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ABSTRACT

Understanding the significance and level of vadatifor physical properties in apple fruit with resgp to
preharvest factors is important while having manual mechanistic interaction for efficient conveyanc
categorization and designing of processing equigmelm the light of previous research studies, inguace of
physical properties i.e. color, size, weight, dgnsetc. of apple fruit is elaborated and influenck selected
preharvest factors i.e. variety, tree age, fruisjtion within tree canopy, on the properties iscdissed in this study.
It has been noted that the properties carry speca@itribution while optimizing and reforming theogring and
postharvest handling procedures to ensure goodityuaf fresh produce at the gates of consumer niaakel
processing unit. Further, the preharvest factorydapecial significance as can potentially influerise physical
properties of apple fruit. The ignorance of thetfas yields result in deterioration and heterogengeauality of
fresh fruit and its processed products. This ndatass the consideration and understanding of tldt physical
parameters and preharvest tree management factdriée wnanaging the orchard, postharvest handling and
selection of the raw material for further procesgsirMoreover, the cumulative or interactive influenof the
preharvest factors on post harvest quality progertof apple fruit is required to be researched agybrted in the
future.

Keywords: Apple, physical properties, variety, tree age tfpgisition

INTRODUCTION

Knowledge of physical properties of agriculturabguce is of great value while formulating the progtandards of
design for systems of harvesting, grading, convgyprocessing, and packaging [1]. Level of consitien of the
properties during post harvest handling and pracgssf fruit determines the standard of quality mgement
practices adopted. An appropriate handling wittpees to properties leads to good quality of freshdpce at
consumer level and also reduces the heterogenkiyadity in the raw material for processed finidhgroducts.
There could be many factors which bring qualitatiaiability of fruits and vegetables including tpeevalent
vegetative and climatic situations. However, varigtee age and fruit position within tree canopyg the most
commonly found and highly influencing factors cdmiiting to qualitative heterogeneity of the fregioquce and
processed products thereof.

Apple fruit is one of the important temperate fsufibr its attractiveness, nutritional value, pdrhoman diet, and
raw material for many finished products [2]. Thaeiffiin its fresh state has been recognized foatitisactive color,
unique taste and smell, enriched minerals, vitaiama, other health beneficial constituents. A gregtentity of the
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fruit is being consumed as in fresh state whileaigwher is processed for its juice contents and itstcanned and
dry products. Apple tree needs a cool climatesabutls exhibit long rest period and require moikirdp compared
to the buds of other deciduous fruit trees. Theeefbis well adapted to temperate climate andaisve in many
parts of the Europe and Asia [3].

In the world apple is the fourth most widely proddadeciduous fruit and its fresh weight yield isward 69.60
million metric tons from more than 7500 recognizedtivars grown in 94 countries on 4.85 million teges of land
[4; 5]. However, China, USA and Iran are the legdinoducers of apple in the world with a worth 6fHillion US
dollars [4]. In Pakistan, apple trees are growranrarea of 1,13,000 hectares present in tempeaate (hilly tracts)
with a total production of 4,41,600 tones [6]. larthern areas of Pakistan especially Gilgit-BaitistKashmir,
Murree and Kotli Satian, apple farming serves pamary source of income for the farming famili&$. [

Physical properties of fruits from different specigave been studied, i.e. apricot [8], guna fra]t ponla [10],
myrtle [11], fresh oil palm [12], strawberry [13lpmato [14], peaches, nectarines, plums [15], cajmle [16],
sweet cherry [17], cactus pear [18], mango [19%nge [20], pear [21], wild plum [22], gumbo [23]ildvmedIar
[24], orko [25], and also the apple [26]. Investiga and development in the field of selection alesigning of
appropriate machines are necessary for the ecoabamd processing significance of apple with thgediives of
overcoming world market and decreasing produceless

