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I 

̒ƨ 

    ˋςόɑĻǖ且ǒǄļ«1好�\Ͳ�ſ÷ËƤ3˦ȱʢJā

ş[ʢÅƄ)bόɑƒˠȚ�ĻǠʎΒτ<ƴü,"ǸȪ¼Ŷ<ȷƏ

ÛˏĐʏŇÀǐƯÝǧƽʢÅƄ)Ëʾɉ失k6ȴʢT¹ļĕόɑɋ

吐ɛHbƤή母»E«Ģ失Ë℃z,�Ɨ）¾®伏�Ț內ȚΧ?̂

Ͳĺ̂̂ )͖Ļˋςόɑ＝ưʰÒȴʢ)ÃȚ內ȚΧŐk6ɓȽT¹)

q列àȆ內ɓȽ毛ˋςόɑŐŬͲɠ»͉ϻ)ĐbǶÀǐƯÝǧƽʢ

Ő�Ş,͖̂Ûȳ�eΡȻ 60 Hz�̂Χ 21 kV�̂ːʴʯ 0.5 cm�

6Ûǚ旨ƒŔǚ)͖̂ɓȽǒʴ 0�1�4�7�10J 15EϮ毛3˦ȱ

ʢJāş[ʢȴʢǐŀ<͉ϻ,比早也ŀ收�)3˦ȱʢŚĪʢȶ由

űƒ 7.6 log CFU/ml)ɣ �͖̂ɓȽ 15EϮŶ)3˦ȱʢq：¡元ʢ)

āş[ʢŚĪʢȶ由űƒ 7.1 log CFU/ml)͖̂ɓȽ 15EϮŶ,ƯÎ

0.9 CFU/ml)Đ大Õ͖̂ɓȽ毛όɑŬͲ<͉ϻ)mż因Ï�ͲE

Ń�\EɼzJ內űЁH)比早也ŀ收� LƸ,Ư)aƸ代 bƸ；-

I)ƒ台Ŭ�Č＝ư式EÞ͉ϻ)Đʏ收ʡ͉ϻ,͖̂ɓȽŶόɑͲ

EŃΧεʗűĐʏ收ʡǈɂ)͖̂ɓȽ 	� EϮŶ<\Eɼzƒ

��%		)̂ ͖ɓȽŶ<瓜旨內ǈƒόɑȧ且3˦ȱʢɓȽŶ內ǈ 1.5�

Jόɑȧ且āş[ʢɓȽŶ內ǈ 3�)͖̂ɓȽŶΥϋ˳早 �( L<

ȴʢǐŀ�\Eɼz�Χεʗű�ʏ收ʡǈɂ)ã�ÃȚ內ȇ¹ȴʢ
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Abstract 

    Non-thermal atmospheric pressure gas plasma is increasingly under 

research for decontamination of foods, especially for fresh fruits and 

vegetables. Fresh blueberry, often used in baking and pastry food 

ingredients, which is susceptible to soil and water as well as fertilizer 

contamination caused by Escherichia coli (E. coli.) and Salmonella spp. 

during the time of planting. General cleaning process after the harvest 

unable to effectively reduce pathogen contamination for blueberry, while 

the traditional thermal processing sterilization methods make blueberry 

tissue soften due to heat and lead to the loss of nutrients. This study aims to 

apply a non-thermal atmospheric gas plasma device for surface 

decontamination of blueberry. The process parameters applied were 

frequency at 60 Hz, input power 40 W, voltage at 21 kV, electrode spacing 

0.5 cm, using air as working gas (500 sccm), plasma exposure time for 0, 1, 

4, 7, 10 and 15 min. The influences of plasma treatment on blueberry were 

evaluated through bacteria count, surface temperature, weight loss, texture, 

and color change. Experimental results show that after 15 min plasma 

treatment, E. coli with initial concentration of 7.6 log CFU/ml on the 



	

 
	

IV 

surface of blueberry can be completely decontaminated. Salmonella spp 

with initial concentration of 7.1 log CFU/ml on the surface of blueberry 

reduced from 7.1 log CFU/ml to 0.9 CFU/ml The qualities of the blueberry 

are not significantly changed after the plasma treatment. The results 

implicated that non-thermal atmospheric pressure gas plasma could be 

employed for decontamination of blueberry while retaining product quality. 

