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Abstract

Capsicum is an important vegetable crop and rich source
of vitamin C. However, it has limited shelf life of 5-7
days at ambient storage temperature. Shelf life and quality
attributes in capsicum was studied with different dilutions
of carnauba wax emulsion (3.7-4.8 %). Maximum
sensory score (7.0-7.5) for flavor and texture sensory
score was obtained for 15-20 days at room temperature
and 30-35 days of refrigerated storage having dilution
of 3.7-4.0% carnauba wax emulsion.  Minimum
physiological loss in weight of 1.23-1.62% and from
1.39-1.61% was obtained with 3.7 % carnauba wax
dilution after 30-35 days of refrigerated and 15-20 days
of room temperature, respectively. The hardness value
in 3.7 % level of carnauba wax dilution in capsicum
decreased to 5.0-12.3% and from 17.25-21.8% after
15-20 days at room temperature and 30-35 days at
refrigerated storage temperature, respectively. Similarly
ascorbic acid in capsicum also decreased to 6.78-10.22%
and from 9.95-12.45% having 3.7% carnauba wax
dilution after 15-20 days of room temperature and 30-
35 days of refrigerated storage, respectively.
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Introduction

Capsicum or bell pepper (Capsicum annuum L.)  is  an
annual herbaceous vegetable crop which belongs to the
family Solanaceae. It is one of the most popular and
high valued crop worldwide and specially grown in
tropical and subtropical parts of the world (Lim et al.
2007) and is commonly known as capsicum (Mahadu
and Ranganna  2010). It is produced throughout the

world for fresh market consumption. Its consumption
is gaining popularity mainly due to its availability in wide
variety of colours, shapes and sizes and its characteristic
flavour (Frank et al. 2001). Pepper is richest sources of
vitamins, especially A and C and is low in calorie (Howard
et al. 1994). Bell pepper is a highly perishable vegetable
and needs appropriate handling and adequate care to
maintain shelf-life and quality. Edible coating, which are
defined as thin layers of wax or other material applied to
the surface of a food, have been used for over 800 years.
Records dated as early as the 12th and 13th centuries
showed that wax coatings were applied to citrus fruits
in China (Hardenburg 1967). Such coatings decreased
the availability of oxygen to the fruit and therefore induced
fermentation. In the United State, wax coatings have
been used commercially since 1930’s when oranges were
coated with melted paraffin waxes (Kaplan 1986). These
coatings were used to reduce post harvest water loss.
Later, coatings were used to create the appearance of a
glossy skin. More recently; coatings have been used to
preserved attributes associated with fruit and vegetable
quality, as well as increased shelf life (Kester and
Fennema 1986).

Various waxes and edible coatings made from proteins,
polysaccharides and various combinations of these
products have been used on many other fruit and
vegetable commodities as well as for other food
applications including nuts, and meat products (Kester
and Fennema 1986). Such coatings have been used to
reduce the moisture loss and surface wounding, as well
as to reduce a variety of diseases in apple varieties
(Hardenburg 1967; Kester and Fennema 1986). Wax
coatings retarded respiration, inhibited oxygen supply
and increased carbon dioxide content within apple and
pear fruit (Smock 1935). Earlier research studies showed
that edible coated apples had decreased diffusion of gases
across the skin, increased internal carbon dioxide,
reduced internal oxygen, reduced the rate of respiration
and delayed ripening changes (Trout et al. 1942).
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Preservation of fruits and vegetables involves creation
of modified atmosphere surrounding the product.
Modified atmosphere can serve several purposes,
including reducing oxygen availability and increasing the
fruit or vegetable’s internal carbon dioxide concentration
(Smith et al. 1987). Modified atmospheres created by
coatings are produced by the physical trapping of carbon
dioxide gas within the fruit tissues during respiration.
For example, coating bell peppers resulted in increased
internal levels of carbon dioxide and decreased
concentrations of oxygen (Lerdthanangkul and Krochta
1996). The increased levels of carbon dioxide have been
shown to lower respiration rates, and therefore delay
senescence. In addition, coating may have different
levels of permeability to oxygen. Decreased oxygen
permeability can also serve to reduce respiration and
increase shelf life.

