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ABSTRACT
Background and Objective: Xanthosoma mafaffa is a food plant used in traditional medicine in Togo to
treat anemia and several infectious pathologies. The present study aims to valorize this species through
the study of its biochemical compounds and their antimicrobial activities. Materials and Methods: The
powders of young or mature leaves of X. mafaffa were macerated at a solid/liquid ratio (10% w/v) at
ambient temperature for 72 hrs in a hydroethanolic solvent with an ethanol/water ratio of 50/50 v/v. The
biochemical compounds of nutritional interest of young or mature leaves of X. mafaffa were determined
by the usual AOAC methods. The antimicrobial activity of the extracts was carried out against Gram+ and
GramG bacteria using the agar diffusion method. All biochemical and antimicrobial experiments were
conducted in triplicate, with results expressed as Mean±SEM. Statistical significance (p<0.05) was analyzed
using DMRT in SPSS 11.5. Results: The contents of biochemical compounds were 38.8±0.4 and 30.7±0.7%
for digestible carbohydrates; 24.3±1.3 and 30.4±2.2% for fibers; 17.1±1.7 and 15.8±0.6% for proteins;
3.2±0.4 and 3.4±0.6% for lipids for young and mature leaves, respectively. The presence of Na, K, Ca, Mg,
P, and Fe in the leaf samples, at levels deemed significant, is confirmed by spectrophotometric analysis,
which also revealed Na/K ratios <1 and Ca/Mg and Ca/P ratios >1. Conclusion: The results underscore
that the nutritional composition of X. mafaffa leaves is comparable to that of vegetables and legumes
frequently included in daily meals. The young leaves extract obtained with the 50% v/v ethanol/water ratio
showed an appreciable inhibitory activity against Klebsiella pneumoniae.
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INTRODUCTION
The emergence of diseases around the world makes developing countries more vulnerable. Infectious
diseases represent a major public health challenge in these countries, due to their prevalence and
considerable health impact1. Indeed, they cause more than 17 million deaths per year worldwide, with over
half of these occurring on the African continent2. The pathogenic agents at the origin of these infections
are varied and include fungi, bacteria, protozoa, and viruses. The discovery of antibiotics marked a
significant advance in the medical field, leading to a notable reduction  in  the  incidence  of  infectious
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diseases3. However, the uncontrolled use of these molecules has led to resistance phenomena of many
infectious agents4. In developing countries, for cultural reasons and economic difficulties, populations have
always used plants to treat themselves. Also, nowadays, with the ever-increasing cost of available drugs,
associated with the emergence of multi-resistant pathogens, there is a renewed interest in the African
pharmacopeia5.

Furthermore, the ongoing issue of malnutrition represents a major public health dilemma, as inadequate
vegetable consumption in unbalanced diets is believed to account for roughly 31% of ischemic heart
disease and 11% of stroke cases6. This situation is intertwined not only with the quantity and quality of
food intake but also with the limited information and exposure to local resources. Given the resistance of
microorganisms to anti-infective treatments, it is essential to pursue novel bioactive substances for
effective patient management7. Plants have been used since prehistoric times by humans for nutritional
and therapeutic purposes. Indeed, some edible vegetables that enter the diet of the population abound
in pharmacological properties8. Vegetables are an important sources of alkaloids, flavonoids, tannins,
carotenoids,   and   especially   vitamins,   and   thus   possess   several   properties   such   as   antioxidant,
anti-inflammatory, antimicrobial, and anticancer activities9. As a result, their consumption contributes to
the improvement of nutritional status and the prevention of pathologies in rural and urban areas. By way
of illustration, therapeutic applications include the use of Parkia biglobosa fermented seeds against
hypertension, Adansonia digitata leaves and pulp against anemia, and Sclerocarya birrea pulp against
nutritional deficiencies, as traditionally practiced10. Similarly, Moringa oleifera leaves are utilized for their
significant nutritional attributes and demonstrated therapeutic potential11,12. To exemplify, they
demonstrate anti-inflammatory actions that could alleviate arthritic symptomatology, exhibit antioxidant
effects that defend against oxidative stress, and may aid in the reduction of blood glucose concentrations,
thereby providing therapeutic potential for diabetes management12. All over the world, and especially in
many African countries, edible plants are used as food and thus contribute to meeting the nutritional
needs of the population13. In Togo, several edible plants are used for food but also in the pharmacopoeia,
notably X. mafaffa. Xanthosoma mafaffa is recognized as a food plant belonging to the Araceae family.
This plant, originally native to Central and South America, is a recent (19th century) appearance in the
tropical world. The name “New Cocoyam” reflects this late introduction into regions where the
Xanthosoma genus, also known by various names such as Taro, Dasheen, and Eddoe, was already
established14. The leaves as well as the tubers of this plant are commonly used in the diet of the Togolese
population. Moreover, these leaves possess antimicrobial, antianemic, antiaflatoxin B1, and
antiosteoporosis activities15,16. Furthermore, the chlorophylls a and b present in X. mafaffa leaves are
powerful antioxidants that help to protect the body’s cells against cellular damage caused by free
radicals17. These pigments are also known to detoxify the blood and cleanse the intestinal flora. The
carotenoids, for them, are provitamins A. Dietary β-carotene and other provitamin A carotenoids such as
α-carotene and cryptoxanthin can be obtained from several foods such as X. mafaffa18. The determination
of biochemical compounds of X. mafaffa leaves was carried out using standard AOAC methods. The
nutritional potential reported from X. mafaffa leaves is mainly attributed to the presence of essential
amino  acids  such  as  threonine,  valine,  leucine,  isoleucine,  phenylalanine,  and  lysine19.  The  leaves
of X. mafaffa are also rich in protein, lipids, carbohydrates, fibers, vitamins A and C, and minerals19. Among
the minerals present in this plant, calcium, magnesium, iron, phosphorus, and zinc are present in
appreciable quantities, along with traces of other minerals20. Previous studies reported that changes in
various analysis conditions, such as the temperature, the harvesting time, the soil and age of the species,
among other parameters, could significantly influence the content of these biochemical compounds21.
Despite an extremely rich nutritional and phytochemical profile, taro leaves remain largely underutilized
both due to a lack of awareness of their health benefits but also due to the presence of anti-nutritional
factors, namely phytates and oxalates22.
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The link between the chemical composition and antimicrobial activity of X. mafaffa leaf extract has not
been explored to date. Hence, this study aims to identify the main biochemical compounds and to
evaluate the antimicrobial activity of X. mafaffa leaves in order to make phytochemistry-bioactivity
correlations and, finally, in order to better valorize this plant species.

