Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Variation in Total polyphenols, Tannin and Catechin contents and

Antioxidant activity among Moroccan thyme genotype

Aicha Nordine’", Maria D Rivero-Perez?, Maria L Gonzalez-Sanjose’ and
Abdelmalek El Meskaoui®

! Ecology and environment laboratory, Biology department, Faculty of Sciences Ben M'Sick,
Hassan Il University Casablanca; Morocco

2 Department of Biotechnology and Food Science, University of Burgos, Burgos, Spain.

® Department of Biology, Faculty of Sciences, Sidi Mohammed Ben Abdellah University, Fez,
Morocco

Abstract:

The objective of this study was to evaluate the antioxidant activity, total polyphenols, tannins
and catechins of the leaves extract of nine genotypes of three Thymus species (Thymus
hyemalis, Thymus satureioides and Thymus broussonetii) obtained from in vitro culture.
Firstly, the extracts were analyzed for the total polyphenols, tannins and catechins contents
using spectrophotometry method. Furthermore, the antioxidant study was carried out using
2,2’-azinobis 3-ethylbenzthiazoline-6-sulfonic acid (ABTSe+), 2,2-Diphenyl-1-picrylhydrazyl
(DPPHe) and Ferric reducing antioxidant power (FRAP). The results show the presence of
phytochemicals compounds in different genotypes of three species, with a considerable
variation between species on one side and between genotypes of the same species on another
side. Antioxidant activity was also present with varying levels depending on the species and

genotypes.
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Introduction

Among natural products of great interest, there are vegetable polyphenols. These ones have
shown several applications in different fields, including the medicine, thanks to their proven
biological, antiviral, antitumor and antibacterial activities. These activities are based on their
characteristic reactions with metal ions and with amino acids present in proteins (Chang et al.
1995; Chung et al. 1998). The phenolic compounds may contribute directly to antioxidative
action (Li et al. 2014; Vuolo et al. 2019). The flavonoids have particularly attracted attention
because of their high antioxidant capacity. Catechin is a member of the flavonoid family,
which has a variety of pharmacological effects such as cardioprotective, diuretic and
hypotensive actions (Bors et al. 1990). Several plants extract like thyme extract have been
used as source of this phenolic compounds (Sharma et al. 2020).

The species of Thymus genus are herbaceous perennial shrubs, commonly used as spices
and/or medicinal herbs. Since ancient times, Thymus species were used in human nutrition as
a spice and food flavor and as antioxidant for treatment of many diseases (Mathur 2003).
They are also reported to possess some biological effects such as antifungal, antioxidant,
insecticidal, and antibacterial activities (Zarzuelo and Crespo 2002; Nieto et al. 2010; Saad et
al. 2010; Fadli et al. 2012; Ramchoun et al. 2012; Drioiche et al. 2022) and have many
potentials uses in the food industry as a dietetic supplement and food preservative (Youdim
and Deans 1999; Nieto et al. 2011; Li et al. 2019). In addition, thyme has become a major
source of bioactive compounds for pharmaceutical industry.

The Thymus species are a rich source of phytochemicals, such as flavonoids and other
phenolic compounds. Studies have indicated that these phytochemicals, especially
polyphenols, have high free-radical scavenging activity, which helps to reduce the risk of
chronic diseases, such as, cardiovascular disease, cancer, and age-related neuronal
degeneration (Ames et al. 1993).

The harvest of Thyme species by diverse users occurs mainly at wild state in large quantities
during the flowering period before seed formation. This causes the exhaustion of wild plant
genetic resources, biotope destruction, and thus also threatens valuable incomes for rural
households. Besides, abiotic environmental factors as well as biotic effects were proven to

influence secondary metabolites such as essential oil and polyphenol production, leading to a
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chemical variability (Séez 2001). Therefore, it is impossible to find a chemically
homogeneous and standardized raw material of Thymus species in the natural habitat. This
imposes many disadvantages such as the heterogeneity of plant material, the difficulty of
predicting supplies for industry and lack of control. Additionally, the interests of
pharmaceutical, food, perfumes and cosmetics industries do not focus on all genotypes
available in nature, but only on a few, namely thymol and/or carvacrol and linalool
chemotypes. Generally, the chemical composition of the plant was affected by genetic and
environmental factors.

