing | and osteomalacia in
where daylight hours | excess clothing, | adults
are Having darkly
limited during the | pigmented skin
winter months

Calcium Insufficient data, but | Low intakes of dairy | Decreased bone
low intakes very | products, mineralization,
common Increased risk  of

osteoporosis in
adults, Increased risk
of osteoporosis in
adults

Fluoride NA Inhabiting regions | Increased risk  of

Copyright © 2024Authors Page | 210



Futuristic Trends in Agriculture Engineering & Food Sciences

e-ISBN: 978-93-5747-553-2

IIP Series, Volume 3, Book 11, Part 8, Chapter 2

FORTIFICATION IN DAIRY TECHNOLOGY:

BRIDGING NUTRIENT GAPS AND IMPROVING PUBLIC HEALTH

characterized by low | dental decay
levels of fluoride in
water.

Sources: adapted from references [7,8,9,10,11]

Addressing nutrient deficiencies requires a comprehensive approach, including
interventions like food fortification, dietary diversification, nutrition education,
supplementation programs, and improving access to nutrient-rich foods. These efforts are
crucial in reducing the burden of nutrient deficiencies, improving public health outcomes,
and promoting overall well-being worldwide.

2. Nutrient Gaps and Improve Nutritional Requirement: Food fortification plays a
crucial role in bridging nutrient gaps and improving the nutritional status of populations.
By deliberately adding essential nutrients to commonly consumed food products,
fortification aims to increase their nutrient content and provide a reliable source of key
vitamins, minerals, and other important bioactive compounds.

o Addressing Widespread Deficiencies: Food fortification is an effective strategy to
combat widespread nutrient deficiencies that affect large populations. By fortifying
staple foods or commonly consumed products, fortification programs can reach a
wide range of individuals, including vulnerable groups such as children, pregnant
women, and the elderly.

¢ Reaching Unreachable Populations: Fortification is particularly valuable in areas
where access to diverse and nutrient-rich foods is limited. It can overcome
geographical, economic, and logistical barriers by utilizing existing distribution
channels and infrastructure. Fortified foods can reach remote or underserved
populations, making it easier to provide essential nutrients to those who may
otherwise have limited access.

o Targeting Specific Nutrient Deficiencies: Food fortification allows for the targeted
delivery of specific nutrients known to be deficient in a population. For example,
fortifying salt with iodine helps address iodine deficiency, while fortifying dairy
products with vitamin D helps combat vitamin D deficiency. This targeted approach
ensures that individuals receive the nutrients they specifically need.

e Enhancing Nutrient Intake: Fortified foods can significantly contribute to
improving nutrient intake and meeting daily nutrient requirements. By incorporating
essential vitamins and minerals, fortification helps increase the nutrient content of
commonly consumed foods without requiring individuals to change their dietary
habits or consume additional supplements.

e Population-Level Impact: Food fortification has the potential to achieve a
population-level impact on nutritional status. When fortified foods become widely
available and consumed, they can contribute to a gradual reduction in nutrient
deficiencies and associated health problems at the community and national levels.
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e Cost-Effective Solution: Food fortification is often a cost-effective strategy to
improve nutrient intake compared to alternative interventions like dietary supplements
or individualized counseling. It leverages existing food production processes and
supply chains, minimizing the need for extensive infrastructure changes or behavior
modifications.

o Integration into Daily Diet: Fortified foods seamlessly integrate into the regular diet
and are not reliant on individual compliance or behavior change. This makes
fortification a sustainable long-term approach to improving nutritional status.

However, it is important to note that food fortification is not a standalone
solution. It should be part of a comprehensive approach that includes promoting a
diverse and balanced diet, improving food security, and addressing underlying socio-
economic factors that contribute to malnutrition. Additionally, monitoring, quality
control, and compliance with regulatory standards are crucial to ensure the efficacy
and safety of fortified foods. By fortifying commonly consumed food products, food
fortification programs contribute to promoting better health outcomes for populations,
particularly in areas where nutrient deficiencies are prevalent.

HLRELEVANCE OF FORTIFICATION IN THE FIELD OF DAIRY TECHNOLOGY

The purpose of the chapter on food fortification is to provide an in-depth
understanding of the concept of fortifying food with essential nutrients, with a specific focus
on its relevance in the field of dairy technology. The chapter aims to explore the intersection
of food fortification and dairy products, highlighting the potential benefits, challenges, and
advancements in fortifying dairy products to improve their nutritional value. Contemporary
consumers display a growing inclination towards their individual well-being and anticipate
that the food they consume not only possesses delectable flavors but also offers health
benefits, potentially warding off illnesses. [12]. Various types of milk, including buffalo
milk, cow milk, goat milk, sheep milk, and camel milk, as well as milk variants like full
cream, toned, double-toned, skimmed, and standardized milk, are to be fortified with the
specified micronutrients at the indicated levels outlined in the table below. This fortification
is applicable when the milk undergoes processes such as pasteurization, sterilization, ultra-
high temperature sterilization/treatment, or boiling

