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ABSTRACT

The purpose of this study is to determine the influence of abrasive pre-treatments on plum drying time compared to the
conventional ones. The mechanical pre-treatment examined included the abrasion at three different cylinder rotation times: 5, 10 and
15 min. The chemical pre-treatment under consideration included the immersion of plums in alkaline solution (KOH) of different
concentrations (0.5, 1 and 1.5 % (v / v)) at 60 °C for one minute. The thermal treatment performed included the immersion of fruits in
distilled water at 60 °C for one minute. As a control (untreated) sample, fruits with waxy lawyers were used. According to the results
obtained, the drying time of plums was significantly reduced compared to the control sample (97 h): in the samples treated with
distilled water (thermal treatment) drying time was reduced by 21 h, whereas the drying time reduction of up to 68 h was reorded
using a KOH solution of 1.5 % . In the samples pre-treated by abrasion for 15 min, the drying time recorded was also reduced by 68
h compared to the control samples, thus proving the exceptional efficiency of abrasive pre-treatment in plum drying.
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REZIME

Novija istraZivanja suSenja Sljiva podrazumijevaju temperature nize od 50°C, s udjelom vode u plodu oko 35%. Proces suSenja
Sljiva je spor i energetski zahtjevan zbog specificnog vostanog sloja kojim je prekrivena koZica ploda. Kako bi se uklonila vostana
previaka i omogucilo slobodno kretanje vode potrebno je prije procesa suSenja primijeniti predtretmane kojim se omogucuje
razgradnja vostane prevlake, a time i stvaraju mikroskopske pukotine koje poveéavaju propusnost vode. Potraznja trZista za ekoloski
materijale. Cilj ovog rada bio je istraZiti utjecaj primjene abrazivnog predtratmana na vrijeme suSenja u odnosu na konvencionalne
predtretmane. Mehanicki predtretman ukljucivao je upotrebu abrazije pri tri razlicita vremena vrtnje cilindra: 5, 10 i 15 minuta.
Kemijski predtretman ukljucivao je potapanje plodova u otopinu luzine (KOH) razlicitih koncentracija 0,5, 1 i 1,5% (v/v) pri
temperaturi 60°C i trajanju od jedne minute. Toplinski predtretman ukljucivao je potapanje plodova u destiliranu vodu temperature
60°C u trajanju od jedne minute. Kao kontrolni uzorak koristeni su plodovi koji nisu predtretirani, odnosno nije im uklonjena vostana
previaka. Prema dobivenim rezultatima vrijeme susSenja se znacajno skratilo u odnosu na kontrolni uzorak (97 h) i to kod tretmana
destiliranom vodom za 21 sat, a upotrebom otopine KOH 1,5% za cak 68 sati. Kod uzoraka tretiranih abrazijom uz vrijeme vrtnje od
15 min vrijeme suSenja se takoder skratilo za 68 sati ¢ime se moze potvrditi iznimna ucinkovitost abrazivnog predtretmana u procesu

suenja ploda Sljive.

Key words: abrazija, hemijski predtretmani, vreme suSenja, konvencionalno, Sljiva.

INTRODUCTION

Owing to a high water content, fresh plum fruits are
vulnerable to spoilage and thus often processed into different
products. One of the most important plum products are prunes
obtained by different drying methods. The technology of prune
production is mainly based on drying at high temperatures
(between 85 and 90°C), with lower fruit water contents (between
20 and 26 %) (Okos et al., 1992; Cvejanov et al., 2004). Drying
period significantly depends on the type and preparation
methods of raw materials, as well as the use of pre-treatment
(Okos et al., 1992; Cvejanov et al., 2004; Grabowski, 2005;
Miti¢ at al., 2015). The dehydration of fruit at high temperatures
can adversely affect the fruit quality on account of the texture,
color, flavor, nutrient and bioactive compound losses, which
require high energy consumption. Recent studies on fruit drying
have included temperatures lower than 50 °C with a higher final
fruit water content of about 35 % and longer time period (UN,
2003; Tarhan, 2007; Adiletta et al., 2015). Abrasive drying
method has a positive effect on the texture, color, taste and
nutritional value of fruit, featuring relatively low energy with a
longer drying period of 50 to 72 h (Cingvanta et al., 2002;
Doymaz and Pala 2002; Adiletta et al., 2014). Drying process of
plums is slow and energy-demanding due to a specific waxy
layer that covers the fruit skin. In order to remove the waxy
coating and allow the free movement of water from fruit, it is

necessary to apply pre-treatments which decompose the waxy
layer and create microscopic cracks increasing the water
permeability. The drying of pre-treated fruits is significantly
faster compared to untreated ones (Cingvanta et al., 2002;
Doymaz and Pala 2002, Gazor et al., 2014, Bursaé et al., 2014).
The most common pre-treatments used in the technology of
prune production are based on different thermal and chemical
treatments. However, the growing demand of market and
consumers for more environmentally friendly products has led to
the development of abrasive pre-treatments which use various
inert materials to remove wax coating from the fruit skin (Di
Matteo et al., 2000; Di Matteo et al., 2002; Cinquanta et al.,
2002; Adiletta et al., 2014; Adiletta et al., 2016). Therefore, the
objective of this study was to determine the influence of abrasive
pre-treatment on the plum drying time compared to the
conventional pre-treatments.

