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Abstract

Due to the heavy working conditions of the business world in today's conditions, changes have occurred
in the habits of people consuming fruits and vegetables. It is also a fact that the people working in economically
developed societies spend less time preparing food, eat at restaurants or take fast food home. Working
individuals’ tendency to purchase fruits and vegetables peeled, even chopped, shredded or grated, that is semi-
processed -ready for consumption- is getting stronger due to reasons such as foodservice industry, cost, labor,
and hygiene. For this reason, the fresh-cut fruit and vegetable sector has become the food sector with a rapid
growth trend in recent years. The biggest problem in these products is the short shelf life after semi-finished
product preparation processes and the deterioration in product quality during the sales process. Preservative
solutions developed to protect the product quality are successful, however, the effects of these applications on
fruit firmness cannot be measured accurately due to the deterioration of fruit integrity (slicing, chopping,
grating, etc.) during product processing. In this study, it has been aimed to accurately determine the changes in
fruit firmness during the preservation process of the fruits taken into the fresh-cut process by using specially
developed apparatus (45, 60, 90° angled V-blocks assembly). The fruit integrity deteriorates due to the
preservation of the fruit by slicing the fruits taken into the fresh-cut process; after this stage, the firmness
measurement cannot be carried out stably in the analyses to be made for the change of the fruit quality. The
blocks apparatus developed for this purpose can be used in order to more accurately determine the effects of
the applications made for quality preservation in the process of storage and shelf life in fruits divided into 4-6-8
slices. In the study, the values obtained from the firmness measurements made with sliced fruits in apple, pear
and quince species showed that the developed angled blocks apparatus gave more stable measurement values
considering the standard deviation value and the variation created by the averages.

Keywords: Fruit firmness, fresh-cut, semi-processed product, V-blocks.

Fresh-Cut Uygulamalarinda Meyve Eti Sertligi Ol¢iimii Uzerine Yeni Yaklasimlar

Ozet

Gilnlmiz kosullarinda is dlinyasi ¢alisma sartlarinin agirlasmasina bagli olarak insanlarin meyve - sebze
tiketme aliskanliklarinda da degisimler meydana gelmistir. Ekonomik olarak gelismis toplumlarda c¢alisan
kesimin yemek hazirlamaya daha az zaman ayirdigl, lokantalarda yemek yedigi veya eve hazir yemek gotirdugi
de bir gergektir. Calisan bireylerin 6zellikle gida servis endistrisi, maliyet, iscilik ve hijyen gibi nedenlerden
dolayl meyve ve sebzeleri soyulmus hatta dogranmis, pargalanmis veya rendelenmis yani yari islenmis olarak
tiketime hazir bir sekilde satin alma egilimleri giderek artmaktadir. Bu nedenle taze kesilmis ve kullanima hazir
(Fresh-cut) meyve — sebze sektori son yillarda hizli biyime egilimi gésteren bir gida sektorl haline gelmistir.
Bu Urilinlerdeki en blylik problem yari mamul Grlin hazirlama islemleri sonrasinda raf 6mirlerinin kisa olmasi ve
satis siirecinde Uriin kalitesinde meydana gelen bozulmalardir. Uriin kalitesini korumaya yénelik gelistirilen
koruyucu sollsyonlar basarili olmakta ancak bu tip uygulamalarin 6zellikle meyve eti sertligi tzerine olan
etkileri GrlGn isleme sirasinda meyve bitlnlGginin bozulmasindan dolayi (dilimleme, dograma, parcalara
ayirma, rendeleme vb.) dogru olarak 6l¢lilememektedir. Bu ¢alismada taze kesim (Fresh-Cut) siirecine alinan
meyvelerde muhafaza sireci sirasinda meyve eti sertliginde meydana gelen degisimlerin gelistirilen 6zel
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aparatlar (45, 60, 90° acili V-takoz diizenegi) kullanilarak dogru bir sekilde tespit edilmesi amaglanmistir. Fresh-
cut surecine alinan meyvelerde meyvenin dilimlere ayrilarak muhafaza edilmesinden dolayir meyve biitunlGgu
bozulmakta bu agsamadan sonra meyve kalitesinin degisimine yonelik yapilacak analizlerde sertlik l¢limi stabil
sekilde gergeklestirilememektedir. Bu amagla gelistirilen takoz aparatlari, 4-6-8 dilime ayrilmis meyvelerde
depolama ve raf omri siirecinde kalite korunmasina yonelik yapilmis uygulamalarin etkilerinin daha dogru
saptanmasini saglamak amaciyla kullanilabilecektir. Calismada, elma armut ve ayva tirlerinde dilimlenmis
meyveler ile yapilan sertlik élgimlerinden alinan degerler gelistirilen agili takoz aparatlarinin standart sapma
degeri ve ortalamalarin olusturdugu varyasyon goz online alindiginda daha kararli 6l¢lim degerleri verdigini

