YeAT-Yo A+ dxbo VE+Y JL& c}ﬁg‘b J.«aﬁ (Pgmw b)l.ww ‘M 2,92 ‘M)’ -la.gpu ’051.9 Ol e

Loyl 093 33 (Faoj e (S0 iy Ol pdi (o)
VoS Mol )T Gl i ) B 0 p e
Jedyl (vl Bare ol&uisly ¢ gruido mlio 5 (65)9liS oSy (5385 )
ooyl eshn) 3ioen oKl ¢ panbs qulio 5 (65ysliS” 0aSiils liwl =¥
m_raseKh@uma.ac.ir : Jgzue s Jros) *
VWV ae0: opdy fu )b VPN ENY: el 5ol

oS
sl o5 9 35 Coponl 1] ilisee slo aiz gy adllae gy cul Sl (o plax p3y0 3 )y 03 el i dlse 51 (S e s
CB3 pas g (5 S By 5 g o P L gl B slaanly (LSl pas allse (S g Jpame ol sl anly ol sas s 4yl o8
33 (65yiS Y gz plu 55 9 (gue cumw pBl olulids Cuenl g e yli o Gl S bawgs (ne) camw calisee pB,1 lulids jo ob;
LB (SlSe (olys (o p B b adlllas pl s (o0 585 41 (6908 Jpae (nl (Slle olgp adllae (13 o (g | al e
Plo e Sty ()] 3me oRED g ok 09,5 )3 S92 90 plits oS Sl Sl gl 53 b il (e G il
Al ool ol yss  Keyin blod 4y loylil oygd Job 13 Bgdlo g (o o8y 93 ool Cawd 4 ol bl b odlizul | Sl

Sl olls

nan "

sba IS )3y Ll 5 lisgh 05, 93 (yizpen 5 4 ol jlo
s 450 5 03l Uy pioman Lo o] 5,8 oty dib 500
Ol 3 4 a0l plodl ) (cie) cows pB)) gty il (o gtuan
Y o g sl AVFY cdd o aY S L aSid ogas
a5 008 et e Gind pl il oy Ve By i
03lizl b YU o €83 o b (3 (0 | (e o iliseo gl
st 9 (Bl sla (S « S5, 436 4w b (S
e Kb S 650 g bz bl bawg 0ud g5
225 an b g Lol (b yd S (o Al (2 ghuan
omas 45 | eolazal b a5 (Mercurio, 2019) S Lisios

Orine b plol (e (o) o 98) 0 (S9) ppal (SO 9
o pL3 45195 o g 039 suel Caslibge (g, cpl aS sl Lt
oo 9 Oom b oS g b Ao Ve CBIL ) ped (e
adal U (65)glsS @V gmanme JSbyusi 9 958 O 29290 by
2,8 pasiia |y ogee 4 Gy sl (slog s 03910 (5 (oo il
45 Wb (b gl adss @ JB 5 Jos g iy by (ilo b
F S (B il adls oagazee ol 5l jdar b ol 51031y (slag s
Lol ool Lt g el 090 (S ol ol sla ol
)l i @ (Kt g 0392 (228 (2] & Cwl e il
es] (Redy & Singh, 2006) sl eisis ol s
a3l pade i ol (955 (05 b Sl (o0 e (SIS S0
oA (ol edaiul b g 28l ogee (Siwws Olise (o) slp
s (USDA, 2003) sgei cyass |y adls y coglae ol
S5o9dS S ganme (Sl 5 ()b (elgd pogad ) (s34nke
s g oS (RS 3 ol ond plosil o585 ol
o9 (SHLSe (olyS (B e Sl (WAY) Gl 5 g
aS b ol gl W pbol (Sl auds £)l88,L 50 5 sed
S92 UhFo—ed 0jlal g (NS Ccrr <))k sy ]
S92 goud 0311 (A5 S g8 b sl > (gae (3 ged (i

