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Fig.2. (a) Top view of bruised area, (b) Cross-sectional views of the bruised area
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Table 1- ANOVA of main factors and their interaction effects on bruise area and volume of apples

Olay po (pile
BYve iy IV 3 Mean of square
o &3l as = e .
Source of variation L VCIURE S Caluw
df . 3 . 2
Bruise volume (mm”) Bruise area (mm°)
~ 2 61387214417 206201.004™
Variety (A)
295 g 3 11380000.000 635305.179™
Type of level collision (B)
by ?w" 5 13950000.000™ 723750.019™
Drop height (C)
b 3 X X 5 *k *k
255 T i X e 6 464211.080 13907.523
BxA
Jﬁ 2 Lw ‘X 5 *ok *ok
P ERIH S 10 558575.627 7755.627
CxA
b £lis)] x 3,95 : - o
o QWX 295 o i 15 982281.022 27574214
CxB
bgdw 87,1 x 3,43 > X 8
P QX 2255 g e X ) 30 190668.070™ 3264.111™
Cx B xA
(ks 216 9381.524 391.243
Error
S 288
Total

Dgmaps ™ oy V Jlais] pdaw 3 I3 gme
Significant at 1% of probability levels, ™ Non. Significant
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Table 2- The results of compared volume and area bruising for three varieties of apples

o 03 SR Coalue SRS o
Variety of apple Bruise area (mm®) Bruise volume (mm®)
e 190.93° 608.63°
Golden Delicious
Fa ) 242.28° 933.75°
Red Delicious
ol 58
Gl S 149.78° 435.69°
Granny Smith

(Sl (glaels wiz y90]) 35,05 (6l5 dno o9l duo > O g )3y y2 )3 Sy CooMe b (b Silio
Means with the same symbol are not significantly different at 5% level according to Duncan's multiple range test
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Table 3- The results of compared volume and area bruising for four type of collision

5,95 1 s (g NS Co b S o
Type of level collision Bruise area (mm®) Bruise volume (mm®)
sl 251.55° 946.79°
Wood
0 i S |o8
258 Sl o) lghe 103.30° 151.15°
Cardboard on plastic
Jd B (s e 295.91¢ 1049.58°
Rubber on steel
i 126.57° 389.90°
Apple
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Fig.3. Means of interaction between varieties and drop height on bruising area
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Fig.4. Means of interaction between varieties and drop height on bruising volume
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Fig.5. Means of interaction between drop height and type of level collision on bruising volume
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Fig.6. Means of interaction between drop height and type of level collision on bruising area
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Table 4- Constant coefficient values for the prediction of area bruising Golden Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
sl -0.0011 1.5169 -65.579 0.966
Wood
0 i S [P
2738 Stdh ) e 0.0040 0.6526 -50.037 0.934
Cardboard on plastic
Sl Gog 59 dod -0.0012 1.6131 -57.380 0.964
Rubber on steel
OFle -0.0009 1.0753 -59.072 0.993
Apple fixed
S e h -0.0007 0.7971 -43.912 0.993
Apple moving
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Table 5- Constant coefficient values for the prediction of area bruising Red Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
sl -0.0012 1.7146 -63.470 0.977
Wood
28 Sl 59 e -0.0060 0.8398 -63.799 0.925
Cardboard on plastic
Sl g (59 s -0.0005 1.2493 53.017 0.980
Rubber on steel
OFle 0.0006 0.4822 33.438 0.961
Apple fixed
S e e 0.0004 0.3744 24.126 0.959

Apple moving
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Table 6- Constant coefficient values for the prediction of area bruising Granny Smith apple on the drop height

2,9 3 ghaw i a b ¢ R?
Type of level collision
Sk -0.0001 1.2205 -43.808 0.982
Wood
o288 Kkl sy e 0.0006 0.1301 -23.779 0.899
Cardboard on plastic
el 39 59 dens -0.0003 0.9414 -18.611 0.946
Rubber on steel
Sl 0.0003 0.6349 -45.375 0.966
Apple fixed
S e o
T e -0.0002 0.4627 -33.421 0.968
Apple moving
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Table 7- Constant coefficient values for the prediction of volume bruising Golden Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
4l 0.00029 2.3846 -147.590 0.995
Wood
033 Setodly (¢, lod
S8 O 9 e 0.00150 0.1748 35.894 0.970
Cardboard on plastic
il Grg sy 4o 0.00310 2.7840 -122.820 0.974
Rubber on steel
o o -0.00170 2.5060 -162.900 0.968
Apple fixed
S o [Evow)
ST e 0.00130 1.8837 -121.990 0.968
Apple moving
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Table 8- Constant coefficient values for the prediction of volume bruising Red Delicious apple on the drop height