Table 2: Standards for fortification of milk with vitamin

Level of nutrient per litre of Species
identified milk (namely buffalo milk,

SI. Nutrients/Source cow milk, goat milk, sheep milk and
No. camel milk)/full cream milk/toned
milk/double toned milk/skimmed
milk/standardized milk
1 Vitamin A (ug RE)- Retinyl acetate or | 270 - 450
Retinyl palmitate

2 Vitamin D (ug) *Cholecalciferol | 5-7.5
or*Ergocalciferol (*Only from Plant
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| source) |
Note: Vitamin A (retinol): 1 IU= 0.3 pg RE (Retinol Equivalent); Vitamin D
(Cholecalciferol or Ergocalciferol): 1 TU= 0.025 pg

Source: Adapted from Food Safety and Standards (Fortification of Foods) Regulations, 2018
Relevance in the Field of Dairy Technology

1. Nutritional Enhancement: Dairy products, such as milk, yogurt, and cheese, are
consumed globally and play a significant role in human nutrition. Fortifying dairy
products allows for the targeted enhancement of their nutritional composition by
incorporating essential vitamins, minerals, or other bioactive compounds. This can
contribute to addressing specific nutrient deficiencies prevalent in certain populations.

2. Delivery Vehicle for Nutrients: Dairy products serve as an excellent delivery vehicle for
fortification due to their wide consumption and popularity. They can be fortified with
various nutrients, such as calcium, vitamin D, vitamin A, and omega-3 fatty acids, which
can have a positive impact on the nutritional status of consumers. Many individuals,
particularly children, have regular consumption patterns of milk, yogurt, or cheese.
Fortifying these products ensures that individuals receive additional nutrients without
requiring major changes to their dietary habits. Milk represents a physiological fluid
containing bioactive and nutritional elements that confer positive impacts on the growth
of newborns and their digestive systems. Additionally, it has the potential to enhance
symbiotic microflora and foster the growth of lymphoid tissues. Within milk, especially
in fermented milk products, a range of bioactive compounds is present, which holds
significant value. These compounds encompass specific proteins, vitamins, bioactive
peptides, organic acids, and oligosaccharides. [13].

3. Technical Considerations: The field of dairy technology plays a crucial role in
determining the feasibility and efficacy of fortification in dairy products. Dairy
technologists are involved in developing and optimizing fortification techniques, ensuring
the stability and bioavailability of added nutrients, and addressing technical challenges
related to processing, shelf-life, and sensory aspects of fortified dairy products. The
technology needed for milk fortification is straightforward. All the minerals and vitamins
suitable for milk fortification are accessible in dry powder format. Given that numerous
nutrients are typically incorporated into milk, it's advantageous to introduce fortificants as
a premix—a consistent blend of the preferred quantity of fortificants (minerals and
vitamins) concentrated within a small portion of the food earmarked for fortification. This
approach of using premixes ensures accurate addition and uniform distribution of
micronutrients in the end product [14].

4. Product Development and Innovation: Dairy technology researchers and industry
professionals can contribute to the development of new fortified dairy products, exploring
innovative approaches to fortification that enhance nutrient delivery and consumer
acceptance. This can include novel fortification methods, encapsulation technologies, or
the incorporation of functional ingredients in dairy matrices. An analysis of existing
literature demonstrates that incorporating the recommended quantities of milk and
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fermented dairy products into a balanced diet holds the potential to lower the
susceptibility to numerous diseases. [15].

5. Quality Control and Regulatory Compliance: Dairy technology experts play a critical
role in ensuring the quality and safety of fortified dairy products. They are involved in
establishing quality control measures, monitoring compliance with regulatory standards,
and conducting research to assess the stability, sensory attributes, and nutritional efficacy
of fortified dairy products.

By examining the relevance of food fortification within the field of dairy
technology, the chapter aims to provide valuable insights for dairy scientists,
technologists, and industry professionals. It highlights the opportunities and challenges
associated with fortification, encourages further research and innovation in the area, and
promotes the production of fortified dairy products that contribute to improved nutrition
and public health.

The Potential Benefits of Fortifying Dairy Products Specifically

Fortifying dairy products with essential nutrients offers several potential benefits,
as dairy products are widely consumed and provide a range of health-promoting
compounds. Here are some key advantages of fortifying dairy products specifically:

e Calcium Enrichment: Dairy products are a natural source of calcium, which is vital
for healthy bones and teeth. Fortifying dairy products with additional calcium can
enhance their nutritional value, helping individuals meet their daily calcium
requirements. Calcium within milk exhibits greater intestinal absorption compared to
calcium sourced from vegetables and grains. Compounds like phytates found in
cereals, legumes, and beans, oxalates present in leafy greens, as well as long-chain
saturated fatty acids and dietary fiber, can hinder calcium's bioavailability by forming
insoluble complexes. Various commercial calcium salts have been employed for the
purpose of fortifying dairy products [16]. This is especially important for populations
with low calcium intake or at higher risk of osteoporosis and bone-related disorders.

