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Abstract: Although modern medicine is available in many developing countries, such as the Comoros
Islands, the primary health-care needs of the local population are based on traditional foods and
beverages derived from natural resources and medicinal plants for cultural and historical reasons.
Aphloia theiformis (Vahl) Benn. (‘Mfandrabo’), Cinnamomum verum J.Presl (‘Mani yamdrara’), Ocimum
gratissimum L. (‘Roulé’), Plectranthus amboinicus (Lour.) Spreng. (‘Ynadombwe’), Cymbopogon nardus
(L.) Rendle (‘Sandze monach’) and Ocimum americanum L. (‘Kandza’) are six wild plants that are
largely utilised to treat many diseases. The leaves of these plants are used in the traditional Comorian
tea (aqueous infusion). This study aimed to identify and quantify the main health-promoting
compounds in the traditional formulation of Comorian tea by HPLC profiling together with a
preliminary assessment of antioxidant capacity to confirm the traditional use of these plants by the
local population. The single plants were also studied. The Comoros tea presented a total polyphenolic
content (TPC) of 4511.50 ± 74.41 mgGAE/100 g DW, a value higher than the TPCs of the different
plants included in the Comorian tea. Moreover, the Comorian tea showed an antioxidant capacity
(AOC) of 578.65 ± 6.48 mmol Fe2+/Kg DW, a value higher if compared to all the AOC values obtained
in the single plants. The polyphenolic fraction (771.37 ± 35.76 mg/100 g DW) and organic acids
(981.40 ± 38.38 mg/100 g DW) were the most important phytochemical classes in the Comorian
tea (40.68% and 51.75% of the total phytocomplex, respectively), followed by the monoterpenes
(5.88%) and vitamin C (1.67%), while carotenoids were detected in trace (0.02%). The Comorian
tea could be important in meeting the high demand in the Comoros Islands and other developing
countries for cost-effective and natural health-promoting foods and/or beverages to be produced by
agri-food industries and used by the local population. This study may promote traditional foods in
rural communities in the Comoros Islands and contribute to sustainable rural development and a
commercial valorisation of these plants for health-promoting and food applications.

Keywords: traditional herbal tea; Comoros Islands; phenolic compounds; antioxidants; HPLC;
agrobiodiversity; sustainable use of natural resources

1. Introduction

Natural resources are utilised extensively by food and pharmaceutical industries to
develop, synthesise, and produce functional foods, drugs, fragrances, food supplements,
and cosmetics. Indeed, many licensed foods and drugs (about 40%) are derived from
plants [1]. Medicinal plants are the most important materials for traditional food and
medicine, and more than 3.3 billion people in developing countries regularly use medicinal
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plants [2]. During the last decade, traditional health-promoting systems have become
a topic of global importance. The worldwide plant food and herbal drug markets are
increasing, and they are estimated to be about $60 billion/year (7% of annual growth) [3].

Although modern medicine is available in many developing countries, such as the
Comoros Islands, the primary healthcare needs of the local population are based on tradi-
tional foods and beverages derived from natural resources and medicinal plants for cultural
and historical reasons. The main challenge for commercial food and herbal companies is
now to meet the increasing demand for natural resources and relative derived products
because they can provide employment and encourage exports in developing countries
poor in other resources, like minerals or oils [4]. Even if plants provide opportunities to
quickly obtain profits thanks to their harvesting and selling, large-scale deforestation and
absence of regulation in plant cultivation and use may contribute towards unsustainable
health-promoting plant utilisation. Moreover, although indigenous plants are very im-
portant for livelihoods and health, few economic resources have been invested to assess
their conservation status or to develop effective tools for ensuring more sustainable and
equitable plant utilisation practices. For this reason, governments, as well as local, regional
and international companies, should be encouraged to study new sustainable approaches
to help resource managers, collectors, industry and other stakeholders [5]. Indeed, produc-
tion and processing of natural resources and plants may be an interesting opportunity for
small and medium enterprises (SME) as they do not require huge investments (capitals or
machinery) and may also be environmentally friendly [3].

Comoros is an archipelago composed of four islands located in the Mozambique
Channel, between the African coast and north-western Madagascar, about 300 km off the
eastern coast of Africa. The islands from northwest to southeast include Grande Comore
(N’gazidja), Mohéli (Mwali), Anjouan (Ndzuwani), and Mayotte (Mahore) [6]. Its plant
biodiversity is estimated at more than 2000 species. In the last decades, rapid deforestation
caused mainly by domestic firewood consumption reduced the islands’ forested land, and
now about one-sixth of the land remains covered with forests [7]. In any case, aromatic
and medicinal plants (e.g., frangipani, jasmine and lemongrass) strongly characterise
these islands [8].

In Comoros, most of the population (more than two-thirds) currently live in rural
areas with an economy based on subsistence fishing and agriculture. A lack of good
health infrastructure, infant mortality, poverty and no access to the modern healthcare
and food security system are the main issues for the Comorian population. Less than half
of the population has access to safe drinking water, and parasitic infestation is prevalent.
Other serious illnesses are malaria, cholera, tuberculosis and, to a lesser extent, leprosy
and AIDS [9]. For centuries, they have formed and based their health-care system on
healers, natural products and traditional medicine derived from African Bantu and Arab-
Muslim medicine and culture [6,10], even though little written information exists about the
traditional medicinal plants used.

