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Abstract

Thiz paper explains the development of an Android application for a library. Nowadays. everyone owns a smartphone,
a precious tool for accessing resources. The primary purpose of this Android app Is to enabls conzumérs 1o ACCEss in-
formatian at thelr fingertips. The paper explains constructing a brary Androld app using Androld App Inventor 2. The
prerequisites and processes for developlag a lbrary app are also briefly explained. This software allows users to ac-
cess lbrary and college websites, s well as the OPAC, question papers. syllabus. E-Note= N-LIST and other resources. t
increases the number of vigitors to the library whils saving consumers time and energy.

Keywords: Android App. ATNCC Library, Electronic Resources, Information Technology, Library Android App, Library App.
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1. Introduction

Librarics must now provide remote access o their
collections and services. Smartphones can play an
important role in this. The proposed projects main
goal i to create an Androad application for a library
app that connects the library website, Web-OPALC,
college website, education content created by faculty,
New Arrivals, N-List, NDL-National Digital Library,
Institution Repository, and online courses. This paper
explaing the development of an Android-based App by
using Android App Inventor? in a college library, the
ATNCC_LIBRARY App. The apps capabilities include
the ability to provide access to specific resources or
services without the need to open a web browser. The
Android application produced by MIT App lnventor isa
free tool for establishing an Android app sign-in using a
Cimail account. After developing an Androwd app posted
on Google Drive with share every one option, customers

*Author for correspondence

muty quickly download it by scanning 8 QR code through
their smartphones.

2. About ATNC College and its
Library and Information Center

Acharya Tulsi National College of Commerce was
ounded in 1966 loadvance commerce and managemenl
education in the Malnad region and support the
corporate indusiry by producing commerce and
nunagement graduates with marketable capabilities.
The ATNCC library was established in 1966. In
1992, the library was relocated to an independent
library bullding. The library, with a collection of over
1000 volumes and 500 project reports, is completely
automated with Koba software. The library maimtains
its website under the URL hitps:/fwww.atncclibrary.
orgl. Which was launched duning the pandemic,
allowing students 1o refer to and download e-content
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from the library websitc developed by the college
faculty. as well as read newspapers and refer to and
downlosd previous year question papers of Kuvempu
University examinations.

3. Statement of the Problem

This article explains Android apphcation creation and
development using the MIT app ioventor ar ATNCC
Shivamogga. The MIT App Inventor’s features are also
explained, as well as the several types of menesfoptions
that might be added to the library’s Android spplication.
This experience can be applied effectively in similar
INSTons.

4. Objectives of the Study

e Io create an Android app for a college library
gateway that provides online access to library
TESOUFCES,

o To describe ATNCC Library's experience in creating
and developing apps using MIT App loventor.

= o enable users 1o access study materials, e-notes,
[

« Toexplain the design and development of an app's user

interface using App inventor Designer.

3. Requirements

Hardware

» A computer with Internel connectivity.
o An Internet-connected Android device (phone or
talblet).

Software

« A Web browser [ Chrome or Mozilla FirelonMicroaoii
Edge)
« A Google account.

Libraries should have an exdispee lihrarjr wehsile
updaled with e-respurces, niles, question papers, and
other materials to link the data 1o the Android app. (i
libraries do not have hnancial allocation, they can go lor
free hosting such as weebly.com, wix.com, 000WebHost.
com ele.) A Google Drive account is required lor
uploading e-resources and downloading the Android app.

« A Dspace server was instituted (o share the faculty-
published articles and andio and video lecture content.

= Host the Library Web OPAC (through static IP) 1o
facilitate access through the Android app.

6. Flow Chart

==

Flgure |.  Flow chart of ATNCC Library Androdd App.
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7. Description of Library App
Development

7.1 About MTT App Inventor

MIT App Inventor i a web-based tool for developing
mobile applications for Andioid devices, developed
by Google and now malntained by the Massachusetts
Institute of Technology (MIT). I is a free and open-source
software. It enables beginners in compufter programming
to construct application software [Apps) for Android
operating systems. It empioys a Graphical User Interface
(GUD) akin to the programming linguages Scratch
[ng'.lmming |ILFI:E,!]{IE-I.‘1 and fitar!.ng;l, alliwan N isers Lo
drag and drop visual ilems 1o construct an application thal
runs on Androld smartphones. Kurnlawan o al (2024)
stated that "Students’ creativity increases with the use of
this digital application: for example, when they discuss
synchronously, they can do it in writing mode or orally™.

7.2 Android

Android isan OIEN-SOUICE Prijramme that powers nearly
90% of smartphones. It is also one of the most frequently
used mobile platforms, built on 2 modified version of
the Linux kernel and tallored for touch screens. Android
is created by the Open Handset Alliance, a developer
collaboration, and is commercially sponsored by Google,
Kaddipujar ef ol (2022) rightly said “The drag-and-drop
visual programming tood for designing and buildmg fully
tunctional apps for Android lets msers guckly design and
armange imterface components and connect logic blocks
to creale mobile applications” Therefore, creating an
Android app by using Android App inventor 2 does not

N Gl b =y st

IFhone and Android Apps

it Ol bem by e e i
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need any programming languages;, one must understand
the idea and drag and drop the necessary contenis.

8. Methodology

Niranjang, K. (2020) author explained aboul Android
App development for libraries.  First a Google search
for "Android App loventor 27 is done leading to the
haine page of Android App lrventor 2. Click the Create
App oplion. Then it will redirect to the Gmail
anthenticatiom page.

dccimani

8.1 Login with a Gmail Account
Login will open the Gmail authentication screen. Then, dlick
on Continue o complete the authentication procedure.

8.2 Privacy Policy

After logging into the Gmall account, MIT App Inventor
allows you to access the user app account. This is my first
time sccessing a developer account. [o use App Inventor,

one must accept the terms of service and agree to the MITT
App loventor Privacy Policy.

8.3 Welcome to APP Inventor

Afier accepting the terms of service, a welcome io app
inventor display will appear; select the continue button,

8.4 Create New Project Name

After selecting a blunk project, the user will be prompled
to name the new projecl. Enter the developer project/app
name, then ‘dick’ the ok button.

[ oeeem—— ]

P ———— F T
“"- = b - W

Flgure 2.

MIT App Inventor weh Page
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8.5 Add Multiple Screen
Add multiple screens its fink to the main home page

8.6 Home Page of the App

The main page of the app is very important to attract the
user. On the Home screen using the properties paned,
one can make changes to things like background, Screen
name, background Color, Icon, font size, shape, text, and
text colounr

9. Designer Interface

The Designer interface has several key sections, as
shiown:
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9.1 Palette Panel

The Palette is located on the left side of the design. The
Falette lists all of the components that can be added to
the project, which are organized mto drawers based on
their mature. Clicking on a drawer, it expands and one can
examine the components mside.

9.2 Viewer Panel

To sefect a component, click on it, drag it, and drop it onto
the phone screen image that appears in the second paned,
the Viewer

9.3 Components Panel

As one can drag components to the Viewer o add them o
your app, they also appear in a list in the Components panel.
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Figore 3.  Logging in with a Gimail Accouni.

= = o m o e

- EF il e - e —mEm s -
i - R il et Sl I il
] s T e S wm Swoww o s
. E——— =
e e e e e I W S —
. Mgt - i M ] el 5 iy g, St iy - B | ey iy
e m——— oy A - - —r = . e we = b
=i e s
P e N T S T
e TS T— o W W —— T PR . WL W W i e e e S—
; i T s’ e ier = slatie i S milinie Al fir=n i AR

T [ B e g FoE Paamm e o
=i = m—

——— s ——

R W S 3N G e B T

* P T SR

S T i
e S —— T T

= —il-S

— =
o

o oW

Flgure 4.  MIT App terms of services,
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Flgure 7.  Deslgner Interface.
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9.4 Properties Panel

One can select a component by clicking on it in the Viewer
ar the Components panel. Once a component is sclected,
a developer can change its scttings in the Properties panel,

10. Add Button to Screen

To choose a brtton component in the user interface, dick,
drg, and drop it onto the phone screen displayed in the
Viewer panel, In the Components panel. click Button |
to select it The Properties window displays all of the
propertics of that Button; alter them as peeded, such as
the menu's name, icom, fonit size, shape, text, and colour

10.1 Add Label

Select a label component from the user interface, then
click, drag. and drop it onto the phone screen that appears
in the Viewer pancl. The label component is also used to
creale spacc between the buttons. In the LComponcniy
pane, click the label 1o choose it The Propertics box
displays all of the specifics of that label; make adjustments
as needed, such as the name of the menu, icon, fonl sdze,
shape, 1ext, and text colour.

10.2 Add Image

Choose the Image option i the user interface. Click on it,
then rlmg and r]n:r|'| it cmio the p-h-rmr screen that appears

e B | e ===l
— ' ¥
=
Flpure 8,  Add to bution.
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Figure9. Add labd
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in the Viewer window. The Prapertics panel displays all of
the image’s charcteristics, and the developer may quickly
inkert the picture and size.

10.3 Connectivity

Une can link to the button select the connectivity option
in the user interface, then dick on it, drag it, and drop it
info the non-visible viewer components. In the Propertics
pancl, type android intentaction. VIEW in the action box,
then paste/type the button connechion hink into the Drata
URI box,

10.4 Blocks Editor

This part explains how the Library app is programmed.
After adding companents to the Designer. click the
Blocks button in the upper-right comer to launch the
Blocks Editor, Instead of dragging components [lke in the

Figure 10.

Diesigner, here one needs 1o select multiple code blocks
that fit logether like jigsaw pieces. These blocks include
instructions thal tell the application whil o do. The main
dilference between the Designer and the Blocks Editor
is thal the Destgner controds the style and leel ol the
program, while the Blocks Editor controls its behaviour.
Both are needed to build a successful app.

10.4.1 Blocks Palette

Cn the leht of the Blocks Editor 1s the Blocks palette.
This i1s where one can discover all the blocks, ﬂr‘H,'.lTliII.l:d
into two sections— Built-in blocks and Component
blicks,

10.4.2 Built-in Blocks

The built-in blocks are organized into categorics.
{ﬂll:hnH on i calegory causes its blocks to show. PFor

Inmsert fmage.

Figure 11. Connectivity.
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Figure 14.  Action o the button,

example, clicking ‘Control’ displays all control-related
blocks.

10.4.3 Component Blocks

In the Blocks palette, choase the Buttonl object. This
opens the “drawer” of blocks that govern the bunton's
behaviour. It displays all of the blocks you can use to
control the behaviour of that button, or what should
happen when a user clicks or touches it.
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Figure 15, Link to the button.

10.4.4 Action fo the Button

To include built-in and l.}:mpm:nl blocks in o

programme, simply click and drag them into the Viewer
panel. When the user clicks the button, it acts as a control

component for the built-in blocks.

10.4.5 Link to the Button

MIT App Inventor is a programming language thal nses
bilocks, which resemble puzsle pieces with words on them.
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Thie blocks join together to form instructions that ane then
transtated into computer language so that a mobile device

can lollow them.

10.4.6 Code the Blocks

When the user clicks on Buttonl, the text for Labell
changes to Hello World! Hello, World! One can place as
many blocks as they wish inside the When Button].Click
the event block, When the user hits the bution, all of the
blocks mside will begin to run.

10.5 Open the Project

After designing the app with the necessary buttons, labels,
screens, (onis, photos, and colours, click on the projeci

L ]

micni to import your project or create a new project. The
profect s automatically saved, and one can also replicate

the saniie app inder a diflereil oame.

10.6 Build the App

On the computer, in App Inventor, dick the Build drop-

down arrow from the menu ot the top of the screen, then
dhick Android App (apl).

10,7 Scan QR Code

Afier dlicking the Android App (apk.) button, after
downloading the Android app / scan the QR code and
download i

mWosae

Figure 16. Code the blocks.

