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Abstract: Fortification is one of the most important processes for the improvement of nutrients in food. This process
can be a very cost-effective public health intervention. Due to the high consumption rate of fruit products, fortification
of these products will effectively reduce and prevent diseases associated with nutritional deficiencies. This paper offers
an overview of the fortification of fruit products with minerals (calcium, iron), vitamins, and dietary fibre. Fortification
is defined, and the main reasons behind carrying out this process are discussed. This review studied the different types
of products and their fortification model.
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Considering the importance of food safety and quality,
more attention is being paid to the health of consumers
(Grunert 2005). However, due to nutrient deficiencies
in human societies, especially during certain periods
of life, importing and consumption of fortified foods
are increasing (Preedy et al. 2013). Subpopulations
most at risk for nutrient deficiencies include pregnant
women and children five years and younger. Primarily
affecting the developing world, nutrient deficiencies are
rare, but not absent, in populations residing in industrialised nations (Bailey et al. 2015).
Generally, the addition of one or more essential nutrients to food and increasing the concentration in that
food product to levels higher than normal is known
as a fortification. This process is targeted at averting
and rectifying an identified deficiency in nutrients
in a particular population (Bonner et al. 1999). Nutrition scientists have mentioned that fortification of food

products using natural resources (fruit) is one of the
best ways to improve the overall nutrient intake of food
with minimal side effects (Bouis et al. 2011). Fortification is achieved by the addition of fortificants to the
selected food product, which serves as the vehicle for
carrying the nutrients.
Per the general principle of fortification, nutrient fortification should not only harm the sensory attributes
of the final product but should also not reduce the consumer demand for the consumption of unfortified food.
The process should effectively increase nutrient absorption and bioavailability and should have a positive effect
on the consumer's health (EFSA 2006; Bouis et al. 2011).
As per World Health Organization (WHO), food fortification occurs in three major approaches: mass, targeted, and market-driven. Foods such as wheat, milled
cereals, salt, oils and fats, and sugar that are widely consumed are involved in mass fortification to eradicate
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the unacceptable health risk of deficiency in a particular micronutrient (Allen et al. 2006). Foods consumed
by specific populations, such as infants, are identified
as a target fortification. Complementary foods for
young children are approached as a targeted fortification. For market-driven fortification, the food product
is fortified as value-added products and complies with
the specifications for acceptable nutrients and quantities. The mass and targeted fortification have focused
on micronutrients that are required by most of the
population (Venkatesh and Wesley 2008).
Biofortiﬁcation is the process of increasing the
nutrient (vitamins, iodine, iron, zinc, etc.) content
in plants by selective breeding or genetically engineering a nutrient targeted at a specific agronomic
technique to enhance the content of specific health-effective compounds in widespread crops (Cashman
2015; Govindaraj 2015; Mozaffarian et al. 2018). Biofortified staple foods help to increase the daily sufficiency of micronutrient intakes (Bouis et al. 2011).
Although traditional fortiﬁcation practices in which
vitamin D is exogenously added to foodstuﬀs continue
to be an important strategy for increasing vitamin D intake, the introduction of novel vitamin D fortiﬁcation
approaches, including the use of biofortiﬁcation, attracts attention (Meenakshi et al. 2010). Fruits can accumulate iodine if it is either present or exogenously
administered to the soil. The biofortification of tomato
crops with iodine has been proposed as a strategy for
improving human nutrition. A greenhouse experiment
was carried out to evaluate the possibility of biofortifying tomato fruits with iodine (Kiferle et al. 2013).
The results showed that the increasing concentrations
of iodine supplied as KI or KIO3 and the use of both
the iodised salts induced a significant increase in the
fruit's iodine content. For crops with the capability
of selenium accumulation, broccoli can be discussed,
and it is classified as a secondary accumulator of selenium (Bachiega et al. 2016; Hegedűsová et al. 2017).
This is also confirmed by other experimental results,
such as various research studies. Ghasemi et al. (2016)
found that increasing the selenium dose resulted
in a gradual, multifold increase of the selenium content in broccoli. Again, the enrichment of broccoli and
carrot with selenium was achieved by the combination
of different types of selenium phytotechnologies (Banuelos et al. 2015).
This review describes the fortification of fruit products regarding some mineral elements (calcium, iron),
vitamins, and dietary fibre often lacking or not adequately present in human diets.
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GENERAL CASES FOR THE ADDITION
OF NUTRIENTS TO FOOD
There are opportunities to improve the nutritional
profile and sustainability of the diet throughout the
food chain, from farm production, through retail
to households. These include crop diversification, food
enrichment, improved transport efficiency, waste minimisation and, finally, food reformulation (FAO/WHO
2004; Buttriss 2013).
Within the FAO/WHO Food Standards Programme,
the Codex Alimentarius Commission adopted general
principles for fortification (FAO/WHO 1995). According to these general principles, essential nutrients may
be added to food to achieve any of the following: restoration of nutrients lost during processing, the nutritional equivalence of substitute foods, fortification, and
ensuring the right nutrient composition. Also, Regulation (EC) No. 1925/2006 (The European Parliament
and of the Council of 20 December 2006 on the addition of vitamins and minerals and of certain other substances to foods) stipulates which vitamins and minerals
may be added to foods, sets out the safety assessment
processes for certain other substances, and outlines
how substances may be considered for inclusion.

FORTIFICATION OF PROCESSED
FRUIT PRODUCTS WITH MINERALS,
VITAMINS, AND DIETARY FIBRE
Food fortification involves a broader concept and
is done for many reasons. The first reason is to restore nutrient loss during processing, a process known
as enrichment. For nutrient restoration, the amount
of nutrients added is approximately equal to the natural content in the food before processing. The second
reason is to add nutrients that may not be available naturally in food, a process known as a fortification. In this
concept, the amount of nutrients added may be more
than that present before processing (Mejia 1994; Bhagwat et al. 2014).
Processing of food may result in loss of nutrients.
To counter such losses, foods are enriched with nutrients. One of the most important global public health
problems is mineral deficiencies of iron, zinc, calcium,
and iodine. Of the several approaches to reducing deficiency of minerals, fortification is the advanced technique to correct the intake of minerals without causing
a change in the existing dietary patterns (Hurrell 1997;
Weaver et al. 2014). Nevertheless, the development
of a fortification technology that makes the mineral
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Table 1. Recommended dietary allowances and adequate intakes
Life stage
group

Vitamin A Vitamin B9 Vitamin B12
(µg per day)

Vitamin C

Vitamin D

Vitamin E

(mg per day) (µg per day)

Calcium

Iron

(mg per day)

Infants (months)
0–6

375

80

0.4

25

10

4

300

–

7–12

400

80

0.7

30

10

5

400

9.3

1–3

400

150

0.9

30

10

6

500

5.8

4–8

450

200

1.2

30

10

7

650

6.3

9–13

600

400

2.4

40

5

11

1 300

14.6

14–18

600

400

2.4

40

5

15

1 300

18.8

19–30

600

400

2.4

45

5

15

1 000

13.7

31–50

600

400

2.4

45

5

15

1 000

13.7

51–70

600

400

2.4

45

10

15

1 000

13.7

70+

600

400

2.4

45

15

15

1 300

13.7

9–13

600

400

2.4

40

5

11

1 300

14.0

14–18

600

400

2.4

40

5

15

1 300

32.7

19–30

500

400

2.4

45

5

15

1 000

29.4

31–50

500

400

2.4

45

5

15

1 000

29.4

51–70

500

400

2.4

45

10

15

1 300

11.3

70+

600

400

2.4

45

15

15

1 300

11.3

Pregnancy

800

600

2.6

55

5

15

1 200

29.4

Lactation

850

500

2.8

70

5

19

1 000

15.0

Children (years)

Males (years)

Females (years)

Source: FAO/WHO (2004)

bioavailable in the food vehicle has remained an issue (Barclay and Haschke 2015). Recommendations
for the intake of calcium, iron, and vitamins are indicated in Table 1.

