E-' 'E PLANT SCIENCE TODAY
aEl et Vol 12(4): 1-5

«  https://doi.org/10.14719/pst.8461 —
o n)

Ameliorating nutrition through biofortification: A strategy to
combat hidden hunger - A review

eISSN 2348-1900

Anjali Yadav'’, Seema Sonkar', Deepti Giri, Jharana Panda® & Brajapal Singh*

!Department of Food Science and Nutrition, Chandra Shekhar Azad University of Agriculture & Technology, Kanpur 208 002, Uttar Pradesh, India
2Department of Home Science, Faculty of Science, Siddharth University, Siddharth Nagar 272 205, Uttar Pradesh, India
3Department of Home Science, Rama Devi Women’s Higher Secondary School, Bhubaneswar 751 022, Odisha, India
“Department of Animal Husbandry and Dairying, Chandra Shekhar Azad University of Agriculture & Technology, Kanpur 208 002, Uttar Pradesh, India

*Correspondence email - anjali.ay.111@gmail.com

Received: 23 March 2025; Accepted: 30 October 2025; Available online: Version 1.0: 15 December 2025; Version 2.0: 26 December 2025

Cite this article: Anjali Y, Seema S, Deepti G, Jharana P, Brajapal S. Ameliorating nutrition through biofortification: A strategy to combat hidden hunger
- Areview. Plant Science Today. 2025; 12(4): 1-5. https://doi.org/10.14719/pst.8461

Abstract

More than 60 % of the world population suffers from iron deficiency and over 30 % of the global population has zinc deficieng. Micronutrient
deficiency leads to compromised health like stunted growth, weakened immunity, cognitive impairment and increased susceptibilty to infection
and results in economic losses. It is prevalent in populations depending on non-diversified plant-based diets. The most common micronutrient
deficiencies are vitamin A deficiency, iron deficiency anemia and iodine deficiency disorders, which affect onethird of the world’s population.
Food fortification is an important strategy endorsed by the World Health Organization to combat this public health challenge,also referred to as
“hidden hunger” (an individual is suffering from micronutrient deficiency). Increasing mineral content of staple food crops through biofortification
is a promising and sustainable strategy of combating micronutrient malnutrition. Additionally, it will also enhance the agroromic efficiency of
crops on poor mineral soils. A multipronged strategy towards enhancing mineral content of cereal grains should involve incressed uptake of
minerals from soil, enhanced partitioning towards grain and improved sequestration in the edible tissues of grains. At the same time, it is essential
to improve mineral absorption of minerals in the human body from cereatbased diets. Both conventional and modern breeding approaches and
genetic engineering are being employed for biofortification of crop plants. With increased understanding of mineral uptake and transport
mechanisms in plants, it is becoming ever more possible to engineer biofortified crop plants, with the ultimate goal of overoming hidden hunger.
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hunger is often termed as a “silent epidemic” as its impacts-
impaired immunity, stunted growth, cognitive delays and
increased mortality -are not always immediately visible (6).

Introduction

The introduction effectively establishes the context around global
micronutrient deficiency and introduces biofortification as a

solution (1). Despite advances in food production, an estimated
two billion people worldwide-particularly in low-income countries
-suffer from micronutrient malnutrition, also known as “hidden
hunger” (2). This condition arises from the inadequate intake or
poor bioavailability of key micronutrients such as vitamin A, iron,
zinc and calcium. Micronutrient deficiencies can affect individuals
of all ages across both developed or developing countries (3).

