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INTRODUCTION 

Centella Asiatica is commonly known as Gotu kola, or 

Asiatic pennywort. It is a perennial herb belonging to 

the family Apiaceae. It is the native crop of wetlands 

in Asia. It is broadly used as a culi-

nary vegetable and medicinal herb. It is a small trailing 

herb and the only species of Centella cultivated in In-

dia. The stem of the plant is glabrous, striated, and 

rooting at nodes (Shukurova et al., 2021). The plant 

leaves are fleshy, dentate, and orbicular to reniform in 

shape. The petiole is long, smooth on the upper sur-

face, and hairy below. Flowers are pink and white in 

fascicled umbels. The fruits are oblong, dull brown, lat-

erally compressed, pericarp hard, thickened, and 

woody white (Singh et al., 2010). Centella plant con-

sists of pentacyclic triterpenoids (Hashim et al., 2011), 

including asiaticoside (Wijeweera et al., 

2006), brahmoside, Asiatic acid, Brahmic acid, etc 

(James and Dubery 2009). Due to its phytochemical 

and medicinal properties (Brinkhaus et al., 2000, Kun-

jumon et al., 2022), the plant has wide economical and 

industrial importance and is used to treat various disor-

ders and minor wounds, to encourage lactation, head-

ache, nausea, and drowsiness, etc. (Kashmira et al., 

2010). Studies suggest that plant extract has significant 

importance in wound healing (Ruszymah et al., 2012). 

It has the potential to monitor various heavy metal pol-

lution levels in the soil. It also monitors and controls 

various species of weeds. 

Like other biological forms, plant health is also influ-

enced by its surrounding. Plant surroundings include 

many biotic and abiotic factors that affect plant growth 

and health. In all these factors, soil salinity or saliniza-

tion is abiotic stress which highly affects plant growth. 

Soil salinization is a process in which water-soluble 

salts accumulate in the soil to extents that negatively 

affect various plant growth and productivity parameters. 

Nowadays, the concentration of salts in soil is continu-

ously increasing by various human activities, which 

makes agricultural land saline and less productive for 

the crop (Hassan et al., 2016). The high salt concentra-
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tion is harmful to plants because it increases the osmot-

ic potential gradient, further decreasing the plant's up-

take of water and nutrient. Low water and nutrient avail-

ability affect various biological processes in the plant. 

Salt stress induces excessive production of oxidants 

like reactive oxygen species (ROS) that leads to dam-

age of vital molecules (like protein, nucleic acids, etc) of 

plant cells. High salt concentration can also be respon-

sible for an ionic imbalance in plant cells, resulting in 

cellular homeostasis disturbance and further cell death 

(Thaker et al., 2021). 

Plants can respond according to their surroundings. 

Plant remodels various metabolic pathways by switch-

ing gene expression levels accordingly, which leads 

accumulation of various phytochemicals like phenol, 

tannin, carotenoids, flavonoids, antioxidants, etc. 

(Kumar et al., 2017). The excessive concentration of 

such important phytochemicals helps plants to alleviate 

the negative impacts of abiotic stresses like soil salinity 

(Hirayama and Shinozaki 2010). 

The primary aim of this study is to analyze the impact of 

salt stress on the concentration of various plant metab-

olites like antioxidants, phenols, flavonoids, tannins, 

and protein content in Centella asiatica.  

MATERIALS AND METHODS 

The study involved the preparation of the sample plant, 

which was further subjected to salinity stress. After-

wards, the phytochemical analysis was performed for 

leaf extracts of control and salt-treated plants. The 

methodology included the following steps 

 

Collection and preparation of test plant 

The plant sample, C. asiatica, was collected from the 

Botanical Garden of Indian Republic (BGIR), Noida 

(UP). After collecting the sample, it was authenticated 

from BGIR, Noida. Seeds of the test plant were pur-

chased from a commercial supplier “MG Naturals” who 

is a certified manufacturer, retailer, and wholesaler of 

plant seeds. The seeds were kept at room temperature 

until used for further studies. 

 

Treatment with salt stress 

For this study, seeds were immersed in 5% sodium 

hypochlorite for 5 minutes for sterilization. Afterwards, 

the seeds were washed with distilled water. The steri-

lized seeds were sown in plastic pots of standard and 

uniform size, which were filled with a uniform mixture of 

soil, peat, and vermicompost (Devkota and Jha 2010). 