gostermistir.

Anahtar kelimeler: 01-03-.

Introduction

In recent years, demand for freshly sliced
horticultural crops has increased in line with socio-
cultural changes and consumer awareness of fresh
fruit and vegetable consumption. The fresh-cut
fruits and vegetables processed at a minimum level
are much more sensitive during storage and shelf
life than other horticultural products. For example,
bruising the products during the preparation
stages such as peeling and slicing results in more
water loss and discoloration. In addition to the
enzymatic blackening, which varies according to
the genetic structure of the species and varieties,
pre-skin factors such as soil and climatic conditions
and fertilization, processing and post-skin factors
such as washing, cutting and storage can
significantly affect the texture and color in freshly
cut fruits and vegetables. In these products, the
preservation of color that directly affects consumer
preference in the marketing phase is very
important (Giines and Oz, 2014).

Especially, fresh-cut or fresh-chopped fruits
and vegetables stand out with the feature of
having a fresh and original aroma from other
ready-to-eat products. In addition to the above-
mentioned characteristics of fresh-cut fruits and
vegetables, other factors such as being healthy and
very easy to consume increase the popularity of
these products (Garrett, 2002).

Fresh-cut products are generally produced
as a result of processes such as peeling, turning
into slices and cubes, cut into small pieces,
packaging and storage of highquality fruits and
vegetables (Ergun, 2006). The biggest problem
with these products is a short shelf life. For this
reason, marketing of fresh-cut products, especially
fruits, is limited and most of the time, big
supermarkets can prepare and market such
products with their own means. Watermelon is at
the forefront of fresh-cut products and melon,
apple, pear, quince, strawberry, kiwi, pineapple
etc. fruits are the other which follow these fresh-
cut products. (Saftner et al., 2007).
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Fruit firmness is an important criterion used
in determining the harvest maturity in almost all
fruits and vegetables, especially soft and stone

fruits. As the maturity progresses, the fruit
firmness decreases and in advanced maturity, the
product softens well and becomes dandruff. In the
last period of fruit development, fruit firmness
decreases gradually due to the development of
cells and intercellular spaces, pectin and
hemicelluloses to be broken down and wall
resistance decreases. If this decrease is stable and
apparent especially after the ripening begins, the
fruit firmness can be used as a good maturity
criterion. In addition, the fruit firmness at the time
of harvest is an important factor that determines
the strength of the product after harvest (Bakoglu,
2014). For the fruits and vegetables included in the
fresh-cut process, the change in the fruit firmness
progresses faster due to the deterioration of the
product integrity (peeling, slicing, chopping, etc.)
and the preservation process of the product is
significantly shortened. It has been determined by
various studies that the dipping solutions with
protective properties that come into play at this
point have positive effects on protecting the
product quality (Ozer 2002; Calhan et al., 2012).

Istk and Kaynas (2018), in their research that
they tested the 7 and 14 days shelf life
performance of the dipping solution of Natureseal,
which was applied in 2% and 4% doses after slicing
in the Pink Layd apple variety, they determined
that 4% dose was successful for products stored
for 90 days and 2% and 4% doses were successful
for fruits stored for 150 days on the fruit and
firmness of the preservative solution.

