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ABSTRACT 

Fresh red currants (Ribes rubrum L.) were dried by convective drying, vacuum drying and lyophilization in order to compare 
quality of samples dried by different techniques. Physico-chemical properties of the red currants were studied in all applied 
techniques. Moisture content, water activity, total color change, shear force, rehydration capability, total phenolics content, total 
flavonoids content, monomeric anthocyanins and antioxidant activity were investigated as the most suitable quality indicators. The 
lowest loss of nutritionally valuable components and the highest antioxidant capacity were observed in samples dried by 
lyophilization, where was also noticed: the lowest moisture content and aw value, the lowest total color change and the highest 
rehydration capability. In vacuum dried sample (65 °C, 30 mbar and 6 h) was observed the highest content of flavonoid compounds. 
The lowest shear force was observed in convectional dried sample (45 °C, atmospheric pressure and 12.6 h). 
Key words: Ribes rubrum L., vacuum drying, convective drying, lyophilization, physico-chemical properties. 

REZIME 

Cilj ovog rada bio je analiziranje uticaja različitih tehnika sušenja (konvektivno sušenje, vakuum sušenje i sušenje liofilizacijom) 
na promene fizičko-hemijskih osobina crvene ribizle. Uzorci ribizle sušeni su konvektivno i u vakuumu temperaturama vazduha 45°C, 
55°C i 65°C. Brzina strujanja vazduha tokom konvektivnog sušenja je bila 1 m/s, a pritisak tokom sušenja u vakuumu je iznosio 30 
mbar. Uzorci su sušeni zamrzavanjem ("liofilizacija, sublimacija") na vazduhu temperatue -30°C i pritisku 0,01 mbar. Promene 
fizičko-hemijskih osobina ribizle analizirane su za sve tri tehnike sušenja. Kvalitet osušenih uzoraka je ocenjen na osnovu: sadržaja 
vlage, aktivnosti vode, ukupne promene boje, teksture, sposobnosti rehidracije, sadržaja ukupnih fenola i flavonoida, sadržaja 
ukupnih monomernih antocijana i antioksidativnog kapaciteta. Najmanji gubitak nutritivno vrednih komponenata (fenola i 
antocijana) i antioksidativnog kapaciteta zabeležen je u uzorcima sušenim zamrzavanjem. U uzorcima sušenim liofilizacijom su 
zabeleženi i najniži sadržaj vlage i aw vrednosti, najmanja ukupna promena boje kao i najveća moć bubrenja. U uzorku sušenom u 
vakuumu na vazduhu temperature 65°C, pritisku 30 mbar i u vremenu od 6 h, zabeležen je najmanji gubitak flavonoida dok je 
najmanja sila smicanja zabeležena u uzorku sušenom konvencionalnim sušenjem na vazduhu temperature 45°C, atmosferskom 
pritisku i u vremenu od 12,6 h. 

Ključne reči: crvena ribizla, vakuum sušenje, konvektivno sušenje, liofilizacija, fizičko-hemijske karakteristike. 
 

INTRODUCTION 

Red currants (Ribes rubrum L.) are highly valued fruit both 
in Serbia and in other countries, because of their irresistible 
sourishtasteandantioxidant properties. They are rich in phenolic 
and anthocyanin compounds which are beneficial for human 
health and it is proved that these compoundspossess antioxidant 
properties (Denev et al., 2010; Szymanowska et al., 2015). 
Because of all important nutritional components in red currants, 
particularly vitamins and minerals, they present outstanding 
product in the area of scientific research. However, currants can 
be used in fresh, frozen and dried form or they can be made into 
jams and other products. Dehydration of currants is considered 
to be one of the best means of their preservation, since dried 
currants take much less storage space and also have longer shelf-
life compared to fresh or frozen currants. It is well known that 
the quality of a dehydrated food product is strongly affected by 
drying methods and drying processes (Krokida et al., 2000). 

Convective drying is commonly used type of drying where 
products are dried convectively in a stream of heated air, under 
controlled conditions. This caused much shorter time of drying 
compared with solar drying, which is designated advantage of 
this drying method. However, drying can be carried out on lower 
temperatures and with lower content of oxygen by using vacuum 
drying process (Das, 2005). These conditions of vacuum drying 

process allow drying of thermal sensitive types of fruits and 
reduce negative chemical reactions which support preserving 
important bioactive compounds during dehydration process 
(Joshi et al., 2011). Lyophilization, or freeze-drying, is relatively 
new drying treatment which is based on dehydration by 
sublimation of a frozen product.During sublimation, frozen 
liquid goes directly to the gaseous state without passing through 
a liquid phase. However, lower temperatures and absence of 
liquid water required for the process reduce most of deteriorative 
chemical and microbiological processes in the dried product 
which results in excellent quality of final product (Ratti, 2001). 

