https://doi.org/10.31674/book.2023tcbr010

Isolation and Characterization of Some Food Grade
Lactic Acid Bacteria for their Application as Probiotics

Shamba Chatterjee, Sucheta Das*
Department of Biotechnology, Haldia Institute of Technology, Haldia, West Bengal, India

*Corresponding Author’s Email: sucheta.bt@gmail.com

ABSTRACT

Probiotics, which are living, non-pathogenic microorganisms, can enhance a person's
health, immunity, and mental function when taken in large quantities together with food. In
the present study, seven microbial strains (L1, L2, C1, C2, C3, X, and Y) were isolated from
locally collected fresh palm sap and characterized morphologically and biochemically.
Among them, two strains were yeast (L1 and C3), two were Bacillus (C2, Y) and three were
Cocci (L2, C1, X). All the bacterial isolates were gram-positive and catalase-negative. They
showed a broad antimicrobial spectrum against both gram-positive (Staphylococcus aureus,
Bacillus subtilis, Enterococcus faecalis MB1, Leuconostoc messenteroides Ly) and gram-
negative bacteria (Salmonella abony, Escherichia coli). There was little or no change in the
growth after three hours of incubation at pH 2, 2.5 and 3. So all the strains were tolerant of
gastric acidity. Bacterial isolates were checked for their survivability in the presence of bile
salt. Strain L2 showed maximum tolerance to 0.3% bile salt. So, this strain can be further
checked in vivo for its usefulness as a probiotic.
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Introduction

In recent years, consumers have paid more attention to human health and used more
natural products. As a result, there is a greater need for natural products in a variety of
industries, including those that deal with the food and dairy business, the health sector, the
agricultural industry, poultry and fisheries, pesticides and fertilisers. This prompted
extensive study to find novel, naturally derived antimicrobial chemicals that might be utilised
successfully without endangering human health, the environment, or their foods, for
example. Medicinal plants, as well as marine and terrestrial creatures, including fungi and
bacteria, are known sources of natural substances with valuable antimicrobial activity. Since
ancient times, Lactic acid bacteria (LAB) have been present in different types of fermented
foods such as curd, yogurt, cheeses, sauerkraut, sausage etc. They also have GRAS
(Generally Recognized As Safe) status by the United States Food and Drug Administration
(FDA) for human consumption (Rodriguez, 1996). During carbohydrate fermentation, LAB,
which is a group of related bacteria, produces mainly lactic acid. They are gram-positive
bacteria with DNA that has a GC content of under 50%. Since they lack cytochromes and
porphyrins and are therefore catalase and oxidase negative, the majority of LAB are non-
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spore forming rods or cocci. They are also aerotolerant anaerobes. Due to their ability to
create a variety of antimicrobial substances, including lactic acid, hydrogen peroxide, di-
acetyl, and bacteriocins, this group of bacteria can be employed to control microbial growth.
Bacteriocins are cationic, hydrophobic, secreted anti-microbial peptides (AMP) of length 20—
60 amino acids that are produced by the ribosome, which differs from antibiotics. Both
gram-negative and gram-positive pathogenic bacteria that cause food to rot, infections,
allergies, and cancer can be inhibited by them. They can be applied alone or in combination
with other natural products or chemical drugs.

Lactic Acid Bacteria

Biofertilizer & <: Bacteriocin i> Bioremediation
Biopesticide n n %3
‘“ ‘“ Probiotics
Agriculture Food Medicine

Figure 1: Application of Lactic Acid Bacteria

Probiotic microorganisms assert health benefits for the host when ingested in a suitable
amount (Reuben et al., 2020). They are live microbial dietary supplements that benefit the
host by balancing the microbial population in the intestines (Fuller, 1999). The first
observations were made by Elie Metchnikoff, a Nobel Prize laureate, in 1907, who proposed
that due to the intestinal microorganisms' reliance on food, it is simpler to change the flora
in human systems and replace toxic microbes with beneficial ones. The most accepted
probiotic LAB varieties contain various Lactobacillus species. (Lb. acidophilus, Lb. johnsonii,
Lb. casei, Lb. rhamnosus, Lb.gasseri, and Lb. reuteri),genus Bifidobacteria (Bf. bifidum, Bf.
animalis subsp. lactis, Bf. longum subsp. longum, and Bf. longum subsp. infantis) and
Lactococcus spp. (L. raffinolactis, L. lactis subsp. lactis, and L. lactis subsp. cremoris)
(Ouwehand & Salminen, 2003, Chassard, Grattepanche & Lacroix, 2011, Jung et al., 2017).
LAB can be used to treat a variety of disorders brought on by pathogenic bacteria that are
drug-resistant (Marco et al., 2017). The approval process for probiotics requires certain
essential characteristics, such as resistance to bile and low pH, antibiotic susceptibility, and
antimicrobial activity (Unban et al., 2021). There are numerous sources from which LAB can
be isolated, including sugar cane plants, milk products, animal intestines, freshwater fish,
fermented foods, and chicken farms (Mulaw et al., 2019).

