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ABSTRACT

Organic foods are becoming popular for the health benefits they provide to
the consumers. But proper storage of organic fresh produce is essential to
preserve its vital nutrients. The present study was framed to show the effect
of domestic packaging on the antioxidant status of organic and
conventionally grown Cucumis sativus L. stored at different temperatures.
The organic and conventional Cucumis were stored without any packaging,
in Polypropylene (PP) Container, in Low Density Polyethylene(LDPE)
Zipper bag, and in Cling film wrap at ambient temperature (25°C) and low
(4°C) for 3 and 7 days. The ascorbic acid content, total carotenoids, total
polyphenols, total flavonoids, tannin contents, and DPPH, ABTS, and FRAP
antioxidant capacities were estimated and compared by ANOVA test with p
value <0.01. Results showed that the ascorbic acid, total carotenoids, tannin,
and flavonoids were reduced during storage and more significantly that of
DPPH and FRAP antioxidant capacities. Therefore, packaging at ambient
and low temperatures creates a modified atmosphere within it, which can be
considered as a devising strategy to preserve antioxidants in organic and
conventional Cucumis at domestic level.

1.Introduction

In the modern society with abrupt changes in
food habits and lifestyles, the development of
chronic lifestyle disorders viz. cardiovascular
diseases, cancer, type-1I diabetes mellitus has
been increasing at an alarming rate, which
involves an increased rate of free radical
generation leading to oxidative stress. A diet
rich in fruits and vegetables has been associated
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with lower risk of chronic diseases owing to its
high content of dietary bioactive compounds,
the so-called phytochemicals, endowed with
protective principles (Manach, et al., 2004 ;
Cheen and kim, 2004 ;Kuskoski et al., 2005;
Surh and Na, 2008 ; Basu and Imrham,2007).
The protective health benefits of fruits and
vegetables have been attributed to the
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antioxidant properties of the phytochemicals
they provide (Bjelakovic et al., 2007).

The levels of protective antioxidant
chemicals in fruits and vegetables are strongly
influenced by the genetic factor, edaphoclimatic
conditions, developmental stage, and cultivation
system (Aherne and O’Brien, 2002; Tsai et al.,
2008). In respect to conventional farming with
synthetic pesticides and chemical fertilizer,
organic cultivation in general, is characterized
by the absence of those products throughout the
cultivation period (Winter and Davis, 2006).

Organic crops contain fewer nitrate, nitrites,
and pesticide residue, but as a rule, more dry
matter, vitamin C, essential amino acids, and
total sugar than conventional  crops
(Rembialkowska, 2007).

A systematic review (Brant and M@lgaard,
2001) tentatively suggested that organic produce
contain  10-15%  higher  phytochemicals
(antioxidants) than non-organic produce. In
absence of pesticides in organic farming the
plants develop resistance power by generating
more  secondary  metabolites such as
polyphenols, flavonoids, carotenoids etc. which
are considered as potent antioxidants.

For the presence of higher levels of bioactive
antioxidants and of better nutritional quality,
organic foods, especially fresh fruits and
vegetables are becoming popular. Organic foods
have become one of the fastest—growing food
categories, with sales increasing nearly 20%
each year since 1990. Consumer studies have
shown that organic produce is perceived to be
safer, more nutritious, and better tasting than
conventional grown produce (Winter and Davis,
2006; Torjusen et al., 2001; Magnusson et
al.,2003; Yiridoe et al, 2005). But plants
cultivated through organic farming, as a rule,
significantly have lower yields (on average 20%
less) than conventionally produced crops,
making organic foods as a high-priced produce
(Rembialkowska, 2007). In a current review by
Das et al (2020), the benefits of organic farming
were discussed elaborately.

Cucumber (Cucumis sativus L.) is a fruit of
immense economic importance. It can be used
for consuming fresh and for pickling.
Cucumbers are a good source of antioxidants,
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magnesium, and vitamin C, and are rich in
dietary fibre(Shi et al., 2015). Cucumber
showed antioxidant power in various in vitro
methods such as DPPH radical scavenging
activity, total radical-trapping antioxidant
parameter (TRAP), ferric reducing antioxidant
power (FRAP), and (Trolox equivalent
antioxidant capacity (TEAC) (Stratil et
al.,2006). The total phenolics,
proanthocyanidins, vitamin C, and flavonols
content in cucumber extract were estimated to
be 9.05 + 0.83, 2.06 £ 0.09 and 55.66 + 1.52
mg/100g, respectively (Melo et al., 2006). It was
observed in a study conducted by Jahan et al.
(2020) that vitamin C lost during storage with
the increasing duration. As antioxidants in fresh
vegetables are reduced during storage therefore,
proper storage methods at domestic level are
needed.

Modified Atmosphere Packaging (MAP)
and low temperature storage can increase the
shelf life of cucumber. Low-Density
Polyethylene (LDPE) and Polypropylene (PP)
are generally used polymeric films for MAP
(Soltani et al 2015). The current study was
conducted to show the effectiveness of storage
on the antioxidants and antioxidant capacities of
Organic and Conventional Cucumis in domestic
packaging (Polypropylene container, LDPE
zipper bags, and cling film) stored at ambient
and low temperatures, keeping in view the
principles of MAP.

2.Materials and Methods
2.1.Sample Collection,
Storage

The fresh vegetable Cucumis sativus L.
(Cucumis) of Poinsett 76 cultivar were collected
carefully from two certified organic farms and
conventional farms located at Baruipur and
Mathurapur of south 24 Parganas, West Bengal,
India and their average results were interpreted.
The organic Cucumis was cultivated during the
June to August (summer) or January to April
(winter) months following the principles of
organic farming system in sandy loam soil
composed of organic matter, various organic
fertilizers, such as vermicompost (1,000 kg per
acre), Ghana Jeevamrutham, bone meal (50-75
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kg per acre) rich in minerals like phosphorous,
calcium, and nitrogen compost that were
commonly used before cultivation with good
drainage and pH range 6.5-7.5 at warm
temperature (above 16°C). As growth promoter,
organic plant fertilizer containing Humic Acid,
Seaweed extract, and Fulvic Acid were also
applied.

For plant protection from pests, neem cakes
(150 - 200 kg per acre), Trichoderma viride
biofungicide (1.5% w.p), neem oil (1-2 ml/litre
sprayed 1-2 times per week), Bacillus
thuringiensis (Bt) powder or liquid inoculums
(spray), Curcumin (spray), Pheromone trap (one
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I.1.

