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Kiikiirtlenmis Kayisilarin Raf Omriinii Uzatmada Kiikiirtiin Etkisinin Kinetik Incelenmesi

Duygu GURBUZ!, Yunus ONALY, Tugba UTKU?

One Cikanlar: OZET:
+ K
. R:glas:nrﬁ Bu calismada Malatya ilindeki fabrikadan temizlenmis farkli kiikiirt degerlerine sahip kiikiirtlenmis kayisi

alinmustir. Bu kayis1 numuneleri satisa sunulan ambalaj igerisinde market ortamindaki sicaklik degerlerinde
(4, 26 ve 40°C sicaklik) muhafaza edilerek kiikiirt dioksit degerleri giinliik olarak tayin edilmistir. Deneysel
stireler sonucunda numundeki kiikiirt dioksitin hesaplanarak azalma hizi ve diger veriler hesaplanmigtir.
- Kiikirtlenmis kayist Kiikiirt dioksitin farkli sicakliklarda zamanla degisiminden kayip hiz1 ve Kinetigi belirlenmistir. Elde edilen
e Yar 6miir sonuglardan kiikiirtlii kayisinin ambalaj igerisinde fakli sicakliklarda raf omrii, bozulma, kiikiirt dioksit
«  Kinetik degerinin raf omrii ilizerine etkisi gibi onemli sonuglar elde edilmistir. Farkli oranlarda kiikiirt igeren
. Kiikiirt dioksit kayisisnin analiz sonuglarina gore kinetik ¢aligmada kuru kayisi orneklerinde, rafta kalma siiresince
meydana gelen; nem ve SOz kaybi incelendiginde 4°C i¢in birinci derece kinetik modele uygun, 26 ve 40°C
igin de ikinci mertebe kinetik modele uygun oldugu belirlenmistir. Deneysel sonuglardan 4°C sicklikta 980
saat siire sonunda, 26°C sicaklikta 525 saat siire sonunda satisa sunulan 6rneklerin kiikiirt uzaklasma
degerleri oldukga diisiik elde edilmistir. 40°C sicaklik degerinde yaklasik 740 saat siire sonunda nem ve
SOz kayiplart hizlanmistir. 4°C sicaklikta rafta bekleme siiresince 3280 ppm diizeyinde kiikiirt dioksit igeren
ornekte 980 saat siire sonunda % 11 oraninda kiikiirt dioksit kaybi olmustur. Ayni numunelerde 40°C
sicaklikta 740 saat siire sonunda % 46 oraninda kiikiirt dioksit kaybi belirlenmistir. Yiiksek sicakliklarda
kiikiirt dioksit kaybmim daha fazla oldugu belirlenmistir. Orneklerin nem agisindan saklama kosullari
incelendiginde 4 ve 40°C sicakliklarda 29 giin sonunda kayis1 nemini %52-85 araliginda kaybetmektedir.
Satiga sunulan ambalajli kiikiirtlenmis kuru kayisinin su aktivitesinin %25 oldugu temel alindiginda yapilan
bu caligmada bu degere gore yaklasik ortalama 25 giin raf 6mrii saptanmigtir.

«  Ambalaj

Anahtar Kelimeler:

Kinetic investigation of The Effect of Sulfur on Extending The Shelf Life of Sulfurized Apricots

Highlights: ABSTRACT:
» Apricot . . . - . .
. Sr?elf life In this study, sulphurized apricots with different sulfur values were obtained from the factory in Malatya
- Packaging province. These apricot samples were kept at market temperature values (4, 26 and 40°C) in the package
offered for sale, and their sulfur dioxide values were determined daily. As a result of the experimental
Kevwords: periods, reduct_lon_rate and other_ da_ta were determlr_led by calc_ulatlng the sulfu_r dl0X|d_e in the sample. Also,
mous loss rate and kinetics of sulfur dioxide were determined from its change over time at different temperatures.
apricots From the results obtained, important findings such as shelf life of sulphurous apricots at different

