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Abstract The purpose of this study was to investigate how microwave drying, a method to minimize the scent and
physicochemical changes of the final products, affects the quality characteristics of various herbs according to treatment
intensity (pulse and continuous waves) and time. In the current study, different physicochemical qualities, such as weight
change, moisture content, water activity, color, and microbial growth, of five different Korean herbs were analyzed after
microwave drying. The results clearly showed that the pulse wave method was a more effective approach than the
continuous wave method for maintaining the physicochemical properties of herbs. Furthermore, pulse wave drying lead to
efficient microbial death in various herbs after a short time. Thus, microwave drying with a pulse wave can be applied
to herb processing and packaging technology while minimizing the quality changes of herbs.
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Table 1. Operating condition of herb drying by the microwave
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Samples Operating conditions

Control Fresh herb
1W21 21 min microwave drying at 100 Watt

1W3/2/7 3 min microwave drying/2 min holding-7 times at 100 Watt
6W8 8 min microwave drying at 600 Watt

6W2/2/4 2 min microwave drying/ 2 min holding-4 times at 600 Watt
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Fig. 1. Changes of the weight loss by the microwave drying on
five cultivars of herbs. 1w21, 1w3/2/7, 6w8, 6w2/2/4: Refer to the
comment in Table 1.
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Fig. 2. Changes in moisture contents (%) by the microwave

drying on five cultivars of herbs. 1w21, 1w3/2/7, 6W8, 6w2/2/4:
Refer to the comment in Table 1.
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Fig. 3. Changes in water activity by the microwave drying on
five cultivars of herbs. 1w21, 1w3/2/7, 6w8, 6w2/2/4: Refer to the
comment in Table 1.
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Table 2. Hunter L, a, b color values of dried herbs after the microwave treatment

Cultivars Marino Lavender Golden sage Ryuchia rosemary Korea thyme Supermint
Color value
Treatment
a b L a b L a b L a b L a b
Control 53.56° -8.64° 24.70° 54.07*° -9.06° 23.65° 51.53° -9.92° 23.00° 48.83° -11.68% 2591* 50.81° -10.90° 25.65°
oMol 10512 +020 4048 +0.15 +041 +0.62 +1.08 +026 4034 +051 =+0.12 028 +098 2040 +0.51
1W21Y 5041 -0.49° 13.64 4546" 042° 12637 386" 0.98° 9.7°  40.01* -0.56° 19.96° 4532° 1.53° 13.42°
+0.60 +0.07 +0.64 +042 +0.51 +046 +197 037 +046 +0.60 =+0.60 +0.84 +0.81 +047 =+0.95
1W3/2/7 51.03%  0.05" 10.15¢ 46.51 1.86° 1249" 40.73* 0094 10.03° 38.69 1.57° 1527° 37.95" 187 13.56
+1.34  +0.95 +0.30 +0.68 +0.56 +0.59 +3.55 +0.85 +£1.12 +0.90 +0.22 +0.63 +0.51 +0.54 +0.68
6W8 54.52¢ -1.32° 14517 4593% 0.09¢ 1580° 43.08" -038' 10.11° 41.05% -0.83° 13.76° 38.62" 0.56° 13.54°
+1.77 +026 +0.50 +0.61 +0.28 +0.62 +290 +0.24 +022 +£1.52 +031 =£143 =+0.66 =+0.50 =+0.31
6W2/2/4 52.13% -1.18% 16.98% 42717 0.39* 9.058 39.69° -1.46° 10.54° 40.79 -2.53¢ 14.56° 40.16" -1.58° 14.55°
+0.54 +048 +0.55 +1.67 +042 +0.64 +1.87 +091 +0.34 +£1.98 +0.86 +£1.84 +£1.20 +0.87 +£1.92

D1w21, 1w3/2/7, 6w8, 6w2/2/4: Refer to the comment in Table 1.

JFor each color parameter, values (meantstandard deviation) followed by different letters in the same raw are significantly different by multiple

range test (P<0.001).

Table 3. Effect of microwave drying on total bacteria of five cultivars of herbs

(Unit: CFU/g)

Irradiation dose (Watt)
Cultivars

Control 1W21 1W3/2/7 6W8 6W2/2/4
Marino Lavender TNTC" 9.8x10* 4.5%x10° 3.3x10° 2.1x107
Golden sage 6.5x10® 7.1x10% 3.3x107 6.5x10° 2.9x10™
Ryuchia rosemary 1.4x10* 4.4x10* 3.6x10° 5.7x107 3.2x107?
Korea thyme TNTCV 3.3x10® 1.4x107 5.4x10° 3.4x10°
Super mint 1.1x10° 4.7x10° 2.0x10™ 1.1x10* 1.9x10°

DTNTC: too numerous to count

78R 8 s o) vl AREel Aom vehdr) Ea
cwel ol§ Az Hrke PWE B8@ Wiol 247 £ 1

st WA, gege] BdHe 0% et 59 $8)
Fid APl gloid vlolaEske e dutanct Fe A
70 el AR AEEt dgen, cwith Pwrh TAE
o APEEES} WE AoE etk tebd vl RstE o)
g Sjue] AzA We 2welHel WE x WOE A7
g3} )2 WsE AU AN mABe] 44 o
She 4182 3ol SN 549 WA BEAYE Sgos 9
o FUA F8e] AxAgE vlo|A} T of
82 F 92 Rolet AmEh

ZAe =2

o] =i TUFER AR FEATARNT XY
(319090-3)S Wro} el A-+AzIurt.