MINERAL FORTIFICATION
The issue of osteoporosis and anaemia are two major health concerns that could be alleviated or even
eliminated by modifications in dietary intake, notably by mineral fortification to increase the consumption of relevant metal ions. However, several issues
regarding fortification are still being actively debated.
The metal ions most often referenced are calcium and
iron (FAO/WHO 2004).
Calcium fortification. Calcium provides strength
to the bones and teeth and is used in the developmental phases of human growth (Nascimento de Paulo
et al. 2014). The deal of interest today is the creation
of awareness to prevent osteoporosis. Many bioavailable forms of calcium exist, and food producers make

use of these forms for the fortification of several food
products (Nemati et al. 2016). Mostly used forms are
calcium carbonate, calcium citrate, calcium malate, calcium lactate, and calcium glycerol phosphate. Other
forms, such as calcium lysinate and tricalcium phosphate, are preferred for fortification because they have
greater bioavailability (Nascimento de Paula et al. 2014;
Trailokya et al. 2017). For the addition of calcium salt
targeted at fortification, the choice of the salt is guided
by its organoleptic properties (Allen et al. 2006). Some
authors confirmed that calcium impregnation improves
the nutritional value of processed fruits and increases
concentration and bioavailability (Xie and Zhao 2004;
Anino et al. 2006). Clear beverages (e.g. apple juice) and
cloudy beverages (e.g. nectars, orange, grapefruit, cranberry juices) are also commonly fortified with calcium
(Gerstner 2003). Table 2 shows some calcium-fortified
products and their fortification models.
Iron fortification. Iron-fortified foods and beverages can help fight the issue of anaemia and its effects
(Mehansho 2002). The deficiency is a common nutri261
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Table 2. Commonly fortified food products with calcium
Fortiﬁcation model
(mineral doses)

Available calcium after
fortification (mg L–1)

Reference

Apricot nectar

calcium lactate
(162 mg L–1)

29.8

Flynn et al. (1999)

Grapefruit juice

tricalcium citrate
(240 mg L–1)

57.9

Anderson and Garner (1995)

calcium lactate gluconate
(240 mg L–1)

29.7

Tangerine juice

tricalcium phosphate
(240 mg L–1)

93.0

Pineapple snack

calcium chloride
[3.675 g (100 mL)–1]

1.3

Orange juice

tricalcium citrate
(414 mg L–1)

99.9

Tropical nectar

tricalcium citrate
(200 mg L–1)

48.2

Cranberry juice

calcium lactate gluconate
(240 mg L–1)

57.9

Mixed fruit juice

calcium citrate malate
(1 000 mg L–1)

110.0

Food source

Fruit juice

Maximum
fortification level

Reddy et. al. (1999)

Lima et al. (2016)

800 mg L–1
(EFSA 2006)

Gerstner (2003)

Franklin et al. (2014)

Table 3. Commonly fortified food products with iron
Food source

Fortiﬁcation model
(mineral doses)

Available iron after
fortification (mg L–1)

Apricot jam

ferrous sulphate
[4 mg (100 g)–1]

1.4

Plum jam

ferrous sulphate
[6.5 mg (100 g)–1]

2.4

Botanical or fruit
ﬂavoured beverage

ferrous sulphate
(6.3 mg)

2.3

Davidsson et al. (2000)

Apple-based meal

EDTA-iron sodium
(13.5 mg kg–1)

2.1

MacPhail et al. (1994)

Apple slices

ferrous gluconate
[3.2 mg (100 g)–1]

0.4

Barrera et al. (2004)

Carioca
kidney beans

ferrous sulphate
[34.4 mg (100 g)–1]

12.6

Miano et al. (2018)

Pumpkin jam

ferrous sulphate
[11 mg (100 g)–1]

4.0

De Escalada Pla et al. (2009)

Passion fruit juice

ferrous sulphate
(49.2 mg L–1)

18.1

Haro-Vicente et al. (2006)

ferric pyrophosphate
[3.2 mg (200 mL)–1]

1.0

Apricot puree

ferrous sulphate
[3 mg (100 mL)–1]

1.1

Orange juice

ferrous sulphate heptahydrate
[0.2 mg (100 g)–1]

0.1

De Almeida et al. (2003)

ferrous sulphate
[16 mg (100 g)–1]

5.9

Chunling and Yu (2013)

Mixed fruits
beverage

Fortified iron
solid beverage

EDTA – ethylenediaminetetraacetic acid

262

Reference

Maximum
fortification level

Catana et al. (2009)

Fleige et al. (2018)

14 mg mL–1
(EFSA 2006)
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tional disorder worldwide, and an imbalance in the
long term may cause anaemia (Walker 1988). In healthy
people, taking high doses of iron supplements (especially on an empty stomach) can cause stomach upset,
constipation, nausea, vomiting, and diarrhoea. Large
amounts of iron may also cause more serious effects,
including inflammation of the stomach lining and ulcers (Boccio and Iyengar 2003).
Mohammadi et al. (2016) reported that various iron
salts are used; among these salts, FeSO4 is more beneficial for fortification because it is rapidly absorbed,
low in price, and has a high bioavailability characteristic. In water-based beverages, ferrous gluconate is used
due to its good solubility. Other important salts that
may be used are ferrous fumarate, ferrous tartrate,
ferrous succinate, and ferrous citrate (Baltussen et al.
2004). Furthermore, ferrous amino acid chelates, along
with the earlier mentioned salts, can be used together
to obtain higher bioavailability during the fortification
process (Mohammadi et al. 2016). Iron is a challenging
micronutrient to add to food and beverages due to its
bioavailability characteristics that interact with food
constituents to produce undesirable changes. When
foods fortified with iron-containing high levels of unsaturated fatty acid are stored for long, it can cause rancidity (Davidsson et al. 2000). This happens due to the
pro-oxidant properties of iron that speed up the oxidation process in unsaturated fat-containing liquid beverages. To reduce these problems, the level of iron salt
is either increased, or some organic acid like ascorbic
acid is added together with iron salt in the beverage
product (Walczyk et al. 2014). In the case of apricot
and plum jams fortified with iron, Catana et al. (2009)
reported 4 mg Fe (100 g)–1 and 6.5 mg Fe (100 g)–1, respectively, as shown in Table 3. Sensorial analysis of the
product 'apricot and plum jams fortified with iron'
proved that in the case of all the experimental variants,
the used fortification agents (ferrous sulphate) do not
determine modification of sensorial characteristics
(appearance, colour, taste, and smell) in comparison
with the control sample (jams unfortified with iron).

VITAMIN FORTIFICATION
Vitamin A. Vitamin A is an essential vitamin for
the normal functioning of the visual system, immune
functions, maintenance function of the cell, reproduction, and growth of epithelial cells (Whited et al.
2002). Vitamin A is found in a wide range of foods,
usually of fruit origins. Deterioration in eyesight, specifically night blindness and xerophthalmia, is directly

