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Abstract 
 

Nassauvia dentata Griseb. (Asteraceae), is distributed from the mountain range in the Bío Bio region to Magallanes 

region in Chile. In this investigation, an antioxidant effect evaluation of N. dentata leaves and stems was performed with 

2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) cationic radical and 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) free radical, expressed in equivalents. The concentration of the methanolic extract obtained from N. 

dentata (MEN), required to inhibit 50% of ABTS absorbance and DPPH absorbance (IC50 value), was calculated..In a 

kinetic assay performed with ABTS and determined with the IC50 value of 0.737 mg mL-1, the maximum effect was detected 

after 30 minutes (min), with an inhibition of 96.44 ± 2.44%. DPPH kinetic assay was made with the IC50 value of 1.562 mg 

mL-1 and after 20 min it was observed the maximum point of inhibition level, of 79.92 ± 3.39%. Consequently the assay of 

total polyphenols (TP) was determined according to the Folin-Ciocalteu method. Also phytochemical assays were made to 

recognize the secondary metabolites, present in the plant material and in MEN. A bigger presence of tannins, anthraquinones 

heterosides, steroid derivatives, coumarins, and flavonoids were found. Evaluation of the antifungal effect assay was made 

using different concentrations of MEN against Rhizoctonia solani Kühn (Ceratobasidiaceae). It was possible to determine 

the maximum inhibition level of growing of the mushroom at 20 mg mL-1 of MEN concentration, on average 77 percent.  

The results of the present study indicate the presence of polyphenols in this plant, and might be considered as a source of 

bioactive compounds. 
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Introduction 

 

The genus Nassauvia belonging to the subtribe 

Nassauviinae, is distributed across the south of the Andes 

from Bolivia to the Tierra del Fuego, and also can be found 

on the Falkland Islands and in Antarctica (Cabrera, 1982; 

Lewis Smith & Richardson, 2011). In Chile, there exist 24 

species of Nassauvia, and 10 of them have been 

investigated chemically (Bohlmann & Zdero, 1979; Zdero 

et al., 1986; Zdero et al., 1988; Bittner et al., 1988; Bittner 

et al., 1989; Zdero & Bohlmann, 1990; Pritschow et al., 

1991; Kotowicz et al., 2005). The native species Nassauvia 

dentata Griseb., distributed to the south of the Andes 

mountain range, appearing in Chile and Argentina (Moreira 

et al., 2011), has not been chemically investigated, and the 

novelty of our research consists of a contribution on the 

knowledge of chemical compounds of N. dentata, which is 

a Chilean vascular plant with unknown and not investigated 

biological effects, up to the present day. The environmental 

and living conditions of N. dentata, contributes to a high 

stress environment where few species can adapt and 

survive (Hoffmann et al., 1998). Due to the living 

conditions of this species, it is of interest the study of its 

secondary metabolites and antioxidant activity.  

Antioxidants are secondary metabolites that can 

delay or inhibit the oxidation of lipids or other molecules 

(Ozen & Demirtas, 2015). Many antioxidants of natural 

origin, show an ample range of biological effects, 

including antibacterial, antiviral, anti-inflammatory and 

cardioprotective effects (Kunnumakkara et al., 2017; 

Davinelli et al., 2018). 

The antioxidant activity and its relation to 

antibacterial properties are due to the presence of 

polyphenols and a variety of secondary metabolites 

present in distinct plant species (Martelli & Giacomini, 

2018). In addition, some vegetable extracts due to their 

contents in secondary metabolites, possess antifungal 

effects specifically in the stages of post-harvest (Ncama et 

al., 2019). The natural antioxidants, including ascorbic 

acid and the plant extracts rich in polyphenols (Enko & 

Gliszczyńska-Świgło, 2015), are used as preservatives in 

foods, as beneficial agents for health, in pharmaceutical 

production and cosmetic products (Baenas et al., 2019; 

Vieira et al., 2019). Moreover it is possible to improve the 

activity and the preservative properties of the polyphenols 

in foods, using these secondary metabolites as antioxidant 

polymers (Gahruie & Niakousari, 2017). 

The phenolic antioxidants of synthetic origin have 

been related to human live due to its use; however there is 

a growing concern due to its lack of biological security 

(Yang et al., 2018). Hence, an alternative is the use of 

biodegradable antioxidants (Hendel et al., 2016) of 

natural origin. Another aspect to consider in the selection 

of antioxidants of natural origin is their antioxidant 

activity in comparison with antioxidants of synthetic 

origin. In fact, there exist antioxidants of natural origin 

which are contained in plant extracts that possess a 

superior antioxidant activity in comparison with 

antioxidants of synthetic origin (Qasim et al., 2017; 

Taşkın et al., 2018). The application of chemical 

pesticides and the use of resistant plant species are 

methods used at controlling pathogenic fungi. The 

adverse effects of pesticides on human health and on the 



CARLOS SCHNEIDER ET AL., 1042 

environment, and the emergence of resistant pathogens to 

conventional pesticides, in addition to the observed 

changes in plants resistance, showed that the use of 

synthetic pesticides is not recommended for longer 

(Mamarabadi et al., 2018). An alternative to control the 

pathogenic organisms in plants are the plant extracts 

(Bineshian et al., 2018) which are the most effective and 

least damaging to the environment (Chowdhary et al., 

2018). As mentioned above, it is relevant to focus on the 

search of new chemical compounds which are obtained 

from natural sources. The aim of this study is to determine 

the biological activity in methanolic extracts obtained 

from leaves and stalks of N. dentata, in order to contribute 

to the knowledge about the plant species that can provide 

antioxidant and antifungal effects. 
 

Materials and Methods 

 

Plant material: The leaf and stalk samples of the N. 

dentata were collected in summer time, at 1550 meters 

above sea level, on the west side of the Volcano Callaqui 

(37º55’0’’S 71º27’0’’O), located on the Andes mountain 

range, in the region of Bio-Bio, locality of Callaqui in 

Chile. The sample collection of the plants was conducted 

in a random format around the base of the volcano.  The 

plant material was transported to the Laboratorio de 

Extractos Vegetales of the Universidad de Concepción. 

The plant was washed with water and oven dried 

(Memmert UFB 500) at 30°C. Then, the plant was 

crushed, using a grinder (Waring Commercial HGBT 

WT). After obtaining a homogenous sample, it was stored 

for its later use. 