MATERIALS AND METHODS
Vegetable material, reagents, equipment, and consumables: The X. mafaffa leaves (young and mature)
were harvested in 2019 in Ecological Zone III at Ayome-Amou prefecture (Togo), with an age difference
of  5  months  at  harvest  time.  This  species  was  identified  and  conserved  at  the  herbarium  of  the
University of Lomé, Togo under number 15661. Once harvested, these leaves were then dried in the dark,
under air conditioning at 20°C, for 14 days and ground using a knife mill (Brook Crompton, Ohio, USA)
(Fig. 1).

The following reagents were purchased from Sigma-Aldrich (Steinheim, Germany): Catechin (C15H14O6) and
sulfuric acid (H2SO4). All the other chemicals were purchased from Sigma-Aldrich (St. Louis, Missouri, USA):
Tashiro indicator, ammoniacal iron (II) sulfate (NH4Fe (SO4)2), boric acid (H3BO3), and sodium hydroxide
(NaOH).

Butanol, hydrochloric acid, methanol, hexane, and ethanol (Sigma-Aldrich) were of analytical grade. Water
was purified by the Arum® 611 water purification system (Sartorius, Göttingen, Germany).

All spectrophotometry experiments were carried out using a spectrophotometer UV-visible (METASH,
Waltham, USA).

Preparation of extracts: The powders of young leaves (YL) or mature leaves (ML) of X. mafaffa were
macerated at a solid/liquid ratio (10% w/v) at ambient temperature for 72 hrs in hydroethanolic solvent
of proportions in ethanol/water of 50/50 (v/v), further named 50%.

After maceration, the solutions were filtered through a filter paper (0.45 µm Whatman). Then, the filtrates
obtained were dried by evaporation under vacuum using a Büchi rotary evaporator with the temperature
of the water bath set at 45°C. The dry extracts were weighed and then stored in a small glass bottle, in a
dark place, and the freezer for further analysis. At the end of this process, 2 extracts were collected for
further analysis. The samples will be identified by the nature of the leaves, followed by the solvent used
(i.e., YL-50% or ML-50%).

Fig. 1: (A) Young leaves and (B) Mature leaves of X. mafaffa
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Phytochemical screening
Preliminary screening: The major chemical groups, such as alkaloids, flavonoids, tannins, saponins,
coumarins, cardiac glucosides, terpenoids, coumarins, and total carbohydrates of each type of leaf, were
determined by an approach based on solubility tests, staining, and/or precipitation reactions according
to the methods described in the literature by Zhishen et al.23 and Malar and Chellaram24.

Determination of total proanthocyanidins: Proanthocyanidins are polyphenols derived from plants. The
determination of proanthocyanidins was performed by the butanol/hydrochloric acid (BuOH/HCl) method
described  by  Makkar  et  al.25.  In  a  test  tube,  0.2  mL  of  Ammoniacal  iron  sulfate  solution
(NH4Fe(SO4)2: 20 g/L) was introduced, followed by 7 mL of BuOH/HCl (95/5: v/v) and 0.2 mL of X. mafaffa
extract solution (30 mg/mL). The mixture was incubated in a water bath at 95°C for 40 min to facilitate the
formation of colored anthocyanidins. The pink or red coloration observed corresponding to the
proanthocyanidin  contents  of  the  samples  was  read  by  UV-visible  spectrophotometry,  by  optical
density (OD) measurement at a wavelength λ = 550 nm, about catechin25.

The proanthocyanidin content (PC)  was  determined  in  each  investigated  sample  and  expressed  as
mg catechin equivalent (CE)/g of dry extract.  The  following  formula  was  used  to  make  the 
calculations (Eq. 1):

(1)
ODPC 0.280

with OD = 0.280 equivalent to 1% w/v catechin.

Biochemical analysis
Water  content  analysis:  The  water  content  was  determined  using  the  method  described  by
Vergun et al.26. The fresh X. mafaffa leaves in glass dishes were placed in a drying oven (STIK Instrument
Equipment Ltd., Göttingen, Germany) and dried to reach a constant weight at 75 for 12 hrs. The weight
of the leaves was measured before and after drying to determine their wet weight and the dry weight,
respectively. The Sartorius BSA series precision balance (Sartorius, Göttingen, Germany) with a precision
of 0.1 mg was used for weight measurement. During the measurement, a piece of white paper was placed
under the dried leaves to prevent the broken leaves from affecting the next sample measurement results.
The water content was determined according to the following formula (Eq. 2):

(2)
 fresh dry

fresh

W W
Water content (%) 100W

Where:
Wfresh = Weight of fresh leaves expressed in grams
Wdry = Weight of dry leaves expressed in grams

Determination of total proteins: Proteins were determined  by  the  Kjeldahl  method  described  by
Maehre et al.27 with slight modifications. The young or mature leaf powder (5 g) was dissolved in 10 mL
of H2SO4 at 98%. After 6 hours of incubation at ambient temperature, the mineralization was distilled in
the presence of 30% (w/v) sodium hydroxide. The distillate was collected in a beaker containing 10 mL of
4% (v/v) boric acid and 2 drops of Tashiro reagent and then titrated with 0.05 M sulfuric acid solution until
the color turned pink. From the volume of sulfuric acid required determined previously, the total nitrogen
content was determined according to the following formula (Eq. 3):
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(3)V×C×0.014N (%) = ×100m

Where:
N = Total nitrogen content expressed in percentage (percentage, g/100 g of dry matter)
V = Volume of sulfuric acid solution (mL) required to obtain the color change
C = Concentration of sulfuric acid solution used for titration (0.05 M)
m = Sample mass (g)

The nitrogen content obtained was converted into a percentage of crude protein by multiplying the result
by a factor of 6.25.

Determination of total lipids: The total lipid content was determined using the method described by
Vergun et al.26. The operation involved the extraction of lipids contained in 5 g of the investigated sample
with hexane in a Soxhlet-type extractor (Gerhardt Analytical Systems, Königswinter, Germany). Then, the
hexane was evaporated from the collected sample with a rotary evaporator (Model R-300, Büchi, Flawil,
Switzerland), and the capsule was dried in an oven at 103°C to reach a constant weight. The weight
difference before and after lipid extraction was used to obtain the total lipid content in g/100 g of sample,
expressed by the following formula (Eq. 4):

(4)2 1

0

W -WTotal lipid content (%) = ×100W

Where:
W0 = Weight of sample expressed in g (here 5 g)
W1 = Weight of vial containing glass beads before extraction (without leave powder), expressed in

grams
W2 = Weight of the vial containing glass beads and fat after extraction from the leaf powder, expressed

in grams

Determination of total ashes: The experimental protocol used was described by Liu28 with some
modifications. The total ash content was determined from 5 g of leaf powder. First, a porcelain crucible
was heated at 550°C for 1 hr, then cooled in a desiccator and tared. Then, the leave powder (5 g) was
added to the porcelain crucible, and the whole was progressively heated to 550°C in an oven for slow
carbonization without ignition. The temperature was maintained at 550°C for 6 hrs to obtain white ash.
The total ash content was calculated as follows (Eq. 5):

