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Abstract

This research was conducted to evaluate the effect of CaCl, dipping and beeswax (BW) coating on
the shelf life and quality of nectarine fruits. The experiment was conducted under Holeta
condition during the off-season of 2018. Fruits of ‘89-16N’ nectarine variety were harvested from
HARC orchard. The treatment consisted of a combination of four levels of CaCls (0%, 1.5%, 3.0%
and 4.5%) and three levels of BW application (0%, 3% and 6%). The experiment was arranged in
completely randomized design with factorial arrangement in three replications. Nectarine fruits
were stored at ambient condition after being treated with the different treatment combinations of
BW and CaCl,. Various physico-chemical parameters were assessed. The result revealed that the
PLW of nectarine fruits was significantly reduced. The TSS and pH values as well as TA and AA
contents were better maintained in CaCl. dipping with BW coatings compared with the control.
The highest percentage of marketable fruits with the lowest decay percentage were also retained
by CaCl, dipping and BW coatings. Overall, the best result was consistently obtained at 3.0% BW
with 4.5% CaCl, treated fruits for most of the parameters assessed. Hence, CaCl, dipping and BW
coatings, particularly 8% BW with 4.5% CaCl. treatment, could be considered for extending the
shelf'life and better quality of nectarine fruits.
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Contribution of this paper to the literature
This study contributes to existing literature by evaluating the effect of CaCl, dipping and beeswax (BW)
coating on the shelf life and quality of nectarine fruits.

1. Introduction

Postharvest losses in fresh fruits and vegetables are estimated in the range of 20 to 50% in developing
countries [17] which are also estimated as high as 50% for perishable crops in Ethiopia [27]. Minimizing
postharvest food losses can help to conserve resources and improve human well-being by contributing to food and
nutrition security.

Main factors responsible for the postharvest losses of most fruits are mechanical damage, microbial spoilage
and physiological deterioration [1, 37. Moisture loss is one of the main post-harvest problems that affect the
quality of nectarines during long-term storage. To ensure optimum post-harvest quality, stone fruits like
nectarines should be protected from excessive post-harvest moisture loss [47]. Decay and the incidence of internal
defects such as woolliness, pulpiness and over-ripeness are other problems that are associated with long periods of
storage [5].

Edible coatings with different composition have been tested and used to prolong storage life of fruits. Lipids
including beeswaxes are among the protective coatings used to prolong storage life of fruits 6, 7. Edible coatings
or edible films contribute to enhancing the shelf life of fruits by reduction of moisture loss, solute migration and
gas exchange as well as by reducing the physiological disorders. Edible coatings have high potential to control
browning, off flavor, microbial activity of fruits and thus extending shelf life of treated fresh commodities [87.

Postharvest CaCl, application is also receiving considerable attention in recent times due to its positive effects
on shelf life whilst maintaining quality of many fruits and vegetables. Calcium chloride delays ripening and
senescence, reduces respiration, extends shelf life, maintains firmness, and reduces physiological disorders of many
fruits and vegetables [9, 107. Calcium chloride has also been reported to affect the marketing and storage of fruits
through inhibition of ethylene synthesis, protein breakdown, weight loss and rotting [117]. However, there is no
information on the combined eftect of calcium chloride dipping and beeswax coating on the quality and shelf life of
nectarines. Therefore, the present study was initiated to evaluate the effect of calcium chloride dipping and beeswax
coating on the shelf life and quality of nectarine fruits.

2. Materials and Methods
2.1. Experimental Site

The experiment was conducted at Holeta Agricultural Research Center, which is situated at 9°00° N latitude
and 38°29" E longitude at an altitude of 2400 m.a.s.1, 40 km west of Addis Ababa along the Ambo road. The area
receives a mean annual rainfall of 1100 mm and has a relative humidity of 60.6%. The main rainy season is from
June to September, which accounts for 70% of the rainfall while the remaining 30% is from February to April. The
average annual maximum and minimum temperatures are 22.1 °C and 6.2 °C respectively. The soil type in the area
is predominantly Nitosol, which is characterized by an average organic matter content of 1.8%, Nitrogen 0.17%,
Phosphorous 4.55 ppm and Potassium 1.12 meq/100 g of soil and pH of 5.24 [127].