 

Preparation of the extract: The methanolic extract was 

obtained in  a Soxhlet apparatus (Glassco 3049/8), with 

methanol (MeOH) as an extraction solvent, at 60ºC ± 5ºC, 

for a period of 6 hours (4 cycles). The methanol contained 

in methanolic extract obtained from N. dentata (MEN), 

was evaporated, utilizing a rotary evaporator (Heidolph 

Laborota 4001 efficient) at 50°C ± 5°C. The dry extract 

was weighed and stored at 4°C in complete darkness in 

the Laboratorio de Extractos Vegetales at the Universidad 

de Concepción, Campus Los Angeles.  

 

Determination of antioxidant activity 

 

ABTS radical-scavenging assay: According to the 

developed methodology (Huang et al., 2010) with 

modifications, the cation ABTS
·+

 was prepared after the 

reactions of ABTS (7 mM) (Sigma-Aldrich A1888) with 

potassium peroxodisulfate (2.45 mM) (Merck 

1.05091.0250) incubated at room temperature and in 

complete darkness for 16 hours (h), using MeOH as 

solvent. Once the radical ABTS
·+

 was formed, it was 

diluted with MeOH until the absorbance value, measured 

at 734 nm, was between 0.70 ± 0.02. In this method 2 mL 

of ABTS
·+

 in MeOH with 0.175 mL of MEN were 

incubated at different concentrations during 1 minute 

(min) at room temperature and later the absorbance was 

measured using a spectrophotometer (UV/Vis 

Spectroquant Pharo 300). The antioxidant activity done 

via ABTS was evaluated at 734 nm, with various 

concentrations of MEN in a range of 0.125 to 6.000 mg 

mL
-1

. Regarding the negative control, a mixture composed 

of 2.0 mL ABTS
·+

 plus 0.175 mL of MeOH was used, and 

MeOH was used for adjusting the zero point. The data of 

the absorbance was transformed in percentage decrease of 

absorbance of ABTS (Ruffo et al., 2017), in accordance 

with the following equation (1): 

 

Inhibition (%) = (A0 – A1 / A0) x 100 (1) 

 

where A0 is the absorbance of the negative control and A1 is 

the absorbance of the samples. The test was performed in 

triplicate and the IC50 concentration was calculated from a 

linear equation, obtained from the graphic of MEN 

concentration versus inhibition (%) of absorbance. The 

antioxidant capacity measured by means of ABTS was  

also expressed as trolox equivalents per gram of dry weight 

(TEAC) (Jorjong et al., 2015) and like Vitamin C (VitC) 

equivalents (VCEAC) per gram of dry weight (Kim et al., 

2018). For the TEAC test and for the VCEAC test 

calibration curves with trolox (Merck 648471) and with 

VitC (Sigma-Aldrich 33034) were made, respectively. In 

the kinetic test performed using the radical ABTS
·+

, 2 mL 

of ABTS
·+

 were incubated with 0.175 mL of MEN at a 

concentration of IC50 and the absorbance was measured at 

734 nm in a spectrophotometer (UV/Vis Pharo 300 

Spectroquant) during 2h. A mixture of 2 mL of ABTS
·+

 plus 

0.175 mL of MeOH was used as negative control. 

Additionally MeOH was used for adjusting the zero point. 

The absorbance values were registered in 5min intervals, 

and absorbances were transformed in percentage decrease 

of absorbance, using equation 1. The kinetic test was 

performed in triplicate. 
 

DPPH radical-scavenging assay: The measurement of 

antioxidant activity was evaluated, measuring the capacity 

of MEN to reduce the free radical DPPH
 
(Sigma-Aldrich 

D9132), according to the method previously described 

(Gargouri et al., 2013), with modifications. By means of 

this method, 4 mg of DPPH was measured and diluted 

with 100 mL MeOH; obtaining a concentration of 0.04 

mg mL
-1

. The methanolic solution of DPPH was diluted 

with MeOH until obtaining a absorbance near 0.90, 

measured at 517 nm. Two mL of the methanolic solution 

of DPPH (adjusted to 0.90 at 517 nm) with 0.175 mL of 

MEN at different concentrations were incubated during 

1min at room temperature and later the absorbance was 

measured using a spectrophotometer (Thermo Scientific 

Genesys 10 U.V). In the test conducted using DPPH, 

concentrations of MEN were evaluated at 517 nm, in a 

range of 0.125 at 6.000 mg mL
-1

. A solution composed of 

2.0 mL of DPPH and 0.175 mL of MeOH was used as 

negative control, and MeOH was used for adjusting the 

zero point. The data of absorbance was transformed to a 

percentage inhibition of absorbance of DPPH in 

agreement with equation 1. The test was performed in 

triplicate and via the curve equation obtained from the 

graphic of MEN concentration versus inhibition (%) of 

absorbance, the IC50 concentration was determined. The 

antioxidant effect determined via DPPH was also 

expressed as TEAC (Devi et al., 2019) and as VCEAC 

(Zhang et al., 2018). In the kinetic test via the radical 
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DPPH, 2 mL of DPPH with 0.175 ml of MEN was 

incubated at the IC50 concentration and its absorbance was 

measured at 517 nm on the spectrophotometer (Thermo 

Scientific Genesys 10 UV) during 2h, and this test was 

perfomed in triplicate. As the negative control, a mixture 

of 2 mL of DPPH plus 0.175 mL of MeOH were used. 

Additionally MeOH was used for adjusting the zero point. 

The values of absorbance were registered in 5min 

intervals and were transformed in percentage inhibition of 

absorbance, using equation 1. 
 

Determination of total polyphenols: The concentration 
of TP, was determined according to the Folin-Ciocalteu 
method (Grzegorczyk-Karolak et al., 2015), with 
modifications. Based in MEN, a diluted solution was 
prepared in MeOH to achieve a concentration of 0.125 
mg mL

-1
 in 25 mL, after 1.25 mL of Folin-Ciocalteau’s 

phenol reagent (Merck 1.09001.0500) was added, and 
mixed in a 25 mL volumetric flask for 1 min, afterwards 
5 mL of Sodium carbonate was add at 20% m v

-1 
(Merck 

1.06392.1000). Finnaly the flask of 25 mL was filled 
with methanol. MeOH was used instead of MEN to 
calibrate the zero and the assay was performed in 
triplicate. To express the results as Gallic acid 
equivalents (GAE) per gram of dry extract, a standard 
curve of Gallic acid was used. The readings were taken 
at 765 nm on the spectrophotometer UV/Vis (Thermo 
Scientific Genesys 10 UV). 