In addition to reducing respiration rates, coating also
act as hydrophobic barriers and therefore prevent water
loss from transpiration. Such a feature is highly desirable
for fruit and vegetable commodities. Water loss can lead
to decreased turgor pressure which results in shriveling
and wilting, both of which render produce not saleable
(Kester and Fennema 1986). Coatings successfully
reduce weight loss in green peppers, zucchini and
cucumber (Hebeebunnisa et al. 1963). Other quality
improvements related to edible coatings include slower
softening and texture changes, as well as increased colour
retention, all of which have been demonstrated on green
bell peppers (Lerdthanangkul and Krochta 1996,
Habeebunnisa et al. 1963).  Recent studies on eggplant
with carnauba wax based edible coating significantly
increased the shelf life to 7-8 days during ambient storage
in both packaged and unpackaged polypropylene
pouches (Singh et al. 2016). In view of greater
advantages of carnauba wax based edible coating on
fruits and vegetables, the present investigation has been
carried out to establish the exact concentration of
carnauba wax suitable for extending the shelf life and
quality retention in capsicum.

Materials and Methods

The experiment was conducted at the Indian Institute
of vegetable Research, Varanasi. The experiment was
conducted in CRD with three replications. Fresh
capsicum fruits were purchased from the local market
of Varanasi. During study, Carnauba wax emulsion was
manufactured with the process of making emulsion with
varying levels (7.5-10.0%) of oleic acid and addition of
hot water (80-100oC). The emulsion contained 7.7%
wax level in carnauba wax emulsion is presented in (Fig.
1). Carnauba wax emulsion was diluted with hot water
(20-100%) as a result the wax level was reduced from

5.2-3.7%. Different diluted carnauba wax emulsion with
water was sprayed evenly with sprayer and wax treated
capsicum fruits were kept at room temperature for
solidification of wax and fruits were weighed and
packaged in polypropylene pouches (15Î13 cm) of
thickness 14.5 gauge and sealing with hand sealer. After
packing of wax treated capsicum fruits in polyethylene,
pouches were stored at room temperature (27-33 oC)
and at 10 oC (Refrigerated condition). The observations
of storage parameter were recorded 5 days of interval.
Physiological loss in weight was calculated after every
2 days of storage using the formula (A-B)/AX100, where
A is weight just before storage and B is after specific
storage.

Sensory evaluation: A panel of 10 trained judges was
set up to evaluate carnauba wax coated capsicum for
overall acceptability with regards to flavor, color and
appearance and body and texture on 9-point hedonic
scale as per the method (Lawless and Haymann 1988).

Physico-chemical analysis: The physico-chemical
parameters such as moisture content and ascorbic acid
content were analyzed initially and at the interval of 5
days of refrigerated storage and room temperature using
standard analytical method (Ranganna 1997).

Texture profile analysis: Texture profile analysis
(hardness) of carnauba wax coated samples were studied
using TA-XT2i (Stable Micro System, UK) Texture
Analyzer fitted with a 50 kg load cell using Needle probe
stainless steel P/2N having pre-test speed of 2 mm/sec,
test speed of 1 mm/sec and post-test speed of 1 mm/
sec.

Statistical analysis: The data generated during the study
was analyzed using Design expert version 7.0 which
was analyzed using IBM SPSS Statistics Version 20.

