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ABSTRACT 
Background: Hibiscus sabdariffa L. (roselle), is a nutraceutical powerhouse with an extensive phytochemical 
composition and exceptional potential for use in food and herbal medicine. The red pigmented calyces of roselle, 
containing anthocyanins and organic acids, are widely used as natural colorants and functional ingredients. The present 
review consolidates information dated 2010–2024 focused on roselle's botany, phytochemistry, nutritional and bus 
impact, food use, and market highlights. 
Methods: A structured search was conducted using Web of Science, Scopus, PubMed, and ScienceDirect, and 
databases were queried with selected keywords. Only peer-reviewed English-language papers with experimental and 
human data were considered. A thematic synthesis was performed, and a PRISMA-style diagram outlines the 
screening outcome. 
Results: The main bioactive compounds in roselle calyces include anthocyanins delphinidin-3-sambubioside and 
cyanidin-3-sambubioside – as well as other flavonoids and organic acids, including hibiscus and citric acids. Roselle's 
antioxidant, anti-inflammatory, antihypertensive, and antidiabetic activities were recorded. There is clear evidence 
that roselle regulates oxidative stress and improves cardiometabolic conditions. Its pigments are also natural color 
additives and bio-preservatives, facilitating its commercial potential. Demand surge to $240 million by 2027 is 
anticipated. Nonetheless, the current standardization and clinical validation situation is challenging. 
Conclusions: H. sabdariffa is an environmentally friendly and versatile bioresource with not only outstanding 
nutraceutical but industrial value. Its bioactive profile contributes to various SDGs, particularly in the fields of health 
and responsible consumption. Meanwhile, additional studies are needed to finalize the standardized cultivation, green 
extraction potential, and clinical validation to maximize the functional and nutraceutical potential of roselle. 
Keywords: Hibiscus Sabdariffa; Roselle; Phytochemicals; Anthocyanins; Functional Foods; Nutraceutical; 
Therapeutic Properties; Natural Colorant; Food Product Development; Market Potential 
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1. Introduction 
Consumers today face a challenge – while they have 
access to sufficient calories, many food products are 
either bland, or come fortified with synthetic 
ingredients and colorants to enable longer shelf life 

without spoilage. The importance of reducing artificial 
colorants and preservatives and increasing the 
accessibility of nutritious food is recognized by the 
world leaders to address sustainability and public 
health concerns. One plant with the potential to bridge 
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this divide is Hibiscus sabdariffa L., commonly 
referred to as roselle in English and red sorrel in 
French. The global community has recently intensified 
its focus on roselle from a multidisciplinary 
perspective, as it could fulfill the demands for a plant 
with extensive traditional and clinical backgrounds, as 
well as palatable and functional food uses. Roselle has 
been a staple part of the diet in the form of herbal teas 
and as a foodstuff for countless generations across 
Africa, Asia, and the Americas. The plant was assigned 
numerous alleged therapeutical properties, from 
lowering blood pressure to protecting the liver – and 
they are not myths anymore. Taxonomy and 
Distribution: Roselle belongs to the Hibiscus genus, a 
floral family Malvaceae, including more than 300 
varieties of herb and shrub. What differentiates it is the 
species-level classification, H. sabdariffa, known for 
fleshy, pigmented calyces – the fat, colorful flower 
organs that are, interestingly the most important part 
of the whole plant. The main two varieties identified 
are: H. sabdariffa var. sabdariffa, grown primarily for 
its red calices; and H. sabdariffa var. altissima, 
sometimes called the roselle fiber, other times used for 
its jute-like fiber. Roselle plants are native to Africa or 
South Asia, yet they spread across the tropical and 
subtropical zones globally. It has thriven in 25–35 °C 
heat areas with moderate rainfall. It is farmed on larger 
scales, including India, China, Thailand, West Africa, 
the Middle East, and the Caribbean; China and 
Thailand are the most industrial users of whole roselle 
in Asia, and in Mexico, thousands of hectares are 
harvested annually for domestic beverage production. 
The plant has adapted to neutral soils and aridity, 
making it easy to grow not only in rural areas but also 
in cities or one’s private own garden. Rationale and 
Scope: There has been an overwhelming surge of 
research focusing on one particular aspect of roselle – 
such as its antioxidant feature or herbal tea potential, 
but the need for a comprehensive review based on 
agricultural viewpoint, nutritional profile, health 
benefits, and industrial application overview. This 
study will address recent findings 2010-2024 on H. 
sabdariffa from this multidisciplinary perspective. In 
particular, this study will first discuss the botanical and 
agronomical data of roselle in Section 2, covering the 
plant morphogenesis and cultivation practices. The 
nutritional details of this plant will be in Section 3, 
covering plant macronutrients, mineral set, and active 
ingredient profile. In Section 4, the health aspects of 

the plant’s active compounds will be addressed, using 
examples of clinical and experimental data. Section 5 
will approach the industrial and product development 
use, from pesticide applications uses to consumer 
preferences insight. Market utilization and industrial 
aspects will be delved into in Section 6, comparing the 
global residue data with the future projections. Section 
7 will identify and discuss key problems identified 
with var. sabdariffa and areas that require more 
research to cover them fully and will enrich the 
multifaceted research within the last decade. The 
ultimate objective is to offer a view for food 
professionals, diet professionals, and health 
professionals of roselle’s usable life for food items and 
trademark formulations and try to lead new findings 
and innovations through the next decade. 
2. Botanical and Agricultural Profile 
Morphology. Roselle is a fast-growing annual, 
sometimes biennial, shrub, 1.5–3.5 m high under 
optimal conditions. The stems are woody when mature 
and often reddish but may be green or slightly 
pubescent depending on the cultivar. The leaves are 
arranged alternately along the stem and vary greatly in 
outline; young leaves are simple and ovate, while 
mature leaves are deeply 3–5- lobed and serrate. They 
are green to purplish green, depending on variety and 
growing conditions. Roselle flowers are borne axillary 
and solitary; the flower has a yellow to pale cream 
five-petal corolla and a dark red to maroon-colored 
flower throat with a lifespan of one day. After the 
flower falls off, the calyx, which is a whorl of fleshy 
sepals, expands, turns red or reddish brown, and 
becomes the primary harvestable product. The calyx is 
typically thick, acid, cup-shaped, 2–3 cm long and 
contain a single ovoid seed. Inside the calyx is a 
capsule with five compartments, each containing 
numerous small brown lentil-shaped seeds. The root 
system is a firm taproot with lateral branches, 
providing moderate drought tolerance. 
Cultivation Practices: H. sabdariffa is cultivated as a 
rainfed crop in tropical areas. It thrives in sandy loam 
soils with adequate drainage and a pH range of 5.5-7.5 
and is incapable of surviving in the frost or 
waterlogged conditions. In South Asian agro-
ecosystems, including India, the seeds are planted on 
the monsoon’s arrival using broadcasting or row 
sowing spacing of 60 × 30 cm at \~6 kg seed per 
hectare. To ensure optimal spacing, the seedlings are 
uprooted, as professor plants may produce decently 
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calyces as the spacing increases. A nutrition ratio of 
60:40:40 kg/ha of organic manure and NPK fertilizer 
is sufficient to fertilize hardy soil; however, moderate 
fertility is preferred for fast growth and increased 
production. Irrigation is critical to a healthy stand; 
optimal flowering and calyces development can help 
increase yields if it is adequately applied at flowering 
and development stages. Weeds and pests can compete 
with crops for nutrients and cause massive economic 
damage in some cases. Farmers may follow IPM 
practices and other strategies to eradicate the pest and 
fungus. Harvesting is done between 90 and 120 days 
at full calyce development but before death; 
professional plant flowers are handpicked 
mechanically and sun-dried to ensure that they have 
the required moisture for their safe storage. It is 
important to remember that there are several ldentified 
roselle landraces. Still, it is globally cultivated with 
more than 100 cultivars in Sudan and Nigeria, Thailan, 
China, and Mexico have also become significant 
producers of the crop. 
    Traditional uses: apart from the values as an 
agricultural crop, different parts of the roselle are used 
in traditional medicine and the local diet. For example, 
dried roselle calyces are used in West Africa and the 
Caribbean to brew a tart ruby-colored beverage called 
bissap or sorrel drink. That provides a significant 
source of vitamin C and minerals. The leaves and 
young shoots are used in cooking as greens or soup 
ingredients. The calyx gives a tangy flavor and 
significant minerals, including Mg, K, and Ca. Roselle 
seeds are rich in saturated fatty acids such as linoleic 
and oleic acid, and using ground they can be roasted 
or utilized in the meal as a sauce or meals. 
Ethnomedicinally, the prepared roselle is used to 
manage high blood pressure, liver dysfunction, and the 
treatment of urinary disorders. For example, Arabian 
traditional medicine uses a cold of the roselle calyx to 
lower blood pressure. Nigerian folk medicine uses 
Hibiscus tea as a diuretic to reduce edema and high 
pressure. Asian folk therapy uses roselle to cool down 
and protect against liver disease. These uses and 
properties were the basis for the scientific research and 
the chemical composition and pharmacological 
activity of roselle. 
3. Nutritional and Phytochemical Composition 
Proximate Nutrients: Roselle calyces (the dried 
petals/calyces commonly used in food and tea) have a 
moderate nutritional content, with appreciable levels 

