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Abstract: This work was set up to investigate the effects of domestication, solvent, and extraction 

technique on extracts yield, total phenolics content (TPC), flavonoids content (TFC), antimicrobial 

(minimal inhibitory concentration, MIC), and antioxidant (IC50) activities in rosemary aerial parts at 

flowering stage. Although solvent was the main variability source in our data, all tested factors 

significantly impacted yield, TPC, TFC, MIC, and IC50. These results were confirmed via principal 

component analysis, which separated solvents, extraction techniques, and rosemary types on the first 

three components accounting for more than 99% of data variability. Better values of yield (4.17 ± 0.30 

–21.58 ± 0.93% DM ), TPC (12.48 ± 1.17–34.72 ± 1.65 mg GAE/g DM), TFC (6.51 ± 1.79–25.02 ± 

1.53 mg QE/g DM), MIC (8.17 ± 1.04–24.20 ± 0.98 μg/mL), and IC50 (50.02 ± 0.08–390.00 ± 1.00 

µg/mL) were obtained in the case of wild rosemary with Soxhlet extraction especially when combined 

with more polar solvents (ethanol and methanol). It could be concluded that domestication had negative 

effects on rosemary phytochemicals and associated antimicrobial and antioxidant activities. Rosemary 

extracts could serve as important ingredients as food preservatives, antimicrobial agents, and 

nutraceuticals.  
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1. Introduction 

Morocco is among the most important botanic areas in northern Africa thanks to various 

factors, including the geographical position, diverse geology, topography, climate, and 

ecoregion [1]. The Moroccan flora is estimated to encompass around 978 endemic taxa. These 

constitute more than half of the endemic species of North African[2]. Such an endemic richness 

appears to be a result of the presence of well-differentiated and mixed environments [1]. 

Rosemary, known botanically as Rosmarinus officinalis L. (R. officinalis), grows wild in the 

western Mediterranean basin with more than 20 cultivars, ecotypes, or varieties[3–5]. 

Following these authors, R. officinalis has been used, since ancient times, for different 
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medicinal, culinary, and ornamental purposes. For instance, in food science, R. officinalis is 

well known for its essential oil used as a food preservative; thanks to its antimicrobial and 

antioxidant properties, rosemary has many other food applications such as culinary, medicinal 

and pharmacology uses [4,6–8]. Several pharmacological activities of R. officinalis have been 

outlined and well documented in previous studies as antimicrobial, anti-inflammatory, 

attenuating, antitumor, antiproliferative, inhibitory, and antioxidant agent [6,9–12]. 

Rosemary's nutritional value and its bioactive compounds were reviewed by Ribeiro-

Santos et al. (2015) [4]. Various minerals, fatty acids, and vitamins are found in different parts 

of R. officinalis. Also, many phytochemicals are reported depending on plant part, processing 

technique, geographical origin, among others [4,13,14]. 

Due to their economic and medicinal values and consumer demand, some medicinal 

and aromatic plants are domesticated and cultivated to be produced on a large scale. In this 

context, R. officinalis became an important industrial crop [15,16]. It is noteworthy that 

cultivation practices along with environmental conditions impact morphological traits, 

biomass, and chemical composition [4,15,16]. 

The chemical composition and biological activities of rosemary have attracted the 

attention of several research works. In contrast, little is known about the domestication of 

rosemary and its influence on nutritional composition as well as secondary metabolites 

profiling. In the present work, we aimed at comparing rosemary growing wild and cultivated 

under local conditions of the Taounate region (northern Morocco) regarding phytochemical 

screening and mineral composition. 

As far as we know, there is no detailed information regarding phytochemicals and 

related biological activities in R. officinalis growing in central-northern Morocco. Hence the 

originality of this paper, which had as objectives, (i) to assess antioxidant and antimicrobial 

activities of R. officinalis aerial parts, (ii) to investigate the domestication of R. officinalis in 

terms of phenolics and flavonoids content and related bioactivities, and (iii) to compare R. 

officinalis extracts achieved via various solvents in terms of yield, total phenolics, total 

flavonoids, and related antioxidant and antimicrobial activities. 