associated with its deficiency (Zayed et al. 2015). Fortification with β-carotene not only serves as a precursor of vitamin A but also provides colour to beverages
and jams. Fortification of vitamin A in beverages having high moisture levels tends to have adverse effects
on the stability of vitamin A. To overcome this problem,
an encapsulated fortification method with an additional
moisture barrier was evaluated, with carotenoid being
used as a source of vitamin A (Whited et al. 2002).
Vitamin B12. Vitamin B12 plays an important role
in the brain and nervous system functioning. It is rarely
added during fortification. In beverage products, vitamin B12 addition has a good interaction with vitamin D,
folates, and riboflavin (Abdollahi et al. 2008). Some
of the signs and symptoms of deficiencies resulting
from less intake of vitamin B12 are low energy, depression, cognitive decline, bleeding gum, and numbness
(Oliva et al. 2016). A different strategy for the addition of vitamin B12 was reported by some researchers.
The researchers coated the ready-to-blend fruit salad
with vitamin B12 and chitosan at the rate of 0.25 mg L–1
and 10 g L–1, respectively. Fortified beverage products
had good levels (8.6 μg kg–1) of vitamin B12 (Artés-Hernández et al. 2017).
Vitamin B9. Fortification of folic acid plays an important role in the development of nucleic acid that
intervenes in tissue growth and cell multiplication
(Abdollahi et al. 2008; Dary 2008). Green leafy fruits
are the main source of folate. Folic acid is water-soluble, with good stability in an aqueous medium,
and is therefore effectively used in beverage fortification. Apart from beverages, a variety of other products
such as fruit bars, jams, and jellies can be fortified using folic acid (Yang et al. 2010).
Vitamin C. Its metabolic role is to maintain collagen formation. The best sources of vitamin C are found
in fresh edible fruits. However, since vitamin C is unstable when exposed to an alkaline environment, oxygen,
light, and or heat, losses can be substantial during storage (Lindsay et al. 2006). Foods fortified with vitamin C
include baby food (Reidy et al. 2018), juices (Thakur
et al. 2018), jelly, and candies (Mohammadi et al. 2018).
Acute vitamin C deficiency leads to scurvy. Scurvy evolution time varies with vitamin C levels, but signs may
occur within 1 month after the decrease or absence
of vitamin C consumption is below 10 mg per day (Wang
and Still 2007). The degradation reactions of total lycopene or ascorbic acid in tomato ketchup are dependent on the factors; the initial content, presence of other
compounds affecting or taking part in the oxidation and
nonenzymatic reaction conditions of the tomato paste
263
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processing. Total lycopene degradation kinetic is very
complex, and therefore, data is not usable for the general shelf-life estimation (Rajchl et al. 2010).
Vitamin C is often added to fruit juices, fruit-flavoured candies, dried fruit, and frozen fruits to fortify
or add a citrus flavour. Again, vitamin C acts as an antioxidant, which provides multiple benefits to food
products, that is, slowing the oxidation and preserving
colour and freshness. The low pH of vitamin C can help
prevent microbial growth, thereby preventing spoilage
and preserving the freshness of food such as jam and
jellies (Lindsay et al. 2006). The range of total antioxidant capacity is large among different fruit flavours,
as reported by Čížková et al. (2009). Of all the samples,
berries and plums have the highest content, which
agrees with high anthocyanin concentration. Also, the
single antioxidant composition of samples is rather
variable. The concentration of total polyphenols varied
from 414 mg kg–1 to 1 452 mg kg–1. Content of ascorbic acid, which is in the majority artificially added and
declared as an antioxidant, ranges from 186 mg kg–1
to 550 mg kg–1 (Čížková et al. 2009).
Vitamin D. Although required in very low amounts,
vitamin D is important for many physiological func-

tions (Tangpricha et al. 2002). Fortification of vitamin D requires a media containing fats in it since
vitamin D is soluble in fat-based systems. Most foods
are low in vitamin D, so to achieve the desired intake,
other strategies for fortification of vitamin D are used
(Harris et al. 2001). To assess whether vitamin D was
bioavailable in orange juice, Tangpricha et al. (2003) obtained weekly measurements of serum 25(OH) D concentrations, the most accurate marker of vitamin D
status, in a daily glass of orange juice fortified with vitamin D3 as shown in Table 4. The functional beverages
are fortified with vitamin D ergocalciferol (D2) and
cholecalciferol (D3). When the beverages are fortified
with these vitamins, the types of vitamins used must
be listed in the ingredient statements of the product
(Chowdhury et al. 2014). It can be noted that fortification of fruit products with vitamin C is more common
than with vitamin A, B9, B12, and D.
The intake of most vitamins and minerals is generally adequate though the cited fortified products did
not meet the recommended fortification levels. However, the risk of a low intake of some nutrients (e.g. vitamin D, iron) is likely to appear in specific population
subgroups, such as children and adolescents (Harris

Table 4. Commonly fortified food products with vitamins
Food source

Fortiﬁcation model (doses)

Reference

Maximum fortification level

β-carotene yield (biomass) (55 µg g–1)

Yashneeil et al. (2015)

3.5 mg (100 mL)–1
(EFSA 2006)

Fresh-cut
mixed fruit salad

vitamin B12 (0.25 mg L–1)

Artés-Hernández et al. (2017)

1.6 µg (100 mL)–1
(EFSA 2006)

Apple juice

vitamin B9 (200 mg L–1)

Moreno et al. (2016)

200 µg (100 mL)–1
(EFSA 2006)

Tomato juice

vitamin C [34.7 mg (100 mL)–1]

Sánchez-Moreno et al. (2006)

Cashew juice

vitamin C [203.5 mg (100 mL)–1]

Mango juice

vitamin C [30.9 mg (100 mL)–1]

Pineapple juice

vitamin C [14.7 mg (100 mL)–1]

Cranberry juice

vitamin C [80 mg (100 mL)–1]

Roidoung et al. (2017)

Gooseberry juice

vitamin C [478.56 mg (100 mL)–1]

Jain and Khurdiya (2004)

Apple jam

–1

Akinwale (2000)

Date syrup

vitamin C [50 mg (100 mL) ]

Riaz et al. (1993)

Pear juice

vitamin D3 [0.187 mg (100 mL)–1]

Dima et al. (2020)

fortiﬁcation with 1 000 IU (25 μg)
vitamin D3

Tangpricha et al. (2003)

1 000 IU (25 μg) vitamin D3
or vitamin D2 in orange juice

Biancuzzo et al. (2010)

vitamin E (225 mg L–1)

Bujang et al. (2012)

Orange juice

Pink guava juice
IU – international unit
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16 mg (100 mL)–1
(EFSA 2006)

2 mg (100 mL)–1
(EFSA 2006)

Czech Journal of Food Sciences, 40, 2022 (4): 259–272

Review

https://doi.org/10.17221/28/2022-CJFS
et al. 2001; Mehansho 2002). Food fortification and
dietary supplementation are adequate approaches for
tackling nutritional deficiencies; however, an acceptable approach to using these products is to support, but
not replace, a well-balanced diet (Klopotek et al. 2005).
Vitamin E. Vitamin E is a fat-soluble antioxidant
in the body. It protects cellular membranes and other
lipids against oxidative damage (Atkinson et al. 2008).
It curtails the formation of hydroperoxides and delays
the initial phase of the oxidative process (Li et al. 2008).
However, it is difficult to add these vitamins to aqueous
foods while retaining their activity. Again, vitamin E is liposoluble and freely oxidised in the air. With respect
to vitamin E, it was demonstrated that its absorption
and bioavailability are increased when it is encapsulated
in liposomes (Wang and Quinn 2000). Experimental
work for the addition of vitamin E was reported by Bujang et al. (2012). The researchers fortified pink guava
juice with 225 mg L–1 vitamin E. Fortified beverage
products were much preferred due to emulsion stability,
colour stability and vitamin E content.