Palm wine is a very popular drink in different parts of South and Eastern India, Africa and
Philippines. It is produced from the sap of different types of palm trees. Though the types
and quantity of microorganisms influence the product quality, mainly yeast and some lactic
acid bacteria like Leuconostoc mesenteriodes, Lactobacillus plantarum etc. have been
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found to ferment the sap of palm trees (Sornsenee et al., 2021). According to Naknean,
Meenune and Roudaut (2010), the product quality is also influenced by the techniques used
to tap palm trees and collect their sap, as well as by the air and the surrounding
environment. In the recent studies by Fossi et al. (2022), it was observed that the probiotic
LAB isolated from locally harvested palm wine in Cameroon exhibited cholesterol (LDL)-
lowering ability both in vivo and in vitro. In another study by Ramadhanti et al. (2021), lactic
acid bacteria with probiotic properties were isolated from palm sugar from West Sumatra,
Indonesia. Immunomodulatory activity of the probiotic strains isolated from palm sap in the
presence of some prebiotics was also established in a mouse model (Harahap, Munir &
Hutahaean, 2023).

This study aimed to determine the types and number of lactic acid bacteria present in a
sample of palm wine taken from a local area of Haldia, Purba Medinipur, as well as evaluate
certain characteristics that would make them effective probiotic components.

Methodology

Isolation of Lactic Acid Bacteria

Freshly tapped palm sap was collected aseptically in sterile containers from the nearby
village of Haldia and immediately brought to the laboratory in an ice box (4°C) to stop
fermentation during transportation. Isolation of microbial strains was performed on the same
day of collection. With slight changes, the technique of Bromberg et al. (2004), was adopted
to carry out LAB isolation. To obtain a 1:10 dilution, 1 ml of each sample was diluted in 9 ml
of 1% buffered peptone water. Using sterile distilled water, this mixture was further diluted,
and 100ul of the diluted samples were applied to Lactobacillus MRS agar plates, a selective
medium for lactic acid bacteria. The plates were kept at 30°C for 48—72 hours until growth
became visible.

Characterization of Isolates

a) Morphological characterization:

Single colonies of the LAB isolates were picked up and performed Gram staining. The
slides were observed under light microscope at 40X and 100X magnifications.

b) Biochemical characterization:

Some biochemical experiments were carried out using each isolate's 18-hour overnight
culture in order to properly identify the bacterial isolates, such as Catalase reaction,
carbohydrate utilization test, MR-VP test (Methyl red-Voges-Praskauer), indole production,
NacCl tolerance study etc. by following standard protocols.

Detection of Antibacterial Activity of the LAB Isolates

Antibacterial activity of the LAB isolates was tested following the agar-cup assay against
seven indicator strains. In this method, a bore was made using a borer with a diameter of
5mm on the MRS plates. Cultures of indicator strains were spread over the plates and 50 pl
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of cell free supernatant of each isolate was tested by taking both the filtered and boiled cell-
free culture supernatant (pH 7) of overnight grown isolates. Then the plates were incubated
for 24hrs at 30°C for the formation of a zone of inhibition. The result was further confirmed
by Spot on the Lawn method. A direct comparison was made between the diameters of
zones of inhibition (mm) produced by different strains after 24hrs incubation.

Micro-organisms used:

The inhibitory spectra of the isolates were evaluated against total seven (7) number of
Gram positive and Gram negative bacteria including Staphylococcus aureus, Bacillus
subtilis, Streptococcus faecalis, Salmonella abony, Leuconostoc messenteroides Ly,
Enterococcus faecalis MBlandEscherichia coli. Bacterial strains were procured from
MTCC, Chandigarh and maintained on Trypticase Soy Broth (TSB, Himedia) media.

Acid Tolerance Study

For application as a good probiotic agent, the bacterial isolates should survive in stomach
acid (pH 1.5) and bile acids (pH 2.5). So the survivability of the isolates was checked at pH
2, pH 2.5 and pH 3 following the method of Liong and Shah (2005). Isolates were grown in
MRS broth for 24 hours at 37°C and centrifuged at 5000 rpm for 10 minutes at 4°C. As
inoculums, 1% of this solution was added to MRS broth that had been acidified with
concentrated HCI to pH 2, 2.5, and 3, and then incubated for three hours at 37°C. MRS
broth that had not been acidified was used as the control. OD values (600nm) were taken at
0 and 3 hours after incubation at 37°C. Strains that showed little or no reduction in OD
values were considered acid-tolerant.