2. Materials and Methods 

2.1. Chemicals, solvents, and reagents. 

Reagents and solvents used were of high purity. 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), aluminum chloride (AlCl3), ascorbic acid, methanol, n-hexane, ethanol, ethyl acetate, 

sodium carbonate, sodium sulfate, Folin–Ciocalteu, dimethyl sulfoxide (DMSO), gallic acid 

(GA), quercetin (Q), and potassium acetate were used in this work. These chemical reagents 

were acquired from Stigma-Aldrich (St. Louis, MO). All other chemicals and solvents used 

were of analytical grade. 

2.2. Plant material and preparation of extracts.  

The plant species was botanically identified and authenticated. At the full blooming 

stage, R. officinalis aerial parts (flowering tops) were manually harvested in June from 

Taounate province (34°31'48" N, 4°42'36" W). Wild R. officinalis samples were collected in 

Aïn Mediouna, while the sampling of cultivated R. officinalis was performed from the 

Botanical Garden of the National Agency for Medicinal and Aromatic Plants (ANPAM). 
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Taounate region belongs to central-northern Morocco, characterized by a humid Mediterranean 

climate in winter and semi-arid in summer.  

R. officinalis samples were dried under shade to avoid photo-oxidation, crushed to a 

fine powder via an electric grinder, and then subjected to extraction via two extraction 

techniques, namely Soxhlet and maceration. Briefly, 25 g of the obtained powder was used for 

extraction using different solvents separately (ethanol, ethyl acetate, n-hexane, and methanol). 

The extraction period was 72 h for maceration and 6h for Soxhlet. The obtained extracts were 

then filtered through Whatman. The obtained residue was re-extracted twice, and then the 

combined extracts of every sample were rotary-evaporated at a temperature of 45 °C (Heidolph 

Collegiate, LV28798826, New Jersey, USA). The final extracts were used to investigate their 

antioxidant and antimicrobial activities [17]. 

2.3. Total phenolics and flavonoids determination. 

2.3.1. Determination of total phenolic content (TPC). 

TPC was determined via the Folin-Ciocalteu method [18] with slight modifications. In 

Brief, 100 μL of each extract was added to 500 μL of 1:10 Folin–Ciocalteau reagent, which 

was prepared prior to use. After 4 min, 400 μL of sodium carbonate 7.5% (m/v: 75mg/mL) 

were added. The obtained mixture was incubated for 90 minutes at room temperature; the 

absorbance was then read at 765 nm using a Cary 50 UV-Visible Spectrometer (Varian, 

Mulgrave, Australia). A standard curve was prepared using gallic acid (GA, 5 mg/mL) with 

different concentrations (0-150 μg/mL). The results were expressed as mg of GA equivalents 

(GAE) per g of sample (dry matter, DM). 

2.3.2. Determination of Total Flavonoids Content (TFC). 

TFC was determined by using the aluminum trichloride colorimetric (AlCl3) method 

[19] with slight modifications. Briefly, 250 µL of each extract were mixed with 50 µL of AlCl3 

(10%, m/v), 750 µL of ethanol (absolute), 1.4 mL of bidistilled water, and 50 µL of potassium 

acetate (1 M). The obtained mixture was incubated for 30 min at room temperature. The 

corresponding absorbance was then measured at 415 nm. Quercetin was used to perform the 

standard curve, and the results were expressed as mg of quercetin equivalents (QE) per g of 

sample (dry matter, DM). 

2.4. Antioxidant activities assessment. 

The capacity to trap the radical DPPH (2,2-diphenyl-1- picrylhydrazyl) was evaluated 

by the standard method described in Brand-Williams et al. (2015) [20] with a slight 

modification. Briefly, 0.2 mL from different concentrations (30–480 μg/mL) of R. officinalis 

extracts were added to 1.8 mL of DPPH methanolic solution (0.11 mM). After 30 min of 

incubation in darkness at room temperature (23 ± 2 °C), the absorbance was measured at 517 

nm against a blank DPPH methanolic solution. The DPPH radical scavenging activity (also 

known as antioxidant activity, AA) was calculated according to the following equation: 

% (AA)= [ 
[(Abscontrol – Abssample) 

Abscontrol

]× 100 

where Abscontrol is the absorbance of the control reaction (containing all reagents excluding the 

sample test), and Abssample is the absorbance of extracts at 517. Ascorbic acid was used as a 
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positive control, and the concentration of extracts that inhibits 50% (IC50) of DPPH was 

calculated based on the percentage graph inhibition following the extract concentration. 