PP Container.

Three types of domestic packaging of
polymeric box/bag/film such as Polypropylene
or PP (of 0.23mm thickness) container, Low
density polyethylene or LDPE (of 2.5 mm
thickness) zipper bag, and Polyethylene cling
film wrap (of 0.06mm thickness) were used for
the study (Figure 1). The water vapor
permeabilities of the PP container, LDPE zipper
bag and Cling film were 0.058, 0.112, 0.450
g.mm.md"! respectively.

At first, the samples were chlorinated (100
ppm, 20°C) immediately to release the free heat
and to disinfect (Safe Practices for Food
Processes, 1998). The samples kept without
packaging, PP airtight containers, in LDPE
zipper, wrapped in cling film (Jacobsson et al.,
2004; Thompson, 2010) at low (4°C) with
Relative Humidity (RH 60% and ambient
temperature (25°C) with RH 90% for specific
period of time (3 days and 7 days). Then, the
antioxidant levels and antioxidant capacities
were estimated.

1.2. LDPE Zipper Bag.
Figure 1. Packaging of the Study
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trap per 25 square feet area) were applied. To
enhance the soil fertility, cultivation of dhaincha
(Sesbania spp.) as intercrop and crop rotation
approach were also advocated.

The conventional Cucumis was grown at the
same time by the conventional methods using
mainly inorganic manure, such as Ammonium
nitrate, Calcium phosphate, Muriate of potash
for preparation of soil, and N:P: K -10:26:26 and
urea, during mid-phase of farming for growth of
plant and crop yield. For plant protection,
specific pesticides and conventional fungicide
were applied.

1.3. Cling Film

2.2.Materials

Ethanol, methanol, metaphosphoric acid,
acetic acid, 2,6-dichlorophenol indophenol,
ascorbic acid, sodium bicarbonate, Folin-
Ciocalteu reagent, gallic acid, sodium nitrite,
aluminum trichloride, quercetin, tannic acid,
sodium tungstate, = phosphomolybdic acid,
orthophosphoric acid, acetone, benzene hexa-

toluene (BHT), DPPH (2,2-Diphenyl-1-
picrylhydrazyl), = ABTS(2,2,-azinobis  (3-
ethylbenzoline-6- sulfonic acid), ammonium

persulphate, tri-pyridyl triazine (TPTZ), Ferric
chloride, and ferrous sulphate heptahydrate. All
the chemicals were purchased from reputed
brands, viz., Merck, Hi-Media, Loba, and
Sigma.

2.3.Methods
2.3.1.Ascorbic acid

Ascorbic acid content was measured by
Dichlorophenol-indophenol ~ dye titration
method (AOAC, 2000). The vegetable sample



Das et al. / Carpathian Journal of Food Science and Technology, 2025, 17(1), 119-136

was homogenized with a hand blender and the
juice was extracted by pressing the vegetable
pulp through a cheese cloth and then filtered
through absorbent cotton. About 40 g of sample
was taken in a 100ml volumetric flask and
diluted to volume with metaphosphoric-acetic
acid solution and mixed thoroughly and filtered
through Whatman 541 filter paper. A
representative amount of sample (approximately
2g) was weighed in a beaker and 25 ml of
metaphosphoric- acetic acid was added to the
sample. The pH of the sample was checked
using pH meter to pH > 1.2 for presence of
appreciable amounts of basic substances.

For the standardization of dye, 2ml of
ascorbic acid standard solution (concentration of
ascorbic acid Img/ml) aliquot was taken in a 50
ml  Erlenmeyer flask containing Sml
metaphosphoric- acetic acid solution and titrated
with indophenol dye solution from 50 ml
graduated burette until the solution turns to light
rose pink colour that persisted for >15 seconds.
For the blank, 7 ml of metaphosphoric- acetic
acid solution was taken into a 50ml conical flask
and titrated with indophenol dye until rose pink
colour persisted for > 15 seconds. For sample
titration, 1 to 5 ml of aliquot (containing 2 mg
of ascorbic acid) was taken in each of three
100ml Erlenmeyer flask and required amount of
metaphosphoric- acetic acid solution was added
to a total volume of 7ml. The amount of ascorbic
acid present in the standard solution
aliquot(2mg) was divided by the number of ml
of dye titrated to determine the amount of
ascorbic acid equivalent to 1ml.

Ascorbic acid( mg/ml) =
Weight of Ascorbic acid (img)
Total dilution (ml)

)
Dye Factor =
2ml X mg/ml Ascorbic acid standard
[Mean Volume(9ml) indophenol Standard -
Mean Volume (ml) Blank]

2)

Ascorbic acid Content( g/100g) =

[Titre volume of sample(ml) - Titre volume of
Blank(ml)] X Dye Factor X Volume made up
to] X 100

Aliquot of extract taken for estimation X
Weight or Volume of Sample of sample taken
for estimation.
3)
The ascorbic acid content was expressed in
mg per100g of fresh weight.

2.3.2.Total Carotenoids

Total carotenoids of the fresh vegetable
samples were measured according to the method
of Talcott and Howard (1999). 1 g of fresh
vegetable  sample was  extracted by
homogenization with 12.5ml of 100% Acetone
and 200mg of BHT under a yellow fluorescence
light. After extraction the sample extract was
centrifuged at 1500 x g for 15 minutes at 4°C.
Then, the supernatant was collected, and the
remaining residue was again re-extracted by
following similar method until the residue
became colourless. Finally, the combined
supernatant was brought to 50ml with extraction
solvent and the final combined supernatant was
measured at 470nm, 645 nm, and 662 nm in
spectrophotometer (Systronics make, Model:
166). The total carotenoids content was
calculated following the formula given by
Lichtenthaller(Lichtenthaller and Wellburn,
1987). When 100% Acetone was used as
solvent:
When 100% Acetone is used as solvent:

Chlorophyll a=11.75 Ags2 - 2.350 Asas
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4)
Chlorophyll b=18.61 A gss - 3.96 A2
(5)
Total Carotenoids (ug.mL!) =
1000 A470—2.27Cha - 81.4Chb
227
(6)

2.3.3.Tannin Content

Tannin in the fresh vegetable sample was
determined by  Folin-Denis’s  method
(Polshettiwar and Ganjewale, 2007). 1 g of
fresh sample was taken in a 150ml conical flask
and 75ml of double distilled water was added to
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it. Then the conical flask was covered with non-
absorbent cotton plugging and boiled by placing
on heating mantle for 30 minutes. After that, the
conical flask was cooled and filtered through
glass wool. The volume of the filtrate was made
up to 100 ml by double distilled water.1 ml of
sample extract or standard solution of Tannic
acid (30 to 100pg/ml) was mixed with 0.5 ml
Folin-Denis’s reagent and 1 ml of saturated
NayCO; solution ware added to it. The volume
was made up to 10 ml with 7.5 ml double
distilled water and allowed to stand for 30
minutes at 700 nm by Spectrophotometer
(Systronics make, Model: 166). The total tannic
acid content was expressed as mg of tannic acid
equivalent per 100g of dry weight of the sample.