«  Half life temperatures in the package, deterioration and effect of the sulfur dioxide value on the shelf life were

' obtained. According to the analysis results of apricots containing different amounts of sulfur, when the
moisture and SOz loss in dried apricot samples during their stay on the shelf were examined in the kinetic
study, it was determined that it was suitable for the first order kinetic model for 4°C and the second order
kinetic model for 26 and 40°C. From the experimental results, quite low sulfur removal values were
obtained for the samples offered for sale after 980 hours at 4°C and 525 hours at 26°C. Moisture and SO2
losses accelerated after approximately 740 hours at a temperature of 40°C. In the sample containing 3280
ppm sulfur dioxide during shelf storage at 4°C, there was an 11% loss of sulfur dioxide after 980 hours. A
46% sulfur dioxide loss was determined in the same samples after 740 hours at 40°C. It has been determined
that sulfur dioxide loss is greater at higher temperatures. When the storage conditions of the samples were
examined in terms of humidity, it was observed that apricots lost their moisture in the range of 52-85% after
29 days at temperatures of 4 and 40 °C. Based on the fact that the water activity of the packaged sulfurized
dried apricots offered for sale is 25%, in this study, an average shelf life of approximately 25 days was
determined according to this value.

» Kinetic,
»  Sulfur dioxide
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INTRODUCTION

Due to the recent increase in the importance given by developed countries to the agricultural sector,
it has led to the development of policies based on the progress of the sector. In the field of agriculture,
great efforts are being made in cooperation with the private sector, state sector, universities and other
institutions to ensure sustainability and increase productivity in agriculture. When the Common
Agricultural Policy implemented by the European Union countries is taken into consideration in this
sense, the importance and extent of the work carried out for the development of the sector can be
understood. In accordance with the Common Agricultural Policy, the EU spends approximately 40% of
its budget (55 billion €) on the agricultural sector every year (Davis, 1972; Davis et al 1975; Davis et al
1973).

Increasing interest in the agricultural sector of countries that can be considered superior to Turkey
with their institutional structures and technologies is a situation that should be followed. (Stern et al.,
2007). Turkey, like other countries, must quickly adapt to the changing developments and trends in the
world and increase its competitiveness.

Agricultural sector has an important place in the Turkish economy. With its geographical location,
natural riches and climate, Turkey has suitable conditions for growing many agricultural products.
Turkey does not have the place it should be in agriculture due to inadequate policies, technology,
research and development activities, and education (Budak and San, 2017).

Apricot (Prunus armeniaca L.) is in the Prunus genus of the Rosaceae family. Apricot, which we
can say is a temperate climate fruit, generally grows in places where the vineyard climate prevails in
Turkey. However, some varieties and types also grow in subtropical climate conditions. Because it is
damaged by excess moisture, it does not grow in many regions of the Black Sea Region (Kocaeli,
Zonguldak, Bolu, Ordu, Trabzon and Rize) and in the high plateaus of Eastern Anatolia where severe
winter cold is effective (Ozgagiran et al., 2004).

Considering that Turkey is the leader in the apricot sector in world production, it should closely
follow the developments in the sector and focus on it. With their quality and taste, the apricot varieties
grown in Malatya are the most admired apricots in the world. Exporting products as raw materials in the
sector and processing these products in foreign countries causes the mistake of increasing their added
value (Karagali, 2006; Asma et al., 2000). Processing apricots and obtaining added value from the
product in this way will be beneficial for producers, industrialists, and Turkey.

Golden yellow dried apricot color has a significant impact on consumer demand. During drying
and storage, apricots lose their characteristic golden yellow color due to browning reactions. Nowadays,
apricots are sulfurized before drying to prevent both enzymatic and non-enzymatic browning reactions.
The sulfurization process, which is an important stage of dried apricot production, is carried out by
farmers who do not have the knowledge and sufficient resources. This situation causes excessive
sulfuration of the produced apricots and negatively affects our dried apricot exports. Thus, it cannot
provide sufficient income, especially for our farmers and then for our country's economy (Salurcan,
2018; Korbel et al 2013; Wedzicha, 1984; WHO Food Additives Series 2008).

