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Abstract: Bruising of potatoes is the main problem in potato processing industry and is the major cause of consumer 
dissatisfaction in terms of economic loss. Potato quality is adversely affected by bruise damage. In general practice, 
when tubers are harvested, handled, packed and transported, it is impossible to prevent them from falling and damage. 
After falling, external symptoms sometimes are not visible but the damage may affect the nutritional quality. Sorting 
and grading contribute 0.98 kilograms per quintal giving a percentage of 16.50%. Packaging and storage yield 0.45 and 
1.18 kilograms per quintal owing 7.49 and 19.79% respectively. Therefore, the aim of the experiment was to find out the 
effect of bruising on processing and nutritional quality of processing varieties viz. Kufri Chipsona-1, Kufri Chipsona-3, 
Kufri Frysona and table purpose varieties viz. Kufri Surya and Kufri Pukhraj by simulating different impacts (control, 
30, 60 and 90 cm). Results revealed that all processing varieties resulted in deterioration of chip score due to an 
increase in reducing sugars concentration after impact (45 and 60 days of storage, ambient storage). Weight dropping 
to potato tubers from a height of 60 cm and 90 cm and their storage up to 60 DOS (days of storage) gave comparably 
high reducing sugars. Impact from a height of 30, 60 and 90 cm, irrespective of all the varieties reported having higher 
phenol content. Reduction in weight loss was directly proportional to the height of impact and quality deteriorated 
further during storage. Mechanical damage to cell walls, caused loss of quality through texture softening, followed by 
decreasing texture firmness of potato. 
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1. Introduction
The potato (Solanum tuberosum L.) is one of the most important agricultural crops grown for human consumption 

after wheat, maize and rice. Potato has the ability and adaptability to be processed and transformed in many products 
in temperate, tropical and as well as subtropical regions of the world, giving tuber the potential to impact several 
aspects of health and nutrition. Potato is a bulky, semi-perishable crop and bruising is a serious problem in the potato 
industry. It has been observed that the effects of bruising are felt by every handler and consumer of potatoes and is a 
major economic matter of concern. Besides that, the mechanized processes used from harvesting to final usage too 
generate a lot of bruises in the potato. It has been reported by field observations that 40 to 50% of horticultural crops 
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(including root, tuber crops, fruits and vegetables) produced are lost before they can be consumed, chiefly due to high 
rates of bruising, water loss and decay during postharvest handling [1]. Quantities of potatoes are harvested to provide a 
continuous supply of potatoes to the industry and processed for various products for consumption. Processable potatoes 
with bruising damage are unacceptable in the market. Potatoes after bruising reduce demand and are passed back on 
the grower in terms of lower prices, and also increase storage losses. Approximately > 80% of potato is produced in 
the Indo-Gangetic plains of Uttar Pradesh. Harvesting coincides with the increase in temperature during the month of 
March, as a result, water loss and respiration rates increase, which leads to weight loss. In the United Kingdom, 64% 
of the harvested potato are bruised [2], whereas, in India, postharvest  losses due to bruising transportation ranged 
from 30-40% [3]. Due to low adoption of mechanization, mostly potatoes are handled manually and transportation and 
storage are done in 50 kg capacity bags, which are manhandled resulting in unavoidable bruisings [4]. So potatoes must 
be protected possibly their quality postharvest. Potato is harvested, transported up to storage place through local means 
by hired/local labours, keeping lots and sudden dropping off from their heads or dropping from trolley from height. 
The greater the drop height, the more bruising occurs and it also leads to a shift in damage from internal black spot to 
external shatter bruise. Keeping all these problems into consideration, an experiment was designed assuming the impact 
that occurs on the potato after sudden drop from a certain height. The objective of this experiment was to study the 
effect of bruising with different heights of impact set-up on processing varieties on quality parameters and postharvest 
losses. 