2.2. Treatments and Experimental Design

The treatments consisted of 4 x 38 factorial combinations of four levels of CaCl, (0%, 1.5%, 3.0% and 4.5%) and
three levels of beeswax coatings (0%, 3% and 6%). There were 12 treatment combinations assigned in a completely
randomized design with three replications.

2.3. Experimental Procedures

Nectarine fruits of variety ‘89-16N’ were collected at uniform firm ripe stage from 12 years old full bearing
orchard of Holeta Agricultural Research Center, temperate fruits research program experimental site. Hand
harvesting was done and fruits were taken to the laboratory immediately after harvest. Fruits were sorted for equal
size, uniform color and free of disease and blemishes. The fruits were then washed with tap water to cool the field
heat down, to avoid soil particles and to reduce microbial load on the fruits and then dried with muslin cloth.
Nectarine fruits were once dipped with 1.5%, 3.0% and 4.5% calcium chloride solutions for 15 minutes leaving the
control. On the other hand, beeswax emulsions at the rates of 3% and 6% were prepared by dissolving with 90 °C
heated 1000 ml water then 20 ml Oleic acid was added to the molten beeswax and slowly cooled with gentle
stirring [(1387]. For fruits that received a combination of both treatments, they were first dipped in calcium chloride
solution and drained for 10 minutes before coating with beeswax. All the fruits were then stored under ambient
environmental condition. One hundred sixty five fruits were allotted to each treatment. Data were collected at
every 5 days interval. Five fruits were taken and marked from each treatment for non-destructive measurements
and five fruits were taken from each treatment randomly for destructive measurements.

2.4. Methodology
2.4.1. Physiological Loss in Weight

Fruits samples tagged for non-destructive parameter measurements were pre-weighed by using physical
balance. The physiological loss in weight were measured after each storage intervals and expressed in percentage
by the following formula [147.

Weight loss
PLW (%) = g (®

100
weight of the fruits at the beginning of storage (g) X
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2.4.2. Total Soluble Solids

The total soluble solid contents of fruits were determined by hand refractometer (0-32 °Brix). The
refractometer was calibrated with distilled water before use and then a drop of fruit juice from each sample were
placed on the prism and readings were recorded. The total soluble solids were expressed in degree Brix (°Brix)

[157.

2.4.8. Titratable Acidity

The titratable acidity of nectarine fruits was determined according to Garner, et al. [167. In a 100 ml beaker, 6
g of fruit juice with 50 ml distilled water were added and titrated against 0.1N sodium hydroxide solution to an end
point of 8.2, measured with the pH meter. The milliliters (ml) of NaOH used were recorded. Then, the titratable
acidity was calculated in terms of malic acid and was expressed as percent on pulp;

) [mls NaOH used] x [0.1 N NaOH] X [milliequivalent factor]
Acid (%) = x 100
grams of sample

2.4.4. Ascorbic Acid

Ascorbic acid content of nectarine fruits was determined by titrimetric method using 0.5% Oxalic acid, 2, 6-
Dichlorophenol-Indophenol (DCPIP) solutions and ascorbic acid standard solution. The ascorbic acid content of
nectarine fruit juice was computed by the following formula and the result was expressed as mg per 100 g of
sample [177;

A bi id = DCPIP (ml)used to titrate the juice " |
scorblcadd = DCPIP (ml) used to titrate the standard ascorbic acid x1mg/m

2.4.5. Decay

The percentage of disordered fruits including all of the spoiled fruits that resulted from fungus, bacterial and
pathogens rots were assessed with visual observation. Decay loss was calculated from observation made on number
of fruits infected on each day to the numbers of fruits initially stored and then percentage of decay loss was worked
out by the following formula [187;

No_of fruits infected
Decay (%) =

100

No_ of sample fruits initially stored X

2.4.6. Percentage of Marketable Fruits

The percentage of marketable fruits was subjectively assessed according to the procedure of Mohammed, et al.
[197. The descriptive quality attributes were determined by observing the level of decay, color, surface defects and
shriveling. A 1-9 rating scales of which; 1= unsalable, 3 =unmarketable, 5 = fair, 7 = good and 9 = excellent were
used to evaluate the marketable fruits. Fruits receiving a rating of five and above were considered marketable,
while those rated less than five were considered unmarketable. The number of marketable fruits was used as a
measure to calculate the percentage of marketable fruits during storage and converted by the following formula;