2.4. Total Polyphenol and Flavonoids
2.4.1. Preparation of sample Extract

0.5 g each of shade dried sample vegetable
was homogenized with 50ml of 80% methanol
and 50 ml of double distilled water separately to
prepare methanolic and aqueous extract of the
sample respectively. Both the sample extracts
were kept overnight at 4°C. Then, the sample
extracts were centrifuged at 4°C at 5000 rpm for
30 minutes. The supernatant after centrifugation
was filtered through glass wool to get
methanolic and aqueous extract of sample. The
final concentration of the sample extract was 10
mg/ ml.
2.4.2.Total Polyphenol Assay

The total phenolic content was measured
using Folin-Ciocalteu reagent based on
procedures described by Singleton et al (1999),
with some modifications. Briefly, 1 ml of
sample extract was mixed with 1 ml (1:10 v/v
diluted with distilled water) Folin-Ciocalteu’s
reagent and allowed to stand at room
temperature for 5 min. Then 0.8 ml of sodium
carbonate (NaxCOs, 7.5%, w/v) was added and
the volume made up to 10ml by adding 7.2 ml
of double distilled water. The mixture was
allowed to stand for another 30 min in the dark
with intermittent shaking. The absorbance of the
blue colour developed was measured at 765 nm
using spectrophotometer (Systronics make,
Model no 166). Gallic acid was used for
constructing the standard curve (5 to 30 mcg/ml)
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and the total phenolic compounds concentration
in the vegetable extract was expressed as
micrograms of gallic acid equivalent per gram
of dry weight (mcg GAE/g) of extract.
2.4.3.Total Flavonoid content assay

Total flavonoid content of the flower extract
was determined according to colorimetric
method described by Zhishen et al (1999), with
some modifications. Briefly 1 ml sample was
mixed with 0.15 ml of sodium nitrite (NaNO»,
5% w/v) and allowed to stand for 6 min. Then
0.15 ml aluminum trichloride(AICl3,10% w/v)
was added and allowed to stand again for 6 min,
followed by addition of 2 ml of sodium
hydroxide (NaOH, 4% w/v). The final volume
was made up to 10ml with double distilled
water. The reaction mixture was mixed
thoroughly and allowed to stand for another 15
min. The absorbance of pink colour that
developed was measured at 510 nm in
spectrophotometer (Systronics make, Model:
166). The colour blank was prepared by adding
9ml of double distilled water to 1 ml of sample
extract and read at 510nm against double
distilled water. The reagent blank was prepared
using 1ml of 80% methanol instead of sample
extract. Quercetin (10 to 1000 mcg/g) was used
for construction of standard curve and the total
flavonoid content was expressed in mcg of
quercetin per gram of dry weight of the sample.

2.5. Antioxidant Activity

The antioxidant activity was measured by
DPPH, FRAP, and ABTS methods. For the
DPPH and FRAP the sample extract for analysis
was prepared by the same method.
2.5.1.Preparation of sample Extract:

0.5 g each of shade dried sample vegetable
was homogenized with 50ml of 80% methanol
and 50 ml of double distilled water separately to
prepare methanolic and aqueous extract of the
sample. Both the sample extracts were kept
overnight at 4°C. Then, the sample extracts were
centrifuged at 4°C at 5000 rpm for 30 minutes.
The supernatant after centrifugation was filtered
through glass wool to get methanolic and
aqueous extract of sample. The final
concentration of the sample extract was 10 mg/
ml.
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2.5.2.The DPPH Antioxidant Activity

The DPPH Antioxidant activity of the
sample was measured according to the method
of Sasidharan et al (2007). 2ml of sample of
different concentrations (250- 5000 mcg/ml)
were taken in different test tubes in dark and 2ml
of 0.1mM DPPH (2,2-Diphenyl-1-
picrylhydrazyl) was added to each test tubes.
Then the tubes were allowed to stand for 30
minutes in dark. After 30 minutes, the samples
were read at 517nm against 80% methanol in
spectrophotometer (Systronics make, Model:
166). The reagent blank was prepared using
2ml of 80% methanol instead of sample extract.
BHT was used as standard in the experiment.

The results were expressed as DPPH

Radical Scavenging Activity(%)=
(Absorbance of Control-

Standard)X 100
Absorbance of Control

Absorbance of Sample/

(7)
ICso value was calculated which denotes the
concentration of the sample which is required to
scavenge 50% of DPPH free radicals.
2.5.3.ABTS Total Antioxidant Activity
2.5.3.1.Preparation of Sample Extract
Methanol extract of the samples was
obtained according to the methods of Roy et
al(2016) with minor modifications. 1 gm sample
was extracted with 20 ml aqueous methanol
(60%, v/v) for 30 min in an orbital shaker
(Bionics BST-AS35) at 70°C in the dark. The
mixture was filtered through Whatman No.1 and
the volume was made up again to 20 ml with
aqueous methanol (60%, v/v). This sample was
prepared to adjudicate the maximum antioxidant
capacity that would be provided by the samples.
2.5.4.FRAP Antioxidant Activity
FRAP values of vegetable samples were
evaluated according to the method described of
Benzie and Strain(1996). To prepare the
working FRAP reagent, 50 mL of 300 mM
acetate buffer (pH-3.6) was mixed with 5 mL of
40 mM TPTZ (2, 4, 6-tripyridyl-s-triazine)
dissolved in 40 mM HCI and 5 mL of 20 mM
ferric chloride. 100 pL of sample extract
(10mg/ml) was added to 3 mL of freshly
prepared working FRAP reagent. The
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absorbance at 593 nm was
spectrophotometrically measured immediately
and after 4 min of incubation at 37 °C. The
change in absorbance was recorded as the final
absorbance. For plotting calibration curve,
ferrous sulphate (FeSO4.7H20) was used as
standard at various concentration (200-1000
uM). The ferric reducing ability of the sample
was expressed as FRAP value (uM of Fell) of
10mg/ml vegetable extract. Ascorbic acid is
used as standard in this experiment.
2.5.4.1.Procedure