2. Materials and methods
Samples were procured from field experiments conducted at ICAR-Central Potato Research Institute Campus, 

Modipuram (29.1° N latitude, 77.92° E longitude, and an altitude of 300 m above mean sea level) following all 
recommended cultural practices. Five potato varieties viz. Kufri Chipsona-1, Kufri Chipsona-3, Kufri Frysona, Kufri 
Surya and Kufri Pukhraj were raised in three replications. The crop was planted during the month of October and 
harvested after full maturity K. Chipsona-1, (K. Chipsona-3, K. Frysona) at 110 days, whereas Kufri Pukhraj and Kufri 
Surya were harvested at 90 days. Harvesting was done manually using hand-hoe to prevent any type of damage to 
potato. 

2.1 Simulation of potato bruise (by modified dropping bolt method)

90 cm

60 cm

30 cm

IMPACT TEST

Figure 1. Dropping bolt impact instrument

For giving a controlled impact to the tubers, bolt drop tests were conducted through modified method. For 
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conducting these tests mechanism was fabricated in which three iron pipes having different heights (30, 60 and 90 cm, 
each having 40 mm internal diameter) on the iron board were fitted with the help of clamps keeping the base distance 
same. Tubers were kept one by one (50 tubers) at the lower end of the tube horizontally on the cemented floor. For 
giving impact artificially, a mild steel bolt with hexagonal head (182.6 g in weight with diameter of 13 mm, and height 
of 11.5 mm) was dropped from a height of 30, 60 and 90 cm having energy of 0.635 J, 1.270 J and 1.905 J, respectively, 
inside the tubes onto the horizontal surface of the tuber (Figure 1). 

Control of each variety was kept without any impact. Bruised along with control potato were analyzed after impact 
for physiological (weight loss, number of cracks and peeling losses) and biochemical parameters (dry weight, chip 
colour, reducing sugars, sucrose, total free amino acids, phenols and ascorbic acid). Different impact treated potatoes 
were stored for 30, 45 and 60 days sampling and stored (triplicate) in a laboratory at 25 ± 0.5 C and 95 ± 0.5% relative 
humidity (RH). 

2.2 Physiological parameters
2.2.1 Number of cracks

For counting the number of cracks on the whole tuber, a solution of 2% catechol solution was prepared. Five 
bruised or damaged potatoes of each sample were dipped in this solution for 10 minutes and allowed to dry. Due to 
enzymatic oxidation (phenolic) and catechol, blue colour is developed. Blue colour make its entry into cracked or 
bruised tubers and is clearly visible for counting [5]. 

2.2.2 Peeling losses

Peeling losses were evaluated by removing the skin of the potatoes with the help of a peeler manually having a 
depth of 1.5 mm in a single peel at the impact site. Strokes of peeling were given till the bruise or cut was removed from 
the surface. 

2.2.3 Weight loss

For the weight loss study, bruised tubers were weighed before storage from each sample. Weight of each cultivar 
after 30, 45 and 60 days of storage with different impact treatment was recorded. 

Thereafter losses on a weight basis were estimated using the formula.
Weight loss % = (weight before storage-weight after storage)*100)/weight before storage

2.2.4 Preparation of chips

Processing grade potatoes were sliced (1.75 mm) with the help of an electric potato chip slicer. Slices were then 
washed with cold water to remove starch and minimize sticking. After washing, slices were dried by spreading on 
blotting paper to remove excess water from the surface of the slices and were deep fried at 180 C till bubbling stopped. 
Frying medium used was refined sunflower oil. Chip color was subjectively assessed by a visual score of the scale of 1 
to 10, where 1 denoted highly acceptable and score up to 3.0 was considered acceptable [6] whereas, chip colour score 
> 3.0 was unacceptable.

2.3 Biochemical parameters
2.3.1 Sample preparation

For analysis of dry matter and biochemical parameters, five potatoes were cut longitudinally into two halves. The 
halves of potatoes were cut into small cubes and mixed properly. Cut cubes were used directly for dry matter content 
whereas for biochemical attributes 10 g cubes were weighed, put into 80% isopropyl alcohol, refluxed twice at 70 C and 
filtered. After removing alcoho, evaporation volume was made up to 100 mL with distilled water. Each sample was used 
further analysis (reducing sugar, sucrose, phenol, total free amino acid and ascorbic acid content).
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2.3.2 Determination of dry matter

After chopping the sample, mix thoroughly, fill (50 to 100 gram) the pre-weighed aluminum dish, weigh the 
chopped samples along with the aluminum dish and put it into a hot air oven at 65-70 degrees celsius for drying. For 
drying, keep the sample in the oven at least for 72 hours until the constant weight was obtained [7].