References

Altindal D, Niket A. Essential oils in food preservation, flavor and
safety. Academic Press, Cambridge, MA, USA. pp. 715-721
(2016)

Aminzare M, Hashemi M, Hassanzadazar H, Hejazi J. The use of
herbal extracts and essential oils as a potential antimicrobial in
meat and meat products; a review. J. Hum. Environ. 1: 63-74
(2016)

AOAC. Official Methods of Analysis. 15th ed. Association of Offi-
cial Analytical Chemists, Washington D.C., USA (1990)

Chandrasekaran S, Ramanathan S, Basak T. Microwave food process-
ing - A review. Food Res. Int. 52: 243-261 (2013)

Chen ZY, Wang LY, Chan PT, Zhang Z, Chung HY, Liang C. Anti-
oxidative activity of green tea catechin extract compared with
that of rosemary extract. J. Am. Oil Chem. Soc. 75: 1141-1145
(1998)

Datta AK, Hu W. Optimization of quality in microwave heating:
Dielectric and ohmic sterilization. Food Technol-Chicago. 46: 53-
56 (1992)

Daugan EM, Abdullah A. Medicinal and functional values of thyme
(Thymus vulgaris L.) herb. J. App. Biol. Biotech. 5: 17-22 (2017)
Denev P, Kratchanova M, Ciz M, Lojek A, Vasicek O, Blazheva D,
Nedelcheva P, Vojtek L, Hyrsl, P. Antioxidant, antimicrobial and
neutrophil-modulating activities of herb extracts. Acta Biochim.

Pol. 61: 359-367 (2014).

Jacques T. Microwaves-industrial, scientific, and medical application.
Artech House, Boston, MA, USA. pp. 346-356 (1992)

Ku DW, Lee YH. Effects of horticultural therapy applied by herb
fragrance on the depression of middle school students. J. People
Plants Environ. 9: 125-129 (2006)

Lis-Balchin M, Hart S. 23 Chemical profiles of lavender oils and
pharmacology. CRC Press, Boca Raton, FL, USA. pp. 243 (2002)
Midilli A. Determination of pistachio drying behaviour and condi-
tions in a solar drying system. Int. J. Energ. Res. 25: 715-725

(2001)

Oh MH, Whang HJ, Chemical composition of several herb plants.
Korean J. Food Sci. Technol. 35: 1-6 (2003)

Paraskova P, Sapundzhieva T, Karachomakova D, Kraevska A. Influ-
ence of microwaves on the microflora of dry herbs, drugs and



vo] Az o] B Az whE s1H.0] 54 ws} 103

flavourings. Food Industry. 43: 29-31 (1994)

Park 1, Park JD, Lee HY, Kum JS. Effects of air, microwave, and
microvacuum drying on brown rice quality. J. Korean Soc. Appl.
Bi. 55: 523-528 (2012)

Rosenberg M. The science of bad breath. Sci. Am. 286: 72-79
(2002)

Ryoo JW, Cha BC. Mineral content and antioxidative activity in
some herb plants. Korean J. Medicinal Crop Sci. 6: 28-32 (1998)
Sato S, Shibata C, Yazu M. Nonthermal killing effect of microwave

irradiation. Biotechnol. Tech. 10: 145-150 (1996)

Shan B, Cai YZ, Brooks JD, Corke H. Antibacterial and antioxidant

effects of five spice and herb extracts as natural preservatives of

raw pork. J. Sci. Food Agr. 89: 1879-1885 (2009)

Wang L, Yang R, Yuan B, Liu Y, Liu C. The antiviral and antimicro-
bial activities of licorice, a widely-used Chinese herb. Acta Phar-
macol. Sin. 5: 310-315 (2015)

Yang R, Yuan BC, Ma YS, Zhou S, Liu Y. The anti-inflammatory
activity of licorice, a widely used Chinese herb. Pharm. Biol. 55:
5-18 (2017)

Yousif AN, Durance TD, Scaman CH, Girard B. Headspace volatiles
and physical characteristics of vacuum-microwave, air, and
freeze-dried oregano (Lippia berlandieri Schauer). J. Food Sci.
65:926-930 (2000)



