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Abstract
In the present study carob molasses (pekmez) was spray dried to obtain a powder with

desired improved handling properties. Maltodextrin with dextrose equivalent (DE) values of 8.6,
15.3 and 18.6 was used as a drying agent. Different molasses to maltodextrin ratios (25:75,
50:50), and dryer air inlet temperatures (160 °C, 210 °C) were additional parameters. The spray
dried powders were analyzed for glass transition temperature, moisture content, water activity,
wetting behavior, particle size, color, total phenolic content and antioxidant activity. The expected
increasing effect of decreasing DE value on the glass transition temperature was obscured by
different moisture contents. The glass transition temperature was mainly lowered by increasing the
pekmez to maltodextrin ratio but also by increasing the air inlet temperature resulting in increasing
moisture content. Wetting behavior was strongly influenced by the DE value. Total phenolic
content was reduced in general by about 10 % and antioxidant activity changed by about 20 %
independent from the investigated parameters. It can be concluded that spray drying of pekmez with
addition of maltodextrin is a suitable method to improve and adjust handling properties of pekmez
without loss of its nutritional value.

KEYWORDS: spray drying, carob molasses, glass transition, antioxidant activity, phenolic
content
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Introduction 
Molasses (pekmez) is a traditional food product in Turkey. It is produced from 
sugar rich fruits such as grape, mulberry, apricot and carob. The juice of these 
fruits is concentrated up to 70-80 % soluble dry matter content. Molasses contains 
carbohydrates, minerals, organic acids, proteins, flavonoids and phenolic com-
pounds which make it a very beneficial product for human nutrition (Sengül et al., 
2007; Karababa and Isikli, 2005). Carob fruit (Ceratonia Siligua) is also known 
as locust bean and has a high content of carbohydrates 45 % (sucrose 30 % or 
more), protein 3 % and low levels of fat 0.6 % (Sengül et al., 2007; Santos et al., 
2005). Carob molasses is a thick syrup and is used as an alternative to jam, sugar 
or honey. Due to the high natural sugar content, carob molasses can be used also 
as a natural sweetener, colorant and flavoring agent in ice-cream toppings or 
cakes (Biner et al., 2007). It is also considered as a natural laxative (Bilia et al., 
2007). From the technical point of view, it is a sticky and high viscous liquid 
which causes difficulties during usage in food processing (Papadakis et al., 2006; 
Sabanis et al., 2007). The production of a dry powder containing pekmez is a very 
promising method to achieve easier handling. This reduces also the volume and 
weight and prolongs shelf life. 

Drying is one of the oldest techniques used for increasing the shelf life of 
food products (Brennan et al., 1971). Spray drying is a commonly used method 
for the transformation of liquid foods into a powder form (Shrestha et al., 2007; 
Roustapour et al., 2006). During the spray drying process the moisture is quickly 
removed which results in a mostly amorphous powder (Bhandari et al., 1997). 
Amorphous materials change from a glass state to rubber state over the glass 
transition temperature range (Shresta et al., 2007). Nevertheless, only a single 
temperature is usually given as the glass transition temperature Tg. Below the 
glass transition temperature molecular mobility is limited while above this tem-
perature a rapidly increasing mobility is observed which results in various physi-
cal and chemical changes in the material (Karatas and Esin, 1990). The tempera-
ture at which amorphous materials show stickiness is approximately 10 to 20 °C 
above their Tg (Bhandari et al., 1997; Bhandari and Howes, 1999). 

