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1. Introduction

The role of medicinal plants in therapy is changed in 
different ages, closely linked to the state of the lev-
el of the therapy. No doubt that synthetic drugs have 
played a vital role in the enhancement of human liv-
ing standards during the past century; herbal medi-
cine has regained its momentum once again in recent 
years. Long-term ailments cannot typically be cured 
by injection or consumption of a single medicine. In-
stead of focusing only on curing an illness, people are 
paying more attention nowadays to improve the whole 
body immune system so as to prevent the attack of dis-
eases. Besides their traditional pharmaceutical usage, 
herbs have also become one of the important sources 
for drug discovery and production. Herbal medicine 
plays an important role in healthcare in many regions 
of the world [1, 2].

The special active agent content makes suitable 
herbals for healing and health preservation. A signif-
icant number of medicinal plants are pharmaceutical 
raw materials, which from the active agent can be 
extracted by various procedures. These materials are 
marketed after determination of the exact active agent 
content, or by further processing are used for raw ma-
terials of drugs or combinations of drugs [3].

The herbs contains vitamin C (birch leaf, dande-
lion), vitamin B (nettle, rosehip), vitamin A (rowan, 
calendula) and vitamin K (pine needles, spinach). The 
plants mineral content is also high, for example po-
tassium in common agrimony and cheese, magnesium 
especially in rosehip, zinc in alchemilla can be found. 
Nettle, walnut crop, peanut, parsley and poppy con-
tains iron. Thanks to the alkaloids some of the toxic 
herbs are also medicines. The alkaloids affect to the 
central nervous system, they have stupefacient and an-
algesic effect or stimulant and excitant effect. The gly-
cosides are plant substances that are used for reduce 
the infl ammation. The industry used the soap-bark to 
make fi zzes, honeycomb, detergents and soap. There 
are lot of other active agent in medicinal plants which 
are suitable for healing, like valonia, bitter substance 
content, essential oil, fl avonoid, polysaccharide and 
silica.

The aim of medicinal plants processing is turn-
ing the herbs to drug, some drugs form, pure active 
agent or medicine. Primary processing is called the 
collecting or harvesting, cleaning, drying, qualifi ca-
tion, etc. Not all of parts of the medicinal plants con-
tain the same quality and quantity active agent that is 
why the different parts of herbs are suitable for drug 
manufacture. Some of the plant species just fl owers, 
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leaves, root or crop are collected, while others have to 
collect two or three parts of it. For example the fl owers 
usually are collected at the beginning of the bloom-
ing. Only the fl owers in a completely healthy, pest-free 
and dry state can be harvested, and have to strive to 
minimize the pedicle part of the fl ower. The leaves in 
harmless and advances state collected before or during 
blooming. The damaged or affected leaves cannot be 
collected. The fresh plant parts are often very vulner-
able and can become worthless and discolored during 
harvesting. Therefore the storage device for harvesting 
should be selected by considering the vulnerability of 
the plant species and parts.

To maintain quality and improve the effi ciency of 
drying, distillation or other processing, the raw materi-
als have to be prepared by removing the spare parts be-
fore that. During the cleaning the needless and harm-
ful substances are removed. The medicinal plants are 
disembarrassed of extraneous plants and plant parts, 
earth, sand and excess radicals by hand, sieve, wash-
ing or peeling. The larger, thicker plant parts, especial-
ly roots are prepared for drying and other processing 
operations by chopping.

The moisture content of harvested plants is gen-
erally very high, around 60–80%. If the moisture con-
tent is not signifi cantly reduced, it enables maturation 
of harmful biological processes. Because of this, the 
valuable active agent of herbs can be destroyed and 
the external properties of the drugs can become unfa-
vorable. The fundamental requirement to prevent the 
harmful processes is the reduction of moisture content 
as quickly as possible.

