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ABSTRACT 

Apple (Malus Pyrus. L) belongs to the family Rosaceae and is one of the most famous fleshy and 

pulpy fruit, mostly grown in the temperate zone. Apple fruit can be taken as fresh, dried, and 

processed into juices, jams, jellies, and canned products. There are several species of apple grown 

in Gilgit-Baltistan such as Red delicious, Golden delicious, Golden delicious hard, Kala-Kulu, 

Dhang, and Noor-shah. Apple plays an important role in health maintenance and prevents several 

diseases. Red delicious apple variety is treated with different levels (1%, 2%, and 3%) of calcium 

lactate and stored at room temperature for one month. The samples were analyzed at 7 days of the 

interval during the storage period. During storage, the moisture content of red delicious apple fruit 

decreased from 79.19 to 68.82%. Ash content of the best apple variety increased from 2.61 to 2.79 

% during storage. It was noticed that during storage pH value increased from 3.84 to 4.02. The total 

soluble solids of the red delicious variety increased from 11.76 to 12.63. During storage total sugars 

and reduction, sugars are increased. Total sugars increased from 69.06 to 69.47% and reducing 

sugars inclined from 15.37 to 15.89% while non-reducing sugars of red delicious apple declined 

from 53.69 to 53.53%. Furthermore titratable acidity is also reduced during storage from 0.17 to 

0.10 %. The total phenolics contents and antioxidant activity are decreased. Antioxidant activity 

decreased from 24.37 % to 23.99% and total phenolics contents declined from 201.53 mg/GA to 

201.09 mg/GA. Sensory evaluation of red delicious apple fruit was conducted during the storage 

period for color, flavor, texture, and overall acceptability. The color score decreased from 8.30 to 

6.63. The score for flavor given by judges also declined from 8.40 to 7.20. The texture score was 
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observed to be declined from 8.10 to 6.80. The overall acceptability score for the red delicious 

apple variety was lower from 8.26 to 6.06. It is concluded that the treatment that contains 3% 

calcium lactate showed best results in maintaining the physiochemical and sensory attributes 

followed by T2 and T1. 

 

Keywords: Red delicious apple, Calcium lactate, Physicochemical properties, Antioxidant, Sensory 

attribute 

 

1- ITRODUCTION 

Apple (Malus pumila L.) is a sweet, edible fruit, which grows worldwide, and is the most widely 

cultivated in temperate zone belongs to species of Rosaceae family, is one of the most important 

perennial long-lived woody fruit crops of the world (Hussain et al., 2014). Apple is mostly taken 

fresh and it ripens from late summer to winter. Quality of fruit is made of its external and internal 

(morphological-physical, biochemical and sensory) factors. With its quality it has to correspond to 

wishes of many consumers so that it can satisfy most of their needs, preferences, tastes and habits 

(Violeta, Trandafir, & Ionica, 2010). 

Apple is one of the most produced fruits in the world. China, USA and Poland are the top 

three countries in the production of apple. According to the USDA, China is the topmost producer 

of apple with producing 44 million tons produced annually. The second largest contributor is 

United States. It produces an average of 4.6 million tons. In the same year, the yield of apples was 

310,000 tons (USDA, 2019). Apples are generally known as the “sweet gold” of Pakistan and are 

among the most popular fruits. According to the Pakistan Bureau of Statistics, during 2012/13 

apples were produced over an area of 110,000 hectares with a total production of 556,000 metric 

tons, placing Pakistan among the top 25 producers globally. In Pakistan, it is grown as a 

commercial crop in Punjab, Khyber Pakhtunkhwa, Quetta and Gilgit-Baltistan (Akhtar, Khan, Ali, 

& Javid, 2013). In Gilgit-Baltistan, Nagar and Hunza are famous for producing good quality apples. 

Nagar and Hunza are blessed with many natural resources including fruits among which apple is 

most famous. However, the way of production, transportation, storage and marketing is traditional 

Apple is one of the commonly grown cash crops in Gilgit-Baltistan (Khan, Khan, Rehman, & Ali, 

2013) and has a profound impact on poverty alleviation and income generation of pro-poor segment 

of mountain communities (Khudadad, Ali, & Jan, 2013) which cause many losses of local farmer. 
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(Akhtar & Javed, 2013). 

Apple has great nutritional value and contains many nutrients including vitamin C, 

Potassium and fiber. It also contains essential food elements such as sugar 11%, proteins 0.3%, 

nearly 14% of apple is made up of carbohydrates, 4% minerals and remaining part contains 80% of 

water (Whitney & Rolfes, 2007). Apple plays an important role in health maintenance and prevents 

several diseases. The health benefits of apple are associated with strong antioxidant activities, 

known to useful for weight loss and neuro-protective effects. Furthermore apple contains several 

polyphenols and antioxidants which have many biological characteristics. The dietary intake of 

fruits is connected with reducing the incidence of many diseases such as cancer and cardio vascular 

diseases. Calcium lactate used for coating plays very important role in fruit regarding to cell wall 

structure. The calcium lactate strengthens the cell wall structure and it has positive effect on cellular 

stabilization. Keeping in mind above all aspects this research was designed to check the effect of 

Calcium lactate treatments on the overall quality of Red delicious apple. 