2.5. Determination of antimicrobial activities. 

Microbial strains used here are of significant concern because they involve health 

problems and food spoilage [21,22]. Extracts obtained from various solvents were tested for 

antimicrobial activities against the following strains: Escherichia coli ATCC 25922 (E. coli), 

Staphylococcus aureus ATCC29213 (S. aureus), Bacillus subtilis ATCC 3366 (B. subtilis), and 

Candida albicans ATCC 10231 (C. albicans).  

To determine minimum inhibitory concentration (MIC), the agar dilution method was 

used following the Natural Committee for Clinical Laboratory Standards [23]. All tests were 

performed in nutrient broth for bacterial strains. Different quantities (7.5, 10, 12.5, 15, and 20 

μg) from dry extracts were added separately to 1 mL nutrient broth tubes containing 105 

CFU/mL of live microbial cells. In order to evenly spread the extracts throughout the broth, 

the tubes (10 mL broth) were incubated in an incubator shaker. The highest dilution (the lowest 

concentration), presenting no visible bacterial growth, was MIC. Thereafter, cells from the 

tubes displaying no growth were cultured onto nutrient agar plates to determine whether the 

inhibition was permanent or not. MIC was expressed in μg/mL. 

2.6. Statistical Analyses. 

Determinations and measurements were carried out in triplicates. Quantitative 

differences were assessed by General Linear Procedure followed by LSD's test [24–26]. 

Replicates were nested to solvents. Data statistical analyses were performed by the SPSS 

package version 23 (IBM, Armonk, NY, USA). Results were expressed as means ± standard 

deviations (SD). Differences were considered significant at 5% as a probability level. Principal 

component analysis (PCA) was performed on mean values considering rosemary origins, 

solvents, and extraction techniques as independent variables. PCA biplots were by means of 

STATGRAPHICS package version XVII (Statpoint Technologies, Inc., Virginia, USA). 

3. Results and Discussion 

3.1. Mean comparison. 

Results regarding TPC, TFC, MIC, and IC50 in various extracts are summarized in 

Table 1. As illustrated in these outcomes, wide variations were detected among rosemary 

origin, extraction techniques, and solvents in terms of TPC, TFC, MIC, and IC50.  

Table 1. Mean values of of yield (%), total phenolics content (TPC, mg GAE/g DM), and total 

flavonoids content (TFC, mg QE/g DM), minimal inhibitory concentration (μg/mL) in various microbial strains, 

and IC50 (µg/mL) for R. officinalis wild and cultivated extracts using four solvents and two extraction techniques 

(maceration and Soxhlet). M = methanol, E = ethanol, EA = ethyl acetate, and H = hexane. Results are 

expressed as mean values of three replicates followed by SD. Within each column, values followed by the same 

letter are not significantly different at 5% as a probability level. 

Rosemary Yield TPC  TFC E. coli S. aureus B. subtilis C. albicans IC50 

Wild, Soxhlet 

M 21.58 

± 

0.93a 

34.72 

± 

1.65a 

25.02 ± 

1.53a 

12.83 ± 

0.29i 

8.50 ± 0.50k 9.67 ± 1.26k 8.17 ± 1.04k 50.02 ± 

0.08p 
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Rosemary Yield TPC  TFC E. coli S. aureus B. subtilis C. albicans IC50 
E 17.32 

