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Abstract

The phytochemical screening and mineral analyze of longleaf morphotype (IlmLM) and
broadleaf morphotype (bImLM) of Lippia multiflora cultivated in 3 localities of the Cote
d'lvoire such Bondoukou (Bdk), Béoumi (Bmi) and Korhogo (Krg) were carried out. The aims
of this study were to provide information on the therapeutic and nutritional values of this herbal
tea according the plant origin. Results showed presence of bioactive compounds like alkaloids,
tannins and flavonoids in the extracts. All of the extracts were rich in condensed tannins.
Concerning flavonoids, flavone was high grade in extracts from Bondoukou and Béoumi while
the highest levels of flavanols were found in extracts from Korhogo. Essentials minerals like
calcium, magnesium, sodium, potassium, manganese, phosphorus, zinc, iron, and Cooper was
presents in leaves and extracts. In addition, the levels of both of this mineral in extract were
below the maximum level permissible suggested by World health organization (1989). We
noted also the variability of both components according the cultivation areas. The presence of
phytochemicals components and mineral elements in the aqueous extracts of Lippia multiflora
contribute to their therapeutics application in medicinal practices and their nutritional
importance. However, the variability among the phytochemical profiles of samples from
different areas express their different medicinal, pharmacologic and nutritional properties.
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Herbal medicines are important in the culture and tradition in African societies [1]. Although
many of them have been studied, the biochemical composition of most is less known. Among
these we have Lippia multiflora which belong the verbenaceae’s family, comprising about 200
reported species [2]. In Africa Lippia multiflora is found in Ghana, Cote d'lIvoire and Senegal
as a lasting fragrant bush, of which the imbuement is utilized as a home grown tea generally
known as "Shrub Tea" or "Tea of Gambia" [3]. L. multiflora can grow on various soil types and
in different agro-ecological zones. In Cote d’Ivoire, it’s found in the central and northern parts
of

The aqueous extracts of are leaves are traditionally consumed as tea which used to treat some
ilinesses such fever, coughs, influenza [5], malaria and blood pressure [6]. It's likewise utilized
as sanitizer, antipyretic and diuretic [7] and filled in as a sudorific, purgative, febrifuge, and for
the colic treatment [8]. This plant is known for its pesticidal properties [9] and the decoction or
infusion of its leaves has a muscle relaxant effect and analgesic, sedative, hypertensive and
diuretic properties [3]. Studies on the essential oils have demonstrated their antimicrobial [8],
pediculocide and scabicide [10], antioxidant [11], antibacterial and antifungal, antipyretic and
anti-inflammatory properties [3]. However, most of the phytochemical studies of L. multiflora
have focused on the volatile constituents of essential oils, resulting in limited information on
non-volatile secondary metabolites and minerals. Still, many studies have reported the presence
of tannin, flavonoids, alkaloids, glycosides, caffeine and saponins in the leaves [8-12]. Some of
these compounds have been isolated and characterized, but their contents remain unknown,
while studies have shown that they can be used as a marker to elucidate the quality of teas [13].
In addition, [14] reported that the level of catechins in tea plants depends on the variety of the
plant, as well as environmental conditions which can also affect flavonoid synthesis. Also, the
substance piece of tea differs relying upon environment, season, farming practices, assortment,
age and position of the leaf [15]. Hence, an assessment of the biochemical arrangement of the
leaves of Lippia multiflora as per the developing regions could give data on their quality and
the executives procedures that could work on its development. This study aimed to determine
the quality and quantities of polyphenolics compound and minerals in the leaves and infusion
of cultivated Lippia multiflora and study the variability of this composition according the
cultivation places.

2. Material and strategies

2.1. Description of the review destinations

The study has investigated in 3 localities of Cote d’Ivoire. East Bondoukou, central Béoumi
and the north Korhogo. The natural qualities of each site are accounted for in the table 1.

Table 1. Characteristics of the study sites

Localities of cultivation

characteristics

Bondoukou Korhogo Béoumi
Latitude 8°06°43’N 9°23°23”’N 7°42°28°N
Longitude 2°42°23°0 5°48 <490 5°35°50”°0
Annual rainfall (mm) 1100 a 1700 1000 & 1200 1200
Ay oz 2
Climate Baouléen Soudanais Baouléen
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Relative Humidity

80 61,5 75
(%)
Natural Végétation Tree savana shrubby savannah Tree savana
Soil type Cambisols Cambisols ferralitique revamped

2.2. Plant material

Leaves from two morphotypes of Lippia multiflora were collected on plants grown in three
different areas cited above. Sampling was performed in September; the period which the leaves
are traditionally harvested before flowering by users. The morphotypes (figure 1) were
identified by [16].

