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Abstract

Dacryodes edulis (DAED) and Litchi chinensis (LICH) fruits are staples in Haut-Katanga (DRC) and traditionally used in
Lubumbashi to treat gastrointestinal, urinary and respiratory infections despite a lack of efficacy data. This study
assessed the antibacterial activity of DAED and LICH fruit extracts against six pathogens—Escherichia coli, Salmonella
typhi, Shigella sonnei, Staphylococcus aureus, Klebsiella pneumoniae, and Streptococcus pneumoniae—and
simultaneously characterized their nutritional profiles, radical-scavenging capacity and phytochemical content
(polyphenols, flavonoids, tannins). Antibacterial efficacy was determined by broth microdilution (MIC) and agar
diffusion (inhibition zone diameters), antioxidant potential by DPPH assay, and nutritional-phyto-chemical
composition by spectrophotometric quantification of dietary fiber, reducing sugars, vitamin E, minerals and bioactive
groups. Both extracts exhibited strong antibacterial activity, notably against E. coli and K. pneumoniae (MIC 3.1-6.3
pg/mL; inhibition zones 20-21 mm), and potent radical-scavenging effects (ICso: 3.1 pg/mL for DAED; 5 pg/mL for
LICH). Nutritional analysis revealed elevated dietary fiber (20-27 g/100 g), vitamin E (10-14 mg/100 g) and zinc (11-
18 mg/100 g), exceeding recommended daily intakes. Phytochemical screening detected flavonoids, tannins, steroids
and terpenoids. DAED was distinguished by high lipid (53.4 g/100 g), potassium (444 mg/100 g), magnesium (149
mg/100 g) and total polyphenols (978 mg GAE/100 g) contents, whereas LICH was richer in total flavonoids (230 mg
QE/100 g), tannins (40 mg GAE/100 g), carbohydrates (71 g/100 g) and calcium (300 mg/100 g). These findings
provide the first scientific validation of DAED and LICH’s traditional antimicrobial applications in Lubumbashi and pave
the way for standardizing fruit-based phytotherapeutics and isolating their bioactive principles.

Keywords: Edible fruits; E. coli; K. pneumoniae; Gastrointestinal; Urinary and respiratory infections.

1. Introduction

Regular consumption of fruits and vegetables contributes to the prevention of numerous chronic and infectious diseases
[1]. In developing countries such as the Democratic Republic of Congo, nutritional requirements depend primarily on
local products—especially seasonal fruits and vegetables—which underpin both food security and household
economies in rural and urban areas [2]. Under pathological conditions, the efficacy of pharmacological treatments is
significantly enhanced when combined with appropriate nutritional supplementation: this synergy markedly improves
clinical outcomes in gastrointestinal, urinary, and respiratory infections [3]. These infections, which are highly prevalent
in sub-Saharan Africa and DRC, lead to substantial losses of potassium, calcium, and magnesium, thereby worsening
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patients’ clinical status and delaying recovery [4,5]. In a context of limited resources, most populations struggle to
reconcile antimicrobial needs with nutritional requirements. Local ethnobotanical expertise therefore emerges as a
promising approach to address both health and food-security imperatives simultaneously.

Ethnobotanical surveys carried out in Central Africa and Southeast Asia have shown that Dacryodes edulis and Litchi
chinensis occupy a central place in traditional medicine. In the DRC and Cameroon, safou (D. edulis) is eaten fresh, boiled,
or smoked to alleviate dermatoses, hypertension, and anemia, while also serving as a major nutritional and economic
resource [6,7]. In southern China, decoctions of litchi pericarp or seeds are used to treat cough, fever, digestive disorders
and to promote circulation [8,9].

Previous phytochemical investigations reveal that D. edulis is rich in polyunsaturated fatty acids, tocopherols (0.6-1.0
g/kg), carotenoids, flavonoids, and phenolic acids, conferring potent antioxidant capacity and in vitro antibacterial
activity (MIC = 6.25 pg/mL against Salmonella typhi and Staphylococcus aureus) [10,11]. Concerning L. chinensis, its
content of flavan-3-ols, anthocyanins, and vitamin C inhibits lipid peroxidation and exerts bacteriostatic activity against
Salmonella spp. and other gastrointestinal pathogens [12,13].

In Lubumbashi, these two species are integrated into traditional practices for the management of gastroenteritis,
urinary infections, respiratory disorders, wounds, dysentery, diabetes, and viral ailments. This study aims to provide a
scientific validation of these local uses against urinary, gastrointestinal, and respiratory infections, to evaluate the
antioxidant activity of the fruits, and to assess their nutritional potential and content of bioactive secondary metabolites.

2. Material and Methods

2.1. Plant material

Fruits of Dacryodes edulis and Litchi chinensis were collected in May 2021 from the Mzee Lubumbashi market, Haut-
Katanga, Democratic Republic of Congo. Botanical authentication was performed by Professor Edouard Ilunga of the
Faculty of Agronomy, University of Lubumbashi.