MATERIALS AND METHODS

For the research purposes, plum fruits of the cv. ‘Bistrica’
were used, obtained from the experimental orchard in Donja
Zelina. Fruits were collected in the optimum harvest period,
when the dry soluble solids and total acids ratio were optimal for
the cultivar selected. The fruits were collected manually in
plastic containers at early morning hours and dry weather. After
harvest, fruits were transported to the laboratory of the Croatian
Agency for Food and Agriculture for analysis. Fruits intended
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for drying were sorted according to the size, previously
removing all fruits with mechanical damage. Before drying,
fruits were washed and pitted mechanically. For the purpose of
waxy layer removal from the fruit skin, different pre-treatments
were used: mechanical, chemical and hot water treatments
(thermal). The mechanical pre-treatment performed included the
abrasion using a cylinder coated on the inside with the inert
abrasive material type PW400. The cylinder rotation speed was
120 rpm, and the abrasive pre-treatment was performed at three
different cylinder rotation times: 5, 10 and 15 min. The chemical
pre-treatment performed included the immersion of fruits in
alkaline solution (KOH) of different concentrations (0.5, 1 and
1.5 % (v/v)) at a temperature of 60 °C for one minute. After the
chemical pre-treatment, fruits intended for drying were washed
several times with distilled water in order to remove the excess
alkaline. The thermal treatment performed included the
immersion of fruits in distilled water at a temperature of 60 °C
for one minute. Table 1 shows the experiment design of plum
fruit pre-treatments. Control samples were fruits which were not
pre-treated, i.e. featuring a waxy layer.

Table 1. Design of the plum pre-treatment experiment

Treatment | Sample ;rr:::g Solvent (‘;):?/r/]\'/) Tem(r:%r?ture
Control C - R i ;
Al 5 - - -
Abrasia A2 10 _ ; -
A3 15 - - -
K1 1 | KOH 0.5 60
Chemical K2 1 KOH 1.0 60
K3 1 | KOH 15 60
Thermal D 1 H,0 _ 50

Before drying, the total moisture content of all plum fruits
was determined using the standard method (AOAC, 1995). After
pre-treatment, fruits were properly arranged in the primary layer
on the drying shelf. The drying process was conducted by
convection in a chamber drier at an air flow rate of 2.0 m s™ and
at a constant temperature of 42 °C. The drying process was
conducted in triplicate: each replication involved one shelf used
for drying 2.2 kg of fruits. Such prepared fruits were dried until a
constant moisture content of 35 %. During the entire drying
process, the fruit mass was determined every four hours and the
moisture content was calculated according to Equation 1.

W2 =100 — = x (100 — W1) (1)
2

where W2 is the fruit moisture content (%) during drying;
W1 is the initial fruit moisture content (%) before drying; m1 is
the mass sample (g) before drying; and m2 is the mass sample
(9) during drying. In order to determine the final mass to which
the fruits should be dried to achieve a water content of 35 %, the
calculation according to Equation 2 was used.
myx(100-W1)

100-w2

RESULTS AND DISCUSSION

The moisture content loss during plum fruit drying is shown
in Graphs 1 and 2. According to the results obtained, the longest
drying time (97 h) was recorded in samples in which waxy layer
was not removed (C, Graph 1), proving the waxy layer removal
necessary before plum drying. Other research also confirms that
pre-treatments use significantly shortened drying times
(Cinquanta et al., 2002, Di Mateo et al, 2002, Tarhan, 2007,
Jazini and Hatamipour, 2010, Gazor et al., 2014). In this study,
the use of pre-treatment also significantly shortened the drying
period of plums: 21 h shorter in the instance of the sample D, 68

