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ABSTRACT 

Salvia species are emerging as promising therapeutic agents due to their diverse bioactivity against various 
pathologies. This study was conducted to investigate the phytochemical profile, antimicrobial activity, and 
acute Toxicity of hydromethanolic extracts from Salvia algeriensis (Desf.) leaves, flowers, and roots. Chem-
ical reaction tests and chromatographic analysis were employed to determine the chemical composition, while 
microdilution was used to determine the tested microorganisms' minimum inhibitory concentration (MIC). 
The acute Toxicity of the leaf extract was carried out following the rules and guidelines of OECD 425. Tox-
icity parameters in Swiss albino mice were evaluated after a single dose of 500 mg/kg and 2000 mg/kg. Ac-
cording to the preliminary phytochemical screening results, terpenoids and polyphenols (flavonoids and tan-
nins) were found in all plant parts, but coumarins were only found in the root extract. The HPLC-DAD analysis 
revealed the presence of 16 phenolic compounds in varying amounts across the three extracts, of which ros-
marinic acid, quercetin, caffeic acid, and 3-hydroxybenzoic acid were the most abundant. Selective antimi-
crobial activity was noticed, with the root extract demonstrating the most substantial effect against the two 
fungal strains tested. MIC values ranged from 0.3 to 10 mg/mL, and Gram-positive bacteria generally showed 
greater susceptibility compared to Gram-negative bacteria. The LD50 was found to be greater than 2000 mg/kg. 
There were no overt clinical symptoms of Toxicity. Body weights, organ weights, and temperatures were not 
significantly altered, and hematological analysis showed no significant differences. Salvia algeriensis (Desf.) 
extracts emerge as potential candidates for natural, non-toxic antimicrobial agents. 
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INTRODUCTION 

The use of natural remedies is widespread and has increased recently; approximately 80% of the Arab popu-
lation currently uses medicinal plants to treat diseases and meet their health needs1. Traditional herbal medi-
cine has been used by Algerian society since ancient times. In particular, Algeria's unique geographical loca-
tion and diverse climate contribute to its variety of flora, which serves as a vast resource for developing and 
applying herbal remedies2. Algeria is host to 23 different species of Salvia, one of the medicinal plants3. Salvia, 
a genus with approximately 1,000 species, is the most taxonomically diverse member of the Lamiaceae family. 
These remarkable plants have found a home across the globe, particularly in temperate and tropical climates, 
with a strong presence in the Mediterranean, Southeast Africa, and Central and South America4,5. Salvia spe-
cies have long been used in folk medicine in multiple locations across the world6. In China, salvia species 
have been used as analgesics and for hepatitis7, while in Anatolia, they were used for wound healing, tuber-
culosis, rheumatism, diabetes, and skin disorders8; in South Africa, people used salvia species to treat digestive 
disorders, and infections9, In Europe, sage has also been used to alleviate inflammation10. Salvia has many 
bioactivities, including antiviral11, anti-inflammatory12, antioxidant13, antidiabetic5, antihypertensive14, and 
cytotoxic properties on tumor cell lines15. These diverse bioactivities are further reflected in the chemical 
composition of Salvia species. 

Although they all have some commonalities, such as the presence of volatile monoterpenoids, flavonoids, and 
triterpenoids in their aerial parts, the composition of their roots varies, with diterpenoids being the most com-
mon component16. Salvia algeriensis (Desf.) is a medicinal plant native to the northwestern regions of Algeria 
and northeastern Morocco3. Thriving at elevations up to 600 meters, Salvia algeriensis (Desf.) is an annual 
sage that typically reaches a height of around 1 meter when cultivated. Researchers have found a clear differ-
ence in the chemical composition of the essential oils from Salvia algeriensis (Desf.) flowers and leaves, with 
the leaf oil having a more significant antifungal effect. While flower oil mainly included globulol and viridi-
florol, leaf oil was rich in benzaldehyde, eugenol, and phenylethyl alcohol17. 

No prior research has explored the phytochemical characterization, antimicrobial potential, or Toxicity of 
extracts from Salvia algeriensis (Desf.) root, flower, and leaf. This study aims to break new ground by as-
sessing the plant's chemical profile using standard methods and HPLC-DAD analysis, evaluating the extract's 
antimicrobial activity via the MIC determination method, and testing the acute Toxicity of orally administered 
extracts in Swiss albino mice.  

 
MATERIAL AND METHODS 

Plant sampling and preparation  
Salvia algeriensis (Desf.) plants were collected from Ouled Fares province in Chlef, Algeria. The leaves, 
flowers, and roots were carefully washed with tap water to remove any impurities and then dried in the shade 
for two weeks at a controlled temperature and humidity. Finally, the dried plant parts were ground into a fine 
powder and stored in sealed containers at 4°C until further analysis. 
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Preparation of hydromethanolic extracts 
Hydromethanolic extracts were prepared from leaves, flowers, and roots of Salvia algeriensis (Desf.) follow-
ing a maceration method18. Briefly, 20 g of each finely powdered plant part was macerated with 200 mL of 
methanol/water (80/20, v/v) for 24 hours at room temperature with continuous stirring. The extracts were then 
filtered (Whatman filter paper), and the residues were re-extracted with the same solvent volume. Combined 
filtrates were evaporated to dryness under reduced pressure using a rotary evaporator at 45°C. The extracts 
were stored at 4°C for further analysis. 
 
Qualitative Phytochemical screening 
The plant extracts were screened for the presence of various phytochemical constituents, including Alkaloids, 
Terpenoid, Sterols, Triterpenes, Reduced sugar, Saponins, Anthraquinones, Coumarins, Tannins, Flavonoids, 
and Mucilage, using standard methods described by Iqbal et al19. 
 
HPLC-DAD analysis 
The phenolic compounds in the extracts were analyzed using HPLC-DAD according to Caponio et al. 20. Ten 
microliters (µL) of each prepared sample solution (in methanol, 20mg/mL) were injected into a 250×4.6 mm 
C18 Ultra sphere-ODS column, homogenized and filtered, the eluates were detected at (254; 278; 287; 330 
nm). The mobile phase comprises 2% acetic acid (A) in water and methanol (B). The system was run with the 
following elution gradient: 95% A/5% B for 3 min, 80% A/20% B in 15 min and isocratic for 2 min, 60% 
A/40% B in 10 min, 50% A/50% B in 10 min, 100% B in 10 min until the end of the run. The standards used 
are summarized in Table 1. 
 

