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Abstract. Whole garlic cloves and cut into slicesrevsubjected to pulsed vacuum-micro-
wave drying at three microwave power levels: 281 d4nd 720 W. The pressure in the dryer drum
was from 4 to 6 kPa. It was found that the proa#fsdrying can be divided into three periods
described by power, linear and exponential fundgtidoncrease of microwave power caused increase
in the rate of drying, and had no effect on dryshginkage. Cutting garlic cloves into slices re=dilt
in longer drying time. The rate of drying slicedlgawas lower compared with that of drying whole
cloves in all the three periods at 480 W powermi¢rowave power of 240 and 720 W the rate of
drying sliced garlic was greater at the end of sdgoeriod and in the third one. A relative volume
increase, as a result of the puffing phenomenos,okserved only when whole cloves were drying.
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INTRODUCTION

Garlic has been and is cultivated all over the world becauseanflitary and
medicinal advantages. That vegetable spice is produced andnemhsin
abundant quantities. However, like other biological crops, gasliexposed to
waste due to respiration and microbial spoilage during stotsgje/dration is an
alternative method of biological material preservation. Hiodgying method is
currently applied to reduce the moisture content of garlic TBE method has
several disadvantages and limitations. It takes long timmgldahe falling rate
period even at high temperature. Air dryer temperatures uswedlg to be in the
range of 60 to . Such a drying regime generates degradation of important
flavour and nutritional substances as well as colour &beraHot air drying
causes structural changes in foods due to local hardeningsane tollapse and
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this way provides shrinkage. Vacuum microwave dehigirdas been reported to
reduce these limitations [5,8]. In that processatiydration microwaves penetrate
to the interior of the food causing water to boithin the food at relatively low
temperature. This creates a large vapour pressuthei centre of the product,
allowing rapid transport of moisture out of the gwot and preventing structural
collapse. This process, referred to as the puffihgnomenon, creates a porous
texture of the food [10].

Microwave energy has been already applied to convective dofirggrlic
[1,11,12]. However, no work has been reported on the vacuum-microwaxg dryi
of garlic. The evolution of this method to produce high quality driadiayin
a short time could make a significant contribution to the vegetplilcessing
industry. Therefore the aim of the work was to determine tieetedf microwave
power on the time and rate of drying whole and sliced gddies with vacuum-
microwave method.

MATERIALS AND METHODS

Whole garlic cloves and cut into slices of 4.5 mm thickness webjected to
vacuum-—microwave drying in a VM 200 Plazmatronika dryer that twax
magnetrons of 1200 W combined power and a revolving drum of approximately
0.18 m radius and 0.27 m length. Three levels of microwave power pygieda
240, 480 and 720 W. Garlic was dried with 60-second microwave pulsesddll
by 5-second breaks. Investigations conducted by Gunasekaran shatvpdisk
drying of cranberry is more effective than continuous dryingTBg pressure in
the drum revolving at 6 rev minwas from 4 to 6 kPa. Excessive lowering of
pressure, necessitating the use of more expensive vacuum pumpled [Apt
result in significant shortening of the drying time [2]. The kinetics digydrying
was determined on the basis of mass losses of 60 g portionsiofvgtl 66%
initial moisture content. With successive portions of fresitemal longer and
longer drying times were applied. Therefore, the number ofunement points
necessary for drying curve fitting amounted to the number of fresterial
portions. Absolute values of derivatives of the functions dasgrigarlic drying
allowed the drying rate determination and estimation of thealrioints K1 and
K2. The critical points divided the drying process into thpegods — |, 1l and I
(Fig. 1). Assuming that the drying rate in period Il should assansenstant
value, it was necessary to reduce the other two ranges llandHe same value
to ensure continuity of the drying curve. Sometimes in periodh#racterised by
constant drying rate, only one point remained. Obviously, the only cim¢ po
could not be used to fit the linear function which wasad pf the drying curve
between the critical points K1 and K2.
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Fig. 1. Drying rate determination and estimation of théical points K1 and K2 (1, Il, 1ll — drying
periods)

Drying shrinkage § was determined as a function of dry maBg by
calculating the ratio of garlic volume after drying) (to garlic volume before
drying (Vo):

\%
=—- (1)
Vo
The volume of fresh garlic was measured with a graduateddeyliiilled with
distilled water, while that of dried garlic with the use of toluene.
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RESULTS AND DISCUSSION

