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Golden berry (Physalis peruviana L.) has scientifically proven medicinal properties. This research was 
aimed to investigate the effect of alkaline ethyl oleate and sucrose solution pretreatments as well as 
drying temperature on the drying kinetics of golden berry. Based on this, golden berries were dipped in 
alkaline ethyl oleate solution (2% ethyl oleate + 4% potassium carbonate) at 25°C or in osmotic solution 
(40% sucrose) at 60°C. After those pretreatments, air drying characteristics of golden berry (P. 
peruviana L.) were investigated at 70, 75, 80 and 85°C with 1.5 m/s air flow rate. Also, golden berries 
were dried without pretreatment and taken as a control. The experimental data was fitted to Page model. 
Two statistical tools were used to quantify the goodness of fitting: the determination of coefficient and 
the reduced chi-square. Obtained effective diffusivity for pretreatment of alkaline ethyl oleate and 
sucrose solution and untreated samples varied between 1.94 to 3.19·10

-9
 m

2
/s, 1.21 to 2.93·10

-9
 and 1.66 

to 2.67·10
-9

 m
2
/s respectively. 
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INTRODUCTION 
 
Physalis peruviana, is known as “Güvey Feneri” in 
Turkey, “Uvilla” in Ecuador, “Topotopo” in Venezuela and 
“Golden Berry” in English speaking countries. Generally, 
the fruit of P. peruviana is consumed fresh which 
provides an acid-sweet balance of fruit and vegetable 
salads. Also, the whole fruit can be dried and it can be 
consumed as a very nice raisin (Puente et al., 2011). 
Golden berry (P. peruviana L.) has scientifically proven 
medicinal properties such as anticancer, antimicrobial 
and antipyretic effects (Franco et al., 2007; Puente et al., 
2011). The major objective in drying agricultural  products 

is the reduction of the moisture content to a level which 
allows safe storage over an extended period (Doymaz, 
2004). Golden berry is a highly perishable fruit that is a 
strong limiting factor on its commercialization. So that 
studies on drying of golden berry is thought as necessary  
and fulfill the requirement of industry. 

Several fruits and vegetables, such as grapes, plums, 
apricots, peppers, tomatoes and physalis are covered 
naturally with a thin layer of wax. This outer layer offers 
benefits such as protection to the fruit or vegetable from 
environmental and  external factors. The  wax  layer  also  
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Table 1. Color, size, weight and dry matter of fresh golden berry. 
 

Characters Results 

Color values (L, a, b) 61.51±1.69, 11.58±2.53, 52.82±1.92 

Size (diameter) 2.5 ± 0.1 cm 

Weight 7.7 ± 0.3 g 

Dry matter 18.43±0.5% 

 
 
 
affects the flow of moisture from inside of the fruit to its 
surface which is a crucial process in drying (Sagar and 
Suresh, 2010). Due to that, chemical dipping pre-
treatments such as methyl ethyl ester emulsion or 
alkaline pretreatment have been used prior to the drying 
process. Prior to drying process, chemical dipping such 
as methyl and ethyl ester emulsions or alkaline 
pretreatment in aqueous solutions of sodium hydroxide, 
sodium chloride, potassium carbonate and calcium 
chloride have been used to overcome the wax barrier on 
fruits or vegetables.  

Dipping waxy fruits for several seconds in solution of 
ethyl oleate or other suitable compound greatly reduces 
drying time. The effects of dipping solutions on various 
fruits and vegetables during drying are reported in 
literature (Riva and Peri, 1986; Doymaz and Pala, 2002). 
Before drying, fruits or vegetables are pretreated in 
various solutions such as calcium chloride (Al-Harahsheh 
et al., 2009), sodium chloride (McMinn and Magee,1999; 
Sacilik et al., 2006), and sodium chloride-sucrose 
(Azoubel et al., 2004) and then can be dried in different 
shapes such as halves, slices and quarters (Souza et al., 
2007; Cernisev, 2010). However, no reports have been 
found detailing the effects of alkaline ethyl oleate solution 
or sucrose solution pretreatment on drying of golden 
berry in the literature. This study was aimed to investigate 
the effect of alkaline ethyl oleate and sucrose solutions 
on golden berry drying period, to calculate effective 
moisture diffusivity and to fit the experimental data with 
Page model. 
 
 
MATERIALS AND METHODS 

 
Mature golden berries were harvested in observation garden of 
Ataturk Central Horticultural Research Institute (Yalova, Turkey).  
Color, size, weight and dry matter of fresh golden berry were given 
in Table 1. 
 
