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Abstract

This study was conducted to observe the effects of
some  physical, chemical and microwave
pretreatments on drying period and prune colour of
Stanley plums dried in the sun. For this aim, seven
pretreatments including piercing with thin needle,
cutting fruit layer by knife, microwave application,
dipping into solutions of NaOH and K2CO3 with or
without olive oil addition were compared with
untreated samples. Microwave application was the
most effective pretreatment in reducing drying time
(95 h) while control was the slowest drying
application (401 h). Microwave and other chemical
applications negatively affected colour by increasing
redness of prunes. Olive oil addition decreased this
negative effect but decelerated drying process. Layer
cutting were concluded to be a promising method
since it significantly accelerated drying while saving
colour of prunes.

Key words: Drying curve, plum, pretreatment,
prune, quality

Bazi hasat sonrasi uygulamalar ile stanley
eriginin kurutulmasi

Oz

Bu calisma baz fiziksel, kimyasal ve mikrodalga 6n
uygulamalarinin giines altinda kurutulan Stanley
cesidine ait erik 6rneklerinde kuruma siiresi ve kuru
erik rengi lizerine etkisinin belirlenmesi amaciyla
ylritilmistiir. Bu amagla ince igne ile meyvelerin
delinmesi, bicak ile meyve kabugunun cizilmesi,
mikrodalga  uygulamasi, NaOH ve  K2CO3
soliisyonlarina zeytinyag ilaveli veya ilavesiz olarak
daldirma uygulamalarn ile uygulama yapilmamis

ornekler karsilastirilmistir. Mikrodalga uygulamasi
kurutma siliresinin  kisaltilmasinda en etkili
uygulama olmus (95 s), kontrol en yavas kuruyan
uygulama (401 s) olmustur. Mikrodalga uygulamasi
ve diger kimyasal uygulamalarinin kuru erik
kalitesine kizil renk olusumunu artirarak olumsuz
etkisi olmustur. Zeytinyagi ilavesi bu olumsuz
etkileri azaltmis, fakat kurutma siiresi uzatmistir.
Meyve kabugunun c¢izilmesi uygulamasinin meyve
rengini koruyarak énemli seviyede kurutma siiresini
kisaltmasiyla timitvar bir uygulama oldugu sonucuna
varilmistir.

Anahtar kelimeler: Kurutma egrisi, erik, 6n islem,
kuru erik, kalite

Introduction

Being natural sources of raw fiber, nutrients,
vitamins and minerals, fruits are essential for our
diet. However, their seasonal production and
perishable structure, limit availability of fruits. This
fact has led the need for different technologies to
preserve fruits and make them available for longer
periods. For this aim, drying has been counted as one
of the most effective way and applied for agricultural
products for many centuries in traditional methods
but also in modern methods, drying machine, solar
drying, etc., have been applied in last decades
(Turan, 2018; Zhang et al,, 2016).

Plum is a so commonly dried fruit that dried forms of
plums are called a special name, Prune. Together
with extending shelf-life, drying of plums eases
transportation, packing and shipping. Furthermore,
plums achieve a characteristic flavour when they are
dried and so reach a different demand from fresh
fruit. Today, in addition to its direct consumption as
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snacks, prune is consumed in different ways such as
for its juice, syrup and flavoring in the food industry
(Sabarez et al., 2000). Hence, more than 200.000
tons of dried plums are produced worldwide
annually (INC, 2019).

Even though plums are dried by different methods,
open sun drying is still widely practiced because of it
is a cost-effective and natural method (Dincer, 1996;
Doymaz, 2004; Karathanos and Belessiotis, 1997;
Pala et al,, 1996). On the other hand, the exposure to
environmental contamination, cloudiness, quan-
titative loses due to such factors as rodents, birds,
insects, dust and manual labor requirement are
some of its disadvantages (Abdelhaq and Labuza,
1987; Kostaropoulos and Saravacos, 1997). Because
of those disadvantages, reducing drying time has
crucial importance in open sun plum drying. Since
plums are covered within a waxy thin layer,
pretreatment of plums to decrease the effect of waxy
layer has been accepted as the most effective way to
reduce drying time of plums. For this purpose,
extensive studies have been conducted and various
physical and chemical pretreatments have been
proposed. In a study, superficial abrasion of the
plums peel compared with dipping into solution of
ethyl oleate and physical pretreatment was found to
be more effective (Cinquanta et al, 2002). Tarhan
(2007) compared six chemical and dipping into hot
water pretreatment combinations for drying of
plums and reported that the best pretreatment was
dipping in 1% NaOH solution. Jazini and Hatamipour
(2010) compared dipping of plums in hot 1% NaOH
solution and piercing with thin needle. They
concluded that pretreatment of plums consists of
piercing of plums by a thin needle could reduce the
drying time more than pretreatment by NaOH
solution.