An increase in the demand for thyme of cultivated origin must be expected with standardized
composition and yield of the chemical compounds and with uniform properties of the leaves.
The propagation of selected plant species or clones in commercial scale is ideal to ensure the
sustainable supply of thyme raw material. Plant Cell Tissue (PTC) and organ culture
technologies have been proven to be efficient and useful tools for the breeding (selection) of
high-quality Medicinal and Aromatic Plants (MAPs) and vulnerable endangered species
preservation (El Meskaoui 2013). they enables the production of biomass, under controlled
environments, by ensuring the supply of the raw material. This technique was successfully
applied to many Thymus species such as Thymus vulgaris (Lé 1989; Furmanowa and
Olszowska 1992; Ozudogruet al. 2011), Thymus piperella (Saezet al. 1994), Thymbra spicata
L. var. spicata L. (Daneshvar-Royandezagh 2009), Thymus lotocephalus (Coelhoet al. 2012),
Thymus hyemalis (Nordine et al. 2013a, 2014a), Thymus bleicherianus (Nordine and El
Meskaoui 2014), Thymus broussonetii (Nordine et al. 2014b) and Thymus satureioides
(Nordine et al. 2013). In vitro clonal propagation techniques offer following benefits: source
of mastered production of phytochemical products and novel products not found in nature, use
of rare, vulnerable, endangered or protected plants, independence from climatic factors and
seasonal constraints, more flexible production cycles in limited spaces within short periods
throughout the year (EI Meskaoui 2013).

Data on the intraspecific et interspecific variabilities of Thymus are basically restricted to the
volatile components. Similarly, available literature data on the reactions of thyme to
environmental factors mostly refer to the volatile compounds. It is in this context, that the
main aim of the proposed work was to highlight the interspecific and intraspecific variations
on the total polyphenols, tannins and catechin contents, and to evaluate the antioxidant

activity, of leaves extracts of different genotypes and Thymus species cultured under in vitro
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conditions. According to our knowledge, this is the first time that total polyphenolis, tannins
and catechin contents and antioxidant activity were studied in the Thymus hyemalis, Thymus

broussonetii and Thymus satureioides species under controlled conditions.

Material and methods

Plant material

The species of Thymus hyemalis, Thymus broussonetii and Thymus satureioides were
previously in vitro established (Nordine et al. 2013; 2013a; 2014b). To homogenize the
growing conditions and eliminate the effect of plant growth regulation (PGR), we used culture
media constituted by Murashige and Skoog (MS) (Murashige and skoog 1962) (3 % sucrose,
0.4 % gellun gum and pH 5.8) without PGR. The cultures were kept at 23 + 2 °C with a 16
light/8 h photoperiod at light intensity of 60 pn mol m— 2s— 1 provided by white fluorescent
tubes (Sylvania Sylfast SSE T5, Germany). After the 8™ subculture, the genotypes (Th1, Th3,
and Th5) of Thymus hyemalis, (Tb8, Tb7 and Th10) and (Tsl17, Ts8 and Ts9) of Thymus
broussonetii and Thymus satureioides respectively were harvested from in vitro culture

(Figure 1) and used as plant materials (The number of plants used for each genotype varies

between 40 and 50 plants depending on the species).

Figure 1: In vitro culture of Thymus species: a) Thymus hyemalis; b) Thymus brousonetii; c)
Thymus satureioides
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Sample preparation and extraction method

The leaves and stems of all genotypes of thyme cited above were dried at room temperature in
the dark (The plant is considered dry when its weight remains constant). The dried plant
materials were ground into a fine powder. Thus, the obtained powder was stored in glass jars,
labeled and stored in darkness. The extraction of the various components of the plant ( 20 g of
each genotype) is carried out by maceration with stirring at room temperature for 24h, using
methanol and water (70:30 v:v) solvent. Samples were filtered through a Whatman No. 1
filter paper and the filtrate was evaporated using a rotary evaporator (RE300 Model, United
Kingdom) at T= 40°C.

Evaluation of chemical compounds contents

The Total Polyphenolic contents (TP) of extracts of all samples were determined with the
Folin-Ciocalteu (FC) reagent (Machado et al. 2013), with minor modifications. Indeed, a
stock solution was prepared at a concentration of 4 mg of extract/1 ml of methanol. Various
dilutions were then carried out to arrive at the following concentrations: 2; 1; 0.5; 0.25;
0.0125 mg/ml. After a series of measurements, the appropriate dilution for each sample was
chosen. For the analysis, 0.5 ml of each sample was mixed with 0.5 ml of FC and 10 ml of
sodium carbonate (75 g/l), the final volume is made up to 25 ml with distilled water. The
mixture was incubated in dark, for 60 min at room temperature. The absorbance of extracts
was measured at 750 nm and compared to the prepared blank. The TP was calculated on the
basis of the calibration curve of gallic acid (GA) and the results were expressed as gallic acid
equivalents (mg GAE)/g of extract, according to the correlation equation: (TP) (mg GAE/ g of
extract) = 463.03 X A7sonm- 4.7419.

