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Abstract

Kinnow is an important crop widely cultivated in the north western part of India. Shelf life is an
important part of kinnow mandarin and is possible only by using various organic, inorganic and growth
regulators. Kinnow fruits are attractive because of its orange yellow colour rind and gains better market
potential that helps to obtain assured income by growers. So in this current review put an effort to
address the role of various waxes, packaging materials, fungicides, and plant extracts helps in an
extending the storage life of kinnow. Kinnow fruits acquire greater demand in Indian markets as well as
in foreign nationals.
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1. Introduction

The Citrus is one of the important fruit crop belongs to Family (Rutaceae). Citrus has great
diversity and distinct centres of origin. Citrus was grown in more than Hundred countries in
sub-tropical, Mediterranean climate and tropical regions. Total India production of Citrus
fruits comprises 12456 MT (2017-18) (Anonymous, 2018) [l In India citrus is grown in
Andhra Pradesh, Assam, Gujarat, Haryana, Karnataka, Maharastra, Madhya Pradesh, Punjab,
Rajasthan, Odisha, Uttarakhand and occupies an area of 1003 hectares. It comprises of sweet
orange, grapefruit, lime, lemon and mandarins. Among them, Kinnow belong to mandarins
group which is extensively cultivated in North Western regions (PB, HR) of India.

In Punjab Kinnow has emerged as important fruit crop, in-terms of production as well as area
point of view. Flower of Kinnow are hermaphrodite and staminate which are borne singly in
small groups in axil of leafs. Mature fruits have 9 to 12 firm segments, Fruits are medium in
size and shape is globose. Sexual Propagation can be done by seeds and asexual by budding.
The Kinnow harvesting starts when the fruit colour changes from green to orange. The
harvesting of Kinnow fruit starts from November and continues till February whereas the
demand for fruit lies in all seasons. During the peak harvesting period, due to high production
farmers fetches very less price.Various factors are responsible for post-harvest losses of
kinnow mandarin. The 2 major factors for limiting the storage life of fruits are physiological
activities which includes ethylene production, and Respiration and second one is fungus attack
(Singh and Mandal, 2006). Wax Coating can enhance the storage life of kinnow up to 45-60
days (Ahmad, et al. 2013) 12,

2. Role of Packaging materials in extending storage life

Thakur, et al. (2002) 34 indicated that fruits treated with carbendazim and packed with LDPE
bags of 150-gauge thickness were found to be effective in preserving the quality of the fruit
under storage. Vice versa, the overall sugar content of the fruits has continued to increase over
the storage period.

Hussain, et al. (2004) %1 had said that Maximum weight loss was seen in control fruits,
minimum weight loss was seen in fruits which are in thick packaging (0.0508mm) and
packaging has no effect on TSS content which has increased during storage, decreasing trend
in ascorbic acid from 1.59-0.63% during storage and thick packaging proved best in enhancing
shelf life of citrus fruits.

Randhawa, et al. (2009) "1 concluded that use of edible oils like neem oils, mustard oils,
coconut oils, olive oils + HDPE and wax (Citrashine wax) can extend the shelf of kinnow
mandarin.
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Among them highest juice content and less spoilage was seen
in fruits treated with neem oil+ HDP.

Mandal (2015) % carried out experiment on harvested
kinnow fruits under ambient conditions and concluded that
the maximum physiological loss in weight was observed in
control, and reduced physiological loss in weight was
observed in fruits treated with lac-wax and shrink wrapped.
Harjot, et al. (2016) [*Y1 conducted an experiment and the
results showed that Compared to control fruits that retained a
shelf life of 10 days, kinnow fruits are packed in PP, LDPE
and HDPE films that can extend the shelf life up to 20, 60 and
40 days. The use of these films helps to boost the
marketability of kinnow fruit at 4-6°C.

Baswal and Kumar (2019) ©! said that kinnow fruits coated
with edible coatings like carboxy methyl cellulose 2% and
treated with different anti-sense compounds like Methyl
jasmonates (1mm) + perforated PP100 gauge film can
enhance the shelf life of kinnow up to 60 days.

3. Application of Waxes in extending storage life

Ahmad, et al. (1979) ™ conducted research and results
concluded that waxing and lining materials decreased weight
loss and had no impact on the physico-chemical components,
while sugars / acid ratio and sugars show an growing trend,
vitamin C and citric acid show a decreasing trend during
storage.