Different cultivars may yield fruits of differenthgsical quality and thereby leads to heterogenejuaity of
processed products for the physicochemical feafe®7; 28; 5; 29; 30; 31; 32]. This could be owito different
maturity times and physical characteristics as msequence of different genetic makeup of variet@milarly,
within a cultivar, fruits from different tree ageogips [33, 34, 35, 36] and within a tree from diffet positions [35,
36, 37] exhibit varied physicochemical propertigisnited review studies for physical properties ppe fruit have
been done up to now. The objective of this studytoisreport the previous studies on the importancd a
measurement of physical properties of apple toeaeha complete profile of the physical propertieample. The
physical characteristics discussed in this studygigigally include length, width, thickness, uniass, apparent and
true volumes, geometric & arithmetic mean diametaspect ratio, surface area, sphericity, true & blensities,
porosity, and static coefficient of friction on fofictional surfaces. Furthermore, this study ésidned to elaborate
the work of various scientists pertaining to th#iuence of selected preharvest factors i.e. varigge age, fruit
position, on physical properties of apple fruit.

Significance and measurement of physical propertiesf apple fruit

Physical parameters while inherently linked withetical properties comprise the main component effthit
quality i.e. color, size, weight, density, packapinoefficient, etc. For the stakeholders includimgducers,
transporters, processors, and consumers it iscaanel aspect to consider while interacting with amtécting the
fresh fruit produce for respective prime objectivAésnong the stakeholders that know the significan€dghe
properties are able to already select and sepé#nat@roduce into categories based on the offid@hdards of
quality without having destructive and time requirichemical analysis of the produce.

Physical properties of fruits affect the handlimgieeying features and are used to estimate théngpahd heating
loads [38]. Different physical properties have eliéint levels of significance. Fruit color indicatke type of variety
and is associated with quality of the fruit whilzesand shape determine the maturity state and euoflfruits that
can be accommodated in a container or packagingramfided size. Fruits are graded into different rtosize
categories at the time of packing. Hence, in aoiitio the average fruit weight, knowledge of theeag of
individual fruit weights to make forecasts of thmunt size profile is essential [39].

Similarly, weight of a fruit denotes the yield ofapt and load to be transported or conveyed whilkeime and
surface area can be used to predict drying ratels camation in the dryer while it's processing. Fdoal
characteristics i.e. coefficient of friction aredortant, because it determines the level of resigtdo hold the fruits
on the conveying surface without slipping or slglibackwards. In this respect, rougher surfacesusee where
fruit handling is required while smoother surfaees adopted where faster product discharge is negjuPhysical
properties such as size, shape, bulk density anasity while having influence on resistance tolauf of stored
mass, are of special significance while designing hopper, drying and aeration systems [40]. Initimehdto
specific consumer requirement regarding the physibaracteristics of fruits, the consumption paiteof the
produce can also be changed and more purchase®gém be generated. This can be achieved by Biogethe
market segmentation through diversification of gyakith respect to shape, color, flavor, ways cégmaration, and
packaging of the produce.
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Difference of color among the cultivars is an intpat indicator of varietal identification. It makeéke fruit
attractive and good looking for the consumer chdit&] and is the most easily assessable parametde w
determining the freshness and ripeness of the \iitiitin a variety. In terms of both intensity andiformity, it is
the external decisive parameter for most of thadriBut in climacteric fruits like apple, due toffering from post
harvest physiological changes, it becomes lesssidecand serves as an indicator of the degreepehess only.
Hue and chroma describes the color intensity thahges from green to red (for red colored cultiveBsich gradual
change is a good indicator of harvesting maturitgpples [42]. In apple, color of fruit skin is keibd of various
guantities of chlorophyll, carotenoids and anthaiys/flavonols. A variety of red colors are proddid®y cyanidin
glycosides copigmented with flavonols and other goumds.