Aphloia theiformis (Vahl) Benn. (‘Mfandrabo’), Cinnamomum verum J. Presl (‘Mani
yamdrara’), Ocimum gratissimum L. (‘Roulé’), Plectranthus amboinicus (Lour.) Spreng.
(‘Ynadombwe’), Cymbopogon nardus (L.) Rendle (‘Sandze monach’) and Ocimum ameri-
canum L. (‘Kandza’) are six wild plants [11] that are largely utilised to treat many diseases
(e.g., diarrhoea, gynaecological and digestive problems, ulcers, diabetes and intestinal
parasites) thanks to their anti-inflammatory, antibacterial, antifungal, antispasmodic and
antioxidant properties [12–14]. The leaves of these plants are used in the traditional Como-
rian tea (aqueous infusion). After the harvest, the leaves of all the plants are washed and
mixed by cutting them into small pieces and finally they are spread out on mats for drying
to avoid humidity. Normally, about 0.8–1.0 g for each plant are used. Just after drying,
the powder of the mixed dried plants (in total, about 5 g in 200 mL of water) is utilised to
prepare the Comorian tea [15,16]. African, Malagasy and Indian populations contribute to
the final Comorian tea formulation thanks to their relative knowledge and experience on
medicinal plants and preparation methods (e.g., infusion or decoction). The composition
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of Comorian tea varies depending on the islands in the Comorian archipelago. Sometimes,
people prefer a spicier tea (addition of ginger) or a sweeter version (no addition of specific
bitter-taste plants such as large thyme and basil). It is also possible to add flowers of other
species (e.g., Hibiscus spp. or Jasminum spp.) [17]. However, tea is the second most con-
sumed beverage thanks to its health-promoting properties [18]. Tea’s biological activity is
mainly due to the synergistic and additive bioactivity of phytochemicals, such as phenolic
acids and flavonoids [19]. For this reason, the quantification of total and single bioactive
compounds is very important so that they may be correlated with the health-promoting
properties of tea.

This study aimed to identify and quantify the main health-promoting compounds
in the traditional formulation of Comorian tea by HPLC fingerprinting together with a
preliminary assessment of antioxidant capacity to confirm the traditional use of these plants
by the local population. Moreover, the identification and quantification of the selected
bioactive substances may be useful to support traditional Comorian tea as a potential source
of bioactive compounds. This study may promote traditional foods in rural communities
in the Comoros Islands and contribute to sustainable rural development and a commercial
valorisation of these plants for medicinal and food applications [20].

2. Materials and Methods
2.1. Plant Material

Eighteen different plant species were harvested for their use in the traditional Como-
rian food and medicine. Six plants were then selected and analysed for their use in the
traditional Comorian tea. For this reason, the investigated material consisted of leaves
from six plant species (Figure 1) that constitute the traditional Comorian tea (Aphloia
theiformis (Vahl) Benn.—C2, Cinnamomum verum J. Presl—C12, Ocimum gratissimum L.—
C6, Plectranthus amboinicus (Lour.) Spreng.—C7, Cymbopogon nardus (L.) Rendle C4 and
Ocimum americanum L.—C5). Moreover, the leaves of these plants were sun-dried for
few days, minced and mixed (about 0.8–1.0 g of leaves for each plant are used) and an
aqueous infusion (in total, about 5 g in 200 mL of water at 80 ◦C for 10 minutes) has
been prepared in accordance with the traditional preparation of the Comoros tea and then
analysed. Plant material was collected in 2019 by the local researchers and technicians of
the Coopérative et Mutuelle des Comores pour le Développement (CODCOM) in Moroni,
Comoros Islands. CODCOM is a non-governmental organisation aimed to reduce poverty
in countries of the Indian Ocean such as the Comoros Islands. Plants were identified by
Dr Toilibou Soifoini, confirmed by Dr Andilyat Mohamed, and registered at the National
Herbarium, University of the Comoros. The voucher numbers for the considered plants are:
AND47HKM for Aphloia theiformis (Vahl) Benn; AND509HKM for Cinnamomum verum J.
Presl; ADN500HKM for Ocimum gratissimum L.; AND504HKM for Plectranthus amboinicus
(Lour.) Spreng.; AND814HKM for Cymbopogon nardus (L.) Rendle; and AND497HKM for
Ocimum americanum L. The collected plant material was stored in a dark place at 4 ◦C and
95% R.H. (relative humidity) and then dried before being ground.

2.2. Analytical Protocols and Methods

A description of the reagents, chemicals, methods and techniques utilised for bioactive
compound extraction and chromatographic analysis of plant material is detailed in the
Supplementary Material (Tables S1 and S2). The same analyses were performed on the
aqueous infusion and the extracts of single plants. The plant specimens of the same lot
were used for all the analyses of the mixture and the individual plants.

2.2.1. Spectrophotometric Analysis

The Folin-Ciocalteu method [21,22] was utilised to measure the total polyphenolic
content (TPC); results were expressed as milligrams of gallic acid equivalents (GAE) per
100 g of dried weight (DW). The Ferric Reducing Antioxidant Power (FRAP) assay [23]
was used to evaluate the antioxidant capacity (AOC); results were expressed as millimoles
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of ferrous iron (Fe2+) equivalents per kilogram of DW. Gallic acid was used to obtain a
standard calibration curve (SCC) at a concentration range of 0.02–0.1 mg/mL for TPC,
while FeSO4·7H2O was utilised for the SCC at a concentration range of 100–1000 mmol/L
for AOC.

TPC and AOC were evaluated by a UV/Vis single-beam spectrophotometer (1600-PC,
VWR International, Milan, Italy).

Figure 1. The leaves of the six plant species used in the traditional Comorian tea.

2.2.2. Chromatographic Analysis

The compound separation was carried out by an Agilent 1200 HPLC-UV/Vis Diode
Array Detector (Agilent Technologies, Santa Clara, CA, USA).

A Kinetex C18 column (4.6 × 150 mm, 5 µm, Phenomenex, Torrance, CA, USA)
was utilised to perform the chromatographic separations. Plant material was analysed by
several chromatographic protocols, previously described and validated by Donno et al. [24],
with some modifications. Identification and quantification of selected peaks were carried
out by scanning specific wavelengths from 190 to 600 nm.

This study is preliminary research for the evaluation of phytochemical composition
of the Comorian tea. In this study total phytocomplex was considered rather than single
specific compounds. For this reason, phytocomplex was evaluated by selecting the most im-
portant biomolecules based on literature and comparing spectroscopic data and retention
times with authentic external standards following the “multi-marker approach” (MMA) by
Mok and Chau [25]. Compounds were selected for their demonstrated synergistic and addi-
tive health-promoting activity in humans. Currently, plant material is mainly characterised
by evaluating the concentration of few biomarker substances (“marker approach”—MA).
Because biological properties are due to the synergistic action of many molecules, the MMA
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used in this study is the natural extension of the MA. It uses many identified biologically
active compounds to represent a whole sample in complex systems or matrices. Due to a
very high amount of potentially active biomolecules, it is very difficult to estimate all the
bioactive compounds; for this reason, the phytocomplex is evaluated as the sum of the most
important substances selected for their biological activity. For further studies, it will be
important to add more markers and in particular select specific markers for each considered
plant that constitute the Comorian tea (e.g., mangiferin in A. theiformis, rosmarinic acid
in P. amboinicus, eugenol in C. verum and Ocimum spp.). In this research, the fingerprint
evaluation was performed by selecting four polyphenolic classes. Levels of carotenoids,
monoterpenes, vitamin C, and organic acids were studied as well. Results were expressed
as mg/100 g of dried weight (DW), except for carotenoids (expressed as µg/g of DW).