Bayindirli, et al. (1995) ¥ said that the weight gain was 0.8
and 0.6 percent after the application of jon fresh and semper
fresh coatings on mandarin. They compared various
parameters such as weight loss, breathing rate, vitamin C,
TSS, and acidity during 4 weeks between coated and uncoated
fruits at 20 °C and 40 percent RH. In all criteria except weight
loss, both coatings were shown to be best, and jonfresh
proved to be the most effective coating for weight loss
reduction.

Ladaniya, et al. (2005) [** reported that when compared to un-
coated fruit, the fruits treated with wax had good firmness,
there was no substantial difference in PLW between waxed
and non-waxed. It was concluded that intermittent heating as
well as wax coatings would extend the shelf life of Nagpur
Mandarin up to 75 days where, under normal conditions, it
was only 1 week.

Bidyut, et al. (2006) B! had said that stayfresh treated fruits
had the highest shelf life of 29 days in ambient conditions
with lowest physiological loss in weight and higher vitamin C
retention among various post harvest treatments. In addition,
the fruits treated with various waxes looked attractive and
also it is possible to hold the fruits without treatment (control)
for 19 days under ambient conditions.

According to Sandhu, et al. (2005) 71 fruits coated by using
Citrashine wax, CaCl2 2% and Bavistin (500ppm) were
packed in CFB boxes and stored at temperature of 2-3.5°C
and 90-95%RH and concluded that Citrashine wax coating
was most effective in reducing the PLW, Firmness, and helps
in improving the overall quality and appearance of the
kinnow.

Babar, et al. (2007) [ carried out investigation on
physiological disorders like Chilling injury and Rind staining.
And treated the fruits with Shellac wax and Polyethylene wax
and concluded that fruits treated with Polyethylene wax -
based coatings shows less Physiological disorders like
Chilling injury and Rind staining by storing fruits at 5°C.
According to Singh, et al. (2007) [PY the treatment
combination of W2C1 (Waxol 8%+ captan 0.2%) is found to
be better in PLW (3.56%), Highest total sugars (10.78%,)
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Highest TSS (8.43%), acidity (0.735%), highest reducing
sugars (4.84%), non-reducing sugars (5.95%), and Vitamin C
(19.4mg/100g) content.

According to Muhammad, et al. (2011) 18] the treatment in
combination with 5% Bee wax and 0.5% banlate proved to be
the best treatments in term of enhancing the quality and shelf
life of sweet orange fruits.

Mahajan, et al. (2013) 181 kinnow fruits coated with Nipro
fresh SS 40T and SS 50' followed by cold storage (5-7°C, 90-
95 % RH for 45 days) and under environmental conditions
(11-19°C, 80-85% RH for 10 days). Were found to be
successful. Because the waxes used helped in prolonging the
shelf life without fruit quality degradation.

Ahmad, et al. (2013) @ performed experiments and analysed
fruits under various storage conditions for 60 days and
confirmed that In contrast to environmental conditions, (18-
32°C, RH 45-65 percent) fruits stored at lower temperatures
(4-5°C, RH 85-95 percent) and ZECC had a slower rate of
physio-chemical changes. And also said that the waxing with
Sta-Fresh 960 of kinnow mandarin along with low
temperature increases the shelf life of fruits.

Hassan, et al. (2013) performed wax coating experiments on
the quality of tangerine citrus (Citrus reticulata) fruit. And
said 3 separate wax emulsions (10,12,15 percent) are coated
with fruit and processed at 2 temperature ranges (5 and 25°C)
with 85-90 percent RH. And concluded that when compared
with rest of treatments the fruits coated with 12% wax coating
and 5°C was effective.

Mahajan, et al. (2014) ' studied the storage life of kinnow
by using different treatments, out of the treatments Citrashine
(or) terpenoidal oligoms coatings can be successfully used to
enhance the shelf life at super market conditions (18-20°C and
80-85% RH) with acceptable quality for 15 days as compared
to control which maintained up to 1-week storage life.
Pradeep (2016) ! conducted an experiment on shelf life of
Kinnow Mandarin and concluded that At a temperature of 14
-18°C and 45-75 percent RH, fruits coated with wax and
mixed with Bavistin can be preserved for up to 4 weeks.
According to Sakeena, et al. (2017) 2, during 90 days of
storage, the fruits coated with PHRC wax effectively reduced
the fruit decay and performed statistically at par to preserve
the TSS content of fruit, sugars and acidity, antioxidant
activities after storage.

Rahman, et al. (2019) BY conducted an investigation on
physico chemical changes of Khasi Mandarin fruits and
results revealed that fruits treated with Bavistin, Neem leaf
extract 10%, and Alovera gel 0.1% were found to be the best
treatment for extending the storage life.