Dry matter (%) can be calculated using the following expression: 
Dry matter (%) = (dry weight/Fresh weight)*100

2.3.3 Reducing sugars

Reducing sugars after extraction in 80% isopropanol, were analyzed by the suggested method [8]. To the 
supernatant (0.2 mL), alkaline copper tartrate reagent was added and the content was boiled for 10 min, cooled and 1 
mL of arsenomolybdate reagent was added. Developed blue color was photometrically measured at 620 nm. 

2.3.4 Sucrose

Sucrose was analyzed according to the anthrone method [9]. To 0.1 mL of the 80% ethanol extract, 0.1 mL of 30% 
aqueous potassium hydroxide was added and kept in a boiling water bath for 10 minutes. The samples were cooled and 3.0 
mL of anthrone reagent was added and kept at 40 C for 10 minutes. The absorbance was read at 620 nm. 

2.3.5 Phenols

To the extract (1 mL), 0.5 mL Folin-Ciocalteau reagent (1 N) was added followed by addition of 2 mL of sodium 
carbonate (20%). Blue colored complex was measured for its absorbance at 650 nm [10] against a reagent blank. 

2.3.6 Ascorbic acid

Ascorbic acid was extracted with 4% (w/v) oxalic acid and then it was oxidized to dehydro-ascorbic acid by 
the addition of bromine water. 2, 4-Dinitrophenylhydrazine was added to the oxidized products and the red color of 
resultant osazone was photometrically measured at 540 nm [11]. 

2.3.7 Total free amino acids

The total free amino acid was estimated using the ninhydrin method [12]. 0.1 mL extract sample was taken and 
1 mL of ninhydrin solution was added into it. Volume was made 2 mL with distilled water and placed in a water bath 
in boiling water for 20 minutes. The tubes were cooled to room temperature and after adding 5 mL of the diluents the 
absorbance was measured at 570 nm in a spectrophotometer using blank. 

2.4 Statistical analysis

The statistical analysis of experimental data was performed using statistical software ‘Cropstat’ developed by 
the International Rice Research Institute, (https://cropstat.software.informer.com/7.2/) using a completely randomized 
block design. The analysis variates were the dry weight, weight loss, number of cracks, peeling losses, Reducing sugar, 
Sucrose, phenols, total free amino acid and ascorbic acid. Factors taken were variety (VA), days of storage (DS), impact 
height (HE). A balanced ANOVA was applied to choose the relevant independent variables influencing the dependent 
variable using 5% significance level. 

3. Results
3.1 Number of cracks

The number of cracks in variety Kufri Chipsona-1 with the impact at 30 cm height was less than two, whereas 
from the impact at height of 60 and 90 cm cracks were reported more than two. In general, the severity of cracks is 

https://cropstat.software.informer.com/7.2/
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pronounced with the height impact in all the varieties. At ‘0’ day, the lowest number was noticed in Kufri Pukhraj (1.64), 
followed by Kufri Chipsona-1 (1.76), K. Chipsona-3 (1.92) and Kufri Surya (1.9) with 30 cm impact height. Maximum 
cracks were reported in variety Kufri Frysona (5.2) followed by Kufri Pukhraj (5.0) both at 90 cm height (Figures 2 and 
3).

Figure 2. Severely cracked tubers after 45 days impact damage
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Figure 3. Number of cracks and peeling loss after impact from different heights

3.2 Peeling loss

It was observed that peeling losses were negligible in all the varieties without nil impact. A maximum percentage 
of peel loss was observed, in general, with a maximum impact at a height of 90 cm (Figure 3). In the variety, Kufri 
Frysona, maximum peeling loss (8.24%, 30 cm height) was monitored followed by K. Pukhraj (5.16%). Bruised 
potatoes were peeled and so peeling losses were more. 
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3.3 Effect on weight loss
Table 1. Effect of impact on dry weight and weight loss (%) after different days of storage

