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Abstract. Oregano was dehydrated by three metlfi@gze drying, convective drying and vac-
uum-microwave drying (VM). Freeze drying was coriddat temperature of -B0 and under pressure
of 65 Pa. The temperature of heating plate wa€.30onvective drying was performed at three tempera
tures: 50, 60 and 7Q. Hot air velocity was 1 ni'sIn VM dehydration the pressure in drying chamber
was changing from 4 to 6 kPa and three microwaveeptevels were applied: 240, 360 and 480W. The
decrease in moisture content of oregano dehydiraigshvection was described by an exponential func-
tion, while in VM method by a linear function inetffirst drying period and by an exponential funcfio
the second period. Moisture content at the cripic@ht which divides drying curves into two periogias
about 1.4 kg kddm regardless of the drying temperature used. Tty sevealed that the increase in
drying temperature (convective dehydration) andniorowave power (VM) resulted in decreasing of
drying time. Freeze drying was the least destrectiethod of drying because of the antioxidant igtiv
The most harmful method was convective drying @ipteratures of 60 and 0. It was observed that
higher phenolic content in dried oregano may behes by reduction of temperature in convective
method or by increasing the microwave power in \agthod.

Keywords: oregano, drying kinetics, antioxidani\att, polyphenols

INTRODUCTION

Oregano Qriganum vulgarg is an important herb rich in phenolic compounds
with strong antioxidant (Capecla al, 2005) and antibacterial (Sagdic and Ozcan,
2003) activity. The antioxidant activity dependstio@ amount of compounds that can
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delay or prevent the oxidation of lipids and otiredecules. Zeng and Wang (2001)
reported that the oregano herb had 3-20 times hiyht@oxidant activity than other
herbs studied according to ORAC method, and higstal phenolic content. Addi-
tionally, oregano has 42 times more antioxidariviactthan apples, 30 times more
than potatoes, 12 times more than oranges and &s tmore than blueberries
(AChSNS, 2002). It is well established that diehrin fruits, vegetables and herbs
can inhibit the development of major diseases sigltardiovascular disease and
cancer (Hamauzat al 2006; Kanazawat al. 1995). It is proved that antimicrobial
activity of oregano extracts plays a role in intidsi of Helicobacter pylori(Chunet
al. 2005) and enhances permeability of some drugtingaet al. 2004). Diet con-
taining dried leafs and flowers of oregano alsorovps reproductive performance of
animals (Allan and Bilkei, 2005). Herbs have beedely used to extend the shelf
life of foods as well (Botsogloet al 2004). Oregano is a native herb to the countries
of the Mediterranean region. Nevertheless, thet [dasuccessfully cultivated in Po-
land in glass houses all over the year. Howeveherfood industry the dry form of
oregano is commonly used. Dehydration of herbsbeaperformed using different
methods. The most popular method is convectivengryiHowever, increase in the
air temperature usually results in a decrease efqgtiality of dried herbs (Diaz-
Maroto et al 2002). Vacuum-microwave (VM) drying of food isttijggy more and
more popular thanks to its advantages. In this ogethicrowaves penetrate the inte-
rior of the material causing water to boil at atigkly low temperature. This creates a
high vapour pressure in the centre of the mateitaying rapid transport of mois-
ture out of the product (Shaet al 2001). Parsley samples obtained by VM drying
were better compared to those air dried in termsotdur, essential oil contents,
aroma and off-flavour (Boehret al 2002). The relative content of major flavour
volatiles, rehydration rate, colour and structimédgrity determined for VM dehy-
drated Mexican oregand.ippia berlandieri Schau@rwere quite similar to those
obtained in freeze-drying and much better than thosenelitéi air drying (Yousiét
al. 2000). No work has been done so far to dry oreganggnum vulgargusing the
VM method.

Therefore, the study was aimed at drying kinetics deteriomatf oregano
dehydrated in convection and by VM. The aim was also to estitmateffiect of
drying method on antioxidant activity of dehydrated oregano.

MATERIALS AND METHODS
Drying of fresh oregano

Fresh oregano plants of moisture content 10.5 khdkg were tested. They
were grown under greenhouse conditions. Three methods of dehydraten we
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used: convection drying (convective dryer designed and made in tirilégal
Engineering Institute of Wroclaw), vacuum microwave drying (200 dryer,
Plazmatronika Wroclaw), and freeze drying (freeze dryer98& Hungary).
Convective drying was conducted at three temperst®0, 60 and 7G, air velocity
was 1 m 3. During the M-V drying three levels of MW power rgeapplied: 240,
360, 480 W. The pressure in the drying chambeeddetween 4 and 6 kPa. During
freeze drying the pressure was reduced to 65 Pa. The tampd@nahe drying cham-
ber was —6fC, while the heating plate reached®@0Convection and VM drying
curves were determined according to samples wéghtmeasured during drying.
The process of dehydration using all the methodstioreed above was conducted
until moisture content in dried samples was 0.0&dgim.

