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Abstract

 The comparative adaptability of the 
species Bruguiera gymnorrhiza from the south-
ern districts of Kerala viz., Kollam, Alappuzha, 
Cochin and Thrissur was assessed in-vitro. B. 
gymnorrhiza being a salt-sensitive plant must 
be carefully analyzed before restoration practic-
es. Without efficient ROS scavenging, the plant 
will not be able to survive the salinity fluctuation, 
there should be an equilibrium between both. 
The study reveals the adaptability of mangroves 
to salt tolerance assessed through secondary 
metabolites and enzymatic activity for the pro-
motion of antioxidant activity with respect to 
salinity fluctuation from the four districts. The 
presence of secondary metabolites was fur-
ther confirmed by GC-MS analysis. The plant 
thrived better in optimum salinity, and the high-
est phenolic content was obtained from Kollam. 
The antioxidant activity of DPPH and Fe2+ was 
higher in the Alappuzha sample and the ABTS+ 
was higher in the leaf sample collected from 
Thrissur. Methyl Commate B was reported for 
the first time in mangroves and from the species 
B. gymnorrhiza. Being a novel identification, it 
would pave the way for the medicinal use of the 
species and the SEM-EDX results reveal the 
high sequestration capacity of the plant. 

Keywords: Mangroves, Plant-physiology, 
Adaptability, Methyl Commate B, Biochemical 
analysis

Introduction

 Mangroves are productive coastal eco-
systems that house numerous protective halo-
phytic plant communities around the tropical 
and sub-tropical regions of the world. Locat-
ed in inter-tidal zones, it is prone to cyclones, 
floods, typhoons, Tsunamis, and storms (1). 
In India, mangroves are used as a folk reme-
dy and suffice the religious significance of the 
people living in its vicinity. Their unique property 
of carbon sequestration makes them excellent 
natural filtrates (2), nonetheless, they provide 
some excellent breeding grounds for fishes and 
migratory birds. The rise in sea levels is also 
a serious concern for the degradation of man-
grove vegetation (3). Mangroves are mainly 
found in coastal and estuarine wetlands of trop-
ical and subtropical regions of the world. The 
biomass and the extent of the mangroves are 
determined by variations in rainfall, tidal influ-
ence, wave energy, and salinity levels. In 1980, 
a group of scientists discovered the influence of 
salinity among other physicochemical determi-
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nants on species competition and growth which 
ascertain the forest structure (4). Rainfall is con-
sidered an important factor as it lowers the wa-
ter salinity and stimulates the optimal growth of 
the mangroves. 

 Kerala is situated between the Arabian 
sea and the western ghats to the east with a 
spread over 38,863 km2. Therefore, Kerala ex-
periences an equatorial tropic climate. Accord-
ing to FSI (5), the state has a mangrove cover 
of 9km2 survey reveals that the southern zone 
has a total mangrove cover of 5.91km2 (6). In 
Kerala, the mangrove forests are being cleared 
for the development of roads, bridges, and oth-
er projects like the development of container 
terminals, and fishing harbours (7-9). Brugui-
era gymnorrhiza, a mangrove species from the 
Rhizophoraceae family is facing serious threats 
among the others in the state. The salinity rang-
es from 125-250 mM NaCl for the optimum 
growth of the plant, but at 500 mM NaCl, the 
growth is inhibited (10). B. gymnorrhiza is found 
predominantly in the districts of Cochin and 
Thrissur while it is sparsely distributed among 
the districts of Kollam and Alappuzha. The oc-
currence of the plant in the districts seems to be 
disappearing at a faster rate. The northern parts 
of Kerala are devoid of this species(11). 

