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Abstract
The experiment was carried out to determine the “Effect of bee wax levels on the organoleptic test
of sweet orange fruits cv. Valencia late” was conducted at Post Harvest Laboratory, The University
of Agriculture Peshawar in 2014. The experiment was Completely Randomized Designed (CRD)
with two factors repeated three times. The Bee wax levels (control, 2, 4, 6 and 8%) were applied
to sweet orange fruits, stored at room temperature (16±1ºC with relative humidity of 60-70%) for
40 days. After each 10 days of intervals sweet orange fruits were analyzed for different sensory
evolution attributes. The highest color score (6.17), aroma score (8.15), taste score (6.85), fruit
appearance score (8.33) and texture score (7.14). There was a significant variation in all coated
and uncoated fruits with the different storage durations. While minimum color (5.09), aroma
(6.28), taste (1.73), appearance (2.80) and texture (1.73) were recorded. Interactive effect of both
bee wax and storage intervals had a significant effect on all quality parameters. The maximum
fruit color score (5.29), taste score (2.37), aroma score (6.42), fruit appearance score (3.75) and
texture score (2.60) was recorded in fruit treated with 8% bee wax and stored for 40 days. However
the minimum fruit color (4.84), taste (1.26), aroma (6.14), appearance (1.81) and texture (1.14)
was observed in untreated fruits, respectively. It was concluded that bee wax at 8% considerably
maintained the quality parameters of sweet orange up to 30 days of storage at room condition
(16±1ºC with relative humidity of 60-70%).
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orange colored, acidic and juicy with a sweet
Introduction
Citrus is an important and the largest group
and edible flesh. Vitamin C is one of the most
of tropical and subtropical fruit. Citrus fruit
important nutritional benefits of citrus fruit.
has been cultivated on wide range since
Ascorbic acid (Vitamin C) is the only vitamin
ancient times including oranges, lemon,
present in citrus fruit with major nutritional
grape fruit and limes [1]. The fruit is small,
importance. One orange has 50 mg of vitamin
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C, which is nearly the double of the
recommended daily intake and the
concentration of ascorbic acid has been
reported to decrease with maturity or remain
constant until late in the season and then
decline [2]. Only 25% of ascorbic acid in the
fruit is in the juice, whereas the remaining is
found in the peel, especially in the flavedo
[3]. Citrus fruits are used in different ways
such as canned, jellies, jams, squashes, juices
and ice creams. It is also used as a dessert
fruit [4].
Pakistan stands among the top ten citrus
growing countries in the world. The citrus
fruits are grown over an area of 194.5
thousand hectares with a production of
1912.0 thousand tons per year, while Khyber
Pakhtunkhwa contributed the area under
citrus is 4.0 thousand hectares with a
production of 32.3 thousand tons per year [4].
However,
Sargodha,
Faisalabad,
Sheikhupura and Multan districts of the
Punjab province are the major citrus growing
areas in the country. During 2003-04, the
country exported 85374 thousand tons of
citrus fruits worth Rs. 147.5 millions.
Kinnow account for 75% of the total, while
oranges constitute 10% (GOP, 2004).The
most compromising qualities of citrus during
storage are dehydration caused by loss of
moisture from the peel, fruit softening and
color
degradation
[5].
Post-harvest
treatments are used to reduce the moisture
loss, metabolic activities like respiration and
the microorganisms that cause fruits decay
[6]. Post-harvest handling operations should
be conducted according to the requirement of
the commodity to maintain taste, flavor and
edibility of fruits [7].
Assortment types of skin coating materials
(Bee wax, paraffin wax, carnauba wax,
chitosin wax, CaCl2, shellac and CMC etc.)
have been used to restrict moisture loss from
the surface of Kinnow, Feutrell’s Early and
Valencia late cultivars in Pakistan [8].
Coating treatments are known to maintain the

