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Abstract
Black carrots are a type of carrot that is naturally dark purple or black in color. They are a good source of antioxidants, vita-
mins, and minerals, and have been shown to have several health benefits, including reducing the risk of cancer, heart disease, 
and diabetes. This review article discusses the bioactive compounds present in black carrot, including anthocyanins, phenolic 
acids, carotenoids, and organic acids and sugars. It also compares the bioactive compounds and antioxidant capacity of black 
carrot with other carrot varieties. Furthermore, it discusses various postharvest processing methods, both conventional and 
novel, such as encapsulation, drying, and microbial decontamination, highlighting their effects on preserving and stabilizing 
the bioactive compounds. The review also emphasizes the incorporation of black carrot into different food products, includ-
ing dairy items, beverages, and baked goods, and their impact on nutritional enhancement. The article provides knowledge 
on utilizing black carrot for improved nutritional and functional outcomes.
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Introduction

Black carrot (Daucus carota L.), a member of the Apiaceae 
family native to Turkey, is also cultivated and consumed 
in eastern nations such as India, Afghanistan, and Pakistan 
(Büyükdinç et al., 2019; Kamiloglu et al., 2018). Black car-
rots are a good source of fibres, sugars, vitamins and miner-
als, and they have a characteristic bluish-purple colour due 
to anthocyanins (water soluble), which are the main pig-
ments present in them (Algarra et al., 2014; Pandey and 
Grover, 2020).

The type of compounds a carrot contains is typically 
determined by its colour. Carotenoid and flavonoid content 
of black carrot is higher than that of orange and red carrots 
(Chhetri et al., 2022; Ahmad et al., 2019). Both the Codex 

alimentarius and the US Food and Drug Administration 
have classified anthocyanin pigments as natural colourants. 
These pigments are the most common group responsible 
for the red, blue, and purple hues in vegetables and fruits. 
Black carrots are frequently regarded as a potential source 
of natural food colour and a promising replacement for syn-
thetic colours due to the presence of anthocyanins in them 
(Shamshad et al., 2023).

As more people have become aware of the importance of 
these vegetables in a healthy diet, there has been an increase 
in the production of anthocyanin-containing vegetables 
(Büyükdinç et al., 2019). Black carrots are an excellent 
source of phytochemicals, including ascorbic acid, carot-
enoids, polyacetylenes and phenolic compounds (Chhetri 
et al., 2022; Ahmad et al., 2019). The high concentration 
of anthocyanins and other phenolic acids in black carrots 
is crucial for lowering the risk of disease (Garba and Kaur, 
2014).

So far, black carrots have been associated with over 40 
different phenolic acids, with 5-O-caffeoylquinic acid being 
the main one. Moreover, many hydroxybenzoic acid deriva-
tives, ferulic acid and caffeic acid derivatives and a quercetin 
glycoside, have been found in black carrots. Anthocyanins 
recovered from cell suspension cultures of black carrots 
include two non-acylated anthocyanins (cyanidin-3-xylosyl 
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(glucosyl) galactoside and cyanidin-3-xylosylgalactoside), 
along with three mono-acylated anthocyanins [cyanidin-
3-xylosyl (coumaroyl-glucosyl) galactoside, cyanidin 
3-xylosyl (sinapoyl-glucosyl) galactoside and cyanidin-
3-xylosyl(feruloyl-glucosyl) galactoside] (Koley et  al., 
2019).

In a study conducted by Smeriglio et al. (2018) 25 poly-
phenols were identified in black carrot crude extract (antho-
cyanins 78.06%, phenolic acids 17.89%, and other flavonoids 
4.06%), with polyglycosylated cyanidins as the main con-
stituents. Black carrots are considered functional food due 
to their therapeutic health-promoting qualities, including 
antidiabetic, anti-inflammatory, anti-cancerous, anti-cardi-
ovascular and antioxidant properties (Chhetri et al., 2022; 
Kamiloglu et al., 2017; Sevimli-Gur et al., 2013).

Carrots have a moisture content of 85–90%, which is lost 
due to transpiration after harvest. Transpiration alters the 
skin texture and affects the appearance of the product, caus-
ing wrinkling (Caron et al., 2003). Processing black carrots 
using various technologies can help in increasing shelf life, 
tackling seasonality, improve nutritional value and produce 
convenient products (Kamiloglu et al., 2018). Drying tech-
nologies like spray drying and freeze drying have success-
fully encapsulated black carrot extracts and formed stable 
powder (Murali et al., 2015). Thermal treatments like pas-
teurization of black carrots have a negative effect by reduc-
ing anthocyanin content (Türkyilmaz et al., 2012).

Emerging techniques like high pressure processing 
(Agcam et al., 2021), microwave (Barroso et al., 2023), 
ultrasound (Kaur et al., 2023a), and irradiation (Ghidouche 
et al., 2013) have effectively reduced microbial load, assisted 
in extraction of bioactive compounds, improved drying rates, 
and increased recovery of bioactive volatile compounds non 
thermally from black carrots (Hasheminya and Dehghan-
nya, 2022; Kumar et al., 2019). Further value addition of 
the produce can improve shelf-life, help tackle perishability 
and seasonality (Dhiman et al., 2021b). Black carrot has 
been utilized to develop various value-added products like 
bread (Pekmez and Yılmaz, 2018), jam and marmalade 
(Kamiloglu et al., 2015), kanji (Kaur et al., 2023b), shal-
gam juice (Tanguler et al., 2014a), cakes (Song et al., 2018), 
chips (Nath et al., 2022; Yılmaz and Ersus Bilek, 2018), 
noodles (Singh et al., 2018a) and dairy products (Pandey 
et al., 2021). These products may help consumers receive 
the therapeutic benefits of black carrots in different forms.

Considering the above, present review aims to summarize 
the bioactive composition of black carrots along with their 
medicinal value. The current review also discusses the tech-
nologies used for processing black carrots for the purpose of 
drying, extraction, encapsulation or preservation and formu-
lation of various convenient and value-added products. This 
information will promote the cultivation and further process-
ing of black carrots while broadening its research aspect.

