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THE PUNCTURE STEENGTH OF APPLE PEEL ACCOEDING
T STOEAGE CONDITTONS
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Summary. This article presemts urmque stadies on apple peel (ov Golden Delicians and cw Ligol) strength
after siorage. The aim of the wodk was to estirmate its prcture s rensth by measarements of the e vahie
needed o painchare the peel Meammements of peel shensthwer conducted by the use of specially desizred
peel holer Peel thickhess weanirerments were carred ot by the aid of woeroscopic imazes axd sofbarave. The
studies showred that Golden Delirious apple pesl was more susceptble to shelfhife condibons in contradichon
to Lizol apples , where primary storage conditions [storage charrberiwas the key factor in peel shengthchangzes.
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INTRODUOCTION

Peels of some finits are a great disposal problern. For example, byproducts of industrial
rnango processing may armount to 35-60% of the total fiuit weight [Bernarding et al. 2003] By
products have beern recently processed fo prepare warious chericals [Habibl, Nhlrouz, Vignon
2009 as cellulose microfibre in a stable, non-floceulating suspension. Froit peel has potentially
many different applications. Extract of the parple passion fiuit peel has an anthypetenstee effect
[Fibadi et al 2007]. While the stodies of utilization of apple kermels as a souree of anticxidants,
starch, flour and food heve heen wvast, there have only been scarce studies on peels.

The latest studies [Sur, Lin 200%] discovered that dietary modification, particulatly an -
creased ntake of fiuite and wegetshles has been consistently associated with reduced risk of war-
ous cancers, Apples are a major sowree of favonoids and are characterized by ardioxidant activity
He and Lin (2007 discowered that titerpencids isolated frorn apple peels have potent and prolift
erattve activity and may be parbially responsible for the anficancer actmvity of the whole apples.
Triterpenoids show antiproliferative activity against huraan 1over cancer, breast cancer and colon
CATICET,

Consurption of finits and wegetables has been shown to be effective in the prevention of
other chronic diseases. [Waneenuam 2007, Wolfe, Wiy, Lin 200%]. Apples are commonly eater and
are larze contributors of phenolic cormponnds in European and North Awerican diets [Walle 1992,
Funeho 2000]. 35%% of deaths from cancer car be avoided by dietary modification [Aeevedo 2005].
The content of polyphenolic corpounds is parie wlarly high in the peel, corapated to flesh or cores
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of apples [Drogoudi et al. 2008]. The antioxidant activity, phenolic corapound, varidble mgar and
acid content is strictly attributed to specific apple culfivar [Fucke rberg 200%] .

Lpple peel tissue plays 4 significant role in clitnactetic ethodene biogynthesis [Lara, Vendrell
2003]. Bemarkable differe noes were obgerve d in the e gulation of ethydene biosymthesis in peel and
palp. Bpple peelas well as whole fouit ray have different characteristics due to conditions during
tipering in an orchard, harvest conditions as well as storage tirne and method [3altveit 2003; Focha
2001; Ju, Chary 2007, Storage disorders such as superficial scald can be effecttvely ditninished
[Whitaker 2000] for exarmple by the use of diphenyloarnine (DP&) as an anti-seald agent.

Limited corarnercial walue ocours guite offen durning frnt npering [Puochalski et al 2007]
and storage [Stropek, Golacki 200%]. Chen et al (2009 reported that finit is more often exposed
to heat strese as it has higher swrface termperature in the sun due to its litnited cooling capae ity via
travspiration. If the fiuit peel termperature reaches threshold damage to the peel ocours. Fruit peel
exposed to light during growth contained less sirnple phenols, more anthocyaninand developedless
scald than peel from the shaded side [Tuet al 1996]. The peel exposed to sun had higher activities
of erzyrnatic and non-enmmatic antoxidants [Cheng, Ivla 2003] Preharvest terperatore also influ-
ences the scald susceptibility in apple peel [Thomad 1998]. If the recorded tirne prior to harvest
was longer (on fruit exposed to t=10%C for 120-160k), superficial seald decreased to neglizible
values.

MATERIALS AND LIETHODE

Fig. 1. Storaze of apples: A-aivhslt docy of TLO chawber, B-chast of apples befoee sealing

The chjectives of the stady were apples of two different culttrars: Golden Delicions and
Lizol &fter the harvest produce was placed in ULO charabers (Fig. 1), they were sealed after
being fully loaded.