The drying air temperature depends on the heat 
sensitivity of the active agent of herbs and the mois-
ture migration rate. The higher the temperature of the 

drying air, the faster the drying will be. However, the 
air temperature should be chosen carefully, because 
the too high air temperature and air velocity can lead 
to the scorching of the herbs surface. The signifi cant 
amounts of medicinal plants (tea blends, spices, etc.) 
are used directly, so the external properties of the 
herbs (color, smell) should be protected beyond the 
active agent. Economically favorable the shorter dry-
ing, that is why the maximum temperature should be 
chosen for drying, where the medicinal plants are not 
yet damaged [3, 4].

During the drying process should be pursued to 
preserve the active agent content as fully as possible. 
Depending on the sun’s energy or a drying device is 
used during drying, can be talked about natural or ar-
tifi cial drying. Since ancient times used the method of 
natural drying, the easiest way of it is sun drying. The 
solar energy is used to vaporize the water and the en-
ergy of the wind to remove the vapor. The drying can 
be happen on the sun, in the shadow or over a fi re. The 
advantage of the method is that cheap and does not 
require plus thermal energy. The disadvantage is that 
depends on the weather (sudden rain, storm).

The drying time can be reduced for hours by ar-
tifi cial drying. During the work of drying the air is 
warmed, the moisture content is reduced. At drying 
with ambient air the controlled parameter is only the 
velocity of drying air, the air temperature is around 
15–25 °C. The air fl ow maintains mechanically by a 
ventilator. The ventilator should be operated only in 
dry, warm weather and can be produced a better quali-
ty of drug, if the drying with ambient air is carried out 
in a building. Depending on the moisture content of 
the herbs and the absolute humidity of drying air, the 
drying time can be 8–10 days. The disadvantage of the 

Fig. 1. The studied medicinal plants (a – Achillea collina, b – Solidago gigantea, c – Wormwood, 
d – Walnut leaf, e – Daucus carota)
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drying with ambient air is the long drying time and the 
large footprint. Nowadays, medicinal plants are most-
ly dried by warm air. The herbs to be dried must be 
placed in a closed system, where the preheated air is 
fl owing, and to be placed out of the air duct. The tem-
perature, absolute humidity and velocity of drying air 
can be adjusted. The drying time is only a few hours, 
because the temperature of the drying air is about 
30–80 °C. Generally at warm air drying the medicinal 
plants and the drying air move in opposite direction. 
The hot air drying is used especially for preservation 
fodder and pharmaceutical drugs. It can be used only 
for drying some spices of herbs (liber herbarum minor, 
vinca minor). The drying time is only 2–5 minutes, the 
temperature of drying air is between 200–100 °C, the 
material heats up to 60–70 °C. The advantage of the 
method is the high performance and specifi c heat con-
sumption. The drawback is the temperature of air can 
be adjusted only by 50–100 °C, so the drying is com-
plete only with a proper feeding of raw material [3, 4].

The moisture content of the medicinal plants at 
the end of the herbs drying must be 10–14%. With this 
moisture content most of the drugs can be storage for 
a longer period of time without damage of the plants.

During our research work fi ve herbs (Achillea 
collina, Solidago gigantea, wormwood, walnut leaf 
and Daucus carota) were investigated, which can be 
seen in Fig. 1.

The Achillea collina is excellent antiphlogistic, 
wound-healing and wound-constricting. The Soli-
dago gigantea is effective against kidney-stones and 
high blood pressure. The wormwood helps treat diges-
tive disorders and liver function as well. The walnut 
leaf cleans the blood, corrects the stomach and helps 
against indigestion. The Daucus carota is primarily 

used to vision correction, but the core of it is appetizer 
and has digestive effect.

The aim of our work is to determinate the drying 
rate, the volume decrease and the drying air velocity 
for various medicinal plants at drying with ambient air.

2. Methods and conception

The following section is about the experimental appa-
ratuses which were used during the measurements and 
the measuring method.

