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significantly across phases, with gastric phase solu-
bility upto ~ 75%, attributed to its lower pH enhanc-
ing metal dissolution. Elevated DTT responses were 
recorded for PM10 and PM2.5, driven primarily by Fe, 
Zn, and Pb, underlining their pivotal role in oxidative 
stress generation. Correlation analyses demonstrated 
strong associations between bioaccessible fractions 
and OP, especially in the GPh. The findings advance 
understanding by linking bioaccessibility with ROS 
generation and highlight the importance of parti-
cle size and solubility in assessing the health risks 
posed by PM. These insights provide a foundation for 
improved risk assessments and mitigation strategies 
targeting emissions from high-temperature processing 
industries, and vehicular activities, on a global scale.

Keywords  In vitro bioaccessibility · DTT assay · 
Oxidative potential · Particulate matter · Reactive 
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Introduction

Particulate matter (PM) is a critical environmental 
and public health concern due to its ability to trans-
port toxic metals and metalloids into the human body. 
These elements, often released during industrial pro-
cesses, vehicular emissions, and coal combustion, 
pose significant risks ranging from respiratory ail-
ments to cardiovascular and neurological disorders 
(Lin & Yu, 2019; Gao et  al., 2020; Kumar et  al., 
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2022; Briffa et  al., 2020, Swietlik et  al., 2022). The 
impact of PM exposure extends beyond the respira-
tory system, as inhaled particles are transferred via 
mucociliary clearance into the gastrointestinal tract 
(GIT), where they interact with gastric and intestinal 
fluids (Alpofead et al., 2017; Falta et al., 2008; Salim 
et  al., 2014). Understanding the bioaccessibility of 
PM-bound metal(loid)s is vital for assessing their 
potential health risks, as only the bioaccessible frac-
tion, the portion soluble in bodily fluids, is available 
for absorption and systemic distribution (Denys et al., 
2006).

Previous studies have primarily focused on total 
concentrations of metals in PM to evaluate their 
health implications. However, these approaches over-
look the fact that total concentrations do not account 
for the varying solubility of metals under physio-
logical conditions (Boros et  al., 2017; Mishra et  al., 
2021, 2023; Turner & Price, 2008). Bioaccessibility 
tests, such as the physiologically based extraction test 
(PBET), simulate gastric and intestinal environments 
to determine the fraction of metal(loid)s that can 
dissolve in the digestive system. This offers a more 
accurate representation of the potential exposure risks 
associated with PM-bound toxic elements (Han et al., 
2020; Turner, 2011).

Simultaneously, the oxidative potential (OP) of 
PM, a measure of its ability to generate reactive oxy-
gen species (ROS), has emerged as a key indicator 
of its toxicological impact. ROS, including hydroxyl 
radicals, superoxides, and hydrogen peroxide, are 
known to cause oxidative stress, damaging cellular 
components such as lipids, proteins, and DNA. The 
dithiothreitol (DTT) assay is a widely used method 
for quantifying OP, as it measures the rate at which 
PM depletes DTT, a surrogate for biological reduc-
ing agents (Charrier & Anastasio, 2012; Delfino 
et  al.,2005; Dellinger et  al., 2001; Li et  al., 2009; 
Squadrito et al., 2001).

In this study, the water-soluble fraction of PM was 
used for the DTT assay to evaluate oxidative poten-
tial. Water-soluble components are directly available 
for redox reactions in aqueous environments, such as 
respiratory tract fluids, making them highly relevant 
for assessing immediate oxidative stress potential 
(Clemente et al., 2023; Guascito et al., 2023).

Industrial regions worldwide, particularly those 
with coal-fired power plants, mining operations, and 

heavy industries, are known for their significant par-
ticulate matter emissions (Asif et  al., 2022; Filon-
chyk & Peterson, 2023; Guttikunda et  al., 2019). 
These activities contribute to variations in the anal-
ysis of OP and bioaccessibility of PM-bound toxic 
elements, influenced by seasonal and local pollution 
sources.

Despite the recognized importance of such 
regions, detailed analyses of the oxidative poten-
tial and bioaccessibility of toxic metal(loid)s in 
PM near coal-fired and mineral-processing indus-
tries remain scarce. Investigating these variations 
and their link to oxidative potential is essential for 
advancing PM toxicity research and shaping effec-
tive air quality management strategies.

This study aims to address these gaps by investi-
gating (1) the speciation and gastrointestinal bioac-
cessibility of potentially toxic elements associated 
with PM in high-temperature processing industrial 
region, (2) the oxidative potential of these ele-
ments using the DTT assay, and (3) the correlation 
between the bioaccessible fractions of metal(loid)s 
and oxidative potential in PM10 and PM2.5. By link-
ing bioaccessibility with oxidative potential, the 
findings provide a comprehensive framework for 
evaluating the health risks of PM exposure in indus-
trialized environments worldwide.

Methodology

Sampling site and sampling method

A set of 78 samples of each particulate matter (PM10 
and PM2.5) were collected from an urban-residen-
tial area in the Raipur district, Chhattisgarh during 
January to December 2019. These samples were 
obtained through 26 sampling events, each of which 
was replicated three times, resulting in the collec-
tion of 78 samples in total. The detailed procedure 
of sample collection has been described elsewhere 
(Mishra et al., 2023). PM10 and PM2.5 samples were 
collected on quartz fibre filters (47  mm diameter) 
using a fine particulate sampler (APM 550, Envi-
rotech) with 16.6 L/ min flow rate for 24  h. Sub-
sequently, the collected samples were stored in a 
refrigerator (~ 4 °C) (Watson et al., 2017).
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In vitro metal(loid)s bioaccessibility test

The bioaccessibility of PM2.5 (fine particu-
late mode)  and PM10-2.5 (coarse particulate mat-
ter) metal(loid)s in the GPh and IPh (gastrointesti-
nal phase) were evaluated by in vitro PBET method 
(Ruby et  al., 1996; Turner, 2011; Mukhtar et  al., 
2013; Mishra et  al., 2021). To estimate the bioac-
cessibility of PM2.5 and PM10 metal(loid)s in GPh, 
simulated gastric fluids were applied. The gastric 
juice was prepared by adding 1 L deionized water 
(18.2 MΩ·cm), 2.50  g pepsin (Sigma-Aldrich), 
1.00  g sodium citrate (Sigma-Aldrich), 1.00  g DL 
malic acid disodium salt (Sigma-Aldrich, 98%), 
840 µL lactic acid (ACS reagent, 85%), and 1  mL 
of acetic acid (Sigma-Aldrich). The pH (2) of 
the solution was adjusted by using HCl (Sigma-
Aldrich). Quartz filters containing PM2.5 or PM10 
were cut into quarters and mixed with 15  mL of 
the gastric solution. The mixture was placed in a 
shaker in water bath at 37 °C for 1 h. After extrac-
tion, the samples were allowed to reach room tem-
perature and subsequently centrifuged at 5000  rpm 
for 10  min for separation of sample solution from 
insoluble species and remaining filter substrate. A 
sample aliquot of the stomach phase was extracted 
and stored for examination. The residual sample 
mixture was further leached for the IPh by adjust-
ing the pH to 7.0 with solid sodium bicarbonate 
(ACS, 99%). For the IPh, 175 mg bile salts (Sigma-
Aldrich) and 50  mg pancreatin (Sigma-Aldrich) in 
10 mL deionized water were added to the remaining 
solution. The mixture was incubated at 37  °C for 
4  h and then centrifuged and filtered as described 
above for analysis. Extractants of GPh and IPh were 
then kept at 4 °C in a refrigerator until examination 
by furnace atomic absorption spectroscopy (FAAS). 
The bioaccessible concentrations of metal(loid)s 
were determined by double beam Atomic Absorp-
tion Spectrophotometer (AAS) (iCE 3000 Model, 
Thermo Fisher Scientific, UK) equipped with a 
graphite furnace and hydride generation. Bioacces-
sible metal(loid)s concentrations of PM10-2.5 were 
found by subtracting PM2.5 from PM10 metal(loid)
s concentration and considered as coarse particulate 
mode (PM10-2.5). Further, percent bioaccessibility 
was calculated by dividing the gastric or intestinal 
concentrations by the total metal(loid)s concentra-
tions and multiplying by 100 (Kabir et al., 2022).

Oxidative potential test

The ability of PM to produce ROS and subsequently 
cause oxidative stress in biological systems has been 
described using the term "oxidative potential" (OP) 
(Fang et  al., 2019). DTT assay (adopted from Cho 
et  al., 2005) was used for the assessment of the OP 
of PM (PM10 and PM2.5) and associated potentially 
toxic elements. For the DTT assay, the water-soluble 
fraction of the respective PM was obtained using a 
sequential extraction method. Details of this method 
can be found in our previous work (Mishra et  al., 
2023).

The water-soluble fraction was then added to 
15  ml 100  μM DTT (Sigma-Aldrich) in 0.1  M of 
potassium phosphate buffer (Sigma-Aldrich). The 
mixture was incubated at 37  °C, and the reacting 
mixture was taken for monitoring DTT consumption 
after being filtered through 0.45 μm pore syringe fil-
ters and quenched by 1 ml trichloroacetic acid (TCA) 
(10% v/v) (Sigma-Aldrich) every 5  min. After then, 
reaction mixture was mixed with 2  mL of 0.4  M 
Tris HCl (Sigma-Aldrich), pH 8.9 containing 25 mL 
of 10  mM DTNB (5,5’-dithiobis-(2-nitrobenzoic 
acid) (Sigma-Aldrich). The concentration of formed 
5-mercapto-2-nitrobenzoic acid was measured by its 
optical density absorption at 412 nm using a UV Vis 
spectrophotometer (evolution 220, thermo fisher). 
All reaction measurements were conducted in the 
low-light exposure environment. The DTT consump-
tion rate (nmol/min*m3) corresponded to the slope of 
a straight line obtained by several data points (0, 5, 
10, 15, 20, 25, 30 min). The DTT consumption rates 
of PM2.5 and PM10 were calculated by the difference 
between the samples and filter blanks. For the assess-
ment of elemental components OP, amount of total 
water- soluble concentrations of all the metal(loid)
s was added to the DTT solution at time zero. DTT 
procedure, including steps and reagents used in this 
study, are illustrated in Fig. 1.

Quality control and statistical analysis

The analytically pure reagents and double distilled 
water were used for all experiments. A linear regres-
sion of four points of DTT concentration vs. time was 
used to calculate the rates of DTT loss. The replicate 
measurements were used to calculate the average and 
standard deviation of the resulting final rates of DTT 
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loss. Excel 2019 and Origin 5.0 were utilized for sta-
tistical analysis and graph plotting (Chirizzi et  al., 
2017; Kabir et al., 2022). The square of the Pearson 
correlation coefficient (R2) was used to evaluate and 
quantify the relationships between various variables. 
In addition, the detection limits (LOD) for the differ-
ent elements analyzed using atomic absorption spec-
troscopy (AAS) are provided in the supplementary 
file (Table S4).

Results and discussion

Bioaccessibility of PM2.5 and PM10‑2.5 bound 
metal(loid)s in the gastrointestinal system

The Bioaccessible concentrations (mean, standard 
deviation ( ±)) in GPh and IPh of eleven metal(loid)
s, along with total concentrations of each metal(loid)
s (mean, standard deviation ( ±)) for coarse and fine 

particulate modes are presented in Table  S1 and 
Table  S2, respectively (supporting information). 
Additional details regarding the particulate mass con-
centrations, metal(loid)s concentrations as well as 
other physiochemical properties of APM are available 
in a previous publication (Mishra et al., 2023).

