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Abstract 
_______________________________________________________________________________________________________________ 
Calotropis procera is a component of the phytomedicine FACA®, used to manage sickle cell disease in 
Burkina Faso. This work aimed to standardize plant powders by evaluating the physicochemical 
characteristics and microbial quality of Calotropis procera root bark powders from different sites, 
with properties similar to those of the reference harvest site, to optimize the production of the 
phytomedicine. The samples were collected from different geographical areas of Burkina Faso 
during the dry season. The population, physicochemical characteristics, and microbial quality of 
each powder were evaluated. Twenty (20) geolocated harvest sites were identified with various soil 
types (clay, silt, gravel, and sand). The availability of Calotropis procera was high in Ziniaré, Ouaga 1, 
and Boromo; average across 8 sites; and low across 9. Physicochemical analyses of the powders 
revealed general uniformity in pH and residual moisture content. However, differences were 
observed in color, bitterness, and hygroscopicity. Total phenolics could serve as tracers, given their 
content is comparable to that of the reference. All samples complied with the specifications of the 
European Pharmacopeia 11th edition for total aerobic bacteria, yeasts and molds, and E. coli. 
Pathogens such as Salmonella and Staphylococcus aureus have been found in some powders. This 
study identified the optimal sites for collecting Calotropis procera samples. 

Keywords: Sickle cell disease; Calotropis procera; root bark; geographical variability. 

 

 

INTRODUCTION 

The use of medicinal plants for health purposes is a 
practice deeply rooted in African traditions. According 
to the World Health Organization (WHO), more than 
80% of the sub-Saharan population still depends on this 
practice for their primary healthcare 1. In Burkina Faso, 
this use, combined with socio-cultural factors, is largely 

facilitated by the richness of floral biodiversity, the 
affordability of natural remedies, and a strong network 
of traditional actors 2, 3. In the face of this increasing use, 
the transition to improved traditional medicines (ITMs) 
is emerging as a major public health policy strategy to 
enhance the value of local therapeutic heritage 4. 
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With this in mind, the WHO recommends that countries 
in the African region promote, improve, and integrate 
the use of reliable and effective traditional medicines to 
enhance the well-being of their populations 5. However, 
the transition from raw plant to standardized ITM 
involves overcoming several complex technical 
challenges related to safety and efficiency. Indeed, 
producing an effective and safe ITM necessarily requires 
producing plant-based raw materials with consistent, 
controlled quality 6.  

Environmental factors, including edaphic and climatic 
factors, influence the biochemical composition. Plant-
derived raw materials are not fixed, as they vary with 
environmental factors such as soil type, altitude, rainfall, 
and solar exposure 7-9. Consequently, plants of the same 
species, harvested in distinct geographical areas or 
phytogeographical domains, may exhibit divergent 
chemical profiles, both qualitatively and quantitatively, 
which significantly impact their pharmacological 
activity 10, 11. 

To ensure the reproducibility of the therapeutic effect 
and the safety of use, the standardization step is a 
scientific, industrial, and regulatory imperative 12. In 
Burkina Faso, despite efforts to harmonize the African 
Pharmacopeia and WHO guidelines, many local plant 
powders still lack rigorous analytical data to assess 
uniformity across sites 13, 14. In this context, the present 
study on root bark powders of Calotropis procera from 
20 sites in Burkina Faso is situated. This plant is one of 
the components of a phytomedicine called FACA®, 
which is indicated for the treatment of sickle cell disease 
15. However, no comparative study has been conducted 
on the physicochemical characteristics of root bark from 
various harvesting sites, with a view to diversifying the 
plant raw material's harvesting sites. This study, 
therefore, aims to identify sites with superior properties 
and/or potential for plant-based raw materials to 
optimize the production of the FACA® phytomedicine. 

METHODOLOGY 

Plant Materials  

The plant material consisted of the roots of Calotropis 
procera collected from 20 different sites in Burkina 
Faso. A botanist and a specimen identified the plant 
material, which was deposited in the herbarium of the 
National Center for Scientific and Technological 
Research (CNRST) of Burkina Faso under number 6139. 
The harvest was conducted on healthy plants in 
ecosystems at geolocated sites with a low risk of 
contamination. 

Three (3) adult multi-stemmed plants per site were 
sampled, with average diameters ranging from 4 to 16 
cm and average heights from 0.75 to 5 m. The harvest 
consisted of locating and collecting a few lateral roots 
from the plants, depending on the soil type. The 
harvested root samples were cleaned under running 
water, then dried at room temperature, away from 
sunlight, in a well-ventilated room, before being ground 
into powder and packaged in freezer bags. The powder 
from the samples in the production unit served as a 
reference. 

Methods 

Identification of the species' populations 

A survey was conducted across the central, western, 
southern, and northern parts of the country. The survey 
focused on the peripheral areas and city centers.  

The assessment of the Calotropis procera population 
was conducted through direct observation of land-use 
patterns, including fields, areas around dwellings, and 
fallow land, which are considered preferred sites for the 
species. A four (4) level assessment scale was used 
according to several criteria and presented in Table 1. 

Table 1: Scale for assessing the population size of 
the species 

Scale Criteria 

High availability 
Presence of several stands with good 
regeneration of the species 

Medium 
availability 

Colonial vegetation and the local 
abundance of the species 

Low availability 
Sporadic presence of individuals of 
the species 

Rare 
The species was not observed during 
the survey. 

 

Physicochemical characteristics  

Macroscopic and organoleptic characteristics  

The macroscopic and organoleptic characteristics of the 
powders, namely color, odor, taste, and texture, were 
determined 16. 

pH  

The pH was determined using an electrode pH meter. To 
do this, 110 mg of each powder was weighed in 
triplicate and placed in Eppendorf tubes to which 11 mL 
of distilled water at 37 °C was added. After 2 minutes of 
homogenization and filtration of the mixture, the pH 
meter electrode was immersed in the filtrate to record 
the pH meter reading 16. 

Residual moisture content (RMC)  

The residual moisture content was determined by 
thermogravimetry. One gram of each powder was 
weighed in triplicate and placed in a previously dried 
and tared watch glass. The entire assembly was placed 
in an oven set at 105 °C for one (1) hours 30 min. After 
cooling, the assembly was weighed, and the RMC was 
calculated 16. 

Hygroscopicity  

The watch glasses (empty mass m1) containing the 
samples after loss on desiccation (m2) were placed in a 
desiccator at room temperature containing a saturated 
solution of ammonium chloride. After 24 hours, the 
entire volume was removed and weighed (m3). The 
operation was performed in triplicate. The percentage 
increase in mass was determined 16. 
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Thin-Layer Chromatography (TLC) fingerprints 

An ultrasonic ethanolic maceration (1/5, m/m) for 30 
min was carried out on all powders to create the 
impression. The TLC fingerprint of the extracts was 
established according to the method described by 
Wagner and Balt 17. A 5 μL volume of each ethanolic 
extract was deposited onto a chromatoplate (Silica G-60; 
F254; 10 cm × 5 cm; rigid aluminum support) using the 
automatic deposition system (Camag). The deposits 
were eluted over an 8-cm path in a glass tank that had 
previously contained a mobile phase consisting of ethyl 
acetate, methanol, and water (20:4:2.8; v/v/v). After 
elution, the chromatoplates were removed, dried at 
room temperature in the laboratory, and then in a 
ventilated oven (40 °C) for 5 min. The dried 
chromatoplates were observed under UV light at 254 
nm and 365 nm. 