 
Dipping pretreatment 

 
Golden berries were washed in fresh running water and divided in 
three sample groups. One sample group was dipped in alkaline 
ethyl oleate (AEO) solution which contained 2% ethyl oleate and 
4% potassium carbonate at 25°C for 1 min. Other one sample 
group was dipped in 40% sucrose solution (SC) at 60°C. The AEO 
or SC volume to golden berry weight ratio were kept ratio 4:1. No 
pretreatment (NP) was applied to one sample group and dried as a 
control group. 

Drying 
 
Drying experiments were performed in a laboratory scale hot-air 
dryer which was illustrated in Figure 1. This dryer was installed in 
the Food Technology Department of Ataturk Central Horticultural 
Research Institute; desired experiment conditions inside the dryer 
were obtained for at least 1 h prior to each run. 

Pretreated and non pretreated sample groups were spread on a 
perforated tray. Drying runs of all sample groups were conducted at 
four temperatures (70, 75, 80 and 85°C) with fixed 1.5 m/s air flow 
both ascending and descending. Moisture loss was recorded 
automatically during drying by means of a digital balance (Nuve, 
model FN500S) with an accuracy of ±0.01 g. The drying was 
carried out to final moisture content reduced to 3%. Drying process 
was applied in triplicate. 

 
 
Mathematical modeling of drying curves 
 
The moisture ratio (MR) of samples was calculated using the 
following equation: 
 

                                                                            (1) 

 
where Mt is the water content at any time (kg water/kg dry solid), M0 
is the initial water content (kg water/kg dry solid), and Me is 
equilibrium water content of sample (kg water/kg dry solid). The 
values of Me are relatively small compared to Mt or M0, thus the 
error involved in the simplification is negligible (Diamante and 
Munro, 1993). In this study, Me was accepted as zero. 

Obtained drying curves of the golden berries were fitted with 
Page model. This model is widely used to describe the drying 
characteristics of various vegetables and fruits such as kiwi fruit, 
pear, mango, potato, eggplant and cherry tomato (Diamante and 
Munro, 1993; Ertekin and Yaldiz, 2004; Simal et al., 2005; Goyal et 
al., 2006). The model is written as follows: 
  

                                                                (2) 

 
where k and n are drying constant. 

 
 
Calculation of effective diffusivity and activation energy 
 
The effective diffusivity (Deff) is also typically calculated according to 
Sobukola et al. (2007) by using the slope of Equation (3), namely, 
when natural ln (MR) versus time was plotted, a straight line with a  

 
slope k0 was obtained: 

 

                                                    (3) 
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Figure 1. Schematic view of the dryer. 

 
 
 

                                                                                                      (4) 

 
t: drying time (h) 
L = average diameter of golden berry (m). 

 
 
Analysis of drying process 

 
Page moisture ratio model was fitted to the drying data and the 
model parameters determined using non-linear regression analysis. 
The terms used to evaluate goodness of fit of the tested models to 
the experimental data were the coefficient of determination (R2) and 
the reduced chi-square (X2) between the experimental and 
predicted moisture ratio values. The reduced chi-square (X2) could 
be calculated as following: 
 

                                               (5) 

 

where MRexp,i and MRpre,i were experimental and predicted moisture 
ratios, respectively, N was number of observations, and z was 

number of drying constants (Sarsavadia et al., 1999). 

RESULTS AND DISCUSSION 
 
Effect of pretreatments on drying time 
 
Effect of the pretreatments and drying temperatures on 
drying time of golden berry were given in Table 2. 
Moisture content of golden berry is reduced to 15% and 
after that 3% for evaluating and fitting of drying model. 
Increase in drying temperature was determined to be 
caused dramatic reduction on drying time. Similar results 
were given in literature for golden berry (Valdenegro et 
al., 2013), tomato (Cernisev, 2010) and grape (Doymaz, 
2006). Drying times to reduce the final moisture content 
to 15% was investigated in the order NP>SC>AEO at all 
temperature levels in this study. Thus, it can be seen that 
the pretreatment using dipping immersion in AEO was 
more effective than sucrose solution in to reduce the 
drying time. Fresh and dried golden berry samples were 
given in Figure 2. The effects of the pretreatments on the 
moisture ratio of the golden berry over drying time were 
shown in Figures 3 to 6. From these figures, pretreatment  
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Table 2. Determined drying time of golden berry samples to reduce their final moisture content to 15% and 0%. 
 

Temperature (°C) 
Drying time for 15% final moisture (min) Drying time for 2% final moisture (min) 

AEO SC NP AEO SC NP 

70 550±7 550±7 600±9 990±12 1050±14 1140±22 

75 570±7 570±7 590±9 900±8 930±8 1020±18 

80 460±4 460±5 540±6 780±5 850±6 870±13 

85 370±4 370±5 410±5 660±7 690±5 720±8 

 
 

 

    
(a)           (b) 

 
 

 

Figure 2. Fresh (a) and dried (b) (dried at 70oC to 3% dray matter) golden berry samples. 