of proteins and fibers for a floral material. On a dry-
weight basis, roselle calyx contains roughly 6–7% 
protein and 65–70% carbohydrate (including soluble 
and insoluble fractions). Earlier analyses reported 
~10.9% crude protein, 10.7% crude fiber, 1.1% fat, 
and about 11–12% total ash in dried calyx powder. The 
sugars present are mainly reducing sugars (glucose 
~3.5%, fructose ~0.9%) with negligible sucrose. 
Starch is low (~2–3%), as expected in flower tissue. 
The calyces are also noteworthy for their acidity due 
to organic acids (up to 15–30% of dry weight, as 
discussed later). Table 1 presents the amino acid 
profile of roselle calyx protein, illustrating that it 
contains a range of essential and non-essential amino 
acids. 
Table 1. Amino acid composition of roselle calyx 
protein (per 16 g nitrogen) 

Amino Acid Amount (g/16 g N) 
Aspartic acid 39.0 
Threonine 1.8 
Serine 2.0 
Glutamic acid 6.9 
Proline 3.9 
Glycine 2.4 
Alanine 2.4 
Valine 2.4 
Cysteine 0.3 
Methionine 0.7 
Isoleucine 2.0 
Leucine 3.0 
Tyrosine 1.1 
Lysine 2.6 
Phenylalanine 1.7 
Histidine 1.5 
Arginine 2.5 

 
Note: Data adapted from Purdue University Famine 
Foods database (unpublished). High aspartic acid 
content reflects the presence of acid-rich storage 
proteins in the calyx. 
Roselle calyces also provide micronutrients. They are 
notably rich in certain minerals like calcium, 
potassium, and magnesium. Table 2 summarizes the 
mineral composition of dried roselle calyx. Potassium 
exceeds 2.5% of dry weight, making roselle drinks a 
good source of potassium. Calcium is around 1.3%, 
and magnesium ~0.3%. Trace elements such as iron 
and manganese are present at tens to hundreds of mg 
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per kg: roselle calyx powder has been reported to 
contain ~97 mg/kg iron and an exceptionally high 
~416 mg/kg of manganese. These values suggest that 
regular consumption of hibiscus tea could contribute 
to dietary mineral intake, though bioavailability may 
vary. The sodium content is very low (often <0.02%), 
which is advantageous for those limiting sodium. 
Table 2. Mineral composition of roselle calyces (dry 
weight) 

Mineral Content 
Potassium (K) 2.53% 
Calcium (Ca) 1.29% 
Magnesium (Mg) 0.33% 
Sulfur (S) 0.13% 
Sodium (Na) 0.01% 
Iron (Fe) 97 mg/kg 
Manganese (Mn) 416 mg/kg 
Zinc (Zn) 41 mg/kg 
Copper (Cu) 5 mg/kg 
Aluminum (Al) 66 mg/kg 

 
Note: Major mineral content expressed as percentage 
of dry weight; trace minerals in mg per kg. Data 
indicate roselle is a good source of K, Ca, Mg and an 
especially rich source of Mn and Fe among herbal 
infusions. 
Key Phytochemicals: The fact that Roselle is known 
as a "functional" food ingredient is because it has a 
wide range of bioactive phytochemicals.  
Anthocyanins, flavonoids, phenolic acids, and organic 
acids are some of the most important compounds.  The 
deep red colour of roselle calyces comes from 
anthocyanin pigments, which are mostly delphinidin 
and cyanidin derivatives.  Delphinidin-3-O-
sambubioside (also called hibiscin) and cyanidin-3-O-
sambubioside are the two most common anthocyanins. 
Together, they make up about 85% and 10% of all 
anthocyanins, respectively.  Delphinidin-3-glucoside 
and cyanidin-3-glucoside are two examples of minor 
anthocyanins.  Figure 1 shows the wide range of 
pharmacological effects that these and other roselle 
phytochemicals have, according to different studies. 