Figure 17.  Open your profect.
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Figure IB.  Build your App

Figure 20, App icon in the smartphone,

10.8 ATNCC Library App

The most recent addition 1 our library service i the
development of the ATNCC Library Androld App, which
allows users to-acoess any type of library service 24 x 7 from
arry Jocation using their smartphones This has enabled users
to acoess wny publication available in the Bbrary for o varicty
of academic purposes. Mishra of al (2017) stated "Mobile
apps can potentially help today's - students by providing
ubiguitons access to library e-resoorcess OPAL, Library
digest, news and mubltimedia learming matenals along with
more channcls for inleraction elc’ In this regard, (Fugore
1) ATNCC Library opled fo share OPAC Link, e-content,
digital libeary content, new arrivals, e-notes, quedion papers
liriks, sl educaticnal resources through the Andioid app

10.9 User Statistics

Manjula, T. (201%) stated "Offering information products
amd services onlime s o moaotio of 1r_:d.'|.}".': librarics and

B |51 | Reursl of bjermedion ad Keawledge | Vol #1033 | hune 2024
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Figure 19,  Scan the QR code
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Figure 21. Home page of the App.

inlormation centres. And the mobile apps are the best
way o disseminate the lbrary information products and
pervices online”. It s evident that in January 2023, the
ATNCC Library introduced the Android app to its user
community. After Integrating the Androdd app Into the

Figure 22.  Conlent covered in the App.
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Figare I7.  Koha Inoul System Report for 2023,
library, the Koha library management system shows an
increase n visits. The library received 24,336 visils in
2023, which was nearly double the 12 823 visils in 2022
Also, the ATNC Library website received the most visits
in 2023, with 22,033 due w Android App.

11. Conclusion

Tewariand Singh (2021) "Android smartphones are tn the
hype in the 2158 century, The scope of Android applications
is increasing day by day. s development has become an
essential part of today’s programming curriculum” in the
current context, Android applications serve as a virtual
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bridge between librarics and users. MIT App Inventor
is a block-based programming tool that enables anyone,
including beginners, to learn programming and create
fully functional apps for Android. MIT App lnventor
supports a global community ol nearly 3 million users
from 195 countries, with 678 million apps already
created. App [nventor is an open-source platform that
makes programming and app development accessible to
4 wide range of consumers. After adopting the Android
app at the ATNC library, the mumber of visitors increased
resulting in increased visitor awareness of library services,
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Abstract. Erytiaring siricta Roxb, an underutihized legume tree species, 1s traditwonally employed 1n
various medicinal applications. This study systematically examines the phytochemical analyss and
antioxidant potential of £ soricra seeds. The water axtract stands out with the highest phenolic and
flavonoud content, measuting 91.9% myg gallic acid equivalent (GAE ) g extract and 50,84 mg quercetin
equivalent g extract, respectively Addinonally, the scetone extract exhibits the highest alkalosd
content af 40 45 mg atropine equivalent'z exiract. Consiztent with the phytochemical findines, the
water exiract demonstrates supenor antiomidant capacry, as determined by 2. 2-diphenyl-1-
picrylhydrazyv] (DPPH) radical scavenging activity, total antioxadant activity, and fermic reducmg
antioxidant power (FRAP) assay. In conclosion, thas smdj, onderscores E stricta seeds as a robust
aource of both nutnients and phytochemecals, warranting farther exploration and conaideration for
potential apphications,

Kevwords: anticridant activity, Fabaceae, legumes, underutilized frults, phytochemical analytls

Introduction

Several plant species especially trees that are underutilized, and neglected are rich
sources of nutrients and phytochemicals which are having tremendous scope to bz utilized
for therapeutic plam; (Murthy et al., 2021; Knez et al., 2023). One such group of plants
1s Enythrina species. The genus Erythring, which imneludes over 120 species. are perenmal
tree species found worldwide in tropical regions (de Luca <t al,, 2018). The majonty of
Erythrina species are neglected and underutilized species. they are rich m phyvtochemicals
with pharmacological effects, including sedative, hypotensive, and central nervous
system depressants (Faggion et al., 2011; Santos Rosa et al., 2012). Extracts of vaned
plant parts of Envtiming species are also traditionally used as antumicrobsals, anti-
inflammatory, and pain-relieving agents (Togola et al., 2008: Mukungu et al., 2016;
Bodofsky et al.. 2020). Vaned phytochemicals such as phenolics. flavonoids, tannins.
xanthones. terpenoids. and alkalowds have been reported from different species of
Envthrina species (Rambo et al.. 2019; Fahmy et al.. 2020).

Erythrina smricta Roxb. 15 an underutilized and neglected species that 18 naturally
distributed in Southeast Asia mcluding India, Bangladesh, Cambodia. China, Laos.
Myanmar, Nepal, Thailand. Tibet, and Vietnam (POWO, 2023). It 15 a medium-sizad tree
(Fig, 14) with a bright red colored nflorescence and fowers (Fig. B) and 1t 15 popularly

APPLIED ECOLOGT AND ENVIRONMENTAL RESEARCH 22{2) 3175-3184.
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calied an ‘Indian coral tree’. Pods are clongated and (Fig. JC) contam 3 to 5 kidney-
shaped seeds that are yellowish to brown at matunty (Fig. 1D).

Figure L Morphology of Ervtirma stricta, A Habit; B, Inflorescence and flowers, C. Matwre
pods; D Seeds

Erythrina stricra 1s cultivated as an avenue tree and to enrich soil fertility in open and
wastelands. The varied parts of this tree are utilized for medicinal purposes, for example.
leaves are used to alleviate joint pains. earache. toothache. and eye infections
(Umamaheswan et al.. 2009), and the bark 1s beneficial in the treatment of asthma.
epilepsy, rheumatism. eczema, and dermatitis (Umamaheswan et al., 2009:; Kichu et al..
2015; Alcter etal.. 2016). Plenty of seeds are produced by each tree and they go to waste
in nature without utihization. A recent study on the nutritional composition of the seeds
portrayed them as a good source of major nutrients and could be used as a ssasonal food
(Murthy et al.. 2024), The seeds consist of 13.43% oil, 26.81% of protemn, 18.71% of
fiber. and 6.04% of ash with an energy value of 284.15 Keal/100 g. It is also nch m
calcium (5 mg/g dry weight [DW]), magnesium (6 mg/g DW), iron (787 pg/g DW),
copper (32.70 pg/g DW), manganese (35:20 pg'g DW). boron (36.80 pg/'e DW) and zme
(497 pg'eg DW). The seed oil 15 rich i nutraceuticals, such as carotenoids and lignans,
and consists of 70.9% unsaturated fatty acids (Murthy et al., 2024). However, the
phytochemical constituents and biological activities have not been reported for this plant.
Therefore, the major objective of the current study was to analyze the phytochemicals of
matured seeds of Eryrieina strica, In the present study, we carmied out a qualitative
analysis of different phytochemicals and a quantitative analysis of phenolics. flavonoids.
and alkaloids m different solvent extracts. In addition, we analyzed the antioxidant
activities of extracts using 2.2°-diphenyl-1-picrylhiyrazyl radical {DPPH) assay,

APPLIED ECOLOGT AND ENVIRONMENTAL RESEARCH 222y 3175-3184
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phosphomolybdenum method [total antioxidant activity (TAAJ), and fernic reducing
antioxidant power assay (FRAP assay),

Materials and Methods
Plant materials and chemicals

In the vicimity of Shiggavi, in the Haveri district of Kamataka, India. a single
population of 25 plants was used to gather the pods of Enthring stricza (15.010372N,
75.129678E). The pods were collected randomly from five trees and pooled together. The
seeds (Fig. 1D)) were separated from the pods and dried to make them moisture-free in an
oven (OV4-8, Jiotech. Daejeon. Republic of Korea) at 40 = 2 °C. Dried seeds were
powdered using a mechanieal grinder and stored m awr-tight polythene bags at room
temperature until further use, Chemucals such as Folm-Ciocalteu reagent. NaNO:.
bromocresol green. gallic acid, quercetin. ascorbic acid. and atropine used in the present
study were procured from Himedia laboratories, Mumbai, India, whergas AICT: was
purchased from Sigma-Aldrich, Bengaluru. All the other chemicals and solvents used
were of analytical grade.

Phytochemical analysis
Extraction

The defatted seed cake was extracted successively with three solvents, viz. acetone.
methanol, and water in increasimg order of their polanty (acetone < methanol < water)
using & Soxhlet apparatus for § h with each solvent. The residue obrainzd from one solvent
extraction was used for the subsequent solvent. After the complete extraction. the solvents
were evaporated using a rotary evaporator (Buchi, Rotavapor R-100. Flawil
Switzerland), the extracts were kept in an oven at 40 = 2 °C to remove the traces of
solvents and stored at 4 °C until they used.

Qualitative phvtochemical analysis

The qualitative phytochemical analysis was carried out as mentioned by Harbome
(1998). Fehling's test identified carbohydrates. wlile the presence of alkaloids was
determined using Wagner's and Mayer's tests, Keller-Killani, gelatine NaOH, foam,
Ha804, and Salkowski's tests were performed to confim the existence of cardiac
glycosides, phenolics, tannins. flavonoids, saponms, terpenoids. and phytosterols,
respectively.

Quaniitative phytechemical analysis
Total phenolics

A method described by Murthy et al. (2022) with minor modifications was followed
to determine the total phenolics. To brief, 0.5 mL (0.33 mg/mL concentration) of the
extract was diluted to 3 ml with distilled water and 0.1 ml of 2 N Folin-Ciocaltean reagent
was added. After & mun (minutes) of incubation. 0.5 ml of 20%: sodium carbonate
(Na:CO1) was added. Tubes were allowed to stand m a wann water bath for 30 min and
the developed color absorbance was measured at 760 nm using a UV-Vis (ultraviolet-
visible) spectrophotometer (Hitacha T-3310, Ibaraki. Japan). Gallic acid was used as
standard.
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Flavonoids

The Havonerd content in the different extracts was estimated according to Pekal and
Pyrzynkaet (2014) method. To brief. 0.5 mL (1 mg/mL concentration) of extract was
diluted to 3 mL by using distilled water followed by the addition of 0.15 mL of NaNO;
and subsequent 5 min meubation at room temperature, Then, 0.3 ml of AICI: (10%) and
2 ml of NaOH (1 M) were added and the solutions were vortexed before measuring the
absorbance at 510 nm, Quercetn was used as standard.

Alkaloids

The alkaloid content was quantitatively estimated by adopting the method of Shamsa
ct al. (2008). Bromocresol green solution was prepared by dissolving 6.98 mg of
bromocresol green powder in 0.3 ml of NaOH and the final volume of the solution was
adusted to 100 mL with the distilled water. To 1.0 mL (5 mg/mL concentration ) a known
quantity of sample, 5 mL of above prepared bromocresol green solution was added and
subsequently. 5 mL of phosphate buffer (2 M sodmum phosphate and 0.2 M citric acid
with pH adusted to 4.7) was added. Then, 5 mL of chloroform was added and shaken
vigorously: the chloroform layer was collected and the absorbance was detected at
470 nm. Atropine was used as the standard,

Antioxidant activities
DPPH radical scavenging acnivity

To the 0.1 ml of different concentrations of extract (3 mg/mL for acetone and methanol
extracts and 0.5 mg/mL for water extract), 1.9 ml of 0.1 mM DPPH solution prepared i
methanol was added. Then the tubes were shaken well and dark incubated for 15 min.
The decrease m colour intensity of the DPPH solution was read at 517 nm. Gallic acid
was used as standard, and activity was expressed as mg gallic acid equivalent (GAE) g of
extract (Yadav et al., 2022).

Total antioxidanr activity (TAA)

The phosphomolebdenum method was followed to carry out the total antioxidant assay
(Prieto et al., 1999),. To the 0.15 ml of extracts of different concentrations (3 mg'mL for
acctone and methanol extracts and 0.1 mg'mL for water extract). 1.5 ml of reagent
solution (contaimmng 0.6 M sulfuric acid. 28 mM sodium phosphate. and 4 mM ammonmm
molybdate) was added. Tubes were incubated at 95 °C for 90 min and color developed
was measurad at 695 nm. Ascorbic acid was used as standard, and activity 1s expressed
as mg ascorbic acid equivalent per gram (mg AAE/ g) extract.

FRAP activity

FRAP assay was performed by following the method described by Benzie and Strain
(1999). Te 0.1 mL of the extract (3 mg/mL for acetone and methanol extracts and
0.1 mg/mL for water extract). 3 ml of FRAP reagent contamning 300 mM acetate buffer
(pH 3.6). 10 mM of TPTZ (2.4.6-tripyridyl-s-triazine) in 40 mM HCL and 20 mM
FeCly-6H20 (10:1:1 ratio). Tubes contamning sample and FRAP reagent were vortexad
and allowed to stand for 6 min at room temperature and absorbance was read at 593 nm
agamst a blank solution. Ascorbic acid was used as a standard, and the activity of the
extracts 1s expressed as mg ascorbic acid equivalent (AAE)/g extract,
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Statistical analysis

Each expeniment was repeated three times and results are expressed as mean values
with standard error. Deseriptive statistics, viz., mean and standard error were calculated
using Microsoft Excel 2019 and Duncan’s multiple range test was carried out by usimg
IBM SPSS software version 20.