Bile Salt Tolerance Study

Following the methodology outlined by Walker and Gilliland (1993), this experiment was
carried out. MRS agar supplemented with 0.3% bile salt (Himedia Laboratories Pvt. Ltd.,
India), was prepared and each isolate was spread over and incubated at 37°C. After this
incubation period, growth was compared with that of control plates of MRS agar without bile
salt. The percentage of LAB colonies formed on MRS agar relative to the starting bacterial
concentration was used to calculate the survival rate:

survival rate (%) = (log CFUN1/ log CFUNp) x 100,

where N is the viable count of isolates after incubation and No is the initial viable count.
Results and Discussion

Isolation of Lactic Acid Bacteria

A total of 89 bacterial colonies were obtained from the isolated plates, of which some were
cream in color and some were whitish. Among them, 7 colonies (L1, L2, C1, C2, C3, X, Y)
were selected and purified by the streak plate method on MRS medium, and the isolates
were maintained in MRS slants at 4°C. Small, white colonies were selected as lactic acid
bacteria (Figure 1).
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Source: Collected by authors

Characterization of Isolates

Except for L1 and C3, all the isolates were gram-positive and Catalase negative. Among the
isolates L2, X, C1 appeared as cocci and C2, Y as Bacillus and two strains, L1 and C3,
were yeast (Figure 2). All the isolates were negative in the Indole test. Except for C1 and Y,
all the isolates were Methyl Red positive (Figure 3). All the isolates were VP and Citrate
negative (Table 1). All the isolates were able to grow in the presence of 10% NaCl. The
carbohydrate fermentation profiles of the isolated strains were shown in Table 2 as
evidenced by the color change after 48 h of incubation (Figure 4). The fermentation pattern
was compared to the standard lactic acid bacterial strains' fermentation chart. According to
this test, it can be predicted that, L2, X, C1 and C3 are Lactococci species and C2 and Y
are Lactobacillus species.

Table 1: Biochemical Properties of Seven Isolates

Figure 2: Lactobacillus MRS Plates with LAB Isolates

Tests L1 L2 C1 C2 C3 X Y
Morphology c(y) c c(y) c r
Gram staining +/- + +/- + +

Methyl Red

+

Voges Proskauer

Catalase test

+

Indole test

Gas from glucose

NaCl tolerance

+

+

+

+

+

+

+

c: round shaped, cocci; r: rod shaped, Bacillus, c(y): yeast; + : positive reaction, -: negative

reaction

Source: Collected by authors
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a b

Source: Collected by authors
Figure 3: Observation under Light Microscope (100X) After Gram Staining of L2 (a:
chain of cocci) and Y (b: rod shaped)

Voges Proskauer Test

Source: Collected by authors
Figure 4: IMVIiC Test of Isolates

Table 2: Carbohydrate Utilization Profile of Five LAB Isolates

Carbohydrates L2 C1 Cc2 X Y
Lactose ++ ++ ++ +/- +/-
Sucrose ++ ++ ++ ++ ++
Maltose ++ ++ ++ ++ ++
Fructose +- +/- +/- - +/-
Dextrose ++ ++ ++ ++ ++

++: Good utilization, +/- : weak utilization, - : No utilization

Source: Collected by authors
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Figure 5: Carbohydrate Utilization Test of the LAB Isolates

Antibacterial Activity of the LAB Isolates: All the five LAB strains showed broad
inhibitory spectra. No isolate showed inhibitory activity against all the tested bacteria (Table
3). LAB Cland C2 has shown maximum antibacterial activity against most of the test
organisms. Figure 5 showed some of the antibacterial activity plates with zone of inhibition.

Table 3: Antibacterial Spectra of Different Isolates

Indicator strains L2|C1|C2|X |Y
Staphylococcus aureus ++ |+ |+ | |+t
Bacillus subtilis ++ | ++ | ++ | ++ | ++
Streptococcus faecalis 4+ | 4+ | | |+t
Enterococcus faecalis MB1 - + |+ |- -
Leuconostocmessenteroides Ly - - + + |+
Salmonella abony ot | | A | |
Escherichia coli + |+ |- - -

++: Zone diameter >2cm; +: <2cm; -: no zone of inhibition
Source: Collected by authors
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Source: Collected by authors