 
Figure 1: Major therapeutic properties of 
H. sabdariffa extracts attributed to its phytochemical 
constituents. Roselle’s polyphenols – especially 
anthocyanins (delphinidin-3-sambubioside, cyanidin-
3-sambubioside) – and organic acids contribute to 
antioxidant, antihypertensive, anti-inflammatory, 
hypolipidemic, antidiabetic, hepatoprotective, 
antimicrobial, and even anticancer activities. 
Roselle calyces contain not only anthocyanins but also 
several flavonols and flavonoids, including 
gossypetin, quercetin, luteolin glycosides, and 
hibiscetin.  Jabeur et al. (2017) discovered quercetin-
3-sambubioside and additional flavonol glycosides in 
roselle, potentially enhancing its antioxidant 
properties.  Phenolic acids constitute another essential 
category; specifically, protocatechuic acid (PCA) 
serves as a principal degradation product of 
anthocyanins and is present in substantial quantities in 
roselle extracts.  PCA and other phenolic acids, 
including caffeic, chlorogenic, and hydroxybenzoic 
acids, have shown antioxidant, anti-inflammatory, and 
cytoprotective properties in multiple models. 
 One of the things that makes H. sabdariffa stand out 
is its high level of organic acids, which are sometimes 
called "fruit acids."  The calyx can hold more than 15% 
organic acids by weight, which is what gives the plant 
its sour taste.  Hibiscus acid, also known as allo-
hydroxycitric acid lactone, is the main organic acid in 
roselle. It is only found in Hibiscus species.  Hibiscus 
acid and its non-lactone form, hydroxycitric acid 
(HCA), can make up 13–24% of all acids.  Citric acid 
(12–20% of total acids), malic acid (2–9%), tartaric 
acid (about 8%), and small amounts of ascorbic acid 
are other organic acids that have been found.  These 
acids not only affect taste, but they also affect how 
things work. For example, hibiscus acid and HCA are 
being studied for their roles in stopping the absorption 
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of carbohydrates and changing metabolism (like how 
HCA is said to help with weight loss from Garcinia 
cambogia).  Figure 2 shows how much of the main 
anthocyanin (D3S) there is compared to other 
anthocyanins. This shows that delphinidin-3-
sambubioside is the most important pigment in roselle. 

 
Figure 2: Rough breakdown of the total anthocyanins 
in roselle calyces.  About 85% of the anthocyanins are 
delphinidin-3-sambubioside (hibiscin), and the rest are 
cyanidin-3-sambubioside and other compounds.  The 
fact that D3S is so dominant is related to the fact that 
roselle has a lot of antioxidants and is a deep red 
colour. 
 Lastly, roselle has volatile compounds that may add 
to its smell and possibly its bioactivity.  Scientists have 
found chemicals in roselle calyx extracts, such as 
hexanal, nonanal, 3-methylbutanol, and different 
terpenes.  These volatiles can have antimicrobial 
effects and change the way roselle products taste, even 
though they are only present in small amounts.  Musa 
et al. (2021) characterised roselle volatiles, identifying 
phenylacetaldehyde and acetic acid as significant 
aroma constituents. 
 In short, H. sabdariffa is nutritionally rich because it 
has a combination of polyphenols (anthocyanins, 
flavonols), phenolic acids, and organic acids, all of 
which are supported by a matrix of vitamins and 
minerals.  The next section talks about the many health 
benefits that come from this unique mix of 
phytochemicals. 
4. Health Benefits and Therapeutic Properties 
Because almost every part of the roselle plant has 
some bioactivity, people have called it a "natural 
pharmacy."   Studies have shown that roselle has many 
effects, including being an antioxidant, lowering blood 

pressure, lowering cholesterol, protecting the liver, 
reducing inflammation, and lowering blood sugar 
levels.   These traits match its common uses (like 
lowering blood pressure and toning the liver) and 
show that it has a lot of potential to be a functional part 
of health improvement.   Below, we will talk about the 
main health benefits of roselle and how they work. 
 4.1 Activity as an Antioxidant: 4.1 Activity as an 
Antioxidant:   One of the most well-known benefits of 
roselle is that it is a strong antioxidant.   There are a lot 
of compounds in roselle calyx extracts that can 
neutralise reactive oxygen species and act as radical 
scavengers.   In vitro assays, including DPPH, ABTS, 
FRAP, and β-carotene bleaching, consistently exhibit 
substantial antioxidant activity in roselle extracts, 
often comparable to or exceeding traditional 
antioxidants such as BHT or ascorbate.   Norhaizan et 
al. (2010) conducted a study demonstrating that 
extracts from roselle seeds and calyces are highly 
effective in eliminating free radicals.  The extracts 
from the seeds had the highest antioxidant index of all 
the plant parts that were tested.   The authors stated 
that this was due to the seeds containing a high 
concentration of phenolic compounds, particularly 
tocopherols and flavonols derived from vitamin E.   
Cid-Ortega and Guerrero-Beltrán (2016) conducted a 
comparable study and discovered that the particle size 
and extraction solvent could influence the potency of 
antioxidants in roselle calyx extracts.  But in general, 
roselle was a good natural source of antioxidants that 
could be used to keep food fresh.   Adding roselle to 
food systems has been shown to slow down the 
process of lipid oxidation.  Adding roselle seed powder 
to stored beef patties, for instance, reduced the amount 
of malondialdehyde (a sign of oxidation) that formed 
compared to controls.   Researchers think that the 
antioxidants in roselle come from how anthocyanins, 
protocatechuic acid, and other polyphenols work 
together.   This antioxidant effect is not only important 
for stopping chronic diseases by lowering oxidative 
stress in the body, but it is also useful in technology, 
where roselle extracts can keep food from going bad 
and losing colour. 
 4.2 Effects on heart health and blood pressure:   
Roselle is most commonly used in medicine to treat 
high blood pressure that isn't too high.   Both 
traditional anecdotal evidence and modern clinical 
studies support the hypotensive properties of roselle.   
Roselle tea contains ACE-inhibitory peptides and 
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vasorelaxant polyphenols, like anthocyanins, that help 
blood vessels relax.   In clinical trials, daily 
consumption of hibiscus infusion (typically 1–2 cups 
of robust roselle tea) has led to reductions in systolic 
and diastolic blood pressure among prehypertensive or 
mildly hypertensive adults.   A randomised trial 
conducted in Iran revealed that bi-daily consumption 
of sour tea (Hibiscus sabdariffa tea) for four weeks 
significantly lowered systolic blood pressure by 
approximately 7.5 mmHg from baseline, yielding 
results akin to those of a conventional antihypertensive 
medication in individuals with Stage 1 hypertension.   
Ellis et al. conducted a meta-analysis in 2022, 
examining data from 17 clinical trials, which revealed 
that regular consumption of hibiscus tea reduces 
systolic blood pressure by approximately 7 mmHg in 
comparison to a placebo.   The effect was stronger in 
people who already had high blood pressure, and 
eating hibiscus lowered LDL ("bad") cholesterol 
levels by a lot, which suggests that it may have other 
heart-protective benefits.   Roselle's anthocyanins and 
HCA probably help the endothelium work better and 
release nitric oxide. Its diuretic effect (which is similar 
to mild thiazides) also helps lower blood volume.   The 
antioxidant properties of roselle also protect the blood 
vessels from oxidative damage that can cause high 
blood pressure.   In an in vivo study, rats given roselle 
extract showed better antioxidant levels in their hearts 
and less heart hypertrophy after having their blood 
pressure raised.   Roselle is becoming a cheap way to 
treat high blood pressure because it works well and is 
safe.  This is especially true in places where people 
can't easily get to regular medicine.   Some health 
groups say that hibiscus is mostly safe, but at high 
doses it can cause some minor stomach problems.  
There were no serious side effects found in studies 
with people.   People who take anti-hypertensive drugs 
should be careful because combining hibiscus may 
make the effects stronger and cause blood pressure to 
drop too low or make them urinate more.   So far, the 
evidence strongly supports the idea that roselle should 
be part of heart-healthy diets to help lower blood 
pressure and raise lipid levels. 
4.3 Antidiabetic and metabolic effects Roselle has 
shown potential in the treatment of type 2 diabetes 
and metabolic syndrome. Traditional Asian 
medicines have long used roselle against elevated 
blood sugar, and modern research has confirmed some 
of its antidiabetic mechanisms. A highly relevant in 