DIETARY FIBRE FORTIFICATION
Dietary fibre includes huge masses of oligosaccharides, polysaccharides, and prebiotics. The chemical substance of oligosaccharides is sialic acids, fucose, glucose,
and galactose. The chemical substance of polysaccharides is d-glucose, d-fructose, d-galactose, l-galactose,
d-mannose, l-arabinose, and d-xylose. The chemical sub-

stance of prebiotics are fructooligosaccharides, galacto-oligosaccharides, and trans-galacto-oligosaccharides
(Gupta and Sharma 2016). Dietary fibre addition has
several usages both from technological and nutraceutical perspectives. Their addition can act as a thickening,
gelling, dispersing, and carrying agent. It also improves
glucose intolerance, lowers blood cholesterol, and decreases the risk of colon cancer (Cassidy et al. 1994;
Bingham et al. 2003; Hassanpour 2016). Fortification
by fibre is given in Table 4 with the fibre material used.
Souad et al. (2012) also reported that albedo and flavedo
from orange fruits were used in the watermelon-based
candy to improve the nutritional value. Contrastingly,
chia seeds contain 42.1% carbohydrates (of which 83%
is fibre) and this was attributed to the increased fibre
content of the chia seed-fortified jams (Nduko et al.
2018). The results obtained indicated that fortification
of pineapple jam with chia seeds improved the nutritional value (protein from 0.53% to 8.60% and fibre from
4.83% to 21.02%) without affecting texture. Nonetheless,
the addition of chia seeds at lower amounts (e.g. 6.25%)
is shown in Table 5.
A beverage comprising soluble dietary fibre supplement (gum and pectin) with a fibre level of at least
2 g per 8 mL fluid (237 mL) has been successfully prepared without alteration in sensory characteristics (Akad
et al. 1991). Sáyago-Ayerdi et al. (2007) reported that
a beverage of Hibiscus sabdariffa flowers contained dietary fibre as the largest component (33.9%) and soluble
dietary fibre of 0.66 g L–1. The addition of fibre in probi-

Table 5. Commonly fortified food products with dietary fibre
Food source
Pineapple jam
Carrot and apple blended jam

Fortiﬁcation model
(added concentration)

Reference

chia seeds (6.25%)

Nduko et al. (2018)

flaxseed (10%)

Ujjwali et al. (2019)

Pineapple jam

baobab pulp (40%)

Osei-Agyeman et al. (2021)

Guava jam

sapota fibre (40%)

Patil et al. (2013)

Cherry, redcurrants,
and apricot jam

bamboo fibre (1%)

Dordevic et al. (2020)

red dragon fruit peel extract (50%)

Nizori and Lamtiar (2020)

bael pulp (30%)

Pingale and Dighe (2015)

Moringa oleifera (25%)

Thiruvengadam et al. (2020)

Tomato puree

grape skin fibre (3%)

Marinoni et al. (2015)

Amla juice

amla fruit fibre (0.5%)

Surya et al. (2020)

Pineapple jam

hibiscus extract (15%)

De Silva et al. (2019)

Pineapple juice

drumstick leave extract
(Moringa oleifera) (10%)

Pandhare et al. (2018)

Pedada jam
Tomato sauce
Apple fruit leather
Fig fruit leather

Specific maximum
fortification level (%)

30 to 40
(Lambo et al. 2005)
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otics-based food enhances the viability of beverages containing such hydrocolloids (Gupta and Sharma 2016).
Fibre-based hydrocolloids are typically used at a level
of 0.05% and 0.03% in 250 mL – this counts for about
0.125 g and 0.75 g in the beverage. Acacia gum is good
when used in non-dairy beverages since it can tolerate
low pH. However, it does not lead to enhanced viscosity
even at high concentrations, but it imparts mouthfeel
impact without changing the flavour (Viscione 2013).
There is overwhelming evidence that dietary fibre
is a necessary component in the human diet. In acknowledging the physicochemical properties, dietary
fibre is sub-classified as soluble viscous fermentable,
insoluble nonviscous unfermentable, or mixed type
(Bingham et al. 2003). Fibre is not absorbed by the
body (Palafox-Carlos et al. 2011). Dietary fibres belonging to the soluble-viscous-fermentable may delay gastric emptying or reduce glucose absorption,
thereby improving glucose tolerance tests; inulin and
oligofructose are soluble and highly fermentable but
of low viscosity. They can be classified as dietary fibre
that regulates both gastrointestinal and systemic functions. The main physiological roles of indigestible but
fermentable saccharides overwhelm the otherwise important question of their quantitative analysis. This has
become necessary for the consumer to be informed
clearly and specifically on the nature and the beneficial effects of such dietary fibres when they are present
in or added to a particular food (Roberfroid 1993).

BIOAVAILABILITY OF MINERALS
(CALCIUM AND IRON) AND VITAMINS
Calcium. Calcium is absorbable in the soluble form
or bound to soluble organic molecules. Notwithstanding, undissociated low-molecular-weight salts
of calcium can also be absorbed independent of vitamin D by paracellular routes or pinocytosis. Depending on solubility, chemical form, and other factors
of the food, humans absorb about 30% of dietary calcium (Weaver and Heaney 2006). The bulk of unabsorbed calcium is complexed into bile acids, free fatty
acids, and oxalic acid and excreted with the faeces (Heaney 2002). Absorption is increased by lactose, vitamin D, inulin, fructooligosaccharides, and some casein
phosphopeptides; the latter by preventing precipitation of calcium by phosphates. Most calcium salts
used in fortified foods are absorbed to a similar extent
as calcium from dairy foods. The absorbability of calcium citrate malate is higher, and especially oxalate inhibits calcium absorption (Weaver 2001).
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Iron. Hurrell (2018) reported the relative bioavailability of different iron fortification compounds in detail. Iron from ferrous sulphate, which is added to food,
is absorbed to the same extent as native iron because
it is influenced in the same way by inhibitory and
boosting food components and by the physiological
state of the consumer. The relative absorption of other
iron compounds is controlled by the extent to which
they dissolve in the gastric fluid during digestion. Ferrous sulphate and ferrous gluconate dissolve readily in the gastric fluid because they are water-soluble.
Ferrous fumarate is poorly water-soluble but dissolves
completely in the dilute acid of the gastric fluid during digestion and is considered to have the same
bioavailability as ferrous sulphate. Sodium ferric ethylenediaminetetraacetate (NaFeEDTA) also has the same
bioavailability as ferrous sulphate in the absence of iron
absorption inhibitors but a 2–4-fold higher absorption
in their presence (Heimbach et al. 2000).
Iron absorption is also regulated for an individual's
iron status to ensure sufficient iron absorption to meet
the needs while avoiding excess iron absorption that
could result in negative health consequences (Hurrell
2018). Thus, an individual with low iron status markedly increases iron absorption to cover the additional
needs, whereas an individual with adequate iron status
decreases absorption as necessary to cover the lower
requirements. Iron absorption from soluble iron compounds (such as ferrous sulphate) is more efficiently
upregulated with low iron status than absorption from
more insoluble compounds (Zimmermann et al. 2005).
Vitamins. Carotenoids are absorbed from the small
intestine into enterocytes by passive diffusion and then
through the chylomicrons to lymph. Less than onesixth of carotene is absorbed intact in humans (Hollander and Ruble 1978). Studies indicate that about
50% to 75% of carotene may be utilised (Lala and Reddy
1970), but breakdown may also occur. The initial increase in carotene level on feeding is in the chylomicrons fraction (Lala and Reddy 1970).
At low levels of intake of vitamin C, it is efficiently
absorbed and retained by humans. Divided doses
are absorbed more efficiently than a single bolus at intakes up to 100 mg per day to 180 mg per day, and about
80% to 95% is absorbed (Hornig 1981). At higher intakes, the absorption mechanism becomes overloaded
so that for a single 1.5 g dose, only 50% is absorbed, and
for 12 g, 16% is absorbed (Rivers 1987). At high intakes,
provided the subject is initially near saturation, the absorption efficiency can be estimated by the fraction
of the dose that is recovered in the urine within 24 h.
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Although gram doses are not efficiently absorbed, the
total amount that can be absorbed increases steadily
across a wide range of increasing intakes up to a maximum of 1.2 g at high single doses (Rivers 1987). Since
the amount absorbed also determines the concentration achieved in the tissues, it is possible to increase
tissue ascorbate levels progressively by increasing the
intakes to high levels.
Vitamin D is, with the other fat-soluble vitamins, absorbed by emulsification into mixed micelles, uptake
in the enterocyte, followed by incorporation in the chylomicrons and transport into the circulation via the lymphatic pathway (Hollander 1981). Vitamin D esters,
if present, are hydrolysed during solubilisation in the
mixed micelles. Vitamin D is efficiently absorbed
in the proximal small intestine in the presence of fat
which is dependent on bile acid secretion. Long-chain
fatty acids promote the absorption of vitamin D (Holmberg et al. 1990). α-tocopherol is absorbed unchanged
from the intestinal lumen, whereas tocopheryl esters
are first hydrolysed by pancreatic esterase. The greatest capacity for absorption appears to be in the region
between the upper and middle thirds of the small intestine (Gallo-Torres 1980). It is generally examined
that the absorption of α-tocopherol and its esters are
inadequate. In human studies, estimates of 24-hour absorption efficiencies for α-tocopherol and α-tocopheryl
acetate range from 21% to 86% (Gallo-Torres 1980).
The absorption and distribution of vitamin E within
the body are linked to dietary fat. Absorption in the
intestine requires the presence of bile, pancreatic enzymes and adequate fat (Kayden and Traber 1993;
Herrero-Barbudo et al. 2006). The process is similar
to all the fat-soluble vitamins in that there is a prerequisite for the formation of micelles containing dietary lipids emulsified in the presence of bile (Traber
et al. 1985). Once internalised into the enterocyte, vitamin E is packaged into chylomicrons and enters the
circulation via lymph (Traber et al. 1985). Excess chylomicrons are consequently produced, and cholesterol,
along with vitamin E, is transferred to high-density lipoproteins. The resultant chylomicrons remnants are
taken up into the liver by way of the receptors (Hoppe
and Krennrich 2000). Vitamin E is metabolised in the
liver by cytochrome P450 induced ω-oxidation followed
by consecutive β-oxidation yielding carboxyethyl-hydroxy chroman, which is present in both plasma
and urine (Galli et al. 2003). Vitamin E has a high bioavailability between 50% to 80% and follows the general
absorptive route of dietary fats. Vitamin E is absorbed
even in the absence of dietary lipids, but its uptake