Fig 1. Morphotypes of Lippia multiflora: (a): broadleaf (b): Long leaves

2.3. Collection method and aqueous extract preparation
2.3.1. Harvested method

The leaves were collected involving a fine picking technique as portrayed by [17] which
comprises of eliminating the bud that is pekoe and 2 leaves underneath. The leaf tests were
dried out of the sun for seven days, as suggested by [18]. The dried leaves were pummeled
utilizing a Blender FAR BL514X CI blender and subsequent powders got put away in fixed
boxes of plastic for biochemical investigations.

2.3.2. Preparation of infusion

Infusions were prepared according to the method of [19]. For each sample, 5 g of powder were
weighed with an accurate balance Mettler Type A 100, in a 500 mL beaker and added with 250
mL of boiled water and the whole was infused for exactly 5 minutes. The suspension has been
stirred periodically with a glass rod in order to promote maximum extraction of soluble
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compounds of the sheets. At the end of the allotted time, the mixture got filtered by using the
filter paper and then the filtrate kept in the fridge for biochemical analyses.

2.4. Phytochemical screening

For research of chemical compounds groups showing pharmacological interest, leaves powder
extracts were tested for alkaloids, flavonoids, tannins and total phenolic compounds.

2.4.1. Test for the alkaloids

The portrayal of alkaloids was performed by technique for [20], utilizing the Dragendorff's
reagent. In a container, dry dissipated 6 mL of the plant extricate. The buildup is taken up in 6
mL of ethanol at 60 ° and the alcoholic arrangement subsequently got is appropriated in two
test tubes. In the main cylinder, two drops Dragendorff's reagent, was then added. The presence
of an accelerate or orange tone demonstrates the alkaloids presence.

2.4.2. Test for polyphenols

The absolute polyphenols were featured by the response with ferric chloride, [20] technique. A
2 mL part of the plant remove was added with 2 drops of alcoholic arrangement of 2 % of the
ferric chloride. The presence of a pretty much green or dull blackish-blue tone shows the
polyphenolic compounds presence.

2.4.2.1. Test for tannins

Tannin got portrayed by technique for [21]. Around 5 mL of watery concentrates were vapored.
15 mL of reagent Stiany was then added to the dry buildup. The blend was then kept under the
water shower at 80°C for minute. Then it got cooled under the running water. The perception
of huge accelerates chips described catechin tannins. The arrangement containing the chips is
separated and the gathered filtrate was then soaked with sodium acetic acid derivation. 3 drop
of ferric chloride was then added to the blend. The appearances of dark blue-dark tone
demonstrate the gallic tannins presence.

2.4.2.2. Test for flavonoids

Flavonoids can be characterized by Ferric chloride test according method of [22]. About 0.1g of
Lippia multiflora leaf powder was get dissolved in 1ml of ethanol and 1 ml of 10% ferric chloride
was the added. A solution of brown color with precipitate of dirty green color indicated presence of
flavonoids.

2.4.2.3. Total phenolic determination

Complete phenolic compound were controlled by the Folin-Ciocalteau technique [23]. To 100ul
of the examples, 500ul of Folin-Ciocalteau reagent and 5 ml of bidestilated water were added.
Later 30 sec to 8 min, sodium carbonate solution of 1.5 ml (20% w/v) was added. The
concentrates were represent 30 min at 40° C. The absorbance of the response combination was
then estimated at 765 nm with an UV-Vis spectrometer (model-synstronics 2202). Gallic
corrosive was utilized as standard and the outcomes were communicated as gallic corrosive
counterparts (GAE) in milligrams per 100 gram of dry matter of plant material.

2.5. Quantitative determination of chemical constituency by High Performance Liquid
Chromatography
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The phenolic compound (catechin, tannins, flavanone, quercetin) and alkaloids include
caffeine, were measured using High Performance Liquid Chromatography (HPLC). HPLC
investigation was performed with Beckman HPLC with a Model 127 pump, 32 KARAT
Software working framework and a Model 166 UV indicator. The phenolic builds were
recognized at 280 nm with a stream pace of 1 ml/min. The segment was worked at 25°C
temperature. Partitions were completed in a double pumping framework by differing the extent
of 2.5% (v/v) acetic acid in water (versatile stage A) and 70% methanol in water (portable stage
B). The dissolvable slope elution program was as per the following: 10% to 26% B (v/v) in 10
min, to 70% B at 20 min lastly to 90% B at 25 to 31 min. The infusion volume for all examples
was 100 pL. The compounds of phenolic were examined by matching the maintenance time
and their otherworldly attributes against those of norms.

