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A B S T R A C T

In the developing world, the twin challenges of depleted health and growing issue of food waste manage-
ment loom large, demanding simultaneous attention and innovative solutions. This review explores how
these issues can be effectively mitigated while shedding light on the transformative impact of food waste val-
orization on health management. A spotlight is cast on vitamin A deficiency (VAD), an acute public health
concern, especially prevalent in South Asia, driven by economic constraints, sociocultural factors, inadequate
diets, and poor nutrient absorption. VAD’s devastating effects are exacerbated by limited education, lack of
sanitation, ineffective food regulations, and fragile monitoring systems, disproportionately affecting children
and women of childbearing age. Recent studies in South Asian countries have revealed rising rates of illness
and death, notably among children and women of childbearing age, due to VAD. To address inadequate die-
tary intake in children utilizing vegetable waste, particularly from carrots and beetroot, which are rich in
b-carotene, and betalains, respectively, offers a sustainable solution. Extracting these compounds from vege-
table waste for supplementation, fortification, and dietary diversification could significantly improve public
health, addressing both food waste and health disparities economically. This approach presents a compelling
avenue for exploration and implementation. In summary, this review presents an integrated approach to
tackle health and food waste challenges in the developing world. By tapping into the nutritional treasure
troves within vegetable waste, we can enhance health outcomes while addressing food waste, forging a
brighter and healthier future for communities in need.

© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Vitamin A (VA), also known as retinol, plays a crucial role in
human physiology [1], and maintains innate immunity, defense
against infections, and growth promotion [2,3]. It also protects
against night blindness, a common issue in young children and
pregnant women. The main sources of VA include meat products,
dairy products, and plants like fruits and vegetables [2,4,5]. Provi-
tamin A (PVA), a precursor to VA, is primarily found in leafy vegeta-
bles and yellow fruits [4,6]. Currently, the health status of pregnant
women, lactating mothers, newborns, and young children below
the age of 5 to 6 have recorded the highest mortality, morbidity,
blindness, and sickness rate due to the vitamin A deficiency (VAD)
and depleted immunity [6,7]. To collect such health-related infor-
mation in India from different sections of the population by sex,
caste, creed and age, the government conducts the National Family
Health Survey (NFHS) every 4 y. The NFHS-5 phase 1 survey in
India revealed that 16 out of 22 states have increased malnutrition,
VAD, and iron deficiency rates compared to NHFS-4. The report
also suggests that the government needs to rethink its nutritional
programs to meet nutritional targets for the coming decade. The
immunization ratios are only 70% against infections and diseases.
VA and iron deficiency are prevalent among pregnant, lactating
women and young children, leading to reduced immunity, anemia,
and mortality risk [8�11].

Pakistan also grapples with severe subclinical VAD, contributing
to child mortality, especially in cases of diarrhea and pneumonia
[12]. Measles-affected children in Pakistan are concurrently
experiencing VAD [12], emphasizing the need for effective VA sup-
plementation. Karachi city reported avoidable cases of child blind-
ness [13], with a majority preventable by meeting the daily
requirement of VA. Sri Lanka and Bangladesh also face significant
challenges, with studies indicating widespread VAD among pre-
school children and pregnant women, respectively [14]. In

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2024.112452&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:v.karani@reading.ac.uk
https://doi.org/10.1016/j.nut.2024.112452
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.nut.2024.112452
http://www.ScienceDirect.com
http://www.nutritionjrnl.com


2 R. Kumar et al. / Nutrition 124 (2024) 112452
Bangladesh, 51% of pregnant women had dietary deficiencies, lead-
ing to 18.5% exhibiting VAD [8]. Addressing the pervasive nature of
VAD requires a multifaceted approach, including awareness cam-
paigns, dietary diversification, fortification programs, and
enhanced healthcare infrastructure in South Asian countries. The
data underscore the urgency of comprehensive strategies to com-
bat VAD and its adverse effects on public health in the region.