in the small intestine can be enhanced by simultaneous
fat consumption (Flory et al. 2019).

CONCLUSION
Fortification of fruit products is an accepted approach
for improving the nutrient status of a target population.
Fortified food can be obtained not only by the addition
of minerals, vitamins, or fibre to food but also by the
biofortification of crops. The setback for the fortified
product manufacturers is to provide products with
the highest nutrient content, good taste, and appealing
properties. Again, special attention should be paid to the
form of the fortified nutrients (organic or inorganic).
The consumption of fortified products helps to fight nutrient deficiencies which are the cause of many diseases.
To have health-promoting effects, these minerals, vitamins, and fibre must be released during digestion (bioaccessibility) and then absorbed in the human gut to reach
systemic circulation (bioavailability). Combined efforts
of various stakeholders are required to make viable measures for the use of the fortified product for a specified
market and geographical area.

REFERENCES
Abdollahi Z., Elmadfa I., Djazayeri A., Sadeghian S., Freisling H., Salehi Mazandarani F., Mohamed K. (2008):
Folate, vitamin B12 and homocysteine status in women
of childbearing age: Baseline data of folic acid wheat flour
fortification in Iran. Annals of Nutrition and Metabolism,
53: 143–150.
Akad M.E., Bolles A.D., Dougan D.G., Hoersten K.P. (1991):
US Patent No. 4 988 530.
Akinwale T. (2000): Cashew apple juice: Its use in fortifying
the nutritional quality of some tropical fruits. European
Food Research Technology, 211: 205–207.
Allen L.H., De Benoist B., Dary O., Hurrell R. (2006): Guidelines on Food Fortification with Micronutrients. Paris,
France, World Health Organization (WHO): 84–85.
Anderson J.J.B., Garner S.C. (1995): Dietary Issues of Calcium
and Phosphorus, Calcium and Phosphorus in Health and
Disease. Boca Raton, US, CRC Press: 7–23.
Anino S.V., Salvatori D.M., Alzamora S.M. (2006): Changes
in calcium level and mechanical properties of apple tissue
due to impregnation with calcium salts. Food Research
International, 69: 201–208.
Artés-Hernández F., Formica-Oliveira A.C., Artés F., Martínez-Hernández G.B. (2017): Improved quality of a vitamin B12-fortified 'ready to blend' fresh-cut mix salad with chitosan.
Food Science and Technology International, 23: 513–528.

267

Review

Czech Journal of Food Sciences, 40, 2022 (4): 259–272
https://doi.org/10.17221/28/2022-CJFS

Atkinson J., Epand R.F., Epand R.M. (2008): Tocopherols and
tocotrienols in membranes: A critical review. Free Radical
Biology and Medicine, 44: 739–764.
Bachiega P., Salgado J.S., Carvalho J.E. (2016): Antioxidant
and antiproliferative activities in different maturation
stages of broccoli (Brassica oleracea Italica) biofortifed
with selenium. Journal of Food Chemistry, 190: 771–776.
Bailey R.L., West Jr. K.P., Black R.E. (2015): The epidemiology
of global micronutrient deficiencies. Annals of Nutrition
and Metabolism, 66: 22–33.
Baltussen R., Knai C., Sharan M. (2004): Iron fortification
and iron supplementation are cost-effective interventions
to reduce iron deficiency in four subregions of the world.
Journal of Nutrition, 134: 2678–2684.
Banuelos G.S., Arroyo I., Pickering I.J., Yang S.I., Freeman J.L.
(2015): Selenium biofortification of broccoli and carrots
grown in soil amended with Se enriched hyperaccumulator
Stanleya pinnata. Food Chemistry, 166: 603–608.
Barclay D., Haschke F. (2015): The food industry and consumer nutrition and health. In: Bier D.M. (ed.): Nutrition
for the Primary Care Provider. Basel, Switzerland, Karger
Publishers: 198–204.
Barrera C., Betoret N., Fito P. (2004): Ca2+ and Fe2+ influence
on the osmotic dehydration kinetics of apple slices. Journal
of Food Engineering, 65: 9–14.
Bhagwat S., Gulati D., Sachdeva R., Sankar S. (2014): Food
fortification as a complementary strategy for the elimination of micronutrient deficiencies: Case studies of large-scale food fortification in two Indian States. Asia Pacific
Journal of Clinical Nutrition, 23: S4– S11.
Biancuzzo R.M., Young A., Bibuld D., Cai M.H., Winter M.R.,
Klein E.K., Ameri A., Reitz R., Salameh W., Chen T.C.,
Holick M.F. (2010): Fortiﬁcation of orange juice with vitamin D(2) or vitamin D(3) is as eﬀective as an oral supplement in maintaining vitamin D status in adults. National
Library of Medicine, 91: 1621–1626.
Bingham S.A., Day N.E., Luben R., Ferrari P., Sliman N.,
Norat T., Riboli E. (2003): Dietary fibre in food and protection against colorectal cancer in the European Prospective
Investigation into Cancer and Nutrition (EPIC): An observational study. The Lancet, 361: 1496–1501.
Boccio J.R., Iyengar V. (2003): Iron deficiency: Causes, consequences, and strategies to overcome this nutritional
problem. Biological Trace Element Research, 94: 1–32.
Bonner G., Warwick H., Barnardo M., Lobstein T. (1999):
Fortification Examined. How Added Nutrients Can Undermine Good Nutrition; A Survey of 260 Food Products with
Added Vitamins and Minerals. Wetherby West Yorkshire,
United Kingdom, Food Commission: 17–21.
Bouis H.E., Hotz C., McClafferty B., Meenakshi J.V., Pfeiffer W.H. (2011): Biofortification: A new tool to reduce

