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Abstract: A specific knowledge of the “Balo” pepper
physical properties such as linear dimensions, shapes,
porosity, volume, density, coefficient of static friction etc.
and the differences between the physical properties of
fruit is necessary to design of pepper processing
equipment.

In this research, several physical properties of “Balo”
pepper cultivars grown in the Antalya region were
determined in three harvest times. In three harvest
period (October, February and June), the linear
dimensions were found 80.85, 76.73 and 75.73 mm in
length, 63.98, 62.77, 67.60 mm in width, and 60.61,
59.94, 62.96 mm in thickness, respectively. The
geometric mean diameters were found 65.53, 65.70,
68.27 mm and sphericity values were found 0.84, 0.86
and 0.91 in three harvest time, respectively. The mass of
fruit increased from 70.67 to 81.89 g in harvest period.
The surface and projected area, volume were
determined 143.58, 136.22 and 138.60 cmz, 27.42,
24.16, 16.68 cm? in x axis, 19.32, 18.09, 21.68 cm? in y
axis and 134.04, 129.72, 140.53 cm3, respectively. The
fruit density, bulk density and porosity varied from 0.62
to 0.51 g/cm®, 0.30 to 0.27 g/cm®, and 49.90 to 37.52
respectively for the different harvest periods.

Keywords: physical properties, bell pepper, sorting,
harvest time, design

INTRODUCTION

Information regarding the physical properties of “Balo” bell
pepper is very important in the design of equipment's for
harvesting, transporting, cleaning, separating, packing,
storing and processing it into different foods. Since currently
used systems have been designed without taking these
criteria into consideration, the resulting designs lead to
inadequate applications. These cases result in a reduction
in work efficiency and an increase in product losses.

Therefore, determination and consideration of these
properties play an important role in designing these
equipment [1].

The function of many types of machines is
influenced decisively by the size and shape of the fruit
participating. Size, shape, projected area and porosity
of the fruit is the most important for packing, packed
dimension etc.

The volume and density of the fruits play an
important role in numerous technological processes and
in the evaluation of product quality.

Many studies have been reported on the physical
properties of fruits, grains and seeds, such as Juniperus
drupacea fruits [2], bambara groundnuts [3], hackberry
[4], apricot pit [5] and white lupin [6].

The objectives of this study were:

» To determine the physical properties of “Balo” bell
pepper grown in greenhouses in Turkey.

« To investigate the effects of harvest period on physical
properties of the fruit, such as fruit dimensions, volume,
surface area, projected area, mass, fruit density.
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Ozet: Meyvenin fiziksel 6zellikleri arasindaki farkliliklar,
statik surtinme katsayisi, dogrusal boyutlar, sekil,
bosluk orani, hacim ve yogunluk gibi” Balo” dolmalik
biberin fiziksel 6zelliklerinin belirlenmesi bu Urinu
islemek icin gerekli olan ekipmanlarin tasarimi icin
gereklidir.

Bu calismada Antalya bdlgesinde yetisen "balo”
dolmalik biberin ¢ farkhh hasat zamaninda bir¢ok
fiziksel ozellikleri belirlenmigtir.Ug hasat zamaninda
(Ekim, Subat, Haziran), dogrusal boyut olarak
sirasinyla uzunluk 80,85, 76,73 ve 75,73 mm, genislik
63,98, 62,77, 67,60 mm ve kalnhk 60,61, 59,94,
62,96 mm bulunmustur. Geometrik ortalama c¢aplari
65,53, 65,70, 68,27 mm ve kuresellik degerleri
siraslyla, G¢ hasat zamaninda 0,84, 0,86 ve 0,91
bulunmustur Meyve kitlesi hasat ddneminde
70,67'den 81,89 g’'a yukselmigtir. Yiizey ve izdisim
alani ve hacim sirasiyla 143,58, 136,22 ve 138,60
cm?®, 27,42, 24,16, 16,68 cm® x ekseninde, 19,32,
18,09, 21,68 cm? Y ekseninde ve 134,04, 129,72 ve
140,53 cm® belirlendi. Meyve oOzgul agirligi, yigin
hacim agirhgr ve gozeneklilik farkh hasat zamanlari
icinde sirasiyla 0,62 ile 0,51 g/cm® 0,30 ile 0,27 g/cm®
ve 49,90 ile 37,52 arasinda degismektedir.