Variety Height (cm) Dry weight (%) Weight loss (%)

Days of storage 

0 30 45 60 0 30 45 60

K. Chipsona-1 0 23.24 24.28 22.60 21.49 6.04 7.15 10.40 13.47

30 23.98 25.6 17.97 16.38 8.38 10.07 13.52 14.90

60 23.09 24.23 15.68 12.83 15.30 17.32 18.82 22.70

90 23.76 20.44 13.43 12.23 16.23 20.14 25.31 27.75

K. Chipsona-3 0 22.33 22.47 23.99 23.36 6.91 11.17 14.29 14.55

30 22.87 23.62 25.75 23.87 8.44 14.36 15.97 22.79

60 23.01 21.02 21.30 18.47 10.01 14.93 19.86 21.32

90 22.15 21.5 20.71 18.33 20.71 30.5 33.06 51.31

K. Frysona 0 22.71 23.06 22.31 22.59 5.85 10.19 12.35 13.96

30 22.58 24.62 20.69 20.91 7.42 10.68 13.89 16.99

60 21.98 23.48 20.04 18.64 9.94 17.36 20.17 21.76

90 22.31 21.3 18.01 17.82 19.57 20.80 25.65 32.25

K. Surya 0 19.51 19.8 17.11 18.91 4.20 7.47 12.05 12.17

30 19.25 19.77 17.92 15.14 7.43 10.00 13.73 22.48

60 19.63 18.06 16.71 15.7 10.88 15.08 16.82 23.11

90 18.32 16.48 15.27 14.46 16.40 29.86 34.06 44.31

K. Pukhraj 0 16.94 16.69 15.63 15.41 8.56 10.07 11.05 14.11

30 16.87 16.49 15.46 13.15 10.80 13.66 14.36 18.91

60 16.54 15.95 15.05 12.40 14.57 14.52 20.56 20.72

90 16.97 15.47 14.25 11.34 16.51 17.53 31.93 35.07

* S.Em. ± CD (0.05) S.Em. ± CD (0.05)

VA X DS (0.04) (0.10)** (0.23) (0.65)**

VA X HE (0.04) (0.10)** (0.23) (0.65)**

DS X HE (0.03) (0.09)** (0.21) (0.58)**

VA X DS X HE (0.07) (0.21)** (0.46) (1.29)**

**VA: Variety, DS: Days of Storage, HE: Height
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In general irrespective of all the varieties, the maximum reduction in weight loss was observed with a maximum 
height of impact (90 cm) which increases with the duration of storage. Studies have shown that the weight loss percent 
varies considerably from one variety to another depending on the height of the impact as well as days of storage. Among 
the processing varieties both Kufri Chipsona-1 and Kufri Frysona registered less reduction in weight as compared to 
another varieties (Table 1). 

3.4 Effect on biochemical constituents
3.4.1 Chip colour

Potato chip color was subjectively assessed by visual scoring of the color on the scale of 1 to 10, where 1 denoted 
highly acceptable (white) with a score up to 3 was in acceptable limits and score 10 was considered unacceptable. 
Results in Table 2 indicated that acceptable chip colors were recorded in almost all the processing varieties i.e. Kufri 
Chipsona-1, Kufri Chipsona-3 and Kufri Frysona as compared to variety K. Pukhraj. Further sampling after impact from 
30, 60 and 90 cm subjected to storage resulted in deterioration of quality of chip colour in terms of dark colors which 
were not acceptable. In variety, Kufri Chipsona-1, impact from 30 cm and storage at ambient temperature after 30 and 
45 days of storage resulted in 4.0 and 6.0 chip scores, respectively. A sampling at 30 days of storage combined with 60 
cm impact was found to be scored 5.3. Further, sampling at 60 days, increased chip score. The interaction (X) between 
variety, days of storage, variety X height, Days of storage X height and variety X days of storage X height was found to 
be significant. 

3.4.2 Dry matter

It is evident from the data presented in Table 1 that dry matter was found maximum at initial stages in all the 
varieties. Dry weight decreased with the increasing impact and duration of storage. Loss in dry matter was more 
pronounced after 45 days of sampling in all tested varieties. Observations on dry matter of variety indicated that there 
was meagre loss in varieties Kufri Chipsona-3 and Kufri Frysona due to impact except at 60 days of storage with impact 
from 90 cm height. Kufri Surya and Kufri Pukhraj at different days of sampling after impact also showed a loss in dry 
matter. 