 The mangroves are said to possess nu-
merous antibacterial, anticancer, anti-diabetics, 
antifungal and insecticidal properties (12). Man-
groves are believed to be excellent models for 
tolerance of salt and it is very vital to study their 
physiological adaptations before the initiation 
of any mangrove restoration project. Changes 
in osmoregulation can be seen in different spe-
cies, which can be evaluated through the depo-
sition of excessive amounts of solutes such as 
free sugars, free amino acids, and low molecu-
lar weight proteins (13). Unlike Avicennia mari-
na which can thrive in high saline conditions by 
excreting the accumulated salts via its leaves, 
B. gymnorrhiza finds it hard to thrive in high sa-
line conditions. It states that salinity stress has 
implications on growth, photosynthesis, ion reg-
ulation, biomass yield, and water relations. The 

absorbed inorganic ions are cloistered into the 
vacuoles (in the form of Na+ and Cl-) to avoid 
ionic toxicity (14). The increase in the number 
of inorganic ions in the vacuole leads to bi-pha-
sic stress in the cytoplasm that is; internal and 
external stress (15). To reduce these stresses, 
plants accumulate amino acids like proline, al-
anine, and tyrosine; soluble sugars such as 
sucrose; polyols mainly mannitol; and betaines 
such as glycine betaine to adjust the osmotic 
potential and besides the organic solutes that 
don’t hinder the normal metabolic process (16-
17). 

 Scientists suggest that to maintain bio-
logical homeostasis, the generation of reactive 
oxygen species (ROS) and the ratio between 
oxidation and anti-oxidation is a crucial step 
under oxidative stress (18).  In the Bruguiera 
genus, quercetin displayed a high antioxidant 
activity when compared to other isolated com-
pounds like kochioside and oleanolic acid. The 
phytochemical compounds such as alkaloids, 
tannins, and saponins have efficient anti-in-
flammatory and anti-microbial activities, making 
them excellent wound healers (19). Most of the 
secondary metabolites are having bioactivities 
toward efficient salt management. Polyphenols 
are the major group attributed to their antioxi-
dant property (20). 

 Polyphenols like flavonoids and pheno-
lic acids are the group of metabolites in plants 
that aid in plant defence by dissuading the biotic 
stressors and assuaging the abiotic stressors. 
GC-MS (Gas Chromatography-Mass Spectro-
photometry) helps in the identification of these 
compounds. There are some commonly em-
ployed methods to determine the antioxidant 
properties like ABTS (2, 2’-azino-bis (3-ethyl-
benzothiazoline-6-sulphonic acid)] and DPPH 
(1, 1-diphenyl-2-picrylhydrazyl) assays. Preven-
tion of chain reaction, chelating metals, radical 
scavenging ability, and reducing capacity are 
the factors that are attributed to the antioxidant 
capacity of compounds (21). ROS generation 
can be avoided by the chelation of metal ions 
which is related to the catalysis of redox-active 
metals. 
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 In the purview of the above discus-
sion, this work aims at the salt adaptability of 
B. gymnorrhiza from the southern districts of 
Kerala (which is under threat of habitat loss) by 
assessing the leaf water potential, and regula-
tion of two antioxidant enzymes (PRX and SOD) 
and also confirming the polyphenols present in 
the leaf extract through GC-MS studies. The 
SEM (Scanning Electron Microscope) studies 
also confirm the species’ carbon sequestration 
capacity and the accumulation of hazardous el-
ements in the leaf sample. 

Materials and Methods

 The leaf sample of the plant B. gymnor-
rhiza was collected from the four districts of Ker-
ala viz., Kollam, Alappuzha, Cochin and Thris-
sur. The methanol leaf extract was prepared by 
following the maceration method. The steps are 
illustrated. 