VoA

"ol Koyt e e

Aodde -
a9 S (o0 18y Gl el )3 &S wre Sl (LS e) e
4Bl a9 dwgi J> 53 (5o )giS )3 e Jpaze S Ol
5 s hipgS aie Sy lsie @ pladl lie w) Gl
Jel g gz S0l (og Jpamo cul il oo ol 4 ligsalizg
ol <255 5 @ a5 3l ey 5 38l (o 9 98 1 ]
gl Glojl jlol Bub sl (5 @alin (1 A 5> Jguarme
Jbo > olnl > Jgaze cpl et 5 s oie o (5559Li8
o=l il eas el Jgaame g Canl 039 )liSa Iz VEY LNV
O > e glaby) Bl (oo 05 Ggrkee O)) d90> o
g Slolidcsy; slhaadld p (e jiln o) caw 4y
Sy & ab plusl o hg) 4 5l ase SV game W L Ll
e 48y ol )0 WSl (gt (asds a8 gyl o
ASud g LS5 Bl (uh adb > Wl (0 YL OIS L e giae
w3l> plonil ) 08) panseis 9 (s WS Wy (o (Eghas (as
9y (0 )L (jpgltS Y grae ;ST )3 g 0390 iy Sl
L1, Denar jVineta w; cuw o3, 9 (Przybyt, 2015)
03)5 adlllae (egias (s ASd g pgal (Bil3y () ) edlita
9 oA |y (anj o pB)) (g5 (o0 &S Wiy doxiS cpl 4 g
Joole Vieotin (Sho ¥ pS)0 L 3od cpl )8 g 4ib
Vo la ol g 5l g 08 plosl S5 00T e el VA g (e
Sty o izl Al mds 5 |y 36 oyt el
VA=ON-Y o8y 90 (4ol (sl (gl oolaiwl D)0 (Eguas (amac
®8)V e ) wej e 59y p |y isios (AZIZI, 2016) .4
P oS L ngas (5l 5 alie omdle 1 edlatul b il
P51 5 S (sl ol il awets cqs R2012 (o 138
L o) o sl o8 (s aibo Lol ol plosl (e oo
2o FEN ply Ghgy ol 8> &8 a5 pul LDA 34, 51 el
OVl 5 LST 08) 55 e 1 oy ol ipen el Cusd &



YeAT-Yo A+ dxbo VE+Y JLM) c}y“b ‘J»As O g D)Lo.w cfgs.w@ 0,9 ‘M)’ -hg?w '051.9 Ol e

S e i @

2 352290 pliicw ol Jl L diged Sy (liwe (s i
Gieo oSl g (cwdine 09,5 (Sl (olss oKl
SNk oy o 4w )3 (o) s 18y b o3liil (o))
B )dd 9p8 o TV L 5 4By p jiedde Ve g Fe )
35 9 S5 S (S5 59y e Sl 00aal b g 28
24035 dslro (V) dlatly Billas (Soji s diged o>
Klc=F.d/rr*h )
:J pas

(MPa) %, =KiIc

(N) (Soens s9m=F

(MM) Jss s =d

(MM) ge gles =T

(MM) w405 glis)l = h

Al oo
O ygo (dlm Y ‘_s.JlA) Jno‘? dJ) u.:Lc)LJ‘ 0,9 [ ) uquLo)T ‘_)g.‘
Lépdy

S 5955 Jlos I s () o digad (S - JSUS

==Y

395 3l (Foldie )Li3) (Sleylil 0)9> Jobo 3 cilises pl8)| (S ji
219> Job > (Ko yiz lp Ughile 085 3 &5 (5pobo 4 sy L
lsul )3 Koy e oo dilw 08,3 ¢ i odalie (JSlyuss Slo Ll
e (6)1Ar 0593 Lawlyl 3 L g 39: (LS Ly 095 sletl
J_alﬁ)& 9 b‘))_<5 S99y Lf‘pl) ) )] u_ia).a% C)])a.w PLgrOris
Sl asdio MolST ¥ IS5 & a9 b izmed Bl o (b
Ko Olige Ml jeS (G)I)h ey i pa P8l aen )3 oS
ey d A4S Cnl ool yal ol e gl i odel Cousd 4
15 9 58l o 351 oYl polis )3 i 6oy eyl (6,135

boo Gl Bl o (Soyix jlade ) alall) & dxgi b aoes

Y+A)