Number of marketable fruits

P t f marketable fruits = 100
ercentage of marketable frutts Total number of fruits X

2.5. Data Analysis

The data were subjected to analysis of variance (ANOVA) in CRD with factorial arrangement to determine
differences between the treatments [207]. The results were analyzed using Statistical Analysis System (SAS)
version 9.0. Comparisons of the treatment means was done by the least significant difference (LSD) test at 5%
significance level.

3. Results and Discussion
3.1. Physiological Loss in Weight

Highly significant (P<0.001) difference in the physiological loss in weight (PLW) of nectarine fruits was
observed due to the interaction effect of CaCl. dipping and beeswax (BW) coatings Table 1. The highest rates of
PLW, 5.38% and 11.79%, were observed in control fruit samples while the lowest values of 2.44% and 5.47% were
recorded in 6% BW with 0% CaCl, treatment after 5% and 10" days of storage, respectively. While fruits not
treated with beeswax and CaCl, were discarded after 15 days of storage, the highest PLW (19.30%) was recorded
from 0% BW with 1.5% CaCl, among the remaining treatments, whereas treatment of 6% BW with 0% CaCl. had
the lowest loss in Weight. However, 6% wax combined with 8.0 and 4.5% CaCls equally reduced the PLW of fruits,
which were in the range of 10.26 to 10.3%. At day 20, the PLW for 3% BW with 4.5% CaCl., treated fruits was
reduced nearly by half as compared to the highest PLW of 27.55% for 0% BW with 8.0% CaCl. treatment. Fruits
not treated with beeswax as well as those treated with 3% beeswax combined with no and 1.5% CaCl, were all
discarded on day 25. Among the remaining treatments, the highest loss (23.36%) was observed from 6% BW with
1.5% CaCl, while the lowest PLW (19.30%) was recorded in 3% BW with 4.5% CaCl, treatment.

There was a general increase of PLW as the storage period advanced for all of the treatments. Treating
nectarine fruits with 3% BW with 4.5% CaCl, kept the PLW low up to the end of shelf life though 6% BW
combined with 0% CaCl, treatment better reduced PLW up to day 15 Table 1. This result is in agreement with
reports of El-Badawy [217] who observed reduced weight loss in ‘Florida prince’ peach treated by the combination
of CaCls and chitosan coating. Weight loss of fresh fruits is mainly due to water loss because of evaporation and
transpiration while dry matter is lost by respiration. Hence, the lowest PLW of the fruits could be related to
modified atmosphere created by BW coatings and effect of CaCl, dipping on respiration, which probably lowered
the rate of transpiration, water loss and oxidation reactions when the treatments are combined. However, waxed
barrier must not be so complete as to block essential movement of O, gas in to the fruit or CO; out of it Kader

[22].
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3.2. Total Soluble Solids

The interaction effect of CaCl, dipping and beeswax (BW) coatings had highly significant (P<0.001) influence
on the TSS content of nectarine fruits Table 2. The control fruit samples had the highest TSS of 10.73 °Brix,
whereas fruits treated with 6% BW with 4.5% CaCl, had the lowest TSS of 8.4 °Brix on day 5. Similarly, the
highest T'SS value was recorded in the control fruit samples while the lowest was observed in 6% BW with 0%
CaCly treatment on day 10. On day 15, TSS value of 13.80 °Brix was recorded in 0% BW with 3.0% CaCl,
treatments while fruits treated with 6% BW combined with 0% CaCl, had 2.6 °Brix less TSS value. On day 25,
fruits dipped in 6% BW in combination with 0% CaCls recorded the highest TSS value (18.27 °Brix), which did not
vary statistically with those treated with 6% BW combined with 1.5 and 4.5% CaCl.. Whereas, the lowest TSS
value (12.33 °Brix) was observed both in 3% BW with 4.5% CaCl, and 6% BW with 3.0% CaCl. treated fruits.