Half of the sarnpled apples were placed in regular store. Tofal storage tirne was 150 days.
Lpples were sarmpled 5 fitnes during storage in 30-days intervals excluding mitial studies on fresh
material The strength of apple peel was measwred just after taking out of the charber and after 21
daye of shelf-1ife at 67C.
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Lipple yeel rernoved frorn equator of the finit was prepared to punchie test by gently re-

tooing the remains of apple flesh from the peel. Specimens were placed in the specially designed
device (Fig. 20,

i B

Fig. 2. Fastering device for pinetae tests of the peel: & —upright view, B — honzontal vieer

Crlivdric al-shaped probe was uzed to sitnnlate the ponetore of the peel barhaman’s ineizsors.
Testing speed was 500 wow/ran. Tests were made by the use of Stable Microsyete s texture ap-
paratus and softeare. Tharing the test the force needed to pancture the peel was recorded.

The thickness of the peel was meamred by an optical ricroscope by the use of reasuring
softarare. Saraples of the apple fesh (2ram cubes) including peel fissue were cut frorm eguatorial
zone of the apple. It was placed into the sequence of solufions including aldehydes, phosphate
buffers, aleohols, x7lene and paraphine as mpreghating agent. Paraphine- rmpregnated specitne ns
wete cut off at Spm slices to be observed and measured by the use of optical microscope (Fiz. 30

Fig. 3. & pecomen images: A-overall view (magnfication 40k
B-meanrement sectors (mazrificahon 200

Ileasuring procedures were possihle due to special software afier calibration of the image
(rmagnification 200zx).
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RESULTE

Bemults of the experirments were presented in fig. 4 to 7. They were ghven se parately as re-
sults obtained from 1-st stage of the experiment (rmeaswrerments done after sarmpling apples from
the storage chardbers — Variant & The 2*stage of the experiment took place after 21 days of shelf

life at 6°C (Varant B).

Statistics were caloulated by the use of Statistica 6.0 software. 211 the data were analyzed by

LHOVE module (variance analysis) at =005 inportance level.
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Fiz. 4 Broad lmes of storaze conditiorns on peel stength in Golen Delicions apples

The fivst stage of the experime rts (Wariant &) has shown that the peel stength of Golden Deh-
cioms apple s 1 indepe ndent from storage conditions. There were no irmportant difference s (e=0,05)
between peel strength of the fiiits stored in ULO and regular store (Fig 5).
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Prolonged shelf-life (Wariant B) at regular atnosphere had no irnportant differences to the
fruits previouslyatored in TLO condiions. Though thisvariant of storage cansed irnportant collapee

of peel puncture force for the apples sanpled from regular store, this is distinetly perceptible only
at the fivst stage of the experiment (for fresh fiuits).
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Fig. 6. Broad hires of storage condibons on peel stengthin Lizol apples

The decline of peel strength ohgerved in Ligol cultivar apples was also perce ptble but it 1s
very different from that in Golden Delicions. The condiions of storage (regularws. ULD) stongly
mflnericed the peel strength (Fiz. 7).
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The difference between force needed to punctire the peel was significant i a majority of
the tested sarnples and terns of storage. Subsequent storage in 6°C had no iportant influence on
peel strength. Thisis peculiarlywisible for the fiuits sarapled from the regular store charaber. Time
of storage was an iraportant factor for corarnodity alterations daring storage in ULOD conditions.

Tale 1. Apple peel thickness chserved tluoagh the storaze pencd

_ Peel thickness [jm]
S arvple umher Storze time [days] D ea
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4 =] 11712 165:15
5 120 12113 16414
& 150 11512 16212

Lipple peel thickness measred in equatorial zone had no wisible chanzes onall dates of ex-
perirnent. Fruit peel after shelf life (Watiant B) was more infitreed (0e=0,05) oxdyup to 60 dave of
storage . Subsequent storage had no influence on the peel strength decrease after shelf-life.

Divergence in apple fiuit and peel changes were observed by Lara and Vendrall (2003).
Ethrdene biosyrthesis in pulp and peel were rermarkably different [Crogoudi, hlichailidis, George,
2002]. Gas transfer and transpiration rates were of hizhervalues for commodity stored in regular
storage chambers. Fruits responses to different storage conditions were strictly associated with the
properties of specific apple cultrears [Fata 2002, Wolfe, W, Lin B 2003]. To surn up, the effectof
storage iz strictly cordbine d with rome rons faetors which alzo affect the peel strength.