3.4.3 Reducing sugars

Results in Table 2 revealed that in varieties K. Chipsona-1 and K. Chipsona-3 reducing sugar content remains 
within acceptable range till 45 days. Impact stress at a height of 30, 60 and 90 cm, resulted in an increase in reducing 
sugars. The varietal difference was also found in the case of Kufri Chipsona-1, Kufri Surya and Kufri Pukhraj, reducing 
sugar increases with days of storage whereas in varieties K. Chipsona-3 and Kufri Frysona it decreased with days of 
storage from 30 to 45 days. Variety Kufri Chipsona-1 and Kufri Chipsona-3 after impact from a height of 30 to 60 cm 
accumulated acceptable reducing sugars, but impact or stress from height from 90 cm was not suitable for sugars.

3.4.4 Sucrose

The effect of variety and interaction between variety and impact height was significant (Table 2). The duration of 
storage had a significant effect on the sucrose content of potato tubers. Sucrose content in general, was initially high at 
zero days of sampling and it was found to be decreased at 60 days. Sucrose content showed a dip in values at 45 days of 
storage after impact.
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Table 2. Effect of impact on chip colour, reducing sugars and sucrose after different days of storage

Variety Height
(cm) Chip colour score Reducing sugar (mg/100 g FW) Sucrose (mg/100 g FW)

Days of storage 

0 30 45 60 0 30 45 60 0 30 45 60

K. Chipsona-1 0 2.2 3.4 3.8 4.2 48.88 57.36 81.57 172.15 251.40 286.96 254.27 237.49

30 2.6 3.6 4.7 5.4 51.89 58.48 120.02 229.18 262.66 265.12 232.24 229.44

60 2.5 4.7 5.3 6.8 49.63 115.11 149.86 222.83 240.16 225.84 211.27 193.01

90 2.8 5.9 7.3 7.3 56.12 130.8 236.26 234.25 218.00 202.55 172.92 161.91

K. Chipsona-3 0 2.3 2.3 2.7 3.7 77.50 70.31 88.49 113.58 191.87 185.50 184.31 183.96

30 2.6 3.8 3.8 4.1 75.23 123.96 84.06 156.48 178.51 176.77 166.79 162.85

60 2.6 4.1 4.7 4.7 80.59 129.03 83.18 204.69 170.18 167.43 155.20 146.94

90 2.7 5.4 5.4 5.9 78.14 133.29 118.41 228.06 169.34 155.66 145.40 135.42

K. Frysona 0 2.3 3.1 3.1 5.1 128.79 137.80 71.03 182.60 351.14 321.42 301.65 281.26

30 2.2 4.2 4.5 5.9 135.21 158.95 139.00 192.02 348.86 291.19 259.22 236.41

60 2.3 5.1 5.5 6.2 142.89 202.88 163.06 220.25 298.86 245.46 204.52 186.33

90 2.4 5.3 5.7 6.4 150.63 206.50 191.29 209.23 297.16 238.35 183.03 144.30

K. Surya 0 2.8 3.2 3.1 5.6 64.50 91.46 143.03 208.10 220.96 213.98 212.16 212.11

30 3 4.2 4.7 5.8 67.36 153.81 190.41 210.28 226.87 207.92 210.11 195.19

60 3 5.8 5.1 6.2 62.13 170.38 189.12 218.00 210.69 194.43 176.38 167.69

90 3.2 6.5 6.2 6.7 70.19 201.59 194.03 242.29 209.49 166.52 156.50 151.63

K. Pukhraj 0 5.7 5.9 6.3 7 194.63 183.73 194.21 322.50 396.54 395.69 315.02 288.24

30 6.3 6.6 6.8 7.5 185.36 228.70 211.00 423.87 360.95 323.70 251.35 162.79

60 6.3 6.8 8.1 7.9 195.67 239.07 238.99 436.66 352.22 316.42 224.67 141.80

90 6.2 7.5 8.3 9 190.39 245.19 246.96 424.11 335.15 286.15 195.20 129.80

* S.Em. ± CD (0.05) S.Em. ± CD (0.05) S.Em. ± CD (0.05)