Overview of nutritional and bioactive 
composition of black carrot: functions 
and health benefits

Nutritional composition

Black carrot is an excellent source of dietary fibres 
(2.35–2.61 g/100 g) and sugars (11.07%), along with various 
vitamins and minerals (Büyükdinç et al., 2022), as tabulated 
(Table 1). It is a rich source of multivitamins such as niacin, 
thiamine, riboflavin and ascorbic acid, as well as minerals 
like calcium, phosphorus, salt, potassium, magnesium, iron, 
and zinc. Carotenoids in black carrot are present in a highly 
reduced form (Pandey and Grover, 2020). The major pig-
ment found in black carrot is anthocyanin (350 mg/100 g), 

Table 1   Nutritional value of black carrot

Source Adapted from (Chhetri et  al., 2022; Kamiloglu et  al., 2017; 
Karaman and Ozca, 2021; Pandey and Grover, 2020; Rodrigues et al., 
2022)

Nutrients Content (per 100 g)

Energy (kcal) 41–43
Moisture (g) 88
Protein (g) 1
Fat (g) 0.14
Ash (g) 0.26–0.92
Fibre, total dietary (g) 2.35–2.61
 Water soluble (g) 0.84–0.97
 Water insoluble (g) 1.51–1.65

Total sugar (%) 11.07
 Glucose (g) 1.85
 Fructose (g) 0.14
 Reducing sugar (%) 0.77

Minerals (mg)
 Potassium 240–320
 Sodium 40–86
 Calcium 34–80
 Phosphorous 21–53
 Magnesium 9–12
 Iron 0.30–2.2
 Zinc 0.2–0.24
 Copper 0.02–0.17
 Manganese 0.143

Vitamins (mg)
 Niacin 0.2
 Thiamine 0.04
 Riboflavin 0.02

Pigments (mg)
 Anthocyanin 350
 Carotenes 5.33
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which is also responsible for its deep purplish colour. Com-
pared to red carrots, black carrots are four times richer in 
anthocyanins and flavonols, exhibiting high antioxidant 
activity (Singh et al., 2018b). Thus, black carrots are a great 
source of polyphenols that possess a high capacity to scav-
enge free radicals. Researchers from various countries have 
begun to focus on the potential health benefits of black car-
rots due to their rich nutritional profile, particularly their 
higher phenolic content, especially anthocyanins, and the 
growing demand for them as a natural colourant (Koley 
et al., 2019).

Phytochemistry: bioactive compounds

Phytochemicals are the bioactive compounds enriched in 
nutrients that contribute to the health-related benefits. Phe-
nolic compounds, polyacetylene, carotenoid and ascorbic 
acid are the four major phytochemicals present in carrots 
(Ahmad et al., 2019). The bioactive compounds present 
in black carrots, along with their chemical structures, are 
presented in Figs. 1 and 2. The predominant polyphenols 
present in black carrots are anthocyanin and phenolic 
acids (Kamiloglu et al., 2018). Singh et al. (2018b) found 
that black carrots are rich in flavonoid and phenolic com-
pounds and are the best source of anthocyanins, which are 

responsible for colorant properties, nutraceutical values and 
anti-oxidative potential.

Legal requirements and the rise in consumers preference 
for natural foods have led to an increase in the use of plant-
based hues like anthocyanins instead of chemical additives, 
and especially pigments (Suzme et al., 2014). Due to their 
ability to promote health by lowering the risk of athero-
sclerosis, cancer, diabetes, and neuro-degenerative illnesses, 
interest in anthocyanins has increased. Consuming a lot of 
anthocyanin-rich foods has been linked to potential health 
benefits for conditions like cancer, ageing, neurological dis-
eases, inflammation, diabetes, and bacterial infections (Pala 
et al., 2017).

Phenolic compounds

Phenolic compounds constitute a large group of secondary 
plant metabolites, including tannins, lignans, stilbenoids, 
curcuminoids, phenolic acids and flavonoids (Singh et al., 
2018b). The genotype of black coloured carrots is a rich 
source of free phenolics (ranging from 31.9 to 290.0 mg 
GAE/100 g Fresh weight). The majority of phenols were 
found in soluble or free form in the black carrot genotype. 
Bound phenolics are extracted by further alkaline hydrolysis 
of the extract residue and are primarily found in ester form, 
associated with cell-wall components that provide structural 

Fig. 1   Cyclic representation of various bioactive compounds found in black carrot [Adapted from: (Akhtar et al., 2017; Blando et al., 2021; Kes-
kin et al., 2021; Koley et al., 2019; Polat et al., 2022; Smeriglio et al., 2018)]
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stability. Due to their resistance to upper gastrointestinal 
digestion and subsequent release in the colon, these bound 
phenolics have special health implications. The majority of 
the bound phenolics from these materials may be released 
through colonic digestion by bacteria at this level, where 
they may have a good impact on one's health.

Chlorogenic acids, which are hydroxycinnamic acid 
derivatives produced by the esterification of cinnamic acids 
like caffeic and ferulic, are the primary phenolic compounds 
present in carrots (Chhetri et al., 2022). In addition, many 
hydroxybenzoic acid derivatives, ferulic acid and caffeic 
acid derivatives, a quercetin glycoside, and a few others were 
found in black carrots (Kamiloglu et al., 2018). Kumar et al. 
(2019) reported that the high amount of phenolic compounds 
are found in black carrot can be used as a functional food to 
prevent or treat a variety of lifestyle disorders.

Non-flavonoids with one functional carboxylic acid group 
are phenolic acids. Based on their chemical composition, 
they can be divided into two subgroups: hydroxycinnamic 
and hydroxybenzoic acids. Although the fundamental struc-
ture of both phenolic acids is the same, there is a difference 
in the number and position of hydroxyl groups on the aro-
matic ring of phenols. Gallic acid is a prominent example of 
a hydroxybenzoic acid, having a C6–C1 structure, whereas 
hydroxycinnamic acids are aromatic compounds with a 
three-carbon side chain (C6–C3). Common examples of 
hydroxycinnamic acids include caffeine, ferulic, p-coumaric, 
and sinapic acids. The main phenolic acid in black carrots 
was 5-O-caffeoylquinic acid, an ester of caffeic and quinic 
acid. Several studies have shown that compared to other col-
oured root vegetables, black carrot roots exhibited a much 
higher level of phenolic content (Kamiloglu et al., 2018). 
In a study, Singh et al. (2018b) reported the predominant 
compound (5-O-caffeoylquinic acid) along with other forty 
phenolic acids in black carrot. In addition, many hydroxy-
benzoic acid derivatives, ferulic acid, p-coumaric acid, caf-
feic acid derivatives, one quercetin glycoside, polyacety-
lenes, falcarindiol, falcarnidiol-3-acetate and anthocyanins 
(cyanidin, delphinidin, peonidin, pelargonidin, petunidin 
and malvidin) (Fig. 2) have been reported in black carrots 
(Kumar et al., 2019; Akhtar et al., 2017).

