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Abstract

Fresh leaves of sorrel (Hibiscus sabdariffa L.) are among the most consumed vegetables in the Lubumbashi in the
Democratic Republic of Congo (DR Congo). According to the literature, this vegetable shows the chemical variability
depending on the culture area. Two varieties of this species, cultivated and consumed in Lubumbashi have not yet been
studied for their micronutrient content, of which fruits and vegetables are the main sources. This study investigated the
mineral and total flavonoid content of fresh leaves from red and green varieties of H. sabdariffa L., consumed as a
vegetable in the aforementioned city. Fresh leaves of red and green variety of H. sabdariffa were purchased in 10 main
markets of the Lubumbashi city. Gravimetric and spectrophotometric methods were used for analyzes of water, mineral
and total flavonoids content. Three of the major mineral elements (Na, Ca, Mg) and several trace elements (Cu, Zn, Fe,
Mn, Se, Co, Cr) were found in both varieties in elevated quantity in leaves of red variety. These latter were marked by a
high content of iron (7 mg/100 g of fresh material) and Manganese (600 pug/100 g of fresh material). Total flavonoids
quantification revealed that the leaves of red variety have a high value (28.2 £ 0.3 mg Quercetin Equivalent per g of
extract) in total flavonoids compared to the leaves of green variety. Fresh leaves of the red variety of H. Sabdariffa
consumed in Lubumbashi could be a source of iron for adults and manganese for children.
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1. Introduction

Vegetables and fruits are generally known to be the main sources of micro-nutrients such as minerals [1], vitamins [2]
and antioxidants [3]. By this composition, the consumption of vegetables is recommended to ensure a balanced diet for
children and adults as well as for the elderly [4-6]. Indeed, the mineral elements of vegetables are essential for growth
in children and for strengthening bone mass as well as a good progress of physiological metabolism in adults and the
elderly [7]. The antioxidants of vegetables are involved in the reduction of the occurrence and complications of diseases
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whose pathophysiology is linked to free radicals [8,9]. These are, for example, cardiovascular, cancer,
neurodegenerative pathologies and many others [2,10-13]. Given the diversity of micronutrients, it is essential to
identify and group vegetables or fruits according to the types of micronutrients they contain. This article is particularly
interested in mineral elements whose lack hinders the growth of children, especially in developing countries [7]; as well
as total flavonoids which are very interesting for their antioxidant power playing an important role against diseases due
to oxidative stress [14].

In Lubumbashi, the list of vegetables consumed includes different plant species among which we can cite in particular
the leaves of amaranths (Amaranthus hibridus L.), sweet potato (Ipomea batatas (L.) Lam.), cabbages (Brassica rapa
subsp. chinensis (L.) P.Hanelt.; Brassica oleracea var. capitata L.), Squash (Cucurbita maxima Duchesne.), chard perry
(Spinacia olerace L.), and sorrel or Ngai-ngai (Swabhili) (Hibiscus sabdariffa L.) [15-17]. Indeed, the fresh leaves of H.
sabdariffa are among the vegetables most consumed in Lubumbashi and cited in the bibliography as being of great
nutritional value, but whose chemical composition shows great variability depending on the medium of their culture
[18]. Actually, H. sabdariffa is cultivated in all tropical and semi-tropical regions. In tropical Africa, it is known in
particular in the savannah zones of West and Central Africa [19]. The species exists in two varieties, one with green
leaves and the other with red leaves [20]. These varieties are also grown in Lubumbashi in the vegetable garden and
farms, for local consumption of the leaves.