vitro experiment by Ademiluyi and Oboh, 3 
demonstrated that the aqueous extracts of red and 
white roselle calyces are capable of inhibiting the 
essential carbohydrate-digesting enzymes a- amylase 
and a- glucosidase, comparable to widely used 
prescription drugs such as acarbose, used to blunt 
postprandial glucose spikes. The red roselle derivative 
was more effective against a-glucosidase and had 
higher antioxidant activity, while the white one was 
better against a-amylase – these findings led to the 
hypothesis that roselle affects glucose absorption in 
the intestine. The enzyme inhibitory activity of these 
extracts was positively correlated with their phenolic 
content, indicating the key role of anthocyanins and 
flavonols in this effect. The research on diabetic rat 
models provides evidence that roselle extracts reduce 
insulin resistance and fasting blood glucose by 
affecting the key metformin-sensitive metabolic 
pathways and protecting the pancreatic ss-cells from 
oxidative damage. The HCA content of roselle extracts 
may attenuate weight gain and lipid numbers – a study 
on overweight individuals treated with a hibiscus 
extract led to a decreased body fat percentage and 
improved liver steatosis markers, although more data 
is needed. Current human clinical data are as follows: 
a few small clinical trials indicate that a daily hibiscus 
tea intake reduces the fasting glucose in metabolic 
syndrome patients and raises the good HDL 
cholesterol, while other published trials found no 
significant glycemic effects. A recent systematic 
review of antidiabetic herbal medications suggests that 
although H. sabdariffa is frequently used in the 
ASEAN countries for blood sugar, the clinical data 
supporting its efficacy are few. Therefore, the 
antidiabetic potential of roselle is achieved through a 
combination of enzyme inhibition, antioxidants, and 
lipid-lowering mechanisms that allow for hypothetical 
amelioration of metabolic syndrome components. As 
such, roselle is a promising supplementary drug in 
prediabetic and diabetic therapy despite the ongoing 
need for large clinical trials. 
4.4 Anti-inflammatory and organ-protective 
effects. Many degenerative diseases are linked to 
chronic inflammation. The anti-inflammatory 
capabilities of roselle seem to be natural. For example, 
essential oil that is steam-distilled from the roselle 
calyx has a remarkably potent effect on inflammation 
in laboratory research. Essential oil was isolated from 
the calyx of H. sabdariffa by Shen et al., who 
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demonstrated that the essential oil inhibited 
inflammatory markers in a mouse activation 
macrophage model. This research demonstrated that 
the essential oil could be used as a functional 
ingredient or a possible supplement for such 
inflammation-related situations. The polyphenols 
roselle include quercetin and protocatechuic acid 
modulate inflammatory pathways. Indeed, Kao et al. 
reported that roselle polyphenols could reduce COX-2 
expression and prevent NF-κB activation, thereby 
decreasing the synthesis of pro-inflammatory 
cytokines, such as TNF-α and IL-6. This blocked 
further underscores its conventional utilization as an 
anti-pyretic and analgesic to alleviate feverishness and 
discomfort. Noteworthy is the hepatoprotective action. 
Since chronic consumption of high-fat diets can cause 
oxidative stress and inflammation in the liver. 
Previous research in rats showed that supplementing 
with roselle extract safeguarded against fatty liver 
shifts, reducing liver enzymes and hepatic oxidative 
destruction. Tissue peroxidation of ROS is prevented 
by anthocyanin and p, Cinnami decreases. Besides 
reducing liver injury, Roselle also has strong 
protective effects against inflammation. Preclinical 
studies have shown in vivo that it might reduce renal 
harm and brain damage by decreasing kidney 
inflammation or preventing memory impairment. 
4.5 Antimicrobial and anticancer activities Several 
studies have focused on the bioactivity of bioactive 
roselle’s compounds as antimicrobial agents. 
Particularly, the Roselle calyx extracts present a 
broad-spectrum antibacterial activity, mostly targeting 
gram-positive bacteria. For example, protocatechuic 
acid isolated from roselle, in a reasonable 
concentration, inhibits Staphylococcus aureus and E. 
coli. Moreover, the acid environment enhances by the 
natural acids from roselle, weakens microbial activity 
in food production, acting as a natural preservation. 
Equally important, the antifungi effects demonstrate 
intensive action on Candida yeasts and common food 
fungi, although it varies with the synthetic fungicides. 
Anticancer activity is a relatively newer field of 
interest for roselle products. For example, in culture 
with cell lines, anthocyanins delphinidin-3-
sambubioside demonstrate pro-apoptotic action 
against leukemia and carcinosarcoma. In other cases, 
cell death activation was through the mitochondrial 
synapse, paralleled by the G1phase cell cycle arrest. 
Although in vivo data is minimal, one study shows a 

reduced in-duced chemical nodules on live rat 
hepatocyte cancer using roselle extract. By extension, 
the work argues over the antioxidant anti-
inflammatory activity in the tumor microenvironment. 
Ultimately, Roselle is rarely a desirable anticancer 
therapy; it exemplifies a broad pharmacological field 
and offer cases for further study in extreme exposure 
dosage or extract-specific conditions. 
In summary, Roselle exhibits an incredibly large 
therapeutic profile. As shown above in Figure 1, 
regular consumption of Roselle as a beverage or 
functional ingredient is capable of providing 
antioxidative, cardiovascular, and metabolic 
protection. Furthermore, it is healthful in terms of an 
anti-inflammatory and an anti-microbial agent. It is 
also safe when consumed. Roselle is Generally 
Recognized As Safe as food by the U.S. FDA, and 
animal toxicology studies conducted on Roselle show 
the LD50 to be greater than 5000 mg/kg. Even dosages 
100 times higher than those associated with Roselle 
consumption have not been found to exhibit organ 
damage. Some mild adverse effects of gastrointestinal 
issuers and diuresis are occasionally noted in some 
patients but pose no dangers. It is concluded that no 
human clinical toxicity or confirmed reports of severe 
side effects of Roselle exist. Given the lack of severe 
side effects and the wide range of adverse effects of 
oxidative damage health disorders, Roselle is an 
excellent candidate for functional organized foods that 
prevent or treat multiple aspects of oxidative stress, 
hypertension, and metabolic disorders. 
5. Uses of Roselle in the Food Industry 
 Roselle's bright colour, tangy taste, and health 
benefits have made it popular in a wide range of food 
and drink products.  As more and more people want 
natural ingredients, roselle can be used as a natural 
colourant, flavouring, and preservative that can 
improve the taste and nutrition of foods.  This part 
talks about how roselle can be used in different types 
of food, shows studies on how to make new products, 
and looks at how people feel about foods that are 
fortified with roselle. 
 5.1 Drinks, teas, and syrups:  People have always 
used roselle to make drinks.  You can make hibiscus 
tea (also known as Flor de Jamaica or sorrel drink) by 
brewing dried roselle calyces. This herbal tea is 
caffeine-free and tastes great hot or cold.  Roselle is 
used in blended drinks, cocktails, and syrups because 
of its pretty ruby-red colour and tart taste. It can also 