The most affected populations are found in regions of
Africa, South Asia and Latin America, where diets are often
monotonous and heavily plant-based (4). Whereas, rapid food
might be relief from starvation, but there is an extensive problem
of “hidden hunger” which is one and only satisfied by nutritionally
enriched food. However, an individual has balanced diet is a far-
fetched dream for the unprivileged people of the world (5).
Moreover, micronutrient deficiencies are a silent epidemic
situation which steadily diminish the immune system, hinders
intellectual and physical growth and even leads to death. Hidden

Common deficiencies, including iron deficiency anemia
(IDA), zinc deficiency, iodine deficiency and vitamin A deficiency,
are widespread and not restricted to developing nations. Reports
indicate rising incidences even in developed countries like the
USA, Canada and across Europe (7, 8). These deficiencies often
result from poor dietary intake and low nutrient absorption or
assimilation (9, 10). Thus, the consequences of malnutrition as
well as hidden hunger became rigorous; both of them had been
calamitous especially among newborns evaluated annually 1.1
million out of 3.1 million infantile death allocated to deficiency of
micronutrients (11, 12). To combat these deficiencies, food
fortification strategies have been implemented globally, including
supplementation, dietary diversification and modification of food
processing systems (6).

According to World Health Organization (WHO) as well as
Food and Agriculture Organization (FAO) of the United Nations,
149 million children under 5-years of age are stunted, 47 million
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are wasted including 462 million are underweight; moreover 50 %
child deaths under 5-years of age in developing countries are
linked with under-nutrition (13). The World Bank estimated that
loss in GDP because of hidden hunger is up to 12 billion for India
alone (14). One of the most promising and sustainable
approaches to address hidden hunger is biofortification or
biological fortification. This strategy involves enhancing the
nutrient content and bioavailability of food crops through
conventional plant breeding, agronomic interventions and
modern biotechnology tools (15). Though, providing biofortified
crops can help to address micronutrient deficiencies by increasing
the daily adequacy of micronutrient intake among individuals
through supplementation programme by international health
organization (16). Since 2003, the CGIAR-led Harvest Plus program
has been global leader in biofortification research, targeting iron,
zinc and vitamin A, the three most commonly deficient
micronutrients worldwide (17).

Historical background of biofortification

The concept of “biofortification” can be traced back the era of the
Green Revolution (1966-1985), when the focus was primarily on
enhancing crop yields and calorie sufficiency (18). However, by the
1990s, attention began to shift toward addressing hidden hunger
and micronutrient deficiencies. American economist Howarth E
Bouis began working on micronutrient malnutrition in the early
1990s. At that time, nutrition programs mostly prioritized calorie
intake, but groundbreaking research by Bouis and Lawrence
Haddad between 1984 and 1990 demonstrated that inadequate
micronutrient intake was a primary barrier to improving overall
nutritional outcomes.

In 2001, Steve Beebe coined the term “biofortification”.
Following this, Dr. Bouis successfully mobilized significant funding
to advance the concept. In 2003, the CGIAR’s Biofortification
Challenge Program was rebranded as HarvestPlus (16). Between
2003 and 2008, target populations were identified and proof-of-
concept research was conducted to validate the effectiveness of
biofortified crops in combating micronutrient deficiencies (19).

Moreover, in 2013, the first biofortified crops were bred as
well as approved for release by national varietal release
committees and nutritional efficacy trials were carried out. Since
2014, the delivery of biofortified crops has been improved and
more than 140 varieties of ten crops that are biofortified with
vitamin A, iron and zinc have been released in 30 different
countries. Furthermore, in 2016, Bouis was awarded the World
Food Prize for his groundbreaking work on biofortification.

The burden of micronutrient deficiencies and its effects
VitaminA

India bears a significant burden of vitamin A deficiency, primarily
due to factors such as poverty, illiteracy and lack of nutritional
awareness. It is estimated that 62 % of preschool-aged children
and about 5 % of pregnant women exhibit symptoms of vitamin A
deficiency (20). The deficiency of vitamin A leads to Xeropthalmia,
which includes a spectrum of visual disturbances ranging from
night blindness to Keratomalacia and ultimately Corneal scar.
Thus, government of India numerous programs related to women
and child welfare; vitamin A prophylaxis programme covers all
preschool children in the community they receive a single oral
dose of 200000 IU of vitamin A in every six months (21). According
to NFHS-5, only 722 % of children aged 9-35 months in
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Maharashtra received vitamin A supplementation-down from
73.6 % previously. Coverage in other states such as Assam (58 %),
Bihar (56 %) and Lakshadweep (44 %) remains suboptimal (22).

