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Abstract 

The drying characteristics of sweet potato (Ipomea batatas L.) were investigated using a 
laboratory convective tray drier at different drying temperatures and pre-treatments. The 
drying temperatures were 50, 60, 70, 80 °C, and airflow velocity 2.8 ms-1. Different physical and 
chemical pre-treatments of sweet potato samples were applied as follows: hot water and steam 
blanching; dipping in: 0.5% ascorbic acid solution, 0.15% 4-hexylresorcinol (4-HR) solution, 
0.3% L-cysteine (LC) solution. Pre-treatment with 0.15% 4-HR resulted in the most reduced 
drying time and high rehydration ratio, while pre-treatment with 0.3% LC solution resulted in 
the minimum colour change.  
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Utjecaj procesnih parametara i postupaka prethodne obrade 
na kinetiku i kvalitetu sušenja batata (Ipomea batatas L.) u 
konvekcijskom tunelskom sušioniku 

Sažetak 

Istraživanje kinetike sušenja batata (Ipomea batatas L.) provedeno je u konvekcijskom 
tunelskom sušioniku pri različitim temperaturama sušenja (50, 60, 70 i 80 °C), brzini strujanja 
zraka od 2,8 ms-1 te različitim vrstama prethodne obrade svježih uzoraka. Primijenjeni fizikalno-
kemijski postupci prethodne obrade uzoraka bili su: blanširanje u vreloj vodi, blanširanje na 
pari; uranjanje u: 0,5 %-tnu otopinu askorbinske kiseline, 0,15%-tnu otopinu 4-
heksilresorcinola (4-HR) te 0,3 %-tnu otopinu L-cisteina (LC). Prethodna obrada s 0,15 %-tnom 
otopinom 4-HR rezultirala je značajnim skraćenjem ukupnog vremena sušenja i visokim 
rehidratacijskim omjerom, dok je prethodna obrada s 0,3 %-tnom LC rezultirala najmanjom 
ukupnom promjenom boje.  

Ključne riječi: sušenje, batat, prethodna obrada, rehidratacija, boja 

Introduction 

Sweet potatoes (Ipomoea batatas L.) are vegetables characterized by ease of cultivation even in dry and poor 
soil, high caloric value per cultivated area, high nutritional value, and abundance of biologically active 
phytochemicals (e.g. β-carotene, polyphenols, ascorbic acid and dietary fibre) (Van Hal, 2000). Trans-β-
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carotene makes about 90% of the total carotenoid content of orange-fleshed sweet potato (Bechoff et al., 
2010). Since many developing countries face problems regarding storage and transportation of raw sweet 
potatoes, there has been a growing interest in dried foods quality improvement. The key attributes that 
determine the dried products quality are colour, shape (shrinkage) and rehydration capacity (Fernandez et 
al., 2005). Dehydrated sweet potato, often used in various baked products, is commonly obtained by drying 
using hot air, which allows rapid and massive processing. However, the dried product’s sensory and 
nutritional characteristics are often compromised by this procedure. The basic objective of agricultural 
products drying is the removal of water in the solids to a certain level at which microbial spoilage and 
deterioration due to chemical reactions are greatly minimised. The post-harvest losses of agricultural 
products can be reduced drastically by using proper drying techniques. Other dried product’s advantages 
include minimized packaging requirements and lower shipping costs because of weight reduction (Sabarez et 
al., 1997; Velić et al., 2007). Various pre-treatment methods (chemical, thermal and physical) have been 
investigated in order to reduce the drying time and retain the high quality of the dried product. Blanching is 
the most commonly employed technique used to prevent off flavours formation and undesirable colour 
changes due to enzymatic reactions. Furthermore, blanching significantly reduces the initial microorganisms 
load. However, blanching also leads to nutrient degradation (e.g. vitamins) and colour loss. Over blanching 
may result in an undesirable loss of colour, flavour, texture and nutrient quality in addition to excessive 
energy requirement and water disposal (Seow et al., 1992). Studies suggest that the use of natural products - 
antibrowning agents and their derivatives such as 4-hexylresorcinol, N-acetylcysteine (AC), ascorbic acid 
(AA), isoascorbic acid (IAA), potassium sorbate, calcium chloride and propionate, alone or in combination 
could effectively reduce browning and decay of many fresh-cut fruits and vegetables (Ahvenainen, 1996; Buta 
et al, 1999; González-Aguilar et al., 2001). 
Therefore, the aim of this study was to experimentally investigate different antibrowning compounds in 
conjunction with the convection drying in order to preserve the quality of fresh-cut sweet potato. The effect 
of pre-treatment methods on the drying kinetics, browning reduction, texture modification and other quality 
attributes was studied. 

Material and methods 

Orange-fleshed sweet potato (Ipomea batatas L.) was obtained from the local supermarket and stored at +4 
°C until the investigation. Samples were cut to uniform discs (diameter 20 mm and height 4 mm) using 
cylindrical shaped cutter. The dehydration kinetics was determined by continuous recording of mass 
changes, temperature profile of material and drying media, and moisture profile using computer process 
control. The drying temperatures for non-treated samples varied from 50 °C to 80 °C at the airflow velocity 
of 2.8 ms-1. Pre-treatment methods were applied prior to drying at 60 °C. The samples were pre-treated either 
thermally or chemically: (i) blanching in hot water at 85 °C for 3 min; (ii) steam blanching for 5 min; (iii) 
dipping in 0.5% ascorbic acid solution for 3 min; (iv) dipping in 0.15 % 4-hexylresorcinol solution for 5 min 
(v) dipping in 0.3 % L-cysteine solution for 5 min.  