e Vitamin D Fortification: Semi-skimmed or non-fat milk are poor source of vitamin
D, and as this vitamin is essential to the improvement of calcium absorption and
hence, fortification of semi-skimmed or non-fat milk with vitamin D is required [17].
Dairy products, such as milk, can be fortified with vitamin D. Vitamin D plays a
critical role in calcium absorption and utilization, promoting bone health and
preventing conditions like rickets in children and osteomalacia in adults. Fortifying
dairy products with vitamin D helps ensure a readily available source of this
important nutrient.

e Micronutrient Supplementation: Fortifying dairy products can provide an
opportunity to supplement them with other essential micronutrients. For example,
fortifying milk with vitamin A can help address vitamin A deficiency, which is
prevalent in many parts of the world and can lead to vision impairment and increased
susceptibility to infections. Natural and added forms of vitamin A (all-trans-retinol,
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retinyl esters and beta-carotene) and vitamin E (alpha-tocopherol, alpha tocopheryl
acetate) were determined in commercially available dairy products that are frequently
consumed [18].

e Improved Nutrient Balance: Fortifying dairy products can help improve the overall
nutrient balance in the diet. Dairy products are a rich source of certain nutrients, such
as calcium and protein, but may be lacking in other essential nutrients. By fortifying
with specific vitamins or minerals, dairy products can contribute to a more balanced
nutrient profile, promoting overall health and well-being.

e Enhanced Nutritional Options for Specific Groups: Fortifying dairy products can
specifically target certain population groups with higher nutrient needs. For instance,
fortified dairy products can be tailored to meet the nutritional requirements of
pregnant and lactating women, infants, or individuals with specific health conditions.
This targeted approach helps address nutrient gaps in vulnerable populations.

e Consumer Acceptance: Dairy products are generally well-accepted by consumers
and can act as a familiar and trusted platform for fortification. Fortified dairy products
can retain their taste, texture, and overall sensory attributes, ensuring consumer
acceptance and uptake of the fortified options.

IV.FORTIFICATION TECHNIQUES AND TECHNOLOGIES

The dairy industry utilizes various methods and technologies for fortification to
ensure the targeted nutrients are effectively incorporated into dairy products. Here are some
common methods used for fortification in the dairy industry:

1. Premix Addition: Fortifying milk products necessitates uncomplicated technology. All
minerals and vitamins slated for fortification must be obtainable in dry powder format.
Given the incorporation of multiple nutrients into milk, it's optimal to introduce
fortificants as premixes—a homogeneous blend containing the designated quantities of
fortificants (vitamins and minerals), concentrated within a small portion of the target
food. By utilizing premixes, the accurate addition and uniform distribution of
micronutrients in the end product are ensured. [16]. The premix can be added directly to
the balance tank before pasteurization as shown in figure 1. This is a routine process in
milk processing. Premixes containing the desired nutrients in powdered or liquid form are
added to dairy products during processing. These premixes are formulated to contain the
appropriate concentration of vitamins, minerals, or other bioactive compounds. The
premix can be added directly to the milk, yogurt, cheese, or other dairy products during
the manufacturing process to ensure uniform distribution of the fortificants.

2. Spray Drying: Spray drying is a commonly used technique to fortify dairy powders such
as milk powder or whey powder. During spray drying, the dairy liquid is atomized into
small droplets and exposed to hot air, which removes the moisture content, resulting in
the formation of powdered dairy products. Fortification can be achieved by adding the
desired nutrients to the liquid before spray drying, ensuring their presence in the final
powdered product.
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Figure 1: Batch Mixing Process and Continuous Mixing Process

Source: Technical handout on milk fortification by FSSAL
www.ffre.fssai.gov.in/fortification [19]

Microencapsulation: Microencapsulation involves coating the nutrient with a protective
layer, often wusing materials such as lipids, proteins, or carbohydrates. The
microencapsulation process helps to protect the nutrient from degradation during
processing and storage, and it also aids in the controlled release of the nutrient upon
consumption. Microencapsulated nutrients can be added to dairy products, such as yogurt
or cheese, without affecting their sensory attributes. Micronutrients with nano-structured
characteristics typically span a length scale of 1-100 nm. This scale imparts beneficial
effects on their physicochemical, sensory, and nutritional attributes, attributed to their
relatively elevated surface area. Consequently, encapsulating micronutrients within
nanoparticle-based delivery systems has emerged as a predominant method for fortifying
food products [20]. This process can mitigate sensory changes, provide effective
protection against micronutrient absorption inhibitors or oxidation and for the prevention
of degradation of the micronutrients, thereby enhancing their bioavailability in the
gastrointestinal tract. Consequently, several food vehicles have been fortified with iron
via nanoencapsulation as reported for cheddar cheese [21], milk powder [22], yogurt
drinks [23] and infant formula foods [24].

Extrusion: Extrusion is a process that involves subjecting a mixture of ingredients to
high temperature and pressure, leading to the formation of a continuous product with
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specific physical properties. In dairy fortification, extrusion can be used to produce
fortified snack products, such as fortified cheese puffs or fortified cereal bars. The
nutrient-fortified ingredients are combined with other components, such as dairy solids
and starches, and processed through an extruder to form the final fortified product.

