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ABSTRACT

The results of drying kinetics are usually correlated with the linear flow of evapo-
rated water depending on its content in the dried material. Investigation into the kinetics
of drying vegetables such as: carrot, parsley, radish, celery and red beet, was the main
aim of the present work in the bed fountain at temperatures close to ambient tempera-
tures. Another aim of these investigations was to study the influence on the process of
its three basic parameters: time, temperature, and moisture.
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INTRODUCTION

Drying by removing moisture from raw material by means of heat is
a good way of food preservation. It is a very effective and economical method.
Products obtained in the process are characterized by excellent stability. It is
notable that not all materials can be dried by the same method. The develop-
ment of various drying facilities allowed to develop many methods and ways of
drying, which enables the application of the optimum conditions for a particular
material and minimization of the loss of key ingredients from foods.

The drying process minimizes enzymatic and non-enzymatic conversion.
Protection against microbial and mould growth is usually achieved by lowering
the water content in the product to about 15%. However, to inhibit enzymatic
and non-enzymatic conversion it was required to reduce water content in the
product to quantities below 5%.



Sobczak, et al. Ars Separatoria Acta 7 (2009/2010) 99-107

Drying should take place at temperatures from 60°C to 80°C. It must be
remembered that excess temperatures cause denaturation of proteins of which
the strength is lower in more humid environments.

A product dried at too high temperatures shows an ability to absorb water.
Application of temperatures above 100°C leads to the decomposition and cara-
melization of sugar and, therefore, to the loss of dry matter and obtaining a dark
brown colour of the dried product. The rate of evaporation of water is highly
influenced by fragmentation of raw vegetables. If drying proceeds too rapidly,
a very rapid evaporation of moisture follows from the surface layers of the
product, with the result produced on the outside shell, which impedes the evap-
oration of water from deeper layers. Raw materials may be burned in certain
places and not fully dried in other ones [1].

Application in the drying process of fluid fountain, which is the case of the
fluidized bed [5, 6], enables the process to be conducted most efficiently.

The results of drying kinetics are usually correlated with the linear flow of
evaporated water depending on its content in the dried material. The obtained
values of the kinetic coefficient of the drying process depend on the particle size
and hygroscopic properties, velocity, temperature and relative humidity [2, 7].

Investigation into the kinetics of drying vegetables such as: carrot, parsley,
radish, celery and red beet, was the main aim of the present work in the bed
fountain at temperatures close to ambient temperatures.

Another aim of these investigations was to study the influence on the pro-
cess of its three basic parameters: time, temperature, and moisture.

METHODS

The vegetables used in the study were: carrot, parsley, radish, celery and
beetroot. The vegetables were initially dehydrated in a juice extractor. After
obtaining a vegetable press the corresponding five saponification-charges were
prepared. Two samples, each weighing 50 g, were placed in a drying chamber
for a period of seven days at 50°C to determine the weight of dry matter. How-
ever, three attempts at 200 g each were used for drying in a fluid fountain in
three different times: 15, 30, 45 minutes. Before proceeding to drying at elevated
temperatures a fan heater was started and then the drier fountain was filled with
200 g of the vegetable press. To prevent stripping away of the smallest dried
particles of material a lid with a grid of mesh size 0.05 mm was used.

The successive trials in the drying fountain lasted 15, 30 or 45 minutes.
The time and temperature of the process were strictly controlled. After the time
had lapsed, the water mass loss was measured by weighing the sample by
means of an electronic scale with an accuracy to 0.001 g. Immediately after the
process, the sample was placed in a drying chamber for a period of seven days
at 50°C.

The test was conducted in the air stream collected from the surroundings
heated to temperatures in the range 30+40°C, and not heated at temperatures in
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the range 8+16°C. The same vegetables were used in both cases, which enabled
determination of the effect of temperature on the drying kinetics.

The study of the drying kinetics in the air stream in a fluid fountain was
conducted in the camera; the pattern shown is in Figure 1.

i ==
O

Fig. 1. Diagram of drying apparatus: 1 — blowing fan, 2 — air heater, 3 — chamber, 4 — dried
material in fountain bed, 5 — thermometer.