Following air-drying at ambient temperature (25 °C), the samples were ground using an electric stainless-steel mill
(Plymix PX-MFC 90 D, Belgium). A 350 g portion of the resulting powder was macerated in 1 L of methanol (Sigma-
Aldrich, CAS 67-56-1) at 25 °C for 72 hours with continuous agitation. The extract was then filtered through Whatman
No. 1 filter paper (Whatman, USA) and concentrated under reduced pressure (180 mbar) at 50 °C using a rotary
evaporator (Biichi R-210, Switzerland).

2.2. Determination of Proximate Composition

The air-dried samples were analyzed for proximate composition, dry matter (MS), ash (CT), crude fat (MG), crude fiber
(FB), and crude protein contents (PT), total carbohydrate (ST), using the methods of Association of Official Analytical
Chemists [14]. The dry matter content was determined by drying a known weight of the homogenized sample at 105 °C
in an oven, until a constant weight was reached. For the total ash determination, the samples were weighed and
converted to dry ash in a muffle furnace at 550 °C. The fat content was obtained by extraction with petroleum either
using a Soxhlet apparatus. Kjeldahl method was used for crude protein determination while the total carbohydrate was
estimated by phenol-sulfuric acid method [15]. The gross energy content (kcal/100 g) was calculated multiplying the
percentages of the crude protein, crude fat, and carbohydrate contents by 4.0, 9.0 and 4.0, respectively [16].

2.3. Minerals determination

Mineral analyses were carried out according to a previously described procedure [17]. Briefly, 500 mg were incinerated
for 24h at 550 °C (Muffle Furnace mLs1200, Thermo Scientific, Madrid, Spain), weighed and desilicated with 3 mL of
40% HCI (Sigma- Aldrich, Saint-Quentin Fallavier, France) and 1 mL 70% HNO3 (Sigma- Aldrich, Saint Louis, USA). The
obtained solution was then evaporated at 90 °C to dryness. The residue was mixed with 50 mL distilled water followed
by filtration. Detection of sodium, potassium, calcium, magnesium, phosphorus, copper, zinc, iron, Manganese, and
chrome, were realized using inductive coupled plasma atomic emission spectrometry (ICP-AES, Varian Vista) with
coupled charge device detector (Agilent France, Massy). All the standards were obtained from Fisons Scientific
Equipment (Loughborough, England). Quantification of element concentrations was done using specific calibration of 5
points for each element in the range 0-1000 mg/L. The limits of quantification (LOQ) related to samples were 0.0500
mg/ 100 g for Ca, K, Na, Mg, P and 0.0010 mg/100 g for Fe, Zn, Mn, Cu, Cr.
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2.4. Determination of Vitamins Contents

Vitamin cotenant were determined by spectrophotometric method: Vitamin A was performed by 3-carotene assay [18]
using a factor 1lpg of B-carotene = 0.167 pg of ERE (retinol equivalent), Ascorbic Acid (C), by 2,6-
dichlorophenolindophenol (DCPIP) assay [19], Tocopherol (E), by 2, 2’'-dipyridyl reagent assay [20].

2.5. Preliminary phytochemical screening

The whole plant powders were analyzed for the presence of alkaloids, coumarins, flavonoids, saponins, steroids,
tannins, terpenoids, and phenols. This was conducted using standard tube reactions, as previously reported [21-23].

2.6. Determination of total phenol, flavonoid and tannin content

The total phenolic content of each sample was quantified using a Folin-Ciocalteu method [24]. The procedure involved
the preparation of a solution of extract (100 pg . mL-1) or gallic acid (100-600 pg . mL1) in 1 mL of 10% (w/v) Folin-
Ciocalteu reagent, which was then mixed with 2.5 mL of the solution. Subsequently, 2.0 mL of Na2CO3 (75%) was added
to the mixture, which was then incubated at 50 °C for 10 minutes with intermittent stirring. Subsequently, the sample
was cooled, and the absorbance was measured using a UV spectrophotometer (Shimazu, UV-1800) at 765 nm against a
blank. The results were expressed in milligrams of gallic acid equivalents per gram of dry extract (mg GAE.g1) using a
calibration curve (y = 0.0696x + 0.0113, R2 = 0.998; linearity range, 1-1200 mg. mL1).

As previously described, the total flavonoid content was quantified using an aluminum trichloride assay [25]. Briefly,
An aliquot of 1 mL extract solution (100 pg . mL-1) or quercetin (25-250 pg. mL1) was combined with 0.2 mL of a 10%
(w/v) AlCls solution in methanol, 0.2 mL of a 1 M potassium acetate solution, and 5.6 mL of distilled water. The mixture
was incubated for 30 minutes at room temperature, after which the absorbance was measured at 415 nm against the
blank. The results were expressed in milligrams of quercetin equivalents per gram of dry extract (mg QE.g1) using a
quercetin calibration curve (y = 0.006 x + 0.004, R2 = 0.996; linearity range, 0.1 to 150 mg. mL-1).