2.1. Determination of the drying rate

During the measurements was used the equipment that 
is found at the Department of Building Services and 
Process Engineering (Fig. 2). The measurement be-
gins by fi lling the herbs into the drying chamber (7). 
First of all, the initial weight (m0) and initial height 
(H0) of plants were measured, and the herbs initial 
moisture content (x0, X0) is determined by small sam-
ple experiment. The drying chamber is applied on the 
scale (8) and raised from the bottom into the dryer by 
the elevator (14). Later the centrifugal fan (2) is start-
ed, that is driven by an electric motor (1), and the fl ow 
rate can be modifi ed by the frequency converter (3) 
and butterfl y valve (4). A U-tube manometer (6) meas-
ures the pressure difference (∆h) on the orifi ce fl ow 
meter (5), that from the air velocity (vG) is can be cal-
culated. During the measurements the registered val-
ues by the data logger (10) are: temperature (Tam) and 
absolute humidity (Yam) of ambient air by a hygrome-
ter (11), inlet temperature (TG) of drying gas by T-type 
thermometer (12) and the varying weight (m) of plants 
by the scales. The measured values are registered with 

Fig. 2. Experimental apparatus and main parts (1 – electric motor, 2 – centrifugal fan, 3 – frequency converter, 4 – butterfl y valve, 
5 – orifi ce fl ow meter, 6 – U-tube manometer, 7 – drying chamber, 8 – scales, 9 – software on computer, 10 – data logger, 11 – 
measuring temperature and absolute humidity of ambient air, 12 – measuring inlet air temperature, 13 – outlet pipe, 14 – elevator)
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1 minute sampling by the software (9). The measure-
ment takes about six to eight hours depending on the 
herb. The humid gas leaves the system through an out-
let pipe (13) to the ambient. The measurement ends 
by stopping the fan and taking out the drying chamber 
from the dryer. The fi nal weight (m1) and fi nal height 
(H1) of plants are measured, then herbs fi nal moisture 
content (x1, X1) is determined by small sample exper-
iment.

2.2. Determination of minimum fl uidization velocity 
and volume decrease

If air fl ows through a bed of solid particles in upward 
direction with the velocity which greater than the set-
tling velocity of the particles, the solid particles will 
expanding and large instabilities with bubbling and 
channeling of gas are observed. At this state, solid 
bed looks like a boiling liquid, the particles blend and 
bump to each other, therefore this phenomenon called 
as fl uidiz ed state [5, 6]. Figure 3 shows the fl uidization 
diagram. In the section A–B the pressure drop can be 
described by quadratic equation of the Reynolds num-
ber. However, this is only valid as long as the parti-
cles are at rest. In the section B–C the particles start 
to fl oat and arrange in the direction of the least resist-
ance. In the section C–D the resistance is higher by in-
creasing the air velocity, but smaller extent and at the 
point C reaches a maximum. This is due to the loos-
ening already reduces the resistance in greater extent, 
than the increasing of the air velocity would do. The 
section D–E is the fl uidized state, where further air ve-
locity increasing will not cause pressure drop increas-
ing. Point D is the fl uidization starting point. Ideally, 
the fl uid velocity among the particles is constant, be-
cause at higher volume fl ow rate the voids volume in-

creases. From the point E with increasing the air ve-
locity, after reaching the upper limit of gas fl ow rate, 
the gas stream the whole congeries carries away; this 
is called pneumatic transport [6, 7].

The measuring equipment – a pilot plant fl uid-
ized bed dryer – which is located at the Department of 
Building Services and Process Engineering. Figure 4 
shows the equipment. To the examination of the phe-
nomenon of fl uidization the needed air fl ow provides 
a ventilator (1), where the fl ow rate can be modifi ed 
by the knife gate valve (2), and be measured by the 
orifi ce fl ow meter (6) from the pressure difference. 
Before the measurement the studied plants through 
an upper opening are charged into the central part of 
the measuring system, the vertical positioned chamber 
(4) with the diameter 100 mm (dchamber). During meas-
urement the differential pressure of the chamber (7), 
the inlet gas temperature (3), the differential pressure 
of the orifi ce fl ow meter (8), the absolute humidity of 
ambient air (9), are measured. The measured values 
are registered with a self-developed software (5) by a 
data logger (10).