In general, there was a gradual increase in T'SS value of nectarine fruits for most of the treatments over time.
However, CaCl, dipping and BW coatings had significantly maintained the TSS of nectarine fruits higher towards
the end of storage period. The increase in TSS was probably due to the hydrolysis of polysaccharides and
concentrated juice content because of dehydration with the passage of storage time [9, 287. The higher TSS
content in control fruits might be due to faster changes of ripening resulting in breakdown of complex
carbohydrates into simple sugars at a faster rate. This might also be due to high weight loss, which is mainly due to
the water loss that leads to higher concentration of sugars in fruits during the storage [24, 257. The lower
respiration rate for CaCl, dipping and BW coatings might, therefore, reduce the use of metabolites resulting in
slow conversion of carbohydrates to sugars.

Table-1. Effect of calcium chloride dipping and beeswax coating on the physiological loss in weight (%) of nectarine fruits under Holeta
condition, 2018.
Treatment Storage period (days
BW (%)| CaCl. (%) 5 10 15 20 25
0 0 5.88440.07 11.79240.389 - - -
0 1.5 5.18410.25 11.05°10.10 19.8021+0.29 - -
0 3.0 4.57°+0.09 10.28°+0.07 17.76"10.18 27.552+0.21 =
0 4.5 4.784+0.16 9.744£0.05 17.46°+0.29 25.47°+0.56 -
3 0 3.06910.10 7.49110.26 12.85¢10.32 18.60¢+0.45 =
3 1.5 3.82¢4+0.38 7.98¢+0.16 12.65¢+0.80 18.89¢+1.04 =
3 3.0 2.924¢+0.39 6.470+0.18 10.744¢+0.66 16.084¢+0.65 22.18+0.26
3 4.5 2.584+0.15 5.761£0.10 9.358+0.93 14.088+0.26 19.80¢+0.73
6 0 2.44f +0.84¢ 5.4771+0.23 9.118+0.62 14.51%8+0.50 20.009+0.95
6 1.5 3.07%9£0.12 7.01810.28 11.68%4+0.51 17.079+0.90 23.362£0.32
6 3.0 2.764¢+0.08 5.961+0.28 10.30¢+0.66 15.81¢£0.28 21.93b¢+0.78
6 4.5 2.60°+0.13 5.981+0.21 10.26¢+0.44 15.85%40.59 21.02¢4 £0.11
Significance
BW (A) * 3k 3k * 3k 3k * 3k 3k * 3k 3k ns
A * B * 3k 3k * 3k 3k * 3k 3k * 3k 3k * 3k 3k

Note: BW: beeswax; data after + are standard deviations (n=38); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD
test); ns: non-significant; ***: P < 0.001.

Table-2. Effect of calcium chloride dipping and beeswax coating on the total soluble solids content (°Brix) of nectarine fruits under Holeta

condition, 2018.

Treatment Storage period (days)
BW (%) | CaCl.(%) 5 10 15 20 25
0 0 10.7324+0.12 18.572+0.15 = = =
0 1.5 10.50%+0.10 12.67°+0.23 11.80¢£0.20 - -
0 3.0 10.47+0.12 12.78b+0.12 138.802+0.20 18.53%+0.12 =
0 4.5 9.634¢+0.21 11.98°+0.12 12.47°1£0.23 18.804+0.20 =
3 0 9.477¢+0.12 11.409+0.20 11.78¢£0.12 18.47°+0.12 =
3 1.5 9.20f+0.20 10.87¢£0.12 12.40b¢£0.20 12.93de+0.12 =
3 3.0 9.80%+0.17 10.80¢£0.20 11.80¢£0.20 12.78¢1+0.12 12.80°+0.85
3 4.5 8.708£0.10 10.87t+£0.15 11.874¢+0.23 12.208£0.20 12.88¢+0.12
6 0 9.40¢+0.00 9.508%0.10 11.20f£0.20 18.27b¢+0.12 18.27240.23
6 1.5 9.477¢+0.12 10.98¢£0.12 11.98%+0.12 12.67¢+0.31 18.073b+0.12
6 3.0 10.00°£0.20 11.08°+0.15 12.18%4+0.23 12.408t+0.20 12.88¢10.12
6 4.5 8.40M+0.20 10.38(10.23 11.98%+0.12 18.07¢440.12 18.002b+0.00
Significance
BW (A) 3k sk 3k 3k 3k 3k k%K ns
CaCl2 (B) 3k sk 3k 3k 3k 3k k%K 3k sk
A * B 3k sk 3k 3k 3k 3k k%K Sk sk

Note: BW: beeswax; data afler + are standard deviations (n=3); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD test);
ns: non-significant; ***: P < 0.001.