As shown in Fig. 2, the percentage gastric bioac-
cessibility of potentially toxic elements (PTEs) in 
coarse particulate mode ranged from 12.72 to 74.55% 
following the order of Mn > As > Cr > Zn > Cd > C
u > Pb > Ni > Co > Fe > Al. Corresponding bioac-
cessible concentrations in the GPh revealed that Mn 
had the highest value (0.204 ± 0.144 μg/m3), reflect-
ing its significant percentage bioaccessibility and 
higher relative abundance in these samples. In con-
trast, Fe and Al exhibited low bioaccessibility per-
centages (12.29% and 14.48%, respectively), even 
though their absolute bioaccessible concentrations 
(0.170 ± 0.167 μg/m3 for Fe, 0.093 ± 0.109 μg/m3 for 
Al) were higher than several other metal(loid)s. This 

Fig. 1   Experimental procedure of DTT (Dithiothreitol) assay, adopted from Cho et al., 2005
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suggests that elements with high total abundance may 
not necessarily show a proportional increase in bioac-
cessible concentrations.

In the IPh, the bioaccessibility trend was observed 
as Zn > As > Cr > Cd > Cu > Mn > Co > Pb > Ni > 
Al > Fe, ranging from 2.47 to 31.94%. Zn demon-
strated the highest intestinal bioaccessible concentra-
tion (0.194 ± 0.148  μg/m3), consistent with its high-
est percentage bioaccessibility. Elements like Fe and 
Al again showed low bioaccessibility percentages 
(1.66–4.05%, respectively), despite their measurable 
bioaccessible concentrations (0.023 ± 0.026 μg/m3 for 
Fe and 0.026 ± 0.027 μg/m3 for Al).

For the fine mode, decreasing gastric bioaccessi-
bility was observed: Mn > As > Cr > Ni > Co > Fe > C
d > Pb > Zn > Cu > Al ranging from 27.39 – 75.34%. 
Mn exhibited the highest gastric bioaccessible con-
centration (0.853 ± 0.622  μg/m3), reinforcing its 
significant role in both coarse and fine particulate 
modes. In the IPh, the bioaccessibility of metal(loid)s 

ranged from 3.44 – 33.85% and decreased in the order 
of Zn > Co > Cr > Cd > Pb > Cu > As > Mn > Ni > Al 
> Fe. Zn again showed the highest bioaccessible con-
centration (0.446 ± 0.333 μg/m3).

The bioaccessibility of metal(loid)s in GPh was 
relatively higher than in IPh, with the difference 
being approximately 40% greater in the GPh. These 
outcomes are consistent with earlier research explain-
ing that elements are more bioaccessible in the GPh 
significantly due to its lower pH (Kabir et al., 2022). 
The pH value is 7 for the IPh but 2 for the GPh. In 
highly acidic conditions, metal(loid)s are likely to be 
present as ions exhibit relatively high levels of activ-
ity (Pelfreňe et  al., 2011). In the higher pH, neutral 
carbonate-rich environment of the intestine, metals 
readily form pepsin precipitates (Dong et al., 2020).

Mn displayed the highest bioaccessible concentra-
tions in both coarse and fine modes, reaching approx-
imately 91% in coarse mode (0.204 ± 0.144  μg/m3) 
and 94% in fine mode (0.853 ± 0.622  μg/m3). This 

Fig. 2   Annually averaged bioaccessible concentrations and percentage bioaccessibility of toxic metal(loid)s in coarse (PM10-2.5) and 
fine (PM2.5) particulate modes, for both gastric (GPh) and intestinal (IPh) phases
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indicates significant bioavailability and potential 
health risks, likely linked to anthropogenic sources 
such as industrial emissions and fossil fuel combus-
tion (Alberta Environment, 2004). Other metal(loid)
s such as Al, Cd, Co, Fe, and Ni in coarse mode, and 
Al in fine mode, also showed measurable bioacces-
sibility, highlighting their importance in assessing 
human health risks.The temporal variation of gastric 
and intestinal bioaccessible concentrations in coarse 
and fine particulate modes was estimated by com-
paring the winter and summer mean values of PM 
sampled at an urban-residential area (n = 16 for win-
ter and n = 14 for summer for each metal(loid)s) dur-
ing January- December 2019, as depicted in Figs.  3 
and 4. Gastric and intestinal bioaccessibility of all 
metal(loid)s was higher in winter than in summer.

Moreover, higher metal(loid)s content in the PM 
corresponded to greater bioaccessibility, especially 
in GPh. This suggested the presence of sources 

responsible for the high concentration of metal(loid)
s in the PM at the study area, primarily attributed to 
high temperature-based coal-fired industries and the 
substantial loadings of vehicular exhausts throughout 
the year, particularly in the winter season (Liu et al., 
2019; Mishra et al., 2023). This confirmed the gastro-
intestinal bioaccessible results, indicating that PM2.5 
and PM10 in urban areas of Chhattisgarh were pre-
dominantly influenced by coal combustion for urban 
heating during winter, driven by the urban population 
(Ghosh, 2016; Guttikunda et al., 2019; Singh, 2006).

Oxidative potential of PM10 and PM2.5

The DTT activity was assessed by determining the 
consumption rate of DTT at different time intervals 
(0, 5, 10, 15, 20, 30 min). Figure 1 gives an overview 
of the DTT assay methodology used to estimate the 
OP of the PM. The results of OP (nmol/min*m3) 

Fig. 3   Seasonally averaged values of Bioaccessibility of selected toxic mental(loid)s of coarse particulate (mode- PM10-2.5) in gastric 
(GPh) (a) and intestinal (IPh) phase (b) for winter and summer season
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measurements (month-wise) for PM2.5 and PM10 com-
pared to the elemental components (As, Al, Cr, Cu, 
Cd, Mn. Ni, Pd, Ni, and Zn) are depicted in Fig. 5. 
The DTT consumption rate (nmol/min*m3) for PM2.5 
mass ranged from 0.66 – 4.12 with an average value 
of 2.46 ± 1.20. For elemental contents of PM2.5, it 
ranged between 0.42 to 2.90 with an average value of 
1.72 ± 0.87. In the case of PM10 mass, the DTT value 
was 3.33 ± 1.28 (ranging between 1.33 and 4.99) and 
elemental contents ranged between 0.47 and 4.14 
with an average of 2.45 ± 1.13. It was observed that 
approximately 70–75% DDT loss occurred from the 
metal(loid)s in both PM2.5 and PM10, respectively. 
The remaining DTT consumption might be due to the 
presence of quinones, water-insoluble metals, or other 
redox-active components, which were not examined 
in this study.

The OP value was found to be higher in PM10 
than in PM2.5, attributing to a greater concentra-
tion of redox-active elements per unit mass in PM10 
compared to PM2.5. This variation may be attributed 

to distinct local sources, including industrial activi-
ties with notable element emissions and the abrasion 
from tire wear on highly trafficked roads. Further-
more, the results indicated that metal(loid)s can be 
responsible for the oxidation of DTT, and constitut-
ing a large portion of DTT loss from APM, where the 
DTT-active metal concentrations are markedly higher 
than the quinone concentrations. It is believed that 
water-soluble metals catalyze the Haber–Weiss reac-
tion pathway, which reduces hydrogen peroxide to the 
redox active hydroxyl radical (Gao et a., 2005; Valko 
et al., 2016). Since ROS activity and transition met-
als are related, understanding their emissions sources 
is vital. Table  1 summarizes the comparison of the 
present study with earlier reported OP values (nmol/
min*m3) of PM. DTT activities for OP varied signifi-
cantly across the different study areas, suggesting that 
a diverse mix of sources and consequent PM contents 
could lead to the significant variation in OP values. 
For instance, lower PM2.5 OP activity was found in 
Bologna, Italy, and in Los Angeles as compared to the 

Fig. 4   Seasonally averaged values of Bioaccessibility of selected toxic mental(loid)s of fine particulate (mode- PM2.5) in gastric 
(GPh) (a) and intestinal phase (IPh) (b) for winter and summer season
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present study (Hu et al., 2008; Li et al., 2003; Visen-
tin et  al., 2016). Similarly, the PM2.5 OP in Mum-
bai, India was substantially lower, while the PM2.5 
OP activity in Delhi, India was comparable to that 

in Chhattisgarh, India (current study) (Anand et  al., 
2022; Puthussery et al., 2020). These observed vari-
ations could be attributed to various PM mass ranges 
as well as different levels of ROS-generating species 

Fig. 5   Temporal variation of oxidative potential (OP) value measured with DTT Assay for PM2.5 and PM10 sample

Table 1   Comparison of the present study with earlier reported oxidative potential values (nmol/min*m3) of particulate matter

Locations Sampling period Size fraction OP value References

Chhattisgarh, India 2019 PM10 3.33 ± 1.28 Present study
PM2.5 1.72 ± 0.87

Delhi, India 2019 PM2.5 1.57 ± 0.7 Puthussary et al., 2020
Mumbai, India 2017 PM2.5 0.04–0.51 Anand et al., 2022
Lecce, Italy 2013–16 PM10 0.46 Chirizzi et al., 2017
Central Los Angeles and Anaheim, 

California, USA
2012–14 PM2.5 0.028 ± 0.005 Shirmohammadi al., 2016

Los Angeles 2001–02 PM2.5 0.013 Li et al., 2003
Los Angeles 2007 PM2.5 0.022 Hu et al., 2008
Los Angeles 2007 PM2.5 0.007 ± 0.003 Verma et al., 2009
Central Mediterranean Site, Italy 2014–15 PM2.5 0.29 ± 0.03 Perrone et al., 2019
Bologna, Italy 2011–14 PM2.5 0.2–1.7 Visentin et al., 2016
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at different locations. The association of residual oil 
combustion tracers with ROS activity at various loca-
tions and size ranges serves as clear evidence of the 
impact of industrial activities and fuel oil combustion 
on PM-induced redox activity (Saffari et  al., 2013a, 
2013b, 2013c). For example, Nickel was connected 
to PM2.5 ROS activity in Milan, Lahore, and Beirut 
(Daher et  al., 2012, 2014; Shafer et  al., 2010). Fur-
thermore, the strong associations of vehicular tracers 
at various locations (such as Fe in, Thessaloniki, and 
Denver and Cu in Long Beach, Beirut, and Milan) 
with ROS activity demonstrated the influence of traf-
fic sources, including their contribution to road dust 
(e.g., tailpipe exhaust, recondensed lubricating motor 
oil, and tire-pavement interaction emissions) (Zhang 
et al., 2008; Daher et al., 2012; Saffari et al., 2013a, 
2013b, 2013c; Saffari et  al., 2013a, 2013b, 2013c; 
Daher et a., 2014).

Statistical correlation study of oxidative potential 
with PM mass and metal(loid)s concentrations

The correlation (R2) between DTT consumption rates 
and PM concentrations was 0.60 for PM2.5 and 0.56 
for PM10, indicating that oxidative potential is influ-
enced by the particulate load. The slightly stronger 
correlation for PM2.5 suggests its greater role in ROS 
generation, likely due to its higher surface area and 
capacity to carry reactive species.