Champa, et al. (2019) ! conducted research study on lime by
using various Post-harvest treatments among them bio wax
treatment reduces PLW and peel browning by 50% and
extend the shelf life up to 60 days which was only 15 days at
ambient condition and it also reduces juice PH, Acidity.
Samita, et al. (2020) B conducted research and results
revealed that the fruits treated with paraffin wax@100% had
shown minimum loss in weight, minimum shrinkage was seen
in fruits treated with corn starch@4%, maximum TSS
&minimum juicy recovery was seen in control fruits, higher
acidity and maximum shelf life was seen in fruits treated with
Aloe vera gel @100%.

4. Role of Fungicides in extending storage life

Sharma, et al. (2010) B2 carried out experiment in
Sriganganagar and revealed that Prochloraz proved most
effective fungicide in reducing the post harvest fruit rotting
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and followed by carbendazium in extending the protection up
to 30 and 15 days respectively. And also minimum spoilage
was recorded after 60 days under cold storage conditions by
using these two fungicides.

Abhay, et al. (2012) B had conducted experiment on shelf life
of Kazgi lime fruits. And findings showed that the edible oil
emulsion coatings of coconut oil had major impact in
reduction of PLW (9.67%), TSS (8.43%), Vitamin
C(49.93mg/100ml) juice, fruit juice content (42.34%).
similarly, the use of this oil emulsion coating is suitable for
sensory quality parameters such as look, odour, taste, external
colour and no effect of mould and their growth up to 18 days.
Nirmaljit, et al. (2014) 3] carried out investigation at PAU by
using post-harvest treatments on shelf life of Kinnow and
stated that the fruits treated with Bavistin 500 ppm and placed
in cold storage conditions could be kept up to 45 days with
higher retention of fruit quality.

Pooja, et al. (2018) 4 carried out experiment at Hisar
Agriculture university on shelf life of Kinnow Mandarin and
stated that the fruits treated with Gum Arabic 10% was the
most effective coating to minimize the PLW and retained the
sugar content present in fruits at all period of Storage.
According to Vivek, et al. (2018) 31 had done research and
said that Spray schedule consists of COC (0.3%),
Carbendazim (0.1%) and COC(0.3%) and Thiophanate
methyl (0.1%) proved best among the rest of the fungicides
treatments and control, Also helps in controlling the post-
harvest decay of fruits.

Pabitra, et al. (2019) ! resulted that wax (10%) + Bavistin
(0.1%) had minimum PLW (6.61%) And maximum recovery
of juice (43.72%) and these treatment also enhances the shelf
life up to 73 days, that was on par with the rest of the
treatments statistically, also maximum TSS Content was
recorded in the fruits which were treated with CaCl 2 (1%).

5. Growth regulators used for enhancing shelf life

Sharma, et al. (2011) ®% had done study on management of
post harvest diseases and results revealed that fruits dipped in
KMS solution @600ppm proved much effectively than NAA
@100 ppm in reducing the incidence of post harvest diseases
expect sour rot.

Hemalatha, et al. (2015) ¥ conducted an experiment on
storage life of Sweet Orange (Sathgudi) by using five
treatments and various physio-chemicals parameters like
PLW, Juice content, TSS, Acidity were evaluated for every 5
days intervals and found that Benzyl adenine 50PPM in
addition with wax 6% is the best treatment that can increases
storage life of Sathgudi for 18days. And percentage increases
from 45-86%.

6. Application of Plant extracts used in extending storage
life

Rana, (2017) %81 carried out research study in increasing shelf
life of citrus by using plant extracts and concluded that
cerbera odollam and capsicum frutescence at 3000 ppm
showed no fungal growth (100%), helps in decreasing weight
loss and increasing shelf life in fruits stored at room
temperature compared with control fruits.

Maryam, et al. (2019) [ stated by using herbal extracts like
garlic minimum % weight loss, Fruit juice PH, and maximum
fruit firmness, acidity, Ascorbic acid was recorded and also
enhances the storage life for 30 days at room temperature of
20°C with RH 45-50 percent to retain the quality parameters.
Swapnil, et al. (2020) conducted research on nagpur mandarin
using plant leaf extracts under cold storage conditions and
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reported that 20 % neem leaf extract + cold storage of the fruit
gives better results until the end of the storage period,
followed by the coating of tulsi leaf extract.

7. Conclusion

After harvest kinnow being non-climacteric fruit shows no
respiratory peak and less production of ethylene. There by
usage of different waxes, packaging Materials, fungicides,
growth regulators, plant extracts helps in extending storage
life by reducing shrinkage and weight Loss. By using proper
packaging materials along with suitable storage conditions the
availability of kinnow fruit in the market can be extended.
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