5. Homogenization: Homogenization is a mechanical process that breaks down fat globules
in dairy products into smaller, more uniform particles. It is often employed in the
fortification of milk or other liquid dairy products. Fortificants can be added during the
homogenization process, ensuring their distribution throughout the product and improving
their stability.

It is important to note that the choice of fortification method depends on various
factors, including the specific nutrient, the desired shelf life and stability of the fortified
product, the processing requirements, and the sensory attributes of the final product.
Quality control measures, such as testing the concentration of fortificants during
production and storage, are implemented to ensure the accuracy and consistency of
fortification levels in dairy products. Overall, these methods and technologies allow the
dairy industry to effectively incorporate essential nutrients into dairy products, providing
consumers with fortified options that contribute to improved nutritional status.

The Challenges and Considerations Associated with Fortifying Dairy Products

Fortifying dairy products comes with several challenges and considerations that
need to be addressed to ensure the success and effectiveness of the fortification process.
Here are some key challenges and considerations associated with fortifying dairy
products:

o Stability of Fortificants: Fortified nutrients may be susceptible to degradation or loss
of potency during processing, storage, or exposure to light, heat, or air. It is crucial to
select stable forms of fortificants and optimize processing conditions to minimize
nutrient degradation. Microencapsulation techniques can be employed to enhance the
stability of sensitive fortificants.

¢ Bioavailability: Bioavailability refers to the extent to which a nutrient can be
absorbed and utilized by the body. Some fortificants may have low bioavailability or
interact with other components in dairy products, affecting their absorption. It is
important to consider the bioavailability of fortificants and ensure that they are
present in a form that can be readily absorbed and utilized by the body.

o Sensory Aspects: Fortification can sometimes affect the sensory attributes, taste,
texture, or appearance of dairy products. Consumers' acceptance of fortified products
is crucial for their success in the market. Formulating fortificants that have minimal
impact on the sensory characteristics of dairy products is important to maintain
consumer appeal and ensure product palatability.

e Regulatory Requirements: The fortification of dairy products is subject to
regulatory guidelines and requirements in different countries. These regulations
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govern the types of fortificants allowed, their permissible levels, labeling
requirements, and quality control measures. Compliance with regulatory standards is
essential to ensure product safety, accuracy, and consumer protection.

e Nutrient-Nutrient Interactions: Some nutrients can interact with each other,
affecting their stability or bioavailability. It is important to consider potential
interactions between fortificants and other components in dairy products, such as
minerals, proteins, or fats, to ensure optimal nutrient bioavailability and avoid
undesirable interactions.

e Cost and Availability of Fortificants: The cost and availability of fortificants can
influence the feasibility of fortification programs. Some fortificants may be expensive
or not readily available in certain regions, limiting their use or requiring alternative
fortification strategies. Cost-effectiveness and sustainability should be considered
when selecting fortificants and implementing fortification programs.

¢ Quality Control and Monitoring: Maintaining consistent levels of fortificants in
dairy products is essential to ensure that they meet the intended nutritional targets.
Adequate quality control measures, including regular testing and monitoring of
fortificants levels during production and shelf life, are necessary to guarantee accurate
fortification and compliance with regulatory standards.

Addressing these challenges and considerations requires collaboration
between the dairy industry, food scientists, regulatory authorities, and health
professionals. Close attention to product development, processing techniques, quality
control, and consumer acceptance is essential for the successful and sustainable
fortification of dairy products.

V. FORTIFICATION OF DAIRY PRODUCTS

Fortification of dairy products, such as milk, with specific nutrients is a common

practice to address nutrient deficiencies and enhance the nutritional value of the product.
Here are some specific examples of fortification in dairy products. Let's discuss the rationale,
process, and impact of fortification in each case mentioned:

1.

Fortifying Milk with Vitamin D: Enriching milk with vitamin D is rooted in the
acknowledgment of the widespread prevalence of vitamin D deficiency, particularly in
regions with limited sunlight exposure. Vitamin D's pivotal role in calcium absorption
and bone health underscores the significance of fortifying milk. This process assists
individuals in meeting their vitamin D requirements and safeguarding against deficiency-
related conditions like rickets. Vitamin D integration occurs during milk processing, and
the precise quantity added ensures consistent nutrient levels in each milk serving. Vitamin
D is attainable in two forms, namely vitamin D2 and vitamin D3. Given its superior
biological effectiveness, vitamin D3 stands as the preferred choice for food fortification.
[25]. The incorporation of vitamin D into milk has demonstrated remarkable efficacy in
diminishing the occurrence of vitamin D deficiency, notably among groups with
constrained sun exposure. This fortification method has played a pivotal role in enhancing
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bone health, lowering the occurrence of rickets, and enhancing the overall vitamin D
status in communities where it has been adopted. A study published in the American
Journal of Clinical Nutrition revealed that milk fortified with vitamin D significantly
enhanced vitamin D levels in children, leading to a reduction in deficiency prevalence.
[26]. Semi-skimmed or nonfat milk are poor sources of vitamin D, and as this vitamin is
essential to the improvement of calcium absorption and hence, fortification of semi-
skimmed or nonfat milk with vitamin D is required. Vitamin D is available as vitamin D2
and vitamin D3. Because of its greater biological efficiency, vitamin D3 is the preferred
form for food fortification [27].