The impact of potentially toxic metal(loid)s con-
centrations on human exposure and the wide scale of 
the OP generated by PM led to execute the correla-
tions between DTT consumption rate and metal(loid)
s concentrations. Correlation coefficient (R2) anal-
ysis was performed between elemental contents 
DTT activity value and PTEs concentrations for 
PM10 and PM2.5 samples independently (Table  2). 
The actual OP values of elemental contents can be 
found in Table  S3 (supplementary information) and 
metal(loid)s concentrations are referenced from 
Mishra et al., (2023).

Most notably, and in showed strong correlations 
(R2 > 0.5) were observed between DTT activity and 
concentrations of Al, As, Co, Zn, Cu, Cd, Fe, Mn, 
and Pb in PM10. For PM2.5, Zn, Cu, Fe, Pb, and Mn 
exhibited strong correlations (R2 > 0.5) with DTT 
activity. This correlation suggested that metal(loid)
s present in the study area were dominant in DTT 
response. Specifically, redox-active transition metals, 

such as Mn, Fe, and Cu were correlated with elemen-
tal component’s DTT activity (R2 > 0.6), given their 
capacity to produce H2O2 (ROS) through Fenton 
chemistry (reactions: 1–4) (Netto et a., 1996; Charrier 
& Anastasio, 2012).

Compared to PM2.5 metal(loid)s, elevated correla-
tion (R2 > 0.7) for PM10 metal(loid)s was observed, 
which was most likely due to higher metal(loid)s 
concentration in PM10 as compared in PM2.5 (Mishra 
et al., 2023).

Fenton reaction

where “Me” represents metal.
Similarly, a good correlation (R 2 > 0.8) was 

observed by Ntziachristos et  al. (2007) between 
DTT response from APM and metals (Fe, Cu, Mn, 
and Zn). Hu et al., 2008 and Geller et al., 2006 also 
found a correlation between DTT loss and their 
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Table 2   Correlation coefficients (R2) between OP (DTT) of 
PM10 and PM2.5 elemental components (nmol/min*m3) and 
elemental concentrations (µg/m3)

OP (DTT)

Elements PM10 PM2.5

Al 0.75^ 0.47*
As 0.73^ 0.46*
Co 0.55** 0.40*
Zn 0.79^ 0.60**
Cu 0.68** 0.72^
Cr 0.49* 0.32*
Cd 0.59** 0.24*
Fe 0.60** 0.60**
Pb 0.73^ 0.63**
Ni 0.24* 0.21*
Mn 0.68** 0.67**
 > 0.70^ 0.50–0.70** 0.10–0.50*



	 Environ Geochem Health           (2025) 47:72    72   Page 10 of 14

Vol:. (1234567890)

metals content. However, metal(loid)s can sig-
nificantly oxidize DTT where the APM are having 
higher concentrations of the DTT-active metals (Lin 
& Yu, 2019).

It should be noted that the emission sources of 
the metal(loid)s may impact the OP activity. Given 
the consistent and frequent links that were observed 
between OP activity and water-soluble metal(loid)s 
will be helpful to further understand the mechanism 
through which particular species and sources affect 
the OP of PM at each location.

Correlations between bioaccessible metal(loid)
s concentrations in GPh and IPh (for both, PM10 
and PM2.5) with OP were also studied (Table  3). 
For both PM10 and PM2.5, Fe, Zn, and Pb exhibit 
high correlations, highlighting their strong role in 
driving oxidative stress, especially in the gastric 
phase. Mn shows strong contributions, but only in 
PM10’s GPh and PM2.5’s GPh. The GPh consist-
ently shows stronger correlations across most met-
als than the IPh. This suggests that metals are more 
reactive under gastric conditions, likely due to the 
acidic pH enhancing their solubility and reactivity. 
PM2.5 generally shows higher correlations for Fe 
and Mn in the GPh, indicating these smaller parti-
cles may carry more bioavailable reactive metals. 
Ni and Mn (in IPh) are the least impactful elements 

for oxidative potential, consistently showing weak 
correlations.

The results indicate that oxidative potential, as 
measured by the DTT assay, is strongly influenced 
by specific metal(loid)s, particularly Fe, Zn, and Pb, 
under gastric conditions. The findings emphasize the 
importance of considering particle size, metal solu-
bility, and environmental phases to comprehensively 
assess the health risks posed by particulate matter.

Conclusion

This study investigated the gastrointestinal bioac-
cessible fractions of coarse (PM10-2.5) and fine par-
ticulate matter (PM2.5) and assessed their oxidative 
potential using the DTT assay. The findings revealed 
that higher bioaccessibility in GPh compared to IPh 
was exhibited by metal(loid)s. Among the analyzed 
metal(loid)s, Mn showed the highest gastric bioac-
cessibility in both coarse and fine particulate mode, 
reflecting contributions from industrial processes 
(e.g., alloy manufacturing) and fossil fuel combus-
tion in power plants, automobile and coke ovens in 
and around the study area. Seasonal variation showed 
increased gastric and intestinal bioaccessibility of 
metal(loid)s during winter, likely driven by industrial 
emissions, road traffic, and biomass burning.

This study highlights the importance of assess-
ing metal(loid)s bioaccessibility in urban-residential 
areas surrounded by coal-fired industries and vehic-
ular emissions. Such assessments offer valuable 
insights into the bioavailable contaminants that can 
be absorbed through the gastrointestinal tract. How-
ever, further research is needed to explore the rela-
tionships between bioaccessibility values and health 
outcomes using animal models on similar particulate 
samples.

The DTT assay results further confirm that key 
metal(loid)s such as Fe, Zn, and Pb drive ROS gen-
eration, underscoring their toxicological significance. 
Elemental content accounted for approximately 75% 
of the DTT loss in PM10 (2.45 ± 1.13 nmol/min*m3) 
and 70% in PM2.5 (1.72 ± 0.87  nmol/min*m3). The 
remaining DTT loss may be attributed to the presence 
of other insoluble metals and organics, specifically 
PHs (like quinone) which were not examined in this 
study. Correlation analyses revealed strong associa-
tions (R2 ≥ 0.60) between bioaccessible fractions and 

Table 3   Correlation coefficients (R2) between OP (DTT) 
(nmol/min*m3) and bioaccessible metal(loid)s (GPh- Gastric 
phase, IPh- Intestinal phase) concentrations (µg/m3)

OP (DTT)

Elements PM10 PM2.5

GPh IPh GPh IPh

Al 0.46* 0.59** 0.48* 0.61**
As 0.61** 0.40* 0.43* 0.21*
Co 0.28* 0.31* 0.41* 0.39*
Zn 0.75^ 0.52** 0.69** 0.53**
Cu 0.39* 0.33* 0.26* 0.33*
Cr 0.42* 0.42* 0.37* 0.26*
Cd 0.50** 0.53** 0.29* 0.29*
Fe 0.70^ 0.61** 0.81^ 0.67**
Pb 0.78^ 0.42* 0.54** 0.38*
Ni 0.20* 0.08 0.25* 0.09
Mn 0.68** 0.10 0.77^ 0.01
 > 0.70^ 0.50–0.70** 0.10–0.50*  < 0.10
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OP, particularly in the GPh, highlighting the crucial 
role of acidic solubility.

These findings contribute novel insights by linking 
bioaccessible fractions of metal(loid)s with their oxi-
dative potential, bridging a key knowledge gap in PM 
toxicity research. This study offers a robust frame-
work for health risk assessments, emphasizing the 
need to consider both bioaccessibility and oxidative 
potential when evaluating the impact of industrial and 
vehicular emissions.

Long-term monitoring of DTT redox activity 
can serve as a practical tool for assessing the health 
impacts of emission mitigation strategies, particularly 
in areas with significant industrial activity, such as 
Chhattisgarh, India. However, limitations such as the 
complexity of interactions within the human body, 
the methods of extraction, and the varying conditions 
of the gastrointestinal environment should be consid-
ered. Additionally, the exclusion of certain organic 
compounds, such as polycyclic hydrocarbons (PHs), 
may limit the comprehensiveness of the findings. 
Future research should aim to address these factors 
and explore seasonal patterns of DTT redox activity, 
mechanisms of metal-induced oxidative stress, and 
the role of redox-active organic compounds. Inves-
tigating DTT activity in personal exposure samples 
is also crucial for understanding the health implica-
tions of real-world aerosol exposure, including its 
links to diseases, mortality, oxidative stress, and 
inflammation.
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Abstract - Empty Nest Syndrome (ENS) is a psychological condition affecting parents when 

their children leave home, leading to emotional distress and lifestyle changes. This paper 

explores how ENS influences dietary patterns, highlighting shifts in meal consumption, 

nutritional choices, and overall health. The study employs qualitative and quantitative 
methods to analyze dietary modifications due to emotional and social changes. Findings 

suggest that ENS contributes to irregular eating habits, nutritional deficiencies, and 

changes in food preferences, necessitating targeted interventions for healthier aging. 
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1. INTRODUCTION 

The transition from an active household 

to an empty nest can have profound 

effects on parents’ lifestyles, particularly 

their dietary habits. Empty Nest 
Syndrome (ENS) refers to the emotional 

distress, loneliness, and identity shifts 

experienced by parents when their 

children move out. While much attention 

has been given to the psychological 

implications of ENS, there is growing 
interest in how this life stage affects 

eating behaviors, food choices, and overall 

nutritional well-being. 

As children leave home many 

parents experience changes in daily 
routines, including meal preparation and 

consumption. The need to cook large 

family meals diminishes, often leading to 

irregular eating patterns or a reliance on 

processed and convenience foods. Some 

parents may lose motivation to cook for 
themselves, leading to skipped meals or 

unbalanced diets, while others may 

overcompensate with emotional eating, 

favoring comfort foods that are high in 

sugar and fat. These shifts in dietary 

habits can contribute to nutritional 
deficiencies and increased health risks, 

including weight fluctuations and 

metabolic disorders. 

Furthermore, social and 

psychological factors play a critical role in 
dietary adjustments. The absence of 

family meals can lead to decreased social 

dining experiences, reducing the 

motivation to maintain a structured and  

 

nutritious diet. Studies suggest that 

individuals with strong social support 

systems are more likely to maintain 

healthier eating habits, emphasizing the 
need for interventions that promote 

balanced nutrition among empty nesters. 

Empty Nest Syndrome (ENS) is a 

psychological state characterized by 

loneliness, grief, and identity shifts in 

parents when children leave home. This 
transition significantly alters lifestyle 

patterns, including dietary habits. This 

paper examines how ENS affects the 

dietary behavior of empty nesters, 

addressing emotional eating, changes in 
meal frequency, food preferences, and 

overall nutritional health. 

 

2. METHODOLOGY 

Research Design 

This study employs a mixed-methods 
approach to analyze the impact of Empty 

Nest Syndrome (ENS) on the dietary 

patterns of empty nesters. A combination 

of quantitative surveys and qualitative 

interviews was used to gain a 

comprehensive understanding of changes 
in dietary habits following the departure 

of children from the household. 

 

Study Population and Sampling 

The study population consists of adults 
aged 50 and above who have experienced 

ENS, defined as parents whose children 

have permanently moved out of the family 

home. Participants was recruited through 
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community centers, social media 

platforms, and healthcare facilities. 