On the other hand, vegetable waste represents a significant
global challenge, with staggering facts and figures highlighting the
scale of the issue. Each year, it is estimated that approximately
one-third of all food produced for human consumption, which
includes a substantial portion of vegetables, goes to waste. This
amounts to over 1.3 billion metric tons of food wasted annually,
with vegetables comprising a substantial portion of this figure that
is approximately 30% [15,16]. Beyond the immense environmental
toll, as food waste generates substantial greenhouse gas emissions,
it also poses a severe economic burden, with food waste costs
reaching hundreds of billions of dollars each year. Vegetable waste
is particularly concerning due to its role in perpetuating malnutri-
tion, as the discarded portions often contain valuable nutrients and
bioactive compounds like b-carotene, as well as the potential to
alleviate VAD in many regions [17,18]. Consequently, addressing
the issue of vegetable waste on a global scale is not only an envi-
ronmental imperative but also a crucial step toward improving
food security and public health worldwide [19,20]. The volume of
vegetables wasted in the India and neighboring countries, per cap-
ita per household, is immense and it is more than 50% of total [21].
The need to utilize the waste must therefore be explored. Simulta-
neously, it is also necessary to ensure that the utilization process is
economically viable. Unfortunately, there are many utilization
routes described in published literature, but there are no studies
examining economic viability. It is therefore difficult to justify a
specific waste utilization approach—be it in terms of fortification of
food or any waste valorization option. The feasibility of fortification
is rooted in comprehending the diversity of food vehicles, and
ensuring technological adaptability to existing production pro-
cesses, and seamless integration into supply chains. Simulta-
neously, resilient waste valorization relies on the identification of
viable waste streams, economic feasibility, and compliance with
regulatory standards. The economic sustainability of fortification is
crucial, encompassing cost-effective nutrient addition, affordability
for end consumers, and an evaluation of the long-term financial
impact. By harmonizing these factors, a resilient approach ensures
that fortification and waste valorization strategies not only align
with industrial structures but also contribute to sustainable health
outcomes and the economic viability of the food industry [22].

Hence, these leading malnutrition and depleted health status
related problems can be mitigated by the use of bioactive compo-
nents found in various food sources such as b-carotene as a precur-
sor of VA and betalains. b-carotene derived from natural sources
undergoes conversion into two molecules of vitamin A within the
animal body, subsequently storing it as retinyl ester. Similarly, the
obtained betalains from beetroot waste can improve heart health,
blood pressure, some types of cancer, hyperlipidemia and also acts
as an antioxidant and one of the most sought pigments in several
industries [23�25]. The bioavailability of betalains is well proven
to mitigate the heart and blood pressure associated with beetroot
juice consumption [26]. Considering the current status of heart-
related and other cancerous diseases on rise in South Asian coun-
tries, it was also justified to incorporate them in this review [27].
In addition, the amount of waste created from fresh produced
beetroot was one of the factors for its addition in this review [28].

The primary aims and objectives of this review are to under-
score the significant dual challenge posed by food waste,
particularly vegetable waste, and the widespread issue of VAD and
weakened immunity, prevalent in Asian and other developing
countries. We aim to emphasize the often-overlooked opportunity
for solving both problems simultaneously by taking a scientific
approach to the valorization of vegetable waste. Through this
review, we intend to establish the scientific foundation for this
approach, shedding light on how vegetable waste, such as beetroot
and carrot remnants, which is rich in bioactive compounds like
b-carotene and betalains, holds the potential to combat nutritional
deficiencies, ultimately enhancing public health. By reviewing
existing research, proposing sustainable solutions, and raising
awareness about the importance of integrating food waste man-
agement and nutritional strategies, our review seeks to inspire fur-
ther research in this crucial area and encourage future endeavors
to delve deeper into the valorization of vegetable waste for holistic
health and environmental sustainability.

Methodology

A literature search was conducted with following key words
such as VAD, Vitamin A precursors, Vitamin A, Waste valorization,
Food waste valorization, vegetable waste valorization, health sta-
tus of Asian and Indian population, immunity supported by VA,
malnutrition, hunger, and health benefits of betalains and b-caro-
tene. The search results shown by Web of Science, PubMed, Google
Scholar, and Scopus database resulted in 492 articles, and of these,
89 articles were identified which focused either on food waste or
vegetable waste management and only one article [29] focused on
mitigating malnutrition and waste management related problems
with well-established scientific approach as shown in Figure 1.
However, this one article [29] did not focus on the type of food
waste that could be targeted and the strategies to prevent malnu-
trition. Titles of all the studies were first read to determine their
relevance to the topic. Full text of those found to be relevant (either
on the basis of vegetable waste or malnutrition/VAD) were then
read in full detail to determine eligibility for inclusion based on the
above provided key words as inclusion criteria. Hence, to address
this review gap, authors have selected 89 independent articles
related to food waste or vegetable waste management and
depleted health status and approaches taken to improve the health
status in South Asian (SA) populations. As this is not a systematic
review and meta-analysis, literature was reviewed as available and
applicable information about the VAD, impaired immunity, and
health benefits of betalains to mitigate several non-communicable
diseases were reviewed. For this review, articles that were pub-
lished after 2010 were included (Fig. 1).