Skin color of the apple fruit is measured in vasauways. The intensity of color can be measurechercheek area
of the fruit with a chroma meter or colorimeter [43he measuring parameter is the luminosity ‘Latttvaries
between 0 and 100 (from black to white, respecfiveébgether with the coordinates of color contfas& ‘b’. The
coordinate ‘a’ considers negative values for gretile positive for red, whereas coordinate ‘b’ asss negative
values for blue and positive for yellow. The totallor differenceAE is calculated using the coordinates that
provides an overall assessment of the variatiamlar affected when a fruit is subject to any hanrglbr processing
activity. The total color difference can be estiethtising the equation Eq. 1 Table 1.

Determination of fruit mass or weight of apple &eful in the separation and transportation of tteglpce by any
means [8]. It indicates the quantity of solid astie content in a fruit and can potentially detagsithe yield per
plant or unit area, packaging and associated toategpn requirements, and expected income gewoer&tom the

market. Fruit yield is of prime importance to graw¢hat grow plants for better yield and good dualroduction.

The yield is calculated both in terms of numbefrafts per plant and fruit weight per plant. Theifrweight is

measured using electronic balance with 0.01g Jeitgit

The size, shape, volume, and surface area of tiitehBive special significance not only due to beingponents of
yield but they also determine the time of harvesamd acceptance of fruit by the stakeholders énfigid and the
market. Its importance as a decisive quality patanteas greatly been increased during the pasyéans due to its
association with different aspects of quality flavor, texture, etc. Fruit size within a tree capas highly variable
compared to average fruit size between the differanopies owing to varied environmental conditicriss within
tree variation is triggered by the type of the ganarchitectural components, fruit position and ititeraction with
other neighboring structures. These are the p&aotofs that can potentially influence the procddsuit growth and
development [44; 45]. Understanding the within-ts@giability of fruit quality will facilitate devealping efficient
estimates of average fruit size for a tree andgften levels. The consumer’s choice for large foudates the big
variability of price between larger and smalleritfgizes. The income from smaller fruit is usudtiywer compared
to the costs incurred on picking and handling af fruit [46]. Volume of a fruit is measured by tweater
displacement method. The axial dimensions, namehgth L (longest diameter), thickness T (shortiamnbter),
and width W are measured using a vernier calipgu(e 1).

Stem

h 4 ]‘- >
Calyx T
Figure 1 Three dimensions (L: length, T: thicknessWw: width) of apple fruit (Source: [29])

The importance of knowing dimensions of apple fisiuseful for determining the aperture size in thechines
particularly when the separation is required. Theemsions are also useful in computing the sizéhefmachine
components and spacing required for slicing disesraumber of slices to be produced from an avefagge Fruit

shape is determined using the dimensions and sefuluindicator for description of cultivars fosiplant variety
rights and evaluation of consumer preference [S&e of the fruit is measured either using the fleray breadth
that varies significantly among the cultivars. Kriogvthe shape and physical dimensions enablesctieersing of
solids to separate foreign materials while sorting sizing the fruits and can be computed usind=tigation 2 to
11, Table 1.
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Table 1 Measuring indices for physical attributes bapple fruit

Elg. Equation Description Reference
f AE: total color difference, L: luminosity, a & h:
1 AE = \[(Lo—L)* + (a, —a)* + (b, — b)? coordinates g [43]
L+W+T D.: arithmetic mean diameter, L: len :
- a- , Lo gth, W: .
2 Da = 3 width, T: Thickness [47]; [48]
{7 o T Dg: geometrical mean diameter, L: length, W: .
3 Dg=(LXW.T) width, T: Thickness [49]; [20]
M. . i ; .
—__ € BD: apparent specific density (g/@mn Mc: . .
4 BD Ve carton mass (g), Vc: carton volume @m [49]; [20]; [18]
_ SD: solid density (g/cfy, M: fruit mass (g), V: .
5 SD = v fruit volume (cnd) [49]; [18]
Ve—Vo P: porosity, Vo: volume of the apples present in
6 p= % 100 th'epcanonyicﬁ)' ppies p [40]; [49]
7 o= 8 100 @ spherlmt'y, Dg: mean gef)metrlcal diametgr, [49]; [5.0]; [2.3]; [11];
L: longest diameter of the fruit [24]; [17]; [18]
8 §= TE(DQ}Z S: surface area, Dg: mean geometrical diameter 0] [2
9 A= E Vo: volume of fruit present in the carton, V: [20]
Ve volume of carton
L
10 Ra = W Ra: aspect ratio, L: length, W: width [51]
— us: coefficient of friction, 8: tilt angle of the
1 ps = tanb friction device [52]