 
Qualitative assays for detection of secondary 
metabolites: A test of secondary metabolites was 
performed to determine the presence of alkaloids 
(Maldoni, 1991), anthraquinones (Ayoola et al., 2008), 
coumarins (Yahyaoui et al., 2017) derived from the 
steroid nucleus, flavonoids, heterosides (anthraquinones, 
cyanogens and cardiotonics) (Tiwari et al., 2011), 
reducing sugars, saponins and tannins (Ayoola et al., 
2008), in order to evaluate, distinguish and to be able to 
classify different metabolites present in the plant material 
(PM) and MEN, by means of tests, chemical reactions of 
coloration and precipitation. A qualitative scale was used 
to evaluate the presence of the absence of the secondary 
metabolites using the following symbols: the marked 
presence of the metabolite (+++), a normal presence (++), 
a weak presence of the metabolite (+) and the absence of 
a secondary metabolite to evaluate (–). 

Antifungal effect of MEN: Antifungal activity of MEN 

was determined against the pathogenic fungus 

Rhizoctonia solani Kühn (LBH-Rs) and samples of the 

fungus were supplied by the Laboratorio de Biotecnología 

de Hongos of the Universidad de Concepción. In the test 

the proposed methodology (Radhakrishanan Sridhar et al., 

2003), with modifications was applied. The fungus was 

activated using potato dextrose agar (PDA) (Liofilchem 

610102) at 24°C, during a period of 72h in the incubator 

(Binder ED53). After the activation of the fungus four 

concentrations of MEN (100, 200, 300 and 400 mg mL
-1

) 

were prepared, in a test tube diluted with distilled and 

purified water. The tubes were sealed and then mixed 

using a Vortex Agitator (Boeco v1 plus). Each solution 

was poured out on to a Petri dish with 19 mL of PDA 

solution and left to solidify (3–5min), and the process was 

perfomed in triplicate for the four concentrations (5, 10, 

15, and 20 mg mL
-1

, obtained as the final concentrations 

of MEN in the Petri dishes.  

After the time period had lapsed, a piece of Agar was 

transferred that contained the hyphae (0.91 cm
2
 and 5 mm 

of density) to the center of the dish, with the hyphae in 

contact with the new environment. The dishes were stored 

at 24°C for 72h in an incubator (Boeco v1 plus) and the 

measurement of the mycelium area was performed every 

12h with Image J2x software. The same procedure was 

performed for the negative control samples composed of 19 

mL of potato dextrose agar plus 1 mL of distilled and 

purified water. The results were expressed in a % inhibition 

using the proposed equation (Ruiz-Bustos et al.,  2009). 

To determine the Mycelium dry weight, the samples 

from the previous test were transferred to the glass petri 

dishes and taken to the autoclave. The paper filter was 

taken to the oven (Binder BD53) at 75°C for 24h to 

eliminate humidity. After finishing the autoclave process, 

the filtering process and the cleaning of the fungi with 

distilled water (hot) was continued (using a vacuum 

pump). The samples were stored in an oven (50°C) until 

they reached a constant mass free of humidity, and the 

assay was performed in triplicate. Then the inhibition was 

calculated from the dry weight of the mycelium 

(percentage inhibition of the dry mycelial weight) using 

the following equation (2): 

 

Mycelial mass
(control and with MEN )

=
Mycelial mass (g)

(With the filter pape)
−

Mass of the 
filter paper (g)

    (2) 

 

% Inhibition of mycelial
dry weight

=

Mycelial mass

of the negative control (g)
−

Mycelial mass

with MEN(g)

Mycelial mass

of the negative control (g)

× 100 

 

Statistical analysis 

 

The data from the registered absorbance for the In 

vitro models for the radical DPPH, radical ABTS
·+

, TP, as 

well as for the antifungal effect were obtained using an 

analysis of variance (ANOVA) and multiple comparisons 

using the test of tukey (p<0.05) with the statistical 

software InfoStat.  

Results and Discussion 

 

Extraction process: Three extractions were performed 

with methanol on the Soxhlet extractor, employing a total 

mass of vegetal material of 30.78 g. The final mass 

obtained from the dry methanolic extract, was at 6.86 g. 

The methanolic extract obtained corresponds to the 

22.29% of the dry weight of N. dentata. 



CARLOS SCHNEIDER ET AL., 1044 

Antioxidant capacity of MEN: The antioxidant activity of 

MEN, represented by the IC50 values, and equivalent values 

expressed as TEAC and VCEAC are shown in Table 1.  

The obtained IC50  values fall within the acceptable 

ranges in accordance with previous investigations 

(Skenderidis et al., 2018; Li et al., 2021) and a high 

antioxidant activity is represented by a low IC50  value 

(Jiang et al., 2021). Previous studies show that there is a 

positive correlation between antioxidant activity and 

habitat conditions such us altitude (Suyal et al., 2019), 

drought stress (Espadas et al., 2019), and UV-B 

irradiation (Yildirim, 2020). As mentioned above N. 

dentata was collected at 1550 meters above sea level in 

summer time, under environmental conditions influencing 

the antioxidant activity. The type of solvents with 

different polarities and extraction conditions, used for the 

extraction of phenolic compounds, have an influence on 

the antioxidant activity, and the extraction of total 

phenolic content also varied according to the plant species 

(Ng et al., 2020). Methanol and ethanol are commonly 

used solvents, however acetone is also a good solvent for 

extracting polyphenols to observe the antioxidant activity 

(Nguyen et al., 2022). By comparing organic solvents 

such us methanol, ethanol and n-hexane, methanol was 

found to be the best solvent of choice for the extraction of 

phenolic compounds, and the methanol extract of 

mountain fennel (Zaravschanica membranacea) exhibited 

the highest antioxidant activities by DPPH and ABTS 

assays (Rezaei & Pirbalouti, 2019). 

The reaction of reduction of ABTS was concentration 

dependent, reaching a 93.69 ± 3.58% in the inhibition of 

ABTS with a MEN concentration of 2.000 mg mL
-1

. and 

increasing the concentrations of MEN maintained an 

average effect of  94.09 %. In the test conducted using 

DPPH, the main effect was observed in concentrations of 

3 mg mL
-1

, with a inhibition of 93.34 ± 3.93%, and on the 

other hand with MEN concentrations greater than 3 mg 

mL
-1

 the effect was atypically low, reaching a 68.82 ± 

2.78% at a concentration of 6.000 mg mL
-1

.  

The IC50 values for MEN obtained from the graphics 

of extract concentration versus the inhibition percentage 

of absorbance, revealed the donation of electrons to 

reactive free radicals (Jiang et al., 2021).  