Fig. 3. The differential pressure in the function of air velocity in 
the empty cross-section

Fig. 4. The fl uidized bed dryer (1 – ventilator, 2 – knife gate valve, 3 – inlet temperature measuring, 4 – chamber, 5 – analysis 
software, 6 – orifi ce fl ow meter, 7 – measuring of pressure drop of chamber, 8 – measuring of pressure drop of orifi ce fl ow meter, 

9 – measuring of absolute humidity of ambient air, 10 – datalogger)

Unauthenticated | Downloaded 05/19/23 01:47 PM UTC



Int. Rev. Appl. Sci. Eng. 8, 2017 87

 DRYING CHARACTERISTICS OF MEDICINAL PLANTS 

2.2.1. Minimum fl uidization velocity

The measurement begins by the chopping of the me-
dicinal plants to help the placement in the chamber. 
The chopped plants are charged manually through the 
upper opening into the chamber, and the initial height 
of plants (H0) is measured before the measurement. 
Before measuring, the herbs initial moisture content 
is determined by small sample experiment (x0). The 
next step is starting the ventilator while the knife gate 
valve is completely open. The air velocity is raised by 
gradually closing the knife gate valve, while the meas-
ured values are registered with 10 seconds sampling 
by the software: differential pressure of orifi ce fl ow 
meter (Δpofm) and air temperature (Tofm), differential 
pressure of the chamber (Δpchamber ), inlet temperature 
of air (TG) and absolute humidity (Yam) and temper-
ature (Tam) of ambient air. The measurement is con-
tinued until we reach the edge of the fl uidized state, 
which is the minimum fl uidization velocity, where the 
herbs are just not fl uidized. At this point the knife gate 
vale is opened, the ventilator is stopped and the plants 
are removed through the opening on the left side of the 
chamber from the system.

2.2.2. Volume decrease

The measurements require the same preparations such 
as Section 2.2.1, then starting the ventilator while the 
knife gate valve is completely open. During the meas-
urements the measured values are the same parame-
ters that are registered the data logger at the determi-

nation of the minimum fl uidization velocity, but the 
sampling time is 1 minute. In addition, in every half 
hour is recorded the height of the plants during dry-
ing. The measurement is continued until the varying 
the height of the material is negligible. Then the ven-
tilator is stopped and the plants are removed through 
the opening on the left side of the chamber from the 
system. After the measurement the herbs fi nal mois-
ture content is determined by small sample experiment 
(x1).

3. Results

The following section is about the results of the meas-
urements.

3.1. Drying rate

During drying the velocity of drying gas was almost 
the same, which is chosen to 0.5 m/s by previous re-
search [1]. This air velocity results suffi cient drying 
rate with relatively small energy consumption. Fur-
thermore, this velocity had to be below the minimum 
fl uidization velocity not to carry away the herb parts 
by pneumatic transport. During measurements the pa-
rameters described in Section 2.1 were registered. Ta-
ble 1 shows the initial data and results of the meas-
urements at various medicinal plants, where ∆mwater is 
the weight of water that is evaporated to the drying 
gas. During measurements Achillea collina and Sol-
idago gigantea dried up the most, almost 23% mois-
ture content decreasing. Varying of moisture content 

