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MATHEMATICAL MODELING OF DRYING KINETICSOF SOME
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In this research experimental data on drying kicetior nettle and mint leaves
were obtained. In order to predict the drying prsseHenderson and Pabis thin
layer drying model was correlated with experimerdata. The nonlinear regression
analysis was carried out using CurveExpert Profasal 2.4.0 software tool. It was
determined that Henderson and Pabis model quiteirately describes the drying
kinetics of nettle and mint leaves and can be tsedaluate the herbs drying time.
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Introduction. Today, in the pharmaceutical industry, plant raatenals are
increasingly used for the production of medicin@se of the means of storage of
medicinal plant raw materials is drying. Drying pe®lto reduce transportation and
storage costs. At the same time it is necessakgep in mind that during drying it is
necessary to preserve the healing properties ofcmetiplants.

It is known that drying is one of the most enerdfjceent methods of processing
raw materials. Therefore, it is important to opasthe drying time not only in view
of the quality of the finished product but alscatie amount of energy consumed for
drying.

To predict the duration of drying in convective elry under certain ambient
conditions (temperature, air velocity, relative hdity of air), modeling of drying

processes is widely used.
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Several studies have been devoted to the mathehathodeling and
experimental study of the drying of vegetable raatemals, including medicinal
products, in a thin layer [1-5].

Aghbashlo et al. [1] experimentally investigatedgbo drying in thin layers. In
order to quantify the drying kinetics, three dryinmpdels were correlated with the
experimental data. As a result, the Page model axmsirately describes the drying
process according to the correlation coefficieft ®Rduced chi-valug® and root
mean square error RMSE.

Waewsak et al. [2] investigated mathematical modedf drying in a stream of
heated air of agricultural products. The authorshngared thirteen mathematical
models. The comparison results showed that thellMidbdel best describes the
process of red pepper and leech lime leeves dripuigthe Wangh and Singh model
was best for lemon grass drying.

Kaleta et al. [3] introduced three new types oflapmrying models. Drying
kinetics were investigated in a fluidized bed drydre three models developed were
compared to the accuracy of sixteen models knowm fthe literature. The accuracy
of the models was estimated based on the valuB$, &@MSE, and. The result of
the comparison showed that the Page model and foine anodels proposed by the
authors most adequately describe the drying proeadis the RMSE ranging from
0.0094 to 0.0167, the value gflying between 0.0001 and 0.0002, arf¢t B.9977.

Kumar at el. [4] evaluated characteristics of tlayer carrot pomace drying in a
laboratory scale hot air forced convective drydre Trying experiments were carried
out at 60, 65, 70 & 75 °C and at an air velocitYaf m/s. Mathematical models were
tested to fit drying data of carrot pomace.

Rashimi et al. [5] investigated the drying kinetafschamomile flowers under
different operating conditions in a fluidized be@ration dryer. Three mathematical
models were correlated with the experimental dEtere was found that Henderson
and Pabis model most adequately described cham@owlers drying kinetics.

It should be noted that a limited amount of infotiora is provided in the

literature regarding the modeling of the drying qgges of medicinal plants.
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Therefore, this study was conducted to choose amadtcal model that can be used
to predict the drying kinetics of some medicinaldsesuch as nettle and mint.

Nettle has hemostatic, diuretic, choleretic andictaaction, normalizes lipid
metabolism, promotes the regeneration of the mucowmmbranes of the
gastrointestinal tract, increases the number othewgytes, normalizes the blood
content, reduces blood sugar. As for mint than gharmacological action is as
following: it increases the secretion of the digesiglands, stimulates the appetite,
suppresses the processes of decay and fermentatiom digestive canal, reduces the
tone of the smooth muscles of the intestine, lyili@nd urinary tract, increases the
excretion of bile, provides sedative effects.

The main objectives of the study consist in analyzexperimental data on the
drying kinetics of nettle and mint leaves and d#&d@can appropriate mathematical
model describing the medicinal plants drying kic®ti

Materials and methods. Drying of mint and nettles leaves was carried aud i
convective dryer. The leaves were placed on shaéfvaghin layer. The air flow was
used as the drying agent. The temperature, relatimaidity and air flow rate could
be varied. The experiments were carried out atdfixelues of these parameters,
namely: at temperature @f= 36°C, at relative humidity oRH=42%, at air velocity
of u=0.2 m/s.

To determine the drying kinetics, the weight of thieed leaves was measured at
regular intervals.

The moisture content of leaves was first expressea percentage per wet basis,
and then converted to dry basis.

To build drying kinetics plots the moisture ratidR) versus time relationship
was used.

The moisture ratio can be calculated as:

M-M,
Mo_Me

MR =

(1)
where M, M,, M. are moisture content at any time, initial and Houum,

respectively.
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Moisture ratioMR can be calculated by simplified expression (2) tluehe

small value oM, compared to M and M§6]:

MR = - )

M,
To predict drying kinetics (drying curves), it isgessary to select an adequate
drying model.
Mathematical models widely used to describe thiyedadrying kinetics are
listed in Table 14, k, n, - model parameters; time) [7].
Table 1

Thin layer drying models

Model Model name Model
No.
1 Newton MR = ekt
2 Page MR = e~kt"
3 Henderson and MR =a-ekt
Pabis
4 Logarithmic MR=a-e* +¢

In this study, the experimental data on the dryaigmedicinal herbs were
correlated with Henderson and Pabis model:

MR =a-e* (3)

Values of the model parameters have been estinbgtétting the model to the
experimental data.

The nonlinear regression analysis was performedngusCurveExpert
Professional 2.4.0 software tool.

The goodness of the fit was assessed by usingststalitest methods. The
coefficient of determination #Rwas used as a primary criterion for the suitabiif
the model.