The ABTS total antioxidant activity assay
was conducted according to the method
described by Baskar et al ( 2007). In this
method, ABTS: -, the oxidant is generated by
persulfate oxidation of 2,2,-azinobis (3-
ethylbenzoline-6-  sulfonic  acid)-(ABTS%).
ABTS radical cation (ABTS*) was produced by
reacting ABTS solution (7mM) with 2.45 mM
ammonium persulphate and the mixture was
allowed to stand in dark at room temperature for
12 — 16 hr before use. For the study, different
concentrations (100 — 500 pg/ml) of ethanolic
extract (0.5 ml) were added to 0.3 ml of ABTS
solution and the final volume was made up with
ethanol to make 1 ml. 100 pl of sample
extract(10-50pg/ml) was gently mixed with 0.9
ml of the ABTS working solution . The mixture
was then kept in dark for 5 minutes for the
reaction to take place and the absorbance was
read at 745 nm and the percentage inhibition
calculated as:

ABTS Scavenging Activity (%) or Percent
Inhibition =

(Absorbance of Control- Absorbance of Sample)X100
Absorbance of Control
(8)

Where, Absorbance control = Absorbance of
ABTS radical in 60% methanol; Absorbance
sample = Absorbance of ABTS radical solution
mixed with sample.

ICso value was calculated which denotes
concentration of sample where the absorbance
of ABTS decreases 50% with respect to
absorbance of blank. Control was prepared with
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60% methanol and BHT was used as standard in
the experiment.

2.6.Statistical Analysis

The study was a completely randomized
design (CRD) study, conducted on 2 locations
with 2 wvarieties of Cucumis(organic and
conventional) in 4 types of packaging at 2
storage temperatures for 2 storage durations.
Fresh Cucumis of both organic and conventional
varieties were also experimented. Therefore,
the total number of samples of the study was 68.
All the experiments were studied in three
replicas. Statistical analysis was performed with
standard technique of multivariate analysis
using SPSS 20 software. Multivariate analysis
of variance (ANOVA) was performed to
evaluate the significant differences between
sample means, with significant level being
considered at P < 0.01. The values expressed as
means + standard errors.
2.6.1.Percentage analysis:

The percentage was calculated for making
simple comparison. For calculating percentage,
the frequency of a particular cell was divided by
the total number of respondents in that category
and multiplied by 100. The percentage was
calculated up to two places after decimal point.
2.6.2.ANOV'A (Analysis of Variance)

The effect of the different comparative
changes in physicochemical and nutritional
values between organic and conventional
cucumber stored in PP airtight container, LDPE

zipper bags and cling film on the variability of
different temperatures were estimated by
analysis of variance (Snedecor and Cochran,
1994).

Statistical analysis was performed with
standard technique of multivariate analysis
using SPSS 20 software.

3.Results and discussion

Results were derived from both organic and
conventional Cucumis before and after storing
without packaging, in PP airtight containers,
LDPE zipper, and wrapped in cling film
packaging (at 25°C at RH 90% and 4°C at RH
70%) for both 3 days and 7days. The antioxidant
levels and antioxidant status of the Cucumis are
affected by the types of packaging, temperature,
and duration of storage. Packaging created a
changed environment within it leading to
changes in antioxidants and antioxidant
capacities. The results for organic and
conventional Cucumis stored in experimental
conditions were discussed below. The following
abbreviations were applied for farming type and
packaging types in the article thereafter:
ORGN=  Organic Cucumis, CONV=
Conventional ~ Cucumis, ~ WP=  Without
Packaging, CONT= PP container, ZIPPER=
LDPE zipper bags & CF= Cling Film wrap.
Similar study on changes in physico-chemical
and nutrients was published recently by Das et
al.(2022).

Table 1. Comparison between Organic and Conventional Cucumis in Ascorbic Acid Content
(mg/ 100g FW)

TYPE  TEMP. 0 DAY 3DAYS 7DAYS
OF OF
VEG. STORAGE  FRESH wP CONT ZIPPER CF WP CONT ZIPPER CF
MEAN+  MEAN* MEAN: MEAN: MEAN:  MEAN  MEAN:  MEAN:  MEAN
SE SE SE SE SE +SE SE SE +SE

25°C 11372022 2.96+0.01°  2.86+0.06° 1.94+0.003° 238+0.170 2.81+0.01° 2.90£0.003°  1.82+0.01°  2.05+0.03°

z

2

S 40C 29140.003°  2.95£0.49°  1.90£0.49°  273+£0.01°  2.83:0.01°  2.94+0.01°  1.92£0.003  2.52:0.03°
25°C 813+0.07  139+0.003" 1.83=0.003°  1.40£0.03°  2.55£0.22° 1.36£0.02° 172+0.002°  1.35£0.02°  2.29+0.26°

>

g

© 40C 134£0.01°  1.56£0.10°  1.36£0.03*  1.63£0.03°  1.2740.03  1.74+0.01°  1.2440.027  1.63+0.03

# Values bearing the same or no superscript between columns do not differ significantly.
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Ascorbic Acid
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Figure 2. Comparison between Organic and Conventional Cucumis in Ascorbic Acid Content
(mg/ 100 g)

3.1.Effect of Household Packaging on
Ascorbic Acid Content

The Comparison between organic and
conventional Cucumis in Ascorbic acid, Total
Carotenoids and Tannin content were
represented in Table 1, 2, and 3.Table 1 and
Figure 2 showed the comparison between
organic and conventional Cucumis in Ascorbic
acid stored in experimental conditions. Ascorbic
acid content was decreased significantly during
storage of organic and conventional Cucumis.
The ascorbic acid content of organic Cucumis
was greater than conventional Cucumis i.e.,
11.37£0.22mg/100g and 8.13+0.07mg/100g,
respectively. The result was in an agreement
with the findings of Jahan et al. (2020) on
conventional Cucumis stored in plastic bag.