Assay of phytochemical compounds of interest: 
Total phenolics 

Total phenolic compounds were quantified according to 
the method of Singleton et al. 18. One (1) ml of extract 
was mixed with 1 ml of FCR 2N and 3 ml of a 20% 
sodium carbonate solution. The mixture was left to rest 
for 40 minutes at room temperature. Absorbance was 
measured at 760 nm using a spectrophotometer. Total 
phenolic content was calculated, and tests were 
performed in triplicate. 

Detection of microbial contaminants  

The analysis parameters were enumeration of total 
viable aerobic germs and detection of specific germs. 
The samples were analyzed according to the methods 
described in the European Pharmacopeia, 11th edition 
16. The results obtained were interpreted in accordance 
with the specifications of the European Pharmacopeia, 
11th edition, for herbal medicinal products containing 
medicinal plants, with or without excipients, intended 
for the preparation of infusions and decoctions using 
boiling water (Table 2). 

 

Table 2: Specification of European Pharmacopeia, 11th edition 16 

Target organisms Specifications 

Total viable aerobic bacteria (2.6.12) <107CFU/g or CFU/mL 

Yeasts and molds (2.6.12) <105CFU/g or CFU/mL 

Escherichia coli (2.6.31) <103CFU/g or CFU/mL 

Salmonella (2.6.31) Absence 

Staphylococcus aureus Absence 

 

Enumeration of total viable aerobic bacteria  

The total viable aerobic microorganisms counted in the 
different powder samples were bacteria, molds, and 
yeasts. 

Stock solutions for 1/10 of the samples were prepared 
by adding 10 mg of powder to 90 mL of buffered 
peptone water. The stock solutions were then diluted to 
1/100, 1/1000, and 1/10,000. A 1 mL aliquot of the 
stock solutions and their dilutions was inoculated onto 
agar plates using the direct incorporation method, 
according to the target organisms. For aerobic bacteria 
enumeration, samples were inoculated onto tryptone-
casein soy agar (TSA) and incubated at 30 °C for 3 to 5 
days. For yeasts and molds, samples were inoculated 
onto Sabouraud agar and incubated at 25 °C for 5 to 7 
days. At the end of the incubation periods, plates with 
fewer than 250 colonies (for bacteria) and 50 (for yeasts 
and molds) were selected for counting.  

Search for specific germs.  

The specified germs sought were Salmonella spp., 
Escherichia coli, and Staphylococcus aureus. 

A 10 g test dose of powder was pre-enriched in 100 mL 
of tryptone-casein soy broth (TSB). Samples were 
incubated at 30°C for 24 h for Salmonella spp., 
Escherichia coli, and Staphylococcus aureus. A second 
enrichment was carried out in selective media from 
samples pre-enriched for Salmonella spp. and E. coli. For 
the enumeration of Escherichia coli, 1 mL of TSB was 
enriched in 100 mL of MacConkey broth (MCB) at 44 °C 
for 48 h. For Salmonella, 0.1 mL of TSB was enriched in 
10 mL of Rappaport-Vassiliadis (RV) at 30 °C for 24 h. 
The enriched samples were streaked onto media 
specific to the germs sought (Table 3).  

 

Table 3: Culture media and inoculation conditions 

Target organisms Isolation media Incubation conditions 

Escherichia coli MacConkey agar 30°C for 24 to 48 hours 

Salmonella Xylose, lysine, deoxycholate (XLD) 30°C for 24 to 48 hours 

Staphylococcus aureus Chapman agar 30°C for 24 to 48 hours 
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Statistical analysis 

The data were entered into Excel 2016. The results 
were expressed as the mean of three replicates with 
the standard deviation. They were analyzed using 
GraphPad Prism 5 software; the one-way ANOVA 
statistical test was used to compare the powders. Series 
are considered significant when the probability of error 
(p) is less than the accepted risk: 0.05 (p<0.05). 

 

RESULTS 

Identification of the species' populations 

The survey identified several sampling areas (Table 3) 
in the localities of Ouagadougou, Loumbila, and Ziniaré 
in the central part of the country; Boromo, Houndé, 
Bobo-Dioulasso, and Banfora in the western part of the 
country; Kombissiri, Manga, Nobéré, and Saponé in the 
southern part of the country; and Yako in the northern 
part of the country. There were twenty (20) geolocated 
sites (Figure 1, Table 4). 

 

 

Figure 1: Map of Burkina Faso showing the various Calotropis procera harvesting sites 

 

Table 4: Geolocation of sites and assessment of C. procera populations 

N° Sampling area Geolocated sites GPS coordinates Availability Soil texture 

1 Yako 1 Yako Southeast N12°55’40.8’’; W002°14’43.0’’ Low Clayey 

2 Yako 2 Yako South N12°55’50.0’’; W002°15’22.9’’ Low Clayey 

3 Yako 3 Yako North N12°55’53.9’’; W002°15’24.0’’ Low Gravel pit 

4 Ouagadougou 1 Kossoghin (CNSF) N12°24’35.7’’; W001°33’24.1’’ High Clay-loam 

5 Ouagadougou 2 Kossodo (industrial zone) N12°26’27.9’’; W001°28’34.3’’ Average Clayey-sandy 

6 Ouagadougou 3 Polosgorail N12°26’36.7’’; W001°29’58.6’’ Average Gravel pit 

7 Ouagadougou 4 Tingandogo N12°16’24.9’’; W001°31’43.2’’ Average Gravel pit 

8 Loumbila Loumbila dam N12°29’11.4’’ ; W001°24’38.1’’ Average Gravel pit 

9 Ziniare CHR domain N12°35’13.4’’; W001°10’41.2’’ High Clayey-sandy 
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N° Sampling area Geolocated sites GPS coordinates Availability Soil texture 

10 Manga Cité Forces vives N11°41’05.3’’; W001°05’26.5’’ Low Gravel pit 

11 Nobéré Nobili N11°42’49.9’’ ; W001°16’45.3’’ Low Clayey 

12 Sapone Saponé-market N12°04’02.3’’ ; W001°33’20.7’’ Low Clayey 

13 Boromo Boromo School B N11°45’45.8’’ ; W002°55’37.8’’ High Silty-clay 

14 Hounde Dankari-Nematoulaye 2 N11°18’30.8’’ ; W003°38’39.5’’ Low Gravel pit 

15 Bobo-Dioulasso 1  Bobo 2010 N11°13’48.3’’ ; W004°18’35.5’’ Average Sandy 

16 Bobo-Dioulasso 2 Farako-Bâ N11°05’29.9’’ ; W004°20’51.3’’ Low Clayey 

17 Bobo-Dioulasso 3 Bama N11°22’20.6’’ ; W004°22’55.1’’ Low Clayey 

18 Banfora 1 Banfora outskirts N10°41’06.5’’ ; W004°43’53.1’’ Average Sandy 

19 Banfora 2 City of living forces N10°40’32.7’’ ; W004°43’59.0’’ Average Sandy 

20 Banfora 3 Sector 8 N10°38’53.0’’ ; W004°45’41.8’’ Average Sandy 

* Ouagadougou : Ouaga, Bobo-Dioulasso: Bobo

The results show 9 sites with low availability on clay 
and gravel soils. Plants at these sites were found 
sporadically in areas such as fallow land, fields, and 
around dwellings and abandoned houses. There were 8 
sites with average availability on sandy, clayey-sandy, 
and gravelly soils. These sites were characterized by 
locally abundant colonies of the species. Three (3) sites, 
namely Ziniaré, Ouaga 1, and Boromo, showed high 
availability on clayey-sandy, clayey-silty, and silty-clay 
soils. These sites were distinguished by a high 
population density (up to 10 individuals/1000 m²). 