± 

1.09d 

30.88 

± 

1.20c 

16.55 ± 

2.06d 

14.00 ± 

0.50h 

9.33 ± 0.29j 10.00 ± 

0.50j 

9.67 ± 0.29j 120.17 ± 

0.35k 

EA   14.27 

± 

0.80g 

25.13 

± 

1.11g 

12.19 ± 

1.24g 

15.00 ± 

0.50g 

12.17 ± 

0.29g 

12.50 ± 

0.50h 

11.83 ± 

0.76h 

190.03 ± 

0.45h 

H 8.16 ± 

0.66j 

15.00 

± 
1.93j 

  9.35 ± 

2.34j 

17.83 ± 

0.76e 

14.17 ± 

0.29e 

14.50 ± 

0.50f 

13.00 ± 

0.50f 

265.00 ± 

0.20e 

Maceration 

M 19.06 

± 
1.30c 

34.98 

± 
0.33a 

22.25 ± 

0.48b 

16.83 ± 

0.76f 

12.50 ± 

0.50g 

13.67 ± 

1.26g 

12.17 ± 

1.04g 

59.78 ± 

0.56n 

E 13.31 
± 

0.62h 

28.37 
± 

1.53e 

13.98 ± 
1.46f 

17.83 ± 
0.76e 

13.33 ± 
0.29f 

14.00 ± 
0.50f 

13.67 ± 
0.29f 

135.00 ± 
0.30j 

EA   7.62 ± 

0.62k 

24.95 

± 

3.32h 

11.28 ± 

1.05h 

18.83 ± 

0.29d 

16.17 ± 

0.29c 

16.50 ± 

0.50d 

15.83 ± 

0.76d 

210.03 ± 

0.25g 

H 5.14 ± 

0.14m 

 13.40 

± 

0.82l 

  7.00 ± 

1.82l 

21.67 ± 

0.58b 

18.33 ± 

0.29b 

19.00 ± 

0.50b 

17.17 ± 

0.29c 

300.52 ± 

0.50c 

Cultivated, Soxhlet 

M 20.09 
± 

1.04b 

33.22 
± 

1.91b 

22.96 ± 
1.88b 

14.50 ± 
0.87h 

10.50 ± 
0.50i 

11.67 ± 
1.26i 

10.17 ± 1.04i   70.00 ± 
0.40m 

E 15.52 

± 

0.81f 

29.44 

± 

1.25d 

14.77 ± 

1.58e 

15.83 ± 

0.76g 

11.50 ± 

0.50h 

12.00 ± 

0.50h 

11.67 ± 

0.29h 

160.00 ± 

0.50i 

EA 13.18 

± 

1.02h 

23.90 

± 

0.85i 

10.69 ± 

1.58i 

17.33 ± 

0.29e 

14.17 ± 

0.29e 

14.50 ± 

0.50f 

13.83 ± 

0.76f 

240.00 ± 

0.30f 

H 6.71 ± 

1.29l 

14.20 

± 
1.72k 

  8.01 ± 

2.64k 

20.17 ± 

1.04c 

16.17 ± 

0.29c 

16.50 ± 

0.50d 

14.33 ± 

1.61e 

360.00 ± 

0.20b 

Maceration 

M 16.84 

± 
1.72e 

33.59 

± 
0.63b 

20.80 ± 

0.62c 

18.53 ± 

0.84d 

14.27 ± 

0.93e 

15.67 ± 

1.61e 

14.33 ± 

0.76e 

80.00 ± 

0.50l 

E 11.47 
± 

0.53i 

26.43 
± 

1.55f 

12.63 ± 
1.15g 

20.17 ± 
1.01c 

15.33 ± 
1.04d 

15.50 ± 
0.50e 

15.50 ± 
0.50d 

162.40 ± 
0.26i 

EA 6.25 ± 

0.77l 

23.56 

± 

3.05i 

10.14 ± 

0.41i 

21.77 ± 

0.15b 

18.00 ± 

0.50b 

18.50 ± 

0.50c 

18.00 ± 

1.32b 

276.03 ± 

0.25d 

H 4.17 ± 

0.30n 

12.48 

± 

1.17m 

6.51 ± 1.79m 24.20 ± 

0.98a 

20.17 ± 

0.76a 

20.33 ± 

1.04a 

19.50 ± 

0.50a 

390.00 ± 

1.00a 

Soxhlet performed better in terms of extract yield in the case of wild rosemary for yield 