Standard Retention time (min) 
3-HydroxyBenzoic acid 22.545 
4-HydroxyBenzoic acid 17.647 
Benzoic Acid 47.629 
Catechin Hydrate 11.499 
Chlorogenic Acid 16.239 
Caffeic Acid 21.476 
Epicatechin 20.169 
Gallic Acid 5.912 
Hesperidin 65.989 
P-Coumaric Acid 33.597 
Quercetin 76.313 
Rosmarinic Acid 70.655 
Sinnapic Acid 37.264 
Syringic Acid 22.628 
t-Cinnamic Acid 75.207 
t-Ferrulic Acid 37.202 

Table 1. Phenolic compound standards are used for identification in extracts, with their corresponding retention times. 
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Microorganisms 
Clinical bacterial strains were isolated from patients at Trás-os-Montes and Alto Douro Hospital Center (Vila 
Real, Portugal). These strains included both Gram-negative bacteria (Escherichia coli, Proteus mirabilis, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, and Morganella morganii) and Gram-positive bacteria 
(Enterococcus faecalis, Listeria monocytogenes, and Methicillin-resistant Staphylococcus aureus (MRSA)). 
Aspergillus fumigatus (ATCC 204305), and Aspergillus brasiliensis (ATCC 16404) obtained from Frilabo, 
Porto, Portugal were also used. 
 
Determination of Minimum Inhibitory Concentration (MIC), Minimum Bactericidal Concentra-
tion (MBC), and fungicidal concentration (MFC) 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined 
using a colorimetric assay21. Samples were dissolved in a 5% (v/v) Dimethyl sulfoxide (DMSO) and 95% 
autoclaved distilled water solution to a final 20 mg/mL concentration. Serial dilutions were performed in a 
96-well microplate containing Tryptic Soy Broth (TSB) to obtain a concentration range of 10 to 0.03125 
mg/mL. Standardized inoculum (1.5 x 106 CFU/mL, 10 μL) was added to all wells for a final inoculum of 1.5 
x 105 CFU/well. The microplates were then incubated at 37°C for 24 hours. MIC was determined following 
incubation with 40 μL of 0.2 mg/mL p-iodonitrotetrazolium chloride (INT) for 30 minutes at 37°C. The lowest 
concentration inhibiting visible bacterial growth was considered the MIC. For MBC determination, liquid (10 
μL) from wells without color change was plated on Blood Agar (7% sheep blood) and incubated at 37°C for 
24 hours. The MBC was defined as the lowest concentration, showing no bacterial growth. Fungal cultures 
were maintained on malt agar at 4°C. Before antifungal activity testing22, cultures were transferred to fresh 
malt agar and incubated at 25°C for 72 hours. For the assay, fungal spores were harvested from the agar surface 
using a sterile 0.85% saline solution containing 0.1% Tween 80 (v/v). The spore suspension was then adjusted 
with sterile saline to a final concentration of approximately 1.0 x 105 spores/mL in a 100 μL volume per well. 
Similar to the bacterial assay, samples were first dissolved in a solution of 5% DMSO and 95% autoclaved 
distilled water to reach a final concentration of 20 mg/mL. This solution (100 μL) was then added in duplicate 
to the first wells of a 96-well microplate containing 90 μL of Malt Extract Broth (MEB). The remaining wells 
of the 96-well microplate were filled with 90 μL of fresh Malt Extract Broth (MEB). Serial dilutions of the 
samples were then performed within the plate to create a concentration range of 10 to 0.03125 mg/mL. The 
Minimum Inhibitory Concentration (MIC) was determined using this dilution technique. The MIC was defined 
as the lowest concentration of the sample that prevented visible fungal growth, as observed under a binocular 
microscope. To determine the Minimum Fungicidal Concentration (MFC),  2 μL aliquots of the serially di-
luted samples were transferred to new microplates containing 100 μL of MEB per well. These plates were 
then incubated for 72 hours at 26°C. The MFC was defined as the lowest concentration that showed no visible 
fungal growth after this incubation period, indicating a 99.5% kill rate of the initial fungal inoculum. 
 
Acute toxicity assessment  
The experiment involved 35 male mice, aged 4 to 5 weeks old, obtained from the Pasteur Institute of Algiers, 
Algeria. These mice were bred and housed following the rules and guidelines for the care of laboratory animals 
at the animal house of the Hassiba Benbouali University of Chlef. Following best practices (OECD 425)23, 
five animals per group were housed in plastic cages with a 12-hour light/dark cycle. Temperatures were main-
tained between 25 and 30°C, and humidity levels were between 50 and 60%. 
Before the experiments, the animals were acclimated for seven days. They had ad libitum access to a standard 
rodent diet (ONAB) and tap water. The extracts were administered by oral gavage as a single dose (500 and 
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2000 mg/kg) to one mouse per group. Following administration, each mouse was observed individually for 
signs of Toxicity, including modifications to the skin, eyes, mucous membranes, respiratory and nervous sys-
tems, somatomotor activity, and behavior. Observations were conducted during the first four hours, then again 
at 24 hours, and then once daily for the entire experiment duration (14 days). Mice were fasted for 2 hours 
before each gavage. The negative control group received distilled water. 
 
Body and organ weight analysis 
Each animal in each group had its body weight measured at various points throughout the experiment, and the 
relative weight of its heart, lungs, spleen, liver, and kidneys was calculated using the body weight of each 
animal on the day of sacrifice. 
 
Body temperature analysis 
Rectal temperature was measured using a thermometer inserted rectally 2mm deep. Measurements were taken 
before gavage and then again at 2, 4 hours, day 7, and day 14. All procedures were carried out at room tem-
perature. 
 
Blood sample analysis 
A total of 1.5 ml of blood was obtained through cadaveric puncture and transferred in EDTA tubes. Hemato-
logical parameters were measured using an automated hematology analyzer. 
 
Statistical analysis 
Data are presented as mean ± standard deviation. Statistical analysis was performed using a one-way ANOVA 
test followed by Tukey's post-hoc test in IBM SPSS Statistics 21 software. A p-value of less than 0.05 was 
considered statistically significant. 
 