Amino acids

 Six free amino acids like Proline, Ala-
nine, Aspartic acid, Tryptophan, Phenylalanine, 
and Leucine were analysed from mangrove 
species. About 2 grams of freeze-dried leaves 
from 4 different districts of Kerala were homog-
enized in acetone and centrifuged at 6000 rpm 
for 10 min. Thin layer chromatography of su-
pernatants was performed and the spots were 
allowed to run in a running buffer in a mixture of 
4:1:1 n-butanol, acetic acid and distilled water 
up to an equal distance. In the chromatogram, 
different coloured spots appeared for different 
amino acids, which could be identified from their 
respective standard Rmf values. The spots were 
eluted with 80% ethanol and optical densities 
were measured in specific wavelengths main-
ly 550nm for proline and 400nm for other ami-
no acids. Estimations were done based on the 
standard curves plotted for the individual amino 
acid.  The Rmf values were very close for tryp-
tophan and tyrosine, therefore the confirmatory 
tests (Hopkins -Cole test for tryptophan) were 
performed. The value of each amino acid is the 
average of nine observations.  

Antioxidant Secondary metabolites

Total Phenols

 0.1 ml of methanolic extract of the sam-
ple was mixed with 2 ml of diluted Folin-Cio-
calteu reagent and 1.6 ml of 7.5% of Sodium 
carbonate (Na2CO3). The samples were mixed 
thoroughly and allowed to stand at room tem-
perature for 30 minutes for colour development. 
The optical density of the samples was taken 
at 765 nm using Spectrophotometer. The same 
concentration of Gallic acid was used as a posi-
tive control (Folin – Ciocalteu method). The total 
phenolic content was expressed as Gallic acid 
equivalents (GAE) in milligrams per gram of dry 
material using the calibration curve, with X-axis 
as the absorbance and Y axis as the Gallic acid 
equivalent (mg·g−1) (22). 

Total flavonoids

 In 0.1 ml of methanolic leaf extract 
mixed with 1.2 ml of distilled water, 0.120 ml 
of 5% Sodium nitrite (NaNO2) was added and 
mixed vigorously. The mixture was kept at 25˚C 
for 5 mins. Later 0.120 ml of 10%, AlCl3 solution 
was added to the mixture and mixed thorough-
ly. The tubes are allowed to stand at room tem-
perature for 5 minutes. 0.8 ml of 1 mM Sodium 
hydroxide (NaOH) solution and 1.16 ml of dis-
tilled water were added and absorbances were 
measured at 510 nm. The same concentration 
of Quercetin was used as a positive control. To-
tal flavonoid content was calculated as Querce-
tin (mg·g−1) using the calibration curve, where X 
was the absorbance and Y was the Quercetin 
equivalent (mg·g−1) (23). 

ROS scavenging ability assay

DPPH quenching assay

 Freshly prepared DPPH solution (25 
mg·L−1) in methanol was prepared and 3.9 ml of 
this solution was mixed with 0.1 ml of methano-
lic leaf extract. After 30 minutes, the absorbanc-
es of the samples were measured at 517 nm 
using a Spectrophotometer (Helios γ, Thermo 
Electron Corporation). The same concentration 



Current Trends in Biotechnology and Pharmacy
Vol. 17(Supplementary issue - 3B) 1303-1315,September 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2023.3s.65

Sreeram  et al

1306

of Butylated Hydroxy Toluene (BHT) was used 
as a positive control (24). The capability to scav-
enge the DPPH radical was calculated using the 
following equation:

Where,

 Ac = absorbance of the blank reaction 

At = absorbance in presence of the sample of 
the extracts

                                                

ABTS+ scavenging assay

 The ABTS+ scavenging assay was per-
formed according to the protocol laid down by 
[25]. Butylated Hydroxy Toluene (BHT) in the 
same concentration as the sample was used as 
a positive control. The ABTS scavenging capac-
ity of the extract was calculated as; 

 where Ac is the absorbance of the blank 
reaction and At is the absorbance in presence of 
the sample of the extracts.

Fe2+ Chelation activity

 The chelating capacity of plant extract 
was assessed through ferrous ions (24). EDTA 
in the same concentration as the sample was 
used as a positive control. The Fe2+ Chelation 
capacity of the extract was calculated as;

 where Ac is the absorbance of the blank 
reaction and At is the absorbance in presence of 
the sample of the extracts.