Direct influence of VA and betalains on function of the immune
system

Clinical trials, including those by Shankar, et al. [30], West, et al.
[31], and Christian, et al. [32], showcased the varied impact of VA
supplementation on health outcomes, particularly in reducing
morbidity and improving immune response. In addition, Tang, et
al. [23] and Qi, et al. [33] demonstrated the importance of VA in
immune health, emphasizing its diverse dietary sources, through
dietary interventions. Together, these studies underscore the mul-
tifaceted significance of VA in promoting overall health and
immune function across different populations and interventions.
While carotenoids have been linked to health benefits like reduced
risk of certain diseases, it is the converted form, VA, that signifi-
cantly affects the immune system [2]. Beetroot, once known for its
vitamin C, iron, and folate content, is gaining attention for its
immune-boosting potential, as it is attributed to the synthesis of



Fig. 1. Flowchart showing the steps involved in the selection of articles focusing on the relationship between food waste and malnutrition in South Asian population.
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nitric oxide from betalains and nitrates in beetroot, and its role in
immune regulation and anti-inflammatory effects [34]. Beetroot
extract is considered a promising functional food for health promo-
tion and disease prevention due to its various therapeutic proper-
ties, including oxidative stress reduction and immune system
support [24,35].

VA deficiency: A South Asian perspective

VAD is a significant global health issue [36], affecting 120 to
170 million school-going children and 7 to 8 million pregnant
women in developing and low-income South Asian countries. This
deficiency leads to malnutrition, death, impaired health status,
lower tissue development rate, slow metabolism, and vulnerability
to infectious diseases [37�39].South Asian countries make up one-
fifth of the global population and are severely affected by VAD [8].
Nearly 30% to 50% of preschool children in South Asia suffer from
malnutrition and VAD, leading to the major cause of mortality in
India and Bangladesh [40].

VAD is the most severe deficiency among other diseases in 1.02
billion people globally suffering from chronic malnutrition [7].
Studies have shown that 85% of children suffering from xeroph-
thalmia reside in India [41,42]. The number of individuals suffering
from VAD concerns health and safety points for the South Asian
population. Immediate action through existing food regulations
and new strategies to counter the deficiency on a mass scale is
needed [14,43]. India has the highest proportion of VAD in pre-
school-going children among South Asian countries, at 62%, which
is either clinical or subclinical as shown in Figure 1S. This substan-
tial figure of deficiency leads to the death of 330,000 children
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annually in India alone and data for other South Asian countries is
given in Table 1S. Subclinical VAD is also widespread in childbear-
ing young mothers, with 5% suffering from night blindness during
pregnancy. The highest proportion of pregnant women suffering
from night-blindness are from rural areas [9,44,45].

VAD is a significant health issue in Pakistan, with diarrhea and
pneumonia being major causes of child mortality. Measles-related
VAD is prevalent among children under 6 y old, and the need for
effective supplementation systems with high dose levels of VA is
crucial. Nearly 53% of avoidable cases of child blindness were
reported, with 58% preventable by meeting the daily requirement
of VA in a blind and deaf school in Karachi city, Pakistan [12,13].
VAD is also prevalent among young people under 6 y of age in
major regions of Pakistan. The prevalence of VAD among pregnant
and non-pregnant women is a concern from a health perspective,
but the sample size is small to accurately reflect the true extent of
VAD in the region [46].

VAD is also recognized as a general health issue in Sri Lanka
with 30% of the children of age less than 6 y are suffering from this
deficiency [47], with a public overview led by the Medical Research
Institute (MRI). A VAD control program was created to improve the
VA status of preschool and elementary younger students, pregnant
and lactating mothers. Food-based methods continued in Sri Lanka
to control VAD, including dietary enhancement, development of
VA-rich foods in home backyards, promotion of breastfeeding, and
improving fat and VA-rich nourishments [8,14]. In Bangladesh,
studies have revealed that 51% of pregnant women had a defi-
ciency in the diet to meet the RDA for VA, and 18.5% showed VAD
(serum retinol <0.70 mmol/L) [8,46]. Some of the factors such as
diet and gestational age were shown to contribute to VAD in Ban-
gladeshi women [48,49].