oy GRIBIL Geioren g Wb (o0 GEBIT JS i (i
45 ;0 (g ) b (oo Gl (SenS g9y )L
sy 0l 31 ey S plool (WWA) Lol yogs g 015 doge lawgs
@l 9 b (yp B ed SSe lss 2 IS5k car
5 i i o 5 6 IS ey Jlise 1 5 ol i
= NSk e 9 IS5k copw ojlul (Lol gl g (Ko i
Sors = Sl Sa e Lol canl s (ine VT Jgio
s sl linle)] (VAR5 o) g ol g lolino Siepu
Sle ol Jler 59y 32 (665 Bged CumBge 9 S (S

e 5 (SIS 5 (SieS 5yS (S i
ol olilel] zols .15l pbol camw 13y dw (¢yals dtuuminY
Lo @13 o3, ¥ Sle ol (WWAA) o)ylSan 5 salle cadllas
Iy wled aw ¥ g ugb) adaw ¥ 0 Soliwl i (g l38,L 5
Aoy Vel gy il L as ol lis gl o 00)ST wyp
5 P98 Y0 jl i dy (Ki5eS (5551 9 908 Ao o3 VY
ol 03,5 Iy Gl Jo5 (e OF 9 (088 AY 4 o) e+
5 G by Sl adllas L (WWAY) 4, Sen 5 odljuwl puizen
WLy el yg 08y A sy (Sle elsd 1 RS HL Cs
4l jaop) Jlol gaw 3 NS cge g Cugby S
JSb s agboy GBI g )l s (e S (SSle elys
9 (N2 $)g0 45 (IS )3 b e el (SisuuS dai )
9 O 5y 93 (SlSe el awalie g9y 2 (V4 1)) ol
wsigby lgizee Lialial Lol s zuls ciols ploul g ails 568
YVY & 3o £IY | g Cipal o8 (sl 2o pd YV & 2o 2 VIV
OB g3 b (oo IR (KBS (59,5 x9S 88 Sl Aoy
iy oy 3 V+8) St 5 55 bt 5 S0
5wy 9 A Cunsls Canglie y ally 03l g (5)lA 5L
9403 VVOA Cugb) 53 aily (SisenS (551 per 235 pslae
Carsby 3 ol G pia 9 48D 1 yiarke 0 oy b (BB )L cow
o Ay yiagke Ve Gy b g (s3508 5k o Ao D VIVY

sl

Sy Gl 095 Hby (ime CaBge X o8y Jlate Sl aS ol

3 ol s,

ORpRCR
5 Lighylo el ey yousl oy )ST) Ciliise 8, B )3 b o) o il
a2y V¥ slod 3 g g Jud)l (559l Cliios S e (>
Sosliwl b Lol @Byl a1 jg) S 508 (5)e 8l Sl
S0y 031> g 9 A5 (o) s 98y 2l Wiged VY [y gl
Dy (Swlle oled Jolis b (o)l 0oly s plo

bl el St (o s igas (53l 03bol 5 (58 —) USUS



VeAT-YeAe axtio VLY Jus c)’.gg“b JvAﬁ O g b)w (iR 299 (Comnd AZYC N ‘091.9 Oldlhe

0.14

0.13

0.12

0.11

0.1

0.09

<

0.08

0.07

0.06

[=]
[y
o]

3 4

%]
=)

(&

—— 10 mm/min 40 mm/min 70 mm/min

0.15
0.14
0.13
0.12

0.11

2

0.1

0.09

0.08

[=]
[y
o]

3 4

%]
=)

(o

—— 10 mm/min 40 mm/min 70 mm/min

0.15
0.14
0.13
0.12

0.11

4

0.1

0.09

0.08

[=]
[y
o]

3 -

%]
=)

(i

—— 10 mm/min 40 mm/min 70 mm/min

Y-AY



VeAT-Yohe asiio V€Y JUo Gl had cogmw 0 )lows cpiuid 890 iCann § Janswo 0gle Olallle

0.16
0.15
0.14
0.13
0.12
0.11

0.1
0.09

0.08
0 1 2 3 - 5 6 S

10 mm/min 40 mm/min 70 mm/min

0.14

0.13

0.12

0.11

0.1

0.09

0.08
0 1 2 3 - 5 6

10 mm/min 40 mm/min 70 mm/min

(2 (Z LS (o oyl (W 5510055 0,95 Job ;5 (o s P8, (Ko s &l puds - JSS
Lvsﬁ)‘uo (b rve e} (D