(5)2 0

1 0

W -WTotal ash content (%) = ×100W -W

Where:
W0 = Weight of empty incineration capsule expressed in grams
W1 = Weight of incineration capsule loaded with sample before incineration, expressed in grams
W2 = Weight of incineration capsule loaded with sample after incineration expressed in grams

Determination of total fiber content: The total fiber content (TFC) was determined using the method
described by Vergun et al.26. The young or mature leaf powder (1 g) was added to a volume of 200 mL of
boiling H2SO4 at 0.25 N. After 30 min incubation at ambient temperature, the hydrolyzed mixture was
filtered through the crucible, and the residue was rinsed with boiled distilled water to remove the acid
from  the  filtrate  recovered  from  inside  the  crucible.  Again,  200  mL  of  boiled  sodium  hydroxide
(NaOH, 0.313 N) was added to the crucible and boiled for an additional 30 min. The hydrolyzed samples
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were filtered again, and the residue was rinsed with boiled distilled water until the crucible was free of
sodium hydroxide. The residue was rinsed again with a small amount of acetone and then drained. Finally,
the residue in the crucible was dried in the oven at 105°C until reaching a constant weight. The crucible
was placed in the muffle furnace at 550°C for 15 min and was burned completely. The crucible was then
placed in the desiccator until a constant weight was achieved and calculated as (Eq. 6):

(6)2 0

1 0

W -WTotal fiber content (%) = ×100W -W

Where:
W0 = Weight of empty incineration capsule expressed in grams
W1 = Weight of incineration capsule loaded with sample before incineration, expressed in grams
W2 = Weight of incineration capsule loaded with sample after incineration expressed in grams

Determination of total digestible carbohydrates: The total digestible carbohydrate content (TDCC) was
estimated by the difference method. It was calculated using the method of Menezes et al.29 according to
the following formula (Eq. 7):

TDCC (%) = 100-(TPC+TLC+TAC) (7)

Where:
TDCC = Total digestible carbohydrate content expressed in percentage (g/100 g of dry matter)
TPC = Total protein content expressed in percentage (g/100 g of dry matter)
TLC = Total lipid content expressed in percentage (g/100 g of dry matter)
TAC = Total crude ash content expressed in percentage (g/100 g of dry matter)

The total digestible carbohydrate content (TDCC) plus the ash content (TAC) indicates the total
carbohydrate content (TCC).

Determination of the energy value: The global energy value is the energy released by the combustion
of macronutrients, i.e., proteins, carbohydrates, dietary fiber, and lipids contained in the diet, taking into
account their coefficient of Atwater and Benedict, 4, 4, 1.91205, and 9 kcal, respectively30.

The global energy value expressed in Kilocalorie (kcal)  was  calculated  from  the  following  relationship
(Eq. 8):

Energy value=100-(4×TPC+9×TLC+1.91205×TFC+4×TDCC) (8)

Where:
TPC = Total protein content expressed in percentage (g/100 g of dry matter)
TLC = Total lipid content expressed in percentage (g/100 g of dry matter)
TFC = Total fiber content expressed in percentage (g/100 g of dry matter)
TDCC = Total digestible carbohydrate content expressed in percentage (g/100 g of dry matter)

Determination of minerals: The mineral element analysis was carried out according to the AOAC
methods with some modifications31,32. For sample preparation, the young or mature leaf powder (1 g) was
digested by using 4 mL of H2SO4 at 98% and then 1 mL of H2O2  at  9%  in  a  closed  microwave  system
(Cem MARS Xpress, Matthews, USA). The volume of the digested samples was raised to 15 mL with
deionized water and filtered through Whatman No. 42. The analysis of the filtered digested sample were
carried out using Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) based on a
quadrupole mass analyzer and octapole reaction system.  The  collision  cell  was  used  in  He-mode  for
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eliminating the possible polyatomic interferences. Likewise, the mineral elements P, K, Ca, and Fe were
measured in He-mode, whereas the mineral elements Na and Mg were measured in a gas mode. The
calibration solutions were prepared by the appropriate dilution of the single-element certified reference
materials with 1.00±0.002 g/L for each element (Na, Mg, P, K, Ca, and Fe) with deionized water. Each plant
sample was measured in triplicate by ICP-AES using Thermo Scientific™ Qtegra™ software for the analysis,
with a peristaltic pump, a cross-flow nebulizer, and a ceramic central torch tube injector with an internal
diameter of 2 mm.

Antimicrobial activity of X. mafaffa leaves
Microorganisms investigated: The antimicrobial activity of extracts of X. mafaffa was investigated against
two Gram+ bacteria (i.e., Staphylococcus aureus ATCC 2921 and Streptococcus pneumoniae ATCC 49619),
five GramG bacteria strains (i.e., Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922,
Shigella flexneiri ATCC 18593, Salmonella typhimirium ATCC 14028 and Klebsiella pneumoniae ATCC
700603) and also a yeast (i.e., Candida albicans ATCC 18331).

All strains were obtained from the Laboratory of Medical Bacteriology of the National Institute of Hygiene
of Lomé, Togo.

Preparation of the inoculum: Bacterial and yeast cells were grown 18±2 hrs at 35°C in Mueller-Hinton
broth (MHB). Then, they were centrifuged (3000 g, 5 min), and the collected pellets were diluted in 10 mL
NaCl 0.90 % (w/v), allowing them to maintain the integrity of bacterial cells. The absorbance was measured
by spectrophotometry and recorded at a wavelength of 625 nm with a plate reader (Thermo Multiskan
FC). Bacterial and yeast cells were diluted in MHB to reach a 0.5 McFarland turbidity, which corresponds
to 1 to 1.5×106 CFU/mL.

Determination of antimicrobial activity: The minimal inhibitory concentration (MIC), defined as the
lowest concentration of extract with no visible bacterial growth, was determined using the microdilution
tube method33.

The Mueller-Hinton broth was used to prepare one-half serial dilutions of concentrations ranging from
50 to 1 mg/mL. 10 µL of each bacterial or yeast inoculum was added to each tube containing 500 µL of
the test solutions. Tubes without inoculum were considered as negative controls. All these tubes were
incubated at 37°C for 24 hrs. The MIC was expressed here as the mg/mL of extract (w/v) in the tubes34.

For minimal bactericidal concentration (MBC) determination, 5 µL of each tube that did not show visible
culture during MIC determination was removed and placed on nutrient agar for bacteria or yeast. After
24 hrs of incubation at 37°C, the lowest concentration of extract that did not give rise to colonies was
taken as the MBC.