These pots were irrigated with water and kept under 

controlled conditions until germination. The salt stress 

treatment started three weeks after germination. These 

pots were divided into six sets, each containing three 

pots. One set was kept in control and irrigated with dis-

tilled water only. The remaining sets of pots were wa-

tered with variant concentrations of freshly prepared 

aqueous NaCl solutions (50 mM, 100mM, 150mM, 

200mM, and 250mM) at two days intervals. All the pots 

were continuously treated with the salt solution for 

three weeks. Phytochemical analysis of the test plants 

in the reflex to salt stress was done with leaf materials 

collected from the salt-treated plants (for all the above-

provided concentrations of NaCl) after one week, two 

weeks, and three weeks of salt treatment. 

 

Phytochemical analysis 

After salt treatment, various biochemical assays were 

performed to estimate the phytochemical compositions 

of leaf extracts. These quantitative assays were as fol-

lows 

 

Preparation of aqueous plant extract 

Dried finely crushed plant leaves were taken in a flask 

containing distilled water. The solution was boiled using 

a hot plate for 20 minutes with continuous stirring.  Af-

ter this, the solution was filtered with filter paper. The 

resultant filtrate was stored in a refrigerator and used 

for phytochemical analysis as per requirement 

(Sasidharan et al., 2011). 

 

Quantitative analysis of the aqueous plant extract 

Quantitative analysis of various phytochemicals (like 

antioxidants, phenol, flavonoids, tannin, and total pro-

tein content) was performed on the aqueous extracts of 

Centella asiatica leaves by using standard protocols of 

spectroscopic methods of biochemical assays. Quanti-

tative analysis of various phytochemicals was as fol-

lows- 

 

Test for total antioxidant activity: 

The stock solution was prepared by dissolving 24mg 

DPPH in 100ml methanol. The working solution was 

prepared by dilution of the DPPH stock solution with 

methanol to obtain an absorbance of about 1.011 at 

517nm. In a test tube, 2.9 ml DPPH working solution 

was mixed with 100µl plant extract. The control was 

prepared with 3ml DPPH solution with methanol. The 

tubes were then placed in a dark place for 30 minutes. 

Then the absorbance was measured at 517nm0. The 

results were interpolated (in μg/ml) using a standard 

curve (Katalinic et al., 2006, Nurul et al., 2008). 

 

Test for total phenol content: 

Total phenol content in the plant extract was estimated 

by the Folin-Ciocalteu method (Yadav and Agrawala, 

2011). In this method, 2.5 ml of Folin-Ciocalteu rea-

gent, 2ml of sodium carbonate were added to 500 mi-

croliters of the plant extract. The mixture was kept for 

15 min at room temperature for incubation. The absorb-

ance of the mixture was recorded at 765 nm. The 

amount of total phenol content (in μg/ml) was estimated 
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by using a standard curve which was prepared by using  

known concentrations of Gallic acid. 

 

Test for total flavonoids 

The aluminum chloride colorimetric method was used 

to estimate the total flavonoid content in the plant ex-

tract (Anna da Silva et al., 2016). For this, 100 micro-

liters of the plant, the extract was added to 4.9 ml of 

distilled water, 0.3 ml of 10% aluminum chloride, 0.3 ml 

of sodium nitrate, and 2ml of NaOH. The mixture was 

kept at room temperature for incubation then the ab-

sorbance was recorded at 510nm. The results were 

measured (in μg/ml) by using a standard curve pre-

pared with standard concentrations of quercetin. 

 

Test for tannin 

The concentration of tannins was estimated by using 

ferric chloride (Ezeonu and Ejikeme 2016). 0.5 ml of 

the plant extract was added with 4.5 ml of distilled wa-

ter and 2.0 ml of ferric chloride reagent. After 10 min of 

incubation, absorbance was measured at 605nm. The 

concentrations of tannin content (μg/ml) in given plant 

extracts were interpolated by using a standard curve 

prepared by known concentrations of tannin. 

 

Test for total protein content 

This study was performed by Lowry’s method 

(Rangarajan and Sathiyavani 2014). For this 1.0 ml of 

the sample or plant extract was mixed with 4.5 ml of 

reagent 1 and 0.5 ml of reagent 2. The mixture was 

kept for 30 min at room temperature. The absorbance 

was measured at 660nm. The concentrations of total 

protein contents were calculated (in μg/ml) by using a 

standard curve which was plotted using known stand-

ard concentrations of reference protein; BSA (Bovine 

serum albumin). 

After estimation of various phytochemicals quantitative-

ly, the effects of salt stress on the molecular synthesis 

of these phytochemicals were studied. The study signif-

icantly revealed the role of these phytochemicals in the 

stress alleviation mechanism for salinity in the plant.  