Data regarding geometric mean diameter of fruituseful while designing the grading process. Vasiatin
geometric mean diameter of apricot fruit has bested [54]. Sphericity of fruit describes its shapkative to the
shape of a sphere of the same volume. Whereasctagi® is the relationship of fruit width to itength and
indicates its tendency towards being oblong in stiing its handling and processing [51]. Projgeteea of apple
fruit is useful for accurate modeling of heat anasstransfer during the cooling and drying proeessshould be
considered during harvesting, handling and prongssi the produce.

Preharvest factors influencing physical propertieof apple fruit

Physical properties of apple fruit are greatly ueficed by a few preharvest tree management fatoitgling

variety, tree age and fruit position on the trehekent characteristics of different varieties ¢i&iuit of varied

quality. Similarly, within a variety a growing tregradually increases its canopy volume and arditecthat
potentially influences the sunlight penetratios,iitterception by the leaves, carbohydrate asdionlaate and its
transmission to fruits, and consequently fruit gitownd development. Moreover, as tree age detesntieesize of
canopy thereby decides the fruit load and individuat size (Figure 2). A summary of previous seglindicating
the significant influence the preharvest factorgpbmysical properties of apple fruit are mentionethie Table 2.

Table 2 Influence of preharvest tree management faars on physical attributes of apple fruit

Factor affecting Fruit physical attribute influenced Obsbeyrved
Length, width, thickness, the geometric, arithmatid equivalent mean diameter, projected aresaciff [5]
area, sphericity index, aspect ratio, mass, volurne density

Variety Shape ,size ,color [55]
Firmness, crispness, juiciness, mealiness, stgfnes [31]
Weight loss, firmness and density [56]
Color, taste, fruit size, fruit weight, fruit yield [7]

Tree age Fruit size [35]
Fruit length ,fruit weight ,fruit number [57]
Size, skin color, yield [37]

Fruit position Fruit color , fruit size [58]
Fruit color [59]

Variety

In apples, even within a variety, fruits which aeglder often taste better compared to the greemes owing to
their higher sugar and flavoring contents [60]. ddaced cultivars of apple are more popular thantthéitional
cultivars [61]. The success of red and bicoloradtdris recognized by their visual appearance,ebdtiste and
flavor [62]. When unpeeled fruits are tasted, thd apples cultivars are generally have sweet gqascsi while
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green apple cultivars have acidic, sour or gragsciiptors [63]. In contrast, when peeled fruits tasted it has
been noted that red cultivar is described as sasimg while the green cultivar is described asetw@zturk [64]

reported that since non-red apples, such as Gr&8mmth and Golden Delicious, accumulate quercetycagides
and catechin/epicatechin, the color productioneith apples is likely to involve the induction of gnes between
leucocyanidin and cyanidin glycosides [65, 66].rEe¢ al. [67] noted the L, a and b values of Starking Delis

apple cultivar grown in Mediterranean area of Tyre 46.60%, 23.06% and 17.45%, respectively.