Carnauba wax (10g)


Melting (80-90oC)


Addition of oleic acid (7.5-10% of carnauba wax)


Stirring with hand at high speed and addition of 50-100 ml of
hot water (75-85oC)


Addition of 20% NaOH (1.5-2.0 ml; pH 8-12)


Addition of 1% acetic acid (10-15 ml; pH 7-8)


Addition of 50 ml of hot water (75-85oC)


Filtration with strainer


Addition of 20-35 ml of hot water (75-85oC)


Wax emulsion (7.7%)

Fig. 1: Process for manufacture of carnauba wax emulsion
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Results and Discussion

Changes in mean flavour score of carnauba wax
coated capsicum during storage: The flavour score
in carnauba wax treated capsicum decreased during
storage at room temperature (27-33oC) as well as at
low temperature (10oC). The carnauba wax diluted to
4.0 % and 3.7% wax level exhibited maximum (8.5)
flavour score at low room temperature which decreased
to 6.0 and 6.5 after storage for 40 and 60 days,
respectively (Table 1). The carnauba wax treated
capsicum fruits with wax level of 4.0% and 3.7% were
spoiled after 40 days of storage at room temperature
(Table 1). Control capsicum fruits without wax coating
had the acceptability for flavor score of 6.0 and 5.0
after 25 days and after 50 days during storage at room
temperature and low temperature, respectively. It is
evident from Table 1 that maximum flavor score was
obtained for wax dilution to 4.0 % and 3.7% while the
flavor score was least for carnauba wax treated
capsicum with wax dilution of 4.8% as wax level. The
analysis of variance studies had shown that storage
periods, carnauba wax dilutions, interaction of storage
period and dilution and interaction of storage period and
replication had significant (P<0.001, CD :I0.12, D0.16,
IxD0.08, IxD0.09  at room temperature and P<0.001, CD:I0.07,
D0.12, IxD0.06,  IxD0.06  at low temperature) changes in the
flavour score of carnauba wax coated capsicum fruits
during storage for 60 days (Table 1).

Changes in mean body and texture score of
carnauba wax coated capsicum during storage: The
body and texture score in carnauba wax treated
capsicum was decreased during storage at room
temperature (27-33oC) and at low temperature (10oC).
The carnauba wax diluted to 3.7% wax level exhibited
maximum body and texture response at room
temperature as well as at low temperature (Table 2).

The carnauba wax treated capsicum with wax level of
3.7% had the maximum body and texture score of 6.5
after storage for 60 days at low temperature (10oC)
while the carnauba wax treated capsicum with wax level
of 3.7% were spoiled after 40 days of storage at room
temperature (Table 2). Control capsicum fruits without
wax coating had the acceptability for body and texture
score of 6.0 and 5.0 after 25 and 50 days during storage
at room temperature and at low temperature,
respectively. It is evident from Table 2 that maximum
body and texture score was obtained for wax dilution
of 3.7% while the body and texture score was least for
carnauba wax treated capsicum with wax dilution of
4.8% as wax level. The analysis of variance studies had
shown that storage periods, carnauba wax dilutions,
interaction of storage period and dilution and interaction
of storage period and replication had significant
(P<0.001, CD :I0.10, D0.13, IxD0.07, IxD0.08  at room
temperature and P<0.001, CD :I0.06, D0.10, IxD0.05,  IxD0.05
low temperature) changes of body and texture score of
carnauba wax coated capsicum fruits during storage
for 60 days (Table 2).

Changes in mean physiological loss in weight of
carnauba wax coated capsicum during storage: The
mean physiological loss in weight (%) in carnauba wax
treated capsicum increased during storage at room
temperature (27-33oC) and at low temperature (10oC).
The carnauba wax diluted to 3.7% wax level exhibited
minimum physiological loss in weight (%) at room
temperature as well as at low temperature (Table 3).
The carnauba wax treated capsicum with wax level of
3.7 % had the minimum physiological loss in weight
(%) of 3.02 after storage for 60 days at low temperature
(10oC) while the carnauba wax treated capsicum with
wax level of 3.7% were spoiled after 40 days of storage
at room temperature (Table 3). Control capsicum fruits
without wax coating had the acceptability of

Table 1: Change in mean flavor score of carnauba wax coated capsicum during storage
Days 

