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 The present article shows how altitude and seasonal conditions (winter vs spring) could 
impact on levels of total phenols, flavonoids and tannins in leaves, stems, flowers and 

roots of Teucrium polium L. of the Tessala Mountains (western Algeria). Results show 

that on one hand, the contents of total phenols, flavonoids, and condensed and 
hydrolyzable tannins vary depending on the season (stage of development) and the 

altitude, and that on the other hand, these substances tend to accumulate in the aerial 

vegetative organs (leaf, stem and flower) rather than in the underground part (root) 
during the spring season. 
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INTRODUCTION 

 

Phenolic compounds are vegetables secondary metabolites that can be defined as molecules indirectly 

essential to plant life. They are present in all plant organs [1]. They participate efficiently in plant tolerance to 

various stresses, playing therefore a vital role in the equilibrium and adaptation of the plant in its natural 

environment [2]. They form the most important group of plant phytochemicals [3]. 

Flavonoids, phenolic compounds of plants, constitute an extremely diverse group. Among the polyphenols, 

the class of flavonoids is the most abundant and represents 60% of polyphenolic compounds [4]. They are 

responsible for the coloration of flowers, fruits and leaves and sometimes provide tissue protection against ultra-

violet aggression, defense against plant pathogens [5]. They are present in all parts of superior plants: roots, 

stems, leaves, fruits, seeds, wood, and pollen [6]. They may also be found in some forage such as clover and in 

some drinks [7]. 

Tannins are polar polyphenols of vegetable origin, existing in almost all parts of the plant: leaves, fruits and 

roots. They are characterized by their antioxidant capacity and therapeutic properties and play a role in plant 

defense against various aggressions [8]. In higher plants, two groups can be distinguished by their structure and 

their biogenetic origin: hydrolysable tannins and condensed tannins that are widely distributed in different 

families of vascular plants [9]. 

Hydrolysable tannins are present in some families of Angiosperms dicotyledons and some families of 

Fagaceae, Anacardiaceae and Geraniaceae [10]. However, they are absent from gymnosperms and 

monocotyledons [11]. 

Condensed tannins are generally more widespread in the plant kingdom and more abundant in plants than 

Hydrolysable tannins [11]. They are found among numerous vascular plants in Angiosperms and Gymnosperms 

[10]. 

Germander (Teucrium polium L.) (Quezel and Santa) [12], our work sample belongs to the Lamiaceae 

family, originated in the Mediterranean region and the Middle East. It is a perennial herbaceous plant, small in 

size (10-30 cm height) with an aromatic odor [13]. It grows at 450 to 955 meters above the sea level and flowers 

between the beginning of May and the end of August [14, 15]. It is used since a long time in traditional 
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medicine. It is known to treat gastrointestinal disorders, inflammation, diabetes and rheumatism [16]. Its 

hypotensive effects [17], anti-inflammatory [18, 19], hypoglycemic [20, 21, 19], antispasmodic [22, 23], 

antibacterial [24] and antipyretic [24, 25], antioxidant [26, 27], antinociceptive [28, 29, 30, 31] and 

hepatoprotective [32] are indeed confirmed. 

This medicinal plant is well known and used by riverside-living people due to its significant therapeutic 

interest. However, on a phytochemical aspect, this taxon remains unknown locally. In this context and in order 

to better know this taxon, a valorization attempt was undertaken by first trying to establish a plausible 

relationship between altitude and stage of development on the polyphenols synthetic activity. Moreover, the 

dosage of tannins, aggression indicators, was achieved in order to evaluate the state of the vegetation 

degradation of the Tessala mountains and anthropozoic pressures confronting this taxon (over-collect and over-

grazing). 

 

MATERIALS AND METHODS 

 

The harvest of plant material (stems, leaves, roots and flowers) which have been the object of our analysis 

was performed on T. polium L plants, growing in natural conditions in winter (vegetative stage) and spring 

(flowering stage) times of the year 2013, at two stations located at 753 m (A1) and 936 m (A2) of altitude, 

respectively. These two stations are scrubland severely degraded, located in the mountains of Tessala, (wilaya of 

Sidi Bel Abbes, west of Algeria). The identification of the taxon was performed by the Systematic Laboratory of 

the Environment Department of Sidi Bel-Abbes University. 

The Tessala region belongs to a semi-arid bioclimatic stage characterized by a rainy and fairly cold winter 

and a hot summer with a six months drought period. The average annual temperature ranges from 8.33°C and 

26.11°C. The average minimum of the coldest month ranges from 2°C to 4°C and average maximum 

temperatures of the hottest month rarely exceed 30°C [33]. 