2- MATERIALS AND METHODS 

The study was conducted at the Department of Food Technology Department Institute of 

Food and Nutritional Sciences, Pir Mehr Ali Shah, Arid Agriculture University Rawalpindi, 

Pakistan.  

 2.1 Collection of sample 

For this research work red delicious apple was collected from Gilgit Baltistan and 

transported to the Food Technology Laboratory IFNS, PMAS-UAAR, Rawalpindi, Pakistan. Fruits 

were cleaned and washed to remove all foreign agents i.e dust particles, dirt, sand then treated with 

calcium lactate and stored at room temperature for one month. 

2.3 Applied Treatments 

T1 =  Apple + 1 % Calcium Lactate 

T2 = Apple + 2% Calcium Lactate 

T3 =  Apple + 3% Calcium Lactate 

 2.2 PHYSICOCHEMICAL ANALYSIS 

Following physicochemical parameters were analyzed with 7 days of interval during 

storage.  

2.2.1 Moisture Contents 

The moisture of fruit sample was determined by AOAC method No.934-06 (AOAC, 1990). 

The following formula was used to calculate the moisture contents: 
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2.2.2 Total Soluble Solids 

Total soluble solid of fruit of sample was determined by using refractometer, as described 

by AOAC method No.920-151 (AOAC, 1990). 

2.2.3 Total Sugars 

Total sugar content of apple varieties were determined by Lane and Eynon method 

described in AOAC  method No.925-35 (AOAC, 1990). The following formula was used to 

calculate total sugar. 

2.2.4 Reducing Sugars 

Reducing Sugar contents of fruit sample was determined by Lane and Eynon method as 

described in AOAC method No. 925-36 (AOAC, 1990).  

2.2.5 Non Reducing Sugars 

Non Reducing Sugar content of was determined by subtracting total sugar from reducing sugar. 

Non Reducing Sugars = Total Sugars − Reducing Sugars 

2.2.5 Ash Contents 

The ash content was determined by incinerating the dried sample in muffle furnace at 500-

600oC for 5 to 6 hours as described in AOAC method No.940-26 (AOAC, 1990). The formula use 

to calculate ash content; 

2.2.6 pH 

The pH value of fruit sample was measured by using pH meter as described in AOAC 

method No.918-12 (AOAC, 1990). 

2.2.7 Titratable Acidity (% in term of Malic Acid) 

Titratable acidity of fruit samples was determined by using AOAC method No.981-12 

(AOAC, 1990).  

2.2.7 Antioxidant activity  

Antioxidant activity of fruit samples was calculated by using modified version of Brand-

William (Williams, Wendy, Cuvelier, & Berset, 1995). The DPPH radical scavenging activity of 

extracts was expressed as % DPPH scavenging activity by using the following formula; 

DPPH scavenging activity (%) = [(Abs. Control-Abs. Sample)/Abs. Control] × 100 

2.2.8 Total Phenolics (mg GAE/100g) 
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The total phenolic content of fruit sample was determined by using the Foilin-Ciocalteau,s 

as described by Sponas and Wrolstad (Spanos, Wrolstad, & Heatherbell, 1990).  

2.3 Sensory evaluation 

The sensory evaluation of apple fruits was carried out for taste, flavor, and color as 

described by Lawless and Heymann (Lawless & Heymann, 1998). 

2.4.1 Statistical analysis 

All the data were performed triplicate and results were analyzed statistically using CRD 

design. The means were compared by using LSD test as described by Steel, Torrie, & Dickey, 

(1997).  

3. RESULTS AND DISCUSSION 

The main purpose of current research work was to study the effect calcium lactate 

treatments on physicochemical and sensory characteristics of red delicious apple grown in Gilgit 

Baltistan. Apple samples were analyzed at an interval of 7 days for physiochemical sensory 

characteristics that are mentioned as under. During this study the moisture content of red 

delicious apple samples were analyzed. Study showed that the applied treatments calcium lactate 

and storage interval had significant effect on moisture content. At first day moisture content were 

noted as 78.27, 79.36, and 80.01 for T1, T2 and T3 respectively which is finally declined up to 

66.9, 69.50 and 70.06. The treatment T3 (75.11) obtained highest mean value and T1 (72.44) got 

lowest value during storage. In term of percentage the maximum decrease was recorded in initial 

sample (14.52) and minimum decline recorded in T3 (12.40) as shown in Table 1. Result showed 

that during storage moisture value of apple samples were reduced from 79.31% to 68.82% 

respectively as given in table-1. The decreased in moisture contents during storage were due to 

changing of temperature and soft skin of apple fruit lead to rapid loss of water. Higher retention 

of moisture content found in calcium treated apple as compared to untreated apple which might 

be due to lowering the respiration rate, reduced evaporation loses and minimizing physiological 

disorders o apple fruit. This worked was interlinked with studied of Hussain et al., (2012).  