The main goal of this study was comparing different drying 
methods, such as convectional drying, vacuum drying and 
lyophilization of red currants by analyzing physico-chemical 
properties in dried products. Moisture content, water activity, 
total color change, shear force, rehydration capability, total 
phenolics content, total flavonoids content, monomeric 
anthocyanins content and antioxidant activity were investigated 
as most suitable quality indicators. 

MATERIAL AND METHOD 

Sample 

Red currants (Ribes rubrum L.), were collected near 
Kopaonik (Serbia) between June and July (2014). After 
purchasing, samples were frozen and stored at -20 °C until 
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drying, in order to insure the initial properties of raw samples 
and prevent potential deteriorative processes in the samples 
during the experiment. 

Chemicals 
Folin-Ciocalteu reagent, (±)-catechin and 1.1-diphenyl-2-

picryl-hydrazyl-hydrate (DPPH) were purchased from Sigma 
(Sigma-Aldrich GmbH, Steinheim, Germany). Gallic acid was 
purchased from Sigma (St. Luis, MO, USA). All other chemicals 
and reagents were of analytical reagent grade. 

Drying procedure 
Convective drying was performed in experimental 

convective drier, previously described by Pavkov (2012). Air 
temperature was varied at three levels 45, 55 and 65 oC. Air 
velocity was kept on one level 1 m/s. Data acquisition (National 
Instuments) was used for registration of working parameters 
(temperatures, mass). Similar amount of samples was used in all 
experiments. 

Vacuum drying was performed in a vacuum dryer prototype, 
described in detail by Šumić et al. (2013), constructed and 
installed at the Department of Food Preservation, Faculty of 
Technology Novi Sad (Serbia). Experimental drying facility is 
consisted of cylindrical vacuum chamber, vacuum pump and 
condensate collector. Vacuum pump provides pressure in the 
chamber of 2 mbar and chamber is equipped with the condensate 
collector. The drying procedure control system (PLC) registers 
all working parameters (pressure in vacuum chamber, 
temperature on the heater surface and the change in product 
weight) during drying process. The system controls level of 
electric capability supplied to the heaters to provide a product 
temperature not more than 75 °C. The most relevant technical 
features relating to the device are the following: 25–75 °C 
working temperature range; sensor sensitivity ± 0.3 °C; 1000 g 
balance maximum load; 0.03 % balance sensitivity; 0.1 g 
balance resolution; 2–1000 mbar working pressure range, sensor 
sensitivity ± 0.5. Samples were uniformly arranged on the tray as 
a thin layer. Samples were dried on three different temperatures 
(45, 55 and 65 oC) and on the pressure of 30 mbar.Sample size 
was kept constant (200 g) for each experiment. Weight loss was 
recorded in 10 minute intervals. 

Freeze drying (“lyophilization”)  was performed in a 
lyophiliser, constructed and installed at the Department of Food 
Preservation, Faculty of Technology Novi Sad (Serbia). This 
drying facility includes drying chamber, vacuum pump and 
condensate collector. Vacuum chamber contains three trays with 
heaters, one beneath the other. Vacuum pump provides pressure 
in the chamber of 0.01 mbar and chamber is equipped with the 
condensate collector that reaches temperature up to -50 °C. 
System is equipped with sensors in trays and products, sensor of 
condensate collector and sensor for pressure in vacuum chamber. 
Program is managed by drying procedure control system (PLC) 
that registers pressure in vacuum chamber and temperature on 
the heater surface. The most relevant technical features relating 
to the device are the following: -40 to 40 °C working 
temperature range; sensor sensitivity ± 0.3 °C; 500 g balance 
maximum load; 0.1 g balance resolution; 0.01–1000 mbar 
working pressure range, sensor sensitivity ± 1. Sample was dried 
on -30 °C and on the pressure of 0.01 mbar. Samples were 
arranged uniformly in thin layers and sample size used for 
experiment was 200 g. Pressure was kept constant during 
process, while temperature was recorded in 1 h intervals. 

Moisture content 
Moisture content was determined by drying samples at 105 

°C until constant mass. Experiments were replicated three times 
for statistical purpose. 