In a study conducted by Sabir et al. (2013),
the evaluation of the 'Fuji' apple variety stored in
the modified atmosphere (MAP) for 4 months as a
freshly chopped product and the effects of
preservation conditions before slicing on the slice
quality and preservation period were examined.
Apples harvested at the optimum maturity stage
were divided into 2 groups, while the first group of
samples were stored in Xtend MAP, the remaining
fruits were kept open at 0 ° C and 90% relative
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humidity as a control for 4 months. Slicing of
apples was carried out immediately after harvest
and in the 2nd and 4th months of storage. Sliced
apples were kept in 1% C and 90% proportional
humidity for 21 days after being soaked in 1%
ascorbic acid solution to prevent blackening. In
samples taken at 7-day intervals, weight loss, total
soluble solids (TSS), titratable acidity (TA), slice
firmness, slice color, ascorbic acid amount and
total phenol amount were analyzed. It has been
determined that, especially with the prolongation
of the storage period, it provides effective results
in reducing weight loss and preserving the slice
firmness in apples that are preserved in the MAP.
In the study conducted by Ergun et al.
(2008) on the suitability of some cherry varieties
for fresh cutting, it was investigated in 16 cherry
varieties whether the cherry varieties could be
evaluated as fresh-cut products, the fruits were cut
lengthwise and divided into two parts. After the
seeds were removed, the fruit pieces were placed

in plastic containers that could be closed tightly.
Plastic containers are kept at 4 °C for 10 days. After
storage, loss of brightness, wrinkling, fruit surface
collapse, cut surface collapse, blackening and
rotting percentages were determined. Blackening
and collapse on the cut surface in fruit pieces and
loss of shine in the shell were found to be the most
important factors limiting quality. The results
showed that 9 cherry varieties used in the research
can be evaluated as fresh-cut products.

In fresh-cut fruits and vegetables, enzymatic
blackening can be controlled by reducing ambient
temperature and oxygen in the environment. For
this purpose, packaging techniques, different
coating materials, gamma-ray applications or high-
pressure preservation methods can be used in the
modified atmosphere. Packaging techniques in a
modified atmosphere with calcium or temperature
applications also prevent negative changes in the
texture that significantly affect the quality of these
products (Giines and Oz, 2014).

Figure 1: Spring arm printed penetrometer (a) and 45-60-90 V-blocks apparatus (b, c)

Materials and Methods
Materials

In this study, apple (Golden Delicious), pear
(Deveci) and quince (Bread quince) fruits were
used as plant materials. Fruits selected as materials
for the study; choosed among the healthy fruits,
which reflect the variety characteristics, not
damaged,. Apples were obtained from 12 vyears
old, pears 9 years old and quinces 13 years old
from the producer orchards in Canakkale province.
Fruit harvest periods were 22nd September in
apples, 25th October in pears and 21st November
in quince.

Fruit firmness measurements were made
using an effegi type spring-loaded penetrometer
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mounted on a spring-loaded lever press and a
diameter of 8 mm, and the measured values are
expressed in Kg (Figure 1a.).

Blocks apparatuses with angles of 45°, 60°,
90° are used to determine the fruit firmness of the
fruits sliced at different angles (8,6 and 4 slices).
(Figure 1b., Figure 1c. and Figure 2g.). V-blocks
assembly is a device designed to measure in sliced
fruits at different cutting angles (45°: 8 slices, 60°:
6 slices, 90°: 4 slices). V-blocks of 45° or 60° is used
by sitting on 90° V-blocks. The application to the
Turkish patent institute as of 2018 has been
accepted for the designed V-blocks assembly and
the patent evaluation process continues with the
file number 2018/08403.
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Figure 2. The sequence of procedures followed in the study: a: Peeling with a peeler, b: Hand firmness
measurement in non-sliced fruit, c: Measurement with a spring-arm printed penetrometer in non-
sliced fruit, d - e: Slicing of the fruit, f: Firmness measurement of sliced fruit, g: Firmness
measurement of the sliced fruit with spring-loaded penetrometer and V-blocks device