They show good regeneration in C. procera, as 
evidenced by numerous juveniles. 

Physicochemical characteristics  

Macroscopic and organoleptic characteristics 

The powders were coarse in appearance and had an 
uncharacteristic odor. The color and taste of the 
different Calotropis procera powders varied by site 
(Table 5). 

 

Table 5: Color and taste of different Calotropis procera powders. 

Samples Color Taste 

Yako 1 Pale brown Bitter 

Yako 2 Pale brown Very bitter 

Yako 3 Pale brown Bitter 

Ouagadougou 1 Pale brown Slightly bitter 

Ouagadougou 2 Brownish white Bitter 

Ouagadougou 3 Brownish white Bitter 

Ouagadougou 4 Pale brown Slightly bitter 

Loumbila Brownish white Slightly bitter 

Ziniaré Brownish white Slightly bitter 

Manga Pale brown Bitter 

Nobéré Brownish white Slightly bitter 

Saponé Pale brown Very bitter 

Boromo Pale brown Very bitter 

Houndé Brownish white Very bitter 

Bobo-Dioulasso 1 Pale brown Bitter 

Bobo-Dioulasso 2 Pale brown Very bitter 

Bobo-Dioulasso 3 Pale brown Bitter 

Banfora 1 Pale brown Bitter 

Banfora 2 Pale brown Slightly bitter 

Banfora 3 Pale brown Slightly bitter 

Reference Pale brown Slightly bitter 
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Depending on the site, the powders were pale brown for 
14 sites and brownish white for 6 sites, namely Ouaga 2, 
Ouaga 3, Loumbila, Ziniaré, Nobili, and Houndé. The 
powders from the 14 sites were the same color as the 
reference, pale brown. 

The powders had a bitter taste ranging from slightly to 
very bitter. The taste was slightly bitter for the powders 
from the sites of Ouaga 1, Ouaga 4, Loumbila, Ziniaré, 
Nobéré, Banfora 3, and the reference, bitter for those 
from the sites of Yako 1, Yako 3, Ouaga 2, Ouaga 3, 
Manga, Bobo 1, Bobo 3, Banfora 1, Banfora 2, and very 
bitter for those from the sites of Yako 2, Saponé, 
Boromo, Houndé, and Bobo 2.  

Residual moisture content (RMC)  

The residual moisture levels of the different powders 
are shown in Table 6. 

Table 6: RMC of the different powders from the 
harvesting sites 

Samples RMC (%) of Powders 

Yako 1 3.32±0.07 *** 

Yako 2 6.42±0.12*** 

Yako 3 6.06±0.5* 

Ouagadougou 1 5.13±0.21 ns 

Ouagadougou 2 4.98±0.88 ns 

Ouagadougou 3 6.94±0.28*** 

Ouagadougou 4 6.19±0.19** 

Loumbila 6.36±0.09*** 

Ziniaré 5.61±0.23 ns 

Manga 5.24±0.28 ns 

Nobéré 6.61±0.23*** 

Saponé 7.36±0.44*** 

Boromo 5.62±0.08 ns 

Houndé 5.57±0.15 ns 

Bobo-Dioulasso 1 5.20±0.20 ns 

Bobo-Dioulasso 2 5.54±0.62 ns 

Bobo-Dioulasso 3 4.95±0.13 ns 

Banfora 1 4.92±0.34 ns 

Banfora 2 4.59±0.13 ns 

Banfora 3 4.81 ± 0.44 ns 

Reference 4.99 ± 0.55 

ns: no significant; ***: significant 

The residual moisture content (RMC) of the powders 
ranged from 3.32 ± 0.07% (Yako 1) to 7.36 ± 0.44% 
(Saponé), with an average of 5.54 ± 0.70%. These results 
show a slight variation in RMC within the powders. After 
analysis, the RMC of most sites (12) did not differ 
significantly from that of the reference, except for Yako 

1, Yako 2, Yako 3, Ouaga 3, Ouaga 4, Loumbila, Nobili, 
and Saponé, which showed significant differences. 

pH  

The pH values of the powders are presented in Table 7. 

Table 7: pH of the different powders from the 
harvest sites 

Samples pH of Powders 

Yako 1 7.07 ±0.01 ns 

Yako 2 6.98 ±0.02 *** 

Yako 3 6.76 ±0.02 *** 

Ouagadougou 1 6.98 ±0.01 *** 

Ouagadougou 2 7.01 ±0.02 *** 

Ouagadougou 3 6.95 ±0.02 *** 

Ouagadougou 4 7.07 ±0.04 ns 

Loumbila 7.25 ±0.02 *** 

Ziniaré 7.27 ±0.02 *** 

Manga 6.92 ±0.01 *** 

Nobéré 7.05 ±0.02 ns 

Saponé 6.92±0.01*** 

Boromo 6.69±0.01*** 

Houndé 6.62±0.03*** 

Bobo-Dioulasso 1 6.61±0.02*** 

Bobo-Dioulasso 2 6.48±0.01*** 

Bobo-Dioulasso 3 6.59±0.04*** 

Banfora 1 6.48±0.02*** 

Banfora 2 6.59±0.02*** 

Banfora 3 6.66±0.04*** 

Reference 7.1±0.01 

  ns: no significant; ***: significant 

The pH values of the powders from the different sites 
ranged from 6.48±0.01 (Bobo 2, Banfora 1) to 7.27±0.02 
(Ziniaré). The pH levels at the Boromo, Houndé, Bobo 1, 
2, and 3, and Banfora 1, 2, and 3 sites ranged from 
6.48±0.02 to 6.69±0.01. Except for Yako 3 (6.76±0.02), 
the pH values of Yako 1 and 2, Ouaga 1, 2, 3, and 4, 
Manga, Nobili, and Saponé ranged from 6.92±0.01 to 
7.07±0.04. The powders from Ziniaré (7.27 ± 0.02) and 
Loumbila (7.25 ± 0.02) showed similar pH values. No 
significant difference (P < 0.05) was observed in the pH 
of the Yako 1 (7.07 ± 0.01), Ouaga 4 (7.07 ± 0.04), and 
Nobili (7.05 ± 0.02) sites compared to the reference pH 
(7.1 ± 0.01). 