 All scavenging/chelating abilities are 
expressed in terms of IC50. It is defined as the 
concentration of the plant extract that’s needed 

to scavenge/chelate 50% of the scavengers/
chelating ions present were calculated by the 
following equation;

Enzyme assay

Peroxidase

 From 200 mg fresh leaf, extraction was 
prepared in 1 - 1.5 ml of 0.9% KCl and cen-
trifuged at 12,000 rpm for 15 min at 4˚C; the 
supernatants used as enzyme sample. Absor-
bance was taken spectrophotometrically (Shi-
madzu, Japan) at 460 nm to the standard curve 
(26) with minute modification.

Superoxide dismutase

 Cell sap extracted by macerating 200 
mg of leaf in 1 - 1.5 ml of 50 mM Phosphate 
buffer, pH adjusted to 7.0 and centrifuged at 
12,000 rpm for 15 min at 4˚C. Absorbances 
were measured at 550 nm following the protocol 
described (26) with slight modification.

GC-MS analysis

 The methanolic leaf extracts were quan-
tified for GC-MS analysis to know the secondary 
metabolic compounds present in the sample. 
Derivatization was done before GC-MS. Add 40 
µl of methoxyamination reagent to the sample. 
Incubate for 2hrs at 37°C. After that 20µl MST-
FA reagent was added to the sample and shak-
en for 30min at 37°C. The aliquots were then 
transferred to a GC-MS glass vial and taken to 
be analysed. Shimadzu GCMS-TQ8040 NX, Ja-
pan with a column Rtx 5 MS (5% diphenyl /95% 
dimethyl polysiloxane) and flow rate of 2ml/min 
was used for the purpose (27). The injector tem-
perature was 260°C and the temperature pro-
gram was made at 50°C initially and then raised 
to 250 by 10°C and increased to 280°C with an 
increase of 5°C/min which is held at 280°C for 
9 min. The ion source temperature was 240°C, 
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the interface temperature was 270°C and the 
mode of analysis was Scan mode with splitless 
injection. 

SEM-EDX Analysis

 The leaf samples were prepared ac-
cording to the protocol (28). EDX was combined 
to know the elements present in the leaf sam-
ple. 

Results and Discussion 

Amino acids

 All the six amino acids investigated 
were not present in all the samples of mangrove 
species collected from different locations. The 
leaf extracts collected from the Kollam region 
predict the presence of Proline (9.02μg g-1), Al-

anine (2.47 μg g-1), and Aspartic acid (8.63 μg 
g-1). Whereas, the samples collected from the 
Alappuzha region results in presence of Alanine 
(7.12 μg g-1), Tryptophan (6.46 μg g-1), and Phe-
nylalanine (7.31 μg g-1). Amino acids such as 
Aspartic acid (10.11 μg g-1), tryptophan (9.28 μg 
g-1) and phenylalanine (8.02 μg g-1) are found 
in the leaf samples collected from Cochin. The 
leaf samples collected from Thrissur display the 
presence of amino acids such as Leucine (4.21 
μg g-1), Tryptophan (5.03 μg g-1) and Phenylala-
nine (4.82 μg g-1). Amino acids like Tryptophan 
and Phenylalanine are found in three out of four 
samples. Whereas Aspartic acid is found only in 
two samples (Fig. 1). Leucine and Proline are 
found exclusively in Thrissur and Kollam sam-
ples alone. 

Fig 1:  A- The amino acid contents of the leaf extract from four southern districts of Kerala; B- total 
phenol and flavonoid content of the leaf extract of B. gymnorrhiza. 