The fruits harvested in the sulphurization process with traditional methods are placed on the drying
boards (kerevet). Apricots placed on the drying boards are placed in the sulphuring chambers. In one
corner of the room, a furnace with powdered sulfur is lit (2 kg of powdered sulfur for 1 ton of fresh
apricots) and the door of the room is tightly closed. In order for the fruits to absorb the sulfur gas
thoroughly, they are kept in the heating chamber for 6-8 hours. Afterwards, the fruits are taken out of
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the warming room and placed in a single row on a cloth in a sunny area and left to dry (Sobutay, 2003;
Freedman, 1980).

Aim of the research is to kinetically examine change in sulfur values of sulfurized apricots, which
are offered for sale on the shelves, specific to Malatya province, during their stay on the shelves. Malatya
apricot is important for the reasons mentioned. Every study and research on apricot is needed. Our aim
is to make a small contribution to the apricot industry with the research carried out. The aim of the
research is to analyze the enterprises that produce apricots in Malatya province and to reflect it to the
whole province of Malatya, and therefore to the Turkish apricot sector

MATERIALS AND METHODS

In the study, 2000, 3000, 4000, 5000 ppm sulphurous apricots and sun dried apricot samples from
Cologlu, Hacihaliloglu, Kabaasi and Karacabey were purchased from the apricot processing factory
through BAP. In this study, H202 (Sigma-Aldrich 7722-84-1), NaOH (Sigma-Aldrich 1310-73-2), HCI
(Sigma-Aldrich 7647-01-0), C19H10Br405S (Sigma-Aldrich 115-39-9) were used as chemicals in the
analysis processes. Samples were weighed using Denver Instrument and Precisa 3100 C Balance. In
addition, Niive PN500 oven was used for drying processes and Moulinex HV6 Meat Grinder was used
for grinding processes.

Sulfur analysis method in apricot

In this study, Cologlu, Hacihaliloglu, Kabaasi and Karacabey apricot samples in the packaging at
the final sales point were taken from the sales point and some of them were sulfurized and some were
used without sulfurization. The sulfurization method of apricots was performed as the 'traditional
sulfuration method'.

Sulfur dioxide determinations were carried out in the laboratory at temperature conditions of 4, 26
and 40°C, taking into account features such as apricots, packaging material, temperature and light
properties. Analyzes were terminated when the sulfur dioxide value became constant.

In the study, distillation method introduced by Monier Williams (1927), standardized by TSE, and
modified by Reith and Willems in 1958, was used to determine sulfur (Gokge 1966). First of all, ready-
to-pack apricot samples containing 2000, 3000, 4000 and 5000 ppm sulfur and sun dried apricots were
purchased from the factory through BAP. Apricots were weighed into half-kilo polystyrene containers,
which is the most commonly used packaging at sales points, and covered with (PET) stretch film, which
is used in food packaging. Apricots were stored at temperatures of 4, 26 and 40°C. Appropriate amounts
of samples were taken from the packaging at certain time intervals and prepared for analysis. First of all,
the apricots were milled, 5 g of sample was weighed and the experimental setup was prepared before the
distillation process. Then, 150 ml of distilled water was placed in a 1 L distillation flask and N2 gas was
sent to the system for 15 minutes, producing 30 bubbles per minute. In this way, oxygen that causes the
oxidation of SO, to sulfate (SO4)2 was removed from the medium. Then, 130 ml of distilled water, the
weighed apricot sample and 40 ml of 15% HCI solution were added to the distillation flask. 10 ml of 3%
H20. was added to the distillate collection flask. The relevant mixture was boiled in the heater for
approximately 90 minutes (Figure 1) Sulfur dioxide (SO2) in dried apricots was liberated with
hydrochloric acid (HCI) and distilled in an inert gas atmosphere of nitrogen (N2). Then, the distillate
was converted to sulfuric acid with hydrogen peroxide (H20z) in the collection flask. Amount of SO in
apricots was calculated from the amount of base consumed by titrating the acid formed with adjusted
NaOH solution. Therefore, the international standard method was used in sulfur dioxide analysis. Also,
weighings were performed on analytical precision balances available in our laboratory and, the samples
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were analyzed by keeping them in a temperature-controlled oven in the laboratory. Distilled water was
used in the all experiments.

