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ABSTRACT

Kinnow mandarin is an important fruit of India but is highly perishable and

liable to be spoiled under ambient conditions. Present investigation was
conducted to study the effect various concentrations of Gum Arabic,
Calcium Lactate and Glycerin and their different combination on shelf life
of Kinnow fruits during storage at room temperature. Physiological loss in
weight increased with increase in the period of storage. Total soluble solids,
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total sugars and reducing sugars were also increased up to 49 days of

Article Info storage period in all treatments. However non-reducing sugar content was

decreased up to 7" day thereafter it increased up to 49" day of storage. All
coatings were effective to check the physiological loss in weight and
maintain the sugar content of the kinnow fruits. However Gum Arabic 10%
coating was the most effective to minimize the physiological loss in weight
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and maintained the quality parameters at all period of storage.

Introduction

Kinnow mandarins are rich in ascorbic acid
(13 — 54 mg per 100 g of edible portion) and
calcium (25 — 46 mg per 100 g of edible
portion). Due to these quality traits, it is in
high demand in India and exotic markets.
Consumer demands for kinnow picks up
during February and March when there is no
fruit available in market for juice purposes
moreover in the peak period of production
(December and January) because of cold
temperature there is not a huge demand by the
consumer and it comes in the glut in the

market so, the farmers cannot get reasonable
prices for their produce. So, there is a dire
need that this fruit should be made available in
the month of February and March by storing
fruit in storage conditions or on trees. On tree
storage is not feasible because there is
granulation in the fruit so there is a need to
invent some devices which are easily
affordable by the farmers, so that the fruit can
be made available in the off season (i.e.
February and March) that will also help to
avoid the glut in the production season. The
postharvest losses can be minimized by
extension of shelf life through checking the
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rate of transpiration, respiration, microbial
infection and protecting membranes from
disorganization (Bisen and Pandey, 2008).
The foresaid objectives can be achieved to
some extent by use of edible coatings, gel, olil,
lipid, starch, packaging and wrapping
materials and different type of storage used as
postharvest treatments. Edible coatings are
applied as thin coating that forms a protective
barrier around fruit and can be consumed
along with the coated product. Coatings make
good oxygen and lipid barrier at low to
intermediate relative humidity because the
polymers can effectively make hydrogen
bonds (Sihag et al., 2005). However, no
systematic work has been done to study the
comparative effect of gum Arabic, calcium
lactate and glycerin alone as well as in
combination on physiological changes in
kinnow fruits, so, present experiment was
conducted to find out the effective post-
harvest treatments of gum arabic, calcium
lactate and glycerin or in proper concentration
to enhance the shelf life of Kinnow fruits.

Materials and Methods

Present experiment was conducted in the
laboratory of department of Botany and and
Plant Physiology, CCS Haryana Agricultural
University, Hisar. The experiment was
designed in completely randomized design.
Mature Kinnow fruits of uniform size were
harvested with the help of secateurs keeping
small intact pedicel with each fruit from the
orchard of the department of Horticulture,
CCS Haryana Agricultural University, Hisar.
Kinnow fruits were cleaned with muslin cloth
and were dipped in aqueous solutions of Gum
Arabic (5%), Gum Arabic (10%), Calcium
lactate (1%), Calcium Lactate (3%), Glycerin
(2.5%), Gum Arabic (5%)+Glycerin (2.5%),
Glycerin (2.5%)+ Glycerin (2.5%), Calcium
lactate (1%)+ Glycerin (2.5%) and Calcium
lactate (3%)+ Glycerin (2.5%) for 10 minutes
and were dried in shade thereafter were

wrapped in cling film. Two kg fruits were
packed in each cardboard box and all the
treatments were replicated four times. Fruits
of all treatments were stored at room
temperature. Three replicates were used for
estimating physiological loss in weight
(PLW). Three fruits at random were taken
from fourth replication for analysis of
parameters such as TSS, total sugars and
reducing sugar in fresh fruits and at seven
days of interval up to 49" day. PLW was
calculated by the methods of Srivastava and
Tandon (1968). Total soluble solids in sapota
fruits were estimated by using Abbe’s hand
refractometer (0-32° Brix). Total sugars and
reducing sugars were estimated by the method
of Paleg (1960). Non-reducing sugars were
determined by subtracting the amount of
reducing sugar from the total sugars and
expressed as percent.