Antioxidant activity

Total phenol

 The total phenol activity from the four 
districts of Kerala was assessed. From the 
four districts, the Kollam sample exhibited high 
amounts of phenolic content. The phenolic con-
tent was found to be incremental with the vari-
ation in salinity. The Bruguiera species will not 
be able to withstand high salinity, and after a 
point of 200mM salinity, the plant seems to die. 
The Kollam site had a salinity of 142mM which 
proves to be a good thriving condition better for 
phenolic regulation of the plant and phenolic 
content of 19. 6mg.g-1 was reported. Whereas 

in the Cochin (2. 2mg.g-1) the phenolic content 
was found to be low when compared with that of 
Alappuzha (5. 6mg.g-1) and Thrissur (4. 6mg.g-1) 
(Fig. 1)

Total flavonoids

 The total flavonoids also seem to be 
fluctuating with the salinity. The Alappuzha sam-
ple (7. 6mg.g-1) exhibited higher amounts of 
flavonoid content than the Kollam leaf sample 
(7. 2mg.g-1). Thrissur sample was reported at 6. 
6mg.g-1). Again, the least incidence was report-
ed in the Cochin sample (5. 6mg.g-1) out of the 
four districts. (Fig. 1).
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ROS Scavenging ability assay 

DPPH Scavenging assay

 The DPPH scavenging assay from the 
four districts of different salinity were studied. 
As salinity increased there was a continuous 
percentage reduction in the evolved ROS. The 
maximum DPPH value was found in the sam-
ple from Kollam (45.80%) followed by Alappu-
zha (40.44%), Cochin (23.62%), and Thrissur 
(25.44%). The positive control BHT was kept as 
the reference value was found to be 12.18%. 
The highest IC50 value was recorded in Alappu-
zha (11.78%) and the least at Cochin (1.04%) 
(Fig. 2).

Fig 2: The DPPH free radical scavenging assay 
from the four southern districts of Kerala and the 
positive control.

ABTS+ Scavenging assay

 Both ABTS and DPPH assays por-
trayed a similar trend. The sample from Kollam 
had the highest percentage of ROS reduction of 
54.52% and the lowest was reported in Thris-
sur (23.25%). Alappuzha (42.76%) and Cochin 
(30.67%) displayed almost the same result. 
The reference value of BHT was observed at 
25.85%. The IC50 value was found to be high-
est in Thrissur (2.85%) and the least in Kollam 
(1.003%). The IC50 value is inversely proportion-
al to the percentage of inhibition (Fig. 3).

Fig 3: The ABTS+ scavenging assay of the leaf 
samples from four southern districts of Kerala 
with IC50 value

Fe2+ Chelation activity

 The Fe2+ chelation is found to be higher 
in the leaf sample collected from the Thrissur 
district (109.52%) and the least was reported 
from Kollam (8.87%). Alappuzha (12.29%) and 
Cochin (24.83%) were reported intermediate-
ly. The positive control EDTA was falling in the 
range of 40.07%, this was lower when com-
pared to that of Thrissur. The highest IC50 value 
was reported from Alappuzha (10.31%) and the 
least from Thrissur (1.04%) (Fig. 4).

Fig 4: The ferric chelation activity and IC50 val-
ues of the leaf samples from four districts of 
Kerala. 

Quantitative assay of PRX and SOD

Peroxidase

 In the present work the quantity of PRX 
enzyme was found to be higher in the sample 
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collected from the Kollam district (178. 14µg.g-

1). The salinity at Kollam was found to favour-
ing the isoenzyme activity. Whereas the sample 
was collected from Alappuzha (165.32 µg. g-1), 
Cochin (176. 23µg.g-1) and Thrissur (148.55 µg. 
g-1) (Fig. 5).

Superoxide dismutase

 The SOD level seems to increase in 
the sample, where the salinity was found to be 
110mM. But it eventually dropped at the Kollam 
sample where the salinity was higher (111.32 
µg. g-1). The sample was collected from Alap-
puzha (138.76 µg. g-1) which was higher than 
that of Kollam. The sample from Cochin (142.12 
µg. g-1) and Thrissur (150.86 µg. g-1) displayed 
better responses to the enzyme (Fig. 5).