�Keywords�Dielectric barrier discharge plasma, Escherichia coli, 

Salmonella enterica, Surface decontamination, Blueberry 
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ɇ"ɨ�̦Ĉ 

1.1Ɨ）ơɿ 

ˋςͧŀƴŬŐǜ子̼Āźϵ͂Ş)ËƴŬ弘�µ¡Ȏ回ʭĘʭ

ĢĞƭʧ)Ë工上ˋ目ȴʢõɕƒcƨƗ）ƭτ<")「�Ő®Ļƴ

Ŭȴʢ˾ʘ9͉ϻƴŬ<�Čή母卡ƸJŬͲ)ʾɉ失ȴʢT¹)毛

Ļ�ςͧŀÃϣ失ȯˈƴŬĐ9本ª)ͧ ŀ"ǸȪ¼ŶƏ牛ĤǜƊɓ

Ƚ)「ȴʢǐȻ9Ȇ)毛Ļǧƽʢ不ǶʋN&ƺ毛͑Ƹ)ĐʏŇÀǐ

÷『ǧƽʢ<�Ş)ĐbqǶˎÀHͿ二ǥŎ(Crowe et al., 2005))ʾ

ɉTŇĐʏŇÀǐ̥źŬͲJƻϼƴŬ弘�µ¡)Ŝ¸Ęƒ%«伏ǜ

子×̼Ā)工上%ɷ且Ţ失ȴʢõɕ)±-ȆΧk6�小Ʋņ�ʜx

͢�ǵͪ̂ɲ�Κǆ˘ǆ�̂˰\ĤȚΧŢ失͖̂(Li et al., 2016))

Ë®-Ƭ元ʢõɕ:)ȚΧŢ失͖̂ƒ"且ˋ目k6õɕ)「Ţ失b

ʏ二ǥ<ǡĵ毛Ļ伏�ĻƴŬȴʢÀų3Ő四))̂ ͖ƒ"且ϓ4H

ǚ旨)*ɖ̞ƒƁŎͲŐɇwñ水)|mê3ʱŐț̂Ɉ4�K伏Ŏ

Ͳ)Ό上ŎͲ) !�ʚ(Ǎʚ)2014))Ƥˆ�ŎŐ元Ɛ� 

�巨Ɨ）¾®伏�ȚΧŢ失?̂Ͳĺ͖̂̂ɓȽ失ȯˈ<ˋς

ͧŀ＝ưȴʢ)比早力˳͖̂毛ˋςͧŀ-<3˦ȱʢJāş[ʢ<

ȴʢǐŀĐʰ"þȦǻ「ˋςͧŀ台Ŭˠ͖̂ɓȽŶ<ŬͲ͉ϻ)Đ

ʂȰǶ工上"ǀȚ內�Ý»�)ƴŬˊ中5�ʏHͿ二ǥ<ȴʢõɕ� 
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1.2Ɨ）�Ő 

1. ȦǻȚΧŢ失?̂Ͳ͖̂Ļόɑ＝ư<ȴʢǐŀ� 

2. 大Õ͖̂ɓȽŶ毛όɑŬͲ<͉ϻ)mż-因Ï�＝ư內ű�\

EJͲ�Υϋ˳早ʚ� 
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ɇ&ɨ�Sϩ¬ϼ 

2.1 ƴŬ<ǧƽʢ 

     ƴŬϟŎ̠ȽˣɉƩEŃ�Ȑ 102 ¸<ƴŬ:Ɗǔė○PǼŐ

Ǧǧ上�<ǧ«ŎͲ)EŃɉƩ也ŀ收�ɊʢĵƴŬ:ƊÙ% 81%)

ËɊʢĵƴŬ:ƊƁ�ƴŬǧƽʢ○PǼ<ƴŬ:Ɗ)「ƤǧŮ水*

EƒˈƄŮ)ƊǮŮ)ƊǮɴ?ˈƄŮȚć<ˈƄŮƴŬǧƽʢmż

˦ōĲʢ (Vibrio parahaemolyticus)�āş[ȱʢ (Salmonella spp.) �

ûɽǡʢ (Listeria monocytogenes) ʚ�ƊǮŮǧƽʢ-ÌƊȱʢ 

(Clostridium botulinum)�ŝʽÏˬ口ȼʢ (Staphylococcus aureus) �

h'ɹȱʢ (Bacillus cereus) ʚ�ËƊǮɴ?ˈƄŮ-ɀǚɏ布ȱʢ 

(Clostridium perfringens) �ǧƽĵ3˦ȱʢ (Escherichia coli) �(Ò

Ž ȃ 弘 � ̜ ã ɣ ƴ Ŭ ϟ Ŏ ̠ 『 ˣ (Taiwan Food and Drug 

Administration, TFDA, 2010)�͕ƋƴŬµ¡îŐƗ）收�)āş[ʢ

ɖ͞ĭƒƴ˓ĵǦǧ在上ŐɬȚćƽ«).Ɓ͕˛ɇ&3ɬȚć<'