By using the method based on ABTS, in the TEAC 

test, the measured absorbance at a MEN concentration of 

0.5 mg mL
-1

 (500 μg mL
-1

), showed an equivalence of 

12.71 ± 0.99 µg mL
-1

 for trolox (25.42 ± 1.98 mg of 

trolox 1 g
-1

 of MEN). The VCEAC test based on the 

measured absorbance of ABTS at a MEN concentration of 

0.5 mg mL
-1

 (500 μg mL
-1

), showed an equivalence of 

15.03 ± 1.12 µg mL
-1

 for VitC (30.06 ± 2.24 mg of Vit C 

1 g
-1

 of MEN) (Table 1). 

In the test conducted using DPPH, the TEAC test 

based on the measured absorbance of DPPH at a MEN 

concentration of 0.5 mg mL
-1

 (500 μg mL
-1

) showed an 

equivalence of 15.87 ± 6.41 µg mL
-1

 for trolox (31.74 ± 

12.82 mg of trolox 1 g
-1

 de MEN). In the VCEAC test 

based on the measured absorbance of DPPH at a MEN 

concentration of 0.5 mg mL
-1

 (500 μg mL
-1

), the result 

was an equivalence of 49.45 ± 4.07 µg mL
-1

 for Vit C 

(98.90 ± 8.14 mg of Vit C 1 g
-1

 of MEN) (Table 1). The 

results of TEAC reveals the antioxidant capacity of MEN, 

in fact Trolox is a water soluble α-tocopherol derivative 

used as a reference related to the antioxidant capacity of 

other compounds (Said & Mekelleche, 2021). Ascorbic 

acid (Vitamin C) and tocopherols (Vitamin E) are 

nutrients, with antioxidant effect due to their free 

hydroxyl group (Im et al., 2014).  

 

Table 1. Main data of antioxidant analysis. 

Radical IC50 TEAC * VCEAC ** 

ABTS 0.74 mg mL
-1 

25.42 ± 1.98 mg 30.06 ± 2.24 mg 

DPPH 1.56 mg mL
-1 

31.74 ± 12.82 mg 98.90 ± 8.14 mg 
* The expression of the results is 1 g of MEN, equivalent to mg of trolox 

** The expression of the results is 1 g of  MEN, equivalent to mg of Vitamin C 

 

The antioxidant effect during the time was evaluated 

in 2h in a MEN concentration of 0.737 mg mL
-1

 (IC50). Its 

initial effect was from 55.03 ± 5.99% at 0min, reaching a 

maximum effect at 30 min with an average of 96.44 ± 

2.44%. After having reached a maximum of 30 min, the 

effect in time experiences a slight drop after each 5min. 

Upon finishing the test, it reached an effect of 93.91 ± 

5.11% (Fig. 1). 

The antioxidant effect during the time was evaluated in 

2h using a concentration of 1.562 mg mL
-1

 (IC50) of MEN. 

Its initial effect was at 53.90 ± 11.54% at 0min, reaching a 

maximum effect at 20min with an average of 79.92 ± 

3.39%, after having reached the maximum effect at 20min, 

the effect in time lessened every 5min. finishing the test, 

and the final effect was measured at 74.42 ± 8.21% (Fig. 1). 

On both assays made using ABTS and DPPH, a steady 

state was observed, as shown in (Fig. 1) where the 

percentage decrease of absorbance reach a peak, in 

accordance with the largest percentage decrease of 

absorbance observed during the assays. The remaining 

DPPH percentage at the steady state at different 

concentrations of flower and leaf extracts of Ferula 

gummosa was determined by Nazari et al., (2019), and 

these authors recorded the decrease in absorbance until 3 

hours and thereafter 2 hours until the reaction reached a 

steady state. However, in our antioxidant effect of MEN 

during the time, a steady state was observed before 2 hours.  

To determine the antioxidant activity, different 

methods and forms of result expression were utilized 

(Gülcin, 2012), because each method possess a distinct 

sensitivity to each compound with a determined 

chemical structure, just as it is necessary to express the 

antioxidant effect in equivalents to quantify and to 

compare the antioxidant compounds in the plant extracts 

in relation to the reference compound (Gupta, 2015). 

The antioxidant activity of N. dentata had not been 

studied, except in the present study and this effect is due 

to the secondary metabolites that are present in this 

species, like flavonoids (Fierascu et al., 2018) and 

tannins (Shirmohammadli et al., 2018). 
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Determination of TP: To determine the TP, using the 

method of Folin-Ciocalteu, a concentration of 0.125 mg 

mL
-1

 of Men was used, obtaining an average of 

absorbance of 0.460 for the MEN. The calculations 

indicated that the content of TP in MEN expressed as 

GAE in the extract, was 29.54 ± 0.81 mg g
-1

, and this 

corresponds to a 2.95 ± 0.08%, and gallic acid (Jorjong 

et al., 2015) is a good reference compound in 

comparision with other commercial standards, for 

determining total phenol content (Gao et al., 2019). 

However, the content of TP in MEN was also detected 

using qualitative chemical reactions.  

The content of TP in MEN,  was higher in 

comparison with other methanolic extracts of pants, as 

examples Jayswal et al., (2021) detected 779.58 mg GAE 

100 g
-1 

in Basella alba leaves, and Lee & Chang (2019) 

detected 0,37 mg GAE 100 g
-1

 in Lepidium meyenii 

leaves. On the other hand the content of TP in MEN was 

lower in comparison with methanolic extract of the aerial 

part of Nepeta asterotricha, with a total phenol content of 

54, 6 mg g
-1 

(Mirjalili et al., 2021).  

 

Secondary metabolites recognition assays: The results 

of the colorimetric analysis indicate a presence of 

various groups of secondary metabolites where steroid 

derivatives are highlighted. Reducing sugars were only 

present in PM and anthraquinones heterosides were 

present in PM and MEN. The presence of tannins was 

revealed, with a great amount of bluish-green 

precipitate, indicating the presence of not-hydrolysable 

tannins belonging to the catechol group and 

hydrolysable pyrogallic tannins. In the identification of 

flavonoids, an orange coloration indicating the presence 

of flavones (HCl/Zn) and flavonols (HCl/Mg) was 

obtained. In both samples, it was possible to identify the 

presence of de coumarins (Table 2). 
 

Table 2. Phytochemical analysis of PM and of MEN to 

recognize secondary metabolites. 