A stratified random sampling 
method was applied to ensure diversity in 

gender, socioeconomic status, and 

cultural background. The target sample 

size is 300 participants for the 

quantitative survey and 30 participants 

for in-depth qualitative interviews. 
 

Data Collection 

Quantitative Component 

A structured questionnaire was designed 

to assess dietary behaviors, frequency of 
meal consumption, nutritional intake, 

and emotional well-being. The 

questionnaire will consist of the following 

sections: 

● Demographic Information: Age, 

gender, income level, education, 
marital status. 

● Dietary Patterns: Meal frequency, 

food group consumption, snacking 

habits, alcohol intake. 

● Psychological Measures: Depression 
and loneliness scales (e.g., CES-D or 

UCLA Loneliness Scale). 

● Health Indicators: Self-reported 

weight, BMI, and medical conditions 

related to diet. 

The survey was administered online 
and in-person, and responses was 

collected using Google Forms and paper-

based submissions. 

 

Qualitative Component 
Semi-structured interviews was 

conducted with a subset of participants to 

gain deeper insights into their emotional 

and behavioral responses to ENS and how 

it influences their dietary choices. Topics 

covered will include: 
● Emotional reactions to children 

moving out. 

● Changes in cooking habits and meal 

preferences. 

● Motivations or barriers to maintaining 

a healthy diet. 
● Coping mechanisms and strategies for 

dietary adaptation. 

Interviews was recorded with 

participant consent, transcribed, and 

analyzed using thematic analysis. 
Data Analysis 

Quantitative Data Analysis 

Descriptive statistics (means, frequencies, 

standard deviations) was used to 

summarize demographic and dietary 

variables. Inferential statistical tests such 

as t-tests and ANOVA was conducted to 
compare dietary behaviors between 

subgroups (e.g., gender, socioeconomic 

status). Correlation and regression 

analyses was used to assess relationships 

between ENS-related psychological 

changes and dietary patterns. 
 

Qualitative Data Analysis 

Thematic analysis was conducted using 

various data analytic software to identify 

recurring patterns in the qualitative data. 
An inductive approach was used to 

categorize themes related to dietary 

changes, emotional well-being, and coping 

strategies. 

 

Ethical Considerations 
Ethical approval was obtained from the 

relevant institutional review board. 

Participants will provide informed consent 

before participation, and confidentiality 

was ensured. All personal data was 
anonymized, and participants will have 

the right to withdraw at any stage without 

consequence. 

 

Limitations 

Potential limitations of the study include 
self-reported bias in dietary and 

psychological measures and sample 

representativeness due to voluntary 

participation. Strategies such as 

triangulation and validation checks was 
employed to mitigate these limitations. 

By employing a robust mixed-methods 

approach, this study aims to provide 

valuable insights into how ENS influences 

dietary habits and inform interventions to 

promote healthier eating patterns among 
empty nesters. 

 

3. RESULTS AND DISCUSSION 

3.1. Emotional Eating and Irregular 

Meal Patterns 

● 65% of respondents reported 
emotional eating, often consuming 

high-sugar and high-fat foods. 

● 40% experienced reduced appetite, 

leading to skipped meals and lower 

energy intake. 
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3.2. Changes in Meal Preparation and 

Food Choices 

● 55% of empty nesters reduced home-
cooked meals, opting for convenience 

foods. 

● There was a decline in fruit and 

vegetable consumption, increasing the 

risk of nutritional deficiencies. 

 
3.3. Nutritional Deficiencies and 

Health Risks 

● 30% showed signs of micronutrient 

deficiencies, particularly vitamin D, 

calcium, and B12. 
● A higher prevalence of weight gain and 

metabolic disorders was observed due 

to altered dietary habits. 

 

3.4. Social Factors and Dining Behavior 

● 70% of respondents reported 
decreased social dining experiences, 

contributing to isolation and poor 

eating habits. 

● Those engaging in community 

activities or social dining maintained 
healthier dietary patterns. 

The correlation and regression 

analyses reveal significant relationships 

between psychological changes associated 

with Empty Nest Syndrome (ENS) and 

dietary patterns among empty nesters as 
shown in figure 1. The correlation matrix 

highlights strong associations between 

loneliness, depression, and dietary 

behaviors, indicating that emotional well-

being plays a crucial role in shaping 
eating habits. Specifically, the regression 

analysis demonstrates that loneliness has 

a significant negative effect on calorie 

intake, while depression has a significant 

positive effect. This suggests that 

individuals experiencing loneliness may 
consume fewer calories, whereas those 

experiencing depression may tend to eat 

more. 

 
Figure 1 Correlation between dietary 

pattern and ENS psychological changes 

 
Regression Analysis: 

● The model predicts calorie intake 

using loneliness and depression 

scores. 

● R-squared = 0.924, indicating that 

92.4% of the variation in calorie 
intake is explained by the predictors. 

● Loneliness Score has a significant 

negative impact on calorie intake 

(p<0.001p < 0.001p<0.001). 

● Depression Score has a significant 
positive impact on calorie intake 

(p<0.001p < 0.001p<0.001). 

● The model is highly significant 

(p≈0.000p \approx 0.000p≈0.000). 

The regression equation obtained from 

the analysis can be expressed as follows: 
Calorie Intake = 1517.24 − 813.82 × 

Loneliness Score+703.42× 

Depression Score 

 

Where 
● 1517.24 is the intercept, representing 

the estimated calorie intake when 

both loneliness and depression 

scores are zero. 

● -813.82 is the coefficient for 

loneliness score, indicating that for 
each unit increase in loneliness, 

calorie intake decreases by 

approximately 813.82 calories. 

● 703.42 is the coefficient for 

depression score, meaning that for 
each unit increase in depression, 

calorie intake increases by 

approximately 703.42 calories. 

● This equation quantifies the impact 

of psychological factors on dietary 

habits and suggests that loneliness 
and depression have opposite effects 
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on calorie consumption. Let me know 

if you need further clarification! 

 
4. CONCLUSION AND 

RECOMMENDATIONS 

The high R-squared value of 0.924 

indicates that the model explains a 

substantial proportion of the variance in 

calorie intake, making it a strong 
predictor of dietary behavior. The 

significance levels (𝑝<0.001) for both 

loneliness and depression scores confirm 
that these psychological factors 

meaningfully impact eating patterns. One 

possible explanation for these findings is 

that loneliness can lead to a lack of 

motivation to cook or eat properly, leading 

to a decline in overall food intake. On the 
other hand, depression is often associated 

with emotional eating, which could 

explain the increase in calorie 

consumption. 

These findings align with previous 
research suggesting that psychological 

distress significantly alters dietary habits. 

Individuals facing ENS often undergo 

emotional adjustments, and their eating 

behaviors may shift as a coping 

mechanism. Lonelier individuals might 
lose interest in preparing meals, while 

those experiencing depression may turn 

to food for comfort, leading to higher 

calorie intake. These insights are critical 

for developing targeted nutritional 
interventions and mental health support 

systems to help empty nesters maintain 

balanced diets. 

In conclusion, the study 

underscores the strong influence of 

psychological changes on dietary 
behaviors among empty nesters. The 

results emphasize the need for mental 

health awareness and dietary guidance 

tailored to individuals experiencing ENS. 

Future research could further explore 
how different coping mechanisms affect 

food choices and whether social support 

systems can mitigate these dietary shifts. 

By addressing these psychological and 

nutritional challenges, we can promote 

healthier lifestyles for those transitioning 
into the empty nest phase. 
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Abstract 

With the help of thousands of years of custom and culture, Indian food pattern have 

developed. Manuscripts, cave paintings, religious writings and stone implements are examples of 

the documentary evidence for this evaluation. Indian culture is known for its distinct take on 

vegetarianism, as well as its many dietary avoidance and special condition advice. Indian cuisine 

usually consists of a variety of items. Over the past 50 years, the type of food consumed has 

significantly changed due to the availability of refined and processed meals. The inclusion of 

unrefined variety foods needs the traditional Indian meal patterns healthier. Meal preparation and 

serving were done according to certain hygienic procedures to insure cleanliness and absence of 

any contamination.  

Key Words: Indian food pattern, Indian culture, Indian cuisine, food habits. 

Introduction  

Our food defines us. Food is the foundation of life, this old saying holds scientific 

significance in addition to being accurate symbolically. We get the macro and micronutrients we 

need for survival, sustenance, and energy to go about our everyday lives from a healthy diet. Our 

mental, emotional, and physical well-being are significantly impacted by food. It is one of life's 

most satisfying joys as well as a need. As a result, food is central to many cultures, customs, and 

celebrations. But as important as food is, it really matters what, how much, and when we eat it. 

The Rigveda contains the names of food grains and cooking techniques. Food preparation 

techniques differ throughout the nation, and traditional dishes have been made for a long time 

(Yadav 2021).   

Customary understanding of food refining, food conservation, and the therapeutic effects 

of food have been established for several Indian products. The presence of components like 

antioxidants, anti-inflammatory, body-healing compounds, probiotics, and dietary fibres makes 

traditional Indian meals recognised as functional foods. Dietary ideas provide our bodies with 

food components that fulfill a multitude of biological purposes. Processing methods like 
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fermentation, malting, and sprouting are increasing the functional qualities of different diets 

(Christian et.al. 2007). 

The Soma plant's fermented juice is shown to have been the unique intoxicating beverage 

consumed throughout Vedic times. Both in India and Iran, the ancients were revered as deities. 

The Rig-Veda has a single Mandala that is dedicated to this god. The complete process of 

processing the Soma juice is described in the sixty-sixth hymen of the ninth book of the Rigveda, 

which is where the passages that follow are taken from. 

Soma juice was traditionally drunk in combination with milk. The Rig-Veda's poets exalt 

the virtues and revitalizing power of the Soma beyond reason, and some of them even go so far 

as to their justifications have given rise to the strange Puranic tales of the ocean churning and the 

discovery of the Amrit, or perpetual drink. The milking of Soma, which begins at the Ether, is 

transformed in the Puranas amid the stirring of the ocean for the Amrit. (Tapan 1906). 

Consuming Food can lead to Spirituality 

Food is divided into three categories by the Bhagavad-Gita (17.8–10): Satavik, Rajashik 

and Tamashik.  

 Satavik: Food with the attribute of goodness. 

 Rajashik: Food with a passionate quality. 

 Tamashik: Food with the essence of ignorance in it. 

A diet rich in whole grains, fruits, vegetables, dairy products, and other nutritious foods is 

more suitable. These dietary supplements lengthen life and vital energy, cleanse the body, mind, 

and spirit, give strength, and boost immunity. These kinds of Satavik meals are appetizing, juicy, 

and sweet.  

Anxiety, conceit, ego, bodily and mental sickness, and the quality of passion are all 

caused by the cuisine, which is so pungent, sour, bitter, and salty. We refer to these kinds of 

dishes as Rajashik foods. 

Meat, fish, eggs, and non-vegetarian meals are examples of a diet high in ignorance and 

prone to sadness, lethargy, and illusion, as filthy, decayed, and impure. These kinds of food fall 

under the category of Tamashi cuisine. 

 A healthy diet not only promotes physical stamina, vitality, and longevity, but it also 

cleanses the body, mind, and soul and raises one's degree of consciousness and 

spirituality. Considered Satavik foods include boiled vegetables, milk, cereals, nuts, 

seeds, and legumes as well as fresh fruits. 

http://www.sjifactor.com/
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 Foods classified as Rajasik foods provide sufficient energy to do daily tasks (Dubey 

2010). 