 
RESULTS 

Qualitative Phytochemical screening 
The results of the preliminary phytochemical screening of the hydromethanolic extract of Salvia algeriensis 
(Desf.) are presented in Table 2. Terpenoids (triterpenes), polyphenols (flavonoids and tannins), reduced sug-
ars, and mucilage appear to be abundant in the aerial parts (leaves and flowers)  .As for the roots contain 
terpenoids (triterpenes), polyphenols (flavonoids, tannins, and coumarins), sterols, and saponins. Anthraqui-
nones have been detected at deficient levels, whereas alkaloids, reduced sugar, and mucilage were not de-
tected. 
 

Phytoconstituent Leaves Flowers Roots 
Alkaloid - - - 
Terpenoid + + + 
Sterols and Triterpenes + - + 
Reduced sugar + + - 
Saponins - - + 
Anthraquinones - - +/- 
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Coumarins - - + 
Tannins + + + 
Flavonoids + + + 
Mucilage + + - 
Key: positive test (+); negative test (-); presence as a trace (+/-) 

Table 2. Phytochemical screening of hydromethanolic extracts of S.algeriensis (Desf.). 
 

HPLC-DAD analysis   
A total of sixteen standards were used to identify the phenolic compounds in the flowers, leaves, and root 
extracts. Results presented in Table 3 revealed the presence of several phenolic compounds with varying 
amounts depending on the plant part. All three extracts contained sinapic acid, syringic acid, t-ferulic acid, t-
cinnamic acid, quercetin, hesperidin, caffeic acid, 4-hydroxy benzoic acid, and 3-hydroxy benzoic acid, while 
rosmarinic acid predominated at concentrations of 936.3, 674.9, and 316.8 µg/g for the plant's flowers, leaves, 
and roots, respectively. Flowers have quercetin (319.4 µg/g) as their most abundant phenolic compound after 
rosmarinic acid. Caffeic acid (11,498 µg/g) plays the same role in roots, while leaves have 3-hydroxybenzoic 
acid (18,741 µg/g) as their second highest. Chlorogenic and gallic acids were exclusively detected in the aerial 
parts of the plant, while p-coumaric acid was explicitly found in the roots. The flower extract exhibited the 
presence of catechin hydrate. 
 

Phenolic Compounds Leaves 
(µg/g) 

Flowers 
(µg/g) 

Roots 
        (µg/g) 

3-HydroxyBenzoic acid 18,741 7,461 6,712 
4-HydroxyBenzoic acid  2,612 2,259 0,553 
Benzoic Acid 3,257 ND. 1,745 
Catechin Hydrate ND. 6,777 ND. 
Chlorogenic Acid 1,037 1,394 ND. 
Caffeic Acid 7,363 8,998 11,498 
Epicatechin N.D. 11,929 7,166 
Gallic Acid 0,186 0,581 N.D. 
Hesperidin 3,899 13,977 10,695 
P-Coumaric Acid N.D. N.D. 0,524 
Quercetin 10,117 319,4 9,007 
Rosmarinic Acid 674,9 936,3 316,8 
Sinnapic Acid 3,146 5,609 0,861 
Syringic Acid 2,521 3,747 2,820 
t-Cinnamic Acid 2,08 0,327 4,814 
t-Ferrulic Acid 2,191 4,035 0,479 
ND not detected. 

Table 3. Phenolic composition of Salvia algeriensis (Desf.) hydromethanolic extracts. 

 
Antimicrobial activity  
The current study investigated the antimicrobial susceptibility of various extracts against clinically isolated 
bacteria and fungi. The microdilution technique was used to determine the Minimal Inhibitory Concentration 
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(MIC) of the tested extracts against a panel of microorganisms. The panel included five Gram-negative bac-
teria (Escherichia coli, Klebsiella pneumoniae, Morganella morganii, Proteus mirabilis, Pseudomonas aeru-
ginosa) and three Gram-positive bacteria (Enterococcus faecalis, Listeria monocytogenes, MRSA), along with 
two fungal species (Aspergillus brasiliensis, Aspergillus fumigatus). Table 4 summarizes the Minimum Inhib-
itory Concentration (MIC) as well as the Minimum Bactericidal Concentration (MBC), and fungicidal con-
centration (MFC) values obtained. These values ranged from 0.3 mg/mL to 10 mg/mL, indicating a spectrum 
of inhibitory activity. Interestingly, Gram-positive bacteria generally demonstrated greater susceptibility to 
the extracts compared to Gram-negative bacteria. However, Listeria monocytogenes emerged as an exception, 
exhibiting either a 10 mg/mL MIC or complete resistance (MIC > 10 mg/mL, MBC > 10 mg/mL) to all extracts 
tested. The leaf extract exhibited promising antimicrobial activity against Klebsiella pneumoniae, demonstrat-
ing the lowest Minimum Inhibitory Concentration (MIC) of 1.25 µg/mL among all tested extracts. Further-
more, both leaf and root extracts displayed satisfactory inhibitory potential against Morganella morganii, with 
an MIC of 2.5 µg/mL. The root extract emerged as particularly effective against Proteus mirabilis, Entero-
coccus faecalis, and MRSA. Notably, it displayed the lowest MIC (ranging from 0.3 µg/mL to 2.5 µg/mL) 
among all extracts against these pathogens. None of the tested extracts demonstrated inhibitory activity against 
Pseudomonas aeruginosa, as evidenced by MIC values exceeding 10 µg/mL. Aspergillus brasiliensis was 
most susceptible to the root extract, exhibiting the lowest MIC of 2.5 µg/mL. Aspergillus fumigatus remained 
susceptible to both flower and root extracts, with similar MIC values around 5 µg/mL. 
 

Microorganisms Leaves Flowers Roots 
        

MIC MBC/F MIC MBC/F MIC MBC/F 
Gram-positive bacteria 

Escherichia coli 10 >10 10 >10 >10 >10 
Klebsiella pneumoniae 1.25 >10 5 >10 5 >10 
Morganella morganii 2.5 >10 5 >10 2.5 >10 
Proteus mirabilis 5 >10 10 >10 2.5 >10 
Pseudomonas aeruginosa >10 >10 >10 >10 >10 >10 

Gram-negative bacteria 
Enterococcus faecalis 2.5 >10 2.5 >10 0.3 >10 
Listeria monocytogenes 10 >10 >10 >10 10 >10 
MRSA 2.5 >10 2.5 >10 0.3 >10 

Fungal strains 
Aspergillus brasiliensis 5 >10 10 >10 2.5 >10 
Aspergillus fumigatus 10 >10 5 >10 5 >10 

Table 4. Minimum inhibitory, bactericidal, and fungicidal concentration (MIC/MBC/MFC) of the hydromethanolic extract 
from Salvia algeriensis leaves, flowers, and roots on the growth of different microorganisms. 