Iron

The occurrence of anemia was much higher in India among
females of reproductive age group (23). As per NFHS-5, anemia
has more worsened and increasing day by day over the last five
years, with 68.4 % of children as well as 66.4 % of women suffering
from anemia (24). In children, anemia impairs growth, cognitive
development and immune function, while in adults, it causes
fatigue and reduced work capacity (25, 26). Moreover, iron
deficiency throughout the gestation period leads to fetal growth
retardation and low-birth-weight (LBW) child. The blood loss
among pregnant women suffering from anemia is fatal during
childbirth. Even with a dedicated government programme like the
“National Nutritional Anemia Control Programme”, the burden of
anemia in females at the childbearing generation in India remains
high.

lodine

lodine deficiency is associated with a spectrum of disorders
collectively known as iodine deficiency disorders (IDDs). These
include goiter, cretinism, hypothyroidism, deaf-mutism, impaired
mental development and muscular weakness (27). IDDs are the
most frequent preventable factor of mental retardation (28). Thus,
whole population of India is prone to developing IDDs in India as
the sub continental soil deficient in iodine content, the deficiency
of iodine is mostly common in hilly regions where rainfall is
extreme which removes layers of soil containing iodine and onto
which crop grown having lower content of, thereafter
consumption of food crop deficient in iodine leads to deficiency
symptoms. IDDs are the most frequent preventable cause of
mental retardation (29).

Folic acid and vitamin B12

The folic acid insufficiency is more frequent in expectant mothers
and reproductive females, however, vitamin B12 also plays a vital
role in human reproduction and child development. Though
insufficiency also associated to neural tube defects, megaloblastic
anemia and low birth weight (LBW), stillbirths including abortion (13
-15). The Indian population, having vegetarian diet, is largely
susceptible to vitamin B12 deficiency symptoms. A cross-sectional
study found about 47 % of urban population in North India lacks
vitamin B12 (30). A meta-analysis in 2015 revealed that high
prevalence of neural tube defects in India (31). Some micronutrients
and macronutrients need for better health (Table 1).

Food fortification

Food fortification is defined by the World Health Organization
(WHO) and the Food and Agriculture Organization (FAO) as the
deliberate addition of essential micronutrients and trace elements
to food, aiming to improve its nutritional quality and confer health
benefits with minimal risk (14). Historically, food fortification
practices date back to ancient Persia, where iron filings were
added to wine to improve soldier strength (33). Food Fortification
of items began in the 1920s in Switzerland and the United States,
where iodine was added to salt to treat endemic goiter and
cretinism (34). Moreover, vitamin A and D were added to dairy
products and the addition of iron as well as folic acid to flour
started in 1930s and 40s in Western countries. Nowadays, with the
commercial fortification of foods, a variety of foods are fortified
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Table 1. Micronutrients and macronutrients needs for better health (32)

Micronutrients

Macronutrients

Micro-minerals Vitamins Amino acids (Essential) Fatty acids (Essential) Macrominerals
Fe A (Retinol) Histidine Linoleic acid K
Zn D (Calciferol) Isoleucine Linolenic acid Ca
Cu E (Tocopherol) Leucine Mg
Mn K Lysine S
| C Methionine P
Se B-complex Phenylalanine Na
Mo Threonine Cl
Co Tryptophan
Ni Valine

with different micronutrients.

In contrast, biofortification is a newer approach that
involves enhancing the nutrient content of crops during plant
growth, using conventional breeding, genetic engineering or
agronomic methods. However, there are various benefits of using
food fortification to reduce micronutrient deficiency disease. The
foods which are fortified with various nutrients provide
micronutrients in ample amounts that are non-toxic in nature to
those who have sufficient nutrients while providing for those with
deficiencies (10), which are as close to natural levels as are found
in a well-balanced diet, not in case of supplements. However, both
approaches have limitations. Fortified foods may not reach
impoverished populations without strong distribution systems
and they also cannot substitute for a well-balanced diet rich in
both macro- and micronutrients.