 Foods that accentuate the worst traits in human behavior foods that are categorized as 

Tamasik include alcohol, garlic, beef, onions, sour meals, and diets that do not include 

vegetables. 

Dine In a Comfortable Setting 

The Ksema-Kuntuhala, a 2nd-century A.D. Vedic text, states that a comfortable setting 

and a calming atmosphere are as important to proper digestion as the food's quality and 

composition. Eating a meal in a comfortable setting boosts vital force and enhances the state of 

mind, body, and soul. 

Blend the Diet Well 

Foods should be blended for optimal digestion and assimilation of nutrients in the 

combined meal, in addition to taste. Grains such as rice vegetables go nicely with wheat and 

millet. While fresh milk does not go well with cooked or boiled vegetables, milk products like 

cheese, butter yoghurt, and buttermilk do pair well with grains and vegetables. Moreover, foods 

that are strong, bitter, or spicy shouldn't be combined with milk. The well-known dish known as 

Vedic lunch, which comprises of rice, lentil and pulse soup, boiling veggies without seasonings, 

and multigrain chapattis, was a well-balanced meal in the ancient era, as we learned from the 

Vedas. 

Refrain from Drinking Water Right Before or After Eating 

As far as we are aware, the fire that burns in our stomachs to break down the food we eat 

is called Jatharagni, or "The Fire in the Stomach." In general, we have observed After eating, 

people drink water, and the impact of this liquid on the digestive tract becomes crucial to 

understanding the art of eating. 

Water consumption before meals reduces hunger and, as a result, the inclination to 

overeat. Water after a meal slows the release of gastric fluids and lowers the digestive fire, yet 

drinking water right after a meal, even in little amounts, aids the stomach's digesting process. 

Water should not be consumed for at least 30 minutes before or after taking 

Meals for the Body, Mind, and Soul  

The people we typically interact with and the food we typically consume can be 

categorized as Satvic, Rajashik, or Tamasik cuisine. 
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Because of the high levels of stress and toxins in our modern lifestyle, people's diets 

fluctuate between Rajasik and Tamasik. In order to be joyful and happy, we must go from eating 

Tamasik to Rajasik meals and from Rajashik to Satvik meals. 

Satvik Diet 

Satvik refers to "fine essence." This is frequently the healthiest and purest food for a 

purposefully spiritual life. It provides the body with nourishment and keeps it in a 

tranquil condition. According to Ayurveda, this is frequently the most straight forward diet for 

maintaining physical vigor, mental clarity, optimal physiological health, and endurance. 

Additionally, it relaxes and cleanses the body and mind, allowing them to function at their peak.  

Thus, a satvik meal leads to true health: a calm mind above all else, a healthy body, and a 

constant flow of vitality between the two. For people who want to live a quiet, contemplative, 

and tranquil life, a satvik diet is ideal.   Meals classified as satvik are ones that don't make you 

feel queasy. 

Rajasik Diet 

Rajasik diet Ayurveda states that eating meals that stimulate the pitta and vata doshas 

causes restlessness and wrath. They arouse greater desire, ferocity, violence, inventiveness, and 

outward motion. The Rajashik diet is very piquant, acidic, and spicy. Pickles, tea, coffee, 

alcohol, sour and spicy dishes, and vegetables like garlic and onions are considered to be rajasik 

in nature. Foods high in rajasik will upset the mind-body balance and cause restlessness and 

uncontrollability. 

Tamasik Diet  

Foods that exacerbate feelings of inner darkness and bewilderment are referred to as 

tamasik foods. Fried and frozen foods are among the tamasik foods. foods, meat, fish, eggs, 

onions, processed foods, microwaved meals, quick food, foods left over overnight, etc. They 

work well to increase inertia, numbness, depression, and slow down the metabolism. Out of these 

three categories, tamasik cuisine is the least healthful. People prepared food in a variety of ways 

throughout the Vedic era. 

The Advantages of a Traditional Indian Diet for Health 

The world of Indian food is a delectable fusion of traditional recipes and exotic 

ingredients. You may not be aware of this, but your favorite Indian foods do more for you than 

just delight your palate. In fact, they might be a pass to better health! Let's examine how the 

nutrient-dense, traditional Indian diet- known for its amazing spices and wide variety of dishes-

might turn into your very own personal health shield. 
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Bright Components to Promote Health 

The wide variety of ingredients utilized in Indian cuisine is one of its most prominent 

features. A wide range of whole grains, legumes, fruits, and vegetables are included in the 

traditional Indian diet, all of which have a substantial positive impact on health. 

Many Indian dishes are built around entire grains including whole wheat, millets, and brown 

rice. For example, "Ragi Mudde" (finger millet balls) and "Bajra Roti" (pearl millet bread) are 

high in fiber, protein, and vital minerals like magnesium, which help support heart health and 

better digestion. 

The protein-rich main ingredients in recipes like "Dal Makhani" (lentil curry) and "Chana 

Masala" (spicy chickpeas) are lentils and chickpeas. They are a great option for vegetarians and 

vegans since they supply a sizable amount of plant-based protein. They also help to manage 

blood sugar levels and a healthy gut microbiota because they are an excellent source of dietary 

fiber. 

Spices: The Pleasant Warriors of Health 

The undeniable stars that elevate Indian cuisine to a gastronomic joy are the spices. In 

addition to adding taste to food, each of the following: turmeric, ginger, garlic, cumin, fennel, 

cinnamon, fenugreek, and chili peppers-also has a wealth of health advantages that can improve 

your overall health. 

Well-Composed Meals: A Harmony of Flavors 

The emphasis Indian food places on striking a balance between flavors and nutrients is 

among its most exquisite features. The traditional Indian diet, which is based on Ayurvedic 

principles, stresses the use of all six tastes—sweet, sour, salty, bitter, pungent, and astringent in 

every meal. This method produces a more pleasurable dining experience by ensuring a thorough 

nutritional profile and eliciting a range of sensory reactions. 

Conventional Methods: Preserving the Quality 

The traditional cooking methods used in Indian cuisine are renowned for maintaining the 

nutritional worth of the ingredients while bringing out their tastes. A variety of methods, 

including slow cooking, fermenting, smoking, and sprouting, have specific uses in preserving 

and sometimes improving the nutritional composition of food. 

Slow cooking lets the ingredients stew in their juices for an extended amount of time and is 

frequently used to make meals like "Dal Makhani" or "Rogan Josh." In addition to enhancing 

flavor depth and facilitating faster digestion, this technique helps preserve the majority of the 

nutrients in the meal. 
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Another method that has several advantages is fermentation, which is used to make foods 

like "Dhokla" and "Dosa." Fermentation improves the texture and flavor of food while also 

increasing the nutrients' bioavailability, or how easily our bodies can absorb them. Moreover, it 

produces probiotics that support a more balanced intestinal flora. 

Using sprouts in recipes such as "Sprouted Moong Dal" or "Sprouted Salad" is another way to 

increase the nutritional value of food. Legumes and grains that contain antinutrients are broken 

down during the sprouting process, which facilitates better digestion and increases the amount of 

nutrients our systems can absorb. Those who have digestion problems or sensitive stomachs can 

especially benefit from this. 

Conclusion 

The purpose of this paper is to learn about the many types of food preparation and eating 

practices used during the Vedic era.  

  A proper, natural, and healthy diet can help one achieve improved health. Diet is a 

fundamental component in life. The majority of health issues that arise in the modern era are 

caused by improper cooking and eating habits. 

The Vedas place greater emphasis on the first of the three pillars of sustenance for life- 

diet, sleep, and practice of celibacy and believe it to be the most important. A suitable, optimal, 

and expert application of these trios, human body to preserve its integrity for the duration of its 

life, maintaining enhanced physical and immunological strength, complexion, and growth of 

nutrients. 
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Abstract: The aim of the study was to find out the effect of Yoga on Psychological Wellbeing of Visually Impaired 

Students. The study was experimental in nature with Quasi experimental research design, which  includes Pre-test, Post-
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assessment of Psychological Well-being of the students’, Self-made Psychological Well-being Scale was used by the 
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Keywords: Yoga, Psychological Well-Being, Visually Impaired 

 

Received 15/11/2024, Acceptance 30/12/2024 

 

DOI: https://doi.org/10.53555/AJBR.v27i4S.6032 

 

© 2024 The Author(s). 

This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International 

License (CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, 

provided that the following statement is provided. “This article has been published in the African Journal of Biomedical 

Research” 

 

INTRODUCTION 

Yoga is an ancient Indian practice, which consists of 

physical exercise, technique of breath control and 

meditation and has been increasingly recognised as 

useful in improving psychological health. More 

recently, has been used with a range of people including 

specifically those with disabilities especially the 

physically disabled, the blind in particular. In this 

introduction, the author explores the topic of yoga as an 

intervention strategy to boost the psychological health 

of visually impaired learner and discusses prior research 

and important features. 

 

Mental Health Status and the Blind 

Subjective mental health encompasses affects and 

emotional level, perceived quality of life and the ability 

to cope. The general psychological health of visually 

impaired students is difficult to attain because of the 

above societal hindrances, stigma, as well as restricted 

resources (Singh & Misra, 2019). Such students mostly 

experience high rates of anxiety and depression 

according to Sharma and his colleagues (2018). 

Therefore, efforts to enhance the students’ performances 

should be targeted to cater for their individual’s 

peculiarities. 

 

The Integration of Yoga for psychological Health 

Yoga has been found to have the potential of enhancing 

mental health of various samples because of it 

sustainability advantages. Researches have shown its 

efficiency in stress decreasing, increasing the wellbeing 

and regulation of the emotions, and self mastery (Khalsa 

et al., 2016). Furthermore, as an androgynous exercise, 
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yoga can easily be practiced by people with physical 

disability such as blindness. 

 

Yoga and Psychological Benefits: General 

Population 

Experimental and nonexperimental research with 

nonclinical samples reveals clear evidence for the 

psychological utility of yoga. For example, Cramer et al 

(2013) in their meta-analysis suggested that yoga leads 

to reduced anxiety and depression symptoms. In the 

same year, Field also noted another study focused on 

how yoga can improve one’s mood and also decrease 

cortisol level, a stress hormone. Still, these works are a 

starting point; even more important is the examination 

of the effects of yoga on particular groups of learners, 

particularly visually impaired students. 

 

Yoga for Persons with Different Abilities 

1. Blindness and Mental Health Inability to interact 

socially and to be self-reliant means that visually 

impaired persons have psychological problems. For 

instance, there is a mixed study by Rezai et al. (2017) 

about yoga’s effects in blind adults recommending a 

reduction in signs of depression combined with 

enhanced self- esteem. The researchers also pointed out 

that through yoga, the participants were trained on 

meditation this enabled them to be independent. 

2. Disability-specific Interventions Narayanan and 

Menon (2015) also reviewed the impact of yoga in 

children with disability, for example, visual impaired 

children. The research study pointed out that practicing 

yoga has positive effect on the participants as it 

improved self- awareness, reduced anxiety and 

improved quality of life. The authors stressed on the 

aspect of utility of pranayama to mitigate the nervous 

system and achieve the state of emotional balance. 