In terms of chlorogenic acid content, black carrots exhib-
ited the highest level among genotypes, yielding approxi-
mately 7.5 mg of CGA g−1 DW. Chlorogenic acid accounted 
for 30% of all phenolics in black carrot. Among the phe-
nolic components, black carrots contain a larger amount of 
(CGA) chlorogenic acid (from 57 to 72.5%), depending on 
the variety (Blando et al., 2021). The highest antioxidant 
and reducing capacities were found in black carrot (TEAC: 
76.6 ± 10.6 μmol TE g−1 DW; ORAC: 159.9 ± 3.3 μmol TE 
g−1 DW), both of which were attributed to high polyphenol 
content (FCR value: 16.6 ± 1.1 μmg GAE g−1 DW; TEAC: 
76.6 ± 10.6 μmol TE g−1 DW (Blando et al., 2021).

Anthocyanin

Anthocyanins belong to the flavonoid family. Black carrot 
is a unique agricultural product because of its colour and 
strong anthocyanin concentration, which exhibits extremely 
high stability while maintaining its red colour over a broad 
pH range. Structurally, they are based on the 2-phenylben-
zopyrylium, polyhydroxy or polymethoxy derivatives (fla-
vylium ion) (Carrillo and Kamiloglu, 2020; Zadernowski 
et al., 2010). More than half of the anthocyanins found in 
black carrots have an acylated structure, with cyanidin-3-xy-
losyl-feruloyl-glucosyl-galactoside being the most prevalent 
anthocyanin (Kamiloglu et al., 2018). Black carrots contain 
aproximately 1750 mg kg−1 anthocyanin (Talih et al., 2017). 
In black carrots, the monoacylated anthocyanin boost anti-
oxidant activity by maintaining the colour of foods at their 
natural pH (Büyükdinç et al., 2022). Although author have 
reported a range from 1.5 to 243 mg cyanidin-3-glucoside 
(C3G)/100 g FW, and the total monomeric anthocyanin con-
tent in the black carrot cultivar varied from 7.4 to 83.4 mg 
C3G/100 g FW. A coumaryl acid derivative of cyanidin 
3-xylosyl (glucosyl) galactoside, accounted for 11% of the 
total anthocyanins; all values were comparable to the per-
centage peaks area reported for cv. Antonina and cv. Deep 
Purple. The major anthocyanin, a ferulic acid derivative of 
cyanidin 3-xylosyl accounted for 56% of total anthocyanin 
(Blando et al., 2021; Chhetri et al., 2022).

In black carrot, four primary anthocyanins were iden-
tified. Cyanidin 3-feruloyl-xylosyl-glucosyl-galactoside 
(13.5%) and cyanidin 3-sinapoyl-xylosyl-glucosyl-galac-
toside (27.5%) were the acylated anthocyanins that made 
up 41% of the anthocyanins. Approximately 55–99% of 
actylated anthocyanin were found in different cultivars of 
black carrot, with 25% and 55% of acylated anthocyanins 
present in purple haze and antonina varieties, respectively. 
Antioxidant properties of black carrot extracts were found to 
be significantly higher than those of previously used orange 
carrots. Compared to cherry and blood orange, anthocyanins 
in black carrot are more heat stable due to the fact that that 
are acylated anthocyanins. These acylated anthocyanins are 

Fig. 2   Chemical structures of major bioactive constituents of black 
carrot A Chlorogenic acid, B Cyanidin 3-glucoside, C Sinapic acid, D 
p-coumaric acid, E Gallic acid, F Kamepferol, G Quercetin, H Api-
genin, I Catechin, J Daidzein, K Naringenin, L Stilbenes (resvera-
trol), M Lignans (Secoisolariciresinol), N Cyanidin 3-xylosylgluco-
sylgalactoside, O Cyanidin 3-xylosylgalactoside, P R1 = R2 = OCH3: 
Sinapic acid derivative of Cyanidin 3-xylosylglucosylgalatoside; 
R1 = H; R2 = OCH3: Ferulic acid derivative of Cyanidin 3-xylosylglu-
cosylgalactoside; R1 = R2 = H: Coumaric acid derivative of Cyanidin 
3-xylosylglucosylgalactoside, (Q) Peonidin 3-xylosylglucosylgalacto-
side, (R) Ferulic acid derivative of Pelargonidin 3-xylosylgalactoside 
and (S) Ferulic acid derivative of Peonidin 3-xylosylglicosylgalacto-
side. [Redrawn from: (Akhtar et al., 2017; Pandey and Grover, 2020)]

◂
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extremely stable due to their intramolecular co-pigmentation 
capabilities. In in vitro assays, anthocyanins from black car-
rot extract have demonstrated high antioxidant activity. In 
black carrots, anthocyanins alone account for around half 
of the overall phenolic content (Akhtar et al., 2017; Algarra 
et al., 2014; Pandey and Grover, 2020). "Black Wonder" 
and "Pusa Asita" exhibited anthocyanin contents of 0.62 and 
11.46 mg/100 g, respectively, on the 45th day of sowing. 
After 108 days of cultivation, the anthocyanin content of 
"Pusa Asita" and "Black Wonder" increased to 519.39 and 
3.2946 mg/100 g, respectively (Kaur and Sogi, 2020). A 
high level of anthocyanin was found in black carrots with a 
solid colour compared to balck carrot with a yellow interior 
(Yoo et al., 2020). In a study by Yoo et al (2020), it was 
found that anthocyanins present in black carrots were highly 
correlated with their antioxidant activity.

Carotenoid

Carotenoid, a lipophilic molecule that is the primary bioac-
tive component of most carrots, is present in black carrots, 
but only in very small amounts. Small amounts of carotene 
and lutein were identified in black carrots with black cortex 
and pith (Pandey and Grover, 2020). Similar amounts of 
carotene and lutein were found in black carrots with black 
surface but yellow interior. α-Carotene was present in neg-
ligible amounts in black carrots, while β-carotene was found 
in traces (Yoo et al., 2020).

All carrot genotypes (mainly orange carrots) had high 
levels of carotenoids (Black carrot: 0.14 ± 0.024 mg g−1 
DW; Polignano carrot: 0.33 ± 0.038 mg g−1 DW; Orange 
carrot: 1.29 ± 0.09 mg g−1 DW), with orange carrots having 
the highest levels of α, and β -carotene and black carrots 
having the highest levels of lutein. Purple-yellow carrots 
were observed to have ten times less α and β-carotene con-
centration than black and orange carrots. However, contra-
dictory findings have also been reported, with purple car-
rots having two times the amount of α and β -carotene or a 
similar amount, compared to orange carrots. Overall carrot 
carotenoid concentration may vary substantially depend-
ing on environmental and hereditary factors (Blando et al., 
2021). The carotenoid concentration of the juices from black 
and yellow carrots likewise showed a significant difference 
(Purkiewicz et al., 2020).