Figure 6: Antimicrobial Activity of the Isolates Against the Pathogens Tested

Acid Tolerance Study

After 3 hrs incubation period, all the isolates showed a slight increase in ODego Values at pH
2 and PH 3, but at pH 2.5, there was little lessen in the ODsoo values. After 24hr growth
ceased in most of the cases, but at pH 2, all the isolates showed a little increase in values
(Figure 6). So it can be concluded that all the bacterial isolates were very acid tolerant,
though their growth is better at pH 2. In the stomach, where pH is around 1.5, the foods stay
for 90 minutes. For this reason, the acid tolerance of the isolates was mainly observed for 3
hours.
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Figure 7: Growth Pattern of Isolates at pH2, pH2.5 and pH3
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Bile Salt Tolerance Study

According to Gilliland, Staley and Bush (1984), 0.3% bile tolerance is necessary for the
evaluation of bile-tolerant probiotic LAB. All the isolates survived the tested bile salt
concentration (0.3%). Small colonies developed after 48 hours of incubation at 37°C on bile
salt agar medium. Growth was also observed in MRS broth containing bile salt. Survival
rate was highest for L2, then for Y and least for X (Figure 7).

Bile salt tolerance
98 -
96 -

94 -

92 -

90 -

-

86 T T T T )
1 2 3 4 5

Bacterial Isolates

suvival rate (%)

Source: Collected by authors
Figure 8: Survival Rates of Isolates in Presence of Bile Salt

Conclusion

This study demonstrates that palm sap is a potential source of LAB with probiotic
properties, especially strong antimicrobial activity against food borne pathogenic bacteria.
Among all the isolates, two strains were yeast (L1 and C3), two were Bacillus (C2, Y), and
three were cocci (L2, C1, X). All were gram-positive and catalase-negative. All the isolates
showed a broad antimicrobial spectrum against both gram-positive (Staphylococcus aureus,
Bacillus subtilis, Enterococcus faecalis MB1, Leuconostoc messenteroides Ly) and gram-
negative bacteria (Salmonella abony, Escherichia coli). All the isolates showed little or no
change in growth after three hours of incubation at pH 2, 2.5 and 3. So all the strains were
tolerant of gastric acidity. All the LAB strains were very bile salt-tolerant. Strain L2 showed
maximum survivability in the presence of 0.3% bile.

Acknowledgment

The authors would like to express their gratitude to the Department of Biotechnology, Haldia
Institute of Technology, for providing the lab and chemicals used in this work, and to Prof.
Narayan Chandra Mandal, Professor, Department of Botany, Visva-Bharati for his valuable
guidance and encouragement, which have been absolutely helpful in the successful
submission of this article.

Trends in Chemical and Biological Research 107



References

Bromberg, R., Moreno, I., Zaganini, C. L., Delboni, R. R., & Oliveira, J. D. (2004). Isolation
of bacteriocin-producing lactic acid bacteria from meat and meat products and its
spectrum of inhibitory activity. Brazilian Journal of Microbiology, 35, 137-144.
https://doi.org/10.1590/S1517-83822004000100023

Chassard, C., Grattepanche, F., & Lacroix, C. (2011). Probiotics and health claims:
challenges for tailoring their efficacy. Probiotics and Health Claims, 49-74.

Fossi, B. T., Ekabe, D. E., Toukam, L. L., Pambou, H. O. T., Gagneux-Brunon, A.,
Nguefeu, C. N., & Bongue, B. (2022). Probiotic lactic acid bacteria isolated from
traditional cameroonian palm wine and corn beer exhibiting cholesterol lowering
activity. Heliyon, 8(11), e11708. https://doi.org/10.1016/j.heliyon.2022.e11708

Fuller, R. (1999). Probiotics for farm animals. Probiotics: A Critical Review, 15-22.

Gillland, S. E., Staley, T. E., & Bush, L. J. (1984). Importance of bile tolerance of
Lactobacillus acidophilus used as a dietary adjunct. Journal of Dairy Science, 67(12),
3045-3051. https://doi.org/10.3168/jds.S0022-0302(84)81670-7

Harahap, N. I. P., Munir, E., & Hutahaean, S. (2023). Immunomodulatory effects of
probiotics isolated from traditional fermented foods and beverages of Sumatra
(Indonesia) and synbiotics in mice. Biodiversitas Journal of Biological Diversity, 24(2),
1157-1162.

Jung, Y. J,, Lee, Y. T., Ngo, V. L,, Cho, Y. H., Ko, E. J., Hong, S. M., ... & Kang, S. M.
(2017). Heat-killed Lactobacillus casei confers broad protection against influenza A
virus primary infection and develops heterosubtypic immunity against future secondary
infection. Scientific reports, 7(1), 17360.