2.6. Mineral composition of leaves and infusion

Mineral analysis: Minerals such as calcium, sodium, zinc, potassium, phosphorus, iron, and
cooper were determined in leaves and infusion by Atomic Absorption spectrophotometer,
according to standard methods of [24]. Measurements got performed in triplicate.

2.7. Data analysis

Data got expressed as the means + of SD. The information were exposed to examination of
difference aOnd means were isolated by Duncan various range of tests at P < 0.05 significant
levels.

3. Results and discussion
3.1. Phytochemical screening of extracts of L. multiflora leaves

The phytochemical screening results are presented in table 2. We noted the presence of tannins,
flavonoids and alkaloids in all of the extracts. Several authors had previously identified these
components in the leaves extracts of Lippia multiflora [8-12]. All the extracts were
characterized by the presence of condensed tannins. As for flavonoids, aqueous extracts from
Bdk and Bmi were rich in flavone while those from Kgo contained flavanols.

Tannins in aqueous extracts contribute to its organoleptic quality because there are responsible
of astringency and bitterness [25] of infusions. The presence of tannins in aqueous extracts of
Lippia multiflora could explain uses of this plant in the treatment of skin infection [12]. Tannin
is one of the phytochemicals in plants which had been reported to inhibit the growth of various
bacteria and virus [26]. Condensed tannins have beneficial effect on vascular health and can
suppress production of the peptide responsible for hardening arteries [27]. [2] reported that the
majority of flavonoids identified in genus Lippia are flavones, frequently 6-hydroxylated
flavones and methoxyflavone, which is in agreement with our result. Presence of flavone and
flavanols in extracts contribute to their medicinal value because flavonoids are used in medicine
as antimicrobial, anti-inflammatory and antioxidant agent [28]. Alkaloids has a
pharmacological effect and are used in medicine as antioxidant [29].
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Table 2: phenolic composition of the aqueous extract of Lippia multiflora

Tannins Flavonoids Alkaloids

samples presence kinds Presence kinds Presence
Bdk bimLM +++ Condensed +++ Flavone +++
Bdk IImLM +++ Condensed +++ Flavone +++
Bmi bimLM +++ Condensed +++ Flavone +++
Bmi limLM +++ Condensed +++ Flavone +++
Kgo bimLM +++ Condensed +++ Flavanols +++
Kgo IImLM +++ Condensed +++ Flavanols +++

+ Positive — negative, Bdk: Bondoukou; Bmi: Beoumi; Kgo: Korhogo: bImLM: broadleaf morphotype
of Lippia multiflora; ImLM: longleaf morphotype of Lippia multiflora

3.2. Total phenolics determination

The results concerning total phenolics (TP) are presented in figure 2. There is a significant
variation (p<0.05) among samples according areas and varieties. The TP content varie from
112.5 t0197.4 mg/100g DW. The amounts in this study are higher than those obtained with
Lippia chevalieri by [30] who found 17.88 mEqg/100mg extract. Results exhibit variation of TP
content among areas and varieties. Highest levels were obtained in the longer leaves from
Korhogo and the lowest levels were found in larger leaves from Bondoukou. This difference
may be due to soils types, climatic conditions, plant variety which are factors that can strongly
influence teas polyphenols [19]. Thus in shaded tea flushes the concentration of total phenolic
are much lower.

Generally, Lippia multiflora is characterized by its highest amount of phenolic compounds
which contributes to its various beneficial health effect such as antioxidant properties and anti-
fatigue effect as reported by [31]. Indeed, phenolic compounds are herbal substances which
possess free radical scavenge capacity, because of their hydroxyl groups [32]. Thus, extract
from Korhogo must be more antioxidant than those from Béoumi and Bondoukou regarding his
high levels of phenolic compounds.

200
150

—

100

DW

50

Total phenolic (mg GAE/100g

Bdk Kgo Bmi Bdk Kgo Bmi

Long leaves Broad leaves

Fig. 2. Total phenolic levels in aqueous extracts two morphotypes of Lippia multiflora
from different areas.
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3.3. Quantitative determination by High Performance Liquid Chromatography (HPLC).

Data regarding, alkaloids (caffeine), tannins and flavonoids (catechin, flavanone, quercetin)
content of Lippia multiflora extracts is depicted in table 3.