Therapeutic value

Plants contain a variety of secondary metabolites called 
polyphenols, including lignin, tannins, phenolic acids, fla-
vonoids, and countless derivatives. These are currently used 
in numerous food or pharmaceutical applications and are 
crucial to a variety of plant activities (Frond et al., 2019). 
Due to their high antioxidant activity, polyphenols, which 

are naturally occurring substances present in black carrot 
(Fig. 3), have received extensive research as helpful sub-
stances for health (Gu et al., 2020). Phytochemicals found 
in black carrots play important role in metabolic conditions 
caused by oxidative stress (Blando et al., 2021). The fun-
damental components that influence the health benefits of 
black carrots are their bioavailability and pharmacologi-
cal mechanism of action (Akhtar et al., 2017; Pandey and 
Grover, 2020). Black carrots contained the highest level 
of total phenolics and flavonoids among different carrots, 
which resulted in the highest level of antioxidant activity 
(76–83%) (Singh et al., 2018b). Blood cholesterol and glu-
cose levels were decreased by the black carrot bioactive 
components. The cholesterol level in the liver was found 
to be decreased by inhibiting activity of 3-hydroxy-3-meth-
ylglutaryl-coenzyme A (Ahmad et al., 2019; Pereira-Caro 
et al., 2021). Black carrot can be utilised as a natural and 
safe antihyperglycemic nutraceutical. (Koley et al., 2019).

Anti‑oxidant activity

Black carrots are good source of flavonoid, which are natu-
ral compounds with antioxidant properties that help to pro-
tect cells from damage caused by free radicals (Sevimli-
Gur et al., 2013). Free radicles are responsible for causing 
degenerative, neurological and CVD diseases. In a study by 
Algarra et al (2014), from in vitro test it was concluded that 
black carrots are rich source of anthocyanin, which have 
high antioxidant properties. In comparison to orange carrots, 
black carrots have more antioxidant properties, which were 
found to be beneficial in scavenging the free radicles and 
reduce oxidative stress (Pandey and Grover, 2020). Black 
carrots are a good source of acylated anthocyanin (Koley 
et al., 2019), which have ability to scavenge the free radi-
cals and neutralize them by donating an electron. This sta-
bilizes and preventing them from causing further damage 
and serves as a stand-in for an ameliorating effect against 
many physiological risks in people (Akhtar et al., 2017). 
The antioxidant activity of black carrots varies depending 
on the variety. For example, the varieties “Pusa Asita” and 
“Black Wonder” have antioxidant activity ranging from 
28.69–91.08% and of 4.55–15.62%, respectively (Kaur and 
Sogi, 2020).

Cardiovascular protective and preventing metabolic 
disorder

Bioactive compounds present in black carrots have been 
reported to aid in the prevention of cardiovascular diseases, 
including reducing the binding activity of bile acids, low-
ering body mass index, decreasing triglyceride levels and 
regulating blood pressure (Ahmad et al., 2019; Pereira-
Caro et al., 2021). A higher intake of anthocyanins has been 
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associated with a reduced risk of all-cause mortality, primar-
ily due to a lower risk of cardiovascular mortality. Increased 
anthocyanin intake is linked to lower incidence of cardio-
vascular disease and better cardiovascular health indicators 
in several studies (Bartosz et al., 2022).

The consumption of black carrots, which are a potential 
source of fibre and polyphenols, has been linked to a lower 
risk of cardiovascular disease. The bioactive components 
they contain have the ability to bind molecules like glucose 
and cholesterol, reducing their availability in the body. Die-
tary fibre aids in lowering blood levels of low-density lipo-
protein and short chain fatty acids produced by colonic bac-
teria. Anthocyanins, phenolic acids, and carotenoids present 
in black carrots have been found to improve insulin resist-
ance, dyslipidemia, glucose tolerance, and hypertension in 
order to treat metabolic disorders (Akhtar et al., 2017).

Anti‑inflammatory activity

Peel and pomace of black carrot are rich in polyphenols, 
which possess anti-inflammatory properties, helping in 
the reduction of inflammation in endothelial cells. While, 
phase II enzymes in the small intestine and liver can further 
convert anthocyanins into methyl, glucuronide, or sulphate 
conjugates, which may also have an endothelium-protecting 
effect. Given that the bioactivity of polyphenols is depend-
ent on their bioavailability, gastrointestinal digestion and 

transepithelial intestinal absorption were also considered 
during the research on the anti-inflammatory effects of poly-
phenols. In an in vitro investigation, it was found that the 
cellular inflammation response system in activated endothe-
lium cells is affected by the polyphenols transported from 
black carrot and its by-products (Kamiloglu et al., 2016). 
Polyphenol-rich black carrot and its by-products, such as 
peel and pomace, were capable of inhibiting the secretion of 
pro-inflammatory markers such as interleukin-8, monocyte 
chemoattractant protein-1, vascular endothelial growth fac-
tor, and intercellular adhesion molecule-1. This ultimately 
led to a reduction in inflammation (Akhtar et al., 2017).

Anti‑diabetic activity

The phenolic compounds of black carrots are beneficial in 
lowering the risk of diabetes (Ahmad et al., 2019; Pereira-
Caro et al., 2021). Carotenoids, along with acylated and 
non-acylated anthocyanins, are the compounds that con-
tribute to the prevention of diabetes. Limited insulin release 
or decreased insulin uptake at the tissue level are known 
causes of elevated blood glucose concentrations. Antho-
cyanins have the ability to protect pancreatic β cells from 
the oxidative stress brought on by glucose. Scientists now 
believe that anthocyanin can prevent the development of dia-
betes by decreasing cholesterol levels. It has been discovered 
that carrot-derived anthocyanins and anthocyanidin-based 

Fig. 3   Pictorial representation of various therapeutic benefits provided by consumption of black carrots. [Adapted from: (Akhtar et al., 2017; 
Hmad et al., 2019; Kamiloglu et al., 2016; Pereira-Caro et al., 2021; Scarano et al., 2018; Sevimli-Gur et al., 2013; Singh et al., 2018b)]
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substances are very effective in increasing insulin release 
from pancreatic β cells while simultaneously inhibiting 
COX-2 enzymes. In addition to reducing the elevated post-
prandial glucose level, these substances have also been 
demonstrated to possess a significant α glucosidase inhibi-
tory activity (Akhtar et al., 2017). A higher consumption of 
anthocyanins is associated with improved obesity prevention 
and a lower risk of type 2 diabetes (Bartosz et al., 2022).