Malnutrition and hidden hunger

Malnutrition is a broad term that refers to a pathological condition
resulting from an imbalance of nutrient intake. When nutrient
intake exceeds the body’s requirement, it leads to overnutrition
while undernutrition occurs when essential nutrients are
consumed in insufficient quantities-both conditions can result in
adverse health outcomes (35). Hidden hunger, on the other hand,
refers specifically to micronutrient deficienciesa form of
malnutrition that occurs even when caloric needs are met.
Individuals may consume enough calories to feel full, but their
diets lack vital vitamins and minerals such as iron, zinc, vitamin A
and iodine (36, 37). This form of malnutrition often remains
undetected until clinical symptoms manifest.

Several interrelated factors contribute to hidden hunger
and malnutrition, particularly in developing countries. These
include climate change, which affects agricultural productivity
through altered weather patterns, droughts and floods; rising food
prices, which reduce access to nutritious foods among low-
income populations; and chronic illnesses such as kidney disease
and cancer, which increase nutritional demands and reduce
absorption. Both developed and developing nations face
overlapping challenges of poverty, food insecurity and
malnutrition. These issues are often intertwined in what is
described as the “poverty trap”-a cyclical condition where poverty
leads to hunger and hunger further entrenches individuals in

poverty (38).

Table 2. Adapted biofortified crops (32)

Biofortification of plant-based foods

Vegetables and other plant-based foods play a vital role in
addressing undernutrition, hunger and poverty, particularly in low
-income regions, due to their adaptability for local cultivation and
consumption (39). A list of selected biofortified crop varieties and
their nutrient targets is presented in Table 2. The article effectively
supports the feasibility of biofortification as a sustainable solution,
it is important to look for the inclusion of recent case studies or
real-world implementations-especially involving staple crops like
rice, maize and wheat (e.g. HarvestPlus, International Rice
Research Institute, International Maize and Wheat Improvement
Center).

e  Golden Rice: Genetically engineered to produce provitamin A
(beta-carotene); deployed in countries like the Philippines.

e Iron-rich Beans and Zinc-enhanced Wheat: Developed through
conventional breeding, distributed via HarvestPlus
programs.

e Provitamin A Maize: Successfully tested and distributed in Sub
-Saharan Africa and parts of Latin America.

Interventions to reduce hidden hunger and malnutrition
Dietary diversification

One of the most sustainable strategies for addressing hidden
hunger is dietary diversification. This involves increasing the
variety of foods consumed, especially incorporating foods rich in
micronutrients such as iron (Fe), zinc (Zn) and vitamins (40). In
many developing countries, diets are heavily reliant on staple
foods with limited micronutrient content, which contributes to
hidden hunger. Diversifying diets by including fruits, vegetables,
pulses, animal products and fortified foods can help prevent
multiple deficiencies, strengthen the immune system and
improve overall health (41). Dietary diversification is culturally
acceptable, cost-effective and feasible; however, it requires
nutritional awareness, dietary behavior change and access to
diverse food sources. Additionally, the presence of anti-nutritional
factors (e.g., phytates) in some plant foods may impair nutrient
absorption, limiting the effectiveness of this strategy (1, 36).

Food supplementation

Food supplementation involves the use of medicinal-grade
nutrient preparations-such as tablets, syrups, or capsules-to meet

Biofortified crops Target micronutrient Countries where crops have been tested
Orange sweet Potato Vitamin A Uganda; Zambia
Beans Iron Uganda; Zimbabwe; Rwanda
Cassava Vitamin A Nigeria; Democratic Republic of Congo; Kenya
Maize Vitamin A Nigeria; Democratic Republic of Congo; Zambia; Zimbabwe
Pearl millet Iron India
Wheat Zinc India; Pakistan
Rice Zinc Bangladesh

Plant Science Today, ISSN 2348-1900 (online)



ANJALI ET AL

dietary requirements, especially when nutrient intake from food
alone is insufficient (42, 43). These supplements may include
proteins, vitamins, essential fatty acids, amino acids, minerals and
dietary fiber (43, 44). The food supplements are generally targeted
to limited populations with acute lack of nutrients among
developing countries. Food supplementation too is a straight,
temporary as well as manageable plan that can be tailored to fulfill
the particular requirements of a targeted people. It capitulates
positive results quickly and is inexpensive in contrast to other
interventions like diet diversification (44, 45). Food supplementation
might also cause toxicity that has serious adverse effects among the
health of people (46).

