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Summary. [n the article the 1eseach results of the storage time influerce on the change of selected mwecharncal
properbes of Topaz vanety apple skinwemw preserted. The changeability of Posson’s raho, Youmg’s modubas
and critical shess dunng tro-month apple storaze were stadied . The inerease of Vommg™s modubis and cntical
stress paralle]l to the s thilieation of Polsson’s ratio at the lewel of 044067 wras chserved.
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INTRODUOCTION

The area size, over which at present finit and vegetables are planted, forces mechardcal har
vest. It 1z dictated by econoruical reasons resulting from the lack of suitsble workforce and a short
harvest period. However, this canses a damage in the harve sted agricultoral produace . To deterraine
the kind of phosical phenomena and, consequerntly, the cause of the ocowring darnage, physical
propetties of fiuit and vegetables should be analysed. It can be achiewed by the deterrnination of
the materal’s constant such as Young’s rodulus and Poisson’s ratio.

There is extensive literature concerning the researches of mechanical peopertes of plant
materials. Becanse of the metaraorphic natore of cellular strocture of'such mate rials and also its an-
izotrophyr and he teroge neityit iz difficult to divectly determine the Poizaon’s ratio of plant mate rials.
Hence a lot of indivect rethods are practised. Two main ways of the deternination of Polsson’s ratio
of plant raterials canbe singled out. The first consists in axial corapression o tensionof sample or
whole fiit and strain measuring in the direction of force action as well as strain inthe perpendicular
direction to the acting load. This allows to deterrnine Poidsson’s ratio by the defiration.:

v=-— (1
where: £ — sirain in the direction of tensile force
£, — shainin the perpendicular direction o the acting force
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The second way consists in Poisson’s ratin’s calenlation by means of the deterraination of
any of the two matetials constants defhing the mwechanical properbes of a given material sach as:
bulk modulus £ shear raodulus & Voung s modulus F.

The first method found application in Anazodo and Chikwendn research [Anazodo 1983],
who determined Poisson’s ratio of com cob on the basis of radial corgpression test betereen two
flat paralle]l surfaces, assurning that body deformation is syreaetically relative to honzontal and
wertical axes. Chappell and Hamann [Chappell 1965] defined the teraporal relation of Poisson’s rmtio
for apple flesh throngh the application of unisxial corapressing loading on a cylindrical saraple. The
walue of the applied force as well as the avial and lateral deformation were recorded on oscillograph.

Sirnilar measurerne ns of Poisaon’s ratio were carried out by Hararnerle and IleClure [Harm-
tnetle 1971] testing sweet potato fesh and using photomicrometer in their experitnents. Buntbai
[Brarubai 200%] deterrnined Poisson’s ratio for Lftican nubmeg. Dharing the compression of samples
be made measurernents of radial and axial strain by means of digital calliper.

The second roethod was used by White and Ilobse rina [White 1967], who defined Poisson’s
ratio in an indirect way deterznining in two nde pendent experiments Young s raodulus F and bualk
modulus Kaz well as rmaking use of the equation:

) @

& girnilar rae thod was applied by Firnesrand Hall [Finvey 1967] stodying potato tobers. fn-
other wayof deterrrining Poisson’s ratio was presented by Hughers and Segerlind [Hughens 1974].
They carried out an axial corpression of cylindrical sargples by the same ditnensions, morecver
one of thern was corapressed unconstrained, while the other in the cylinder preventing radial strains.
O the assaroption that the material of both sarmples is identical they received functions describ-
ing behawviowr of material in urdaxial stress state and uniawial strain state. These equations enabled
the deterrnination of Polsson’s ratio. The method found an extenstee application. It was nsed by
DeBaerdernaeker [DePaerderaeker 1976] it research of apple flesh and by Gotacki and Stropek to
deterreine the changeable in tivne Poizson’s ratio for carrot [Golacki 2004], potato [Golack: 2003]
and apple [Golack 2001].
Linother approach was preserted by Gomsi, Fridley and Chern [Gyasi 1981]. Thew defived v an in-
direct way the change of Poisson’s ratio walue in titne for flesh and skin of lemon as well as oran-
ge by means of the forla:

v=4[1-52) (3)

previously determining bulk modulus K and funetion & &, which describes the phenomenon of
stress relaxation ocowring in the test of uniaxial uneonstrained sarple cormpression.