Anahtar Kelimeler: fiziksel 6zellikler, dolmalik biber,
sinflandirma, hasat zamani, tasarim

GIRIS

"Balo" biberin fiziksel dzellikleri ile ilgili veriler, hasat,
tasima, temizleme, ayirma, paketleme, depolama ve
farkli Urtinler icinde isleme igin ekipmanlarin tasarimi ¢gok
onemlidir. Su anda kullanilan sistemler bu 6zellikler gdz
onine alinmadan dizayn edildigi icin ortaya ¢ikan birgok
gereksik uygulamalar vardir. Bu durumlarda calisma
verimlilikte azalmaya ve Urin kaybinda bir artisa yol
acar.

Bu nedenle, bu 6zelliklerin belirlenmesi ve g6z 6éniine
alinmasi bu ekipmanlarin tasariminda énemli bir rol
oynamaktadir [1].

Makinelerin ¢ok c¢esitli fonksiyonlarin caligmasi
meyvenin  seklinden ve boyutlarindan etkilenir.
Meyvenin boyutlari, sekli, izdisim alani ve bosluk orani
paketseme ve pakat boyutlarinin belirlenmesi igin
oldukg¢a 6nemlidir.

Meyvenin hacmi ve 6zgil agirhgi sayisiz teknolojik
sureclerin ve Uriin kalitesinin degerlendiriimesinde ¢ok
onemli rol oynamaktadir.

Meyve, tahil ve tohumlarin fiziksel 6zelliklerinin
belirlenmesi lzerinde birgok calisma yapilmistir, érnegin
Frenk inciri meyvesi [2] Bambara yerfistigi [3], ¢itlembik
[4], kayisi [5] ve beyaz bakla [6] Uzerinde calismalar yapilmistir.

Bu ¢alismanin amaci:

e Turkiye'de seralardaki yetistirilen
biberin fiziksel dzelliklerini belirlemek.
« Hasat déneminin fiziksel meyve boyutlar gibi meyve
ozellikleri, hacmi, ylzey alani, projeksiyon alani, kiitle,
meyve yogunlugu lzerine etkilerini arastirmak.

"Balo" dolmalik
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MATERIAL and METHOD

In this study, the “Balo” bell pepper used were harvested
from the village of Kayaburnu's greenhouse near Antalya,
Turkey in three harvest period (October, February and
June). The fruits were transported, individually, in cooled
bags, and cleaned in an air stream cleaner to remove all
foreign matter such as dust, dirt and chaff as well as
immature and damaged fruits.

Finally, the fruits were stored in a refrigerator until the
physical properties were determined. Moisture contents of
the fruits were determined by using a standard method [7].
The physical properties were determined by the following
methods: Linear dimensions, i.e. length (L), width (W)
and thickness (T), were measured by using a digital
caliper with a sensitivity of 0.01 mm.

Geometric mean diameter (Dg), sphericity (®) and
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MATERYAL ve YONTEM

Bu calismada U¢ farkli hasat ddéneminde (Ekim,
Subat, Haziran) Kayaburnu, Antalya, Turkiyede
bulunan seradan "Balo” dolmalik biberleri hasat
edilmistir. Soguk ortamda denemenin yapilacag! yere
tasinmis, icerisinden fazla olgunlasan ve clriuyen
materyal aylklanmis ve hava kullanilarak yabanci
materyallerden, toz ve kirden temizlenmislerdir.

Denemeler yapilana kadar buzdolabinda muhafaza
edilmistir. Nem igerigi standart method kullanilarak
belirlenmistir [7]

Fiziksel 0ozellikler asagidaki yodntemlerle tespit
edilmistir: Dogrusal boyutlari, yani uzunlugu (L), genislik
(W) ve kalinligi (T), 0,01 mm'lik bir hassasiyete sahip bir
dijital kumpas kullanilarak él¢uldi.