3.8. Titratable Acidity

Nectarine fruits showed highly significant (P<0.001) difference in titratable acidity (T'A) due to the interaction
effect of CaCl, dipping and beeswax (BW) coatings up to 20 days of storage Table 3. The highest TA values (1.55%
and 1.42% malic acid) were recorded in 6% BW with 0% CaCl, treated fruits while the lowest TA values (1.16%
and 0.68% malic acid) were observed in control fruit samples on day 5 and 10, respectively. However, at day 15 and
20, the highest TA values were maintained at 3% BW with 4.5% CaCl, treated fruits whereas fruits treated at 0%
BW combined with 1.5% and 3.0% CaCl. on day 15 and 20, respectively, recorded the least (0.78%) TA value.
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Generally, the TA of nectarine fruits declined as storage period prolonged for all of the treatments. While TA
value of non-treated fruits were low at all storage periods, treatments that involved CaCl, dipping and beeswax
coatings, particularly 8% BW with 4.5% CaCl, maintained relatively higher TA levels. This result agreed with
reports of Sahar [267] who detected a decrease in acidity of nectarine fruits during 28 days of storage. During fruit
ripening in storage, fruit utilizes carbohydrates and acids for energy requirement of cells and synthesis of other
compounds such as flavor compounds [25, 277]. Titratable acidity (TA) is often related to maturity [287. Titratable
acidity of fruits is an indicator of potential storage quality, which declines gradually over the storage period [297.
The faster decrease in acidity gives rise to a faster senescence [307]. The highest reduction and lowest value of
titratable acidity could, therefore, be due to higher respiration rate and related metabolic activity, which enhances
the consumption of organic acids.

Table-3. Eftect of calcium chloride dipping and beeswax coating on the titratable acidity (%) of nectarine fruits under Holeta condition,
2018.
Treatment Storage period (days)
BW (%) CaCl. (%) 5 10 15 20 25
0 0 1.16M £0.08 0.68h+0.02 - - -
0 1.5 1.29840.02 1.178%0.08 0.7844+0.07 - -
0 3.0 1.48%¢+0.03 1.28%def+0.02 1.12¢£0.00 0.78f+0.02 -
0 4.5 1.4924+0.02 1.28¢+0.02 1.284+0.09 0.91¢£0.04 =
3 0 1.86+0.07 1.19¢64+0.03 1.12°3+0.00 0.924¢+0.00 -
3 1.5 1.298+0.02 1.204¢f5+0.02 1.15b4+0.07 0.924¢+0.05 -
3 3.0 1.38¢+0.03 1.25%40.04 1.19b4+0.06 0.94¢d¢£0.05 0.7240.02
3 4.5 1.44bd+0.01 1.86Y£0.00 1.33240.03 1.122£0.00 0.7510.08
6 0 1.55240.02 1.42240.02 1.24040.03 1.01°% 0.00 0.72+0.06
6 1.5 1.424¢(+0.03 1.19f64+0.06 1.18b+ 0.03 0.98b¢d+0.03 0.6910.08
6 3.0 1.48b+0.02 1.24¢def+0,08 1.19%+0.03 0.9540.03 0.6910.02
6 4.5 1.477°¢d+0.00 1.25%e4+0.02 1.22b4+0.09 0.98b¢+0.02 0.7510.08
Significance
BW (A) * 3k 3k * 3k 3k * 3k 3k 3k sk ns
CaCl, (B) ok sk ok sk ok sk ko ns
A * B * 3k 3k * 3k 3k * 3k 3k 3k sk ns

Note: BW: beeswax; data after * are standard deviations (n=8); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD
test); ns: non-significant; ***: P < 0.001.