 

Statistical analysis 

Analysis of variance (ANOVA) was conducted for this 

study which was performed in three replicates across 

the plant after three weeks of salt treatments (0 mM-

250 mM). The ANOVA was performed to study the im-

pact of salinity stress on the phytochemical activities of 

the test plant and the data was considered to be signifi-

cant at p<0.05. Multiple mean comparisons were per-

formed by Post-hoc test (Tukey’s HSD test). 

RESULTS AND DISCUSSION 

The combined data for quantitative estimations of vari-

ous phytochemicals (antioxidants, phenols, flavonoids, 

tannin, and total protein contents) in the C. asiatica 

plant leaf extracts are presented in Table 1. Data are 

expressed as the mean ±SD. As shown in Table 1, 

total antioxidant activity in the leaf extract of C. asiatica 

was estimated as 10.79 μg/ml in control at the first time 

of sampling (7th day). Under salt stress, the antioxidant 

activity  was increased to 11.50 μg/ml, 12.07 μg/ml, 

12,85 μg/ml, 13,53 μg/ml, 14.31 μg/ml at 50mm, 

100mM, 150mm, 200mm, 250mM respectively. The 

antioxidant activity was increased by 33% at the maxi-

mum salt concentration (250mM) as compared to the 

control. A similar pattern was shown on the second 

(14th day) and third time of sampling (21st day). The 

level of antioxidant activity was increased by 28% (from 

11.39 to 14.54 μg/ml), and 30% (from 11.39 to 14.8 μg/

ml), respectively, as compared to control. The increase 

was significant at p<0.05 for all three times of sampling 

(7th, 14th, and 21st day).  

The data concentrations of other phytochemicals like 

phenol, flavonoids, tannins, and total protein content 

were affected under salinity stress (0 to 250 mM) con-

ditions. As is evident from Table 1, the total phenol 

content increased on all three times of sampling (7th. 

14th, and 21st day) due to salt treatments. On the 7th 

day of sampling, the concentration of phenol was 30.8 

μg/ml in control, which was increased to 35.25μg/ml 

and 43.3 μg/ml at 50mM and 250mM salt. Afterward, 

the concentration of phenol was decreased to 42.55 

μg/ml, 29.33 μg/ml, and 20 μg/ml in response to higher 

salt treatments of 150mm, 200mm 250mM, respective-

ly. The highest phenol concentration was found in the 

plants treated with 100mm salt. The level of total phe-

nol was increased by 41% (at 100mM) as compared to 

control. Similar patterns of change in total phenol con-

tent were seen on the 14th and 21st days of sampling 

and the concentrations of total phenol were increased 

to 45% (from 31.0 to 45 μg/ml), 47% (from31.5 to 46.25 

μg/ml) respectively (at 100mm salt) as compared to 

control. However, the increase was not found to be 

significant at p<0.05 for all three sampling times. 

Flavonoids were increased in the extract of C. asiatica 

leaves in a dose-dependent manner with salt treat-

ments (0 to 250mM), reaching the highest level at 

100mM for all three times of sampling (7th, 14th, and 

21st days). On the 7th day, the concentration of flavo-

noids was 490 μg/ml in control. The concentration of 

flavonoids was increased to 585 μg/ml, and 683.33 μg/

ml at 50mM and 100mM salt concentrations, respec-

tively. For higher salt concentrations, 150mm, 200mM, 

and 250 mM, the level of flavonoids was decreased to 

662 μg/ml, 457 μg/ml, and 336 μg/ml, respectively. The 

flavonoid level was increased by 40% (at 100mM) as 

compared to the control. The same patterns of flavo-

noid increase were followed by the test plants on the 

14th and 21st day of sampling and reached the highest 

concentration (705 μg/ml, 721.5 μg/ml, respectively) at 
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100mm salt. The increase in flavonoids was 36% and 

31% on the 14th and 21st day of sampling, respectively, 

as compared to the control. The increase was found to 

be significant at p<0.05 for all three times of sampling. 

The next metabolite studied in the plants was tannin. 

The data shown in Table 1 revealed that the tannin 

concentration was increased up to 58.25 μg/ml and 

64.5 μg/ml at 50mm and 100mm salt concentrations 

compared to control (55.5 μg/ml) for the 7th day of sam-

pling. For the higher doses of salt treatments (150mM, 

200mM, 250mM), the tannin level was lowered to 60, 

52 μg/ml, and 33.45 μg/ml. The highest level of tannin 

was estimated at 100 mM as a 16% increase as com-

pared to the control. For the 14th and 21st day of sam-

pling, the highest tannin values 65.6 μg/ml and 67 μg/

ml, were found at 100mM salt, respectively, in special 

reference to the control 55 μg/ml (on the 14th day of 

sampling), 55.3 μg/ml (on the 21st day of sampling). 