2.3. Statistical Analysis

A one-factor ANOVA test was utilised to evaluate data, expressed as mean value ± stan-
dard deviation (SD); the mean values were compared by using Tukey’s HSD post-hoc
comparison test at p < 0.05 (N = 3). Different letters following the Tukey test were used to
highlight statistically significant differences (p < 0.05). The correlation index was evaluated
with Pearson’s coefficient (r) at p < 0.05.

A principal component analysis (PCA) was carried out on a data matrix including
18 rows (three repetitions for six samples) and 10 fields. The PCA was only performed on
the extracts of single plants. Such variables included the content of eight chemical classes:
CA (cinnamic acids), FL (flavonols), BE (benzoic acids), CAT (catechins), MO (monoter-
penes), OA (organic acids), VC (vitamin C), CAR (carotenoids), TPC (total polyphenol
content) and AOA (antioxidant activity). A second PCA was performed on a data matrix
including the same 18 rows (three repetitions for six samples) and 34 fields. In this case,
the selected variables included all the bioactive compounds together with TPC and AOC.
The Bartlett’s test of sphericity was carried out, and the Kaiser-Meyer-Olkin (KMO) index
was calculated from the data matrix [26,27]. The two data matrices were centred and
column-wise scaled, and then the relative cell values were transformed into Z-scores [28].
Varimax rotation of the principal axes was applied to the data matrices. The number of
principal components (PCs) was selected considering at least 50% of the total variance. The
plots with the loadings of all the chemical variables in the PC planes were used to show
the association between the selected chemical variables and the obtained PCs [26,27].

All the statistical calculations were carried out by IBM SPSS Statistics 22.0 (IBM,
Armonk, NY, USA).

3. Results and Discussion

A sustainable rural development is one of the main challenges for the next years.
Energy, malnutrition in children, and micronutrient deficiencies (e.g., vitamin deficiency
and nutritional anaemias) are important public health issues influencing productivity, intel-
lectual development, and maternal/infant health in rural areas as Comoros Islands, despite
an abundance of often underexploited plant species, grown in seminatural conditions,
with high health-promoting properties thanks to their bioactive compound composition.
The characterization of potential innovative functional foods and their nutritional and
nutraceutical traits could be an example of biodiversity integration and conservation to
valorise a food production and raise income for the population and the agri-food industry.
The advances in food production can be important in poverty reduction and deserve greater
attention in sustainable rural development.

For this reason, this research was focused on the evaluation of phytochemical com-
position of the Comorian tea. Specific extraction solution was prepared to evaluate the
effective composition of single plants, while aqueous infusion was used to evaluate the
phytochemicals in the traditional beverage used by local population. The analyses on aque-
ous infusion allowed to determine the quality and the quantity of bioactive compounds
that are extracted by population with the traditional tea. This approach may define the po-
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tential for a better nutrition, maintenance of biodiversity, and environmentally sustainable
food systems.

3.1. Antioxidant Capacity and Phytochemical Composition of the Comorian Tea

The phytochemical composition (polyphenolic compounds, monoterpenes, vitamin
C, organic acids, and carotenoids), total polyphenolic content (TPC), and the antioxidant
capacity (AOC) of the Comorian tea were defined by spectrophotometric and chromato-
graphic analysis. The results were reported in Table 1.

Table 1. Total phenolics (TPC), antioxidant capacity (AOC) and phytochemical composition of the Comorian tea.

Comorian Tea

Mean Value SD Units

Total polyphenolic content TPC 4511.50 74.41 mgGAE/100 g DW
Antioxidant capacity AOC 578.65 6.48 mmol Fe2+/Kg DW

Cinnamic acids

caffeic acid 2.16 0.43

mg/100 g DWchlorogenic acid 151.94 2.33
coumaric acid 102.02 12.82

ferulic acid 48.47 6.29

Flavonols

hyperoside 44.67 4.15

mg/100 g DW
isoquercitrin n.d. /

quercetin 199.64 6.49
quercitrin n.d. /

rutin 75.52 3.54

Benzoic acids
ellagic acid 125.70 5.27 mg/100 g DW
gallic acid n.d. /

Catechins
catechin n.d. / mg/100 g DW

epicatechin 21.25 0.34

Monoterpenes

limonene n.d. /

mg/100 g DW
phellandrene 12.45 0.34

sabinene 5.14 0.94
γ-terpinene 83.96 5.26
terpinolene 9.96 0.66

Organic acids

citric acid 94.63 1.35

mg/100 g DW

malic acid 7.34 0.20
oxalic acid 135.66 1.66
quinic acid 69.13 2.54

succinic acid 633.10 32.27
tartaric acid 41.53 1.08

Vitamin C
ascorbic acid 19.24 0.15 mg/100 g DW

dehydroascorbic acid 12.42 0.12

Carotenoids

α-carotene n.d. /

µg/g DW

β-carotene 1.93 0.56
β-cryptoxanthin 1.55 0.37

lutein 0.25 0.08
lycopene n.d. /

zeaxanthin 0.23 0.04

GAE = gallic acid equivalent; DW = dried weight; SD = standard deviation.

In this research, the Folin-Ciocalteu method used for TPC evaluation showed that the
Comoros tea presented a TPC of 4511.50 ± 74.41 mgGAE/100 g DW, a value statistically
higher (F = 230.838; P(F) = 3.55E-13; p < 0.05) than the TPCs of the different plants included
in the Comorian tea. Moreover, the Ferric Reducing Antioxidant Power (FRAP) assay
was used to evaluate the antioxidant capacity of the Comorian tea in comparison to the
single plants used to prepare it. The Comorian tea showed an AOC of 578.65 ± 6.48 mmol
Fe2+/Kg DW, a value statistically higher (F = 3227.498; P(F) = 1.35E-21; p < 0.05) if compared
to all the AOC values obtained in the single plants (Table 2).
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Table 2. Total phenolics (TPC) and antioxidant capacity (AOC) of the analysed plant species that constitute the Comorian tea.