The pH of red delicious apple sample was analyzed at every 7 days interval during 

storage results showed significant effect of storage and calcium lactate on pH of apple samples. 

At first day of research pH readings were recorded as 3.80, 3.82 and 3.90 for T1, T2 and, T3 

respectively which increased finally to 3.97, 4.01 and 4.02 as shown in Table 2. The minimum 

mean value was found in T1 (3.87) while maximum mean value recorded for sample T3 post 
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(3.95). Statistically treatments and storage interval had significantly (p< 0.05) increased the pH 

of apple sample from 3.84 to 4.00 during storage. In term of percentage increase the lowest was 

noted in T3 (2.98) while the highest value recorded in T2 (4.28) as mentioned inTable-2. The pH 

value of apple samples was increase during storage. The reason behind the increase of pH might 

be due to the organic acids present in the fruits which are consumed and break down of acid to 

sugars during respiration was likely to observe an increase in the pH of the fruit. It was clear 

from results that apple coated with 3% had showed lower increment in pH values which might be 

due to effect of calcium lactate made strong layer which was helpful in decreasing respiration 

rate as well as preventing structure of cell wall and cell membrane. This study was interrelated 

with previous research works which showed that increased in pH value during storage ranged 

from 3.42 to 5.42 (Rab, Khan, & Iqbal, 2012) Rehman et al., 2017). 

Table 1: Effect of Calcium lactate and storage period on Moisture content of Red delicious 

Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

 

 

 

Table 2: Effect of Calcium lactate and storage period on pH of Red delicious Apple  

Treatments 

  Storage Interval (4 days) %Decrease Mean 

Initial 7 14 21 28 

 

 

T1 78.27 75.8 72.75 68.48 66.9 14.52 72.44c 

T2 79.36 76.5 73.4 71.21 69.5 12.42 73.994b 

T3 80.01 78.12 75.23 72.15 70.06 12.40 75.114a 

Means 79.21a 76.80b 73.79c 70.61d 68.82e 

 

 

Treatments 

  Storage Interval (4 days) %Increase Mean 

Initial 7 14 21 28 
 

 

T1 3.8 3.83 3.86 3.90 3.97 4.28 3.87c 
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The different small alphabet shows statistical difference (p <0.05) from each others 

The results showed significant effect of calcium lactate treatments and storage on total 

soluble solids of apple fruits during storage at room temperature. The results illustrated that the 

TSS content of the samples were increased. Initially the TSS content of treatments (T1 to T3) was 

11.80, 12.00 and 11.500 Brix respectively that was finally increased to 13.00, 12.80 and 12.100 

Brix. The T1 (12.46) obtained maximum mean value while T3 (11.80) showed minimum mean 

value, given in Table 2. In term of percentage increase highest TSS value was noticed in T1 

(9.23) while lowest increment noted in T3 (4.95) as described in Table 2. Total soluble solids of 

apple samples were increased with the passage of during storage which was due to conversion 

starch and other polysaccharides into simple sugars as TSS has direct relation with sugars 

contents (Durrani et al., 2010). However, application of calcium lactate reduced TSS increment 

by making layer on the surface of apple which delay respiration rate and helped in the protection 

of cell wall and cell membrane. Result showed that apple coated with 3% calcium gave good 

results regarding TSS increment. This work was linked with the previous work of Rehman et al., 

(2017). 

Red delicious apple fruit samples were tested at 7 days interval for titratable acidity 

during 30 days storage. The result showed that the titratable acidity was decreased significantly 

(P< 0.05) during storage as data presented in Table 4. Initially titratable acidity readings were 

noted as 0.16, 0.17 and 0.18 for T1, T2 and T3 respectively which is finally decreased to 0.08, 

0.11 and 0.13. The mean value decreased from 0.17 to 0.12 during storage. The treatment T3 got 

highest mean value (0.15) followed by T2 (0.13), on other hand treatment T1 (0.12) indicated 

lowest mean value followed by T2 (0.13.).The titratable acidity of apple sample decreased during 

storage and highest decreased recorded in T1 (0.16- 0.08) 50.00 % and lowest decreased was 

noted in T3 post (0.18-0.13) 27.77% as shown in Table 4. During storage period Titratable 

acidity of apple was decreased from 0.17% to 0.10 % which might be due depletion of organic 

acid as result of metabolic activities in living tissues. As titratable acidity has inverse relation to 

pH which was increase in fruit during storage. Calcium lactate retarded the oxidation reaction, 

maintained the hardness of fruit cell wall and reduced metabolic process (Rehman et al., 2017; 