Sample Temp oC 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control 8.5 8.0 7.0 7.0 6.5 6.0 S S S S S S S 
4.8 8.5 8.0 7.5 7.5 7.0 6.5 5.5 5.5 S S S S S 
4.3 8.5 8.0 7.5 7.5 7.0 6.5 6.0 6.0 5.5 S S S S 
4.0 8.5 8.0 8.0 7.5 7.0 6.5 6.5 6.5 6.0 S S S S 
3.7 

27-33 

8.5 8.5 8.0 7.5 7.0 6.5 6.5 6.5 6.0 S S S S 
Control 8.5 8.5 8.0 8.0 7.5 7.0 7.0 6.5 6.5 5.0 5.0 S S 

4.8 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.0 6.5 6.5 6.0 6.0 
4.3 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.5 7.5 6.5 6.0 6.0 
4.0 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.0 7.0 7.0 6.5 6.5 
3.7 

10 

8.5 8.5 8.5 8.5 8.5 8.0 7.5 7.5 7.5 7.5 6.5 6.5 6.5 
P<0.001, CD :I0.12, D0.16, IxD0.08, IxD0.09  at room temperature 

 P<0.001, CD :I0.07, D0.12, IxD0.06,  IxD0.06  low temperature 
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physiological loss in weight (%) score of 3.86 and 6.78
after 25 days and after 50 days during storage at room
temperature and low temperature, respectively. It is
evident from (Table 3) that minimum physiological loss
in weight (%) score was obtained for wax dilution of
3.7 % while the physiological loss in weight (%)  score
was maximum for carnauba wax treated capsicum with
wax dilution of 4.8% as wax level. Afolabi and Sunmola
(2009) studied the effects of jojoba wax, soy bean gum,
Arabic gum, glycerol as edible coatings on apple fruits
and water loss percentage during storage at 0oC and
90% RH upto 60 days of storage was studied and similar
to our observations, maximum (5.82%) water loss
percentage was obtained in control apple fruits while
soybean oil and jojoba wax coated apple fruits contained
minimum 3.0 and 3.11% water loss percentage during
storage for 60 days.

The analysis of variance studies had shown that storage
periods, carnauba wax dilutions, interaction of storage
period and dilution and interaction of storage period and
replication had significant (P<0.001, CD :I0.03, D0.03,

IxD0.02, IxD0.02  at room temperature and  P<0.001, CD
:I0.03, D0.04, IxD0.02,  IxD0.02  low temperature ) changes of
physiological loss in weight (%) of carnauba wax coated
capsicum fruits during storage for 60 days (Table 3).

Changes in mean green colour (a-value) of carnauba
wax coated capsicum during storage: The mean green
colour (a-value) in carnauba wax treated capsicum
increased during storage at room temperature (27-33oC)
and at low temperature (10oC). The carnauba wax diluted
to 3.7% wax level exhibited maximum green colour (a-
value) response at room temperature as well as low
temperature (Table 4). The carnauba wax treated
capsicum with wax level of 3.7% had the maximum
green colour (a-value) of -0.18 after storage for 60 days
at low temperature (10oC) while the carnauba wax
treated capsicum with wax level of 3.7% were spoiled
after 40 days of storage at room temperature. Control
capsicum fruits without wax coating had the
acceptability for green colour (a-value) of 1.22 and -
0.24 after 25 days and after 50 days during storage at
room temperature and at low temperature, respectively.

