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Abstract:  
In this study was investigated dry pasta from dedicated wheat flour with the addition 

of corn flour. Drying is comprised of four kinds of pastas: noodles for soup, wide 

noodles, narrow noodles and spaghetti. Three series were made at different drying 

temperatures, 55 °C, 70 °C and 80 °C. Measured by the change in mass of pasta and 

water loss during drying, the greatest weight loss occurred in with wide noodles, 

spaghetti, and lowest in the narrow noodles. The moisture content after drying, the 

pasta with the addition of corn flour was 12.7 % for all four type of pasta. 
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1. Introduction  

One of the important treatment of some farm products is drying process. Blowing 

the hot air to the object is the most common method of this process thus water 

contained is evaporated, [1]. Drying process is one of the most ancient method of food 

preservation [2]. Drying is a complex process of exchanging mass and heat, both 

between the material being dried and within the material itself. Drying is the removal 

of solid-phase liquid from heat, up to the content of dry matter characteristic of the 

dry product. The definition is based on the fact that evaporation of the liquid is 

associated with the corresponding heat transfer. At the same time, heat transfer was 

followed by the transfer of mass in the form of water vapor from the surface of the 

material to its surroundings. The purpose of drying process is to reduce the water 

content in the producst so that the environment is not suitable for micro-organisms 

reproduction [3,4,5]. 

Drying of pasta is based on the principle of convection - the exchange of heat and 

moisture between the pasta and the heated air flowing around the pasta. During the 

drying process the first evaporating moisture from the surface of the dough, and then 

there is a migration of the moisture from inside the test. As a result of this process 

leads to the formation of a gradient of moisture content in the center of the pasta and 

on its surface, and the time required to balance depends on the thickness of the pasta 
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and the speed of diffusion of moisture. The basic parameters of the air that determine 

the drying speed of the pasta are: temperature, humidity and air flow velocity [6]. 

One of the fundamental and critical control points in the dried pasta production is 

the drying process in air flow [7]. Depending on the dry bulb temperature of the hot 

air used, three modes of drying are generally used: low temperature drying (LT): 

temperatures of 50-55 °C for 14-20 hours; hight temperature drying (HT): 

temperatures of approximately 75 °C for 7-10 hours and ultra hight temperature 

drying (UHT): temperatures of 80-120 °C for a few hours, [8]. 

The preferred flour for pasta is that obtained from hard wheat with high protein 

content and solid glue resistant to stretching [9]. Pasta of this kind of flour has 

yellowish color, stubble, tear resistance, does not lose shape, do not cling and do not 

split. With the addition of corn flour, during pasta mixing, it was shown that pasta had 

good characteristics, and even better than the use of wheat flour during the drying 

process. Among the quality properties of spaghetti, texture is one of the most 

important factors affecting pasta quality and consumer acceptance [10]. 

The temperature dependence of the water sorption behavior, particularly the effects 

of starch gelatinization on this behavior, has not fully been assessed. We reported that 

the expression of a hyperbolic type, in which the cooking time was divided by the 

square of the initial diameter of spaghetti, was useful for describing the water sorption 

processes of spaghetti having different initial diameters and estimating the 

equilibrium moisture content and the initial rate of water sorption [11]. 

To dry the pasta, in addition to knowing air conditioning, it is necessary to 

emphasize the transmission of mass and energy in detail. Drying of pasta represents 

the final phase of a technological process that requires a lot of skill, attention and 

responsibility. The most important is the setting of drying speed. In the event of a 

quick drying of the pasta, it can shoot, so it has significant fractures, and other defects 

such as cracks, white spots and inequalities in the color of the pasta itself are created. 

If, however, drying of pasta takes place in too slow drying, the pasta can be so 

degraded that it can not match the purpose. The higher air temperature and velocity 

increase the evaporation rate. However, the gradient of evaporation rate by 

temperature tends to decrease from 0.46 gram/
o
C to 0.2 gram/

o
C. Contrarily, the 

gradient is increased by velocity from 5 gram/(m/s) to 9 gram/(m/s), [1]. Based on this 

fact, it can be concluded that the effect of temperature is less significant at high air 

velocity. The basic principle of drying process is to transport water vapor from wet 

object to the air. Velocity of air is proportional to the mass flow rate of air. At higher 

mass flow rate, the capacity increase since a lot of amount of air. 

The aim of the paper is to examine the kinetics of pasta drying and the problems 

that arise during the drying process. The paper presents the influence of adding corn 

flour at the time of drying pasta. This work shows that the addition of corn flour in the 

stains gives good results in terms of drying at the appropriate temperatures.  

2. Materials and Methods 

2.1. Procedure for pasta production  

As a material in this work, pasta was used (noodles for soup, wide noodles, narrow 

noodles and spaghetti). Pasta products are obtained by mixing and forming wheat 

grieze or dedicated flour with water. The basic raw materials for making pasta are 
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flour, water, and eggs. Corn flour and sodium glutamate were used as additional raw 

materials. 

