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5. elastoplastic Thornton
6. kuwabara and kono(kk)
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Fig 1 Schematic of used device; (1) camera; (2)
sample; (3) rectangular structure
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Fig 2 steps of contact area segmentation; (a) image in the RGB space; (b) image in the HSV space; (c) binary
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Fig 3 General Maxwell Model Design, which
includes the parallel array of a spring element and i
Maxwell element
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Fig 4 Relaxation diagram and strain corresponding
to seven increasing strain steps

22 b ege SVl Jde 5 A5 e sk &
D 55 Ll Dlad 335 ale 4 5L Sleylsl DD
mio o el adlie ke L. S
sy Shwly 53 s se uos S 1) dsed 5 edias Ll
o Ao gl S ioled b o)l Gl 1 e Z
IS o 2 e Bl 03 e e Sl S
ST doly 4y asetis Comls L o8 o 5 el U oS 5

3 S e IS
Oy bl CJ"” Cobee Ol i Ky, (0) IS
ez e Ol (WS 5a)) aald del gl @S0G
Ly Sl g a5l bedigal el s Cmlis
Slages ol d e a4 Oy S e 5 s Ll
U5 omlel 5l olas S il zals Swl ol 0

CA..wl LAA.)}A.J DL

40

AL adsl sl F(0) JJss mbly Y(0) ey ol 5o
tobs s dop el Jlis F(Y) omes F Js5
b posle by e b 03 Olg o LY (1) 5t o adaily o
2,5 0y (V) b,

t

=— )
k,+k,t

Y @)

G|

t
——=k +k,t )

Y ()

3 Mo 3l e Oy o S w kz 5 k1 slacsl
BE dr.\slﬁ J.,\.A &_9))\.7-}4 RS VooU. L;a?dﬂj?).]a?w“"
ol govw Cio s gl Sl 4 L LS Jae ol
ilises Lot gos Jiolol by aslis foged o se opl ol
O S5 L kz 5 kl el s 0 SV S s
Lgd e el ol ot 5ol Jle S Jiolul gla o
Sl bl el el mhas oiss 05 Ky s
Q}lcf kl m‘}g”jt%w ASL;LAJJQoJ.&JLAJJ
Jbe KS' L EA ol Jade i e e 0L | o

IYe] s aclows (A) alaly el o 520

g, =EO 1 W)
A& k,

5ok s sl 5l S W el bl mhav Clus A S
RCW IR ARy 2

bl s 5 4 s Y

b Laesls @ﬂc‘:‘? Glr ol 3o Vv Sl rags nl s
Comloe Lot gad don ol .28 5 D50 (Sl ekd 55 0
lbralr 5 58 sle 5 LS Flsl slas 1 el adle
) G Jdes 5 el s esle s oS
o 3 eslizal b @bl SIGT 5 LS Cb B s Laesls
A3 el SAS 15

9. decay parameter


https://fsct.modares.ac.ir/article-7-33054-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-18 |

uJLA)Lu\ I BE C»JL © a0 ‘,<.:.:.~,Nl }g.«._‘v’j Jae Lﬁ?’;

o313 gder OUILT Slelu 5 > S ablS aabli

() dsder 53 3B 5 JseSle jobie bty 5o 8
oo e Slll 0l Al elal sl ol
S J 3 s S ame P<i/i0) T 5 (p<t/oV) Fy
5 T3 [ Fs Fy Fo gt jobs 25 =l
S Gk sl bl s S b e JgSle Je 51 (T
Sgme pole gl RS e e Slolsl Obs
Oy opoman 5 Sl Ol 1 alie sb 4 45 S
bl Jlaine 58 Db pole (S Jlpe 2 Sl
gl ol 53 d o b Do 4 NS e
Jle i 30 Ol dls ol s 5 Ky 5 Kyp) Jus

el 3 5 Sl Jte 1 Sleylol Oles & s L35S

Area changes

0.0008 .
0.0008 ——

0.0007

0.0006 - b
0.0005 /
0.0004 - ~

0.0003

00002 '
0.0001 /"

Area(m?)