268

micronutrient malnutrition. Food and Nutrition Bulletin,
32: 31–40.
Bujang A., Abdullah N., Rashid N.A., Soheh N.M., Jailani F.
(2012): Physicochemical properties, sensory evaluation
and storage stability of vitamin E fortified pink guava juice.
[Ph.D. Thesis]. Shah Alam, Universiti Teknologi Mara,
Research Management Institute.
Buttriss J.L. (2013): Food reformulation: The challenges
to the food industry. Proceedings of the Nutrition Society,
72: 61–69.
Cashman K.D. (2015): Vitamin D: Dietary requirements and
food fortiﬁcation as a means of helping achieve adequate
vitamin D status. The Journal of Steroid Biochemistry and
Molecular Biology, 148: 19–26.
Cassidy A., Bingham S.A., Cummings J.H. (1994): Starch
intake and colorectal cancer risk: An international comparison. British Journal of Cancer, 69: 937–942.
Catana M., Catana L., Negoita M., Iorga E., Belc N., Stoica A.,
Lilios G., Ionescu V., Dinu M. (2009): Iron fortification
of fruit-based concentrated products. Annals, Food Science
and Technology, 10: 20–24.
Chowdhury R., Kunutsor S., Vitezova A., Oliver-Williams C.,
Chowdhury S., Kieftede-Jong J.C., Khan H., Baena C.P.,
Prabhakaran D., Hoshen M.B. (2014): Vitamin D and risk
of cause specific death: Systematic review and meta-analysis of observational cohort and randomised intervention
studies. British Medical Journal, 348: 976–979.
Chunling W., Yu L. (2013): Development and applications
of iron-fortified food. Science and Technology of Food
Industry, 34: 392–395.
Čížková H., Ševčík R., Rajchl A., Voldřich M. (2009): Nutritional quality of commercial fruit baby food. Czech Journal
of Food Sciences, 27: S134–S137.
Dary O. (2008): Establishing safe and potentially efficacious
fortification contents for folic acid and vitamin B12. Food
Nutrition Bulletin, 29: S214–S224.
Davidsson L., Kastenmayer P., Szajewska H., Hurrell R.F., Barklay D. (2000): Iron bioavailability in infants from an infant
cereal fortiﬁed with ferric pyrophosphate or ferrous fumarate. American Journal of Clinical Nutrition, 71: 1597–1602.
De Almeida C.A.N., Crott G.C., Ricco R.G., Del Ciampo L.A.,
Dutra-De-Oliv-Eira J.E., Cantolini A. (2003): Control
of iron-deficiency anaemia in Brazilian preschool children using iron-fortified orange juice. Food and Nutrition
Journal, 23: 27–33.
De Escalada Pla M.F., Campos C.A, Gerschenson L.N. (2009):
Pumpkin (Cucurbita moschata Duchesne ex Poiret) mesocarp tissue as a food matrix for supplying iron in a food
product. Journal of Food Engineering, 92: 361–369.
De Silva E.T.V., Moura H.V., De Figueirêdo R.N.F., De Melo A.J.Q., Dos Santos M.I. (2019): Production and charac-

Czech Journal of Food Sciences, 40, 2022 (4): 259–272

Review

https://doi.org/10.17221/28/2022-CJFS
terization of mixed pineapple and hibiscus jam. Revista
Agro@mbiente On-line, 13: 155–163.
Dima C., Milea A.S., Constantin O.E., Stoica M., Ivan A.S.,
Alexe P., Stanciuc N. (2020): Fortification of pear juice
with vitamin D3 encapsulated in polymer microparticles:
Physico-chemical and microbiolgical characterization.
Journal of Agroalimentary Processes and Technologies,
26: 140–148.
Dordevic D., Jancikova S., Capikova J., Tremlova B., Kushkevych I. (2020): Chemical and sensory properties of fruit
jams affected by bamboo fibre fortification. Bio Interface
Research Applied Chemistry, 10: 5247–5251.
EFSA (2006): Tolerable Upper Intake Levels for Vitamins and
Minerals. Scientific Committee on Food, Scientific Panel
on Dietetic Products, Nutrition and Allergies. European
Food Safety Authority (EFSA). Available at https://www.
efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf (accessed Oct 9, 2021).
Fleige L., Rachana B., Ankita M., Raymond G. (2018): Development of a fortified juice beverage: Assessment of iron
bioavailability using an established Caco-2 cell bioassay.
Journal of Nutritional Health and Food Science, 6: 1–7.
Flory S., Birringer M., Frank J. (2019): Bioavailability and
metabolism of vitamin E. In: Weber P., Birringer M.,
Blumberg J.B., Eggersdorfer M., Frank J. (eds): Vitamin E
in Human Health. Cham, Germany, Springer International
Publishing: 31–41.
Flynn A., Cashman K., Hurrel R. (1999): The Mineral Fortification of Foods. Leatherhead, United Kingdom, Leatherhead International Ltd.: 18–53.
FAO/WHO (2004): Vitamin and Mineral Requirements
in Human Nutrition: Report of a Joint FAO/WHO Expert
Consultation, Bangkok, Thailand. Geneva, Switzerland,
Food and Agriculture Organization (FAO)/World Health
Organization (WHO): 341.
FAO/WHO (1995): Codex Alimentarius. Rome, Italy, Food
and Agriculture Organization (FAO)/World Health Organization (WHO): 233.
Franklin S., Masih S., Thomas A.M. (2014): An in-vitro assessment of erosive potential of a calcium-fortified fruit juice.
European Archives of Paediatric Dentistry, 15: 407–411.
Galli F., Lee R., Atkinson J., Floridi A., Kelly F.J. (2003): Gamma-tocopherol biokinetics and transformation in humans.
Free Radical Research, 37: 1225–1233.
Gallo-Torres H.E. (1980): Absorption, transport, and metabolism. In: Machlin L.J. (ed.): Vitamin E: A Comprehensive
Treatise. New York, US, Dekker: 170–267.
Gerstner G. (2003): How can we get more calcium? International Food Ingredients, 3: 24–26.
Ghasemi Y., Ghasemi K., Pirdashti H. (2016): Effect of selenium enrichment on the growth, photosynthesis, and

mineral nutrition of broccoli. Notulae Scientia Biologicae,
8: 199–203.
Govindaraj M. (2015): Is fortification or bio fortification
of staple food crops will offer a simple solution to complex nutritional disorder in developing countries? Journal
of Nutrition and Food Sciences, 5: 2–5.
Grunert K.G. (2005): Food quality and safety: Consumer
perception and demand. European Review of Agricultural
Economics, 32: 369–391.
Gupta M., Sharma S. (2016): Prebiotics fortified with fruit
juices – A good carrier for probiotics. Journal of Biotechnology and Research, 6: 43–48.
Haro-Vicente J.F., Martinez-Gracia C., Ros G. (2006): Optimization of in vitro measurement of available iron from
different fortificants in citric fruit juices. Journal of Food
Chemistry, 98: 639–648.
Harris S.S., Soteriades E., Stina Coolidge J.A. (2001): Vitamin D insufficiency and hyperparathyroidism in a low
income, multiracial, elderly population. Journal of Clinical
Endocrinology Metabolism, 85: 4125–4130.
Hassanpour F. (2016): Study on plant gums and their new
development in application: With focus on tragacanth,
guar, and Arabic gum: A short review. Voronezh State
University of Engineering Technologies Bulletin, 4: 23–29.
Heaney R.P. (2002): Protein and calcium: Antagonists
or synergists? American Journal of Clinical Nutrition,
75: 609–610.
Hegedűsová A., Mezeyová I., Hegedűs O. (2017): Increasing
of selenium content and qualitative parameters in garden
pea (Pisum sativum L.) after its foliar application. Acta
Scientiarum Polonorum Hortorum, 16: 3–17.
Heimbach J., Rieth S., Mohamedshah F., Slesinski R., Samuel-Fernando P., Sheehan T., Borzelleca J. (2000): Safety
assessment of iron EDTA [sodium iron (Fe3+) ethylenediaminetetraacetic acid]: Summary of toxicological, fortification and exposure data. Food and Chemical Toxicology,
38: 99–111.
Herrero-Barbudo C., Olmedilla-Alonso B., Granado-Lorencio F., Blanco-Navarro I. (2006): Bioavailability of vitamins A and E from whole and vitamin-fortified
milks in control subjects. European Journal of Nutrition,
45: 391–398.
Hollander D.E., Ruble P.E. (1978): β-carotene intestinal absorption: Bile, fatty acid, pH, and flow rate effects on transport. American Journal of Physiology, 235: E686–E691.
Hollander D.E. (1981): Intestinal absorption of vitamins A,
E, D, and K. Journal of Laboratory and Clinical Medicine,
9: 449–462.
Holmberg I., Aksnes L., Berlin T., Lindback B., Zemgals J.,
Lindeke B. (1990): Absorption of a pharmacological dose
of vitamin D, from two different lipid vehicles in man:

269

Review

Czech Journal of Food Sciences, 40, 2022 (4): 259–272
https://doi.org/10.17221/28/2022-CJFS

Comparison of peanut oil and a medium chain triglyceride. Biopharmaceutics and Drug Deposition, 11: 807–815.
Hoppe P.P., Krennrich G. (2000): Bioavailability and potency of natural-source and all-racemic alpha-tocopherol
in the human: A dispute. European Journal of Nutrition,
39: 183–193.
Hornig D. (1981): Metabolism and requirements of ascorbic
acid in man. South African Medical Journal, 60: 818–823.
Hurrell R. (1997): Iron fortification. Preventing iron deficiency through food fortification. Swiss Federal Institute
of Technology, 55: 211–213.
Hurrell R.F. (2018): Efficacy and safety of iron fortification.
In: Mannar M.G.V., Hurrell R. (eds.): Food Fortification
in a Globalized World. London, United Kingdom, Academic Press: 196–212.
Jain S.K., Khurdiya D.S. (2004): Vitamin C enrichment of fruit
juice based ready-to-serve beverages through blending
of Indian gooseberry (Emblica officinalis Gaertn.) juice.
Plant Foods for Human Nutrition, 59: 63–66.
Kayden H.J., Traber M.G. (1993): Absorption, lipoprotein
transport, and regulation of plasma concentrations of vitamin E in humans. Journal of Lipid Research, 34: 343–358.
Kiferle C., Gonzali S., Holwerda H.T., Real I.R., Perata P.
(2013): Tomato fruits: A good target for iodine biofortification. Frontiers in Plant Sciences, 4: 1–8.
Klopotek Y., Otto K., Böhm V. (2005): Processing strawberries
to different products alters contents of vitamin C, total phenolics, total anthocyanins and antioxidant capacity. Journal
of Agricultural and Food Chemistry, 53: 5640–5646.
Lala V.R., Reddy V. (1970): Absorption of β-carotene from
green leafy vegetables in undernourished children. American Journal of Clinical Nutrition, 23: 110–113.
Lambo A.M., Oste R., Nyman M.E. (2005): Dietary fibre
in fermented oat and barley β-glucan rich concentrates.
Food Chemistry, 89: 283–293.
Li Y.J., Luo S.C., Lee Y.J., Lin F.J., Cheng C.C., Wein Y.S.
(2008): Isolation and identification of α-CEHC sulphate
in rat urine and an improved method for the determination
of conjugated α-CEHC. Journal of Agricultural and Food
Chemistry, 56: 11105–11113.
Lima M.M., Tribuzi G., Souza J.A.R., Souza I.G., Laurindo J.B., Carciofi B.A.M. (2016): Vacuum impregnation
and drying of calcium-fortified pineapple snacks. LWT
– Food Science and Technology, 72: 501–509.
Lindsay A., De Benoist B., Dary O., Hurrell R. (2006): Guidelines
on Food Fortification with Micronutrients. World Health
Organization (WHO) Library. Available at https://www.who.
int/publications/i/item/9241594012 (accessed May 1, 2021).
MacPhail A.P., Patel R.C., Bothwell T.H., Lamparelli R.D.
(1994): EDTA and the absorption from food. The American
Journal of Clinical Nutrition, 59: 644–648.

270

Marinoni L., Lavelli V., Sri Harsha P.S.C., Mariotti M., Cabassi G. (2015): Tuning physical properties of tomato puree
by fortification with grape skin antioxidant dietary fiber.
Food and Bioprocess Technology, 8: 1668–1679.
Mehansho H. (2002): Eradication of iron deficiency anemia
through food fortification: The role of the private sector.
Journal of Nutrition, 132: S831–S833.
Mejia L.A. (1994): Fortification of foods: Historical development and current practices. Food and Nutrition Bulletin,
15: 1–4.
Miano A.C., Esteves P., Augusto D. (2018): The ultrasound assisted hydration as an opportunity to incorporate nutrients
into grains. Food Research International, 106: 928–935.
Mozaffarian D., Rosenberg I., Uauy R. (2018): History of modern nutrition science – Implications for current research,
dietary guidelines, and food policy. British Medical Journal,
103: 1–6.
Meenakshi J.V., Johnson N., Manyong V., De Groote H., Javelosa J., Yanggen D., Naher F. (2010): How cost-effective
is biofortification in combating micronutrient malnutrition?
An ex-ante assessment. World Development, 38: 64–75.
Mohammadi M., Khashayar P., Tabari M., Sohrabvandi S.,
Moghaddam A.F. (2016): Water fortified with minerals (Ca,
Mg, Fe, and Zn). International Health Science, 5: 107–115.
Mohammadi T., Azandeh S., Bijan Nejad D., Shamseddini
Lori N. (2018): Effect of vitamin C on bioavailability and
differentiation potential of human umbilical cord Wharton's jelly-derived mesenchymal stem cells. Qom University
of Medical Sciences Journal, 11: 1–11.
Moreno J., Espinoza C., Simpson R., Petzold G., Nuñez H.,
Gianelli M.P. (2016): Application of ohmic heating/vacuum
impregnation treatments and air drying to develop an apple snack enriched in folic acid. Innovative Food Science
& Emerging Technologies, 33: 381–386.
Nascimento de Paula L., Pereira de Souza A.H., Craveiro
Moreira I., Kirie Gohara A., de Oliveira A.F., Felicidade
Dias L. (2014): Calcium fortification of roasted and ground
coffee with different calcium salts. Acta Scientiarum: Technology, 36: 708–712.
Nduko J.M., Maina R.W., Muchina R.K., Kibitok S.K. (2018):
Application of chia (Salvia hispanica) seeds as a functional
component in the fortification of pineapple jam. Food Science and Nutrition, 6: 2344–2349.
Nemati M., Kamilah H., Huda N., Ariffin F. (2016): In vitro
calcium availability in bakery products fortified with tuna
bone powder as a natural calcium source. International
Journal Food Sciences Nutrition, 67: 535–540.
Nizori A., Lamtiar (2020): Study of red dragon fruit peel
(Hylocereus polyrhizus) extract as natural food colorants
to physicochemical properties of Pedada's jam as functional
foods. Earth and Environmental Science, 519: 1–6.