Anti‑cancerous activity and preventing degenerative 
disease

Antioxidant are compounds that neutralize free radicles, 
which are unstable molecules capable of damaging DNA 
and other cellular components, potentially leading to cancer 
(Chhetri et al., 2022). In various studies, it was concluded 
that anthocyanins from black carrots exhibited cancer-pre-
ventative properties (Akhtar et al., 2017; Koley et al., 2019; 
Netzel et al., 2007), by modifying metabolic activity and car-
cinogen elimination. For instance, the growth of the colorec-
tal cancer (Caco-2) cells was inhibited by black carrots phe-
nolic compounds in a dose-dependent manner. Anthocyanins 
found in black carrots have a strong antioxidant impact that 
inhibits the colorectal cancer cells from proliferating. Inhibi-
tion of the growth of cancer-causing HT-29 and HL-60 cells 
by the use of lyophilized powdered having aqueous black 
carrot anthocyanins at concentration of 0–2.0 mg mL−1 was 
found to be significant in inhibiting 80% of cancerous cell. 
Cancerous cells of human colon, breast adenocarcinomas, 
musculus neuroblastoma and human prostate adenocarci-
noma were inhibited by the ethanolic extract of black carrots 
rich in anthocyanins. Other bio-active compounds present 
in black carrot like polyacetylene and β- Carotene are effec-
tive to treat leukaemia. Kumar et al. (2019) investigated 
that black carrot extract is also used against the treatment of 
brain cancer without causing any side effects. Black carrot 
extract can be used alone or in combination with anticancer 
medications to treat cancer types that are resistant to chemo-
therapy (Ahmad et al., 2019; Pereira-Caro et al., 2021).

Conventional and emerging technologies 
utilized for processing black carrot and its 
by‑products

Drying

Drying is a traditional method of food preservation that 
employs both heat and mass transfer to remove a set amount 
of moisture from food products. Many drying techniques, 
including convective hot air, freeze, spray, and vacuum 
drying are employed in food processing (Liu et al., 2022). 
The effectiveness and success of operating any drying unit, 

where heat is transferred through conduction, convection, 
and radiation, is determined by energy conservation and pro-
duction of high quality dried products (Ibrahim et al., 2023; 
Moses et al., 2014).

Various drying techniques have been implemented for 
the encapsulating and preparation of powder from black 
carrots (Table 2). Polat et al. (2022) examined five distinct 
drying techniques (freeze drying, microwave drying, con-
vective drying, vacuum convective drying, and conductive 
hydro drying) for their effects on the colour, anthocyanin 
content, colourless phenolic content, and volatiles of black 
carrot pomace. It was found that freeze drying achieved the 
highest retention of total phenols and other aromatic com-
pounds in the black carrot pomace compared to other drying 
techniques. This might be due to the fact that freeze drying 
minimize the degradation and loss of bioactive compounds 
during drying process, as it involves moisture removal at 
low temperatures and pressure. This help retain the quality 
and stability of bioactive compounds, that can be degraded 
or lost at high temperatures during drying in other methods. 
In another study by Keskin et al. (2021), freeze drying was 
found to retain a high amount of bioactive compounds and 
their bioavailability. This is because freeze drying reduce the 
particle size and increase the surface area of the dried mate-
rial. This can improve the solubility and absorption of bioac-
tive compounds, leading to a higher retention of their health 
benefit. Furthermore, sensory analysis demonstrated that the 
freeze-drying approach was more acceptable among other 
drying methods and preserved the aroma to a greater extent. 
Similarly, Elik (2021) found high retention of colour quality, 
total phenolics and total anthocyanin in freeze drying.

A cost-effective way to preserve natural colourants is 
by microencapsulating them in a coating material using a 
spray dryer (Ersus and Yurdagel, 2007). Black carrot juice 
encapsulation has been done using both spray and freeze 
drying. Freeze drying produce encapsulated anthocyanins 
with better physical properties, such as particle size, mor-
phology, and colour, compared to spray drying. (Murali 
et al., 2015; Guldiken et al., 2019). Garba and Kaur. (2014) 
reported that anthocyanin was retained most effectively for 
the control sample at drying air temperatures of 60 °C in 
conjunction with calcium chloride and 3 min blanching pre-
treatments, this might be due to the reason that blanching 
involves briefly immersing the food material in boiling water 
or steam, which can inactivate the enzymes and remove the 
air space from tissues and improve the stability of antho-
cyanin. While, calcium chloride salt help to stabilize the 
cell wall and reduce the loss of anthocyanin during drying. 
These treatments, in combination, improve the retention of 
anthocyanin during drying at a temperature of 60 °C. Sab-
arez, (2021) found that conductive hydro drying method is 
preferable to the other drying methods because of its quicker 
drying time and resulted in retention of 23,655 ± 76.2 μg 
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kg−1 of volatile compounds (terpenes, alcohol, aldehyde, 
esters, ketones and phenols). Conductive hyrdo drying uses 
the high thermal conductivity of water to transfer heat to 
food material, accelerating the drying process and water also 
help to maintain a humid environment, thereby retaining 
volatile compounds. According to reports, thermal process-
ing reduced the amount of phenolics in black carrot pomace, 
and these reductions were more pronounced in higher drying 
temperature. As compared to the other drying technologies 
except freeze drying, hot air convective drying also results 
in significant retention of volatile compounds, phenolic 
compounds, anthocyanin. (Keskin et al., 2021). However, 
conventional food frying, due to exposure of food ingre-
dients to high temperatures or prolonged drying times, is 
energy-intensive, time-consuming, and harmful to product 
quality (Sabarez, 2021). To prevent deterioration in quality, 
innovative drying technologies that intensify gentle process-
ing (i.e., low temperatures) with greater energy efficiency are 
being developed. In conclusion, apart from encapsulation, 
freeze drying can also be effective in bio accessibility of 
bioactive and volatile compounds. More research is needed 
to optimization and explore the potential of hot air assisted 
radio frequency drying technology for better retention of 
bioactive and volatile compounds during drying.

Microwave technology

Microwaves (MW) are electromagnetic radiations with 
frequency ranging from 300 MHz to 300 GHz. The most 
common applications of microwave in the context of the 
food matrix are pasteurisation, sterilisation, extraction, dry-
ing, and thawing, owing to their non-ionizing and dielectric 
attributes (Guzik et al., 2022; Moses et al., 2014). Several 
authors have investigated the utilization of MW technology, 
mainly for drying and extraction of bioactive and volatile 
compounds from black carrot (Table 2). In a study, it was 
found that high number of phenolic compounds enriched 
pectin having large particle size and high-water holding 
capacity was extracted through microwave assisted extrac-
tion (Misra and Yadav, 2020). This might be due to the vibra-
tion of the polar solvent molecules by microwaves, leading to 
the formation of hot spots and localized heating, which helps 
break down cell walls and release bioactive compounds, 
facilitating their extraction by solvent. Misra and Yadav 
(2020) concluded that utilizing microwave in combination 
with conventional heating results in the extraction of high 
amount of pectin instead of using microwave as a sole tech-
nology. This is because MW heating can selectively heat and 
rupture the cell walls of black carrots, facilitating the release 
of pectin and simultaneously conventional heating can help 
to distribute the heat more evenly throughout the sample, 
reducing localized spots that may enhance the efficiency of 
pectin extraction. Furthermore, MW induced temperature 