Caffeine content showed significant variation (p<0.05) among areas and varieties. Its levels
were found in range of 14.59 to 40.05 mg.100g-1. The highest amount was obtained in broad
leaves of Beoumi and the lowest quantity was obtained with leaves from Korhogo. The amounts
obtained in our study are high than the results (2.34-4.33 mg.100g-1) obtained by [19] in green
tea from Camellia sinensis leaves. This difference may be due to the previously non
transformation of our samples, difference of analytical methods or plants species. However,
difference in caffeine levels of extracts of L. multiflora from different areas in our study may
be due to factors such as, plants varieties, soils chemistry and climate condition. Indeed, [33]
reported that caffeine content in greens teas is affected by plant clone, stage of plucking,
geographical locations. Whereas [34] noticed that caffeine levels can also varied signicantly
with clones and location but not with season, while [14] reported in contrary highest level of
caffeine during the dry season. Thus, the high caffeine amount in Beoumi leaves may be due to
low soil water content in this region characterized by it low rainfall. The wealth of caffeine in
extracts of Lippia multiflora contribute to their organoleptic qualities and their pharmacological
and medicinal properties. Caffeine is the most important alkaloid in tea that keeps people awake
[35] and contributes to the efficiency in treatment of some diseases, to other taste characteristic
and regarded as an important parameter for commercial tea evaluation [36]. Presence of caffeine
in Lippia multiflora extracts were previously reported by [37].

Catechins content depict also significant variations (P<0.05) among different locations (Table
3). Catechin content in L. multiflora ranged between 8.89-59.51 mg.100g* with maximum
amount (59.51 mg.100g?) observed in sample of Korhogo, while minimal amount was
observed in leaves from Bondoukou containing 8.89 mg.100g* and 6.21 mg.100gt in long and
broad leaves respectively. Korhogo is characterized by it low rainfall and high temperatures;
this could explain the high catechin content in this locality unlike localities Bondoukou and
Béoumi which are characterized by a humid climate and relatively elevated rainfall. Previously
studies reported effects of light and humidity on levels of catechin in tea. [38] founded that the
content and the composition of green tea catechins vary with climate and growth condition.
Catechin contributes to the antioxidant and antimicrobial properties of infusion, because the
correlation between their scavenging and antibacterial capacities and their ability to modulate
membrane physical properties were founded by [39].

The levels of tannins varies significantly from 6.02 to 14.33 mg.100g *according plant origin.
There amounts vary. The highest amounts were observed in the extracts from Korhogo,
followed by those of Bondoukou. Levels obtained in this study are in agree with that obtained
in Lippia multiflora but superior than those in Lippia chevalieri reported by [30]. Content of
tannin are affected by various factors such as plants species; plant age, the growth site
characteristics and season [40].

Quercetin and flavanone are both characterized by their low content in extracts of Lippia
multiflora. Their concentration varied according variety and the highest level (13.33 mg.100 g
1y was obtained in broad leaves from Béoumi. Despite their lowest levels, it has been reported
that many flavonoids, including quercetin, display anti-inflammatory and antimicrobial
activities [41].
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Table 3: photochemical analysis of Lippia multiflora leaves aqueous extract

Caffeine Catechins Tannins Flavanone Quercetin

sample (mg.100g™) (mg.100gY) (mg.100g?1) (mg.100g?Y) (mg.100g7?)
IImLMBdk 20.14+0.05"  08.89+0.05¢ 11.95+0.09¢ 06.11+0.15" 0.23+0.012
IImLMKgo 14.59+0.03*  59.51+0.10' 14.33+0.28° 04.02+0.55° 1.06+0.01°¢
IImMLMBmi 19.0740.01¢  19.07+0.02" 06.02+0.50° 04.25+0.15° 0.25+0.332
bimLMBdk 18.57+0.03¢  06.21+0.01° 12.15+0.31¢ 05.75+0.059 0.73+0.01°
bImLMKgo 14.59+0.022  37.97+0.01% 07.16x0.062 01.95+0.11¢ 0.74+0.01°
bImLMBmi 40.05+0.01"  12.94+0.02¢ 14.26+0.09¢ 13.33+0.08 0.95+0.01°

Value with different superscript letters in columns are statistically significant (p<0.05)
Bdk: Bondoukou; Bmi: Béoumi; Kgo: Korhogo: bImLM: broadleaf morphotype of Lippia multiflora; lImLM:
longleaf morphotype of Lippia multiflora

