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Abstract The study focuses on development of modified
atmosphere packaging for fresh-cut minimally processed
cauliflower to increase its shelf-life and enhancing the on-
farm value addition by utilizing perforated packaging films
along with pretreatments with ozonated water and antimi-
crobials. The samples were treated with ozonated water,
oregano essential oil (antimicrobial), and cinnamon
essential oil (antimicrobial). Based on preliminary treat-
ments, the number of perforations made by specially pre-
pared tool was kept as 6 and 12, which represented
5.1 x 10~ and 1.02 x 10% of the total surface area of
packages. These perforated packaged samples were stored
in cold room at 4 °C temperature for 28 days. The shelf life
and quality of treated cauliflower samples were compared
with untreated samples. The quality analysis of the samples
was carried up to 28 days at 7 days intervals based on their
weight loss, headspace gas composition, texture, pH, total
soluble solids, ascorbic acid, total phenolics, total micro-
bial count, and sensory characteristics. The quality analysis
revealed that ozonated water-treated samples at 12 perfo-
rations and stored at 4 °C for 28 days were most efficient in
keeping it fresh without any significant reduction in quality
as compared to the cauliflower stored for one week at
normal conditions.
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Introduction

Cauliflower is one of several vegetables in the species
Brassica oleracea, from family Brassicaceae. There is a
great challenge for post-harvest management as it is highly
perishable. The short shelf-life and fast quality deteriora-
tion are the main challenges confronted during the pro-
duction and marketing of fresh minimally processed
products. It should be notable that the quality of fresh
produce after its harvest cannot be enhanced; nevertheless,
the rate of undesirable changes can be slowed down and
quality can be maintained for a longer time (Arah et al.
2015). Cold storage is an option to preserve such types of
commodities for a longer period, but due to the high initial
and operating costs, it is often not within the reach of
common farmers. Preserving techniques like modified
atmosphere packaging (MAP) including active packaging
can be used for extending the shelf-life of fresh or mini-
mally processed produce (Robertson 2016). Also, the MAP
methods are combined with different pre-treatments for
different fruits and vegetable products (Khazaei et al. 2011;
Jouki and Khazaei 2012; Dadashpour et al. 2014; Tayyari
et al. 2017). In the last decade, so many new techniques
have been studied, which include the different non-thermal
technologies such as ozone treatment (Galanakis 2020) and
gamma irradiation (Jouki and Khazaie 2013, 2014), which
can sustain the bioavailability of food components and
improve their functional properties (Galanakis 2021).
These technologies help to maintain the quality of products
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and can be adequately fitted into the domain of industry
(Galanakis et al. 2021).

The use of perforated packaging films for creating MAP
to extend the shelf life of perishables has now become very
popular and thus is a promising option for on-farm value
addition and extension of shelf life of such commodities.
This type of film tends to deliver suitable mass exchange
rates, which appropriately allows the entry and exit of
oxygen and carbon dioxide, respectively. Perforation-me-
diated MAP works on the principle of permitting the per-
forations to regulate the exchange of O, and CO, and
create the desired atmosphere inside an otherwise gas-tight
package (Fonseca et al. 2000). It is of prime importance to
include low-density packaging films with micro-perfora-
tions in hot climatic developing countries to combine MAP
with cheap adiabatic cooling methods (Khan and Patel
2010). Recently, a study by Pinheiro et al. (2021) have used
different gas mixtures, Ar (30% CO,/70% Ar), N,O (30%
CO,/70% N,0), N, (30% CO»/70% N,), and air (20.8%
0,/79.2% N,) in MAP of sardine fillets stored at 3 °C for
12 days and the results indicated decrease in the hydrolysis
of lipids and sensory properties enhancement in packages
stored with Ar. The perforation-mediated MAP does not
need very high technical skill, however shows sufficient
potential for storage of minimally processed produces.

