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Surface Modification of Carbon by Atmospheric-pressure Plasma

for Impregnation with Clove Essential Oil to Control Honeybee Mites
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Tropilaelaps spp. are ectoparasitic mites of honeybees. Mite parasitism can ause brood
mortality and colony decline. In this study, the surface modification of carbon was performed using
atmospheric of argon plasma jet with a 4.758 kV input voltage and a 829.901 kHz frequency to enhance
material properties for mite control, absorption, evaporation and release rate of the clove (Syzygium
aromaticum) essential oil. The results demonstrated that the absorption capacity was highest after
plasma treatment at an argon flow rate of 1 L/min for 60 seconds (0.0080+0.0003 ul of oil/mg of dry
material). The plasma-treated carbon showed a higher release rate of clove oil at 4 and 8 h of
incubation. The clove oil was released, at 17.127+2.212 to 21.513+2.330 pl/ml, after 72 h of incubation.

The evaporation rate of essential oil was highest at 2 h of incubation in all treatments. The evaporation

rate of plasma-untreated carbon (0.2442+0.0807 pl/g-hr) was higher than that of plasma-treated carbon.
However, there was no significant difference among treatment groups. Thus, parameters related to the
atmospheric pressure plasma should be further optimized to improve the material surfaces for use with

essential oils to control honeybee mites.

Keywords: Tropilaelaps, honeybees, carbon, atmospheric-pressure plasma, clove essential oil

52


mailto:chveeranan@gmail.com

Joumnal of Agri. Research & Extension 41(2): 52-64
UNANED

Tropilaelaps LﬂuliﬁmgﬁqﬁﬁﬂﬂiLLwiﬁzUWW
Tugmamnssunisidesita laglsvdadanmnsaias
fhgouis lrfseuilmisiazedmalsaiaay
aaneluiian Ssenddedifunsfnyinavoswaaun
AUAUUITEINIAYdad nlaaui a1 naud g
wseiulsifiunaasne 4.758 Alalaad wagaaud
829.901 Alald$n fian15iUd suLasruauUAnig
ANGU N1558ImY wazn1sUanddesinduvonszie
NUNGUOIATUBY WU UBUT HIUAITANE
wanasfsnalvaveuiaensnouwiniu 1 ans/uni
uw 60 Jundt firnisgadutisunenssmeniung
egeaatviniu 0.0080+0.0003 lulasinsdeiiadniy
ioinuisvestan dniunensuveiinisanUsos
gefuludalusd 4-8 udarunanaun uazludalug
i 72 mfveuiimsvanydeseglutag 17.127+2.212
fla 21.51322.330 lallasAnssiefiadang uonaniuds
wuEnTINITmeves U uNg UL TanA1SUay
fiageaqaludalusdl 2 veenmaass 4eansuey
Alaildunaandsnsinisszimegagn windy
0.2442+0.0807 lulasansnonsuradlug walidl

o a

ANULANFanuagldud Ay n1sadnseninngy

v v
v a

Nead Mnnan1TIvsluasstarlfndunuimislunig
PIAAIIET LAUNCANVDINANAUNLUAITLAY
UsednSamvesiandinarslunisgaduuay

Uantaseiiiumenssmeiioldlunismiuaulsiale

AdnAey: Tropilaelaps B9 Asuau mAlulad
WAIANIAMUAUUTTEINA

UNTIUneUTEMENIUNG

A1

[
= a

Tropilaelaps \Julséngisiinelfiinaiy
Fonies0a aaIvnTIuN19LA 898 9WUs (Apis
mellifera) \Jusghannitslulszmalnouaziode
lsazgaiuresvmmelufigouresis deo1avili
Frgounamenewasyiuladudusue lsyinail
ansaunsveneug 1815 anials Vamoa Bureett et al.,
1983) danalidagiulsewmalneinisssuinvedls
Tropilaelaps ganls Varroa it 25 win lagaunse
NUNTUNT S2UInveslsunluy9gnn1ave9nIs
Y18 us i 97 29 e uTIuIuLIN (de Guzman
et al,, 2017) YayUuiinsldansindlunsaiuaunis
w3 sEuInvedls Wy exdnge Wendiue vgumsu
shustansanesia (Burgett and Kitprasert, 1990;
Camphor et al, 2005; Kongpitak et al., 2008)
st ulsimunuiszavsnmmessnisldasialinenan
fennulalaiauslunismunuls Snitsnsldanaied
s siudearerddiluarnsaifiufinssuvesia
aeluss wazdmunisandsvesansiadlui swae
AR UTTNA A (Atwal and Goyal, 1971; Burley
et al., 2008; Haarmann et al., 2002; Mullin et al,,
2010) YaqtiuFedimadentv Ao nisléiinfuney
sune iievunllunismunsilsdngils Varroa was
Tropilaelaps (Bendifallah et al., 2018; Chaimanee
et al., 2021; Damiani et al., 2009) Iagu T uve
suvefioaneiadusyavsnmlunseaunulsdngi
1#luseduiasUfoRnms wu dhduvenssimeniung
hagnszla1U (Chaimanee et al,, 2021; Nuanjohn
and Chaimanee, 2019) usiiflothlunaaeuluanng
25 dlufei snudn UseAns nmuesitunensyive