 

Preparation of the plant extracts: 

The samples of leaves, stems, roots and flowers are separated, well washed to get rid of fine soil particles, 

dust and other impurities. They are then drained and dried in the shade in a well ventilated area. 

 

Determination of total phenolic contents in the plant extracts: 

The extraction of the phenolic compounds is carried out according to the method of El Hadrami et al. [34]. 

The amount of total phenols contained in each organ is determined using the colorimetric method of Folin-

Ciocalteu [35]. The optical density is read on a spectrophotometer at a molecular absorption wavelength of 765 

nm. The amount of the total compound phenols is determined by means of the regression equation of the 

calibration curve achieved by gallic acid increasing concentrations (0, 100, 200, 300, 400 and 500 mg / L) 

prepared in the same conditions as the samples to be measured out. 

 

Determination of flavonoid concentrations in the plant extracts: 

The determination of flavonoids was realized by the method of aluminum trichloride (AlCl3) [36]. 

Absorbance is read on a spectrophotometer at a wavelength of 510 nm. Data regarding flavonoids 

concentrations are deduced from the regression equation of the calibration curve achieved with increasing 

catechin concentrations (0, 10, 20, 30, 40 and 50 mg / L) prepared in the same conditions as the samples to be 

measured out. 

 

Determination of tannin contents in the plant extracts: 

The proportion of the hydrolysable tannins is achieved according to the protocol of Mole and Waterman 

[37]. The optical density is read at 660 nm. The hydrolysable tannins are expressed by the following formula: 

TH (%) = A x M x V)/E mole x P (with: TH being Hydrolysable Tannins; A: absorbance, E mole: 2169 gallic 

acid (constant expressed in mole) M: mass = 300, V = volume of extract used, P: sample weight). The results 

are thus represented as a percentage (%) and converted in milligram per gram of dry matter. 

The quantification of condensed tannins was made by the method of Swain and Hillis [38]. The absorbance 

of the mixture is read at 500 nm and the condensed tannins are expressed by the formula: TC (%) = (5.2 x 10
-2

 x 

A x V) / P (where : TC: condensed tannins, 5.2 x 10
-2

 constant expressed in equivalent cyanidins; A: 

absorbance, V = volume of extract used, P: weight of the sample). 

 

Statistical analysis: 

The contents of each chemical compound quantified on each vegetative organ correspond to the average of 

three trials ± the standard deviation. The statistical treatment of the results was done using the XLStat  version 

7.5.2 for the analysis of variance in order to highlight the different interactions between the studied factors 

(organs, season and altitude) and STATISTICA 6.0 for the principal components analysis with the objective 
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being to emphasize all the correlations existing between measured phenolic compounds (total phenols, 

flavonoids, hydrolysable tannins and condensed tannins), vegetative organs , the seasons (winter and spring) and 

altitude stations at which  the swabs’ harvest were made. 

 

RESULTS AND DISCUSSION 

 

The results of the total phenols and flavonoids dosage are shown in figures 1 and 2. The Average contents 

of polyphenols, expressed in terms of gallic acid equivalent (mg of EGaA/g of dry matter) range from 5.31 ± 

1.46 to 41.09 ± 2.67 mg during winter and from 8.85 ± 0.19 to 65.07 ± 2.67 mg during the spring. It is therefore 

noteworthy that the phenolic content of the analyzed T. polium various organs vary considerably. 

 

 
 

Fig. 1: Total phenolic contents in the plant extracts of Teucrium polium organs expressed in terms of gallic acid 

equivalent (mg of EGaA/g of dry matter) 

 

Likewise, the concentrations of flavonoids in various organs expressed in terms of catechin equivalent (mg 

of ECa/g of dry matter) vary from 2.95 ± 0.95 to 19.01 ± 0.70 mg during winter and from 3.60 ± 0.32 to 83.05 ± 

3.21 mg during the spring. The highest level is obtained in flowers and then decreases gradually in leaves, stems 

and roots of plants grown at a low altitude. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Flavonoid concentrations in the plant extracts of Teucrium polium organs expressed in terms of  catechin 

equivalent (mg of ECa/g of dry matter) 

 

The univariate analysis of the results for the total phenols and flavonoids showed significant differences (P 

< 0.01) between organs. Significant interactions (P < 0.01) also appear between organs-season, organs-altitude 

and season-altitude for these two classes of compounds. Thus, these high concentrations of flavonoids in the 

spring can be explained by the fact that during this season the temperatures are higher and the sunshine duration 

is longer, which would allow for T. polium various organs growth acceleration, and thus a greater flavonoids 

accumulation. Stefkov et al. [39] reported that the T. polium flavonoids content increases in the spring as 
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compared to winter, with no modification in their composition. This is in complete agreement with our obtained 

results. 