. . , . 5 ot —€
@) Sloll 0ye3 Jobo 3 Ugdjlo 5 (> 05, 93 ¥ JS3 4 g L o s 5 n i s I’d’:‘s o
mayLQMIJudAL)uIMui‘o)blol?rjdu(bp)lﬁwﬁ)ofB a)*wﬁ)w»dbwrbﬁ)ad)%u&f%uxﬁu@%ui 2

35 Epe tlan ) Ghliae 2 il 85 3950 gt Allun ] G oKl dgzge plinw o&iwd I edlaiwl b Sloylil 690
' 7 ~>s«éo>yo);»p5)9>‘y';| Byl a8 oy Ui ol 0,8 duslee V dlaly oS a4 g o))

03,5 Lais |y 398 Sy (e (65155 093 Jobo 3 Ug)le g (>
High o0 dpog e (9 (Blas Sy 9y I 3l

&

o9 VLo degoone o8 gadd (KitpnS adal )3 JSb i 5 (SisenS (S9p8 O ((WWAT) ep el 8 el oo o -
A=Y o 5y 5035y Can Lo b lio «55)5liS Capgrme L o Gl g oSy Sl dngs all (g il S

FV(Y) 03led A 0)93 (2l @l g pole anliliad oo (o550 (033 (ol (B s n (A1) 0 p Ll (55 foip liange -
£\ o

5 ool gl 5 pole Aol Sl (o))l 55 Ly &l SilSe yolg cymesss YA o eglize o p Al igs oo cualle -
AYEYe o (¥)

Y-AY



YeAT-Yo A+ dxbo VE+Y JL& c}g’q‘b Jaaﬁ (Pgmw b)l.ww 4;93.0.»4@ 2,92 ‘M)’ -b.g?u ’0519 Ol e

s(L’)A_AI)9 rv_Q)) aly Ay Ls_iu&n UOIP - d)l.&j)l} Gy g S>> cws.lo) )_JI. ey -z A ‘CL\_»J d)&é] “p t(’*j.»)l) N sb.)lj..\wl -

s oD ¢l ¢yl 325180 5 (5y9liS” sl cpiile awdine (o 0, KIS youian

Al-Khashman, O. 2007. Determination of metal accumulation in deposited street dusts in Amman,
Jordan, Environmental geochemistry and health, Vol. 5, P. 1-10.

Abbott, J.A. and R.Lu. (1996). Anisotropic mechanical properties of apples. Trans. of the ASAE
(1971):1451-1459.

Borai, A. A., et al. 2001. Monitoring and statistical evaluation of heavy metals in airborne
particulates in Cairo, Egypt, E. H. Chromatography, Vol. 10, P. 261-2609.

Nabi, G., Pardakhti, A. 2011. Comparative cancer risk assessment of THMs in drinking water
from well water sources and surface water sources, Environ Monit Assess, VVol. 179, P. 499-507.
IRIS. 2005. Guidelines for Carcinogen Risk Assessment, EPA.

Kent, C. 1998. Basics of Toxicology.

U.S-EPA. 2000. Exposure Factors Handbook. Office of environmental health and hazard
assessment, Washington DC.

Yongming, H. 2006. Multivariate analysisof heavy metal contamination in urban dusts of xi’an,
Central China. The Science of the Total Environment, P. 176-186.

Azizi, A.; Abbaspour-Gilandeh, Y.; Nooshyar, M.; Afkari-Sayah, A., Identifying Potato Varieties
Using Machine Vision and Artificial Neural Networks. International Journal of Food Properties
2016, 19, (3), 618-635.

Ayari, F.; Mirzaee- Ghaleh, E.; Rabbani, H.; Heidarbeigi, K., Detection of the adulteration in pure
cow ghee by electronic nose method (case study: sunflower oil and cow body fat). International
Journal of Food Properties 2018, 21, (1), 1670-1679.