VA X DS (0.07) (0.19)** (0.12) (0.33)** (2.03) (5.72)**

VA X HE (0.07) (0.19)** (0.12) (0.33)** (2.03) (5.72)**

DS X HE (0.07) (0.17)** (0.11) (0.30)** (1.82) (5.12)**

VA X DS X HE (0.14) (0.39)** (0.24) (0.66)** (4.06) (11.44)** 

**VA: Variety, DOS: Days of storage, HE: Height
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3.4.5 Phenols

Table 3. Effect of impact on total free amino acid, phenols and ascorbic acid after different days of storage

Variety Height
(cm) Total free amino acid (mg/100 g) Phenols (mg/100 g) Ascorbic acid (mg/100 g)

Days of storage

0 30 45 60 0 30 45 60 0 30 45 60

K. Chipsona-1 0 226.9 253.4 377.42 608.3 34.3 35.2 62.6 62.80 31.46 25.37 24.15 20.60

30 321.8 509.9 622.79 966.2 34.9 43.4 80.4 76.38 26.59 23.87 16.13 14.39

60 198.5 707.1 653.04 1044.5 35.6 45.3 99.3 120.94 26.44 23.01 14.39 13.73

90 259.8 763.7 1021.51 1011.7 36.4 81.1 106.4 135.28 23.73 19.44 10.24 8.78

K. Chipsona-3 0 521.6 644.9 634.29 883.4 28.3 29.4 42.0 63.65 26.73 24.38 22.81 18.12

30 533.5 671.7 621.51 870.2 29.8 34.0 69.9 77.91 26.67 22.61 22.00 14.87

60 601.9 752.2 767.62 890.7 28.5 59.5 86.4 109.14 26.58 20.49 17.84 11.22

90 548.3 870.2 829.82 1074.3 29.0 73.4 97.5 134.60 25.89 19.87 12.36 7.56

K. Frysona 0 606.7 681.5 608.31 743.7 31.2 38.1 60.9 78.00 24.80 23.11 20.73 15.87

30 714.2 711.8 808.95 1043.2 32.6 52.9 68.8 83.26 24.19 21.22 17.56 10.48

60 600.5 710.1 949.52 1077.7 31.9 62.7 89.2 85.46 22.18 21.60 16.34 8.75

90 613.3 735.6 1025.77 1116.9 34.9 72.8 108.4 113.13 22.80 19.13 10.73 6.09

K. Surya 0 458.1 601.1 737.70 791.3 39.6 43.6 67.9 72.65 33.00 31.70 24.91 17.00

30 413.6 628.3 1059.42 1093.0 35.3 51.4 76.8 84.79 32.37 31.70 20.56 13.41

60 498.1 690.1 1053.46 1104.1 40.1 86.7 131.7 86.74 30.18 25.97 18.56 13.66

90 501.2 698.1 1061.13 1109.6 39.7 113.3 133.5 142.16 30.54 22.75 17.58 11.63

K. Pukhraj 0 786.7 710.5 875.19 893.7 24.3 33.4 42.0 35.48 18.36 16.93 15.12 12.07

30 711.5 544.4 914.48 945.2 25.6 40.7 48.6 63.65 18.64 16.20 12.87 8.12

60 698.3 589.1 983.6 1029.1 24.9 45.3 67.4 75.70 17.34 14.84 10.36 7.80

90 725.8 766.7 1056.44 1241.9 26.4 46.8 72.2 90.22 16.49 14.67 8.14 7.07

* S.Em. ± CD (0.05) S.Em. ± CD (0.05) S.Em. ± CD (0.05)