0 50 100 150 200 250
Time(s)

Fig S Area changes diagram in time during loading

Table 1 Results of analysis of variance of Maxwell and Peleg elements

Mean Squares

0.000064™  0.00004™  606.99™ 641%™  950.18" 1163.72™
0.012" 0.03077"  6144.44™ 19.22° 6367.55" = 8212.69°

0.000093

K, Ky 75 7, T F3

ns

0.00013 0.0039 31843 6.86 342.65 1664.4

F, F, Fy Df S.0.V

ns

37661.6

5

Force (N)

%k

— FxAF1*exp(-U'T1)+F2*exp(-U T2)+F3 *exp(-'T3)
— L]l
Fl*exp(-t'T1)
— F2*exp(-t/T2)
— F3*exp(-t'T3)
~~~~~~~~~ Linear (Fx+F1*exp(-tT1)TF2*exp(-tT2)+F3 *exp(-t'T3))
«««««««« Linear (Fx-+F1*exp(-t/T1)tF2*exp(-t'T2)+F3*exp(-t'T3))
2
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Fig 6 Relaxation diagram with the Maxwell model,
a spring and three Maxwell elements and curves of
different parts of Eq. (2)

a1

,and ™ significant at the level of 1 and 5 percent and non-significant, respectively.
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475.57™ 39027 4 Storage time
39547.9™  2080.73"  107.64" 6 Strain steps
0.004™  543.006° 5.62™  54236™  180526™  441702™ 193.84™  7891™ 24  lime'strain

steps
41932.4 292.65 74.25 68 Error
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Table 2 Maxwell element values for seven increments of sample strain

(5 7, T F; F, F, F, Strain steps
40.82° 2.03"™ 9.68¢ 5.02° 62.62° 12.904 < 13.669¢ 1
63.07° 1.53¢ 7.22¢ 6.95° 54.34° 5.504¢ 21.197° 2
38.65° 2.39% 18.11¢ 9.56° 61.54° 18.282°¢ 32.843° 3
24.01° 3.55%¢ 35.99°¢ 31.8% 50.76° 19.4° 49.631¢ 4
21.22°¢ 4.62° 41.42" 48.34° 54.34° 24.626™ 57.474° 5
5.72¢ 3.73% 52.35% 51.2° 193.9° 32.745% 66.72° 6

8.09¢ 3.91% 58.97° 60.41° 73.63° 39.828"° 74.199° 7

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Table 3 Maxwell elements values during storage

T 3 T ) ‘LI F; F, F, Fi(pa) Day
27.99® 3.02° 38.419*° 29.41% 62.92° 17.899° 40.019°¢ 1
31.17%® 2.34° 29.99® 23.27° 68.46° 22.474%® 48.839® 3
24.53° 3.81% 35.78° 31.72° 55.54° 29.699° 50.944% 5
36.77° 2.93° 21.25° 25.52° 52.91° 18.64° 43.995"% 7
23.54° 3.44% 34.44° 42.41° 153.68° 20.206® 42.726"% 9

K,

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Fig 7 Plot of k; (a) and k; (b) variations in the strain stages in Peleg model
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Table 4 The results of analysis of variance of elasticity modulus in three methods: Peleg (E,),
Maxwell (E,) and image processing (E;)

Mean Squares

Ej E, E, Df S.0.V
4.38* 3.7% 2.043* 4 Storage day
2.02% 1.61% 1.16% 6 Strain steps
4.04™ 3.31™ 2.18™ 24 Time*strain steps

3.41 3.8 1.05 68 Error

T

bl Ol blie ST Ll s Sl e doys S Cla.»

A3 Sl e ez ol (5 S fl e

,” and ™ significant at the level of 1 and 5 percent and non-significant, respectively.
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Table 5 The trend of modulus of elastic modulus in three methods: Peleg (E;), Maxwell (E,) and
image processing (E;) in the stages of increase of strain

E;(Pa) E,(Pa) E,(Pa) Strain steps
391359° 3212427° 2771976° 1
2923765° 3004309 ° 2028395 ® 2
2261847 ® 2521220® 179245° 3
1179666 ™ 1351326 877483 ¢ 4
893244 1072064 ™ 673713 °¢ 5
692219° 936152° 579939 °¢ 6
634464 ° 782384 ° 497323 °¢ 7

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Fig 8 Changing trend of modulus of elastic modulus in three methods: (a) Peleg, (b) Maxwell, and (c) Image
processing during storage

a9


https://fsct.modares.ac.ir/article-7-33054-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-18 |

OALA)L.J\ I BE GJL © a0 p<.§.w‘}“ ‘jgmt"j Jae u,:.::.?

o313 gder OUILT Slelu 5 > S ablS aabli

S S it

S0t SaS 4 w50 e g Nl e sy ol o
03 plralr Ao Cda s pal A5l s 5 Sl SO
G0 S bl Slas s o35, a0 eyl I3
Jbs ol ol olis 5 diis i ol sl Sk
Ol i o L oyl L 5ok Jute 51 esbizd 130 el
Jsdes slie a8 o Ol ) ezl J s aulos