Considering all the data concerning VAD in South Asian coun-
tries, two factors were observed to be predominant; these include
the early death of the new-borns or those aged less than 5 to 6 y,
and blindness among the child-bearing women or girls. The epide-
miological surveys have concluded that all the deaths and side
effects of VAD were indirectly related to anemia, and reduced
absorption of iron which ultimately leads to iron deficiency anemia
and increased rate of mortality. Anemia is prevalent in non-indus-
trial nations; about 42% of preschool children, 53% of young
school-age children, 44% of women of childbearing age, and 56% of
pregnant women are affected by anemia [50]. The reasons for ane-
mia are different, yet among the main etiologies in non-industrial
nations are iron insufficiency, intestinal sickness, some unavoid-
able illnesses, and poor health that ultimately affects hemoglobin,
and VA level in human body. Insufficient intake of VA was recog-
nized among the reasons for anemia [51,52], and it was attributed
that VAD impacts anemia through regulation of hematopoiesis, by
the improvement of insusceptibility to unavoidable illnesses
[53,54].

The major factors for the prevalence of VAD in South Asian
population are insufficient intake and poor absorption, which
are impacted by socioeconomic status and socio-cultural limita-
tions [8]. The conversion of b-carotene to VA, and storage in the
body is shown in Figure 2 [55]. One of the predominant dietary
factors is a low intake of animal-based foods (meat and dairy)
which are good sources of fat-soluble vitamins such as A, D, E,
and K. There are several vegetable sources of VA (please refer
section “Direct fortification of food items to counter VAD in
South Asia”), but the consumption needs to be in large volumes,
or from a concentrated source, which is difficult to afford by the
lower socioeconomic group, and difficult for young children to
consume the volume of vegetables needed to meet their VA
requirements [56].
Direct fortification of food items to counter VAD in South Asia

While VAD remains a significant public health concern in South
Asia, various intervention programs have been implemented over
time to address this issue. These programs target specific popula-
tions and utilize different strategies to combat VAD. Here are some
of the current/past intervention programs in South Asian
countries:

1. Fortification of vegetable vanaspati ghee: The India, Malaysia,
and Pakistan in South Asia have initiated programs to fortify
vegetable vanaspati ghee, aiming to increase the VA content in
these widely used cooking fat/oils [57].

2. Fortification of vegetable oils with retinol: Fortifying commonly
used vegetable oils with synthetic retinol (a form of VA) is
another intervention strategy [58]. This approach helps enhance
the nutritional content of cooking oils that are widely consumed
in the region.

3. Fortification and Genetic Modification of Rice (Yellow Rice): Yel-
low rice, a genetically modified variety, has been introduced as
part of fortification efforts [59]. This type of rice is enriched
with b-carotene as a precursor of VA, addressing the deficiency
in regions where rice is a staple food.

4. VA Supplementation as Retinol: Specific intervention programs
focus on providing VA supplementation in the form of synthetic
chemical retinol. This is particularly targeted at vulnerable pop-
ulations, including young children (6�59 mo old) and pregnant
girls and women [60].

5. Supplementation via Sugar and Flour: Some intervention pro-
grams involve the fortification of sugar and flour with VA. This
ensures that these commonly consumed food staples contribute
to the daily VA intake of the population [61].

The major target audiences for these intervention programs
include:

� Young children (6�59 mo old): These programs aim to address
VA deficiency in the early stages of life when nutritional support
is crucial for growth and development [62].

� Pregnant girls and women: Recognizing the increased nutri-
tional needs during pregnancy, intervention programs focus on
providing VA supplementation to pregnant women [48], reduc-
ing the risk of deficiency-related complications.

By targeting these specific demographic groups and employing
various strategies such as fortification and supplementation, South
Asian countries aim to alleviate the burden of VAD and improve
the overall health and well-being of their populations. Ongoing
monitoring and assessments are essential to gauge the effective-
ness of these intervention programs and make necessary adjust-
ments as needed.

It is evident from the above information that fortification of
other food products has been also practiced but failed. It could be
attributed to the studying fortification at an ideal and controlled
condition that is otherwise not possible in real life of a common
person. For example, when yellow rice or any other fortified food
products were given to the participants, they were supplemented
with the required amount of butter/fat to help with the incorpo-
ration of the VA sources in the human body, which was otherwise
not possible in real scenarios [59]. Hence, later many of the studies
were focused on extraction and stability of b-carotene/VA products
in various vegetables oils, which are also a major part of the diet by
frying and cooking in South Asian countries [63]. Another reason
for using sunflower/soybean oils in most of studies is the stability



Fig. 2. Steps involved in the conversion of all-trans b-carotene to Retinyl ester (storage form in body). Retinoid is originally derived from proretinoid carotenoids such as
b-carotene. Retinal can be formed by the central cleavage of b-carotene by the enzyme b-carotene 15,150-monoxygenase. Retinol is formed by the reversible reduction of ret-
inal by one of the retinal reductase family members. The enzyme lecithin retinol acyltransferase synthesizes retinyl esters by transferring a fatty acyl moiety from the sn-1
position of membrane phosphatidyl choline to retinol.
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of b-carotene in these oils and higher bioavailability due to the
higher degree of unsaturation of these oils [64].

