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Summary
Introduction: Thyme plants have exceptional antioxidant properties that can help the body to fight 
harmful elements and to prevent the development of several diseases. However, there are numerous species 
of thyme some of which possess higher amounts of bioactive components and more important biological 
properties.

Objective: The objective of the present study was to compare the amounts of phenolic compounds and 
antioxidant activity of aqueous extracts of nine Moroccan Thymus species.

Methods: In this study, nine Thymus species were collected from different parts of Morocco, namely 
Thymus atlanticus, T. satureoides, T. willdenowii, T. munbyanus, T. leptobotrys, T. pallidus, T. riatarum, 
T. zygis, and T. vulgaris. Total polyphenols, flavonoids, tannins, and hydroxycinnamic acids amounts of 
each thyme variety were estimated and their antioxidant activity was evaluated using DPPH, FRAP, TAC, 
lipid peroxidation inhibition, and erythrocyte oxidative haemolysis inhibition assays.

Results: The results showed that T. atlanticus, T. munbyanus and T. vulgaris had the highest phenolic 
contents and the highest antioxidant activity. Our findings suggest the use of T. atlanticus and T. munbyanus 
as the best local thyme species for medicinal and traditional purposes due to their richness in antioxidant 
polyphenols.
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INTRODUCTION

Numerous current researches focus on the study of 
natural antioxidants that act as free radical sca
vengers. These free radicals are produced daily 
by human organism, they are very reactive com
pounds, and necessary for vital mechanisms 
[1]. The overproduction of these radicals can be 
harmful. Indeed, they damage many cellular 
components such as proteins, lipids, or DNA and 
cause oxidative stress. These damages are linked 
to the development of many degenerative diseases. 
However, antioxidants can attenuate the damaging 
effects of free radicals and prevent the development 
of several diseases [2]. 
	 Medicinal plants are an important sources of 
bioactive principles for the treatment of various 
diseases. They can produce a wide variety of these 
bioactive phytochemicals including polyphenols 
which represent one of the most important phyto
chemicals that possess powerful antioxidant pro
perties and exert numerous biological activities. 
Moreover, Lamiaceae is one of the most important 
herbal families: it englobes a wide variety of plants 
with biological and medical applications [3]. 
The plants of this family are promising potential 
producers of natural antioxidants, owing to their 
high phenolic compounds content [4]. Thyme 
species are among the most studied plants in La­
miaceae family. The genus Thymus consists of 
over 400  000 species that are extensively used 
for  numerous traditional and therapeutic purpo
ses [5].
	 Thyme is one of the most used aromatic and 
medicinal plants in Morocco. It is widely used  in 
folk medicine, for flavour and organoleptic enhan
cement, and also as food preservative ingredient [6]. 
Moreover, Thymus plants have been used to treat 
numerous diseases, including diabetes, nervous, 
digestive, respiratory, urinary, genital, skin, and 
circulatory diseases [7].
	 This present study aims to compare the anti
oxidant potential of eight Moroccan wild Thymus 
plants to determine the strongest antioxidant 
species. Thus, the use of the most potent antioxidant 
species can be suggested for medicinal and other 
traditional purposes.

MATERIALS AND METHODS

Plant material

Thyme plants were collected from different parts of 
Morocco (fig. 1). Thymus atlanticus (Ball) Roussine 
(Ta), Thymus saturejoides Coss. subsp. saturejoides 
(Ts), Thymus willdenowii Boiss. (Tw), and Thymus 
munbyanus Boiss. & Reut. subsp. munbyanus 
(Tm) were collected in the Oriental High Atlas 
of Morocco (Drâa-Tafilalet Region), Thymus 
leptobotrys Murb. (Tl) was collected in Anti-Atlas 
mountains (Tafraout region), Thymus pallidus Coss. 
ex Batt. subsp. pallidus (Tp) was collected in Central 
High Atlas mountains (Amezmiz region), Thymus 
riatarum (Tr) was collected in the Middle Atlas 
mountains (Tazekka parc), Thymus zygis (Tz) was 
collected in Ifrane region, and Thymus vulgaris (Tv) 
was collected in Errachidia region. The species were 
identified in the National Institute of Agronomic 
Research of Errachidia.

Extraction

The extraction was carried out using the decoction 
method as described in our previous study [8]. 
Five grams of powdered aerial parts of each thyme 
were boiled in 0.5 l of distilled water for half hour, 
then the mixture was filtered using filter paper 
and concentrated to dryness in a ventilated oven 
(40°C). Afterward, the dry extracts were recovered 
and stored in a refrigerator (4°C) until use. The 
decoction was carried out twice for each thyme and 
extraction yield was determined. 