Hygroscopicity  

The hygroscopicity values of the powders are given in 
Table  8. 
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Table 8: Hygroscopicity of powders from different harvesting sites  

Samples Hygroscopicity Value Hygroscopicity of the powder 
Yako 1 14.87±0.45** Hygroscopic 
Yako 2 10.79±0.54*** Hygroscopic 

Yako 3 12.12±0.79*** Hygroscopic 
Ouagadougou 1 10.05±0.75*** Hygroscopic 

Ouagadougou 2 10.61±0.45*** Hygroscopic 
Ouagadougou 3 12.39±0.87*** Hygroscopic 
Ouagadougou 4 17.89±0.60** Very hygroscopic 

Loumbila 11.75±0.26*** Hygroscopic 
Ziniaré 10.73±0.01*** Hygroscopic 

Manga 16.21±0.50 ns Very hygroscopic 
Nobéré 13.46±0.35*** Hygroscopic 

Saponé 13±0.55*** Hygroscopic 
Boromo 13.19±0.50*** Hygroscopic 
Houndé 12.68±0.17*** Hygroscopic 

Bobo-Dioulasso 1 11.39±0.19*** Hygroscopic 
Bobo-Dioulasso 2 10.41±0.38*** Hygroscopic 

Bobo-Dioulasso 3 10.86±0.27*** Hygroscopic 
Banfora 1 16.56±0.82 ns Very hygroscopic 
Banfora 2 15.04±0.36* Very hygroscopic 

Banfora 3 10.25±0.04*** Hygroscopic 
Reference 16.37±0.16 Very hygroscopic 

ns: no significant; ***: significant 

The evaluation of the hygroscopicity of the different 
Calotropis procera powders showed values ranging 
from 10.05±0.75 at the Ouaga 1 site to 16.56±0.82 at 
the Banfora 1 site. These values indicated that the mass 
increases were less than 15% and greater than 2% for 

some powders, making them hygroscopic, and greater 
than or equal to 15% for others, making them very 
hygroscopic. No significant difference was observed in 
the hygroscopicity values of the powders from the 
Manga and Banfora 2 sites compared to the reference.

 

Chromatographic fingerprint  

The results are shown in Figure 2 and Table 9, in the same order as for Yako 1 (reference number 21).  

 
Figure 1: Chromatographic fingerprints of the different powders. a) plates scanned at 225 nm; b) plates observed at 
255 nm; c) plates observed at 366 nm. 
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Table 9: Frontal reference (FR) of major fingerprint 
spots 

Samples FR at 225nm 

Nobili 0.32 

Yako 1 

Yako 3 

Ouaga 1 

0.41 

Yako 2 

Ouaga 2 

Loumbila 

Manga 

0.42 

Ouaga 3 

Ouaga 4 

Ziniaré 

Banfora 3 

Référence 

0.43 

Bobo 3 

Banfora 1 

Banfora 2 

0.45 

Nobili 

Saponé 

Boromo 

Bobo 1 

Bobo 2 

0.46 

Référence 0.57 

Nobili 

Bobo 3 

Banfora 1 

0.59 

Saponé 

Bobo 1 

Bobo 2 

0.60 

Yako 1 0.82 

Yako 2 

Yako 3 

Ouaga 1 

Ouaga 2 

Ouaga 3 

Loumbila 

0.83 

Ouaga 4 

Ziniaré 

Manga 

0.84 

Référence 0.85 

Banfora 2 0.87 

Saponé 

Bobo 2 

Bobo 3 

Banfora 1 

0.88 

Nobili 

Boromo 

Houndé 

Bobo 1 

0.89 

Yako 2 0.93 

 

Frontal reference (FR) values range from 0.32 to 0.93. 
Samples from sites such as Ouaga 3, Ouaga 4, Ziniaré, 
and Banfora 3 had the same FR = 0.43 as the reference. 
The powders from the 19 sites, as well as the reference, 
had FR values between 0.41 and 0.46, and those from 20 
sites had Rf values between 0.82 and 0.93. The powders 
from the Nobili, Bobo 3, Banfora 1, Saponé, Bobo 1, and 
Bobo 2 sites, as well as the reference, had specific FR 
values between 0.57 and 0.60. 

Total phenolic content 

Figure 3 shows the total phenolic content expressed as 
tannic acid equivalent in the root bark powders of 
Calotropis procera. 
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Figure 3: Total phenolic content of C. procera root bark powders 
ns : no significant ; * and *** : significant compared to the reference 
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Total phenolic content ranged from 1.06±0.05 mgEAT/g 
in Ziniaré to 3.14±0.03 mgEAT/g in the Ouaga 2 powder. 
Statistical analysis showed no significant difference 
between the reference powders (1.85±0.01 mgEAT/g) 
and the sites of Manga (1.89±0.03 mgEAT/g), Saponé 
(1.74±0.02 mgEAT/g), Boromo (1.74±0.03 mgEAT/g), 

Bobo 2 (1.86±0.01 mgEAT/g), and Bobo 3 (1.85±0.01 
mgEAT/g).  

Microbiological quality  

The results are presented in Table 10, and the 
specifications are taken from the European 
Pharmacopoeia, 11th edition. 

Table 10: Microbial quality results 

Samples 
Total aerobic 

bacteria 
Specific germs 

 

Bacteria 

Specification 
≤107 CFU/g 

Max: 50,000,000 
CFU/g 

Yeasts and molds 

Specification: ≤105 
CFU/g 

Max: 500,000 
CFU/g 

E. coli 

Specification ≤103 
UFC /g 

Staphylococcus 
aureus, 

Salmonella 

Yako 1 2270000 15135 - - - 

Yako 2 4520000 8400 - - + 

Yako 3 1910000 22450 - - - 

Ouagadougou 1 2600000 66000 - - - 

Ouagadougou 2 336400 9700 - - + 

Ouagadougou 3 744000 1380 - - + 

Ouagadougou 4 2500000 117100 - - - 

Loumbila 1418000 170000 - - + 

Ziniaré 480000 230000 - - + 

Manga 1809000 55100 - + - 

Nobéré 748000 23230 - + + 

Saponé 347000 31000 - - - 

Boromo 1393000 810 - - - 

Houndé 2413000 26300 - - - 

Bobo-Dioulasso 
1  

375150 70 - - - 

Bobo-Dioulasso 
2 

246000 240 - - + 

Bobo-Dioulasso 
3 

872200 980 - - + 

Banfora 1 717000 5080 - - - 

Banfora 2 921000 2440 - - - 

Banfora 3 1393000 280 - - - 

Reference 2200000 2529 - - + 

+ : present ; - : absent  

Aerobic bacteria were present at levels below the 
specifications of the European Pharmacopoeia 11th 
edition. The aerobic germ count of the reference 
powders (2,200,000 CFU/g) was lower than that of the 
powders from Yako 1, Yako 2, Ouaga 1, Ouaga 4, and 
Houndé, which ranged from 2,270,000 to 4,520,000 
CFU/g. 

Yeasts and molds, on the other hand, were present at 
levels below the European Pharmacopoeia limits at all 
sites. The reference value (2,529 CFU/g) was lower than 
those for Yako 2 and 3, Ouaga 1, 2, and 4, Loumbila, 
Ziniaré, Manga, Saponé, Houndé, and Banfora 1, which 
ranged from 5,080 to 230,000 CFU/g. 
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Salmonella was detected at the Yako 2, Ouaga 2 and 3, 
Loumbila, Ziniaré, Nobili, Bobo 2, Bobo 3, and reference 
sites. Staphylococcus aureus was also detected at the 
Manga and Nobéré sites. E. coli was not identified in any 
of the samples. 

DISCUSSION 

Identification of the species' populations 

The study showed that Calotropis procera is relatively 
widespread in Burkina Faso, with populations found on 
various soil types (clay, silt, gravel, sand, clay-silt, and 
silty clay). Indeed, Calotropis procera can adapt to harsh 
environmental conditions (drought, high salinity, 
extreme temperatures, low air humidity, etc.) and grows 
on several soil types, including dry, sandy, and alkaline 
soils 19, 20. This characteristic would be essential for the 
conservation and sustainable management of the plant 
as a plant resource for production. 