The determination of catechin content was done according to the method described by Kim et
al. 2003. The principle of this assay is based on the ability of catechin condensation with
carbonyl compounds in acidic media. For analysis, 1 ml of extract was added to 2 ml of the
vanillin reagent (1%), the final volume is made up to 10 ml with HCL (70%). The mixture is
allowed to stand for 25 min at room temperature before reading the absorbance at 500 nm.
The results were expressed as (mg D-catechin equivalent/g of extract) according to the
following equation: (mg D- catechin equivalent/ g of extract) = 156.95 X Asg- 0.25
(Asgo=Absorbance at 500 nm).
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The tannins content was determined by spectrophotometer using the method described by
Sarneckis et al. (2006). The protocol is carried out as follows: from a methanolic stock
solution (4 mg of extract/1 ml of methanol), 1 ml of extract was mixed with 3 ml of a
methylcellulose solution (0.04% w/v), using a vortex, and let stand 2-3 min. Then 2 ml of a
saturated solution of ammonium sulphate and 4 ml of distilled water were added. The mixture
was stirred again and allowed to stand for 10 min. Then, the mixture was centrifuged at 8000
rpm for 5 min, and the absorbance was read directly after centrifugation at 280 nm. All steps
were performed at room temperature. The total tannin content was determined in Tannic Acid
Equivalent (mg/l) based on the following relationship: Total Tanins (mg/l Tanic Acid /g of
extract) = [(A:280-As280) + 0.0065] / 0.0029 (Ac = control Absorbance; As = Absorbance
sample).

Antioxidant Activity

Plant extracts are always characterized by a diversity and complexity of their phytochemical
compounds. This requires the application of many methods to assess the antioxidant activity.
In this study, three methods have been used to measure the antioxidant activities in 9
genotypes of Thymus hyemalis, Thymus broussonetii and Thymus satureioides.

2,2 ’Azinobis (3-ethyl-benzthiazoline-6-sulfonic acid) (ABTS) radical cation decolorization
assay

This assay is based on decolorization that occurs when the radical cation ABTS™ is reduced to
ABTS" (Re et al. 1990; Rivero-Pérez et al. 2007). Briefly, a stock solution of ABTSe+ was
prepared by mixing 7 mM of ABTS solution (0.0384 g of ABTS in 10 ml of pure water) with
2.45 mM of ammonium persulfate (K,OgS;) (0.0066 g K,08S; in 10 ml pure water) (1:1 v/v).
The reaction mixture was incubated in the dark and at room temperature for 16 h. This is the
time needed to obtain stable absorbance value (0.7 £ 0.01) at 734 nm. The assay was made up
with 980 pl of ABTS " and 20 pl of the sample. The absorbance (As) was measured at 734 nm
after incubating the reaction in the dark for 45 min, the choice of this incubation period is
based on a series of reactions which have been followed kinetically.

The results were expressed in mM of Trolox according to a linear model (figure 2) by
applying the following relationship: mM Trolox = 0.0139 + 2.0968 X (Ao-A¢), and if the
extract is diluted the final relationship becames: mM Trolox = 0.0139 + 2.0968 x (Ag-Af) X

dilution factor.
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Figure 2: ABTS Calibration curve

2,2-Diphenyl-1-picrylhydrazyl (DPPH) Method

The free radical scavenging capacity of all genotypes was measured using stable DPPH’
radical as described previously (Rabah et al. 2004), with some modifications. The protocol is
performed as follows: The DPPH solution (5.07 M) was prepared by dissolving 0.10 mg of
DPPH in 50 ml of methanol, the solution is kept in the dark and at room temperature.

The test therefore consists of mixing 980 pl of the DPPHe solution with 20 pl of extract. The
absorbance (Af) was measured at 515 nm after incubating the reaction in the dark and at room
temperature for 2 h. A blank control (Ao) was also prepared by replacing 20 ul of the extract
with 20 pl of methanol.