Total polyphenolic content (TP)

Total amounts of polyphenolic compounds were 
determined by the method described by Singleton 
and Rossi (1965) [9]. Results were represented in mg 
of gallic acid equivalent per g of dry extract (GAE 
mg/g extract, mean ±STD of three replicates).

Total flavonoid content (TF)

The flavonoid content of each thyme extract was de
termined using the aluminum trichloride method, 
described by Bouhlali et al. (2016) [10]. The results 
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Figure 1.

	 The images of the nine species of thyme in their biotopes

   

  

Thymus atlanticus (Ball) Roussine. Thymus saturejoides Coss. Thymus zygis L.

 

Thymus willdenowii Boiss. Thymus munbyanus Boiss. & Reut. subsp. 
Munbyanus

Thymus leptobotrys Murb.

   

Thymus pallidus Coss. ex Batt. subsp. 
pallidus

Thymus riatarum Humbert & Maire Thymus vulgaris L.

were expressed in mg of rutin equivalent per g of dry 
extract (RE mg/g E, mean ±STD of three replicates).

Total condensed tannins content (TT)

The determination of condensed tannins was carried 
out using the method of Heimler et al. (2006) [11]. 
Results were expressed in mg of catechin equivalent 
per g of extract (CE mg/g E, mean ±STD of three 
determinations).

Total hydroxycinnamic acids assay (THA)

Determination of hydroxycinnamic acids amounts 
was carried out using the colorimetric method as 
previously described by Bival et al. (2013) [12]. The 
total content of THA expressed as a gram of THA 

per 100 g of thyme powder (TP), was calculated 
from the expression: 

THA (g/100 g TP) = A×2.5/m, 

Where (A) is the absorbance of the sample at 
505  nm and (m) is mass of the used powdered 
thyme in grams (THA g/100 g TP, mean±STD of 
two determinations).

Antioxidant activity

DPPH scavenging activity assay (DPPH)

1.1-diphenyl-2-picrylhydrazil (DPPH) free radical 
scavenging capacity of thyme extracts was carried 
out as previously described by Elbouny et al. (2022) 
[10], with slight modifications. A positive control 
solution was made by mixing distilled water 
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with 1 ml of DPPH solution and BHT (butylated 
hydroxytoluene) was used as a standard. The 
inhibition percentage of DPPH radical scavenging 
activity was calculated using the following formula:

Where, Abs (control) is the absorbance of control 
and Abs (test) is the absorbance of test sample. 

Total antioxidant capacity (TAC)

Total antioxidant capacity of thyme extracts was 
carried out according to the procedure previously 
described by Prieto et al. (1999) [13]. Ascorbic acid 
was used to generate the standard curve to 
determine the antioxidant activity of extracts. 
Results were expressed as mg of ascorbic acid 
equivalent per g of extract (AAE mg/gE mean±STD 
of three replicates). 

Ferric reducing antioxidant power assay (FRAP)

This assay is based on the ability of bioactive 
compounds of extracts to reduce ferric iron (Fe+3) 
to ferrous iron (Fe+2) at low pH, based on the 
method of Benzie and Devaki (2017) [14]. Ferrous 
sulphate (FeSO4, 0.1–1 mM ) was used as a reference 
to generate the calibration curve. Results were 
expressed as Fe2+ equivalent (mmol) per gram of 
thyme extract (Fe2+ E mM/gE mean ±STD of three 
replicates).

Lipid peroxidation inhibition capacity

Lipid peroxidation inhibition effect of thyme 
extracts was carried out according to the method 
of Upadhyay et al. (2014) with minor modifications 
[15]. In brief, 50 µl of extracts was added to 200 µl of 
a solution of egg yolk (10%) prepared in phosphate 
buffered saline (PBS), then 25 µl of 0.07 M AAPH 
and 200 µl of PBS were added. The solution was 
shaken and incubated at 37°C for 30 minutes. 
Next, 750 µl of acetic acid (20%), 750 µl of 0.8% 
thiobarbituric acid prepared in a solution of sodium 
dodecyl sulphate, and 25 µl of trichloroacetic acid 
were added to the mixture. Afterwards, the mixture 
was boiled at 95°C and cooled for 60 minutes. 
Then, 3 ml of butanol were added and centrifuged 
at 3500 rpm for 10 min. Finally, the organic upper 
layer was recovered and its absorbance at 532 nm 
was measured. The inhibition of lipid peroxidation 
effect percentage was calculated using the following 
formula:

Abs (control) – Abs (test)
Abs (control)

I% = × 100

Abs (c) – Abs (e)
Abs (c)

Percentage of inhibition (%I) = (                                 ) × 100

Where Abs(e) is the absorbance of samples with 
extracts and Abs(c) is the absorbance value of the 
fully oxidized control.