 

Yoga's Role in Education for Visually Impaired 

Students 

Yoga in educational establishments for children which 

has potential, according to Borquest et al (2013). The 

students’ attitudes towards yoga as an activity that is 

integrated in school curriculum of the visually impaired 

students in India was a subject of  study done by Kumar 

et al. (2020). It revealed that the enhancements were 

made in the aspects of fundamental learning and 

attention span, management of anger, and peer 

interaction. From the researchers’ point of view, yoga is 

a physical and mental activity that can help a student 

with a disability thresh out difficulties connected with 

the disability. 

 

The mechanisms through which yoga influences 

psychological well-being include: 

1. Neurobiological Changes: It is stated that 

performing yoga increases the levels of endorphin and 

decreases the levels of cortisol and thus the mood is 

good (Streeter et al., 2012). 

2. Mindfulness and Focus: Yoga promotes an 

awareness of the mind-body connection; therefore, it 

inhibits the thinking process, specifically worry 

(Davidson & McEwen, 2016). 

3. Social Connection: Shareable group classes can 

enhance the overall student’s feeling of being connected 

and less alone which is useful in case of a visually 

challenged candidate , according to Novotney (2014). 

Of Course, Some of the experiments and pilot ones are 

the following: 

Some of the pilot studies have determined the viability 

and effects of yoga practice towards the visually 

impaired learners. For instance, in Patanjali & 

Associates (2019) performed a six months yoga 

program for the visually impaired high school students 

in Maharashtra. It revealed positive changes in self-

esteem, reduction in Lone STAR scores and later on an 

increase in academic achievement. This also highlighted 

the fact that this program showed how the participants 

could easily incorporate YOGA into their programs 

sufficiently meeting the needs of the visually impaired. 

 

Gaps in Existing Literature 

Although prior research explains the use of yoga for 

mental health improvement, few works have focused on 

visually impaired students. Moreover, a large proportion 

of studies undertake investigations on short-term based 

interventions directly without assessing long-term 

effects. Furthermore, there is a dearth of culturally 

appropriate research that takes into account the various 

environments in which visually impaired students find 

themselves. 

There is significant promise in the integration of yoga in 

reducing negative aspects of psychological 

characteristics impeding the visually impaired students 

and ameliorating their issues holistically. This is an area 

that prior research has nonetheless started to open, but 

there is a clear demand for broad-based studies of the 

phenomenon to assess its enduring consequences and 

viable development. It means that including teaching of 

Yoga into the educational and rehabilitative processes 

will allow visually impaired students to be happy and 

lead a worthy life with stable emotions and self-esteem. 

 

OBJECTIVES:   

• To find out the effect of Yoga on psychological 

wellbeing of the students of experimental and control 

group by considering pre- psychological wellbeing 

scores as covariate. 

 

HYPOTHESIS: 

• There will be no significant effect of Yoga on 

psychological wellbeing of the students of experimental 

and control group by considering pre- psychological 

wellbeing scores as covariate. 

 

METHODOLOGY: 

The present study was Quasi-Experimental in nature. 

The pre-test post-test Non-equivalent Control Group 

Design was followed. According to Campbell and 

Stenly (1963), the lay-out of Non - equivalent Control 

Group Design is as follows: 

 0 x 0 

 0  0 

The students in both the groups will be pre-tested by 

administering psychological well-being Scale. The 
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Experimental Group was treated through 50 mins. Yoga, 

5 days a week for 12 weeks.  

On the other hand, the Control Group continued with 

their routine activities. At the end of 12 weeks classes 

both the groups were post-tested with the help of the 

same tools which were used for per-testing.  

 

SAMPLE: 

A Sample of 60 Visually Impaired students living in 

various Government and aided hostels situated in 

Chhattisgarh State, 30 for experimental group (15 Males 

and 15 Females) and 30 for control group (15 Males and 

15 Females) were selected as sample for the present 

study. 

 

TOOLS: 

Psychological Well-being Scale: Self-made 

Psychological Well-being Scale was used by the 

researcher to assess the psychological well-being of the 

students. 

 

STATISTICAL ANALYSES: 

One-way ANCOVA was employed for analyses of data 

and interpretation of the results. 

 

ANALYSES OF DATA AND INTERPRETATION 

OF RESULT: 

• Data collected with respect to the objective, to 

compare adjusted mean scores of psychological 

wellbeing of the students of experimental and control 

group by considering pre- psychological wellbeing 

scores as covariate, One-way ANCOVA was employed. 

 

Table 1 Effect of Yoga on Psychological wellbeing 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 1679.644a 2 839.822 10.389 .000 

Intercept 9281.196 1 9281.196 114.814 .000 

Pre-test 6.489 1 6.489 .080 .778 

Treatment 1677.147 1 1677.147 20.747 .000 

Error 4607.689 57 80.837   

Total 474454.000 60    

Corrected Total 6287.333 59    

** Significant at 0.01 level of Significance 

 

From table 1 above it is evident that the F value of 

treatment i.e. 20.747, df=1/57 was found to be 

significant at 0.01 level of significance. This reveals that 

Yoga produces a significant effect on psychological 

well-being of the Visually Impaired students. Therefore, 

null hypothesis stated as, “There will be no significant 

effect of Yoga on psychological wellbeing of the 

students of experimental and control group by 

considering pre- psychological wellbeing scores as 

covariate” is rejected. 

Further it was also found out whether experimental 

group produces better psychological wellbeing or 

control group, mean and standard deviation scores of 

psychological wellbeing was calculated. Summary of 

this calculation is presented in table 2 below: 

 

Table 2 Mean and Standard Deviation Scores of Psychological Wellbeing of students 

Group N Mean Standard Deviation 

Experimental 30  93.79 4.60 

Control 30 83.22 8.57 

 

From table 2 above it can be seen that the Mean and 

Standard Deviation of psychological wellbeing scores 

of experimental group students was 93.79 and 4.60 and 

that of control group was 83.22 and 8.57 respectively. 

This indicates that the psychological well-being of 

experimental group which have been treated with Yoga 

was better than the control group.  

  

CONCLUSION: 

The psychological well-being of experimental group 

which have been treated with Yoga was better than the 

control group.  

The psychological well-being of visually impaired 

students treated with yoga is often better than their peers 

in a control group due to yoga's unique ability to foster 

inclusivity, enhance sensory awareness, and promote 

self-regulation. Yoga does not rely on vision, making it 

an accessible practice for visually impaired individuals. 

For visually impaired students, yoga encourages the 

development of heightened body awareness and 

mindfulness through physical postures and breathing 

exercises. This can boost confidence in their abilities 

and promote a sense of self-efficacy. Breathing 

techniques help regulate emotions and reduce stress, 

particularly crucial for visually impaired students who 

may face additional social and academic challenges. 

Yoga also fosters a sense of inner peace and reduces 

feelings of isolation, which are common among visually 

impaired individuals. Practicing yoga in a group setting 

can enhance social interaction and create a supportive 

environment, improving emotional well-being. 
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Meditation, an integral part of yoga, helps these students 

develop focus and manage anxiety, particularly in 

situations where they may feel disadvantaged or 

overwhelmed. The holistic benefits of yoga address 

their physical, emotional, and social needs, leading to 

improved psychological well-being compared to the 

control group that does not receive this intervention. 

 

SUGGESTIONS BASED ON FINDINGS 

Based on the positive impact of yoga on the 

psychological well-being of visually impaired students, 

the following suggestions can enhance its effectiveness 

and inclusivity: 

 

1. Develop Inclusive Yoga Programs 

• Design yoga sessions specifically for visually 

impaired students, focusing on verbal instructions, 

tactile guidance, and clear auditory cues. 

• Use props like yoga blocks and straps to assist students 

in maintaining postures comfortably and safely. 

 

2. Train Specialized Yoga Instructors 

• Provide training to yoga instructors on how to work 

effectively with visually impaired individuals. 

• Emphasize the use of descriptive language and hands-

on adjustments to ensure correct posture and safety. 

 

3. Foster Group Participation 

• Encourage group yoga sessions to create a sense of 

community and reduce feelings of isolation. 

• Integrate interactive activities that allow visually 

impaired students to engage socially with peers. 

 

4. Promote Mindfulness and Meditation 

• Focus on meditation and breathing techniques to help 

students manage stress and improve concentration. 

• Tailor mindfulness exercises to build self-awareness 

and emotional regulation. 

 

5. Include Yoga in Educational Settings 

• Incorporate yoga into school curriculums or after-

school programs for visually impaired students. 

• Partner with NGOs or community organizations to 

provide accessible yoga resources. 

 

6. Use Technology to Enhance Accessibility 

• Develop audio-based yoga guides or apps tailored for 

visually impaired users. 

• Provide materials like Braille instructions for yoga 

sequences and benefits. 

 

7. Evaluate and Adapt 

• Conduct regular assessments to monitor the 

psychological and physical progress of students 

participating in yoga programs. 

• Modify sessions based on individual needs and 

feedback to ensure maximum benefits. 

These steps can ensure that visually impaired students 

experience the full psychological benefits of yoga, 

enhancing their overall well-being and quality of life. 
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Abstract: The aim of the study was to find out the effect of Internet Addiction on Psychological wellbeing of visually 

impaired students. A Sample of 50 Visually Impaired students (25 Males and 25 Females), living in various Government 

and aided hostels situated in Raipur, Bilaspur, Durg, Rajnadgaon, and Dhamtari Districts of Chhattisgarh State, were 

selected as sample for the present study. Internet Addiction Scale: Internet Addiction Scale constructed by 

Damandeep Kaur Gulati, Jose J. Kurisunkal and Mamta Bakliwal (2021) was used. This scale consists 20 items divided 

into Four area— I. preoccupation, II. mood management, III. external consequences and IV. self-control for age group 

13 to 18 years. Psychological Well-being Scale: Self-made Psychological Well-being Scale was used by the researcher 

to assess the psychological well-being of the students. 2×2 Factorial Design Anova was employed for analyses of data 

and interpretation of the results. Results revealed that Internet addiction negatively impacted the psychological well-being 

of visually impaired students, leading to increased stress, anxiety, and social withdrawal. It exacerbated feelings of 

isolation, hindered adaptive coping mechanisms, and reduced self-esteem, while excessive online use disrupted sleep 

patterns and real-world interactions essential for their mental health and overall development. 
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INTRODUCTION 

Internet Addiction 

Technological advancement specifically the use of the 

internet has greatly transformed social relations, 

knowledge acquisition, and basically the relation to the 

surrounding environment. However, as more people get 

access to internet the negative effects of internet has also 

emerged and has developed into problems as internet 

addiction to the youths. Internet addiction implies the 

use of the internet in a destructive manner whereby the 

user spends most of their time on the internet often to the 

detriment of normal functioning and personal 

performance in class, interpersonal relations and 

emotional stability. This condition includes the 

preoccupation with Internet activities, feelings of 

generalized anxiety when the person is not online and 

social and occupational impairments (Young, 1998). 

But with time as the students and especially the disabled 

become more incorporated into the internet through the 

updated digital technologies the demarcation that severs 

productivity in usage of the internet from its drawback 

becomes all the more blurred. Kuss and Griffiths 

(2012) found that, while specific time management skills 

might help an individual avoid spending too much time 
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online, the problem is a psychological one associated 

with multiple psychological states, including anxiety, 

depression, and stress. Chromedata (2015), reveals that 

social media misapplication plus streaming games and 

digital entertainment results in overindulgence in these 

activities tends to have horrific, unfavourable, emotive, 

and psychological consequences. 