Food fortification

Food fortification refers to the process of adding essential
micronutrients-such as vitamins and minerals-to food products to
improve their nutritional quality and help populations meet their
Recommended Dietary Allowance (RDA) (46, 47). However, food
fortification and enrichment both devote to increasing nutritional
composition of foods, even so a major variation between them
(48). Food enrichment participates in restoring the loss of nutrients
during processing, whilst food fortification contemplate replacing
lost nutrients and connecting to those ones (nutrients) which are
already present into the food in inadequate amounts. Though,
there are numerous types of food fortification; target fortification,
mass fortification, voluntary fortification in addition to mandatory
fortification (46). For instance, voluntary fortification practices in
countries like Gambia, the UAE and Qatar include adding vitamin
Aand iron to flours and breakfast cereals (46, 48). Mass fortification
has proven effective in preventing large-scale deficiencies within
specific populations (47, 48).

Conclusion

Biofortification of crops is a feasible and most economical approach
for overcoming “hidden hunger”. Enhancing the mineral
concentration in the edible parts of cereal crops requires a
comprehensive approach involving improved nutrient uptake from
the soil, efficient translocation to grains and effective sequestration
within the endosperm. Genetic diversity can be utilized to enhance
micronutrient composition through conventional and modern
breeding approaches. At the same time genetic engineering
approaches can progress based on increased understanding of
metabolic pathways and expression patterns of metal transporters,
chelators and associated compounds. The most promising work
plan to successfully alleviate micronutrient malnutrition will be to
increase mineral content in the crops and simultaneously enhance
their bioavailability by reducing anti-nutritional compounds and/or
enhancing concentration of mineral absorption promoters. To
effectively combat hidden hunger through biofortification, even
after the development of biofortified varieties, it will be essential to
address various socio-economical and socio-political challenges to
popularize their cultivation by farmers and ultimately their
consumption by the end users. A coordinated, multitiered
approach-integrating research, policy, extension and community
engagement-will be essential to scale up biofortification and
achieve long-term nutritional security.

Acknowledgements
Authors are thankful to Chandra Shekhar Azad University of

4

Agriculture & Technology, Kanpur, Uttar Pradesh, India for this
study.

Authors' contributions

AY conceived the study, gathered the relevant material and drafted
the review. DG performed the sequence alignment and contributed
to drafting the manuscript. SS revised the study. BS assisted with
the technical work. All authors read and approved the final
manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interest
to declare.

Ethicalissues: None

References

1. Jha AB, Warkentin TD. Biofortification of pulse crops: status and
future perspectives. Plants. 2020;9(1):73. https://doi.org/10.3390/
plants9010073

2. Allen L. Guidelines on food fortification with micronutrients. World
Health Organization; 2006. p. 13-24.

3. Darnton-Hill I, Webb P, Harvey PW, Hunt JM, Dalmiya N, Chopra M,
et al. Micronutrient deficiencies and gender: social and economic

costs. Am J Clin Nutr. 2005;81(5):11985-205S. https://
doi.org/10.1093/ajcn/81.5.1198
4. Food and Agriculture Organization; International Fund for

Agricultural Development; World Food Programme. The State of
Food Insecurity in the World 2015. Food and Agriculture
Organization of the United Nations; 2015.

5. Majumder S, Datta K, Datta SK. Rice biofortification: high iron, zinc
and vitamin A to fight against hidden hunger. Agronomy. 2019;9
(12):803. https://doi.org/10.3390/agronomy9120803

6. Cashman KD. Vitamin D deficiency: a public health issue in high-
and low-income countries or just hype? World Rev Nutr Diet.
2017:118:206-14. https://doi.org/10.1159/000484391

7.  Mantadakis E, Chatzimichael E, Zikidou P. Iron deficiency anemia in
children residing in high- and low-income countries: risk factors,
prevention, diagnosis and therapy. Mediterr J Hematol Infect Dis.
2020;12(1):€2020041.