Finally, the MBC/MIC ratio was calculated to determine whether the antimicrobial effect observed was
bactericidal or bacteriostatic. For an MBC/MIC ratio higher than 1, the antimicrobial effect of a substance
is considered bacteriostatic. Inversely, when this ratio is less than or equal to 1, the antimicrobial effect
is considered bactericidal. Finally, for an MBC/MIC ratio higher than or equal to 16, the antimicrobial
activity is considered non-existent34.

Statistical analysis: All the experiments to quantify biochemical compounds and antimicrobial tests were
carried out in triplicate. The results were expressed as the Mean±Standard Error of the Mean (SEM) of
these  independent  experiments.  Statistical  significance  was  analyzed  using  Duncan’s  Multiple  Range
Test (DMRT) in SPSS 11.5 Statistics Software (SPSS, Chicago, Illinois, USA) with a significance criterion set
at p<0.05 compared to the respective control and between samples.
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RESULTS AND DISCUSSION
Phytochemical screening
Qualitative screening findings: The qualitative phytochemical tests carried out on the different extracts
allowed the detection of a variety of secondary metabolites, notably alkaloids, reducing compounds,
flavonoids,  tannins,  cardiac  glucosides,  triterpenoids,  saponins,  total  carbohydrates,  and  coumarins
(Table 1).

Table 1 shows that young and mature leaves of X. mafaffa are rich in secondary metabolites, with the
presence of eight families out of the nine investigated, which represents about 90% of the secondary
metabolites searched. The young and mature leaves of X. mafaffa extracts contain similar phytochemical
groups such as alkaloids, tannins, reducing compounds, total carbohydrates, saponins, triterpenoids,
coumarins, and flavonoids. These molecules are concentrated in both young and mature leaves, due to
the aerial part’s exposure to the same environmental stresses (e.g., UV, drought, temperature fluctuations).
The use of a hydroethanolic solvent enables to obtain of extracts containing polar and semi-polar
compounds such as tannins, triterpenoids, saponins, coumarins, and phenolic compounds. Yet, these
compounds are well-known to be the main constituents reported to have antioxidant activities35. Current
results are in agreement with those obtained by Dzotam et al.15, who conducted qualitative phytochemical
screening on the 100% v/v methanolic extract of mature leaves of X. mafaffa. Former authors also
evidenced the phenolic compounds, tannins, triterpenoids, saponins, coumarins, and sterols. Yet, contrary
to current results, Dzotam et al.15 did not screen for the presence of alkaloids. Overall, the differences
obtained could be due to the different solvents used (hydroethanolic solvent in current study vs methanol
in Dzotam’s one), the harvesting period (June at the start of flowering in current study vs January at the
end of flowering in that of Dzotam et al.15) and acclimatization (i.e., the region where the plant grew) seem
to have influenced the chemical composition of this plant. By way of example, the differences observed
between current work and that of Dzotam et al.15 could be linked to the choice of extraction solvent.
Indeed, these authors’ studies focused on methanolic extracts, whereas current studies concerned
hydroethanolic extracts. A large proportion of the secondary metabolites are defense molecules that ward
off predators or inhibit the growth of competing plants.

The presence of these different chemical groups in the leaves of X. mafaffa is therefore a major asset,
which justifies the therapeutic use of this food plant in Togo. Indeed, antibiotic activity could be due to
plant alkaloids, while antioxidant, anti-inflammatory, and antiviral activities may derive from polyphenolic
compounds35.

Table 1: Qualitative phytochemical screening of Xanthosoma mafaffa leaves
Analyzed metabolites Identification reagents YL-50% ML-50%
Alkaloids Dragendroff reagent + +

Wagner reagent - -
Mayer reagent + +

Tannins Reaction with 1% w/v FeCI3 + +
Reaction with 10% w/v lead acetate - -

Reducing compounds Fehling’s test + +
Total carbohydrates Molisch's test + +
Saponins Froth test + +
Triterpenoids Reaction with concentrated H2SO4 + +
Coumarins Reaction with 10% w/v NaOH + +
Flavonoids Reaction with 1% w/v NaOH + +
Cardiac glucosides Reaction with CHCI3+H2SO4 - -
YL:  Young  leaves,  ML:  Mature  leaves,  50%:  50/50  (v/v),  Ethanol/water  ratio  (v/v),  +: Presence  of  the  analyzed  compounds
and -: Absence of the analyzed compounds
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Fig. 2: Total proanthocyanidin contents (TPC) of X. mafaffa leaf extracts
Mean±SEM, Values with different letters: Significantly different (p<0.05). CE: Catechin equivalent, DE: Dry extract, YL: Young
leaves, ML: Mature leaves and 50%: 50/50 (v/v) ethanol/water ratio

Total proanthocyanidin contents: To evaluate the effect of X. mafaffa leaves maturation on the
concentration of proanthocyanidins, polyphenols derived from plants, a comparative analysis of extracts
was carried out. Figure 2 shows the total proanthocyanidin content of the different extracts as a function
of the maturity of the leaves (young or mature leaves).

The total proanthocyanidin content is determined at 5.1±0.2 and 7.1±0.2 mg CE/g dry extract for YL-50%
and ML-50% extracts, respectively. Thus, the total proanthocyanidin content is significantly more
concentrated (about 40% more) in mature leaves than in young leaves.

This can be attributed to the effect of species maturity on the chemical composition of the plant. Thus,
the mature leaves of X. mafaffa are more interesting than the young leaves for further optimizing the
extraction of the proanthocyanidins. Current results are in agreement with the study of Sharma et al.36,
who reported that the concentration of proanthocyanidins depends strongly on the plant’s growth stage,
but also the seasonal factors, the collection method in addition to the genetic and environmental factors.
To  the  author’s  knowledge,  there  are  no  articles  reporting  the  investigation  of  proanthocyanins
in X. mafaffa. Therefore, we have discussed current results due to their potential contribution to the
understanding   of   proanthocyanins   present   in   leafy   vegetables.   The   total   proanthocyanidin
content  determined  in  mature  leaves  (7.1±0.2  mg  CE/g  DE)  is  higher  than  that  reported  by
Hernández-Jiménez et al.37 on the grape seeds of Vitis vinifera. Former authors reported a total
proanthocyanidin content of 4.3 mg CE/g DE in the ethanolic extract, obtained by maceration at a
solid/liquid ratio (10% w/v) for 24 hrs at 50°C of the powder of grape seeds of Vitis vinifera. Overall, the
differences obtained could be linked to the choice of extraction process used (maceration with
hydroethanolic solvent at a solid/liquid ratio of 10% w/v for 72 hrs at ambient temperature in current
study vs simulated maceration in model wine solutions with varying ethanol  concentrations  for  up  to
10 days at room temperature in Hernández-Jiménez et al.37), the extraction time (72 hrs in current study
vs 10 days in that of  Hernández-Jiménez et al.37), and the nature of the species (X. mafaffa leaves in
current study vs Vitis vinifera grape seeds in Hernández-Jiménez et al.37). In contrast, the total
proanthocyanidin results are lower in current study than those reported by Ahammed et al.38 on
methanolic extract of mature Grewia nervosa leaves from Bangladesh (45.8 CE/g DE). The differences in
total proanthocyanidins obtained can be due to the different solvents used, the extraction process, the
soil, climatic factors, and the chemical composition of the species36.
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Fig. 3(a-c): Total biochemical compound content and energetic value of X. mafaffa leaves, (a) Water
content of X. mafaffa leaves, (b) Total carbohydrate, total digestible carbohydrate, total
protein, total fiber, total ash and total lipid contents of X. mafaffa leaves and (c) Total energy
value of X. mafaffa leaves
Mean±SEM,  Values  with  different  letters:  Significantly  different  (p<0.05),  YL:  Young  leaves,  ML:  Mature  leaves,
WM: Wet matter and DM: Dry matter