Results and Discussion
Phytachemical compaosition

Erythrina species are well-known for their neh bioactive compounds, especially the
erythnnan alkaloids. They made the specics recogmized as potent medicinal plants
worldwide and meluded in the traditional medicine system (Umamaheswan et al., 2009;
Kichu et al, 2015; Aktér et al., 2016). Like its allied species, E. stricta 15 also rich i
varous phytochemicals and has also been reflected m its aphoxidant activities, A
comprehensive extraction of beneficial phytocompounds may be challenging when using
a solitary solvent. Consequently, to facilitate the extraction of both polar and non-polar
compounds, we conducted the seed extraction using three solvents—acetone, methanol.
and water—each possessing a different polanty. Notably, each solvent yielded a
substantial amount of extract. Extraction with methanol and water yielded 12.57 and
12.81% of the extract, respectively, whereas acetone yielded 0,73%. The extraction with
water 18 more suitable for the seeds of E. srricta as it gives the highest yield. Also. the
water extract is rich in phytochemicals and possesses superior biological activities,
compared to the extracts of methanol and acetone. A similar attempt of extracting a plant
material with many solvents having a range of polarity was made by several investigators
and found to be useful (Molole et al.. 2022: Murthy 2t al.. 2023). Further. the qualitative
analysis of acetone, methanol, and water extracts showed the presence of a range of
phytochemical groups, such as carbohydrates, phenolics, tannins, flavonoids, and
alkaloids (Table 1), However, some groups, viz., glycosides, saponins, terpenoids, and
phytosterols, do not show their presence m any of the extracts,

Table 1. Qualitarive pivtochemical analvsis of Ervthring stricia seeds

Metabolite Testis ':::::I' Methanol extract| Water extract
T— R — B "
bty Benedict's test . + +
Glycosides Cardiac glveosides . = -
Phenolics and tannins Gelatine test -+ 4 -
Flavonmds NaOH test - + £
Sapomin Froth test - ” ]
Terpenouds Terpenoids - = 2
Phytosterol Salkowsk:'s test . . :
Afatoidx Mayer's test - = =
s Wagner's 165t - : ¥ ¥

The secds accommodate an acceptable quantity of three phytochemical groups:
phenolics, flavoncids, and alkaloids. The water extract exhibited the highest
concentration of phenolics and flavonoids compared to the methanol and acetone extracts.
Nevertheless, the acetone extract contained excessive alkaloids (Table 2). The phenolic
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content of the water extract was 91.99 mg GAE/g extract. followed by 60.52 and
51.92 mg GAE/g extract in acetone and methano] extracts, respectively. 50.64, 45.29, and
25.10 mg QE'g extracts of flavonoids were found in water, methanol, and acetone
extracts. respectively. Alkaloid content was highest, 40.48 mg atroping equivalent (AE)/'g
extract i acefone extract. and minimum was found i water extract. 2.42 mg AE'g
extract. Considering these values in relation to the dry weight of the seed. phenolic
compounds constitute 22.30 mg GAE/g DW. whereas flavonoids and alkaloids constitute
14,31 mg QE and 4.03 mg AF/g DW, respectively.

Table 2. Phytochemical composition of Erythrina stricta seed extracts

Extract vield | Total phenolics Flavonoids Alkaloids
(g/100 g DW) (mg GAF/g extract) (mg QE/g extract) | (mg AF/g extraci]
Arefone extract 0.73 6052+ 3.01° 25.10% L.o4* 4048 = 134°
Methanol extract 1257 5192=136 4529 0.75° 2245045
Water extract 12.81 9199125 5064 £ 314 24T+ 0147

Each value represents the mean + standard error of three replicates. Mean values followed by different
lenterz m their supersenpt are sigmificantly different from each other (p = 0.05) mn the respective column
according to Duncan’s multiple range test. GAE - Gallic acad equivalent; QE - GQuercetn equivalent; AE
— Aftroping equivalent

Phenolics are a promment group of phytochemicals that exlubit various biological
activitics. The legume seeds are an important source of dietary polyphenols that
contribute directly to antioxidant activities (Singh et al., 2017). The total phenolic content
of E. stricta 1s substantially high when compared to that of previous reports on some well-
known legumes. such as 1.98 to 4.83 mg/g DW in Phaveolus vulgaris (Luthria and Pastor-
Corrales, 2006), 0.86 to 1.14 mg GAE/g n Pisum sativum, 4.86 to 9.60 mg GAE/g n
Lens culinaris, 0.57 to 6,99 mg GAE/g in Phaseolus vulgaris and 1.57 to 5.57 mg GAE/g
m Glyame: max (Xu ot al, 2007). However, the faba bean (Ficia faba) holds
comparatively more total phenolic quantity in its seeds, 1.¢., 16.98 t0 6747 mg GAE'g
extract (Chaieb et al.,, 2011). The seed coat 15 a reservoir of phenolic compounds in the
legume seeds which contributes up fo 10% to the total seed weight and its colour intensity
is directly related to the phenolic quantity (Singh et al., 2017). Thus, a high phenolic
content of the E. swricta seeds could be correlated to its dark seed coats (Fig ID),
Flavonoids are a group of polyphenolic compounds present in legume seeds that are
reported to possess antioxidant. antihyperglycenie, and antidiabetic properties Murthy et
al. (2021). Interestingly. total flavonoid content of E. stricra seeds 15 substantially higher
than that of some well-known legumes, such as Ficia faba which ranged from 5,19 to
9.30 mg rutin equivalent/g DW (Chaieb et al., 2011), Pisum sativum (0.12 10 0.17 catechin
equivalent [CE}g DW), Lens cuiinariz (3.10-4.20 mg CE'g DW). Phaseolus vulgaris
(0.92-4.24 CE/g DW) and Glyeine max {1.13 to 4.04 CE/g DW) (Xu et al. 2007), The
genus Erythring s well-known for its alkaloids, enthrinan type, and a total of 143
alkaloids are reported. primarily 1n their seeds and also n stems, roots, leaves. and
flowers, demonstrating eytotoxic, anti-inflammatory, insectieidal, antrviral, and nervous
system-related activitics (Rambo ct al., 2019: Fahmy et al., 2020), The alkalowd quantity
in E. stricta seeds 1= lower than that in its allied species. such as 5.3 mg'g DW in
E. americana and 7.7 mg'e DW 1 E. breviflora (Sotelo et al., 1993), as well as an
important food crop Lupinus angustifolius, which exhibited up to 18.3 mg/'g DW in seeds

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(4) 3273-3284
bty o aloki bm @ [SSN 1960 1623 (Prant) @ [SEN 1785 0037 | Gnline)
DOT: bttp s dor.org 10,1 5666 neer 2204 32753784
£2024, ALOKTESR  Budapest Honeary



Murttry et ol - Bioactive constituents and @ntioxidant actrities of Erptlring sricng Roxb. seeda
- 3281 -

(Sotelo et al., 1993). The alkaloids are one of the major antinutrients in the legume seeds,
along with lectins, phytate, oxalate, cyanogenic glycosides, and others (Samtiya et al.,
2020). The suggested maximum alkaloid content for safe feeding purposes 15 0.2 ma'g
DW (Kamel et al.. 2016). To achieve this, simple processing techniques such as heating,
soaking. washing, grinding, and fermentation have proved very effective (Casado et al.,
2023). For mstance. Carvajal-Larenas et al. (2014) reduced 94.9% of alkaloids m Lupinus
mutabilis seeds through a senes of processes. such ne soaking. cooking. washing. and
grading, completed in 5.7 days. Sumilarly. the European Union recommends processing
methods such as washing, soaking. boiling. heating, grinding. and other methods to
reduce the alkaloid content of Papaver somniferum seeds by up to 100% European Union
(2014). Considermg the seed oil, protein. minerals, and phytochemicals, £ siricta
provides excellent opportunities to explore as a new nutritive source 1n rural arcas.

Antioxidant activities
Antioxidants are crucial for mamtaumng human health as they defend aganst oxidative

stress, averting vanious discases hke cancer, autoummune disorders. Alzheuner's, and
Parkinson's, Plant-derved bicactive compounds shicld cells from oxidative harm by
mhibiting or interacting with free radicals and reactive oxygen species (Murthy et al,,
2023). The impressive presence of phytochemicals in the seed extracts of E. siricta was
also reflected in their antioxidant activities assessed through three standard i viro
methods - DPPH radical scavenging activity. total antioxidant activity (TAA), and FRAP
assay — and results are presented 1in Figure 2.
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Figure 2. Antioxidant activities of Erviirina stricta seed extracts

Among all the extracts, water extract exlubited substanbal activity m all the methods
studicd, followed by acetone and methanol extracts. Water extract had 5.86 mg GAE/g
extract of DPPH radicle scavenging activity, followed by 5.15 and 4.22 mg GAE/g extract
wn methanol and water extracts, respectively. TAA was 212,12 mg AAE (ascorbic acid
equivalent)/g extract in water extract and 177.0 and 118.11 mg AAE/g extract in acetone
and methanol extracts, respectively. The FRAP activity of water extract was 522.97 mg
AAE/g extract, followed by 68.44 and 19.53 mg AAE'g extract in acetone and methanol
extract, respectively. The antioxidant properties of phenolics and flavonoids are widely
recognized (Singh et al.. 2017: Bodofsky et al. 2020). Similarly, the significant
antioxadant activity observed in E. siricta seeds 15 likely attributable to their high phenolic
and favonod content as the antuoxidant properties of the extracts correlate with their
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phytochemical composition. Berger et al. (2007) reported 0.7 and 1.4 mg AAE/g DW of
antioxidant capacity for peas and green beans, respectively. as determined by the FRAP
assay. Likewise, Yadav et al. (2022) reported the antioxidant activity of Balanires
roxburghii seeds. an underutilized plant. as 0.65 me GAE/g DW in the DPPH assay, 20.27
mg AAE's DW i TAA. and 117.9 mM Trolox equivalent in the FRAP assay. Thus.
parallel to the phytochemical composition. the seeds exhubited impressive antioxidant
activities. This paves the way to explore E. stricta as a new nutritive source and also as a

funetional food.

Conclusions

The investigation into Erythring strica, an underunlized legume species prevalent m
the Indian sub-continent, focuses on unraveling its phytochemical profile. Notably.
E. stricta seeds exiubit a robust presence of bioactive phenolics and flavonoids,
contributing significantly to their antioxidant activity. Despite the identification of
antinutrient compounds, such as alkaloids, their mutigation through simple food
processing methods has been demonstrated as effective. This study, thus, endeavors to
elucidate the phytochemical composition of E. stricta seeds, positioning them as a
promising candidate for a reservoir of bioactive compounds for potential therapeutic
applications,
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Abstract
In the pursuit of Olympic gold medal athletes often push themselves
to their physical limits. In some cases this has led to death, There are also
ather tragic fatalities of athletes while attending the Olympic Games. There
have also been four athletes who have lost their lives during the Winter
Games. Regular physical activity improves general health and reduces the
risk of premature mortality. People who exercise regularly have a lower nisk
of adverse cardiovascular events. In addition, exercise decreases oxidative
stress and inflammation, preventing chronie diseases. A sport-oriented
lifestyle involves regular sleep, halanced nutrition, and the avoidance of
unhealthy habits, such as smoking, alcohol, and drugs. Obesity, type 2
diabetes, arterial hypertension, and ischemic heart disease are more commorn
in people with sedentary lifestyles and they are associated with shorter life
expectancy.
Keywords: Obesity, Accidental death, Olympic games, Tragic end, Lifestyle

Introduction

At the modern Olympic Games, up 10 and including the 2016 Summer Paralympics
10 athletes have died while either competing in or practicing their sport. In addites
another 14 participants have died at the Olympics fron: other causes; 11 of these deatss
resulted from the Munich massacre of 1972, Several incidents related to the Olympics haw
caused the death of non-partcipants. Large numbers were killed during the Lima foothal
riot of 1964 and the Tlatelolco massacre in Mexico City in 1968, The Centennial Olympe
Park hombing at the 1996 Games caused two deaths,

With sports like skeleton, which sends
competitors head-first down an ice track, and
gymnastics, which hurtles athietes through the
air, the Olympic Games are not for the faint of
heart. And while accidents and injuries are
common during competition, it's rare that an
athlete dies while competing in their sport. While
some athletes have died at the Olympics due to
illness, car crashes and even terrorism, these
athletes died while competing in or praclicing
official Olympic sports at the Games.
Winter Olympics

+ 1964 — Ross Milne - Alpine Skiing

Australian skier Ross Milne died after flyng off the course and crashing into a tree whis
training at 1964’s Innsbruck Games in Austria. Initially, the International Olymoe
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ABSTRACT

Erythrina siricta Roxb, an underutilized legume species native to the Indian subcontinent, s

hdhmﬂymrﬁmednmmnmﬁnﬂammhmmmﬂymﬂm

the nutritionad quality, procimat= and minesal composition of E stricto seeds,

with 3 focus on chamcterining the seed oil The seeds sxhibit commendable prommate
composition, with 26.81% protein and 1871% fibre. Noteworthy mineral elements include
s0mgfa DW of calcum and 787.0, 32.7, 368 and 497.0 pofg of iron, copper, boron and zine,
respectively. The seeds yield 13.43% oil with oleic, palmitic, Bnoleic and stearic acids as
prominent fatty acds, constituting 48.82%, 2063%, 2027% and 6.47%, respectively
Antinutrients such as oxalate and phytate are present in concentrations of 2685 and
1604 mgig FW, in conclusion, this study underscores E strict seeds a5 a robust
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source of both nutrients and oi, warmranting further exploration and considaration for potential

applications.