Liong, M. T., & Shah, N. P. (2005). Acid and bile tolerance and cholesterol removal ability
of lactobacilli strains. Journal of Dairy Science, 88(1), 55-66.
https://doi.org/10.3168/jds.S0022-0302(05)72662-X

Marco, M. L., Heeney, D., Binda, S., Cifelli, C. J., Cotter, P. D., Foligné, B., ... & Hutkins,
R. (2017). Health benefits of fermented foods: microbiota and beyond. Current Opinion
in Biotechnology, 44, 94-102. https://doi.org/10.1016/j.copbio.2016.11.010

Metchnikoff, E. (1907). The prolongation of life: optimistic studies, trans. P. Chalmers
Mitchell. New York: GP Putnam’s Sons.

Mulaw, G., Sisay Tessema, T., Muleta, D., & Tesfaye, A. (2019). In Vitro Evaluation of
Probiotic Properties of Lactic Acid Bacteria Isolated from Some Traditionally
Fermented Ethiopian Food Products. International Journal of Microbiology. https://doi.
0rg/10.1155/2019/7179514

108 Trends in Chemical and Biological Research


https://doi.org/10.1590/S1517-83822004000100023
https://doi.org/10.1016/j.heliyon.2022.e11708
https://doi.org/10.3168/jds.S0022-0302(84)81670-7
https://doi.org/10.3168/jds.S0022-0302(05)72662-X
https://doi.org/10.1016/j.copbio.2016.11.010

Naknean, P., Meenune, M., & Roudaut, G. (2010). Characterization of palm sap harvested
in Songkhla province, Southern Thailand. International Food Research Journal, 17(17),
977-986.

Ouwehand, A. C., & Salminen, S. (2003). In vitro adhesion assays for probiotics and their
in vivo relevance: a review. Microbial Ecology in Health and Disease, 15(4), 175-184.
https://doi.org/10.1080/08910600310019886

Ramadhanti, N., Melia, S., Hellyward, J., & Purwati, E. (2021). Characteristics of lactic
acid bacteria isolated from palm sugar from West Sumatra, Indonesia and their
potential as a probiotic. Biodiversitas Journal of Biological Diversity, 22(5), 2610-2616.
https://doi.org/10.13057/biodiv/d220520

Reuben, R. C., Roy, P. C., Sarkar, S. L., Alam, A. R. U., & Jahid, I. K. (2020).
Characterization and evaluation of lactic acid bacteria from indigenous raw milk for
potential probiotic properties. Journal of Dairy Science, 103(2), 1223-1237. https://doi.
0rg/10.3168/jds.2019-17092

Rodriguez, J. M. (1996). Revision: Espectro antimicrobiano, estructura, propiedades y
mode de accion de la nisina, una bacteriocina producida por Lactococcus
lactis/Review: Antimicrobial spectrum, structure, properties and mode of action of nisin,
a bacteriocin produced by Lactococcus lactis. Food Science and Technology
International, 2(2), 61-68. https://doi.org/10.1177/108201329600200202

Sornsenee, P., Singkhamanan, K., Sangkhathat, S., Saengsuwan, P., & Romyasamit, C.
(2021). Probiotic properties of Lactobacillus species isolated from fermented palm sap
in Thailand. Probiotics and Antimicrobial Proteins, 13, 957-969. https://doi.org/10.1007/
$12602-021-09754-y

Unban, K., Chaichana, W., Baipong, S., Abdullahi, A. D., Kanpiengjai, A., Shetty, K., &
Khanongnuch, C. (2021). Probiotic and antioxidant properties of lactic acid bacteria
isolated from indigenous fermented tea leaves (Miang) of north thailand and promising
application in synbiotic formulation. Fermentation, 7(3), 195. https://doi.org/10.3390/
fermentation7030195

Walker, D. K., & Gillland, S. E. (1993). Relationships among bile tolerance, bile salt
deconjugation, and assimilation of cholesterol by Lactobacillus acidophilus. Journal of
Dairy Science, 76(4), 956-961. https://doi.org/10.3168/jds.S0022-0302(93)77422-6

Trends in Chemical and Biological Research 109


https://doi.org/10.1080/08910600310019886
https://doi.org/10.13057/biodiv/d220520
https://doi.org/10.1177/108201329600200202
https://doi.org/10.1007/%20s12602-021-09754-y
https://doi.org/10.1007/%20s12602-021-09754-y
https://doi.org/10.3390/%20fermentation7030195
https://doi.org/10.3390/%20fermentation7030195
https://doi.org/10.3168/jds.S0022-0302(93)77422-6