Some studies have already been carried out along these lines, on some of the vegetables most consumed in Lubumbashi
[15]. Another study carried out in Lubumbashi in 2015 showed the anti-sickle cell properties of the leaves and calyxes
of a wild species of H. sabdariffa, also quantifying the content of water and mineral matter, and highlighting the groups
of secondary metabolites present [21]. No study has yet been carried out on the nutritional value of H. sabdariffa
cultivated and consumed in the Lubumbashi city and even in the region of Haut-Katanga. It is in view of the interesting
results of the previous study [21], that the fresh leaves were chosen to be the subject of this analysis. The objective of
this study is to carry out qualitative and quantitative analyzes of the mineral elements and the total flavonoids contained
in this vegetable, cultivated and consumed in Lubumbashi [16-17]. The interest is to contribute to the knowledge of the
vegetables consumed in Lubumbashi but also to provide the population of Lubumbashi with scientific data on the
elements which can be brought by the aforementioned vegetable.

2. Methods

2.1. Study area

This study was carried out in the Lubumbashi city, capital of the Haut-Katanga province and located in the southeast of
the DR Congo (Figure 1). This city sprawls on a surface of 747 km2, between 11°27’ and 11°47’ South latitude, and
between 27°20’ and 27°40’ East longitude, at an average altitude of 1230 m [22]. With an average temperature of 20 °C,
Lubumbashi has a tropical climate with two seasons [23]. The dry season lasts from April to October while the rainy
season extends from November to March, with an average rainfall of 1150 mm of water [24]. Vegetables consumed in
this city are produced mainly by local gardeners or farmers who transport them to different markets [16].
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Figure 1 Study area: Lubumbashi city and geolocation of sample procurement markets. This map has been created by the
authors with the QGis 3.12 software.
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Table 1. Geographic coordinates of markets where samples were purchased.

Administrative address GPS Location
Market name

Commune Neighborhood Latitude Longitude Altitude
Double poteau Lubumbashi Kalubwe 11°37'42.8"S 27°27'54.2"E 1258 m
Katuba Katuba Foyer 11°42'43.2"S 27°28'06.6"E 1205 m
Kenya Kenya Luvwa 11°41'53.8"S 27°28'50.4"E 1215m
Mimbulu Katuba Kananga 11°41'25.2"S 27°27'19.5"E 1245 m
Moise Annexe Kasapa 11°36'11.6"S 27°27'53.8"E 1261 m
Mzée Kampemba Kinkalabwamba 11°40'17.4"S 27°29'23.0"E 1248 m
Njanja Kampemba Kinkalabwamba 11°41'19.5"S 27°29'12.7"E 1238 m
Rail Kampemba Cadastre 11°37'32.5"S 27°29'414"E 1291 m
Ruashi Ruashi Mobutu 11°38'17.1"S 27°32'16.6"E 1318 m
Zambia Ruashi Quartier 6 11°38'48.1"S 27°32'40.2"E 1303 m

2.2. Sampling

The fresh leaves of the red and green varieties of H. sabdariffa were purchased in June 2016 from ten main markets in
the Lubumbashi city (Table 1). Purchases were made for 2 days given the dispersion of the markets. Leaves were
stripped of the inedible parts and washed twice with distilled water. Then, these leaves were mixed according to their
varieties, to constitute two parent samples (of green and red varieties). Each parent sample was divided into 2
subsamples of each variety. Then, a subsample of each variety was brought to the pharmacognosy laboratory of the
Faculty of Pharmaceutical Sciences at the University of Lubumbashi, for the determination of total flavonoids. The
remaining sub-samples were brought to the mineral analysis laboratory of the Congolese Office of Control, for the
analysis of mineral elements.

Figure 2 Leaf samples of red and green varieties of H. sabdariffa, purchased from 10 main markets in Lubumbashi.