 
Acute Toxicity of extracts 
This study investigated the acute oral Toxicity of hydromethanolic extracts from Salvia algeriensis (Desf.) 
leaves, flowers, and roots in male Swiss albino mice. Two doses were evaluated: 500 mg/kg and 2000 mg/kg. 
No mortality was observed within 24 hours following a single oral administration at either dose level. How-
ever, one out of five mice in the 2000 mg/kg group (Leaves extract) died within eight days after treatment. 
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This particular animal exhibited diarrhea before death. No other treatment groups displayed clinical signs of 
Toxicity, physiological changes, or behavioral alterations compared to the control group. Food and water 
intake remained normal across all treated groups. Since no mortality was observed at the initial dose of 500 
mg/kg and following the OECD 425 (2008) guidelines, the dose was increased to 2000 mg/kg. Based on these 
results, the estimated median lethal dose (LD50) of the Salvia algeriensis (Desf.) extracts for all plant parts 
(leaves, flowers, and roots) is considered to be greater than 2000 mg/kg. 
 
Body and organ weight analysis 
Throughout the study period, all groups exhibited a gradual increase in body weight, with no instances of body 
weight loss recorded. Figures 1 and 2 show that the body weight changes followed a similar pattern for treated 
and control groups. Statistical analysis revealed no significant differences in weight gain between treated and 
control groups (p>0.05). These findings indicate that the Salvia algeriensis (Desf.) extracts did not affect body 
weight at the tested doses. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Body weight of mice treated orally with 500 mg/kg of Plant Extracts. Values expressed as mean ± SD, (n= 5) per 
each group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Body weight of mice treated orally with 2000 mg/kg of Plant Extracts. Values expressed as mean ± SD, (n= 5) per 
each group. 
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There were no statistically significant differences observed in the relative weight of major organs (heart, lung, 
spleen, liver, left kidney, and right kidney) between the extract-treated groups and the control group (p>0.05) 
(Table 5). This suggests that the tested doses did not cause any major changes in organ size or weight. Mac-
roscopic evaluation of the tissues did not reveal any pathological changes. 
 

 
Table 5. relative organ weight of mice treated orally with Plant Extracts. Values expressed as mean ± SD, (n= 5) per each 
group. 

 
Body temperature 
Rectal temperatures were measured at baseline (0 h), at 2 and 4 hours post-administration, and on days 7 and 
14 (summarized in Table 6). No significant differences in body temperature changes were observed within the 
treated groups compared to the control group (p>0.05). This suggests that the hydromethanolic extracts did 
not significantly affect this physiological parameter. 
 

Table 6: Body temperature of mice treated orally with plant extracts. Values expressed as mean ± SD, (n= 5) per each group. 

 
Hematological parameters  
Hematological parameters, including red blood cell count (RBC), hemoglobin concentration (HGB), hemato-
crit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular he-
moglobin concentration (MCHC), white blood cell count (WBC), and platelet count (PLT) (Table 7), showed 
no significant changes in the treated groups compared to the control group on day 14 (p>0.05). 
 

Organ 

Control 
 

Leaves 
(mg/kg) 

Flowers 
(mg/kg) 

Roots 
(mg/kg) 

 500 2000 500 2000 500 2000 

Heart 0.534 ± 0.115 0.456 ± 0.042 0.508 ± 0.059 0.525 ± 0.102 0.589 ± 0.064 0.609 ± 0.069 0.587 ± 0.039 

Lung 0.876 ± 0.303 0.721 ± 0.056 0.806 ± 0.064 0.706 ± 0.115 0.809 ± 0.158 0.850 ± 0.084 0.852 ± 0.120 

Spleen 0.570 ± 0.167 0.502 ± 0.076 0.642 ± 0.243 0.455 ± 0.124 0.464 ± 0.092 0.399 ± 0.075 0.459 ± 0.073 

Liver 4.732 ± 0.632 4.806 ± 0.449 4.462 ± 0.748 4.299 ± 1.006 4.246 ± 0.721 5.392 ± 0.976 5.110 ± 0.353 

Left Kidney   0.729 ± 0.079 0.656 ± 0.118 0.664 ± 0.091 0.684 ± 0.156 0.752 ± 0.099 0.800 ± 0.183 0.767 ± 0.120 

Right Kidney    0.729 ± 0.079 0.619 ± 0.116 0.626 ± 0.087 0.753 ± 0.169 0.720 ± 0.116 0.749 ± 0.220 0.730 ± 0.146 
No statistically significant differences were seen following the administration of plant extracts compared to the control group. 

Time 

Control 
 

Leaves 
(mg/kg) 

Flowers 
(mg/kg) 

Roots 
(mg/kg) 

 500 2000 500 2000 500 2000 

0 h 36.66 ± 0.53 36.30 ± 1.12 36.04 ± 1.03 35.96 ± 0.27 35.88 ± 0.64 36.06 ± 0.77 35.72 ± 0.71 

2 h 36.34 ± 0.78 35.72 ± 0.75 36.46 ± 0.69 36.76 ± 1.26 35.98 ± 0.43 36.50 ± 0.70 36.66 ± 0.82 

4 h 36.76 ± 0.58 35.76 ± 0.89 36.60 ± 0.65 37.00 ± 0.37 36.66 ± 0.58 36.12 ± 0.31 36.18 ± 0.67 

7 d 36.18 ± 0.56 36.14 ± 0.66 36.28 ± 0.54 36.06 ± 0.63 35.90 ± 0.52 36.98 ± 1.00 36.84 ± 0.65 

14 d 36.56 ± 1.30 36.02 ± 1.24 35.98 ± 0.78 36.38 ± 1.38 35.96 ± 0.42 36.50 ± 1.15 37.18 ± 1.16 

No statistically significant differences were seen following the administration of plant extracts at the time intervals examined compared 
to the control group and time 0 h. 
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Table 7: hematological parameters of mice treated orally with plant extracts. Values expressed as mean ± SD, (n= 5) per 
each group. 