Hussain et al., 2010). The ash contents of red delicious apple sample was analyzed at every 7 

days interval during storage results showed significant effect of storage and treatment with 

calcium lactate on ash of apple fruit samples. On the first day ash readings were recorded as 

2.52, 2.61 and 2.70 for T1, T2, and T3 respectively which increased finally to 2.76, 2.73 and 

2.90. Minimum mean value was found for sample T1 (2.64) while maximum mean value 

T2 3.82 3.85 3.89 3.94 4.01 4.73 3.90b 

T3 3.9 3.92 3.95 3.99 4.02 2.98 3.95a 

Means 3.84e 3.86d 3.90c 3.94b 4.00a 
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recorded for sample T3 (2.79). Statistically treatments and storage interval had significantly (p< 

0.05) increased the ash content of apple sample from 2.61 to 2.79 during storage. In term of 

percentage increment the lowest was noted in T2 (6.89) while the highest value recorded in T1 

(8.69) presented in Table 5. During storage period ash contents of apple were decreased (Durrani 

et al., 2010; Oluwaliana, Oluwamukomi, & Olajide, 2006). 

Table 3: Effect of Calcium lactate and storage period on TSS of Red delicious Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

Table 4: Effect of Calcium lactate and storage period on TA of Red delicious Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

Table 5: Effect of Calcium lactate and storage period on Ash content of Red delicious 

Apple  

Treatments 

  Storage Interval (4 days) %Increase Mean 

Initial 7 14 21 28 
 

 

T1 11.8 12.1 12.5 12.9 13 9.23 12.46a 

T2 12 12.25 12.4 12.6 12.8 6.25 12.41b 

T3 11.5 11.65 11.8 11.95 12.1 4.95 11.80c 

Means 11.76e 12d 12.23c 12.48b 12.63a 

 

 

Treatments 

  Storage Interval (4 days) %Decrease Mean 

Initial 7 14 21 28 
 

 

T1 0.16 0.14 0.12 0.1 0.08 50.00 0.12c 

T2 0.17 0.15 0.13 0.12 0.11 35.20 0.13b 

T3 0.18 0.17 0.15 0.14 0.13 27.77 0.15a 

Means 0.17a 0.15b 0.13c 0.12d 0.10e 

 

 

Treatments 

  Storage Interval (4 days) %Increase Mean 

Initial 7 14 21 28 
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The different small alphabet shows statistical difference (p <0.05) from each others 

During one month storage period apple fruit samples were examined for reducing sugar 

at 7 days interval. Results showed that total sugars value was increased with the passage of time. 

At the beginning stage total sugars value for treatment (T1, T2, T3) were 68.76, 68.95 and 68.48 

which is increased finally to 69.31, 69.40 and 69.70. The highest increase occurred in T1 (68.76-

69.31) 0.79% followed by T2 (68.95-69.40) 0.64% while lowest increased occur in T3 (69.48-

69.72) 0.34%. The treatment T3 (69.60) obtained maximum mean value while T1 (69.03) got 

minimum mean value summarized in Table 6. During storage period total sugars of fruit was 

increase from 69.06% to 69.47% which was due to conversion of pectin into fructose and 

glucose. As apple is climacteric fruit whose ripening and senescence process are continued 

during storage which lead to maximum conversion of polysaccharides such as starch and pectin 

to smaller unit of sugars. The lower increment of total sugars was recorded in treatment 3 where 

calcium slow down the ripening and senescence process led to slower the hydrolysis of 

polysaccharides into monosaccharide so T3 considered as best among all treatments. This 

research was interrelated with the previous work of Ayub et al., (2010).   

During 30 days storage period apple fruit samples were examined for reducing sugar at 7 

days interval at room temperature. Results showed that reducing sugar value was increased with 

the passage of time. At the beginning stage reducing sugar value for treatment (T1, T2, T3) were 

14.96, 15.30 and 15.85 which is increased finally to 15.60, 16.00 and 16.07. The highest increase 

occurred in T2 (15.30-16.00) 4.37% while lowest increased occur in T3 (15.85-16.07) 1.36%. The 

treatment T3 (15.98) obtained maximum mean value while T1 (15.22) got minimum mean value 

presented in Table 7. Ripening and senescence process of apple fruit were continued after it 

detached from tree which leads to increment of TSS during storage ultimately increase total 

sugars as well as reducing sugars. The conversion of starch to sugars continued during storage 

and hence the total and reducing sugars content were increased with storage duration Different 

studies suggested that reducing sugars of apple was increased from 10% to 16 % (Rab et al., 

2012). 