Results and Discussion

Physiological loss in weight PLW increased
with increasing period of storage in all the
treatments as indicated in table 1. This is
obvious as fruit is living entity after the
harvest and various physiological processes
especially the respiration and transpiration are
going on which utilizes the substrate present
in the fruit so the fruit losses its weight
because of these processes. Similar results of
increasing physiological loss in weight during
storage has also been reported in Grapes (Shiri
et al., 2011), Jambu air (Tehrani et al., 2011),
Jujube fruits (Xing et al., 2015; Shahi et al.,
2015), sapota (Bala and Kumar, 2017) and
Mango (Carrillo et al., 2000; Gill et al., 2015).
On 7" day of storage, minimum PLW was
observed in fruits treated with gum arabic
10% (0.12%) followed by gum arabic 5%
(0.15%) whereas maximum PLW was
observed in control fruits (0.76%). On 21™,
28" 35" and 42™ day similar trend was
observed. On 49" day of storage, minimum
PLW was recorded in fruits coated with Gum
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Arabic 10% (6.36%) followed by Gum Arabic
5% coated fruits (6.77%) and maximum PLW
was observed in control (9.90%). This is
obvious because all these treatments made
additional surface coating over the surface of
fruits which made a barrier for diffusion of
gases and restricted various physiological
processes. Among different  coatings,
minimum PLW was observed with Gum
Arabic 10% coatings on all days of storage
(from O to 49days). This may be because of
the reason that Gum Arabic adhered to the
surface of the fruit and formed a stable
permeable coating which restricted the
physiological process to greater extent and
they reduced PLW to greater extent. Similar
results were reported in Tomato (Ali et al.,
2010), in Banana (Magbool et al., 2011) and
in Mango (de S. Medeiros et al., 2012) fruits.

Total soluble solids (TSS)

Total soluble solid content of the fruits as
presented in table 2 increased with increasing
period of storage in all the treatments.
Minimum TSS was observed on initial day of
storage that is 10.1 °Brix which increased to
12.28 °Brix on 49™ day of storage. This might
be either due to water loss or due to
conversion of organic acids into sugars which
might have resulted in increase in total soluble
solids concentration. Increase in TSS in fruits
during storage period has also been reported
by Shiri et al., (2011) in Table Grapes, Nath et
al., (2012) in Pear, Patil and
Shanmugasundaram (2015) in Banana, Shahi
et al., (2015) in Ber, Bala et al., (2017a) and
Kumar et al., (2016) in Sapota. Among the
treatments, minimum TSS was observed in
fruits coated with Gum Arabic 10% (11.01
%Brix) followed by fruits treated with Gum
Avrabic 5% (11.05 °Brix). Maximum TSS was
observed in control fruits (11.30 °Brix)
followed by Glycerin coated fruits (11.29
%Brix). All the treatments were effective to
reduce the TSS content of fruits to different
extent. Among the interactions, minimum TSS

was observed in fruits coated with Gum
Arabic 5% on Zero day of storage that is 10.07
OBrix whereas maximum TSS was observed in
control fruits (12.43 °Brix) on 49" day of
storage. This might be because coatings
formed an excellent barrier around the fruits
which resulted in decrease in water losses.
These results are in accordance with the
findings of Al-Juhaimi (2014) and Ali et al.,
(2010) in Tomato fruits.

Total sugars

As data presented in table 3 total sugar content
followed the similar trend as followed by TSS
during storage as well as in different
treatments. This clearly indicates that TSS
content of fruits is due to the sugar present in
the fruits.