Water activity 
Water activity was determined by placing approximately 2.5 

g of chopped and dried red currants in the sample holder of a 
TESTO 650 (Germany) aw-meter, at 25 °C. aw values were 
recorded after equilibration. 

Total color change 
The CIE L*a*b* color coordinates were measured by using 

MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, 
Japan). The surface color of all samples was measured in terms 
of L (degree of darkness), a (degree of redness and greenness) 
and b (degree of yellowness and blueness). Total color change 
between raw currant sample (L0

*, a0
*and b0

*) and dried currant 
samples (L*, a* and b*) was determined according to Equation 
(1): 

 

∆ ₀ ∗ ∗ ² ₀ ∗ ∗ ² ₀ ∗ ∗ ²  
 

Samples were placed on the measure head of Chroma Meter 
and measurements of color were performed for all prepared 
samples. A standard white color was used for calibration and 
experiments were replicated five times for statistical purpose. 

Shear force 
Texture of dried currants was measured by using cutting-

shear test. Single-blade cutting–shear apparatus FTC TMS-Pro 
was used. The working part of this apparatus is a stainless-steel 
blade 1 mm thick. Testing speed was 30 mm/s, while the sample 
in two parts. The first peak on force-deformation curve 
represents shear force. Measurements are replicated 10 times 
with for each group of samples. 

Rehydration capability 
Samples were rehydrated by immersion of 2.0 g of chopped 

dried red currants in 50 mL of distilled water for 24 h. 
Rehydration capability of samples was obtained by measuring 
volume of soaked samples and results were expressed as 
percentage (%). 

Total phenolics content 
Dried red currant samples were ground in a blender before 

the extraction. 5 g of dried sample was transferred to a 
volumetric flask and 50 mL of methanol, as extraction solvent, 
was added. Extraction was carried out for 24 h at the room 
temperature. The obtained extract was filtered under vacuum. 
Prepared extracts were placed into a glass bottles and stored to 
prevent oxidative damage until analysis. The content of total 
phenolic compounds in methanolic extracts was determined by 
Folin-Ciocalteu procedure (Singleton and Rossi, 1965; 
Kähkönen et al., 1999), using gallic acid as a standard. 
Absorbance was measured at 750 nm (6300 Spectrophotometer, 
Jenway, UK). Content of total phenolic compounds has been 
expressed as mg of gallic acid equivalent per 100 g of dry weight 
of dried red currants (mg GAE/100 g DW). Experiments were 
replicated three times and results are expressed as mean values. 

Total flavonoids content 
Total flavonoids content was determined using aluminum 

chloride colorimetric assay (Harborne, 1984). Catechin was 
used for preparation of standard diagram and absorbance was 
measured at 510 nm. Results were expressed as mg of catechin 
equivalents (CE) per 100 g DW. All experiments were 
performed in triplicate, and results are expressed as mean values. 

Monomeric anthocyanins content 

Monomeric anthocyanins content (MA) in the samples was 
estimated using a VIS-spectrophotometer by the pH differential 
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method reported by Bakar et al., 2009 with slight modifications 
(Dzomba, 2013). Two buffer systems, potassium chloride buffer, 
pH 1.0 (0.0025 M) and sodium acetate buffer, pH 4.5 (0.4 M), 
were used. Briefly, 400 μl of sample (diluted liquid extract) was 
added in 3.6 mL of corresponding buffer solutions and 
absorbance was measured against a blank probe at 510 and 700 
nm. Results were expressed as mg of cyanidin-3-glucoside 
equivalents per 100 g of DW (mg CGE/100 g DW). 

DPPH assay 

Free radical scavenging activity of samples was determined 
using DPPH assay, previously described by Espín et al., 2000. A 
certain volume of diluted sample was mixed with 95 % methanol 
and 90 µM 1.1-diphenyl-2-picryl-hydrazyl (DPPH) in order to 
obtain different final concentrations. After incubation on room 
temperature for 60 min, the absorbance was measured at 515 nm 
and result was expressed as radical scavenging capacity (RSC, 
%). Antioxidant activity was further expressed as inhibition 
concentration at 50 % of RSC value (IC50). IC50 represents the 
concentration of test solution required to obtain 50 % of radical 
scavenging capacity, expressed as mg per mL. All experiments 
were performed in triplicate, and results are expressed as mean 
values. 