VA X DS (0.02) (0.06)** (0.37) (1.05)** (0.28) (0.78)**

VA X HE (0.02) (0.06)** (0.37) (1.05)** (0.28) (0.78)**

DS X HE (0.02) (0.05)** (0.33) (0.94)** (0.25) (0.70)**

VA X DS X HE (0.04) (0.11)** (0.75) (2.11)** (0.55) (1.55)**

**VA: Variety, DOS: Daysofstorage, HE: Height
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At zero day of sampling, all the varieties under test maintained low phenols. Impact severity increased phenols 
concentration in all the stored potatoes. The content increased maximum at 90 cm impact height after 30 days of 
storage. Maximum increase (4.6 times more than initial) from its initial value (28.36 to 134.60 mg/100 g fresh weight) 
was found in variety Kufri Chipsona-3 followed by K. Surya (39.67 to 142.16 mg/100 g fresh weight) at 90 cm height 
(Table 3). 

3.4.6 Total free amino acids

Total free amino acids remained low in control where the impact was not applied. In most of the treatments, total 
free amino acid was found to increase slightly at 60 and 90 cm height impact on potato tubers. In variety Kufri Surya 
it increased rapidly after 45 days. At the initial stage minimum content was estimated in K. Chipsona-1(198.56 mg/100 
g fresh weight) and maximum in Kufri Pukhraj (786.75 mg/100 g fresh weight). Non-processing variety K. Pukhraj 
resulted in maximum total free amino acids (1241.96 mg/100 g fresh weight) in the treatment of 90 cm impact height at 
60 days storage (Table 3). The results showed there was an increase in the level of total free amino acid corresponding 
to the bruise.

3.4.7 Ascorbic acid

Maximum ascorbic acid or vitamin C was noticed at zero day and without any impact in all the varieties. Ascorbic 
acid content ranged from 18.36 to 33.00 mg/100 g fresh weight at zero days. Maximum ascorbic acid was found in Kufri 
Surya (33.0 mg/100 g fresh weight) followed by Kufri Chipsona-1 (31.46 mg/100 g fresh weight), Kufri Chipsona-3 
(26.73 mg/100 g fresh weight), Kufri Frysona (24.80 mg/100 g fresh weight) and Kufri Pukhraj (18.36 mg/100 g fresh 
weight). The effect from a height of 90 cm resulted in a decrease in ascorbic acid. After 60 days, the decrease was 
maximum (73.29%) in Kufri Frysona in 90 cm height and minimum (33.22%) in Kufri Chipsona-3 in control (Table 3). 

4. Discussion
 It has been reported that the amount of moisture is lost through the periderm and can increase up to 60 fold if a 

tuber is damaged. The results are inconsistent with findings [13] who reported that skinning and cutting of tubers can 
increase moisture loss from the tubers up to 1000 times that of a non-damaged, well-suberized tuber [14]. It has been 
reported that any physical damage to tubers increases the water loss and even a small amount of skinning (< 5%), may 
double the amount of water loss in tubers [15]. Removing the tuber skin, the rate of evaporation increases by 300 to 500 
times. The results observed are in agreement with the results reported by [16] who states that avocado fruit becomes 
more susceptible to bruising impact as the impact height increase. 

The quality and appearance of the finished product are of utmost importance to the consumers and industries. 
Chips of dark or brown color is not at all acceptable. Development of dark chip color was observed as a result in two 
processing varieties at 60 days after impact. Sugar ends in potatoes in response to stress may develop excess sugars 
and potatoes when fried at high temperature develop dark-colored chips [17]. Chip color may also be darker due to 
enzymatic browning or phenolic reaction in damaged tissue [18]. 

Dry matter of processing varieties should be more than 20% for the development of consistent and crispy texture. 
Different levels of bruising in early, mature and stored tubers too reported a loss in dry matter [19]. Most of the reports 
indicate that a close relationship exists between bruising susceptibility and tuber-specific gravity [20]. An explanation 
for the correlation between bruising and specific gravity agrees that impact damage may be the interaction of starch 
grains with cell membranes as the cells are full of starch grains and are more vulnerable to susceptibility because starch 
granules may rupture the membranes during the impact [21]. It has been too reported that dry matter content varies 
greatly with tuber development, variety and environment [20, 22].