The results were expressed in mM of Trolox according to the following relationship:

mM Trolox = 1.6903x (Ao-As) — 0.0056 (linear model) (Figure 3), and if dilutions were made
the final relationship would be as follows: mM Trolox = (1.6903% (Ao-As) — 0.0056) X

dilution factor.
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Figure 3: DPPH Calibration curve

Ferric reducing antioxidant power (FRAP) Method

This test is also used to measure the antioxidant activity. At low pH (<3) and 37°C, the
tripyridyltriazine ferric complex (TPTZ-Fe 3%) was added to the sample. The principle of this
technique is based on antioxidants which reduce the complex present in the form of Fe2 *and
the absorbance is read at 593 nm. This test is quick and gives repeatable results for biological
solutions or for pure solutions of antioxidants (Katalinic et al. 2003). The reaction takes place
by mixing 2.5 ml of TPTZ (10 mM), 2.5 ml of FeCl;3 (20 mM), 25 ml of sodium acetate buffer
solution (300 mM) and 3 ml of distillated water. In Eppendorf tubes, 30 ul of sample was
added to 970 pl of the latter reactive mixture and was incubated at 37°C for 30 min. The
absorbance was measured at 593 nm. The results were expressed as (mM Fe (I1)/g of extract),
according the equation: Fe (II) (mM) = (1.4744 A + 0.0304) x dilution factor (A=
Absorbance exiract — Absorbance pianc), Using linear calibration curve (Figure 4) obtained with

different concentration of FeSQO,.
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Figure 4: FRAP Calibration curve

Statistical analyses

All data are presented as the mean * standard error (SE), calculated using replicate samples
where n=4. Prior to any statistical analyses, data sets were tested for homogeneity of variance
using Levene’s test. Comparisons of means were performed by using analysis of variance

(ANOVA) and the level of statistical significance was set at p < 0.05.

Results

In this study, the results showed that all species are rich in chemical compounds, but with
different concentrations. The TP content was almost the same in the three species (all
genotypes combined in the each species). However, it differs significantly between genotypes
in the same species. This shows that all thyme species evaluated are characterized by
intraspecific variation. Indeed, the Th7 genotype is the richest in TP with 108.18+9.82 mg
gallic acid/g of extract, followed by Th5 and Tsl17 genotypes with 103.40+8.82 and
84.79+1.62 mg gallic acid/g of extract, respectively (Table 1).

Catechin contents were, also, identical with slight diffence (Table 1) among the three
species, by showing that there is no interspecific variation between species. Furthermore, an
intraspecific variation was also observed between genotypes. Indeed, the highest amount of
catechin (mg D-catechin /g of simple) measured, between species, was found in T.
broussonetii  (1.61+0.56) followed by T. hyemalis (1.54+1.22) and T. satureioides
(0.81£0.52). In genotypes level, the highest catechin content was 3.16£0.02 in the Th5
followed by 2.35+£0.01 and 1.43 in Tb7 and Ts17 respectively (Table 1).
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Tablel. Determination of TP, catechins and tannins in the vitroplant in three species of thyme

Catechins (mg D-catechin/g Tannins (mg tannic

Species Genotypes TP (mg GA/g of extract
P P (g : ) of extract) acid/ g of extract)
Thl 27.50+5.17 d 0.91+0.01 f 3.99+0.11b
) Th3 19.29+2.30 de 0.56+0.01 h 1.91+0.13 ¢
T. hyemalis
Th5 103.40+8.82 a 3.16+0.02 a 5.26+2.18 b
Total 50.06+40.50 1.54+1.22 3.72+1.83
Th8 14.22+2.17 e 1.29+0.01d 1.90+0.59 ¢
Tb7 108.18+9.82 a 2.35+0.01 b 3.93+0.60 b
T. broussonetii
Th10 25.21+5.14 d 1.19+0.03 e 2.03+.32¢c
Total 49.20+25.35 1.61+0.56 2.62+1.08
Ts17 84.79+1.62 b 1.43+0.01c 7.69+0.83 a
Ts8 19.66+2.96 de 0.22+0.00 i 1.41+0.26 ¢
T. satureioides
Ts9 39.04+7.60 ¢ 0.78+0.00 g 4.79+0.12 b
Total 47.83+29.26 0.81+0.52 4.63+2.76

Data indicate mean + SE. Values followed by the same letter within the same column are not

significantly different at p < 0.05.

Like the other compounds, the tannin content does not show any interspecific variation
between species, except a few minor differences. Indeed T. satureioides species had a highest
amount of tannins (4.63+2.76) followed by T. hyemalis (3.72+1.83) and finally T.
broussonetii with amount of tannins equal 2.62+1.08. At level of genotype, in the same
species, the genotype Ts17 possessing 7.69+0.83 (Table 1) can be selected and cloned for the
production of tannins that can be used in the food industry as condoms or medicine.