quality of stored fruit crops by suppressing
moisture loss, improving the strength of peel
tissues, retaining volatile components,
controlling ripening by modifying CO2 and
O2 concentrations inside the fruit [9]. It also
acts as a barrier against microbial invasion.
However, the ability of the edible film to
enhance the shelf life of fruits and vegetables
depends on their chemical composition,
structure of the film forming polymer,
thickness of the coating, formation
procedures, various emulsifiers, plasticizers,
and storage conditions [10]. An application
of wax emulsion helped to maintain visual
quality of citrus. Recently, modern carnaubabased wax decreased shell dehydration of
‘Golden’ pineapple by reducing moisture
loss during storage [11].
Keeping in view the importance to increase
the post harvest life of sweet orange the
proposed study was carried out to evaluate
the effect of various bee wax concentrations
on the storage life of sweet orange cv.
“Valencia Late”.
Materials and methods
The experiment “Effect of various bee wax
concentrations on the storage life of sweet
orange cultivar cv. Valencia Late” was
carried out at Post-harvest Laboratory,
Department of Horticulture, The University
of Agriculture, Peshawar. The sweet orange
fruits cv. Valencia Late of about similar size
and maturity were collected from Citrus
Research Institute (CRI) at Sargodah. The
fruits were carefully washed with distilled
water before the application of various bee
wax concentrations.
Factor A = Concentrations of bee wax (0, 2,
4, 6 and 8%).
Factor B = Storage Durations (0, 10, 20, 30
and 40 days)
Preparation of bee wax solution
For the preparation of different bee wax
solutions, 2 g of bee wax in 250 ml of conical
flask and melted it at 70 0C, heated
continuously to attain the temperature 80-
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900C of melted wax. After that, 0.91 g stearic
acid was then added to the malted wax
followed by the addition of 0.55 g
triethanolamine at a constant stirring. The
96.54 ml of distilled water was added slowly
and with continued stirring for 5-7 minutes.
Prepared emulsion was cooled down at room
temperature in tapered vessel [21].
Following the same procedure different
emulsion of bee wax (4, 6 and 8 g) has been
prepared.
Data collection
For data analysis three fruits from each
treatment were taken for quality parameters
and two fruits for sensory evaluation. The
data was recorded on freshly harvested fruits
and also after every 10 days of durations up
to 40 days.
Parameters studied
In order to study the effect of different bee
wax concentrations on the storability of
sweet orange following parameters were
studied.
1. Taste
2. Texture
3. Aroma
4. Appearance
5. Color
Statistical analysis
The experiment was laid out in Completely
Randomized Design (CRD) with following
two factors and repeated three times. The
data was statistically analysis to distinction
the supremacy of treatment means, using
LSD (Least Significant Differences) test, as
per the statistical methods developed by [12].
Results and discussion
Taste
The calculatedestimations showed that 8%
bee wax had produced appreciably good taste
score (4.59), followed by taste score (4.46)
recorded in fruits treated with 6% bee wax.
While the minimum taste score (4.06) was
recorded in fruits of control treatment. Data
regarding storage durations showed that with
the increase in storage duration the taste score

decreased significantly. The maximum fruit
taste score (6.85) was recorded in freshly
harvested fruits followed by taste score (5.48)
for the fruits stored for 10 days, while the
minimum fruit taste score (1.73) was
recorded in fruits stored for 40
days.Regarding to their interaction a
significant variation was recorded for the
fruit taste. The highest taste score (6.86) was
recorded in freshly harvested fruits treated
with 6 and 8% bee wax, while the lowest taste
score (1.26) was recorded in control fruits
stored for 40 days.The application of 8% bee
wax became the reason for the conversion of
starches into sugars and hence there was a
balance in sugar acid ratio. The fruits that are
left without coating did not maintain the ratio
of sugar and acid because of the lesser
conversion of starches into sugars and it
affects the taste of sweet oranges. The
deterioration in the taste was due to the
anaerobic respiration caused by the micro
organisms. The results were also related with
the findings of [13], Lewinsohn et al. (2001)
reported that taste is mainly affected by sugar
acid ratio during storage. The findings of
Machado et al. [14] are also related with the
present study. According to then the taste
edible quality of Jincheng orange was very
good without any unpleasant circumstances.
Similar results were also reported by
Ladaniya et al. [15] who investigated that the
taste of Musambi sweet orange (Citrus
sinensis) treated with bee wax was good
when stored for 30 days.
Texture
The highest fruit quality texture (4.89) was
recorded with 8% bee wax, followed by
texture score (4.71) of sweet orange fruits
treated with 6% bee wax, while the lowest
fruit quality texture score (3.95) was noticed
in control.The fruit texture extensively
decreases with the increase in storage
duration. The high quality texture score
(7.14) was recorded from the fruits which
were freshly harvest, followed by texture
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score (6.35) for the fruits stored for 10 days.
While the minimum texture score (1.73) was
recorded in fruits stored for 40 days. The
interaction of bee wax and storage durations
significantly affected the texture score of
sweet orange fruits. The maximum texture
score (7.15) was recorded in fruits treated
with 4% and 8% of bee wax respectively.
However, minimum texture score (1.14) was
recorded in sweet orange fruits of control and
stored for 40 days.The pectin enzyme
(estarase and poly galacturonidase) present in
tissues softens the fruits [16]. [17, 18]
Puttalingamma et al. reported that the
softening of fruits are also due to the storage
temperature during storage. These results are
confirmed by [19], they stated that there was
an increasedvalue initially and then a regular
decrease in the texture of the treated Kinnow
fruits during storage.
Aroma
Bee wax treatment notably influenced the
aroma of the sweet orange fruit. However, the
mean data shows that the best aroma score
(7.37) was recorded in fruits treated with 8%
bee wax followed by aroma score (7.28) in
fruits of 6% bee wax treatment. The lower
aroma (7.1) was recorded in untreated
fruits.The aroma score of the fruit
significantly decreases with the increase in
storage duration. The maximum aroma score
(8.15) was recorded in fresh fruits which
were freshly harvested, followed by aroma
score (7.66) in the fruits stored for 10 days,
while the minimum aroma score (6.28)
recorded in fruits stored for 40 days. A
significant variation was recorded for the
interaction of bee wax and storage duration
regarding aroma score of the fruit. However
the maximum aroma score (8.18) was
recorded in fresh fruits treated with 8% bee
wax, while the minimum aroma score (6.14)
was recorded in untreated fruits stored for 40
days.
The storage duration increases and there is a
slight decrease in the aroma of sweet oranges