Methods
In the research carried out in COMU Faculty
of Agriculture, Department of Horticulture in 2018;
fruit firmness measurement for each type of fruit
taken in the trial was carried out in 4 different
methods by hand in the sliced fruit, by the spring-
loaded arm imprinted device in the non-sliced
fruit, by hand in the sliced fruit, by using the
spring-arm printed device and V-blocks in the
sliced fruit. 3 replicates were measured in 7 fruits
for 4 different firmness measurement methods
called product group.
The sequence of procedures followed in the

study is as follows:

o Before measuring, the fruit surface was

peeled about 1 cm? with the peeler at the

measuring point (Figure 2a.).

e Firmness measurement has been done

without using any device in the fruit that is not

intact (non-sliced) (Figure 2b.).

e Firmness measurement has been done with a

penetrometer mounted on spring arm pressure
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device in fruit that has not been intact (non-
sliced) (Figure 2c.).

e Fruitis sliced (Figure 2d and 2e.).

e Sliced fruit was held in hand and the firmness
was measured with the help of a penetrometer
(Figure 2f.).

e Sliced fruit was measured using a V-blocks
with the help of a penetrometer adapted to the
spring-loaded arm.

In the product groups, application and
repetition subject to the trial, the measurements
of fruit firmness were taken as Kg by repeating the
measurements in the order given above. The
obtained firmness values were converted to
averages on the basis of product and application,
and the stability of the values obtained from the
four different fruit firmness measurement
methods was compared by calculating the
standard deviation between the measurement
values taken on the basis of repetition. In addition
to these comparisons, it was tried to emphasize
the stability of measurement methods whose
measurement value averages were converted to
box-plot charts.
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Table 1. Fruit frimness avarages (Kg) and standart deviations in the study.