Total Polyphenolic Content Antioxidant Capacity

Species ID TPC AOC

(mgGAE/100 g DW) (mmol Fe2+/Kg DW)

mean value SD Tukey mean value SD Tukey

Aphloia theiformis C2 3281.65 159.86 c 327.65 2.94 f
Cymbopogon nardus C4 1021.88 47.75 a 197.41 6.55 d
Ocimum americanum C5 695.37 37.91 a 135.19 1.52 a
Ocimum gratissimum C6 1958.94 370.64 b 186.33 1.94 c

Plectranthus amboinicus C7 950.96 31.01 a 173.20 3.80 b
Cinnamomum verum C12 3925.23 220.70 d 316.62 4.22 e

Mean value and standard deviation (SD) of each sample are given (N = 3). Different letters for each class indicate the significant differences
at p < 0.05. Each letter represents a different statistical group. GAE = gallic acid equivalent; DW = dried weight.

The contribution of all the bioactive classes to the total phytocomplex of the Comorian
tea was evaluated by grouping the selected phytochemicals into the following classes:
polyphenolic compounds (as the sum of cinnamic acids, flavonols, benzoic acids and
catechins), monoterpenes, organic acids, vitamin C, and carotenoids (mean values were
considered) (Figure 2).

Figure 2. Amounts of all the considered bioactive classes in the Comorian tea. The mean value and standard deviations are
given (N = 3). DW = dried weight.

The polyphenolic fraction (771.37 ± 35.76 mg/100 g DW) and organic acids
(981.40 ± 38.38 mg/100 g DW) were the most important phytochemical classes in the
Comorian tea (40.68% and 51.75% of the total phytocomplex, respectively), followed by
the monoterpenes (5.88%) and vitamin C (1.67%), while carotenoids were detected in trace
(0.02%). These results confirmed that the synergistic use of a mix of different species
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to prepare a tea or other hot drink (infusion and decoction) allow improvement of its
health-promoting composition compared with a beverage obtained from a single plant, as
reported in other studies [19,29].

Within the polyphenolic group, flavonols and cinnamic acids were the most important
classes (with mean values of 41.46% and 39.49%, respectively), followed by benzoic acids
(with a mean value of 16.30%). Catechins were detected in low quantities (2.75%). In particu-
lar, chlorogenic acid (151.94 ± 2.33 mg/100 g DW), quercetin (199.64 ± 6.49 mg/100 g DW),
and ellagic acid (125.70 ± 5.27 mg/100 g DW) represented the most abundant phenolics in
the Comorian tea.

3.2. Total Phenolics and Antioxidant Capacity of the Individual Plants That Constitute the
Comorian Tea

The antioxidant properties and phenolic compounds are often correlated in plants be-
cause of the action of phenolics as electron donors in free radical reactions [30]. In this
research, the Folin-Ciocalteu method for TPC evaluation was used to show that there are
significant differences (p < 0.05) in the TPCs of the different plants included in the present
study. The TPCs of the extracts ranged from 695.37 ± 37.91 (Ocimum americanum, C5) to
3925.23 ± 220.70 mgGAE/100 g DW (Cinnamomum verum, C12), with Aphloia theiformis (C2) and
Ocimum gratissimum (C6) showing intermediate values (3281.65 ± 159.86 mgGAE/100 g DW
and 1958.94 ± 370.64 mgGAE/100 g DW, respectively), followed by Cymbopogon nardus and
Plectranthus amboinicus (Table 2). These values were similar to or higher than other similar
studies confirming these plants as a good source of phenolic compounds for Comorian
people [31–33].

Reactive oxygen species (ROS) present a very important role in age-related and ageing
diseases. For this reason, the consumption of antioxidants as food supplements may slow
the ageing process [34]. In this study, a preliminary evaluation of the antioxidant capacity
of the six analysed plants was performed based on the FRAP screening assay. The mech-
anism involved in the FRAP assay is to measures the production of Fe(II) from Fe(III) at
595 nm. The presence of a high antioxidant capacity results in the appearance of an intense
purplish-blue colour [35]. Although the FRAP protocol is an in vitro chemical-based assay
with little application in biological systems (antioxidant action includes up-regulation
of detoxifying enzymes and antioxidant compounds, modulation of redox cell signaling
and gene expression, and it is not limited to scavenging free radicals), many studies in
the scientific literature highlighted that it may show the potential of a plant material as
inhibitor of a target-molecule oxidation; this chemical-based method is useful for screening,
it is low cost, high-throughput and yields an index value (expressed as ferrous iron equiva-
lents) that allows ordering and comparing several materials to test the antioxidant power
of natural products [36,37]. In any case, there are many oxidative-stress biomarkers to
investigate and define the antioxidant capacity as shown by Frijhoff et al. [38]. In this study,
Aphloia theiformis (C2) and Cinnamomum verum (C12) extracts were found to have the most
antioxidants, with FRAP mean values of 327.65 ± 2.94 and 316.62 ± 4.22 mmol Fe2+/Kg
DW, respectively, while the other plants showed lower AOC values (about 130–200 mmol
Fe2+/Kg DW) in accordance with other studies [39,40]. The AOC mean values were com-
pared by using Tukey’s HSD post-hoc comparison test at p < 0.05, and significant statistical
differences were observed among all the plant extracts (each plant constituted a statistically
independent group). Moreover, the antioxidant results were in a very good correlation
with the TPC values (r = 0.93) confirming that the strong antioxidant properties of these
plants are mainly due to the high phenolic amounts [8,10]. However, evaluating the direct
correlation between total phenolics and the antioxidant capacity together with the contri-
bution of all other antioxidant compounds may be very difficult due to the additive and
synergistic interaction and combination among the several health-promoting substances
(phytocomplex). Indeed, each antioxidant molecule could improve the potential of the
others, and this action may influence the total response [41]. This additive effect may
explain the statistically significant differences among the antioxidant capacities of the
different analysed plants; therefore, plants with the highest values of vitamin C and total
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phenolics did not always present the highest values of antioxidant capacity. Moreover,
the antioxidant capacity of the mixture of these plants (the Comorian tea) showed a very
strong correlation with cinnamic acids (r = 0.98), flavonols (r = 0.99), benzoic acids (r = 0.94),
catechins (r = 0.98), organic acids (r = 0.92), and vitamin C (r = 0.99).