Regarding antioxidant activity, we used three evaluation tests: ABTS, DPPH and FRAP.
Figure 5 indicates that all genotypes and species have antioxidant activities. However, these
activities vary from species to another and also between genotypes. Indeed, the Th5 genotype
represents the highest antioxidant activity (1.03+0.06 and 0.64+0.04 mMTrolox/g of extract
for ABTS and DPPH tests, 2.76+0.14 mM Fe (11)/g of extract for FRAP test), compared with
all genotypes, and followed by the Th7 genotype (Figure 5a & 5b). T. satureioides genotypes

are also characterized by an antioxidant activity according to the three tests used. The Ts17
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genotype was the highest antioxidant activity of this species (Figure 5c¢). However, the Ts8

genotype was characterized by the lowest activity.
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Figure 5: Antioxidant activities of three species of thyme. a) Antioxidant activity of Thymus

hyemalis.; b) Antioxidant activity of Thymus broussonetii; ¢) Antioxidant activity of Thymus

satureioides
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Discussion

The chemical profile of several varieties of thyme and other plants, from different regions of
the word is highly variable, the content and nature of their major compounds (essential oil,
polyphenols, flavonoids, tannins...) vary considerably from one species to another depending
on several factors. These variations in chemical composition are due to genetic profile of
plant, geographical position, and harvest season, environmental and climatic conditions
(Németh-Zamboriné et al. 2019; Drioiche et al. 2022). However, the plant material used in
this study was grown in vitro, therefore under controlled and stable conditions and outside
climatic and environmental variations. Despite, the species used always present interspecific
and intraspecific variations. This confirms the strong impact of genetic material on chemical
variation in thyme species (Dalir and Safarnejad 2017; Nordine et al. 2016).

The richness of the three species of thyme in phytocompounds is well documented previously
in several studies (Ismaili et al. 2002, 2004; Elhabazi et al. 2008; Ramchoun et al. 2012; Radi
et al. 2021). Intraspecific variation in phytocompounds is well, also, documented in thyme
species (Jordan et al. 2009; Dalir and Safarnejad 2017).

Antioxidants, including phenolic compounds (e.g., flavonoids, phenolic acids and tannins)
have diverse biological effects such as anti-inflammatory, anti-carcinogenic and anti-
atherosclerotic effects, as a result of their antioxidant activity (Chung et al. 1998). Most of the
antioxidant activities of plant origin are due to phenolic compounds (Mansouri et al. 2005;
Jouki et al. 2014). These compounds function as antioxidants by different mechanisms, such
as the prevention of initiation of the chain, the peroxide decomposition, the prevention of
hydrogen abstraction and the continuous trapping of radicals (Mao et al. 2006). Several
analysis methods are used. The antioxidant activity of thyme species has been the subject of
several studies (Bektas 2011; Alaoui et al. 2012; Pérez-Tortosa et al. 2012; EI Bouzidi et al.
2013), and the genotype effect on the intraspecific variation of antioxidant activity in several
species was well documented (Németh-Zamboriné et al. 2019).The same intraspecific

essential oil variability was documented in T. satureioides species (Nordine et al. 2016).
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Conclusion

The three species of thyme studied are rich in total polyphenols, tatnin and catechin.
However, great variability was observed between genotypes within the same species. The
variation in the chemical content induced a large variation in the antioxidant potential; even
the effect of the environmental conditions was homogenized. Therefore, this variation was
due to the genetic factor.

The chemical substances studied (PT, Tannins and catechin) could be, therefore,
important basic criteria for the selection of genotypes for different industrial uses. This has
confirmed the need for the selection of the starting plant material at level of genotype, to have
a finished product quantitatively and qualitatively value. Our results show that clones
produced, by PTC systems developed, could be TP, catechins, tannins great source, and
antioxidant potential. There is a great interest in the production of specific metabolites under
controlling environmental conditions that maintain a given phytochemical profile.

Selection of clone performances, i.e. with high level of these substances, and their
clonal implementation on a large-scale cultivation could have significant scientific and

economic benefits.

Conflicts of Interest

No potential conflict of interest was reported by the authors.

References

Alaoui JC, El Bouzidi L, Bekkouche K, Hassani L, Markouk M, Wohlmuth H, Leach D
Abbad A. 2012. Chemical Composition and Antioxidant and Anticandidal Activities of
Essential Oils from Different Wild Moroccan Thymus Species. Chemistry & Biodiversity,
9:1188-1197.

Ames BM, Shigena MK, Hagen TM. 1993. Oxidants, antioxidant and the degenerative
diseases of aging. Proceedings of the National Academy of Sciences of the United States
of America, 90:7915-7922.

Bektas T, Cengiz S, Seyda B, Ahmet A, Askin AH. 2011. Chemical Composition, Radical
Scavenging and Antimicrobial Activity of the Essential Oils of Thymus boveii and Thymus

hyemalis. Record of natural product, 5:208-220.

AJMAP V8N2 2022 111



Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Bors W, Heller W, Michel C, Saran M. 1990. Flavonoids as antioxidants: determination of
radical-scavenging efficiencies. Method Enzymol, 186:343-355.