However, the results indicate that its availability 
remains low in nine (09) areas, particularly in the West 
of the country (Houndé, Bobo 2, Bobo 3), in the South of 
the country (Saponé, Nobéré, Manga), and in the North 
of the country (Yako 1, Yako 2, and Yako 3), especially 
around roads and in inhabited areas. This low 
availability could be explained by the soil in these areas, 
which is predominantly clayey (6 sites) and gravelly (3 
sites). Indeed, Calotropis procera thrives easily on soils 
that are very poor in certain nutrients and very dry. In 
contrast, clay soil is nutrient-rich and retains water 
strongly, with no drainage outlet, which could explain 
its low availability on this soil. Furthermore, its frequent 
use by local populations for medicinal and artisanal 
purposes could also explain this low availability 21. 
Indeed, according to Niang, the Calotropis procera 
species is used by the surrounding populations for 
health and construction purposes 22. 

Its availability was average across the sites, namely 
Loumbila, Ouaga 2, Ouaga 3, Ouaga 4, Bobo 1, and 
Banfora 1, 2, and 3. This could be related to the soil 
types, which are sandy and gravelly. Indeed, Calotropis 
procera grows well in sandy soils 23, which could explain 
its frequent presence in these soils, according to Gillet 
and Seignobos 23, 24. Its low to moderate availability in 
gravelly soils could be explained by its strong capacity 
to adapt to different soil types 21. 

The study shows a high availability at the sites of 
Ziniaré, Ouaga 1, and Boromo. These 3 sites were 
located on clayey-sandy, clayey-silty, and silty-clay soils. 
This high availability at these 3 sites could be explained 
by the presence of sand in these soils (depending on its 
proportion) and by the season (not winter) at harvest. 
Indeed, it would grow abundantly under xerophytic 
conditions on a variety of soils, without irrigation or 
fertilizer, while adapting to road pollutants and 
contaminated soils 21, 25. These sites would present 
favorable advantages for the supply of plant matter, 
depending on the harvest season (for silty-clay soils). 
Generally speaking, areas with average availability 
would serve as an alternative as long as the plant 
proliferates more on that soil 25 

Physicochemical characteristics  

The determination of macroscopic and organoleptic 
characteristics revealed that all the root bark powders 
of Calotropis procera were white-brown to pale brown 
in color, with an undefined odor, a bitter taste, and a 
coarse texture. These results were similar to those 
obtained by Tripathi et al. in their pharmacognostic 
study of the plant's roots 26. However, powders from 14 
sites had the same color as the reference powder, 
namely pale brown. This slight color variation observed 
in the powders could be related to edaphic conditions 
and soil types 27. The brownish-white powders 
appeared more frequently on sites with gravelly and 
sandy-clay soils, which, due to their texture and 
composition, can affect the color of the plants growing 
there 28. The pale brown powders appeared on a wider 
range of soil types. These colors could indicate a soil 
chemical composition richer in iron oxides 29. The 
nature and quality of the soil influence the organoleptic 
characteristics of plants 28, which could explain this 
slight variation in color between the different sites. 

The powders from 6 sites tasted slightly bitter, as did 
the reference; those from 9 sites were bitter, and those 
from 5 sites were very bitter. This bitter taste of the 
powders could be due to secondary metabolites present 
in the plant, including tannins, alkaloids, and terpenoids 
31, which are known for their bitterness 30, 31. Differences 
in phytochemical compound levels could explain the 
diversity of bitter tastes observed at different sites 32. 
Indeed, edaphic conditions such as temperature, 
latitude, altitude, soil composition, and climate influence 
the physicochemical characteristics of plants, making 
them veritable reservoirs of genetic specificities 6, 33. 

The highest residual moisture content (RMC) of the 
powders was 7.36±0.44% (Saponé). Levels below 10% 
indicate that the powders could be stored with a lower 
risk of spoilage and microbial growth 34. The RMC of the 
reference powder was 4.99 ± 0.55 and was not 
statistically different from powders from 12 sites. 

The pH values of the different C. procera powders were 
between 6.48± 0.02 (Bobo 2, Banfora 1) and 7.27± 0.02 
(Ziniaré). The pH values were between 6.48 ± 0.02 and 
6.69 ± 0.01 for the powders from the Western part 
(Boromo to Banfora), and between 6.92 ± 0.01 and 7.07 
± 0.04 for the Northern, Southern, and Central parts 
(Yako, Ouagadougou, Saponé, and Manga) (including the 
reference). The powders from Loumbila and Ziniaré had 
a pH of 7.25 ± 0.02 to 7.27 ± 0.02. This variation in pH 
observed in the powders may be due to the influence of 
geographic regions on different soil types rather than to 
the nature of the soils themselves. Indeed, plant pH 
depends on soil nutrient availability and on how soil pH 
influences nutrient absorption by plants 35. Depending 
on soil pH, the plant balances its root surface pH to 
adapt to the environmental conditions in which it grows 
35. This could explain the weak-acid or weak-base 
character of Calotropis procera powders collected in 
different geographical areas.  

All powders were hygroscopic, and data analysis reveals 
notable variation in hygroscopicity across sites. The 
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values were from 10.05±0.75% (Ouaga 1) to 
16.56±0.82% (Banfora 1). Despite being harvested from 
different sites, all the powders were hygroscopic. The 
powders from the Manga and Banfora 1 sites, as well as 
the reference powder, were very hygroscopic. This 
could be attributed to environmental factors 36. 
Furthermore, this hygroscopic characteristic could be 
attributed to secondary metabolites with glycosidic 
rings bearing hydroxyl groups, which can interact with 
water molecules in the air 20, 22, 38. Indeed, highly 
hygroscopic powders are more prone to absorbing 
ambient moisture, which affects their preservation 37. 
These powders require storage under controlled 
conditions, particularly in hermetically sealed 
containers 16. 

Chromatographic analysis revealed 3 large spots with 
the reference powder, including 2 spots similar to the 
spots of the powders from all 20 sites of the study, with 
reference fronts (RF) between 0.41 and 0.46 and 
between 0.82 and 0.93. The third spot, with RF values 
between 0.57 and 0.60, is similar to the spots of the 
reference powders and to 6 sites (Nobéré, Banfora 1, 
Saponé, Bobo 1, 2, and 3). This conformity of the RF 
spots of the powders from different sites to the 
reference could reflect a similarity among the 
compounds present in these plant powders 8. The 
chromatographic fingerprint is a chemical identity 
corresponding to the search for constituents present in 
plant drugs (6), and its analysis would enable their 
authentication by identifying the chemical groups that 
characterize them 26.  

The choice of total phenolics as compounds of interest 
(chemo-taxonomic markers) in plant root bark could be 
explained by quality control and environmental stress 
tests 38. The total phenolic content of the powders from 
the different sites ranged from 1.06±0.05 mgEAT/g to 
3.14±0.03 mgEAT/g. There was a statistically significant 
difference between the reference levels and those of the 
15 sites, except at Manga, Saponé, Boromo, and Bobo 2 
and 3, where no significant difference was observed. 
The phenolic compounds identified in the roots of 
Calotropis procera are known for their pharmacological 
activities 19. Thus, these compounds could serve as 
bioactive markers in the standardization of powders 
from different harvesting sites 39. Their content could be 
a determining factor in site selection. 