Table 1. Initial data and measurement results of the studied medicinal plants

Achillea collina Solidago gigantea Wormwood Walnut leaf Daucus carota

t [min] 397 414 442 378 312
m0 [kg] 2.917 2.721 1.603 3.481 1.996
m1 [kg] 1.5995 1.897 1.273 2.897 0.899
Δmwater [kg] 1.318 0.824 0.330 0.584 1.097
x0 [%] 71.2 66.0 63.6 62.7 83.3
x1 [%] 47.6 42.4 57.0 54.4 68.1
X0 [kg/kg] 2.47 1.945 1.749 1.681 4.996
X1 [kg/kg] 0.91 0.736 1.326 1.192 2.131
H0 [mm] 240 250 280 280 270
H1 [mm] 200 230 250 260 130
V0 [m3] 0.0252 0.0263 0.0294 0.0294 0.0284
NV [kg/h/m3] 7.90 4.54 1.52 3.15 7.44
T̄am [°C] 29.30 29.70 28.06 25.17 25.64
Ȳam [g/kg] 9.2 10.4 11.2 8.7 8.6
T̄G [°C] 31.2 31.4 30.2 27.7 28.0
vG [m/s] 0.5
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at Daucus carota is 15%, while wormwood and wal-
nut leaf showed the smallest moisture content decreas-
ing, only 6–8%.

An average drying rate (NV) can be determined 
that is related to the volume of material, what is valid 
at given moisture content range, temperature and ab-
solute humidity of drying air:

 water 0( ) ,VN m tV= Δ  (1)

where t is length of drying, V0 is the initial volume 
of plants. Characteristics of drying air and the initial 
volume of herbs were nearly the same each measure-
ment. Drying rate of Achillea collina and Docus carota 
were the highest, followed by Solidago gigantea, wal-
nut leaf and wormwood.

Figure 5 shows the weight decreasing of Daucus 
carota and absolute humidity of drying gas in the func-
tion of time. The diagrams were similar to the other 
medicinal plants, too.

The drying process can be characterized by dry-
ing rate curves, where the moisture rate is plotted in 
the function of time. The moisture rate can be deter-
mined the following equation:

 * *
0( ) ( ) ,MR X X X X= − −  (2)

where MR is the moisture rate (1), X is the currently 
moisture content of the herbs (kg/kg), X0 is the fi nal 
moisture content of herbs (kg/kg), X* is the equilibri-
um moisture content of herbs (kg/kg) that is neglect-
ed in this case.

Figure 6 shows the moisture rate in the function 
of time by the studied medicinal plants. It can be ob-
served that the greater the gradient of the linear, the 
more moisture lost the plants. The Daucus carota, 
Achillea collina and Solidago gigantea lost the most  

Table 2. Initial data and measurement results for Solidago gigantea at various air velocities

vG [m/s] 1 0.5 0.25 0.1 0

t [min] 432 414 443 329 399
m0 [kg] 2.605 2.721 2.073 1.94 0.82
m1 [kg] 1.826 1.897 1.348 1.606 0.749
Δmwater [kg] 0.779 0.824 0.725 0.334 0.071
x0 [%] 58.0 66.0 58.6 54.0 52.9
x1 [%] 45.5 42.4 38.4 44.4 40.0
X0 [kg/kg] 1.381 1.945 1.416 1.174 1.124
X1 [kg/kg] 0.835 0.736 0.625 0.8 0.667
H0 [mm] 270 250 280 270 150
H1 [mm] 270 230 260 260 150
V0 [m3] 0.0284 0.0263 0.0294 0.0284 0.0160
NV [kg/h/m3] 3.8164 4.5493 3.3399 2.1486 0.6690
T̄am [°C] 25.62 29.70 26.86 25.84 27.89
Ȳam [g/kg] 11.1 10.4 10.1 10.5 10.5
T̄G [°C] 27.4 31.4 29.9 27.4 27.9

Fig. 5. Weight decreasing (blue) and absolute humidity of air 
(red) in the function of time at Daucus carota (colour fi gure in 

online version)

Fig. 6. The moisture rate in the function of time by the studied 
medicinal plants (colour fi gure in online version)
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moisture during drying compared with the initial state, 
while the walnut leaf and wormwood lost less.