Geometrik ortalama c¢ap (Dg), kiresellik (P) ve yuzey

surface areas (S) were calculated by using the following alani (S) asagidaki denklemler kullanilarak
equations: hesaplanmigtir:
Dy = (LD?™? @
Dg
= x100 @)
L
S = Dy’ ®3)

where L is the length, D is diameter of the fruit in mm. These
equations may be found in the works [3], [4], [8], [9]-

Fruit mass (M) was measured by using a digital balance
with a sensitivity of 0.001 g. The fruit mass determined on
100 randomly selected fruits and averaged. Fruit volume (V)
and fruit density (py) were measured by the liquid displacement
method. Toluene (C;Hs) was used, because it was not
absorbed by the fruits [8], [9].

Bulk density (pn) was determined with a weight per hectolitre
tester, which has calibrated in kilogram per hectolitre. Porosity (&)
was calculated by using the following equation [8], [9], [10].

&= (pt _pb) XlOO

Py

where py is the bulk density and p: is the fruit density.
Projected area (P) was determined from the pictures of
bell pepper which were taken by a digital camera (Kodak
DC 5000), in comparison with the reference area to the
sample area using the Sigma Scan Pro 5 programme [11].

All the physical properties were investigated by three
replications with 100 determinations. Mean values were
represented by the standard error.

Variance analysis was made for all the results for three
harvest time The differences between the means were
evaluated by using the Duncan’s test at 1% or 5%
significance levels.

RESULTS

Physical properties of “Balo” bell pepper at different
harvest period and their relationships are given in Tables
1, 2, 3 and 4. The physical properties were found to be
statistically significant at different probability levels, with
the exception of Thickness, volume and porosity.

The length, width, surface area, mass, sphericity,
geometric mean diameter, projected area in x and y axis,
fruit and bulk density were found to be different on the
harvest time.

Burada, mm olarak L uzunluk, D captir. Bu esitlikler
cesitli calismalarda kullaniimistir. [3], [4], [8], [9]-

Meyva agirligi 0.002 g hassasiyete sahip elektronik
tartl ile rastagele secilem 100 meyvede o&l¢liimustir.
Meyve hacmi ve meyve 6zgll agirhgr tasirma metodu
ile olcilmustir. Meyve tarafindan absoebe edilmesi
daha zor oldugu igin sivi olarak toluen (C7Hg)
kullaniimistir [8], [9].

Yigin hacim agirhig hektolitre kullanilarak
belirlenmistir. Bosluk orani asagida verilen esitlik
kullanilarak belirlenmigtir [8], [9], [10].

(4)

Burada pp, y1din hacim agirigi, and p: ise meyve 6zgll
agirhgidir izdiisim alani dolmalik biberlerin resimleri dijital
kamera (Kodak DC 5000) ile c¢ekilmig 6rnek ylizeyine
cizilen bir referans alanla Sigma Scan Pro 5 programi
kullanilarak belirlenmigtir [11].

Tum fiziksel 6zellik degerleri t¢ tekerrtrll olarak 100
meyvede yapilmistir. Ortalam degerler standart hata ile
gosterilmigtir.

Varyans analizi her sonus icin ¢ farkh hasat
zamanina uygulanmistir.  Ortalamalar  arasindaki
farkhliklar Duncan testi ile % 1ve % 5 o6nemlilik

diizeylerinde saptanmistir.

SONUCLAR

"Balo” dolmalik biberin farkli hasat zamanlarinda
fiziksel 6zellikleri ve birbiri ile olan iligkileri Tablo 1, 2,
3 ve 4’'de verilmigtir.Kalinlik, hacim ve bosluk orani
disindaki fiziksel 0&zellikler ististiksel olarak farkli
bulunmustur.

Uzunluk, genislik, ylzey alani kitle kirsellik, geometrik
ortalam cap, X ve Y eksenindeki izdiiglim alanlari, meyve 6zgiil
ve yigin hacim agirhg hasat zamanina bagl olarak
istatistiksel olarak farkl bulunmustur.