Chang CW, Lin MT, Lee SS, Liu KC, Hsu FL, Lin JY. 1995. Differential inhibition of
reverse transcriptase and cellular DNA polymerase-alpha activities by lignans isolated
from Chinese herbs: phyllanthus myrtifolius moon, and tannins from lonicera japonica
thunb and castanopsis hystrix. Antiviral Research, 27:367-374.

Chung KT, Wong TY, Huang YW, Lin Y.1998. Tannins and human health: A review. Critical
Reviews in Food Science and Nutrition, 38:421-464.

Coelho N, Goncalves S, Gonzalez-Benito ME, Romano A. 2012. Establishment of an in vitro
propagation protocol for Thymus lotocephalus, a rare aromatic species of the Algarve
(Portugal). Plant Growth Regulation, 66:69—74.

Dalir M and Safarnejad A. 2017. Morphological, Molecular and Phytochemical Variation in
Some Thyme Genotypes. Journal of Medicinal Plants and By-products. 1: 41-52

Daneshvar-Royandezagh S, Khawar KM, Ozcan S. 2009.In vitromicropropagation of garden
thyme (thymbra spicata I. var. spicata 1.) collected from southeastern turkey using
cotyledon node. Biotechnology & Biotechnological Equipment, 23:1319-1321.

Drioiche A, Radi FZ, Ailli A, Bouzoubaa A, Boutakioute A, Mekdad S, AL Kamaly O. Saleh
A, Maouloua M, Bousta D, Sahpaz S, EL Makhoukhi F, Zair T. 2022. Correlation between
the chemical composition and the antimicrobial properties of seven samples of essential
oils of endemic Thymes in Morocco against multi-resistant bacteria and pathogenic fungi.
Saudi Pharmaceutical Journal. https://doi.org/10.1016/j.jsps.2022.06.022

El Bouzidi L, Alaoui JC, Bekkouche k, Hassani L, Wohlmuth H, Leach D, Abbad A. 2013.
Chemical composition, Antioxidant and antimicrobial Activities of Essential oils obtained
from wild and cultivated Moroccan Thymus species. Industrial Crops and Products, 43:
450-456.

El Meskaoui A. 2013. Plant Cell Tissue and Organ Culture Biotechnology and Its Application
in Medicinal and Aromatic Plants. Med Aromat Plants. el47. doi: 10.4172/2167-
0412.1000e147.

Elhabazi K, Ouacherif A, Laroubi A, Aboufatima R, Abbad A, Benharref A, Zyad A, Chait A,
Dalal A. 2008. Analgesic activity of three thyme species, Thymus satureioides, Thymus
maroccanus and Thymus leptobotrys. African Journal of Microbiology Research,
2:262-267.

AJMAP V8N2 2022 112



Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Fadli M, Saad A, Sayadi S, Chevalier J, Mezrioui N, Pages J-M, Hassani L. 2012.antibacterial
activity of Thymus maroccanus and Thymus broussonetii essential oils against nosocomial
infection—bacteria and their synergistic potential with antibiotics. Phytomedicine,
19:461-471.

Furmanowa M, Olszowska O. 1992. Micropropagation of thyme. In: Bajaj YPS (ed)
Bioteclmology in agriculture and forestry. Berlin Heidelberg: Springer-Verlag; p 230-243.

Ismaili H, Milella L, Fkih-Tetouani S, llidrissi A, Camporese A, Sosa S, Altinier G, Della LR,
Aquino R. 2004.In vivo topical anti-inflammatory and in vitro antioxidant activities of two
extracts of Thymus satureioides leaves. Journal of Ethnopharmacology, 91:31-36.

Ismaili H, Sosa S, Brkic D, Fkih-Tetouani S, Aquino RP, Tubaro A. 2002. Topical anti-
inflammatory activity of extracts and compounds from Thymus broussonetii. Journal of
Pharmacy and Pharmacology, 54:1137-1140.

Jordan MJ, Martinez RM, Martinez C, Monino I, Sotomayor JA. 2009. Polyphenolic extract
and essential oil quality of Thymus zygis ssp. gracilis shrubs cultivated under different
watering levels. Industrial Crops and Products, 29:145-153.

Jouki M, Mortazavi SA, Tabatabaei YF, Koocheki A. 2014. Evaluation of antioxidant
activity, total phenols and phenolic compounds in thyme (Thymus vulgaris L.), sage
(Salvia officinalis L.), and marjoram (Origanum majorana L.) extracts. Industrial Crops
and Products, 43:827-831.