The above-presented measurerment methods concerred finit Aesh, howeswer, a lot of reszarch
showed that the resistance especially to cracking and punetne to & considerable degree depends
on the physical properties of the skin itself. Conseque nfly, the researchers” interest focused on the
toechardcal properties of tornato skin [Tvlatas 2005, CGladyszewska 2009] and apple skin [Clevenger
1965]. Blao the strength tests of seed cuficle legurainous plarnts were carried out [Dobrzafiski 1998,
Cladveze weka 2007].

Hence the aim of the research presented in this article was the deterraination of wariability of
Poissom’s ratio, Voung s modulus and crifical stress of Topaz varie ty apple skin subjected fo urdarial
tension during its 70 daye of storage.
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MATERIAL AWD REEEARCH METHOD

The subject of the research was Topaz varietyapple skin. The measnterments were caried out
frorn Movernber 2008 to Jarmary 2009 at intervals not bigger than 10 days. In each measarernent
serie s 40 repetiions were performed. &pples for the experime nt were selected randord ywout of these
whose skin was coloured red and did not have any visible, external damage . The apples were kept
n a storage house and one daybefore the measarernents they were placed in the room terperature
(20°C) for themmal stabilisation of fiuit The samples had a rectangular shape and were cut out
longitudive vy from the coloured part of apples, so that the flesh laver on the slin was the thinnest
possible. To get the skin sarple the kndfe with the limiter was nsed, prordding the repeatabality of
the sarmple thickness. The reraing of the flesh were not removed on account of the high probability
of skin darnage and thus the possibility of obtairdng faulty findings. Mext, the e asareme nt of skin
thickress was perforrmed by wicroscope with the accuracy of 21,01 mim in 5 different points and
the awverage value for a given sarnple was caloulated. The width of the sample was also measuared
by means of calliper with accuracy of #0,02 rar. To elirainate the effect of skin drying each test
was carried out ireene diately after the sarnple’s preparation. After each measurement force F was
recorded, by which tearing of the sample subjected to tension occwred. Enowing cross section
surface area of samnple & critical stress can be caloulated from the forraula:

o= ()
where © F[M] force cansing sarople darnage, 5= @ b, @ and & denote thickness and width of the
sarnple, respectively
With the aim of deterrrdning Young s modulus and Poisson’s ratio the method of randoraly
distributed markers was used based on image analyeis and distance analysis of points placed on
apple skin surface subjected to umiaxial tension [Cladyszewska 2007, Enowing the strain £ for
diffe rent stress values o we can define Young s modulus:

v=--2, (5)

F=Z (6)

WATER CONTENT MEASUREMENT

To measure the water content in the apples” flesh the owen dry method was applied. The
research consisted in establishing the difference in sample mass before and after drying at the tem-
perature of 70°C. The ground apple flesh was placed in soall containers and weighed on a WAS
LA analytical scale to ana accuracy of 20,01, next it was dried in a dryer for 72 hours till the
establishrne nt of constant mass of the saraple. &fter the diving the sarmple was weighed again, The
dheolute hoareidity was caleulated according to the forraala:

w2 T o (7
|
where:  w— dhsolute humidity of apple flesh [3],
tn — mass of fresh samyple [2],

m, — mass of smple after dryang [2].
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To determine the water content the average walue from 20 saples was asswmed. The average wa-
lues of apple flesh dheolute hrnidity during all the period research did not show statistically sigrd-
firant differences and arounted frora 4 to 5,99,