Hematoprotective activity against (AAPH)-induced 
erythrocyte oxidative haemolysis

Healthy albino Wistar rats were used for blood 
collection. Blood was collected from rats in hepa
rinized tubes and centrifuged at 5000 rpm for 
5  min. The lysed erythrocytes were discarded by 
repeated phosphate-buffered saline (PBS) wash and 
2% v/v erythrocyte suspension was prepared in PBS 
(pH=7.4). Experiments were performed according 
to the guidelines for use of laboratory animals of 
the pharmacological research committee, Faculty 
of Sciences and Techniques Errachidia, Moulay 
Ismail University (No. 125/FSTE/2021).
	 The antihaemolytic activity of different thyme 
extracts was analysed using the method previously 
described by Hmidani et al. (2021) with slight 
modifications [16]. First, the oxidative haemolysis 
was caused by the addition of AAPH (2,2’-azo-bis-
2-amidinopropane hydrochloride). Red blood cells 
mixture (800 µl) was added to 500 µl of different 
concentrations of extracts or ascorbic acid as 
an antioxidant standard in PBS followed by the 
addition of 300 µl AAPH (200 mM). Afterwards, 
the  mixture was incubated at 37oC for 5 hours, 
followed by centrifugation at 3000 rpm for 5 
minutes. The supernatant was recovered and its 
absorbance was measured at 540 nm against a 
blank. Positive control was made by adding 300 µl 
AAPH and PBS instead of extracts and expressed 
as 100% haemolysis and negative control was made 
by replacing the 300 µl of AAPH with distilled 
water. The haemolytic inhibition percentage was 
calculated according to the following formula:

Where AAAPH is the absorbance of positive control 
and AS is the absorbance of the sample.

Statistical analysis

Statistical analysis was carried out using “GraphPad 
Prism 8” software. Data were expressed as 
mean ± standard deviation (SD). The comparisons 
between different groups were performed using 

(AAAPH – AS)
AAAPH

%haemolysis inhibition (%HI) = × 100
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one-way ANOVA test followed by post Tukey’s test. 
Differences were considered significant at p<0.05. 

RESULTS 

Total phenolic compounds content

The results of the extraction yield and total 
phenolic, flavonoid, tannin, and hydroxycinnamic 
acids contents are shown in table 1. Ta and Tw had 
the greatest extraction yields, whereas Tv and Tp 
had the lowest yield. Moreover, all thymes have 
shown that they all contain flavonoids, tannins, and 
hydroxycinnamic acids phenolic compounds  in 
which flavonoids and hydroxycinnamic acids  are 
abundant, whereas tannins are present in  low 
quantities. However, there are significant quanti
tative differences in the amounts of these com
pounds in the various species (p<0.05). Ta seemed to 
be the richest thyme in these phenolic compounds 
(TP=153.76 GAE mg/gE; TF=140.13 RE mg/gE; 
TT=26.28 CE mg/gE; THA=5.92 g/100 g TP) 
followed by Tm and Tv. On the other hand, Tp, Tz, 
and Tr have shown low contents of these phenolic 
compounds. 

Antioxidant activity

The results of DPPH, TAC, and FRAP assays

The results DPPH, TAC, and FRAP antioxidant 
assays are presented in table 2. These results 
showed that the nine species of thyme displayed an 
antioxidant effect. Ta, Tm, and Tv had the strongest 
antioxidant activity with values of DPPH  IC50 
(0.32–0.36 mg/ml), TAC (0.4–0.42 AAE mg/gE), and 
FRAP (1.34–1.41 Fe2+E mM). Tw and Ts displayed 
a moderate antioxidant activity (DPPH IC50 : 0.44–
0.49 mg/ml; TAC: 0.31–0.35 AAE mg/gE; FRAP: 
1.23–1.26 Fe2+E Mm). On the other hand, Tp had 
the lowest antioxidant potential with a value of 
DPPH IC50 (0.65 mg/ml), TAC (0.2 AAE mg/gE), 
and FRAP (0.88 Fe2+E mM). Moreover, Tl, Tz, and 
Tr have also displayed a low antioxidant activity.

Inhibition of lipid peroxidation and free radical-
induced erythrocyte haemolysis

The results of lipid peroxidation and AAPH-
induced haemolysis assays are shown in figures 
2 and 3 respectively. In lipid peroxidation assay, 
all thymes have inhibited the total peroxidation 
of lipids present in egg yolk, compared to positive 

Figure 2.