5,95 1 s (g

a b ¢ R’
Type of level collision
4l 0.0106 0.1792 37.248 0.983
Wood
0 pid S |
278 Sl 59, lyie 0.0019 0.7838 99.116 0.955
Cardboard on plastic
N e -0.0026 5.7706 -63.631 0.978
Rubber on steel
o o 0.0050 0.9079 16.781 0.978
Apple fixed
S o [Evow]
o 0.0037 0.6831 12.310 0.978

Apple moving
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Table 9- Constant coefficient values for the prediction of volume bruising Granny Smith apple on the drop height

5,95 ) g (i

a b c R?
Type of level collision
4 0.0015 1.6249 -49.794 0.984
Wood
03 yuid Sw lod
SRS ek 9) 9 0.0023 -0.2257 -14.080 0.953
Cardboard on plastic
. l . .-
Sl Gog 59 dod 0.0023 1.1583 -35.891 0.984
Rubber on steel
oo 0.0019 0.4459 60.024 0.968
Apple fixed
L_fpg.o" [ESew)
o 0.0014 0.4433 -45.018 0.968
Apple moving
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Table 10- Constant coefficient values for the prediction
of volume bruising based on the area of intuition

bruising
~) a b c R?
Variety
)Mbu’ds 0.0082 0.7341 4.7345 0.987
Golden Delicious
s 3,
0.0038 2.7330 -68.818 0.902

Red Delicious

Caoul 51,5
i “’J;, 0.0053 1.6958 -12.895 0.962
Granny Smith

&bo

1. Abound, A. J. 2006. Study on factors affecting apple bruises under drop loading. New Trends in
Agricultural Engineering: 876-887. The 14th. Annual Conference of the Misr Society of Agricultural

Engineering.

Afkari-Sayah, A., M. Esmaeilian, S. Minaei, and A. Pirayesh. 2008. The influence of mechanical loads

on the damage applied to apples after storage stage. Food Science and Technology 5: 37-44. (In Farsi).

Ahmadi, E., H. R. Ghassemzadeh, M. Sadeghi, M. Moghaddam, and S. Zarif-Neshat. 2010. The effect

of impact and fruit properties on the bruising of peach. Journal of Food Engineering 97: 110-117.



AP gl Jlusos ) 05lois o > c(0)yslisS cloomislo &gyt VWY

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Bollen, A. F., H. X. Nguyen, and B. T. Dela Rue. 1999. Comparison of methods for estimating the
bruise volume of apples. Journal of Agricultural Engineering Research 74: 325-330.

Bollen, A. F. 2005. Major factors causing variation in bruise susceptibility of apples (Malus domestica)
grown in New Zealand. Journal of Crop and Horticultural Science 33: 201-210.

Brown, G. K., and L. J. Segerlind. 1975. Location probabilities of surface injuries for some mechanical
harvested apples. Transactions of American Society Agricultural Engineers 18: 57-61.

Brusewitz, G. H., and J. A. Bartsch. 1989. Impact parameters related to post harvest bruising of apples.
Transactions of American Society Agricultural Engineers 32: 953-957.

Celik, H. K., E. W. A. Rennie, and I. Akinci. 2011. Deformation behaviour simulation of an apple under
drop case by finite element method. Journal of Food Engineering 104: 293-298.

Diener, R. G., K. C. Elliott, P. E. Nesselroad, M. Ingle, R. E. Adams, and S. H. Blizzard. 1979. Bruise
energy of peaches and apples. Transactions of American Society Agricultural Engineers 22: 287-290.
Dobrzanski, B., J. Rabcewicz, and R. Rybczynski. 2006. Handling of Apple. Center of excellence
agrophysics, Polish Academy of Science, Lublin, pp 233.