Estimation of antioxidant propertiesand total polyphenol content

Ground dry plant materials (1 g) were weighed fasa tube. A total of 10 ml of
80% aqueous methanol was added, and the suspevesostirred slightly. Tubes
were sonificated twice for 15 min and one wasdéftoom temperature (~ ZT) for
24 h. The extract was centrifuged for 10 min (1@,mM500 x g), and supernatants
were analysed.

Total polyphenol content was measured accordirtged-olin-Ciocalteu colori-
metric method described previously by Gaal.(2000). Plant extracts (1Q0) were
mixed with 0.2 ml of Folin-Ciocalteu reagent and 2 ml gbHand incubated at
room temperature for 3 min. Following the addition of 1 ml of 20% sodiarn
bonate and the mixture, total polyphenols were determined after wilbatian at
room temperature. The absorbance of the resulting blue colour easurad at
765 nm with a Shimadzu UV-VIS spectrophotometer. Quantification deag
with reference to the standard curve of gallic acid. Thalt® were expressed as
gallic acid equivalents (GAE), milligrams per 100g. Alletaetinations were per-
formed in triplicates (n = 3).

The DPPH radical scavenging activity was determirsidg the method proposed
by Yenet al. (1995). One hundredM DPPH was dissolved in ethanol (96%). The
radical stock solution was prepared fresh daily. DR€H solution (1 ml) was added to
1 ml of polyphenol extracts with 5 ml of ethandheTmixture was shaken vigorously
and allowed to stand at room temperature in daskioeslO min. The decrease in ab-
sorbance of the resulting solution was monitored at 51&trit@ min. The results were
corrected for dilution and expresseduM Trolox per 100 g. All determinations were
performed in triplicates (n = 3).

Radical scavenging activity (RSA) was expressed as tlenqage of DPPH
elimination after 1 and 10 min since the start of reaction, cadtliccording to
the following formula:
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absorbancef controlsample absorbancef herbextract
absorbancef controlsample

DPPH = x100% (1)

RESULTS AND DISCUSSION
Drying kinetics

Based on the measuring points obtained during convective dryivaside-
termined that the loss of water content may be describetebys of an exponen-
tial function (Fig. 1):
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Fig. 1. Drying kinetics of oregano for convective method

During the VM method (Fig. 2) two periods divided by the critpaint K
were observed (Pabis and Jaros 2002). Water content at tleal guitint was
about 1.4 kg kg db regardless of the temperature used. The dedreaseisture
content during the first period (till the momentrefiching the critical point K) was
described by a linear function. During the secoadod water loss was described by
an exponential function (Fig. 2).

Mc=DIt+E 3)

Table 1 presents the parameters A, B, C, D and E of thédnaavhich describe
the drying process of both methods.
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Fig. 2. Drying kinetics of oregano for vacuum-microwave{}¥method, K — critical point

Table 1. Parameters A, B, C, D and E of functions which dbsecdrying process using convective
and vacuum-microwave (VM) methods. Coefficient efatmination Ris over 0.99 in every case

Drying process Equation parameters
variables settings A B C D E

Convective method
Temperature ("C)

70 11.01 22.58 -0.50
60 10.85 34.97 -0.35
50 10.60 52.33 -0.05

Vacuum-microwave method (VM)
Microwave power (W)

480 447.96 1.48 -0.02 -1.008 9.98
360 606.28 1.57 0.086 —0.888 9.91
240 732.54 2.47 —0.003 -0.57 10.1

As it was to be expected, the VM method was faster than cooneBtiring
the analysis of convective drying it was observed that temperatcrease from
60 to 70C caused shortening of drying time from 310 to 70 minutes, while during
the VM method microwave power increase from 240 to 480 W resultechén t
shortening from 24 to 15 minutes.

Derivation of the functions describing the oregano drying processitpee-
termination of the drying rate. The kinetics of convection sl drying are
shown in Figure 3.
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Fig. 3. Drying rate during dehydration of oregano usingwetive (Conv) and vacuum-—microwave
(VM) method

Antioxidant properties and total polyphenal content

The total phenolic content in methanol extracts was analyseabeb¥olin-
Ciocalteu method. In Table 2 the total phenolic content of aegs also re-
ported, the content varying from 394.06 to 63.96 mg GAE 100ngdried plant
material significant losses of polyphenolic compounds were foundmparison
to the fresh herbs.

After the drying process the phenolic content measured wa$0%eiower
with the relation to control (regardless of the method used)IoMrest phenolic
content was determined in samples that were dried using the twavwsethod
with the temperature applied 60 and@63.96 and 64.68 mg GAE 100,ge-
spectively), while the general phenolic content in samples dried antpertature
of 50°C was 138.04 mg GAE 100'geven though the process was conducted for
310 minutes (Fig. 1). Phenolic compounds degrade when high temperature is
applied (even when the process is short). This fact may influbeceontent of
phenolic compounds in the dried material. Bigger amount of phenolic covdent
gained during the VM method. That let us observe that the bpyyeer of mi-
crowaves applied the bigger the phenolic content in genergheHimicrowave
power caused shortening of drying time (Fig. 2). It also resirtetorter time of
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sample exposure to the destructive effects of temperaturgefatare should be
dependent on reduced pressure used in the chamber during careful drying.