Bieganowski, A.; Jozefaciuk, G.; Bandura, L.; Guz, L.; Lagdd, G.; Franus, W., Evaluation of
Hydrocarbon Soil Pollution Using E-Nose. Sensors 2018, 18, (8), 2463.

Cooke, R. J., Gel electrophoresis for the identification of plant varieties. Journal of
Chromatography A 1995, 698, (1), 281-299.

FAO, Food and Agriculture Organization of the United Nations. In Rome, Italy, 2017.
Jiarpinijnun, A.; Osako, K.; Siripatrawan, U., Visualization of volatomic profiles for early
detection of fungal infection on storage Jasmine brown rice using electronic nose coupled with
chemometrics. Measurement 2020, 157, 107561.

Mercurio, D. I.; Hernandez, A. A. In Classification of Sweet Potato Variety using Convolutional
Neural Network, 2019 IEEE 9th International Conference on System Engineering and
Technology (ICSET), 7-7 Oct. 2019, 2019; 2019; pp 120-125.

Navarre, D. A.; Goyer, A.; Shakya, R., Chapter 14 - Nutritional Value of Potatoes: Vitamin,
Phytonutrient, and Mineral Content. In Advances in Potato Chemistry and Technology, Singh, J.;
Kaur, L., Eds. Academic Press: San Diego, 2009; pp 395-424.

Nouri Jangi, A., Mortazavi, S.A., Tavakoli, M., Ghanbari, A., Tavakolipour, H., Haghayegh, G.H.
2011, comparison of mechanical and thermal properties between two varieties (Hordeum Vulgare
L.) grains. Australian Journal of Agricultural engineering. 2(5), p: 132-1309.

Przybyt, K.; Gérna, K.; Wojcieszak, D.; Czekata, W.; Ludwiczak, A.; Przybylak, A.; Boniecki,
P.; Koszela, K.; Zaborowicz, M.; Janczak, D.; Lewicki, A. In The recognition of potato varieties
using of neural image analysis method, Proc.SPIE, 2015; 2015.

Singh, K. K., & Reddy, B. S. (2006). Post-harvest physico-mechanical properties of orange peel
and fruit. Journal of food engineering, 73(2), 112-120.

Tavakoli, H., Mohtasebi, S.S., Rajabipour, A., Tavakoli, M. 2009. Effects of moisture content,
loading rate and grain orientation on fracture resistance of barley grain, Research Agricultural
Engineering, 55 (3). p: 85-93

USDA, (2003). Agricultural marketing service. Available at: <http://www.ams.usda.
gov/AMSv1.0/getfile?dDocName=STELPRDC5050384> (accessed 15.02.10).

Yu, H.; Wang, J.; Yao, C.; Zhang, H.; Yu, Y., Quality grade identification of green tea using E-
nose by CA and ANN. Lwt - Food Science and Technology 2008, 41, 1268-1273.

Y-AY



YeAT-Yo A+ dxbo VE+Y Jl.w c}ﬁb Jaaﬁ O g b)l.o.w cM 0,9 “""‘W‘.’.} b.gpu '0515 Ol e