CONCLUSIONS

Shelf-life affer storage reduced the peel strength in the tested apples. The finit of Ligol cult-
war stored in LD has more distinet changes after shelf-life. The peel strength of Golden Delicious
apples declined only after regular storage.

Storage erwviroreme nt corverted into she lf-life conditions decreased importantly (e=0,05) the
peel strength of Lizgol apples just only after 60 daye of ULO storage . The decte ase of peel strength
in Golden Delicions apples was significant (w=0,05) thoronghout the storage period.

While the apple peel thickness can be regarded as constant, its strength changes are strictly
conrected with alterations in peel tissue caused by its modifications during storage in varions
conditions.

REFERENCER
Leevedo M. T, Briones V., Buera B, Sgwlera J. N (2008).: Microsfrucfure qffects fhe rake of

chamical, physical and color changes during Forage of dried apple dizes. Jowmal of Food
Engingering 35, 222-231



28 Tomsz Guz

Berardini M., Evodler VL, Schieber & Carle B (2005).: Ulifizafion of mango peels a5 @ source of
pechin and polyphenolics Innorvatie Food Science and Ermerging Technologies 6, 442 — 452

Chen L-5, LiF, Cheng L{2009).: Comparizon of thermofolarance of am-exposed peel and shaded
peel of Fuii " apple Ervrirorrne ntal and Experirnental Botany 66, 110-116

Cherg L, Wa F, (2003).: The sum-exposed peel of apple fruif has higher xanthophpll cpcledependent
thernml dissipation and enfioxidants of the ascorbate- glufafhione pathway fhan the shaded
peef Flant Science 163, 219- 827

Deng ¥, Zhao ¥ (2008} .: Effects of pulsed-wacuum and vlivascund on the osmode hydration lnefics
and microsiructure of apples (Fugi). Jowmal of Food Engineering 25, 8483

Deng ¥, Zhao V. (2008).: Effect of pulsed vacuum and wlfrazound osmoprefrecimenis on glass
fransifion femperature, foxfure, microsfructure and caleium panefrafion of dried apples (Fuji)
Food Science and Technology 41, 15751585

Drogoudi P D, Whchailidiz £, George P, (2008). Peel and flosh anfioxidant confanf and harvest
quelifp characferisfics of sowen apple culfivars Scientia Horficulturae 115 149-153

Furgbo T., Alemé L., Kidman 5., Langton B, Skjdldebrand Ch. (20000, Microwawe heaf froql
mené of apple before qir dehpdration - effects on physical properfies and microsiruciure.
Journal of Food Engineering 46 |, 173-182

Hahibi ¥, Nahrouz I, Vignon WL B (20090 Microfibrillated cellulose from fhe peel of prickly
pear fruifis Food Chemistiy 115 423420

He X Lin B H. (2007 Triferpencids Isolafed from Apple Peels Have Pofeni Anfiproliforafive
Activify and May Ee Parfially Responable for Apple 5 Anficancer Acfivifp J. Bgric. Food
Chern, 55, 4366-4370

Tn 2, CurryE. &(2002).: Effects of temefhpL-3-hepten-2-one vapor on peel browning of "Telicious”
and ‘Granny Shoithapples: open v, closed spsfemn Postharve st Biology and Technologyr 25,
265-272

TuZ, Yuan ¥, Lin Ch, Zuan 5., Wang M. (1996).: Relafonships among smple phenol, favonold
and anfocpan in apple fruif peol of havve s and scald suscepfibilify Postharvest Biology and
Technology &, 23-03

Enckerberg I, Tavtachnyk I, MogaG (2008).: Feeluafion of fluorescence and ramizsion fechniguas
Jor moniforing changes in peel chlorophpll and infernal fuif characferidics i sunlif and
shaded sides of apple fruif during shelf£hife Postharvest Biology and Tec hnology 48, 231-241

Laral., Vendrell WIG2003).: Cold-induced e thplene Hogpnthesis is differenfially regulcied inpeel and
pulp tzzees of "Granny Smith’ apple fruii Postharvest Biology and Technology 29, 109-112