Fig 5: The enzymatic assay of PRX & SOD of 
the leaf samples from four districts of Kerala.

GC-MS analysis

 The GC-MS analysis of the methanol 
extract revealed the presence of a variety of 
compounds. The compounds were identified to 
their peak retention time, peak area (%), and 
mass spectral fragmentation patterns to that of 
known compounds described by the National 
Institute of Standards and Technology (NIST) 
library. 

 The GC-MS results represented almost 
70 compounds from each district (Table 1). We 
have selected the polyphenols that were pres-
ent in the result, as phenols play a vital role in 
the growth and survival of mangroves. This re-
sult proves the role of various phenolics present 
in the mangroves in defence against ultraviolet 
radiation, and defence against pathogens, par-
asites, and predators. They also greatly con-
tribute to the plant’s colour. The high phenolic 
content in mangroves makes it an excellent an-
ti-oxidant-rich plant and proves to be highly me-
dicinal. In the present work, in addition, we ob-
served a novel compound Methyl Commate B 
(C31H50O3) which is a natural compound present 
in the leaves of B. gymnorrhiza collected from 
the districts of Cochin and Thrissur. This is the 
first time the presence of such a compound is 
being reported in mangroves. Other compounds 
such as catechol, lupeol, and mome inositol 

Table 1: Compounds identified through GC-MS analysis from the leaf sample of B. gymnorrhiza 
from four districts of Kerala, KLM- Kollam, ALA-Alappuzha, EKM- Cochin, and TCR- Thrissur.

Sl. 
No. Compound Name Rt Value Chemical 

Formula
Molecular 

Weight
Peak Area 

(%) Districts

1 Benzyl alcohol 4.246 C7H8O 108 0.02 KLM & TCR

2 Cyclotetrasiloxane, octamethyl- 5.808 C8H24O4Si4 296 0.03 KLM

3 3-sulfanyl-1-propanol 8.012 C3H8OS 92 0.74 KLM, ALA & EKM

4 2,4-Di-tert-butylphenol 10.540 C14H22O 206 0.03 KLM, ALA & EKM

6 Norolean-12-ene 28.692 C29H48 396 16.16 KLM

7 (Chloromethyl)benzene 3.968 C7H7Cl 126 0.07 ALA & EKM

11 1,2,3-propanetricarboxylic acid, 
2-hydroxy-, triethyl ester 12.177 C12H20O7 276 31.27 KLM, ALA & 

TCR
12 Mome inositol 13.310 C7H14O6 194 21.44 ALA & EKM
13 Lupeol 29.403 C30H50O 426 12.03 ALA
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14 Propanenitrile, 3-(2-me-
thoxy-1-methylethoxy)- 3.105 C7H13NO2 143 0.04 EKM

15 Phenol 3.610 C6H6O 94 0.01 EKM
17 Proceroside 4.326 C29H40O10 548 0.26 EKM
18 Propane, 1,1,3-triethoxy- 4.708 C9H20O3 176 0.15 EKM & TCR

20 Cyclohexasiloxane, dodecameth-
yl- 8.148 C12H36O6Si6 444 0.61 EKM

24 Methyl commate b 25.388 C31H50O3 470 0.14 TCR & EKM
25 Butane, 1,1-diethoxy-3-methyl- 3.223 C9H20O2 160 0.31 TCR
27 Propane, 1,1,3-triethoxy- 4.797 C9H20O3 176 0.22 EKM & TCR
28 Ethane, 1,2-bis(methylthio)- 5.351 C4H10S2 122 0.32 TCR
29 Catechol 6.559 C6H6O2 110 0.09 ALA & TCR
30 1-Hexadecanol 8.994 C16H34O 242 0.27 TCR

32 2,6,10-trimethyl,14-eth-
ylene-14-pentadecne 14.146 C20H38 278 0.51 TCR

33 N-Hexadecanoic acid 15.381 C16H32O2 256 2.55 TCR

were observed at various retention times in the 
extracts of four districts. These compounds are 
proven high in antioxidant activity, which plays 
a major role in plant defence and pathogen pro-
tection. The presence of these secondary me-
tabolites makes the leaf rich in antioxidants and 
suitable for pharmacological activity. 