1. Introduction

The ganus Erythring L. belongs to the family Fabaceae
and encompasses 123 species, predominantly found
in tropical ragions (POWO, 2023a). The species of
Erythrina are renowned for their madicinal properties
and are utilized In traditional medicine to treat para-
sitic and microblal infections, inflammation, cancer,
wounds and other allments (Paterson, 1994). The
genus moportedly holds an array of phytochemicals,
induding xanthones, tannins, triterpenoids, saponins,
phenols, Navonoids, steroids and catechins, account-
able for the activities mentioned abowve (Rambo
ot al, 2019). Additionally, Erythring is well-known for
its bicactive tetracyclic alkaloids, known as erythri-
nan alkaloids (Rambo et al, 2019; Fahmy et al, 2020},

Legumes are a rich source of nutnents, particu-
larly proteins, oil, potassium and fiber, with a low

Spain

SUBJECTS
Mutritian: Food
Chemasiry; Botany

glycaemic index. Most legumes are either wild or
semi-domesticated, allowing seasonal harvesting by
local communities. Their resilience to drought and
efficient nitrogen fixation contributes to elovated
crop yield and food production (Samtiva et al, 2020
Ayilara et al, 2022). This capacity of legumes pres-
ents an opportunity 1o explore new legumea daops 1o
address poverty and malnutntion, especially in our
world with a rapidly growing population (Murthy &
Pack, 2021). Thetefore, exploring the full potential of
Erythring species that are being consumed as a nutri-
tional source In various regions of the world Is imper-
ative. Species such as E varlegata, E abyssinica, E
arborescens and E coralfodendron are  axtonsivaly
used as fodder for cattle (Paterson, 1994), while the
seads of £ vartegata and E edulis serve as a nutri
tional source for humans (Lim, 2014; Vilcanqui-Pérez
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et al, 2022). However, many species within the
Erythring genus remain unexplored concerning their
nutraceutical value, chemical compasition and medic-
Inal attributes, with Erythring stricta Roxb. being a
notable example. E stricta s popularly known as the
Prickly Coral Tree' or ‘Indian Coral Tree® which is
deciduous, 7-12 tall (Fgure 1(A), branches have
short whitish prickles. Flowers are borme on raceme
about 15cm, with Aowers amanged In dusters of 34
(Figure 1{H)}. Flowers are red in colour and attractive,
since this plant bears prickles it is called the prickly
coral tree. Pods are 7-12cm long (Figure 1{C)), seads
are more than three in a single pod, light or dark
brown, kidney-shaped (Figure (D). E stricta is dis-
tributed across its native range. including India,
Bangladesh, Cambodia, China, Laos, Myanmar, Nepal,
Thailand, Tibet, Vietnam and the Western Himalayas
(POWO, 2023b).

Widely acknowledged in many parts of India for
their potent medicinal applications, E stricto leaves
are employed to alleviate joint pains, earache, tooth-
ache and eye infections (Umamahaswari et al, 2009),
The bark s beneficial in treating asthma, epilapsy,
rheumatism, itch, stomachache and dysentery, The
bark paste s also applied externally to cure ecrama,
dermatitis and othar skin diseases (Umamaheswan
et al, 2009; Kichu et al, 2015; Akter et al, 2016).
However, the nutriional, phytochemical composition
and Diological activities of E Sincfg remain unmecog:
nized. Thus, this study reports the proximate and
mineral composition of E simicta seeds. We also

provide insights into seed oil's physicochemical prop-
erties, fatty acid composition and antinutritional
companents such as oxalate and phytate. £ stricta
stands out as an underutifized legume in Indla, hold-
ing potential for exploration due to its medicinal and
nutritional benefits. This pioneering study reveals the
noteworthy nutfitional and phytochemical composi-
tion of E stncto soods, Additionally, the research
delves into the seed olls fatty acid profiling and
physicochemical characterization.

2. Materials and methods
2.1. Plant materials and chemicals

The pods of £ stricto were collected from the trees
grown near Shiggavi, Haver district, Karmataka,
India (15.010372N, 75.129678E) In March 2022. The
seeds (Figure (D)) were separated from the pods
and dried to make them molsture-free in an oven
at 40 = 2°C. Dried seeds woere powdered using a
mechanical grinder and stored in air-tight poly-
thene bags at room temperature untll further use.
Chemicals, such as FolinCicalteau reagent,

BF -mathanol, anthrone and standard chemicals,
such as bovine serum albumin, glucose and sodium
phytate used in this study were procured from
Himedia laboratonies, Mumbai, India, whereas hep-
tadecanoic acid was purchased from Sigma-Aldrich,
Bengaluru. All the other chemicals and solvents
used were of analytical grade.

Figure 1. Morphalogy of Erythring stricta. A Habit; B Flowers; . Mature pods; D Seeds: E. Seed oil



2.2. Proximate analysis

The seeds’ moisture, fat, ash and protein contents
were analysed as mentioned in AQAC (2000). Briefty,
the moisture content was gravimetrically determined
by recording the weight difference of oven-dried
sample at 102°C for 6h; the oll content (Figure 1(E))
of the sample was obt@ined gravimetrically - 1o
dotail, finely ground powder of seeds was oxtracted
with petroleum ether (40-60°C] in a Soxhlet appara-
tus at 65 + 2°C for 8h 1o get the oil and the solvent
fraction was evaporated using a rotary evaporator
(Buchi, Rotavapor B-100, Flawil, Switzarand). The oil
was kept in an oven at a temperature of 40 + 2°C
to remove the traces of the solvents until the welght
becoma constant, Further, the oil contant was deter-
mined gravimetrically and stored at — 20°C until fur-
ther analysis; ash content of the samples was
determined by lgniting the oven-dried samples in
the muffie furnace at 750°C. For protein content
analysis, 500mg of defatted samples were grounded
with 5-10mL of buffer. The known volume of sam-
ple extract was taken and made tw 1mlL with the
distilled water, to which 45mL of reagent € (It s a
mixture of 50mL solution of 2% sodium carbonate
in 0.1 N sodium hydroxide and 1 ml of 0.5% coppar
sulphate (CuS0,.5H,0) in 1% potassium sodium tar-
tarate) was added. After the Incubation period of
10min, 0.5mL of reagent D (Folin-Cicalteau reagent)
was added, and tubes were allowed to stand in the
dark at room temperature for 30min to develop
blue colour. The colour developed was measured at
660 nm speciroscopically. Bovine serum albumin was
used as a standard (Sadashivam & Manickam, 2008,
The carbohydrate was quantiied by anthrone
reagent method and fibre content was by digesting
samples with acid and alkali {Sadashivam &
Manickam, 2008). The energy value was calculated
using Atwater-spacific conversion factors, as FAD
(2003) mentionad.

2.3. Mineral composition analysis

NOVA 400 atomic absorption spectrophotomeler
(moded Analytic Jena, Germany) with an air or acety-
lene flame was used for the analysis of potassium,
phosphorous, sulphur, sodium, calcium, boron, man-
ganese, magnesium, copper, ron and zinc and the
absorbance was carred using hollow cathode lamps
(ADAC, 2000; Fornandez-Hernandez et al, 2010} For
the nitrogen estimation, a two-step digestion-LAV
spectrophotometric method was  adopted  (Liu
et al, 2013},

COGENT FOOD & AGRICULTURE @ F

2.4, Seed il characterization

2.4.1. Physicochemical characterization

The colour and physical state of the extracted oil
were observed after 4hours of incubation at room
temperature. The density and refractive index of the
off were determined using a specific gravity botile
and Abbe’s refractometer, respectively. Free fatty acid
(FFA) content, peroxide value (PV), lodine value, and
unsaponification values were determined as per tha
methods of AOCS (2003). Lignans and carotenoids

‘were quantified by using spectropholometric meth-

ods as described by Manasa et al. (2021).

2.4.2. Fatty acid profiling

Fatty acid methyl esters {FAME) were synthesized
through the esterification process as outlined in
ADCS (2003) guidelines. In this procedure, a 15mg
oil sample was combined with 1mL of BF -methanol
and incubated at 60°C for 30min, The reaction tubes
were promptly translerred to an ice bath and left
there for Smin. Subsequently, Tml each of hexane

-and distifled water was introduced, and the solution

was vortexed, The resulting top fayer, consisting of
undisturbed methyl esters, was then transferred to
GC vials. Heptadecanoic acid served as the internal
standard. The identification of FAME was accom-
plished as described by Manasa ot al. (2021) using
GC-M5 (PerkinElmer, Turbo-mass Gold, Mass spec-
trometer), equipped with a flame jonization detector
(A and a fused silica Ro-2330 column (Restek
made, 30 m, 30.32mm ID and 0.20mm film thick-
ness). The injector port was maintained at 230°C, the
detector temperature was set at 250°C, and N, was
employed as the carrier gas. The initial column tem-
perature was 120°C, gradually increased to 220°%C
over Ximin, and held at 220°C for an additional
10min. Detection of FAME involved comparing the
fragmentation pattern and retention time with estab-
lished standards and the MIST ibrary,

2.5. Antinutritional factors analysis

2.5.1. Phytate

The defatted seed cake {0.5g) was extracted with
10mL of 24% HC for 16h with constant aqitation,
and the mixture was filtered. The filtrate was added
with 1g MaCl and constantly shaken for 20min, The
mixiufe was centrifuged at 100049 for 20min at 10°C,
and the known volume of the supernatant obtained
was diluted to 3ml using distilled water, followed by
the addition of Wade's reagent (0.03% FeClL.6H,0 +
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0.3% sulfosalicylic acid). The absorbance of the colour
developed was read at 500nm in a UV-Vis spectro-
photometer. A control was prepared without the
addition of a sample. Sodium phytate was used as a
standard (Gao ol al, 2007),

2.5.2. Oxalate
Ohalate was quantified as per the method of Dye
{1956). Defatied seed cake (2q) was added to 190mL
distilled water and 10mL of 6 N HO and heated in a
waler bath at 90°C for 4h. Mixture was filtered, made
the volume up to 250 and 50mL of this solution was
titrated against concentrated ammonia In presence
of methyl orange indicator and heated to 95°C fol-
lowad by the addition of 10mL of 5% Ca(l, After
10min, 6N NH,OH was added and the colour change
was obsarved and kept ovemnight for the calcium
oxalate precipitation. The precipitate was filterad and
dissolved in hot sulphuric acd, filirate was made up
to 125ml, heated to 95°%, and titrated against
005 N KMn(),, Oxalate was determined using follow-
ing equation;
(%)= [rrﬂ_mmm+|,u55}|_45.q1y:iun'|g5a

| 1000 |{ Wt of sample in gram |

2.6, Statistical amalysis

Fach expenment was mepeated three times and
results are expressed as mean values with standard
eqror, Descriptive statistics including mean and stan-
dard error were calculated using Microsoft Excel 2019,

3. Results and discussion
3.1. Proximate and mineral composition

The proximate analysis estimates major nutriant
components, including enotgy value. The proximate
composition of seeds of E siricto &8 found to be
impressive, with a good amount of protain, fat and
fibre, as presented in Table 1. The seed holds a
protein content of 2681%, fat of 13.43%, fibre
of 1871%, and carbohydrate of 1934% with
284.15Kcal100g energy value. The moisture and
ash content were 1539% and 6.04%, respectively,
The proximate composition of E. stricta Is compara-
ble to that of two Mexican spedies, £ amenicana and
£, brevifiora (Sotelo et al, 1993}, The protein, fat and
fibre content of £ americang was 27.2%, 17.7% and
15.3%, respectively, whereas that of £ breviflora was
23.3%, 13.99%, and 21.6%, respectively. However, L

stricta 15 richer in ash content than E amercana
(3.6%} and E Dreviffora (3.4%j, a direct indicator of
minerals. Further, £ stricta accommodates a higher
amount of proteln, fat, fibre, and ash than some
woll-known pulses, such as Cicer arietinum, Phaseolus
mungo, Pisum sativum and Cafenus cajan (Longvah
ot al, 2017).