Figure 1. Sulfur analysis mechanism

Drying method in an oven
In this section, apricot types that contain and do not contain sulfur in certain proportions were

used. Apricot samples arranged in Petri dishes were weighed more frequently at the first time intervals
and then expanded at later time intervals. Then, moisture content was noted. The process continued until
the moisture content in the apricots was constant.

Figure 2. Before and after drying in the oven of (a) 2000 ppm, (b) 3000 ppm, (c) 4000 ppm, (d) 5000 ppm, (€) Sun Dried (Giin Kurusu)

As can be seen in the Figure 2, color and odor changes were observed in the apricots dried in the
oven as a result of the amount of moisture removed.
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RESULTS AND DISCUSSION

Change in Free Moisture Value

Free moisture-time curves used in the graphical evaluation of the results of the experiments carried
out at certain time intervals at 4°C, 26°C and 40°C were examined at different sulfur concentrations
(2000, 3000, 4000 and 5000 ppm) and sun dried apricots. The free moisture change over time was
examined separately for all temperatures and concentrations and the results were given in Figures 3, 4,
5.

When Figure 3 is examined, results regarding the loss of free moisture at the end of 816 hours for
2000, 3000, 4000 ppm sulfur apricots and sun dried for 4°C operation and at the end of 768 hours for
5000 ppm are as follows:

It can be seen that free moisture decreases over time for a concentration of 2000 ppm. Total change
in free moisture is 85.29%. In other words, it is seen that apricots with 2000 ppm sulfur lose a great deal
of moisture in storage conditions depending on the packaging material used.

In the experiments carried out at 3000 ppm, change in the free moisture value is in the direction of
increasing compared to the 2000 ppm sample. The increase is related to the storage conditions of the
sample as well as the ambient humidity. Considering that all experiments were carried out under the
same conditions (constant temperature, humidity and pressure), amount of the free moisture at the
beginning was 0.003047, while amount of free moisture after drying was found to be 0.001333.
Accordingly, approximately 56.35% moisture was removed from the apricot.

When the free moisture change was examined in the experiments performed at 4000 ppm, the
amount of free moisture at the beginning was 0.0012, while the amount of free moisture at the end of
drying was found to be 0.0003. Accordingly, approximately 75% moisture has been removed from the
apricot. Decreases and increases at certain time intervals are associated with opening and closing the
package during sampling.

0,0025
0,002
0,0015 /
0,001

0,0005

X (kg total water/kg dry solid)

0 100 200 300 400 500 600 700 800 900
t(h)

—e— Sundried ——2000 ppm 3000 ppm —@— 4000 ppm 5000 ppm

Figure 3. Curve of drying versus flow rate of sulfur apricots and sun dried fruits studied at different concentrations under
storage conditions at 4°C

When the change in free moisture value was examined in the experiments performed at 5000 ppm,
amount of free moisture at the beginning was 0.0019, while amount of free moisture at the end of drying
was found to be 0.0015. Accordingly, approximately 21% moisture was removed from the apricot.
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Decreases and increases at certain time intervals are associated with opening and closing the packaging
during sampling. However, at 5000 ppm concentration, the change in free moisture remained less after
a longer period of time compared to others, which can be explained by the fact that sulphurous structures
bind more water in the body.