Biochemical analysis: Figure 3 shows  the  biochemical  compounds  in  young  and  mature  leaves  of
X. mafaffa. Upon maturation, the water content, the total carbohydrate, the digestible carbohydrate
contents, and the total protein decrease between young leaves and mature leaves at the expense of the
mature leaves. Yet, this decrease is only significant for the digestible carbohydrates. Inversely, the total
fiber, the total ash, the total lipid, and the water content tend to increase with the leaves’ maturity, but not
significantly.

Total water contents: The total water content (TWC), expressed in g/100 g of wet matter, is high in both
leaves but slightly more important in young leaves compared to mature leaves (Fig. 3a). The water content
determined  is  92±1.4  and  89.7±0.7  g/100  g  WM  for  young  leaves  and  mature  leaves,  respectively.
Yet, in current study, this difference in water content is not significant between YL-50 and ML-50%.
According  to  the  literature  of  de  Almeida  Jackix  et  al.39,  the  difference  observed  may   be
explained  by  the  effect  of  maturity  on  the  chemical  composition  of  the  species.  Indeed,  as  the
plant grows older, the accumulation of structural compounds such  as  cellulose  and  lignin,  as  well  as
the presence of secondary metabolites, is concomitant with the decrease in water content in X. mafaffa
leaves.

Current results are in agreement with the study of Pant et al.40, who reported that the concentration of
water depends strongly on the plant’s growth stage, but also the seasonal factors, the collection method
in addition to the genetic and environmental factors. To the author's knowledge, no articles appear to
report the determination of water content in fresh X. mafaffa leaves. Consequently, authors have discussed
the results by comparing them with those obtained for other leafy vegetables. Besides, whatever the
nature of the leaves, current results concerning total water contents present in X. mafaffa are superior to
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those obtained by Ahmed et al.41 on mature leaves of A. digitata (collected in Sudan; TWC: 8.9 g/100 g
WM). Current results are also higher than those obtained by Ijarotimi et al.42 on mature M. oleifera leaves
from Nigeria (TWC: 73 g/100 g WM). In addition to the plant sources, the differences in total water content
obtained can be due to the soil, the climatic factors, the plant’s growth stage and the chemical
composition of the species40. This result shows that X. mafaffa leaves can be classified as a water-rich leafy
vegetable.

Total protein contents: Total protein content (TPC), expressed in g/100 g of dry matter, is slightly more
concentrated in young leaves than in mature leaves, but the observed difference is not statistically
significant (Fig. 3b). The total protein content determined is of 17.1±1.7 and 15.8±0.6 g/100 g DM for
young leaves and mature leaves, respectively. This difference in the protein content observed in the
different leaves can be attributed to the effect of the leaves maturity on the chemical composition of the
species. Indeed, the growth of leaves requires active synthesis of cell membranes, enzymes, and other
cellular components, which leads to a slight increase in the protein content of young leaves43. Moreover,
the richness in protein content obtained for both types of X. mafaffa leaves suggests that they may be an
interesting sources of proteins. The protein content of X. mafaffa leaves determined in current study is
close to that obtained by Arogundade and Adedeji44 of mature X. mafaffa leaves (collected in Nigeria),
reported a total protein content of 19.6 g/100 g DM. However, the TPC results determined for X. mafaffa
in this study are about 2 times lower than those obtained by Ijarotimi et al.42 on mature M. oleifera leaves
from Nigeria (TPC: 35.1 g/100 g DM). Overall, the differences obtained between current work and that of
Ndong and colleagues could be linked to the nature of the species (mature leaves of X. mafaffa in current
study vs mature leaves of Moringa oleifera in Ndong’s), the harvesting period (June at the start of
flowering in current study vs December at the start of the dry season  in  Ndong’s)  and  acclimatization
(i.e., the region where the plant was grown), which seem to have influenced the chemical composition of
this plant. In general, proteins are essential macronutrients for various bodily functions, including tissue
growth and repair, enzyme production, and immune function43. The leaves of X. mafaffa could serve as
a sources of plant protein for local populations yet in addition to animal protein, in order to ensure amino
acid balance.

Total lipid contents: Total lipid content (TLC), expressed in percentage of dry matter, seems more
concentrated in mature leaves than in young leaves but yet, this difference is not significant Fig. 3b. The
lipid content determined is 3.2±0.4 DM for young leaves, which is very close to 3.4±0.6 DM for mature
leaves, respectively. The slightly higher bioavailability of lipids in mature leaves can be attributed to the
effect of maturity on the chemical composition of the species. Indeed, the biosynthetic activity of lipids
may be related notably to the activity of lipogenic enzymes and the incorporation of fatty acids into
triglycerides during leaf maturity. Lipids are stored in vacuoles and cell membranes, contributing to energy
reserve and cell structuring functions45. Furthermore, these two low lipid contents obtained suggest that
the   young   and   mature  leaves  of  X.  mafaffa  can  make  a  small  contribution  to  lipid  provision.
In  general,  lipids  are  macromolecules  essential  for  many  biological  functions,  including  cell
membrane formation and energy storage45. Current results for lipid  content  in  X.  mafaffa  leaves  are
2 times lower than those obtained by Arogundade and Adedeji44 for mature X. mafaffa leaves (collected
in Nigeria), with lipid content determined at 6.8 g/100 g DM. Likewise, current TLC results are 2 times
lower   than   those   obtained   by   Ijarotimi   et   al.42   on   mature   M.   oleifera   leaves   from   Nigeria
(Total lipid content: 7.5 g/100 g DM). These low lipid contents suggest that X. mafaffa leaves can be
consumed  in  antihypertensive  diets  but  also  by  people  with  excess  weight  problems,  with  a
contribution between 13.83 and 30.50% of the recommended dietary allowance (RDA) in lipids (Table 2)
for a 70 kg adult.
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Table 2: Contribution of organic and mineral substances of 100 g of dry matter of X. mafaffa leaves to the recommended daily
allowance (RDA)