Most of the literature reported different pretreatment and
packaging methods for increase the shelf life of the cauli-
flower. In the current study, ozone, cinnamon, and oregano
essential oils (EOs) treatments, as an antimicrobial solu-
tion, were used to find out their effect on MAP. It was
considered that the pretreatments with ozonated water and
antimicrobials, with non-conventional preservation tech-
nologies, could improve the shelf life of minimally pro-
cessed cauliffower (Deng et al. 2015). Cinnamon and
oregano essential oils having anti-microbial action could be
used to improve the shelf life of minimally processed
cauliflower. Ozone has shown potential use for food pro-
cessing and has been declared safe in many countries. The
application of ozone and essential oil for the preservation
of fresh-cut minimally processed vegetables is a recent area
and limited literature of its application on cauliflower is
available. The application of ozonated water to fresh-cut
vegetables for sanitation purposes has extended the shelf
life and reduced microbial populations for different kinds
of vegetables (Sarron et al. 2021). Keeping this in view, the
present research work was undertaken to study the effects
of ozone and antimicrobial pretreatment with perforation
mediated MAP on the shelf life of cauliflower.
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Material and methods
Raw materials

Freshly harvested cauliflower (Brassica oleracea
var. botrytis L.) was received in one batch from the local
market (Bhubaneswar, India) and brought to the laboratory.
The cauliflower samples with leaves were brought from the
trusted local vendor directly from the field according to our
requirement in plastic crates provided with shock-ab-
sorbing cushions to maintain the freshness and quality. The
unwanted leafy portions were separated before further
processing. The cauliflower of combined florets and stem
were sorted into small buds so that they would be easy to
pack and ready to eat. Stems were dissected into upper and
lower regions of almost equal length and width. The sep-
arated buds were washed using potable water and the extra
moisture on the surface was removed using forced air.

Pre-treatments and storage conditions

The three treatments viz. ozonated water, cinnamon, and
oregano essential oils (EOs) were applied. An ozonator
(KENT ozone vegetable purifier) was used to give ozo-
nated water treatment. The samples were treated with
ozonated water for 30 min. The cinnamon and EOs were
used as antimicrobial solutions through the dipping
method. Solutions were prepared by dissolving 10 mL of
oregano essential oil and 10 mL of cinnamon essential oil
separately in 1 L of water. The samples were kept in a
walk-in type cold room (Ozone Biotech, New Delhi) at
4 °C. The cold room was capable of maintaining the
temperature with a variation of £ 1 °C. Samples are drawn
at designated intervals of 7, 14, 21, and 28 days for quality
analysis.

Design of packaging and sample preparation

Commercially available polypropylene (PP) film (thick-
ness: 35 pum) was used for the study. A sealing machine of
hand-operated type (DMT, Impulse sealer, India) was
employed for the preparation of pouches. The package
dimension was kept as 150 x 150 mm? for holding 150 g
cauliflowers. The perforations size was kept uniform by
using small tools equipped with surgical needles of
0.45 mm diameter as shown in Fig. la (Dawange et al.
2016). After the withdrawal of the needle, the perforations
observed on paper were circular, however, rectangular-
shaped perforations were observed on plastic films,
demonstrating contraction of the holes as shown in Fig. 1b
(Dawange et al. 2016). The size of perforations was mea-
sured with a trinocular research microscope (Zeiss,
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Fig. 1 a Images of designed
tools using 0.45 mm diameter
surgical needles with

suitable stoppers, b microscopic
view of the perforation

Primostar, Germany) and the area was calculated. The
average length and width of the perforations on the PP
sheet were 0.126 mm and 0.023 mm, respectively. Thus,
the area of each perforation was taken as 0.002898 mm?
(Dawange et al. 2016).

The number (area) of perforations on packaging films
used for the study was decided based on preliminary
experiments on the resultant gas composition within
packages. The numbers of perforations were kept as 6 and
12 in the packages after preliminary experiments. Thus, the
perforation area was 5.1 x 107% of the packaging area in
case of 6 perforations and 1.02 x 107%% for 12
perforations.

Physiological weight loss (PLW)
The weight of the samples was measured by a digital

weighing balance (Citizen, CY 510, India). Before opening
the sample packages on days of analysis, the weights were

Tool -A

noted and the physiological loss in weight (PLW%) was
determined.

Headspace gas analysis

Prior to opening the packages for physico-chemical anal-
ysis, the headspace oxygen, carbon dioxide, and nitrogen
concentrations within package headspace were measured
by Checkmate II headspace analyzer (PBI Dansensor,
Ringsted, Denmark) as per Ayhan et al. (2008). Headspace
gas in the sample packages was measured by a hypodermic
needle inserted through a septum adhered to the pouches.
Three measurements were taken from three replications
and the mean was taken as the final value.