Minerals play a crudial role in supporting the fun-
damental physiological functions of the human body,
including the development of bones, muscle and
nerve functioning, as well as the regulation of water
balance (Weyh et al, 2022), legumes are renowned
for their mineral-nch compesition in seeds; the same
holds true for E stricta (Table 1). Specificaily, E stricta
exhibits high nitrogen, pofassium, phosphorous,
magnesium and caldum levels, with concentrations
of 16,60, 14.0, 6.47, 6.0 and 5.0mafg DW, respec-
tively. Additonally, microelements, such as iron, Zing
manganese, boron and copper present al notewor-
thy levels, moaswing 787.0, 4970, 552, 368 and
32.7 ug/a DW, respactively. The mineral content of £
stricta seed is higher than that of £ indica, an allied
species, which had 235mg/g calcum, 3.04mgfg
magnesium, 657 pofg ron and 81 pg/g copper
{Pugalenthi et al, 2004). Comparativaly, the mineral
content of E sincfa seeds surpasses that of com-
monly consumed pulses such as Cicer arietinum,
Phaseolus mumgo and Dolichos biflorus. For instance,
the calcium confent in C. ametinum, £ mungo and [
fiorus 1s recorded at 1.50, 086 and 2.69mg/g.
respectively, while the magnesium Content stands at

1.6, 1.9 and 1.52mg/q, respectively (Longvah &t al,

Table 1. Proximate and mineral compesition of Erythring
stricta seeds.

Component Compostian
Proximae (%)
Mawture 1532018
Fat 13432050
Protean 26E1 =070
Carbohydrate 1034 =341
Fiber 1B 1.
fish BOdE078
Enengy (Kb 100 gi IBA15
Mgt elemsnrs (mofo DW)
Hitrogen 1GED 20T
Phospharous LAT =018
Patassium T.00+0.25
Sajlphan 109007
Sodium 039 2 0
Calcium 500 £0.06
Magnesiim ROG+0.14
Microelements [uglg DWY]
bron TR7M0s 70D
Copper 31 70+101
Manganss 55.30=715
Bovon IRE0TOH
Fil | A7 00 +580

Earh valie repeesants the mean +stendanf e afl three repliates



2017). Notably, the lron and Zinc content of £ stricta
seads significantly surpass those of C onefinum, P
munge and D, Biflorus, with values of 67.8, 59.7 and
876 pg'g lron, and 337, 305 and 27.1 pafg Zing
respactively (Longvah ot al, 2017).

3.2. Seed oll characterization

Some legumes store Impressive amounts of oil,
besides the nich protein content, with some crops
such as Arachis hypogaea {ground nuti, Givcine max
(soybean) and Pongamia pinnata being grown for the
production of seed ofl commercially. E stricta holds a
sighificant ol content (Figure 1(E)) In seeds {13.43%)
which i rich In carotenoids and unsaturated fatty

Table 2. Physicochemical properties and fatty acd profile of

Erythrina stricta seed oll

Parameis Valuss

Physicochemical properties
Codor ot 5% Gieenish yellow
Physical state at 25°C Liguid
Demity at 25°C imgfem® ¢910+0.03
Refractive index ot 25°C 1471 204
Free fatty acid confent (%6} TA1£0.07
Peraxide value {meq O/kg) £ 1,0
lodine value {I,/1084) 79599 £ 0,50
Uinespondication value (%) R LT
Carotenoids {mn/af ECREEXL ]
Ligirimna. {mig/ T00g SE) 65471 1.10

Fatry ackd componition (%)
12-Methyltridecanoic sod (T4Me- 130 0.5340.06
Palmibkc acid (1600 INE3+003
Saepeic acid {18:01 6474013
Oleic acid {18:1] A8 E2 029
Empedsic 30d (123 Q03T+
Linedenic acid (125} 081 44,06
Behenic acid (20:40) 1482009
Paulfinic acd (201) 1.0+ 0,08
Tatal 5FA Xl
Tatal MUFA 43.8]
Tatal PUFA Fil:]

Ezxch valiez represants the mean +standard enee of three replicites
5E Sewmal eqisvabent;, SEA satirated Fatty acids MUFA monounistu-
mated fatty acids: PUFA: polyunsaturated fatty acids
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acids (USFAs). The physicochemical properties and
fatty acid composition of the seed ofl are presented
in Table 2 and GC-MS chromatogram of the fatty acid
profiling & presented in Fgure 2. The sead ofl was
liquid and greentsh-yellow coloured at room tem-
perature. The refractive index is linked to the molec-
ular welght, degree of unsaturation and length of a
fatty acid chain of the oll, and E stnicto had a rofrac-
tive index of 1.471 which is comparable to that of
two common edible oils; soybean oil (1.473) and
coconut oil (1448} (Pantzaris & Basiron, 2002; Wang,
2002), The density of E stricta seed oil is 0.910g/cm’
and comparable to that of coconut oil (0.914g/cm’);
{Pantzaris & Basiron, 2002). FFA and PV are essenfial
quality parameters that give a quick impression of
thelr edibility. The FRFA content of Crude oils would
be more compared to that of refined ones, and sead
ol with an FRA content of less than 5% could be
used for edible purposes (Lamani ot al, 2021); the
FFRA of E strictio was 1.41% and Is comparable 1o that
of some commaorcial edible oils, such as sesame and
coconut ofl and even lass than the mustard (1.9%)
and rice bran oil (1.4%) (Prashanth Kumar ol al,

2017), The PV of E stricts was 1931 meq O,/kg,

which Is slightly mare than that of some commercial
edible oils, such as mustard, sesame, psanut, and
olive oils (Prashanth Kumar et al, 2017) and much
less compared to the unrefined oil of & roxburghii
169.98 meq O./kgl, an underutifized species (Yadav
et al, 2022). The IV {lodine value) indicates the unsat-
uration level of oil, and it was 79.99 |,/100g and Is
comparable to that of two cudial edible refined oils,
olive ofl (795 1,/100g) and mustard oll (66.0 1,/100g)
(Prashanth Kumar et al. 2017). The unsaponification
value of E siricta seed oil was 0,16%, representing
the nutraceuticals present in the oll othet than the
fatty acids. This value is comparable to refined coco-
nut and palm oll, which had values of 0.13% and

<108 |+ TIC Scan 104D —
I 395
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Figure 2. GC-MS chromatogram of fatty acid profiling of Ernvthring stricta seed oll
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0.28%, respectively (Prashanth Kumar et al, 2017
Camtencids are tetraterpenoid pigment molecules
that stabilize ofl against oxidation and have a bene-
ficial role in eye-related problems (Franke et al,
20100, The E stricta seed oil 5 rich in carotonoids
with a value of 36.18 mg/kg ail, and it is much highar
than the earlier report of rapeseed, sunflower, and
flax seod oil, which had values of 152, 1.6 and
37mgfkg ofl, respectively (Franke ot al, 2010)
Lignans are a group of phenolic compounds that are
proven o preven! cardiovascular diseases, cancer
and cellular oxidative damage, and their presence
gives an oil a distary value (Korhonen, 2002). The
fotal  lignan content of the sudied ol was
16547 ma/ 1009 sesamol equivalent (SE), and it Is rel-
atively lower than that of sesame oils [(495.9-
685.6ma/100g SE), which is a rich source of dietary
lignans (Bhatnagar et al, 2015}

The fatty acld composition of E stricta was impres-
shee, with a significant portion represented by USFAs,
Oflelc acid was the praminent fatty acid with a pres-
ence of 48.82%, followed by palmitic acld (20.63%),
linoleic acid (2027%) and stearic acid [6.47%)
Behenic acid, lnolenic acld, paullinic acid and
12-methyltridecanoic acid were in minor quantities.
The E stricta seed oil is rich in USFA, which makes up
70.90% of the oil. Matthaus (2007) argues that oils
with high monounsaturated fatty acid (MUFA) are
mare stable o oxidative degradation and are prefer-
able for food frying purposes, and E stricto seed oil
could be the best choice for frying purposes as it
accommodates 49.829% of MUFA. A similar pattern in
the fatty acid compaosition of £ variegate iSamanta &
Laskar, 2013) and E suberosa (Singh & Chawla, 1970)
was also reported, The palmitic, stearic, oleic and lin-
oleic acid content of presently studied oll is compa-
rable to that of palm oil, with values of 39.1%, 4.1%,
42.4% and 10.1%, respactivaly (Matthdus, 2007). Seed
ofls are the primary provider of essential fatty acids
such as o-linolenic acid and linoleic acd that are
vital for various biological functions (Yadav et al,
2022). The linokeic and o-iinolenic acid content of
presently studied oil s more when compared to that
of some well-known olls, such as olive, rapeseed,
palm and almond oil (Kaur et al, 2014). Considering
thase facts, the seed oil of L. sricta, an underutilized
legume, could be explored as a new edible oll source
in India.

3.3. Antinutritional components

Antinutritional factors reduce the nutrients’ blo-
avallability and make a food materdal inefficient

Table 3. Anti-nutritional factors of Enypthring sincio seedx

Factar Compomstion Imgig FW)
Pliyrans 6851330
Cheal e 6044 1407

Each walue represents the mean tstandard e of three replicies

Among the various antinutrients, phytate and oxa-
late are considerad paramount as they bind with
minerals and narrow their availability (Samtiya
et al, 2020). The phytate and oxalate content of E
stricta seeds was 26,85 and 16.04mg/g FW, respec-
tively (Table 3). The phytate is the molecule that
plants use to store phosphorus content in soads,
and if consumad regularly, it is associated with iron
deficiency [Samtiya et al, 2020). The phytate con-
tent ol E simcfa is simitar to that of some
well-known pulses, such as bean [1874mg/1004g),
fava bean (2285mg/100g) and  soybean
{2291 mg/100g) and wild edible species such as
Diospyras  chioroxylon (20.16mg/g) and Balanites
roxburghii (21.71ma/q) (Samtiya et al, 2020; Yadav
et al, 2022; Murthy et al, 202Z). The oxalate con-
tent of E stricta is comparatively highet than that
of the pulses mentionad above and comparable Lo
that of wild edible species mentioned above, B.
raxburghil (32.01 mg/g)l and Diespyros chiloraxylon
(1433 mg/g) (Yadav et al, 2022 Murthy et al,
2022). However, the adoption of some umple pro-
cessing methods was proved very effective in
reducing them. Shi et al. (2018) able to reduce up
to 51.89% and 56.29% of soluble and total oxa-
lates, respectively, and phytate to some extent, by
soaking the seeds in distilled water for 4h. Thus, E
sticta sead cake, with impressive mineral composi-
tion and other nutraceuticals, could be considered
a micronutrient source for humans and cattie.

5. Conclusions

The investigation into Erythring stricta, an undeniti-
lizad legume species prevalent in the Indian
sub-continent, focuses on unraveling its nutritional
value. This exploration unveils the potential of E
stricta as a valuable food source. The proximate com-
position of £ siricta seeds aligns closely with globally
recognized pulses, boasting notably high levels of
proteins and fibres. Moreover, the seeds are a note-
worthy reservoir of oll, enriched with carotenoids
and USFAs, particularly the essential linolele add. The
sood rosidue exhibits substantial concentrations of
essential minerals, including calcium, iron, copper,
boron and zinc. This study, thus, endeavours to elu-
cidate the nuiritional and oil chamcterzation of E



stricta seads, positioning them as a promising cand)-
date for novel food sources
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Abstract

Thy study focusses on the multifaceted concerns and challenges Mﬂuumi:r'eu: b_:;ﬁ:d‘uc;m%
Students with visual impairments. The education of viswally chatlenged students demands q MAiGue skil
strategies, and an undersianding of the students' individual needs, Drawing from a ‘_:"" ""!"'I*“-' Fange I‘?Jf'l]fﬂﬂﬁrnrﬁ.-f
and quantitative research, this study examines the myriod lsswes that edueators face in f-;”-'f -f.!"'*"'-"'ﬂlrﬂ'i‘-'_dﬁ!fn[ The
key concerns encompass the shortage of accessible learning resources, difficulties in ﬂdﬂ'féﬂfﬂg divery,
learning styles, navigating the limisarions of assistive techmology, and the emotional "”.d psvehological Stppoey
required for both educators. and studems. Additionally, this article explores the “mportance of fosteriy,
inclusive classroom environments and the role of professional development in equipping educators wigh
necessary tools and knowledge to effectively support viswally challenged students. By shedding light on theg,
challenges, this research seeks to promote o deeper undersianding of the complexities inherent in Feaching
visually impaired studenty and to provide insights it poteniial solutions for enhancing their educatisyg
Experiences.