2. Fortifying Milk with Calcium: Fortifying milk with calcium aims to enhance the
calcium content of the product. Calcium is essential for optimal bone health and is
particularly important during growth and development. Fortification ensures that
individuals, especially those with low dairy consumption or limited access to other
calcium-rich foods, can meet their calcium requirements. Calcium fortification involves
adding additional calcium to milk during processing. The amount added is carefully
controlled to provide an increased calcium content in each serving of fortified milk. The
enrichment of milk with calcium has proven effective in tackling insufficient calcium
intake among populations with limited dairy consumption or those susceptible to
osteoporosis. This approach offers a readily available and accessible means of obtaining
dietary calcium, thereby enhancing bone mineral density, diminishing fracture risks, and
promoting superior bone health overall. In the majority of industrialized nations, dairy
products furnish 50-80% of dietary calcium, whereas plant-based foods account for
approximately 25%. The calcium content of most other foods and their contribution is
generally modest in comparison. [4]. Research featured in the American Journal of
Clinical Nutrition demonstrated that milk fortified with calcium substantially elevated
calcium consumption and led to enhanced bone mineral content among adolescent girls.
[28]. A systematic review and meta-analysis published in Osteoporosis International
concluded that the inclusion of calcium-fortified foods, encompassing dairy products,
proves effective in elevating dietary calcium intake and yielding positive outcomes for
bone health. [29].

3. Fortifying Yogurt with Probiotics: Fortifying yogurt with probiotics is based on the
understanding of the beneficial effects of probiotic microorganisms on gut health and
overall well-being. Probiotics help maintain healthy gut microbiota, support digestion,
and enhance immune function. Specific strains of probiotics, such as Lactobacillus or
Bifidobacterium, are added to the yogurt during production. These live microorganisms
remain viable and active in the yogurt. Fortifying yogurt with probiotics has provided
consumers with a convenient way to incorporate beneficial bacteria into their diet.
Consistently incorporating probiotic-fortified yogurt into one's diet has been linked to
better gastrointestinal health, improved digestion, and potential immune-modulation. This
type of yogurt has garnered attention as a functional food option for those aiming to
bolster both their digestive and immune well-being. In a study involving patients, co-
supplementing vitamin D and probiotics through enriched yogurt for a span of 12 weeks
demonstrated advantageous effects on serum vitamin D levels. However, this
supplementation did not impact glycemic parameters or blood pressure. [30]. While orally
consuming probiotics, either as supplements or within functional food items, these
microorganisms can temporarily integrate into the gut's microbial community, influencing
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its ecological balance. Intriguingly, the extent to which a probiotic persists within the gut
and elicits a response (evaluated through changes in the microbiome or physiological
outcomes) exhibits notable variability between individuals. To a certain degree, this
variability can be predicted based on the initial microbiome composition. [31].

4. Fortifying Dairy Products with Omega-3 Fatty Acids: Fortifying dairy products with
omega-3 fatty acids recognizes the health benefits of these essential fatty acids for heart
health, brain function, and inflammation regulation. It provides an alternative source of
omega-3s for individuals who may have limited access to fatty fish or other natural
sources. Omega-3 fatty acids derived from plant or marine sources are added to dairy
products such as milk or yogurt during processing, ensuring their presence in the final
product. Fortification with omega-3 fatty acids has expanded the availability of these
beneficial nutrients in the diet. Regular consumption of omega-3-fortified dairy products
can contribute to improved cardiovascular health, brain function, and reduced
inflammation. It offers an option for individuals, including vegetarians or those with
dietary restrictions, to obtain the health benefits associated with omega-3 fatty acids.
Dairy Farmers (Australia) pioneered the creation of the initial commercial Omega-3
fortified dairy product, marketed as Farmers Best. This innovation involved substituting
nearly all saturated milk fat with more healthful mono-unsaturated and Omega-3 fats.
Additionally, fortifying Omega-3 enriched milk with vitamins A, C, and E is a
widespread practice. [32]. The technique for enhancing milk with omega-3 fatty acids
involves employing flaxseed oil as the source, along with phytosterols and soluble fiber
(polydextrose) via an oil-in-water emulsion. The fortified milk retained its quality under
refrigeration for a week, displaying sensory, physicochemical, and microbiological
characteristics similar to those of the control milk. [54 Consumers are drawn to dairy
products enriched with ®-3 fatty acids, prompting the development of diverse designer
milk varieties. These innovations have undergone assessment to gauge their potential
impact on human health. [33]. Fortified yogurts with microencapsulated salmon oil [34]
and flaxseed powder have resulted in an increased PUFA content and a decreased -6: ®-
3 ratio. With the aim of ensuring sufficient DHA intake for pregnant and breastfeeding
women, a yogurt infused with microalgae oil was created. Moreover, a butter with
heightened ALA content was formulated by employing an emulsion of flaxseed oil and
flaxseed-whey protein concentrate. [35].