Fata B{2002).: Apple peel aniioxidant Safus invelafion{o gencéype, sforage ipe and fme. Scientia
Hortieulturse 117 45-52

Ilareenuam T, Ketsa 5, wvan Doorn G. W (2007).: High cxpgen lewels promofe peel spoffing in
banana fruif Postharvest Binlogy and Technology 43 128132

Puchalski C, Gorzelany I, Fagula G, Brosewitz G (2007). Fimness determination using com-
puter mackine vision syetern. TERS Eom. Mot Energ. Boln, — OL PAN, 2007, 74, 9200

Focka & I C. W, Iorais I W B (20010 Iyfuence of confrolled afmosphere sforage on poly-
phencloxidase acfivify in relafion fo colowr changes of minimally processed Jonagored’
apple. Intermational Jowrnal of Food Secience and Technology 36, 425432

Saltveit W E. (2003).: I5 i possible fo find an opfimal confrolled afmosgphere? Postharve st Binlogy
and Techrology 27, 3-13.

Stopek £, Golacla K (2008).: An inffuence of selecfed foafures of Melvoss variefy apple s on braise
thrashold. TEK & Kom. Mot. Energ. Roln, - OL PAHN, 2008, 84, 149-154,



THE PUNC TURE S TREMGTH OF 4FFLE FEEL ACC ORDING TO STORAGE CONDITIONS  E9

Sunl, Lin BH.(2008) : Apple Phyfochenteal Exivacts mhibif Profiferafion of Esvogen-Dependent
and Esfrogen-Tndependent Himan Breasf Cancer Cells fhrough Coll Cpele Modulafion J. ba-
tic. Food Chern., 56, 11661-11667

Thoraai T, Sfakiotakis B, Dlamantdis Gr, Vasilakakis I (19980 Effects of low preharve s fome
perafure on scald suscepfibiliy and biochemical changes i "Granny Shoih apple peel. Sci-
enta Horticultirae 76, 1-135

Valle J. Il Ardneuiz V., Ledn H. (1998). Effect of blanching and calcium ififradion on PPO
qefivify, fexture, wicrosfrivefure and kinefics of csmofie dehpdrafion of apple fissze. Food
Research Infernational, Vol 31, N" &, 557-5809.
Whitaker B. D (20000.: DR froahment alfers a-farnesens mefabolism i peel of ‘Enpire’ appla:
sfored in aiy or 1.3% 02 afmosphere. Postharvest Biologwand Teclmology 12, 91-97
Wolfe I, Wa X, LinE. H.(2003): Anfioxidant Acfivify of Apple FPeels Joarnal Agric. Food Chern.
51, 609-614

Zibadi 5., Fand R, Morguchd 5, Lu¥, Foo L.V, Tebrand P. Wl Uleich I B, Watson B B (2007}
Cral adrgnisfraiion of purple passion frulf peel exfract affenuates Mood presaure in fomale
sponfanecusdly hyperfensive rafs and humans Mutrition Research 27, 405416

WY TRZY MALOSC SKORKI JABLEK W ZAL EFNOECT
0D WARUNEOW PREECHOWY WAN LS

Stresremende, Praca preedstasia prdbe oceny mmian wybzymatosel shadd jablek (Golden Delioons craz Lizol)
po preechoanparann . Celem pracy bydo ustalerie preebiegn =muan wybh=ymabed o na praebicie skérld jablek
w zmnerm e amankachich preechoenmerama. Pomay worbzmmales o shoda preeprowr adeono zugraem skone
shucararezo do tezo cehi specjamezo uckranyhy. Pormary grab ool shad wykonano = wielem milaoslkopa
swrletlrego wyposatorego w specjane oprogramosrare . Witk badan wskamna, Se skirka owrocder jablom
odrmary Golden Delicions byda bawd me) pod atna na mmaryy weaankdar po wyeen = hamnde preechosr aliiezyeh
w cdwhinenm o odmiay Lizol wr kidwe] wisksze snnanywybmmmatodel shodki chserarovrans podoms prze-
chownraria w komorach (chiodina ;b ULOY, kdpach waranki bdy ghoarmym emrmukiem teh zman

Slowa Khwzrowe: jablka, skitka, preschoarprania, wybmmmalodc, maliza chram