To support the above hypothesis about the use of sunflower oil
and ability to enhance the absorption of carotenoids, Linvy, et al.
[65] reported that the inclusion of sunflower oil in meals signifi-
cantly improved the absorption of b-carotene, particularly when
consumed with cooked, pureed carrots compared to raw, chopped
carrots. Sunflower oil played a crucial role in enhancing b-carotene
bioavailability through several mechanisms. First, its fat content
facilitated the solubility of b-carotene during digestion, making it
more accessible for absorption. Additionally, sunflower oil pro-
moted the formation of micelles, which served as carriers for fat-
soluble b-carotene, aiding its transport across the intestinal lining.
Furthermore, the presence of antioxidants in sunflower oil pro-
tected b-carotene from degradation during digestion, preserving
its bioactivity. Moreover, sunflower oil may have contributed to a
shorter lag phase in b-carotene absorption, optimizing transit time
through the gastrointestinal tract. Overall, the study underscores
the importance of sunflower oil in enhancing the bioavailability of
b-carotene from vegetable sources, particularly when consumed
in processed forms like cooked, pureed carrots. Hence, sunflower
oil would be even more effective if it was consumed with extracted
b-carotene.
Identification of the potential dietary bioresources to combat
VAD and boosting health status

South Asian countries are rich in plant sources of PVA, such as
carrots, amaranth, and leafy vegetables, which play a vital role in
providing essential nutrients for health. Additionally, yellow vege-
tables like tomatoes, pumpkins, squash, and spinach serve as sub-
stantial sources of PVA as shown in Table 1.

In South Asian countries, the substantial production of vegeta-
bles is hampered by inadequate processing facilities, leading to a
significant waste issue. This problem is particularly pronounced in
Asian countries, where 35% to 55% of fresh produce is wasted due
to factors like a lack of cold supply chains, storage, and proper han-
dling [16,66,67]. In India, vegetable production in the fiscal year
2019�20 reached 189 million metric tons, representing a consider-
able portion of global vegetable production, the data for vegetable
production by other South Asian countries are also given in Table
2S (a)�(d) [68]. Hence, this amount of waste not only squanders
energy, water, labor, and resources involved in the entire value
chain but also exacerbates issues like VAD and immune health in
the South Asian community. Utilizing these discarded bioresources
could provide an indigenous solution to these problems while also
Table 1
Potential food commodities containing VA/b-carotene including plant and animal sources

S. no. Food commodities b-carotene

1 Carrot b-carotene
2 Tomatoes b-carotene
3 Amaranth (red or green) b-carotene
4 Spinach b-carotene
5 Orange-fleshed sweet potatoes b-carotene
6 Squashes/pumpkins b-carotene
7 Yellow maize b-carotene
8 Mangoes b-carotene
9 Papayas b-carotene
10 Liver b-carotene
11 Eggs b-carotene
12 Milks (including breast milk) b-carotene
13 Red palm oil a and b-caroten
contributing to economic recovery and reducing the environmen-
tal impact associated with waste and global warming.

Food waste is a pressing global issue, with approximately one-
third of the world’s food production going to waste, a statistic that,
if represented as a country, would rank it as the third-largest con-
tributor to global warming, following China and the United States
[69]. Various factors contribute to this problem, including house-
hold waste as shown in Table 3S, overproduction, inadequate stor-
age and preservation facilities, the lack of cold supply chains,
losses in the food processing industry and trade, post-harvest
waste due to mechanical inefficiencies, and a lack of automation in
handling and packaging [70]. This not only has significant eco-
nomic implications but also poses a considerable threat to global
warming. Importantly, the global warming potential (GWP) of
imported vegetables is higher than domestically grown ones,
largely due to long-distance transportation. Processing steps, such
as packaging and on-farm production, each contribute 16% to the
GWP, with processing itself accounting for 13% [28]. Canning, due
to heavy machinery and heating requirements, is a major contribu-
tor to GWP in the packaging phase [71]. Furthermore, growing
conditions, such as greenhouse cultivation, can require more
energy than the imported produce. In terms of carbon footprint
(CFP), cereals are the highest CFP producers quantitatively, fol-
lowed by vegetables and then meat. Despite its lower volume,
meat and animal product waste has the highest CFP per kilogram
[69]. In India, an average of 7% of domestic vegetable supply goes
to waste, an amount sufficient to meet the United Kingdom’s needs
[72]. This excessive waste generation not only challenges existing
systems but also raises concerns about the associated environmen-
tal impact. Food waste contributes to various ecological problems,
including climate change, eutrophication, acidification, ozone layer
depletion, resource depletion, and biodiversity loss [73�75]. With
global food demand projected to increase by 70% by 2050, address-
ing food waste is crucial for both food security and reducing unnec-
essary economic costs, all while considering the moral imperative,
as millions of people around the world suffer from undernourish-
ment [76].
Innovative fortification approaches and health benefits of
b-carotene and betalains