3.3. Phytochemical Composition of the Individual Plants That Constitute the Comorian Tea

The phytochemical composition (polyphenolic compounds, monoterpenes, vitamin C,
organic acids, and carotenoids) of the six plant species, the main constituents of Comorian
tea, was defined by HPLC-DAD analysis based on 32 biomarkers. The contribution of all
the bioactive classes to the total phytocomplex for each plant was evaluated by grouping
the selected phytochemicals into the following classes: polyphenolic compounds (as the
sum of cinnamic acids, flavonols, benzoic acids and catechins), monoterpenes, organic
acids, vitamin C, and carotenoids (mean values were considered) (Figure 3).

Figure 3. Evaluation of the contribution of each bioactive class to the total phytocomplex for each used plant based on the
selected phytochemical classes. The mean value of each analysed sample is given (N = 3). The colours identify the different
phytochemical classes: Aphloia theiformis (Vahl) Benn.—C2, Cinnamomum verum J. Presl—C12, Ocimum gratissimum L.—C6,
Plectranthus amboinicus (Lour.) Spreng.—C7, Cymbopogon nardus (L.) Rendle C4, Ocimum americanum L.—C5.

Within the polyphenolic group, flavonols and cinnamic acids were the most important
classes (with mean values of 46% and 28%, respectively), followed by benzoic acids (with a
mean value of 21%). Catechins were detected in low quantities (0.1–12%). In particular,
C. nardus (C4), O. americanum (C5), and O. gratissimum (C6) mainly contributed to flavonols
(85.8%, 60.1%, and 72.2%, respectively), while A. theiformis (C2) and P. amboinicus (C7)
provided a specific contribution to cinnamic acids (46.6% and 55.42%, respectively) as
reported in other studies [10,12]. Benzoic acids were primarily derived from A. theiformis
(C2) and C. verum (C12) with values of 38.0% and 52.6%, respectively. The main contribution
to catechins was due to A. theiformis (C2) with a mean value of 11.5%, while the other plants



Sustainability 2021, 13, 5815 10 of 21

provided a lower contribution (about 0.1–5% for each plant). These results confirmed
the high health-promoting value of the plants used in the Comorian tea, in particular
A. theiformis, as reported in other similar studies [31,39,42]. In Figure 4 the amounts of each
phenolic class for all the analysed plants were reported.

Figure 4. Phenolic composition of the individual plants that constitute the Comorian tea based on the selected phytochemical
classes. The mean value of each analysed sample is given (N = 3). Different letters for each class indicate the significant
differences at p < 0.05. The colours identify the different polyphenolic classes.

Flavonols were the main phenolics in the analysed plants, except in A. theiformis (C2),
followed by phenolic acids with great variability among the species (Table 3). O. gratissi-
mum (C6) displayed the highest flavonol levels (775.68 ± 3.21 mg/100 g DW), in particular
quercetin (511.21 ± 0.96 mg/100 g DW) and hyperoside (121.13 ± 0.48 mg/100 g DW) as re-
ported in other studies [43,44]. This value was higher than the average of the other species,
as confirmed by Tukey’s test (p < 0.05). Flavonols show important health-promoting prop-
erties in humans because they may inhibit in vitro oxidation of low-density lipoproteins
and cyclooxygenase and modulate the metabolism of arachidonic acid. Moreover, they
may attenuate inflammation and quench active oxygen species inhibit [45,46].

A. theiformis (C2) showed high content of catechins (Table 4), which was represented
mainly by (+)-catechin (73.76 ± 1.41 mg/100 g DW) and (-)-epicatechin (27.75 ± 0.98 mg/
100 g DW), confirming the results reported by similar studies [29,39]. In the other plants,
catechins were mainly characterised by epicatechin (about 15–60 mg/100 g DW), except for
C. verum (C12) that only showed catechin in trace amounts (<1 mg/100 g DW). The quantifi-
cation of catechins is very important because these molecules may inhibit (i) cyclooxygenase
enzymes, (ii) proliferation of human cancer cell lines, and (iii) lipid peroxidation [47].
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Table 3. Flavonols in the analysed plant material.

Flavonols

Species ID Hyperoside Isoquercitrin Quercetin Quercitrin Rutin

(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)

mean
value SD mean

value SD mean
value SD mean

value SD mean
value SD

Aphloia theiformis C2 n.d. / 8.30 0.51 n.d. / 26.56 1.49 n.d. /
Cymbopogon nardus C4 151.33 0.63 53.38 0.47 n.d. / 184.16 1.48 180.83 0.68
Ocimum americanum C5 192.46 0.61 n.d. / 248.82 1.39 75.82 1.47 7.71 0.58
Ocimum gratissimum C6 121.13 0.48 70.36 0.39 511.21 0.96 72.98 1.43 n.d. /

Plectranthus amboinicus C7 n.d. / n.d. / 225.69 1.23 90.26 1.44 n.d. /
Cinnamomum verum C12 n.d. / 2.21 0.49 102.95 1.29 6.73 1.57 10.38 0.68

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW. DW = dried weight.
n.d. = not detected.

Table 4. Levels of catechins in the analysed species.

Catechins

Species ID (+)-Catechin (−)-Epicatechin

(mg/100 g DW) (mg/100 g DW)

mean value SD mean value SD

Aphloia theiformis C2 73.76 1.41 27.75 0.98
Cymbopogon nardus C4 n.d. / 15.97 0.98
Ocimum americanum C5 n.d. / 42.51 0.98
Ocimum gratissimum C6 n.d. / 62.56 0.85

Plectranthus amboinicus C7 n.d. / 31.30 0.94
Cinnamomum verum C12 0.70 0.16 n.d. /

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW.
DW = dried weight. n.d. = not detected.

Chlorogenic, coumaric and ferulic acids were quantified in almost all the plants, in par-
ticular in A. theiformis (C2) and P. amboinicus (C7), as shown in Table 5. Caffeic acid was only
detected in Aphloia theiformis (C2), C. nardus (C4), and C. verum (C12) (2–8 mg/100 g DW).
Cinnamic acids (such as caffeic acid) can inhibit or reduce thrombotic tendency, as reported
in several studies [46,48].

Table 5. Levels of catechins in the analysed species.