Table 2. Total phenolic content, antioxidant activity (DPPa#)d radical scavenging activity (RSA)
of fresh oregano and oregano dehydrated using tliffeeent processing methods

DPPH
. . -1 ()

Drying method Total phenolic (mg GAE 1009 (uM Trolox 100 §Y) RSA (%)
Fresh sample 394.06 362.49 64.1
Freeze drying 168.87 286.00 50.6
VM - 240W 85.14 100.34 17.7
VM — 360W 100.48 129.82 23.0
VM — 480W 112.11 148.15 26.2
Convective — 50°C 138.04 168.07 29.7
Convective — 60°C 63.96 75.64 13.4
Convective — 70°C 64.68 15.88 2.8

The highest phenolic content was determined during freeze dffhrase
samples were characterized with phenolic content higher by%8aP2 33.61%
than those dried using convective drying atGG@r VM method at microwave
power of 480W.

In general, measured phenolic content is connedtédhe activity of dried ma-
terial. The percent inhibition of DPPH was from $46% and depended on the
method of drying (Tab. 2). The ability of reductionsynthetically generated radical
2.2-diphenyl-1-picrylhydrazyl in fresh samples v@82.49uM Trolox 100 ¢ and it
was lower in samples dehydrated by other dryinghotst by 76.49M Trolox
(freeze drying), 214.3gM Trolox (VM at 480W) and by 194.42M Trolox 100 ¢
(convection).

High content of phenolics affected also the strong capabilith@fspecies
examined to deactivate free radical DPPH, especially fresgfano. Lagouri and
Boskou (1996) and Kahkdnest al. (1999) stated that among plant phenolics
responsible for antioxidant activity a prominent role was playeghieyolic acids
and flavonoids. Chuat al. (2005) found five major phenolic metabolites in oreg-
ano: rosmarinic, caffeic, coumaric and protocatechuic acid andejirerA very
important compound in herbs aAmiaceaefamily is rosmarinic acid, showing
high scavenging DPPH potential (Chen and Ho, 1997), this beiaigdeio the
presence of four hydroxyl groups in its molecule (Fextkal, 2002). The rosma-
rinic acid content in oregano extracts is very high (Chen and Ho, 1997).
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CONCLUSIONS

1. The loss of moisture content in oregano samples dried in coowenty
be described by an exponential function, while in those dried usinyNhe
method by a linear function during the first period and by an exponéntiztion
during the second period.

2. Increase in temperature from 50 td®@0n the convective drying causes
shortening of the time from 310 to 70 minutes. Increasing the migeopwawer
in the VM method from 240 to 480 W results in shortening of dryiimg from
24 to 15 minutes.

3. Reduction of antioxidant activity during dehydration is #mallest while us-
ing the freeze drying method. It is also higher mviee microwave power increases
and the biggest during convective drying at thepnature of 60 and 70.

4. Lowering the temperature of drying in convective method and inagasi
the microwave power in VM leads to gaining higher phenolic content.
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Streszczenie. Oregano wysuszono przycu trzech metod: sublimacyjnej, konwekcyjnej i
mikrofalowo-pr&niowej (VM). Suszenie sublimacyjne przebiegato mperaturze —6C, przy cénieniu
65 Pa i temperaturze ptyty grzejnefG0Suszenie konwekcyjne przeprowadzono w trzechaeaturach:
50, 60 i 70C. Prdkaoi¢ powietrza suszego wynosita 1 re'. W suszeniu metad/M cisnienie w komorze
suszenia wahatogsiv przedziale od 4 to 6 kPa, a moc mikrofal wyrsogM0, 360 i 480 W. Zmniejszenie
zawartdci wody w oregano suszonym mejddnwekcyjr opisano przy #yciu funkcji wyktadniczej,



90 K. JALOSZYNSKI et. al.

natomiast w odwadnianym meto®M przy wyciu funkcji liniowej w pierwszym okresie suszenia
i funkcji wyktadniczej w okresie drugim. Zawagtowody w punkcie krytycznym, ktory dzieli krzywe
suszenia na dwa okresy wynosita blisko 1,4«ggsm niezalenie od zastosowanej temperatury su-
szenia. Badania wykazatye zwikszenie temperatury w suszeniu konwekcyjnym i manikrofal
w suszeniu VM powodowato skrécenie czasu suszétdpmniej destruktywsn metod, suszenia ore-
gano ze wzgdu na whciwosci przeciwutleniajce okazata siliofilizacja a najbardziej szkodliav
byta konwekcja w temperaturze 60 i°Q0 Stwierdzonoze wicksza zawarté¢ polifenoli w wysuszo-
nym oregano mma osign¢ redukujic temperatuy suszenia w metodzie konwekcyjnej i zkdzajc
moc mikrofal w metodzie VM.

Stowa kluczowe: oregano, kinetyka suszenia, aktyépozeciwutleniajca, polifenole