53



M5ANSIVYLALANFSUIVINTINYAT 41(2): 52-64

Nung (AN 0.5 uaz 5.0 % (vv)) kagnseu
(Pt 1.0 uaz 10.0 % (v/v) vunseawwdsesn
qnd Arunulsdngd LA laifiving A1s (Chaimanee
et al, 2021) 10193z 0siinsidonldTandanans
fumngau viemsAsuuasiiufivesTangnandy
fivszAns nmlunisgaduiagUanddesunsiuvon
suveifisd Tnevidumeluladildlumsdsuutas
anmiadan Ae wAluladnanauiAuiuuITEINIe
(Non+themnal atmospheric pressure plasma technology)

wialulagwanaundumeluladadeln
AuunUszgndlduTulsmsedsunlasn aauds
Al ufavoatanviondnd e ld Tnonaiaun
Usznausigeaynaiiiseq (lonized particles) Ly
§ianmsou leeau Reactive Oxygen Species (ROS)
kag Reactive Nitrogen Species (RNS) (O, O,", Os,
OH, NO thag NO,) (Kaushik et al., 2019; Yanling
et al., 2014) Faoynadidvszamaniedutiade
Gy “ﬁyﬁm%’umsLﬂﬁﬂuLLﬂaaqmauﬁ’ﬁﬁumﬁuﬁa ng
Liu and Liao (2021) @nwinistdeandiaunanaun
Tunsdsuuvasaniwiiuitvesnulifliii ety
m&'ﬁaﬁ%’uﬁﬁ%@ (Polar functional groups) wagtely
Té9usvlalasnanuunsmiviuuiuiafieuas UV
Auszneudiseyniauiluiu i el iagdanan
fauantidiud suvafiFodmiunisusegndld
N19NSuNNg N1sUseynalinatauivila Dielectric
Barrier Discharge (DBD) la e ld uf anaussna 14
odnouarloveaneuludeisnsinislve 1 a7
astouil sweian 1 undl iteusuussiuRaves
Activated carbon Tiaugeutnanntu dmiunis
inluldifuTangadulunszuiunistidauide
(Lubis et al., 2019) TfN1sANYI@ONBLAUNAELN
Tun 5108 suulasil uiia Activated carbon fiber
Lﬁ@iﬁﬁmi@m%’uﬁﬂﬁﬁﬁuﬁw (Huang et al., 2021)
dunsUszgndldwanaulugmamnssunindesi

171 Boonmee et al. (2022) la@nwnigafunisiy

9135 neunatauisnsinisinavesuiawindu 0.25
way 0.50 AnTFUIT S2azIa1 30 way 60 IR
AT IUYURLUAT LﬁaU%quqqﬁjuﬂasuaaﬂszmm%a
dmsuldutagdananslunisuanddesituney
izmammwﬂumimuqﬂi Tropilaelaps Fanut
aﬁﬂau‘wmama'awaslﬁt,ﬁmmiﬁﬂmmaﬁuﬁﬁa@
wildlfUasuntasesrUsznaumaeiiveansyanuuds
wazananInAIUANnITIzUIaveslsluaRls uelid
AULANF9RY 19T Ted Ay neaiAnunq uves
nsvarvud ot L@ n 1 unataun venandudsd
miﬁﬂmﬁmﬁ"umim?{ammmﬁuﬁmaﬁa@ﬁuﬁw
waraun Wy n15.Wa suslandulelndioamas
Toeldwaraudifonnanauiuudasidoudunia

o '
v v A

fadu iiielmianishnveadedludulelnenisiiiu
wgﬁﬁ“fﬁﬁaaﬂ%mul,fluaqﬁﬂﬁzﬂau (C=0, C-OH
way COOH) (Zhang et al,, 2017) kagn1sudinanaun
1A sunlasanninveanasulidanuweuiin
1nTu Imﬂ’]s@umﬂ'ﬁﬁﬁﬁ”’wumi’aqﬁu 9 (Lopez-
Garcia et al,, 2018)
faduauiSed s alaviinsAnwinisly
aueudutandinats wasusulssanmituiaves
A5 UBUALEALULAE NAANIAUAUUTTENNA
iieliiananiveufiuszansamlunisgadu nis
PRV LLazUamﬂéaaﬁ"}']ﬁummszﬂwuwglé’a&mﬁ

Usedvignm ieiludssendldlunmsenuaulsdngiis
L3 ad
gUnInUAZIdNIT

STUUNAEUIAUAUUTTEIMNIALUULIN
1ASIAT1999ITEUUNAIEUIAITUA Y
U338 IALUULENTTE A mSUuAsY waness Figure
1 o1$nounataunad1sdudieusssuliiumasgne
4.758 Alalaad wazaud 829.901 Alawdsn Tnedn
Asanulnusege u,azgﬂﬂﬁlué’iyiywmmm?{
T WA L5498 9698 High Voltage Probe (Tektronix

54



Joumnal of Agri. Research & Extension 41(2): 52-64

P6015A, USA) 1113 ouslary Oscilloscope (Teledyne
LeCroy HDO4024, USA) ¥nsitasigiesrlseneu

N1AT 89519 lunatauq 38 Optical Emission

Flow Rate Meter

Valve

Reflection Probe

Optical cable

Laptop Monitor

Avantes (USA)

Argon Gas

trical

Conductor

Elec

Spectroscopy (AVANTES, USA) 1a214 Reflection

probes 9N FLENUTELN 2.0 L.

Power supply system

@ High Voltage Probe
g (Tektronix P6015A, USA) Oscilloscope

. (Teledyne LeCroy HDO4024, USA)

Dielectric tube,

Clamp Amp Probe

Ground

Figure 1 Schematic diagram of the atmospheric-pressure plasma jet system for the surface modification

of carbon
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Figure 2 Current-voltage waveforms of the atmospheric-pressure argon plasma jet
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Figure 3 OES spectra of the atmospheric-pressure argon plasma jet at a gas flow rate

of 1.0 L/min (a), 0.5 L/min (b) and 0.25 L/min (c)
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Figure 4 Absorption capacity (a) evaporation rate (b) and release rate (c) of clove EO by carbon materials

The data shown are the mean + standard deviation. Comparisons of the evaporation rate

and release of essential oil between treatments were made at each time interval.
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