@

m, =

h shorter in the instance of the sample A3, and even 69 h in the
instance of the sample K3 (all compared to the control sample
(C)). Accordingly, pre-treatments, regardless of the type
(thermal, mechanical or chemical), are required in order to
reduce the drying time of plums. The use of chemical pre-
treatments with alkaline solution (KOH), regardless of the
concentration (0.5, 1 and 1.5 % v/v), greatly reduced the drying
time, even 2.5 times compared to the thermal treatment with
distilled water (D). The loss of moisture content (%) from plums
pre-treated by alkaline solution, regardless of the concentration
(K1, K2, K3), was uniform during the whole drying period
(Graph 1). The results of chemical pre-treatment effects on
drying time obtained in this research are in accordance with
other literature data (Gazor et al., 2014). Tarhan (2007) used
different chemical pre-treatments (4 % ethyl oleate (v/v), 1 %
KOH (v/v) and 1 % NaOH (v/v) at two different temperatures
(23 and 60 °C) and thermal pre-treatments which included the
immersion of plums in distilled water at two different
temperatures: 23 and 60 °C) and compared their effect on drying
time. According to the results obtained, the author concluded
that the treatment with KOH and NaOH (1 % v/v) at 60 °C was
the most efficient in shortening the time during plum drying
compared to the other varied pre-treatments, even when the
lowest drying temperatures (< 55 °C) were used. During the use
of mechanical pre-treatment by abrasion, the duration of
abrasion application significantly influenced the drying time.
The shortest drying time was determined in the sample treated
by abrasion for 15 min A3 (29 h), which is compared to the
abrasion application of 5 min Al (42 h) and 10 min A2 (36 h)
leading to 45 % and 24 % shorter drying time, respectively.
Plum samples pre-treated by abrasion showed differences in the
loss of water content (%) during drying: the most rapid water
content loss was obtained in the samples pre-treated by abrasion
for 15 min (A3). Comparing the effect of chemical and
mechanical pre-treatment in plum drying, it can be concluded
that the same period of 29 h was needed for plum drying to the
intended final fruit moisture content of 35 %. Similar results
were obtained by Jazini and Hatamipour (2010), who studied
the effects of mechanical pre-treatment by needle piercing of
skin fruit and chemical pre-treatment by fruit immersion in
NaOH (1 % v/v) at 100 °C on the drying time of plums. The
authors concluded that mechanical treatment was more efficient
in shortening the drying time of plums compared to the chemical
pre-treatment. Cinquanta et al. (2002) compared the efficiency
of mechanical pre-treatment by abrasion for 15 min and
chemical by ethyl oleate (2 % v/v) and K,CO; (2.5 % v/v) at 60
°C and also concluded that abrasion pre-treatment significantly
shortened drying time compared to the varied chemical pre-
treatments. In order to determine the loss of water content during
plum drying and to obtain drying curves, the derivation of the
second-degree polynomial equations (Graphs 1 and 2) was
calculated (Table 2). Accordingly, linear equations were
obtained, on the basis of which curve slope coefficients were
compared (Table 2). The slope coefficients significantly differ
depending on the pre-treatment used. The highest slope
coefficient (0.0042) was determined in the sample pre-treated by
abrasion for 15 min (A3), followed by the samples Al and A2.
In the samples chemically pre-treated (K1, K2 and K3), the
highest slope coefficient (0.0024) was determined in the sample
pre-treated with KOH solution of 1.5 % concentration, followed
by the sample treated with 0.5 (K1) and 1 % (K2) KOH solution.
In the thermally pre-treated sample (D), a slope coefficient of
0.0006 was determined. The control sample (C) had the lowest
slope coefficient (0.0004), suggesting that the water content loss
in this sample was the lowest. According to the obtained slope
coefficients, it can be concluded that the pre-treatment type
strongly affects the water loss content and is required as one of
the major steps in the technology of plum drying.
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Fig. 1. Loss of water content (%) during the drying of untreated
plum fruits (control), fruits treated with KOH and H,O

e y=-00177x- 1.0356x+82.472
e R?=0.997
Ty =-0.0342x- 3.161x+85.587 T m.
R?=0.9902 g

¥ =-0.2089x - 3.8902x + 86.076 o
R = 0.9964 ¥=00673x- 5.2958x + 88,751

R?=0.985

Water content (%)
z

0 4 812162024 282930 32364042 44 4852 56 60 64 68 72 76 30 84 87 88 92 95 96 97

Drying time (h)
=== Control —— Abragia Smin  -------- Abrasia 10 min Abrasia 15 min

Fig. 2. Loss of water content (%) during the drying of untreated
plums (control) and abrasion-treated fruits

Table 2. Derivation of the second-degree polynomial
equations for drying curves and final drying time of each sample

Sample | Derivation of the second-degree | Final drying time
polynomial equations (hour)
C dw/dt = -0.0134 — 0.0004t 97
Al dw/dt = -0.0271 — 0.0020t 42
A2 dw/dt = -0.0419 — 0.0010t 36
A3 dw/dt = -0.0389 — 0.0042t 29
K1 dw/dt = -0.0665 — 0.0006t 29
K2 dw/dt = -0.0683 — 0.0014t 29
K3 dw/dt = -0.0546 — 0.0024t 28
D dw/dt = -0.0181 — 0.0006t 76
CONCLUSION

Pre-treatment types strongly affect the drying time of plums.
Chemical treatments with alkaline solution (KOH) of the highest
concentration (1.5 % v/v) shorten the plum drying time. In the
samples treated by abrasion, drying time was also shortened,
thus indicating that the abrasion pre-treatment is highly efficient
during plum drying. Mechanical pre-treatments in the drying
process of plums have not been studied in great detail thus far so
further studies are in order, focusing not just on the effect of
mechanical pre-treatments on drying time but also on the
nutritive quality of final products.
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