treated with bee wax. Bee wax significantly
maintained the aroma of sweet oranges
during storage. Same results were also
revealed by Porat et al. [20] for apples and
Wang et al. [21] for mangoes who stated that
the aroma of the fruits maintained with the
application of bee wax during storage.
Appearance
The appearance of the sweet orange is
drastically influenced by the treatment of bee
wax. Nevertheless, the healthy and good
appearance of fruit (6.23) was recorded in
fruits treated with 8% bee wax which is at par
with the appearance (6.08) noted in fruits
treated with 6% bee wax. The lowest
appearance (5.04) was in untreated fruits
during storage. The fruit appearance
significantly decreases with the increase in
storage duration. The good appearance score
(7.36) was noted in fruits, stored for 10 day
of durations. As followed by appearance
score (6.00) recorded in the fruits stored for
20 days. While the fruit whose appearance
score was not an eye catching one was (2.8)
recorded in sweet orange fruits stored for 40
days of durations. The interface of bee wax
and storage duration of the sweet orange had
significantly affected the appearance score of
sweet orange fruits during storage. A
significant difference was recorded in the
appearance of the fruit. The best appearance
score (8.35) was recorded in fresh fruits
treated with 8% bee wax while the poor
appearance score (1.81) was recorded in
untreated fruits stored for 40 days. In view of
that, due to some metabolic activities and
respiration process sweet oranges reduced
the appearance during storage when coated
with bee wax. The appearance of fruits
decreased with the passage of time during
storage duration reported by Bisenet al. [22].
This might be due to the loss of moisture
from the surface of the fruit. These results are
correlated with the work of Mahajan et al.
[23] who observed the same findings in kiwi
fruits during storage.
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regarding to the color of the sweet orange.
Conversely, the maximum color score (6.18)
was recorded in fresh fruits treated with 2 and
6% bee wax. While the undesirable color
score (4.84) was recorded in untreated fruits
stored for 40 days.The bee wax coating is the
better procedure for keeping the natural
color, aroma and taste of sweet oranges. This
is because it reduces the respiration rate and
also the biochemical activities within the
fruits. This leads to the sustainability of all
physical properties such as color,
appearance, aroma and texture. The results of
ouroutput is much similar with the results of
Xu et al. [4] who reported that coating
significantly keep the color of Kiwi fruit by
reducing the rate of respiration and other
biochemical processes (Table No. 1).

Color
The treatment of the bee wax considerably
influenced the color of the sweet orange.
However the mean data shows that the
highest color score (5.79) was recorded in
fruits treated with 8% bee wax, followed by
color score (5.74) with 6% bee wax
treatment. The minimum color score (5.50)
was found in untreated fruits during
storage.The color score of the sweet orange
decreases with the increase in storage
duration. The best attractive color score
(6.17) was noted in sweet orange in fresh
fruits followed by color score (5.87) in fruits
stored for 10 days. While the poor color score
(5.09) was observed in fruits stored for 40
days.A significant variation was recorded for
their contact of bee wax and storage duration

Table 1. Effect of Bee wax and storage duration on taste, texture, aroma, appearance and
color of sweet orange cv. Valencia late
Parameters

Beewax (%)
0
2
4
6
8
LSD (P<0.05)

Taste
4.06 e
4.15 d
4.25 c
4.46 b
4.59 a
0.04

Fresh
10
20
30
40
LSD (P<0.05)

6.85 a
5.48 b
4.41 c
3.06 d
1.73 e
0.08

Texture
Aroma
Appearance
3.95 e
7.12 e
5.04 e
4.08 d
7.17 d
5.43 d
4.18 c
7.23 c
5.52 c
4.71 b
7.28 b
6.08 b
4.89 a
7.37 a
6.23 a
0.03
0.04
0.05
Storage durations (days)
7.14 a
8.15 a
8.33 a
6.35 b
7.66 b
7.36 b
3.18 c
7.31 c
6.22 c
2.78 d
6.75 d
3.81d
1.73 e
6.28 e
2.81 e
0.07
0.090
0.11

Color
5.51 e
5.6 d
5.67 c
5.74 b
5.79 a
0.05
6.17 a
5.87 b
5.67 c
5.49 d
5.09 e
0.07

appearance 2% bee wax was efficient .With
regards to storage interval the fruits
maintained its quality upto 30 days at room
condition (16±10C with relative humidity of
60 – 70%) without deteriorating its quality
attributes.

Conclusion and recommendations
Results showed that Bee Wax effectively
helped in maintaining the sensory evolution
of sweet orange by sustaining aroma,
appearance, color, taste and texture.Bee Wax
application at 8 % was efficient to control the
taste texture and aroma and color while for
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