Based on the measurement points obtained fromritegdexperiments, it was
found that the process of garlic cloves drying vifite vacuum-microwave method
can be divided into three periods separated byctiieal points K1 and K2,
irrespective of the microwave power applied (Fij. Phe decrease in moisture
content in the first drying period, between thetstgrpoint and K1, was described
by a power function, in the second period, betweasntp K1 and K2 — by a linear
function, and in the third period, between K2 and the fao#it — by an exponential
function (Tab. 1). Increased microwave power frodD 20 720 W resulted in
shorter drying time — from 21 to 6.6 min at final stare content of 7%.

Moisture content M (%)

0 5 10 15 20 25
Time t (min)

Fig. 2. Drying curves of garlic cloves obtained at differenicrowave power levels

Size reduction of the material under drying by miethod of natural or forced
convection usually causes a shortening of dryimg tas a result of increased areas
for mass and energy exchange. However, the resfulte investigations performed
indicate that size reduction of the raw materialsea an increase in drying time with
the vacuum-microwave method (Fig. 3). The largeerdgice in drying time of whole
and sliced garlic cloves was observed for the loywesver level 240 W. For other
power levels, particularly 480 W, the differenceswat significant. This is only
a tendency which was not statistically provisgvertheless, the tendency was con-
firmed by the results of microwave drying of banaegorted by Maskan [9].
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Table 1. Parameters of functions describing the decreasmisture content of whole garlic cloves
and cut into slices in the three drying perioddiitrent microwave power levels

Microwave Power (W)
Period Function Parameter 240 480 720
cloves slices cloves slices cloves slices

a 66.3 657 658 654 658 656
[ M =a+b(° b -1.09 -0.66 -2.19 -2.13 -4.05 -2.66
c 138 148 15 139 151 159
| M = a+blt a 755 76 718 723 775 818
b —3.62 —3.19 —-6.08 —595 -11.1 -10.3
_t a -11.6 -2.64 -12.4 0 -322 -424
I M =a+ble © b 146 238 309 517 144 157
c 101 7.4 389 275 51 6.44
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Fig. 3. Drying curves of whole garlic cloves and cut ilaces obtained at different microwave
power levels
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Decreased thickness of banana slices resulted dredased time of drying.
Apparently, size reduction of material resultsawér temperatures reached within
the material heated with microwaves. A uniform colof the dried garlic slices
indicates that no local overheating took place,ctvhhowever, occurred in whole
cloves of highly dehydrated garlic. The risk of thmaterial reaching too high
temperatures occurs in the final phase of vacuuonawiave drying when the
dynamics of water evaporation is much decreased [4]

Absolute values of derivatives of the functionsodéig garlic drying (Tab. 2)
allowed determination of the rate of drying, whishrepresented by the plots in
Figure 4. The increase in drying rate in the fiestiod was due to the increase in the
internal temperature of the material to the levskdnined by the lowered pressure
inside the drum. The constant rate of drying ingbeond period was connected with
stabilization of the temperature and vapour presswside the material [13]. The
decrease in drying rate in the third period redultem substantially lowered water
content and thus reduced diffusion rate [12]. Aggpibn of increasing microwave
powers (240, 480 and 720 W) resulted in increased ratesliofdoves drying, whose
maximum values in the second period amounted 4 iri". The drying rate of
sliced garlic cloves was lower, compared with fband for whole cloves, in all the
periods at 480W microwave power. However, at 240720 W power the drying rate
of sliced cloves was higher at the end of the speriod and in the third one.

Table 2. Parameters of functions describing the drying odtwhole garlic cloves and cut into slices
in the three drying periods at different microwgaver levels

Microwave Power (W)

Period Function Parameter 240 480 720
cloves slices cloves slices cloves slices

-15 -098 -3.28 -296 -6.11 -4.23

| = arP
RD =al b 038 048 05 039 051 059
" RD=a a -362 -319 -6.08 -5095 —11.1 -10.3
_t a _14.4 -322 -794 -188 282 -24.4
i RD=ale b
b 101 74 389 275 51 6.44

The observed shrinkage resulting from garlic slices dryimg wescribed
using an exponential function (2) fitted to experimental points obtainedrious
levels of microwave power (Fig. 5).