Kamaly O, Saleh A, Maouloua M, Bousta D, Sahpaz S, EL Makhoukhi F, Zair T. 2022.
Correlation between the chemical composition and the antimicrobial properties of seven
samples of essential oils of endemic Thymes in Morocco against multi-resistant bacteria
and pathogenic fungi, Saudi Pharmaceutical Journal, doi:
https://doi.org/10.1016/j.jsps.2022.06.022

Katalinic V, Milos M, Modun D, Musi¢ I, Boban M. 2003. Antixidant efectiveness of selected

wines in comparison with (+)-catechin. Food Chemistry. 86: 593-600.

Kim D-k, Chun O K, Kim Y J, Moon H-Y, Chang Y. L. 2003. Quantification of
Polyphenolics and Their Antioxidant Capacity in Fresh Plums. Journal of Agricultural and
Food Chemistry. 51: 6509-6515.

Lé CL. 1989. Microbouturagein vitro du thym (Thymus vulgaris). In: Stahl-Biskup E, Saéz F
(eds) Thyme: the genus Thymus, medicinal and aromatic plants—industrial profiles.
London: Taylor & Francis; p. 177-196.

AJMAP V8N2 2022 113


https://doi.org/10.1016/j.jsps.2022.06.022

Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Li AN, Li S, Zhang YJ, Xu XR, Chen YM, Li HB. 2014. Resources and biological activities
of natural polyphenols. Nutrients, 6:6020—6047.

Li X, Ting H, Xiuhuan W, Meng S, Xin Y, Shusheng F, Le W, Xiaoping W, Xiao X, Hong S.
2019. Traditional uses, chemical constituents and biological activities of plants from the
genus Thymus. Chemistry & biodiversity 16: €1900254.

Machado M, Felizardo C, Fernandes-Silva AA, Nunes FM, Barros A. 2013. Polyphenolic
compounds, antioxidant activity and L-phenylalanine ammonia-lyase activity during
ripening of olive cv. “Cobrancosa” under different irrigation regimes. Food Research
International. 5: 412-421.

Mansouri A, Ennbarek G, Kokkalou E, Kefalas P. 2005. Phenolic profile and antioxidant
activity of the Algerian ripe date palm fruit (Phoenix dactylifera). Food Chemistry,
89:411-420

Mao LC, Pan X, Que F, Fang XH. 2006. Antioxidant properties of water and ethanol extracts
from hot air-dried and freeze dried daylily flowers. European Food Research and
Technology. 222:236-241.

Mathur PP, Marshal A, Cheng CY. 2003. Protein profiles in various epididymal segments of
normal and castrated rat. Asian Journal of Andrology, 2:57-64.

Murashige T, Skoog F.1962. A revised medium for rapid growth and bioassays with tobacco
tissue cultures. Physiologia Plantarum, 15: 473-497.

Németh-Zamboriné E, Rajhart P, Seidler-Lozykowska K, Pluhar Z, Szabé K. 2019.
Intraspecific responses of medicinal plants: genotype-environment interaction may alter
drug quality of aromatic plants. Biochemical Systematics and Ecology. 86:103914.

Nieto G, Bafion S, Garrido MD. 2011. Effect of supplementing ewes’ diet with thyme
(Thymus zygis ssp. gracilis) leaves on the lipid oxidation of cooked lamb meat. Food
Chemistry. 125:1147-1152.

Nieto G, Diaz P, Bafidn S, Garrido MD. 2010. Effect on lamb meat quality of including thyme
(Thymus zygis ssp. gracilis) leaves in ewes’ diet. Meat Science. 85:82—88.

Nordine A, Bousta D, ElI Khanchoufi A, EI Meskaoui A. 2013a. An efficient and rapid in vitro
propagation system of Thymus hyemalis Lange, a wild medicinal and aromatic plant of
Mediterranean region. International Journal of Pharma Bioscience and Technology. 1:118—
29.

AJMAP V8N2 2022 114



Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Nordine A, El Meskaoui. 2014. Rapid in vitro regeneration and clonal multiplication of
Thymus bleicherianus Pomel, a rare and threatened Medicinal and Aromatic Plant in
Morocco. Medicinal & Aromatic plants. 3:1

Nordine A, Hmamouchi M, ElI Meskaoui A. 2014b. In vitro Clonal Propagation through
Direct Shoot Organogenesis of Thymus broussonetii- A Vulnerable Aromatic and
Medicinal Plant species. International Journal of Pharmaceutical Research and Bio-
Science. 3:425-439.

Nordine A, Tlemcani CR, EL Meskaoui A. 2013. Micropropagation of Thymus satureioides
Coss. an endangered medicinal plant of Morocco. Journal of Agricultural Technology.
9:421-435.