Results and discussion. The changes in the moisture content r&tie of raw
materials over time t, obtained as a result ofetkgeriment, are shown in Fig. 1 and

Fig. 2.



1
0,9 -

) 0,8

® 07

€ 06

£ 0s b

[]

O 04

[J]

503

7]

] 0,2

201

0
0 50 100 150 200 250 300
Time, min
Fig. 1. Thedrying kineticsfor nettle leaves at T=36 °C, RH=40 % and
u=0,22 m/s
1
0,8 \\

'g 0,6
m ?
£ 0,4 \
g 0'2 \TM
S 0 . .
[J]
§ 0 100 200 300 400 500
(7]
6 . .
s Time, min

Fig. 2. Thedrying kinetics for mint leaves at T=36 °C, RH=40 % and
u=0,22 m/s

The results of nonlinear regression analysis aog/shn Table 2.

Table 2

Nonlinear regression analysisresults

Henderson and

Coefficient of

Temperaturd,
relative humidity

Materials Pabis model determination R | RHand velocityu
parameters of air
Nettle leaves a=1,085; 0,981 T=36°C;
_ RH=42 %;
k=0,0157 u=0.2 mic
Mint leaves a=1,060; 0,983 T=36°C;
= 006
k=0,0077 RF=42 %;

u=0,2 m/c
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Considering that the determination coefficientsaot®d from the analysis are
quite high, it can be concluded that the model ehoadequately describes the
kinetics of drying the nettle and mint leaves aé tborresponding values of
temperature, relative humidity and air velocity. eféfore, the following
dependencies (4) and (5) can be used to prediarihieg time of nettle leaves and
mint ones under given conditions, respectively:

MR = 1,085 - ¢ 00157t (4)
MR = 1,060 - 00077t (5)

At the same time, it is obvious that it is necegdar carry out the further
research to determine the optimal ambient condititor drying nettle and mint
leaves in a thin layer, while determining the Hesde and Pabis model parameters

that correspond to the optimal regime of drying.

CONCLUSIONS

In this study, the experimental data obtained dutire drying of such herbs as
nettle and mint leaves were analyzed. In orderrédlipt the drying process behavior,
Henderson and Pabis mathematical model describeg drying kinetics was
correlated with experimental data. The nonlinegrassion analysis was carried out
using CurveExpert Professional 2.4.0 software tdsla result of the analysis it was
determined that Henderson and Pabis mathematicalldaiier drying model quite
adequately describes the drying kinetics of nettld mint leaves and can be used to

predict the drying time under given conditions.
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MATEMATHUYHE MOJEJIOBAHHSA KIHETUKHU CYIUIIHHA JEAKUX
JIKAPCBKHUX POCJ/IMH

0.0. KY3HCIIOBA

HarmionaneHuii aBianiinuii yaisepcutet, M. Kuis

Y yvomy oocnioscenni ompumano ekcnepumenmanvti Oaui 3 KIHemuKu CyuiHHs.
JUCMS KPONUBU ma M'amu. 3 Memoio NpocHO3Y8aHHS npoyecy mMooeib XeHOepcoHa
ma Ilabica ons cywinHa y moukomy wapi 6yna Kopeivbo8ana 3 eKcnepumMeHmatbHUMu
oanumu. Heninitinuii  peepecitinuti  ananiz 0ys nposedeHuti 3a 0ONOMO20I0

npoepamnozo 3acoby CurveExpert Professional 2.4.06yno secmanosneno, wo
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mooenv Xenoepcona ma Ilabica docums mouHO Onucye KiHemuky CYWIHHA JTUCMA
KPONUSU ma M'ssmu i Modxce Oymu 8UKOpUCMAHA OJisl OYIHIOBAHHS YACY CYULIHHI YUX
POCIUH.

Knrouosi cnosa:. nucmsa kponusu, aucms M’ amu, JAiKapcobKi poOCIUHU, KiHemuKa

CYWIIHHS, MAMEMAMUYHA MOOEb, HEITHIUHUL pe2peCiuHUl aHAli3.

MATEMATHYECKOE MOJIEJIMPOBAHUE KUHETUKH CYIIKAU
HEKOTOPBIX JIEKAPCTBEHHBIX PACTEHUM

E.A. KY3HELHOBA

HanunonanbHelll aBUallMOHHBIA YHUBEPCUTET, I'. Kues

B smom uccneoosanuu nonyuenvl sxcnepumenmanvhbvie OaHHble NO KUHEMUKe
cywku aucmoed kpanugvl u mamol. C yeipio npocHO3UPO8aHUs. Npoyecca Mooeib
Xenoepcona u Ilabuca Ona cywku 6 MOHKOM Cloe Oblid KOppeiuposana ¢
IKCNEPUMEHMANbHLIMU ~ OaHHbIMU. Henunelinvlli  peepeccuonmvili  auaiu3  Owll
8bINOJIHEH ¢ nomoubio npocpammnozo cpeocmea CurveExpert Professional 2.4.0.
bvino ycmanosneno, umo moodenv Xenoepcona u Ilabuca oocmamouno moyHO
onucvieaem KUHEMUKy CYWKU JUCMbe8 KPAanuevl U Mamvl U Modcem Oblmb
UCNONIL306AHA O/ OYEHKU BPEMEHU CYUKU IMUX PACTNEeHUI.

Knwuesvie cnosa:. nucmvs Kpanugvl, JIUCMbA MAMbL, JEKAPCMBEHHbLE
pacmenusi,  KUHEMUKa  CYWKU,  MAMeMAMUuyecKkas  Mooeib,  HeluHeuHblll

PecpecCcUonHbIl AHAU3.



