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which are presently found useful sither as
directly edible materials or as industrial raw
materials are being dealt with in the classifi-
cation given in this chapter following that of
Fritsch (1935). The distribution of these
economically important algae along the Indian
coast are given along with a few other species
commonly cccurring in India in the Appendix
118

Classification

Following the classification of Fritsch
{1935), a systematic list of the important and
common Indian seaweeds is given below:

1 CLASS : CHLOROPHYCEAE
Order : Ulatrichales

Y reticulata
Enteromorpha compressa

a. Family ;: Ulvaceae
1. Ulva fasciata

2. U factuca

3. U rigida

4,

5,

Order : Cladophoralas

b. Family : Cladophoraceae
6. Chaetomorpha antenning

Order : Siphonales
' Family : Caulerpaceas

Caulerpe racemoss
C. sertularioides
C. taxifolia

©®N o

d. Family : Codiaceae
10. Codium adharens
11. C. decorticatum
12. C. tomentosum

[l CLASS : PHAEQOPHYCEAE
QOrder ; Dictyotales
a. Family : Dictyotaceae
13. Dictyota dichotoma
14.  Padina commersoni
15, P. gymnospora
16. P tetrastromatica
Order ; Punctariales
b. Family : Punctariaceae
17. Colpomenia sinugsa
18. Hydroclathrus clathratus
18. Rosenvingsa intricata
20. Chnoospore minims

i0

Qrder : Fucales
¢. Family : Sargassaceas

21. Cystoseira trinodis
22, Hormophysa triqueira
23. Sargassum johnstonii
24. 8. myriocystum
25. 8. swartzii
26. 8. tenerrimum
27, S. wightii
28. Turbinaria conoides
29, T ornats

H] CLASS : RHODOPHYCEAE
Sub-Class : Bangioideae
Order : Bangiales
a  Family : Bangiaceae
30. Porphyra vistnamensis
Order : Gelidiales
b. Family :Galidiaceas
31. Gelidielia acerosa

Order : Cryptonamiales
¢. Family : Grateloupiaceae
32. Halymenia floresia
33.  Grateloupia filicina
24. G. lithophila
Order : Gigartinaiss
d. Family : Gracilariaceae
35. Gracllarie corticats
36. G. crassa
37. G foliifere
38. G. edulis
39. G. verrucoss
¢. Family : Solieriaceae
40. Sarconema furceliatum
f. Family : Hypneaceae
41. Hypnea musciformis
g. Family : Gigartinaceae
42, Gigartinag acicularis
Order : Rhodymenials
Family : Rhodymeniaceas
43. Rhodymenia dissecta
Order ;: Ceramiales
I.  Family : Ceramiaceae
44, Centroceras clavulatum
45, Spyridia filamentosa
46, 8. fusiformis

j- Family : Rhodomslaceae
47. Acanthophora spicifera
48. Laurencia papillose
49, L, obtusa

=

CMFR |
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APPENDIX IIT

1. Estimation of Crude Fibre

To estimate crude fibre, weigh a known amount of food sample, then boil it in dilute
acid (e.g., 1.25% H2S04) followed by dilute alkali (e.g., 1.25% NaOH) to remove soluble
components. Filter the residue, dry it at 105°C, and then ignite in a muffle furnace at 550°C to
burn off organic matter. The remaining ash is weighed, and the crude fibre percentage is

calculated as:

Crude Fiber (%) = (Weight of residue/Sample weight) x 100
2. Estimation of Dietary Fibre

Weigh the food sample and treat it with a series of enzymes (e.g., amylase, protease) to
digest starches and proteins. After enzymatic digestion, filter the fibre fraction, wash
thoroughly, and dry at 105°C. The dietary fibre content is calculated similarly to crude fibre

using the formula:
Dietary Fiber (%) = (Weight of fibre residue Sample weight) x 100

3. Estimation of Calcium

To estimate calcium, weigh a known sample of food and ash it at 550°C to remove
organic matter. Dissolve the ash in dilute hydrochloric acid, and precipitate calcium as calcium
oxalate by adding ammonium oxalate. Filter, wash, and ignite the precipitate to calcium oxide,

then calculate the calcium content using the formula:

Calcium (%) = (Weight of CaQ/ sample weight) x 100
4 Estimation of Phosphorous
For phosphorus, dissolve the food sample in hydrochloric acid and treat with
ammonium molybdate and ascorbic acid. The resulting yellow complex is measured

colorimetrically at 660 nm. Phosphorus is calculated using a standard calibration curve.