The used flour for making pasta is T-400, which is produced and packed by a mill in 

Drazevac, a moisture content of 13.5%, a degree of acidity 2.2 and an ash content of 

0.45%, a pH of 5.9.  

All trials were done in the laboratory of the Faculty of Technology in Leskovac and 

the chemical laboratory of the Public Health Institute from Leskovac. The dough is 

mixed with continuous (direct) seeds, all the raw materials are added directly to the 

flesh. The water temperature for the test stocks was 28 °C, with a humidity of 30% 

Pasta with the addition of corn flour was made so that the ratio of wheat and corn 

flour is 70:30. Maize flour contains considerably higher amounts of fat than wheat, 

and the protein entering into its composition does not create glue, so that the dough 

can not be formed and tied.  

2.2. Drying Process  

The drying process begins immediately after the matrix test has passed. Drying takes 

place under the influence of convection - hot air flow and is based on the exchange of 

heat and moisture between the pasta and the heated air flowing into the oven around 

the pasta. As the air temperature is higher, evaporation of the water from the pasta 

surface is more intense. By increasing the air flow rate around the pasta, evaporated 

water is removed more quickly. The pasta was dried in three phases depending on the 

air temperature: 

- Phase I- drying at low temperatures at 55 °C for 1.5 hours; 

- Phase II - drying with medium high temperatures at 70 °C (pre-drying) for 10-20 

hours; 

- Phase III - drying with medium high temperatures over 80 °C. 

For the drying of the pasta were used the convective type experimental dryers, which 

were made by hand. Dryer is a rectangular shape made of galvanized sheet metal, 

with five wood. The working medium is warm air obtained from a calorifier located in 

the bottom of the dryer. 

The drying process was carried out by the fact that at the beginning of the drying the 

temperature in the dryer was 55 °C, in order to increase the temperature to 70 °C after 

one drying cycle, and at the end of the drying temperature, the temperature was 80°C. 

The temperature was increased because the pasta at 55 °C showed an insufficient 

dryness, at 70 °C it was partially dried, while at 80°C the pasta showed the real effect 

of dried pasta. 

Pasta samples with corn flour were dried for a period of 270 minutes. The weight and 

moisture content were read after 15, 30, 45, 60, 75, 90, 120, 150, 210 and 270 minutes. 

2.3. Statistical Analysis 

Statistical analysis of data is represented by the model of exponential dependence. 

The model of exponential dependence (exponential curve) served as a model for 

obtaining the results of drying the pasta with the addition of corn flour. Exponential 

dependence is the curve:  

y = y0  + A1 e
-(x/ t

1
 )
                                          (1) 
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using the program Origin Version 4.0. 
 

Amplitude A and values x are associated parameters. When the command for this 

dependence is selected, the Origin program will make the necessary initiative for the 

parameters and set the corresponding fixed number, which is close to the minimum 

value of the parameter x. It also sets the corresponding fixed number that is close to 

the asymptotic value of the variable y for the large values of the parameter x. 

This section should contain sufficient details so that methods can be appropriately 

cited and readers can assess whether the materials and methods justify the conclusions 

or not. It can be divided into subsections if several other methods need to be described. 

You need explain how you studied the topic, identify the procedures you followed, 

and structure this information as logically as possible. 

3. Results and Discussion 

  Table 1 shows the results of drying of pasta containing corn flour and dried at 

55 °C. 

Table 1. Change in mass and change in moisture content during drying pasta with corn flour at 

55 °C. 

Time 

min 

Change in mass, g Change in moisture content, % 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

0 220 220 220 220 93.13 93.13 93.13 93,13 

15 211 215.7 217.6 216.8 90.03 90.45 88.9 89.54 

30 196 202.5 213.6 210 85.34 87.9 72.64 80.07 

45 190 197 208.1 201.7 78.96 77.76 68.56 73.27 

60 184 185.2 204.2 196.5 70.1 71.04 60.08 69.32 

75 180.6 176.3 200.9 186.5 59.79 62.5 54.23 61.76 

90 173 161.7 197 178.3 41.14 47.5 47.16 56.34 

120 170.7 158.4 192.7 173 34.6 37.21 36.07 45.6 

150 165 150.1 198.3 169.5 25.69 22.76 29.43 34.14 

210 160 150.6 180.9 165.1 17.08 17.11 17.24 18.06 

270 158 151.8 180.6 161 17.21 17.27 17.19 17.20 

 Based on the results in Table 1, it can be concluded that the weight of pasta has 

decreased steadily after all time intervals. The largest reduction in weight was 

observed in wide noodles (62 g), and at least in narrow noodles (39.4 g).  