(21.58 ± 0.93 %), TPC (34.72 ± 1.65 mg GAE/g DM), and TFC (25.02 ± 1.53 mg QE/g DM), 

especially when combined with methanol as solvent. Likewise, combining Soxhlet extraction 

with methanol allowed obtaining the smallest values of MIC and IC50 and, therefore, the most 

effective against the studied microbial strains and scavenging DPPH. Methanol was followed 

by ethanol, ethyl acetate, and hexane in terms of efficiency for yield, TPC, TFC, as well as 

MIC in various microbial strains and IC50. In terms of MIC, Gram-negative bacteria, namely 

B. subtilis (9.67 ± 1.26 μg/mL) and S. aureus (8.50 ± 0.50 μg/mL), were the most sensitive 

strains, followed by C. albicans (8.17 ± 1.04 μg/mL) and Gram-positive bacterium (E.coli) 

under Soxhlet extraction combined with methanol. As for MIC, the most effective value of IC50 

(50.02 ± 0.08 µg/mL) was reached under the same conditions. Taking all results of extract 

characteristics together, it appears that rosemary growing wild presented the highest record of 

yield, TPC, TFC, MIC, and IC50 compared to cultivated rosemary (Table 4).  
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With respect to antimicrobial activities, wide variations in terms of MIC were found 

among microbial strains, on the one hand, and various extracts on the other hand. Mean values 

found in our work were in agreement with those found in the literature for R. officinalis 

collected in Morocco and abroad [16,27]. As highlighted in the results section, the most 

important values of inhibition zone diameter were recorded in yeast strain (C. albicans), 

followed by Gram-positive bacteria (B. subtilis along with S. aureus), and finally, the Gram-

negative one (E. coli), especially for extracts from Me-OH and Et-OH. Such findings agree 

with other published works [28–30], who found that yeast strains show their superiority over 

Gram-positive and Gram-negative bacteria for methanolic extracts. 

It is widely evidenced that antimicrobial activities of plant extracts demonstrate that 

Gram-positive bacteria are more sensitive than Gram-negative bacteria. This difference in 

sensitivity could be attributed to the presence of an outer membrane. This contains hydrophilic 

lipopolysaccharides encompassing the bacterial peptidoglycan layer in Gram-negative bacteria 

and acts as a barrier for macromolecules as well as hydrophobic compounds and therefore 

limits the diffusion of hydrophobic compounds into the bacterium cytoplasm [31,32]. 

As for microbial strains, important differences in antimicrobial activities were reported 

among solvents with the superiority of Me-OH and Et-OH. In accordance with our results. 

Elshobary et al. (2020) [33] found that low polarity solvents, like hexane, show lower activities 

owing to the difference in the solubility of the bioactive compounds [34]. 

Outcomes of MICs confirmed the effectiveness of different extracts against the studied 

microbial strains. Regarding solvents, low MIC values were reported in Met-OH and Et-OH 

extracts. This proves that these extracts have strong antimicrobial activity, inhibiting microbial 

growth even at low concentrations. Effects of different solvents and t extraction techniques on 

the chemical composition and biological activities have been studied in German chamomile 

extracts. It was shown that these parameters can significantly modify extract composition as 

well as MIC against several pathogen strains [35,36]. The outcomes of these works 

demonstrated that higher polarity solvents are more effective in extracting bioactive 

compounds and, therefore, show the ability to inhibit microbial growth at lower concentrations 

(lower MIC). A similar trend was observed for IC50, as compared to n-hexane and ethyl acetate; 

extracts from Met-OH and Et-OH were able to reduce 50% of DPPH at lesser concentrations. 

According to Roby et al. (2013) [37], IC50 is defined as the moles of phenolic compounds 

divided by moles of DPPH necessary to reduce by 50% the absorbance of DPPH and, therefore, 

the lowest the IC50, the higher is the antioxidant activity. The difference of antioxidant activities 

among solvents, observed in our results, was consistent with Yazdani et al. (2019) [38]. 

