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Abstract

Abiotic stresses such as extreme temperatures and salinity are known to
significantly influence the nutritional quality of vegetables during cultivation
and postharvest handling. However comparative study on how different
abiotic stresses alter ascorbic acid stability in root vegetables like red
radish is understudied. Thus, the present study was conducted to evaluate
the effect of various abiotic stresses (heat, cold and salinity) on ascorbic
acid (AA) levels and antioxidant activity in red radish (Raphanus sativus
L.). DCPIP titration and DNPH UV-Vis spectrophotometric techniques
were used to analyse the ascorbic acid content, and the DPPH radical
scavenging assay was used to measure antioxidant capacity. The findings
showed that as stress duration and intensity increased, the total AA
content decreased significantly (p < 0.05). At high temperature (90 °C),
heat treatment resulted in a progressive decrease from 27.7 mg/100g to
20.8 mg/100g. Under cold stress, AA content increased slightly initially and
then dropped by 22% on day 8. A two-phase response to salt stress was
seen mild salt concentration leading to a moderately increased AA content,
while severe salt concentration caused a 55% reduction after 72 hours.
With an IC; value of 8.27mg/mL, the antioxidant activity increased as
extract concentration increased from 3.8% to 62.1% inhibition. According
to these findings, red radish exhibits a short-term adaptive defence in
mild stress situations but a significant decrease in AA in severe stress
situations. These findings are consistent with previous reports in other
related vegetables such as tomato, broccoli and spinach, where moderate
abiotic stress increases antioxidant defences before degradation occurs.
These results suggest the need for efficient postharvest management and
stress-aware storage techniques to preserve the functional and health-
promoting qualities of red radish.
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Introduction

With the increasing focus on food security and
nutritional value at the global scale, it is now a
priority in food and nutrition science to know how the
health-benefiting compounds in crops are influenced
by environmental stress. Modern agriculture is
increasingly facing threats of abiotic stress factors
such as salinity, heat, and cold that constrain plant
production and affect the postharvest nutritional
quality of vegetables being consumed globally.

Ascorbic acid (AA) or vitamin C is a vital water-
soluble vitamin that is a key nutrient in both plant
physiology and human nutrition, first isolated and
purified by Szent-Gyorgyi in 1928. It exists in two
forms: L-ascorbic acid, which is a reduced form
and L-dehydroascorbic acid (DHAA) oxidised form.
AA can neutralise reactive oxygen species (ROS)
and acts as a coenzyme in various biosynthetic
processes, such as forming cell wall structures,
producing plant hormones like gibberellins and
ethylene, and synthesising secondary metabolites
like pigments and alkaloids." Ascorbic acid is an
essential micronutrient for humans, which cannot
be synthesized in the body due to the lack of the
gene encoding for L-gulonolactone oxidase. The
body uses sodium-dependent vitamin C transporters
(SVCT1 and SVCT2) to distribute vitamin C
effectively and maintain redox balance encoded
by the SLC23 family.? A deficiency in vitamin C can
cause scurvy, a disease that weakens connective
tissues, causes anaemia, and weakens immunity,
underlining the importance of overall health and
well-being.?

Plants do produce AA through the Smirnoff-Wheeler
pathway, with the help of major mitochondrial
enzymes L-galactono-1,4-lactone dehydrogenase
(GLDH) that converts L-galactono-1,4-lactone
into ascorbate. Several environmental stressors,
including salinity, temperature, light, and growth
cues, might influence this process. AA influences
gene expression of stress related proteins such
as superoxide dismutase (SOD) and catalase.’
Studies indicate exogenous AA has been reported
to increase stress tolerance of crops like wheat,
maize, and rice by improving osmotic adjustment,
antioxidant activity and membrane integrity under
drought, salinity and heat stress.*
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Red radish is a root crop of the Brassicaceae family
known for its rich phytochemical and nutritional
content, often used as traditional medicine and
cuisine. Studies show that AA content in red radish
varies between 20-40mg/100g in roots, even more
in leaves, which makes them a very effective food
source of vitamin C.% However, its physiological and
nutritional responses to environmental stress are
less understood when it comes to AA modulation
by abiotic stress.