 

DISCUSSION  

Plants are an abundant source of several distinct secondary metabolites, holding immense potential for devel-
opment into pharmaceuticals, food additives, and industrial applications. Phytochemical screening remains a 
crucial tool for researchers, enabling the identification of these valuable compounds24. Our investigation suc-
cessfully identified a broad spectrum of secondary metabolites in various parts of the plant we studied. These 
findings align with those of Salimikia et al. 25, who demonstrated the abundance of tannins and flavonoids in 
the aerial parts of S. multicaulis, devoid of anthraquinones and saponins. Results presented by Umer et al. 26 
revealed that S. schimperi leaf extracts contain polyphenols (tannins and flavonoids) and terpenoids, but no 
alkaloids were detected. While the occurrence of anthraquinone and coumarins is somewhat limited in Salvia 
species27, 28, the abundance of phenolics and terpenoids in the studied extracts calls for further exploration of 
these valuable compounds to comprehend the medicinal potential of the plant extracts completely. 
Our HPLC-DAD analysis revealed a rich profile of phenolic compounds in the Salvia sp. extracts, with ros-
marinic acid, a caffeic acid derivative, being the most abundant. This finding aligns with prior research on 
Salvia species, where rosmarinic acid was also identified as a major component. Furthermore, studies have 
shown high levels of rosmarinic acid in the leaves of 27 Iranian Salvia species29. Rowshan and Najafian30 
noted that the methanolic extract of S. multicaulis's aerial parts contained the highest amount of rosmarinic 
acid (7.358 mg/g) compared to other identified phenolics like chlorogenic acid (0.53 mg/g) and p-coumaric 
acid (0.015 mg/g). Different phenolic compounds were also observed in Salvia officinalis leaf extracts, in-
cluding syringic acid, caffeic acid, p-coumaric acid, catechin, epicatechin, and quercetin31. 
The investigated plant extracts displayed a spectrum of antimicrobial activity with varying selectivity based 
on the target microbe and the plant part, possibly due to the variation in the phytochemical composition within 
tested extracts. A diverse array of secondary metabolites, encompassing flavonoids, phenolic acids, diterpenes, 
and triterpenes, is a promising source of antimicrobial agents. These compounds exert their inhibitory effects 
on various microbes by targeting different components of microbial cells through many different mecha-
nisms4. Previous research had demonstrated similar activity in other Salvia species. Firuzi et al. 32 reports 

Parameters 

Control 
 

Leaves 
(mg/kg) 

Flowers 
(mg/kg) 

Roots 
(mg/kg) 

 500 2000 500 2000 500 2000 

RBC1 8.92 ± 0.65 9.08 ± 0.80 8.59± 0.29 7.83 ± 1.21 7.51 ± 1.89 8.08 ± 1.06 9.27 ± 1.23 

HGB2 14.50 ± 0.74 14.74 ± 0.60 13.66 ± 0.89 12.76 ± 1.77 12.12 ± 3.09 13.23 ± 1.64 15.22 ± 1.80 

HCT3 45.18 ± 3.85 45.55 ± 2.58 42.95 ± 3.01 40.80 ± 5.34 37.18 ± 10.14 41.15 ± 5.79 48.18 ± 5.44 

MCV4 51.48 ± 2.13 50.36 ± 1.55 49.89 ± 1.90 50.22 ± 3.11 49.24 ± 2.34 50.90 ± 1.15 51.88 ± 1.56 

MCH5 16.80 ± 1.06 16.32 ± 0.73 15.89 ± 0.51 16.70 ± 1.38 16.10 ± 1.03 16.43 ± 0.28 16.32 ± 0.67 

MCHC6 32.62 ± 1.58 32.37 ± 0.58 31.84 ± 0.42 32.64 ± 1.71 32.70 ± 1.29 32.27 ± 0.81 31.44 ± 1.60 

WBC7 8.48 ± 1.87 8.48 ± 1.29 7.32 ± 2.51 7.89 ± 1.14 7.21 ± 3.05 8.89 ± 1.92 7.87 ± 0.54 

PLT8 0.750 ± 0.344 0.867 ± 0.202 1.052 ± 0.153 0.990 ± 0.50 0.857± 0.456 0.918± 0.164 0.673 ± 0.236 
No statistically significant differences were seen following the administration of plant extracts in comparison to the control group.  

1 (×106 mm−3), 2 (g/dl), 3 (%), 4 (fl), 5 (pg), 6 (g/dl), 7 (×103 mm−3), 8 (×103 mm−3) 
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promising antibacterial activity in four Salvia species (S. eremophila, S. limbata, S. santolinifolia, and S. 
sclarea) with MICs ranging from 0.31 to 5 mg/mL, showing particular effectiveness against E. coli, K. pneu-
moniae, S. typhi, and Staphylococcus strains. Aqueous extracts from S. africana, S. officinalis' Icterina', and 
S. mexicana displayed MICs ranging from 0.63 to 10 mg/mL against various microbes, indicating broad-
spectrum activity within the Salvia genus33. 
For new plant-based medicines (phytomedicines), assessing acute Toxicity is a crucial first step. This in vivo 
test battery is crucial for determining the medicine's safety before human use. It involves monitoring weight 
changes, clinical signs, blood cell counts (hematology), organ function (serum biochemistry), and tissue 
changes (histopathology)34. This study evaluated the acute Toxicity of Salvia algeriensis extract in mice at 
doses of 500 and 2000 mg/kg body weight, employing a reduced sample size to minimize animal suffering 
following ethical guidelines23. No signs of Toxicity (body weight loss and changes in body temperature), 
behavioral changes, or mortality were observed at either dose. Hematological parameters, including red blood 
cell count, white blood cell count, hemoglobin, hematocrit, and platelet count, showed no significant differ-
ences between the control and treated groups, indicating that S. algeriensis extract did not influence blood cell 
production or circulation. The unchanged relative organ weights compared to the control group suggest that 
Salvia algeriensis, at the administered doses, did not induce organ swelling, atrophy, or hypertrophy. These 
findings suggest a low acute toxicity profile for the extracts on short-term oral administration, even at the high 
oral dose of 2000 mg/kg recommended by OECD guidelines-42323, supporting its potential for further safety 
and efficacy evaluation. Our study aligns with previous findings by Ramírez et al35 who reported no toxicity 
in mice administered the aqueous extract of S. scutellarioides at both tested doses of 1 and 2 g/kg and Semaoui 
et al36 who observed no toxicity signs within 4 hours and no mortality within 14 days after single-dose oral 
administration of S. chudaei aerial part infusion, suggesting an LD50 exceeding 5000 mg/kg. Several reports, 
including a study by Guaouguaou et al. (2018)37 on S. verbena, support the low toxicity profile of various 
Salvia species. This study demonstrated no toxicity in male and female mice following single-dose oral ad-
ministration of the extract at 2000 mg/kg, and no toxicity in male and female rats following single-dose dermal 
administration at the same dose. Additionally, a 28-day dermal sub-chronic toxicity assessment of the same 
extracts in male and female rats revealed no significant adverse effects on hematological, biochemical, or 
renal parameters. Histopathological examination of treated rats' liver, kidney, and skin tissues showed normal 
architecture, indicating no treatment-related morphological alterations. 
While our preliminary findings are promising, several limitations must be considered. The single-dose admin-
istration and short observation period preclude definitive conclusions regarding long-term Toxicity. Addition-
ally, histopathological analysis of the kidneys and liver is necessary to confirm the absence of nephrotoxicity 
and hepatotoxicity. Future research should expand on our findings by employing a more comprehensive dose 
range, more extended observation periods, larger sample sizes, and including both sexes to comprehensively 
assess the toxicity profile. Sub-acute, chronic, mutagenicity, and carcinogenicity studies are necessary to fully 
evaluate the safety of S. algeriensis extract for therapeutic applications. 