Days 
Sample Temp (oC) 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control 8.5 8.0 7.0 7.0 6.5 6.0 S S S S S S S 

4.8 8.5 8.0 7.0 7.0 6.5 6.5 5.0 5.0 S S S S S 
4.3 8.5 8.0 7.5 7.5 7.0 6.5 5.5 5.5 5.0 S S S S 
4.0 8.5 8.0 7.5 7.5 7.0 6.5 6.0 6.0 5.5 S S S S 
3.7 

27-33 

8.5 8.5 8.0 7.0 7.0 6.5 6.5 6.5 6.0 S S S S 
Control 8.5 8.5 8.0 8.0 7.5 7.0 7.0 6.5 6.5 5.5 5.0 S S 

4.8 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.0 7.0 6.5 6.0 6.0 
4.3 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.0 7.0 6.5 6.0 6.0 
4.0 8.5 8.5 8.5 8.5 8.0 8.0 7.5 7.5 7.5 7.0 6.5 6.5 6.5 
3.7 

10 

8.5 8.5 8.5 8.5 8.5 8.0 7.5 7.5 7.5 7.5 7.0 6.5 6.5 
P<0.001, CD :I0.10, D0.13, IxD0.07, IxD0.08  at room temperature 

 P<0.001, CD :I0.06, D0.10, IxD0.05,  IxD0.05  low temperature 
 

Table 2: Change in mean body and texture score of carnauba wax coated carrot during storage

Table 3: Change in mean physiological loss in weight (%) score of carnauba wax coated capsicum during storage

Days 
Sample Temp (oC) 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control 0.00 1.84 2.24 2.52 2.95 3.86 S S S S S S S 

4.8 0.00 0.81 1.81 2.42 2.82 3.56 3.78 4.51 S S S S S 
4.3 0.00 0.74 1.44 1.48 2.16 3.01 3.35 3.63 3.85 S S S S 
4.0 0.00 0.71 1.31 1.43 1.79 2.91 3.13 3.36 4.48 S S S S 
3.7 

27-33 

0.00 0.69 1.02 1.39 1.61 2.38 3.18 3.21 3.99 S S S S 
Control 0.00 1.32 1.70 2.27 2.38 2.62 2.82 3.65 4.28 6.18 6.78 S S 

4.8 0.00 0.80 1.25 1.27 1.61 1.90 2.47 2.89 3.85 4.35 4.95 5.55 6.15 
4.3 0.00 0.73 0.78 0.93 1.12 1.43 1.59 2.20 3.32 3.52 3.82 4.07 4.37 
4.0 0.00 0.64 0.72 0.82 0.89 1.23 1.48 1.81 3.02 3.32 3.57 3.97 4.22 
3.7 

10 

0.00 0.63 0.70 0.78 0.79 1.12 1.23 1.62 1.92 2.17 2.42 2.72 3.02 
P<0.001, CD :I0.03, D0.03, IxD0.02, IxD0.02  at room temperature 

 P<0.001, CD :I0.03, D0.04, IxD0.02,  IxD0.02  low temperature 
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It is evident from (Table 4) that maximum green colour
(a-value) was obtained for wax dilution of 3.7% while
the green colour (a-value) was minimum for carnauba
wax treated capsicum with wax dilution of 4.8% as
wax level. The analysis of variance studies had shown
that storage periods, carnauba wax dilutions, interaction
of storage period and dilution and interaction of storage
period and replication had significant (P<0.001, CD :I0.12,
D0.15, IxD0.08, IxR0.09  at room temperature and P<0.001,
CD :I0.05, D0.09, D0.09,  IxD0.04  low temperature) changes in
green colour (a-value) of carnauba wax coated capsicum
fruits during storage for 60 days (Table 4).

Changes in mean hardness of carnauba wax coated
capsicum during storage: Fresh firmness is one of
the most important parameters as regards to consumer
acceptance and acceptability of fruits and vegetables.
The mean hardness (g) in carnauba wax treated
capsicum was decreased during storage at room
temperature (27-33oC) and at low temperature (10oC).
The carnauba wax diluted 3.7% wax level exhibited
maximum hardness (g) at room temperature as well as
at low temperature (Table 5). The carnauba wax treated
capsicum with wax level of 3.7 % had the maximum
hardness of 280.70 g after storage of 60 days at low
temperature (10oC) while the carnauba wax treated
capsicum with wax level of 3.7% were spoiled after 40
days of storage at room temperature (Table 5). Control
capsicum fruits without wax coating had shown
minimum hardness (212.11 and 160 g) after 25 days
and after 50 days during storage at room temperature
and at low temperature, respectively. It is evident from
Table 5 that maximum hardness in carnauba wax
capsicum samples coated with wax dilution of 3.7%
while the minimum force was reflected in carnauba wax
treated capsicum with wax dilution of 4%. El-Anany et
al (2009) supported our findings and reported that