3.4. Mineral composition of Lippia multiflora leaves

The mineral contents of the leaves are given in Tables 4. A total of nine (9) elements were
determined. Six of them in particular; Ca (8231.17-14981.17 mg.kg-1), K (2740.00-7949.87
mg.kg-1), Mg (3414.33-4731.00 mg.kg-1) and Na ( 1046.76-1206.33 mg.kg-1) and P (244.71
- 250.00 mg.Kg-1) had the highest concentration. Similar macroelement levels have been
determined by [42] in popular consumed tea. Calcium was most abundant (8231.66-14981.17
mg.kg-1) in both samples while for Mg, K, and Na the order of magnitude varied among
growing areas. [43] founded the highest amount of calcium (2100 mg, 100 g-1) in Moringa
oleifera leaves. Iron (Fe) has average contents ranging from 62.50 to 200 mg. kg-1 when three
trace elements Mn, Zn and Cu were present at the lowest concentrations. There are significant
differences in mean content of most determined mineral in Lippia multiflora leaves according
areas and varieties. These results are in agreement with findings of [44] who show variability
among concentration of Fe, Zn, Mn and Cu of Lippia multiflora from 3 locations of Ghana. The
variation of mineral levels may be due to factors such as soil chemistry and climate [46].
According to [46], the concentrations of element in soil are reflected in elemental contents of
tea leaves.

This study showed that leaves of Lippia multiflora are a rich source of Ca, K, Mg and Na which
can improve human health. Calcium can be valuable for the oxygen transport and cell
movement [43], sodium and potassium are useful in the transmission of the impulse of nerve
and balance of electrolyte, while magnesium is include in the digestive ingestion, different
substance response and practically working of 90 proteins in the body [43].

A few helpful impacts have been credited to normal utilization of tea and incorporate; serum
cholesterol decrease, diminished danger of malignant growth and cardiovascular infections
[47]. These medical advantages have been ascribed to the solid cancer prevention agent action
of catechins that secure the body against free radical initiated oxidative pressure [48].
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Table: 4. Concentration (mg/Kg) of mineral in dry leaves of two varieties Lippia multiflora from different geographical areas.

Sample

IImLMBdk
IImLMKrg

lImLMBmi
bimLMBdk
bImLMKrg

blmLMBmi

Mineral elements

K Na Mg Ca P Fe Mn Zn cu
4396.67+0.200° 1083.67+0.4°  4247.67+5.00"  10823.66+0.027"  248,33+5,00%¢  142.00+0.03¢  38.67+0.80¢ 41.33+0.05'  20.67+0.0?
7949.87+0.416' 1190.33+0.40° 4731.00+0.150'  8796.17+0.500° 248.33+5.00%¢  62.50+0.03" 54,33+£0.02¢ 30.17+0.05"  32.17+0.0%
2740.00+0.200¢  1046.76+0.4*  3414.33+0.150° 8231.17+0.500¢  250.00+5.000%° 187.02+0.01%  21.67+0.02° 39.00+0.03"  16.00+0.0¢
2983.33+0.700°  1347.00+0.40' 4474.33+0.1509  9793.73+0..058"  248.60+0.232%¢  200.17+0.02' 82.83+0.06' 51.33+0.01%  2533+0.0f
6510.00+0.800" 1162.00+0.40° 4606.00+0.200'  14981.17+0.500' 244.71+40.474* 176.33+0.03' 89.63+0.08' 43.17+0.02'  31.67+0.0'
2845.33+8.505% 1205.33+0.40% 4552.60+0.503"  9074.00+0.577"  246.67+0.400® 181.50+0.10' 166.23+0.38 51.13+0.01*  31.69+0.2'

Value with different superscript letters in columns are statistically significant (p<0.05)
lImLMBdk: longleaf morphotype of Bondoukou; lImLMBmi: longleaf morphotype of Béoumi; lImLMKgo: longleaf morphotype of Korhogo; bimLM:Bdk: broadleaf morphotype of
Bondoukou; bimLM:Bmi: broadleaf morphotype of Béoumi; bimLM:Kgo: broadleaf morphotype of Korhogo
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4. Conclusion

Lippia multiflora is a rich source of phenolic compounds and mineral elements. Given this
richness, tea made from the leaves of this plant may help improve health and treat certain
nutritional ailments. However, significant differences were observed between morphotypes and
culture areas. Thus, each sample from each location had its own phenolic and mineral profile,
thus confirming the effect of cultivation areas on the phenolic and mineral composition of
Lippia multiflora. This can be used as a marker indicating the origin of the leaves of their
characteristics for the user of Lippia products. Results demonstrated also the ability of the
Lippia multiflora plant to accumulate large amounts of essential minerals and highlight that the
consumption of its leaf infusion may be a potential source of the essential nutrients.
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