Organic Cucumis, when stored at 25°C, RH
90%  without packaging and different
packaging, ascorbic acid was best retained
without any packaging (2.96+0.01mg/100g) and
poorly stored in LDPE zipper
(1.94+0.003mg/100g) when stored for 3 days.
when stored for 7 days, the ascorbic acid
content of organic Cucumis was best retained in
PP container(2.90+0.003 mg/100g) and poorly
retained in LDPE zipper(1.82+0.01mg/100g).
When organic Cucumis stored at 4° C, RH 70%
without any packaging and in different
packaging, it was observed that ascorbic acid
retention was highest in PP container
(2.95+£0.49 mg/100g and 2.94+0.01mg/100g)
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and lowest in LDPE zipper(1.90+0.49 mg/100g
and 1.92+0.003 mg/100g) after 3 days and 7
days of storage, respectively.

Whereas, for conventional Cucumis, the
ascorbic acid content was best retained in cling
film wrap (2.55+0.22 mg/100g and 2.29+0.26
mg/100g) and poorly retained when stored
without packaging (1.39+0.003 mg/100g and
1.36+0.02 mg/100g) at 25°C, RH 90% for 3 days
and 7 days, respectively. The conventional
Cucumis when stored at 4° C with 70% RH, it
was found that ascorbic acid was best retained
in Cling film wrapped vegetable (1.63+0.03 mg/
100g ) and in PP container (1.744+0.01 mg/
100g) when stored for 3 days and 7 days,
respectively.

It was observed from the multivariate
ANOVA results that the ascorbic acid content of
different vegetables Cucumis of different types
of farming (organic and conventional), stored in
different packaging (without packaging, PP
container, Polyethylene zipper bags, and Cling
film wrap) for different days (3 days and 7 days)
had a significant effect. There were no scientific
studies in literature available regarding the
present research findings.

3.2.Effect of Household Packaging on Total
Carotenoids

The comparison between organic and
conventional Cucumis in total carotenoids
contents was represented in Table 2 and Figure
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3. It was found that the conventional Cucumis
contains more carotenoids (291.77+1.13 mcg/
100g FW) than organic Cucumis (211.36+0.43
mcg/100g FW). The Carotenoids contents were
decreased during storage in different
experimental conditions. For both organic and
conventional Cucumis, total carotenoids were
best preserved in LDPE zipper bags and least
preserved when stored without any packaging at
25°C, RH 90%, and 4°C without packaging and
different packaging for 3 days and 7 days both.

It was also found from multivariate ANOVA
that the total carotenoids content of Cucumis of
different types of farming (organic and
conventional), stored in different packaging
(without packaging, PP container, Polyethylene
zipper bags, and Cling film wrap) at different
temperatures (25°C and 4°C) for different days
(3 days and 7 days) had a significant effect.
There were no scientific studies in literature
available regarding the present research
findings.

3.3.Effect of Household Packaging on Tannin
Content

Table 3 and Figure 4 represented the
comparison of organic and conventional
Cucumis in Tannin content in different
experimental conditions. Results showed that

the tannin content is higher in fresh organic
Cucumis(323.97£0.96 mg/100g) than fresh
conventional Cucumis (291.77£1.13mg/100g
FW).  Tannin content was decreased during
storage. In a study conducted by Agatemor,
Fred, and Nwodo (2018) found that the tannin
content of conventional Cucumis was 1.26 +
0.07 mg/g of fresh weight which is lesser than
the value found in the current study. This may
be due to differences in the genetic factor,
edaphoclimatic  conditions, developmental
stage, and cultivation system (Aherne and
O’Brien, 2002, & Tsai et al., 2008), as stated
earlier. It was observed for organic Cucumis the
retention of tannin was highest in LDPE zipper
packaging (292.95+5.88 mg/ 100g) when stored
at 25°C with RH 90% for 3 days and in cling
film wrap ( 181.07+0.89 mg/100g) when stored
at the same temperature and RH for 7 days.
Whereas, for conventional Cucumis stored at
25°C with RH 90%, showed best preservation of
tannin when stored without any
packaging(215.63+2.89 after 3 days of storage
and was highest when stored without any
packaging( 209.94+0.47mg/100g) and in cling
film wrap(209.94+0.47mg/100g) for 7 days
storage duration.

Table 2. Comparison between Organic and Conventional Cucumis in Total Carotenoids Content
[mcg/ 100g FW]

TYPE TEMP. 0 DAY 3 DAYS 7DAYS
OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
VEG. STORAGE MEAN = MEAN = MEAN = MEAN = MEAN = MEAN = MEAN = MEAN = MEAN =
SE SE SE SE SE SE SE SE SE
25°C 211.36+0.43  13.77+0.03"  38.57+0.16" 57.36+0.03° 22.51+0.08° 25.13+0.02°  40.44+0.04"  52.87+0.02° 47.40+0.06"
Z
g 4°C 12.40+£0.06°  41.87+0.22°  59.54+0.03° 54.11+0.12° 24.81+0.01°  40.4+0.15"  56.89+2.03¢
Q 49.52+0.64"
25°C 291.77+1.13  26.91+0.02° 42.72£1.76"  81.39+0.89°  70.94+1.35° 24.87+0.06° 38.96+0.12"  40.33+0.15" 32.36+0.39¢
Z
8 4C 25.98+0.08"  41.23+0.27" 59.55+0.05° 52.52+0.02° 23.63+0.23* 37.85+0.07" 39.41+0.06"  32.44+0.05"

# Values bearing same or no superscript between column does not differ significantly
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Figure 3.Comparison between Organic and Conventional Cucumis in Total Carotenoids Content

(mcg/ 100g F
Table 3. Comparison between Organic and Conventional Cucumis in Tannin Content (mg tannic acid/100g of FW)
TYPE TEMP 0 DAY 3 DAYS 7 DAYS
OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
VEG STORAGE MEAN + SE MEAN + MEAN = MEAN + MEAN = MEAN + MEAN = MEAN =+ MEAN =
SE SE SE SE SE SE SE SE
. 25°C 323.97£0.96  282.74x034°  135.07+0.49°  292.95:5.88°  278.44£1.90 164.06x1.59°  172.40£12.28"  170.60+6.  181.07+0.89°
a 348
3
& 40C 196.25+12.66°  114.9946.50°  301.92£12.44°  283.10+1.13  183.72£0.59°  135.16£0.09°  193.63+0.  200.79+0.57°
d 85¢
25°C 291774113 215.63£2.89°  186.43£037°  102.24+0.18° 195362045 209.94+£0.47°  147.06£1.16°  113.46£0.  209.94+0.81°
> d 840
£ 40C 114.98+2.07°  98.34+0.30°  103.58+1.10°  100.21+£1.06  225.92+7.65°  144.84+1587°  138.09+1  229.25+9.30°
o b 2.30°