Roselle (Hibiscus Sabdari1a L.): Nutraceutical Potential, Phytochemistry, Food Applications, and 
Future Prospects – A Comprehensive Review 

IJDDT, Volume 16 Issue 43s, 2026 Page 709 

 

be used on its own.  For example, Khongrum et al. 
(2022) made a functional jelly drink by mixing dragon 
fruit juice with polyphenol-rich roselle calyx extract.  
In a randomised controlled trial involving 86 adults 
with dyslipidaemia, an 8-week regimen of this roselle-
enriched beverage resulted in significant 
enhancements in lipid profiles, particularly a marked 
reduction in LDL-cholesterol relative to a placebo 
beverage.  These findings show that roselle drinks can 
have real health benefits (in this case, 
antidyslipidemic) while also being a new type of 
product.  Another case from Ghana showed that 
drinking a commercial roselle tea (Nyarkotey hibiscus 
tea) every day for a few weeks helped bring a person's 
high blood pressure back to normal. This shows that 
roselle tea works in the real world.  Roselle syrups are 
used in desserts and drinks, like as a base for punches, 
fermented into wines or kombuchas, or made into 
sweetened concentrates for toppings.  Roselle's 
"zingy" taste goes well with ginger, citrus, and tropical 
fruit flavours, and its acidity can balance out sweet 
recipes.  Roselle's bright red colour is stable in acidic 
environments, like sodas or jams. This makes it a great 
natural alternative to Red #40 or other synthetic red 
dyes. 
 
 5.2 Bakery, Confectionery, and Dairy Products: 
Food scientists have looked into adding roselle to solid 
and semi-solid foods to make them more nutritious 
and useful.  One area of interest is using roselle seed 
flour, which is a byproduct of processing calyx, in 
baked goods.  Nyam et al. (2014) partially replaced 
wheat flour with roselle seed flour in cookie recipes 
and found that the cookies were better in some ways.  
The cookies with roselle had more protein and fibre, 
were more stable against oxidation (the antioxidants in 
the roselle kept fats from going bad), and held onto oil 
better, which made them moister.  Mahunu (2021) also 
said that roselle seed flour can be used in baking 
because it helps emulsify and keeps food fresh longer 
because it has antioxidant properties.  Table 3 shows 
examples of how roselle can be used in different types 
of food, as well as the most important results that were 
reported. 
Table 3. Selected food and nutraceutical products 
developed with roselle ingredients 

Product Roselle 
Compon
ent 

Functional 
Outcome 

Referenc
e 

Cookies 
(bakery) 

Seed 
flour 
(15–20% 
blend) 

Improved 
protein, 
fiber; better 
oil retention 
and 
oxidative 
stability in 
cookies 
(extended 
freshness). 

Nyam et 
al., 2014 

Herbal 
Tea 
infusion 

Dried 
calyx 
(whole 
tea) 

Significant 
antihyperten
sive effect; 
lowered 
blood 
pressure in 
adults when 
consumed 
daily. 

Obu, 2020 

Yogurt 
(dairy) 

Calyx 
extract 
(1–3%) 

Enhanced 
antioxidant 
activity and 
color 
stability; 
increased 
consumer 
liking for 
color/flavor. 

Nurkhasa
nah & 
Amelia, 
2020 

Jelly 
candy 
(confecti
on) 

Calyx 
extract 
(added to 
gel 
matrix) 

Natural red 
coloration 
and 
antioxidant 
enrichment; 
acceptable 
texture and 
taste in jelly 
candies. 

Halim et 
al., 2022 

Beverage 
(Jelly 
drink) 

Polyphen
ol-rich 
calyx 
extract + 
fruit juice 

Decreased 
LDL-C and 
improved 
lipid profile 
in 
dyslipidemic 
subjects 

Khongru
m et al., 
2022 
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(functional 
drink). 

 
Table 3 shows that roselle can be used in many 
different ways, including in baked goods, drinks, and 
sweets.  Roselle extract gives yoghurts and dairy 
drinks a natural pink-red colour and adds antioxidant 
power, but the high acidity may need to be balanced 
with sweetness or buffer components.  Nurkhasanah 
and Amelia (2020) discovered that yoghurt enhanced 
with roselle calyx extract exhibited increased 
anthocyanin stability during storage and was 
positively received sensorially up to a specific 
threshold of addition, beyond which tartness may 
prevail.  Roselle can take the place of fake colours in 
sweets like gummies and jelly candies, and it can also 
add a unique tart flavour.  Halim et al. (2022) made 
jelly candies from roselle calyx that were not only a 
pretty red colour but also had antioxidants in them, 
making them a healthier option for a sweet treat. 
 5.3 Natural colourant and preservative: One of the 
most important things that roselle does in the food 
industry is colour food naturally.  As regulators and 
consumers push food makers to stop using synthetic 
dyes like FD&C Reds because of health concerns, the 
demand for natural food colours is growing by more 
than 5% every year.  The anthocyanin pigments in 
roselle give drinks, jams, icings, and gelatin desserts a 
deep red to magenta colour when the pH is acidic to 
neutral.  These pigments also have bioactive 
properties. Unlike synthetic colours that only make 
things look better, roselle anthocyanins add 
antioxidant and antimicrobial effects to the product.  
Magalhães et al. (2024) say that pigments taken from 
plant by-products, like roselle, can make food look 
better and last longer by stopping oxidation and 
stopping microbes from growing.  Roselle fits this 
model well because its extracts have been shown to 
stop the growth of microbes in food and get rid of free 
radicals that cause spoilage.  For instance, adding 
roselle extract to marinades for meat or poultry can 
make the meat or poultry red and slow down the 
process of oxidative rancidity in the fats.  Roselle gives 
jams and juices colour and works as a mild acidulant 
(because it has natural acids), which helps keep them 
fresh.  People also like products that are coloured with 
"hibiscus flower" or "roselle" because they think they 
contain a healthy, exotic ingredient. This meets the 
clean label requirement (simple, natural ingredients) 