3.4. Ascorbic Acid

Highly significant (P<0.001) variation in the ascorbic acid (AA) content of nectarine fruits was recorded due
to the interaction effect of CaCl, dipping and beeswax (BW) coatings except for day 25 Table 4. The lowest AA
value of 8.44 mg/ 100 g was recorded in control fruit samples while the highest of 12 mg/100 g was observed in 6%
BW + 4.5% CaCl; and 6% BW + 0% CaCl, treated fruits on day 5. However, non-significant difference between 0%
BW with 1.5% CaCl, and 0% BW with 1.5% CaCl, as well as between 0% BW with 4.5% CaCl,, 3% BW with 0%
CaCly, 8% BW with 4.5% CaCl, and 3% BW with 4.5% CaCl, was observed on the same day. On day 10, fruits
treated at 6% BW with 0% CaCl, had the highest AA value (9.78 mg/100 g) while it dropped to 4.44 mg/100 g in
control fruits. Whereas, fruits treated with 0% BW with 4.5% CaCl, and 6% BW with 1.5% CaCl, showed non-
significant variation.

Table-4. Effect of calcium chloride dipping and beeswax coating on the ascorbic acid contents (mg/100 g) of nectarine fruits under Holeta
condition, 2018.
Treatment Storage period (days)
BW (%)| CaCl.(%) 5 10 15 20 25
0 0 8.444+0.77 4.44440.77 - - -
0 1.5 9.88bd+0.00 7.88°+0.67 4.89¢+0.77 - -
0 3.0 9.88bd+0.00 7.56°+0.77 5.78%de+0.77 4.0094+0.00 -
0 4.5 10.6722£0.00 8.894b+0.77 7.0022£0.00 4.0094+0.00 -
3 0 10.672b+1.34 8.00¢+0.67 5.78%de+0.77 4.0094+0.00 -
3 1.5 8.89¢4+0.77 7.78°+0.39 5.884¢£0.00 4.0094+0.00 -
3 3.0 10.22bc+1.54¢ 8.00>+0.00 6.22bcd+0.77 4.0094+0.00 4.00%0.00
3 4.5 10.673b+0.00 9.55310.39 8.00810.00 5.782+0.77 4.4410.77
6 0 12.0038£0.00 9.781+0.77 7.113b+1.54¢ 5.333+0.00 4.4440.77
6 1.5 9.78bed+0.77 8.00>+0.00 6.78b¢+0.19 4.44¢d+0.77 4.00%0.00
6 3.0 10.673b+1.34 8.22b¢+0.39 6.89%¢+0.19 4.89b¢+0.77 4.00£0.00
6 4.5 12.002£0.00 8.894b+0.38 6.22bcd+0.77 4.22¢+0.39 4.00£0.00
Significance
BW (A) 3k 3k L2 * ¥k ns
CaCl, (B) RS Hkk ** ns ns
A*B | * kK KKk * kK * kK ns

Note: BW: beeswax; data after + are standard deviations (n=3); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD
test); ns: non-significant; *: P < 0.05; **: P < 0.01; ***: P < 0.001.

The AA content of nectarine fruits in general had substantially decreased as storage period advanced
irrespective of the treatments. However, relatively higher AA content of nectarine fruits was maintained with
CaCls dipping and beeswax coating, particularly 3% BW + 4.5% CaCl, treated fruits, compared with the control
Table 4. Sahar [267 reported similar result on nectarine fruits using essential oils and Davarynejad, et al. [317] on
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apricot fruits. The lower level of AA in control might be due to increased respiration, which accelerates the
deteriorative oxidation reaction and loss of ascorbic acid [82, 837. Ascorbic acid is an important nutrient and is
very sensitive to degradation due to its oxidation compared to other nutrients during food processing and storage

[347.