3.2. Correlation study. 

Correlation coefficients among the investigated parameters are shown in Table 2. As 

can be seen in these outcomes, important positive and negative correlations were revealed. 

Yield of extracts was positively associated with both TPC and TFC and negatively correlated 

to minimal inhibitory concentration (MIC) in all studied microbial strains as well as IC50. 

Similarly, TPC and TFC were positively linked to each other and to yield, but they were 

negatively correlated to MIC in all microbial strains and IC50. This means that extracts of higher 

yields contained greater levels of TPC and TFC, which, in turn, were more effective in terms 

of antimicrobial activity (MIC) and antioxidant activity (IC50). Similar correlations among 

phenolics and both antioxidant and antimicrobial activities were found by other authors 

[39,40].      
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Table 2. Correlation coefficients among studied parameters.  
Yield TPC TFC E. coli S. aureus B. subtilis C. albicans IC50 

Yield 
 

0.909*** 0.936*** -0.871*** -0.911*** -0.872*** -0.868*** -0.927*** 

TPC 
  

0.915*** -0.720** -0.764** -0.719** -0.671** -0.958*** 

TFC 
   

-0.730** -0.782** -0.718** -0.743** -0.933*** 

E. coli 
    

0.981*** 0.979*** 0.975*** 0.769** 

S. aureus 
     

0.994*** 0.984*** 0.813*** 

B. subtilis 
      

0.979*** 0.765** 

C. albicans 
       

0.740** 

IC50 
        

3.3. Principal component analysis (PCA). 

PCA is one of the most popular multivariate statistical methods. It is used to reduce the 

dimensionality in data sets and project them into a reduced space. For such a purpose, the PCA 

approach is widely used in many fields such as food science and agronomy [24,41–58]. The 

first three principal components were retained in our work since they explained about 99% of 

the total data variability (Figure 1).  

 
Figure 1. Principal component projections on PC1 and PC2. Blue squares plotted are mean values of 

mineral elements. Blue segments are related to both rosemary (wild and cultivated). Points plotted are dependent 

variables' mean values. M = methanol, E = ethanol, EA = ethyl acetate, and H = hexane. 

 

The 16 points plotted in Figure 1A are related to extraction techniques. These seem to 

be separated along the first (PC2) with a partial variability of about 10%. Toward the positive 

direction of PC2 were points related to maceration, which was associated with higher levels of 

MIC in all microbial strains and IC50. On the opposite side of the same component (PC2), the 
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points linked to Soxhlet were distributed with great values of yield, TPC, and TFC. Similarly, 

Figure 1B presents the distribution of points related to solvents. These appear to be separated 

along the PC1 with over 87% of data variability, both Methanol (M) and Ethanol (E) were 

distributed in the positive direction of this component with important levels of yield, TPC, and 

TFC, while Hexane (H) along with Ethyl Acetate (EA) were plotted toward the negative side 

of PC1 with the greatest records of MIC in the studied microbial strains as well as IC50. Finally, 

the third component with lesser magnitude appears to be related to rosemary origin (Figure 

1C). However, there was no clear separation among wild and cultivated rosemary on this 

component.  

4. Conclusions 

Our outcomes demonstrate that rosemary aerial parts (leaves) are an important source 

of phenolic compounds with large variations between wild and cultivated samples. All factors 

investigated (rosemary origin, solvent, and extraction techniques) significantly impacted 

extracts yield, TPC, TFC, MIC, and IC50. Principal component analysis showed good 

separation of three studied factors on the first three components confirming that solvent was 

the main variability source in our data with important correlations among investigated 

variables. Domestication appears to negatively impact yield, TPC, TFC, and related activity 

(MIC and IC50). Soxhlet seemed to be more effective in terms of yield, TPC, and TFC, 

especially when combined with ethanol or methanol as solvents. Based on the obtained 

outcomes, rosemary domestication resulted in a reduced yield of extracts, TPC, TFC, and, 

therefore, less important antimicrobial and antioxidant activities values. Studied extracts could 

be of great importance as food preservatives, antimicrobial agents as well as nutraceuticals. 
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