RESULTS AND DISCUSSION 

Seven samples of fresh red currants, each weighing 200 g, 
were used in experiments. Five physical parameters (moisture 
content, water activity, total color change, shear force and 
rehydration capability) and four chemical parameters (total 
phenolic, anthocyanin and flavonoid compounds and antioxidant 
capacity) were obtained for three samples dried by convectional 
drying (CD 1-3), three samples dried by vacuum drying (VD 1-
3) and one sample dried by freeze-drying (FD). Conditions of 
drying methods and obtained results for physical parameters of 
dried samples are presented in Table (1). Presented results are 
the average of the obtained values. 

Physical properties of dried red currants 

Moisture content in fresh red currant samples was                
85 %, which is similar with the results of Pantelidis et al. 
(2007), where it is reported that initial moisture content of the 
fresh red currants was in the range from 85.6 to 92.9 %. 
However, low moisture content in dried currants is desirable, 
since shelf-life of fresh currants is limited because of their high 
moisture content. Depending on different drying conditions, 
moisture content in conventional dried samples varied from 
15.94 to 31.58 % showing that oxygen environment influence 
negatively on reduction of moisture content during convectional 

drying, while moisture content in samples dried with vacuum 
drying was slightly lower, between 13.17 and 21.07 %. Due to 
oxygen absence and lower temperatures during lyophilization, it 
is expected that the lowest moisture content (11.23 %) will be 
obtained in sample dried by lyophilization process and also that 
the highest moisture content will be obtained in convectional 
dried sample (45 °C, atmospheric pressure and12.6 h). 

Considering that microorganisms are the primary cause of 
food spoilage and that their growth depends onthe amount of 
waterin the liquid state, it is evident that drying process 
influence positively on dried products stability. However, 
microorganisms usually grow best between aw values 0.99–0.98, 
while most microbes stop growing at aw< 0.90. Some fungi stop 
growing only at aw values lower than 0.62 (Raimbault, 1998). 
Water activity of fresh red currants was 0.914 and aw values in 
convectional dried samples varied from 0.504 to 0.817 while aw 
values obtained for vacuum dried samples were between 0.501 
and 0.540. Water activity obtained for sample dried by 
lyophilization was 0.464 and this is also the lowest value of 
water activity considering all three techniques presented in this 
work. Furthermore, the highest aw value and the highest moisture 
content were obtained for the sample dried on the same 
convectional drying conditions (45 °C, atmospheric pressure 
and12.6 h), which is rather expected, since these parameters are 
in direct correlation. 

High temperatures cause degradation of the cell walls and 
undermining the stability of cells (Kunzek et al., 1999). This 
affects negatively on shear force of dried products because it is 
desirable for dried products to be not too firm and fragile 
because of consumer acceptability (Šumić et al., 2013). Different 
methods of drying cause different heat flow, mater flow, 
shrinkage and other changes of physicochemical properties of 
material (Radojčin et al., 2015). Since the material loses 
moisture and suffers heating during drying, there are stresses in 
its cellular structure, leading to volume reduction. Condition of 
cellular structure, chemical composition and moisture content of 

dried fruit affect the texture. The force 
measured by the shear test involves 
compression, shear, extrusion, and friction 
between the tissue and blades. All these 
factors affect the texture of dried currants. The 
highest value of shear force was measured in 
conventionally dried sample by air 
temperature 65 oC. This is because the most 
intensive conditions of drying. The second 
highest shear force was measured in vacuum 
dried sample also at 65 oC. Difference in 
moisture content between these samples is not 
too large that could affect the shear force. 
These results are caused by different fiber 
structure of dried samples. Comparing only 
vacuum dried samples, there is present 
inversely proportional increase in shear force 
with moisture content. The lowest shear force 
measured in conventionally dried sample by 

air temperature 45 oC is consequence of high moisture content. 
Color changing of products during a drying process is 

inevitably and this presents problem in terms of consumer 
acceptability and commercial value of products. Because of this, 
color is considered to be one of the most important quality 
indicators of dried products (Radojčin et al., 2010). Total color 
change, expressed as ΔE value, for samples dried by 
convectional drying was in the range from 17.60 to 22.90, which 
presents significant color change of convectional dried samples 
compared to samples dried by vacuum drying where ΔE was 
much lower, in the range from 8.96 to 13.01. Lower value of ΔE 
indicates on lower total color change and the lowest total color 

Table 1. Convectional, vacuum and freeze-drying conditions and 
experimentally obtained values of investigated physical parameters of dried 
samples 

Samp. 
Tempe. 