 
 
 

Table 3. Decreasing ratio of drying time of AEO and SC pretreated samples in comparison with 
control during drying to15% water content. 
 

Drying temperature (°C) 
Decreasing in drying time (%) 

AEO pretreated sample SC pretreated sample 

70 15.69±1.23
d
 5.86±0.65

c
 

75 20.71±1.28
b
 13.57±1.14

a
 

80 21.32±1.12
a
 12.50±1.12

b
 

85 19.10±1.74
c
 12.36±0.95

b
 

 

Different letters in same column indicate significant differences at P < 0.05. 

 
 
 
solution was detected as an important factor for the 
golden berry drying because it affected the drying time.  
Hence, AEO and SC could decrease the drying time 
more than untreated samples to reduce the moisture 
content to 15% for all temperatures. Decreasing ratio of 
drying time of AEO and SC pretreated samples in 
comparison with control was given in Table 3.  It can be 
seen that the increase in temperature used promoted a 
considerably reduction in drying time (Table 3). 

Similar results were found for alkaline ethyl oleate in 
the air drying of grapes (Doymaz, 2006), red pepper 
(Doymaz and Pala, 2002), apricot (Doymaz, 2004). In this 
research osmotic pretreatment reduced the drying time 
less than results of some research such as golden berry 
(Castro et al., 2008), acerola  fruit  (Agnelli  et  al.,  2005), 

apple (Sereno et al., 2001), melon (Telas et al., 2006) 
and tomato (Souza et al., 2007). Expectedly, during the 
initial stages of drying there was a rapid moisture removal 
from the product which later decreased with increase in 
drying time. Remaining quantity of water is bounded 
more strongly while its quantity decreased so that drying 
rates decreased when moisture content decreased. 
Under the monolayer moisture level, water is firmly bound 
to the solutes of the golden berry so that in this study 
water was hardly removed when remaining water were 
decreased. From Figures 3 to 6, it can be seen that the 
moisture ratio decreases continually with drying time. As 
expected, the drying air temperatures had statistically 
significant effect on the drying moisture content of golden 
berry. 
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Figure 3. Variation of experimental and predicted moisture ratio by the Page model with drying time 
at 70°C for pre-treated and untreated golden berry. 

 
 
 

            

 

1 
 

0.9 
 

0.8 
 

0.7 
 

0.6 
 

0.5 
 

0.4 
 

0.3 
 

0.2 
 

0.1 
 

0 

 

  
 

Figure 4. Variation of experimental and predicted moisture ratio by the Page model with drying time at 
75°C for pre-treated and untreated golden berry. 

 
 
 

The temperature influence was highest at 85°C air 
temperature, as expected. There was no constant rate 
drying period in these curves, all drying processes 
occurred in falling rate-drying period. During the falling 
drying rate period, the drying process of golden berry was 
mainly controlled by diffusion mechanisms. Similar 
results have been reported in the literature for various 
fruits  and   vegetables   (Diamante    and   Munro,  1993; 

Azoubel et al., 2004; Lahsasni et al., 2004; Simal et al., 
2005; Akanbi et al., 2006; Goyal et al., 2006). 
 
 
Modeling of drying kinetics 
 
The obtained drying data were fitted by Page model. The 
results of  statistical analysis for Page model were shown  



Ozdemir et al.          45 
 
 
 

           

 

1 
 

0.9 
 

0.8 
 

0.7 
 

0.6 
 

0.5 
 

0.4 
 

0.3 
 

0.2 
 

0.1 
 

0 

 

  
 

Figure 5. Variation of experimental and predicted moisture ratio by the Page model with drying time at 
80°C for pre-treated and untreated golden berry. 
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Figure 6. Variation of experimental and predicted moisture ratio by the Page model with drying time at 
85°C for pre-treated and untreated golden berry. 

 
 
 

in Table 4. Acceptable R
2
 of greater than 0.98 were 

obtained for model fitted to all drying tests. The R
2
 ranged 

from 0.9917 to 0.9956 in Page model. The X
2
 value 

varied from 0.00014 to 0.00068. Similar results about 
Page model have been reported by Sacilik et al. (2006). 
Figures 3 to 6 showed the variations of experimental  and 

predicted moisture ratios by the Page model withdrying 
time. According to these figures, Page model showed 
good agreement with the experimental data obtained 
from the drying experiments. Similar results were 
reported in the literature for some vegetables and fruits 
(Doymaz  and  Pala, 2002; Azoubel et al., 2004; Lahsasni  
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Table 4. Curve fitting criteria for the thin layer drying models for drying of tomatoes. 
 