	1. Shrabani Sen
	,𝑑𝑥-𝑑𝑡.=,𝑘-𝑥.𝑎𝑥−,𝑘-𝑦.𝑥𝑦
	,𝑑𝑦-𝑑𝑡.,=𝑘-𝑦.𝑥𝑦−,𝑘-𝑑.𝑦
	Population
	Time
	,𝑥.=𝑓(𝑥)
	,𝑥.=𝑓,𝑥,𝑦.
	,𝑦.=𝑔,𝑥,𝑦.
	𝜆=,,𝑇𝑟𝑀.±𝑆𝑄𝑅𝑇(,𝑇𝑟𝑀-2.−4Δ)-2.
	(A) If (TrM)2>4 Δ, then there is always two real valued λ-s where dependinguponthe signs of the corresponding eigenvalues three different kinds of stability of the fixed pointsare possible.
	(i) If (TrM) >0 and  Δ>0 both eigenvalues are positive leading to an unstable node
	(ii) If (TrM) <0 and Δ>0 both eigenvalues are negative leading to a stable node
	(iii) For (TrM) >0 and Δ<0 or (TrM) <0 and Δ<0 or (TrM) = 0 and Δ<0, one eigenvalue is positive and the other one is negative leading to saddle node.
	Figure 4: Stabilities of the Fixed Point when (TrM)2>4 𝜟 (Strogatz 1995)
	(B) If (TrM)2 <4 Δ, then the eigenvalues are always imaginary and appear as complex conjugate pair. Here also stability of the fixed point can be of different types. (i) If (TrM) >0 the both the imaginary eigenvalues have positive real part leading to...
	(ii) If (TrM) <0 the both the imaginary eigenvalues have negative real part leading to a stable spiral  (iii) If (TrM) = 0 and Δ>0, then this situation leads to a center.
	Figure 5: Stabilities of the Fixed Point When (TrM)2<4 𝜟 (Strogatz 1995)
	,𝑑𝑢-𝑑𝑡.=,1-∈.𝑓(𝑢,𝑣)
	,𝑑𝑢-𝑑𝑡.=𝑔(𝑢,𝑣)
	Now investigate what happens when large perturbation is applied to the steady state. Upon application of large perturbation the system reaches to the point A which is positive for f (u,v) . Thus the perturbation continues to grow, pushing the system t...
	Figure 7: Phase Plane Analysis of Large Perturbation in the Steady States of Excitable Two Variable System (Epstein 1998)
	If the intersection of the nullclines lies on the middle branch, the trajectories point awayfrom the steady state making it unstable. Since u changes very rapidly the analysis has tostart from the point A in Figure 6. The system will move slowly along...
	Figure 8: Phase Plane Diagram of Relaxation Oscillations (Epstein 1998)
	A note has been taken on the extent of usefulness of the results of linear stability analysis. So long as a fixed point is a node or saddle or a spiral it is stable enough and the nonlinear terms left do not generally affect its stability. But when th...
	Conclusion
	So far it has been discussed the stability analysis of fixed point upon perturbed by small and large perturbations. Different types of dynamical behaviours are obtained. Oscillations are amongst them. The importance of oscillatory dynamics is notewort...
	Acknowledgement
	The author wants to acknowledge Dr. Deb Shankar Ray from Indian Association for the Cultivation of Science, Jadavpur for constructive discussions and suggestions.
	References

	2. Moumita Roy
	3. Debarati Dey
	4. Damayanti bakra(table, figure)
	Calculation of Relative Abundance (RA)

	5. Amit Kumar Dutta books
	ABSTRACT
	Nano-Scaled Metal Oxides, Metal Sulfides


	7 Jayita Dutta
	Chowdhury, U. K., Biswas, B. K., Chowdhury, T. R., Samanta, G., Mandal, B. K., Basu, G. C., ... & Chakraborti, D. (2000). Groundwater arsenic contamination in Bangladesh and West Bengal, India. Environmental health perspectives, 108(5), 393-397. https...
	Flora, S. J. S. (2015). Arsenic: Chemistry, occurrence, and exposure. In Handbook of Arsenic Toxicology, 1–49. https://doi.org/10.1016/B978-0-12-418688-0.00001-0

	Herath, I., Vithanage, M., Bundschuh, J., Maity, J. P., & Bhattacharya, P. (2016). Natural arsenic in global groundwaters: distribution and geochemical triggers for mobilization. Current Pollution Reports, 2, 68-89. https://doi.org/10.1007/s40726-016-...
	Mazumder, D. G., & Dasgupta, U. B. (2011). Chronic arsenic toxicity: studies in West Bengal, India. The Kaohsiung Journal of Medical Sciences, 27(9), 360-370. http://dx.doi.org/10.1016/j.kjms.2011.05.003