Texture analysis

The texture analyzer (Model: TA-XT Plus, Make:
Stable Micro Systems, UK) was used to determine the
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cutting force of cauliflower samples by a Warner/Blatzer
(HDP/BS) blade set (Ayhan et al. 2008). Minimally pro-
cessed cauliflower buds of uniform thickness were placed
on the platform of the texture analyzer. The experiments
were operated at a pre-test speed (5.0 mm/s), test speed
(50 mm/min), post-test speed (8.3 mm/s), and penetration
distance (30 mm) as per Simon et al. (2008). Kramer
standard shear cell was used for measurement of texture
with approximately 45 g of cauliflower on the Kramer cell
for each experiment. The maximum shear force was mea-
sured in newton (N) and the shear press displacement speed
was 50 mm/min. The highest value of force was taken as a
measurement for hardness.

pH

Cauliflower samples of 25 g were blended with 25 mL
distilled water (pH 7) using mortar pestle as per Ayhan
et al. (2008). A microprocessor-based pH meter (ESICO-
1013) was used for pH measurement. Three readings from
each sample were recorded and their mean was presented
as final data.

Total soluble solids

Total soluble solids (%) were measured by a refractometer
which measures refractive index (°Brix) as per Ayhan et al.
(2008). A 5 g of caulifiower sample was taken from a
package and blended with 25 mL of distilled water using a
mortar pestle. The mixture was filtered through Whatman
filter paper (#1) for removing suspended solids and to
obtain a clear filtrate. A 3—4 mL filtered sample was placed
on the lens of the pocket refractometer (PAL 3, ATAGO,
Japan).

Ascorbic acid

A titrimetric method was used for the determination of
ascorbic acid using AOAC Official Method 967.21 (AOAC
1999) based on the reduction of 2,6-dichlorophenol
indophenols by ascorbic acid and those based on the
reduction of dehydroascorbic acid with 2,4-dinitrophenyl
hydrazine and expressed as mg 100 g~' fresh weight
(FW).

Total phenolics

Total phenolic content was assessed by the Folin-Ciocalteu
reagent (FCR), and the extract absorbance was measured at
765 nm. FCR is a commercial-grade phenol reagent (Fisher
scientific, product no 35953) which was diluted by 10 times
for the purpose. Colorimetric method using gallic acid was
employed (Singleton and Rossi 1965). In brief, 2 g of
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samples were dissolved in methanol (80%) at room tem-
perature for 15 h on an orbital shaker. After centrifuging
and homogenizing (10,000 rpm for 20 min), the super-
natant was saved and the residue was reextracted twice
with the same procedure. One mL filtered sample and 7 mL
of distilled water were taken. After adding Folin reagent
and saturated sodium carbonate, the extract absorbance was
measured with the UV-visible spectrophotometer (Perkin-
Elmer, Massachusetts, USA). The total phenol content is
stated in terms of milligrams of gallic acid equivalent per
100 g (mg GAE 100 g ') dry weight.

1.2 X 100

100 - M

standard curve,

Phenolic content mg of GAE/100 g =

where X =ppm for sample from
M = Moisture content (%).

Microbiological analysis

Microbiological analysis in terms of the total bacterial
count was studied immediately after the processing, and
during the storage period on days of sample analysis (Si-
mon et al. 2004). Ten grams of cauliflower sample was
homogenized with a mortar pestle. Samples were serially
diluted (1:10) and total aerobic bacteria were enumerated
using the spread plate with nutrient agar (NA) media
incubated at 37 °C for 24 h. On each day of analysis, the
samples were examined and the results were stated in terms
of colony-forming units per gram (CFU g~ ).

Sensory characteristics

A 9-point hedonic scale with a consumer test panel con-
sisting of 9 semi-trained members was employed for the
sensory analysis as per the method described by Alipoor-
fard et al. (2020) with minor modifications. The sensory
attributes included taste, appearance or color, texture, fla-
vor, and overall acceptability of minimally processed
cauliflower. The panelists have evaluated the quality and
ranked each cauliflower sample by using the 9-point
hedonic scale (1 = Dislike Extremely, 2 = Dislike Very
Much, 3 = Dislike Moderately, 4 = Dislike Slightly,
5 = Neither Like Nor Dislike, 6 = Like Slightly, 7 = Like
Moderately, 8 = Like Very Much, 9 = Like Extremely).
For simulating consumers’ acceptability to cauliflower
samples on the shelf of a supermarket, the color/appearance
of samples was observed prior to package opening.