The total condensed tannin content was determined using a vanillin method, as previously described [26]. Briefly, 1
mL of a solution of the extract (100 ug/mL) or gallic acid (100-600 pg/mL) was mixed with 5 mL of a vanillin solution
(0.5 g reagent and 200 mL 4% HCI in methanol). The absorbance at 500 nm, following a 20-minute reaction time, was
quantified using a spectrophotometer (SP 2000 UV, Bel Photonics®, Piracicaba, SP, Brazil) in comparison to a blank.
The results were expressed in milligrams of gallic acid equivalents per gram of plant dry extract (mg GAE.g-1ED) using
a calibration curve based on gallic acid (y = 0.005 x + 0.0012, Rz= 0.997; linearity range, 1 - 100 mg. L-1).

2.7. DPPH assay

The antioxidant activity of the samples was evaluated using the DPPH assay, as previously described [27]. Briefly, 50 pL
of extracts (or positive control) were prepared at different dilutions of order 2 in methanol from 100 g. mL-! solution,
was interacted with 1950 pL of 0.002% DPPH in a 96-well plate (Nunc WVR, Germany). Following a 30-minute
incubation period in the dark, the solution was read at 492 nm (Thermo Fisher Scientific Inc., Waltham, USA). The assays
were conducted in triplicate, with the 0.002% DPPH solution as the negative control. The percentage of antioxidant
activity was calculated using the following formula :

AAO (%) = L2202 100 % ... )

Where, (Ab) is the absorbance measured in the presence of the negative control, (Ae) is the absorbance measured in the
presence of the extract, and (AAO) is the calculated percentage of inhibition. The experiment was performed in
triplicate.

In this study, the antioxidant activity of the extracts was categorized as follows: very strong when ICso < 50 pg/mL,
strong when 50 pg/mL < ICso < 100 pg/mL, moderate when 100 pg/mL < ICso < 250 pg/mL, weak: 250 pg/mL < ICso <
500 pg/mL, and absent when ICso 2 500 pg/mL [27,28].

2.8. Anti-bacterial activity test

Antibacterial activity was assessed by the macrodilution test in a tube, by determining MIC, and by macrodiffusion on a
disk, by determining DZI [28-31].

The bacterial strains included in this study were Escherichia coli (E coli) ATCC 25922, Salmonella typhi (S typhi) ATCC
14028, Shigella sonnei (S sonnei) ATCC 25931, Staphylococcus aureus (S aureus) ATCC 6538, Klebsiella pneumoniae (K
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pneumoniae) ATCC 13883 et Streptococcus pneumoniae (S pneumoniae) ATCC 49619. The bacterial strains were
obtained from the Lubumbashi Provincial Laboratory, where tests were conducted using an agar diffusion method to
ascertain the diameter of the zone of inhibition (DZI). Additionally, the broth dilution method was employed in triplicate
to ascertain the minimum inhibitory concentration (MIC), and the minimum bactericidal concentration (MBC) of the
extract [28].

These distinct parameters (DZI, MIC, and MBC) were utilized to delineate the antimicrobial activity of the extracts. The
microorganisms selected for this study were based on their prevalence in locally observed instances of bacterial
gastroenteritis.

For susceptibility testing, 20 mL of Muller-Hinton agar was poured into sterile Petri dishes, and allowed to stand for 20
minutes. Subsequently, 1 mL of a bacterial suspension containing 108 CFU (colony-forming units) per mL was evenly
distributed over the entire surface of each culture medium. Blotting paper discs (with a diameter of 6 mm) were
impregnated with 5 pL of extracts (with a concentration of 50 pug. mL-1), and placed on the surface of the solidified,
infected medium. Subsequently, the Petri dishes were incubated at 37°C for 48 hours in an oven. The susceptibility of
the germs to the extracts was estimated by measuring the diameter (in millimeters) of the zone of inhibition induced
by different concentrations of plant extracts around the discs. Each experiment was repeated three times. The Extracts
were categorized as follows according to their MIC values: very active (MIC < 100 pug/mL), moderately active (100 <
MIC < 500 pg/mL), weakly active (500 < MIC < 1000 pg/mL), and inactive (MIC > 1000 pg/mL)[29,30].

To determine MIC, 100 pL of each extract at a concentration of 1 mg/mlL, dissolved in methanol (petroleum ether), was
combined with 1900 pL of culture medium. Subsequently, eight successive dilutions of order 2 (ranging from 500 pg.
mL1 to 1.9 pg. mL-1) were prepared for each extract and placed in different 5 mL aseptic tubes. After that, 1000 pL of
standard inoculum was added to each tube, and the mixture was incubated for 24 h at 37°C. The growth of
microorganisms was observed visually. The minimum inhibitory concentration (MIC) was determined as the lowest
concentration at which the extract prevented visible bacterial growth [32]. Extracts were categorized as follows
according to their MIC values: very active (MIC < 100 pg. mL-1), moderately active (100 < MIC < 500 pg. mL-1), weakly
active (500 < MIC < 1000 pg . mL1), and inactive (MIC > 1000 pg.mL1).