V- Apple Pear Quince
Bloks
Ange Measuremen Fruit Firmness Standart Firmness Standart Firmness Standart
1(°) t.Method Number Avarage (Kg) Deviation Avarage (Kg) Deviation Avarage (Kg) Deviation
- nS-F-HM 1 2.05 0.05 3.70 0.10 6.20 0.10
- nS-F-HM 2 2.15 0.05 4.05 0.05 6.60 0.10
- nS-F-HM 3 2.10 0.10 3.55 0.15 7.05 0.15
- nS-F-HM 4 2.00 0.00 4.20 0.00 7.30 0.20
- nS-F-HM 5 2.00 0.10 4.60 0.10 7.40 0.20
- nS-F-HM 6 1.95 0.05 3.65 0.25 5.80 0.10
- nS-F-HM 7 2.00 0.00 3.80 0.10 6.65 0.25
- nS-F-HM 1 2.15 0.05 3.70 0.10 5.70 0.20
- nS-F-HM 2 2.25 0.05 3.60 0.20 6.55 0.15
- nS-F-HM 3 2.35 0.05 4.35 0.25 6.70 0.10
- nS-F-HM 4 2.40 0.10 3.90 0.10 7.20 0.10
- nS-F-HM 5 2.45 0.25 4.15 0.05 6.55 0.15
- nS-F-HM 6 2.55 0.05 4.20 0.00 5.90 0.10
- nS-F-HM 7 2.45 0.05 3.80 0.10 6.20 0.00
- nS-F-HM 1 2.65 0.05 3.60 0.10 6.95 0.05
- nS-F-HM 2 2.95 0.05 3.15 0.05 6.60 0.20
- nS-F-HM 3 2.65 0.05 4.00 0.10 6.40 0.20
- nS-F-HM 4 2.60 0.20 3.95 0.25 7.05 0.05
- nS-F-HM 5 3.05 0.05 3.40 0.30 6.35 0.15
- nS-F-HM 6 2.55 0.25 3.50 0.30 5.65 0.25
- nS-F-HM 7 2.15 0.05 3.25 0.15 7.60 0.30
- nS-F-MM 1 2.50 0.00 4.15 0.25 6.50 0.00
- nS-F-MM 2 2.90 0.10 4.05 0.05 6.40 0.10
- nS-F-MM 3 2.95 0.05 4.10 0.10 6.35 0.15
- nS-F-MM 4 2.95 0.05 4.10 0.10 5.70 0.10
- nS-F-MM 5 2.20 0.00 3.90 0.10 6.95 0.15
- nS-F-MM 6 2.75 0.15 3.60 0.10 6.70 0.20
- nS-F-MM 7 1.70 0.10 2.80 0.10 7.00 0.10
- nS-F-MM 1 2.00 0.00 3.95 0.15 6.30 0.20
- nS-F-MM 2 2.40 0.10 3.90 0.00 6.25 0.15
- nS-F-MM 3 2.25 0.15 3.10 0.10 6.50 0.00
- nS-F-MM 4 2.75 0.15 3.65 0.25 6.40 0.10
- nS-F-MM 5 2.20 0.20 4.25 0.15 6.00 0.00
- nS-F-MM 6 2.90 0.00 4.00 0.40 5.45 0.05
- nS-F-MM 7 2.65 0.15 3.95 0.05 6.35 0.15
- nS-F-MM 1 3.05 0.05 3.00 0.20 5.65 0.25
- nS-F-MM 2 2.50 0.10 3.10 0.10 7.75 0.25
- nS-F-MM 3 3.30 0.10 3.10 0.10 6.55 0.45
- nS-F-MM 4 3.40 0.10 3.45 0.15 6.90 0.30
- nS-F-MM 5 3.65 0.05 4.40 0.20 5.85 0.55
- nS-F-MM 6 2.80 0.10 4.15 0.15 7.10 0.20
- nS-F-MM 7 2.65 0.05 4.10 0.10 7.05 0.15
45 S-F-HM 1 2.13 0.05 4.33 0.09 5.33 0.24
45 S-F-HM 2 3.27 0.21 4.10 0.08 4.83 0.29
45 S-F-HM 3 2.77 0.88 4.03 0.12 4.53 0.45
45 S-F-HM 4 3.10 0.14 4.17 0.09 5.30 0.29
45 S-F-HM 5 1.40 0.16 3.03 0.09 6.87 0.12
45 S-F-HM 6 2.10 0.08 3.13 0.21 6.17 0.09
45 S-F-HM 7 1.67 0.12 2.20 0.14 6.47 0.25
60 S-F-HM 1 2.37 0.21 3.20 0.08 4.53 0.68
60 S-F-HM 2 2.03 0.05 3.30 0.16 4.20 0.24
60 S-F-HM 3 2.03 0.12 2.93 0.12 5.43 0.09
60 S-F-HM 4 1.73 0.46 3.43 0.29 4.77 0.34
60 S-F-HM 5 2.10 0.22 4.07 0.17 5.27 0.26
60 S-F-HM 6 2.77 0.21 4.10 0.16 5.23 0.12
60 S-F-HM 7 3.40 0.33 3.40 0.33 6.10 0.08
90 S-F-HM 1 2.45 0.05 2.87 0.12 4.50 0.37
90 S-F-HM 2 2.25 0.05 2.40 0.50 6.60 0.37
90 S-F-HM 3 2.50 0.00 2.87 0.12 6.23 0.21
90 S-F-HM 4 2.70 0.10 3.20 0.16 6.77 0.26
90 S-F-HM 5 1.55 0.05 4.00 0.08 5.97 0.25
90 S-F-HM 6 2.15 0.15 3.97 0.05 6.53 0.29
90 S-F-HM 7 2.25 0.15 3.87 0.12 6.43 0.25
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Table 1 Continued

V- Apple Pear Quince
Bloks
Ange Measureme Fruit Firmness Standart Firmness Standart Firmness Standart
I(°) nt.Method Number Avarage (Kg) Deviation Avarage (Kg) Deviation Avarage (Kg) Deviation