Cinnamic acids

Species ID Caffeic Acid Chlorogenic Acid Coumaric Acid Ferulic Acid

(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)

mean
value SD mean

value SD mean
value SD mean

value SD

Aphloia theiformis C2 2.61 0.06 96.94 0.31 46.17 0.47 265.19 1.35
Cymbopogon nardus C4 3.99 0.07 n.d. / 2.15 0.43 31.52 1.37
Ocimum americanum C5 n.d. / 135.07 0.28 50.48 0.47 n.d. /
Ocimum gratissimum C6 n.d. / 114.40 0.29 13.12 0.40 n.d. /

Plectranthus amboinicus C7 n.d. / 131.43 0.26 53.55 0.47 325.72 1.33
Cinnamomum verum C12 7.46 0.07 119.18 0.30 43.70 0.49 n.d. /

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW. DW = dried weight.
n.d. = not detected.

Ellagic acid was the most abundant molecule in the class of benzoic acids (Table 6), in
particular in A. theiformis (C2) and C. verum (C12) with mean values of 324.60 ± 2.32 mg/
100 g DW and 325.01 ± 2.27 mg/100 g DW, respectively, while gallic acid showed lower
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amounts (<10 mg/100 g DW). Benzoic acids are very important molecules for human
well-being due to their many health-promoting properties, such as anti-inflammatory,
anticancer, anti-HIV replication, antihepatotoxic and anti-atherosclerotic capacities [49].
These results are useful to confirm the traditional use of these plants because they showed
a complementary composition that may potentially contribute to the health-promoting
synergistic and additive effects on Comorian people.

Table 6. Amounts of benzoic acids in the analysed plants.

Benzoic acids

Species ID Ellagic Acid Gallic Acid

(mg/100 g DW) (mg/100 g DW)

mean value SD mean value SD

Aphloia theiformis C2 324.60 2.32 10.14 0.28
Cymbopogon nardus C4 39.35 2.32 1.50 0.28
Ocimum americanum C5 119.84 2.33 n.d. /
Ocimum gratissimum C6 108.55 2.01 n.d. /

Plectranthus amboinicus C7 63.50 2.25 n.d. /
Cinnamomum verum C12 325.01 2.27 n.d. /

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW.
DW = dried weight. n.d. = not detected.

The analysed species also presented a good content of monoterpenes (Table 7) and
vitamin C (Table 8). Monoterpenes are bioactive substances used extensively for their
aromatic properties combined with their anti-inflammatory and antioxidant activities [50].
Most of these compounds also shows antitumor and antibacterial capacity [51]. A. theiformis
(C2) and C. nardus (C4) showed high contents of monoterpenes (400–700 mg/100 g DW).
Limonene was the predominant compound and reached quantities of 635.61 ± 16.02 mg/
100 g DW in C. nardus (C4). High limonene amounts were also found in the O. americanum
(C5) and P. amboinicus (C7) (about 200 mg/100 g DW). γ-terpinene was detected in high
quantities, in particular in A. theiformis (C2) (261.02 ± 3.98 mg/100 g DW) and C. verum
(C12) (181.28 ± 2.30 mg/100 g DW), similar to other studies [32,42]. The literature reported
a chemopreventive action of monoterpenes against rodent mammary, lung, forestomach
skin and liver cancers [52]. Phellandrene, sabinene and terpinolene were also quantified
but at lower contents (<15 mg/100 g DW).

Table 7. Monoterpenes in analysed plant material.

Monoterpenes

Species ID Limonene Phellandrene Sabinene γ-Terpinene Terpinolene

(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)

mean
value SD mean

value SD mean
value SD mean

value SD mean
value SD

Aphloia theiformis C2 196.42 14.37 13.78 0.36 n.d. / 261.02 3.98 n.d. /
Cymbopogon nardus C4 635.61 16.02 n.d. / 11.78 0.14 n.d. / 4.93 0.14
Ocimum americanum C5 192.73 19.82 14.23 0.32 n.d. / 87.65 4.09 n.d. /
Ocimum gratissimum C6 160.59 10.06 12.40 0.30 n.d. / 70.42 2.54 n.d. /

Plectranthus amboinicus C7 194.16 6.19 n.d. / 6.87 0.17 n.d. / 6.62 0.09
Cinnamomum verum C12 n.d. / 7.77 0.44 n.d. / 181.28 2.30 3.60 0.05

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW. DW = dried weight.
n.d. = not detected.
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Table 8. Vitamin C in the Comorian tea.

Vitamin C

Species ID Ascorbic Acid Dehydroascorbic Acid

(mg/100 g DW) (mg/100 g DW)

mean value SD mean value SD

Aphloia theiformis C2 16.19 0.59 2.68 0.39
Cymbopogon nardus C4 17.60 0.28 4.78 1.73
Ocimum americanum C5 18.79 1.41 16.48 0.94
Ocimum gratissimum C6 12.12 0.10 9.59 1.45

Plectranthus amboinicus C7 15.71 0.34 8.25 0.88
Cinnamomum verum C12 16.73 0.20 5.06 2.53

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW.
DW = dried weight. n.d. = not detected.

For vitamin C quantification (Table 8) ascorbic and dehydroascorbic acids were con-
sidered due to their health-promoting activity in human beings, as reported in other
studies [41,53]. The maximum vitamin C value was detected in O. americanum (C5) (about
35 mg/100 g DW), followed by P. amboinicus (C7), while the minimum content was quanti-
fied in A. theiformis (C2) (about 19 mg/100 g DW). These results were comparable to the
values reported in Light (2004) [14] and confirmed that these plants may be a good source
for vitamin C uptake even if the tea preparation method could reduce these amounts before
ingestion by local people.