To determine the minimum bactericidal concentration (MBC), samples were taken from tubes that exhibited no visible
growth, as had been used to determine the minimum inhibitory concentration (MIC). Inoculation was conducted in Petri
dishes on Mueller Hinton agar medium, and incubation was performed at 37°C for 24 hours. The growth of
microorganisms was monitored visually, and the minimum bactericidal concentration (MBC), defined as the lowest
concentration at which the extract prevented visible bacterial growth after transplantation, was determined [33]. The
effect of the extract was determined according to the ratio between the minimum bactericidal concentration (MBC), and
the minimum inhibitory concentration (MIC). A bactericidal effect was considered present when the ratio was < 2, while
a bacteriostatic effect was observed when the ratio was >2 [30]. The experiment was performed in triplicate.

2.9. Statistical analysis

All the tests were carried out in triplicate and the results are expressed as mean * Standard deviation. In bivariate
analysis, the T Student Test was used and in multivariate analysis, the one-way ANOVA test. The significance level of the
test was set at 95%.

3. Results

3.1. Sensitivity of bacteria to different extracts

The extracts showed a diameter of inhibition zone (DZI) ranging from 12.7 # 0.1 mm (DAED on S. typhi) to 21.1 + 0.2
mm (LICH on E. coli) on the different germs studied in solid medium. According to the classification system previously
proposed [28,32], all the extracts showed activity (DZI > 10 mm). It is noteworthy that E. coli, S. pneumoniae and K.
pneumoniae exhibited susceptibility to all tested extracts, with inhibition zone diameters (IZD) exceeding 20 mm.
Additionally, the LICH demonstrated broad-spectrum activity, effectively inhibiting all evaluated microbial strains with
IZDs > 19 mm (Table 1).
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Table 1 Inhibition zone diameter of methanolic extracts of fruit of Dacryodes edulis and Litchi chinensis at 50 pg. mL-1.

Simple | E. coli S. typhi S. sonnei | K. pneumoniae | S. aureus | S. pneumoniae
CIP 260+1.2|241+04 |181+£0.2|23.0£0.1 23.1+04 | 23104
DAED | 20.1+£0.2|127+0.1 |211+0.2|20.2%0.2 19.2+0.6 | 20.2+0.8
LICH 214+02 | 19302 | 201+£04 | 20.1+£0.2 19.1+0.2 | 20.1+0.2

Legend - DAED: Dacryodes edulis, LICH : Litchi chinensis; Results expressed as mean * standard deviation with n= 3; Ciprofloxacin (CIP) was used as
a positive control (DZI: 18-28 mm) and the dilution solvent (5% ) from each extract was used as negative control. No zone of inhibition was
observed in the negative control.

3.2. Minimum inhibitory concentration, minimum bactericidal concentration and effect of extracts

The minimum inhibitory concentrations (MICs) of all evaluated extracts spanned a wide range (3.1-12.5 pg/mL),
underscoring their diverse antibacterial potencies. Each extract suppressed the growth of K pneumoniae at
concentrations of 3.1 pg/mlL, highlighting a uniformly strong antipneumonial effect. The LICH extract proved especially
compelling, inhibiting every tested bacterial strain at MICs no greater than 6.3 pg/mL, and thus demonstrating true
broad-spectrum efficacy. Complementary bactericidal assays confirmed that these formulations not only arrest
bacterial proliferation but actively kill pathogens at their respective MICs (Table 2).

Table 2 Minimum inhibitory concentration (MIC in pg. mL-1) and minimum bactericidal concentration (MBC in pg/mL)
of organic extracts of Dacryodes edulis and Litchi chinensis.

Extraits Bacterial Strain CMI (ng/mL) CMB (ng/mL) CMB/CMI Effects

DAED E. coli 6.3 6.3 1 BC
S. typhi 12.5 25 2 BC
S. sonnei 12.5 12.5 1 BC
K. pneumoniae 3.1 6.3 2 BC
S. aureus 6.3 6.3 1 BC
S. pneumoniae 12.5 12.5 1 BC

LICH E. coli 31 3.1 1 BC
S. typhi 31 6.3 2 BC
S. sonnei 6.3 6.3 1 BC
K. pneumoniae 3.1 31 1 BC
S. aureus 3.1 3.1 1 BC
S. pneumoniae 3.1 3.1 1 BC

Legend - CIP : Ciprofloxacin, DAED: Dacryodes edulis, LICH : Litchi chinensis; BC: Bactericide; Ciprofloxacin was employed as a positive control,
demonstrating MIC values below 5 pg/mL, whereas the uninoculated culture medium and the 5% methanol vehicle served as negative controls and
showed no detectable antibacterial activity.