Code T°C 
Page model constants 

R
2
 X

2
 

k n 

AEO 

70 0.0004 1.094 0.9931 0.00016 

75 0.0005 1.0644 0.9956 0.00043 

80 0.0005 1.1208 0.9925 0.00052 

85 0.0004 1.1163 0.9917 0.00068 

      

SC 

70 0.0003 1.0880 0.9932 0.00014 

75 0.0006 1.0620 0.9942 0.00037 

80 0.0004 1.1074 0.9950 0.00056 

85 0.0005 1.1109 0.9924 0.00053 

      

NP 

70 0.0006 1.083 0.9913 0.00014 

75 0.0004 1.0625 0.9948 0.00026 

80 0.0006 1.1126 0.9939 0.00039 

85 0.0005 1.1107 0.9942 0.00046 

 
 
 

Table 5. Values of effective diffusivity obtained for golden 
berry samples at different temperatures. 
 

Code Temperature (°C) Deff (m
2
/s) 

AEO 

70 1.94 × 10
-9

 

75 2.02 × 10
-9

 

80 2.70 × 10
-9

 

85 3.19 × 10
-9

 

   

SC 

70 1.71 × 10
-9

 

75 1.81 × 10
-9

 

80 2.69 × 10
-9

 

85 2.93 × 10
-9

 

   

NP 

70 1.73 × 10
-9

 

75 1.66 × 10
-9

 

80 1.90 × 10
-9

 

85 2.67 × 10
-9

 

 
 
 
et al., 2004; Simal et al., 2005; Al-Harahsheh et al., 2009). 
 
 
Calculation of effective diffusivity 
 
Modeling of drying kinetics, as well as acquiring data on 
desorption isotherm or diffusion coefficient, is needed by 
the industry to manage efficiently dehydration techniques 

and avoid energy misuse (Vega‐Gálvez et al., 2014). The 
calculated values of Deff for different temperatures were 
presented in Table 5. The effective diffusivity values of 
dried samples at 70 to 85°C were varied in the range of 
1.94 to 3.19×10

-9
 m

2
/s for AEO pretreated samples, 1.71 

to 2.93×10
-9

 m
2
/s for SC pretreated samples and 1.66 to 

2.67×10
-9

 m
2
/s for untreated samples (control group). 

Determined effective moisture diffusivity were similar 
with found by Vega-Gálvez et al. (2014) and higher than 
that found by Vásquez-Parra et al. (2013). The obtained 
values were in the suitable range for other similar sized 
products reported in the literature such as grape 
(Karathanos and Belessiotis, 1997). It can be seen that 
the values of Deff increased greatly with increasing 
temperature. Drying at 85°C gave the highest Deff values. 
Deff values for golden berries were different to those 
estimated by different authors for other vegetables: 3.72 
to 12.27×10

-9
 m

2
/s for tomatoes dried from 45 to 75°C 

(Akanbi et al., 2006); 2.02×10
-9

 m
2
/s for hot air drying of 

paprika at 60°C (Ramesh et al., 2001); 0.87 to 1.0×10
-9

 
m

2
/s for cherry tomato dried from 40 to 60°C 

(Varadharaju et al., 2001); 1.79 to 4.45×10
-9

 m
2
/s for 

apple slices at 60°C (Velic et al., 2004); 2 to 4.2×10
-10

 
m

2
/s for garlic slices dried from 50 to 90°C (Madamba et 

al., 1996). Some of these values were lower than and 
some of these similar with estimated Deff values of golden 
berry in this research. In these dyring kinetic studies of 
foods Deff values were determined at different levels 
because of different drying parameters such as 
temperature and relative humidity, dried material and 
used drying equipments.  

Alkaline ethyl oleate and sucrose solutions were used 
as pretreatment for golden berry drying process affected 
strongly the characteristics of the dried product. 
Pretreated golden berry with alkaline ethyl oleate solution 
dried faster than untreated samples. Drying curves of 
golden berries showed a falling rate drying period; did not 
showing a constant rate drying period. Page exponential 
model was considered as appropriate for explaining the 
drying features of golden berries.  



 
 
 
 

Golden berry has a small size like chery tomato so that 
it has higher diffusion coefficient than other fruits and 
vegetables which have bigger size. In addition, high core 
content and different texture structure of golden berry 
may cause increase on diffusion coefficient when compared 
with other fruits and vegetables during same drying 

conditions such as temperature and relative humidity. AEO 

and SC pretreatment could reduce the drying time of 
golden berry so that energy could be saved. 
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