firmness level was significantly (P<0.05) decreased with
storage time in both edible coated and uncoated apple
samples. Control apple fruits had the lowest (P<0.05)
firmness (3.95 kg cm-2) while apple coated with jojoba
wax, paraffin oil, soygum and glycerol retained the
highest (P<0.05) firmness (4.94, 4.96, 4.95, 4.94, kg
cm-2, respectively). The analysis of variance studies had
shown that storage periods, carnauba wax dilutions,
interaction of storage period and dilution and interaction
of storage period and replication had significant
(P<0.001, CD :I3.27, D4.18, IxD2.30, IxR2.51  at room
temperature and P<0.001, CD :I1.01, D1.62, IxD0.77,  IxR0.82
atlow temperature) changes in hardness of carnauba
wax coated capsicum fruits during storage for 60 days
(Table5).

Changes in mean moisture content of carnauba wax
coated capsicum during storage: The mean moisture
content (%) score in carnauba wax treated capsicum
decreased during storage at room temperature (27-33oC)
and at low temperature (10oC). The carnauba wax diluted
to 3.7% wax level exhibited maximum moisture content
at room temperature as well as at low temperature
(Table 6). The carnauba wax treated capsicum with
wax level of 3.7% had the maximum (89.53%) moisture
content after 60 days of storage at low temperature
(10oC) while the carnauba wax treated capsicum with
wax level 3.7% were spoiled after 40 days of storage at
room temperature (Table 6). Control capsicum fruits
without wax coating had the moisture content (%) of
92.96 and 87.28 after 25 and 50 days of storage at
room temperature and at low temperature, respectively.
It is evident from Table 6 that maximum moisture content
(%) was obtained for wax dilution of 3.7% while the
moisture content (%) was minimum for carnauba wax
treated capsicum after 4.8% wax dilution.  Chien et al.
(2005) also reported that higher loss in uncoated fruits

Table 4: Change in mean green colour (a-value) score of carnauba wax coated capsicum during storage
Days 

Sample Temp (oC) 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control -1.42 -1.30 -0.95 -0.65 0.35 1.22 S S S S S S S 

4.8 -0.9 -0.72 -0.38 -0.13 0.45 0.66 0.89 1.38 S S S S S 
4.3 -1.18 -0.91 -0.50 -0.28 0.12 0.31 0.44 0.89 1.25 S S S S 
4.0 -1.25 -1.07 -0.61 -0.36 -0.11 0.19 0.26 0.62 0.93 S S S S 
3.7 

27-33 

-1.32 -1.20 -0.73 -0.52 -0.32 -0.12 0.13 0.40 0.84 S S S S 
Control -1.42 -1.30 -1.21 -1.09 -0.95 -0.82 -0.70 -0.61 -0.50 -0.28 -0.24 S S 

4.8 -1.02 -0.99 -0.95 -0.87 -0.75 -0.6 -0.48 -0.39 -0.28 -0.2 -0.11 -0.06 -0.02 
4.3 -1.18 -1.14 -1.05 -0.93 -0.79 -0.66 -0.54 -0.45 -0.34 -0.26 -0.17 -0.12 -0.08 
4.0 -1.25 -1.18 -1.09 -0.97 -0.83 -0.7 -0.58 -0.49 -0.38 -0.30 -0.21 -0.16 -0.12 
3.7 

10 

-1.32 -1.24 -1.15 -1.03 -0.89 -0.76 -0.64 -0.55 -0.44 -0.36 -0.27 -0.22 -0.18 
P<0.001, CD :I0.12, D0.15, IxD0.08, IxR0.09at room temperature 

 P<0.001, CD :I0.05, D0.09, D0.09,  IxD0.04low temperature 
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can be attributed due to higher respiration and
transpiration rate during storage.