Keywords: visually challenged, educators, Concerns and obstacles

Introduction

In the realm of inclusive education, educators play a pivotal role in Fostering an environmen
that ensures equal access to knowled ge and opportunities for all students, including those with visus!
impairments. Visual impairment, which “icompasses varying degrees of blindness and low visian,
presents a unique set of challenges for both students

addressing these concems s PArAMOUnt 1o creating an equi
challenged students,
According to the World Healil Organization

(WHO), an estimated 253 million peoph
worldwide were visually impaired in 2020, with the maj

ority of cases being preventable or treatable
challenged students begins in early childhood and extends i
ini ¢y, however, is fraught with a multitude of
pting their teaching methods, materials, &0
dents (WHO, 2020,

st the concerns ind challenges faced by educatars whet
working with visually challenged studens |y is crueial 1o recognize that the experiences of educato®
are intertwined with the experiences of thejr visually

_ impaired students, As such, addressing 1
challenges is not only a matter of educational pol; also a human rights imperative, as ariculd
i the United Nations Conyen; sons with Disabilit [UP:-ICRFF:'}- which call
for inclusive education that ensues cqual aceess for y| (United Nations 2;:{3}

The term Visually Impaired refers 1 individuals wiy, any de *,,_ [ . 1 loss that cannot B¢
Tully corrected willy plasses o Comtaet lenses, Visual mpainment g;r;_L O Vrmur:l lmild o severe
Visually challenged students sehool el ers relers 1o cducators | can m.n!,u f:mm e Jucationd
settings spu.cilicnll{y d“"‘?“,’““ 10 Serve stugdengg with visyal i||-.|miml:.'f:‘:'f“ﬂ_‘t:1" fi;‘:;: These 1696
ﬂﬂ. responsible !W F'-'“""“‘Ih“' inlized i, ietion gy S1 ) :-‘.m o ) r.,g-.d students o
ensure they Feceve o quality edueyi | i o 10 visually chafleng

nsive exploration
realm of inclusive education fur visually
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challenges for educators who gre tasked with adg
environments to cater 1o the diverse needs of these sty
This introduction aims to shed light on

in e
s and challenges fnced by educatol Thes

idents wil encompass a range of '”EE;-E”

challenged <
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_1.,]..1||W-|:e.11|}. e will delve Mo the Mg e Mtiong|

them with the know ledge ang SKills. nececen . PTOESsIONAl devel

sudents.To gain a deeper undurmnding 1‘|:I + 10 meet he unigue
o N 3 ; i Of theea
range of research Studies, : =8

¢ CONCeme and challenee
3 » . 1 L . =

edueation. By ﬂddmmng these ISSUES, we h‘?. e expen teinions

cducational landseape for visual pe to ¢

and strategies they

echnolog, PTOmoting a syppy

needs of viswally challenged sy
Pment for educators o
needs of theiy

Mg
dents
cyuip
visially impaired
S We will draw upon 5 witle

from the field 0

: [ omclusie
oitntbute 1o 4 maore

inclusive and cyuitable
mors with the know ledge
¢ students.

need 1o Mmake
Review of related literatyre

Nume studi i
‘ PHIETOUS studies haye explored e Challenges encounte
visually impaired studems 5 ¢

and empower educ
a4 Meam i :
Meaningfy| difference iy the lives of the

red by educators when w arking with
around the scarcity of accessible

- and the cialized teaching
th (01) Mighite ‘ need for specialized teaching

hich fying y stent shortage of Braille testbooks and
Nder i e MU l' ; - o b
Additionally, Johnson et af, (2 sttonal progress of visually impaired students.

imed at enhanc: od 'I'm?'l dfstuss:d the importance of professional development programs
simed at enhancing educators skills in Addressing the unique needs of visually challenged students.

These studies collectively underscore the multifaceted challenges faced by educators in this field.

A recurring theme in the literature is the emotional and psychosocial challenges experienced
by both educators and Visually § Wa (2018) conducted a qualitative

mpaired students. Smith and Bro

study revealing that educators often grapple with feelings of madequacy and the emotional toll of
witnessing their students' struggles. Similarly, Thomas (2020) explored the psyehological impact of
visual impairment on students, ¢ izi I ance of support services within educational
o provide not only academic support but also

psychosocial resources to nddress the emotional challenges inherent in teaching and learning

visually impaired individuals,
Concerns and obstacles faced by school teachers of visually challenged rstm]:«nts
Teachers of visually challenged students face a umique set of issues and s:h:ﬂ!mgu& that
uire specialized skills, resources, and support 1o effectively educate and support their studemfg
2 ; impai i dents can be rewarding but also demanding, In this
Working with visually impaired or blind students ¢ .
d 2 Il outh me of the key 1ssues and challenges faced by school teachers of visually
imtroduction. we'll outline so Y 1S g
Pt sadeois to Learning Materinls: Visually challenged studems often require learning
] 5 . e : P :
@) LII.’I'II'I.P.':I:I .-’a:ﬂtﬁ ible formats such as Bmille, large prin, or dul..uml_ bext. 1-.m|mr? st
e Eﬂﬂl aterials are readily available and vp-to-date, which can be resource-
ensure that these m .

for

intensive, 3
b) Specialized Training: Tn.:ac e &
instruction, tactile graphics. #

1 3 ||:=‘l11‘lfl'l!-_'~- i . e needs, abilities, and
challenged students in “";"r Each visually challenged student has uniq
. Instruction: L
c) Individualized

i ans (1EPs I adap
ey b, sation plans (1EPs) ond
t develop individunlized mil‘un..nlh : L s

. schers  mus o vonmrents of each stul . _
preferences. T*-“':_ 1 et the specilie requiret i o e OF e
instructional strategies 101 Jopy: Teachers must be | b R o o i

d) Accessibility and Twhmlh,n magnification soflware, A3

" i - i rum ¥ = 1

« like screen
technologies |

) *q
' sttt i resauree
CoLss ﬂ'tll.ll:ll'lli.m.lll content
students can &

Td Sptﬂiﬂli.‘.ﬁd Imi“i-“g I tfl:hniq“fﬁ !""EI'I % “T'JII"L"
oy ssistive technology to elfectively  support visually
s I

"age Bi6
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- - | cnvironment of the school, including cfgq

¢} Physienl Accessibility: e physied woned 10 accomimodate visully challenged Slidy ‘:
hallwavs, and restrooms, must be dwgn: accessibility features, M
needs, inluding ramps, tachile Cues, and of “:'r: o to collaborate with orientation ang

) Orientation and Mobility: Teachers mnz ’ | environmeiit safely and independently,
specalss o help students navigats 1858 605 inveracions can be challengin,

) Social Inclusion: Promoting social :11:1:_lsmn & ki Ty o _!_“ ?‘
visually challenged students may exp-:n:nn:: isolation paing i,

i vities without proper support. |

h) T;T::::::ﬂ;;ﬂn;r:l:;:u need I:n advoeate for their visually Ehﬂglfﬂﬂﬂﬂhﬂ"f:-'msl“-': NSy

they receive appropriate accommodations, resOUrces, and support from school administryyy,
d stalf.

i) ;“mu:iunn! and Psychological Support: "u.l’if,unlly_::h.ﬂlll:ngeﬂ students may EXPeriengs
emotional and psychological challenges related to their disability. Teachers need to provige
supportive and nurturing environment to address these needs, -

i) Parent and Community Involvement: Teachers must engage parents, ‘ﬁ:‘-F.“llIEﬁ‘ and the
broader community 10 raise awareness about the unique needs and abilities of Visually
challenged students and to foster a supportive network. ,

k) Assessment and Evaluation: Traditional assessment methods may need to be adapied 1
accurately measure visually challenged students’ progress and understanding.

[) Professional Development: Ongoing professional development is crucial for teachers to stay
updated on best practices and emerging technologies for educating visually challenged
students.

In the subsequent sections of this discussion, we will delve deeper into each of these
challenges, explaring the strategies and solutions that teachers and educational institutions can employ

o address them effectively and create inclusive learning environments for visually challenged
students.

lmnhlilh]f

Key issues and potential outcomes associated with teaching visually challenged students:

In summary, addressing the concemns and obstacles faced by educatars working with visually
impaired students requires a multifaceted approach

technology integration, and a commitment to inclusivity. By implementing these educational
implications, schools can create an environment where visually challenged students can thrive

academically and personally.School teachers of visually challenged students face a unique set of

issues and challenges in their profession. These challenges can impact both the teachers and the
students, and addressing them effectively is crucial for ensuring quality education and equal
opportunities. Here are some of the key issues and potential outcomes associated with teaching
visually challenged students:

that combines accessible resources, training

a) Lack of Am-_lv.:.ihl:- Learning Materials:Issues Access lo appropriate textbooks, materials,
and resources in accessible formats (Braille, audio, 1actile) can be limited
Outcome: Ttn:li:rs may nf:td o spend extra time adapting malerials or seeking accessible
resources, pﬂlenlml!y affecting their workload and the quality of instruction

b) Spnﬂ_niiml Tr-uinmg‘ an!.l Sup[lmﬂ:lnut-: Teachers may require specialized training in
:;;cl:nlquts 5::';“ Braille Instruction, assistive t:h\‘:fl'l|1|;'_-||:;pE-':.||,.-1I and adaptive teaching methods.

uteame: With proper iraining and suppont, teacher ~ ive instruction.

ultimately improving student outcomes. 1 S provide mre effective insriet

¢) Individualized Instruction: Issue: Visually o idunlized
teaching plans amd dcommuodation, ’ WHEIIEﬂd Hidcnis oftes R Itlﬂl\'”]“"“
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d)

c)

g

h)

E@Mﬁ“‘:b““'.&mﬂhﬂlﬂ Senbis _

S 202 17w

(S50 730 ATRE
Outcome: Tailored

il‘:'-.IH1I..'1'Il'|1I i
HME-CONSIMIng for teaghers Wiy
Technolugy f\crnsﬁihilily:
classroom are accessible ¢
Outcome: Overeoming

lechnology effectively,
Inclusive Classrooms
students can learn alon

Outcome:

Vel st reanely
LTS Y
Issue: |

tieir full potentinl, bt it ean albo he
T and implement fhege plitns
st
i by ulmllunging.

this  jssye
Spening up

1 techmology and sofiware used in the
Chsures that visyall
new learning
Issue: 0 need [op
gside siphted e
Inclusive ENVironmegs
of belonging for visually chall
Emotional and Behaviaral

emotional and behavioral
diserimination.

y challenged students can nse
apporiunitics,

melusive classrooms where visually challenpel
“ts can be difficult 1o achiove,
Promote social ntegration and diversity, fostering n sense
enged studenys,

Ehnllengu:!ssur::

challenges  due

"
L]

Visually challenged students may expericnce
1o their disability or experiences with
Outcome: Teachers can play a crueigl
these challenges 1o create o Positive leaming environment

Advocacy and Accessibility Awareness:Issue: Teachers may need to advocate for
ﬂ“dﬂﬂﬂh““}' impravements and educate others about the needs of visually challenged
students,

role in providing emotional supporl and addressing

Outcome: Raising awareness can lead to improved resources and a more inclusive
educational svstem,

Limited Career Opportunitios: lssy e Visually challenged students may face limited career

prospects, and teachers may need to work on developing their vocational skills.
Outcome: Teachers can help students

prepare for successful careers and greater
independence.

Legal and Policy Challenges: Issue: Teachers may need to navigate complex legal and
policy issues related to special education and disability rights.

Outcome: Proper understanding and adherence 10 these regulations can ensure that visually
challenged students receive the services and accommod utim-l_s.'rhcy are entitled to, .
Addressing these issues and challenges can lead to positive outcomes for both visually

challenged students and their teachers, ultimately creating a more inclusive and nquimbile -Edttﬂnl.iﬂnn!
system. Collaboration among educators, administrators, parents, and advocacy groups is essential to
overcome these challenges effectively.