Stickiness is the main problem for spray dried, sugar rich products if Tg is 
in the range of product outlet or storage temperature. This is due to the high con-
tent of low molecular weight carbohydrates such as glucose, fructose, and su-
crose. They depict Tg between 5 and 65 °C (Bhandari et al., 1993; Bhandari and 
Howes, 1999; Goula and Adamopoulos, 2008). The stickiness problem of such 
products is commonly reduced and stability increased by the addition of high 
molecular weight compounds of high Tg (Roustapour et al., 2006). A commonly 
used drying aid for this purpose is maltodextrin with Tg above 145 °C depending 
on its composition (Goula and Adamopoulos, 2008; Shrestha et al., 2007). 
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Maltodextrins are hydrolyzates of starches and characterized by their DE value 
(Kearsley and Dziedzic, 1995). A lower DE value indicates higher molecular 
weight carbohydrates due to less hydrolysis of the starch. Their Tg increases with 
decreasing DE value (Roos and Karel, 1991). Roos and Karel determined also 
that Tg of sucrose maltodextrin binary systems decreased as the maltodextrin 
content decreased. 

Bhandari et al. (1993) found that best results regarding juice content, dry-
ing yield and material costs were obtained with a juice to maltodextrin dry matter 
ratio of 65:35 for blackcurrant, 60:40 for apricot, and 55:45 for raspberry at air 
inlet temperatures between 90 and 160 °C. Quek et al. (2007) concluded that the 
addition of maltodextrins reduced the stickiness of spray dried watermelon pow-
ders and that the air inlet temperature had an important effect on the physico-
chemical properties of the produced powders. Roustapour et al. (2006) studied on 
the spray drying of lime juice using maltodextrin with a DE value of 5 as a drying 
aid and concluded that the optimal addition to reduce stickiness was 20 %. 
Chegini and Ghobadian (2005) studied spray drying of orange juice. They found 
that operating parameters such as feed flow rate, centrifugal atomizer speed and 
air inlet temperature have important effects on the physical properties of powders 
such as bulk density, particle size, residual moisture content, insoluble solids and 
average time of wettability. 

The majority of the cited investigations have been conducted with lab or 
pilot scale spray dryers. For scale-up of spray drying processes to industrial scale, 
the spray drop size distribution and the combined impact of the air (temperature 
and humidity, especially the outlet conditions) and the residence time on the 
residual moisture content, the drying rate and the heat exposure have to be kept 
constant (Masters, 1994). These parameters influence strongly the physical and 
nutritional particle properties. 

The present study was carried out to investigate effects of spray drying 
conditions of carob pekmez on total phenolic content, antioxidant activity and the 
physical properties of the resulting powder. Based on these results, it will be 
possible to define optimal process parameters depending on the desired product 
properties. 

Materials and Methods 

Materials and Experimental Setup 

Carob pekmez was supplied by Atışeri Co. (Antalya, TR). According to the man-
ufacturer it has a total carbohydrate content of 44.41 % (14.67 % glucose, 
14.20 % fructose, 15.54 % sucrose). Maltodextrin powders (Cargill Deutschland 
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GmbH, Krefeld, DE) with three different DE values (8.6, 15.3, 18.6) were used 
for spray drying trials. 

The feed solutions were prepared with pekmez to maltodextrin dry matter 
ratios of 25:75 and 50:50 under consideration of the dry matter content of pekmez 
and maltodextrin. The dry matter content of the pekmez was determined by meas-
urement of °Brix. The overall carbohydrate concentration of the feed solution was 
adjusted to 20 °Brix. Therefore, maltodextrin was dissolved completely in demin-
eralized water and then the necessary amount of pekmez was added under agita-
tion. 

A pilot scale spray dryer (Industrie-Werke Karlsruhe, C 117, DE) 
equipped with an external mixing pneumatic atomizer was used for the spray 
drying trials. Drying air flow rate varied between 250 and 280 m3/h due to vary-
ing filter permeability. The spray dryer was operated in co-current mode. Atomi-
zation pressure was set to 3 bar. The air inlet temperature Tinlet was set to 160 or 
210 °C. The air outlet temperature Toutlet was kept at 75 °C for all trials by adjust-
ing the feed flow rate. The spray dried pekmez was separated from the air flow by 
a cyclone and collected for 10 to 20 min at the outlet of the cyclone. Afterwards, 
it was stored in glass bottles with sealed caps until analyzed. A schematic of the 
spray drying setup is displayed in figure 1. 