40
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Physical properties of “Balo” bell pepper on Octobe
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r / Ekim de “Balo” dolmalik biberin fiziksel 6zellikler

Table 1/ Tablo 1
i

October / Ekim

Minimum / En az Maximum / En ¢ok Mean / Ortalama

Length / Uzunluk (mm) 68.34 / 68,34 97.57 /97,57 8800-‘88551111-,2233’
Width / Geniglik (mm) 55.14 /55,14 78.41/78,41 6633;?9881106?811/
Thickness / Kalinhk (mm) 52.23 /52,23 74.64 74,64 6600"66111190',7733/
Geaenc e sanet
Sphericity / Kirresellik 0.74/0,74 0.93/0,93 Od?ffd?olll
Surface area / Yizey alani (cm?) 114.09 /114,09 177.58 /177,58 1&33;?5?8*1_22-’3333’
Mass / Kiitle (g) 57.91/57,91 108.80 / 108,80 8811',88991111',7722/
Volume / Hacim (em’) 92.86 /92,86 188.08 /188,08 PSR
Fruit density / Ozgil agirlik (g/cm®) 0.41/0,41 0.86/0,86 0(3,6362;196?022/
Bulk density / Hacim agirlik (g/cm®) 0.20/0,20 0.37/0,37 0(5?30011?0.?011/
Porosity / Bogluk orani 31.455 / 331,455 69.273/ 69,273 ”;19§?9001i22-f5666’
Projected area / [z diisiim alani

x axis / x dzlemi (cm?) | 22.77/22,77 32.45/32,45 2277-“222110&11’

y axis /y dizZlemi cm?) | 14.92 /14,92 27.41127,41 11995,33221106,4400/

Physical properties of “Balo” bell pepper on Februa

Table 2/ Tablo 2

ry / Subat ta “Balo” dolmalik biberin fiziksel 6zellikler i

February/ Subat

Minimum / En az Maximum / En ¢ok Mean / Ortalama

Length / Uzunluk (mm) 58.06 / 58,06 96.80 / 96,80 T aon,
Width / Geniglik (mm) 65.28 / 65,28 72.38/72,38 6622.,77771106?655/
Thickness / Kaliniik (mm) 63.20/ 63,29 68.71/ 68,71 by
Sﬁgﬁﬁgcgﬁfggtﬂ?g‘:ﬁn’m) 56.39 / 56,39 78.09 /78,09 6655.,77001106?600/
Sphericity / Kiiresellik 0.69/0,69 1.01/1,01 b0t
Surface area / Yiizey alani (cm?) 99.94 /99,94 170.25/ 170,25 1%%?;;3;?9’
Mass / Kiitle (g) 53.98 /53,98 127.53/127,53 O eoar by,
Volume / Hacim (cm’) 75.11/75,11 180.75 /180,75 FPRLA
Fruit density / Ozgiil agirlik (g/cm®) 0.46 /0,46 0.852 /0,852 OO.,(S;‘.itO().,()Olll
Bulk density / Hacim agirlik (g/cm?) 0.20/0,20 0.36/0,36 00-’2277100-’0011’
Porosity / Bosluk orani 34.53/34,53 76.08 /76,08 5577-’5577”—';1-?’377/
Projected area / [z diisim alani

x axis / x diizlemi (cm?) 17.71/17,71 30.80 /30,80 Zii,lffffd,“fl’

y axis /'y duzlemi (cm?) 12.96 /12,96 24.93 /24,93 1185%,009536?311/
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Table 3/ Tablo 3

Physical properties of “Balo” bell pepper on June / Haziran da “Balo” dolmalik biberin fiziksel 6zellik leri