Educational Implications

a)

b)

¢) Accessible Technology Integration:

i lnborate with curriculum
: - nt: Edueators should actively col _
Iawctnive Cyrionie Dwdup?:nal materials are accessible and inclusive, incorporating
developers to ensure that tdu:c :. s, s o rEssurees, THISSHI RsRitns tevel

; raille texis, tacti R : ;
raat?r?a 5:_:|1::|1 asfri lly impaired students in mainstrean educational settings. o
participation of \fIIS!-Jﬂ ¥ +d Professional Development: S::I_'mﬂis and educational institutions
Specialized Trmlltnlg: odl training programs and professional development ﬁ':}r ?dur;nu!:';:
must invest In f‘:pﬂ'ﬂiﬂ i aired students. This training should encompass fec muqu;il.
working with wsuall?' Impsislivc rechnology proficiency, and strategies for accommodating
B i llﬂﬂ. as

effective communica

s , : b1
diverse leaming needs. Sehiools should prioritize the integration of accessible

i ices, into the
agnification gotware, and adaplive duver'ESa i
such Bs Screen readers, m or visually impaired students 1o novigate digita
e will empow
at. This wil

5 ﬂﬁl’-ﬁi"r"ﬁlr'

technology,
learning environmel s
platforms and educational re

Page 848

0CT-DEC, 2023, VOL 11/63



e
i ==

Hary s Jarmal i bteefeeslegry Thddey SIIF 2021=7 380 5 ]

d} Individualized Education Plans (IEPs): Desclop and implement comprebensne BB for
visualhy impaired students. owtlining specific zoals. accommodations. and suppor services
Regularly review and update these plans to address evolving needs and challenges

¢} Inclusive Teaching Strategies: Encourage educators to adept inclusive teaching straregies
that cater to various leaming stvles and preferences. Employ multisensony approaches. hands-
on leaming. and collaborative activities 1o enhance the overall leaming expetience for
visually impaired students.

f) Psychosocial Support Services: Establish a support network within schools thar offers
psychosocial counseling and emotional support for both educaters and visually impaired
students. This can help address the unique emotional challenges that may arise due to the
visual impairment.

g) Advoecacy and Awareness: Schools should actively promote awareness and advocacy for
visuallv impaired studants within the broader school community. This includes educating
peers. parents. and administrators about the needs and capabilities of visually challenged
students 1o foster a more inclusive and empathetic environment.

h) Resource Allocation: Allocate resources and funding for the procurement of assistive
devices, specialized educational materials, and personnel, such as orientation and mobility
instructors and Braille transcribers, to better serve visually impaired students.

i) Collaboration with Support Organizations: Establish partnerships with local and national
organizations that specialize in visual impairment to access expertise, resources, and
nemwerking opportunities. This collaboration can provide valuable support to both educators
and students.

1) Continuous Evaluation and Improvement: Continvously assess the effectiveness of
educational strutegies and accommodations for visually impaired studemts. Encourage
feedback from educators, students, and parents to identify areas for improvement and refine
approaches over tme.

Conclusion

The concerns and obstacles faced by educators working with students who are visually
impaired are complex and multifaceted. These dedicated professionals encounter challenges ranging
from the lack of accessible educational materials to the need for specialized training and support.
However, with a commitment to inclusivity, collaboration, and the implementation of innovative
strategies and technologies, these challenges can be overcome.

Educators plav a pivotal role in shaping the educational experiences of visually impaired
students, and their efforts are essential in fostering a more inclusive socierv. By addressing the
concerns and obstacles head-on, schools and educational institutions can create an environment where
visually impaired students can not only access quality education but also develop the skills and
confidence needed to thrive academically and in their future endeavors. The joumey toward
inclusivity and equal educational opportunities for visually impaired students is ongoing, but with
dedication and a collective commitment, progress can be made, ultimately benefiting all members of
the educational community.
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Abstract

Physical Edvcation for children has been linked to positive self-estecm, skill development, Kk:‘f etal “ff:
- cardiovaseular health, and general healthy development, Jt is now widely extablished that rfn’!:f{:m:r’ ix :-'4-‘ h ,
£ time to establish positive attinvdes and behaviowr relating to physical activity and a healthy fifestyle, Physt :"_
Education is an all-encompasing term, including fimess, skills, movewend, dance, recreafion. ﬁm‘llffl’f-*!-‘:”?‘\;lr
and spart plies the appropriate values and knowledge of eack. The shills developed through o good { et
eduration programme are critical in ensuring that students have swecess in many of the spert ane '_r..-nrr:nb
" activities common fo the community. Physical Education has a major role to play f the development ¢ 'f”:::
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funding; there are various reasans behind this policy of the schools for not making physical education
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loak at this topic. Physical education is an important part of every school curriculum and a class every
pupil wwnits, Physicnl edueation is that segment of the daily timetable that every siudent engerly waits
1o attend, s it is the only official time when the students can be on the grounds, enpaged in thiir
favourite sports. One of the main objectives of physical education is to bring in this elemen ul joy 10
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1 Introduction

Many researchers are now interested in organic func-
tionalized WLO materials because of their vast range
of uses in modern technologies like lasers, optical
communications, and data storage, as well ac their
efficiency in frequency conversion and piezoelectric
and pyroelectric capabilities [1, 2], Novel substances
poscessing strong optical nonlinearities are highly
significant because of their widespread use in switch-
ing and phase modulation, harmonic production,
and additional signal processing apparatus [3, 4]. The
primary goal is o design melecules with third-order
nonlineanties with the intention of incorporatng them
into optical signal processing systems, Phase-locked
laser mode, optical logic gates, laser radiation shieid-

ing, and optical information storage are among the

applications where nonlinear optical (NLO) materi-
als have demonstrated potential. Finding NLO mate-
rials has become more and more popular over time.
Additionally, organic molecules are also receiving a
lot of interest becatuse of their potential ase in cutting-
edge felds like optical switching, nonlinear oprics
(NLOY), and hight-emitting diodes, Ac such, there is
now substantial concern over the possible application
of organic device materiale in optoelectronics [3-12],
In the firet coordination sphere of the urea crvstal
frame, two-interchain bonds sidewavs the afb axis
and four-intrachain bonds the ¢-axis establish
a network of six robust mtermolecular hvdrogen
bonds that exert sigmificant control over the hydrogen-
bonding chains. Significantly, four hvdrogen bonds
are accepted by its carbonvl group [7]. Ures and its
denvatives are essential for generanng coherent light
at wavelengths that are not directly accessible from
ihe laser source. Urea crystals are emploved as non-
linear oprical materials in optical parametric oscilla-

tors, which are the devices used to generate tunable

coherent light across a wide range of wavelengths
with vital role in spectrescopy, microscopy, and tel-
ecommurtications. Several crvstals were produced and
extensivelv studied to comprehend better the second-
order NLO characteristics [B-21]. A white crystalline
solid, mereuric chloride is a Bnear triatomic molecula.
Barium acetate is a white powder that iz very soluble
in water. It was discovered that the strategy of mixing
Urea with other materials, such as tris allylthiourea
mercuric chloride [22], urea lead acetate [23], urea
mercurnic chlonide [24], ete,, functioned effectively, The
main purpose of these crystals to have improved SHG

2| Springer
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efficiency and 1o overcome hygroscopic nature and the
difficulties in growing large size urea derivative crvs-
tals. Thus, we report on the possibilities in overcom-
ing the issues and growth and phyvsiochemical along
with NLO properties of single crystals of urea barium

acetate in this communication [25].

2 Experimenlal procedure

We fallowed the regular procedure fo grow ures with
different ranos like 1:1, 2:1, and 3:1 as per previous
literature [14-16], However, we got the best qualitv
and stable crvstals for 1:1 ratio only. Most of such
derivatives were resulted in the needle-like structures
for other combinations, Urea (AR grade) and barium
acetate (AR grade) obiained from Merck (99% Pure)
were taken for the synthesis of UBA crvstal and triple-
distilled water was used as solvent and urea (Mol wt.
£0.06) and barium acetate (Mol wt. 255.41) in the ratio
1.1 as g/mol. Single crystals of UBA were produced
by blending urea and barium acetate in a 1:1 ratio,
emploving triple-distilled water ac a solvent. The
supersaturated solution was subjected to minimal
mechanical and thermal variations. Over 42 davs, an
optically competent single crvstal with a size of up
to 65 « 3 « 5 mm’ was obtained through continuous
recrvstallization followed by Altening. Figure 1 shows
2n image of the UBA crvstal as it has grown,

3 Resulls and discussion
3.1 Single-crystal diffraction study

The grown UBA crvsials underwent a single-crvstal
X-ray diffraction analysis using an intelligent Apex
Bruker Duo single-crvstal X-ray diffractometer. This
analvsis was conducted to determine the cell param-
eters of the crvstals. The grown crystal is having
non-centrosymmetric space group C with the glide
translation of b/2. The cell parameters were found to
bea=1392A b=503 A, c=10.03 A, and p=99" The
volume of the lattice was determined to be V=702 A%,

3.2 Powder diffraction studies
Crvstal samples that were finelv ground underwent

analysis utilizing the Bruker AXS D8 Advanced Pow-
der X-rav diffractometer, utilizing CU Ka radiation
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Fig. 1 As-grown cryslals of
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Fig. 2 Powder diffraction patiem of UBA

with a wavelength of 1.54158 A", A standard 26 scan
range was conducted from 3% 10 65° at a scan speed of
2* per minute, The diffraction data obtamed allowed
for observing and indexing various reflection planes
by taking [CPDS data of urea (00-008-0822) as refer-
ence. Figure 2 displavs the resulting powder X-ray
diffraction pattern, whach unmustakably indicates
the well-defined crvstalline structure of the crvstals

grown,

3.2.1 William som—hall method

The W-H method was applied to determine the
‘crystallite size and assess the occurrence of crystal-
legraphic distortion. It 15 plotted using the grown arvs-
tal's powder XED patterns and through the Gaussian

—e
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Figg. 3 Pid refation between fleoed and dxini?

shape for the W-H curve, The full width at half masi-
mum FWHM) of the experimental diffracted peaks
determine the strain or crystallographic distortion
resulting in the Lorentz intensity distribution. The
tormula to calculate the crystallite size is given by

foosll = LI + 4 sin B,
D

where [ represents cryvstalline size, whereas 8 is the
peak position. K is the Debve-Scherrer constant value
(0,94 for the spherical-shaped materials), A is the inci-
dent X-ray wavelength (1.5 A®), and B is the full width
at half maximum of high-intensity peaks. The plot of
Bcos@ versus 4sinf graph is plotted to determine the
crystalline size, The lattice strain can be computed by
calculating the plot intercept and slope, as depicted
n Fig. 3.
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The strain is determined to be 0.003, the slape {m)
value 1o be around 4.0E and the cryvstalline size to
be 46 nm. As a result, the FWHM diffraction peak is
enhanced, and peak intensity decreases, whach indi-
cates that the dopant has caused laftice strain. Further,
the dislocation density (&) and stacking fault (SF) were
calculated using the tollowing eguabons:

. 1 I
= — gl 5F = .
iy Ftand

The estimated values of the grown crvstal's disloca-
tion density, strain, and crystallite size are shown in
Table 1.

It i5 clear that upon the observations on the vana-

tion of the strain, dislocation density, and crystallife:
size of UBA crystal, the cryvstallite size would have

grain growth during the crystal growth phase, and the
grown material could get the haghest magnihude of
polarization, thereby increasing the sfficency of nion:
Linear optical second harmonic generation, Table 2
shows stacking fault. Since stacking faults cause sig-
nificant changes in the ordering of crystallegraphic
planes, they are known as planar defects and have the
kind of effect that indicates the disordering of crystal-
lographic planes.

3.3 FIIR studies

Figure 4 provides the valuable information about the
functional groups present in the sample and analyvz-

ing the absorption bands and their corresponding
wavenumbers to identify specific chemical bonds.

For the current crvsial, we can see the modification of
the peaks intensity and shifts when compared to pure
sample; these indicate the presence of the dopant and
its chemical interaction with the host material. Fig-
ure 4 depicts the FTIR spectrum documented in the
4000400 cm™? (KBr pellet procedute) on 2 Bruker IFS
661 spectrophotometer. The stretching vibration of
C=0 is determined to be around 1618 cm™. Stretching

Table | Values of crysallite size, stran, and dslocation densiy

of [FRA

Sample  Average Crystallite  Stmin () Distocation density
Sie (10 (mm) X
W_H Plat (10" m’

UBA  d6 30 4.6
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Tuble 2 Values of Thets and stacking faull of UBA crysial

Thetat {racians) Stacking Lault
L1 243
(0191 197.43
2 18784
229 18031
(252 171,88
0274 e 4
0.306 15598
(1320) 152.53
(1394 13746

vibrations ini C-H are indicated by the peak 2808 em.
Asymmetric and svmunetnic vibrations with N-C-N
are represented by the peaks at 1017 cm ), respectively,
and the NH. symmetric vibration band located near
3448 cm™, The N-C-N asymmetric stretching mode,
CH; bending vibraton, and CH; asymmetncal detor-
mmation are all designated at 1456 cm ), The peak of the
C=C stretching vibration is approxamately 2326 em L
In the spectrum, the C-O-H stretching mode is located
at 1017 cm’L. Qurt-of-plane bending vibrations cause
the C-H deformation, which is visible at 649 cm™. The
symumeiry spanning trom C to C is. The symimetrical
C-C stretching 15 931 cm”l, whereas 0-C-0 bending
is 784 cmy " (Table 3).