One year old  Two to four vearsald Six to eight years old

Figure 2 Apple tree age stages

Fruit load and the genetic biological carrying a@peof each cultivar define the potential for freize development
in apple. But this potential is attenuated by theimnment within which the fruit grow and the effef associated
factors including light and temperature. Averagegheper fruit and tree and size per fruit vary amaehe cultivars
for apple. Average weight of per fruit of Starkimelicious was found significantly higher among tdé nine
cultivars i.e. Sky Spur, Nugget, Red Chief, Reddeal Kandhari, Ida Red, Sparton, and Golden R{i84¢tBut in
the same study, Sky Spur surpassed all the othgle aqultivars for average fruit weight per plant.hgveas,
minimum fruit weight per plant was noted in Goldeuasset. Regarding fruit size, Starking DeliciousdRChief and
Nugget obtained significantly higher fruit sizeléaed by Sky Spur and the lowest by the rest catty

Kheiralipour et al [5] studied the several physical properties lemgth, width, thickness, the geometric and
arithmetic mean diameter, projected area, surfaga, &phericity index, aspect ratio, fruit masdure, density,
coefficient of static friction, of two apple vaiies (Redspar and Delbarstival) and found significdifference
between the varieties. In contrast, Gorji Chakdsehal [29] found none significant difference for aspeatio
among the same apple varieties. Oztetkal [64] studied several physical properties (fruiass, fruit density,
dynamic coefficient of friction, color intensityrgiected area, surface area, sphericity) of thisdy enaturated
apple cultivars (Vista Bella, Summerred and Jerseymgrown in same orchard in Northeast part ok&wyr and
reported important statistical differences amoregdhltivars for most of the physical properties.

Javaidet al [7] observed that apple cultivars i.e. Sky Spgred Chief, Sparton, lda Red, Starking Delicious,
Kandhari, Red Golden, Nugget and Golden Russebpaéd significantly different for the number of itsuper
plant, fruit weight per plant & total soluble sdidPhysical properties including firmness, stiffhand energy-to-
rupture in two cultivars of apple i.e. LeM Braebu@ripps Pink were studied by Vanoka al [31] and values of
the properties were found significantly higher amrher compared to the later cultivar. Fruit geometrparameters
i.e. length, surface area, of apple varieties ngraétli, Kapak, Kowse, and Paiez, were studiedJajaliet al [32]
and significant differences among the cultivarsenanserved.

Treeage

Fruit tree age influences the yield and physicalrabteristics of fruit owing to gradual changeha efficiency of a
natural biological system. Significant variatiorts fruit yield per plant have been noted by Volzaét[35] on
branches of apple trees with different ages (1 yddr& 2 years old) within each of the three cutis i.e.
Braceburn, Golden Delicious, Granny Smith. Tree @@y or may not influence the fruit size within tbaltivar.
Denne [68] noted the absence of any relationshiywesn fruit size and tree age, but Khalid et ar] [&plored the
effects of tree age (3, 6, 18 and 35 years) onamtifruit quality of ‘Kinnow’ mandarin. Rind thicless, percentage
of rind mass and rag mass, ascorbic acid, pH, ®ealucing sugars, rind manganese, and iron conteats w
significantly higher in young trees compared to ohder ones. Tredeat al. [34] studied the fruit thinning effect for
four successive years on ‘Gala’ apple trees. Twese 5 years old when the experiment started areg tthinning
treatments were performed with the assumptionapptes at harvest should be medium sized (8 fpeitkg), large
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(7 fruits per kg), or very large (6 fruits per kifjwas concluded that with tree aging fruit loadstbe decreased to
assure the same mean fruit weight.

Volz et al [35] studied the influence of wood age of thestcanopy on fruit mineral content and quality feveral
apple cultivars. Size and Ca, Mg and K contenndfiidual fruit on one-year (lateral and terminakjtions), two-
year and older than three-year wood were comparethé four cultivars i.e. Royal Gala, Braeburna®@ty Smith
and Fuji. Fruit on two-year spurs and one-year ileaia was generally larger at commercial harveshtthat on
one-year laterals and spurs older than three y&arminal fruit with total spur leaf areas and frsize were similar
to those on two-year spur fruit with higher Ca et Asreyet al [36] studied the fruit of Guava cultivar Allahaba
Safed for its physico-chemical properties in relatio tree age and found that fruits from uppeopsgrof 15-year-
old trees had higher TSS, total sugars and lowesita Percent seed content (weight basis) offtesh fruits
decreased with the advancement of tree age andl flauvest in the 20 years old plants. Respiratide tid not
show any definite pattern in relation to plant agthe same study.