liquid
feed

powder

Toutlet

Tinlet

 

Figure 1: Schematic of spray dryer with atomizer (left), cyclone (middle) and fan with filter 
(right). All powder was separated from the air flow in the cyclone. The air temperatures Tinlet and 

Toutlet were measured prior entering the drying chamber and after exiting the cyclone. 
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Physical Properties 

An infrared balance moisture analyzer (Mettler Toledo, LJ 16, CH) was used for 
the determination of the moisture content. The temperature was set to 105 °C and 
the stability criterion of no weight change during 1 min was selected. Considering 
the measurement temperature of 105 °C, caramelization may cause slightly higher 
moisture content values than actually present but the effect should be for all sam-
ples in the same magnitude. Each measurement was done in duplicate with a 
sample amount of 1.5 g and mean values were calculated. 

Water activity (aw) measurement of the powders was carried out using a 
water activity meter (Novasina, Aw Sprint TH-500, CH) at 25 °C. Each meas-
urement was done in duplicate and mean values were calculated. 

A differential scanning calorimeter (Thermal Analysis Instruments, DSC 
2920 CE, US) was used to determine Tg of all produced powders. Nitrogen was 
used as the purge gas. A single point temperature calibration was carried out with 
Indium. All tests were performed in sealed aluminum pans with a sample weight 
of 7.5 mg (± 0.5 mg). From preliminary trials with heating rates between 5 and 
20 °C/min, a heating rate of 10 °C/min was chosen for optimal indication of the 
glass transition temperature range. The measurement procedure was: isothermal 
for 3 min at -20 °C, heat scanning from -20 to 120 °C with 10 °C/min heating 
rate, isothermal for 3 min at 120 °C, cooling rapidly to -20 °C, isothermal for 
3 min at -20 °C, heat scanning from -20 to 160 °C with 10 °C/min heating rate, 
isothermal for 3 min at 160 °C. The second scanning run of the sample was used 
in this method to avoid the enthalpy relaxation of the amorphous powder which 
appears in the first scan, thereby enhancing the accuracy of Tg measurement on 
DSC thermogram (Shrestha et al., 2007). Tg of the powders were determined with 
Universal Analysis V2.5H software. Although the onset, midpoint and offset 
temperatures of the glass transition range were determined only the onset temper-
atures are shown in the results. For each sample, a mean value was calculated 
from duplicate measurements. An example thermogram of a glass transition 
measurement is given in figure 2. 

The wetting time method was used for determination of the wetting behav-
ior of the powders. The method is also known as the immersion or slider method. 
By this method, the wetted height of a defined powder sample placed on top of a 
liquid surface is measured with respect to time. An unsteady state in the begin-
ning is followed by a steady state (Schubert, 1990; Hogekamp and Schubert, 
2003). The experimental setup consists of a container for the testing liquid and a 
powder section above the container. A slider separates the testing liquid and the 
powder prior to the measurement. An infrared distance sensor measures the 
changing position of the powder bulk once the slider is removed and the powder 
immerses (Pohl et al., 2004). Demineralized water was used in all cases as liquid. 
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For the samples with DE values 8.6 and 15.3, a measuring frequency of 60 Hz 
was selected because of their fast wetting. 10 Hz was chosen for the samples with 
DE value 18.6 because of its significantly slower wetting. For all samples, immer-
sion speed in the steady state of the wetting was determined. Four measurements 
were done for each sample and mean values were calculated. 

 

Figure 2: An example thermogram (DE 8.6, 25:75, Tinlet 160 °C) obtained during glass 
temperature measurements of the pekmez powders. Two scanning runs and the analysis of the 

second run are shown. 