It is essential to understand how AA's biochemistry
reacts to environmental stressors to develop
functional foods and stress-resistant vegetables.
Several studies have shown that moderate abiotic
stress may increase antioxidant defences, even
though prolonged or extreme stress frequently
results in severe reductions in AA through oxidative
destruction or repression of biosynthetic processes.
Additionally, post-harvest storage has been shown
to significantly lower levels of ascorbic acid through
oxidative breakdown in cold conditions. Galani et al.
reported significant drops in vitamin C content and
antioxidant activity in fruits and vegetables stored
at 4 °C, underlining the need for an immediate
extraction after harvest for precise determination.®

Recent climate fluctuations have increased the
frequency of temperature, drought and salinity
worldwide which directly threatens the nutritional
quality and shelf life of vegetables. Many global
studies have reported vitamin C reduction under
abiotic stress in crops like tomato, broccoli, spinach
and pepper where high temperature, extended cold
storage and salinity were observed to drastically
reduce the ascorbic acid content."” Despite this
global research the biochemical response of
Ascorbic acid levels of Raphanus sativus to different
stress levels is still not well understood. Filling this
knowledge gap is important for creating storage and
processing methods that can maintain nutritional
value.

With increased focus on climate-resistant crops
and functional food production, it is important to
know the mechanism of AA content under abiotic
stress conditions to ensure the nutritional quality of
the vegetables. AA not only enhances plant stress
tolerance but also acts as a primary nutritional
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marker for the consumer.? Thus, the determination
of the effect of abiotic stress on AA content and
antioxidant activity in red radish is of agricultural,
food science and nutrition practical significance.
This research presents a new, integrated method
by treating red radish to heat, cold, and salt stress,
each mimicking actual postharvest or climatic
stresses, and contrasting AA degradation with
two complementary estimation methods: DCPIP
titration (AOAC-standardised) and DNPH UV-Vis
spectrophotometry. In addition, antioxidant activity
was determined by the DPPH assay. Through
assessment of red radish functional integrity under
short- and long-duration stress, this research offers
a novel biochemical insight into stress-induced
spoilage of nutrients in vegetables and provides
insights for climate-resilient crop improvement as
well as functional food development.

Materials and Methods

The contents of ascorbic acid were estimated by
applying both the titration method using DCPIP
and DNPH spectrophotometry to ensure both
accuracy and sensitivity. The DCPIP method, which
is based on the redox reaction between ascorbate
and 2,6-dichlorophenol-indophenol, is quick and
accurate for estimating total ascorbate, while in the
DNPH method, both oxidised and reduced forms
are measurable which gives a full picture of redox
shifts due to stress.%°

Among different methods that exist for quantifying
antioxidant capacity, the DPPH assay was chosen
due to its widespread use in stress studies and
its ability to provide an indication of free radical
scavenging efficiency."? These methods together
provide a robust view of how abiotic stress
alters ascorbic acid concentration and functional
antioxidant potential in red radish.

Materials

Fresh red radishes (Raphanus sativus) were
collected from a local market in Bengaluru,
India. All reagents used were of analytical
grade. 2,6-dichlorophenol-indophenol (DCPIP),
2,4-dinitrophenylhydrazine (DNPH), thiourea,
DPPH(2,2-diphenyl-1-picrylhydrazyl), oxalic acid,
sulfuric acid, methanol and NaCl.
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Stress Treatments

All experiments were performed under controlled
laboratory conditions, and each treatment consisted
of three independent biological samples and was
performed in triplicate (n=3). Untreated fresh R.
sativus samples served as controls for each type
of stress. The edible root portion of red radish was
used for all analyses. Leaves were removed, and
roots were washed thoroughly, peeled and sliced
before stress treatments.

Heat Stress: samples were exposed to 45°C, 65°C,
and 90°C for 1 hour.

Cold Stress: samples were stored at 4°C for 1, 4,
6, and 8 days in a refrigerated chamber.

Salt Stress: slices were treated with 100,150,
200mM NaCl solutions for 24 and 72 hours at room
temperature to replicate osmotic stress conditions.

Ascorbic Acid Extraction

Two separate extractions were followed to ensure
accuracy and comparability. For titrimetric analysis,
5g of red radish samples were homogenised in 4%
oxalic acid and made up to a volume of 25 mL, and
from that, 5ml of an aliquot was diluted with 15ml of
oxalic acid before titration. For spectrophotometric
analysis, 1g of red radish was extracted with 25ml
of 5% HPO3, further centrifuged at 7000rpm for 10
minutes and processed immediately.?

2,6-dichlorophenol-indophenol (DCPIP)
Titrimetric Estimation of Ascorbic Acid

Ascorbic acid was measured by the DCPIP titration
procedure, following the official AOAC (2005)
method with adaptations made to fit red radish
tissue.® The sample was titrated against 0.02%
DCPIP solution until a pale pink endpoint. The
volume of dye used was noted, and the ascorbic acid
level was determined using a calibration curve of
standard ascorbic acid. Results were reported as mg
of ascorbic acid/100 g fresh weight (mg/100g FW).

