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iNTRODUCTIQN )
Théilcourse of many technological prncesses. and consumer
acceptance of ready product depend on 'thSical properties of
food. These physical properties are: shépe, size ;nd dimensionsg -
porosity, @echanical and rheological properties, water binding
capacfty, moisture retaining capabfli}y etc. Fhysical
p?npert;es of materials change duriné the processing and
storage. In general, these changes are irreversible and their’
d’gree depends:on thé technolbgy applied and raw méterial used.
Drying is one éf the processes that have significant influencé
on properties of the hateria[. including physical ‘properties.
Howaever, the knowledge of the effect of. drying on physical
propartieg of the ¢aterial>has been, up to now, iﬁcomplete.

The research on phyesical propekties of..dried broducts has
been limited hitherto to examining - raw materiél and ready
product only, 'whereas the research aﬁ changes of theée
praperties during the dehydration pracess has been: vefy Vr;re.
The knowledge concerning these changes might be useful in

finding out new, hetter technologies and 1mpr09ing traditional
/

.

* _Presented at the International Scientific Days, Septemher 22,

1987, Szeqed.
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processes.

The aim o; this Qurk is to investigate changes of water
absorption capability of dried carrot and celery as a function
‘of temperature and ttﬁe of drying process and the afr flow
velocity. )

MATERIAL AND METHODS

fhe variety Nantejska carrot, cut into 1 cm cubes, and celery
cut into cylinders 5 cm long and l-cm in diameter " have been
fuseﬁ in thig-study. Befo}e drying the hpterial was blanched. in
the teﬁperatgre of 96-98°C for 3 minutes. - Drying has been
barrﬁed 6u€ in a laboratory convecti;e dryer at' three
'temper'ature levels (&0, 8O, lOO"C for cav;rot, and 40, 60;
80=C for celery) and three levels of air flow velocity (0,963
1.34 and 1.76.m/s). The analysis of properties(o('the material
taken out ?rom the dryér when the critical moisture content was
_freached; at the point of secaﬁd critical moisture contént and
at thg end af the dr}inq process was done. '

Rehydration capacity . 10 g of dry material has been placed in

a teaker in 140 cm® of water at 20°C and was kept fﬁr 0.5
. 4 .
13 23 3 and 3 hours. Hydrated matertial was weighed and - the

rehydration capacity was calculated from the formular
R = (100 m’ - m 85.)/m s,

wﬁer;l m - 1nltia{ weight of the dry material, kg

m =~ weight of the .materialv after - the rehydration’
process hg?,been completed, kg

Se— the avefa?e cdntedt of dry substance . in. dry_

material, kg d.s./kq

R - rehydration capacity.
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'Meaéurament of fhe average volume of the material . The Kknown

number of cubes or cyli&dera was placed in a S50 cm® cylinder.
Then, from a 50 cm® burette hexan was filled to the cylinder
‘until the mark of S0 cm5 was reached. The volume of Hhexane '
left in the burette corresponded with the volume of the
‘materlal in the cylinder.

Measurement of the cantent of dryv _substance . The measurement

of the' content of dry substance in the investigated material
was done wifh the cabinet drying method.

RESULTS AND THEIR INTERPRETATION

Kinetics of the drying process . Anaiysis nf the dryiné
process kinetics has showﬁAﬁhat the courég of drying cqrves_and
curves of drying rate depends on temperatﬁra and velocity of
air and kind of mﬁtertal used (Fig. 1, _2).='The’ temperature
increase by 40°C resuits in an average increase of the drying
rate of carrot in the constant rate period by 0.042 gHz0/(g
d.s.min.) and dry!ng.rate oﬂ celery by 0;}f0 gH:O)(g d.s.min,

). On tRe other haéd the air velocity ihcreése by '0.80 m/s
rasults in an increase of drying rate in the r constant Arate
period on an average by 0.03& gHz0/ (g d.s.mtn.): for carrot
and 0.07{ g H20/(g d.s8.min.) for celery. Faor both materials
about S0% of water evaporates during the'cdnstant rate period -

.and this takes'abagt‘éoz ofvthe“drying time. In: ﬁhe .falling.
rate geriod the influence o!,températura and air 'veincity 'on‘
£ﬁe kinetics of the process is less pronounced. The influence
of the groperties of the mate}ial,. its - structure and the
relatién ﬁetwaeﬁ free gﬁd bound water on the course of the
proéess'become“moraifmpérfent'than p}ncess\panametehs.,

The inflience of_drying_parameters on_the rehydration capacity

of the material . The rebydration capac!tyA 1nforms' about the
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"advance of changes of the wmaterial induced by the drying

process.'lt could be exﬁected'that carro£ and celery should
absorb the same amount of water during the rehydration process
‘ag that évaporééed_ti there were no changes due to the. drying
praocess at all.