Reducing sugars

Reducing sugar content increased with
increasing period of storage in all the
treatments during storage however, all the
treatments were effective to alter the reducing
sugar content (Table 4). Increase in reducing
sugars during storage might be due to non-
climacteric nature of kinnow fruit, so no fresh
synthesis of reducing sugars takes place.
Increase in reducing sugar content during
storage might also be due to increase in water
loss. Increase in reducing sugars with
increasing period of storage has also been
reported in strawberry (Moing and Renaud,
2001), Tangerine fruits (Roongruangsri et al.,
2013), sapota (Bala et al., 2017b) and Kagzi
lime (Selvaraj and Raja, 2000). Among the
treatments, maximum reducing sugar was
observed in control fruits (5.07%). This could
be attributed to the lack of coatings in control
fruits which might have resulted in increased
evapo-transpirational losses. Minimum
reducing sugar content was observed in fruits
coated with Gum Arabic 10% (4.55%)
followed by Gum Arabic 5% (4.62%).
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Table.1 Effect of different treatments on physiological loss in weight (%) in Kinnow fruits
during storage at room temperature

7 14 21 28 35 42 49
015 109 201 325 484 594 677
012 119 193 285 426 552  6.36
035 162 284 408 520 677 798
042 153 262 346 49 623 752
065 253 376 523 628 816 943
032 158 314 402 498 645 @ 7.34
043 113 250 341 500 @ 6.02 711
046 153 233 382 544 653 757
057 224 302 412 587 676 152
076 284 403 568 695 845  9.90
004 005 006 010 010 017 0.3

Table.2 Effect of different treatments on total soluble solids content (°Brix) in Kinnow fruits
during storage at room temperature

0 7 14 21 28 35 42 49 Mean
1007 1030 1050 1080 1127 1150 11.77 1220 11.05
1010 1033 1053 1080 1113 1140 1167 1213 11.01
10.10 1043 1060 11.03 1130 1163 1203 12.33 11.18
1013 1043 1060 1090 1123 1150 1190 1230 11.13
10.10  10.63 1080 1110 1143 1170 1213 1240 11.29
1010 1040 1063 11,00 1133 1150 1190 12.23 11.14
10.10 1040 1043 1090 1123 1150 11.80 12.23 11.08
1010 1050 1060 10.83 1133 11.60 1193 1217 11.13
1010 1053 1073  11.00 1133 1160 11.83 1233 11.18
1013 1063 1080 1113 1143 1173 1213 1243 11.30
1010 1046 1062 1095 1130 1157 1191  12.28
T=0.09 D=0.2 TxD=0.85

Table.3 Effect of different treatments on total sugars (%) in Kinnow fruits during storage at
room temperature

0 7 14 21 28 35 42 49 Mean

7.91 8.52 8.72 8.99 9.33 9.60 9.87 10.41 9.17
7.91 8.45 8.65 8.92 9.13 9.33 9.67 10.07 9.02
7.91 8.79 9.20 9.33 9.53 9.80 10.14 10.48 9.40
7.91 8.58 8.85 9.06 9.33 9.53 9.87 10.41 9.19
7.91 8.92 9.13 9.33 9.53 9.73 10.07 10.55 9.40
Gum Arabic (5%) + Glycerin (2.5% 7.91 8.79 8.99 9.19 9.53 9.67 10.21 10.68 9.37
7.91 8.52 8.79 8.99 9.19 9.46 9.87 10.34 9.14
Calcium Lactate (1%) + Glycerin (2.5% 7.91 8.99 9.33 9.53 9.67 9.94 10.27 10.82 9.56
Calcium Lactate (3%0) + Glycerin (2.5% 7.91 8.45 8.86 9.13 9.40 9.73 10.14 10.55 9.27
7.91 9.12 9.46 9.60 9.87 10.14 10.34 10.88 9.67
7.91 8.71 9.00 9.21 9.45 9.69 10.05 10.52

T=0.24 D=0.24 TxD= 1.10
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Table.4 Effect of different treatments on reducing sugars content (%) in Kinnow fruits during
storage at room temperature