The temperature of drying air is nearly constant 
so the variable parameter during measurements is only 
the air velocity that infl uence the drying rate. That is 
why several measurements were occurred for Solida-
go gigantea at different air velocities to determine the 
infl uence of air velocity to drying rate. The air veloc-
ities beyond 0.5 m/s are 1, 0.25, 0.1 m/s and natural 
convection (0 m/s).

During measurements the parameters described 
in Section 2.1 were registered. Table 2 shows the ini-
tial data and results of the measurements for Solidago 
gigantea at various air velocities.

There is a minimum air velocity, which is not 
worthy to go below, because it would reach the same 
result if the herbs dry with ambient air at natural con-
vection. In addition, there is a maximum air velocity, 
which is not worthy to go above, because it does not 
cause signifi cant improving during drying and occurs 
pneumatic transport of the medicinal plants. There is 
an optimum velocity what can be achieved the highest 
level of drying with, but to determine the actual air 
velocity further measurements and economic calcula-
tions would be needed.

Figure 7 shows the weight decreasing of Solidago 
gigantea and absolute humidity of air in the function 
of time at 1 m/s air velocity. The diagrams were simi-
lar at the other air velocities, too.

Characteristics of drying air and the initial vol-
ume of herbs were nearly the same each measurement. 
Unlike the anticipation at the 1 m/s air velocity was 
not the greatest drying rate, but 0.5 m/s, however there 
was smaller amount of herbs and the period of drying 
was also shorter, but the temperature of drying gas was 
higher with 4 °C. Regardless of this, the other meas-
urements were corresponding to the expected results, 
that the lower the velocity of the drying gas, the lower 
the drying rate.

Figure 8 shows the moisture rate in the function 
of time for Solidago gigantea at different air veloci-
ties. In this case the results were surprisingly different 
compared to the drying rates. The greatest moisture 
rate decreasing was at 0.5 and 0.25 m/s air velocities, 
while the results at 1, 0.1 and 0 m/s air velocities were 
nearly the same.

3.2. Minimum fl uidization velocity

During the determination of the maximum allowable 
air velocity, after some days spent in the laboratory the 
medicinal plants signifi cantly dried, so they had low 
moisture content. Instead of the high moisture content 
which is 60–70%, the herbs were only 10–20%, which 
resulting lower snatching velocity, so in terms of dis-
charge a more critical state were investigated. The var-
ying of the moisture content of the herbs is negligi-

Table 3. The initial data and results of the studied medicinal plants

Achillea collina Solidago gigantea Wormwood Walnut leaf Daucus carota

t [s] 830 1020 990 580 990
H0 [mm] 270 270 255 265 250
T̄G [°C] 37.50 34.81 35.24 32.49 36.04
T̄am [°C] 28.9 26.6 27.1 28.1 28.5
Ȳam [g/kg] 10.1 10.5 10.6 10.5 10.4
x0 [%] 14.6 21.7 17.7 10.1 12.5
vG, max [m/s] 1.8 1.9 2.1 1.8 2.2

Fig. 8. The moisture rate in the function of time for Solidago gi-
gantea at different air velocities (colour fi gure in online version)

Fig. 7. The weight decreasing (blue) of Solidago gigantea and 
absolute humidity of air (red) in the function of time at 1 m/s air 

velocity (colour fi gure in online version)
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ble, because the short time measurement of determi-
nation of the minimum fl uidization velocity. During 
the measurement air velocity was increased until the 
plants moved in the chamber, so we reached the fl u-
idized state. From the measurement results calculat-
ed an average ambient temperature, inlet air temper-
ature and absolute humidity of ambient air. These re-
sults can be seen in Table 3.

Figure 9 shows the differential pressure of the 
chamber per one meter material in the function of 
air velocity in the case of Achillea collina. Diagram 
shows that the minimum fl uidization velocity is 1.8 
m/s in the case of Achillea collina. The maximum air 
velocity was determined similarly for the other herbs.

The available fi ve herbs were alike dry state and 
the measurements were happened in similar circum-
stances. It found that the maximum air velocity for 
each medicinal plants were between 1.8 and 2.2 m/s.