Statistical analysis
The experiments were planned using a completely ran-

domized full factorial design (4 x 2 x 3) with three
replications. The data obtained were analyzed for the
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statistically significant difference at a 5% level of proba-
bility using Analysis of Variance (ANOVA).

To find out the best possible conditions for storage of
cauliffower, the qualitative analyses of the sample were
carried up for 28 days at 7 days intervals. A total of twelve
replicates per treatment (packaging) were included in this
study. At designated intervals (7, 14, 21, and 28 days). The
number (area) of perforations on packaging films used for
the study was decided based on preliminary experiments on
the resultant gas composition within packages. The num-
bers of perforations were kept as 6 and 12 in the packages
after preliminary experiments. Thus, the perforation area
was 5.1 x 107 percent of the packaging area in case of 6
perforations and 1.02 x 10~ percent for 12 perforations.

Results and discussion
Physiological loss in weight (PLW)

The weight loss (%) of minimally processed caulifiower
during the storage period is shown in Fig. 2. It was
observed that the weight loss was almost of the same
magnitude in 6 and 12 perforation packages for untreated
and ozonated water-treated samples. Similarly, the samples
treated with oregano and cinnamon showed almost similar
PLW, which were lower than the untreated and ozonated
water treated samples. In all the cases, the PLW was much
below the permissible limit of 10% and was acceptable.
The loss of moisture by evaporation of water and tran-
spiration affected by the water vapor transmission rate of
the film was the main reason for the loss of sample weight
(Goswami and Mangaraj 2011). However, in the present
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Fig. 2 Variation of physiological loss in weight (PLW) of cauliflower
with storage period. (N6: Untreated- 6 perforation package; O6:
Ozonated water treated- 6 perforation package; AMO 6: Oregano
treated- 6 perforation package; AMC 6: Cinnamon treated- 6
perforation package; N12: Untreated sample- 12 perforation package;
012: Ozonated water treated- 12 perforation package; AMO 12:
Oregano treated- 12 perforation package; AMC 12: Cinnamon
treated- 12 perforation package) (Values are mean of three analy-
ses = standard deviation)

situation, it was observed that the variations in the perfo-
rations did not cause significant differences in the PLW,
indicating that 6 perforations were adequate for the
exchange of moisture released by the cauliflower.

It shows that the minimum PLW of 0.6 £ 0.36% after
21 days was in the case of the cinnamon-treated samples
held in 6 perforation packs. Though, no significant differ-
ence was observed between the 6 and 12 perforation pack
samples treated with cinnamon and oregano. The ozonated
water treated and the untreated samples showed 1-1.3%
PLW after 21 days of storage in the 6 and 12 perforation
packs which were also acceptable.

After 28 days of storage also the cinnamon and oregano
treated samples in 6 and 12 perforation packs showed
lower PLW as compared to the untreated and ozonated
water treated samples (Fig. 2). However, the maximum
PLW for all the treatments was 1.87 £+ 0.2%, which was
much below the permissible limit for the PLW. Oregano
and cinnamon treated samples showed lower PLW, which
could be due to the lower amount of moisture lost by the
caulifiower during the treatment. There was no significant
difference between the PLW of samples treated with ozo-
nated water in 6 and 12 perforation packs and the untreated
sample in 12 perforation packs. The perforations did not
significantly affect the PLW though the effect of the
treatments was marked. A study done on spinach by
Mersinli et al. (2021) reported the weight losses of the
samples were delayed by ozone treatments, but mostly
affected by transpiration from the product surface, respi-
ration rate, and electrolyte leakage.

Headspace gas composition

The changes in concentrations of oxygen (O,) and carbon
dioxide (CO,) in different packages during the storage
period are shown in Fig. 3. It was observed that the oxygen
concentration in all packages constantly decreased during
the experiment. The residual oxygen levels in packages
were higher for packages with more perforations. In the
perforated packages, the concentrations of carbon dioxide
increased steadily due to oxygen consumption and release
of CO,. The responses observed for the accumulation of
carbon dioxide in the packages were just in the opposite
pattern as that of oxygen (Dhalsamant et al. 2015).