Table 6: Effect of Calcium lactate and storage period on Total sugar contents of Red 

delicious Apple  

T1 2.52 2.58 2.64 2.7 2.76 8.69 2.64c 

T2 2.61 2.65 2.68 2.7 2.73 4.39 2.67b 

T3 2.7 2.73 2.79 2.85 2.9 6.89 2.79a 

Means 2.61e 2.65d 2.70c 2.75b 2.79a 
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The different small alphabet shows statistical difference (p <0.05) from each others 

Table 7: Effect of Calcium lactate and storage period on reducing sugar contents of Red 

delicious Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

The study showed that significant effect of storage and calcium chloride on non reducing 

sugar content of red delicious apple samples. Initially in treatment (T1 to T3) non-reducing sugars 

were recorded as 53.80, 53.65 and 53.63 respectively which are declined finally to 53.71, 53.40 

and 53.65. The highest mean value for treatment found in T1 (53.80) and lowest recorded in T2 

(53.49). Reduction in term of percentage maximum noticed in T2 (0.46) and minimum noted in 

T3 (0.03). Non reducing sugars of apple fruit was declined during storage period because non-

reducing sugars such as sucrose may also be consumed in the respiration, it was likely observe 

decreased non- reducing sugars with increasing storage duration. Calcium coated apple has 

ability to maintain respiration for longer time as compared to untreated apple. During storage 

non reducing sugars are declined from 1% to 3% (Durrani et al., 2010). 

Treatments 

  Storage Interval (4 days) %Increase Mean 

Initial 7 14 21 28 
 

 

T1 68.76 68.9 69.02 69.16 69.31 0.79 69.03c 

T2 68.95 69.05 69.18 69.3 69.4 0.64 69.17b 

T3 69.48 69.55 69.61 69.68 69.72 0.34 69.60a 

Means 69.06e 69.16d 69.27c 69.38b 69.47a 

 

 

Treatments 

  Storage Interval (4 days) %Increase Mean 

Initial 7 14 21 28 
 

 

T1 14.96 15.05 15.2 15.3 15.6 4.10 15.22c 

T2 15.3 15.5 15.7 15.9 16 4.37 15.68b 

T3 15.85 15.95 16 16.03 16.07 1.36 15.98a 

Means 15.37f 15.5e 15.63d 15.74c 15.89a 
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Table 8: Effect of Calcium lactate and storage period on Non-reducing sugar contents of 

Red delicious Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

The antioxidant content of red delicious apple samples was analyzed at every 7 days 

interval during storage. Study showed significant effect of storage and applied treatments on 

antioxidant content of red delicious apple samples. Initial antioxidant content were recorded as 

24.30, 24.3 and 24.43 for T1, T2 and  T3 respectively which is finally reduced up to 23.85, 23.98 

and 24.15. The treatment T3 (24.29) obtained highest mean value and T1 (24.10) got lowest value 

during storage. In term of percentage the maximum decrease was recorded in T1 sample (1.85) 

and minimum decline noted in T3 (1.14) as shown in Table 9. Storage study of Red delicious 

apple fruit samples was carried out at regular interval of 7 days interval for total phenolics 

contents during 30 days storage.  

The result showed that the total phenolics contents was decreased significantly (P< 0.05) 

during storage as data presented in Table (10). At the beginning total phenolics contents readings 

were noted as 201.00, 201.60 and 202.00 for T1, T2 and T3 respectively which is finally 

decreased to 200.63, 200.86 and 201.3. The mean value decreased from 201.53 to 201.09 during 

storage. The treatment T3 got highest mean value (201.89) followed by T2 (201.08) while lowest 

mean value was found in T1 (200.81). The total phenolics contents of apple sample decreased 

during storage and highest decreased recorded in T1 (201-200.63) 0.18 % and lowest decreased 

was noted in T3 (202-201.80) 0.09 as presented in Table 10.  

Table 9: Effect of Calcium lactate and storage period on Antioxidant contents of Red 

delicious Apple  

Treatments 

  Storage Interval (4 days) %Decrease Mean 

Initial 7 14 21 28 
 

 

T1 53.8 53.85 53.82 53.86 53.71 0.16 53.80a 

T2 53.65 53.55 53.48 53.4 53.4 0.46 53.49c 

T3 53.63 53.6 53.61 53.65 53.65 -0.03 53.62b 

Means 53.69a 53.66b 53.63c 53.63d 53.58e 

 

 

Treatments 
  Storage Interval (4 days) %Decrease Mean 
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The different small alphabet shows statistical difference (p <0.05) from each others 

Table 10: Effect of Calcium lactate and storage period on Total phenolic contents of Red 

delicious Apple  

The different small alphabet shows statistical difference (p <0.05) from each others 

3.1 SENSORY EVALUATION 

The red delicious apple fruit samples were evaluated for sensory analysis such as color, 

flavor, texture and overall acceptability during storage. 

 The statistical result showed that the fruit color scores were found to be highly significant 

(P<0.05) among all coated samples. At first date the scores recorded were 8.40, 8.30 and 8.20 for 

T1, T2 and T3 respectively. The scores were gradually to 5.60, 6.90 and 7.40 during storage time. 