Drying was held in a conical chamber of which the height was about 320 mm,
inlet diameter 50 mm and outlet diameter 180 mm. The flow rate of the stream
of air carried out by the deposit was 20 dm”® - s™'. Temperature was measured in
the interior deposit of the fountain bed at 5 min time intervals. The results of the
measurements: temperature ¢, sample mass before drying M,, sample mass after
drying in the fountain deposit M), mass after drying in the chamber dryer Mg,
content of dry matter after drying in the chamber dryer m; in a sample of the
mass my were given in Table 1.

RESULTS AND DISCUSSION

Due to the possibility of material loss during the sample on drying, dry mass
M was calculated on the basis of the dry matter content in a 1 g sample (mg/my):

Ms:&Mo (1)

mg
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where:
Mg — dry matter contained in sample M,, [g],
mg — dry matter received from sample of mass my, [g],

M, — the mass used to drying in fountain bed, [g].

From the above, the content of water My, = My — My in the sample M,,.
Based on the moisture content in the sample after drying (M; — M) in
a fluid fountain My, the mass of water in the sample to dry Mgwas calculated:

M = M M s (2)
s1
where:
My, — the mass of water contained in the sample after drying in fountain

bed, [g].

Equation of the speed of drying:
3 am,,
dr

— kP, M, 3)

where:
Py, — saturated vapour pressure [kPa].

After transformation of Equation (3) the mass of water M}y was determined
in a dried analytical sample in drying time:

M, =M, exp(—kE,7) 4)
or
M
y=—"=a,exp(-kx) (5)
My,
where:
7 — time of drying in fountain bed, [h],
Py — saturated vapour pressure at drying temperature, [kPa],
x = (Py-7)[kPa-h],
apg — I.

102



Kinetics of drying selected..

Ars Separatoria Acta 7 (2009/2010) 99-107

SLO S'LE L'LT 8'1¢ 00¢ I

¢o gce 143 €v9 00¢ $9'8 0¢ II 1999 pay
§To Ie 8¢eg 9°0¢l 00¢ I
SLO S1e 9cc 6'9¢ 00¢ I

¢o 0¢ I'LT 9°LE 00¢ 89 0¢ II ISEICe)
§To 0¢ 'S¢ L'88 00¢ I
SLO ¢3¢ 881 9vC 00¢ 111

S0 9¢ 66l eLe 00¢ S6'v 0s I ysipey
§co 49 0¢ 6'89 00¢ I
SLO LE ¢9¢ £0¢ 00¢ 111

S0 43 9'6¢ 1897 00¢ 901 0s I Aorsred
§Cco 143 6¢ 0L 00¢ I
SLO §'6¢ L'€C 6°LC 00¢ I

¢o 8¢ ¢se 6'6S 00¢ 'L 0s II joLeD
§Cco gce £9¢ CIII 00¢ I
[u] 2 (.11 (3] " (31w (3] [3] [3] 0wt

sy s | 0 | P | sy | wwop | ey | o0 |
$89001d SulkIp 10y sse] | Ioye SSe[ | 910Joq SSEI IoyJe SSej 910J0q SSBIA djdures med

‘(1 punou) ire 10jeay ul Sulk1(q ‘1 2[qe ],

103



Ars Separatoria Acta 7 (2009/2010) 99-107

Sobczak, et al.

SLO S6 8°¢e L'L8 00¢ III

S0 8 I'LE L'8T1 00T S8 0S II 1999 pay¥
ya S6 6'S¢ corl 00T I
SLO 14! 6'6C 0°¢8 00T III

S0 Syl 9°0¢ Vo1l 00T SL'L 0s II A1010)
ya Sl I'ie ['6S1 00T I
SLO 6 981 €801 00¢ III

S0 S8 0¢ 8yl 00¢ L'y 0S II ysrpey
ya 6 861 Yy91 00T I
SLO 6 €IS GLIT 00T III

S0 6 69S 6 vl 00T Lel 0s II Aoysred
yal S8 '8¢ V'SLL 00T I
SLO S¢Sl 8'8¢ 6'S01 00T III

0] 91 8°0¢ Sl 00T (4] 0S II joLre)
a Sl £Ce SIel 00T I

[ul 2 [Do]1 (31" [31'w (3] w [3] w [3] Ot

sun suia| 9 | o | sy | wisnop. | aduip | wsaop | oo | e
SuIAIp 10)J® SSR\ | JO)B SSBJN | 910J9q SSBN 191J8 SSBIN 210]9q SSEIN

*(z punou) are (009 ut JuIk1(] ‘7 9[qe .