The analysis of variance studies had shown that storage
periods, carnauba wax dilutions and interaction of
storage period and replication had significant (P<0.001,
CD :IxR0.82  at room temperature and P<0.001, CD :I0.53,
D0.84, IxR0.43 at low temperature) changes in the moisture
content of carnauba wax coated capsicum fruits during
storage for 60 days (Table 6).

Changes in mean ascorbic acid of carnauba wax
coated capsicum during storage: The mean ascorbic
acid (mg/100g) in carnauba wax treated capsicum
decreased during storage at room temperature (27-33oC)
and at low temperature (10oC). The carnauba wax diluted
to 3.7% wax level exhibited maximum ascorbic acid
(mg/100g) at room temperature as well as at low
temperature (Table 7). The carnauba wax treated
capsicum with wax level of 3.7% had the maximum
ascorbic acid of 94.62 mg/100g after 60 days of storage
at low temperature (10oC) while the carnauba wax

treated capsicum with wax level of 3.7% spoiled after
40 days of storage at room temperature (Table 7).
Capsicum fruits without wax coating had the ascorbic
acid of 70.24 and 80.69 mg/100 g after 25 days and 50
days of storage at room temperature and at low
temperature, respectively. It is evident from Table 7 that
maximum ascorbic acid was obtained in wax dilution
of 3.7% while minimum ascorbic acid was reported in
carnauba wax treated capsicum with 4.8% wax level
dilution. Abbasi et al. (2009) also supported our findings
and reported that the rate of the decrease level of
ascorbic acid was of higher level in untreated mango
fruits as compared to chitosan coated mango fruits.
The analysis of variance studies had shown that storage
periods, carnauba wax dilution and interaction of storage
period and dilution had significant (P<0.001, CD:I0.03,
D0.04, IxD0.02  at room temperature and P<0.001, CD :I0.09,
D0.15, IxD0.07,  IxR0.82 at low temperature) changes of
ascorbic acid content of carnauba wax coated capsicum
fruits during storage for 60 days (Table 7).

Table 5: Change in mean hardness (g) of carnauba wax coated capsicum during storage

Days 
Sample Temp (oC) 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control 460.70 329.94 309.50 293.72 254.41 212.11 S S S S S S S 
4.8 460.70 384.18 353.34 320.32 300.39 289.46 258.53 219.60 S S S S S 
4.3 460.70 419.06 390.68 375.86 326.26 313.66 287.06 228.46 204.86 S S S S 
4.0 460.70 441.9 425.13 409.34 390.16 372.90 333.64 301.38 275.12 S S S S 
3.7 

27-33 

460.70 445.65 440.90 437.67 403.98 393.5 375.22 355.45 310.35 S S S S 
Control 460.70 389.30 363.00 313.70 264.40 225.10 212.80 201.50 190.20 182.30 160.00 S S 
4.8 460.70 403.18 378.22 366.26 320.30 294.34 278.38 248.40 236.46 207.50 194.54 190.58 152.62 
4.3 460.70 437.94 416.45 370.84 356.23 333.62 303.01 275.05 262.05 248.18 220.57 210.94 195.35 
4.0 460.70 449.06 437.67 417.40 392.86 392.86 375.59 353.35 335.78 316.78 304.51 298.58 275.97 
3.7 

10 

460.70 455.32 449.90 440.98 427.06 400.14 381.22 360.38 340.46 322.38 308.54 300.62 280.70 
 P<0.001, CD :I3.27, D4.18, IxD2.30, IxR2.51  at room temperature 