June / Haziran
Minimum / En az Maximum / En ¢ok Mean / Ortalama

Length / Uzunluk (mm) 50.64 /59,64 87.57/87,57 S
Width / Geniglik (mm) 56.83 / 56,83 77.88/77,88 6677-’6600111-?688’
Thickness / Kaliniik (mm) 36.60 / 36,60 7144/ 71,44 O ot on,
e g
Sphericity / Kiresellik 0.71/0,71 1.07/1,07 Odf’glffd’ooll’
Surface area / Yiizey alani (cm?) 92.16 /92,16 173.77 /173,77 113383?600132-,3377’
Mass / Kutle (g) 41.10/41,10 102.99 /102,99 7706,6677111',3355/
Volume / Hacim (cm’) 60.03 /60,03 201.88 /201,88 EYrY
Fruit density / Ozgiil agirlik (g/cm®) 0.35/0,35 0.97 /0,97 061,551111%?011/
Bulk density / Hacim agirlik (g/cm?) 0.20/0,20 0.39/0,39 06?322106,0011/
Porosity / Bosluk orani 19.63/19,63 63.72/63,72 3377.,552210(5?855/
Projected area / [z diigiim alani

x axis / x diizlemi (cm?) | 11.97/11,97 21.22/21,22 1166,6688106,3322/

y axis / y diizlemi cm?) | 17.06 /17,06 27.35/27,35 221]:?688100.,2277/

Table 1, 2 and 3 show that physical properties of
“Balo” bell pepper were found different each others in
three harvest time period. While mean fruit length, width gostermistir. Ornegin sirasi ile meyve uzunlugu, genisligi
and thickness are 80.85, 63.98, 59.94 mm on October ve kalinhgi ekim hasat zamaninda 80.85, 63.98, 59.94
harvest time, 76.73, 62.77, 59.94 mm on February harvest mm iken, 76.73, 62.77, 59.94 mm Subat hasat
time, 75.73, 67.60, 62.96 mm, respectively on June zamaninda, 75.73, 67.60, 62.96 mm Haziran hasat
harvest time was found. zamaninda bulunmustur.

Tablo 1, 2 ve 3 de gorildugu gibi fiziksel 6zellikler
farkli  hazat zamanlarinda birbirlerinden  farkhlar

Table 4/ Tablo

Duncan’s test result in three harvest time / 4 Ug farkli hasat dénemi icin Duncan test sonuglari

Sign. Level /

October / Ekim. - A
Onem seviyesi

February / Subat June / Haziran

a
Length / Uzunluk (mm) 80.85¢1.23 /

76.73+1.04°/

75.73+0.11°/

*%

80,85+1,23% 76,73+1,04° 75,7340,11°
. . 63.98+0.81°/ 62.77+0.65" / 67.60+1.68%/ -
Width / Geniglik (mm) 63,98+0,81° 62,77+0,65" 67,60+1,68°
. 60.61+0.73 / 59.94+0.68 / 62.96+0.08 /
Thickness / Kalinlik (mm) 60,61+0,73 59,04+0,68 62,96+0,08 ns
Geometric mean diameter / 65.53+0.59" / 65.70+0.60° / 68.27+0.75%/ -
Ortalama geometrik ¢cap (mm) 65,53+0,59° 65,70+0,60° 68,27+0,75°
- . . 0.84+0.01°/ 0.86+0.01°/ 0.91%0.01%/ ”
Sphericity / Kuresellik 0,8410,01° 0,86+0,01° 0,91+0,01°
Surface area / Yiizey alani (cm?) 143.58+2.33%/ 136.22+2.49° / 138.60+2.37°/
Y 143,58+2,33° 136,22+2,49" 138,60+2,37°
) 81.89+1.72° / 80.58+1.967/ 70.67+1.35°/
Mass / Kiltle (g) 81,89+1,72° 80,58+1,96° 70,67+1,35" o
Volume / Hacim (cm®) 134.04+3.08 / 129.72+3.86 / 140.53£3.45 / ns
134,04+3,08 129,72+3,86 140,53+3,45
Fruit density / 0.62+0.02%/ 0.64+0.01%/ 0.51+0.01°/
Ozgul agirlik (g/cm?) 0,62+0,02° 0,64+0,01° 0,51+0,01°
Bulk density / 0.30£0.01°/ 0.27+0.01°/ 0.32+0.01%/ "
Hacim agirlik (g/cm?) 0,30+0,01° 0,27+0,01° 0,32+0,01°
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. 49.90+2.66 / 57.57+1.37 / 37.52+0.85 /
Porosity / Bosluk orani 49,90+2,66 57,57+1,37 37,52+0,85 ns
Projected area / iz diigtim alani
 axis / x duzlemi ) 27.42+0.41% | 24.16+0.41° | 16.68+0.32°/
27,42+0,41° 24,16+0,41° 16,68+0,32°
) ) L, 19.32+0.40°/ 18.09+0.31°/ 21.68+0.27%/
y axis /'y dizlemi (cm’) 19,32+0,40° 18,09+0,31° 21,68+0,27° o