2,4-Dinitrophenylhydrazine UV-Vis
Spectrophotometric Estimation

The DNPH procedure measures both oxidised and
reduced AA. 2ml of the extract was combined with
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1ml of 0.02% DCPIP, 2ml of 2% thiourea and 1ml of
2% DNPH (made in 4.5M H,S0O,). And incubated at
50 °C for 70 minutes, and 4ml of 85% sulfuric acid
was added to it after cooling. Absorbance was read
at 520nm in a UV-Vis spectrophotometer. The level
of ascorbic acid was determined by a standard curve
with R? = 0.99. This approach, according to Niroula
etal. (2021), was adapted to fit the red radish matrix
and sensitivity needs.™®

DPPH Radical Scavenging Assay

The method of Akinmoladun et al. (2010) was used
for the determination of the scavenging activity of
DPPH free radical in the extract solution." Extracts
were tested at different concentrations in methanol.
Absorbance was read at 517 nm, and the percentage
inhibition was calculated relative to the blank using
the formula:

DPPH Scavenging activity (%) = [(Abs
Abs 1/ (Abs_ )] * 100

control

sample)

is the absorbance of DPPH +

Where Abs_ .
methanol; Abs_, . is the absorbance of DPPH

radical + sample extract or standard.

Statistical Analysis
All the experiments were performed in triplicate
(n=3). Data were analysed using SPSS IBM (version
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27.0). Results were expressed as mean + standard
deviation (SD). Data analysis was carried out by
one-way ANOVA. All evaluations were done at 5%
significance level (p-value < 0.05), and Confidence
intervals (95%) were calculated where applicable.™

Results

Effect of Heat Stress on Ascorbic Acid Content
The AA content in fresh red radish was found to be
27.7 £ 1.2 mg/100 g. When exposed to heat stress
gradual decline in the levels of ascorbic acid was
seen as the temperature increased. At 45°C, there
was a slight decrease to 26.0 + 1.7 mg/100 g. As
the temperature increased to 65°C and 90°C, it
showed a noticeable decline, 23.5 + 2.6 and 20.8 +
3.7 mg/100 g, respectively (Fig. 1A). The reduction
was statistically significant (p < 0.05).

Effect of Cold Stress on Ascorbic Acid Content
Under cold storage at 4°C, AA content initially
increased from 24.7 + 2.7 mg/100 g to 25.0 + 2.5
mg/100 g on day 2 (Fig. 1B). However, a progressive
decline was observed thereafter, with values
decreasing to 21.0 £ 2.0 mg/100 gon day 4 and 19.2
+ 3.2 mg/100 g on day 8. The reduction observed
after prolonged storage was statistically significant
(p < 0.05).

0 2 4 8

Number of days at 4°C

o w
w o

o

o

Ascorbic Acid Content
[mg/L00g),
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Fig. 1: Effect of heat and cold stress on ascorbic acid content in red radish.(A) Heat stress
treatments at 45°C, 65°C, and 90°C, (B) Cold stress treatments at 4°C for 2, 4, and 8 days. Values
are expressed as mean * standard deviation (SD)

Effect of Salt Stress on Ascorbic Acid Content
Salt stress for 24hours showed results AA based
upon the salt concentration, at mild stress (100mM)

showed increased levels 25.9 + 3.8 to0 26.4 + 4.6
mg/100 g. This is possible due to stress-induced
upregulation of biosynthesis as an adaptive
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response. However, when exposed to 150mM
and 200mM, the ascorbic acid levels declined to
24.6 £ 5.4 and 20.1 = 7.6 mg/100 g. Extended salt
stress for 72hours affected the degradation of AA
more significantly. Whereas the fresh sample had

AA content of 34.3 mg/100g, levels decreased
significantly at 100mM, 150mM and 200mM. This
loss was time and concentration-dependent (p <
0.05) (Fig. 2). It showed a 55% loss at the highest
stress level.