FAO. 2007. Food and Agriculture Organization Statistics. Available from: FAOSTAT. www.fao.org.
Garcia, J. L., M. Ruiz-Altisent, and P. Barreiro. 1995. Factors influencing mechanical properties and
bruise susceptibility of apples and pears. Journal of Agricultural Engineering Research 61: 11-18.
Golacki, K., G. Bobin, and Z. Stropek. 2009. Bruise resistance of apples (Melrose variety). Teka
Komisji Motoryzacji Energetyki Rolnictwa 9: 40-47.

Hertog, M. L., R. Ben-Arie, E. Roth, and B. M. Nicola. 2004. Humidity and temperature effects on
invasive and noninvasive firmness measures. Postharvest Biology and Technology 33: 79-91.

Lang, Z. 1994. The influence of mass and velocity on the maximum allowable impactenergy of apples.
Journal of Agricultural Engineering Research 57: 213-216.

Lewis, R., A. Yoxall, L. A. Canty, and E. Reina Roma. 2007. Development of engineering design tools
to help reduce apple bruising. Journal of Food Engineering 83: 356-365.

Lewis, R., A. Yoxall, M. B. Marshal, and L. A. Canty. 2008. Characterizing pressure and bruising in
apple fruit. Wear 264: 37-46.

Masoudi, H., A. Tabatabaeefar, and A. M. Borghaee. 2007. Determination of storage effect on
mechanical properties of apples using the uniaxial compression test. Canadian Biosystems Engineering
49: 29-33.

Mohsenin, N. N. 1986. Physical properties of plant and animal materials. Gordon Breach Science
Publisher, New York.

Pang, W., C. J. Studman, and G. T. Ward. 1992. Bruising damage in apple-to-apple impact. Journal of
Agricultural Engineering Research 52: 229-240.

Pang, D. W., C. J. Studman, N. H. Banks, and P. H. Baas. 1996. Rapid assessment of the susceptibility
of apples to bruising. Journal of Agriculture Engineers 64: 37-48.

Ragni, L., and A. Berardinelli. 2001. Mechanical behavior of apples and damage during sorting and
packaging. Journal of Agriculture Engineers 78: 273-279.

Sadrnia, H., B. Emadi, A. Rajabipour, and J. Micker. 2011. Computerized simulation of local damage
for Red Delicious apple. Iranian Journal of Biosystem Engineering 42: 69-78.

Saracoglu, T., N. Ucer, and C. Ozarslan. 2011. Engineering properties and susceptibility to bruising
damage of Table Olive (Olea europaea) Fruit. Agriculture and Biology 13: 801-805.

Shekarbeigi, S., A. H. Afkari-Sayyah, H. Shayeghi-Moghanloo, and A. A. Shokuhian. 2011. Effect of
temperature and padding surface on apple bruise volume due to impact and its prediction by artificial
neural network. Journal of Food Science and Technology 8: 85-94. (In Farsi).

Siyami, S., G. K. Brown, G. J. Burgess, J. B. Gerrish, B. R. Tennes, C. L. Burton, and R. H. Zapp. 1988.
Apple impact bruises prediction models. Transactions of American Society Agricultural Engineers 31:
1038-1046.

Stropek, Z., and K. Gofacki. 2013. The effect of drop height on bruising of selected apple varieties.
Postharvest Biology and Technology 85: 167-172.

Tabatabaeikolur, R., A. Koluri, S. Hashemi, and R. Hadipour. 2012. Study on the drop height, conveyor
motion speed and impact surface type on the bruising area and volume for Goden Delicious apple.
Agricultural Machinery Journal 2: 19-27.

Van Zeebroeck, M., V. Van linden, P. Darius, B. Ketelacre, H. Ramon, and E. Tijskens. 2007. The



WY STolo slacums (SibS 35595 5 b 9 bgiw gyl puil gy

30.

31.

effect of fruit factors on the bruise susceptibility of apples. Postharvest Biology and Technology 46: 10-
19.

Wilson, K. 2003. Harvesting and handling of apples. Factsheet, Queen's printer for Ontario, Ministry of
Agriculture, Food and Rural Affairs.

Zarifneshat, S., H. R. Ghassemzadeh, M. Sadeghi, M. H. Abbaspour-Fard, E. Ahmadi, A. Javadi, and
M. T. Shervani-Tabar. 2010. Effect of impact level and fruit properties on Golden Delicious apple
bruising. American Journal of Agricultural and Biological Sciences 5: 114-121.