In the experiments performed on sun-dried apricots, change in the free moisture value was at a
minimum level compared to the sulphurous samples. While amount of the free moisture at the beginning
was 0.00018, amount of the free moisture after drying was found to be 0.00017. Accordingly,
approximately 5.6% moisture was removed from the apricot.

In summary, since amount of the moisture in the environment is low under cold storage conditions,
water in the material will move away from the environment through evaporation. This is the reason for
the decrease in the amount of free moisture. Therefore, in cold storage conditions, it should be taken into
account whether environment is fully closed or semi-open.

As can be seen in Figure 4, results regarding the loss of free moisture after certain periods for
2000, 3000, 4000 ppm, 5000 ppm and sun-dried under the 26°C condition are as follows:

In the experiments carried out at 2000 ppm, change in the free moisture is not much. Reason for
this can be explained by the fact that the inside of the package and the ambient humidity are the same.
While amount of the free moisture at the beginning was 0.00711, amount of the free moisture after
drying was found to be 0.007202. Accordingly, moisture in the apricots increased by approximately
1.29%.

Change in free moisture value in the experiments performed at 3000 ppm is similar to that of 2000
ppm. While amount of the free moisture at the beginning was 0.00232, amount of the free moisture after
drying was found to be 0.00247. Accordingly, moisture in the apricots increased by approximately
6.46%.

0,0185

0,0165

0,0145 26°C
0,0125

0,0105

0,0085 \\
[ . A 4 >
0,0065 \.><‘\:>~z_
S

0,0045 A —— — -
0,0025

X (kg total water/kg dry solid)

0,0005
-0,0015 0 100 200 300 400 500 600

t (h)

Sun dried —&— 2000 ppm 3000 ppm —&— 4000 ppm 5000 ppm

Figure 4. Curve of drying versus flow rate of sulfur apricots and sun dried apricots studied at different concentrations
under storage conditions of 26°C

In experiments conducted at 4000 ppm, change in the free moisture is greater, unlike other 2000
and 3000 ppm concentrations. While amount of the free moisture at the beginning was 0.00972, amount
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of the free moisture after drying was found to be 0.00651. Accordingly, approximately 33% moisture
was removed from the apricot.

In experiments conducted at 5000 ppm, change in the free moisture up to 360 hours is higher,
unlike other 2000, 3000 and 4000 ppm concentrations. While amount of the free moisture at the
beginning was 0.00711, amount of the free moisture after drying was found to be 0.00378. Accordingly,
approximately 47% moisture was removed from the apricot.

Change in the free moisture for sun-dried apricots is not much compared to the sulfur-containing
ones. While amount of the free moisture at the beginning was 0.00753, amount of the free moisture after
drying was found to be 0.00545. Accordingly, approximately 27% moisture was removed from the
apricot.

Variation in free moisture at 26°C is lower than that of at 4°C.

As shown in Figure 5, results regarding the loss of free moisture at the end of certain periods for
2000, 4000, 5000 ppm, 3000 ppm and sun dried for 40°C operation are as follows:

In the experiments carried out at 2000 ppm, it was observed that the moisture was rapidly removed
at the initial value with the change in the free moisture value. While the amount of free moisture at the
beginning was 0.033, the amount of free moisture after drying was found to be 0.00461. Accordingly,
approximately 86% maoisture was removed from the apricot.

In the experiments carried out at 3000 ppm, it was observed that the moisture was removed rapidly
at the initial value when the free moisture value changed. While amount of the free moisture at the
beginning was 0.0345, amount of the free moisture after drying was found to be 0.00812. Accordingly,
approximately 76% moisture was removed from the apricot.