Investigating changes in potato firmness during storage

Ali Khorramifar!; Mansour Rasekh*?; Hamed Karamit
1- Ph.D, Department of Biosystems Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
*2- Professor, Department of Biosystems Engineering, University of Mohaghegh Ardabili, Ardabil,
Iran
“Email Address : m_rasekh@uma.ac.ir
Abstract
Introduction
Potato is an important vegetable that grows all over the world and is considered as an important
product in developing and developed countries for the human diet as a source of carbohydrates,
proteins, and vitamins. This product is native to South America and its origin is from Peru, and after
wheat, rice and corn, it is the fourth product in the food basket of human societies. According to the
statistics of the Food and Agriculture Organization of the United Nations, the area under cultivation of
this crop in Iran in 2017 was 161 thousand hectares and the crop harvested from this area is about 5.1
million tons. Traditional methods of determining potato varieties were based more on morphological
features, but with the production of new products, there was a need for methods that were faster and
more recognizable. Meanwhile, the high-performance artificial neural network can be used to classify
cultivars. An artificial neural network can classify and detect cultivars, is flexible and is used in most
agricultural products. Azizi conducted a study on 120 potatoes in 10 different cultivars using a visual
and image processing machine with a MATLAB R2012 software toolbox to detect texture, shape
parameters and potato cultivars. First, potato cultivars were classified use the ng LDA method, which
obtained 66.7% accuracy. This method also erred in distinguishing the two cultivars Agria and
Savalan and also classified the two cultivars Fontane and Satina in other classes. They also used
artificial neural networks to classify potato cultivars, in which the network was 82.41% accurate with
one hidden layer and 100% accurate with two hidden layers. In this study, it was found that different
types of potatoes can be identified and identified with a very high level of accuracy using the three
color characteristics, textural and morphological features extracted by the visual machine and the use
of a non-linear classifier artificial neural network. Categorized. In another study that was conducted
using neural networks and image processing on 5 sweet potato cultivars, the researchers showed that
this method was successful and could classify sweet potato cultivars with 100% accuracy. By
determining and examining the existing relations between the force and the deformation of
agricultural products up to the point of surrender, the range of forces harmful to fruit can be
determined so that harvesting and transportation machines are designed in such a way that the forces
from them do not exceed this range. On the other hand, one of the ways to determine the degree of
ripeness of the fruit is to touch and press it with the thumb, which is an experimental way and depends
on the skill of the person touching it. The mechanical penetration test of the fruit can be an indicator
to check the ripeness of the fruit by quantifying this diagnosis and using this diagnosis to determine
the optimal harvest time. Several types of research have been conducted on the physical and
mechanical properties of agricultural products in Iran and other countries. In a research conducted by
Ali Mohammadi and Rasakh to determine some mechanical properties of lime fruit under quasi-static
loading, the results showed that the effect of loading speed, loading direction and size of a lime on the
breaking force of lime is significant. As the size of the lemon decreases, the breaking force and
deformation decrease, and also with increasing loading speed, the braking force increases. In another
research conducted by Mohd Nejad and Khosdada, the effect of size, speed and direction of loading
on the mechanical properties of lime was investigated and the results showed that the interaction of
loading speed and size on fracture energy and toughness and the main effects of size, loading speed
and The loading direction is significant on the modulus of elasticity, but none of the effects on the
rupture force is significant.

Methodology

First, potatoes in 5 different varieties (Agria, Esprit, Sante, Marfona and Jelli) were prepared at
Ardabil Agricultural Research Center and stored at 4-10 degrees Celsius. One day after preparing the
varieties, 21 samples of each potato variety were prepared using a cutting cylinder and then data
collection was done. The data collection included mechanical properties.To determine the toughness
of the samples, the santam machine available in the mechanical properties laboratory of the biosystem
engineering department of Mohaghegh Ardabili University was used. Each potato variety was
subjected to a compressive force at three loading speed levels of 10, 40 and 70 mm/min and with 7
repetitions. Then, using the amount of braking force, deformation and sample volume, the toughness
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was calculated according to equation (1). These experiments were carried out in 5 storage periods (at
2-week intervals).

Conclusion

The toughness of different cultivars showed different behavior during the storage period so no
changes were observed in the Marfona cultivar for toughness during the storage period, and in the
Sante cultivar, the toughness level was almost the same at the beginning and end of the period and
only in the middle of the storage period the value There was a slight increase. But in the case of
Agria, Sprit and Jali cultivars, it should be said that the changes in toughness do not follow a specific
trend and are unpredictable. Also, according to Figure 3, it is quite clear that in all figures, the lower
the loading speed, the greater the toughness obtained, and the reason for this is that at a lower loading
speed, the breaking force occurs in high values. Falls, and as a result, according to relation 1, the
toughness value also increases. According to Figure 3, during the storage period, the two varieties of
Jelli and Marfona (especially the Marfona variety) did not change much in terms of toughness and
considering this issue, it is recommended to use these two varieties for some purposes, including
frying. In this research, firmness was calculated for 5 different varieties of potatoes in 5 storage
periods using the santam machine available at Mohaghegh Ardabili University and with the help of
equation 1. The results showed that Jali and Marfona cultivars maintained their firmness during the
storage period, and hence they are recommended for uses such as chips.

Keywords
Potato; Toughness; Shelflife
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