3.3. Volume decrease

Volume decrease was examined in the function of 
time and moisture content. Measurements were ac-
complished like described in Section 2.2.2. The initial 
data and measurement results of the studied medicinal 
plants are shown in Table 4.

During the measurements the height of material 
(H) was recorded in every half hour, which from was 

determined the volume of the material (V) by the fol-
lowing equation:

 chamber4
.V H dπ

=  (3)

In order to simplify comparing the measurement 
results a percentile decreasing was calculated in every 
measuring points:

 % 0[ ] 100.V V V= ⋅  (4)

Figure 10 shows the results of all measurements 
in one diagram, the volume decrease in the function 
of time. In the volume of wormwood and Achillea 
collina do not happen too much varying during dry-
ing. The varying of volume at walnut leaf and Soli-
dago gigantea are similar, while volume decrease of 
Daucus carota compared to the other herbs is really 
intense.

Figure 11 shows the volume decrease in the 
function of moisture content at studied herbs. The in-
itial moisture content of the Daucus carota was the 
highest and the fi nal moisture content had become 
the smallest, while the volume decrease of the herb 
was the highest during drying. The varying of the 
moisture content at Solidago gigantea was also high, 
but the plant is less collapsed during drying. The wal-
nut leaf and Achillea collina showed similar varying 

Table 4. The initial data and measurement results of the studied medicinal plants

Achillea collina Solidago gigantea Wormwood Walnut leaf Daucus carota

vG [m/s] 1.74 1.83 1.44 1.41 1.55
t [min] 242 373 304 205 195
H0 [mm] 220 215 285 265 270
T̄G [°C] 40.1 40.1 37.6 35.0 36.7
T̄am [°C] 30.55 30.58 30.20 27.23 27.93
Ȳam [g/kg] 8.6 9.8 11.1 8.2 8.3
x0 [%] 71.2 66.0 63.6 62.7 84.1
x1 [%] 40.3 23.9 53.0 37.3 36.2

Fig. 9. The differential pressure of the chamber per one meter 
material in the function of air velocity in the case of wormwood

Fig. 10. The volume decrease in the function of time at studied 
herbs
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during measurements, while wormwood reached the 
smallest volume decrease and moisture content var-
ying.

4. Conclusions

During drying the moisture content decreasing was 
investigated at constant air velocity and from this an 
average drying rate was determined that is related to 
the volume of the material. The average drying rate 
of Achillea collina and Daucus carota were the high-
est, followed by Solidago gigantea, walnut leaf and 
wormwood. The air velocity how infl uences the mois-
ture content decreasing was also investigated. These 
measurements were made for Solidago gigantea. The 
air velocities were 1, 0.5, 0.25, 0.1 m/s and natural 
convection (0 m/s). The required air velocity can be 
determined by measurements for a particular process, 
which the effective drying can be achieved beyond 
economical operating. During drying the moisture rate 
in the function of time was investigated, which can 
characterize the effi ciency of drying.

The maximum air velocity was determined by 
the fl uidized bed dryer, which is located at the De-
partment, when the medicinal plants was just not in 
fl uidized state and the gas stream did not carry away 

the material. The available fi ve herbs were alike dry 
state and the measurements were happened in similar 
circumstances. It found that the maximum air velocity 
for each medicinal plants were between 1.8 and 2.2 
m/s. The volume decrease was determined in the func-
tion of time and moisture content. The initial mois-
ture content of the Daucus carota was the highest and 
the fi nal moisture content had become the smallest, 
while the volume decrease of the herb was the highest 
during drying. The varying of the moisture content at 
Solidago gigantea was also high, but the plant is less 
collapsed during drying. The walnut leaf and Achillea 
collina showed similar varying during measurements, 
while wormwood reached the smallest volume de-
crease and moisture content varying.
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Fig. 11. The volume decrease in the function of moisture con-
tent at studied herbs
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