8. Gillespie S, Hodge J, Yosef S, Pandya LR. Nourishing millions:
Stories of change in nutrition: synopsis. Chapter 4. Washington, DC:
International Food Policy Research Institute; 2016. p. 35-43.

9. Muthayya S, Rah JH, Sugimoto JD, Roos FF, Kraemer K, Black RE.
The global hidden hunger indices and maps: an advocacy tool for
action. PLoS One. 2013;8(6):e67860. https://doi.org/10.1371/
journal.pone.0067860

10. Wakeel A, Farooq M, Bashir K, Ozturk L. Micronutrient malnutrition
and biofortification: recent advances and future perspectives. In:
Plant micronutrient use efficiency. Academic Press; 2018. p. 225-43.
https://doi.org/10.1016/B978-0-12-812104-7.00017-4

11. Gousia G, Beenish, Bashir O, Bhat TA, Naseer B, Qadri T, et al.
Hidden hunger and its prevention by food processing: a review.
2018;2(3):1-10. https://doi.org/10.33545/2616454X.2018.v2.i3a.44

12.  FAO, IFAD, UNICEF, WFP, WHO. The state of food security and
nutrition in the world 2020; 2020. p. 320.

13.  World Bank. The crisis of malnutrition in India. World Bank Report;
2020.

14. Garg M, Sharma N, Sharma S, Kapoor P, Kumar A, Chunduri V, et al.
Biofortified crops generated by breeding, agronomy and transgenic

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.3390/plants9010073
https://doi.org/10.3390/plants9010073
https://doi.org/10.1093/ajcn/81.5.1198
https://doi.org/10.1093/ajcn/81.5.1198
https://doi.org/10.3390/agronomy9120803
https://doi.org/10.1159/000484391
https://doi.org/10.1371/journal.pone.0067860
https://doi.org/10.1371/journal.pone.0067860
https://doi.org/10.1016/B978-0-12-812104-7.00017-4
https://doi.org/10.33545/2616454X.2018.v2.i3a.44

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

approaches are improving lives globally. Front Nutr. 2018;5:12.
https://doi.org/10.3389/fnut.2018.00012

Bouis HE, Hotz C, McClafferty B, Meenakshi JV, Pfeiffer WH.
Biofortification: a new tool to reduce micronutrient malnutrition.
Food Nutr Bull. 2011;32(Suppl 1):S31-40. https://
doi.org/10.1177/156482651103215105

HarvestPlus. Responding to crisis, building resilience: Annual
Report 11. IFPRI; 2022.

Pingali PL. Green revolution: impacts, limits and the path ahead.
Proc Natl Acad Sci USA. 2012;109(31):12302-8. https://
doi.org/10.1073/pnas.0912953109

Aggarwal N, Upadhyay P, Tigadi SB. Biofortification to improve
nutrition: a review. Int J Curr Microbiol Appl Sci. 2020;9(1):763-79.
https://doi.org/10.20546/ijcmas.2020.901.083

Akhtar S, Ahmed A, Randhawa MA, Atukorala S, Arlappa N, Ismail T,
et al. Prevalence of vitamin A deficiency in South Asia: causes,
outcomes and possible remedies. J Health Popul Nutr. 2013;31
(4):413. https://doi.org/10.3329/jhpn.v31i4.19975

Raichur PA, Limaye DA, Pawar TA. The burden of micronutrient
deficiency and current trends of food fortification in India. Indian J
Nutr. 2021;8(3):1-4.

Qadeer |. Production, processing and pertinence of data:
commentary on NFHS-5. Soc Change. 2022;52(3):389-98. https://
doi.org/10.1177/00490857221110533

Haddad LJ, Hawkes C, Achadi E, Ahuja A, Ag Bendech M, Bhatia K, et
al. Global Nutrition Report 2015: Actions and accountability to
advance nutrition. Intl Food Policy Res Inst. 2015.