that is a big trend in food marketing.  A 2023 review 
by Plutowska & Wardencki showed that plant extracts 
high in polyphenols, like roselle extract, can be used 
as both colourants and functional additives in foods. 
This fits with the trend in the industry towards natural 
additives that can be used for more than one thing.  
Roselle's dual function as a natural colourant and 
preservative gives it an edge over other products.  It 
lets companies swap out synthetic additives (some of 
which are linked to hyperactivity or allergies) for one 
natural ingredient that makes the product safer and 
better for you. 
 5.4 Acceptance by the Senses and the Consumer:  
When adding any functional ingredient, it's important 
to keep customers happy.  Roselle has a strong sour 
taste and astringency (from acids and polyphenols) 
that can change the taste of foods.  To get a good taste, 
you need to mix these things together in the right way. 
For example, adding roselle to yoghurt or drinks 
usually means adding some sweetness or mixing it 
with naturally sweet juices like apple or grape.  
Research shows that most people like the colour and 
idea of products with roselle in them, but the taste 
needs to be changed to get rid of any overly tart or 
bitter notes.  Sulistyo et al. (2024) stressed how 
important sensory evaluation is when making roselle-
fortified foods. They said that hedonic tests help find 
the best amount to add that gives health benefits 
without changing the taste.  Adding 5–10% roselle (in 
extract or powder form) is a good place to start. This 
will give the food colour and antioxidants without 
making it taste too strong.  Roselle fibre (from calyx) 
can make things a little thicker, and in baking, it can 
make doughs denser if not balanced out.  So, you 
might need to make small changes to the recipe, like 
adding more sugar to jams or more leavening to 
breads.  When made correctly, consumer studies show 
that people generally like roselle products.  For 
instance, sensory panels said that cookies and yoghurts 
with roselle were just as good as or better than the 
control products. They especially liked the colour and 
the new flavour twist.  Promoting the health benefits 
(high in antioxidants, "hibiscus-infused") can make 
people more likely to try and keep using these kinds of 
products.  Roselle is a culturally recognised ingredient 
(for example, it's called karkade in the Middle East and 
agua de jamaica in Latin America). This gives it an 
ethnic/traditional image that can be used in functional 
product branding. 
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 In short, roselle has many uses in the food industry, 
and they are growing.  It fits in perfectly with what's 
going on right now: natural, multi-functional 
ingredients that make products better and are good for 
your health.  Roselle started out as a drink and tea, but 
now it's being used in baked goods, candy, dairy, and 
even meat products as a natural additive and a nutrient.  
Roselle will definitely become more popular in food 
markets around the world as new ideas and sensory 
research continue to come up. This will make people 
happy and healthy. 
6. Market Potential and Economic Importance 
With rising consumer interest in botanical ingredients 
and wellness products, the global market for roselle 
and its derivatives has expanded rapidly. Roselle is 
commercially traded as dried flowers, powdered 
extracts, herbal tea bags, and as a food colorant 
ingredient. According to market research projections, 
the global roselle market size is expected to reach 
approximately $245 million by 2027, growing at a 
compound annual growth rate (CAGR) of about 
10.4%. This robust growth is driven by demand in both 
the food & beverage sector (natural colorants, herbal 
teas, functional drinks) and the 
pharmaceutical/nutraceutical sector (supplements, 
herbal remedies). 

 
Figure 3 : The global market size for multiple types of 
roselle-based products. 
Figure 3 : The global market size for multiple types of 
roselle-based products is illustrated on Figure 3 for 
2020-2027. The market is expected to exponentially 
grow and reach over $240 million by 2027 with a 10% 
annual growth. Production of plant-based functional 
ingredients and natural additives are of high interest 
for crop producers, food and beverage manufacturers, 
thus driving roselle extract demand. On a regional 
scale, North America and Europe have high demand 
for roselle to make herbal teas and use these dried 
calyces to manufacture natural colorants. Asia-Pacific 

also has a long-standing roselle consumption tradition, 
and the region is witnessing fiercely growing markets 
in China, India, and Thailand. In West Africa, Nigeria, 
Senegal, Sudan, roselle is a traditional crop and is 
grown and consumed locally. Following the regional 
production increase and quality improvement, these 
countries actively seek to source their products in the 
international herbal tea court. At the same time, pre-
developed markets have an increasing number of 
hibiscus-infused products on the shelves, from 
hibiscus craft beer to kombucha flavored with 
hibiscus. It testifies to the commercial success of the 
product. Besides serving commerce, roselle is 
substantial for sustainable agriculture and rural life. A 
great part about roselle is its plant hardiness: it can 
grow on these poor-quality lands without depleting 
them. For rural farmers, it means they can grow this 
annual crop and not fight over land with staple crop 
producers. The whole plant can be processed and sold: 
calyces for consumption and products, fiber from 
stems to make jute, seeds for oil and cattle feed. In 
parts of India, some farmers plant peanuts or millet 
between rows of roselle. Peanuts or millet are 
harvested in early autumn, while calyces are gathered 
in the late fall. This example shows that as global 
demand rises, it creates an opportunity for these 
smallholder communities to increase their charges, 
provided they are fairly liberalized. 
With regard to sustainable development, the roselle 
contributes to several UN Sustainable Development 
Goals : \* SDG 2-Zero Hunger: By providing a 
nutritious food source itself and also encouraging 
diverse agriculture, and \* SDG 3-Good Health and 
Well-being: By making health benefits such as roselle-
based interventions in reducing non-communicable 
disease risks affordable. More indirectly, the use of the 
roselle as a natural colorant and preservative 
contributes to SDG 12-Responsible Consumption and 
Production by reducing reliance on synthetic 
chemicals added to foods and taking full advantage of 
plant by-products. The increasing roselle market is 
also involved in the expanding global herbal 
supplement market, which emphasizes natural, 
environmentally friendly sourcing. Nonetheless, 
taking full advantage of the roselle market opportunity 
will require addressing some current challenges. For 
example:. Despite the potential market growing, a 
robust, high-quality roselle supply will also need to be 
facilitated. Variability in color and phytochemical 
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concentration, which may lead to undesirable product 
characteristics, is one concern for large food 
companies. This seeming inconsistency still needs to 
be determined by commercially provable mixing for 
the industry..Uriabe et al.. This is where standardized 
cultivation and processing flushing comes in: each 
batch of roselle yields similar steady food ratios, and 
one crop has more repeated benefits. . Consumer 
understanding may be another challenge: while 
hibiscus tea is well-known in certain societies ... other 
preparations may require training to differentiate the 
consumers. … not to say about “hibiscus extract inside 
your yogurt.” Blandly talking about the spice, the 
consumer will encounter. Herbal or floral branding is 
still common in the marketing of roselle. \* Herbs 
“hibiscus” or “floral” or “herbal” in a product’s 
identity.. 
Furthermore, industry reports indicate that food & 
beverages account for the largest share of roselle 
usage, followed by the nutraceutical sector. There is 
also a niche usage in animal feed (roselle byproducts 
as feed supplement) and cosmetics (some natural 
skincare products include hibiscus extract for its 
antioxidant properties). As regulatory bodies are 
becoming more vigilant about synthetic additives, 
large food corporations are trying and adopting natural 
color solutions – roselle’s FDA status as GRAS and 
inclusion in the list of exempt color additives make it 
relatively easy to use in food formulations. In 
conclusion, the economic outlook for the roselle is 
very promising. Its alignment with wellness trends, 
natural ingredient movement, and sustainable 
agriculture makes it a valuable crop for the producers 
and manufacturers. The key to sustained market 
growth will be quality control, supply chain 
development, and continued research to support health 
claims. If achieved, roselle can well become a staple 
functional ingredient, just like cranberry or 
pomegranate did in the last decade, only with an 
additional perk of being a colorant and a preservative. 
Figure 3 encapsulates the expectation of strong growth 
trajectory for the roselle market, implying that this 
once-traditional crop is now a rising star in the global 
functional foods arena. 
7. Challenges and Future Perspectives 
Despite the considerable potential of H. sabdariffa, 
there are several challenges that need to be 
acknowledged and addressed for roselle to achieve its 
full impact as a nutraceutical and food ingredient. 