RDA for an adult Contents in 100 g of Contribution of 100 g of d.w. of
Elements analyzed (Male/Female) d.w. of X. mafaffa leaves X. mafaffa leaves to RDA (%)
Digestible carbohydrates (g) 130a 38.81 3.34
Lipids (g) 44-97a 3.18 13.83-30.50
Proteins (g) 56 17.06 3.18
Energy (kcal) 2500/2000a 302.9 8.25-6.60
Na (mg) 1500a 329.8 4.54
K (mg) 4700b 1927.01 2.43
Ca (mg) 900bc 883.1 1.02
Mg (mg) 420a 769.08 0.54
P (mg) 750bc 396.3 1.98
Fe (mg) 27.40/58.80 11.02 2.49-5.33
aReference nutrient intakes for minerals, carbohydrates, fiber, fat, proteins, and amino acids and b,cRecommended nutrient intakes
for a body weight of 70 kg

Total ash contents: Total ash content (TAC), expressed in g/100 g of dry matter, is slightly more
concentrated in mature leaves than in young leaves but yet, but the difference is not statistically
significant. The total ash content determined is 16.4±1.3 and 19.9±2.5 g/100 g DM for young leaves and
mature leaves, respectively. Thus, the mature leaves of X. mafaffa are more beneficial than young leaves
for mineral optimization. This bioaccumulation of minerals in mature leaves can be linked to the effect of
maturity on the chemical composition of the species. Indeed, as the plant grows older, the minerals
accumulate, in line with the membrane transport, leading to their storage in vacuoles, yet this
phenomenon becomes more efficient during leaf maturity40. Besides, previous studies show that hormonal
regulation and environmental stress signals can also play a dynamic role in mineral accumulation28. Note
that the total ash content is linked to the presence of inorganic elements such as calcium, potassium,
magnesium, iron, and other essential trace elements28. Current results are in agreement with the study of
Pant et al.40, reporting that the concentration of ash depends strongly on the plant's growth stage, but also
the seasonal factors, the collection method in addition to the genetic and environmental factors. The ash
content results, determined here in X. mafaffa leaves, are also 3 times higher than those obtained by
Ahmed et al.41, from mature leaves of A. digitata (collected in Sudan); a total ash content of 5.5 g/100 g
DM. Likewise, the TAC results determined in the current study are also greater than those obtained by
Ijarotimi et al.42 on mature M. oleifera leaves from Nigeria (TAC: 10.68 g/100 g DM). Thus, X. mafaffa leaves
can be classified as an ash-rich leafy vegetable.

Total fiber content: The total fiber content (TFC), expressed in g/100 g of dry matter, is slightly more
concentrated  in  mature  leaves  than  in  young  leaves.  The  total  fiber  content  determined  is
24.3±1.3 and 30.4±2.2 g/100 g DM for young leaves and mature leaves, respectively. Yet, this difference
between young leaves and mature leaves is not significant. This slight difference observed in the fiber
content between young and mature leaves can be attributed to the effect of maturity on the chemical
composition of the species. Indeed, some carbohydrates synthesized during the metabolic processes of
photosynthesis can be converted into fibers as leaves grow older, which leads to an increase in fiber in
mature leaves40. Previous studies by Liu28 reported that hormonal regulation and environmental stress
signals can also play a complex role in fiber accumulation, influencing this dynamic positively or
negatively, depending on the circumstances. Crude fibers are classified as carbohydrates that resist
digestion by mammalian enzymes but can be broken down by rumen microorganisms. These fibers consist
of cellulose, hemicellulose, lignin, and other soluble fibers28. Current results are in agreement with the
study of Pant et al.40 reporting that the total fiber content depends strongly on the plant’s growth stage,
but also the seasonal factors, the collection method in addition to the genetic and environmental factors.
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Current results concerning the fiber contents of X. mafaffa leaves are also 3 times higher than those
obtained by Pant et al.40 from mature leaves of A. digitata (collected in Ivory Coast); indeed, former authors
reported at a total fiber content of 7.5 g/100 g DM41. Likewise, current TAC results are also greater than
those reported by Ijarotimi et al.42 on mature M. oleifera leaves from Nigeria (4.68 g/100 g DM). Thus, the
X. mafaffa leaves can be classified as an ash-rich leafy vegetable.

Total digestible carbohydrate: Kindly be informed that the carbohydrate content is inferred from the
differing percentages identified in the proximate analysis, which accounts for total proteins, total fibers,
total  lipids,  and  ashes.  Plant  carbohydrates  can  be  classified  into  two  main  types:  Structural  and
non-structural carbohydrates. The structural carbohydrates are predominantly comprised of cellulose and
hemicelluloses, forming the core of fibers in all plant tissues. Total digestible carbohydrate content (TDCC),
expressed  in  g/100  g  of  dry  matter,  is  slightly  but  significantly  more  concentrated  in   young
leaves than in mature leaves. The total digestible carbohydrate content determined is 38.8±0.4 and
30.7±0.7 g/100 g DM for  young  leaves  and  mature  leaves,  respectively.  Thus,  the  young  leaves  of
X. mafaffa are more interesting than mature ones for the optimization of digestible carbohydrates. This
high concentration of digestible carbohydrates in young leaves can be influenced by the effect of the
maturity of the plant on the chemical composition of the species. Indeed, some of these carbohydrates
can be converted into fibers or other forms of storage as the leaves grow older, which leads to their
reduction in mature leaves39.

These highly digestible carbohydrate contents present in X. mafaffa suggest that both types of leaves can
contribute considerably to carbohydrate intake, but with a higher contribution for young leaves. Current
results for the digestible carbohydrate contents of X. mafaffa leaves are lower than those reported by
Arogundade and Adedeji44 from mature X. mafaffa leaves collected in Nigeria, which reported a total
digestible carbohydrate content of 51.3 g/100 g DM. However, current TDCC results are greater than those
obtained by Ijarotimi et al.42 on mature M. oleifera leaves from Nigeria (TDCC: 35.7 g/100 g DM). In
general, carbohydrates are a primary source of energy for the human body. Indeed, the digestible
carbohydrates are broken down into monosaccharides such as glucose, which is then absorbed into the
bloodstream and used by cells to produce ATP via glycolysis, the Krebs cycle, and the electron transport
chain during digestion29. These compounds present in appreciable quantities in X. mafaffa leaves could
be beneficial in diets requiring a rapid sources of energy45.