 
 
CONCLUSIONS 

This study is the first to evaluate the biological activity, phytochemical profile, and acute Toxicity of Salvia 
algeriensis (Desf.). The hydromethanolic extracts from various plant parts (leaves, flowers, roots) exhibited 
broad-spectrum antimicrobial activity against a range of gram-negative and gram-positive bacteria and fungi. 
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This means the extracts were effective against a wide variety of microbes. Importantly, these extracts were 
found to be safe at both tested oral doses. These findings suggest that S. algeriensis (Desf.) could be a prom-
ising source of natural antimicrobial agents, which could be useful in the fight against infectious diseases. The 
presence of beneficial phenolic compounds, including caffeic acid derivatives and flavonoids, potentially con-
tributes to the observed activity. Further investigations are necessary to elucidate the specific mechanisms by 
which these phytochemicals inhibit microbial growth. 

Author Contributions: Abdelkader Saadi conceived the study and designed the research goals. Fatima Zohra 
Bouarsa developed the research methodology. The software used in the analysis was developed/implemented 
by Djafri Karima. Yavuz Selim Çakmak performed validation of the results; he secured the necessary re-
sources. Abdallah Noui conducted the formal analysis and data collection. At the same time, Djafri karima, 
and Fatima Zohra Bouarsa managed the research data (data curation), and the first draft of the manuscript was 
written by Fatima Zohra Bouarsa, and Abdallah Noui conducted the review and editing. Djafri Karima created 
the figures and tables (visualization). Abdelkader Saadi provided overall research guidance (supervision). All 
authors have read, critically revised, and agreed to the published version of the manuscript. 
Funding: This research received no external funding. 
Institutional Review Board Statement: The study "Acute toxicity assessment of Salvia algeriensis extracts" 
was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional 
Review Board of Hassiba Benbouali University of Chlef, Algeria (protocol code ATAMSA2023011 and date 
of approval January 12, 2023). 
Acknowledgments: Special acknowledgments are extended to Tania Pires from Mountain Research Center 
(CIMO), Polytechnic Institute of Bragança, Santa Apolónia Campus, Bragança, Portugal for generously 
providing the microbial strains and assisting us with the antimicrobial testing. Her invaluable support and 
expertise were instrumental in the successful completion of our work. 
Conflicts of Interest: The authors declare no conflict of interest. 

 
REFERENCES 

1. Cecilia, N.C.; Al Washali, A.Y.; Albishty, AAAMM; Suriani, I.; Rosliza, A.M. The use of herbal medi-
cine in Arab countries: A Review. Int. J. Public Health Clin. Sci. 2017, 4(5), 1–4. 

2. Djahafi, A.; Taïbi, Khaled.; Abderrahim, L.A. Aromatic and medicinal plants used in traditional medicine 
in the region of Tiaret, North West of Algeria. Medit. Bot. 2021, 42, e71465. 
https://dx.doi.org/10.5209/mbot.71465  

3. Quezel, P.; Santa, S.; Schotter, O. Nouvelle flore de l’Algerie et des regions desertiques meridionales. Ed. 
Cent. Natl. Rech. Sci: Paris, France, 1962, 2, pp. 797–798. 

4. Luca, S.V.; Skalicka-Wo´zniak, K.; Mihai, C.-T.; Gradinaru, A.C.; Mandici, A.; Ciocarlan, N.; Miron, 
A.; Aprotosoaie, A.C. Chemical Profile and Bioactivity Evaluation of Salvia Species from 
Eastern Europe. Antioxidants 2023, 12(8), 1514. https://doi.org/10.3390/antiox12081514  

5. Abd Rashed, A.; Rathi, DNG Bioactive components of Salvia and their potential antidiabetic properties: 
A review. Molecules 2021, 26(10), 3042. https://doi.org/10.3390/molecules26103042  

6. Bonesi, M.; Loizzo, M.R.; Acquaviva, R.; Malfa, G.A.; Aiello, F.; Tundis, R. Anti-inflammatory and 
antioxidant agents from Salvia genus (Lamiaceae): An assessment of the current state of knowledge. Anti-
inflamm. Antiallergy Agents Med. Chem. 2017, 16(2), 70–
86.  https://doi.org/10.2174/1871523016666170502121419      

https://clinicalbiotec.com/
https://dx.doi.org/10.5209/mbot.71465
https://doi.org/10.3390/antiox12081514
https://doi.org/10.3390/molecules26103042
https://doi.org/10.2174/1871523016666170502121419


Bionatura Journal  2024, 10.70099/BJ2024.01.03.6                                   
 

 

 

 
13 

7. Xu, J.P.; Wei, K.H.; Zhang, G.J.; Lei, L.J.; Yang, D.W.; Wang, W.L.; Han, Q.H.; Xia, Y.; Bi, Y.Q.; Yang, 
M.; Li, M. Ethnopharmacology, phytochemistry, and pharmacology of Chinese Salvia species: A re-
view. J. Ethnopharmacol. 2018, 225, 18–30. https://doi.org/10.1016/j.jep.2018.06.029  

8. Topçu, G.; Yücer, R.; Şenol, H. Bioactive constituents of Anatolian Salvia species. In Salvia Biotechnol-
ogy, 1st ed.; Georgiev, V., Atanas, P., Eds.; Springer: New York, NY, USA, 2018; pp. 31-132. 
https://doi.org/10.1007/978-3-319-73900-7_2  