The shrinkage remained constant beyond critical dry masentarit 60%. It
turned out that microwave power had no significant influence ofingl
shrinkage, both for slices and for whole garlic cloves.



DRYING KINETICS AND DRYING SHRINKAGE OF GARLIC SUBJCED 55

Rate of drying |RD| (% min ™)

0 5 10 15 20 25
Time t (min)

Fig. 4. Drying rate of whole garlic cloves and cut intira$ estimated at different microwave power
levels
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Fig. 5. Shrinkage during drying of garlic slices
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However, in the case of whole cloves the result of the myfihenomenon
was clearly observed, that is a relative volume incredse rafaching 64% of dry
mass. Similar tendency was observed for garlic slices wlierhighest power
level of 720 W was applied. Garlic cloves relative voluange after drying to
certain dry mass contents at the range of 34 to 94% (Fig. 6lesasibed by a
polynomial with a logarithmic term (3). The shrinkage was rstimeted for
samples under reduced pressure inside the drum.

D
S=045+1596[e 1015 R =0.99 2)

S=1092+0.051D-3.32[InD R*=0.94 3)

where: S— shrinkageD — dry mass of garlic, R- coefficient of determination.
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Fig. 6. Shrinkage during drying of whole garlic cloves

The results of shrinkage investigations show that wholeesl@f garlic are
more susceptible to puffing than sliced cloves. Apparently, vdhimneeating,
generating high pressure inside the whole cloves, resulted irirutdd the
samples [14]. Therefore, the density of whole cloves (0.52 T emas much



DRYING KINETICS AND DRYING SHRINKAGE OF GARLIC SUBJCED 57

lower as compared to that of sliced ones (0.79 §)awhydrated to the same dry
mass content of 93%. Liet al. reported [8] that, due to the puffing effect, the
density of vacuum-microwave dried carrot slices was much |tveer that of air-
dried ones. Similar results concerning vacuum-microwave dehydipfael chips
were obtained by Shaetal. [10].

CONCLUSIONS

1. Drying of garlic with the vacuum-microwave method can be dividéea i
three periods: with increasing, constant and decreasing rates of drying.

2. Microwave power increase in the range from 240 to 720 W causes
a shortening of drying time and an increase in the rate of drying, anbleffect
on drying shrinkage.

3. Cutting garlic cloves into slices results in longer drytinge, particularly
at the 240 W microwave power applied.

4. The rate of drying sliced garlic is lower compared whhttof drying
whole cloves in all the three periods at 480 W power. At microypaweer of 240
and 720 W the rate of drying sliced garlic is greater atetiak of the second
period and in the third one.

5. Whole cloves of garlic are more susceptible to puffing than sliceélov
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KINETYKA SUSZENIA | SKURCZ SUSZARNICZY CZOSNKU
ODWADNIANEGO METODA MIKROFALOWO-PODCKNIENIOWA
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Streszczenie. Calealzki czosnku oraz abki pokrojone w plastry poddano pulsacyjnemu
suszeniu mikrofalowo-podtiieniowemu przy zastosowaniu trzech pozioméw moityafal 240, 480
oraz 720 W. Gnienie w kebnie suszarki wynosito od 4 do 6 kPa. Stwierdzamoproces suszenie
czosnku mena podzielt na trzy okresy opisane przgyeiu funkcji potgowej, liniowej i wyktadnicze;.
Wzrost mocy mikrofal spowodowat skrécenie czasuzewia i nie miat wplywu na skurcz suszarniczy.
Rozdrobnienie czosnku spowodowato wynie czasu suszenia.cBkos¢ suszenia rozdrobnionych
zabkéw czosnku byta mniejsza w poréwnaniu zdbioicia suszenia wyznaczgrdla catych gzbkow
we wszystkich okresach przy zastosowaniu mocy rfakd80 W. Natomiast przy zastosowaniu mocy
mikrofal 240 i 720 W pydkos¢ suszenia abkow rozdrobnionych byta wksza pod koniec okresu
drugiego i w trzecim okresie. Wzrost wadihej obgtosci wskutek ,puffingu” mana byto zaobserwo-
wane jedynie podczas suszenia catydtkaw czosnku.

Stowa kluczowe: czosnek, suszenie mikrofalowo-podeniowe, kinetyka suszenia,
skurcz suszarniczy