34 Optical absorption studies

The UV-Vis-NIR spectral analysis of UBA was con-
ductad (Vanan Cary 5E spectrophotometer), covering

e

N ,. ,M Al
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E *' ’%ﬂﬁﬁm‘lr

1618 em
Jﬂﬂm
a.
3
- E'Eﬂil-l:m 01T em’
B e

Wawenumber (cm’ |

Fig. 4 FTIR spectrs of UBA
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Tuble 3 EDAX quantification tabie of BA

Elemeni Weight & Alomic %
CK 516 67 06
NEK 10047 1167
0ok 15658 1940
Bal 1324 207
Todal 100,00 § 0. X

wavelengths from 200 to 1800 nm for 3 mm crystal
thickness. The resulting spectrum is depicted in Fig. 5.
Due to the crvstal's transparency, mumimal absorption
is observed in the visible region, extending imto the UV
range. Notably, the spectrum indicates no sigruficant
absorption peak, demonstrating the crystal's transpar-
ency across the entire wavelength range from 310 to
1400 nm, with the lower cut-off wavelength occurring
at 310 num.

To ascertain the optical band gap, the optical trans-
mittance was derived using the resultant transmittance
value theough the subsequent formula

I e |
=|~dl|:rg.r.

In this scenario, T represents transmittance and d
is the crystal thickness. Due to the direct band gap
nature of the crvetal being investigated, the absorption
coetficient (a) of the test sample conforms to the ensu-
ing relationship at high photon energies (hv):

ahr = Qho - EE':I-

{E

s
0.8

g ..
i
; N .

u=‘ L] L] L L] L L]
200 ADN B30 MOS 1000 W300 (400 180U yEen
Waovelanglh in nm

Fig. § UV-VisNIR Spectra
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Hete, Q) represents 3 constant that varies with tran-
sitions, v is the photon [TEq_UEnE'l.-', Eg represents the
mategial's band gap, and » is the index that can have
magnitudes like 1/2, 1/3, 2. or 3, contingent upon the
nature of electronic transitions. For an allowed direct
transition. n is regarded as 1/2. Consequently, the
equafion transforms to

1
Qi —Eg) 12
i = V.
v

The response of (ghv)® versus by is provided in
Fig. 6. The noticed band gap from the graph ic 4 €V.
The wide band gap confirms the significant transmit-
tance observed in the visible region.

Figure 5 depicts the UV spectra, with the absorp-
tion bands representing electronic transitions between
molecular orbitals, which involve the prometion
of electrons from the ground state to higher energyv
levels. The position and mrensity of these absorption
bands provide mlormation about the molecule’s elec-
tronic structure,

Molecules with extended w-electron systems or
conjugated double bonds have distinct UV absorption
bands, with minimal absorption in the visible region.
Transparent crystalsin NLO matenals allow inadent
light to pass through with munimal attenuation. This
15 pecessary for efficient interaction between light and
material, which is required for observing nonlinear
optical phenomena.

Further, the extinction coefficient (K} can be evahi-
ated using the relation:

128+

g 3 3

{ab) 10" - jeV)'m”

£

=
e

=
i

0% 10 18 X0 18 10 35 40 48 40
Photon energy in aV

Fig. & Plotof {ahv) verass iy
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It is noted that the K value diounishes with energy
by showing the inverse dependence up to 4 eV, which
iz the calculated enetgv gap of the UBA sample. Later,
a diminuhve increase in K was observed between 4
and 5 €V and bevond 5 eV. This decreases with the
turther energy increase, as shown in Fig. 7,

Photon energy refers to the energy carried by
individual photons and the extinction coefiicent or
absorption coefficient measures how much light 15
absorbed or scattered by a matrerial. Such a graph used
to explore how the absorption or scattering behavior of
a material varies with the energy of incident photons
and provide the insights into how materials interact
with light at the fundamerital level.

The refractive index (1) value of UBA crvstal is eval-
uated using the proposed relation, which is given by

oty JfE
w12 20’

The computed value for n is determined 1o be 2.2
Subsequently, it was emploved to derive the optical
reflectance utilizing the subsequent equation, yielding
a result of 0.140 within the transoission assortment.

At
R=tn 1) _
(m+ 1)2

These values underscore the crystal's lughly trans-
parent nature. Furthermore, the crystal's electrical

.34 4
-
™
REE
2 o
E u.u:
0.00 - /_-‘w-_-
g 1 iphﬂ'lﬂ::l :rnhr;'jl I,,'u-‘hl"ll!‘I

Fig. T Photon encrpy vs extinclion coofficken
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susceptibility is y This was determined by emplov-
ing the lollowing relation:

fi ='Er _14
Cry. = -1 sinoeie, = nll.

¥ =381

1t is worth noting that since g, > 1, it indicates that
the UBA can be readily polarized by exposure to
intenise light, Conversely, the extinction coefficient and
refractive index depend on photon energies, reflecting
the matenal's internal efficency. This aspect 15 cru-
aal tor considenng the cryvstal in solid-state electromc
device fabncation, as depicted in Fig, 7.

3.5 Thermal analysis

TG-DTA analyses were conducted under a nitro-
gen atmosphere at 2 heating rate of 18 *C/minute
between the temperature ranges of 30 and 300 °C
using Perkin Elmer STA8000 diamond TCA-DTA
analvzer. The sample material analvzed had a
starting mass of 10.476 mg. Figure 8 illustrates the
TG-DTA curves of the UBA crystal. The UBA crys-
tals exhibit thermal stability up to 160.17 *C, with
decomposition initiation. The observed mass loss
(1.3%) before the decomposition point is attributed
to dehvdration. Subsequently, a significant mass
loss (85.91%) happened at 160,17 °C and 210,32 °C,
referred to as the pnmary stage of decomposition.
Eollowing ths, the residue undergoes a weight loss

i i i i 'l i

300 400 500 GO0 OO BOO
Tesmnoeratuse [* C|

100 200

Fig. 8 TG-DTA thermogrsm of LIBA
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within a narrow range lrom 210.32'to 359.64 °C,
approximately 1.01%. The DTA thermogram reveals
irreversible endothermic peaks at 164.69 *C con-
fnrman to the melting Frr.'uinl! antd a ﬁubs-equeﬂt Feak
at 206.08 *C, comnciding with the TGA results. The
sharpness of these endothermic peaks indicates
UBA's hugh degree of crvstalline nature.

3.6 SEM-EDAX analysis

The surtace murl:lhulns_t‘ of UBA was revealed usig
SEM recoding using Jeol 6390LA with accelerating
voltage of 0.5 to 30 kV tungsten filament and the
resulting images are shown in Fig. %. A carbon coat-
ing was added to the sample until it was exposed to
an electron beam to convert 3 non-conductive spec-
men inte 3 conduchve speamen. The appropriate
coaing 15 needed to ensure good conductivity and
secondary electron emission when recording an
image with an SEM. The figure shows fewer cracks
and mnclusions i grown crystals, which mav be due
to growth conditions.

Moreover, the EDAX spectrometer results are con-
sidered to examine the chemical composition of the
UBA crystal. The electron backscattering produces
the EDAX spectrum, which fllustrates the counts of
X-ray energy versus the relative counts spectrum,
offering qualitative and quantitative insights into
the elements within the research sample. Figure 10
illustrates the EDAX spectrum of UBA, and Table 1
displays the ex penmental weight percentages (C. N,
0, and Ba), Ennfi:mmg the presance ol UBA,

Page7of10 1307

Fig. 10 EDAX spectrum of UBA

3.7 Microhardness studies

Evaluating the mechanical stability of 2 matenal is
crucal mn device manufacturing, as 1t directly relates
to the bond strength of the crystal, The Micro Mach
Technologies MMV.D tester was utibzad to gauge the
mechanical behavior of the grewn crystale, The Vick-
erg ricrohardness namber (Hy) for each load was cal-
cittated using a dedicated equation, and Fig. 11 depicts
the variation of Hy relative to the applied load.

L8544 x appiied load (p) ;

r.:l.immr.

( dragonal lenth :.n:i"t'lE

It has been noted that handness increases with load;
this is likely due to the surface layvers' work hardening.

Fig. 9 SEM images of UBA

'*1{’;1 Springer
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Fig. 11 Variation of hardness mimber with applied load

The graph also showe that the host matenal's hardness
was increased by adding barium acetate, suggesting
that more force 15 needed to cause dislocations.

In addition, Mayer's index (n) 1= determined by
calculating the slope of the logarithmic graph of p
versus log d (Fig. 12). This s done using the equation
p=kd"n, where n is 4.9. Onitsch states that the value
of 'n’' obtained 15 more than 1.6, indicating that the
crystals created are of soft materials category. Such
materials have several potential apphications i the
field of NLO devices, such as frequency converters;
modulators, switches, and signal processors used in
telecommunications, laser technology, and optical

—_— -
254 —=—82 [
4 — Linear Fit of Datal_B

1.3

1.76 . 1.5!.’- z 1.'-!.': y 1.:5‘: ! 1.:!“ - 186 188 190
Logd

Fig. 12 The plol of Jog p versus Jog d
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cam]:ut{ttg. The equat:’ﬂﬂs wsed o 3ssess the yvield
strength (ov) and elastic stiffness (Cyy) are below.
The calculzted values are FIEEEnted in Table 4.

Hy 125(n—-2) |
v=gyli-e-alg=o 5]
T4

The observation shows that doping enhances both
oy and Cy;, indicating that the depants enhance the
cohesion with adjacent atoms, resulting in increased
bonding strength. Therefore, the doped crystals
exhibit increased resistance and are well suited for
high-power laser-assisted applications.

3.8 Kuriz powder SHG test

The SHG efficiency was measured using the
Kurtz-Perry powder techrdique [26] on the crvstals
that were produced. The UBA was ground to 2 uni-
form powder of particles and tightly compressed
between two transparent glass slides. This powder
sample. with an average particls size ranging from
100 to 115 um, was subjected to exposure from a
Q-switched Nd:YAG laser, Emutting light at a fun-
damental wavelength of 1064 nm with a pulse width
of & ns, the laser interacted with the non-centresym-
metric nature of the crvstal’s materials, leading to
the generation of green radiation at 2 wavelength of
332 nm. An optical signal from the sample was caol-
lected using @ Photomultiplier tube, This incoming
optical signal was converted into a voltage output
via & photomultiplier tube (PMT) and displaved on
a cathode tay oscilloscope (CRO). A power input of
4.2 millijoules was transmitted via the KDP refer-
ence sample. The efficiency of the second harmonic
generation (SHG) was determined to be 1.67 times
greater than that of KDP.

Tuble 4 Calcwiatied mechanical paramesers

Laoad P Iy o, ¢, x 10+
(2m) (kp/mm’) (Gpa) Pa

25 285 56 K7

30 125 ka 193

100 20,65 130 1Th
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1 Conclusion

Urea crvstals serve as model svstems for studving
nonlinear optical phenomena due to their well-
characterized crvstal structure and nonlinear optical
properties, hence studving UBA cryvstal derivative
becomes significant owing to its physicochemical
properties. Transparent crystals of UBA were suc-
cessfully grown using the slow evaporation method,
revealing a non-centrosvmmetric monoclinie crystal
svstem. EDAX analysis in terms of molecular compo-
sitipns confirmed the dopant in UBA. The addition of
barum acetate resulted in 2 orvstal quality modifica-
tion, altering the transmission percentage. which is a
critical parameter for optoelectronic device design,
Thermal analysis via IG-DTA indicated stability of
UBA up to 160 °C, Mechanical studies categorized
the grown crystal as belonging fo the soft materi-
als category. Furthermore, enhanced efficiency in
SHG of 1.67 times of well-known KDP crvstal for
UBA crvstal was observed by Kuriz powder method.
These findings suggest that urea admixture barium
acetate crystals hold promise for nonlinear opti-
cal (NLO) applications. Further, the present work
become successful in overcoming the hvgroscopic
natute of urea and difficulty in growing large size
crystals. It is worth studving the effect of solvent,
pH, and growth on the same crystal by different
methods.
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