Sl 5 D seas 2510 1 Rs 03 b e apmisYl
a3 VA QYT 5 /88 LYY AL T SO S e
Jodos emomen 3L SRalS Lol SRl el
Sl gmn b (LalS L, ghils Sl Ll I s aezl
3 Sl 5 O iy 53 3 S Ll Slesday 3
Slm e 31 3 edol Gy pled o o le
eVl J g Ol i esliza] atN Jgde dls
szas il 5 dseSe SN A s b edd dcsles
S Jls s S sdali e (gyls e OV
e e L pend 5 5 1 s @i iS gla tags
oo el s e sl (g5lde 55 5 Ws S o0 T asiin
SS el L sad oy 55 O el B510 Ess
dwloe ate W Jode 1y 4o lad c]a.» Coles
s S

dL:J.G -0
S3osLES psle o8l Jlo ol 5 OB s 5 o s s

Agled e Sl Ol 5 ank e

gl 1

[1] Plaza, Lucia, Concepcion Sanchez-Moreno,
Begona De Ancos, Pedro Elez-Martinez,
Olga Martin-Belloso, and M. Pilar Cano,
2011, Carotenoid and flavanone content
during refrigerated storage of orange juice
processed by high-pressure, pulsed electric
fields and low pasteurization," LWT-Food
Science and Technology, 44(4): 834-839.

[2] Alquezar, Berta, Carlos Mesejo, Fernando

Alferez, Manuel Agusti, and Lorenzo
Zacarias, 2010,  Morphological  and
ultrastructural ~ changes in  peel of

‘Navelate’oranges in relation to variations in
relative humidity during postharvest storage

Ol 1 eVl o SLyUl Oley L300 (A) (IS
Ry g Sy s JseSle N dde Gl s s
3odalie Jsl 5o 3 oW e o 2l alie &) poa
3 o Geomed oy 8 P S0 O F9F K o2l
2 S Pl el Gy (ol e O g
G gy 3L 04 e s 4 S Al Yl Jgike
Sleo s 33 [W] OLKas 5 Sw 2agn L3 il
sdalie 5 3,8 iy p ) JB 5 gy SO 5 S
ealS Wy Sl S 0Ly oy anealV Jsde &5 WS S
o [M] Ler 5 LSl Ks rasy s b
o S Sleosar SOl Ll 5 0l e
Jsl s 5 s llas s (65LE8 (51851 o L
Gl S (ol e Dgo 4wtz Jpde (25
Oy ke 0 B 2 55 50T 5 ey s (P00

il AV Jgde s (g5ls sme 0 Sl L)
L LSl sl Sl Jools b5 oll 2 o3 G5 |
etV e Ol A3 S asete (SUls wials i 0 g
S s ol e M U L By 4 2
53 2 0l Ol 53 [TY] s 0Bt 5 b5 &S, shailes
Dbl Gl i Jelo (6 15 o0 5 5 Sl ke
U5 olis sled ey lin Wl 55 eslinal K55 5 3l5e
Gl Sl ps el S e s o 3] Jis s ol 5
teloes QLS 5 ol (Sl DL 5, bl 10 V4]
o=l L IYT el st 05 S5 51 eslinal L OT (gl
SrS Sl Sl g 251y S Sl eslil Js
Loy gbvesls ( hg,y opl iy &35 5 led adete -l
03 s SCo5 e & e s Sl atet ¥ sde &
ol gl bl e w4 (ty slatas
s Sl b 4 gl 5l andad S odd S5 gl B, 50
war s Ll ogd o dged oo 2 SebaS s e S
Cla.a P Comlos disles 53 5 gad Jij\sﬁ =23) L;Uljj
il ses Cxlus 5 Gl dgad o 55 4 (Ol pled
ol 83 3, VU e Wles cpl oS ol vy 5 alasd a

A5 S Jde oo


https://fsct.modares.ac.ir/article-7-33054-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-18 |

VYA 53T VT e Ao e

u;ﬂ\.l.'c @Lmé)r)l&

computer vision for determining viscoelastic
characteristics of date fruits, Journal of Food
Engineering, 118(3): 326-332.

[13] ASAE (American Society of Association
Executives). (2008). ASAE Standard: ASAE
S368.1. Compression tests of food materials
of convex shape. ASAE. St. Joseph. MI 585-
592. USA.

[14] Liu, Detao, and Yue Chen, 2010, The
Impact Behavior of Ecofriendly Cellulosic
Fiber-Based Packaging Composites, WOOD
FIBER SCIENCE, 42(4): 460-466.

[15] Thielen, Marc, Thomas Speck, and Robin
Seide, 2013, Viscoelasticity and compaction
behaviour of the foam-like pomelo (Citrus
maxima) peel, Journal of Materials Science,
48(9): 3469-3478.

[16] Saeidirad, Mohammad Hossien, Abbas
Rohani, and Saeed Zarifneshat, 2013,
Predictions of viscoelastic behavior of
pomegranate using artificial neural network
and Maxwell model, Computers and
Electronics in Agriculture, 98, 1-7.

[17] Chakespari, Abbas Gorji, Rajabipour, Ali
and Mobli, hossein, 2010, Anisotropic
relaxation and creep properties of apple (cv.
Shafi Abadi and Golab Kohanz), Advance
Journal of Food Science and Technology, 2,
200-205.

[18] Peleg, Mor, 1980, Linearization of
relaxation and creep curves of solid
biological materials. Journal of
Rheology, 24(4), 451-463.

[19] Bellido, Gary G, and Hatcher, D.William,