Regarding the heterogeneous distribution of phenolic compounds in different plant organs, various works 

realized on their quantification show sometimes contradictory results. Some identified the highest quantities in 

leaves [40, 41]. Dohou et al. [42], Ben Mohamed Maoulainine et al. [43] and Mahmoudi et al. [44] found 

significant variations in concentrations of total phenols and flavonoids, in the different organs of Thymelaea 

lythroides, Cynara scolymus L. and Euphorbia helioscopia L., respectively. They reported that the flowers are 

the richest organs in these two types of secondary metabolites, followed by leaves and stems, which is in perfect 

agreement with our results. Ahmad et al. [45] reported that there was correlation of higher content of total 

polyphenol with higher altitude at regions with different ecological conditions. Nchabeleng et al. [46] observe a 

positive correlation between total polyphenol content and altitude. Maximum polyphenol content (65.07 mg/g) 

was recorded in flowers at high altitude and the lowest content (5.31 mg/g) was recorded in roots at low altitude 

during vegetative stage. The highest polyphenol content was reached at the higher altitude of 936 m. It was 

evident from this study that the highest polyphenol contents  recorded in station A1 was due to the high altitude 

area at 936 m. Likewise, these contents are highly dependent on genetic factors (species, vegetative organs, 

phonological stage, etc.) and biotic and non-biotic environmental factors (soil and climate conditions, altitude, 

etc.) that affect the plant during its growth [47, 48]. 

The present study shows that total phenols and flavonoids accumulate more in flowers than in other organs 

in order, very likely to attract pollinating insects and protect this vital organ for the reproduction from infections 

caused by fungi or bacteria [49] as well as under extreme weather conditions (high temperature, sun exposure, 

drought, etc.) [50]. The Increasing amounts of flavonoids in high altitudes are properties of the some plant's 

defense against ultraviolet rays. Increasing the concentration of flavonoids is due to the high activity of the PAL 

(Phenylalanine ammonialyse) or high speed synthesis of this enzyme under UV stress [51, 52]. The high 

amounts of flavonoids in our study can be attributed to the increasing altitude and decreasing temperature. 

The results of the dosage of hydrolysable and condensed tannins are expressed in terms of mg/g of dry 

matter and presented in Figures 3 and 4 respectively. The concentration on hydrolysable tannins ranges from 

0.17 ± 0.01 to 3.83 ± 0.15 mg during winter and from 0.50 ± 0.02 to 3.83 ± 0.26 mg during the spring. 

  

 
 

Fig. 3: Hydrolysable tannins contents in the plant extracts of Teucrium polium organs expressed in mg/g of dry 

matter 

 

For condensed tannins, levels range from 0.01 ± 0.003 to 1.55 ± 0.03 mg during winter and from 0.05 ± 

0.01 to 4.86 ± 0.14 mg during the spring. 
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Fig. 4: Condensed tannins contents in the plant extracts of Teucrium polium organs expressed in mg/g of dry 

matter 

The interactions organs-organs, organs-seasons, organs-altitudes and seasons-altitude are significant (P 

<0.01). It appears thus that the leaves represent the richest part on hydrolysable tannins regardless of the season 

and altitude. Flowers however are the richest in condensed tannins in the spring only. Chiu [53] also reported 

maximum amounts of total tannin content in Pauchung tea to be obtained during summer months due to strong 

sunshine and higher temperatures. In fact, we found a direct influence of intrinsic factors such as the taxon, the 

organ, the vegetative stage as well as extrinsic, such as climatic conditions, soil predation stress on tannins 

levels [54, 11, 55, 56]. Subba et al. [57] have also observed higher tannins content during the spring season in 

fodder trees. The condensation of tannins during the cold season is an adaptation process in order to avoid injury 

during adverse conditions and helps protect the young leaves against attack by herbivorous insects [58]. The 

synthesis of tannins is generally activated in response to environmental stress, whatever its origin, such as high 

sunshine [59]. Stress leads to aggression of plants by herbivores or pathogens; it induces increased synthesis of 

secondary metabolites and significant storage tannins, condensed tannins in particular, at the contested area [60, 

61]. 