	8 Priyankar Sanphui
	12. Lina Sarkar
	Conclusion
	Allison, M. A. (1998). Historical changes in the Ganges-Brahmaputra delta front. Journal of Coastal Research, 1269-1275.
	Allison, M. A., Kuehl, S. A., Martin, T. C., & Hassan, A. (1998). Importance of flood-plain sedimentation for river sediment budgets and terrigenous input to the oceans: Insights from the Brahmaputra-Jamuna River. Geology, 26(2), 175-178. https://doi....
	Chakraborty, P., Mishra, S. S., Saren, S. C., Sengupta, A., & Yardi, K. (2021). Ichthyofaunal integrity, hydrological and environmental features trade-off in the Sunderbans, India. Ecological Questions, 32(2), 7-25. https://doi.org/10.12775/EQ.2021.010
	Chakraborty, S., & Adhikary, M. (2014). Vulnerability and Risk Assessment of Environmental Hazards–A Case Study Of Patharpratima Block,(Sundarban Delta Region) South 24 Parganas, West Bengal, India. IOSR Journal of Environmental Science, Toxicology an...
	Day, F. (1876). The fishes of India; being a natural history of the fishes known to inhabit the seas and fresh waters of India, Burma, and Ceylon. Fishes India Part 2.
	Dhara, S., & Paul, A. K. (2016). Status of agriculture-a case study at Patharpratima Block of South 24 Parganas district. International Journal of Innovative Science, Engineering & Technology, 3(2), 239-246.
	Haq, K. A., Alam, M. M., Mohsin, A., & Islam, M. S. (2004). A review on the causes destruction of Sunderban Mangrove Fisheries of Bangladesh. Progressive Agriculturists, 15(2):113-122.
	Islam, M. A., Al Asif, A., Samad, M. A., Sarker, B., Ahmed, M., Satter, A., & Hossain, A. (2017). A comparative study on fish biodiversity with conservation measures of the Bhairabriver, Jessore, Bangladesh. Asian Journal of Medical and Biological Res...
	IUCN. (2021). The IUCN Red List of Threatened Species. Version 2021-1. International Union for Conservation of Nature and Natural Resources. https://www.iucnredlist.org
	Jayaram, K. C. (1999). The Freshwater Fishes of the Indian Region. Narendra Publishing House, New Delhi. 551.
	Mishra, S. S., & Gopi, K. (2017) Fish diversity of Indian Sunderban and its resource and research prospects. In book: Fauna of Sunderban Biosphere reserve. Zoological Survey of India, 107-127.
	Mitra, A., Banerjee, K., & Banerjee, A. (2006). Screening mangroves in search of Astaxanthin. Seshaiyana, 14(1), 1-2.
	Paul, R. K., Baidya, A., Alam, A., & Satpati, L. (2021). An assessment of cyclone-induced vulnerability and change in land use and land cover (LULC) of G-plot in Patharpratima CD block of south 24 Parganas district, West Bengal. 17(18):1-13.
	Rahman, M. M., Hossain, M. Y., Ahamed, F., Fatematuzzhura, S. B., Abdallah, E. M., & Ohtomi, J. (2012). Biodiversity in the Padma distributary of the Ganges River, northwestern Bangladesh: recommendations for conservation. World Journal of Zoology, 7(...
	Saha, A., Pramanick, P., Zaman, S., & Mitra, A. (2018). Indian Sundarbans: An abode of brackish water fishes. Techno International Journal of Health, Engineering, Management & Science, 2(3), 45-51.
	Sarkar L., & Banerjee, S. (2012). Diversity and Distribution of Fishes in Damodar River System(India) in Relarion to Hydrological Variation and Anthropogical Stress. LAP LAMBERT Academic Publishing. 230pp. ISBN:978-3-659-18484-0