2009, Asian noodles: revisiting Peleg’s
analysis for presenting stress relaxation data
m soft solid foods, Journal of Food
Engineering, 92(1), 29-36.

[20] Li, Zhiguo, Fengli Miao, and James
Andrews, 2017, Mechanical Models of
Compression and Impact on Fresh Fruits,
Comprehensive Reviews in Food Science
and Food Safety, 16(6), 1296-1312.

[21] Del Nobile, Mesejo. A, Chillo, Sani,
Mentana, Andre, and Baiano, Antom, 2007,
Use of the generalized Maxwell model for
describing the stress relaxation behavior of
solid-like foods, Journal of Food Engineering
g, 78(3): 978-983.

[22] Rajabipour, Ali, Zariefard, Mohammad
Reza, Dodd, Garron Tina and Norris, Enton.
R, 2004, Tensile strength and relaxation of
tomato skin by a loop technique.
International Agrophysics, /8(2): 153-158.

[23] Rodriguez-Sandoval, Eduardo, Alejandro

and development of peel pitting, Postharvest
Biology and Technology, 56(2): 163-170.

[3] Fischer, Sebastian F., Marc Thielen, Ruth
R. Loprang, Robin Seidel, Claudia Fleck,
Thomas Speck, and Andreas Biihrig
Polaczek, 2010, Pummelos as concept
generators for biomimetically inspired low
weight structures with excellent damping
properties, Advanced Engineering Materials,
12(12), B658-B663.

[4] Seidel, Robin, Andreas Biihrig-Polaczek,
Claudia Fleck, and Thomas Speck, 2009,
Impact resistance of hierarchically structured
fruit walls and nut shells in view of
biomimetic applications. In Proceedings of
the 6th Plant Biomechanics Conference.
French  Guyana, France: @ ECOFOQG,
Cayenne (pp. 406-11).

[5] Mansouri, Yaser, Khazaei, Javad, Hassan-
Beygi, Seyed Reza, Mohtasebi, seyed saeid,

2011, Post harvest characteristics of
pomegranate (Punica  granatum  L.)
fruit, Cercetari agronomice in

Moldova, 44(2), 5-16.

[6] Akar, Riichan, and Aydin, Cuneyt, 2005,
Some physical properties of gumbo fruit
varieties. Journal of Food Engineering, 66(3):
387-393.

[7] Sozer, Nesli, and Ali Coskun Dalgic, 2007,
Modelling of rheological characteristics of
various spaghetti types, European Food
Research and Technology, 225(2): 183-190.

[8] Niklas, Karl J, 2007, Maximum plant
height and the biophysical factors that limit
it, Tree Physiology, 27(3): 433-440.

[9] Diels, Elien, Tim Odenthal, Janos
Keresztes, Simon Vanmaercke, Pieter
Verboven, Bart Nicolai, Wouter Saeys,
Herman Ramon, and Bart Smeets, 2016,
Development of a visco-elastoplastic contact
force model and its parameter determination
for  apples, Postharvest  Biology  and
Technology, 120, 157-166.

[10] Polat, Refik, Turkan Aktas, and Ali Ikinci,
2012, Selected mechanical properties and
bruise susceptibility of nectarine fruit,
International Journal of Food Properties,
15(6): 1369-1380.

[11]  Sadrnia, Hassan, Emadi, Bagher,
Rajabipour, Ali, De beardmaeker, Joos,
2011, Computer Simulation of Bruise in Red
Delicious Variety of Apple Fruit. Iranian
Biosystems Engineering, 42 (1), 69-78.

[12] Alirezaei, Mohsen, Dariush Zare, and
Seyed Mehdi Nassiri, 2013, Application of


https://fsct.modares.ac.ir/article-7-33054-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-18 |

uJLA)Lu\ I BE C»JL © a0 ‘,<.:.:.~,Nl }g.«._‘v’j Jae Lﬁ?’;

o313 gder OUILT Slelu 5 > S ablS aabli

relaxation data presentation of solid
foods. Rheologica Acta. 22(1): 108-113.

[29] Cakir, Enime, Alayunt, Alp and Kemal,
Ozden, 2002, A study on the determination
of Poisson's ratio and modulus of elasticity of
some onion varieties, Asian Journal of Plant
Sciences, 1: 376-378.

[30] Singh, Krishna K., and B. Sreenivasula
Reddy, 2006, Post-harvest physico-
mechanical properties of orange peel and
fruit, Journal of Food Engineering, 73(2):
112-120.

[31] Jahangiri, Mehdi, Seyed Reza Hassan-
Beygi, @ Mohammad  Aboonajmi, and
Mahmoud Lotfi, 2016, Effects of storage