38.5. Decay

Highly significant (P<0.001) difference on the occurrence of nectarine fruit decay was observed due to the
interaction effect of CaCl, dipping and beeswax (BW) coatings Table 5. There was a highest and massive decay of
fruits in control fruit samples. At day 5, only control fruit samples had decayed fruits (40%), which increased to
73.33%, followed by fruits treated with 1.5% CaCl, with no beeswax coating on day 10. All fruits that received 6%
BW, irrespective of CaCl, treatments, as well as fruits treated by 3% BW with 8.0 and 4.5% CaCl, and 0% BW with
4.5% CaCl. did not show sign of decay till day 15. While, it reached 66.67% in fruits treated with 1.5% CaCl, alone
and discarded in the control treatment (Table 5). However, a relatively reduced fruit decay amounting to 20% to
60% was observed in fruits receiving 6 and 3% BW combined with higher concentrations of CaCle during the
subsequent storage periods. At day 25, the highest decay (60%) was observed from 6% BW with 0% CaCl. and 6%
BW with 1.5% CaCl, treated fruits whereas the lowest (20%) was from 8% BW with 3.0% CaCl, and 3% BW with
4.5% CaCl, treated fruits Table 5.

Table-5. Effect of calcium chloride dipping and beeswax coating on the percentage decay of nectarine fruits under Holeta condition, 2018.
Treatment Storage period (days)
BW (%) | CaCl. (%) 5 10 15 20 25
(8] 0 40.00£0.00 73.8831£7.31 = = =
(8] 1.5 0.00£0.00 20.00£0.00 66.67°17.31 = =
(8] 3.0 0.00£0.00 0.00°+0.00 20.00£0.00 40.00°+0.00 >
0 4.5 0.00£0.00 0.00°£0.00 0.00°£0.00 20.00°£0.00 =
3 0 0.00£0.00 0.00°£0.00 20.00"£0.00 53.83216.66 =
3 1.5 0.00£0.00 0.00°£0.00 20.00°£0.00 40.00°£0.00 =
3 3.0 0.00£0.00 0.00°£0.00 0.00°£0.00 20.00°£0.00 20.00°£0.00
3 4.5 0.00£0.00 0.00°£0.00 0.00°£0.00 20.00°£0.00 20.00°£0.00
6 0 0.00£0.00 0.00°£0.00 0.00°£0.00 33.33v£7.32 60.002+0.00
6 1.5 0.00£0.00 0.00°£0.00 0.00°£0.00 40.00°£0.00 60.002£0.00
6 3.0 0.00£0.00 0.00°£0.00 0.00°£0.00 20.00°£0.00 40.00£0.00
6 4.5 0.00£0.00 0.00°+0.00 0.00°+0.00 20.00°£0.00 33.3817.32
Significance
BW (A) ns Kok Kok Kok
CaCl, (B) kK Kok Kok koK
A*B keksk ki ki ek

Note: BW: beeswax; data after £ are standard deviations (n=3); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD
test); ns: non-significant; ***: P < 0.001.

The percentage of decayed fruits gradually increased as storage period advanced for all of the treatments.
However, CaCl, and beeswax coating significantly reduced fruit decay loss for relatively longer period. Fruits
treated either at 3% BW + 3.0% CaCl, or 3% BW + 4.5% CaCl, better reduced the decay occurrence up to shelf life
termination. Gayed, et al. [35] reported similar finding where CaCl, and chitosan application reduced decay
percentage of ‘Early Swelling’ peach fruit. It has been observed that coating has the ability to prevent the growth
of fungi in wide horticultural produces [367. The use of edible coating combined with natural antimicrobials is a
good strategy to increase shelf life of fruits [377]. The reduction of decay in CaCl. dipping and BW coatings could
be due to the coatings film property which acted as a barrier for the growth of microbes. The difference in decay
percentage might also be due to the modified atmospheric difference created by different levels of BW coatings.
Fruit decay might also be reduced due to the combined role of CaCl,, which act as a reducer of fruit softening by
strengthening of the cell walls, and beeswax by covering cuticle and lenticels of the fruits. Hence, reduction of
respiration rate and ripening process by the treatments probably minimized the occurrence of fruit decay.