The particle size distribution of the spray dried powders was measured 
with a laser diffraction spectrometer (Malvern Instruments, 2600c, UK) using a 
dry dispersion unit. The measured scattering data were analyzed with the prede-
fined optical model particle-in-air based on the anomalous diffraction model. The 
results were given in terms of Sauter mean diameter (x1,2) of the particle collec-
tive. Measurements were done in triplicate and mean values were calculated. 

The color of the powders was analyzed using a colorimeter (Minolta, 
CR-300, JP) which is based on the CIE (Commission Internationale de 
L’Eclairage) L*a*b* color space. White balance was performed with a calibration 
tile prior to every measurement. Five measurements were done for each sample 
and mean values were calculated. 
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Nutritional Properties 

The Folin-Ciocalteau method was used for determination of the total phenolic 
content. Pekmez and spray dried powder samples were dissolved with demineral-
ized water and diluted. 2.5 ml of Folin-Ciocalteau reagent (diluted 10 times with 
water) and 2 ml of Na2CO3 (75 g/l) were added to 0.5 ml diluted extract. The 
samples were kept for 2 h in the dark at room temperature. The absorbance values 
were measured with an UV-Vis spectrophotometer (Varian Inc., Carry 50 Scan, 
AU) at 760 nm. Three measurements were done for each sample. Total phenolic 
contents of the extracts were determined as gallic acid equivalent (mg gallic acid 
(GAE)/g dry matter) by using a calibration curve of gallic acid solutions of 
known concentration (Skerget et al., 2005). Three measurements were done for 
each sample and mean values were calculated. 

The antioxidant activity of the pure pekmez and the produced powders 
was determined according to the modified method of Sanchez-Moreno (1998) 
using DPPH with a concentration of 0.025 g/l. Pekmez and spray dried powder 
samples were dissolved with demineralized water and diluted. The diluted ex-
tracts were added into 3.9 ml of DPPH solution. After 40 min, the absorbance of 
the DPPH solution was measured at 515 nm with an UV-Vis spectrophotometer 
(Varian Inc., Carry 50 Scan, AU) (Rodriguez et al., 2005; Sanchez-Moreno et al., 
1998). The decrease in absorbance (expressed as percent of the initial absorbance) 
was plotted against the concentration of the antioxidant solution in the reaction 
mixture for each extract. The efficient concentration EC50 represents the amount 
of sample containing antioxidant necessary to decrease the initial DPPH concen-
tration by 50 %. EC50 was calculated for each solution from a calibration curve 
by linear regression. EC50 is expressed in terms of g dry sample/g DPPH. Lower 
EC50 value indicates therefore higher antioxidant activity (Rodriguez et al., 
2005). 

Results and Discussion 

Physical Properties 

The spray drying trials with maltodextrin at a DE value of 18.6 and 50:50 pekmez 
to maltodextrin ratio were considered unsuccessful and not further analyzed as the 
feed solution sticked to the dryer wall and formed a toffee like layer. For that 
reason 50:50 pekmez to maltodextrin ratio was not used at a DE value of 18.6 for 
further trials. As expected the powders with higher maltodextrin content and dried 
at a lower drying air inlet temperatures showed less stickiness. 

Mean values of moisture content and water activity of the powders are 
given in table 1. The moisture content ranged between 2.2 and 3.3 % and the 
water activity between 0.14 and 0.23. Both values are lower at lower air inlet 
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temperature of 160 °C. Water activity is an important indication for the shelf life 
of food products. The water activity values of all pekmez powder samples were 
below the critical water activity value for fat free food products and therefore 
microbiological, enzymatic and non-enzymatic degradation processes are reduced 
to a minimum (Kessler, 1996). 

Table 1: Moisture content (MC) and water activity (aw) of produced powders show at constant air 
outlet temperature (Toutlet) mostly a significant influence of air inlet temperature (Tinlet) and no 
systematic influence of pekmez to maltodextrin (P:M) ratio and dextrose equivalent (DE) value of 
maltodextrin. 