9. Kamatou, G.; Makunga, N.; Ramogola, W.; Viljoen, A. South African Salvia species: A review of bio-
logical activities and phytochemistry. J. Ethnopharmacol. 2008, 119(3), 664–
672. https://doi.org/10.1016/j.jep.2008.06.030 

10. Sharifi-Rad, M.; Ozcelik, B.; Altın, G.; Daşkaya-Dikmen, C.; Martorell, M.; Ramírez-Alarcón, K.; Alar-
cón-Zapata, P.; Morais-Braga, M.F.B.; Carneiro, J.N.P.; Alves Borges Leal, A.L.; et al. Salvia spp. plants-
from farm to food applications and phytopharmacotherapy. Trends Food Sci. Technol. 2018, 80, 242–
263. https://doi.org/10.1016/j.tifs.2018.08.008  

11. Özçelik, B.; Orhan, İ.E.; Kan, Y. Determination of antiviral activity and cytotoxicity of selected sage 
(Salvia L.) species. Fabad Journal of Pharmaceutical Sciences 2011, 36, 155-160. 

12. Choi, H.G.; Tran, P.T.; Lee, J.-H.; Min, B.S.; Kim, J.A. Anti-inflammatory activity of caffeic acid deriv-
atives isolated from the roots of Salvia miltiorrhiza Bunge. Arch. Pharmacal Res. 2018, 41, 64–70. 
https://doi.org/10.1007/s12272-017-0983-1  

13. Vergine, M.; Nicolì, F.; Negro, C.; Luvisi, A.; Nutricati, E.; Annunziata Accogli, R.; Sabella, E.; Miceli, 
A. Phytochemical profiles and antioxidant activity of Salvia species from southern Italy. Rec. Nat. 
Prod. 2019, 13(3), 205–215. http://doi.org/10.25135/rnp.96.18.07.119  

14. Han, C.; Wei, Y.; Wang, X.; Ba, C.; Shi, W. Protective effect of Salvia miltiorrhiza polysaccharides on 
liver injury in chickens. Poultry Science. 2019, 98(9), 3496–3503. https://doi.org/10.3382/ps/pez153  

15. Karakaya, S.; Yilmaz, S.V.; Özdemir, Ö.; Koca, M.; Pınar, N.M.; Demirci, B.; Yıldırım, K.; Sytar, O.; 
Turkez, H.; Baser, K.H.C. A caryophyllene oxide and other potential anticholinesterase and anticancer 
agent in Salvia verticillata subsp. amasiaca (Freyn & Bornm.) Bornm. (Lamiaceae). J. Essent. Oil 
Res. 2020, 32(6), 512–525. https://doi.org/10.1080/10412905.2020.1813212  

16. Topçu, G. Bioactive triterpenoids from Salvia species. Journal of natural products. 2006, 69(3), 482-487. 
17. Medjahed, F.; Merouane, A.; Saadi, A.; Bader, A.; Cioni, P.L.; Flamini, G. Chemical profile and antifun-

gal potential of essential oils from leaves and flowers of Salvia algeriensis (Desf.): a comparative study. 
Chilean Journal of Agricultural Research. 2016, 76(2), 195e200. http://dx.doi.org/10.4067/S0718-
58392016000200009  

18. Bereksi, M.S.; Hassaïne, H.; Bekhechi, C.; Abdelouahid, D.E. Evaluation of Antibacterial Activity of 
some Medicinal Plants Extracts Commonly Used in Algerian Traditional Medicine against some Patho-
genic Bacteria. Pharmacognosy Journal. 2018, 10(3), 507–512. http://dx.doi.org/10.5530/pj.2018.3.83    

19. Iqbal, E.; Salim, K.A.; Lim, L.B.L. Phytochemical screening, total phenolics and antioxidant activities of 
bark and leaf extracts of Goniothalamus velutinus (Airy Shaw) from Brunei Darussalam. Journal of King 
Saud University – Science. 2015, 27(3), 224–232. https://doi.org/10.1016/j.jksus.2015.02.003  

20. Caponio, F.; Alloggio, V.; Gomes T. Phenolic compounds of virgin olive oil: influence of paste prepara-
tion techniques. Food Chemistry. 1999, 64(2), 203-209. 

21. Pires, TCSP; Dias, M.I.; Barros, L.; Alves, M.J.; Oliveira, MBPP; Santos-Buelga, C.; Ferreira, ICFR 
Antioxidant and antimicrobial properties of dried Portuguese apple variety (Malus domestica Borkh. cv 
Bravo de Esmolfe). Food Chem. 2018, 240, 701–706. http://dx.doi.org/10.1016/j.foodchem.2017.08.010  

https://clinicalbiotec.com/
https://doi.org/10.1016/j.jep.2018.06.029
https://doi.org/10.1007/978-3-319-73900-7_2
https://doi.org/10.1016/j.jep.2008.06.030
https://doi.org/10.1016/j.tifs.2018.08.008
https://doi.org/10.1007/s12272-017-0983-1
http://doi.org/10.25135/rnp.96.18.07.119
https://doi.org/10.3382/ps/pez153
https://doi.org/10.1080/10412905.2020.1813212
http://dx.doi.org/10.4067/S0718-58392016000200009
http://dx.doi.org/10.4067/S0718-58392016000200009
http://dx.doi.org/10.5530/pj.2018.3.83
https://doi.org/10.1016/j.jksus.2015.02.003
http://dx.doi.org/10.1016/j.foodchem.2017.08.010


Bionatura Journal  2024, 10.70099/BJ2024.01.03.6                                   
 

 

 

 
14 

22. Heleno, S.A.; Ferreira, ICFR; Esteves, A.P.; Ćirić, A.; Glamočlija, J.; Martins, A.; Soković, M.; Queiroz, 
MJRP Antimicrobial and demelanizing activity of Ganoderma lucidum extract, p-hydroxybenzoic and 
cinnamic acids and their synthetic acetylated glucuronide methyl esters. Food Chem. Toxicol. 2013, 58, 
95–100. 

23. OECD, OECD Guideline 425: Acute oral Toxicity—Up-and-down procedure. In OECD Guideline for 
the Testing of Chemicals; Organisation for Economic Co-operation and Development: Paris, France, 
2008. 

24. Jain, C.; Khatana, S.; Vijayvergia, R. Bioactivity of secondary metabolites of various plants: A Re-
view. Int. J. Pharm. Sci. Res. 2019, 10(2), 494–504. 