Total energy values: Figure 3c shows the metabolizable energy in young and mature leaves of X. mafaffa.
The  total  energy  value  (TEV),  expressed  in  kcal/100g  of  dry  matter,  is  significantly  higher  in
mature leaves compared to young leaves. Indeed, the total energy value determined is 302.9±14.3 and
278.7±14.9 kcal/100 g DM for young and mature leaves, respectively. This significant difference between
YL and ML indicates a significant accumulation of energy in young mature leaves compared to mature
leaves. The total energy value generally depends on the presence of macronutrients such as proteins,
digestible carbohydrates, fibers, proteins, and other essential macronutrients. This bioaccumulation of
certain macronutrients in young leaves can be attributed to the intense metabolic activity that takes place
during their rapid growth phase. Note that leaf growth requires active synthesis of cell membranes,
enzymes, and other cellular components, leading to an increase in the protein and digestible carbohydrate
content of young leaves29. The total energy values obtained from the various X. mafaffa leaves are lower
by about 15 to 22% than those obtained by Ijarotimi et al.42 from mature M. oleifera leaves collected in
Nigeria. Indeed, former authors reported a total energy value of 358.7 kcal/100 g DM. This may be due
to differences in the plant source. These greater energy value suggests that X. mafaffa leaves can be used
as an energy source, with an important contribution to the recommended dietary allowance (RDA) in
metabolizable energy (Table 2) for a 70 kg adult.
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Fig. 4(a-b): Total mineral contents and mineral ratios of X. mafaffa leaves,  (a)  Total  mineral  contents  of
X. mafaffa leaves and (b) Na/K, Ca/P, and Ca/Mg ratios in X. mafaffa leaves
Mean±SEM, Values with different letters: Significantly different (p<0.05), YL: Young leaves,  ML:  Mature  leaves  and
DM: Dry matter

Total  mineral  contents:  Figure  4a-b  show  the  total  mineral  content  (TMC)  of  young  and  mature
X. mafaffa leaves. According to this figure, the Na, K, Ca, Mg, P, and Fe contents determined increase
significantly with the leaves’ maturity. Indeed, the Total mineral content, expressed in mg/100 g DM, is
significantly more concentrated in mature leaves than in young leaves. For young leaves, the contents of
Na, K, Ca, Mg, P, and Fe are determined at 329.8±14.9, 1927.0±16.3, 883.1±17.5, 769.1±11.2, 396.3±14.1,
and 11.0±1.8 g/100 g DM. For mature leaves, the contents of Na, K, Mg, Ca, P, and Fe obtained are higher,
with values of 388.3±16.3, 2021.1±19.2, 1124.0±17.9, 786.2±12.3, 42.1±12.7, and 14.7±2.1 g/100 g DM,
respectively. Thus, the maturity of X. mafaffa leaves favors a higher mineral concentration with a variation
of 18, 5, 27, 2, 6, and 34% for Na, K, Ca, Mg, P, and Fe in favor of mature leaves.

This higher concentration of minerals in mature leaves compared to young leaves suggests that the plant
mobilizes more minerals in mature leaves to support biochemical processes such as photosynthesis and
resistance to environmental stresses46. Note that mineral levels are correlated with the plant’s specific
needs, depending on its stage of growth. For example, potassium is essential for regulating stomatal
opening and cell signal transmission, while calcium is involved in cell wall structuring47. However, the low
iron content may also be due to the action of iron absorption inhibitors (e.g., polyphenols)42. Moreover,
the mineral contents (i.e., Na, K, Mg, Ca, P, and Fe) determined in this study are lower than the values
reported by Peluola-Adeyemi et al.20 for mature leaves of X. sagittifolium collected in Nigeria. Indeed,
Peluola-Adeyemi et al.20 determined mineral contents of Na, K, Ca, Mg, P, and Fe of 19.3, 52.9, 17.7, 7.7,
44.4, and 39.3 mg/100 g DM, respectively.

The Na, K, Ca, Mg, P and Fe contents determined in current study are also higher than those obtained by
Ijarotimi et al.42 on mature M. oleifera leaves from Nigeria with values of 70.9±0.5, 254.4±7.7, 423.2±25.9,
97.3±3.3, 301.7±45.1 and 21.7±0.6 mg/100 g dry matter, respectively. Note that the differences in total
mineral content obtained can be due to the soil, the climatic factors, the plant’s growth stage, and the
chemical composition of the species40. Consequently, the mineral content of both young and mature
leaves of X. mafaffa is significant and can even be compared to that of certain vegetables and legumes
recognized as major mineral sourcess, such as baobab, Moringa, and cassava leaves10. These minerals are
vital elements necessary for the proper functioning and maintenance of the body.
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Table 3: Minimum inhibitory concentrations, minimum bactericidal concentrations, and MBC/MIC ratio of extracts against the eight
bacterial strains

Inhibition diameter (mm) Sensitivity
------------------------------------------------------------------- ----------------------
Positive control (ATB for bacteria MBC/

Type Germs and ATF for the yeast) YL-50% ML-50% MIC MBC MIC
GramG bacteria E. coli 14.60±0.10 0±0 0±0 ND ND ND

S. flexneiri 13.25±0.15 0±0 0±0 ND ND ND
S. typhimirium 13.80±0.16 0±0 0±0 ND ND ND
K. pneumoniae 14.22±0.20 12.25±0.35 0±0 12.5 50 4
P. aeruginosa 14.15±0.15 0±0 0±0 ND ND ND

Gram+ ba`cteria S. pneumoniae 13.50±0.10 0±0 0±0 ND ND ND
S. aureus 13.10±0.15 0±0 0±0 ND ND ND

Yeast C. albicans 15.50±0.10 0±0 0±0 ND ND ND
ND: Not Determined, ATB: Antibiotic (Gentamycin); ATF: Antifungal (Nystatin). YL: Young Leaves. ML: Mature Leaves. 50%: 50/50 (v/v)
ethanol/water ratio. MIC: Minimum inhibitory concentrations (mg/mL), MBC: Minimum bactericidal concentrations (mg/mL)

Mineral elements in humans are involved in a variety of functions, including those related to
mineralization, the management of water balance, and the support of enzymatic systems. According to
Razzaque and Wimalawansa48, they are also important constituents of the human diet by serving as
enzyme cofactors for many physiological and metabolic processes. As a result, micronutrient deficiencies
are serious health problems. Thus, iron (Fe), magnesium (Mg), and zinc (Zn) are fundamental minerals for
human beings, especially for the production and oxygenation of blood cells, digestion, and overall blood
circulation. Additionally, calcium (Ca) and potassium (K) are crucial for the process of muscle contraction9.
In the case of sodium (Na), it is involved in the transmission of nerve impulses and the maintenance of
fluid balance within the body47. Similarly, phosphorus (P) is crucial for energy storage mechanisms, notably
in the form of ATP. These examples underscore the critical role of minerals in human health, emphasizing
the need for sufficient intake to ensure proper physiological function. The presence of substantial mineral
quantities in X. mafaffa leaves, therefore, constitutes a valuable nutritional asset. As such, their inclusion
in the diet may offer benefits in terms of osteoporosis prevention, anti-aging effects, and immune system
enhancement48. Moreover, the ratios of certain minerals were determined and are illustrated in Fig. 4b.
Specifically, a Na/K ratio less than 1 is known to be beneficial for cardiovascular well-being49. The
combination of low sodium levels and a significant presence of potassium further supports the use of
these vegetables in diets aimed at managing hypertension48. In addition, the Ca/P and Ca/Mg ratios are
greater than 1, consistent with the high mean calcium content found in the analyzed leaves. Therefore,
these leafy vegetables demonstrate a richer calcium profile compared to phosphorus and magnesium. This
elevated calcium content suggests that X. mafaffa leaves could be valuable additions to diets promoting
skeletal health and pH balance through acid neutralization.