3.3. Antioxidant activity

The antioxidant activity of the extracts was found to vary significantly, with values ranging from 17% to 96% in
accordance with the concentration, and exponential model employed. In accordance with the aforementioned
classification (2.7), the extracts demonstrated high antioxidant activity, as evidenced by their ICso values (3.1 and 4.9
pg. mL-1). However, this activity was observed to be at alower level than that of ascorbic acid (ICso = 1.6 pg. mL-1), which
served as a positive control. DAED exhibited the highest antioxidant activity (Figure 1).
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Legend - DAED: Dacryodes edulis, LICH : Litchi chinensis, AA: Ascorbic acid used as positive control; AOA: Antioxidant activity.

Figure 1 Antioxidant activity of methanolic extracts of the fruit of Dacryodes edulis and Litchi chinensis expressed as
percentage DPPH inhibition @ and as ICso ®; ((X )% S, n=3)

3.4. Phytochemical groups identified

Excluding alkaloids, anthraquinones, and saponins, every other class of secondary metabolites—including coumarins,
flavonoids, polyphenols, steroids, tannins, and terpenoids—was detected in both fruit of Dacryodes edulis and Litchi
chinensis (Table 3).

Table 3 Phytochemical groups of antibacterial interest identified in fruit of Dacryodes edulis and Litchi chinensis.

Phytochemicals group Tube Solution Test DAED LICH
Alkaloids Dragendorff - -
Mayer - -
Hager - -
Bertrand - -
Sonnenschein - -
Anthraquinones Borntrager - -
Coumarins sodium hydroxide solution test + +
Flavonoids Shinoda + +
Polyphenols Ferric Chloride Test + +
Saponins Foam test - -
Steroids Liebermann-Burchard + +
Tannins Braemer + +
Terpenoids Liebermann-Burchard + +
Hirschson + +

Legend - Present: + ; Absent: - ; Dragendorff’s reagent: Bi(NO3)3 + KI + tartaric acid (C4H¢O¢) ; Mayer’s reagent: HgCl, + K1 ; Bertrand’s reagent:
potassium sodium tartrate (KNaC4H40¢) + CuSO4-5H,0 + Fe,(S04)3/H2S04 + KMnO, ; Sonnenschein’s reagent: phosphomolybdic acid H3PMo01,040) ;

Shinoda reagent: Mg + HCl ; Borntrdger’s reagent: FeCl; + HCl ; Liebermann-Burchard reagent: acetic anhydride (C4H¢O3) + H,SO4 ; Braemer’s
reagent: FeClz ; Hirschhorn’s reagent: trichloroacetic acid (CCI;CO,H) ; Bate-Smith test: conc. HCL
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3.5. Total phenolic, flavonoids and total tannins content

The total phenolic and tannin contents were determined against gallic acid standards and are reported as mg GAE-g™*.
Phenolic levels ranged from 471 to 978 mg GAE-g™*, while tannin concentrations varied between 3 and 41 mg GAE-g™*.
Total flavonoids, quantified as quercetin equivalents (mg QE-g™), spanned 3 to 230 mg QE-g™*. Among the two species,
Litchi chinensis displayed the highest flavonoid and tannin contents, whereas Dacryodes edulis exhibited the greatest
total phenolic accumulation (Table 4).

Table 4 Total phenols, flavonoids and tannins content in fruit of Dacryodes edulis and Litchi chinensis

Simple | Total Flavonoids Total polyphenols Total tannins Ratio
(mg EQC/100g) (mg EAG/100g) (mg EAG/100g) TPC/TTC

DAED 3.51+0.41d 978.21+0.11d 3.77 £0.12d 259.5

LICH 230.12 £ 0,41 471.21+0.12 40.30+0.11 11.7

3.5.1. Proximate Nutritional Value

Across all nutritional parameters evaluated in this study—aside from total carbohydrate content, Reducing sugars
content and Crude fiber content—Dacryodes edulis consistently exhibited higher values than Litchi chinensis. Notably,
however, L. chinensis fruits contained carbohydrate levels approximately three times those of D. edulis, which translated
into a superior overall energy content (Table 5).

Table 5 Nutritional value content in fruit of Dacryodes edulis and Litchi chinensis

Simple CFC FC PT SRC TCT EV

Unit g/100g g/100g g/100g g/100g g/100g Kcal/100g
DAED 20.2 £ 0.40a 53.4+0.43a 21.3+0.11a 18.06 £ 0.31a 23.21+0.42a 519.1+0.2
LICH 27.60+0.13 12.5+0.42 07.21+0.41 50.71+0.40 76.01 + 0.43 480.6 +0.2

Legend - Crude fiber content (CFC), Fat content (FC), Protein content (PT), Reducing sugars content (SRC), Total Carbohydrate Content (TCT),
Energetic Value (EV). Results expressed as mean * standard deviation; n = 3; 95% confidence interval; analysis of variances: a if p <0.01; b if p
<0.001; cif p <0.0001; Carbohydrates: 4 kcal / g; Polyol: 2.4 kcal / g; proteins: 4 kcal / g; lipids: 9 kcal / g; Ac. Organic: 3 kcal / g; dietary fiber: 2 kcal
/ g according to the standard: ECEC0925387A; 1Kcal =4.184 KJ; N =3.