Anaemia in Women, children aggravated in 2019: NFHS-5; 2019.

Hassan TH, Badr MA, Karam NA, Zkaria M, El Saadany HF, Rahman
DM, et al. Impact of iron deficiency anemia on immune function in
children. Medicine. 2016;95(47):5395. https://doi.org/10.1097/
MD.0000000000005395

Haas JD, Brownlie T. Iron deficiency and reduced work capacity:
review of research for causal relationship. J Nutr. 2001;131(2):676S-
90S. https://doi.org/10.1093/jn/131.2.676S

Harding KB, Pefia-Rosas JP, Webster AC, Yap CM, Payne BA, Ota E, et
al. lodine supplementation for women during preconception,
pregnancy and postpartum. Cochrane Database Syst Rev. 2017;(3).
https://doi.org/10.1002/14651858.CD011761.pub2

Delange F. Disorders induced by iodine deficiency. Thyroid. 1994;4
(1):107-28. https://doi.org/10.1089/thy.1994.4.107

Pandav CS, Yadav K, Srivastava R, Pandav R, Karmarkar MG. lodine
deficiency disorders control in India. Indian J Med Res. 2013;138
(3):418-33.

Scott JM, Weir DG, Molloy A, McPartlin J, Daly L, Kirke P. Folic acid
metabolism and mechanisms of neural tube defects. Ciba Found
Symp. 2007;181:180-91. https://
doi.org/10.1002/9780470514559.ch11

Allagh KP, Shamanna BR, Murthy GV, Ness AR, Doyle P, Neogi SB, et
al. Birth prevalence of neural tube defects and orofacial clefts in
India. PLoS One. 2015;10(3):e0118961. https://doi.org/10.1371/
journal.pone.0118961

Dary O, Hurrell R. Guidelines on food fortification with
micronutrients. WHO/FAQ; 2006. p. 1-376.

Betz DJ. The guarded age: fortification in the twenty-first century.
Wiley; 2023.

Suchdev PS, Jefferds ME, Ota E, da Silva Lopes K, De-Regil LM.
Home fortification with micronutrient powders for children under
two. Cochrane Database Syst Rev. 202052). https://
doi.org/10.1002/14651858.CD008959.pub3

Gani G, Bashir O, Bhat TA, Naseer B, Qadri T, Jan N. Hidden hunger
and its prevention by food processing: a review. Int J Unani Integ

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

a7,

48.

Med. 2018;2(3):1-10.
doi.org/10.33545/2616454X.2018.v2.i3a.44

Godecke T, Stein AJ, Qaim M. Global burden of chronic and hidden
hunger. Glob Food Sec. 2018;17:21-9. https://doi.org/10.1016/
j-gfs.2018.03.004

Singh U, Praharaj CS, Singh SS, Singh NP, editors. Biofortification of
food crops. Springer; 2016. https://doi.org/10.1007/978-81-322-2716-8

Buturi CV, Mauro RP, Fogliano V, Leonardi C, Giuffrida F. Mineral
biofortification of vegetables. Foods. 2021;10(2):223. https://
doi.org/10.3390/foods10020223

Lowe NM. The global challenge of hidden hunger. Proc Nutr Soc.
2021;80(3):283-9. https://doi.org/10.1017/S0029665121000902

Malik KA, Magbool A. Transgenic crops for biofortification. Front
Sustain  Food Syst. 2020;4:571402. https://doi.org/10.3389/
fsufs.2020.571402

https://

Nair MK, Augustine LF, Konapur A. Food-based interventions to
improve diet quality. Front Public Health. 2016;3:277. https://
doi.org/10.3389/fpubh.2015.00277

Tam E, Keats EC, Rind F, Das JK, Bhutta ZA. Micronutrient
supplementation and fortification in children under five. Nutrients.
2020;12(2):289. https://doi.org/10.3390/nu12020289

Ghosh S, Pahari S, Roy T. Updated overview on food supplements.
Asian J Res Chem. 2018;11(3):691-7. https://doi.org/10.5958/0974-
4150.2018.00122.0