0 7 14 21 28 35 42 49 Mean
3.45 4.19 4.33 4.60 4.80 5.00 5.21 5.51 4.62
3.45 3.99 4.26 453 473 4,94 5.14 5.34 455
3.45 4.39 453 4.80 4.98 5.34 5.54 5.75 4.85
3.45 419 4.46 473 4,93 5.20 5.61 5.78 481
3.45 4.39 4.80 5.00 5.20 5.41 5.34 5.61 4.90
3.45 453 459 4.87 5.00 5.20 5.41 5.68 4.84
3.45 433 4.46 4.66 4.87 5.07 5.27 5.48 4.70
3.45 458 4.80 4.80 5.14 5.34 5.55 5.81 4.93
3.45 4.40 4.66 4.87 5.07 5.27 5.47 5.75 4.87
3.45 4.60 4.87 5.07 5.34 5.48 5.75 5.58 5.07
DiViean i 4.36 458 479 5.01 5.23 5.43 5.67
T=0.23 D=0.21 TxD=0.70

Table.5 Effect of different treatments on non-reducing sugars content (%) in Kinnow fruits
during storage at room temperature

0 7 14 21 28 35 42 49 Mean
4.46 433 4.39 4.39 4,53 4.60 4.66 5.00 455
4.46 4.46 4.39 4.39 4.39 4.39 453 473 4.47
4.46 4.39 4.66 453 4.56 4.46 459 473 455
4.46 4.39 4.39 433 4.40 433 4.26 4,63 4.39
4.46 453 433 433 433 433 473 4.93 450
Gum Arabic (5%) + Glycerin (2.5% 4.46 4.26 4.39 4.33 4.53 4.46 4.80 5.00 4.53
4.46 4.19 433 433 433 4.39 4,59 4.87 4.44
Calcium Lactate (1%) + Glycerin (2.5% 4.46 4.42 453 4.73 453 4.60 473 5.00 4.60
Calcium Lactate (3%) + Glycerin (2.5% 4.46 4.05 4.19 4.26 4.32 4.46 4.66 4.80 4.40
4.46 453 459 4,53 453 4.66 4,59 5.01 4,63
[ Mean W 4.36 4.42 4.4 4.44 4.47 4.62 4.87

Calculated by subtraction method, so CD was not taken

This might be due because of coatings on fruit
surface restricted the PLW. Similar increase
in reducing sugar content during storage has
also been reported by Magbool et al., (2011)
in Banana fruits.

the metabolism. So the total non-reducing
sugars content decreased. These results are
also in conformity with the results of
Doreyappa and Huddar (2001) and Mann and
Dhillon (1974) in Mango. Minimum non
reducing sugar content was recorded in fruits

Non-reducing sugars

However, data predicted (Table 5) that non-
reducing sugar content decreased with
increasing period of storage up to 7™ day
thereafter it increased up to 49" day of
storage. So, there was no fresh synthesis of
non-reducing sugars and already existed non-
reducing sugars might have been utilized in

treated with Calcium Lactate 3% (4.39%)
followed by Calcium Lactate (3%) + Glycerin
(2.5%) treated fruits (4.47%) and maximum
non reducing sugar content was observed in
control fruits (4.63%) followed by Calcium
Lactate (1%) + Glycerin (2.5%) treated fruits
(4.60%). Maximum increase in non-reducing
sugar content was observed in control fruits.
Minimum non reducing sugar content was
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observed in Calcium Lactate 3% coated fruits.
This might be due to decrease in respiration
and transpiration process and these coatings
might have delayed the conversion of
polysaccharides into sugars. Similar results
have also been reported by Moayednia et al.,
(2010) in Strawberry.

It may be concluded that all coatings were
effective to check the PLW and maintained
the sugar content of the kinnow fruits.
However Gum Arabic 10% coating was the
most effective to minimize the PLW and
retained the sugars content at all period of
storage.
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