In Kenya, Nderitu, et al. [77] studied the fortification of b-caro-
tene in sunflower and palm oil to increase the b-carotene level.
Similarly, Gurumeenakshi, et al. [78], Arumugam, et al. [79], and
Borguini, et al. [58] fortified vegetable oil with b-carotene
extracted from carrot (olive, soybean, sunflower, palm, and other
Amount of b-carotene found References

52�60 mg/100 g of dry carrot [89]
3.8�7.03 mg/100 g of dry tomato [90]
300.2 mg/g fresh [91]
6.29 mg/100 g fresh [23]
11.5 mg/100 g fresh [92]
4.57 mg/100 g fresh [93]
0.38 mg/300 g cooked serving [94]
0.55�3.21 mg/100 g [95]
2.14�2.74 mg/100 g of raw papaya [96]
58.28�203 mg/g fresh [4]
5.19�200 mg/100 g of eggs [97]
1.45�3.60 mg/g of fat [98]

e 500 mg/g of palm oil [99]



Table 2
List of studies that focused on fortification approaches

S. no. Food bio-products
used/source of VA used

Role of b-carotene as a
fortificant/extract

Foods fortified Trials/experiments
conducted

Main findings References

1. Solanum nigrum and
Asystasia mysorensis

b-carotene as precursor to
VA

Sunflower and palm
oils

Extraction of b-carotene in
oils. Storage study of b-car-
otene in vegetable oils for
180 d.

b-carotene was fortified in sun-
flower and palm oils to address
the antagonism of its use in food
and application to elevate b-caro-
tene levels.

[77]

2. Fresh carrot b-carotene as precursor to
VA

Gingelly and mus-
tard oils

Extraction, encapsulation,
and fortification of oils
with storage stability of 60
d.

Cold press extraction with hexane
was the best solvent. Most suit-
able wall material for encapsula-
tion was lecithin. b-carotene was
stable in the mix.

[78]

3. b-carotene b-carotene for meeting
daily requirements and
extending the shelf-life of
oil

Cold pressed virgin
coconut oil

Shelf-life of oil and stability
of b-carotene was
assessed.

Produced oil was a suitable
medium for producing value
added functional oil.

[79]

4. Dried carrot Aimed to meet the recom-
mended daily intake for VA

Soybean and olive
oils

Enrichment of the oils with
b-carotene and shelf-life
study.

10 mL of soybean oil or olive oil
supplied the Recommended Daily
Intake for VA for an adult (equiva-
lent to 600 mg retinol).

[58]

5. Dried carrot Extraction of b-carotene as
a precursor for VA

Sunflower oil Enrichment of the sun-
flower oil for better bio-
availability of b-carotene
and understanding the
thermal stability as higher
temperature.

b-carotene was efficiently
extracted in shorter time com-
pared to ultrasound and supercrit-
ical fluid extraction.

[100]

6. VA (retinyl ester) Meeting the daily require-
ments of VA after heating/
cooking/deep frying.

sunflower oil, soy-
bean oil, corn oil
and vegetable ghee

Heated different oil at tem-
perature range of 100-175°
C for 5�30 min and VA
level was evaluated.

More than 60% of the VA was
retained in the oils even after
heating at 175°C. And this concen-
tration which was enough to meet
the daily requirements.

[81]

7. Peach palm fruit
by-products

Ultrasound-assisted extrac-
tion of total carotenoids
obtained from dried peach
palm
by-products using sun-
flower oil as extraction sol-
vent at mild temperatures
to incorporate b-carotene.

Sunflower oil for
enrichment

Ultrasonic-assisted extrac-
tion (UAE) was performed
in a sonication cleaning
bath with varying inten-
sity, temperature, and
extraction time.

Maximum extraction of total caro-
tenoids was 163.47 mg/100 g of
dried peel. The experimental val-
ues under optimal condition were
consistent with the predicted val-
ues.