In summary, optimal method of pretreatment
reduces drying period while saving quality of the
product (attractiveness, color, taste, nutrient content
etc.). In this study, a combination of physical,
chemical and microwave pretreatments in order to
select the best method to be used as pretreatment
for plum drying. For this aim, dipping in 1% NaOH
solution, piercing with thin needle which were
reported as effective methods in previous studies. In
addition to those applications, layer cutting, a local
technique commonly practiced in study area,

microwave application and dipping into K2CO3
solution and KzCOs solution mixed with olive oil
were tried as new pretreatment methods for plum
drying (Dev et al,, 2008; Caglar et al., 2009; Tarhan,
2007).

Materials and Methods

Experimental area is located in Inonu University
Battalgazi Campus in Malatya Province of Turkey
(NL35.54'39.03’, EL38.45'39.08, 720 m) Plum
samples of Stanley cultivar were hand-picked at
commercial maturity (Glineyli and Onursal, 2014).
The samples were collected from research orchards
in the experimental area and dried under open
atmosphere until they reach the moisture loss of
75%. Picking, pretreatment and initiation of sun
drying process were done on 15.08.2016. During the
whole drying period, mean maximum and minimum
temperatures were 37°C and 17°C, and mean
maximum and minimum relative humidity were
51% and 14% at the research area, respectively.
(MGM, 2019)

The study was conducted with three replicates for
each pretreatment method. Statistical analyses were
performed by SPSS for Windows Software according
to Duncan’s test under the significance level of 0.01.
Totally seven pretreatments were applied and
control samples were not treated before drying
(Table 1).

Physical pretreatments

Piercing of fruits with thin needle (0.7 mm diameter)
was one of the physical pretreatments. According to
this method, 20 holes were created on each fruit.
Another treatment was cutting layer by knife. In this
method layer of fruit samples were cut by knife in a
way of four fruit long scratches to be attained on the
fruits (Jazini and Hatamipour 2010).

Chemical pretreatments

Four chemical pretreatments were applied as
dipping in solutions prepared by different chemical
ingredients. T5 samples were dipped into 60°C 1%
NaOH solution for 1 minute, T6 samples were dipped
into 20°C 5% Kz2C03 + %1 olive oil solution for 5
minutes, T7 samples were dipped into 60°C 5%
K2C03 + 1% olive oil solution for 1 minute and T8
samples were dipped into 60°C 5% K2CO3 solution
for 1 minute (Table 1) (Cinquanta ve ark. 2002;
Tarhan, 2007).
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Microwave pretreatment

According to this pretreatment method, fruits were
exposed to microwave application in a microwave
pretreatment chamber under 2.5 W/g power density
for 5 minutes (Dev et al.,, 2008). These samples were
labeled as T4 (Table 1).

Table 1. Pretreatment combinations selected for

plum drying
Treatment Treatment Combination
T1 No treatment (Control)
T2 Piercing by thin needle
T3 Layer cutting by knife
T4 Microwave (2.5 g/w, 5 minutes)
T5 NaOH 1% (60°C, 1 minute)
T6 K2C03 5% + Olive o0il 1% (20°C, 5 minutes)
T7 K2C03 5% + Olive 0il 1% (60°C, 1 minute)
T8 K2C03 5% (60°C, 1 minute)

Plum samples were weighed each 24 hour from the
beginning until the end of drying with 0.01 g
sensitivity digital precision scale (Ohaus, PAJ812).
Weight loss percentages (WLP) of samples during
drying processes were calculated according to below
formula. Wi indicates the weight of plum samples at
the beginning of drying process, while Ws indicates
the weight of plum samples at each weighing point at
drying process (Tarhan, 2007). Drying process was
finished when WLP is between 74 and 75% (1).

Wi-Ws

wi

WLP =

x 100 (1)

Skin colors of dried plums were measured by Color
Meter (Konica Minolta, CR-400) according to CIE
1976 (L*, a*, b*). The lightness coefficient, “L” ranges
from black (L* = 0) to white (L* = 100). “a” is the
color of redness that positive a* indicates a hue of
red-purple and negative a* indicates bluish-green.
“b” value is yellowness and positive b* indicates
yellow while negative b*, of blue. The grid origin, a*
= 0 and b* = 0 indicates achromatic (gray) (McGuire,
1992).

Results and Discussion

Results of current study were evaluated according to
required time for desired moisture content that
indicated the main success of the pretreatment and
prune skin color which is important for
attractiveness of the product. Drying curves and fruit
quality levels of each pretreatment group occurred

significantly different but still edible fruits were
obtained from all sample groups.