3.6. Macro and micro elements

Table 6 Macro-elements in fruits of Dacryodes edulis and Litchi chinensis

Macro-elements (mg) | Na Ca P K Mg

AJR 2500 800 700 2 375

DAED 6.13+0.1 64.3+0.24 | 68.1+0.24 | 543.6 £0.3¢ | 140.2 + 0.1d
LICH 9.12+0.1 300.58+0.1 | 123+0.1 | 171.8+0.2 | 010.5+0.2
Micro-elements Fe Cu Zn Mn Cr

AJR (mg) 14 1 10 2 0,03-0,1
DAED 00.80 +0.1¢ | 0.93 £0.3¢ 18.4+0.29 | 4.1+0.02¢ | 0.0041 +0.1>
LICH 30.47+0.2 | 0.14+£0.3 11.67 £0.1 | 2.35+0.04 | 0.0026 0.2

Legend - AJR: daily intake in an individual of 70 kg, Results expressed as Average * SD, n = 3, comparison between leaves and fruits by T test with a
if p<0.01, b if p <0.001, cif p <0.0001, d if p <0.00001.

Regarding macro-elements, the fruits of Dacryodes edulis (D. edulis) contain higher levels of phosphorus, potassium,
and magnesium than those of Litchi chinensis (L. chinensis). Conversely, the fruits of L. chinensis exhibit greater sodium
and calcium contents than those of D. edulis. For micro-elements, D. edulis is richer in all analyzed elements except iron.
However, when expressed per 100 g of dry matter, the mineral concentrations generally fall below the recommended
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daily intakes for humans—except in the cases of potassium, zinc, and magnesium, which meet or exceed those dietary
requirements (Table 6).

3.7. Vitamins

For vitamins A and C, Dacryodes edulis contains values roughly sevenfold higher than those of Litchi chinensis, although
both fruits supply only about one-tenth of the recommended daily intake for humans per 100 g of dry matter. In contrast,
the vitamin E content of both species is similar and meets the daily requirement on a 100 g dry-matter basis (Table 7).

Table 7 Vitamin A,C and E in fruit of Dacryodes edulis and Litchi chinensis

Vitamins | DR | MDD mg/70kg | DAED (mg/100g de MS) | LICH(mg/100g de MS)

A 0.8 4.68 00.71 £ 0.034 00.10 £ 0.21
C 80 1900 01.70 £ 0.104 00.10 £ 0.31
E 10 0100 10.40 +0.10 13.92 +0.30

Legend - DR: daily requirements; MDD: maximum daily dose; Results expressed as Average + SD, n = 3, comparison between leaves and fruits by T
test with aif p <0.01, b if p <0.001, c if p <0.0001, d if p <0.00001.

3.8. Dry matter, Ash, total acidity, pH

In general, Litchi chinensis fruit exhibits slightly higher titratable acidity, ash content, and dry matter than Dacryodes
edulis, in which these parameters remain below 10%. The pH of their 10% (w/v) aqueous solutions spans from 4.7 to
4.9 (Table 8).

Table 8 Moisture, ash and acidity in fruit of Dacryodes edulis and Litchi chinensis

Parameters | Titratable acidity | Ash HCl | Ash H2S04 | Total Ash | Dry matter | pH
mol.L! % % % % mol.L?

DAED 2.3+0.1a 06+0.1|17+04 6.1+0.14 | 959+04c | 4.7+04

LICH 2.6+0.1 06+0.1|18+0.1 87+04 |[97.2+0.1 48+0.1

Legend - Results expressed as mean * standard deviation; n = 3; 95% confidence interval; analysis of variances: a if p <0.01; b if p <0.001; cif p
<0.0001; IS: saponification index; MS: dry matter; AT: Titratable acid.

4. Discussion

Beyond their nutritional properties, the fruits of Dacryodes edulis (DAED) and Litchi chinensis (LICH) harbor bioactive
compounds whose therapeutic potential remains largely unexplored. In this study, we demonstrate for the first time
the antibacterial activity of DAED and LICH extracts against a spectrum of pathogens—chiefly Escherichia coli, and
Klebsiella pneumoniae—thereby scientifically validating their traditional applications in treating gastroenteritis,
urinary tract infections, and respiratory disorders. Moreover, integrated phytochemical and nutritional profiling
elucidates how specific constituents contribute to these antimicrobial effects.