duration and conditions on mechanical
properties of Viola cucumber fruit under
compression loading, Agricultural
Engineering International, 18(2), pp.323-332.

[32] Moghimi, Ali, Mohammad Hosaien
Saiedirad, and Ebrahim Ganji Moghadam,
2011, Interpretation of viscoelastic behaviour
of sweet cherries using rheological models,
International Journal of Food Science and
Technology, 46(4): 855-861.

[33] Nussinovitch, Antoni, Ak, Manima. M,
Normand, Mota. D, and Peleg, Mor, 1990,
Characterization of gellan gels by uniaxial
compression, stress relaxation and creep
1. Journal of Texture Studies, 27(1): 37-50.

AKA}

Fernandez-Quintero, and Gerard Cuvelier,
2009, Stress relaxation of reconstituted
cassava dough, LWT Food Science and
Technology, 42(1), 202-206.

[24] Paes, Sabrina Silva, Gustavo Beulke
Stringari, and Joao Borges Laurindo, 2008,
Effect of vacuum impregnation temperature
on the mechanical properties and osmotic
dehydration parameters of apples, Brazilian
Archives of Biology and Technology, 57(4):
599-606.

[25] Wang, Jan, 2003, Anisotropic relaxation
properties of pear, Biosystems Engineering,
85(1), 59-65.

[26] Hassan, Bami. H, Alhamdan, Ali. M, and
Elansari, Ali. M, 2005, Stress relaxation of
dates at khalal and rutab stages of
maturity, Journal of Food Engineering, 66(4):
439-445.

[27] Njintang, Namo.Y, Parker, Malon.L,
Moates, Groi.K, Faulds, Civas.B, Smith,
Akad.C, Waldron, Kinin.W, Mbofung,
Ciba.Moka.F. and Scher, Jon, 2008,
Microstructure and creep-recovery
characteristics of achu (a taro based paste)
made from freeze dried taro chips as affected
by moisture content and variety, Journal of
Food Engineering, 87(2), pp.172-180.

[28] Peleg, Mor, and Normand, Mota. D, 1983,
Comparison of two methods for stress


https://fsct.modares.ac.ir/article-7-33054-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-18 |

JFST No. 94, Vol. 16, December 2019 ABSTRACT

Determination of Viscoelastic model of sour orange during storage
using image processing

Kazemi Karaji, F.', Abdanan Mehdizadeh, S.**

1. MSc student of Mechanics of Biosystems Engineering Department, Faculty of Agricultural Engineering
and Rural Development, Khuzestan Agricultural Sciences and Natural Resources University.
2. Assistant professor of Mechanics of Biosystems Engineering Department, Faculty of Agricultural Engineering
and Rural Development, Khuzestan Agricultural Sciences and Natural Resources University.

(Received: 2019/05/17 Accepted:2019/12/23)

The mechanical properties of fruit are one of the most important determinants of standards for
designing, transforming, processing, and packaging systems. One of the methods for changes
demonstraction in the internal structure of fruits during storage is to perform stress relaxation tests in
different predetermined strains. Therefore, the purpose of this study was to investigate the orange
compression behavior in quasi-static mechanical loadings by performing stress-relaxation tests of
samples at predetermined levels of strain and modeling the Maxwell and Peleg method and comparing
it with image processing method. In addition, in this study, cross-sectional area changes were
measured during loading by image processing. The modulus of elasticity in the image processing
method, the Maxwell model and the Peleg model on days O to 9 increased from 3.91 to 4.5, 3.6 to 4.53
and 2.7 to 3.45, respectively. which in spite of increasing trend there was no significant difference
between them. Since, no significant difference in the output of these two models (Maxwell and Peleg)

was observed Peleg with the less number of elements (only two constants) was preferred compared to
Maxwell method.
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