and pressure changes results in the rupture of the cell wall 
of the food matrix, facilitating the release of bioactive com-
pounds into the extraction solvent (Barroso et al., 2023). 
Talih et al. (2017) utilized MW technology to dry black car-
rot pulp and found that sample thickness and microwave 
power significantly affected moisture content and drying 
time. In a study by (Haq et al., 2018), it was found that 
longer microwave treatment on black carrot shreds reduced 
dehydration time and overall activation energy, leading to 
increase of overall moisture dispersion and hence improve 
drying rates. Kumar et al. (2019) found that the utilization of 
microwave radiations resulted in extraction of higher amount 
of phenolic compounds exhibiting high antioxidant activity 
from the black carrot pomace. This is because microwave 
energy can penetrate the food matrix more effectively, reduc-
ing the diffusion resistance and increasing the mass transfer 
rate of the bioactive compounds. In another study by Keskin 
et al. (2021), it was found that microwave assisted drying of 
fresh black carrot and their powder led to preservation of 
bioactive and volatile compounds and better colour retention 
with reduced drying time and lower energy consumption. 
Microwave drying resulted in 30% reduction of drying time 
than convective drying. This is because microwave energy is 
selectively absorbed by water molecules as water molecules 
have a dipole nature and can rotate rapidly in response to 
the electromagnetic waves, resulting in faster heating and 
drying compared to convective heating (Polat et al., 2022). 
While MW technology has already been used at the labora-
tory scale for bioactive compound extraction, future research 
can focus on scaling up the technology to the industrial level 
to improve the efficiency of extraction and reduce produc-
tion cost.

Sonication

A sequence of sound waves known as ultrasound has fre-
quencies higher than the human hearing limit (20 kHz). 
Depending on its intended use, ultrasound can be divided 
into low frequency (high energy, high intensity) at fre-
quencies between 20 and 100  kHz and high frequency 
(low energy, low intensity) at frequencies > 100 kHz (MHz 
range) (Sabarez, 2021). Ultrasound is an advanced technique 
that has been thoroughly examined in the food industry to 
enhance operations and performance (Kayaardı et al., 2023). 
Ultrasound technique is used for the extraction of pectin 
from black carrot pomace, and in comparison, to microwave 
and conventional heating ultrasounds take more heating 
time. This is because ultrasounds relies on molecular friction 
and vibration to generate heat and is typically used for small 
or localized heating, resulting in pectin with low degree of 
esterification and galacturonic (Misra and Yadav, 2020). In 
another study, utilizing ultrasounds for anthocyanin extrac-
tion at 10 °C lower temperature than that of microwave 
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assisted extraction led to retention of higher anthocyanin 
content. At low temperature, the rate of reaction slows down, 
which can help to minimize the degradation and loss of bio-
active compound and help to retain the quality and stability 
of extracted compounds (Pala et al., 2017). Sucheta et al. 
(2019) reported ultrasounds treatment to be effective for 
retaining 41% anthocyanins in black carrots. This might be 
due to reduced heat exposure, and the high frequency sound 
waves generated during ultrasound treatment can disrupt 
the cell wall and membrane of food matrix, leading to an 
increased release of bioactive compounds and preservation 
of other quality characteristics. Protection against anthocya-
nins degradation may have also been facilitated (Linares and 
Rojas, 2022).

According to Yılmaz and Ersus Bilek. (2018), to improve 
the infusion of calcium lactate and black carrot phenolics 
into ready to eat apple sections, ultrasonography is used 
during the vacuum impregnation process. At 130W, it 
has shown the best results (Table 2). Additionally, it was 
observed that it enhances bioactive compound extraction and 
significantly reduces the microbial population. This happens 
due to the high frequency sound waves generated by ultra-
sound, which creates pressure waves that causes the forma-
tion of microscopic bubbles and when the bubbles collapse, 
they create high temperature and pressure, damaging the 
cell membrane of microbes, leading to death or inactivation 
(Hasheminya and Dehghannya, 2022).

However, this method alone cannot provide higher reten-
tion of anthocyanins. Thermo-sonication, which combines 
temperature and ultrasonic energy density, maximizing 
the extraction of anthocyanins from black carrot pomace. 
Temperature improved the solubility of anthocyanin in the 
solvents, while ultrasound enhanced the mass transfer and 
break down the cell wall, leading to increased release of 
anthocyanin (Agcam et al., 2017). Thus, ultrasound is a 
promising technology for post-harvest processing of black 
carrots. There are several potential areas of research for 
the use of ultrasound, including product with high quality 
attributes, preservation, extraction of bioactive compounds, 
development of novel black carrot products with unique 
properties. The use of ultrasound as a non-thermal process-
ing method to improve certain fruit juice quality attributes 
might be considered an emerging technology in the beverage 
industry.

Ultraviolet radiation

Ultraviolet radiation is a type of electromagnetic radiation 
that has a shorter wavelength and higher energy than vis-
ible light. It is used in the food industry for a variety of 
purposes, including sterilization, disinfection, and preserva-
tion. To ensure microbiological safety in the food business, 
ultraviolet treatments are gaining popularity as promising 

eco-friendly decontamination technologies. The process of 
decontamination by ultraviolet light is based on the emis-
sion of radiation in the ultraviolet region (100–400 nm), 
more specifically the UV-C region (200–280 nm), which 
has been shown to be germicidal. This process involves the 
transfer of electromagnetic energy from a light source to an 
organism's cellular material. The mechanism of action of 
UV radiation in the food processing is based on the ability 
of UV light to disrupt the DNA and RNA of microorganism, 
thereby preventing replication and killing them (Kayaardı 
et al., 2023). In a study, except for UV-B for 5 min, anti-
oxidant levels were seen to rise during all UV treatments. 
UV-B has been shown to increase the activity of enzymes 
that are involved in the synthesis of antioxidants and ulti-
mately rising the antioxidants level. The degree of brown-
ing in the juice increased as UV treatment time and dose 
increased. Juice L*, a*, b*, and chroma values remained in 
good condition after UV light treatments, as it can stimulate 
the production of pigments like anthocyanin, carotenoids, 
which are responsible for colour development. UV-C has a 
shorter wavelength and higher energy than UV-B radiation, 
allowing it to penetrate deeper into microbial cell and caus-
ing more damage to their DNA and RNA, ultimately leading 
to the death of microbial cells (Türkmen and Takci, 2018).