Microbial quality 

The microbial quality of Calotropis procera powders 
from different sites shows high variability in 
contamination levels. The total aerobic bacterial count 
in Calotropis procera powders was below the threshold 
of 5 x 10⁷ CFU/g specified in the 11th edition of the 
Pharmacopeia 16. Samples from 5 sites presented 
microbial loads higher than those of the reference. This 
high level of contamination could be explained by 
varying degrees of environmental pollution across 
regions 40, 41. Some agricultural or domestic activities 
may take place near sites with high levels of 
contamination 42.  

All powders from the different sites, including the 
reference, complied with the maximum threshold set by 
the European Pharmacopeia, 11th edition, for molds and 
yeasts, which is 5.105 CFU/g. Powders from 11 sites 
have values higher than the reference value (2529 
CFU/g). The presence of molds and yeasts at varying 
levels could be linked to high humidity, high 
temperatures, or other conditions conducive to fungal 
growth 43.  

Escherichia coli was not present in any of the powders 
from the different sites. This result could be explained 
by the fact that the collection sites had not been recently 
exposed to fecal matter. Indeed, the presence of E. coli 
suggests possible recent fecal contamination, with a risk 
of developing more virulent strains 44.  

Salmonella was found in several samples, including 
those from Yako 2, Ouaga 2, Ziniaré, and the reference 
sample. The presence of Salmonella in these samples 
could be explained by probable contamination of the 
sites by contaminated water or by animals 45. Indeed, 
these sites, which are often frequented, could be 
particularly vulnerable to this type of contamination.  

Staphylococcus aureus was identified in the Manga and 
Nobéré samples. The presence of S. aureus at both sites 
in the same area could indicate contamination linked to 
poor hygiene during harvesting or processing, since this 
bacterium is naturally present on the skin and mucous 
membranes (nose, throat) of humans and animals 46, 47.  

Powders from different sites with varying levels of 
contamination could be used if pretreatment, including 
contaminant reduction or removal, is considered. 
Indeed, these processes enable the reduction or 
elimination of contaminants in plant powders 48, 49.  

CONCLUSION 

This study enabled evaluation of the availability of 
Calotropis procera at various harvesting sites, as well as 
its physicochemical characteristics and microbiological 
quality. Individuals of Calotropis procera were poorly 
available at 9 sites with 2 soil types (gravelly and 
clayey), moderately available at 8 sites with 3 soil types 
(gravelly, sandy, and clayey-sandy), and highly available 
at 3 sites, namely Ziniaré, Ouaga 1, and Boromo, with 3 
soil types (clayey-sandy, clayey-silty, and silty-clay). 
Regarding the physicochemical characteristics, the color 
of the powders ranged from pale brown to brownish 
white; the taste ranged from bitter to very bitter; the pH 
ranged from 6.48 to 7.27; and the RMC was less than 10. 
The powders ranged from hygroscopic to very 
hygroscopic. The TLCs showed spots exhibiting Rf 
values similar to those of the reference—total phenolic 
content varied from site to site. For microbial control, 
none of the powders contained E. coli. All powder 
samples from the sites were compliant for total aerobic 
bacteria, yeasts, and molds; 2 sites had powders positive 
for S. aureus, and 9 sites had powders positive for 
Salmonella. Based on criteria such as availability and 
physico-chemical and microbiological characteristics of 
powders from different sites, favorable sites for the 
supply of Calotropis procera have been identified. The 
sites of Ziniaré, Ouaga 1, and Boromo are distinguished 
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by their abundant stands of Calotropis procera and 
favorable edaphic conditions (clay-sandy or silty-clay 
soils rich in essential minerals). In addition, the 
Loumbila and Ouaga 2 sites offer secondary supply 
opportunities, although they also require microbial 
quality monitoring. 

Conflicts of interest: The authors declare no conflicts 
of interest. 

Acknowledgement: The authors are grateful to the 
PTRC-PMTA/CAMES Project “Research and Innovation 
Platform for the Production and Marketing of Medicines 
for Human and Veterinary Use Derived from the African 
Pharmacopeia” and the Department of Traditional 
Medicine and Pharmacopeia Pharmacy of the Research 
Institute of Health Sciences (IRSS). 

REFERENCES 

1. OMS, Stratégie de l’OMS pour la médecine traditionnelle pour 
2014-2023. Organisation mondiale de la Santé: 2013. 

2. Traoré, G. H.; Sanou, L.; Koala, J., Diversité d’utilisations et de 
connaissances des espèces locales préférées dans le corridor 
forestier de la Boucle du Mouhoun, Burkina Faso. Sciences 
naturelles et appliquées 2019, 38 (1), 101-117. 

3. Ouoba, K. Contribution à l’amélioration du cadre réglementaire, 
institutionnel et opérationnel de la pharmacovigilance des 
médicaments traditionnels au Burkina Faso et dans les pays 
membres de l’UEMOA. Université de Strasbourg; Université Joseph 
Ki-Zerbo (Ouagadougou, Burkina Faso), 2022. 

4. Direction.Générale.de.l’Accès.aux.Produits.de.Santé, Plan de 
développement de la production pharmaceutique nationale 2026-
2030. Ministère de la Santé, 2025; p 141. 

5. OMS L’Organisation mondiale de la Santé encourage les pays de la 
Région africaine à promouvoir des médicaments traditionnels 
sûrs et efficaces; 2020. 

6. Ouedraogo, S.; Yoda, J.; Traore, T. K.; Nitiema, M.; Sombie, B. C.; 
Diawara, H. Z.; Yameogo, J. B.; Djande, A.; Belemnaba, L.; Kini, F. B., 
Production de matières premières et fabrication des médicaments 
à base de plantes médicinales. International Journal of Biological 
and Chemical Sciences 2021, 15 (2), 750-772. 
https://doi.org/10.4314/i jbcs.v15i2.28 

7. Ouédraogo, S.; Sombié, B. C.; Ouédraogo, J. C. W.; Traoré, T. K.; 
Traoré, S.; Nitiéma, M.; Lazare, B.; Sylvin, O.; Rasmané, S.; Pierre, G. 
I., Standardization of Extracts from Trunks’s Barks of Lannea 
microcarpa engl. and K. Krause (Anacardiaceae) and Anogeissus 
leiocarpus (DC) Guill. and Perr.(Combretaceae) for the 
Formulation of Antihypertensive Herbal Medicines.”. Int. J. Pharm. 
Sci. Rev. Res 2018, 48 (1), 92-97. 

8. Ouédraogo, J. C. W.; Kini, F. B.; Belemnaba, L.; Ouédraogo, S.; 
Guissou, I. P., Standardisation de la poudre des écorces de racine 
de Zanthoxylum zanthoxyloides en vue la production d’un 
phytomédicament anti-drépanocytaire 
pédiatrique/Standardization of bark root powder of Zanthoxylum 
zanthoxyloides for the production of pediatric phytomedecine 
against Sickle Cell Disease. Journal de la Société Ouest-Africaine de 
Chimie 2015, 40, 24. 