Antimicrobial activities of X. mafaffa leaves: The antimicrobial activity of X. mafaffa leaves was
investigated  on  Gram-negative  bacteria  (S.  aureus,  S.  flexneri,  S.  typhimurium,  K.  pneumoniae,  and
P. aeruginosa), Gram-positive bacteria (S. pneumoniae, and E. coli), and yeast (C. albicans). The minimum
inhibitory concentrations (MIC), minimum bactericidal concentrations  (MBC),  and  MBC/MIC  ratios  of
X. mafaffa leaves extracts were determined against these eight bacterial  strains  and  are  reported  in
Table 3.

Among Gram-negative bacteria, the YL-50% extract has only an antimicrobial effect on K. pneumoniae,
with an inhibition diameter of 12.25 mm.

In contrast, the extracts revealed no activity against Gram-positive bacteria or yeasts. Thus, the extracts
YL-50% and ML-50% vs (S. aureus and S. pneumoniae) and extracts YL-50 and ML-50% vs C. albicans
showed no antimicrobial activity.
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On the whole of the results, the YL-50%  extract  has  a  more  interesting  antimicrobial  activity  than  the
ML-50% extract, yet, only against  the  K.  pneumoniae.  Thus,  the  YL-50%  extract  showed  a  MIC  of
12.5 mg/mL and a BMC of 50 mg/mL on the K. pneumoniae strain. Moreover, the YL-50% extract exhibits
a significant bacteriostatic activity against K. pneumoniae, as evidenced by the MBC/MIC ratio of 4. This
selective antibacterial activity suggests a specific mechanism of action of YL-50% extract on the outer
membrane of K. pneumoniae50.

At the exception of K. pneumoniae, current results are not in agreement with those of Gandhi et al.13, who
found  that  the  methanolic  extract  of  X.  mafaffa,  obtained  with  a  solid/liquid  ratio  of  10%  (w/v),
exhibited  antimicrobial  properties  against  GramG  bacteria  such  as  Escherichia  coli  (MIC  512  µg/mL,
MBC 1024 µg/mL, MBC/MIC ratio 2), Enterobacter aerogenes (MIC 512 µg/mL, MBC not data) and
Providencia stuartii (MIC 512 µg/mL, MBC not data).

Correlations between the chemical composition and antimicrobial activity of the extract: The young
and mature leaves of X. mafaffa contain a multitude of secondary metabolites. The extracts of young and
mature X. mafaffa leaves contain similar phytochemical groups such as alkaloids, tannins, reducing
compounds, total carbohydrates, saponins, triterpenoids, coumarins, and flavonoids (Table 1). Thus, the
YL-50% extract exhibited appreciable K. pneumoniae antimicrobial activity,  with  a  MIC  determined  at
12.5 mg/mL. This antimicrobial activity may be associated with the specific content of the extracted
biomolecules. Indeed, although the two extracts contain similar classes of molecules, it is plausible that
the extracted molecules differ not only in quantity but also in structure. These variations could thus explain
the discrepancies observed in antimicrobial activity between these two extracts. Note that the chemical
composition of X. mafaffa varies according to the species’ maturity51. In general, tannins are known for
their ability to inhibit the growth of many microorganisms, including bacteria52. Flavonoids have antifungal
and antibacterial properties52. Quinones and derivatives have antimicrobial properties38. Note that an
MBC/MIC ratio is a key measure for assessing the efficacy of an antibiotic and guiding therapeutic choice.
A low MBC/MIC ratio (#4) indicates that the antibiotic is bactericidal, while a high ratio (>4) suggests that
it is primarily bacteriostatic. For the YL-50% extract, the MBC/MIC ratio on the K. pneumoniae strain is 4.
The MBC/MIC ratio obtained indicates that the hydroethanolic extract of young leaves has bacteriostatic
activity on K. pneumoniae (MBC/MIC = 4). Consequently, young leaves can relieve illnesses such as
pneumonia and urinary tract infections caused by K. pneumoniae.

CONCLUSION
This study focused on the leaves of X. mafaffa, commonly consumed as a leafy vegetable in many parts
of the world, to evaluate their nutritional potential as well as their antimicrobial activity. The biochemical
analysis carried out revealed that mature X. mafaffa leaves have a particularly remarkable nutritional
composition, surpassing that of young leaves. They are rich in protein, fiber, easily digestible
carbohydrates, and essential minerals such as calcium, magnesium, phosphorus, iron, and potassium. The
microbiological tests carried out revealed significant antimicrobial activity of the YL-50% extract against
K. pneumoniae. This activity is largely attributable to the bioactive compounds present in X. mafaffa leaves,
such as flavonoids, tannins, and alkaloids, although their efficacy may vary according to leaf maturity.
Given the nutritional quality of X. mafaffa leaves, these can be used as leafy vegetables capable of making
a significant contribution to the dietary balance of populations. Their consumption could not only improve
nutritional status but also offer protection against certain bacterial infections. This study provides solid
evidence of X. mafaffa’s dual potential as a nutritious food sources and a natural antimicrobial agent.
These results pave the way for further research aimed at optimizing the use of this plant, both in human
nutrition and in the development of antimicrobial treatments. Their integration into public health
strategies and the formulation of phytotherapeutic products represents a promising prospect for
improving the health of populations.
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SIGNIFICANCE STATEMENT
This study discovered the remarkable nutritional and antimicrobial potential of X. mafaffa leaves, which
can be beneficial for improving dietary intake and combating bacterial infections. The findings highlight
the rich composition of essential nutrients and bioactive compounds in mature leaves, demonstrating their
potential role in both human nutrition and natural antimicrobial applications. This study will help
researchers uncover the critical areas of bioactive compound efficacy and their influence on microbial
resistance that many researchers were not able to explore. Thus, a new theory on the dual functionality
of X. mafaffa as a nutritious food sources and a natural antimicrobial agent may be arrived at.
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