It can also be concluded that pasta with the addition of corn flour, after drying of 

270 min, still have a large mass, which means that the dough could not be well 

fermented and remained unchanged. As a consequence, there is an inadequate drying 

temperature of 55 °C.  

The experimental results from Table 1 are shown graphically in Figures 1 and 2. 

Drying of pasta at 55 °C for 1.5 hours represents a pre-drying phase where half of 

the total amount of water is removed, which should be removed by drying. The 

moisture content in the pasta with corn flour gradually decreased during all 

measurement intervals. The flow mode is such that during 270 minutes the pasta is 

dried to a humidity ranging from 17.19 to 17.27%. The strongest moisture was 

recorded at wide, and the smallest in narrow noodles. The pasta is then in a plastic 

state and therefore a sharper drying regime is applied, that is, the drying temperature 

is increased to 70 °C. 
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Figure 1. Changing the weight of pasta on  55°C. 
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Figure 2. Changing the moisture content of pasta on 55°C. 

The second stage of the pasta drying is more demanding and represents the main 

drying at a temperature of 70 °C. The drying time of the pasta at this temperature is 

from 10 to 20 hours. The results of measuring the change in mass and the change in 

the moisture content of various forms of pasta are given in Table 2.  

Table 2. Change in mass and change in moisture content during drying pasta with corn flour at 
70 °C. 

Time, 

min 

Change in mass, g Change in moisture content, % 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

0 220 220 220 220 88.57 88.57 88.57 88.57 

15 208.65 211.34 217.54 217.36 85.75 85.04 81.4 82.87 

30 195.31 203.5 214.78 214.09 75 64.7 67.9 69.6 

45 190.8 192.1 213.21 207.7 59.14 55.8 58.06 52.3 

60 187 181.6 213 192.5 45.41 44.08 47.32 45 

75 181.07 170.33 212.9 184.6 33.07 32.7 33.6 33.7 

90 175 163.7 208.76 177.32 26 29 24.5 28.1 

120 168.92 159.48 199.7 171 20.06 19.1 19 20 

150 164.46 155.19 197.3 166.48 17.97 18.06 16.54 16.86 

210 159.06 150.6 181.06 159.05 13.02 13 12.88 12.73 

270 154.2 149.89 180 156.76 12.9 12.9 12.97 12.86 
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Figure 3. Changing the weight of pasta on 70 °C. 
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Figure 4. Changing the moisture content of pasta on 70 °C. 

Figure 3 gives a graphical view of changing the paste drying mass to 70 °C. During 

the drying of the pasta at 70 °C it is observed that the weight of the pasta is reduced, 

which means the pasta is transferred from plastic to solid state. The largest mass loss 

was recorded in wide noodles, noodles for soup, spaghetti, and the smallest in narrow 

noodles. By comparing the results from Table 2 related to moisture content, it can be 

concluded that drying at 70 °C of pasta gradually loses water, water evaporates a 

considerable percentage, suffers significant changes in structure and mechanical 

properties. The highest moisture was recorded in soup noodles and wide noodles, 

accounting for 12.9%. 

Drying pasta at 80 °C represents the final phase, and the results of the 

measurements are shown in Table 3.  Higher temperature of air has larger capacity of 

water vapor so that the evaporation rate from the product is increased. 

Based on the results in Table 3 for weight change, a decrease in weight for all types 

of pasta was recorded in relation to the initial weight of 220 g pasta. The largest loss 

of mass in the case of wide noodles and spaghetti, and the smallest in narrow noodles. 

From Table 3 it can be seen that the moisture content of the pasta has dropped to 

12.7% in all four types of pasta, which is a pasta stabilization phase, which has 

already been determined and after 210 minutes of pasta drying at 80 °C. The moisture 

was distributed appropriately throughout the whole of the pasta, equalizing the 
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moisture content of the pasta. This showed that pasta achieved a satisfactory level 

during drying at 80 °C. In all four types of pasta, moisture content is 12.7%. 

Table 3. Change in mass and change in moisture content during drying pasta with corn flour at 

80 °C. 

Time, 

min 

Change in mass, g Change in moisture content, % 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

Noodles 

for soup 

Wide 

noodles 

Narrow 

noodles 
Spaghetti 

0 220 220 220 220 87.65 87.65 87.65 87.65 

15 197 190 236 196 84 84.4 80.5 82.3 

30 191 181 226 189 72 62.7 66.6 68.6 

45 182 177 219 180 54 54.9 56.9 51 

60 176 171 211 174.5 42 43.2 45.8 40.2 

75 170 165 201 170.5 30 31.4 31.9 32.3 

90 168.5 160 194 168 27 21.5 22.2 27.4 

120 165 158 189 166 20 17.6 15.3 23.5 

150 163.5 156 187.5 164 17 13.7 13.2 19.6 

210 155 149 178 154 12.7 12.7 12.7 12.7 

270 155 149 178 154 12.7 12.7 12.7 12.7 
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Figure 5. Changing the weight of pasta on 80°C. 
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Figure 6. Changing the moisture content of pasta on 80 °C. 