9. Pant, P.; Pandey, S.; Dall’Acqua, S., The influence of environmental 
conditions on secondary metabolites in medicinal plants: A 
literature review. Chemistry & biodiversity 2021, 18 (11), 
e2100345. https://doi.org/10.1002/cbdv.202100345 
PMid:34533273 

10. Xu, W.; Cheng, Y.; Guo, Y.; Yao, W.; Qian, H., Effects of geographical 
location and environmental factors on metabolite content and 
immune activity of Echinacea purpurea in China based on 
metabolomics analysis. Industrial Crops and Products 2022, 189, 
115782. https://doi.org/10.1016/j.indcrop.2022.115782 

11. Gandhi, Y.; Mishra, S. K.; Kumar, V.; Rawat, H.; Kumar, R.; Singh, R.; 
Singh, A.; Narasimhaji, C. V.; Srikanth, N.; Acharya, R., Effects of 

geographical variation on the phytochemicals gallic acid, corilagin, 
and ellagic acid, as well as medicinal properties of Emblica 
officinalis Gaertn (Fruit). Food and Humanity 2024, 3, 100372. 
https://doi.org/10.1016/j.foohum.2024.100372 

12. Kunle, O. F.; Egharevba, H. O.; Ahmadu, P. O., Standardization of 
herbal medicines-A review. International Journal of Biodiversity 
and Conservation 2012, 4 (3), 101-112. 
https://doi.org/10.5897/IJBC11.163 

13. Ouédraogo, S.; Traoré, T. K.; Atchade, B. C.; Kaboré, T.; Ouédraogo, 
N.; Semdé, R., Standardisation and physicochemical 
characterisation of trunk bark extracts of Parkia biglobosa used in 
the manufacture of plant-based medicines. International Journal 
of Pharmaceutical Research 2024, 16 (4), 11. 
https://doi.org/10.31838/ijpr/2024.16.04.003 

14. Pharmacopée.africaine, P.A. CSTR/OUA. Lagos (Nigeria) ed.; 1985; 
Vol. 1, p 264 pages 

15. Ouédraogo, M. Etude pharmacochimique du macéré aqueux des 
écorces de racines de Calotropis procera Ait. utilisées en 
phytothérapie de la maladie drépanocytaire au Burkina Faso. 
Thèse doctorat de pharmacie, UFR/SDS université 
d’Ouagadougou, 89p, 2001. 

16. Ph.Eur., Pharmacopée européenne 11e édition. EDQM (Conseil de 
l’Europe). 11e ed. ed.; 2023. 

17. Wagner, H.; Bladt, S., Plant drug analysis: a thin layer 
chromatography atlas. Springer Science & Business Media: 1996. 
https://doi.org/10.1007/978-3-642-00574-9 

18. Singleton, V. L.; Orthofer, R.; Lamuela-Raventos, R. M., Analysis of 
total phenols and other oxidation substrates and antioxidants by 
means of Folin-Ciocalteu reagent. Methods in enzymology 1999, 
299, 152-178. https://doi.org/10.1016/S0076-6879(99)99017-1 

19. Dogara, A. M., A systematic review on the biological evaluation of 
Calotropis procera (Aiton) Dryand. Future Journal of 
Pharmaceutical Sciences 2023, 9 (1), 16. 
https://doi.org/10.1186/s43094-023-00467-3 

20. Bhardwaj, G. S.; Jain, A.; Jangid, T.; Jangir, R. N.; Sharma, A., 
Calotropis procera: A comprehensive review of its 
phytochemistry, ethnomedicinal uses, and pharmacological 
potential. South African Journal of Botany 2025, 185, 235-276. 
https://doi.org/10.1016/j.sajb.2025.08.001 

21. Kaur, A.; Batish, D. R.; Kaur, S.; Chauhan, B. S., An Overview of the 
Characteristics and Potential of Calotropis procera From Botanical, 
Ecological, and Economic Perspectives. Frontiers in plant science 
2021, 12, 690806. https://doi.org/10.3389/fpls.2021.690806 
PMid:34220914 PMCid:PMC8248367 

22. Niang, K.; Sagna, M.; Ndiaye, O.; Thiaw, A.; Diallo, A.; Akpo, L. E.; 
Saleh, M. M.; Diome, N.; Diatta, S.; Faye, M., Analyse de la 
disponibilité des arbres et d e leurs usages dans la région du Ferlo 
sénégalais: les fondements d’une stratégie d e plantation pour la 
Grande Muraille Verte. Cah. L’Observatoire Hommes-Milieux Int. 
Téssékéré 2015, 5, 14. 

23. Gillet, H., Note écologique et ethnobotanique sur Calotropis 
procera. Journal d’agriculture traditionnelle et de botanique 
appliquée 1968, 15 (12), 543-545. 
https://doi.org/10.3406/jatba.1968.3007 

24. Seignobos, C., L’arbuste Calotropis procera, un épisode de son 
histoire dans le bassin du lac Tchad. Revue d’ethnoécologie 2016, 
(9). https://doi.org/10.4000/ethnoecologie.2462 

25. Hassan, L. M.; Galal, T. M.; Farahat, E. A.; El-Midany, M. M., The 
biology of Calotropis procera (Aiton) W.T. Trees 2015, 29 (2), 311-
320. https://doi.org/10.1007/s00468-015-1158-7 

26. Tripathi, M.; Shukla, P.; Sikarwar, R. L.; Tiwari, A.; Dwivedi, N.; 
Tripathi, S., Pharmacognostic study of Calotropis procera (Aiton) 
W.T. Aiton root and stem. Indian Journal of Natural Products and 
Resources 2022, 374-382. 

27. Bannari, A.; Huete, A.; Morin, D.; Zagolski, F., Effets de la couleur et 
de la brillance du sol sur les indices de végétation. International 
Journal of Remote Sensing 1996, 17 (10), 1885-1906. 
https://doi.org/10.1080/01431169608948745 

https://doi.org/10.4314/ijbcs.v15i2.28
https://doi.org/10.1002/cbdv.202100345%20PMid:34533273
https://doi.org/10.1002/cbdv.202100345%20PMid:34533273
https://doi.org/10.1016/j.indcrop.2022.115782
https://doi.org/10.1016/j.foohum.2024.100372
https://doi.org/10.5897/IJBC11.163
https://doi.org/10.31838/ijpr/2024.16.04.003
https://doi.org/10.1007/978-3-642-00574-9
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1186/s43094-023-00467-3
https://doi.org/10.1016/j.sajb.2025.08.001
https://doi.org/10.3389/fpls.2021.690806%20PMid:34220914
https://doi.org/10.3389/fpls.2021.690806%20PMid:34220914
https://doi.org/10.3406/jatba.1968.3007
https://doi.org/10.4000/ethnoecologie.2462
https://doi.org/10.1007/s00468-015-1158-7
https://doi.org/10.1080/01431169608948745


Ouedraogo et al.                                                                                                                             Journal of Drug Delivery & Therapeutics. 2026; 16(8):52-64 

ISSN: 2250-1177                                                                                            [64]                                                                                              CODEN (USA): JDDTAO 

28. Dakouo, D. Effets des types de sol et de la topographie sur 
l’absorption des ions K+ par le cotonnier (Gossypium h ir su tum 
L.) dans les agro-systèmes soudano-sahéliens de l’Ouest du 
Burkina Faso. Université Félix Houphouët-Boigny de Cocody, 
2012. 