In the experiments carried out at 4000 ppm, it was observed that the moisture was removed rapidly
at the initial value when the free moisture value changed. While amount of the free moisture at the
beginning was 0.038, amount of the free moisture after drying was found to be 0.012. Accordingly,
approximately 68% maoisture was removed from the apricot.
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Figure 5. Curve of drying versus flow rate of sulfur apricots and sun dried apricots studied at different concentrations
under storage conditions of 40°

In the experiments carried out at 5000 ppm, it was observed that the moisture was removed rapidly
at the initial value when the free moisture value changed. While amount of the free moisture at the
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beginning was 0.035, amount of the free moisture after drying was found to be 0.00472. Accordingly,
approximately 87% moisture was removed from the apricot.

In the experiments performed on sun-dried apricots, it was observed that the moisture was removed
rapidly at the initial value when the free moisture value changed. While amount of the free moisture at
the beginning was 0.053, amount of the free moisture after drying was found to be 0.009. Accordingly,
approximately 83% moisture was removed from the apricot.

When the results obtained from the figures are evaluated, the high level of free moisture loss can
be explained by the opening of the pores due to the high temperature and the increased tendency of water
to evaporate. As a result of the increase in water vapor concentration in the packaging, driving force for
mass transfer increased due to both the pressure difference and the concentration difference between the
external environment. As a result, moisture loss increased.

In summary, when storage conditions are examined in terms of humidity, apricots lose 52-85% of
their moisture after 29 days at temperatures between 4 °C and 40°C. The cold refrigerator environment
causes moisture loss just like the warm environment. When the moisture content of ready-to-eat apricots
falls below approximately 25%, it becomes hard and difficult to chew. Therefore, ambient humidity
conditions, temperature and packaging are of great importance in determining the shelf life. However,
shelf life of sulfur apricots may vary depending on the consumption method. Considering that water
activity of packaged sulfurized dried apricots offered for sale should be 0.25 (free moisture 25%), an
average shelf life of approximately 25 days can be given according to this value in this study. However,
when the dried apricots reach the initial moisture value again, they can be put on sale after the necessary
tests are carried out.

Change in Sulfur Amount

Sulfur is of great importance due to its importance in terms of health, both in the shelf life and
consumption of apricots. Particularly compared to other fruits, apricot is a type of fruit that is easily
spoiled and very difficult to store. Due to this feature, drying and storing of apricots has become
important. In addition, short duration of consumption and durability when dried without additives
necessitated the use of sulfur in drying and storing apricots. Therefore, drying and storing fresh apricots
by sulfur has been used for many years as the most reasonable method

4°C
7000
6000
5000
'E 4000
S
g , 3000
< e
~ 2000 ~_
o
wv 1000
0
0 200 400 600 800 1000 1200
t(h) man (h)
Sun dried — 2000 ppm 4000 ppm == 5000 ppm = 3000 ppm

Figure 6. Change of sulfur dioxide amount in apricots over time under storage conditions at 4°C

Therefore, amount of sulfur in sulfurized apricots and their storage conditions have always been
questioned. However, its importance has increased with the fact that sulfurized apricot strengthens the
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immune system. Shelf life of apricots after their sulfurization is of great importance in putting it on sale.
Since darkening of the color of apricots due to the decrease in sulfur in low sulfur rates has a negative
effect on sales and appeal, determining decrease in sulfur rate in sales conditions and shelf life has gained
importance.

As shown in Figure 6, there is not much change in the sulfur dioxide rates of packaged apricot
samples with 2000, 3000, 4000, 5000 ppm sulfur and dried sun dried apricots until approximately 950
hours at 4°C. Mass transfer from outside to inside and from inside to outside was minimal in apricots
packaged at 4°C. Based on this, as seen in the graphic, it is the most suitable storage condition. The fact
that there is no change in the sulfur rate despite the decrease in free moisture indicates that the sulfur is
in the form of an organic compound and not in a form that can interact with water. Moreover, even if
free sulfur dioxide forms sulfate acid with water, when the water evaporates, it remains in the structure
of the apricot in the form of sulfur sulfate. This is the main reason why apricots are preserved by
sulfurization.