	 Results of lipid peroxidation inhibition assay. Values 
with the same letter group are not significantly different 
by Tukey’s multiple comparison tests (p<0.05). Data are 
represented as the mean ±SD
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Figure 3.

	 Results of free radical-induced erythrocyte haemo
lysis assay. Values with the same letter group are not 
significantly different by Tukey’s multiple comparison 
tests (p<0.05). Data are represented as the mean ±SD
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control (p<0.05). However, Ta, Tm, and Tv were the 
most efficient lipid peroxidation inhibitors (31.51%–
34.44%; p<0.05). Moreover, Tw, Tr, Ts, and Tl have 
shown a moderate lipid peroxidation inhibition 
activity (17.15%–24.70%; p<0.05). On the other 
hand, Tp and Tz had the lowest effect comparing 
to other thymes (13.75% and 12.15% respectively; 
p<0.05). In AAPH-induced haemolysis assay, the 
nine thyme species have prevented total haemolysis, 
compared to the haemolysis positive control 
(p<0.05). Moreover, the negative control had a low 
haemolysis percentage (18,31%). Ta, Tm, and Tv had 

Total phenolic compounds and antioxidant activity of eight Moroccan Thymus species: a comparison with Thymus vulgaris
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the highest haemolysis inhibition effect, compared 
to other thymes species (23.91%–27.66%; p<0.05), 
followed by Ts, Tw, Tl, and Tr (14.08%–20.56%) 
with a moderate haematoprotective effect. Lastly, 
Tp (8.44%) and Tz (7.56%) exhibited the lowest 
haematoprotective effect.

DISCUSSION

Thymus plants are important species of Lamiaceae 
family. The plants of this genus are a rich source 
of important phytochemicals including volatile 
molecules (essential oils) and non-volatile com
pounds (mainly polyphenols). Moreover, there is 
a wide variety of polyphenolic compounds that 
occur in Thymus plants, especially flavonoids and 
phenolic acids, which are responsible for several 
biological and pharmacological properties. 
	 Countless studies have investigated the bio
logical properties and the amounts of phenolic 
compounds of thyme species. These studies showed 
that these plants possess important biological 
properties which are attributed to the high amounts 

Table 1.

	 Results of the yield, TP, TF, TT, and THA assays

Yield (%)

TP [GAE mg/gE]

TF [RE mg/gE]

TT [CE mg/gE]

THA [g/100 g TP]

Ta

  30.08 (±0.09)a

153.76 (±1.92)a 

140.13 (±1.48)a

  26.28 (±0.22)a

    5.92 (±0.07)a

Ts

27.9 (±0.07)b

124.59 (±2.12)b

100.75 (±0.92)b

  23.62 (±0.41)b

    1.68 (±0.03)b

Tl

22.51 (±0.12)c

95.36 (±1.08)e

72.55 (±1.02)c

  9.42 (±0.25)c

  2.21 (±0.04)c

Tm

  25.11 (±0.11)d

138.18 (±1.03)d

138.78 (±1.12)a

  24.59 (±0.51)d

    5.11 (±0.09)d

Tp

21.05 (±0.14)e

68.33 (±1.51)f

42.48 (±1.27)d

  8.49 (±0.11)e

  1.05 (±0.06)e

Tr

25.24 (±0.08)d

89.88 (±2.74)c 

68.35 (±1.22)e 

  8.71 (±0.19)e

  2.23 (±0.09)c

Values in the same row with the same letter group are not significantly different by Tukey’s multiple comparison tests (p<0.05). Data are represented 
as the mean of 3 replicates (±SD). GAE, RE, CE: gallic acid, rutin, and catechin equivalents, respectively

Table 2.

	 DPPH, TAC, and FRAP antioxidant assays

DPPH IC50 [mg/ml]

TAC [AAE mg/gE]

FRAP [Fe2+E mM]

Ta

    0.32 (±0.02)a

    0.42 (±0.01)a 

    1.41 (±0.04)a

Ts

    0.44 (±0.01)b

    0.35 (±0.01)b

    1.23 (±0.02)b

Tl

  0.53 (±0.02)c

  0.23 (±0.01)c

  1.06 (±0.03)c

Tm

     0.35 (±0.01)ad

    0.41 (±0.02)a

    1.34 (±0.02)a

Tp

  0.65 (±0.03)e

  0.20 (±0.02)c

  0.88 (±0.03)e

Tr

  0.61 (±0.02)e

  0.28 (±0.01)d

  1.20 (±0.04)b

Values in the same row with the same letter group are not significantly different by Tukey’s multiple comparison tests (p>0.05). Data are represented 
as the mean of 3 replicates ±SD. AAE: ascorbic acid equivalent; Fe2+E: Fe2+ equivalent