Secondary metabolites PM MEN 

Alkaloids 

Dragendorff *  -   -  

Lugol *  -   -  

Mayer *  -   -  

Anthraquinones  -   -  

Coumarins + +  + +  

Derivatives of the steroid nucleus + + + + + + 

Flavonoids 
HCl/Mg * + +  + +  

HCl/Zn * + +   -  

Heterosides 

Anthraquinones ** + + + + + + 

Cyanogens **  -   -  

Cardiotonics **  -   -  

Reducing Sugars + + +  -  

Saponins  -   -  

Tannins + + + + + + 

Marked presence of the metabolite (+++), normal presence 

(++), Weak presence of metabolite (+) and (–) indicates absence 

of the secondary metabolite to evaluate. Reactive*, a 

classification of Heterosides** 

In the MEN and the PM, the marked presence of the 

three metabolic groups was detected, using the 

phytochemical test of recognition, the presence of the 

derivatives of the steroid nucleus, anthraquinones 

heterosides and tannins were able to be identified. The 

derivatives of the steroid nucleus fulfill the hormonal 

functions of growth, development and also defense 

against herbivores (Stowe, 1998; Calf et al., 2018). It 

should be considered that the samples collected were in 

the process of flowering, and that implies hormonal 

changes (Arrom & Munné-Bosch, 2012; He et al., 

2017). The tannins possess defensive properties against 

pathogenic fungi (Ullah et al.,  2019) and insects, being 

the biochemical interactions between insects and plants 

the more important and effective than the morphological 

ones due to their dynamic nature (Rasheed War et al., 

2018). Some studies have shown that the tannins play a 

main role for the defense of plants against abiotic and 

biotic stresses (Pinasseau et al., 2017; Top et al., 2017). 

In MEN and in the PM, a normal presence of coumarins 

and flavonoids were detected. The flavonoids possess 

multiple functions characterized for their defense 

mechanism against herbivores (Berardi et al., 2016), 

also participating in processes of pollination (Lan et al., 

2017), and in the resistance of plants against the photo-

oxidation (Falcone Ferreyra et al., 2012). In the genus 

Nassauvia, the identification studies and analysis of the 

coumarins stand out (Bohlmann & Zdero, 1979; Zdero et 

al., 1986; Zdero et al., 1988; Bittner et al., 1988; Bittner 

et al., 1989; Zdero & Bohlmann, 1990; Pritschow et al., 

1991; Kotowicz et al., 2005). One of the functions of 

coumarins like phytoalexins is to act as antimicrobial 

agents (Jeandet et al., 2013) and their acumulation due 

to the presence of fungi, bacteria, and virus have been 

observed (Simkovitch & Hupppert, 2015). 

 

Antifungal activity: The MEN presented fungistatic 

activity against the pathogenic fungus R. solani with a 

maximum percentage of inhibition of the radial mycelium 

growth of 76.95% at 20 mg mL
-1

 and at lower 

concentrations the effect decreased (Fig. 2).  

The mycelia was measured upon finishing the 

antifungal test (at 72h). The mycelial mass was inversely 

proportional to the concentration of MEN. With a high 

concentration of MEN fungi mass was less. At a 

concentration of 5 mg mL
-1

 of MEN the percentage 

inhibition of dry weight was 28.98% and 56.99% at a 

concentrations of 20 mg mL
-1

 of MEN. Significant 

differences against the dry weight of the control were 

observed (Fig. 3).  

The MEN presented antifungal activity (fungistatic) 

against R. solani, overall in high concentration (20 mgmL
-

1
). This activity is due to the morphological changes due 

to the destruction of the organelles in the endomembrane 

system. These alterations and damages in vegetative 

hyphae or conidia have been described previously 

(Hashem, 2011; Khan & Ahmad, 2011). 

https://www.linguee.es/ingles-espanol/traduccion/phytochemical.html
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Fig. 1. Antioxidant effect of MEN in time, using the concentration IC50. The values were expressed in the percentage inhibition of the 

radical, in a period of 120 min. 
 

 
 

Fig. 2. Inhibition of the mycelial area of R. solani at different concentrations of MEN. The same letters indicate that the differences are 

not statistically significant (p<0.05) (Test Tukey). * Is a control sample without MEN. 
 

 
 

Fig. 3. Inhibition of the dry weight of mycelium R. solani at different concentrations of MEN. The same letters indicate that the 

differences are not statistically significant (p<0.05) (Test Tukey). * Is a control test without MEN. 
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Conclusion 
 

N. dentata is a species that lives in extreme and dry 

conditions, it is exposed to the sun without any protection, 

and it can withstand high and low temperatures and can 

be covered with snow for months. In fact, N. dentata was 

collected in an area with a high solar radiation during 

summer time, and with snow and low temperatures in 

winter time. The above mentioned conditions indicate the 

existence of abiotic stress. These life conditions suggest 

that this species contains and produces compounds with 

stable antioxidant activity during the time, consisting of 

phenols, based on the results obtained in the present work. 

The observed antifungal activity of MEN could be related 

with the phenol content, especially with tannins and 

flavonoids, which were detected using qualitative 

methods. In summary, N. dentata opens possibilities for 

obtaining secondary metabolites, particularly phenols that 

could be applied as antifungal agents. 

 

Acknowledgements 
 

This work has been supported by the Vicerrectoría de 

Investigación y Desarrollo (Project Nr. 214.418.007-1.0) 

of the Universidad de Concepción. The autors thank Dr. 

Mrs. Alejandra Flores for her botanical identification and 

Mrs. Claudia Flores for her technical support.  

 
References 

 

Arrom, L. and S. Munné-Bosch. 2012. Hormonal changes 

during flower development in floral tissues of lilium. 

Planta, 236: 343-354. 

Ayoola, G.A., H.A.B. Coker, S.A. Adesegun, A.A. Adepoju-

Bello, K. Obaweya, E.C. Ezennia and T.O. Atangbayila. 

2008. Phytochemical screening and antioxidant activities of 

some selected medicinal plants used for malaria therapy in 

southwestern Nigeria. Trop. J. Pharm. Res., 7: 1019-1024. 

Baenas, N., M. Belovic, N. Ilic, D.A. Moreno and C. Garcia-

Viguera. 2019. Industrial use of pepper (Capsicum annum 

L.) derived products: technological benefits and biological 

advantages. Food Chem., 274: 872-885. 

Berardi, A.E., P.D. Fields, J.L. Abbate and D.R. Taylor. 2016. 

Elevational divergence and clinal variation in floral color 

and leaf chemistry in  Silene vulgaris. Amer. J. Bot., 103: 

1508-1523. 

Bineshian, F., N. Bakhshandeh, K. Taherian and H. Nazari. 