The statistical analysis indicated that the minimum
oxygen concentration of 15.0 £ 0.15% was obtained for
samples treated with oregano in 6 perforation package and
the maximum value of 16.8 + 0.24% was for cinnamon
treated samples in 12 perforation packages. No significant
difference was observed between the oxygen concentra-
tions in cinnamon treated samples and samples treated with
ozonated water in 12 perforation packs. The observation on
the 28th day was almost in a similar trend as that on the
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Fig. 3 Variation in a oxygen concentration, b carbon dioxide
concentration in different packages of cauliflower with storage
period. (N6: Untreated- 6 perforation package; O6: Ozonated water
treated- 6 perforation package; AMO 6: Oregano treated- 6 perfora-
tion package; AMC 6: Cinnamon treated- 6 perforation package; N12:
Untreated sample- 12 perforation package; O12: Ozonated water
treated- 12 perforation package; AMO 12: Oregano treated- 12
perforation package; AMC 12: Cinnamon treated- 12 perforation
package) (Values are mean of three analyses + standard deviation)

21st day. There was no significant difference in the O, and
CO, content in packages for treated and untreated samples
for the same perforations.

The reduction in oxygen level below 21%, specifically
below 10% leads to a substantial reduction in respiration
rate. In addition, at a low O, level the ethylene (C,H,4)
production and activities that play a vital part in fruit
ripening can be inhibited (Dash 2015). The lower O, limit
values vary with the commodity, cultivar, and temperature
within 0.15-5%. The classification of commodities has also
been done as per their tolerance to lower O, and higher
CO; concentrations. In general, for most produces 2-5%
0O, and 3-8% CO, levels are considered appropriate (Dash
2015). However, auxiliary controls are required during
storage as the change in O, level inevitably adjusts CO,
level, which may not be the recommended level of CO,
(Dash 2015). In our situation, as the basic objective was to
find a low-cost storage device for on-farm storage and
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distribution of cauliflower, the addition of further active
agents was not considered.

Texture

The shear strength of the cauliflower floret (the lower
portion) and the stem were measured with the help of a
texture analyzer and the observations are shown in Fig. 4.
The initial values of the shear strength were observed to be
33.30 £ 8.70 N and 28.35 £+ 9.79 N for floret and stem,
respectively. It was observed that for untreated and ozo-
nated water treated samples the strength of the caulifiower
floret and stem decreased up to 7 days after which there
was a slight increase, and thereafter it remained almost
constant up to 28 days. The natural aging of the product
could attribute to the decrease in shear strength during the
first 7 days (Simon et al. 2008). Additionally, the loss of
moisture from the product causing dryness could attribute
to the increase of shear strength after the 7th day. The
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Fig. 4 Variation in shear strength (N) of cauliflower a floret, b stem
during the storage period. (N6: Untreated- 6 perforation package; O6:
Ozonated water treated- 6 perforation package; AMO 6: Oregano
treated- 6 perforation package; AMC 6: Cinnamon treated- 6
perforation package; N12: Untreated sample- 12 perforation package;
012: Ozonated water treated- 12 perforation package; AMO 12:
Oregano treated- 12 perforation package; AMC 12: Cinnamon
treated- 12 perforation package) (Values are mean of three analy-
ses =+ standard deviation)
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reduced water loss during storage could attribute to the
observed lower increment in shear strength in MAP packed
caulifiower. The floret (flower) required a higher force for
cutting as compared to the stem for all untreated and
treated samples.

The higher shear strength of the samples indicates that
they were more elastic, which would not be acceptable to
the consumers, thus the lower shear strength would be
preferred. In terms of textural attributes, the untreated
samples with 6 perforations were the best ones having the
values of 22.41 + 5.24 N after 21 days of storage. How-
ever, no significant difference was observed between the
untreated samples and samples treated with ozonated water
in 6 and 12 perforation packages. Similarly, Gao et al.
(2014) observed a reduction in firmness from 17.32 N to
13 N after 16 days of storage at 4 °C.

After 28 days, the minimum shear strength of
20.40 + 4.02 N was detected for the florets in 6 perfora-
tion packs untreated samples and for the stems, the mini-
mum value was 15.44 £+ 2.54 N for the ozonated water
treated samples in 12 perforation packs. However, as
mentioned above, no significant difference was observed
between the untreated and samples treated with ozonated
water in 6 and 12 perforation packs for both flowers and
stems. The effects of change in perforations were not sig-
nificant from the statistical analysis though there was a
difference with the pretreatments. The untreated and ozo-
nated water treated samples required minimum shear force
while oregano and cinnamon treated samples required the
maximum force. The retention of moisture in both oregano
and cinnamon-treated samples made them chewy. Due to
its chewiness, the texture was changed and ultimately
higher force was required.

pH

The initial value of the pH was observed to be 6.8 £ 0.26.
The pH of the samples usually decreased during the storage
period, though the pattern of decrease was not uniform.
The minimum value of pH was detected in the samples
treated with the oregano, followed by the cinnamon treated
samples as shown in Fig. 5a. The pH in these treated
samples for both 6 and 12 perforation packages ranged
between 6.0 = 0.26 and 6.5 & 0.30 after 21 days. The
untreated and ozonated water treated samples in both per-
foration conditions ranged between 6.6 = 0.20 and
6.7 = 0.21.