SEM-EDX

 The SEM-EDX result is widely used 
to ascertain the presence of elements in the 
sample. The surface morphology of the sample 
can be determined from the scanning electron 
microscope (SEM) analysis. EDX is a chem-
ical technique which is used in conjunction 
with SEM. The leaf samples from four districts 
of Kerala viz., Kollam, Alappuzha, Cochin and 
Thrissur were subjected to EDX. The leaf’s sur-
face area was subjected to SEM visualization at 
a magnification rate of 20µm (Fig. 6). The leaf 

samples collected from the Kollam district had 
high salt deposition on their leaf surface, mak-
ing a good example of salt exclusion capacity. 
The EDX analysis reveals the presence of vari-
ous elements present in the leaf. The presence 
of carbon in very high amounts reveals the car-
bon sequestration capacity of mangroves. The 
evidence of other metals in the mangrove leaf 
may be due to the presence of elements pres-
ent in the mangrove sediments. The presence 
of certain elements like Oxygen (O), Sodium 
(Na), Chlorine (Cl), Cadmium (Cd), Molybde-
num (Mo), Potassium (K), Iron (Fe), Calcium 
(Ca) was assessed. Only these elements were 
targeted due to the presence of industries that 
utilises such elements as raw materials for pro-
duction purposes nearby the sampling area. The 
weight and atomic percentage of heavy metals 
such as iron, cadmium, and molybdenum are 
presented (Table 2).

Table 2: EDX weight ratio of the leaf sample from 4 districts of Kerala
Sample Cadmium Molybdenum Iron

Weight (%) Atomic (%) Weight (%) Atomic (%) Weight (%) Atomic (%)
Kollam 0.07 0.01 0.11 0.01 0.04 0.01

Alappuzha 0 0 0.08 0.01 0.02 0.01
Cochin 0.06 0.01 0.12 0.02 0.02 0.01
Thrissur 0.09 0.01 1.27 0.18 0.04 0.01
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Fig 6: SEM images of leaf sections of B. gymnorrhiza with 20µm magnified images of 4 districts of 
Kerala

 The species Bruguiera gymnorrhiza 
from the four southern districts of Kerala had a 
good affinity towards environmental impairment. 
The ROS are generally formed from the meta-
bolic bi-product. But nowadays there is a high 
probability of an environmental disaster trigger-
ing the enhanced production of ROS and will 
kick off the oxidative damage ultimately leading 
to apoptosis. Equilibrium should be established 
for ROS assembly and their scavenging as to 
safeguard the plant cell from premature oxida-
tive destruction. To shield themselves from this 

drastic effect, mangroves have developed their 
defence system which encompasses the acti-
vation of antioxidant enzymes (AOX) to scav-
enge the ROS (29). When exposed to salinity 
stress the free radical level increased exponen-
tially and ultimately led to oxidative damage 
to cells (30). Certain enzymatic and non-en-
zymatic activities are happening in the tissues 
through which competent ROS scavenging oc-
curs during stressful environmental conditions. 
In this work, we portray a comparative analy-
sis of ROS scavenging activity and secondary 
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line and tryptophan aid in the transamination 
process of pyruvate and oxaloacetate during 
photosynthesis through which it is converted to 
alanine and aspartic acid to serve as the carbon 
source for other metabolites and eventually in-
creasing the amino acid concentrations in the 
leaf. It is known that the highest percentage of 
foliar nitrogen in the majority of the mangroves 
is integrated with aspartate and alanine (32). 
The lesser amounts of proline from the leaf 
sample of four districts make it lesser adaptable 
to high salinity. High salinity tends to obstruct 
the physiological process like photosynthe-
sis and nutrient uptake due to the reduction in 
leaf water potential (33). Proline is said to be 
the main amino acid responsible for the higher 
salt adaptation as it helped to maintain the Ψ 
during the salt stress and is considered a com-
patible solute that adjusts the osmotic potential 
(34-35). It was observed that the Kollam sample 
seems to be more adaptable to salinity than the 
species from Alappuzha, Cochin and Thrissur 
as the concentration of amino acids like proline 
seems to be decreasing with increasing salini-
ty. In an experiment conducted by Parida [36], 
it was observed that the cell sap of Bruguiera 
parviflora showed the augmentation of osmot-
ic solutes like total sugar and total free amino 
acids occurred in various degrees under NaCl 
treatment and these osmoregulatory solutes aid 
in the restoration of water potential more nega-
tively and thus can be a marker of extended salt 
tolerance. 