5. Fortification with Fiber: The increasing recognition of the positive impact of dietary
fiber on human nutrition has resulted in a rising desire to introduce new types of fiber into
food products. It's worth noting that while dairy products lack inherent dietary fiber, they
enjoy widespread popularity, are favored by consumers, and constitute a substantial part
of daily diets. As a result, dairy items present an excellent opportunity for enhancement
through the addition of dietary fiber, addressing this particular nutritional gap. [36].
Yogurt and dairy products lack any natural fiber content. Fiber is primarily found in the
cell walls of fruits, grains, seeds, and vegetables [37]. Various types of fiber from
different sources are incorporated into dairy products due to their capacity to hold water
and enhance production yields. Additionally, they can diminish lipid retention, enhance
textural attributes and structure, and lower caloric content by functioning as bulking
agents. [38]. The consumption of products rich in dietary fiber holds the potential to
prevent or mitigate conditions such as hypertension, hypercholesterolemia, obesity, and
gastrointestinal disorders [39]. Moreover, it can contribute to reducing the risk of
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coronary heart disease [40], diabetes [41], and cancer [42]. The trend of fortifying yogurt
and dairy items with fiber is gaining momentum as it aims to create functional foods that
offer health benefits and enhance their overall functionality [43]. Likewise, b-glucan was
employed to develop low-fat yogurt, demonstrating that as the b-glucan content
increased, there was a corresponding improvement in yogurt's texture and firmness,
coupled with a reduction in syneresis. In addition, microscopic analysis unveiled a denser
structure with trapped water, reminiscent of the texture found in full-fat yogurt [44].

6. Fortification with Isoflavones and phytosterols: These are functional constituents that

have gained recent attention, despite their source, soybeans, having been consumed for
over 5000 years [45]. Isoflavones are categorized as diphenol compounds known as
"phytoestrogens," sharing structural and functional similarities with human estrogens,
particularly estradiols, albeit with much lower potency. Due to these resemblances,
isoflavones have been proposed to offer preventive effects against various hormone-
dependent diseases [46]. Plant sterols constitute a group of compounds currently under
intense research focus. They work by reducing the absorption of cholesterol and thus
potentially safeguarding against atherosclerosis [47]. Additionally, they could exhibit
favorable effects in combatting colon cancer [48]. Evidence supports that, in comparison
to cereals, margarine, and dairy products enriched with phytosterols (such as yogurt and
milk), are more efficient in reducing cholesterol levels [49]. In a related study, reference
[50] crafted yogurts using a modified milk base that included three vital nutraceuticals:
omega-3 fatty acids, isoflavones, and phytosterols.

These studies provide scientific evidence supporting the effectiveness of fortification
in dairy products for improving nutrient status, enhancing health outcomes, and
addressing specific deficiencies. It is important to note that the effectiveness of
fortification may vary depending on factors such as the population studied, fortification
levels, and compliance with consumption.

VI.REGULATIONS AND STANDARDS

The regulations and guidelines that oversee the practice of food fortification exhibit

variations across different countries and regions. In India, the Food Safety and Standards
Authority (FSSAI) has taken proactive measures to expedite efforts aimed at increasing
awareness and promoting the incorporation of fortified foods among producers and
consumers alike [25].Here is a general overview of how food fortification is regulated:

1.

Codex Alimentarius Commission: The Codex Alimentarius Commission, established by
the Food and Agriculture Organization (FAO) and the World Health Organization
(WHO), develops international food standards, guidelines, and codes of practice. The
Codex General Principles for Food Additives and Guidelines for the Use of Nutrition and
Health Claims provide guidance on fortification practices and permissible levels of
fortificants.

National Legislation: Each country typically has its own national legislation or
regulations that govern food fortification. These regulations outline the requirements,
standards, and permitted fortificants for specific food categories. National regulatory
agencies or bodies, such as the Food and Drug Administration (FDA) in the United
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States, Health Canada, or the European Food Safety Authority (EFSA), oversee and
enforce these regulations.

Permitted Fortificants and Levels: Regulatory frameworks specify the list of permitted
fortificants, their forms, and the maximum or minimum levels allowed in fortified foods.
These lists often include vitamins (e.g., vitamin A, vitamin D, folic acid), minerals (e.g.,
iron, iodine, zinc), and other nutrients. The levels are set to ensure safety, efficacy, and to
prevent excessive intake.

Labeling Requirements: Regulations typically mandate clear labeling of fortified foods
to provide accurate information to consumers. Labeling may include the declaration of
added fortificants, their amounts, nutrient content claims, and other relevant information to
help consumers make informed choices.

Quality Control and Monitoring: Regulatory frameworks establish quality control
measures to ensure compliance with fortification standards. This includes testing and
monitoring fortified foods for fortificant levels, product stability, and overall quality.
Regular inspections and audits may be conducted to verify compliance with regulations.

Collaboration with Stakeholders: Governments often work in collaboration with
industry stakeholders, scientific experts, and public health organizations to develop and
update fortification regulations. These collaborations ensure that fortification practices
align with scientific evidence, public health needs, and industry capabilities.