Ǥ¢ɝǦǧ(͕ƋƴŬµ¡î European Food Safety Authority��  

EFSA, 2010))3¯͑ȐǃƗ）.͞ĭˋςͧŀƒǧƽʢcƨ˹旨)

eāş[ʢ�3˦ȱʢĶΙϝǧƊƒcƨǧƽ旨(aƔ弘�ɋ吐World 

Health Organization, WHO, 2008)� 
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  2.1.13˦ȱʢ (Escherichia coli) 

��� 3˦ȱʢƒ'ϣJȋŎ˦˼:一˿³®<ʢ且)Ț各�ɖˈƄ'

ƾJȋŎȫŉŎËÅƄƴŬĤ\ )˓○e±ŀƴŬjȾ3˦ȱʢǒ)

＝�ƴŬőȧĶʴȧɖȫŉŎÅƄ�«Ã)ÃʢɖȈƒʻ\JƴŬ弘

�<任力Ż͔�3˦ȱʢ®�ŎͿEϣ-ϰĻɊʢƔ(Bacteria)�Ёñ

ʢş(Proteobacteria)�γ-Ёñʢ̤(Gammaproteobacteria)�˦ȱʢ�

(Enterobacteriales)�˦ȱʢƘ(Enterobacteriaceae)�ƿï[ʢϰ

(Escherichia)�ƒƱ年[ɧĵʢ)ĚϔZ)ÀǛJʏǛŏ水,ƕǶ�

Ş)ƒƻĵ̉Ǜʢ)�Ş內űƒ 37℃)Ɵ失ĵǈ)qˠ�"ǸȺ又

k失元ʢ(̌ 2-1) (Karmali, 2004, TFDA, 2010)� 

 

  EÞJÅƄɢǌ 

� � � � 3˦ȱʢ͇Ō³®Ļ'旨ĶȋŎ旨Ő˦˼A.ȉȜ'旨Ațʢ

ȻƝƒ 2�8%) ͯ�_ŐțʢȻƝƒ 7�22%��○eˎ各�7Ģˈ

ƄŐ'ƾĶȋŎδťËÅƄƴŬJ\˓�Ãx)˦˼jÑĵ3˦ȱ

ʢ (Enterohaemorrhagic E. coli, EHEC) )「g＝ʢǘÀ O157:H7 J

O111:H8ʚ)ƒ"且'Ǥ¢ɝʢ)cƨ³®Ļ_�ÈŐ˦˼代「ȫŉ

ŎA�'旨¯«ƴ(ȋŎȫŉŎÅƄŐƴŬJ\˓ËˈƄ)ɝȚƁ�

_Ì��_{�ĢÅƄ<\˓Ĥ�ƴͧŀϣʚ(Dechet et al., 2014, 

TFDA, 2010)� 
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  ˈƄǨŏ 

    "ǸPǼƴŬ:Ɗ<四�ʂ�；ƒ 5-485ǒ)Ë˦˼jÑĵ3

˦ȱʢ四�ʂƒ 2~8L�cƨˈƄɣÓƒ5˦)bēǨŏ<9¦*E

ƒŷĵ˦ƠōŮJĊ下Ů�ǨŏÀ死Q�˧ʔ�上�止§J,下�

ɝȚ,下Ȣ×�；Ɲ 4~5LåqɃ同(Karmali, 2004, TFDA, 2010)� 

 

  方ďŋ企 

    方ď3˦ȱʢˈƄ伏ďXÅƄ˓ȧ宇ƴŬ�ƴŬǄ汁J汁Ě氏İ

ǜƊȷƏ)ƴŬJʻ�\ˠk失ɓȽ�7未3˦ȱʢˈƄ×)̼ˮi

本冗Ő\EĴ˰ͲåqɃ同).qĕ�͊3ЅǮ(gentamicin)�#Ѝ

oĎЅǮ(amikacin)ʚ�(Mohannalalshmi et al., 2014, TFDA, 2010)� 

 
 
 
 
 
 
 
 
 



	

 
	

6 

 

̌ 2-1 3˦ȱʢ� 

Fig. 2-1 Escherichia coli. 