The highest mean value was noticed in T3 (7.80) while lowest mean value was recorded in T1 

that is 7.04 as given in figure-1(A). The color score for apple fruit during storage period was 

decreased due to enzyme browning and oxidation of color pigment present in fruit .Color of 

apple fruit changes due to degradation of cell wall and cell membrane during storage. Calcium 

Initial 7 14 21 28 
 

 

T1 24.3 24.25 24.12 24 23.85 1.85 24.10c 

T2 24.38 24.29 24.2 24.09 23.98 1.64 24.18b 

T3 24.43 24.36 24.3 24.22 24.15 1.14 24.29a 

Means 24.37b 24.3c 24.20d 24.10e 23.99a 

 

 

Treatments 

  Storage Interval (4 days) %Decrease Mean 

Initial 7 14 21 28 
 

 

T1 201 200.9 200.81 200.72 200.63 0.18 200.81b 

T2 201.6 201 201 200.95 200.86 0.36 201.08c 

T3 202 201.94 201.89 201.84 201.8 0.09 201.89a 

Means 201.53a 201.28b 201.23c 201.17d 201.09e 
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treated apple retain color as compared to untreated apple by maintain cell well protection and 

enzyme browning. This work was interlinked with Lysiak et al., 2008 and Prakash et al., (2000). 

Similarly, the flavor scores noted as 8.50, 8.40 and 8.30 in T1, T2 and T3 respectively. During 

storage the flavor scores of all treatments were declined to 6.50, 7.30 and 7.80 in T1, T2 and T3, 

illustrated in figure-1(B). Result showed that the highest mean value was found as 8.04 in 

treatment 1 while lowest mean was recorded in treatment 1 which was 7.50. The results showed 

that the flavor of apple samples was decreased due the decrease in ascorbic acid content. Ayub et 

al., (2005) reported that the reduction of flavor from in guava fruits during storage. The results 

proved that calcium lactate and storage significantly affect texture of red delicious apple fruits 

during storage period. At initial day of study the scores for texture for apple samples were 

determined as 8.20, 8.10 and 8.00 T1, T2 and T3 respectively which were finally decreased to 

6.20, 6.80 and 7.40 during storage as presented in figure-2(A). Results showed that the 

maximum mean value for texture score noted as 7.72 in treatment 3 while minimum mean value 

was found in treatment 2 as 7.20. The statistical result showed that the fruits the texture score 

among all treated variety were significant (P<0.05).  Surmacka-Szczesniak (2002) suggested that 

texture is an indicator of structural and mechanical properties of food products and determines 

consumer’s acceptability. Texture loss is the most commonly change occurring in fruits and 

vegetables during prolonged storage and it is related to metabolic changes and water content. 

During storage texture loss is common problem which might be due to the pectic acid 

undergoing acid hydrolysis. This study was correlated with work of (Ghavidel, Davoodi, Asl, 

Tanoori, & Sheykholeslami, 2013). Calcium effect on rate of texture changes during storage by 

reducing the rate of hydrolysis and enzyme browning. High concentration of calcium due to 

thick and strong layer showed good result in this study. Apple samples coated calcium lactate 

was analyzed for overall acceptability after every week during one month of storage. At the start 

of study the reading for overall acceptability were recorded as 8.30, 8.40 and 8.10 respectively 

for treatment (T1 to T3) which were gradually reduced to 5.70, 6.00 and 6.50 as shown in figure-

2(B). During storage the overall acceptability score was decreased because assessment was based 

on fruit texture, flavor and visual appearance storage period.  
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Figure 1: Effect of calcium lactate and storage period on color (A) and flavor (B) of red delicious 

apple Note: T1 (calcium lactate 1%), T2 (calcium lactate 2%), T3 (calcium lactate 3%) 
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Figure 2: Effect of calcium lactate and storage period on texture and overall acceptability of red 

delicious apple Note: T1 (calcium lactate 1%), T2 (calcium lactate 2%), T3 (calcium lactate 3%). 

Conclusion 

According to the findings it is concluded that there is significant effect of calcium lactate 

and storage period on overall quality of red delicious apple. It demonstrated that calcium lactate 

treatment can be maintained overall quality and enhance shelf life of fruits. It is concluded that 

the T3 (calcium lactate 3%) showed best results in maintaining the physiochemical and sensory 

attributes followed by T2 (calcium lactate 2%) and T1 (calcium lactate 1%).  

2
3
4
5
6
7
8
9

10
Initial

Day 7

Day 14Day 21

 Day 28
T1

T2

T3

A-Texture

0

2

4

6

8

10
Initial

Day 7

Day 14Day 21

 Day 28
T1

T2

T3

B-Acceptability

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition  ISSN : 1673-064X  

http://xisdxjxsu.asia                   VOLUME 18 ISSUE 11 November 2022      248-265 

Acknowledgement 

We are greatly acknowledged to Higher Education Commission for its financial support 

for all over the research work. 