104



Kinetics of drying selected..

Ars Separatoria Acta 7 (2009/2010) 99-107

P8EL0 6vLT9 crs 111
§699°0 SYSL'Y 0ve v 591 9ve I 199q Py
0LSY0 o'y 066 I
66¢€0°1 cory (49 I
[([4 LTYTY Sol 8°CLI LT I ISEICe)
69980 LTYTY 6'89 I
v189°0 6v29°9 9 I
888L0 I1v6°S €Ll 08I 861 II ysipey
§886°0 coles v'8Y I
91690 6vLT9 809 111
6SIT'1 coles 179 9°LST 147 II Adsteq
9I'l coles Lee I
1€L9°0 S1669 €0’S 111
9Cs10 6C29°9 [€°8¢ 9ILI v'8¢C 11 joLre)
09%1°0 LTTY'S L9'T6 I
- Lot - uly [ea3t] “d (3] "m [3] *m (81w
y amjeradud) paq Paq urejunoj ut Paq urejunoj ul ou ——
JUSOIR00) urejunoy je amssoid SuAp 10yye ojdwes SurAIp a103oq ojdwes | juojuod 191BW A1 ordureg .

InodeA ajeInies

UI JUSJUOD I9JB M

UI JUSJUOD IOJB A

‘(1 punou) ire 10jeay ul JulkI(] "¢ 2[qe ]

105



Ars Separatoria Acta 7 (2009/2010) 99-107

Sobczak, et al.

S6ST'1 LY8T'1 1TPs III
: : : 99q pa
oSyl 91Tl 6'¢L 991 be 11 199q poy
OLY'] LY81°1 vLOI1 I
$6C6°0 18651 v'Ss III
: : : K1919
108L°0 18651 §'06 3'391 s II 12D
61790 8Y0L'1 v'8CI I
68LL0 LY8T'1 L 06 I
: : : sIpe
IT€L°0 9IT'l §0cClI 181 331 II ysipey
16€6°0 LY8T'1 CLEL I
66080 LY8T'1 L0L III
: : : Korsie
66060 LY8T'1 L'Y8 Shl be I [STed
95L6°0 91Tl 9011 I
8¢0S°0 8Y0L'1 8'L8 III
. . . . o1e
8709°0 9L18'1 $'96 7191 8'C¢ II joLre)
YLBT'1 8Y0L'1 8001 I
- et uly [ed] #d (3] “mw (31w (31w
y amjerodwo) paq Paq urejunoj ul Paq urejunoj ut ou —
JUSOIR00) urejunoy je ossaid SurA1p 1oye ojduwres SurAIp a10yoq ojdwes | juojuoo 1opew AI(Q ordureg Kmm

Inodea ajeInjeg

UI JUSJUOD IOJB M

UI JUSJUOD I9JB M

*(z punou) are (009 ut SuIkI(] ‘§ 9[qe .

\O
o
—



Ars Separatoria Acta 7 (2009/2010) 99-107 Kinetics of drying selected...

CONCLUSIONS

— The kinetic coefficient, &, of drying in fountain bed for five vegetables and
three drying periods was determined:

— during drying in a stream of ambient air the kinetic coefficient ranges
from 0.5 — 1.5 [h - kPa]. The lowest value was obtained for the carrot, and
the highest for the beet root,

— when drying in a stream of air heated to about 25°C, the kinetic coeffi-
cient ranges from 0.4 to 1.3 [h - kPa]. The lowest value was obtained for
the coefficient of carrots, and the highest for celery.
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