Table 4 shows that the length, width, Geometric mean
diameter, sphericity, surface area, mass, fruit and bulk
density, and projected area in x and y axis were found to
be statistically significant at 1% and 5% probability levels.
The thickness, volume and porosity are found to be
statistically not-significant.

The physical properties of the “Balo” bell pepper were
described in order to better design a specific machine for
harvesting and post-harvesting operation. In this study,
many properties were determined to be significantly
different. Therefore, the differences between the physical
properties of fruit must be considered in optimizing “Balo”
bell pepper product and post-product mechanization and
food processing.

CONCLUSIONS

Several physical properties of “Balo” bell pepper were
determined in order to facilitate design of the specific
equipment for harvesting, transporting, cleaning, packing,
storing etc. processes. The effects of different harvest time on
the physical properties of the fruits, such as fruit dimensions,
volume, surface area, projected area, mass, fruit density and
bulk density were determined. The general calculations, which
were presented in the Tables 1, 2, 3 and 4, can be used to
determine the relationship between the physical properties. For
“Balo” bell pepper, many properties were found to be
statistically significant at different probability levels.

Therefore, the differences between the physical properties
should be considered in bell pepper mechanization and food
processing.
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Tablo 4 de gosterildigi gibi uzunluk, genislik, geometrik
ortalama cap, kiresellik, ylzey alani, kutle, 6zgul ve yigin
hacim agirligi ve X-Y duzleminde iz diigiim alani ortalama
degerleri %1 ve %5 6nem seviyesinde istatistiksel olarak
hasat zamanina gore farklihk gdstermistir. Kalinlk, hacim
ve bosluk orani arasinda hazat zamanina gére istatistiksel
olarak bir farkhlik bulunmamigtir.

"Balo" dolmalik biberin fiziksel 6zellikleri daha iyi hasat
ve hasat sonrasi operasyon icin daha iyi makinalar
tasarlanmak i¢cin saptanmistir. Bu calismada, birgok
Ozellik istatistiksel olarak farkhlik géstermistir. Bu nedenle,
meyvenin fiziksel Ozellikleri arasindaki farkliliklar, "Balo"
dolmalik biberin hasat ve hasat sonrasi mekanizasyon ve
gida igleme makinalarinin optimizasyonunda kullanilabilir.

SONUCLAR

"Balo" dolmalik biberin cesitli fiziksel 6zellikleri
benzeri sirecler olan depolama, paketleme temizlik,
tasima, hasat icin 6zel ekipman tasarimi kolaylastirmak
icin belirlenmigtir. Meyve boyutlari, hacmi, ylizey alani,
projeksiyon alani, kitle, meyve yogunlugu ve Kkitle
yogunlugu gibi meyvelerin fiziksel 6zelliklerine, farkh
hasat zamaninin etkileri belirlenmistir. Genel sonuclar
Tablo 1, 2, 3 ve 4 'de sunulmustur "Balo" dolmalik
biberin, bircok 6zellikleri farkli hasat zamanlarina gore
farkli olasilik dizeyinde istatistiksel olarak anlamli
bulunmusgtur.

Bu nedenle, fiziksel 6zellikleri arasindaki farklihklar
mekanizasyon ve gida isleme islemleri icin dikkate
alinabilir.
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