(̌^Ę˓: https://www.niaid.nih.gov/diseases-conditions/e-coli  

National Institute of Allergy and Infectious Diseases, (NIAID) USA ) 
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  2.1.2āş[ʢ (Salmonella spp.) 

    ƞȐǧȽͿǃ;}̘Ðɐāşɬ½上Ⱦāş[ʢ)āş[ʢƁe

\ĶƴŎÛƒɴ?Ő'Ǥ¢ɝʾƄǧ)○PǼ<ƴŬ:Ɗđ�)cƨ

ƒƴ(ĢȋŎδť○ˈƄ<ƴŎËƤˈƄ�āş[ʢ®�ŎͿEϣ

-ϰĻɊʢƔ (Bacteria)�Ёñʢş (Proteobacteria)� γ-Ёñʢ̤

(Gammaproteobacteria)�˦ȱʢ� (Enterobacteriales)�˦ȱʢƘ

(Enterobacteriaceae)�āş[ʢϰ(Salmonella)�ƒƱ年[ɧĵ˦˼ȱ

ʢ)ĚϔZ)°ǚĵĶƻĵ̉Ǜ)9ˎñ»ŘЋ)�Ş內űƒ35~37℃)

Ɵ失ĵÝ)Ȇ內又ň 5EϮåq元ʢ(̌ 2-2) (TFDA, 2010)� 

  E�JÅƄɢǌ 

    āş[ʢcƨE�ĻȋŎJ'ϣ)āş[ʢɷ~Ļ○ÀȋŎŬ且

ɤ七EϓjĘ)ė±ǃ˞�_�È�ͯ�Ｖ�Ͻ民ȋŎJ地Ŏʚ�'

ϣ̑ĵțʢ×N)一˿³®ĻȋŎJɪϣ�ʾƄT¹mżƴ(ɖȋŎ

Ķ'ϣδťÅƄŐ\ĶƴŬ)ÀɣE升旨ƛ上ǔėƒƴ�ɖÅƄŐ�

土Ĥ\ŀ(Poppe, 2011)�引ɲŐȋŎ«ƴ�ɖÅƄŐ日ǑËˈƄ)Ë

®日母JȘǁ˾ʘɠ»ǧʢŐʾ只�aƔə¯ȐǃˈƄ上�Ȼ收ʡ͂

k)ƞȐÿ¸ƝˈƄ"Æ切Î&Æ切')PǼ 500Î 2000'Ä/,

1995¸ĻƞȐǦǧ̠『îɳ、 60%'ϣǧė� S.serotype Enteritidis

.24.7%�)S. serotype Typhimurium.23.5%�)S.serotype Newport)
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S. serotype Heidelberg.5.1%�)ɜ 4且ÑȷŮÙ孔¸Ţ'ϣĘ˓E

ϓǘ.46.4%�(Center for Disease Control and Prevention, CDC, USA ,

TFDA, 2012)� 

 

  ˈƄǨŏ 

    ƴ�未Ģāş[ʢÅƄŐ\ĶƴŬŶ)四�ʂ�；Ɲ 245ǒ)

上ǧǒʴʭʖ)Ǩŏʭϥƭ�cƨǨŏƒ˧ʔ�,下�上�ɵϿ 

�止§�死Q�Ǩŏźϵ 2~3LŶåqɃ同)ÚÀ 5%ŐˈƄ×ˎ»

ƒțʢ×)Ä/Ȼƒ 1%e, (TFDA, 2012)� 

 

  方ďŋ企 

    āş[ʢĻ 60℃k失 20EϮåq元ʢ)ƴŬ伏iEk失Đ�å

ƴ�)�ƴJ央ƴ<Ǆ汁伏E工)列àȸªĕ��Ë"Ǹȁ毛āş[

ʢɠ»<˦Ơōŋ企eˮî˰ͲJ\�ƒc(TFDA, 2012)� 
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̌ 2-2 āş[ʢ� 

Fig. 2-2 Salmonella spp.. 