After 28 days of storage also the oregano and cinnamon
treated samples showed minimum pH values which ranged
between 5.4 + 0.36 and 5.67 £ 0.57. The untreated and
ozonated water treated samples had a pH in between
5.9 £ 0.69 and 6.20 + 0.36 after 28 days of storage. The
statistical analysis also revealed that the perforation areas

did not significantly affect the difference in pH of the
samples.

Total soluble solids (TSS)

Figure 5b shows changes in total soluble solids (TSS) of
cauliflower during the storage period. The initial value of
the TSS was observed to be 5.1 + 0.62°Brix. The TSS of
the cauliflower samples were observed to have increased
slightly during the storage, though the trend was not very
similar for all samples. The untreated and ozonated water
treated samples in both 6 and 12 perforation packs showed
a decrease in the TSS values, whereas the samples treated
with the cinnamon and oregano showed an increase in TSS
values. The reason could not be explained. There was not
much variation in the TSS values of untreated and ozonated
water treated samples in both 6 and 12 perforations.

After 21 days, the samples treated with oregano in 6
perforation packs showed the maximum TSS, which was
5.73 £ 0.21°B and it was not significantly different from
the 12 perforation packs. The ozonated water treated
samples had the minimum TSS in both 6 and 12 perforation
packs. The trend of change of TSS was also the same for
the observations on the 28" day. The ozonated water
treated sample in 12 perforation packs showed the mini-
mum TSS (4.3 + 0.40°B), which was not significantly
different from the samples stored in 6 perforation packs.

The use of sugar as a respiration substrate could have
been the cause for the decrease in sugars during storage.
The polypropylene film and non-perforated PVC film cre-
ating the modified atmospheres may affect the respiration
rate reducing the decrease in sugar as compared to perfo-
rated PVC film (Mertens and Tranggono 1989). On the
contrary, Hodges et al. (2006) have reported the atmo-
sphere with 3% O, and 5% CO, does not affect the sugar
content.

Ascorbic acid

The initial value of the ascorbic acid in the caulifiower
samples was 55.58 £ 5.74 mg 100 g~ '. It was observed
that the untreated samples and samples treated with ozo-
nated water had better retention of ascorbic acid, which
was much higher than the oregano and cinnamon treated
samples as shown in Fig. 5c. After 21 days of storage, the
ozonated water treated samples in 6 perforation packs
showed the highest retention of ascorbic acid which was
42.5 + 4.4 mg 100 g~'. However, it was not significantly
different from the untreated sample in 6 and 12 perforation
packs and the ozonated water treated samples in 12 per-
foration packs. A remarkable reduction in the ascorbic acid
content was observed in the samples treated with cinnamon
and oregano.
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Fig. 5 Variation in a pH, b TSS, ¢ ascorbic acid, d total phenol
content of cauliflower during the storage period. (N6: Untreated- 6
perforation package; O6: Ozonated water treated- 6 perforation
package; AMO 6: Oregano treated- 6 perforation package; AMC 6:
Cinnamon treated- 6 perforation package; N12: Untreated sample- 12

The maximum ascorbic acid retention of 36 + 2.6 mg
100 g~! was observed in the case of ozonated water treated
sample in 12 perforation packs after 28 days of storage.
These results are very close with the ascorbic content of
39-36.94 mg 100 g~ reported by Mashabela et al. (2019)
for fresh-cut cauliflower stored in MAP. Ascorbic acid
content was not significantly different from ozonated water
treated sample in 6 perforation pack and the untreated
sample in 12 perforation packs. The ascorbic acid content
in the cinnamon and oregano treated samples were much
lower as compared to the untreated and ozonated water
treated samples. The cruciferous vegetables show higher
ascorbic acid retention and vitamin C loss during veg-
etable storage depends on the vegetable type (Lee and
Kader 2000). An ascorbic acid retention level of 96.8% in
cauliffower stored for 3 weeks at 2 °C was reported by
Albrecht et al. (1990). However, in our case, the retention
was 76%, which might have been due to the higher tem-
perature during storage and the perforation and treatment.
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perforation package; O12: Ozonated water treated- 12 perforation
package; AMO 12: Oregano treated- 12 perforation package; AMC
12: Cinnamon treated- 12 perforation package) (Values are mean of
three analyses £ standard deviation)