Large differences (p < 0.05) in organic acid content values (Table 9) were detected
among the analysed species. High levels of organic acids were observed in C. nardus
(C4) (about 1050 mg/100 g DW), while O. gratissimum (C6) showed the lowest values
(<30 mg100 g DW). Citric acid showed the highest values in A. theiformis (C2) and C. nardus
(C4) (231.44 ± 2.43 mg/100 g DW and 164.16 ± 2.44 mg/100 g DW, respectively), while
succinic acid was the most abundant organic acid in C. nardus (C4) and O. americanum (C5)
(847.02 ± 2.79 mg/100 g DW and 337.86 ± 2.81 mg/100 g DW, respectively), as reported
by similar studies [10,17]. Oxalic and quinic acids were only identified in A. theiformis (C2)
with values of 131.06 ± 1.83 mg/100 g DW and 21.00 ± 3.19 mg/100 g DW, respectively,
while tartaric acid was detected in all the plants (8–65 mg/100 g DW), except O. americanum
(C5). Malic acid was only detected in A. theiformis (C2) and P. amboinicus (C7) in low
amounts (<30 mg/100 g DW). These results were similar to previous studies [12,14,54],
but some differences were observed probably due to the intrinsic characteristics of the
considered species and the effect of (i) sample storage, (ii) extraction technique and (iii)
drying treatment applied during the sample preparation [17,55,56]. Previous studies
showed that organic acids may possess biological activity in enhancing the bioavailability of
phenolics [57] and they may interfere in the reduction of reactive oxygen species (ROS) [58].
Moreover, an interaction was demonstrated between the main organic acids and ascorbic
acid; in particular, these compounds, even if not directly involved in the free-radical
scavenging action, could influence the antioxidant capacity of vitamin C [59]. These results
(high amounts of antioxidant compounds, such as phenolics and vitamin C, together with
adequate levels of organic acids and other molecules with antiradical properties) support
the traditional use of these plants as a source of antioxidants for the local population in the
Comoros Islands.

Six carotenoids have been considered in the analysed plants (Table 10). α-carotene,
β-carotene and β-cryptoxanthin act as provitamin A in the human organism, while lutein,
lycopene and zeaxanthin are not characterised by a provitamin A activity [24]. β-carotene
was the most important carotenoid in Ocimum spp. (2.68 ± 0.29 µg/g DW for C5 and
1.29 ± 0.06 µg/g DW for C6), together with C. verum (C12) with about 2 µg/g DW.
A. theiformis (C2) and P. amboinicus (C7) showed lower levels (<1 µg/g DW). Ocimum
spp. (C5 and C6) also showed high contents of β-cryptoxanthin (>2 µg/g DW), lutein
(1–2 µg/g DW), and zeaxanthin (1–2 µg/g DW), confirming the results reported in the
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literature [60,61]. α-carotene (from 0.3 to 0.7 µg/g DW) and lycopene (from 0.3 to 0.4 µg/g
DW) were only detected in P. amboinicus (C7) and C. verum (C12). Lycopene is an an-
tioxidant carotenoid, but it does not show vitamin A activity. Antioxidant properties of
lycopene are often involved in the cellular protection system from reactive nitrogen (RNS)
and reactive oxygen (ROS) species, reducing cardiovascular diseases risk (CVD) in the
human organism [62].

Table 9. Levels of organic acids in the analysed species.

Organic Acids

Species ID Citric Acid Malic Acid Oxalic Acid Quinic Acid Succinic Acid Tartaric Acid

(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)

mean
value SD mean

value SD mean
value SD mean

value SD mean
value SD mean

value SD

Aphloia theiformis C2 231.44 2.43 29.01 1.83 131.06 0.40 21.00 3.19 19.45 2.79 47.82 1.40
Cymbopogon nardus C4 164.16 2.44 n.d. / n.d. / n.d. / 847.02 2.79 35.99 1.40
Ocimum americanum C5 11.71 2.44 n.d. / n.d. / n.d. / 337.86 2.81 n.d. /
Ocimum gratissimum C6 17.68 2.11 n.d. / n.d. / n.d. / n.d. / 7.92 1.21

Plectranthus
amboinicus C7 n.d. / 9.24 1.76 n.d. / n.d. / n.d. / 64.47 1.36

Cinnamomum verum C12 50.87 2.38 n.d. / n.d. / n.d. / n.d. / 17.19 1.37

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as mg/100 g DW. DW = dried weight.
n.d. = not detected.

Table 10. Carotenoids in the analysed plant material.

Carotenoids

Species ID α-Carotene β-Carotene β-
Cryptoxanthin Lutein Lycopene Zeaxanthin

(µg/g DW) (µg/g DW) (µg/g DW) (µg/g DW)) (µg/g DW) (µg/g DW)

mean
value SD mean

value SD mean
value SD mean

value SD mean
value SD mean

value SD

Aphloia theiformis C2 n.d. / 0.79 0.16 n.d. / n.d. / n.d. / n.d. /
Cymbopogon nardus C4 n.d. / 0.50 0.06 0.82 0.15 n.d. / n.d. / n.d. /
Ocimum americanum C5 n.d. / 2.68 0.29 2.29 0.17 1.34 0.39 n.d. / 1.72 0.48
Ocimum gratissimum C6 n.d. / 1.29 0.06 1.14 0.04 2.01 0.69 n.d. / 1.84 0.58

Plectranthus
amboinicus C7 0.67 0.14 0.76 0.09 n.d. / n.d. / 0.43 0.09 n.d. /

Cinnamomum verum C12 0.29 0.08 1.71 0.20 0.65 0.12 n.d. / 0.39 0.07 n.d. /

Mean value and standard deviation (SD) of each sample are given (N = 3). Results are expressed as µg/g DW. DW = dried weight.
n.d. = not detected.

Processes involved in tea preparation may lower the carotenoid content in Comorian
tea, since these molecules are thermolabile compounds [19,63]. Carotenoids, mainly impor-
tant in the human diet because of their vitamin A activity, also show important antioxidant
capacity, immune system activity, and intercellular communication action [64,65]. Epidemi-
ological studies presented that a diet rich in carotenoids reduces the incidence of several
diseases, such as cataract formation, age-related macular degeneration, cardiovascular
problems and cancer [66,67]. For this reason, carotenoids may increase their antioxidant
potential, mainly due to the high amounts of polyphenols and vitamin C.

3.4. Multivariate Analysis

A PCA was performed on the chemical data (content of phytochemicals together with
TPC and AOC) to characterise and distinguish the analysed plant species. PCA was only
applied to the effective composition of single plants. The results of the sphericity Bartlett’s
test (p < 0.05) showed significant collinearity among variables and the KMO index attained
a value of 0.76. The PCA resulted in two PCs accounting for 61.2% of the total variance,
34.3% explained by PC1 and 26.9 by PC2. The six samples were placed in the PCs plane in
relation to phytochemical composition and nutraceutical properties as shown in the score
plot (Figure 5). PCA gave rise to five specific groups, according to the chemical results.
In particular, all the samples were distinguished at the “species” botanical level. PCA
grouped samples C5 and C6 into the same block, referred to as Ocimum spp. The PCA
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loadings plot presented an association between most of the polyphenolic compounds and
organic acids and PC1, and a correlation between vitamin C and monoterpenes and PC2
(Figure 6).