Czech Journal of Food Sciences, 40, 2022 (4): 259–272

Review

https://doi.org/10.17221/28/2022-CJFS
Oliva R.C., Soto-Méndez M.J., Solomons N.W., Armas L.,
Selhub J., Paul L., Kraemer K. (2016): Long-term efficacy
of a refreshing beverage, fortified with selected micronutrients, to improve the micronutrient status of schoolchildren and women in the context of the nutritional situation
in rural Guatemala. FASEB Journal, 30: 1172.
Osei-Agyeman M., Bigson K., Akwaah V. (2021): Preparation
and quality evaluation of baobab fruits pulp and pineapple
blended jam. EPRA International Journal of Agriculture
and Rural Economic Research, 9: 5–10.
Pandhare G.R., Katke S.D., Patil P.S. (2018): Process development and quality evaluation of pineapple fortified with
drumstick (Moringa oleifera) leaves extract. Contemporary
Research in India, 8: 69–74.
Palafox-Carlos H., Ayala-Zavala J.F., González-Aguilar G.A.
(2011): The role of dietary fiber in the bioaccessibility and
bioavailability of fruit and vegetable antioxidants. Journal
of Food Science, 76: R6–R15.
Patil M.M., Kalse S.B., Sawant A.A. (2013): Preparation
of guava jam blended with sapota. Agriculture Engineering
International, 15: 167–172.
Pingale S.A., Dighe N.M. (2015): Development of tomato
sauce fortified with Bael and its sensory and chemical
evaluation. International Journal of Science and Research,
4: 1775–1778.
Preedy V.R., Srirajaskanthan R., Patel V.B. (2013): Handbook
of Food Fortification and Health. New York, US, Humana
Press: 22–27.
Rajchl A., Voldřich M., Čížková H., Hronová M., Ševčík R.,
Dobiáš J., Pivoňka J. (2010): Stability of nutritionally important compounds and shelf-life prediction of tomato
ketchup. Journal of Food Engineering, 99: 465–470.
Reddy S., Sher A., Van Vadehra D., Wredal E.R. (1999):
Calcium complex and a process of making a food fortified
with calcium. US Patent No. 5 928 691.
Reidy K.C., Bailey R.L., Deming D.M., O'Neill L., Carr B.T.,
Lesniauskas R. (2018): Food consumption patterns and
micronutrient density of complementary foods consumed
by infants fed commercially prepared baby foods. Nutrition
Today, 53: 68–78.
Riaz R.A., Zahoor T., Abdullah M.O. (1993): Effect of storage
on the quality of vitamin C fortified date syrup. Pakistan
Journal of Agricultural Sciences, 30: 17–21.
Rivers J.M. (1987): Safety of high-level vitamin C ingestion. Annals of the New York Academy of Sciences,
498: 445–453.
Roberfroid M. (1993): Dietary fiber, inulin, and oligofructose:
A review comparing their physiological effects. Critical
Reviews in Food Science and Nutrition, 33: 103–148.
Roidoung S., Dolan K.D., Siddiq M. (2017): Estimation of kinetic parameters of anthocyanins and color degradation

in vitamin C fortified cranberry juice during storage. Food
Research International, 94: 29–35.
Sánchez-Moreno C., Plaza L., De Ancos B., Cano M.P. (2006):
Nutritional characterization of commercial traditional
pasteurized tomato juices: Carotenoids, vitamin C and
radical-scavenging capacity. Food Chemistry, 98: 749–756.
Sáyago-Ayerdi S.G., Arranz S., Serrano J., Goñi I. (2007):
Dietary per content and associated antioxidant compounds
in Roselle flower (Hibiscus sabdariffa L.) beverage. Journal
of Agricultural and Food Chemistry, 55: 7886–7890.
Souad A.M., Jamal P., Olorunnisola K.S. (2012): Effective jam
preparations from watermelon waste. International Food
Research Journal, 19: 1545–1549.
Surya N., Jesupriya Poornakala S., Kanchana S., Hemalatha G.
(2020): Development of Amla (Emblica officinalis) ready
to serve beverage fortified with dietary fiber. Emergent Life
Sciences Research, 6: 6–15.
Tangpricha V., Pearce E.N., Chen T.C., Holick M.F. (2002):
Vitamin D insufficiency among free-living adults. American Journal of Medicine, 112: 659–662.
Tangpricha V., Koutkia P., Rieke S.M., Chen T.C., Perez A.A.,
Holick M.F. (2003): Fortiﬁcation of orange juice with vitamin D: A novel approach for enhancing vitamin D nutritional health. The American Journal of Clinical Nutrition,
77: 1478–1483.
Thakur N.S., Thakur N., Hamid Kumar P., Thakur A. (2018):
Formulation and optimization of vitamin C rich ready-to-serve juice-based beverage from wild aonla fruits and its
quality evaluation during storage. Journal of Pharmacognosy and Phytochemistry, 7: 1796–1802.
Thiruvengadam S., Naresh B., Nivedhaa G.K., Ivoromauld S.
(2020): Preparation of fruit leather and fortification with
Moringa oleifera. Journal of Pharmacy and Technology,
13: 1619–1622.
Traber M.G., Olivecrona T., Kayden H.J. (1985): Bovine milk
lipoprotein lipase transfers tocopherol to human fibroblasts
during triglyceride hydrolysis in vitro. Journal of Clinical
Investigation, 75: 1729–1734.
Trailokya A., Srivastava A., Bhole M., Zalte N. (2017): Calcium and calcium salts. Journal of the Association of Physicians of India, 65: 23–28.
Ujjwali B., Shanta P., Binod K.B., Rekha R., David J. (2019):
Studies on carrot and apple blended jam fortified with
flaxseed. International Journal of Chemical Studies,
7: 2693–2699.
Venkatesh M.G., Wesley A.S. (2008): Food fortification.
In: Heggenhougen H.K., Quah S.R. (eds.): International
Encyclopedia of Public Health. Amsterdam, the Netherlands, Elsevier: 622–630.
Viscione L. (2013): Fibre-enriched beverages. In: Delcour J.A., Poutanen K. (eds): Fibre-rich and Wholegrain

271

Review

Czech Journal of Food Sciences, 40, 2022 (4): 259–272
https://doi.org/10.17221/28/2022-CJFS

Foods. Cambridge, United Kingdom, Woodhead Publishing
Limited: 369–388.
Walczyk T., Muthayya S., Wegmüller R., Thankachan P.,
Sierksma A., Frenken L.G., Thomas T., Kurpad A., Hurrell R.F. (2014): Inhibition of iron absorption by calcium
is modest in an iron-fortified, casein-and whey-based drink
in Indian children and is easily compensated for by addition
of ascorbic acid. The Journal of Nutrition, 144: 1703–1709.
Walker A.R. (1988): The remedying of iron deficiency: What
priority should it have? Bromatological Journal of Nutrition, 79: 227–235.
Wang A.H., Still C. (2007): A case report of scurvy. Nutrition
in Clinical Practice, 22: 445–448.
Wang X., Quinn P.J. (2000): The distribution of α-tocopherol
in mixed aqueous dispersions of phosphatidylcholine and
phosphatidylethanolamine. Biochimica et Biophysica Acta,
1509: 361–372.
Weaver C., Heaney R. (2006): Food sources, supplements, and
bioavailability. In: Weaver C., Heaney R.P. (eds.): Calcium
in Human Health. Totowa, US, Humana Press: 129–144.
Weaver C.M. (2001): Calcium. In: Bowman B.A., Russell R.M. (eds.): Present Knowledge in Nutrition. Washington, D.C., US, International Life Sciences Institute (ILSI)
Press: 273–280.
Weaver C.M., Dwyer J., Fulgoni V.L., King J.C., Leveille G.A.,
MacDonald R.S. (2014): Processed foods: Contribution
to nutrition. American Journal of Clinical Nutrition,
99: 1525–1542.

272

Whited L., Hammond B., Chapman K., Boor K. (2002):
Vitamin A degradation and light-oxidized flavor defects
in milk. Journal of Dairy Science, 85: 351–354.
Xie J., Zhao Y. (2004): Use of vacuum impregnation to develop
high quality and nutritionally fortified frozen strawberries.
Journal of Food Processing and Preservation, 28: 117–132.
Yang Q., Cogswell M.E., Hamner H.C., Carriquiry A., Bailey L.B., Pfeiffer C.M., Berry R.J. (2010): Folic acid source,
usual intake, and folate and vitamin B-12 status in US
adults: National Health and Nutrition Examination Survey
(NHANES) 2003–2006. The American Journal of Clinical
Nutrition, 91: 64–72.
Yashneeil S., Anupriya M., Apurba G., Hari N.M. (2015): Optimization of ultrasound-assisted extraction of β-carotene
from Chlorella biomass and its use in fortification of apple
jam. Journal of Food Process Engineering, 40: 1–9.
Zayed M.G., Hickman S.J., Batty R., McCloskey E.V., Pepper I.M. (2015): Unilateral compressive optic neuropathy
due to skull hyperostosis secondary to nutritional vitamin A deficiency. Clinical Cases in Mineral and Bone
Metabolism, 12: 75–77.
Zimmermann M.B., Chaouki N., Hurrell R.F. (2005): Iron
deficiency due to consumption of a habitual diet low
in bioavailable iron: A longitudinal cohort study in Moroccan children. The American Journal of Clinical Nutrition,
81: 115–121.
Received: February 14, 2022
Accepted: July 13, 2022
Published online: August 18, 2022