The values showed a 19%, and 21% increase in tannin 

levels at 100mM as contrasted with control for the 14th 

and 21st day of sampling, respectively. ANOVA analysis 

showed that the increase in tannin levels under given 

salinity treatments was significant at p<0.05. 

The total protein content of the salt-treated plants is 

shown in Table 1. The concentration of total protein in 

the test plant first increased with the response of initial 

doses of salt treatments (50mM and 100mm) and then 

decreased with the higher doses of the salt treatments 

(150mM, 200mM, and 250mM) as compared to the 

control for all the three times of sampling (7th, 14th and 

21st day). On the 7th day of sampling, the level of total 

protein found in control was 5720 μg/ml, which further 

increased to 5800 μg/ml, 6080 μg/ml at 50mm and 

100mM salt, respectively, then the concentration of 

total proteins was decreased to 5890 μg/ml, 5022 μg/

ml, 4233 μg/ml at 150mM, 200mm and 250mm salt 

respectively. On the 14th sampling day, the total protein 

concentration increased with the initial doses of salt 

(50mm and 100mm) and reached the highest concen-

tration of 6250 μg/ml at 100mM salt in contrast to the 

control (5795 μg/ml). The total protein concentration 

was decreased for higher doses of the salt treatments. 

This pattern was repeated on the 21st day of sampling, 

the total protein concentrations increased with initial 

doses (50mM and 100mM) of salt, and the highest con-

centration of the total protein as 6545 μg/ml was found 

at 100mM salt as compared to the control (5790 μg/ml). 

For the higher ranges of salt concentrations (150mM, 

200mM, and 250mM), the test plants' total protein con-

centration was decreased.  The total protein concentra-

tion increased by 6.3%, 8%, and 13% at 100mM salt for 

the 7th, 14th, and 21st day of sampling. The increase in 

the total protein concentration was found significant at 

p<0.05 for the 7th and 14th day of sampling, although 

the increase was not found significant at p<0.05 for the 

21st day of sampling. 

The current study revealed that the plant tolerates salin-

ity stress to a certain extent (50mM, 100mM). In the C. 

asiatica plant, some groups of phytochemicals are con-

tributed to the plant's health under salinity stress: these 

are antioxidants, phenols, flavonoids, tannin, and pro-

teins. Antioxidants are an important group of plant me-

tabolites that protect plants against salinity stress. 

Therefore, it is not surprising that the salt treatments 

increased antioxidant levels in the present study. The 

antioxidant level was increased with salt treatments and 

the most effective salt concentration is the highest dose 

(250mM). This trend of increase in antioxidants level is 

also reported in the earlier study by Annamalai et al. 

(2016), who found a similar pattern of increase in cer-

tain phytochemicals, including antioxidants, in some 

green algae like Chlorella vulgaris and Chlamydomonas 

reinhardtii.  Other authors also reported that the overall 

antioxidant properties of Exiguobacterium oxidotoler-

ans help in ion leaching or scavenging action (Bharti et 

al., 2013). The elevated concentrations of such phyto-

chemicals as an antioxidant, also destroy ROS 

(reactive oxygen species), which is formed during salt 

stress. By destroying ROS, these phytochemicals de-

fend the plant from oxidative damage (Hayat et al., 

2012, Khan et al., 2014). Khan et al. (2014) explained 

the antioxidant and ion scavenging properties and the 

role of various sulfur-containing metabolites like methio-

nine, cysteine, etc., in salinity stress tolerance by 

plants. Previous research also suggests that 

plants manipulate their physiological activities un-

der salinity stress conditions, which leads to accumu-

lations of certain stress-alleviating biomolecules and 

metabolites (Gill and Tuteja, 2010, Negrao et al., 2017). 

Gill and Tuteja (2010 ) studied and concluded the role 

of various polyamines as stress messengers. These 

polyamines help to neutralize the effect of various abiot-

ic stressors like drought, salinity, etc., through their anti-

oxidant and anti-acid properties. Negrao et al. (2017) 

also showed that plants increase intracellular concen-

trations of various organic solutes like glycine and pro-

line under salt stress conditions. 

Table 1 shows that the molecular synthesis of antioxi-

dants was significantly (at p<0.05) changed under salt 

stress. The antioxidant activity was increased from 

11.39 μg/ml to 14.80 μg/ml under 0mM to 250mM NaCl 

concentration on the 21st day of sampling. Similarly, 

Sharma and Ramawat (2013) reported a salt-induced 

increase in antioxidant activity in the callus of Salvadora 

persica (Sharma and Ramawat 2013). The present 

study also found that the plant has an inbuilt molecular 

mechanism for salinity tolerance by increasing antioxi-

dant levels in response to higher salt concentrations.  