2.3. Analysis of mineral elements

The mineral elements were identified and quantified by inductively coupled plasma atomic emission
spectrophotometry [25]. Briefly, five grams of each sample, placed in a crucible (High shape porcelain crucible 80ml
diam.55mm h.63mm) of known weight, were dried in an oven at 105 °C (Memmert™, Temperature Uniformity <*2 °K,
Vacuum Range 0.01 mbar, Temperature Metric 5 °C to 200 °C) until constant weight [25]. The sample was then weighed
(AND, GR-200, max 210g, min 10mg, e = 1mg, d = 0.1mg) to calculate the water content, then calcined in a muffle oven
at 600 °C during 4 h (Furnace mLs1200, Thermo Scientific, Madrid, Spain).
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The residues consisting of mineral matter (MM) were weighed, then treated with 15 ml of concentrated nitric acid (70%
HNO3, Sigma- Aldrich, Saint Louis, USA), for the mineralization [26]. The mixture was then heated to a gentle boil, until
a clear solution is obtained. The latter solution was placed under the peristaltic pump of the atomic emission
spectrophotometer (ESO ICP, Perkin Elmer 4300 DV; resolution 0.006 - 200 nm; sensitivity 0.03 - 1 ppm), which draws
it. The concentrations in mg/100 g of the analyzed mineral elements was finally printed via the computer coupled to
the ESO ICP.

Each sample have been analyzed 3 times and the average value were calculated for each mineral element. The
concentration in mg/100 g of mineral elements has been deducted in mg or pg/100 g of fresh material (FM), in order to
properly compare the concentration in the studied samples and the daily requirement of each mineral element. This
conversion of values was carried out using the equation: CFM = A x B/100. With CFM: Concentration of mineral element
in the fresh material; A: concentration of the element in total mineral mater (MM) and B: percentage of total mineral
mater in the fresh material (FM). The water and MM contents made it possible to calculate that of organic matter (OM)
using the formula: OM = 100 - (% of MM + % of Water).

2.4. Determination of total flavonoids

The extraction of total flavonoids was carried out by maceration with acetone, a solvent which is said to have great
extracting power on this group of compounds [27]. The fresh leaves of each variety were pulped and then macerated
for 24 hours in 98% acetone (179973, Sigma-Aldrich, Laboratory Reagent, = 99.5%), in a drug/solvent ratio of 1/10
(10 g of drug in 100 ml of solvent) [27]. The extracts were filtered, freed of solvent and kept in the fridge before and
during the rest of the manipulations. The flavonoids were first highlighted by the solution staining reaction [28]. In fact,
1 ml of each extract, taken before the solvent evaporation, was mixed with 1 ml of concentrated hydrochloric acid (40%
HCI, Sigma-Aldrich, Saint-Quentin Fallavier, France), a few magnesium shavings, and a few drops of iso-amyl alcohol
(W205710, natural, = 98%, FG). The formation of the orange-red color in the supernatant testified the presence of
flavonoids [21].

Total flavonoid content was measured using the aluminum chloride reagent (AlCl3; 237051, ReagentPlus®, 99%) and
quercetin (Q4951, Quercetin, Reference Standard, = 95%, HPLC), used as the reference flavonoid. Aluminum chloride
(AlCls) forms a yellow flavonoid-aluminum complex, with a maximum absorption at 430 nm [29]. Briefly, 1 ml of the
sample prepared at 1 mg/ml in methanol [30] is mixed with 1 ml of a methanolic solution of AlCl3 (2%). After 15 min of
incubation in the dark, the absorbance is measured at 430 nm by a UV-visible spectrophotometer (UV-2600i, UV-2700i:
UV-VIS). Quercetin was prepared in methanol, at respective concentrations of 0.5; 1; 1.5; 2 and 2.5 mg/m], then treated
in the same way as the extracts. The results were calculated from a calibration curve established with the concentrations
and absorbance of quercetin and expressed in mg of Quercetin Equivalent (QE) per g of the extract according to the
equation included in the figure 2 [25].

21 y = 1,0146x- 0,4355
R2=0,9973
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Figure 3 Calibration curve obtained with absorbance of a reference flavonoid (quercetin).