[°C] 
Press. 
[mbar] 

Drying 
time [h] 

Mois. 
cont. 
[%] 

Water 
activity 

ΔE 
Shear  

force [N]

Rehydration 
capability 

[%] 
CD 1 45 1000 12.6 31.58 0.817 17.60 13.69 34.05 
CD 2 55 1000 11.5 19.08 0.612 22.90 35.47 32.41 

CD 3 65 1000 7.2 15.94 0.504 20.61 69.20 42.16 

VD 1 45 30 10 21.07 0.537 13.01 29.47 46.65 

VD 2 55 30 8 18.06 0.540 8.96 37.42 38.85 

VD 3 65 30 6 13.17 0.501 12.02 40.47 45.74 
FD -30 0.01 72 11.23 0.464 8.90 37.47 49.05 

CD –conventionally dried sample  
VD– vacuum dried sample 
FD– freeze-dried sample 
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change 8.90 was obtained in sample dried by lyophilization. This 
result is caused by absence of oxygen and lower temperatures, 
since such conditions reduce degradable chemical reactions 
responsible for color changing during lyophilization process. In 
accordance with that, the highest total color change was obtained 
in convectional dried sample (55 °C, atmospheric pressure 
and11.5 h). 

Rehydration behavior presents very important quality 
parameter of dried products, since majority of dried products are 
rehydrated before consumption (Pan and Atungulu 2010). 
However, rehydration is ability of subsequent absorption of 
water, so it is desirable for dried product to have good 
rehydration capability mostly because of consumer acceptability. 
Rehydration capability of convectional dried red currants 
samples was between 32.41 and 42.16 %, while this range of 
rehydration capability for vacuum dried samples was slightly 
higher and in the range from 38.85 to 46.65 %. Rehydration 
capability obtained for sample dried by lyophilization was    
49.05 %. This value indicates that lyophilized sample can 
subsequently absorb nearly half of the initial water content, 
therefore,this result is considered as a favorable value of 
rehydration capability compared to other dried samples. The 
lowest percent of rehydration capability was obtained for sample 
dried by convectional drying (55 °C, atmospheric pressure 
and11.5 h). 

Chemical properties of dried red currants 

Phenolic compounds are known as very important bioactive 
compounds with antimicrobial, antiviral and antioxidant 
properties (Ignat et al., 2011). Content of phenolic compounds 
can define quality of dried products, precisely because of these 
features which these compounds possess (Mikulić-Petkovsek et 
al., 2014). Total phenolics content (TP) of fresh red currants was 
139.31 mg GAE/100 g FW, which is similar with results 
obtained by Pantelidis et al. (2007), where this content was in 
the range from 82.51 to 127.65 mg GAE/100 g FW. Loss of 
phenolic compounds obtained in convectional dried samples was 
in the range from 47.51 to 59.94 %, while this loss obtained in 
vacuum dried samples was lower and between 18.55 and 24.49 
% which is expected because of lower temperatures and absence 
of oxygen during vacuum drying process. Total phenolic 
contents observed in conventionally (CD), vacuum (VD) and 
freeze-dried samples (FD) are presented on Figure 1. (a). The 
slightest loss of TP was 3.39 % in FD, showing that absence of 
liquid water and oxygen as well as lower temperatures influence 
on preservation of phenolic compounds during lyophilization 
process. However in CD 1 (45 °C, atmospheric pressure and12.6 
h) was obtained the biggest loss of TP, which shows negative 
effect of oxygen environment on dried products during 
conventional drying.  

Flavonoids are generally considered to be non-nutritive 
agents, however, due to their antioxidative properties, they 
present very important constituents of the human diet. Total 
flavonoids content (TF) of fresh red currants was 27.99 mg 
CE/100 g FW, whileTF in convectional dried samples was in the 
range from 137.18 to 182.87 mg CE/100 g DW. Further, TF in 
samples dried by vacuum drying was between 181.78 and 
243.55 mg CE/100 g DW. Total flavonoid contents observed in 
CD, VD and FD are presented on Figure 1. (b). TF obtained in 
FD was 197.47 mg CE/100 g DW which is higher than TF 
obtained in convectional dried samples but lower than TF 
obtained in VD 1 an VD 3. Therefore, the highest content of TF 
was obtained in VD 3 (65 °C, 30 mbar and6 h), while the lowest 
content of TF was obtained in CD 1 (45 °C, atmospheric 
pressure and12.6 h). 