#Values bearing same or no superscript between column does not differ significantly.
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Figure 4. Comparison between Organic and Conventional Cucumis in Tannin Content (mg tannic
acid/100g of FW
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Tannin content of organic Cucumis was

found highest in LDPE zipper bag
(301.92+12.44 mg/100g) and in cling film wrap
(200.79£0.57 mg/100g) when stored at for 4°C
(RH 70%) for 3 days and 7 days, respectively. It
was also observed that conventional Cucumis,
stored at 4°C with RH 70%, showed highest
retention of tannin when stored without any
packaging (114.98+2.07 mg/100g) for 3 days
and in cling film wrap (229.25+9.30 mg/100g)
when stored for 7 days.
It was observed from multivariate ANOVA that
different packaging (without packaging, PP
container, Polyethylene zipper bags, and Cling
film wrap) had a significant effect on the tannin
content. There was no previous study available
in literature regarding the agreement or
disagreement of the current findings.

3.4.Effect of Household Packaging on Total
Polyphenols

Table 4 and Figure 5.1 and 5.2 showed the
comparison between organic and conventional
Cucumis in total polyphenol (methanol extract
and aqueous extract, respectively) in all
experimental conditions. It was found that
polyphenol content more in  methanol extract
than aqueous extract. Similar results were found
in a study conducted by Vilas-Boas et al. (2020).

With the increase in temperature the
polyphenol breakdown decreased. This result
was supported by the observations found in
studies by Lima et al. (2009) on vegetables of
both organic and conventional varieties.

From the results, it was observed that LDPE
zipper is mostly effective to retain the
polyphenol in both organic and conventional
Cucumis. It was observed from Multivariate
ANOVA that the total polyphenol in both the
methanol and aqueous extract of Cucumis of
different types of farming (organic and
conventional), stored in different packaging
(without packaging, PP container, Polyethylene
zipper bags, and Cling film wrap) at different
temperatures (25°C and 4°C) for different days
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(3 days and 7 days) had a significant effect.
There was no study in the previous literature
available in support or disagreement of the
present research findings.

3.5.Effect of Household Packaging on Total
Flavonoids

Table 5 and Figure 6.1 and 6.2 showed that
the comparison between organic and
conventional Cucumis in Total Flavonoids
(methanol extract and aqueous extract,
respectively) in all experimental conditions. It
was found that for methanol extract of Cucumis,
the retention of total flavonoids was highest for
cling film wrap packaging both for organic and
conventional Cucumis 1in all experimental
conditions. It was also observed that LDPE
zipper showed least flavonoids retention among
all packaging when the Cucumis was extracted
in methanol. When the water extract, it was
found that the PP container had highest
flavonoids retention capacity and Cling film
wrap showed lowest retention both for 3 days
and 7 days of storage for both storage
temperatures. Whereas, for conventionally
grown Cucumis, maximum retention of
flavonoids was found in LDPE zipper bag and
cling film wrap packaging, both for 3 days and
7 days of storage for both storage temperatures.
It was found from Multivariate ANOVA that
the total flavonoid content (methanol extract) of
Cucumis when stored in different packaging
(without packaging, PP container, LDPE zipper
bags, and Cling film wrap) had a significant
effect. It was observed that the total flavonoid
content (aqueous extract) of Cucumis of both
organically and conventionally grown, stored in
different packaging (PP container, LDPE zipper
bags, and Cling film wrap) and without any
packaging at different temperatures (25°C and
4°C) for different days (3 days and 7 days) had a
significant effect. There were no scientific
studies in literature available regarding the
present research findings.
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Table 4. Comparison between Organic and Conventional Cucumis in Total Polyphenol (Methanol)
Content and Total Polyphenol( Aqueous)

TYPE

TEMP.

Total Polyphenol (Methanol) Content (mcg Gallic acid/g of DW)

0 DAY 3DAYS 7 DAYS
OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
VEG STORAGE  MEAN%  MEAN=z MEAN MEAN MEAN MEAN MEAN MEAN MEAN +
SE SE +SE +SE +SE +SE +SE +SE SE
,  25C 031x0.003  0.22+0.00  0.19:0.001  0.26:0.001  0.20+0.004  0.2120.001  0.18:0.00  0.26+0.001 0.210.01
g
£ 4 027£0.00  0.22£0.002  0.27£0.001  0.2120.002  0.17£0.001  0.13x0.00  0.24x0.001 0.25£0.00
L, sC 0.26:0.002  0.18%0.00  0.17£0.001  0.25:0.001  0.24=0.01  0.19£0.00  0.18:0.001  0.26x0.001 0.24+0.002
V4
S 4c 0.25:0.0  0.19%0.001  0.26x0.001  0.22+£0.00  0.20£0.001  0.19+0.001  0.280.001 0.27+0.004
Total Polyphenol (Methanol) Content (mcg Gallic acid/g of DW)
TYPE TEMP.  0DAY 3DAYS 7 DAYS
OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
VEG. STORA  MEAN MEAN + MEAN = MEAN+  MEAN:z MEAN:  MEANZz  MEAN:  MEAN#
GE +SE SE SE SE SE SE SE SE SE
. 25C  0.28:0.00  0.160.002°  0.17£0.01°  0.27:0.003°  0.20£0.01°  0.2120.00°  0.14£0.002°  0.23:0.01°  0.20:0.00°
g
& 4°C 0.24£0.002°  0.19:0.001°  0.30£0.001°  0.21x0.00°  0.22:0.00°  0.18£0.001°  0.26£0.00°  0.250.00"
R 25°C  0.26+0.00  0.18£0.002°  0.16£0.001°  0.25:0.003°  0.2£0.01°  0.19£0.02°  0.18£0.002°  0.25:0.00°  0.24+0.00°
V4
S 4°C 0240.001°  0.19:0.01°  0.26£0.002°  0.22£0.00°  0.190.00"  0.14=0.001*  0.25:0.00°  0.27+0.00"
#Values bearing same or no superscript between column does not differ significantly
Total Polyphenol(Aqueous) Total Polyphenol(Aqueous)
0.35
0.35
é o I % " I I I s
g o It R £ o= [ I i
%,, 02 = IIIi Til i ki I8 B =; 0.2 =— T IIIi Til I 1
w I g &
E 015 [ & & ——I | § Tttt EDO.IS 8 & ——I - 5 11— 1 -
01— — & &— —— —— —— § 1 01 — — & #— - — - — —+— %+
005 —H—N—ERE—— —— 1 14T T oos |— N SER N | | 8 - 1 1
[
FRESH WP CONT ZIPPER CF wpP CONT ZIPPER CF o
FRESH wp CONT ZIPPER CF WP CONT ZIPPER CF
0 DAY 3 DAYS 7 DAYS
0 DAY 3 DAYS 7 DAYS
ORGANIC 25°C = ORGANIC 4 °C CONVENTIONAL 25°C CONVENTIONAL 25°C
ORGANIC 25°C W ORGANIC 4 °C CONVENTIONAL 25°C CONVENTIONAL 25°C
Figure 5.1. Comparison between Organic and | . . .
C g donal C parson Total Pgl henol Figure 5.2. Comparison between Organic and
nvention in n . o
1\(/)1 :]he (i 3(1: . uctumzs Galli 0 a'd/ ofy[[))\; Ol'| Conventional Cucumis in Total Polyphenol
ethanol) Content (mcg Gallic acid/g o .
( ) (meg g ) (Aqueous) Content (mcg Gallic acid/g of DW)
3.6.Effect of Household Packaging on results were expressed as ICso value as meg/ml.