Table 1 explains that total phenol concentrations were 

increased with salinity stress from 39.50 μg/ml to 46.25 

μg/ml under moderate salinity stress conditions (50mM 

to 100mM) and lowered down with higher ranges of salt 
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concentrations. Valifard et al. (2014) also studied the 

effects of salt stress on antioxidants and the total phe-

nolic content of Salvia mirzayanii, which also showed 

that these phytochemicals increased with certain ex-

tents of salt stress in the plant. The study agrees with 

the observations made by Razieh et al., who found a 

significant increase in various biochemicals, including 

total phenols, in the leaves of certain genotypes of Ae-

gilop cylindrica and wheat species (Razieh et al., 

2021). They also revealed that the phenols are the 

most important plant secondary metabolites, which act 

as osmoprotectants and help alleviate. The present 

study also reveals that flavonoid concentrations in-

creased with salinity stress up to 100mM and gradually 

decreased with more increments in salt concentrations, 

Table 1. These results are in parallel with Zhou et al. 

(2018), who performed salt stress studies on Schi-

zonepeta tenuifolia and revealed that the total flavonoid 

content increased with mild levels of salinity stress. 

Rezazadeh, et al. (2013) studied that flavonoid content 

influenced the leaves of Cynara scolymus L grown un-

der many ranges of salt stress. Rajendra et al. (2019) 

also reported similar impacts of salt stress on flavonoid 

productivity in Vigna unguiculata (cowpea sprout). In 

the current study, the effect of salt stress on total tannin 

production by the plant is shown in Table 1, which de-

scribes that the tannin concentrations in the extracts 

gradually increased for 50mM and 100mM, then de-

creased for more concentrations of salt like 150mM, 

200mM, and 250mM. The current results for tannin are 

supported by El-Lamey (2012), who also found similar 

impacts of salt stress on the total tannin content in Leu-

caena leucocephala and Prosopis chilensis. Falcinelli 

et al (2017) found the same observations on the total 

tannin content in early and late sprouts of Brassica na-

pus var oleifera Del (rapeseeds) which were germinat-

ed under salinity stress conditions ranging from 50mM 

to 200mM. In the current study, data found that the total 

protein concentrations in the plant extracts increased 

with salt stress up to 100mM and then gradually de-

creased for higher concentrations (150mM, 200mM, 

250mM) of salt), as shown in Table 1. Goudarzi and 

Pakniyat (2009) also found that salinity increases total 

protein content in wheat cultivars. Abdul Qados (2011) 

also reported that the total protein content increased 

under salinity stress in Vicia faba (L) or bean plants and 

revealed that there is a significant and positive relation-

ship between the protein content of bean plants and 

salt stress ranging from 60mm to 240mM.  

The present study reported that the intracellular con-

centration of plant metabolites like antioxidants, phenol, 

flavonoids, tannin, and protein content was influenced 

by salt stress in C. asiatica. This increased level of 

these phytochemicals contributed to the plant's salinity 

stress tolerance mechanism and helped maintain the 

plant's health and growth under salinity stress. The cur-

rent finding provided a basis for the development of 

advanced control methods that can enhance the plant’s 

inbuilt salt tolerance mechanism by increasing the lev-

els of these phytochemicals. Such control methods can 

play a significant role in the sustainable productivity of 

various commercially valuable crops like C. asiatica 

even under salinity stress. 

Conclusion 

The present study showed that intracellular concentra-

tions of various phytochemicals such as antioxidants, 

phenols, tannin, flavonoids, and total protein contents 

increase with the increment. The results were found 

significant at p<0.05. The data revealed that under salt 

stress conditions, the C. asiatica plant regulates its 

metabolic pathways and increases the levels of the 

phytochemicals mentioned above. The increased con-

centrations of these phytochemicals further enhanced 

the tolerance mechanism against salt stress. The study 

confirmed that the above-mentioned plant metabolites 

or phytochemicals play an important role in the stress 

tolerance mechanisms and defend the plant against 

oxidative and osmotic stresses caused by salinity 

stress up to a certain range (50mm, 100mm). The cur-

rent study offers an opportunity to increase the plant's 

inbuilt salt tolerance ability by increasing the concentra-

tions of phytochemicals like phenols, flavonoids, tannin, 

and antioxidants and protect plant health from oxidative 

damage caused by salt-stressed conditions.  
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