——
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22.8 15.4

NaCl Concentration ( mM)

Fig. 2: Effect of salt stress ( 24 hours and 72 hours) on Ascorbic acid content in
Red Radish at varying NaCl concentrations.
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Antioxidant Activity

The antioxidant activity of red radish extract
increased in a concentration-dependent manner as
determined by the DPPH radical scavenging assay
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(Fig. 3). Percentage inhibition increased from 3.8%
to 62.1% with increasing extract concentration. The
IC,, value was calculated to be 8.27 mg/mL.
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Fig. 3: DPPH radical scavenging activity of red radish extract at different concentrations
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Discussion

Heat Stress

The present findings suggest that heat exposure
reduces ascorbic acid content in a temperature-
dependent manner in red radish. This trend is in
line with other research on vegetables and fruits.
In radish leaves, leafy greens and spinach, similar
temperatures led to declines in AA were observed,
with losses of 16% to 51% depending upon varying
cooking conditions.™ Similarly, cabbage and lettuce
exhibited fast AA degradation when treated at
70°C, with first-order kinetics." In tropical fruits
pulps like guava, papaya, ohmic heating resulted
in a continuous loss of ascorbic acid levels,
depending on the temperature of the heat.’® Thus
thermal denaturation of enzymes involved in the
AA recycling system including dehydroascorbate
reductase may be attributed to further cause of the
losses observed."” The results confirm that vitamin
C retention compromised by high temperature
processing and emphasise the need for mild
temperature treatments during cooking or drying.

Cold Stress

The biphasic pattern most likely represents
postharvest metabolic adjustment in which
antioxidant enzymes are momentarily activated by
low temperatures before oxidative degradation.'®
This trend aligns with previous findings, where
storage induced a drastic decrease in AA content in
tomato with a loss of 71.8%.8 A similar type of kinetics
was seen in capsicum showed a decrease in vitamin
C after 13 days of storage.”® Some studies have
reported that AA content increased in the immediate
postharvest period but decreased gradually later.
Mangaba fruits, for example, increased slightly
during the first few days of storage but decreased
by 50% after being exposed for a longer period of
time.2° Similarly, fresh peas and broccoli maintained
AA levels during short-term cold storage and then
showed a 20% loss over 14 days.?' This prolonged
storage has been associated with enhanced
oxidative degradation of ascorbic acid leading to
reduced vitamin C levels.?? Thus, these findings
indicate that short-term exposure to cold may slightly
increase AA, but prolonged exposure accelerates its
oxidative degradation.

Salt Stress
The findings are consistent with the biphasic salt
stress response seen in various plant species
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Chen et al., and Neumann et al. Mild salt exposure
increases ascorbate biosynthesis through
increased expression of L-galactono-1,4-lactone
dehydrogenase in tomato, whereas a slight increase
is due to the oxidative damage and AA depletion.*?
The same trend was seen in brassica crops,
moderate salinity first promoted AA accumulation,
but then caused a loss with prolonged and severe
exposure.?* Therefore, red radish results show a
widespread physiological response, where low
salinity initiates antioxidant upregulation, but high
salt stress leads to ascorbic acid degradation.

Antioxidant Activity

Antioxidant activity of extracts of red radish was
determined with the DPPH radical scavenging
assay. This trend reflects a common dose-dependent
antioxidant pattern such that higher concentrations
of extracts were associated with greater radical
scavenging capacity (Fig. 3). The derived IC,
value was about 8.27mg/mL, reflecting moderate
antioxidant activity. These observations were similar
to earlier studies in Raphanus sativus, Broccoli and
other cruciferous vegetables, where DPPH activity
is highly correlated with phytochemical and ascorbic
acid contents.?® The research of Goyeneche et al
(2015), found antioxidant potential in roots and
leaves of Raphanus sativus antioxidant capacity of
1.36 mmol TE/100g in roots and greater in leaves
ratio of 1:3.5 Although their research employed a
Trolox standard for TE unit expression, the pattern
of lower antioxidant capacity in roots than in leaves
is in agreement with present study.

Conclusion

In this study, it was determined that red radish
ascorbic acid content is under the direct impact
of abiotic stress conditions. Extreme heat, cold
or salt stress resulted in declines in ascorbic acid
levels, whereas mild stress, short-term cold or low
salt temporarily increased AA biosynthesis as a
sort of adaptive response. The antioxidant activity,
determined by DPPH radical scavenging, agreed
with AA levels and proved that red radish maintains
functional antioxidant activity under a variety of
stress levels. These results show the control of
ascorbic acid under stress and its central role in
plant defence. Practical uses of these outcomes
in post-harvest management, food processing and
improvement of crops bring into focus the need
for regulating temperature and salinity to prevent
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degradation of vitamin C levels during storage and
to retain nutritional quality.

In addition, they provide useful guidance for stress
tolerance screening in crops. Further studies on
molecular pathways of AA regulation including the
role of key enzymes such as L-galactono-1,4-lactone
dehydrogenase and ascorbate peroxidase under
combined or cyclic stress assess possible ways to
promote AA stability and antioxidant defences in red
radish and other vegetables related to it.
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