2018. GC-MS analysis of anti-Candida and antioxidant 

activities of hydroalcoholic leaf extract of Chaerophyllum 

macropodum. Jundishapur J. Nat. Pharm. Prod., 13: 1-6. 

Bittner, M., J. Jakupovic, F. Bohlmann and M. Silva. 1988. 5-

methylcoumarins from Nassauvia species. Phytochem., 27: 

3845-3847. 

Bittner,  M., J. Jakupovic, F. Bohlmann and M. Silva. 1989. 

Coumarins and guaianolides from further chilean 

representatives of the subtribe Nassauviinae. Phytochem., 

28: 2867-2868.  

Bohlmann, F. and C. Zdero. 1979. Natürlich vorkommende 

terpen-derivate, 155. Neue sesquiterpene mit anomalem 

kohlenstoffgerüst sus der tribus Mutisieae. Chem. Ber., 112: 

427-434.  

Cabrera, A.L. 1982. Revisión del género Nassauvia 

(Compositae). Darwiniana, 24: 283-379.  

Calf,  O.W., H. Huber, J.L. Peters, A. Weinhold and N.M. van 

Dam. 2018. Glycoalkaloid composition explains variation in 

slug resistance in Solanum dulcamara. Oecol., 187: 495-506.  

Chowdhary, K., A. Kumar, S. Sharma, R. Pathak and M. Jangir. 

2018. Ocimum sp.: source of biorational pesticides. Ind. 

Crop. Prod., 122: 686-701. 

Davinelli, S., G. Corbi, S. Righetti, B. Sears, H.H. Olarte, D. 

Grassi and G. Scapagnini. 2018. Cardioprotection by cocoa 

polyphenols and ω-3 fatty acids: a disease-prevention 

perspective on aging-associated cardiovascular risk. J. 

Med. Food, 21: 1060-1069. 

Devi, J., S.K. Sanwal, T.K. Koley, G.P. Mishra, P. Karmakar, P.M. 

Singh and B. Singh. 2019. Variations in the total phenolics 

and antioxidant activities among garden pea (Pisum 

sativum L.) genotypes differing for maturity duration, seed 

and flower traits and their association with the yield. Sci. 

Hort., 244: 141-150.  

Enko, J. and A. Gliszczyńska-Świgło. 2015. Influence of the 

interactions between tea (Camellia sinensis) extracts and 

ascorbic acid on their antioxidant activity: analysis with 

interaction indexes and isobolograms. Food Addit. Contam. 

A, 32: 1234-1242. 

Espadas, J.L., E. Castano, M.L. Marina, L.C. Rodriguez and M. 

Plaza. 2019. Phenolic compounds increase their 

concentration in Carica papaya leaves under drought 

stress. Acta Physiol. Plant., 41.  

Falcone Ferreyra, M.L., S.P. Rius and P. Casati. 2012. 

Flavonoids: biosynthesis, biological functions, and 

biotechnological applications. Front. Plant Sci., 3: 1-15.  

Fierascu, R.C., A. Ortan, I.C. Fierascu and I. Fierascu. 2018. In 

vitro and In vivo evaluation of  antioxidant properties of 

wild-growing plants. A short review. Curr. Opin. Food Sci., 

24: 1-8. 

Gahruie, H.H. and M. Niakousari. 2017. Antioxidant, 

antimicrobial, cell viability and enzymatic inhibitory of 

antioxidant polymers as biological macromolecules. Int. J. 

Biol. Macromol., 104: 606-617. 

Gao, M.R., Q.D. Xu, Q. He, Q. Sun and W.C. Zeng. 2019. A 

theoretical and experimental study: the influence of 

different standards on the determination of total phenol 

content in the Folin-Ciocalteu assay. J. Food Meas. and 

Characterization, 13: 1349-1356.  

Gargouri, B., S. Ammar, A. Zribi, A.B. Mansour  and M. 

Bouaziz. 2013. Effect of growing region on quality 

characteristics and phenolic compounds of chemlali extra-

virgin olive oils. Acta Physiol. Plant., 35: 2801-2812. 

Grzegorczyk-Karolak, I., Ł. Kuzma and H. Wysokinska. 2015. 

Study on the chemical composition and antioxidant activity 

of extracts from shoot culture and regenerated plants of 

(Scutellaria altissima L.). Acta Physiol. Plant., 37: 1-9. 

Gupta, D. 2015. Methods for determination of antioxidant 

capacity: a Review. Int. J. Pharm. Sci. Res., 6: 546-566. 

Gülcin, I. 2012. Antioxidant activity of food constituents: an 

overview. Arch. Toxicol.,  86: 345-391. 

Hashem, M. 2011. Antifungal properties of crude extracts of  

five egyptian medicinal plants against dermatophytes and 

emerging fungi. Mycopathologia, 172: 37-46.  
He, J., T. Dong, K. Huang, Y. Yang, D. Li, X. Xu and X. He. 

2017. Sex specific floral morphology, biomass, and 
phytohormones associated with altitude in dioecious 
Populus cathayana populations. Ecol. Evol., 7: 3976-3986. 

Hendel, N., L. Larous and L. Belbey. 2016. Antioxidant activity 
of rosemary (Rosmarinus officinalis L.) and its In vitro 
inhibitory effect on Penicillium digitatum. Int. Food Res. 
J., 23: 1725-1732. 

Hoffmann, A., F. Liberona, M. Muñoz and J. Watson. 1998. 

Plantas Altoandinas en la Flora Silvestre de Chile. 

Ediciones Fundación Claudio Gay,  Santiago de Chile. 

Huang, B., X. Ban, J. He, J. Tong, J. Tian and Y. Wang. 2010. 

Hepatoprotective and antioxidant activity of ethanolic 

extracts of edible lotus (Nelumbo nucifera Gaertn.) leaves. 

Food Chem., 120: 873-878. 



CARLOS SCHNEIDER ET AL., 1048 

Im, S., T.G. Nam, S.G. Lee, Y.J. Kim, O.K. Chun and D.O. 

Kim. 2014. Additive antioxidant capacity of vitamin C 

and tocopherols in combination. Food Sci. Biotechnol., 

23: 693-699. 

Jayswal, V.B., V.H. Patel and N.R. Dave. 2021. Effect of various 

solvents on the extraction of antioxidants from dried 

Basella alba leaves. Appl. Biol. Res., 23: 129-135. 

Jeandet, P., C. Clément, E. Courot and S. Cordelier. 2013. 

Modulation of phytoalexin biosynthesis in engineered 

plants for disease resistance. Int. J. Mol. Sci., 14: 14136-

14170. 