45 S-F-Vblocks M 1 2.37 0.09 4.87 0.12 6.33 0.17
45 S-F-Vblocks M 2 2.30 0.08 3.90 0.16 6.13 0.25
45 S-F-Vblocks M 3 3.00 0.08 4.10 0.08 6.03 0.17
45 S-F-Vblocks M 4 2.50 0.08 4.13 0.12 6.23 0.21
45 S-F-Vblocks M 5 2.00 0.08 3.97 0.05 6.37 0.12
45 S-F-Vblocks M 6 1.87 0.09 3.43 0.17 6.63 0.25
45 S-F-Vblocks M 7 1.90 0.08 2.70 0.14 6.77 0.21
60 S-F-Vblocks M 1 2.87 0.09 3.40 0.14 6.40 0.14
60 S-F-Vblocks M 2 2.30 0.14 3.80 0.08 6.23 0.21
60 S-F-Vblocks M 3 2.37 0.12 3.27 0.12 6.17 0.24
60 S-F-Vblocks M 4 2.87 0.09 3.87 0.17 5.53 0.12
60 S-F-Vblocks M 5 2.53 0.09 4.33 0.09 6.03 0.17
60 S-F-Vblocks M 6 2.67 0.09 5.03 0.12 6.50 0.22
60 S-F-Vblocks M 7 2.53 0.09 3.90 0.16 6.23 0.17
90 S-F-Vblocks M 1 2.95 0.05 3.17 0.17 6.27 0.25
90 S-F-Vblocks M 2 3.75 0.05 3.60 0.16 7.17 0.21
90 S-F-Vblocks M 3 2.55 0.05 2.97 0.09 7.17 0.12
90 S-F-Vblocks M 4 2.55 0.05 3.87 0.12 6.83 0.21
90 S-F-Vblocks M 5 2.85 0.05 4.37 0.09 6.73 0.17
90 S-F-Vblocks M 6 1.85 0.05 4.27 0.09 6.90 0.16
90 S-F-Vblocks M 7 2.00 0.00 4.10 0.08 6.97 0.21
nS-F-HM: non-sliced fruit hand measurement
nS-F-MM: non-sliced fruit spring-loaded sleeve penetrometer (Machine) measurement
S-F-HM: sliced fruit hand measurement
S-F-Vblocks: sliced fruit Vbloks measurement.

remained between 0.00 - 0.14 in the

Results and Discussion

Values taken from the  firmness
measurements made within the scope of fruit type,
method and repetition are given in Table 1. In
addition, the mean firmness values and standard
deviation values of the repeats were calculated. To
evaluate the obtained data on a product basis:

Fruit firmness measurements at apple:

In apples, the set values in the fruits
obtained in the fruits with intact integrity vary
between 1.90 - 3.10 Kg, while the measurements
made with spring-loaded penetrometer remained
in the range of 1.60 - 3.70 Kg. While the fruit
firmness varies between 1.20 - 3.80 Kg in hand
measurements after slicing the fruit, the
measurement values taken with the V-blocks
device have been found in the range of 1.80 - 3.80
Kg. Considering the standard deviations indicated
by the measurement values, it was observed that
the standard deviation values of the
measurements made in the non-sliced fruits
remained in the range of 0.00 - 0.25, while it
remained in the range of 0.00 - 0.20 in the
measurements made with a penetrometer. While
the standard deviation in the firmness
measurement values obtained after slicing in fruit
varies between 0.00 - 0.88, the deviation value
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measurements made using the V-blocks assembly.

The changes in the average fruit firmness
obtained in the measurements made for the apple
in the study according to the measurement
method are summarized in Figure 3, the
measurement averages and standard deviation
values are summarized in Figure 4.

As can be seen in Figure 3 in the standard
deviation values taken in fruit firmness, the low
standard deviation value in the hand, in spring-
loaded penetrometer and V-blocks device means
that the error in the measurements made on the
basis of repetition is low. The standard deviation
increase observed in the firmness measurements
made in sliced fruits means that more errors are
made during the measurement.