4.1. Nutritional values

Analysis of Dacryodes edulis in the present study revealed an exceptional fiber content of 20.2 + 0.40 % (Table 5), a
pivotal nutritional attribute implicated in the enhancement of intestinal transit, the modulation of glycemic response,
and the promotion of satiety. This value markedly exceeds the fiber levels reported for the pulp of Landolphia kirkii
Dyer ex Hook.f. (Apocynaceae)—a Katangese medicinal plant—where fibers comprise only 4.6 + 0.1 to 5.8 + 1.2 % of
dry matter [34], as well as those of Musa paradisiaca L. (Musaceae) , banana pulp (2.56 %) [35] and Adansonia digitata
L (Malvaceae) pulp, another Congolese medicinal species whose fiber composition spans 5.7 to 6.0 % [36].

Quantitative analysis revealed that Litchi chinensis fruit contains an exceptionally high carbohydrate fraction,
representing 71 % of its dry weight, of which 51 % are reducing sugars (Table 5). These carbohydrates constitute the
primary energy substrate in humans, undergoing hydrolysis to glucose—a vital metabolic fuel for neuronal, muscular,
and erythrocytic cells—and are subsequently stored as hepatic and muscular glycogen to serve as a readily mobilizable
energy reserve. The carbohydrate content of L. chinensis are low than that reported for Ziziphus mauritiana Lam
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(Rhamnaceae) fruit : 82.4 + 1.95 % dry weight [37] but high than Musa paradisiaca L, Musaceae : 66-70 % [38], and
equivalent to the levels of Syzygium guineense (Willd.) DC (Myrtaceae) fruit: 76.7 + 001 % [39], other species employed
in Congolese traditional medicine.

Our study revealed that the potassium content in the pulp of Dacryodes edulis is 543.6 + 0.3 mg per gram of dry matter.
This finding aligns with data reported in accessible literature, which—based on analyses of various pulp samples
collected from different locations across southern Nigeria—estimated potassium concentrations ranging from 527 to
921 mg per 100 grams [40]. This level is markedly lower than the concentrations reported for Adansonia digitata fruit—
1890 mg/100 gdry weight [41], Tamarindus indica L. (Fabaceae) — 790 mg/100 g [42] and Parinari curatellifolia Planch.
ex Benth (Chrysobalanaceae) — 1053 mg/100 g [43], yet marginally higher than that of Tetrapleura tetraptera pulp,
which contains 251.22-288.62 mg/100g [44]. Physiologically, potassium serves as a principal electrolyte, orchestrating
fluid and osmotic homeostasis, nerve impulse transmission, and muscle contractility [45,46]. Adequate potassium
intake is critical for rectifying electrolyte imbalances, preventing muscular cramps and fatigue, and sustaining
cardiovascular, and renal function by stabilizing arterial blood pressure and optimizing renal perfusion [47].

In this study, the pulp of Dacryodes edulis, and Litchi chinensis provided 18.4 mg and 11.7 mg of zinc per 100 g dry
weight, respectively—amounts sufficient to meet the daily zinc requirement for a 70 kg adult. These values exceed those
reported for Psidium guajava L. (0.24 + 0.17 mg/100 g) [48], Tamarindus indica pulp : 4.22 mg/100 g [42], and Dialium
guineense (1.68 + 0.02 mg/100 g) [49], and are comparable to those found in Mangifera indica L pulp : 9-14 mg/100 g,
and Syzygium guineense (Willd.) DC (Myrtaceae) :13-19 mg/100 g from samples collected in Lubumbashi [50], but
remain lower than the level reported for Adansonia digitata pulp : 31.2 mg/100 g [41].

Zinc is an essential trace element that functions as a cofactor for over 300 enzymes, supports protein and DNA synthesis,
and protects cells against oxidative stress; because it cannot be stored endogenously, a varied diet providing the
recommended daily intake (10 mg for men, 8 mg for women) is critical—deficiency leads to growth retardation in
children, delayed wound healing and increased infection susceptibility [51]. Therapeutically, zinc supplementation
reduces the duration and severity of the common cold by inhibiting viral replication and modulating inflammatory
responses, prevents and ameliorates acute pediatric diarrheal episodes—thereby lowering morbidity, and mortality
from gastrointestinal infections—and, when applied topically, promotes wound healing while limiting cutaneous
infections [52,53].

The present study shows that the fruits of Dacryodes edulis and Litchi chinensis contain appreciable amounts of
vitamin E: 12.4-13.9 mg/100 g dry weight, sufficient to meet the recommended daily intake. Notably, previous work
reported markedly higher values for D. edulis pulp collected in Anambra State, South-Eastern Nigeria :
54.17 mg/100 g [7], whereas a separate investigation found substantially lower concentrations in samples from Luanda,
Angola : 0.59 £ 0.03 mg/100 g [54]. Such variation may reflect differences in soil composition, harvest timing, or
analytical methods used to quantify vitamin E. To clarify these discrepancies, it would be valuable to collect fruit
samples from all three sites under identical conditions and analyze them concurrently, enabling a robust comparison
and a more precise assessment of the vitamin E content in D. edulis pulp from Lubumbashi.