Jiang, Y., L. Wang, T. Wang, L. Zhang, L. Zeng, Q. Yang, Y. 

Zhou, R. Yang, C. Ding and X. Wang. 2021. Pak. J. Bot., 

53: 173-179. 

Jorjong, S., L. Butkhup and S. Samappito. 2015. Phytochemicals 

and antioxidant capacities of Mao-Luang (Antidesma 

bunius L.) cultivars from  northeastern Thailand. Food 

Chem., 181: 248-255. 

Khan, M.S.A. and I. Ahmad. 2011. In vitro antifungal, anti-

elastase and anti keratinase activity of essential oils of 

Cinnamomum-, Syzygium- and Cymbopogon- species 

against Aspergillus fumigatus and Trichophyton rubrum. 

Phytomedicine, 19: 48-55. 

Kim, Y.E., C.H. Cho, H. Kang, H.J. Heo, Y.S. Cho and D.O. Kim. 

2018. Kiwifruit of Actinidia eriantha cv. Bidan has In vitro 

antioxidative, anti-inflammatory and immunomodulatory 

effects on macrophages and splenocytes isolated from male 

BALB/c mice. Food Science and splenocytes isolated from 

male BALB/c mice. Food Sci. Biotechnol., 27: 1503-1511. 

Kotowicz, C., C.A.N. Catalán, C.L. Griffin and W. Herz. 2005. 

Triterpenes and other constituents of Nassauvia axillaris. 

Biochem. Syst. Ecol., 33: 737-742. 

Kunnumakkara, A.B., D Bordoloi, C. Harsha, K. Banik, S.C. 

Gupta and B.B. Aggarwal. 2017. Curcumin mediates 

anticancer effects by modulating multiple cell signaling 

pathways. Clin. Sci., 131: 1781-1799.  

Lan, X., J. Yang, K. Abhinandan, Y. Nie, X. Li, Y. Li and M.A. 

Samuel. 2017. Flavonoids and ROS play opposing roles in 

mediating pollination in ornamental kale (Brassica 

oleracea var. acephala). Mol. Plant, 10: 1361-1364.  

Lee, Y.K. and Y.H. Chang. 2019. Physicochemical and 

antioxidant properties of methanol extract from Maca 

(Lepidium meyenii Walp.) leaves and roots. Food Sci. 

Technol.-Brazil, 39: 278-286. 

Lewis Smith, R.I. and M. Richardson. 2011. Fuegian plants in 

Antarctica: natural or anthropogenically assisted 

immigrants?. Biol. Invasions, 13: 1-5. 

Li, Z., Y. Lan, J. Miao, X. Chen, B. Chen, G. Liu, X. Wu, X. 

Zhu and Y. Cao. 2021. Phytochemicals, antioxidant 

capacity and cytoprotective effects of jackfruit (Artocarpus 

heterophyllus Lam.) axis extracts on HepG2 cells. Food 

Biosci., 41: 1-11. 

Maldoni, B. 1991. Alkaloids: isolation and purification. J. Chem. 

Edu., 68: 700-703.  

Mamarabadi, M., A. Tanhaeian and Y. Ramezany. 2018. 

Antifungal activity of recombinant thanatin in comparison 

with two plant extracts and a chemical mixture to control 

fungal plant pathogens. AMB Express, 8: 1-12. 

Martelli,  G. and D. Giacomini. 2018. Antibacterial and 

antioxidant activities for natural and synthetic dual-active 

compounds. Eur. J. Med. Chem.,  158: 91-105.  

Mirjalili, M.H., A. Sonboli and A. Aliahmadi. 2021. Effect of 

solvent type on rosmarinic acid, total phenol, flavonoids, and 

antioxidant activity of Nepeta asterotricha Rech. f: an endemic 

plant from Iran. J. Med. Plants by Prod., 10: 89-93.  

Moreira, A., V. Morales and M. Muñoz-Schick. 2011. 

Actualización sistemática y distribución geográfica de 

Mutisioideae (Asteraceae) de Chile. Gayana Bot., 69: 9-29. 

Nazari, A., E. Golezar and H. Mahdiuni. 2019. Antioxidant 

activity of Ferula gummosa Boiss.’ aerial parts: 

measurements based on different assay methods. J. Rep. 

Pharm. Sci., 8: 61-67. 

Ncama, K., A. Mditshwa, S.Z. Tesfay, N.C. Mbili and L.S. 

Magwaza. 2019. Topical procedures adopted in testing and 

application of plant-based extracts as bio-fungicides in 

controlling postharvest decay of fresh produce. Crop. Prot., 

115: 142-151. 

Ng, Z.X., S.N. Samsuri and P.H. Yong. 2020. The antioxidant index 

and chemometric analysis of tannin, flavonoid, and total 

phenolic extracted from medicinal plant foods with sovents of 

different polarities. J. Food Process. Pres., 44: 1-11. 

Nguyen, N.V., N.T. Duong, K.N.H. Nguyen, N.T. Bui, T.L.T. 

Pham, K,T. Nguyen, P.H. Le and K.H. Kim. 2022. Effect of 

extraction solvent on total phenol, flavonoid content, and 

antioxidant activity of Avicennia officinalis. Biointerface 

Res. Appl. Chem., 12: 2678-2690. 

Ozen, T. and I. Demirtas. 2015. Antioxidative properties of 

Thymus pseudopulegioides: comparison of different extracts 

and essential oils. J. Essent. Oil Bear. Pl., 18: 496-506. 

Pinasseau, L. , A. Vallverdú-Queralt, A. Verbaere, M. Roques, E. 

Meudec, L. Le Cunff, J.P. Péros, A. Ageorges, N. 

Sommerer, J.C. Boulet, N. Terrier and V. Cheynier. 2017. 

Cultivar diversity of grape skin polyphenol composition 

and changes in response to drought investigated by LC-MS 

based metabolomics. Front. Plant Sci., 8: 1-24.  

Pritschow, P., J. Jakupovic, F. Bohlmann, M. Bittner and H.M. 

Niemeyer. 1991. Highly oxygenated sesquiterpenes from 

Polyachyrus sphaerocephalus and further constituents from 

chilean Mutisieae. Phytochem., 30: 893-898. 

Qasim, M., Z. Abideen, M.Y. Adnan, S. Gulzar, B. Gul, M. 

Rasheed and M.A. Khan. 2017. Antioxidant properties, 

phenolic composition, bioactive compounds and nutritive 

value of medicinal halophytes commonly used as herbal 

teas. S. Afr. J. Bot., 110: 240-250. 