5 Estimation of Iron

To estimate iron, dissolve the sample with hydrochloric acid and treat with a reducing
agent (e.g., ascorbic acid) to convert iron to ferrous form. The solution is then reacted with
1,10-phenanthroline, and the iron content is measured spectrophotometrically at 510 nm. The

formula used is:

(Absorbance of sample/Absorbance of standard) x concentration of standard.
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6 Estimation of Phytates

The total phytate content is typically determined using the colorimetric method, based
on the reaction of phytate with iron (III) chloride. A sample is first extracted with hydrochloric
acid and then treated with a ferric chloride solution. The absorbance of the resulting blue

complex is measured at 500 nm. The phytate content is calculated using the formula:

Phytate [(mg/g) = (A x Vx {) |/weight of sample (g)
where A is the absorbance, V is the volume of extract, and f'is the dilution factor.
7 Estimation of Oxalates

Oxalates are quantified by titration with a standard solution of potassium
permanganate. The sample is boiled with dilute sulfuric acid to extract oxalates. After
filtration, the extract is titrated against potassium permanganate until a pink color persists. The

oxalate content is calculated as:
Oxalate (mg/g) = [ (VxN%0.126x1000)]/ weight of sample (g)

where V is the volume of permanganate solution used, N is the normality of the permanganate,

and 0.126 is the molecular weight of oxalic acid.
8 Estimation of Phenols

Phenolic compounds are estimated using the Folin-Ciocalteu method. A sample is
mixed with Folin-Ciocalteu reagent and sodium carbonate, followed by a color change
measured at 765 nm. The phenol concentration is determined using a calibration curve, and

results are expressed as gallic acid equivalents (GAE):

Phenol (mg/g)=[ (AXVxC)]/ weight of sample (g)
where A is the absorbance, V is the volume of the extract, and C is the concentration of the

gallic acid standard.

9 Estimation of Flavonoids

The flavonoid content is determined using the aluminum chloride colorimetric method.
The sample extract is treated with aluminum chloride, and the absorbance is measured at 430

nm. The flavonoid content is calculated using a standard quercetin curve:

Flavonoid (mg/g) = [ (AxVx1000)]/weight of the sample (g) x molar extinction coefficient
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where A is absorbance, V is the volume of extract, and the molar extinction coefficient refers

to the standard's known value.

10 Estimation of Alkaloids

The alkaloid content is typically determined by gravimetric methods or
colorimetrically using a reagent like Mayer‘s or Dragendorff*s. The sample is first extracted
with a solvent like ethanol or methanol, followed by precipitation with a reagent. The alkaloids

are quantified by measuring absorbance or weighing the precipitate:

Alkaloids (mg/g) = [ (AXVXF)]/ weight of the sample (g)

where A is the absorbance, V is the volume of extract, and F is a factor related to the standard

concentration.

11 Simulated Gastric Juice Tolerance

The methodology proposed by Koh et al., 2019 and Wu et al., 2021 was adopted with
minor modifications to assess the simulated gastric juice tolerance of the LAB isolate. The
strain was centrifugally agitated at 5,000 revolutions per minute for 15 minutes at 5 °C after
being cultivated in an MRS medium with 0.1% ascorbic acid for a 48-hour period at 37 °C.
To conduct the test, gastric juice with a pH of 3.0, comprising 125 millimolar NaCl, 45
millimolar NaHCO3, 7 millimolar KCl, and 3 g/L pepsin was made. For the control, 1 M of
HCI and sodium hydroxide were added to make the solution pH 7 (Archer ef al., 2015). For
both the assay and control groups, the bacterial pellet was initially resuspended in 10 ml of
phosphate-buffered saline (PBS) at pH 7.4, followed by incubation in simulated gastric juice.
The viability of the bacterial strain was subsequently assessed by enumerating colony

formation over a period ranging from 0 to 3 hours.

Bacterial viability (%) =CFU 44,,x 100
CFU control

Bile Juice Tolerance

The procedure outlined by Nakkarach et al., 2018 was followed for conducting the
bile tolerance test. 100 pL of bacterial culture that had been cultivated overnight was
centrifuged and resuspended in PBS solution with 0.3% bile, adjusted to pH 8.0.

Additionally, as a control, test strain isolate was inoculated in MRS broth solution without
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bile. Resistance was measured for both test tubes by counting live colony counts after
incubation at 37 °C. To establish bile salt tolerance, the absorption value of MRS broth at
600 nm was determined. This was done because the usual duration for meal assimilation in
the small intestine is between 0 and 4 hours. By outspreading a hundred microliters of the
isolate on top of the MRS agar plate after the organism had been incubated for four hours,

the survivability of the same in 0.3% bile was measured as well.