Antioxidant Status
3.6.1.DPPH Antioxidant Activity

Table 6 and Figure 7 represented the
comparison between organic and conventional
Cucumis in DPPH Antioxidant Capacity, and the

From the results it was found that the DPPH
antioxidant capacity organic
Cucumis(125.26+0.003mcg/ml) is greater than
conventional Cucumis (130.21£0.02 mcg/ml).
The DPPH  Antioxidant Capacity of
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conventional Cucumis in the present study was
substantially lower than findings reported in the
literature where the ICso value is 182.25 + 9.22

mcg/ml (Husni et al., 2020). In comparison, the
DPPH antioxidant capacity of standard BHT

was 17.76 mcg/ml.

Table 5. Comparison between Organic and Conventional Cucumis in Total Flavonoids (Methanol)

Total Flavonoids (Aqueous) Content [mcg Quercetin/ g of DW]

TYPE TEMP 0 DAY 3 DAYS 7 DAYS
OF OF FRESH Wwp CONT ZIPPER CF wp CONT ZIPPER CF
VEG STORAGE MEAN MEAN MEAN + MEAN + MEAN + MEAN + MEAN + MEAN + MEAN +
+SE +SE SE SE SE SE SE SE SE
. 25°C 0.26+0.00  0.16+0.00*  0.22+0.002*  0.13+0.01*  0.10£0.002°  0.13£0.001°  0.18£0.001"  0.1130.002*  0.08+0.002¢
<
% 4°C 0.14£0.01°  0.18£0.002°  0.16£0.00°  0.11£0.003"  0.15+0.002°  0.18£0.002°  0.16+0.001°  0.12£0.003
o 25°C 0.12+0.00  0.08+0.001*  0.09+0.001*  0.11+0.00°  0.11+0.004*  0.05:0.004*  0.08£0.001°  0.11+0.006"  0.10::0.003"
V4
S 4°C 0.09:0.001°  0.08£0.002°  0.12+£0.00°  0.12£0.002°  0.09+0.001°  0.11:0.001*  0.12+0.001*  0.11:0.001°
Flavonoids (Methanol) Content [mcg Quercetin/g of DW]
TYP 0 DAY 3DAYS 7 DAYS
E  TEMP. FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
OF OF MEAN MEAN MEAN MEAN =+ MEAN MEAN MEAN MEAN + MEAN *
VEG STORA +SE +SE +SE SE SE +SE +SE SE SE
GE
- 25°C 0.70£0.003  0.27+0.002°  0.29+0.002°  0.29+0.0001°  0.51£0.17°  0.21£0.002°  0.28£0.001"  0.29+0.001"  0.51::0.02¢
<
& 4°C 0.29+0.003*  0.30+0.003°  0.12+0.093"  0.65£0.02°  0.21£0.00°  0.28+0.001"  0.30+£0.0003"  0.35+0.06°
. 25°C  0.62+0.001 | 0.19+0.003*  0.19£0.001*  0.12£0.0003"  0.70+0.20°  0.19+0.001*  0.21£0.004*  0.13+0.0003"  0.56+0.01¢
V4
S 4°C 0.21£0.001"  0.19+0.001°  0.13£0.0001°  0.57+0.02°  0.53+0.32°  0.21+0.001°  0.14+0.0003°  0.55::0.03"

# Values bearing same or no superscript between column do not differ significantly

Total Flavonoids( Methanol Extract)

mcg Quercetin/g DW
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It was also observed that the maximum
DPPH activity was found when both organic and
conventional Cucumis were stored without any
packaging at both experimental temperatures
(25° C with RH 90% and 4° C with RH 70%)
for 3 days and 7 days both in comparison to
different packaging.

It was observed from multivariate ANOVA
that the DPPH antioxidant capacity of Cucumis
of different types of farming (organic and
conventional), stored in different packaging
(without packaging, PP container, Polyethylene
zipper bags, and Cling film wrap) at different
temperatures (25°C and 4°C) for different days
(3 days and 7 days) had a significant effect. No
studies are available in the literature regarding
these research findings.
3.6.2.ABTS Antioxidant Capacity

The results of ABTS activity of organic and
conventional Cucumis was represented in Table
7 and Figure 8. It was observed from
multivariate  ANOVA that there was no
significant change in ABTS antioxidant activity
in the experimental conditions. No or very
limited number of literature available in the

literatures to support or disagree the results
found.
3.6.3. FRAP Antioxidant Activity

It was observed from Table 8 and Figure 9
that The FRAP antioxidant activity of organic
and conventional Cucumis were 0.08+0.001 and
0.06+£0.002 mmol Fe**/ g Dry Weight (DW),
respectively in comparison to ascorbic acid
standard with FRAP value of 1396.89 mmol
Fe*/ ¢ DW. Similar FRAP value was obtained
in a study conducted by Yunusa et al. (2018) on
conventional Cucumis with the FRAP value
0.06 + 0.01 mmol Fe**/ g DW.
Multivariate ANOVA showed that the FRAP
antioxidant capacity of Cucumis of different
types of farming (organic and conventional),
stored in different packaging (without
packaging, PP container, Polyethylene zipper
bags, and Cling film wrap) at different
temperatures (25°C and 4°C) for different days
(3 days and 7 days) had a significant effect.
There was no mention of similar studies
available in the literature for agreement or
disagreement of the current findings.