The experimental results for changing the mass and moisture content with time 

from Table 3 are shown in graphic dependence in Figures 5 and 6. The graph in 

Figure 5 shows a change in the weight of the pasta with the drying time in the final 
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drying phase. The largest loss of mass in the case of wide noodles and the smallest in 

narrow noodles. In Figure 6 shows that the pasta humidity dropped to 12.7%, which 

represents the phase of stabilization of pasta, bringing the pasta achieve a satisfactory 

level of humidity during the drying at a temperature of 80 °C. 

When drying pasta at low temperatures, the quality of pasta depends on the quality 

and quantity of the protein from the raw material, while only the quantity of protein is 

responsible for drying at high temperatures for the quality of the pasta, [12]. Also, a 

large number of studies indicate that high technological (60-85 °C) and very high (85-

110 °C) temperatures achieved great technological progress, which is reflected in 

increasing productivity, reducing energy consumption, improving the sensory product 

quality and its microbiological correctness [13,14].  

Spaghetti dried under high-temperature conditions had better quality after cooking 

than that dried under low-temperature conditions [12]. The dependence of the 

properties of cooked spaghetti on drying conditions is due to changes in the inner 

structure of spaghetti during drying [15,16]. 

However, drying pasta at very high temperatures can result in tanning of the pasta, 

i.e. the pasta takes on an intense orange color, which is a consequence of Maillard's 

reaction and formation of furosine, a harmful, toxic compound. The gluten-free mesh 

denaturates and becomes insensitive when the pasta is dried at high temperature, 

which makes the protein fraction less sensitive to changes during cooking, [17]. Also, 

the matrix interferes with the starch swelling, so the pasta dried at high temperatures 

absorbs a smaller amount of water. 

The leakage of amylose from the spaghetti dried under low-, high- and veryhigh-

temperature conditions during their cooking processes and showed that more amylose 

leaked from the spaghetti dried at lower temperature [18]. 

The samples from Table 3 showed that the temperature of 80 °C was the most 

adequate and that the quality of pasta did not change at this temperature, which should 

be shown. 

The results of the curves obtained on the charts were compared with the exponential 

curve (on the basis of which the obtained results were compared). From the attached 

one it can be seen that the obtained results do not have too much deviation from the 

given exponential curve, which was the goal. 
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Figure 7. Exponential value of change of moisture content with time for noodles for soup. 
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Figure  8. Exponential value of change of moisture content with time for wide noodles. 
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Figure 9. Exponential value of change of moisture content with time  for narrow noodles. 
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Figure 10. Exponential value of change of moisture content with time  for spaghetti. 

In the initial drying period (for the first 60 min), the moisture content of the pasta 

(noodles for soup - Figure 7, wide noodles - Figure 8 and narrow noodles - Figure 9) 

was linearly decreasing with time, and in the continuation of drying the moisture 

gradient profile was hyperbolic. This could be expected because, during drying, there 

was an increase in the resistance of the diffusion of water from the interior of the 
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pasta to the surface, which means that the loss of moisture content of the pasta loses 

plastic-elastic properties and slowly passes into a solid form. The change in moisture 

content over time with spaghetti (Figure 10) had almost half-hippocellular shape 

throughout the drying period, which is explained by unchanged resistance to the 

diffusion of moisture from the interior to the surface of the pasta. It can be concluded 

that the loss of moisture in the pasta with the addition of corn flour was uniform. 

Table 4 shows the values of the exponential model with Figures 7, 8, 9 and 10. 

Table 4. Coefficients for the model of the exponential dependence of maize pasta on corn flour. 

Coefficients Noodles for soup Wide noodles Narrow noodles Spaghetti 

Y0 9.01568 9.01568 7.9305 11.61416 

A1 94.18912 94.18912 94.40911 90.57039 

t1 54.99231 54.99231 58.39075 55.13538 

4. Conclusions 

During the drying process, the value of the paste weight gradually decreased, so that 

the maximum mass decrease was recorded after drying at 80 °C. The largest mass loss 

was recorded in the case of wide noodles and spaghetti, and the smallest in narrow 

noodles. 

The moisture content at the end of drying in the pasta with the addition of corn flour 

was gradually reduced and at the end of drying it was 12.7%  in all four types of pasta. 

The results of the curves obtained on the graphs that were compared with the 

exponential curve (on the basis of which the obtained results were compared) do not 

have too much deviation from the given exponential curve, which was the goal. 

Accordingly, the study leaves the possibility of further testing of kinetics, in 

particular, the speed of drying pasta at different temperatures with the addition of 

other types of flour (soya flour). 
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