Figure 5. PCA score plot of analysed species. In this case, the selected variables included the
content of all the phytochemicals, TPC, and AOC. Mean values (N = 3) were considered for each
species. Aphloia theiformis (Vahl) Benn.—C2, Cinnamomum verum J.Presl—C12, Ocimum gratissimum
L.—C6, Plectranthus amboinicus (Lour.) Spreng.—C7, Cymbopogon nardus (L.) Rendle C4, Ocimum
americanum L.—C5.

Figure 6. PCA loading plot of considered variables. In this case, the selected variables included the
content of all the phytochemicals, TPC, and AOC.

More than the activity of a single compound, the health-promoting effects are the
result of the additive and synergistic interactions of several bioactive compounds that
jointly contribute to disease prevention [68]. For this reason, compounds belonging to the
same phytochemical class were grouped in bioactive classes for the second PCA. In this
case, the results of the sphericity Bartlett’s test (p < 0.05) confirmed significant collinearity
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among variables, and the KMO index attained a value of 0.71. The PCA resulted in two
PCs accounting for 68.4% of the total variance, 43.7% explained by PC1 and 24.7 by PC2.
The six samples were again placed in the PCs plane in relation to phytochemical contents
and nutraceutical traits, as shown in the score plot (Figure 7). In this case, PCA gave
rise to four specific groups, according to the nutraceutical results. In particular, all the
samples were distinguished at the “family” botanical level. PCA grouped the samples
C5, C6 and C7 into the same block, referred to as Lamiaceae. PCA loadings plot showed
an association between TPC, AOC, polyphenolic compounds, carotenoids and vitamin C
and PC1, and a correlation between organic acids and monoterpenes and PC2 (Figure 8).
Multivariate analysis identified antioxidant compounds, such as phenolics and vitamin
C, associated with PC1, as bioactive classes with the most discriminating power among
different species; these chemical classes included molecules with significant differences
(p < 0.05) in their content among the different plants. Moreover, monoterpenes and organic
acids also presented good discriminating power among samples. For this reason, all these
molecules may be very important biomarkers to distinguish these plants, but further
studies are necessary to confirm this hypothesis.

The results presented that classification by PCA characterised the samples in accor-
dance with the different chemical traits and provided information on the bioactive classes
and single markers that most influence the phytocomplex. This preliminary research was
based on leaves of wild plants harvested in the same areas, but further studies may be
carried out to investigate the influence of single plant variability and agri-environmental
conditions on the considered complex matrices and evaluate potential differences in phyto-
chemical composition. In this study, a chemometric method was applied together with the
HPLC profiling technique for better recognition of the analysed extracts. Different markers
were identified as the variables most important for the discrimination of different plant
species, which may be applied to accurate composition control of a mixed preparation
derived from several plants. For this reason, HPLC profile coupled to chemometrics could
be considered as a tool of traceability to distinguish different species by their phytochemical
contents and nutraceutical properties, as reported in other studies [69,70].

Figure 7. PCA score plot of analysed plants included in the Comorian tea. In this case, the selected
variables included the content of all the bioactive classes, TPC, and AOC. Mean values (N = 3) were
considered for each species. Aphloia theiformis (Vahl) Benn.—C2, Cinnamomum verum J.Presl—C12,
Ocimum gratissimum L.—C6, Plectranthus amboinicus (Lour.) Spreng.—C7, Cymbopogon nardus (L.)
Rendle C4, Ocimum americanum L.—C5.
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Figure 8. PCA loading plot of considered variables. In this case, the selected variables included the
content of all the bioactive classes, TPC, and AOC.

The exploitation of natural resources, in particular medicinal plants, shows a strong
relationship with the conservation of local biodiversity; moreover, the valorisation of
these plants could increase the interest of local population to manage and protect the
habitats; since the quantity of wild plants is continuously declining, a strong effort should
be performed to develop new conservation strategies and policies. For this reason, this
research provided a potential contribute to traditional Comorian foods and beverages and
medicinal plants. Further phytochemical and biological studies will be very important to
improve the information on botanical and food heritage of Comoros Islands.

4. Conclusions

In the Comoros Islands, many species containing health-promoting substances have
not yet been studied. This preliminary study showed that Comorian tea is an important
health-promoting beverage with many biologically active compounds and phytonutrients
(e.g., phenolic acids, flavonols and monoterpenes). The applied approach allowed the
identification and characterisation of the considered plants, even though further studies
(e.g., mass spectrometry, NMR, IR, fluorescence) are necessary to better isolate, charac-
terise, identify and quantify the effective value of biomolecules included in Comorian
tea. Comorian tea may be used as a natural antioxidant dietary source to improve food
quality in Comoros. Moreover, because of its high antioxidant properties, it could be
considered as a health-promoting component to improve the diet of the local population.
The analysed plants, thanks to their synergistic and additive effects, proved to be effective
for maintaining good health status (high antioxidant capacity) according to the traditional
use by the local Comorian population. For this reason, Comorian tea could be important
in meeting the high demand in the Comoros Islands and other developing countries for
cost-effective and natural health-promoting food and/or beverage to be produced by
agri-food industries and used by the local population. Moreover, the valorisation of the
considered plants (as a single component or mix) could provide an economic added value
for Comoros development.

These results showed that it is very important to investigate the use of local biodiver-
sity to produce traditional foods or beverages, suggesting the potential of phytochemical
studies for biodiversity conservation, rural development, and sustainable use of natural
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resources. In any case, bioactivity and in vitro/in vivo toxicity studies using animal models
are necessary because no scientific evidence is now available on the human safety of this
beverage, even though it is widely used in Comorian folk food and medicine. A detailed
approach should be applied to understand the effective health-promoting value of this
traditional preparation in treating specific human diseases.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13115815/s1, Table S1: Protocols for the extraction of bioactive compounds and nutritional
substances, Table S2: Chromatographic conditions of the used HPLC methods.
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