These challenges span from the agricultural level (raw 
material variability) to processing, regulatory 
validation, and clinical evidence. In this section, we 
outline key challenges and discuss future research and 
development directions. Table 4 summarizes some of 
these challenges along with recommended strategies 
to overcome them, as identified by recent literature. 
Table 4. Key challenges in roselle utilization and 
recommended future directions 

Challenge Future Direction / 
Solution 

Phytochemical 
variability: Nutrient 
and bioactive content 
of roselle can vary 
widely by cultivar, 
growing region, and 
harvest timing. This 
inconsistency affects 
industrial use 
(color/flavor 
strength) and health 
efficacy. 

Develop standardized 
high-yield cultivars and 
agronomic practices. 
Employ omics-based 
profiling to select 
varieties with stable 
anthocyanin and acid 
content. Implement 
Geographical Indication 
(GI) or quality 
certifications to ensure 
consistent phytochemical 
profiles. 

Extraction and 
processing losses: 
Conventional drying 
or extraction can 
degrade sensitive 
compounds 
(anthocyanins, 
vitamin C). Lack of 
optimized methods 
leads to batch 
variability and lower 
functional quality. 

Invest in green extraction 
technologies (e.g., 
supercritical CO₂, 
ultrasound, freeze-drying) 
to maximize yield and 
preserve activity. Optimize 
parameters for scale-up. 
Research co-pigments or 
stabilizers (like 
maltodextrin 
encapsulation) to protect 
anthocyanins during 
processing. 

Limited clinical 
validation: Many 
health benefits of 
roselle are inferred 
from lab or animal 
studies. Human trials 
are relatively few, 
with small sample 
sizes or short 
durations, leading to 
inconclusive 

Conduct well-designed 
clinical trials on roselle 
preparations (standardized 
extracts or teas) targeting 
specific outcomes (e.g. 
blood pressure, blood 
sugar). Ensure adequate 
sample sizes and 
standardized dosing. 
Collaborate 
internationally for multi-
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evidence for some 
claims. 

center trials to build a 
robust evidence base. 
Meta-analyses should be 
updated as new trials 
emerge. 

Regulatory and 
safety clarity: While 
roselle is generally 
considered safe, high-
dose effects and 
interactions (e.g., 
with antihypertensive 
drugs) need more 
clarity. Also, health 
claims on products 
require substantiation 
under laws (e.g., 
EFSA in EU). 

Expand toxicological 
studies to determine any 
adverse effects at very 
high intakes or long-term 
use (e.g., impact on 
fertility or renal function). 
Monitor any herb-drug 
interactions (some reports 
of hibiscus potentiating 
diuretics). Work with 
regulatory bodies to 
approve specific health 
claims once sufficient 
evidence is available (e.g., 
“Hibiscus tea helps 
maintain healthy blood 
pressure”). 

Supply chain and 
scalability: Many 
roselle producers are 
smallholders; scaling 
up production and 
ensuring year-round 
supply with 
consistent quality is a 
challenge. Post-
harvest handling 
(cleaning, drying) 
may be suboptimal in 
some areas. 

Implement capacity-
building programs in 
major growing regions: 
training in post-harvest 
techniques, providing 
drying equipment, and 
forming cooperatives for 
better bargaining power. 
Encourage cultivation in 
more regions to avoid 
supply bottlenecks. 
Mechanize parts of 
production (e.g., calyx 
separation) to increase 
efficiency. Promote fair 
trade and sustainable 
farming practices to make 
roselle cultivation 
economically viable for 
farmers. 

Another fundamental issue is standardization. As 
emphasized by Izquierdo-Vega et al., a bottle of 
“hibiscus extract” might differ widely from another in 
which compounds dominate due to differences in 
cultivation and extraction. This renders it particularly 
difficult for researchers to identify which bioactive is 

responsible for an effect or for industry to be able to 
ensure a specific potency. In the future, referring 
standards e.g., a content of total anthocyanins, acids 
may be required for commercial roselle ingredients. 
Advanced analytical techniques e.g., HPLC 
fingerprinting, metabolomics can assist in 
chemotyping roselle varieties and blends. A further 
issue presents optimizing “green” extraction methods. 
While traditional water infusion brings on a lot of 
actives, it is likely that less soluble ones are also left 
behind. Ethanol-water extracts bring on more 
flavonoids leaving organic acids behind. Supercritical 
CO2 extraction has been proposed to selectively 
extract roselle’s polar antioxidants without major heat 
degradation. Rizkiyah et al. reviewed such green 
methods and found promise as well as the necessity to 
scale up advancements from a lab to industry. 
Extraction efficiency vs. cost trade-offs should be 
assessed further: perhaps the combinations of 
techniques e.g., enzyme treatment followed by 
membrane filtration is required to achieve sufficient 
concentration in a cost-effective manner. On the 
clinical front, as said, more human evidence is 
required to cement roselle’s place in health regimens. 
Larger randomized trials could help determine optimal 
dosages and forms tea vs capsule for specific 
outcomes. It is essential, however, to explore roselle’s 
effects in concert with other well-known 
nutraceuticals – g., does it acting synergistically with 
ginger or turmeric? Preliminary data suggest so, but 
interactions need uncovering. 
Safety-wise, while H. sabdariffa is very safe up to high 
doses, some “very few isolated reports” suggest it can 
affect estrogen levels or interfere with other drugs at 
high concentration. There are no such reports 
confirmed as a partially toxic herb, but future studies 
of toxicology could look up if those are true. On a 
more positive note, a review by Laskar and Mazumder 
concluded, “most preclinical and clinical studies have 
demonstrated a remarkably low toxicity profile and 
high therapeutic index of H. sabdariffa” and thus ruled 
out significant safety concerns for this herb compared 
to some other herbs. As for industrial scaling, making 
H. sabdariffa plow as a reliable commodity requires 
logistics improvements. For instance, the calyces are 
currently sun-dried by major exporters such as Nigeria 
and Sudan, leading to a reduced-quality potential 
microbial contamination. Clean drying or solar drying 
could be the investments to achieve the improved 
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product. Moreover, the opportunity for value-added 
processing at source persists – for example, producing 
preparations, such as a powder extract, in the country 
of origin instead of dried-calux export, could be 
explored. In conclusion, on the prospects of new 
products, one may envision a wave of new roselle 
containing products: roselle sports drinks, roselle 
nutraceutical capsules standardized for anthocyanins, 
fermented products with W. sabdariffa as a substrate, 
etc. Since many of those do not exist yet, further 
research into the product stability and action is needed. 
For instance, anthocyanins may be degraded during 
storage – hence new microencapsulation technologies, 
protecting its color and vigor in fortified foods over 
the shelf life, could be invented. 
Lastly, roselle’s future is driven by continued 
interdisciplinary collaboration. Agronomists and food 
technologists must talk to nutritionists who must 
collaborate with pharmacologists. One example is 
research in which breeding programs for roselle would 
not just chase high yield but a specific phytochemical 
profile. For example, a tart of the arboreal cultivar 
exceptionally high in delphinidin-3-sambubioside is 
the perfect cultivar for the supplement industry. 
Regulatory science must also stay with the times as 
new data come, changing monographs and approvals 
updates with new information. Therefore, future 
perspectives for roselle are very optimistic: its 
ancientness and modernity, combined through modern 
science and technology, make roselle a standardized 
functional ingredient. It will make it accessible 
worldwide, remedy most common health issues as 
natural therapy, and restore agricultural sustainability 
principles. Continuous renewal and new evidence 
enforcement will help us make roselle’s ancient 
promises a reality. 
8. Review Methodology 
Although this review is not an official SR and does not 
review some of the literature, it is a systematic and 
structured narrative review of recent H. sabdariffa 
evidence. The search strategy as well as the sampling 
frame and the synthesis of extracted information from 
different areas were systematic and reproducible. The 
methodology is briefly described here and also shown 
in PRISMA-style flow chart in Figure 4. Data sources 
and search strategy: scientific databases such as Web 
of Science, Scopus, PubMed, ScienceDirect, and 
Google Scholar were searched for search for 
publications allegedly since 2010 to March, 2024. For 