REFERENCES 

Akhtar, S., & Javed, B. (2013). Physicochemical analysis and quality evaluation of intermediate 

moisture in apple slices. Wyno Journal of Biological Sciences, 1(3), 15-19.  

Akhtar, S., Khan, F., Ali, J., & Javid, B. (2013). Nutritional composition, sensory evaluation and 

quality assessment of different brands of commercial tetra pack apple juices available in 

local market of Peshawar Pakistan. Global Journal of Biotechnology and Biochemistry, 

8(11), 69-73.  

Ali, M. A., Raza, H., Khan, M. A., & Hussain, M. (2004). Effect of different periods of ambient 

storage on chemical composition of apple fruit. International Journal of Agriculture & 

Biology, 6(3), 568-571.  

AOAC. (1990). Official Methods of Analysis (15 ed.): Association of Official Analytical 

Chemists. Arlington, V. A. USA. 

Banoo, A., Dolkar, T., & Ali, M. (2018). Role of physical and chemical performance during 

storage of apple cultivar. Journal of Pharmacognosy and Phytochemistry, 7(2), 1332-

1338.  

Boyer, J., & Liu, R. H. (2004). Apple phytochemicals and their health benefits. Nutrition 

journal, 3(1), 5.  

Campeanu, G., Neata, G., & Darjanschi, G. (2009). Chemical composition of the fruits of several 

apple cultivars growth as biological crop. Notulae Botanicae Horti Agrobotanici Cluj-

Napoca, 37(2), 161-164.  

Chakespari, A. G., Rajabipour, A., & Mobli, H. (2010). Post Harvest Physical and Nutritional 

Properties of Two Apple Varieties. Journal of Agricultural Science, 2(3), 61.  

Durrani, Y., Ayub, M., Muhammad, A., & Ali, A. (2010). Physicochemical response of apple 

pulp to chemical preservatives and antioxidant during storage. International Journal of 

Food Safety, 12, 20-28.  

Eberhardt, M. V., Lee, C. Y., & Liu, R. H. (2000). Nutrition: Antioxidant activity of fresh 

apples. Nature, 405(6789), 903.  

Ghavidel, R. A., Davoodi, M. G., Asl, A. F. A., Tanoori, T., & Sheykholeslami, Z. (2013). Effect 

of selected edible coatings to extend shelf-life of fresh-cut apples. International Journal 

of Agriculture and Crop Sciences, 6(16), 1171.  

Hussain, M., Khan, T., Ali, Z., Hussain, S. A., Ali, S., Nafees, M. A., & Abbas, Q. (2014). 

Evaluation of organoleptic and physico-chemical parameters of different apple verities 

commonly grown in district Gilgit, Northern Pakistan. International Journal of 

Biosciences (IJB), 5(8), 37-46.  

Janick, J., & Moore, J. N. (1996). Fruit breeding, tree and tropical fruits (Vol. 1): John Wiley & 

Sons. 

Karadeniz, F., Burdurlu, H. S., Koca, N., & SOYER, Y. (2005). Antioxidant activity of selected 

fruits and vegetables grown in Turkey. Turkish Journal of Agriculture and Forestry, 

29(4), 297-303.  

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition  ISSN : 1673-064X  

http://xisdxjxsu.asia                   VOLUME 18 ISSUE 11 November 2022      248-265 

Khan, T., Khan, I. A., Rehman, A., & Ali, H. (2013). Ethnobatanical studies on non-medicinal 

plants of Shinaki Valley Hunza, Gilgit-Baltistan. Int J Biol Sci, 3, 63-70.  

Kheiralipour, K., Tabatabaeefar, A., Mobli, H., Rafiee, S., Sahraroo, A. S., Rajabipour, A., & 

Jafari, A. (2008). Some Physical Properties of Apple. Pakistan Journal of Nutrition, 7(5), 

667-672. doi:10.3923/pjn.2008.667.672 

Khudadad, N., Ali, B., & Jan, K. (2013). Measuring the impact of low carbon technologies and 

products on domestic fuel consumption. Renewable energy, 49, 115-118.  

Konopacka, D., & Plocharski, W. (2004). Effect of storage conditions on the relationship 

between apple firmness and texture acceptability. Postharvest Biology and Technology, 

32(2), 205-211.  

Laplace, J., Jacquet, A., Travers, I., Simon, J., & Auffray, Y. (2001). Incidence of land and 

physicochemical composition of apples on the qualitative and quantitative development 

of microbial flora during cider fermentations. Journal of the Institute of Brewing, 107(4), 

227-234.  

Lawless, H., & Heymann, H. (1998). Sensory Evaluation of Food: Practices and Principals. Food 

Science Texts Series. Chapman and Hall. New York.  

Liu, R. H., Eberhardt, M. V., & Lee, C. Y. (2001). Antioxidant and antiproliferative activities of 

selected New York apple cultivars. New York Fruit Quarterly, 9(2), 15-17.  