SO0
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3000

2000

SO, Amount

1000

0 100 200 300 400 500 600
t(h) Zaman (h)

) 000 ppIM 3000 ppm 4000 ppm e==5000 ppm * Sun dried

Figure 7. Change of sulfur dioxide amount in apricots over time under storage conditions at 26°C.

When Figure 7 is examined, it is seen that the amount of sulfur removal in all samples is at a
minimum level at 26°C. The situation is similar with storage conditions at 4°C.
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Figure 8. Change of sulfur dioxide amount in apricots over time under storage conditions at 40°C
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As seen in Figure 8, it was observed that the amount of sulfur dioxide removal from sulfurous
apricots at 40°C decreased compared to 4°C and 26°C temperatures. The reason for this is that the
amount of SO> moves away from the apricot as the pores open due to the increase in temperature.

Variation of Sulfur Concentration with Time

Time-dependent removal of sulfur during drying of sulphurous and sun-dried apricots was
investigated. First-order reaction kinetics were investigated according to equation 1 (Gonzalo et al.,
2009).

-dCA / dt = kCA (1)

CA / CAo = exp(-kt) (2)

In CA/ CAo= -kt (3)

In CA = InCAg—kt (4)
2000 pR/r:n-o,ooosx +7,5962 805 3000 ppm

y =-0,0002x + 8,017

8 R2=0,9373
7,95
< <
O O 79
J —17,85
7,8
*
0 500 1000 7,75 . .
0 500 1000
4000 ppm 5000 ppm
8,12
’ 8,76 y = -3E-05x + 8,7556
y =-0,0001x + 8,1113 } T ;
8,1 R = 0.7857 8,755 R?=0,8071
8,08 8,75 -
< 506 8,745 -
Q < 874 -
- 804 g 8,735 -
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Figure 9. Time-dependent concentration variation graphs of first-order sulphurous and sun-dried apricots at 4°C
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Figure 10. Time-dependent concentration variation graphs of first- order sulphurous and sun dried apricots at 26°C
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Figure 11. Time-dependent concentration variation graphs of first-order sulphurous and sun-dried apricots at 40°C

Second-order reaction kinetics were investigated according to equation 5.

-dCA / dt = KCA? (5)
1/CA - 1/CA = kt (6)
1/CA = 1/CAq + kt 7
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Figure 12. Time-dependent concentration variation graphs of second-order sulphurous and sun-dried apricots at 4°C

2763



Duygu GURBUZ et al.

13(4), 2751-2768, 2023

Kinetic investigation of the effect of sulfur on extending the shelf life of sulfurized apricots

0,00056
0,000555
0,00055

0,000545

1/CA

0,00054
0,000535

0,00053

0,00037

0,00035

0,00033

1/CA

0,00031

0,00029

0,00027

0,00025

2000 ppm

A A

0,00038

0,000375

y = -4E-08x + 0,0006
R?=0,8182

0,00037

3000 ppm

y = -3E-08x + 0,0004

A R’ = 0,8488

A

200 400 600
t(h)

5000 ppm

y = -1E-08x + 0,0002
R?=0,8728

200 400 600
t(h)

<
O 0,000365
~
—
0,00036
A
0,000355
0,00035
200 400 600
t(h)
4000 ppm
0,000165
0,000164 A
- 0,000163
0,000162
< 0,000161
© 0,00016
—
A A 0,000159
0,000158
y =-1E-07x + 0,0003 0,000157
*=0,8998 0,000156
0,000155
200 400 600
t (h)
Sun dried
0,018
0,016
0,014
0,012
< ’
O o001 A
~ 0,008 y = 1E-05x + 0,0102
R?=0,9406
0,006
0,004
0,002
0
0 200 400

t (h)

600

Figure 13. Time-dependent concentration variation graphs of second-order sulphurous and sun-dried apricots at 26°C
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Figure 14. Time-dependent concentration variation graphs of second-order sulphurous and sun-dried apricots at 40°C
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Table 1. First-order rate constants versus change of concentration at different temperatures