different themes, different search expressions 
combined the words, in particular “Hibiscus 
sabdariffa” AND... ); “roselle” AND...; “Hibiscus 
sabdariffa clinical trial”, etc. Additional filters were 
applied as follows: to English language and peer 
review (journal publications, reviews, as well as 
suitable theses or reports). Inclusion and exclusion 
criteria: publications with actual data or detailed 
reviews where data cannot be extracted were included. 
The results of the study were also used, but older or 
partially published in the sampling frame to provide 
historical or slightly more botanical allusion if needed. 
Exclusion criteria were as follows: papers with no 
clear scientific content (e.g., the so-called press 
articles or publications not supported by data), non-
English papers (unless they have a full English version 
or rich enough summary with a full paragraph and 
possibly a graphical part), studies on other Hibiscus 
species, if their results or review are not applicable to 
H. sabdariffa. The process is embedded in in Figure 4. 
The initial search identified over 500 records. After 
separate exclusion of duplicates and irrelevant 
headings , 120 full-text articles were included in the 
assessment. After that, they were also assessed and 
partially excluded and included (50). The other 
references contain additional supporting information. 
Data Extraction and Synthesis: Relevant data based 
on the specifics, scope, target, and outcomes of each 
source were extracted and sorted into the thematic 
categories: (1) botanical and agronomic, (2) nutritive 
and phytochemical, (3) Heealth and therapeutic, (4) 
food processing and production, (5) market and 
economics, and (6) challenges and prospects. These 
data were compared and aligned where possible and 
cooperated in a narrative. Where quantitative analyses 
were feasible (i.e., from clinical patterns in the form of 
E niches, compound doses), we provide this details to 
develop a consistent picture. We offer this information 
in the form of text, tables, and figures to improve 
comprehension – for example, Tables 1–4 summarize 
numerical statistics and involving insights, and 
Figures 1–3 visualize key ideas such as supply trends 
and composition breakdowns. Quality Consideration: 
This is a narrative paper, for which the best evidence 
is not targeted. Nonetheless, we focused on study 
design when interpreting health outcomes . For 
preparation and processing, we incorporated only 
source-appropriate references. We have secured and 
referenced the IEEE format on 50 essential sources. 
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These references are undoubtedly written in high-level 
peer-reviewed journals, authoritative expert journals, 
and cretely studies to keep up with the latest 
knowledge update . We preserved and included the 
previous references and added some new ones to reach 
the standard of an article of this quality. All tables and 
figures are inventions of the partner. 
PRISMA Diagram: While we did not conduct a 
complete systematic review, we provide a PRISMA-
like flow diagram that reveals the literatures extraction 
process and describe the reasoning behind choosing 
the resources included in this all-embracing review. 

 
Figure 4: PRISMA flow diagram illustrating the 
literature search and screening process for this review. 
A total of 525 records were identified through database 
searches and other sources. After removing duplicates 
(120) and screening titles/abstracts for relevance (280 
excluded), 125 full-text articles were assessed for 
eligibility. Finally, 50 publications meeting the 
inclusion criteria were included in the qualitative 
synthesis. Note: Reasons for exclusion of full-texts 
included lack of focus on H. sabdariffa (35 studies), 
insufficient data quality (20 studies), or out-of-scope 
outcomes (20 studies). (Adapted from PRISMA 2020 
guidelines). 
9. Conclusion 
In summary, roselle is a versatile bioresource that 
combines traditional medicines and functional meals. 
Crystal-clear evidence suggests how roselle’s 
phytochemical arsenal, especially anthocyanins, 
flavonoids, and organic acids, can be recruited to 
provide antioxidant, anti-hypertension, antidiabetic, 

and anti-inflammation properties. With its growing 
data basis, roselle is recommended to be used to 
control chronic disease risk factors, such as high blood 
pressure and dyslipidaemia, either together with or in 
place of synthetic drugs with a better side-effect 
profile. In addition to health enhancement, roselle can 
be used as natural colorants and preservatives to 
improve food quality and appeal. For example, it can 
be added to ice cream to make it red, cookies to add 
protein and antioxidants, or in meat products to 
prevent oxidation. In short, the product development 
experiment showed that roselle can be utilized in 
various food matrices so that this purple-red sour 
flower from the past could become trendy in 
contemporary cuisine and food processing. Roselle is 
in line with both international timely economic and 
sustainable development trends. Since the market is 
growing as a result of consumer demands for natural 
and healthy products, this product could be beneficial 
for residents of roselle cultivating regions because 
they could enter a lucrative value chain, diversifying 
their crops and increasing income. It is both 
sustainable and aligned with multiple SDGs since it 
fights against hidden hunger by providing natural 
micronutrients; promotes responsible consumption by 
replacing artificial additives, and supports health and 
well-being through herbal therapy. Future research 
may overcome all of the above constraints and 
enhance roselle’s power. Industry-quality roselle raw 
materials can be secured by standardized cultivation 
and post-harvest. Green extraction and processing 
techniques can be used to produce high-potency 
roselle parts in a sustainable manner. Larger clinical 
trials will help to develop dosage guidelines and the 
effectiveness for specific health outcomes – for 
example, the proposed evidence would enable 
nutraceuticals based on roselle products to be 
recommended as an adjunct supplement to 
hypertensive patients, sufferers of idiopathic mild 
hyperlipidaemia, and metabolic syndrome. This 
evidence will also help for health safety authorities to 
approve health claim labels, which will further 
increase confidence for roselle-based products 
consumers. This author concludes that is such a 
confirmatory plant: knowledge acquired and practiced 
by traditional societies over many years that 
corroborated by recent science and validated. New 
findings on the plant’s value proposition should be 
integrated by farmers, food technologists, health 
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agents, and policy-makers. agronomic advances, 
rigorous clinical validation, new food product form 
menus, and dissemination of results on its benefits 
should all progress. If all those steps are taken, roselle 
would be the basis of more nutritionally favorable 
diets-compliant nutrition and become a wonderful 
option for sustainable functional food manufacture, 
which would benefit global markets and health ratios. 
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