Table 6. Comparison between Organic and Conventional Cucumis in DPPH Antioxidant Capacity
[IC 50 value mcg/ml]

TYPE TEMP. 0 DAY 3 DAYS 7 DAYS
OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER

VEG. STORAGE MEAN + SE MEAN + SE MEAN + SE MEAN + SE MEAN + SE MEAN + SE MEAN + SE MEAN + SE MEAN + SE
25°C 125.26£0.003  117.59+0.31°  119.75+£0.21*  121.26+0.03*  124.60+0.04"  110.54+0.01°  112.48+0.04* 115.34+0.06° 118.38+0.04"

&

g 4°C 115.74£0.19°  118.38+0.08*  120.38+0.10°  123.00+0.12" 108.28+0.03* 110.23+0.03* 113.29+0.04*  115.37+0.03"
25°C 130.21+0.02 128.23+ 129.17+0.33*  128.46+0.02*  128.06+0.02"  123.52+0.29" 123.34+0.04" 125.03+1.54" 123.28+0.02°

0.06*

>

g

S 4C 127.28+0.03*  128.42+0.15* 128.10+0.07" 127.43+0.08"  122.38+0.02" 122.94+0.01" 120.35+0.02" 121.29+0.04"

DPPH IC50 value of standard BHT is 17.76 mcg/ml

#Values bearing same or no superscript between column does not differ significantly.
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Figure 7. Comparison between Organic and Conventional Cucumis in DPPH Antioxidant Capacity [
IC 50 value meg/ml]
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Table 7. Comparison between Organic and Conventional Cucumis in ABTS Antioxidant Capacity [

IC 50 value meg/ml]

TYPE

TEMP. 0 DAY 3 DAYS 7 DAYS

OF OF FRESH WP CONT ZIPPER CF WP CONT ZIPPER CF
VEG. STORAGE MEAN = SE MEAN = SE MEAN = SE MEAN = SE MEAN = SE MEAN = SE MEAN = SE MEAN % MEAN =+ SE
SE

—_ 25°C 37.31+0.03 22.37+0.03 61.25+0.02 41.27+0.03 35.36+ 0.08 20.42+0.01 58.25+0.02 38.04+0.06

V4 18.83+0.003

<«

GRS

g 4°C 34.27+0.03 19.26+0.02 57.36+0.07 37.64+0.01 32.62+0.02 19.23+0.02 56.32+0.02 36.98+0.30
25°C 21.78+0.01 39.81+ 0.02 25.32+0.02 64.93+0.06 44.52+0.02 36.78+0.02 23.47+0.12 63.09+0.02 42.19+0.16

E

g 4

8 4°C 37.28+0.02 23.83+0.01 64.42+0.23 42.44+0.93 34.75+0.01 22.82+0.01 62.07+0.46 41.12+0.48

ABTS IC50 value of Standard BHT is 6.16mcg/ml
#Values bearing same or no superscript between column does not differ significantly.
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Figure 8. Comparison between Organic and Conventional Cucumis in ABTS Antioxidant Capacity

[ICs0 value mcg/ml]

Table 8. Comparison between Organic and Conventional Luffa in FRAP Antioxidant Capacity [mmol

Fe?*/ g DW |
TYPE TEMP. 0 DAY 3DAYS 7DAYS
OF OF FRESH wP CONT ZIPPER CF wP CONT ZIPPER CF
VEG STORAGE  MpEAN +SE MEAN = SE MEAN = SE MEAN =+ SE MEAN=SE  MEAN=SE MEAN +SE MEAN = SE MEAN = SE
25°C 0.08+0.001  0.07+0.001*  0.08+0.000*  0.04+0.001°>  0.05+£0.001*  0.06=0.00* 0.07+0.001* 0.03+0.001>  0.05+0.00?
Z
%2 4°C 0.07+0.00*  0.08+0.001*  0.05+0.00*  0.06+0.001*  0.07+0.00* 0.07+0.001*  0.04+0.002°>  0.05+0.001%
=]
25°C 0.06+£0.002  0.05+0.00*  0.05+£0.001* 0.03+0.001*  0.05+0.001* 0.05£0.00*  0.05+0.00* 0.03+£0.00*  0.05+0.001*
>
g
&) 4C 0.05+£0.001*  0.06+0.001*  0.04+0.00*  0.05+0.001* 0.05+0.00*  0.05+0.00*  0.03£0.001*  0.05+ 0.00*
Standard Ascorbic acid FRAP value is 1396.89 mmolFe*'/ g DW
#Values bearing same or no superscript between column does not differ significantly
FRAP Antioxidant Activity
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Figure 9. Comparison between Organic and Conventional Cucumis in FRAP Antioxidant Capacity
[mmol Fe?*/ g DW]
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4.Conclusions

From the study, it can be concluded that the
ascorbic acid content of organic Cucumis was
greater than conventional Cucumis and ascorbic
acid content decreased significantly during
storage both in organic and conventional
Cucumis. The ascorbic acid, total carotenoids,
and total polyphenol contents of Cucumis of
both organic and conventional varieties, stored
in different packaging (without packaging, PP
container, LDPE zipper bags, and Cling film
wrap) for different storage durations had a
significant effect. The tannin and total flavonoid
contents of Cucumis, stored in different
packaging had a significant effect. From the
antioxidant status assays, DPPH and FRAP
antioxidant  capacities of organic and
conventional ~ Cucumis stored in different
packaging at different storage temperatures and
durations had a significant effect. ~ From the
present study it can be concluded that packaging
creates a modified atmosphere within it, thereby
can be considered as a devising strategy to
extend the storability of organic and
conventional Cucumis at domestic level
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