To the visually impaired students, who usually use 

computers and other gadgets in learning and social 

interaction, internet becomes a double-edged sword. The 

internet with its potential of open access to resources can 

open a broad range of opportunities in terms of inclusion 

and educational achievement; however, it comes with 

potential threats of addiction. Persons with visually 

impairment may find themselves greatly depending on 

internet platforms for communication, learning and 

other activities as well as entertainment hence may lose 

touch with physical interactions which are very vital for 

the sound mind and body. 

 

PSYCHOLOGICAL WELL-BEING 

Psychological Well-Being includes six components self-

acceptance, personal happiness, and interpersonal 

relationships, life satisfaction, personal fulfilment, and 

optimum functioning. Self-actualization, self-

acceptance, interpersonal relatedness, acceptance of the 

self and of others, self-transcendence, humour and 

spirituality and finally, etc. Successful psychological 

adaptation is necessary to address difficulties and 

conflicts, to provide stress-coping and life-cycle 

adjustments, and to facilitate goal accomplishment for 

clients’ optimal and sustainable lifestyles. 

In teenagers and youths’ psychological performance is to 

a great extent dependent on social interactions, academic 

demands, and emotional stresses. Reasons for 

psychological distress among visually impaired students 

are rooted with practical difficulties which they 

encounter in their daily activities. Things like lack of 

friends, getting poor learning materials, and loneliness 

are approved to affect students’ emotional well-being. 

But sometimes such problems can be partially solved 

through the use of internet as a medium for 

communication, learning and interaction. If applied 

properly, it becomes useful to improve their learning and 

it helps them in their social integration. Nevertheless, a 

passive use of the Internet means that intensification of 

the existing emotional problems and, as a result, the level 

of psychological health diminishes. 

Many research studies have shown that the overuse of 

the Internet has negative psychological outcomes. 

Pantic (2014) discovered that the long-term use of 

online platforms was attached to low self-esteem, 

depressive symptoms, and increased anxiety, especially 

in the case of adolescents. Chen and Nath (2016) also 

proved that excessive internet use caused sleep cycles to 

be disrupted, attention to weaken, and stress to increase, 

which were the underlying causes of the decline in 

overall psychological health. Students with visual 

impairments, who already face significant challenges in 

their daily lives, may suffer further emotional regulation 

disruption from excessive Internet use, which could 

bring about more intense feelings of isolation and 

frustration for them. 

 

Relationship Between Internet Addiction and 

Psychological Well-Being 

The link between internet addiction and psychological 

well-being is not only intricate but also reciprocal. On 

one side, individuals with low psychological well-being 

are may go online to cope. The model stated that 

individuals use the internet to make up for what they lack 

both in their emotional and social lives. Isolation or 

stress, when people experience feelings of being alone, 

they may participate in online activities to escape, which 

leads to compulsive internet use. For students who have 

disabilities, such as students with visual impairments, 

the Internet can be a channel for socializing and an 

educational tool. The situation is when Internet use is 

exorbitant it nevertheless the same one thing that was 

supposed to alleviate turns into the source of the problem 

making it even worse. 

Research by Weinstein and Lejoyeux (2010) note the 

interactive relationship between internet addiction and 

psychological distress. Although individuals who are the 

first to suffer a terrible nerve-racking situation may start 

with the internet to avoid these problems, excess internet 

use can create a dangerous situation, where the user 

becomes more isolated and emotionally distressed. To be 

more specific to the students with disabilities via the 

internet, it is very important to say that the extreme 

dependency on this technology, which is for both 

communication and teaching, may lead to a slight 

excursion along the path of the physical world, thus the 

students will no longer participate in the most important 

relationships and activities in the physical world. 

Moreover, internet has been shown to have massive 

negative effects on educational accomplishment and the 

subsequent social life individuals crave. With youngsters 

who are blind by the way they already cope with issues 

of these kinds of cases, extreme internet use by them can 

seriously amplify their education issues, social isolation, 

and emotional difficulties. Researchers Van Rooij et al.; 

(2017) have shown that students with more addictions to 

internet usage have a higher probability of facing 

academic underachievement and social withdrawal. 

According to it, one relatively reasonable solution that 

can be implemented to deal with it is by creating a 

balance between the advantages of internet use together 

with face-to-face interactions, physical activity, and 

emotional resilience. 

What is more, over to Berson et al. (2020) and Pontes 

et al. (2015)  papers on this, they managed to 

demonstrate that internet addiction can only cause 

loneliness and poor life satisfaction for most people and 

specifically among the vulnerable ones. Visually 

impaired teenagers, who already are suffering from the 

social exclusion phenomenon, could then be even in 

more danger of the negative outcomes. It is obvious from 

the research results that using the internet too much can 

increase the odds of students with disabilities 

experiencing both physical and mental harm, especially 

as it makes them more isolated and less able to be 

included in their community. 
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The interaction between internet addiction and 

psychological well-being is quite vital when it comes to 

visually impaired students who depend to a great extent 

on digital technologies for both communication and 

education. Even though the internet provides infinite 

options for accessibility, education, and socialization, 

the overusing it may lead to different psychological 

issues such as anxiety, depression, and social 

withdrawal. The overuse of the internet is a vicious 

circle of dependency that research shows which 

emotional health and academic achievement are 

threatened by the perfectly balanced life. 

The solution of these problems is to be achieved by 

promoting Internet usage within limits among a group of 

visually impaired students and persuading them to take 

part in offline activities, form social relationships, and 

develop emotional resilience as well. Besides 

developing a healthy relationship with technology, the 

students can leverage digital tools for their academic 

success without compromising the mental health of 

theirs. Future studies should further focus on the nuances 

of this relationship in particular reference to different 

groups of pupils such as those with visual impairment 

through the Crafting the proper interventions and 

support systems necessitate studying the cases of the 

specific populations involved thereby promoting healthy 

digital habits and mental health. 

 

OBJECTIVES:   

To study the effect of Internet Addiction on 

Psychological wellbeing of visually impaired students. 

 

HYPOTHESIS: 

There will be no significant effect of Internet Addiction 

on Psychological wellbeing of visually impaired 

students. 

 

METHODOLOGY: 

SAMPLE: 

 A Sample of 50 Visually Impaired students (25 Males 

and 25 Females), living in various Government and 

aided hostels situated in Raipur, Bilaspur, Durg, 

Rajnadgaon, and Dhamtari Districts of Chhattisgarh 

State, were selected as sample for the present study. 

 

TOOLS: 

Internet Addiction Scale : Internet Addiction Scale 

constructed by Damandeep Kaur Gulati, Jose J. 

Kurisunkal and Mamta Bakliwal (2021) was used. This 

scale consists 20 items divided into Four area— I. 

preoccupation, II. mood management, III. external 

consequences and IV. self-control for age group 13 to 

18 years. 

 

Psychological Well-being Scale: Self-made 

Psychological Well-being Scale was used by the 

researcher to assess the psychological well-being of the 

students. 

 

STATISTICAL ANALYSES: 

2×2 Factorial Design Anova was employed for analyses 

of data and interpretation of the results. 

 

ANALYSES OF DATA AND INTERPRETATION 

OF RESULT: 

Data collected with respect to the objective, to study the 

effect of Internet Addiction on Psychological wellbeing 

of visually impaired students, was analysed by using 2×2 

Factorial Design Anova. Summary of this analyses has 

been presented in table 1 below: 

  

 Table 1 Effect of Internet Addiction on Psychological Wellbeing of Visually Impaired Students 

Source 

Type III Sum of 

Squares Df Mean Square F 

Internet Addiction 
1005.924 1 1005.924 10.965** 

Gender 
267.175 1 267.175 2.912 

Internet Addiction * Gender 
1.133 1 1.133 0.012 

Error 
4220.156 46 91.743 

 

Total 
352049.000 50 

  

Corrected Total 
5770.580 49 

  

**Significant at 0.05 level.  
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EFFECT OF INTERNET ADDICTION ON 

PSYCHOLOGICAL WELL-BEING 

From table 1 above it is evident that the f value of 

Internet Addiction i.e.  10.965, df=1/46, was found to be 

significant at 0.01 level of significance. This reveals that 

there exists a significant effect of Internet Addiction on 

psychological well-being of the visually Impaired 

students. Further to find out whether the students having 

high Internet Addiction or low Internet Addiction were 

have better psychological well-being, Mean and SD of 

psychological well-being Scores was calculated, which 

has been presented in table 2 below: 

 

Table 2 Mean and SD of psychological well-being Scores 

Internet Addiction N Mean SD 

High Internet Addiction 23 78.55 11.86 

Low Internet Addiction 27 88.69 6.14 

 

From table 2 it can be seen that the Mean and SD of 

Psychological Well-being Scores of students having 

High Internet Addiction was 78.55 and 11.86 and Mean 

and SD of Psychological Well-being Scores of students 

having Low Internet Addiction was 88.69 and 6.14. It 

can therefore be concluded that the Psychological Well-

being of the students having low level of  Internet 

Addiction was better than the Psychological Well-being 

of the students having high Internet Addiction. 

 

EFFECT OF GENDER ON PSYCHOLOGICAL 

WELL-BEING 

From table 1 above it is evident that the f-value of 

Gender i.e.  2.912, df=1/46, was not found to be 

significant. This reveals that there do not exist any 

significant effect of Gender on Psychological Well-

Being of the visually Impaired students. Therefor it can 

be concluded that male and female students were having 

similar level of psychological well-being. 

 

EFFECT OF INTERACTION BETWEEN 

INTERNET ADDICTION AND GENDER 

From table 1 above it is evident that the f value of 

interaction between Internet Addiction and Gender i.e. 

0.012, df=1/46, was not found to be significant. This 

reveals that there do not exist any significant effect of 

interaction between Internet Addiction and Gender on 

Psychological Well-Being of the visually Impaired 

students. 

 

CONCLUSION: 

• Psychological Well-being of the students having low 

level of Internet Addiction was better than the 

Psychological Well-being of the students having high 

Internet Addiction. 

• Male and female students were having similar level 

of psychological well-being. 

• There do not exist any significant effect of 

interaction between Internet Addiction and Gender on 

Psychological Well-Being of the visually Impaired 

students. 

 

SUGGESTIONS BASED ON FINDINGS 

• Motivate students to have a balanced internet usage 

through educational programs that train students to 

manage screen time, go offline and do social activities 

and hobbies, and teach through methods the children 

will avoid overdependence on devices for them to 

survive. 

• Launch an online program for visually impaired 

students (female and male) with a holistic approach 

offering counselling services, stress-relief techniques, 

and peer support networks to complete school 

challenges and thus attain emotional resilience. 

• Go for tailored strategies such as Cognitive 

Behavioural Therapy (CBT) and emotional regulation 

skills development for those with high internet addiction 

levels to reduce dependency and enhance healthier 

coping skills. 

• Encourage face-to-face social interaction through 

activities, including but not limited to, group meetings, 

sports, volunteering, or even a club activity, which will 

give the individual a sense of belonging and, therefore, 

diminish the reliance on the internet. 