[101]

8. Dry tomato waste Enriching the vegetable oil
and extending the shelf-
life.

Extra virgin sun-
flower, unrefined
corn, refined rape-
seed, extra virgin
olive, olive pomace,
soybean, refined
sunflower, Peanut,
rice, and grape seed
oil

Dried tomato waste sam-
ples (5 g) were subjected to
each of the following
extraction procedures: 1)
ultrasound-assisted extrac-
tion in 100 mL oil at 20°C
for 50 min; 2) microwave-
assisted extraction in
100 mL oil for 5 min; 3)
maceration at 20°C in
100 mL oil for 7 d.

Carotenoids were extracted in oils
in significant amounts from
tomato waste. Extraction of dry
tomato waste improved the oxi-
dative and thermal stability of oil
and vice-versa.

[102]
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vegetable oils). Nderitu, et al. [77] reported that after 6 mo of stor-
age, mean levels of b-carotene were reduced significantly (P ˂
0.001) by over 65%, however the remaining concentration of b-car-
otene was still under the recommended level of RDA. On the other
hand, Nderitu, et al. [77] and Gurumeenakshi et al. [78] reported
that due to the fortification with b-carotene, the oil quality was
reduced in terms of rancidity and peroxide values compared to the
initial quality. In conclusion, it could be implied that b-carotene
can be fortified in sunflower and palm oils to address the nutri-
tional problem despite antagonism of its storage and degradation
as shown in Table 2.

Dutra-de-Oliveira, et al. [80] and Akhtar, et al. [81] used the
synthetic form of VA (retinyl palmitate) to fortify soybean oil and
evaluated the bioavailability of b-carotene after heating at differ-
ent temperatures and cooking conditions. Dutra-de-Oliveira, et al.
[80] and Dutra-de-Oliveira, et al. [82] reported that after heating at
100°C, there was no deterioration of b-carotene, and, at higher
temperature (170°C), b-carotene was available up to 65% of initial
concentration. On the other hand, Akhtar et al. [81] observed that
retinyl palmitate that was added to refined soybean oil was stable
when fortified into recommended dose and cooking techniques at
a given temperature. This study encourages fortification in soybean
oil because this oil has a strong hold in the market of developing
countries and is consumed for meeting the fat requirements as
well. It was reported that the bioavailability of the retinyl palmitate
was completely intact throughout normal cooking. However, con-
ducting the heating for 20 min reduced the biological availability
by 50% and was observed to be temperature sensitive. Despite the
instability and sensitivity to the high temperature treatment, the
biological availability of the fortified VA source is encouraging and
the use of potential bioresources from natural vegetable waste
could be even more promising.

The rising trends of using b-carotene and betalains to prevent
and mitigate several non-communicable diseases are shown in
Table 3. Similar to b-carotene, betalains are also important bioac-
tive compounds, which are proven bioactives to mitigate



Table 3
List of studies focusing on the health benefits of beetroot

S. no. Source of betalains/
beetroot

Aims Food fortified/designed Trials/experiments
conducted

Notable findings References

1. Beetroot To modulate hypertension
in hypertensive
participants

Beverage prepared with
mix of carrot and beetroot

The study participants
(n = 24) were given 250 ml
of the beverage for 60 d
before assessment.

Beverage influentially
reduced the pulse rate, sys-
tolic and diastolic pressure,
triglycerides, and LDL
levels

[83]

2. Beetroot powder To control hypertension as
well as hyperlipidemia.

500�1000 mg of powder
was dissolved in water
with cholesterol rich diet.

This dose was given for 60
d to 24 participants.

Beetroot powder lowered
the lipid profile and hence
it could be used for the pre-
vention of hyperlipidemia.

[85]

3. Alcoholic extract of beet-
root (mostly betanin)

To assess the anticancer
effects on human colorectal
cancer.

Freeze dried beetroot
extract

Two human colorectal can-
cer cell lines and normal
epithelial cell line of same
embryonic origin were
treated with extract of
beetroot.

The extract was able to
induce apoptosis in the
cancer and normal cells
like anticancer drugs.

[84]

4. Beetroot To increase the vegetable
consumption for better
health and meet the
requirements.

100 g of sample bread con-
tained 40 g of white or red
beetroot.

120 participants of differ-
ent origin and age group.

The likeness of bread was
not affected by addition of
vegetables in the bread.
Acceptability of vegetable
enriched bread as good as
normal bread.

[86]

5. Study 1: Beetroot juice.
Study 2: Beetroot powder

Study 1: To study the dose-
dependent
effects of beetroot juice in
18 healthy normotensive
men.
Study 2: to investigate the
effects of red or white
beetroot enriched bread
products on blood pressure
in 14 healthy men.

Study 1: Beetroot Juice.
Study 2: Breads enriched
with white and red beet-
root.