Tinlet 
[°C] 

Toutlet 
[°C] 

DE 
P:M 
ratio 

MC [%] aw [-] 

160 75 8.6 25:75 2.26 ± 0.10 0.156 ± 0.003 
160 75 15.3 25:75 2.31 ± 0.03 0.141 ± 0.006 
160 75 18.6 25:75 2.51 ± 0.01 0.134 ± 0.002 
160 75 8.6 50:50 2.23 ± 0.06 0.145 ± 0.006 
160 75 15.3 50:50 2.49 ± 0.01 0.159 ± 0.001 
210 75 8.6 25:75 2.96 ± 0.08 0.188 ± 0.003 
210 75 15.3 25:75 3.14 ± 0.06 0.177 ± 0.001 
210 75 18.6 25:75 2.95 ± 0.08 0.158 ± 0.001 
210 75 8.6 50:50 2.70 ± 0.00 0.211 ± 0.005 
210 75 15.3 50:50 3.27 ± 0.06 0.224 ± 0.001 

 
Tg of the pekmez powders in dependency of the DE value of maltodextrin, 

the pekmez to maltodextrin ratio and the air inlet temperature are given in figure 
3. Tg was measured to verify a temperature difference of at least 10 to 20 °C to 
the potential storage temperate for avoidance of stickiness problems. A significant 
influence of the pekmez to maltodextrin ratio is observed. Tg of the produced 
powders were decreased with increasing DE value of the maltodextrin for both air 
inlet temperatures, however most pronounced for 160 °C. Except for the sample 
at 210 °C drying air inlet temperature, pekmez to maltodextrin ratio 25:75 and a 
DE value of 18.6, the moisture content is also decreasing with increasing DE 
value (see table 1) which also causes a lowering in Tg (see figure 3). Due to the 
cooccurrence of this two influencing factors, the expected lowering effect of the 
increasing DE value on the Tg could not clearly be shown in the present study. 
The pekmez to maltodextrin ratio has a significant influence on the Tg of the 
powders. As the pekmez to maltodextrin ratio increases, also the concentration of 
low molecular weight carbohydrates increases. Due to low Tg of these carbohy-
drates the glass transition of the produced powders was shifted to lower tempera-
tures. Shrestha et al. (2007) obtained a similar result for spray dried orange juice. 
They also stated that the decrease in Tg with decreasing maltodextrin content was 
not linear. 
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An increase in the drying air inlet temperature caused a decrease in Tg of 
the spray dried powders and an increase in their moisture content as can be seen 
in table 1. Lower Tg for the powders produced at a higher air inlet temperature is 
expected to be the result of the higher moisture content of these powders. Chegini 
and Ghobadian (2005) reported that increasing the air inlet temperature causes 
reduced final moisture content of the product. The results of the present study 
have shown the opposite which is expected to be the result of crust formation on 
the drop surface. During spray drying the drying of a drop takes places in two 
stages. In the first stage most of the drying occurs as a result of free moisture 
vaporization from the surface of the droplet. In the second stage drying rate is 
lowered as a result of crust formation at the drop surface and concentration of 
unbound water to the inner part of the droplet (Masters, 2002). Especially for 
sugar rich products, evaporation is controlled by the moisture diffusion in the 
crust (Roustapour et al., 2006). 
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Figure 3: Glass transition temperature (Tg) of the pekmez powders in dependency of dextrose 
equivalent (DE) value of maltodextrin, pekmez to maltodextrin ratio and air inlet temperature 

(Tinlet). Significant influence of the pekmez to maltodextrin ratio is observed. 