Das JK, Salam RA, Mahmood SB, Moin A, Kumar R, Mukhtar K, et al.
Food fortification with multiple micronutrients: impact on health.
Cochrane Database Syst Rev. 2019;(12). https://
doi.org/10.1002/14651858.CD011400.pub2

Nwadi OM, Uchegbu N, Oyeyinka SA. Enrichment of food blends
with bambara groundnut flour. Legume Sci. 2020;2(1):25. https://
doi.org/10.1002/leg3.25

Olson R, Gavin-Smith B, Ferraboschi C, Kraemer K. Food
fortification: advantages and lessons. Nutrients. 2021;13(4):1118.
https://doi.org/10.3390/nu13041118

Osendarp SJ, Martinez H, Garrett GS, Neufeld LM, De-Regil LM,
Vossenaar M, et al. Large-scale food fortification and
biofortification. Food Nutr Bull. 2018;39(2):315-31. https://
doi.org/10.1177/0379572118774229

Saghir Ahmad KY. Malnutrition: causes and strategies. J Food
Process Technol. 2015;6(4):2.  https://doi.org/10.4172/2157-
7110.1000434

Singla R, Garg A, Surana V, Aggarwal S, Gupta G, Singla S. Vitamin B12
deficiency in Indian population: perspective from North India. Indian
J Endocrinol Metab. 2019;23(2):211-4. https://doi.org/10.4103/
ijjlem.lJEM_122_19

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.3389/fnut.2018.00012
https://doi.org/10.1177/15648265110321S105
https://doi.org/10.1177/15648265110321S105
https://doi.org/10.1073/pnas.0912953109
https://doi.org/10.1073/pnas.0912953109
https://doi.org/10.20546/ijcmas.2020.901.083
https://doi.org/10.3329/jhpn.v31i4.19975
https://doi.org/10.1177/00490857221110533
https://doi.org/10.1177/00490857221110533
https://doi.org/10.1097/MD.0000000000005395
https://doi.org/10.1097/MD.0000000000005395
https://doi.org/10.1093/jn/131.2.676S
https://doi.org/10.1002/14651858.CD011761.pub2
https://doi.org/10.1089/thy.1994.4.107
https://doi.org/10.1002/9780470514559.ch11
https://doi.org/10.1002/9780470514559.ch11
https://doi.org/10.1371/journal.pone.0118961
https://doi.org/10.1371/journal.pone.0118961
https://doi.org/10.1002/14651858.CD008959.pub3
https://doi.org/10.1002/14651858.CD008959.pub3
https://doi.org/10.33545/2616454X.2018.v2.i3a.44
https://doi.org/10.33545/2616454X.2018.v2.i3a.44
https://doi.org/10.1016/j.gfs.2018.03.004
https://doi.org/10.1016/j.gfs.2018.03.004
https://doi.org/10.1007/978-81-322-2716-8
https://doi.org/10.3390/foods10020223
https://doi.org/10.3390/foods10020223
https://doi.org/10.1017/S0029665121000902
https://doi.org/10.3389/fsufs.2020.571402
https://doi.org/10.3389/fsufs.2020.571402
https://doi.org/10.3389/fpubh.2015.00277
https://doi.org/10.3389/fpubh.2015.00277
https://doi.org/10.3390/nu12020289
https://doi.org/10.5958/0974-4150.2018.00122.0
https://doi.org/10.5958/0974-4150.2018.00122.0
https://doi.org/10.1002/14651858.CD011400.pub2
https://doi.org/10.1002/14651858.CD011400.pub2
https://doi.org/10.1002/leg3.25
https://doi.org/10.1002/leg3.25
https://doi.org/10.3390/nu13041118
https://doi.org/10.1177/0379572118774229
https://doi.org/10.1177/0379572118774229
https://doi.org/10.4172/2157-7110.1000434
https://doi.org/10.4172/2157-7110.1000434
https://doi.org/10.4103/ijem.IJEM_122_19
https://doi.org/10.4103/ijem.IJEM_122_19
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