Total phenols

The total phenol content gradually decreased during the
storage period as shown in Fig. 5d. The initial phenol
content of the samples was 504.33 & 9.07 mg GAE
100 g~'. After 21 days of storage, the maximum total
phenol was in the case of untreated samples in 12 perfo-
ration packs, which was 264 + 21.17 mg GAE 100 g~ ".
The total phenol content of the sample was not significantly
different from that of the ozonated water treated samples in
12 perforation packs.

Similarly, after 28 days of storage, the ozonated water
treated samples in 12 perforation packs showed
252.73 4+ 30.8 mg GAE 100 g~ total phenols and it was
not significantly different from untreated samples in 12
perforation packs. The obtained results are nearly equal to
the Olive kernel reported 255 mg GAE 100 g~' (Rosello-
Soto et al. 2015). It was observed that the oregano and
cinnamon treated samples showed much lower total phe-
nols in comparison to the untreated and samples treated
with ozonated water. The total phenols of cauliflower in
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packages were not significantly affected by the number of
perforations.

Total bacteria count

Microbiological control is vital in fruits and vegetables for
avoiding poisoning of food and other health risks. Cha-
turvedi et al. (2013) have reported that pathogenic
microorganism contamination of vegetables is possible
during their growth in field, harvesting, post-harvesting
practices, and distribution. Thus, host/consumers are sus-
ceptible to infections from vegetables due to the colo-
nization of microorganisms in them. In our experiment,
low initial mesophiles count ie. 2.94 log CFU g~' in
cauliffower was observed, which was slightly more the
value reported by Simon et al. (2008) i.e. 2.76 log CFU
g~ ! and lower than the count reported by Berrang et al.
(1990) i.e. 5 log CFU g~', although a mesophile count
between 3.6-5.4 log CFU g~ for packed cauliflower was
reported by Garg et al. (1990).

After 21 days of storage, a minimum of 3.7 + 0.16 log
CFU g ! and 3.8 + 0.22 log CFU g~ ' were found in
ozonated and cinnamon treated samples for 6 and 12 per-
foration packs, respectively. The total bacteria count of the
28th day was slightly increased as compared to the 21st
day of storage. Figure 6 shows the total bacterial load in
the samples on the 28th day of storage. The maximum
colonies were observed as 6.9 + 0.08 log CFU g~ and
6.7 &+ 0.14 log CFU g~ for the untreated samples in 12
and 6 perforations, respectively. The ozonated water
treated samples in 06 perforation packs showed 4.9 £ 0.22
log CFU g' and that for 12 perforation packs was

8 -

7 m2]st day ®28th day
—~ 6
20
S
9
O 4
on
2 3
Q2
m
=

0

Untreated Ozonated water | Oregano treated [Cinnamon treated
treated

Fig. 6 Change in total bacterial counts of cauliflower after 28 days
of storage. (N6: Untreated- 6 perforation package; O6: Ozonated
water treated- 6 perforation package; AMO 6: Oregano treated- 6
perforation package; AMC 6: Cinnamon treated- 6 perforation
package; N12: Untreated sample- 12 perforation package; O12:
Ozonated water treated- 12 perforation package; AMO 12: Oregano
treated- 12 perforation package; AMC 12: Cinnamon treated- 12
perforation package) (Values are mean of three analyses + standard
deviation)

Table 1 Sensory analysis of cauliflower after 21 and 28 days of storage

Overall acceptability

Color Flavor Texture

Taste

Package

Treatment

28 days 21 days 28 days 21 days 28 days 21 days 28 days 21 days 28 days

21 days

perforations

72 +£043® 78 +£042° 7.1+ 040° 73 +026° 74035 744+025° 7+035°  7.8+£022"® 7.6+ 029°