The immersion speed of the powders is given in figure 4. As the DE value 
increases the immersion speed of the powders decreases. Very slow immersion 
speed was found for powders at DE values of 18.4. The decrease of the immersion 
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speed due to increasing DE values and increasing pekmez to maltodextrin ratio 
can be related to the better solubility of lower molecular carbohydrates 
(Chronakis, 2010) causing a faster increase of the liquid viscosity during the 
measurement time. The increase in pekmez to maltodextrin ratio and air inlet 
temperature also causes a decrease in the immersion speed of the powders but less 
significant than the increasing DE value. The decrease due to higher air inlet 
temperature may be related to the formation of a thicker, less porous crust in the 
first drying stage at these drying conditions. 
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Figure 4: Immersion speeds of the pekmez powders in the steady state wetting in dependency of 
dextrose equivalent (DE) value of maltodextrin, pekmez to maltodextrin ratio and air inlet 
temperature (Tinlet). Most significant effect is caused by the change in DE values of used 

maltodextrin. 

The Sauter mean diameter x1,2 values of the spray dried powders are given 
in table 2. The Sauter mean diameters are in a quite narrow range. Increasing air 
inlet temperature leads to a slight increase which can be related to the faster crust 
formation and internal bubbles growth during the drying at higher temperatures. 

The color measurement results for the spray dried powders are shown in 
table 2. As the pekmez to maltodextrin ratio increases the lightness of the pow-
ders decreases (decreasing L*) which is a result of the higher pekmez content. As 
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the pekmez to maltodextrin ratio increased both a* and b* were increased. The 
increase in the air inlet temperature also causes a decrease of L* as a result of 
caramelization of the carbohydrates in the pekmez and possibly Maillard reaction. 
The air inlet temperature increase caused an increase in a*, but b* was not affect-
ed significantly by this change. At constant pekmez to maltodextrin ratio are 
therefore both L* and a* a possible indicator for thermal exposure of the product. 

Table 2: Sauter mean diameter (x1,2) and color (lightness (L*), color indicators (a*, b*)) of 
produced powders show at constant air outlet temperature (Toutlet) mostly a significant influence of 
air inlet temperature (Tinlet) and pekmez to maltodextrin (P:M) ratio and low influence of dextrose 
equivalent (DE) value of maltodextrin. 

Tinlet 
[°C] 

Toutlet 
[°C] 

DE 
P:M 
ratio 

x1,2 [µm] L* [-] a* [-] b* [-] 

160 75 8.6 25:75 5.74 ± 0.20 90.63 ± 0.04 -0.72 ± 0.02 16.72 ± 0.17 
160 75 15.3 25:75 7.43 ± 0.12 90.66 ± 0.23 -0.77 ± 0.01 16.23 ± 0.04 
160 75 18.6 25:75 7.62 ± 0.04 91.16 ± 0.13 -0.80 ± 0.02 15.69 ± 0.20 
160 75 8.6 50:50 7.61 ± 0.15 85.23 ± 0.18 -0.25 ± 0.04 22.61 ± 0.26 
160 75 15.3 50:50 7.43 ± 0.26 85.11 ± 0.11 -0.28 ± 0.03 22.65 ± 0.28 
210 75 8.6 25:75 8.89 ± 0.14 87.79 ± 0.17 -0.60 ± 0.04 17.71 ± 0.28 
210 75 15.3 25:75 10.08 ± 0.40 87.81 ± 0.20 -0.58 ± 0.03 16.23 ± 0.18 
210 75 18.6 25:75 10.19 ± 0.19 88.06 ± 0.10 -0.55 ± 0.02 17.22 ± 0.34 
210 75 8.6 50:50 8.05 ± 0.16 83.61 ± 0.05 -0.16 ± 0.03 22.57 ± 0.20 
210 75 15.3 50:50 8.70 ± 0.19 83.61 ± 0.17 -0.23 ± 0.05 22.87 ± 0.09 