It was determined that the relationship between the amount
of water absorbed and the time of rehydration is parabolic in’
nature and a;ymptotically approaches the state of- equilibrium -
(Fig. 3). In addition it has been aobserved that between the Ird
and Sth hour of rehydration there i; no subgfantial difference
in the amount of water absorbed, however intensive diffusion of
the dry substance to the surrendiné water takes place (Fig. 4).

Carrot and . celery dried at - lower temperatures .in the
constant rate period reach the moisture content close to the
initial value in the Zrd hour of rehiydration process. It is 8
kg H.0/kg d.s. for carrot aﬁd 7 kg'Hgﬂ/kg_d.B. forr celery
apd it means that thé structure changeé due to dryingA.pracess
arevnot substantial and do not influence strongly the volume of
water abeorbed. In the falling rate period changes of the
sﬁructgre of the material tak; place, what is reflected in> the
lésser uptake of water during the rehydration process. At lower
dryfnq témperatures car;ot and celery show smaller, by
approximétély Z0-40%,ability to absorb water as that for the
constant rate period. Carrot dried at 100°C and celery dried
at BO‘C‘show'lower. by approximately S0%, ability ‘to absorb
water as compared with that of the constant rate period.

The effect of temperature of dryiné air on " the changeé of *
structure of the material during the fallinqilrate period is

‘alsao manifested by” larqef diffusion aof solugles éo tge

surrending water as compared with that of the constant rate
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ﬁerioﬂ.
The ianease of drying air veloecity in the range 0.96-1.76
m/s da npt significantly affeét the ahility of the materiaf to
absorb water during the rehydfation process. A

Yhe influence of drying parameters on the reverzibility .df

_sieankage of the material . One should expect that the material

with wundestoyed structure’ would, in the pracess of
rehydration, assume the same shape and Uimensiond as that
before drying. prever. it has been found that the ;material
does not teyain its initial veolume duwring the rehydration
process, and the shrinkage in maost cases ;ig irreversible, In
the case of carrot and celery, far which fhé dfying pfoteﬂn has
beeﬁ stopped at the eritical water content, it was found that
the shape and volume are aimogt cqmnlﬁtely.(egainéd during the
rehydration process. Hﬁwﬂver. the lonaerr the drying time the
more visible is the irreversihility of @ the Vﬁhrinkage._ For
example, carrat compietély dricd aF 100=C r¢aches FSS-boi of

the initial vclﬂme durihn the rehydration procéss, while celer?'
dried completely at BOSC reaches 70-75% of its iéitial volume

(Fig. S). The differenceslin the irreversibility of shrinkage
obser ved fDr both investigated materials are probably due to

different tissue structure and different shape of the dried

®
samples.
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SUMMARY
This wo}k is concerned with'changes,of rehydration capacity and
.sﬁrinkaqo of carrot and :a!éry dried tﬁ a laboratory convective
dryer. fiamples of dried material were analysed .at cftt;cal
fmotstqre content; at second critical moistqr# content and at
:the end u# the dryinQ process. -I;' has bagn shown that

‘rehydration _capa:fty and shrinkage change during the

dehydration process. These changee are slight in a constant '

drying rate period, but they increase significantly in a

falling rate period. The effect of drying.femperatﬁra and air

vialocity on these changea.ié also described.
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Fig. 2. Influence of the drying temperature
on rate drying curves of celery (v=134"))
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Fig.3. Kinetics . of rehydration
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Fig.4. Influence of drying hme on water content
-in rehydration time
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Fig 5. Influence™ of drying temperature on rn_oximum dimensions
oi carrot and celery after rehydration
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