Alteration of weight loss percentage (WLP) of plum
samples during drying process were illustrated in
Figure 1 and drying periods of pretreatment groups
were given with statistical classification in Table 2.
Control (T1) was the slowest drying sample and
dried in 401 hours and it was followed by pierced
samples (T2) with 355 hours. Microwave applied
plums (T4) were dried fastest (95 hours) and they
were followed by the samples dipped into 60°C 5%
K2CO3 solution (T8) (151 hours). Plums of T7 dried
in 170 hours while T5, T3 and T6 dried in 182, 200
and 226 hours, respectively.

According to the results, microwave application was
found as a beneficial method for reducing drying
time together with a drawback similar to the
previous studies which were conducted with other
fruits and vegetables (Dev et al.,, 2008; Zhang et al,,
2006). Likewise reported by Nijhuis et al. (2008), the
possibility of undesirable changes in the food
texture, for example being cooked and/or roasted,
might be caused by too rapid mass transportation by
power of microwave was observed in this study as
well. Therefore, this fact must be paid attention in
practice and in a more serious circumstance for
example when applying to another plum cultivar, a
reduced dosage and/or application time can be
suggested as two valid solutions to overcome
probable problems.

In this current study, piercing with thin needle did
not perform as good as reported by Jazini and
Hatamipour (2010). The contrast between the
results could be caused by difference in the drying
methods and plum cultivars used in the studies.
Cutting the layer by knife, a common local method
but inadequately reported in previous studies for
plums, was found as a promising pretreatment
especially where a natural and simple method is
needed.

Results of this study showed that all pretreatments
significantly reduced drying periods when compared
with control samples, and chemical pretreatments
were more effective than physical ones in reducing
drying time. Nevertheless, solution temperature
played a key role in this effect. Indeed, the results of
T6 and T7 showed that solution temperature caused
a significant difference in drying period. As a matter
of fact, drying process of T6 was even slower than
layer cutting method.
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The color scales (L* a* b*) were detected on the
skin of prunes were shown in Table 2. L* values of
pretreated plums were lower than untreated prunes
and this difference could be seen on prunes
especially on the samples of which their layer cut by
knife and dipped into olive oil added solutions.
Pretreatment methods of T4 and T8 increased the
yellowness values of prunes when compared with

untreated samples but those changes were not
significantly visible. Prunes treated by microwave
(T4), 1% NaOH (T5) and %5 K2COs (T8) solutions
resulted with higher redness values. The differences
of redness values between the pretreatments were
considerably visible that prunes having higher
redness value were found to be worse attractive.

Table 2. Results of drying periods and color measurements of different pretreatments

Treatment Hours L* a* b*
T1 401f 21.25a 3.39b 3.09b
T2 355e 19.13 ab 232¢ 2.09 cd
T3 200 cd 17.09 cb 2.66 cb 1.73d
T4 95a 18.99 ab 5.44 ab 3.47 ab
T5 182 bed 17.87b 4.84 ab 3.28b
T6 226d 17.57b 1.66d 1.66d
T7 170 bc 16.82 ¢ 3.36b 2.58 ¢
T8 151b 19.15 ab 6.34 a 4.06 a

Differences between values signed with different letters are significant at P < 0.05
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Figure 1. The weight loss percentage values (WLP) of plums over time

The results of this study suggest that 5% K2COs3
solution, with or without olive oil addition, is a better
formula than 1% NaOH solution which has been
reported as one of the best chemical pretreatments
in previous studies for plum drying (Jazini and
Hatamipour 2010; Tarhan, 2007). However, both
NaOH and K2COs3 applications cause undesired color
alterations and thereby quality loses. Based on the
results of T6 and T7, it can be inferred that lower

solution temperature decreases color alterations
caused by chemical pretreatments. Similarly, olive
oil addition to pretreatment solution improves
quality of prunes by contributing a shiny skin finish
and protecting against discoloration caused by
chemicals and sun light. However, olive oil addition
to pretreatment solution decelerates drying process
probably because of moisture lost inhibition from
the cracks obtained by abrasion effect of chemicals.
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Conclusions

Although chemical pretreatments have notable
potential for reducing drying time, they are being
discouraged since consumers demand natural and
safe food especially with organic foods becoming
more popular. This fact brings the requirement for
healthier and safer methods in food processing. For
those reasons, the effects of some physical and
chemical pretreatment combinations and microwave
pretreatment on the drying qualification of plums at
sun drying method were compared in this study. The
study was resulted with original findings with a
potential useful support in practice for stakeholders.
When the pretreatment methods included in this
study evaluated together with their strengths and
weaknesses, especially physical methods were
concluded as beneficial pretreatments to obtain high
quality prunes while reducing drying period.
Another benefit of physical methods would be the
convenience for organic production.
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