Drying procedure 

Drying was conducted using the convection tunnel dryer (Tray Dryer, Armfield, UK) operated at air velocity 
of 2.8 ms-1 and different drying temperatures (50 °C to 80 °C). The air was flowing parallel to the horizontal 
drying surfaces of the samples. The sweet potato samples were placed on trays and put into the tunnel dryer. 
The measurement started from this point. Temperature changes of samples were continuously recorded 
using thermocouples connected to the PC. “Testo 350” probes placed in the drying chamber were used to 
measure relative humidity and drying air temperature. Sample weight loss was recorded every 5 minutes 
using a digital balance (Ohaus, Explorer, USA). Dehydration lasted until a moisture content of about 8% 
(w.b.) was achieved. Dried samples were kept in airtight glass jars until the beginning of rehydration 
experiments. 

Colour measurement  

The colour of the fresh samples and dried samples was measured using Chromameter CR-400 (Minolta). 
Three parameters L (lightness), a (redness) and b (yellowness) were used to study the colour changes. The 
total colour difference (ΔE) was calculated as follows: ( ) ( ) ( )222

ΔbΔaΔLΔE ++= (Hunter, 1975). 
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Rehydration  

Rehydration properties of the samples were expressed as rehydration ratio. Rehydration ratio (RR) was 
computed as follows: RR = drained weight (g) of rehydrated sample/weight of dry sample used for 
rehydration. 

Drying kinetics determination  

The used Page’s model (a thin-layer model) successfully describes the drying kinetics of food materials. The 
time dependent weight of samples was converted for the given time dependent to moisture content. To avoid 
some ambiguity in results because of the differences in the initial sample moisture, the sample moisture was 
expressed as dimensionless moisture ratio. The drying curve for each experiment was obtained by plotting 
the dimensionless moisture of the sample versus the drying time (Velić et al, 2004.). For the approximation of 
the experimental data and calculating drying curves and drying rate curves, the Page was used, as follows: 

( ) )t(-k n

exptX'
⋅

= and ( ) ( )tX'tnk/dtdX'
1n
⋅⋅⋅=−

− .   

Statistical analysis  

Page model parameters for drying kinetics k and n were calculated by non-linear regression method (Quasi-
Newton) using Statistica 12 computer program. The correlation coefficient (R2) was used as a measure of 
model adequation. For rehydration measurement (RR), all measurements were conducted in parallels and 
the results shown represent the mean values. All colour parameters (L, a and b) were expressed as the mean 
values ± SD. 

Results and discussion  

 

 

 

Figure 1. Experimental and approximating moisture content 
as a function of drying time at different drying 
temperatures and air velocities of 2.8 ms 

Figure 2. Drying rate curves at different drying temperature 
and air velocities of 2.8 ms-1 for convection drying of non-
treated sweet potato 

 
The moisture contents (experimental and modelled data) versus the drying time at different temperatures are 
given in Figure 1. As can be seen from the figure the experimental data and the chosen mathematical model 
(Page) are in a very good agreement. This is confirmed by the high values of correlation coefficient (0.99) in 
all runs. Figure 2 shows typical drying rate curves, which are characterised by two falling rate periods with no 
undoubtedly apparent constant rate period. Similar results were obtained during the drying of sweet potato 
slices (Diamante, 1994). The results show that the temperatures had a significant effect on the drying rates of 
sweet potatoes. Figures 3 and 4 show total colour difference and rehydration ratio versus different drying 
temperatures for non-treated samples. Taken into account all the investigated drying temperatures, the 
highest rehydration ratio and the lowest colour change were achieved at the drying temperature of 60 °C. 
Similar results have already been reported for apple drying (Velić et al. 2007). Most of the dehydrated 
products usually rehydrate during their use, so the additional quality indicators are the rate and the extent of 
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rehydration. The optimal reconstitution properties can be achieved through the control of the dehydration 
process and the rehydration conditions. Rehydration ratio is widely used as a quality evaluation method after 
drying was performed. Rehydration is a complex process that indicates the chemical and physical changes 
caused by the drying procedures (Lewicki 1998). Figures 5 and 6 show rehydration ratio and total colour 
difference versus different pre-treatments of sweet potato samples. It is apparent from the figures that 
blanching with hot water and steam blanching have resulted in the highest (significant) colour change 
compared to other pre-treatments. Furthermore, pre-treatment with 4-hexylresorcinol resulted in the most 
reduced drying time (data not shown) and high rehydration ratio, while pre-treatment with 0.3% L-cysteine 
solution resulted in the minimum colour change.  
 

 

 

Figure 3. Total colour difference (ΔE) vs. different drying 
temperatures of non-treated samples 

Figure 4. Rehydration ratio (RR) vs. different drying 
temperatures of non-treated samples 

 

 

 

Figure 5. Total colour difference (ΔE) vs. different pre-
treatments at drying temperature of 60 °C 

Figure 6. Rehydration ratio (RR) vs. different pre-
treatments at drying temperature of 60 °C 

 

List of abbreviations: 

NT - non treated samples; AA - ascorbic acid; 4-HR - 4-hexylresorcinol; LC - L-cysteine; BL-w - blanching in 
hot water; BL-st - steam blanching 

Conclusion 

The drying kinetic equations were estimated using Page’s mathematical model. The results of the estimation 
showed a good agreement with the experimental data. Pre-treatment of sweet potato using different 
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antibrowning compounds in conjunction with convective drying reduced the drying time and the product 
retained high quality. Blanching, on the other hand, did not yield a dried product of the same quality. 
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