Concentration Temperature k (dh Ea (kJ/mol)
Sun dried 4°C 1.4*10°3 1.38
26°C 1.1*10°
40°C 1.5*10°
2000 ppm 4°C 2*10* 13.88
260C
400C
26°C -8*10°
40°C 6*10*
3000 ppm 4°C 2*104 21.99
26°C -7*10°
40°C 6*10*
4000 ppm 4°C 1*10+4 38.96
26°C -3*10*
40°C 7*10*
5000 ppm 4°C 3*10° 51.86
26°C -8*10°
40°C 4*10*

When the velocity constants calculated according to the 1st and 2nd order velocity data in Tables
1 and 2 are examined, for the first order, positive and increasing values were obtained for the 2000,
3000, 4000 and 5000 ppm sulfur dioxide concentrations for the 4°C temperature at constant drying
conditions. The high rate constant at high temperature indicates that sulfur dioxide removal is high. Since
the experiments carried out at 26°C were performed under variable ambient conditions, the rate constant
was negative. It was concluded that the ambient conditions in the drying process affect the results quite
a lot.

Table 2. Second-order rate constants versus change of concentration at different temperatures

Concentration Temperature k (dh Ea(kJ/mol)
Sun dried 4°C 3*10° -1.47
26°C 2*10°
40°C 3*10°
2000 ppm 4°C 1*107 27.75
260C
400C
26°C -4*108
40°C 4*107
3000 ppm 4°C 9*108 15.98
26°C -3*108
40°C 2*107
4000 ppm 4°C 3*10°8 51.86
26°C -1*107
40°C 4*107
5000 ppm 4°C 4*10° 57.34
26°C -1*10®
40°C 7*10°8

When the rate constants found for the 2nd order velocity are examined, the rate constants show
a decrease at the 40°C temperature condition.
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CONCLUSION

Free moisture change of the samples increases as temperature increases depending on the
packaging. Equilibrium conditions in terms of evaporation and mass transfer inside the package will also
be at different times. While evaporation will be less at low temperatures, it will be more at high
temperatures. As a result, more steam will be formed at high temperatures and pressure will be created
inside. Therefore, driving force for mass transfer from the package to the outside will increase. When
the kinetic data on sulfur dioxide removal were examined, it was determined that it was suitable for the
first-order kinetic model for 4°C, and suitable for the second-order kinetic model for 26 and 40°C,
considering the temperature and based on the correlation coefficients.

Based on the change of sulfur dioxide amount, it was determined that average change in SO2
amount is approximately 15% for 4°C and 36% for 40°C.

According to the kinetic data of sulfur dioxide removal, it is not notable for 4°C and 26°C
temperatures. However, it can be explained by the presence of sulfur dioxide in different chemical forms
at 40°C. Reason for this can be explained by the bonding of sulfur with organic compounds in the
structure at low temperatures. This is explained by the fact that water forms sulfate acid even when
moisture is removed and sulfate has no tendency to evaporate. As a result of the decomposition of the
structure with HCI in the determination of sulfur, sulfur in the organic structure is separated from the
structure as sulfur dioxide.

In terms of time, sulfur removal values of the samples stored at 4°C for approximately 980 hours
and at 26°C for approximately 525 hours were found to be low. It was determined that moisture and SO>
losses accelerated after approximately 740 hours at 40°C.

During storage at 4°C, the sample containing 3280 mg/kg SOz lost 11% of SO after 980 hours
and in the same example, 46% SO loss occurred after 740 hours at 40°C. Moreover, it was observed
that SO loss increases rapidly at high temperatures.

When storage conditions were examined in terms of humidity, it was determined that apricot lost
52-85% of its moisture at the end of 29 days and 4°C and 40°C temperatures. Based on the 25% water
activity of packaged sulphurized dried apricots offered for sale, in this study, an average shelf life of 25
days was determined according to this value. The k values of sulfur removal vary according to the
temperatures.
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