3.6. Percentage of Marketable Fruaits

The percentage of marketable nectarine fruits was highly significantly (P<0.001) influenced due to the
interaction effect of CaCl, dipping and BW coatings (Table 6). Beeswax (3 and 6%) with all levels of CaCl,, and 3
and 4.5% CaCl, alone kept fruits 100% marketable up to 10 days of storage while it dropped to 26.7 and 80% in the
control and 1.5 % CaCl, treated fruits alone, respectively. Treatment combinations of 3% BW + 4.5% CaCl, and 6%
BW + 0% CaCl, maintained fruits marketability to 100% till day 15 while it dropped to nil in the control to 33.33%
in 0% BW + 1.5% CaCl, treated fruits. At day 20, fruits in the 0% BW + 1.5% CaCl, treatment were discarded,
while the highest percentage of marketable fruits (80%) was recoded for 3% BW with 4.5% CaCl, treated fruits and
the lowest (33.33%) was from 0% BW with 8% CaCl, treated fruits. Similarly, at day 25, all treatment combinations
consisting of 0% BW with all levels of CaCl, and 8% BW with 0 and 1.5% CaCl, were discarded. Among the
remaining treatments, the highest percentage of marketable fruits (53.33%) was observed from 3% BW + 4.5%
CaCly; and 6% BW + 3.0% CaCl, treated fruits while the lowest (20%) was recorded for 6% BW + 1.5% CaCl,
treated fruits Table 6.

In general, the marketability of nectarine fruits gradually declined over storage time. Decay and over ripening
were the reason of shelf life termination for control fruits, while shriveling as well as little decays were the cause of
shelf life termination and un-marketability for treated fruits. However, CaCl, dipping and beeswax coatings had
significantly maintained the marketability of fruits. Particularly, treatment with 3% BW + 4.5% CaCl, had
consistently kept the highest percentage of marketable fruits up to the last date of storage. This result was
comparable with reports of Eryani-Raqeeb, et al. [387] who noticed that 2.5% calcium combined with chitosan
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coating extended the storage life of papaya fruits. Similarly, extended shelf life period was observed in plum fruits
[397] and strawberries treated with edible coatings [407]. The lowest firmness loss, shriveling, decay occurrence
and better appearance due to delayed metabolic rates might be the reason for the highest percentage of marketable
fruits of CaCl, + BW coating treatments. However, the causes of shelf life termination for CaCl. dipping and BW
coating treated fruits were fruit shriveling, decay and over ripening while decay was the main cause of shelf life
termination for control fruits.

Table-6. Effect of calcium chloride dipping and beeswax coating on the percentage of marketable nectarine fruits under Holeta condition,

2018.
Treatment Storage period (days)
BW (%) CaCl. (%) 5 10 15 20 25
(6] O 60.00°+0.00 26.67°x11.55 - - -
0 1.5 938.33+11.55 80.00Y+0.00 33.88¢t11.55 - -
[0} 3.0 100.002£0.00 100.002+0.00 60.004+0.00 33.833¢+11.556 -
[0} 4.5 100.002£0.00 100.002+0.00 80.00¢£0.00 40.004¢£0.00 -
3 (0] 100.002£0.00 100.002+0.00 80.00¢£0.00 46.6799%11.55 -
3 1.5 100.002£0.00 100.002+0.00 66.679t11.55 40.004¢£0.00 -
3 3.0 100.002£0.00 100.002£0.00 93.833+11.55 538.88b+11.55 40.00°£0.00
3 4.5 100.002£0.00 100.002£0.00 100.002£0.00 80.002+0.00 53.333+11.55
6 O 100.002£0.00 100.002£0.00 100.002£0.00 73.8333%11.55 40.00£0.00
6 1.5 100.002£0.00 100.002£0.00 86.67+11.55 40.004¢£0.00 20.00°+0.00
6 3.0 100.002£0.00 100.002£0.00 80.00°£0.00 60.00°10.00 53.333+11.55
6 4.5 100.002£0.00 100.002£0.00 86.67+11.55 60.00°+0.00 40.00°£0.00
Significance
BW (A) ns ns IS LA ns
CaCl, (B) ok ok ok kK *okx
A*B *Hx o Rk P ok

Note: BW: beeswax; data after + are standard deviations (n=38); means with the same letter (s) in a column are not significantly different at P < 0.05 (LSD
test); ns: non-significant; ***: P < 0.001.

4., Conclusion

Calcium chloride dipping and BW coatings had substantially reduced the PLW and significantly maintained

the TSS, TA and AA of nectarine fruits. It also significantly minimized nectarine fruit decay and maintained
marketability as well. Hence, calcium chloride dipping and beeswax coatings, particularly treatment with 3% BW +
4.5% CaCl,, could be considered as an alternative technology for shelf life extension and better quality.
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