Study 1: 18 participants
sample 1 = 500 g water
sample 2 = 100 g
Juice + 400 g water
sample 3 = 250 g
Juice + 250 g water
Sample 4 = 500 g juice.
Study 2: 14 participants
Sample 1 = 0 g Beetroot in
200 g bread.
Sample 2 = 50% beetroot in
200 g bread.

Study 1:
With increase in the beet-
root juice consumption,
there was significant
reduction in SBP and DBP
after 90 min of drinking.
Study 2:
Postprandial SBP and DBP
started to decrease after 60
min of the consumption of
breads incorporated with
white or red beetroot.

[103]
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hypertension, colorectal cancer, hyperlipidemia, and other non-
communicable diseases [83�86]. Razzaq, et al. [83] studied the
effect of carrot-beet�based beverages to modulate hypertension,
where two kinds of beverage combinations were used (1) carrot
juice 20% and beetroot juice 80% and 2) carrot juice 40% and beet-
root juice 60%). The study demonstrated that betalains, present in
both beverages, showed a positive influence on hypertension and
can be considered for inclusion in dietary therapy to address this
condition [83]. However, the specific mechanisms by which beta-
lains affect blood pressure and lipid profiles may require further
research for a more comprehensive understanding of their poten-
tial benefits. In the colorectal cancer cell lines study conducted by
Saber et al., (2020) reported that betanin and the hydro-alcoholic
extract of red beetroot demonstrated effectiveness in inhibiting
the growth of colorectal cancer cells, inducing apoptosis in these
cells, and did so with minimal harm to normal epithelial cells. The
findings support the potential of betanin as a chemopreventive
and anticancer agent, although further research is needed to fully
understand the underlying mechanisms of its anticancer effects
[84]. In another study, Sarfaraz, et al. [85] evaluated the effect of
lyophilized beetroot powder at different doses for its hypolipi-
demic effects and showed that the presence of betalains in beet-
root was found to have a positive impact on lipid profiles,
suggesting that beetroot powder may be a beneficial dietary inter-
vention for individuals with hyperlipidemia or those at risk of car-
diovascular diseases. Hence, it could be concluded that beetroot is
a nutritionally dense, natural food with a range of potential health
benefits [86] and it might have a positive impact on cardiovascular
health, hypertension, hyperlipidemia, and potentially even certain
types of cancer.
Conclusion

In conclusion, the significance of harnessing the potential of
bioactives like b-carotene and betalains from vegetables such as
carrots and beetroots is undeniable, given their extensive health
benefits and ready availability as potential bioresources in South
Asian countries. Waste generation, stemming from farm to house-
hold, is intrinsically linked to fresh produce, highlighting the need
for a more scientific approach in utilizing these resources effi-
ciently. By extracting these valuable compounds, we not only
address deficiencies like VAD which is highly prevalent in South
Asian countries but also provide protection against various non-
communicable diseases.

The development of sustainable solutions for managing
byproducts can be done by food waste management. The nexus
between food waste management, waste valorization, and
addressing VAD is intricately tied to the principles of reduce, reuse,
and recycle [87]. By strategically implementing these waste man-
agement practices, we can not only minimize the overall food
waste footprint but also capitalize on the nutritional potential of
discarded by-products. The reduction of food waste at the source is
complemented by the reuse of specific by-products rich in PVA car-
otenoids, which may be traditionally discarded. Through innova-
tive recycling processes, these by-products can be transformed
into biofortified ingredients, contributing to the alleviation of VAD.
This integrated approach underscores the potential for sustainable
solutions that simultaneously enhance nutritional outcomes and
minimize the environmental impact of food waste [88].

Hence, these solutions should tap into the inherent nutritional
and functional value of biomaterials, yielding economic, social, and
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environmental advantages. In an era where nutritional problems
and the ever-growing South Asian population pose serious chal-
lenges, repurposing food waste for human consumption should be
a top priority. By leveraging the nutritional potential of waste and
byproducts in South Asian countries, we not only enhance food
security but also create opportunities for livelihoods, offering a
compelling social benefit. In essence, the efficient use of bioresour-
ces and the reduction of food waste are essential components of a
healthier, more sustainable future for our planet and its people.

While fortification of VA is a proven strategy to combat defi-
ciency, challenges such as infrastructure, distribution, awareness,
quality control, and economic factors can hinder successful imple-
mentation [61]. Addressing these limitations requires a multiface-
ted approach, involving collaboration across sectors, investment in
capacity building, robust monitoring systems, community engage-
ment, and adherence to quality standards. By systematically
addressing these challenges, fortification programs can be more
effective in improving micronutrient status and promoting public
health.
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