2.5. Statistical data processing

Univariate descriptive statistical analyzes were used to calculate the means and standard deviations of the values of the
analyzed elements and present them in the tables. These treatments were carried out with Excel Software (Microsoft
Corporation, Washington, USA). The comparison of the means (of the green and red leaves) was carried out by Student's
test, using the RStudio.4.0 software. The conditions were checked before application and residual normality was
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checked by the Shapiro-Wilks test and homoscedasticity by the Barlett test. The confidency level and error margin were
fixed to be 0.95 and 0.05 respectively.

3. Results

The desiccation has shown that the water content of the leaves from the red and green varieties of H. sabdariffa is 85 *
0.5% and 82.5 = 1.2% respectively (Figure 4). These humidity rates were not significantly different in the analyzed
varieties (p = 0.11189). The mineral matter (MM) contents are 1.2 = 0.1% in the leaves of the red variety and 0.7 + 0.1%
in the leaves of the green variety. These results show a high MM content in the leaves of the red variety since the
difference is statistically significant (p = 0.0255). The value of water content and mineral mater made it possible to
calculate the OM content which amounts to 14.1 + 0.2% in the leaves of the red variety and 14.1 + 0.1% in the leaves of
the green variety. As these values are not significantly different (p = 0.8593), the organic matter (OM) content is similar
in these two varieties (Figure 4).

Mineral analysis showed the presence of ten elements including 3 macro elements and 7 trace elements in the leaves of
the two varieties of H. sabdariffa; with values generally high in the leaves of the red variety. Calcium (7.6 and 3.4 mg),
iron (7.1 and 2.3 mg), manganese (600 and 200 pg) and zinc (29 pg and 100 pg) were most abundant in 100 g of fresh
material of leaves from the red and green respectively (Table 2).

Total flavonoid compounds have been qualitatively demonstrated in both varieties. Their quantification showed
contents of 28.2 + 0.3 mg of QE/g of extract from the red variety and 26.4 + 0.3 mg of QE/g of extract from green variety.
The comparison of these values showed that the red leaves contain a higher quantity, statistically different from that
found in the green leaves (p = 0.0085).
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Figure 4 Statistical comparisons of the water contents, organic matter, mineral matter and total flavonoids. F: Student
test value (to); a: high value; b: lower value; NS: no significant difference; *: significant difference (p < 0.05); **: very
significant difference (p < 0.005).
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Table 2 Mineral elements found in fresh leaves of H. sabdariffa consumed in Lubumbashi

Green variety Red variety
. MM=0.6 % 0.04 % of fresh material  MM=1.3 * 0.02 % of fresh material
Found mineral elements (FM) (FM)
in 100g of MM in 100g of FM2 |in 100g of MM in 100g of FM 2
Macro elements Calcium 560.7 + 2.3 mg 3.4 mg 583.6 + 1.7 mg 7.6 mg
Sodium 69.1+0.2 mg 0.4 mg 54.2 + 1.0 mg 0.7 mg
Magnesium 206.9 £ 0.1mg 1.2 mg 2404 2.2 mg 3.1mg
Trace elements Chrome 0.6 +0.02 mg 4ug 0.7 +0.01 mg 9.0 ug
Copper 3.2+0.3mg 19 ug 3.6 £0.02mg 47.0 pg
Iron 375.8+ 0.4 mg 2.3 mg 548.7 + 1.4 mg 7.1 mg
Manganese 38.7+1.3mg 200 ug 43.6 £2.0mg 600.0 pg
Cobalt 4+0.7 nug 0.02 pg 6+0.3pg 0.1pg
Selenium 0.2+0.01 mg 1ug 0.3+0.01 mg 4ug
Zinc 48+ 1.1mg 29 ug 5.7+ 0.4 mg 100 pg

MM: Mineral matter; FM: Fresh matter
a: these values were calculated considering the average without standard deviations

4. Discussion

This study is the first to show the mineral elements and the level of total flavonoids present in the leaves of H. sabdariffa
consumed in the Lubumbashi city. Indeed, the leaves analyzed in this study contain water and OM contents located
within the limits of fresh leafy vegetables [31]; the water contents are close to that found by Mulungulungu and
Badibanga in 2015 in the leaves of H. sabdariffa, in Lubumbashi [21]. The MM contents observed in this study (Figure
4) is lower than those found by the aforementioned authors (7.3%); however, it is equivalent to that observed by Morton
in Guatemala (1%) [32]. The difference in the quantity of mineral matter observed in this study and that reported by
Mulungulungu and Badibanga can be justified by the fact that the content of mineral elements presented by the
aforementioned authors was calculated on the dry matter, whereas it was calculated on fresh matter in this study.