Nutritional Properties 

The total phenolic content and antioxidant activity measurement results for the 
unprocessed carob pekmez and the spray dried powders are given in table 3. The 
pekmez to maltodextrin ratio needs to be taken into account when evaluating the 
results. Total phenolic content of pekmez powders ranged between 3.67 and 
8.03 mg GAE/g dry matter while the total phenolic content of unprocessed carob 
pekmez was determined as 16.54 mg GAE/g dry matter. The antioxidant activity 
values of the carob pekmez and the powders were expressed in terms of EC50 
value. Higher EC50 value indicates lower antioxidant activity. The EC50 value of 
unprocessed carob pekmez was determined to be 8.12 dry matter/g DPPH while 
the EC50 values of the powders ranged between 13.07 and 26.95 dry matter/g 
DPPH. Total phenolic content of the powders with 25:75 pekmez to maltodextrin 
ratio was approximately half of the powders with 50:50 pekmez to maltodextrin 
ratio and antioxidant activity was approximately twice, respectively. Taking into 
account the reduction of the pekmez content in the powders compared to the pure 
carob pekmez there was only a minor change in total phenolic content (approx. 
10 %) and antioxidant activity (approx. 20 %) due to spray drying for all pro-
cessing conditions. Due to the co-current operation mode of the spray drier the 
product itself will remain at the cooling limit temperature until the first drying 
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stage ends and rise afterwards to the constant air outlet temperature of 75 °C. 
Thus the product is not stressed significantly by high temperatures even with 
higher air inlet temperature and the nutritional properties are preserved. 

Table 3: Total phenolic content (TFC) and antioxidant activity (represented by EC50) of carob 
pekmez and produced powders depending on air inlet/outlet temperature (Tinlet/outlet), dextrose 
equivalent (DE) value of maltodextrin and pekmez to maltodextrin (P:M) ratio. A change in TFC 
of about 10 % and in EC50 of about 20 % is observed taking the respective pekmez content into 
account. 

Tinlet 
[°C] 

Toutlet 
[°C] 

DE 
P:M 
Ratio 

TFC [mg GAE/g 
dry matter] 

TFC spray 
dried [%] 

EC50 [g dry 
matter/g DPPH] 

EC50 spray 
dried [%] 

160 75 8.6 25:75 3.67 ± 0.07 88.8 26.13 ± 0.37 80.4 
160 75 15.3 25:75 3.90 ± 0.07 94.3 25.48 ± 0.38 78.4 
160 75 18.6 25:75 3.93 ± 0.08 95.0 25.33 ± 0.38 80.0 
160 75 8.6 50:50 7.52 ± 0.12 90.9 13.88 ± 0.25 85.5 
160 75 15.3 50:50 8.03 ± 0.12 97.1 13.88 ± 0.11 85.4 
210 75 8.6 25:75 3.86 ± 0.04 93.3 25.79 ± 1.27 79.4 
210 75 15.3 25:75 4.10 ± 0.05 99.1 26.20 ± 0.39 80.7 
210 75 18.6 25:75 3.90 ± 0.16 94.3 26.95 ± 0.74 83.0 
210 75 8.6 50:50 7.75 ± 0.32 93.7 13.07 ± 0.20 80.4 
210 75 15.3 50:50 7.71 ± 0.00 93.2 13.29 ± 0.25 81.8 
Carob pekmez 16.54 ± 0.24  8.12 ± 0.34  

Conclusion 
The DE value of the maltodextrin and the air inlet temperature have only slight 
influence on Tg, Sauter mean diameter, water activity and moisture content. 
Therefore Tg can be adjusted by the pekmez to maltodextrin ratio and the immer-
sion speed – representing the wetting behavior – by the DE value of the used 
maltodextrin with a minor impact of the air inlet temperature. Color change was 
significant and can be used at constant pekmez to maltodextrin ratio as a possible 
indicator for thermal exposure. Both total phenolic content and antioxidant activi-
ty were largely independent from all investigated drying conditions and depict a 
good preservation through the process. Therefore spray drying in co-current mode 
is a suitable method for drying of pekmez without significant loss of its beneficial 
nutritional properties and adjustable Tg and wetting behavior of the powder. 
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