Fruit position

Under preharvest situations, fruits exposed toeehdlimatic factors due to their position withirettree canopy.
Light and temperature are the two major varieduirficing factors in this regard. Fruits developingide the
canopy experience lower light and temperature itng compared to outer canopy fruit. In a ‘Gra@gith’ apple
variety grown in an orchard with a tree height ofn3and canopy width of 2.5 m, it was noted thaemcanopy
fruits received only 2% of full incident sun ligpdmpared to 10% in the middle and 54% in the oca@opy on an
average during the fruiting season [69]. Similaggel temperatures of outer canopy fruits on the¢heon side of
the rows were exceeded the air temperatures by &nh°&verage while fruit from the inner canopy dat differ

from the air temperature.

The appearance of apple fruit is generally varigth ihe concentrations and distribution of the pémts i.e.
chlorophylls, carotenoids, anthocyanins. A combimgtlience of high light situations and cool tengteres has
been noted to increase the anthocyanin contendéppte fruits [60]. Although light has a significargle in the
chlorophyll synthesis at the beginning of fruit depment [70] but during fruit maturation, its slyesis decreases
and even its degradation due to exposure of casimteri71]. The fruits inside the canopy experiegcintense
shade situations are always lighter in green amiding to having lower chlorophyll contents (Fig®ge[69].

Inner eanopy Outer canopy Tuner canopy Outer canopy Inner eanopy Outer canopy

& ' 7 ' &t e

j %
J- 5

—— - _.:\.-

Golden Delecious G ranny Smith Starking

Figure 3 Effect of canopy position on skin color oépple fruit

Fruit dry matter or weight of apple is significantligher in fruits located outside the canopy coragao the one
located inside the canopy [72]. The effects of pmsiof bearing on overall fruit quality especiatlye significant
effect on size, maturity, skin color, flesh coland yield of fruit was summarized by Pandsyal. [37]. Similarly,
Volz et al. [35] reported the influence of position of frutirand leaf area within the tree canopy on fruit eréh
content and quality for several apple cultivarsthiis study size of the individual fruit located lateral and terminal
positions of apple tree cultivars i.e. Royal Ga@aaeburn, Granny Smith and Fuji was compared anddnthe
larger fruit size on terminals than that on laterdatanches. Asregt al [36] studied a guava cultivar (Allahabad
Safed) and compared the fruits harvested from yppétdle and lower canopies at light green stageafdew
physical properties. It was noted that upper canfopys indicated the higher specific gravity anarlg maturity
compared to the fruits from middle and lower camepn all the age group trees.

Cumulative influence of three preharvest apple tna@agement factors: variety, fruit position, tage, on physical
properties of apple fruit is evident with the preggion of tree age. A specific genotype has a enmpitern of
growth and development as reflected by its wayrgfrdatter accumulation, source sink relationshig distribution
of assimilates to the fruits within the tree [73; 75]. This specificity differentiates it from thest of the genotypes
for the extent of the tree branches and formatiotih@ canopy with the time. Having linked with trage, increase
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in canopy volume, its architecture and microclimgées on altering and influencing the physics qfl@fruits at
different positions within the tree.

CONCLUSION

This discussion with the support of results frorayious studies indicates the importance of physgicaperties of
apple fruit while it is harvested, conveyed andcessed to avoid any physical damage associategiwisiological
deterioration. Moreover, observed significant ieflee of preharvest factors especially variety, tige and fruit
position on the tree necessitates the appropriateacd management, grading and processing opesatioansure
uniform quality of fresh produce and processed petal The study also suggests the research onrpeshdactors
including variety, tree age and fruit position fbeir individual and accumulative influence on phgbproperties of
apple fruit.
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