Pancreatin Tolerance

0.1 ml of bacterial isolate from the 24-hour culture was extricated by centrifuging at
10,000xg for 5 min at 4 °C. They were briefly suspended in PBS (pH 7.2) and resuspended
in the same solution of pH 8.0 containing 0.5% pancreatin. The control group received no
treatment. For 48 hours at 37 °C, inoculated test tubes containing the bacterial isolate were
incubated in a shaker incubator. By taking measurements of the absorbance at 600 nm at
intervals of 24h for two days starting from Oh, pancreatin tolerance was ascertained. After 48
hours of incubation, the cell viability of the test and control specimen in MRS agar plates
was also calculated as per the protocol suggested by Khagwal et al., 2019 and Gebre et al.,
2023.

Determination of Surface-Hydrophobicity Index

The bacterial specimen was centrifuged for 10 min at 10,000 rpm. Using phosphate
urea magnesium buffer, the cell-containing precipitate was washed twice. One part of n-
hexadecane was incorporated into three parts of the LAB broth before it was incubated at 37
degrees Celsius for an hour. At 600 nm, the well-separated aqueous phase's absorbance was

obtained (Reuben Roy et al.,2019).

Hydrophobicity index (%) = OD; — OD; x 100
OD;

OD;= Initial Absorbance; OD;= final absorbance.

NaCl Tolerance

LAB cultured for 24h (1% v/v) were added to MRS culture medium containing
varying amounts of NaCl (0%, 0.5, 2.0, 4.0, 7.5 and 10%) and incubated at ambient
temperature for 12h. The extent of absorption at 600 nm was used to gauge the viability of

the strains against the effect of Sodium Chloride concentrations (Yépez et al., 2019)

179



Appendices

Auto Aggregation Assay

The method proposed by de Oliveira Coelho et al., in 2019 and Byakika et al., in
2020 was slightly adapted to quantify the phenomenon of auto-aggregation, which represents
a distinct interaction between the cells. To achieve this, a 12-hour bacterial suspension was
subjected to centrifugal agitation at 5000 rotations per minute for a duration of 10 minutes to
isolate cell pellets. Subsequently, these pellets were briefly suspended in PBS buffer at
regular intervals, and upon redissolution, their initial absorbance was measured at 600 nm.
Following incubation of the culture at 37 °C, the final absorbance of the supernatant was
measured. The percentage of cellular auto-aggregation was determined using the equation

provided below.

Rate of Auto Aggregation (%) = OD; — OD; % 100
oD,

Determination of Antibiotic Susceptibility of L. Reuteri on Common Enteropathogens

With a few minimal alterations, the disc agar diffusion suggested by Cui et al., 2018
and Wang et al., 2021, was applied to determine susceptibility to antibiotics. On an MRS
agar plate, 100uL of LAB cells (107 CFU mL™") were plated. The plates containing discs that
had been infused with antibiotics were left to incubate at a temperature of 37°C for 24-48
hours. Amikacin —AK30mcg, Gatifloxacin — GAT 5mcg, Moxifloxacin -MO 5mcg,
Amoxicillin sulbactam- AMS 30/15 mcg, Penicillin — P 10mcg, Amoxiclav— AMC 10mcg
and Chloramphenicol — C 30 mcg, Vancomycin — VA 30mcg, Methicillin — MET 5mcg,

procured from _hi-media‘ were used.

Antagonistic Activity of Extracted Antibacterial Agents Against Enteropathogens

Equal amounts of bacterial isolate were cultured for 48 hours at 37 °C with 5 mL of
ethyl acetate added, and the composition was agitated in a rotary shaker for 10 minutes at 20
rotations per minute, and the supernatant was then transferred into a fresh tube. An
antagonistic effect on the enteropathogens was carried out with the rest of the contents.
Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus, Salmonella typhi, and
Escherichia coli were the enteropathogens tested via well diffusion method to study the
growth inhibitory effects of L. reuteri against the fore-mentioned test pathogens. According
to Zhang et al., 2020, the size of the growth-inhibiting zones was scaled and categorized as

sensitive (18+2 mm), intermediately sensitive (10-18 mm), and resistant (>10 mm).
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Haemolytic Activity

Determining the pathogenicity of isolates of bacteria is a crucial factor for
prophylactic microorganisms in general. On the contrary, the absence of the action shows
that non-virulent strains are present. The bacterial culture was scattered onto sheep blood
agar plates that contained 5% sheep blood and incubated thereafter at ambient
temperature for a 48-hour period (Romero-Luna et al., 2020 Mousanejadi et al., 2023). A
prominent, colourless zone encircling the colonies, showing complete RBC lysis, indicated
the possibility of beta (B) haemolysis and served as a visual representation of its presence. A
small section of the media when discoloured from green to brown signifies alpha (a)
haemolysis, due to the reduction of haemoglobin to met-haemoglobin. No change in the

medium is indicated by gamma (y) haemolysis (Vaithilingam et al., 2016).
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