The matrix of the principal component analysis (PCA) includes the performed dosage results. Phenolic 

compounds are considered as variables, and individuals, numbered 14, are represented by the different organs 

harvested at both altitudes (A1 and A2) and in the vegetative as well as flowering stages). 

The circle of the correlations (Figure 5) shows PCA-secreted segregation in regard to various measured 

phenolic compounds. Referring to the correlation matrix, the two groups appear on the F1-axis carrying 82.08 % 

of total information against 10.53 % carried by the F2-axis. 

 

 
Fig. 5: Correlation circle of the PCA 
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TP: total phenols; Flv flavonoids; HT: hydrolysable tannins; CT: condensed tannins 

- Group 01 (G01) consisting of total phenols (TP), flavonoids (flv) and condensed tannins (CT)  

- Group 02 (G02) formed by hydrolysable tannins (HT). 

On the Factorial plan F2-F1 (Figure 6) are represented PCA-secreted segregation related to different 

analyzed organs. At this level, 82.08% of the information is explained by the F1-axis against a rate of 10.53% 

per F2-axis. 

 

 
Fig. 06: Factorial plan of the PCA 

 

LvA1: leaves vegetative stage, altitude 1; LvA2: leaves vegetative stage, altitude 2; SvA2: stems vegetative 

stage, altitude 1; SvA2: stems vegetative stage, altitude 2; RvA1: roots vegetative stage, altitude 1; RvA2: roots 

vegetative stage, altitude 2; LfA1: leaves flowering stage altitude 1; LfA2 : leaves flowering stage, altitude 2; 

SfA1 : stems flowering stage, altitude 1; SfA2 : stems flowering stage, altitude 2; RfA1 : roots flowering stage , 

altitude 1; RfA2 : roots flowering stage , altitude 2; FfA1 : flowers flowering stage, altitude 1; FfA2 : Flowers 

flowering stage, altitude 2 

Based on correlations between the different organs and their contribution, three groups are identified:  

- Group 01 (G01) formed in the positive side of the F1 axis, which includes all organs of T. polium 

presenting the lowest levels of total phenols, flavonoids and condensed tannins; those are in regard to winter 

leaves of the station 01 (LvA1), winter stems and roots of both stations (SvA1, RvA1, Sv2, RvA2), and finally 

spring stems and roots of both stations (SfA1, RfA1, SfA2, RfA2). So, whatever the altitude and season are, the 

organs are the least endowed with this type of secondary metabolites. 

- Group 02 (G02) formed in the negative side of the F1 axis containing the richest spring organs in these 

compounds (total phenols, condensed tannins and flavonoids). It includes the spring leaves of the second station 

(LfA2) and flowers of both stations (FfA1, FfA2). Thus a combined effect of the 02 factors, namely the altitude 

and season, are seen. 

- Group 03 (G03) formed in the negative side of the F1 axis and includes all vegetative organs whose 

contents in hydrolysable tannins are the highest. It concerns the winter and spring leaves of station 01 (LvA1 

and LfA1), which confirms the strong disturbances affecting the ecosystem. 

 

Conclusion: 

This study highlights the variations in levels of polyphenols, flavonoids and tannins present in the T. polium 

of the Tessala Mountains, depending on the season and the altitude. The increasing amounts of secondary 

metabolites may be due to as unusual geo-climatic changes for this species. Indeed, these biomolecules play a 

significant role in plant protection opposite the various environmental aggressions and are therefore subject to 

significant fluctuations. Plants respond to environmental stimuli by synthesizing the phenolic compounds which 

can protect them against various attacks [62]. 

Therefore, for any valorization of this taxon in regard to polyphenols, it would be recommended to work on 

a collected plant material during the spring and which is rich in secondary metabolites. The important tannins 
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concentrations may be considered as indicators of both the fragile ecosystem of the Tessala Mountains as well 

as the space degradation state generated by the human action (uncontrolled harvests of medicinal plants) and 

over-pasturing of flocks - ovine, cattle and goats – [63]. These increased and most condensed hydrolysable 

tannins could be considered as an answer to these anthropozoic disturbances. Unequal distribution of these 

substances in different plant organs (flowers, leaves, stems and roots) contribute in orienting future studies on a 

specific goal. It appears that the flowers, ensuring the reproduction and leaves, where all syntheses occur, are the 

richest organs in total phenols, flavonoids and tannins in T. polium. 
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