25. Salimikia, I.; Aryanpour, M.; Abdollahi, M.; Abdolghaffari, A.; Samadi, N.; Monsef-Esfahani, H. Phyto-
chem-ical and Wound Healing Effects of Methanolic Extract of Salvia Multicaulis Vahl. in Rat. Planta 
Med. 2016, 81, S1–S381. https://doi.org/10.3390/plants12020359 

26. Umer, S.; Tekewe, A.; Kebede, N. Antidiarrhoeal and antimicrobial activity of Calpurnia aurea leaf ex-
tract. Bone Marrow Concentrate Complementary and Alternative Medicine. 2013, 13, 21–25. 
https://doi.org/10.1186/1472-6882-13-21   

27. Yeşilyurt, V.; Halfon, B.; Öztürk, M.; Topçu, G. Antioxidant potential and phenolic constituents of Salvia 
cedronella. Food chemistry. 2008, 108(1), 31-39. https://doi.org/10.1016/j.foodchem.2007.09.055  

28. Moharram, FA; Marzouk, M.S.; El-Shenawy, S.M.; Gaara, AH; El Kady, W.M. Polyphenolic profile and 
biological activity of Salvia splendens leaves. J. Pharm. Pharmacol. 2012, 64(11), 1678–1687. 
https://doi.org/10.1111/j.2042-7158.2012.01544.x   

29. Fotovvat, M.; Radjabian, T.; Saboora, A. HPLC Fingerprint of Important Phenolic Compounds in 
Some Salvia L. Species from Iran. Rec. Nat. Prod. 2018, 13(1), 37-49. 
http://doi.org/10.25135/rnp.72.18.02.228  

30. Rowshan, V.; Najafian, S. Polyphenolic contents and antioxidant activities of aerial parts of Salvia mul-
ticaulis from the Iran flora. Nat. Prod. Res. 2020, 34(16), 2351–2353. 
https://doi.org/10.1080/14786419.2018.1533832  

31. Generalić, I.; Skroza, D.; Šurjak, J.; Možina, S.S.; Ljubenkov, I.; Katalinić, A.; Šimat, V.; Katalinić, V. 
Seasonal variations of phenolic compounds and biological properties in sage (Salvia officinalis L.). Chem. 
Biodivers. 2012, 9(2), 441–457. 

32. Firuzi, O.; Miri, R.; Asadollahi, M.; Eslami, S.; Jassbi, A.R. Cytotoxic, antioxidant and antimicrobial 
activities and phenolic contents of eleven Salvia species from Iran. Iran. J. Pharm. Res. Ijpr 2013, 12(4), 
801. 

33. Afonso, A.F.; Pereira, O.R.; Fernandes, Â.; Calhelha, R.C.; Silva, A.M.S.; Ferreira, ICFR; Cardoso, S.M. 
Phytochemical composition and bioactive effects of Salvia africana, Salvia officinalis 'Icterina' and Sal-
via mexicana aqueous extracts. Molecules 2019, 24(23), 4327.  https://doi.org/10.3390/mole-
cules24234327  

34. Falya, Y.; Sumiwi, S.A.; Levita, J. Mini Review: Toxicity Study Of Plant Extracts. J. Pharm. Biol. Sci. 
2020, 15(2), 25-32. https://doi.org/10.9790/3008-1502012532  

35. Ramirez, J.H.; Palacios, M.; Tamayo, O.; Jaramillo, R.; Gutierrez, O. Acute and Subacute Toxicity of 
Salvia Scutellarioides in Mice and Rats. J. Ethnopharmacol. 2007, 109(2), 348–353. 
https://doi.org/10.1016/j.jep.2006.07.040  

36. Semaoui, R.; Ouafi, S.; Machado, S.; Barros, L.; Ferreira, ICFR; Oliveira, MBPP Infusion of aerial 
parts of Salvia chudaei Batt. & Trab. from Algeria: Chemical, toxicological and bioactivities characteri-
zation. J. Ethnopharmacol. 2021, 280, 114455. https://doi.org/10.1016/j.jep.2021.114455.  

https://clinicalbiotec.com/
https://doi.org/10.3390/plants12020359
https://doi.org/10.1186/1472-6882-13-21
https://doi.org/10.1016/j.foodchem.2007.09.055
https://doi.org/10.1111/j.2042-7158.2012.01544.x
http://doi.org/10.25135/rnp.72.18.02.228
https://doi.org/10.1080/14786419.2018.1533832
https://doi.org/10.3390/molecules24234327
https://doi.org/10.3390/molecules24234327
https://doi.org/10.9790/3008-1502012532
https://doi.org/10.1016/j.jep.2006.07.040
https://doi.org/10.1016/j.jep.2021.114455


Bionatura Journal  2024, 10.70099/BJ2024.01.03.6                                   
 

 

 

 
15 

37. Guaouguaou, F.E.; Taghzouti, K.; Oukabli, M.; Masrar, A.; Chabraoui, L.; Bouabdellah, M.; Es-Safi, N. 
E. Acute and subchronic oral and dermal toxicological studies of salvia verbenaca extracts in mice and 
rats. Journal of Herbs, Spices & Medicinal Plants 2019, 25(1), 33-42. 
https://doi.org/10.1080/10496475.2018.1556372  

 
 
Received: 8 December 2023/ Accepted: 20 July 2024 / Published: 15 September 2024 
 
Citation: Bouarsa, F.Z.; Djafri, K.; Noui, A.; Saadi, A.; Çakmak, Y.S. Acute toxicity assessment of bioactive 
constituents from Salvia algeriensis (Desf.) extracts: a promising natural-agent against clinical bacterial iso-
lates and pathogenic fungi. Bionatura Journal 2024; 1 (3) 6. 
http://dx.doi.org/10.70099/BJ/2024.01.03.6 
 
Peer review information. Bionatura thanks anonymous reviewer(s) for their contribution to the peer review 
of this work using https://reviewerlocator.webofscience.com/  
 
All articles published by Bionatura Journal are made freely and permanently accessible online immediately 
upon publication, without subscription charges or registration barriers.  
Publisher's Note: Bionatura Journal stays neutral concerning jurisdictional claims in published maps and 
institutional affiliations.  
ISSN. 3020-7886 
Copyright: © 2024 by the authors. They were submitted for possible open-access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/li-
censes/by/4.0/). 
 

https://clinicalbiotec.com/
https://doi.org/10.1080/10496475.2018.1556372