Nordine A, Tlemcani CR, El Meskaoui A. 2014a. Regeneration of plants through somatic
embryogenesis in Thymus hyemalis Lange, a potential medicinal and aromatic plant. In
Vitro Cellular and Developmental Biology - Plant. 50:19-25.

Nordine A, Udupa MS, Iragi D, Meksem K, Hma-mouchi M, EI Meskaoui
A.2016.Correlation between the chemical and genetic relationships among Thymus
saturejoides genotypes cultured under in vitro and in vivo environments. Chemistry &
Biodiversity. 13:387-394.

Ozudogru EA, Kaya E, Kirdok E, Issever-Ozturk S. 2011.In vitro propagation from young
and mature explants of thyme (Thymus vulgaris and T. longicaulis) resulting in genetically
stable shoots. In Vitro Cellular and Developmental Biology - Plant. 47:309-320.

Pérez-Tortosa V, LOpez-Orenes A, Martinez-Pérez A, Ferrer MA, Calderén AA. 2012.
Antioxidant activity and rosmarinic acid changes in salicylic acid-treated Thymus
membranaceus shoots. Food Chemistry. 130:362—369.

Rabah 10, Hou DX, Komine SI, Fujii M .2004. Potential chemopreventive properties of
extract from baked sweet potato (Ipomoea batatas lam. Cv. Koganesengan). Journal of
Agricultural and Food Chemistry. 23:7152-7157.

Radi Fz, Bouhrim M, Mechchate H, Al-zahrani M, Qurtam AA, Aleissa AM, Drioiche A,
Handaqg N, Zair T. 2022. Phytochemical Analysis, Antimicrobial and Antioxidant
Properties of Thymus zygis L. and Thymus willdenowii Boiss. Essential Oils. Plants. 11: 15.

Ramchoun M, Harnafi H, Alem C, Blchele B, Simmet T, Rouis M, Atmani F, Amrani S.
2012. Hypolipidemic and antioxidant effect of polyphenol-rich extracts from Moroccan
thyme varieties. e-SPEN Journal. 7:e119—e124.

AJMAP V8N2 2022 115



Arabian Journal of Medicinal & Aromatic Plants = 1n12% Phytochemical study to select genotypes of thyme

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M .1990. Antioxidant activity applying
and improvend ABTS radical cation decolorization assay. Free Radical Biology &
Medicine. 26:1231-1237.

Rivero-Pérez MD, Muniz P, Gonzales-Sanjosé ML. 2007. Antioxidant Profile of Red Wines
Evaluated by Total Antioxidant Capacity, Scavenger Activity, and Biomarkers of
Oxidative Stress Methodologies. Journal of Agricultural and Food Chemistry.
55:5476-5483.

Saad A, Fadli M, Bouaziz M, Benharref A, Mezrioui NE, Hassani L. 2010.Anticandidal
activity of the essential oils of Thymus maroccanus and Thymus broussonetii and their
synergism with amphotericin B and fluconazole. Phytomedicine. 17:1057-1060.

Séez F, Sknchez P, Piqueras A .1994. Micropropagation of Thymus piperella. Plant Cell,
Tissue and Organ Culture 39:269-272.

Séez F. 2001. Volatile oil variability in Thymus serpylloides ssp. gadorensis growing wild in
Southeastern Spain. Biochemical Systematics and Ecology. 29:189-198.

Sarneckis C, Dambergs RG, Jones P, Mercurio M, HerderichMJ, Smith P .2006.
Quantification of condensed tannins by precipitation with methyl cellulose: development
and validation of an optimised tool for grape and wine analysis. Australian Journal of
Grape and Wine Research. 12:39-49.

Sharma S, Barkauskaite S, Duffy B, Jaiswal AK, Jaiswal S. 2020. Characterization and
antimicrobial activity of biodegradable active packaging enriched with Clove and Thyme
Essential Oil for Food Packaging Application. Foods. 9:1117

Vuolo MM, Lima VS, Maroéstica Junior MR. 2019. Phenolic compounds: structure,
classification, and antioxidant power M.R.S. Campos (Ed.), Bioactive Compounds,
Woodhead , pp. 33-50.

Youdim KA, Deans SG.1999. Beneficial effects of thyme oil on age-related changes in the
phospholipids C20 and C22 polyunsaturated fatty acid composition of various rat tissues.
Biochimica et Biophysica Acta. 1438:140-146.

Arabian Journal of Medicinal and Aromatic Plants,

ISSN 2458-5920, www.ajmap.info

AJMAP V8N2 2022 116


http://www.ajmap.inf/