The difference in MM content observed between the two studied varieties is probably due to the difference in the
assimilation capacity of mineral elements [33,34]. The multitude of mineral elements found in the leaves of H. sabdariffa
is in agreement with Cisse et al. [18], according to which this species is a source of mineral elements. The comparison
of the contents of mineral elements found in 100 g of each sample and the daily needs for a child and an adult showed
that the values all mineral elements found in the leaves of the green variety are below the daily needs of both a child
and an adult [5,35-43]. Otherwise, the leaves of the red variety have levels corresponding to the daily iron requirements
for an adult (6 mg) [35] and manganese for a child (500 ug) [36]. Thus, the consumption of at least 100g of leaves of the
red variety would be favorable to any person, being the quantities of varied mineral elements which they bring. Indeed,
a study carried out in Ghana showed that women of childbearing age fed a meal made from H. sabdariffa, at the frequency
of 3 meals per week, for 12 weeks saw an improvement in their iron status compared to the control group [44].

Iron is required for oxygen transport, electron transfer, oxidase activities and energy metabolism [35]. The richness of
the leaves the red variety in iron is related to the hematopoietic properties attributed to the leaf of this variety [44]. In
addition, leaves of red variety can be recommended for iron-deficient adults, such as pregnant or lactating women
[45,46]. Let us add that the difficulty of intestinal absorption of phytic iron (Fe3*), would be reduced in this vegetable
by the presence of ascorbic acid [18] which reduces it to ferrous iron (FeZ*), absorbable at the intestinal level [47].
Manganese is an essential dietary element for mammals. It is a component of metalloenzymes such as superoxide
dismutase, arginase and pyruvate carboxylase, and is involved in amino acid, lipid and carbohydrate metabolism [36].
Manganese deficient children can receive red leaves as a supplement to the basic diet.

The presence of flavonoids in the leaves of H. sabdariffa has also been reported by Mulungulungu and Badibanga,
however the concentration of flavonoids reported by these authors (22%) [21] is lower than that found in this study
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regardless of the variety considered. This difference would probably be due to that of the quantification methods used,
although the aforementioned authors have not explained their means of quantifying total flavonoids. In addition, the
presence of flavonoids in the analyzed leaves, would be explained by their role as sunscreen, the role of which are those
organs exposed to the sun [48]. The difference observed between the quantities of total flavonoids in the analyzed
varieties could be due to their genotypic difference [49]. According to Escobar-Cévoli et al. [50], the daily need for total
flavonoids for human is estimated between 50 and 150 mg depending on the country. This implies that the total
flavonoids content observed in the studied vegetable (26.4 + 0.3mg in the green variety and 28.2 + 0.3 mg in the red
variety), are less than the person’s daily requirement. However, the presence of these antioxidant in this vegetable is a
benefit, as they would help limit or neutralize the effects of free radicals in people consuming these fresh leaves [6,11].
On the other hand, the high amount of total flavonoids in the red leaves can be considered as an added value to its
richness in iron and manganese.

5. Conclusion

This study reveals the mineral and total flavonoid content in the leaves of the red and green variety of H. sabdariffa
consumed as vegetable in the Lubumbashi city, and shows that the consumption of 100 g of the leaves of red hibiscus
can cover the daily requirements of iron and manganese for an adult and a child respectively. She suggests that analyzes
continue on these two vegetables to complete the information related to their nutritional value.
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