Figure 2 depicts a schematic illustration of a model monitoring and evaluation
system designed for fortification programs. This model serves as a comprehensive
framework for the diverse range of monitoring and evaluation tasks [51].
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Figure 2: A monitoring and evaluation system for food fortification programs
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It's important to note that the specific regulations and standards governing food
fortification can vary significantly between countries or regions. The regulatory
frameworks are continuously updated and revised based on new scientific evidence,
technological advancements, and public health considerations. Therefore, it is crucial for
stakeholders in the food industry, including dairy manufacturers, to stay updated with the
relevant regulations in their respective countries or regions to ensure compliance and
consumer safety.

VII. CONSUMER ACCEPTANCE AND EDUCATION

Consumer acceptance and awareness are crucial for the success of food fortification
programs. Consumer acceptance is vital to encourage the consumption of fortified foods. If
consumers lack awareness regarding the advantages of fortification or do not view fortified
products as appealing, they might be less inclined to incorporate them into their dietary
choices. The fortification of milk brings about benefits for consumers and also offers a
chance to strategically market dairy products [16].The consumers benefit from healthy
products that are tasty and appealing and can be advertised as having high mineral content
Positive consumer acceptance can drive demand and increase the adoption of fortified foods,
thereby ensuring the intended nutritional impact. Fortification aims to address nutrient
deficiencies in populations. However, the success of fortification programs depends on
consumer awareness of the targeted deficiencies and the importance of consuming fortified
foods to overcome them. Through heightened consumer awareness, individuals are more
prone to actively seek and opt for fortified foods as a component of a well-rounded diet,
thereby effectively bridging nutritional shortfalls. Historically, fortification has primarily
served to shield consumers from nutritional deficiencies. However, this role is evolving as
foods are now manufactured not solely to combat deficiencies, but to be customized for
optimizing overall health benefits [25].Consumer awareness allows individuals to make
informed dietary choices. By understanding the nutritional benefits and value of fortified
foods, consumers can select products that align with their specific needs or preferences. This
empowers individuals to optimize their nutrient intake and promote their own health and
well-being. Fortified foods may face challenges related to stigmas or misconceptions.
Consumer awareness programs can help dispel myths or misconceptions associated with
fortification, such as concerns about artificial additives or alterations to natural food
properties. By providing accurate information and promoting the benefits of fortification,
consumer acceptance can be improved. The success of fortification programs in addressing
public health concerns relies on consumer acceptance. Increased consumption of fortified
foods contributes to reducing nutrient deficiencies and associated health risks. When
consumers embrace fortified products, the overall impact on population health can be
significant. Consumer acceptance is also critical for the long-term sustainability and market
viability of fortified foods. If consumers embrace and support fortified products,
manufacturers are more likely to invest in fortification technologies and incorporate
fortification into their product lines. This creates a positive cycle where increased consumer
demand drives further product innovation and availability.

To promote consumer acceptance and awareness, educational campaigns, public
health initiatives, and clear labeling of fortified foods are essential. Providing transparent
information about the nutritional benefits of fortification, addressing consumer concerns, and
ensuring product quality and taste can all contribute to positive consumer acceptance and
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uptake of fortified foods, ultimately maximizing the impact of food fortification programs on
public health.

VIII. CHALLENGES AND FUTURE DIRECTIONS FOR FOOD AND DAIRY

SECTOR

Food fortification, despite its benefits, does come with certain challenges and

limitations. Here are some commonly encountered challenges:

1.

Cost: The process of fortifying food products can result in supplementary expenses for
manufacturers, encompassing the acquisition of fortifying agents, necessary equipment,
quality assurance protocols, and adherence to regulatory standards. In conducting cost-
effectiveness analyses, the most valuable outcomes or measures often encompass those
that furnish insights into both the outcomes of alterations in nutritional status and the
factors driving such changes [4]. These costs can potentially be passed on to consumers,
making fortified foods more expensive and less accessible, particularly for low-income
populations.

Infrastructure and Technical Expertise: Implementing food fortification requires
adequate infrastructure, technical expertise, and quality control systems. Some regions or
countries may lack the necessary facilities, expertise, or resources to effectively fortify
food products, limiting the availability and impact of fortification programs.

Accessibility and Reach: Ensuring equitable access to fortified foods can be challenging,
especially in remote or underserved areas. Distribution networks may not reach these
regions effectively, limiting the availability of fortified products and hindering their
impact on populations with high nutrient deficiencies.

Bioavailability and Stability: The absorbability and resilience of fortified nutrients can
differ based on factors such as the fortifying agents used, the composition of the food
product, and the methods of processing employed. This strategy is well-suited for
micronutrients with chemically distinct forms that share comparable bioavailability.
Conversely, scenarios requiring more intricate oversight arise when notable disparities in
bioavailability exist between naturally existing and fortified variations of the targeted
micronutrient [52]. Some fortificants may not be readily absorbed or retained by the
body, reducing their effectiveness. Additionally, fortificants can degrade over time,
especially under adverse storage or processing conditions, resulting in reduced nutrient
content in fortified foods.