Mechanical shearing may induce tubers to accumulate more sugars. Bruising caused by the artificial simulation 
may have triggered stress and the potato might have combated the reaction in response. The results are in agreement 
with the results [23] who states that postharvest factors mechanical stresses and storage conditions are responsible for 
sugar content in potatoes. 
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Sucrose content plays an important role during long-term storage. Sucrose was decreased after different impacts. 
Similar to our study it has been reported that bruising in sugar beet increased sucrose loss. According to one report, 19% 
of sucrose was lost over a storage period of 4 months following mechanical harvest and handling [24] compared with 
hand-harvested beet (2% sucrose loss). The decrease in sucrose content and simultaneous increase of glucose in our 
experiment could be explained by the inversion of sucrose.

The results obtained are in agreement with the findings [25] that physical impact disrupts cellular membranes 
and the enzyme polyphenol oxidase (PPO) localized within plastids comes into contact with phenolic compounds 
present in the vacuole and starts a series of reactions that lead to quinones which are bruising pigments. Phenols were 
higher in variety Kufri Chipsona-1 as compared to Kufri Pukhraj. Enzymatic discoloration occurs due to phenolic 
compounds when the potatoes are peeled, cut or injured. Variety Kufri Chipsona-1 retains more dry matter and is floury 
in texture as compared to variety Kufri Pukhraj which is soggy (watery). Because of high dry matter, the impact might 
have vigorously shattered apart the cells from the pith regions of the variety Kufri Chipsona-1. Oozing of phenolic 
compounds might have reacted at faster rates in high dry matter variety, resulting in high phenols.

It is believed that free amino acids are an important indicator of the quality of tubers [26]. Free amino acids 
participation in the Maillard reaction have an ambiguous effect and disturb the relationship between the sugar content 
and color chips. On frying at higher temperature reducing sugars react with nitrogenous compounds or free amino acids 
and results in dark color products.

Simulated impact and storage duration reported a decrease in ascorbic acid content. Bruised tomato fruits retain 
ascorbic acid about 15%-16% lower than in unbruised fruits as reported [27]. According to another study, fruits and 
vegetables show a gradual decrease in the total ascorbic acid as the storage temperature or duration increases [28]. In 
one of the studies, potato tubers collected from different locations and their storage up to 30 days reported a decrease in 
vitamin C content. This could be explained as vitamin C is more sensitive to damage when the commodity is subjected 
to rough handling and transportation. In addition to that extended time periods of storage and physical damage like 
bruising decrease vitamin C [29]. Reduction in ascorbic acid content during storage of potato tubers at 10-12 C has too 
been reported [30].

Varieties behaved differently in response to the impact test. In the variety Kufri Chipsona-1, weight loss with an 
impact of 30, 60 and 90 cm was reported to be 10.07, 17.32 and 20.14, 13.52, 18.82, 25.31, 14.90, 22.70 and 27.75% 
at 30, 45 and 60 days of storage respectively. Whereas, in variety Kufri Chipsona-3 it was 14.36, 14.93, 30.5, 15.97, 
19.86, 33.06 22.79, 21.32 and 51.31% respectively. After impact from 90cm height, maximum weight loss of 51.31 
was reported in variety Kufri Chipsona-3 followed by Kufri Surya 44.31% respectively. The number of cracks was 
developed more by the variety Kufri Frysona and Kufri Pukhraj. Processing varieties too retained acceptable chip 
color before 45th day of storage when simulated impact was given. Variety Kufri Chipsona-1 and Kufri Frysona could 
assemble acceptable reducing sugars up to 45 day did not show acceptable sugar concentration, whereas, variety Kufri 
Chipsona-3 withstood the impact of 90 cm height impact height and didn’t change reducing sugars.

5. Conclusion
It may be concluded from the experiment that the degree of damage increase may vary considerably for different 

potatoes during postharvest operations. The practice of throwing the fresh potato tubers package from a very high point 
is not healthy for this crop. The study was conducted to display the fact that increased impact decreases shelf life and 
nutritional composition of tubers. The data generated may be of great help for end-users and processers in minimizing 
the mechanical damage. Bruising alters the functioning of plant cells in very important ways. It is quite clear from the 
results that the quality of potatoes can be affected by physical damage incurred at harvest and handling. Reducing drop 
heights for this crop may improve potato quality. 
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