	18. Sonali Ray
	Several studies and experimental trials have found that curcumin is successful in attenuating liver damage that is induced by ethanol, carbon tetrachloride (CCl4) intoxication, thioacetamide, iron overdose, etc. The following discussion accounts for s...
	Hepatoprotective Activities against Carbon Tetrachloride (Ccl4)-Induced Liver Damage:
	Acute liver damage can be induced in wide varieties of laboratory animals by a well-known hepatotoxic drug, carbon tetrachloride (CCl4). The liver damage is caused by the generation of reactive oxygen species that cause oxidative stress and eventually...
	Lee et al. (2016) also documented the hepatoprotective activities of curcumin and turmeric extract, from the results of their experiment in CCl4-induced liver damage in animal model. The peroxidated lipids and the oxygen species produced cause hepatoc...
	Recently, Ibrahim et al. (2020) has reported that the treatment of crude extracts of C. longa and curcuminoid could increase the levels of superoxide dismutase (SOD), catalase and GPx activities, which decrease significantly in CCl4-induced hepatotoxi...
	Hepatoprotective Activities in Alcoholic Liver Disease (ALD):
	An experimental study was carried out by Nanji et al., (2003) in alcohol-induced liver male Wistar rats, where curcumin is reported to inhibit the expression of NF-κB-dependent genes like Tumour Necrosis Factor-α (TNF- α), interleukin 12 (IL-12), mono...
	Uchio et al. (2017) reported about the inhibition of hepatic oxidative stress and inflammatory cytokine production in mice, suppressing its acute ethanol-induced liver injury by the application of hot water extract of turmeric.
	Similar hepatoprotective effect of curcumin in liver damage caused by alcohol in mice was observed by Wang et al. (2019). They concluded that curcumin inhibited the endoplasmic reticulum stress and regulated the mitochondrial dysfunction.
	Hepatoprotective Activities in Non-Alcoholic Fatty Liver Disease (NAFLD):
	Non-alcoholic Fatty Liver Disease (NAFLD) is one of the most prevalently occurring liver disorder which encounters excessive fat accumulation in the liver, without any significant alcohol consumption. An amorphous formulation of curcumin was subjected...
	Mansour-Ghanaei et al. (2019) examined that curcumin treatment in a dose-dependent manner could reduce the levels of the liver enzymes like alanine aminotransferase and aspartate aminotransferase.
	Lee et al. (2022) recently had validated a quantification method for curcumin and all its derivatives. They also reaffirmed the protective ability of curcumin against NAFLD.
	Hepatoprotective Activities in Thioacetamide-Induced Liver Damage:
	Thioacetamide (TAA) is a hepatocarcinogenic agent that has a necrotic effect on the liver cells. This necrotic effect was modified into apoptosis, which is caused through the release of cytochrome from mitochondria, followed by the activation of caspa...
	Shapiro et al. (2006) reported that curcumin directly played a role in improving the survival status of rats by lowering oxidative stress, liver necroinflammation which occurred due to thioacetamide induction.
	Thioacetamide-induced liver cirrhosis in rats was examined and found to be prevented by curcumin. Curcumin could prevent liver damage through its anti-inflammatory activity. Hydroxyproline levels and the weight of the spleen were found to be lower, al...
	Infection due to virus or bacteria, or any toxic chemical damage the hepatocytes. These hepatocytes start an inflammatory response which activate the production of collagen by hepatic stellate cells. It was reported by Wang et al. (2012) that curcumin...
	The ethanolic extract of the rhizome of C. longa exhibited hepatoprotective properties on thioacetamide-induced liver cirrhosis of 8 weeks in rats, in an experiment conducted by Salama et al. (2013). They showed hepatoprotective effects at oral doses ...
	Farjam et al. (2014) examined the effect of curcumin treatment in thioacetamide-induced hepatic encephalopathy. This study was done in male Sprague Dawley rats, which showed inflammation and necrotic hepatic tissue after thioacetamide induction. Both ...
	Hepatoprotective Activities Against Iron and Heavy Metals Toxicity:
	A very common effect of toxicity in liver is due to excessive iron deposition in hepatocytes, that produces fibrosis and cirrhosis. In a study done by Reddy and Lokesh (1996), it was inferred that curcumin could prevent the serum levels of AST and ALT...
	García-Niño et al. (2014) investigated the protective action of curcumin on the liver against heavy metals like arsenic, cadmium, chromium, copper, lead, and mercury. It was observed that curcumin could reduce the hepatotoxicity caused by the heavy me...
	Effect of Curcumin Against Paracetamol, Concanavalin A, and Nicotine:
	Concanavalin A is a potent polyclonal mitogen that damages the liver parenchyma through a gradual activation of T lymphocytes, followed by cytokine secretion. Li et al. (2014) presented reports of curcuma oil exhibiting hepatoprotective properties in ...
	Curcumin was reported by Salahshoor et al., (2016), to increase the liver weight, decrease the levels of nitric oxide in nicotine-treated male mice, thereby posing to be hepatoprotective in nature against nicotine-toxicity.
	A widely used pesticide, Carbofuran, exerts harmful effects on the liver of humans along with other animals. The toxic effect of the chemical on blood and liver can be ameliorated by the usage of turmeric extract (Hossen et al., 2017).
	Some other Significant Hepatoprotective Activities:
	Colpitts et al. (2014) documented that curcumin of turmeric was able to inhibit the entry of hepatitis C virus of all genotypes into the liver cells of humans, by disrupting virus binding through regulation of membrane fluidity.
	Taebi et al. (2020) reported that the extract of C. longa and curcumin could positively lower the proliferation of human hepatocellular carcinoma cell line (HepG2), in a concentration-dependent manner.  They were also observed to increase fatty acid o...
	Discussion
	The therapeutic power of turmeric is receiving a considerable amount of attention for its manifold benefits in treating various diseases. Various investigations have concluded that curcumin, the phytochemical from C. longa, has the ability to modulate...
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