29. Ghannem, N.; Tlili, F.; Riahi, C.; Regaya, K., Étude sédimentologique 
des dépôts carbonatés continentaux de type palustre de la région 
de Tajerouine, Nord-Ouest de la Tunisie. Carnets Geol. 2016, 16 
(04), 43. https://doi.org/10.4267/2042/58976 

30. Karolkowski, A.; Belloir, C.; Briand, L.; Salles, C., Non-Volatile 
Compounds Involved in Bitterness and Astringency of Pulses: A 
Review. Molecules (Basel, Switzerland) 2023, 28 (8), 3298. 
https://doi.org/10.3390/molecules28083298 PMid:37110532 
PMCid:PMC10141849 

31. Drewnowski, A.; Gomez-Carneros, C., Bitter taste, phytonutrients, 
and the consumer: a review. The American journal of clinical 
nutrition 2000, 72 (6), 1424-1435. 
https://doi.org/10.1093/ajcn/72.6.1424 PMid:11101467 

32. Enneb, H.; Belkadhi, A.; Cheour, F.; Ferchichi, A., Comparaison des 
composés phénoliques et du pouvoir antioxydant de la plante de 
henné (Lawsonia inermis L.). Journal of New Sciences 2015, 20. 

33. Chabrier, J. Y. Plantes médicinales et formes d’utilisation en 
Phytothérapie. . Université Henri Poincare - Nancy 1, 2010. 

34. Lehmann, H. Le médicament à base de plantes en Europe: statut, 
enregistrement, contrôles. Université de Strasbourg, 2013. 

35. Barrow, N. J.; Hartemink, A. E., The effects of pH on nutrient 
availability depend on both soils and plants. Plant and Soil 2023, 
487 (1), 21-37. https://doi.org/10.1007/s11104-023-05960-5 

36. Ouedraogo, S.; Traoré, S.; Sombié, B.; Traoré, T.; Nitiéma, M.; 
BeLeMNaBa, L.; OUEDRAOGO, N.; TIENDREBEOGO, A.; LOMPO, M.; 
SEMDE, R., Contrôle qualité et étude de comprimabilité des 
poudres de feuille de Moringa oleifera (lam) et de pulpe du fruit 
de Adansonia digitata. Sciences de la Santé 2018, 41 (2), 93-101. 

37. Spiroux, C., Optimisation des excipients et ingrédients pour la 
mise en gélules de compléments alimentaires avec une approche 
Clean label. 2024. 

38. Nirala, S., The Phytochemical and antioxidant activity of calotropis 
procera. CSVTU International Journal of Biotechnology 
Bioinformatics and Biomedical 2021, 5, 67-73. 
https://doi.org/10.30732/IJBBB.20210503004 

39. Kinda, P. T.; Nacoulma, A. P.; Guenné, S.; Compaoré, M.; Djandé, A.; 
Lagnika, L.; Kiendrébéogo, M., The Metabolomic study of 
Calotropis procera Ait. from Burkina Faso, based on chemical 
functional groups profiling using FTIR. Journal of complementary 
& integrative medicine 2020, 17 (3). 
https://doi.org/10.1515/jcim-2019-0134 PMid:32543456 

40. Aïssi, A.; Kougblenou, D. S.; Dougnon, V.; Klotoé, J.; Bankolé, H.; 
Deguenon, Y.; Degbey, C.; Montcho, S.; Fanou, B.; Fah, L.; Edorh, P. 

A.; Loko, F., Evaluation de la qualité sanitaire des poudres de 
feuilles de Moringa oleifera Lam. commercialisées au profit des 
Personnes Vivant avec le VIH à Cotonou (Bénin). International 
Journal of Biological and Chemical Sciences 2014, 7, 1461. 
https://doi.org/10.4314/i jbcs.v7i4.4 

41. Darkwah, S.; Agbettor, D.; Codjoe, F.; Donkor, E. S., Microbial 
Contamination of Herbal Preparations on the Ghanaian Market, 
Accra. Microbiology insights 2022, 15, 11786361221139602. 
https://doi.org/10.1177/11786361221139602 PMid:36467108 
PMCid:PMC9716451 

42. Páll, E.; Niculae, M.; Kiss, T.; Şandru, C. D.; Spînu, M., Human impact 
on the microbiological water quality of the rivers. Journal of 
medical microbiology 2013, 62 (Pt 11), 1635-1640. 
https://doi.org/10.1099/jmm.0.055749-0 PMid:23813274 
PMCid:PMC3809112 

43. Cahagnier, B.; Jacobsen, E.; Lessard, F., Des moisissures aux 
mycotoxines : signification écophysiologique de marqueurs 
biochimiques de croissance fongique et prévision des durées de 
conservation sans risque de détérioration. 2001. 

44. Ahiabor, W. K.; Darkwah, S.; Donkor, E. S., Microbial 
Contamination of Herbal Medicines in Africa, 2000-2024: A 
Systematic Review. Environmental Health Insights 2024, 18, 
11786302241293345. 
https://doi.org/10.1177/11786302241293345 PMid:39494046 
PMCid:PMC11528601 

45. Karkey, A.; Jombart, T.; Walker, A. W.; Thompson, C. N.; Torres, A.; 
Dongol, S.; Tran Vu Thieu, N.; Pham Thanh, D.; Tran Thi Ngoc, D.; 
Voong Vinh, P.; Singer, A. C.; Parkhill, J.; Thwaites, G.; Basnyat, B.; 
Ferguson, N.; Baker, S., The Ecological Dynamics of Fecal 
Contamination and Salmonella typhi and Salmonella paratyphi A in 
Municipal Kathmandu Drinking Water. PLoS neglected tropical 
diseases 2016, 10 (1), e0004346. 
https://doi.org/10.1371/journal.pntd.0004346 PMid:26735696 
PMCid:PMC4703202 

46. Foster, T. J., The Staphylococcus aureus “superbug”. The Journal of 
clinical investigation 2004, 114 (12), 1693-1696. 
https://doi.org/10.1172/JCI200423825 PMid:15599392 
PMCid:PMC535074 

47. Ondusko, D. S.; Nolt, D., Staphylococcus aureus. Pediatrics in 
review 2018, 39 (6), 287-298. https://doi.org/10.1542/pir.2017-
0224 PMid:29858291 

48. Schottroff, F.; Lasarus, T.; Stupak, M.; Hajslova, J.; Fauster, T.; Jäger, 
H., Decontamination of herbs and spices by gamma irradiation and 
low-energy electron beam treatments and influence on product 
characteristics upon storage. Journal of Radiation Research and 
Applied Sciences 2021, 14 (1), 380-395. 
https://doi.org/10.1080/16878507.2021.1981112 

49. Mrozek-Szetela, A.; Rejda, P.; Wińska, K., A Review of 
Hygienization Methods of Herbal Raw Materials. Applied Sciences 
2020, 10 (22), 8268. https://doi.org/10.3390/app10228268

   

 

https://doi.org/10.4267/2042/58976
https://doi.org/10.3390/molecules28083298%20PMid:37110532
https://doi.org/10.1093/ajcn/72.6.1424%20PMid:11101467
https://doi.org/10.1007/s11104-023-05960-5
https://doi.org/10.30732/IJBBB.20210503004
https://doi.org/10.1515/jcim-2019-0134%20PMid:32543456
https://doi.org/10.4314/ijbcs.v7i4.4
https://doi.org/10.1177/11786361221139602%20PMid:36467108
https://doi.org/10.1099/jmm.0.055749-0%20PMid:23813274
https://doi.org/10.1177/11786302241293345%20PMid:39494046
https://doi.org/10.1371/journal.pntd.0004346%20PMid:26735696
https://doi.org/10.1172/JCI200423825%20PMid:15599392
https://doi.org/10.1542/pir.2017-0224%20PMid:29858291
https://doi.org/10.1542/pir.2017-0224%20PMid:29858291
https://doi.org/10.1080/16878507.2021.1981112
https://doi.org/10.3390/app10228268