Investigations into thermal and UV durability demon-
strate that incorporating tetraethyl orthosilicate to antho-
cyanins improves their stability and it can form a protec-
tive layer around anthocyanin molecules, preventing their 
degradation and increasing stability (Espinosa-Acosta et al., 
2018). Overall, the use of UV radiation in black carrot pro-
cessing may offer several benefits for improving the quality 
and health benefits of black carrot products. However, the 
specific condition and parameters of UV treatment should be 
carefully evaluated to ensure optimal results and the safety 
of the final product.

Irradiation and high‑pressure processing

Irradiation and high-pressure processing are novel process-
ing technologies for non-thermal pasteurization of food 
(Dhiman et al., 2021a). In addition to pasteurisation, food 
irradiation is a known and well-established food processing 
technology. For the production of agricultural goods that 
are shelf-stable at room temperature, irradiation treatment 
is particularly crucial (Zhong et al., 2023). When ionizing 
radiations, such as gamma rays or electron beam penetrates 
a microbe, they break chemical bonds in the microbes DNA 
and other cellular component, ultimately causing cell death. 
As a result, it serves as a crucial resource for ensuring food 
security and safety (Mastro, 2011).

The black carrot colour exhibited a very good fit for sec-
ond-order type kinetics when exposed to irradiation under 
normal conditions, this suggests that degradation of black 
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carrot can be well describe by this model. This means that 
the rate of degradation is proportional to the square of the 
concentration of the active spices, which in turn is related to 
the radiation dose (Ghidouche et al., 2013). Consequently, 
it can be concluded that this technique is very effecting for 
microbial destruction.

High pressure processing (HPP) uses high hydrostatic pres-
sure ranging from 100 to 1000 MPa to inactivate microorgan-
isms, enzymes, and other potential spoilage factors in food 
products (Fam et al., 2021; Nabi et al., 2021). In a study con-
ducted by Agcam et al. (2021), HPP treatment (Table 2) was 
used to extract bioactive compounds from black carrot. Higher 
retention of bioactive compounds was achieved by using 
combined pressure and temperature treatment at 266.6 MPa, 
78.3 °C for 13.6 min, resulting in high yield of total mono-
meric anthocyanin contents, total phenolic compounds and 
antioxidant activity (Agcam et al., 2021). Thus, in order to 
retain nutrients and bioactive components while also reducing 
the microbial load and extending the shelf life of the product, 
HPP is a crucial method for the processing of black carrot and 
its products. To further improve the preservation of natural 
food colour, future studies must take into account the com-
bined application of irradiation and other novel technologies.

Membrane processing

Nano filtration and forward osmosis are membrane-based 
separation processes that can be used in various application, 
offering advantages such as high selectivity, low energy con-
sumption, and reduced waste generation. Additionally, a num-
ber of membrane-based non-thermal methods for the concen-
tration of liquid foods were developed, with forward osmosis 
emerging as the most effective, driven by consumer demand 
for convenience foods of the highest quality with natural fla-
vour and taste, free from preservatives and other chemicals 
(Rastogi, 2016).

Nano filtration has demonstrated its effective for the reten-
tion of anthocyanins compared to other filtration technologies, 
which is attributed to its smaller pore size, allowing the reten-
tion of larger molecules such as anthocyanin. A polyamide 
thin film composites nano filtration membrane with cut-off 
of 600–800 Da performed the best. Anthocyanin rejection 
was 98% and total soluble solid rejection was 65% using this 
membrane. In the case of forward osmosis membranes, they 
allow only pure water to flow through, rejecting the majority 
of solutes and ions. The proper selection of draw solutions is 
crucial for a successful product since reverse salt flux from the 
draw to the feed is very frequent (Roda-Serrat et al., 2021).

Food preparation and preservation techniques should main-
tain the fresh-like qualities of food while ensuring its safety 
and nutritional content, and an appropriate and feasible shelf 
life. Hence, it is essential that more research be done on the 
expansion capacity of these techniques.

Applications in value‑added food product 
and fortification

As discussed in the sections above, black carrot is a rich 
source of bioactive compounds and is associated with ther-
apeutic benefits. Utilization of different conventional and 
novel processing technologies for encapsulation, extraction, 
microbial decontamination and drying has further widened 
the scope of black carrot preservation and stabilization. The 
commercialization and industrialization of the black carrot 
in the form of various products, taking into account its health 
and nutritional advantages, is crucial for meeting the public's 
nutrient needs, notably as a low-cost source of vitamin A 
(Haq and Prasad, 2015). The convenience and consumption 
of black carrot can be further increased by utilizing it into 
the formation of various value added and fortified foods. In 
addition to tackling seasonality and perishability of com-
modity, value addition will also contribute towards improv-
ing its economic value and market opportunities (Dhiman 
et al., 2021a). When added to foods, black carrot not only 
strengthens their nutritional and bioactive content but also 
their visual appeal. Black carrot has been used to develop 
beverages, dairy based, bakery and snack-based products 
(Fig. 4), which is discussed in sections below.

Black carrot‑based dairy products

Due to their rich flavour and nutritional value, dairy prod-
ucts like ice cream, yoghurt, and buttermilk are widely 
consumed. Enriching these products with polyphenolic 
compounds can further enhance their nutritional and health 
promoting value. Various researchers have utilized black 
carrot as a source of colour, fibre and polyphenols in dairy 
products like yoghurt, ice-cream and buttermilk (Baria et al., 
2021; Karaman and Ozca, 2021; Pandey et al., 2021; Say 
et al., 2018). In terms of sensory acceptance, it was found 
that addition of 7.5% black carrot concentrate to buttermilk, 
yoghurt and ice cream was the most acceptable compared 
to 2.5, 5 and 10% concentrate. The addition of black carrot 
concentrate significantly improved the polyphenolic content, 
antioxidant activity and mineral content of dairy products. 
These products exhibited increased flavonoid content by 
14–34 times and anthocyanin content of 24–113 mg/100 g, 
thereby enhancing their nutraceutical properties (Pandey 
et al., 2021). A similar enhancement in total phenolics, total 
anthocyanins and antioxidant activity of yoghurt upon the 
addition of black carrot concentrate was observed by Baria 
et al. (2021). Additionally, the colour properties of yoghurt 
were also improved (a* increased, L* and b* decreased), 
resembling the colour of strawberries. These changes were 
attributed to higher degree of acylation.
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In a study by Karaman and Ozca (2021), it was found that 
addition of black carrot fibre improved the textural proper-
ties of probiotic yoghurts and boosted their overall phenolic 
content and antioxidant activity. The formation of gel dur-
ing storage was found to be increased by the addition of 
black carrot fibre to probiotic yoghurt. The improved textural 
properties were attributed to water holding capacity of fibre, 
which binds water in the yoghurt, thereby increasing consist-
ency and firmness values. Fortification of Ayran (tradition-
ally fermented yoghurt-based drink) with black carrot pow-
der was done successfully by Say et al. (2018), resulting in 
an increased antioxidant activity of Ayran from 4.7 to 22%.