 There should be an equilibrium be-
tween ROS production and efficient scaveng-
ing, then only oxidative damage of plant cells 
occurs(37). Various enzymatic and non-en-
zymatic antioxidants in the plant cell pave the 
way for competent scavenging of ROS during 
various abiotic stress. In the present work, the 
sample from Kollam and Alappuzha shows a 
steady increment in phenol and flavonoid along 
the salinity gradient, but this trend was found to 
be low in the sample collected from Cochin and 
Thrissur. Cochin had a very low salinity gradi-
ent when compared to other districts. Bruguiera 

being sensitive to higher salinities was differing 
in its antioxidant activity, the radical scavenging 
estimation with ABTS+, DPPH and Fe2+ chela-
tion assays revealed this sequel with differen-
tial salinity levels. An experiment conducted by 
Ebrahimzadeh (38) revealed that the highest 
chelating activity and phenolic content were ob-
served in Mellilotus arvensis.

 The compound Methyl Commate B 
identified through GC-MS analysis is a natural 
pigment. Ursolic acid a pentacyclic triterpene 
acid is having a large array of pharmacological 
activities. It is proven for its healing effects in 
rheumatoid arthritis (39). It was evident that the 
methanolic leaf extract of ginger showed the 
presence of flavonoids, saponins, phenols, and 
tannins (40). More light should be put into the 
isolation and utilization of this compound and 
its effective isolation. Also, the pharmacological 
potential of mangroves should be considered 
and their effective conservation should be car-
ried out at the earliest. 

 Climate change is the biggest threat 
to the world. World Wide Fund (WWF) has ini-
tiated many tools by reducing carbon pollution 
and adapting to global warming. One such tool 
is the mangroves. They have the unique abil-
ity to thrive in saltwater environments, their 
strong roots and complex root system protect 
the coastal communities and landscapes from 
extreme weather events like hurricanes. Man-
groves pull a massive amount of greenhouse 
gases from the atmosphere and store them in 
their soils, four times more than other tropical 
forests. Studies have reported that mangroves 
can suck more than 6 billion tons of carbon a 
year. Thus, mangrove forests help to mitigate 
climate change. 

Conclusion

 The present study focuses on the 
adaptability of B. gymnorrizha to varying salt 
levels from four southern districts of Kerala viz 
Kollam, Alappuzha, Cochin and Thrissur. The 
presence of amino acids in different samples 
revealed its ability to thrive in harsh conditions 
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and also secondary metabolites which are re-
sponsible for the survival of these plant species. 
The antioxidant activity was much more in the 
sample collected from Kollam than from other 
districts. For the first time, the compound Methyl 
Commate B was identified through this study in 
the mangrove species collected from the districts 
of Cochin and Thrissur. The SEM-EDX activity 
also confirmed the ability of B. gymnorrhiza to 
accumulate salt which was also predominant in 
the Kollam sample. This is the first type of study 
done on this plant on the west coast of Kerala 
and further study is required to understand the 
underlying mechanisms and also to utilise the 
phytochemical compounds as a potential drug 
candidate. 
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