 
Fig. 1. Total phenolic (a) and flavonoid (b)  

contentsobserved in conventionally (CD), vacuum (VD) 
 and freeze-dried samples (FD) 

 
Antocyanins are universal plant colorants responsible for the 

red, purple and blue hues evident in many fruits (Konczakand 
Zhang, 2004).Anthocyanins possess antioxidant activity and, 
because of their sensitivity on the high temperatures and the 
presence of oxygen, it is regarded as an important quality 
indicator of dried products. Monomeric anthocyanins content 
(MA) in fresh red currants obtained in the study by Pantelidis et 
al. (2007) was in the range from 7.5 - 7.8 mg CGE/100 g FW. In 
this study, content of antocyanins in fresh red currants was 
slightly higher and amounts 8.73 mg CGE/100 g FW. Total 
anthocyanin contents observed in CD, VD and FD are presented 
on Figure 2. (a). Loss of MA obtained in sample dried by 
convectional drying was in the range from 44.74 to 68.02%, 
indicating that presence of oxygen and high temperatures cause 
reduction of anthocyanin compounds during convectional 
drying. This present very significant loss considering that 
obtained result 68.02 % for CD 1 (45 °C, atmospheric pressure 
and12.6 h)amounts more than half of the initial content of 
anthocyanins in fresh currants. Loss of MA obtained in vacuum 
dried samples was much lower and between 11.12 and 44.38 %. 
Since loss of MA in FD was only 8.02 % it is observed that 
lyophilization provides the most favorable conditions for 
anthocyanins preservation, because of lower temperatures, 
absence of liquid water and oxygen. According to this way of 
interpreting the influence of oxygen and temperature it was 
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expected that the loss of MA will be in one of convectional dried 
samples. In line with that, the highest loss of anthocyanin 
compounds was obtained in CD 1 (45 °C, atmospheric pressure 
and12.6 h). 

 

 
 

Fig. 2. Total anthocyanin contents (a) and IC50 values (b) 
observed in conventionally (CD), vacuum (VD)  

and freeze-dried samples (FD) 
 

Red currants are rich in bioactive components like phenolic 
and antocyanin compounds that possess antioxidant activity. 
However, various parameters such as presence of oxygen and 
high drying temperature influence negatively on antioxidant 
activity of dried product during different drying processes. 
DPPH assay was used for quick screening of antioxidant 
activities of fresh and dried red currants and result, expressed as 
IC50 value (mg/mL), for fresh red currants was 1.2676 mg/mL. 
IC50 values for convectional dried samples were between 0.3531 
and 0.4830 mg/mL, while for vacuum dried samples was 
obtained much lower range of IC50 values, from 0.1716 to 0.2422 
mg/mL, i.e. much higher antioxidant activity. Total IC50 values 
of CD, VD and FD are presented on Figure 2. (b). The lowest 
antioxidant activity, i.e. the highest IC50 value was obtained in 
CD 2(55 °C, atmospheric pressure and11.5 h) suggesting that 
oxygen environment caused inactivation of important 
antioxidant components in samples dried by convectional 
drying. On the other hand, the highest antioxidant activity, i.e. 
the lowest IC50 was observed in FD, showing that reduced 

pressure, lower temperature and absence of liquid water preserve 
antioxidants in dried red currants. 

CONCLUSION 

Based on the results obtained for the physico-chemical 
parameters of red currants (moisture content, water activity, total 
color change, shear force, rehydration capability, total phenols, 
total flavonoids, monomeric anthocyanins and antioxidant 
activity) dried with three different techniques (convectional 
drying, vacuum drying and lyophilization), it can be concluded 
that the lowest loss of nutritionally valuable components 
(phenolic 3.39 % and anthocyanin compounds 8.02 %) and 
highest antioxidant capacity i.e. the lowest IC50 0.1259 mg/100g 
were observed in the lyophilized samples. In samples dried by 
lyophilisation was also noticed: the lowest moisture content 
11.23 % and aw value 0.464, the lowest total color change 8.90 
and the highest rehydration capability 49.05 %. In vacuum dried 
sample (65 °C, 30 mbar and 6h) was observed the highest 
content of flavonoid compounds (243.55 mg CE/100 g DW). 
Since lyophilization, or freeze-drying, presents quite expensive 
drying technique for products such as red currants, vacuum 
drying might be used as a good drying alternative, considering 
very good quality of vacuum-dried samples. The lowest shear 
force 13.69 N was observed in convectional dried sample        
(45 °C, atmospheric pressure and 12.6 h). In comparison with 
samples dried by lyophilization and vacuum drying, 
convectional dried samples gave less good results in terms of 
preserving antioxidant capacity and loss of important bioactive 
compounds. 
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