In the study, the mean values obtained from
four different methods used in the measurement
of fruit firmness are summarized in Figure 4 for
apples. While the parallelism of the values taken
with the spring-loaded lever-pressed penetrometer
and the V-blocks assembly is clearly seen, the
similarities on average on the basis of the
measurements made by hand in non-sliced and
sliced fruits draw attention.
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Crop type : Apple

== Frimness Average (Kg)
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Figure 3. Average of apple firmness (Kg) and standard deviation values in apple

nS-F-HM: non-sliced fruit hand measurement

nS-F-MM: non-sliced fruit spring-loaded sleeve penetrometer (Machine) measurement

S-F-HM: sliced fruit hand measurement
S-F-Vblocks: sliced fruit Vbloks measurement.

Crop type : Apple

B Frimness Average (Kg)
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004
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- =

S-F-HM S-F-Vblocks M

Figure 4. Fruit firmness (Kg) values according to measurement methods in apple.

Fruit firmness measurements in pear:

When we look at the results obtained from
the penetrometric measurements made by the
classical method in the non-sliced pear fruits, it is
seen that the firmness values vary between 3.10 -
4,70 Kg, and the measurements made with the
spring-arm printed penetrometer range between
2.70 - 4.60 Kg. The fruit firmness values obtained
after slicing the fruit are in the range of 2.00 -4.40
Kg in the measurements made, while the
measurements made by using the V-blocks
assembly are between 2.50 - 5.00 Kg. If the

standard deviations on the basis of the
measurement method are examined, If the
standard deviations on the basis of the
measurement method are examined, it is

determined that the standard deviations of the
measured values obtained in the fruit whose intact
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integrity is in the range of 0.00 - 0.30, and the
standard deviations of the spring-loaded
penetrometer assembly vary between 0.05 and
0.40. The standard deviation value in the hardness
measurements made after slicing the fruit ranged
from 0.05 to 0.50 for hand measurements, and
from 0.05 to 0.17 for measurements made using
the V-wedge assembly (Table 1).

The fruit firmness averages and the
standard deviation values shown by the four
different measurement methods are summarized
in Figure 5. Similar standard deviation fluctuations
occur in  hand and spring-arm  printed
penetrometry in unlicensed fruit, the fluctuation
intensity  increases  somewhat in hand
measurements after the fruit is sliced and the
fluctuation decreases significantly in
measurements made in the V-blocks assembly can
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be monitored from the standard deviation series in
Figure 5.

The variations of the firmness value
averages obtained according to the measurement
methods show a balanced distribution in the sliced
fruit, except for the manual measurements. In
particular, it is observed that the firmness value
shows a variation in the tendency that decreases

the average in the fruit firmness measurements
obtained after slicing the fruit (Figure 6). As can be
seen from the standard deviation graph (Figure 5),
the measurements made with non-sliced fruit and
the measurements made with the V-blocks
assembly in the sliced fruit gave more stable
averages.
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Figure 5. Fruit firmness (Kg) averages and standard deviation values in pear.
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Figure 6. Fruit firmness (Kg) values according to measurement methods in pear.

Fruit firmness measurements in quince:

While the value of fruit firmness
measurements made in unqualified quince fruits
was in the range of 5.40 - 7.60 Kg, this value varied
in the range of 5.30 - 7.90 kg in the measurements
made with a spring-loaded penetrometer.
Measurements obtained after slicing the fruit
showed that the firmness value was in the range of
4.10 - 7.10 Kg., when the measurement took place
in the V-blocks assembly, the change interval of
the firmness value was found between 5.50 - 7.40
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Kg. Considering the standard deviations shown by
the firmness values taken with different methods;
It was observed between 0.05 and 0.30 in the
firmness measurements obtained before slicing
the fruit. Again, before the slicing process, the
spring arm printed penetrometer measures were
between 0,00 - 0,55, and after slicing the measures
were between 0,08 - 0,68. And again after slicing, it
is seen that the measurements made using the V-
blocks assembly are between 0.08 - 0.25 (Table 1.).
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Average firmness values obtained for quince
in fruit firmness measurements and standard
deviation rates between the averages are shown in
Figure 7.