of polyphenols [17-21]. Furthermore, some of these 
studies investigated the chemical composition of 
divers Thymus species and reported that rosmarinic 
acid [22-24] and luteolin [25-27] are abundant 
polyphenols in these species. These compounds 
are endowed with important bioactivity [28, 29], 
which makes these plants a potent source of these 
beneficial phytochemicals. However, T. atlanticus 
had the highest amounts of different phenolic 
compounds. This thyme was reported in the study 
of Khouya et al. (2015) to have rosmarinic acid, 
caffeic acid, and quercetin as the major compounds 
in its composition [23]. Thus, the use of this species 
can be recommended for obtaining high amounts 
of therapeutic agents. 
	 Oxidative stress has been associated with the 
development of several degenerative and chronic 
diseases such as cancer, neurodegenerative, dige
stive, and respiratory diseases [30]. However, the 
use of medicinal plants as a source of antioxidants 
can prevent or treat a wide variety of those diseases. 
Hence, plant antioxidants, especially polyphenols, 
exhibit numerous biological properties, including 
anti-inflammatory, anti-dyslipidemic, anti-athero
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Tw

  31.81 (±0.07)a

123.67 (±1.57)g

104.95 (±1.45)f

  22.74 (±0.16)f

  3.8 (±0.08)f

Tz

25.14 (±0.09)d

78.28 (±1.99)h

55.90 (±0.95)g

  9.13 (±0.12)c

  1.18 (±0.08)e

Tv

  23.21 (±0.11)f

145.46 (±1.88)i

129.48 (±1.52)h

    24.19 (±0.18)bd

     4.91 (±0.07)g

Tw

    0.49 (±0.01)c

    0.31 (±0.01)d

    1.26 (±0.03)b

Tz

  0.63 (±0.01)e

  0.21 (±0.01)c

  1.02 (±0.03)c

Tv

     0.36 (±0.01)d

     0.40 (±0.02)a

     1.39 (±0.02)a

sclerosis, and anticancer effects. Moreover, Thyme 
plants synthetize a wide variety of potent antioxidant 
polyphenols that exert diverse pharmacological 
effects. Furthermore, several studies confirm that 
the plants of this genus exhibit powerful antioxidant 
effects [31-35]. 
	 T. leptobotrys, T. riatarum, T. pallidus, and T. zygis 
were investigated in several studies, mainly for their 
essential oils [36-38]. However, the aqueous extracts 
of these species showed that they are less interesting, 
as they have low amounts of polyphenols and a low 
antioxidant potential. T. vulgaris is one of the most 
investigated plants in Lamiaceae family and the 
most frequently studied thyme species. It is widely 
cultivated in many countries and has a worldwide 
distribution. However, several thymes have higher 
amounts of polyphenols and display higher 
antioxidant properties, including T. atlanticus and 
T. munbyanus as determined in the results of this 
study. Likewise, Ramchoun et al. (2012) investigated 
the antioxidant and hyperlipidaemic activities 
of four thyme species, namely T. satureioides, T. 
zygis, T. atlanticus, and T. vulgaris. The findings 
of this investigation showed that T. atlanticus had 

the highest polyphenolic content and the greatest 
antioxidant activity as well as the most powerful 
hypolipidemic effects, followed by T. satureioides, 
whereas T. zygis and T. vulgaris had the lowest 
antioxidant and hypolipidemic activities [39]. 
Furthermore, T. atlanticus was reported in other 
investigations to exert a wide variety of biological 
and pharmacological properties including anti-
inflammatory, antioxidant, anticoagulant, and anti
dyslipidemic activities [40-42]. T. munbyanus has 
also considerable amounts of bioactive antioxidants 
[43]. It is reported to exhibit important antioxidant, 
hepatoprotective, and nephroprotective activities 
[44, 45]. Hence, the use of T. atlanticus and T. 
munbyanus can help the body to fight against har
mful oxidants and prevent the development of 
several diseases.

CONCLUSION

In this study, we carried out a comparison of the 
amounts of phenolic compounds and antioxidant 
activity of nine species of thyme. The results showed 
that T. atlanticus, T. munbyanus, and T. vulgaris 
had the most important phenolic contents and 
the highest antioxidant activity. The other thyme 
species had relatively lower phenolic contents and 
lower antioxidant activity. Therefore, T. atlanticus 
and T. munbyanus, can be suggested as the best 
local thymes that can be used for medicinal and 
traditional purposes due to their richness in 
bioactive polyphenols and important antioxidant 
potential. 
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