Manzoor, M., Anwar, F., Saari, N., & Ashraf, M. (2012). Variations of antioxidant 

characteristics and mineral contents in pulp and peel of different apple (Malus domestica 

Borkh.) cultivars from Pakistan. Molecules, 17(1), 390-407. 

doi:10.3390/molecules17010390 

Mohsenin, N. N. (1970). Physical properties of plant and animial materials. Vol. 1. Structure, 

physical characterisitics and mechanical properties. Physical properties of plant and 

animial materials. Vol. 1. Structure, physical characterisitics and mechanical properties., 

1.  

Muhammad, A., Ayub, M., Zeb, A., Durrani, Y., Ullah, J., & Afridi, S. (2011). Physicochemical 

analysis of apple pulp from Mashaday variety during storage. Agric. Biol. JN Am, 2(2), 

192-196.  

Mukhtar, A., Gilani, A., & Bhatty, N. (2010). Some nutritional and microbiological aspects of 

apples of common varieties available for household consumption. J Anim Plant Sci, 

20(4), 253-257.  

Oluwaliana, L., Oluwamukomi, M., & Olajide, S. (2006). Physicochemical change in ripening 

plantain stored at tropical ambient condition. J. Food Technol, 4(4), 253-254.  

Ozturk, I., Ercisli, S., Kalkan, F., & Demir, B. (2009). Some chemical and physico-mechanical 

properties of pear cultivars. African journal of Biotechnology, 8(4).  

Rab, A., Khan, N., & Iqbal, I. (2012). PHYSICO-CHEMCIAL QUALITY OF APPLE CV. 

GALA MUST FRUIT STORED AT LOW TEMPERATURE. FUUAST Journal of 

Biology, 2(1), 103.  

Rehman, A. U., Ali, A., Qayum, A. K. A., Rahman, Z., Waqas, H., & Rehman, Z. U. (2017). 

Effect of calcium lactate concentrations on post-harvest storage life of apple fruit. Pure 

and Applied Biology (PAB), 6(4), 1340-1344.  

Steel, R. G., Torrie, J. H., & Dickey, D. A. (1997). Principles and procedures of statistics: A 

biological approach: McGraw-Hill. 

Tabatabaeefar, A., & Rajabipour, A. (2005). Modeling the mass of apples by geometrical 

attributes. Scientia Horticulturae, 105(3), 373-382.  

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition  ISSN : 1673-064X  

http://xisdxjxsu.asia                   VOLUME 18 ISSUE 11 November 2022      248-265 

Velasco, R., Zharkikh, A., Affourtit, J., Dhingra, A., Cestaro, A., Kalyanaraman, A., . . . Pruss, 

D. (2010). The genome of the domesticated apple (Malus× domestica Borkh.). Nature 

Genetics, 42(10), 833.  

Vieira, F. G. K., Borges, G. D. S. C., Copetti, C., Amboni, R. D. D. M. C., Denardi, F., & Fett, 

R. (2009). Physico-chemical and antioxidant properties of six apple cultivars (Malus 

domestica Borkh) grown in southern Brazil. Scientia Horticulturae, 122(3), 421-425.  

Violeta, N., Trandafir, I., & Ionica, M. E. (2010). Compositional characteristics of fruits of 

several apple (Malus domestica Borkh.) cultivars. Notulae Botanicae Horti Agrobotanici 

Cluj-Napoca, 38(3), 228-233.  

Whitney, E., & Rolfes, S. R. (2007). Understanding nutrition: Cengage Learning. 

 

Durrani, Y., Ayub, M., Muhammad, A., & Ali, A. (2010). Physicochemical response of apple 

pulp to chemical preservatives and antioxidant during storage. International Journal of 

Food Safety, 12, 20-28.  

Ghavidel, R. A., Davoodi, M. G., Asl, A. F. A., Tanoori, T., & Sheykholeslami, Z. (2013). Effect 

of selected edible coatings to extend shelf-life of fresh-cut apples. International Journal 

of Agriculture and Crop Sciences, 6(16), 1171.  

Oluwaliana, L., Oluwamukomi, M., & Olajide, S. (2006). Physicochemical change in ripening 

plantain stored at tropical ambient condition. J. Food Technol, 4(4), 253-254.  

Rab, A., Khan, N., & Iqbal, I. (2012). PHYSICO-CHEMCIAL QUALITY OF APPLE CV. 

GALA MUST FRUIT STORED AT LOW TEMPERATURE. FUUAST Journal of 

Biology, 2(1), 103.  

Rehman, A. U., Ali, A., Qayum, A. K. A., Rahman, Z., Waqas, H., & Rehman, Z. U. (2017). 

Effect of calcium lactate concentrations on post-harvest storage life of apple fruit. Pure 

and Applied Biology (PAB), 6(4), 1340-1344.  

 

 

 

 

 

http://xisdxjxsu.asia/