P<0.001, CD :I1.01, D1.62, IxD0.77,  IxR0.82 at low temperature 

 

Table 6: Change in mean moisture content (%) score of carnauba wax coated capsicum during storage

Days 
Sample Temp (oC) 0 5 10 15 20 25 30 35 40 45 50 55 60 
Control 96 93.68 93.24 93.13 93.09 92.96 S S S S S S S 

4.8 96 93.79 93.64 93.47 93.24 93.17 92.89 92.63 S S S S S 
4.3 96 93.80 93.78 93.72 93.58 93.43 92.92 92.72 92.77 S S S S 
4.0 96 93.93 93.84 93.79 93.66 93.56 93.12 92.83 92.95 S S S S 
3.7 

27-33 

96 94.18 94.02 93.86 93.79 93.68 93.42 93.24 93.09 S S S S 
Control 96 93.31 92.65 92.58 91.98 91.05 91.03 90.03 90.00 87.51 87.28 S S 

4.8 96 93.87 93.68 93.06 92.08 92.06 91.15 91.12 90.10 89.55 89.32 88.84 88.67 
4.3 96 93.92 93.82 93.20 92.15 92.26 91.38 91.28 90.18 89.62 89.52 89.43 88.82 
4.0 96 94.77 94.23 93.24 93.18 92.84 91.87 91.75 90.35 89.80 89.73 89.61 89.24 
3.7 

10 

96 94.84 94.48 93.96 93.62 93.09 92.01 91.97 91.17 90.52 90.28 89.90 89.53 
P<0.001, CD :IxR0.82at room temperature 

 P<0.001, CD :I0.53, D0.84, IxR0.43 at low temperature 
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lkjka'k

f”keyk fepZ lcls egRoiw.kZ lCth Qly gS ftuesa
foVkfeu lh dh ek=k lcls vf/kd gksrh gSA lkekU;
rkieku ij bldk LOkthou ek= 5&7 fnuksa dk gksrk
gSA f”keyk fepZ esa fofo/k lkUnzrk ds dkuksZckoSDl
ik;lu ¼3-7&4-8 izfr”kr½ dk ruwdj.k dj Lothou
o xq.koÙkk ?kVd dk v/;;u fd;k x;kA vf/kdre
laosnh vad ¼7-0&7-5½ lqxU/k rFkk nSfgdh o lajpukRed
laosnh vad lkekU; dejs ds rkieku ij 15&20 fnuksa
ds fy, ik;k x;k rFkk “khr Hk.Mkj.k esa 30&35 fnuksa
rd dkuksZck cSDl ds 3-7&4-0 izfr”kr ruwdj.k ij
ik;k x;kA vf/kdre nSfgdh uqdlku 1-23&1-62
izfr”kr Hkkj ,oa dkuksZck cSDl ds 3-7 izfr”kr ruwdj.k
ij 30&35 fnuksa rd “khr Hk.Mkj.k ds 15&20 fnuksa
dh rqyuk ij ek= 1-39&1-61 izfr”kr gh ik;k x;k A
f”keyk fepZ esa dkuksZck cSDl ruwdj.k 3-7 izfr”kr
Lrj ij 5-0&12-3 izfr”kr fxjkoV ij jgk vkSj 17-
25&21-80 izfr”kr lkekU; rkiØe ij 15&20 fnu
mijkUr o “khr Hk.Mkfjr Hk.Mkj.k rkiØe dk 30&35
rd Øe”k% ik;k x;kA blh izdkj f”keyk fepZ esa
,LdkfcZd ,lhM esa fxjkoV 6-78&10-22 izfr”kr ,oa
3-7 izfr”kr dkuksZck cSDl ds 3-7 izfr”kr ruwdj.k
15&20 fnu lkekU; rkiØe o 30&35 fnu “khr
Hk.Mkfjr esa dsoy 9-95&12-5 izfr”kr gh ik;k x;kA
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