7.4 + 0.40%°

06

Ozonated

water

7.9 £ 0.42%

7.5 £0.30° 8.0+040° 74+025" 7.7+060° 72+026" 7.8+0.51* 7.5+049" 8 +£0.51*

7.7 £ 0.52*

12

Ozonated

water
Untreated
Untreated

7 4 0.55¢
7.2 4 0.49

7.5 4+ 0.29°
7.7 + 0.46°

6.9 + 0.51°

7.2 + 0.28°
74 + 0.52°
6+ 0.51°
59 + 041
5.7 +0.36 ¢

5.5+ 0.15¢

6.8 &+ 0.55"
6.9 + 0.4°

7 4+ 0.38°
7.3 4 0.64°

6.3 £ 0.25°

6.6 + 0.22°

7.1 £+ 038"
7.4 £+ 0.49°

6.9 + 0.28°

7.1 + 0.42°
7.5 + 0.64°

6.3 £ 0.40°

06
12
06

7.2 4 0.49%
54+ 035

5.7 £ 0.49°

6.7 &+ 0.48°
5.4 4 0.40°

7 + 0.64°
6.1 £ 0.43°
5.8 +0.48 ¢
5.6 + 0.33%

5.4 £ 0.22°

5+ 0379
5.2 + 0519

5+ 0.22¢
5.5 4+ 0.50°

54 + 0354

6 + 0.42°
57 £031

Oregano

5.8 £ 0.37°

6.1 £ 0.28°

53 +£025%
51+012¢

5.1 £ 0314

6.1 £052
5.8 + 0.25%
5.7 +£0.22°

12
06

Oregano

3.8 + 0.66°

43 £ 041°

5.1 £ 0.16%

5.1 £ 0.16%

5.6 + 0.329

5.6 + 0.234
5.5 £ 0304

Cinnamon

4 +0.27°

45+ 0.5°

5+ 0.33°

5+ 0.33°

5.7 + 0224

12

Cinnamon

abedepeans in the same column with different letters represent significant differences (p < 0.05)
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5.2 4 0.08 log CFU g~'. These were lower than the
untreated sample. A total microbial counts of 5 log CFU
g~ ! was seen in cauliflower packaged in perforated film,
whereas the recommended limit is 8 log CFU g~ (Lic-
ciardello et al. 2012).

The value of TBC in oregano treated samples was
slightly more than cinnamon treated samples. Lopez et al.
(2007) reported that for a relatively resistant gram-nega-
tive, the thyme and cinnamon EOs generally had a higher
minimum inhibitory concentration (MICs) than the ore-
gano EO. These higher initial counts or contamination
during processing could have been the reason for higher
counts observed in the packed cauliflower. Additionally, a
slight difference was observed in 6 and 12 perforation
packs in all treatments.

Sensory analysis

The sensory evaluation of the samples was conducted on
the 21% day and 28th day in terms of taste, color, flavor,
texture, and overall acceptability. The quality was judged
by the consumer panel team consisting of nine members.
The samples were rated on a nine-point hedonic scale as
shown in Table 1. It was observed that the samples treated
with ozonated water in 12 perforation packs received the
highest score followed by 6 perforations. No significant
difference was observed between the 6 and 12 perforation
packs for individual treatments for all the quality param-
eters. The minimum scores were obtained by the samples
treated with cinnamon and oregano as there was a foul
smell from the stored products. Tirkey et al. (2014) also
reported similar results with fresh-cut unripe papaya in
MAP storage.

Given the sensory and other parameters it is suggested to
store the cauliflower after treating it with ozonated water
for 30 min in 12 perforation packs (area 1.02 x 107% of
the total package surface area). The minimally processed
cauliflower stored by such means can be stored for about
4 weeks to acceptable consumer preference.

Conclusion

From the current research, it was concluded that fresh-cut
cauliflower pretreated with ozonated water for 30 min
followed by packing in 35 pm PP pouches with 12 perfo-
rations (1.02 x 10™% perforated area) gained maximum
sensory acceptability when stored at 4 °C. The pretreat-
ment with perforation mediated MAP helped in enhancing
the shelf life of minimally processed caulifliower for
28 days without any significant reduction in essential
quality attributes with retaining maximum ascorbic acid
content of 36 + 2.6 mg 100 g~ and total phenols content

@ Springer

of 252.73 4+ 30.8 mg GAE 100 g_l. Thus, it could be
inferred that ozonated water can be a promising treatment
in improving the shelf-life of minimally processed cauli-
flower under perforation-mediated modified atmosphere
packaging.
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