Radhakrishanan Sridhar, S., R. Velusamy Rajagopal, R. Rajavel, 

S. Masilamani and S. Narasimhan. 2003. Antifungal activity 

of some essential oils. J. Agric. Food Chem., 51: 7596-

7599. 

Rasheed War, A., G. Kumar Taggar, B. Hussain, M. Sachdeva 

Taggar, R.M. Nair and H.C. Sharma. 2018. Plant defense 

against herbivory and insect adaptations. AOB Plants, 10: 

1-19.  

Rezaei, M. and A.G. Pirbalouti. 2019. Phytochemical, 

antioxidant and antibacterial properties of extracts from 

two spice herbs under different extraction solvents. J. Food 

Meas. Charact., 13: 2470-2480.  

Ruffo, M., O.I. Parisi, F. Amone, R. Malivindi, D. Gorgoglione, F. 

de Basio, L. Scrivano, V. Pezzi and F. Puoci. 2017. 

Calabrian goji vs. chinese goji: A comparative Study on 

Biological Properties. Foods, 6: 1-10.  

Ruiz-Bustos, E., C. Velazquez, A. Garibay-Escobar, Z. Garcia, 

M. Plascencia-Jatomea, M.O. Cortez-Rocha, J. Hernandez-

Martinez and R.E. Robles-Zepeda. 2009. Antibacterial and 

antifungal activities of some mexican medicinal plants. J. 

Med. Food, 12: 1398-1402. 

Said, A.E. and S.M. Mekelleche. 2021. Antioxidant activity of 

Trolox derivatives toward methylperoxyl radicals: 

thermodynamic and kinetic theoretical study. Theor. Chem. 

Accounts, 140: 1-8. 

Shirmohammadli, Y., D. Efhamisisi and A. Pizzi. 2018. Tannins 

as a sustainable raw material for green chemistry: A review. 

Ind. Crop. Prod., 126: 316-332.  

Simkovitch, R. and D. Hupppert .2015. Photoprotolytic 

processes of umbelliferone and proposed function in 

resistance to fungal infection. The J. Phys. Chem. B, 119: 

14683-14696.  



ANTIOXIDANT AND ANTIFUNGAL ACTIVITIES OF NASSAUVIA DENTATA GRISEB. EXTRACT 1049 

Skenderidis, P., E. Kerasioti, E. Karkanta, D. Stagos, D. 

Kouretas, K. Petrotos, C. Hadjichristodoulou and A. 

Tsakolof. 2018. Assessment of the antioxidant and 

antimutagenic activity of extracts from goji berry of Greek 

cultivation. Toxicol. Rep., 5: 251-257. 

Stowe, K.A. 1998. Experimental evolution of resistance in 

Brassica rapa: correlated response of tolerance in lines 

selected for glucosinolate content. Evolution, 52: 703-712. 

Suyal, R., S. Rawat, R.S. Rawal and I.D. Bhatt. 2019. Variability 

in morphology, phytochemicals, and antioxidants in 

Polygonatum verticillatum (L.) All. populations under 

different altitudes and habitat conditions in Western 

Himalaya, India. Environ. Monit. Assess., 191. 

Taşkın, T., M.E. Çam, G. Bulut, A.N. Hazar-Yavuz, L. Kabasakal 

and L. Bitiş. 2018. Antioxidant and anti-inflammatory 

activities of Phlomis pungens and Coridothymus capitatus. 

Marmara Pharm. J., 22: 80-85.  

Tiwari, P., B. Kumar, M. Kaur, G. Kaur and H. Kaur. 2011. 

Phytochemical screening and extraction : a review. Int. 

Pharm. Sci., 1: 98-106. 

Top, S.M., C.M. Preston, J.S. Dukes and N. Tharayil. 2017. 

Climate influences the content and chemical composition 

of foliar tannins in green and senesced tissues of Quercus 

rubra. Front. Plant Sci., 8: 1-12. 

Ullah, C., C.J. Tsai, S.B. Unsicker, L. Xue, M. Reichelt, J. 

Gershenzon  and A. Hammerbacher. 2019. Salicylic acid 

activates poplar defense against the biotrophic rust fungus 

Melampsora larici-populina via increased biosynthesis of 

catechin and proanthocyanidins. New Phytol., 221: 960-975.  

Vieira, E.F., O. Pinho, I. M. P. L. V. O. Ferreira and C. Delerue-

Matos. 2019. Chayote (Sechium edule): A review of 

nutritional composition, bioactivities and potential 

applications. Food Chem., 275: 557-568. 

Yahyaoui, O.E.I., N. Quaaziz, I. Guinda, A. Sammama, S. 

Kerrouri, B. Bouabid, M.E.I. Bakkall, A. Quyou, L.A. 

Lrhorfi and R. Bengueddour. 2017. Phytochemical 

screening and thin layer chromatography of two medicinal 

plants: Adansonia digitata (Bombacaceae) and Acacia 

raddiana (Fabaceae). J. Pharm. Phytochem., 6: 10-15.  

Yang, X., W. Song, N. Liu, Z. Sun, R. Liu, Q.S. Liu, Q. Zhou and 

G. Jiang. 2018. Synthetic phenolic antioxidants cause 

perturbation in steroidogenesis In vitro and In vivo. 

Environ. Sci. Tech., 52: 850-858.  

Yildirim, A.B. 2020. Ultraviolet-B-induced changes on phenolic 

compounds, antioxidant capacity and HPLC profile of In 

vitro-grown plant materials in Echium orientale L. Ind. 

Crop. Prod., 153. 

Zdero, C. and F. Bohlmann. 1990. Systematics and evolution 

within the Compositae, seen with the eyes of a chemist. 

Plant Syst. Evol., 171: 1-14.  

Zdero, C., F. Bohlmann, R.M. King and H. Robinson. 1986. α-

Isocedrene derivatives, 5-Methyl coumarins and other 

constituents from the subtribe Nassauviinae of the 

Compositae. Phytochem., 25: 2873-2882.  

Zdero, C., F. Bohlmann and H.M. Niemeyer. 1988. Highly 

oxygenated sesquiterpenes from the subtribe Nassauviinae. 

Phytochem., 27: 2165-2170.  

Zhang, H., Y.F. Yang and Z.Q. Zhou. 2018. Phenolic and 

flavonoid contents of mandarin (Citrus reticulata Blanco) 

fruit tissues and their antioxidant capacity as evaluated by 

DPPH and ABTS methods. J. Integr. Agric., 17: 256-263. 

 

(Received for publication 8 November 2021) 