Black carrot‑based snack products

Infusing potato chips with black carrot extract led to an 
improvement in its bioactive composition (anthocyanin con-
tent increased from 22 to 40 mg kg−1), along with colour 
attributes (increased L*, a* and b* values). Anthocyanin 
rich extract was able to inhibit the growth of Salmonella 
and Shigella spp. in potato chips samples (Nath et al., 2022). 
Similarly, Rojas et al. (2021) utilized black carrot extract to 
infuse it in apple chips and it resulted in improved colour 
properties, increased anthocyanin content and antioxidant 
activity. The incorporation of 10% black carrot powder for 
the development of noodles led to an increased anthocyanin 
content (15 mg/100 g), antioxidant activity (35% inhibition) 

and flavonoid content (30 mg/100 g). Additionally, water 
absorption capacity was also improved, which can be attrib-
uted to the fibres present in black powder (Singh et al., 
2018a).

Black carrot‑based beverages, jam and marmalade

“Shalgam” and “Kanji” are traditional fermented bever-
ages made from black carrots. Shalgam is mostly produced 
in Turkey's Mediterranean region and Kanji is a cuisine 
of Indian and Pakistan (Büyükdinç et al., 2019; Özdemir, 
2021). Chemical characterization of black carrot showed 
lactic acid to be the predominant acid. Presence of antho-
cyanins like cyanidin-3-arabinoside, cyanidin-3-galactoside 
and cyanidin-3-glucoside was confirmed using LC/MS/MS. 
In addition, shalgam juice inhibited growth of Caco-2 cells 
lines more significantly than black carrot (Ekinci et al., 
2016). The size of black carrots affects the phenolic com-
position and anthocyanin content of shalgam. Cutting black 
carrot into smaller sizes increased the surface area, thereby 
increasing the bioactive extraction (Tanguler et al., 2014b). 
Kahve et al. (2022) identified and characterized endogenous 
yeast isolated from black carrots. They recommended Pichia 
kudriavzevii 3-3Y1, 3-3S9 and 3-3S2 as the most suitable 
strains for use as starter cultures in shalgam production, as 
these strains dominated the fermentation process. On the 
other hand, Pediococcus acidilactici was the bacterial strain 

Fig. 4   Process flowcharts for developing various value-added prod-
ucts from black carrot [Adapted from: (Baria et  al., 2021; Gölge 
et al., 2022; Kahve et al., 2022; Karaman and Ozca, 2021; Manzoor 

et  al., 2021; Özdemir, 2021; Say et  al., 2018; Sharma et  al., 2021; 
Singh et al., 2018a; Tanguler et al., 2014a, b)]
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with highest growth potential in Kanji production. This pro-
biotic drink was reported to have a high content of phenols 
(40.8 mg mL−1), flavonoids (38.14 mg mL−1), ascorbic acid 
(110 mg/100 mL) and antioxidant activity (79.96%) (Sharma 
et al., 2021). Kanji has also been reported to control Shigella 
boydii and Salmonella enterica, showcasing its unique func-
tionalities (Manzoor et al., 2021). In another study, Kanji 
mix was successfully prepared by Kaur et  al., (2023b), 
incorporating freeze dried lactic acid bacterial culture into 
refractance window dried black carrot powder. Black carrot-
based jams and marmalades have also been explored as an 
excellent source of polyphenolic compounds by Kamiloglu 
et al. (2014). Processing into jam and marmalade decreased 
phenolic acids, total phenolics and antioxidant capacity, 
attributed to disruption of cell structure during processing, 
making carrots prone to non-enzymatic oxidation. How-
ever, the percent recovery of bioaccessible phenolic acids 
and total phenols, along with antioxidant capacity, increased 
in jam and marmalade processing (Kamiloglu et al., 2015).

Bakery products

Black carrot has been utilized to develop various bakery 
products like muffins, cakes, cookies, pastries (Gölge et al., 
2022). In a study conducted by Song et al. (2016), black 
carrot flour was used to prepare sponge cake. It was found 
that replacing 6% of wheat flour had the lowest baking losses 
compared to replacements of 2, 4 and 8%. On increasing the 
proportion of black carrot flour, the L*, a* and b* values 
decreased. In terms of sensory acceptance, antioxidant activ-
ity and rheological properties; 6% replacement was most 
acceptable.

In another study, black carrot pomace powder was used 
to enhance the nutritional properties of cake. Enrichment 
of cake flour led to an increase in antioxidant activity, phe-
nolic acids, total phenols and total anthocyanins (Kamiloglu 
et al., 2017). Muffins prepared by incorporating black car-
rot dietary fibre had good overall acceptability. Addition of 
black carrot fibre increased batter viscoelasticity and paste 
viscosity. This was attributed to the water binding properties 
of the fibre, which reduced the movement of particles and 
thus making it viscous. The prepared muffins had decreased 
water activity, firmness, specific volume and increased total 
dietary fibre content (Singh et al., 2016). Similarly, Pekmez 
and Yılmaz (2018) fortified flatbread with black carrot fibre, 
which led to an increased antioxidant content and provided 
more attractive appearance.

In conclusion, this review provides a thorough examina-
tion of the bioactive value, postharvest processing oppor-
tunities, and value addition potential of black carrot. The 
rich assortment of bioactive compounds in black carrot, 
such as anthocyanins, polyphenols, and carotenoids, under-
scores its significance as a functional food with potential 

health benefits. The extensive range of postharvest process-
ing methods discussed, including encapsulation, drying, 
irradiation, and high-pressure processing, presents diverse 
avenues for preserving and enhancing the bioactive content 
of black carrot while maintaining its nutritional and sensory 
attributes. The integration of black carrot extracts into vari-
ous food products, such as dairy items, bakery goods, and 
beverages, demonstrates its versatility as an ingredient for 
value-added formulations. These additions not only augment 
nutritional content but also improve color, flavor, and over-
all product quality. The insights derived from this review 
highlight the potential to bridge the gap between traditional 
dietary staples and modern functional foods, catering to 
evolving consumer preferences for health-conscious choices.

Despite the substantial progress made in understanding 
black carrot's bioactive potential and processing capabilities, 
challenges and opportunities persist. Further research is war-
ranted to optimize processing techniques, develop innova-
tive product formulations, and explore novel applications. 
A multidisciplinary approach encompassing food science, 
nutrition, and technology will be pivotal in unlocking the 
full potential of black carrot as a valuable ingredient in the 
food industry. Overall, this review contributes to a deeper 
appreciation of black carrot's significance as a source of 
bioactive compounds and its role in enhancing the health-
promoting attributes of various food products.
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