Similar to the firmness measurement results
obtained from apple and pear fruits, it can be
observed in the standard deviation series in the
graph in Figure 7, where the most fluctuation in
terms of standard deviation in the quince occurs in
the measurements performed after the fruit
integrity is impaired.

Significant differences are observed in the
method of fruit firmness for quince (Figure 8).
Especially, the fact that the values obtained in the
firmness measurements (S-F-HM series) obtained
after slicing the fruit are in a wide variation range is

due to errors made during the measurement. The
variation in the firmness measurements with the
V-blocks assembly remained in a much narrower
range, so the standard deviation values were also
in a relatively low range.

Quince is a fruit with higher fruit firmness
than other products. If it is noted in Figure 7 and
Figure 8, the firmness measurements taken from
the spring-loaded penetrometer and V-blocks
device showed much less variation on average
basis than other measurement methods, and
standard deviation values varied in a narrow range.
As the fruit-specific firmness value increases, the
error rate increases for manual fruit firmness
measurement methods.
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Average fruit firmness (Kg) in quince and standard deviation values
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Figure 8. Fruit firmness (Kg) values according to the measurement methods in quince.

Conclusion
In the study, the success of the newly
developed V-blocks assembly in the measurement
of the fruit firmness of the new fruit type (apple,
pear, quince) was obtained by considering the
variations of the firmness values obtained by four
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different methods and the deviation of the
firmness values from the mean.

The standard method for measuring the
fruit firmness is the peeling of the product intact
(non-sliced) fruit or some vegetables (approx. 1
cm? at the point of firmness measurement) by
applying the force perpendicularly to the product



Tlrk Tarim ve Doga Bilimleri Dergisi 7(2): 510-519, 2020

surface by holding the fruit in a hand or by placing
it on hard ground with the penetrometer
measuring arm. The force (in N or Kg) applied to
the measuring tip to enter the fruit is read from
the penetrometer indicator as N or Kg. When the
product is sliced and its integrity is broken, it will
be necessary to measure the firmness of the
product slices. This situation causes erroneous
measurement values due to loss of strength and
lack of support during measurement.

For fruit and vegetables were taken into the
fresh-cut process, the change in fruit firmness
progresses faster due to the deterioration of the
product integrity (peeling, slicing, chopping, etc.)
and the preservation process of the product is
shortened significantly. It has been determined by
various studies that the dipping solutions with
protective properties that come into play at this
point have positive effects on protecting the
product quality. In fresh-cut product processing
technology, the solutions used after the semi-
finished product are dipping solutions used to slow
down quality losses in the product. These solutions
have been developed commercially by many
companies and organizations and are still working
on them. Fruit firmness is an indispensable quality
criterion in the investigation of the positive or
negative effects of new preservative solutions that
are currently used and will be developed and put
on the market. It is an important issue for
researchers that this quality criterion can be
measured accurately in sliced fruit.

As can be understood from the research
findings, the most stable results in terms of
standard deviation values, especially after the
slicing phase of the fruit, were obtained from the
measurements in which the V-blocks device was
used. In the fruits divided into 8, 6 or 4 slices, the
fact that the fruit cutting surface received support
from the angled surfaces of the V-wedge caused
the standard deviation and variation in the
measurement values to be low. In addition, the
fact that the penetrometer measuring arm entered
the fruit tissues at an angle of 90° was also
effective on these values.

After the fruit integrity is deteriorated
(slicing, chopping, cutting into pieces), insufficient
support during the firmness measurement of the
fruit slice by hand and the penetrometer
measuring arm is not pressed to the fruit at an
angle of 90° or breaking the fruit slice due to
excessive force are among the main reasons why
the correct measurement cannot be made.

Another point that attracts attention in the
research results is that as the firmness value of the
product measured in the fruit firmness increases,
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the stability of the results obtained from the V-
blocks device and spring-loaded penetrometer
device does not change. As the force required to
measure the fruit firmness increases, the error rate
in other methods increases, causing variation and
standard deviation rates in the average firmness.
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