Vitamin E is an essential liposoluble antioxidant that protects cellular membranes from oxidative damage, thereby
contributing to the prevention of chronic diseases. Nutritionally, it plays pivotal roles in cardiovascular health,
reproductive function, immune competence, and the mitigation of cellular aging. Clinically, vitamin E is employed to
promote skin health, reduce the risk of certain cancers, and support neurological and ocular function. Recent
investigations have further substantiated its protective effects against cancer, neurodegenerative disorders, and
cardiovascular disease [55,56].

These nutritional constituents identified in this study may partly underpin the empirical use of Dacryodes edulis, and
Litchi chinensis fruits in Katanga’s traditional medicine for managing cutaneous disorders, promoting wound healing,
and alleviating dysentery, febrile illnesses, and gastroenteritis. Furthermore, their rich micronutrient and antioxidant
profiles could contribute to the reported benefits against neoplastic conditions, persistent cough, hyperglycemia, viral
infections, and various neurological dysfunctions.

4.2. Antibacterial and antioxidant potential of Dacryodes edulis and Litchi chinensis fruits.

The fruit extracts of Dacryodes edulis, and Litchi chinensis displayed pronounced antibacterial activity against all tested
strains, with particularly strong effects on Escherichia coli (inhibition zones of 20 and 21 mm; MICs of 6.3 and 3.1 pg/mL,
respectively) and Klebsiella pneumoniae (20 mm inhibition zones; MICs of 3.1 pg/mL for both extracts). These activities
markedly exceed those reported for other revered African medicinal fruits. For instance, ethanolic pulp extracts of
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Tamarindus indica yielded MICs of 18.75 mg/mL against E. coli and 9.38 mg/mL against K. pneumoniae [57]. Similarly,
Phyllanthus emblica L, Phyllanthaceae (amla) fruit extracts—rich in gallic acid and quercetin—exhibited strong synergy
with chloramphenicol, enhancing its efficacy up to 166.7-fold against E. coli and 17.9-fold against K. pneumoniae [58,59].

Escherichia coli is a leading cause of both community-acquired and nosocomial urinary tract infections (UTIs), and also
contributes to gastroenteritis, septicemia and meningitis, whereas Klebsiella pneumoniae predominates in hospital-
acquired pneumonia, bacteremia, UTIs and hepatic abscesses, collectively driving substantial inpatient morbidity and
mortality [60]. Both pathogens commonly produce extended-spectrum B-lactamases (ESBLs) and carbapenemases,
severely constraining -lactam and fluoroquinolone therapeutic options and promoting the emergence of multidrug-
resistant strains [61]. Moreover, K. pneumoniae’s ability to form biofilms on indwelling medical devices exacerbates
bacterial persistence and complicates eradication efforts [60]. A one health perspective underscores the intersectoral
dissemination of ESBL-producing strains among humans, animals and the environment, highlighting the urgent need
for integrated surveillance and intervention strategies [62,63]. In this context, fruit extracts of Dacryodes edulis and
Litchi chinensis have demonstrated significant antimicrobial activity, thereby validating their traditional use in
Lubumbashi (Democratic Republic of Congo) for the management of gastroenteritis and UTIs.

Several investigations have demonstrated a clear association between antioxidant capacity and antibacterial activity in
indigenous medicinal plants. Dialium angolense Welw. ex Oliv, Fabaceae [30], Rothmannia engleriana (K.Schum.) Keay,
and Ochna schweinfurthiana F Hoffm [31], as well as Crassocephalum montuosum (S.Moore) Milne-Redh.,,
Crassocephalum picridifolium (DC.) S.Moore, Asteraceae [28], Tetradenia discolor Phillipson , and Tetradenia riparia
(Hochst.) Codd, Lamiaceae [64], exhibit pronounced radical-scavenging potential and are rich in flavonoids, attributes
that directly contribute to their antibacterial efficacy.

These bioactive compounds neutralize reactive oxygen species, inducing oxidative damage to lipids, proteins, and DNA;
chelate Fe2* and Cu?* ions; and compromise membrane integrity, resulting in cytoplasmic leakage, inhibition of essential
enzymes, and disruption of DNA replication [65]. Moreover, flavonoids and tannins impede biofilm formation and
quorum-sensing pathways, thereby attenuating bacterial virulence, persistence, and the development of resistance,
particularly in Escherichia coli and Klebsiella pneumoniae [66,67].

5. Conclusion

For the first time, this study demonstrates the antibacterial efficacy of Dacryodes edulis, and Litchi chinensis fruit extracts
against Escherichia coli and Klebsiella pneumoniae, and delineates their nutritional and phytochemical profiles—
including dietary fibers, reducing sugars, potassium, zinc, vitamin E, flavonoids, and tannins—thereby validating their
traditional use in treating gastroenteritis and urinary tract infections. These findings establish a groundwork for future
investigations focused on the standardization of these fruits and the isolation and characterization of the bioactive
compounds responsible for their antimicrobial activity.
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