LE&ASTRING 3TAND

The measmrements were carried out on the stand for e chanical properties research of thin-
filtn biomaterials [Hadwyezewska 2006]. The sample, prepared divectly before messurernent, was
clarnped in the stength machive. One of the clarape was attached pernmane ntly to KT 1400 e xter-
sotneter of Ivlegaton Electrorde LG&C0 with the range of the measured force 0-100 and the
other morveable was connected with a pull rod fleough tansnission with tank, to which water
was supplied at a given flow velocity, Thus the constant welocity of e reasing loading force of
the sarnple during the experiraent was regulated. The stand was also fitted with a CCD carmeorder
with microscopic lens, which enabled the observation of the tersed sample with the resolution of
24025320 pizels of 5 tiwes magnification. The pictore frorn the caracorder was transferred fo the
corputer memory together with the mformation about tensile foree walue . It enabled later con-
nection of the tensile force walue with the comesponding saraple strain. Markers in the form of
graphite powder were placed on the shin at ravdom. When some water was sapplied to the tank
through transmizsion and the poll rod, the process of sample tension up to its tearing apsrt was
catried out.

The method of randoraly distribate d raarkers allows to avoid a lot of lritations and errors
typical for other mechardcal properties research methods of biological materials. Its most impozx
tant advantage 15 the indepe ndence of the obiaine d results from the effects ooowring in the saraple
boundary area, that is closs to stength machine clampe[Gladyezewska 2007]. This method enables
to carryout measurernents in a well-defined selected place of the tested sample skin, e . where there
iz the necessityof cufting out a sample with a constant cross section in the raddle peart.

RESULTS AND DIRCTTAEION

The carried out tests of Topaz variety apple skin tearing and application of the method of ran-
doradw distribted marke rs enabled to deterraine Poisson’s ratio, Young s modulus and critical stress
of the tested sarnples in over tano-tnonth storage tire. Figure 1 presents the changes of Poisson’s
ratio in time. The average Poisson’s ratio walues amount to (0,44-067). Such a large distibution
of results is cansed by non-horogenity of the material

Figure 2 shows wariability of ¥oung ’s modulus during tero-month storage of the apples. The
avveraze values of ¥oung’s modulns daving the fivst month rerain without any changes stabilising
ot the level araonnting to 2-0 WP, while after thiz period an increase ocowrs up till 11-12 IPa
and the constantwalue rermains again to the end of the research. Despite the balanced walue of the
tested apple’s flesh water content (84%.-25 5%, during storage tirme the skirn, as an external cover
of fruit, undergoes physical charges causing its bigzer capability of load carrying wisible in the
increage of Voung s modulns walue .
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Fig. 2. The influerce of apple storaze time on Young’s moduhs of slin
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Fig. 3. The infhierce of apple storage tirne on critical stress of slan

In the case of the wlatonship between the critical stress and date of research presented in
Fizure 3, there is a visibly increasing trend from 1 fo 1,9 IPa in over teo-rnonth storage e,
Bt on account of big walues of standard desiation in the consecutive measuretnents a statistically
significant difference can not be found betaeen the average walues of critical stress within the
research period.

CONCLUSIONZ

The carried out research and the analysis of the obtained results allows to express the fol-

lowing cotuclusions:

1. Poisson’s ratio value of Topaz wariety apple skin in the studied period fluctuated in the
range of 0,44-0,67.

4. ¥oung’s modulus value of apple skin remaimed constant in the range of 8-9 WFa in the
first ronth of research, and then incressed to 11-12 WPa walue, staying on the constant
lemvel.

3. There is a visthle increasing tendency of the crifical stress walues of apple skin from
1 to 1,9 vIPa,
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WPLYW CZAST PREECHOWTY WANLA NA WY BRANE WE ASCTWDECT
MECHANICZNE SKORKI JABEK A

Streszerende, W praoy preed stariono wyrikibadan nad wpbaremozsa preechoenmararia jablek odnnary Topaz
na mviang wbrrych mechariesnyehwlascrroia shield jabtka Zhadanws mmienncs ¢ modnhn Yournga, wspdd-
czymika Posssona oram napresena knrbrmezow trakoe denumes ecmrezo pemechosrmer ama jablel. Zach ser-
woar ano arielszerie wrartosel modubn Younga oraz napmesenia lavhesreso prey jednoczesipan s td theoar arm
sie wspdtemymanka Podssoma na postonne 0044 - 067

Slowa lhwrowe: skicka jabtka, wspdezmmik Possona, modil Yoanga, napreseme layvhpene