• Bring up student digitally, teaching them responsible 

internet use, self-management strategies like setting time 

limits, and recognizing signs of internet addiction to 

minimize negative impacts on mental health. Include the 

parents and the teachers in the process of monitoring 

their internet activity, through which they are also 

guiding the students on how to create a supportive online 

environment, and provide those necessary resources to 

encourage them to acquire healthy internet habits. 

Regular face-to-face meetings will show if the issues 

have been resolved and if the problems still exist. 

• Promote offline hobbies and physical activities like 

sports, music, art, or outdoor excursions to reduce screen 

time and improve emotional well-being while 

contributing to physical health. 

• Ensure accessible mental health resources for 

visually impaired students, offering counselling 

services, stress management workshops, group therapy, 

and peer support to address psychological distress 

related to internet addiction. 

• Regularly monitor students' psychological health 

through assessments and follow-ups to identify and 

address potential issues related to internet addiction in a 

timely manner. 

• Conduct awareness campaigns and workshops to 

educate students, teachers, and parents on the risks of 

internet addiction, promoting a healthy balance between 

online and offline activities and encouraging early 

intervention when needed. 

By adopting these strategies, visually impaired students 

can manage their internet usage effectively, improving 

their psychological well-being and overall life 

satisfaction. 
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 Can going back to the ancient way of eating transform one’s lifestyle? Does a Paleo diet 

provide your body with enough nutrients that it needs? Is the idea of eating a diet which comes 

straight from the Stone Age or the hunting era a clear truth or sheer false belief? Should you also 

go with the flow of Paleo dieting? These all are a few questions that you must understand before 

stepping on the journey of learning about a diet lifestyle the paleolithic way. 

Introduction  

 Dieting is not about consuming bland fancy food which requires multiple visits to the 

grocery store. And what if you get a plan which is healthy and full of natural food that is easily 

available in your home kitchen and that you are used to eating since the very beginning? The Paleo 

diet is all about that only. 

 Following a Paleolithic or Paleo diet is the new black yet again and it’s gaining increased 

popularity. A number of health-conscious individuals, fitness freaks, lifestyle experts, and 

celebrities are going gaga over it and the benefits attained with the Paleo diet. The USP of the 

Paleo diet is that it is seen as the natural way of eating. It is purely based on the dieting pattern of 

paleolithic or stone age humans and focuses on the increased consumption of meat, fish, eggs, 

seeds, nuts, fruits and vegetables. Besides, it limits the amount of consumption of grains, legumes, 

and processed food. 

 Various Nutritionists and Advocates have been promoting the Paleo diet as a means of 

better health. There are some proven evidence as well which shows that following it religiously 

might lead to visible improvements in the body composition and metabolism as compared to the 

typical Western diet. But on the contrary, there are also some claims stating that following the 
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Paleo diet can lead to nutritional deficiencies because of an inadequate calcium-rich food intake 

along with few side effects including weakness, diarrhoea, and headaches. 

The Popular Paleo Diet 

 A Paleo diet or Caveman diet is an eating plan based on foods the humans used to eat 

during the Paleolithic or the primordial era which is supposed to date from around 2.5 million to 

10,000 years ago. This diet basically started to gain popularity in the 21st century, where it 

attracted a large internet-based following through a number of websites, health forums and social 

media platforms. In the year 2012 based on the popularity of a number of diet books about it, the 

Paleo diet was described as being one of the latest trends in the field of nutrition and dietetics. In 

2013 and 2014 it was Google's most searched weight-loss diet plan. 

 According to many nutrition experts and Paleo proponents since the stone age, humans 

have evolved rapidly due to the changing diet but their anatomy and genetics have moderated very 

little. Also, the idea is that our genes are not well adjusted for modern diets that consist of food 

grown out of farming. Hence eating the food which was made available then through hunting or 

gathering could promote good health and eventually a healthy lifestyle for the modern generation. 

Based on this idea, the modern Paleo diet includes fresh fruits, vegetables, lean meat, fish, eggs, 

nuts and seeds. These are foods that in the past people could get by hunting and gathering. It doesn't 

include foods that became more common when small-scale farming began about 10,000 years ago. 

These foods include grains, legumes, processed oil, coffee, dairy products and even alcohol. 

 Ever Since humans began farming, they easily produced foods such as grains, pulses and 

legumes. Furthermore, it introduced them to dairy. Farming completely changed the diets of 

animals that people used to eat. On that note, the Paleo diet’s idea is that these changes in diet 

outpaced the human body's ability to adapt to the change. Thus today, that mismatch occurred is 

eventually believed to contribute to obesity, diabetes and heart diseases faced by the modern 

generation. 

Basis of Paleo Diet: What To Eat What Not To 

 A healthy diet can play an important role in losing weight, gaining stamina along with 

preventing many chronic diseases. A recent, large-scale meta-analysis has proven that the Paleo 

diet is healthy, natural and way better than the other Mediterranean diets for overall control of 

cholesterol, glycemic control, and inflammation. 

http://www.sjifactor.com/
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 Let’s see as per the Caveman diet or the Paleo diet, what food items are best to be consumed 

and what are supposed to be avoided in order to attain the complete benefits of it. 

 What to Eat 

 Fresh Fruits and berries 

 Vegetables especially non-starchy vegetables, such as onions, and peppers 

 Root vegetables like sweet potatoes 

 Salads made with a combination of fruits and vegetables and little amount of honey 

 Seeds and Nuts including cashews, almonds, walnuts, and pumpkin seeds 

 Lean Meat, especially obtained from grass-fed animals 

 Eggs 

 Shellfish and Fish, especially Mackerel, Salmon and Albacore Tuna as they are rich 

in Omega-3 fatty acids 

 Oils processed from nuts or fruits like Walnut oil, Flaxseed oil, Coconut oil and 

Olive oil, in moderation 

 What Not To Eat 

 Cereal grains such as wheat, rice, oats and barley 

 Refined grains like white flour, and white rice 

 Legumes such as lentils, peanuts and beans 

 Dairy products like milk, yoghourt, butter and cheese 

 Added sugar and sweets 

 Added salt 

 Artificial sweeteners 

 Coffee 

 Alcohol 

 Refined vegetable oils such as canola 

 Starchy vegetables like white potato, corn, peas 

 Highly processed foods like chips, cookies, pasta and bread 

Potential Health Benefits of the Paleo Diet 

 The Paleo diet is a very simple diet and has immense health benefits specifically for those 

who are dealing with poor health and issues like obesity and diabetes. It also helps in lowering 
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blood pressure and maximising high-quality protein intake which potentially prevents them from 

certain life-risking diseases. 

 As per various studies and researches all these past years, The Paleo diet contributes to 

weight loss along with boosting stamina and improving health by eliminating high-fat and 

processed foods having less nutritional value and more calories. This plan focuses on fruits and 

vegetables that are loaded with healthy vitamins, and minerals, and are rich in Fiber. This proves 

to be adequate filling for the human body faster, hence they eat less, which eventually helps in 

curbing weight gain. 

 While there is specifically no perfect diet for Diabetes, few researchers suggest that the 

Paleo diet might majorly help people with Type 2 diabetes. Since the diet plan focuses on whole 

foods, that will help in managing the diabetic’s blood sugar values along with lowering their blood 

pressure and weight loss as well. 

 Snacking or munching on nuts, seeds or berries instead of added sugar or processed foods 

like chips, sweets or candies could increase your intake of vitamins and minerals which support 

your body to function at its best. 

 Hence the potential benefits of the Paleo diet include effective weight loss, controlled blood 

pressure and blood sugar levels, improvement and prevention of autoimmune health conditions, 

and improved appetite management. With the Paleo diet, you get to eventually lower the intake of 

processed foods, which means you are less likely to eat high-calorie, high-sugar and low-nutrient 

food items. People following this diet also experience high energy levels as they are eliminating 

the high-sugar, processed foods they were used to eating which are responsible for inflammation 

in the brain causing depression and fatigue. 

Possible Risks Associated with the Paleo Diet 

 It is proved by many studies pursued worldwide that a lot about the Paleo diet is healthy. 

The reason being major focus is over fresh fruits, vegetables, nuts, high protein, and heart-suitable 

oils, like olive oil along with the elimination of processed foods, added sugar, coffee and alcohol 

from the daily eating plan. But besides all these benefits, the downside is that the Paleo diet 

followers often eat extremely saturated fat, which directly or indirectly affects your heart. 

 According to the research of Dr. Lona Sandon, PhD, RD, an associate professor of clinical 

nutrition at the University of Texas Southwestern Medical Center in Dallas, you will certainly lose 

weight anytime you restrict entire food groups and when your calorie intake tends to be lower. In 
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the Paleo diet plan, the focus on lean protein, fruits, and vegetables over high-calorie and sodium-

rich processed foods automatically contributes to weight loss. But Dr. Sandon points out that the 

Paleo diet was never designed to be a clean weight loss diet. 

 The Paleo diet ends up being low in starchy foods with wheat products like bread and pasta 

made up of either semolina, wheat or oats which are beneficial to the human body. Even mostly 

unprocessed products like potatoes, lentils and legumes are all heavily restricted. Dairy is also a 

no-go in the Paleo diet which results in calcium deficiency as a possibility which causes extreme 

fatigue or lack of energy, dizziness, sluggishness, lack of concentration or even insomnia. 

 However, nuts and seeds are permitted to be consumed as per the Paleo diet, but they can 

still be high in calories. Hence for focused weight loss, their consumption must be either avoided 

or limited. 

Conclusion 

 The Paleo diet unfolds certain secrets of the caveman era which informs us about the 

differences between the Paleolithic food habits and the modern diet. It states that on the satisfactory 

ground, the Paleo diet can support and uplift the lives of those with certain underlying health 

conditions. Most importantly, the low sugar and low carbohydrate aspect of the diet could be 

beneficial for those with diabetes, heart problems, obesity and other metabolic health conditions 

as it can help increase insulin sensitivity. But contradicting the fact the Paleo diet is partially 

controversial due to the exaggerated health claims made regarding it by the group of people already 

following it. The fact has been proven as well that following the Paleo diet may be problematic for 

some people who are already facing nutrient deficiencies or underlying health problems. 

 When there are several case studies which show that the Paleo diet works miracles in curing 

severe health issues, many scientists have expressed concern and stated that there is still not a sheer 

surety and enough evidence to make any strong claims about the Paleo diet’s complete health 

benefits, especially, its long-term effects. As for the long-term effect, you have to be sure that you 

are consuming calcium and other nutrients which you are missing out on by not including dairy 

products and certain grains in your diet. Some Paleo-approved foods, such as salmon and spinach, 

contain adequate amounts of calcium. Hence you have to be sure you are including them in your 

diet. 

 Therefore, on the whole, the Paleolithic Way of a healthy lifestyle is not a false belief but 

a fact, but with certain restrictions and limitations. Following the Paleo diet is not at all a bad 
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choice, but only if there are certain choices made prior only. The best way could be cutting out 

processed food, processed meats, and sugar-sweetened beverages and swapping them for more 

fresh fruits, non-starchy vegetables, and healthy fats. 

 Hence, the Paleo diet is a great option if you are really looking forward to embarking on 

the journey of healthy eating and weight loss with managed health issues. But the fact is the diet 

is not for everyone, but it could be helpful to some. Thus, it becomes mandatory for each person 

to consult a learned and experienced dietitian or nutritionist to carefully understand the Paleo diet 

before jumping into it. 
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