Potential Negative Effects: In some cases, excessive intake of certain fortified nutrients
can have negative health effects. For instance, overconsumption of iron in fortified foods
can lead to iron overload, especially in populations already at risk of iron-related
disorders. Monitoring and controlling fortification levels are essential to prevent such
adverse effects.

Taste and Sensory Considerations: Fortified foods may undergo changes in taste,
texture, or appearance, which can affect consumer acceptance. Maintaining the sensory
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attributes and overall palatability of fortified products is crucial to ensure consumer
preference and sustained usage.

7. Regulatory Compliance: Compliance with fortification regulations and standards can be
challenging for food manufacturers, especially in terms of quality control, accurate
labeling, and meeting fortification-level requirements. Ensuring consistent compliance
across the industry is crucial for the success and integrity of fortification programs.

8. Consumer Acceptance and Awareness: Promoting consumer acceptance and awareness
of fortified foods can be a challenge. Some consumers may have misconceptions or
reservations about fortification, perceiving it as unnatural or unnecessary. Education and
communication efforts are required to address these concerns and promote the benefits
and safety of fortified foods. Communication strategies focused on generic consumer
awareness and understanding may not always be sufficient and sometimes more
aggressive commercial marketing techniques are required in order to provide a
competitive edge for fortified products [53].

It's important to note that while these challenges exist, they can be addressed
through collaboration among stakeholders, including government agencies, the food
industry, healthcare professionals, and consumer advocacy groups. By identifying and
addressing these limitations, fortification programs can be optimized to maximize their
impact on public health while ensuring the safety, accessibility, and acceptability of
fortified food products.

Emerging trends, innovations, and potential future developments in the Dairy sector

Fortification continues to evolve with emerging trends, innovations, and potential
future developments. Dairy technology plays a crucial role in advancing food
fortification efforts. Here are some ways in which dairy technology contributes to the
success of fortification programs:

e Delivery System: Dairy products serve as excellent delivery systems for fortified
nutrients. The processing techniques used in dairy technology allow for the effective
incorporation and distribution of fortified nutrients within dairy products. This
ensures that the nutrients are evenly dispersed and remain stable throughout the
product's shelf life.

e Nutrient Retention: Dairy processing techniques, such as pasteurization and
homogenization, help preserve the nutrient content of fortified dairy products. These
processes ensure that the fortified nutrients are retained, minimizing nutrient losses
during production, storage, and consumption.

e Product Diversity: Dairy technology enables the production of a wide range of dairy
products with different textures, flavours, and forms. This diversity allows for the
fortification of various dairy products, catering to different consumer preferences and
needs. From milk and yogurt to cheese and butter, dairy technology offers multiple
options for fortifying dairy products.
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e Customization: Dairy technology allows for the customization of fortification levels
in different dairy products. Manufacturers can adjust the fortification levels based on
the target population's nutritional needs, ensuring that the fortified products provide
the required amounts of nutrients to address specific deficiencies.

e Quality Control: Dairy technology encompasses stringent quality control measures
to ensure the safety and quality of fortified dairy products. From raw material
sourcing to processing and packaging, quality control procedures are implemented to
monitor fortification levels, product consistency, and compliance with regulatory
standards.

¢ Research and Development: Dairy technology research and development efforts
focus on enhancing fortification techniques, improving nutrient bioavailability, and
developing new fortification methods. This ongoing research contributes to the
continuous improvement of fortified dairy products, ensuring their effectiveness and
nutritional impact.

e Industry Collaboration: The dairy industry plays an important role in collaborating
with governments, regulatory agencies, and research institutions to advance food
fortification initiatives. Through collaborations, knowledge sharing, and technical
expertise, dairy technology contributes to the development and implementation of
effective fortification programs.

By leveraging the advancements in dairy technology, fortification efforts can
be optimized to produce high-quality, nutrient-rich dairy products. The collaboration
between dairy technology experts, food scientists, and nutritionists is crucial for the
successful implementation of fortification programs, ensuring that fortified dairy
products are accessible, safe, and effective in addressing nutrient deficiencies

IX. CONCLUSION

Fermented dairy products are the most consumed healthy and nutritious food around
the world. Therefore, it offers an appropriate potential to convey nutritious ingredients to the
human diet. Fortification of fermented dairy products is considered an emerging technology
as it considers the issues of the role of fermented dairy products in quality of life and in
reduction of the risk of chronic diseases [12]. Food fortification stands as a vital, ongoing,
and self-sustaining approach aimed at enhancing the health and nutrition of millions of
individuals. By providing a secure method for manufacturers to deliver nutritionally dense
and health-promoting food products, it ensures safety and efficacy. Notably, dairy products,
among the various fermented foods, emerge as widely consumed and nutritious options
globally, presenting a promising avenue to introduce essential nutrients into the human diet.
Although it is recognized that food fortification alone will not combat this deficiency, it is a
step towards reducing the prevalence of these deficiencies and their associated health
conditions. Hence, research and technological application of food fortification will be a
greater scope of compensation of deficient nutrients in food.
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