(̌^Ę˓: Löfström et. al., 2015) 
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  2.1.3Ț�<ǜƊȴʢTŇ 

    ǜƊ代元ʢ<ĭˤ)ǜƊƁŻĕ�ŎȽŇĶHͿŇǜ元ƤǧŐˆ

�Ŏ)ūʏŇ：¡ȴÄAЋ4)Ë元ʢŪƁȴ元mżЋ4JǧƊʚ○

ÀƤǧŐˆ�Ŏ�ĕ�HͿTŇʰÒȴʢ)「ȴʢqEƒ+且ʘű)

ȆʘűǜƊcƨƁ伏�Ļϑ企汁ü)qȴ元○ÀŐɊʢJɣEɊʢЋ

4):ʘűǜƊǶȴÄɊƣ全人旨�也Ǔȱʢ�Ωʢ�立ǳĵ

Jɣ�立\ĵǧƊ�ʏŇȴÄĚôϟĵ<Řƣ)ÝʘűǜƊq

ȴ元3ɣEɊʢÚʏŇȴÄ也ǓȱʢJɊʢЋ4� 

 

   ŎȽȴʢTŇ 

    ŎȽȴʢTŇqEƒ失ɓȽ�ĺǆ͢ɓȽ�ȆΧk6ʚ)e,少

Ɋ出ľ¨且k6TŇ<ΤǱτ- 

 

1. 失ɓȽ 

    失ɓȽeȆ內ȆΧʰÒ元ʢ)ĕǧƽʢɔ�ͻĦЁĵ)qȴ元○

Àˆ�Ŏ)±O[ȴʢ®Ɩ毛內ĤŐ內ű.ė± 70-100℃�,ʰÒ失

ɓȽ�O[ȴʢǫϘˆ�ŎŐή母Ɋƣ)Úɷ~9͉ϻЋ4�Ë小Ȇ

內光ʴȴʢ內űŪ® 125-150℃)失ɓȽŐîƮĵƁƴŬή母»EŐ

℃zeJɓȽŶ毛ɀŬŐ因Ï)ƳģĤͲ-○PǼŐЁH)○eĐ

9本ª�ĻˋςͧŀÃϣ失ȯˈƴŬ� 
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2. ˆņȴʢ 

    ˆņȴʢƁȗƴŬˠˆņɓȽŶ)ĕƴŬ:Őˆ�Ŏ«Ȇ內Ëz

Ɛ)ŜË˽ĞıŞŦ³ʂ<�Ő�冗ˆņɓȽƴŬǒ)ƴŬ:Őːĵ

E4)±\E4ʚ9υøЁ「ːĵT©)ĕƴŬ內űòɟ-IË˽Ğ

ȴʢŐǐŀ�̂ ņǶŐŢ失ǐ伏®ȴʢ:ǼĞ%ȚɘŎȽȴʢ○（À

ŐǡǙÛ�)ɊʢɊƣ®"ĭȞűˆņɲÛ�,)øЁ%|ƹŐ�Ŏ

ĵȫ¥ɋªŏ水J心ȋɘŵ)¦ǒ。¼ˆņǶI內)ĕ旨Aɔ�Ͳ¦

ǒĢĞʏːĵ失心ȋĤːĵ合ȋęTưŐÛ�)ĕ「Ŕʴ也̔上�Ё

HĶǫϘ)Ƥɔ�ͲЁĵ)ɬɍzp�ŎƐĵ�«Ã)ˆņȴʢc

ƨƁ®ˆņ失ǐ伏ĤŢ失ǐ伏ŐÛ�,)ĕˆ�Ŏ旨AŐɔ�ͲĤ�

ȽƐĵŎͲ上�ЁɂĤǫϘ)ȡËƤʢ旨ŐÄ/� 

 

3. ĺǆ͢ɓȽ 

    ƴŬĺǆ͢ɓȽƁɝ˾ȗƴŎ͒ϺĻ�Έ汁ɀ�Őĭʱ̂ϓΚ

ǆĘʰÒˆ�ŎŐ元Ɛ)ĺǆ͢ˎˊ中�͔ˆ�ŎŐ DNAĐɡ˾÷

『 DNAª»ĘŠXɊƣE士.Farkas et al., 2014; Tahergorabi et al., 

2012; Miller, 2005�)À+且cƨϣŮŐƴŬĺǆ͢õɕ)EâƁ̂4

ú.̂4ú�)Xǆ͢Ĥ×̙ǆ͢)「ƚɡȹűEâƝƒ 8CE)20

CEĤ 40CE)̂4úĤ Xǆ͢�Έ汁˓ɀ�)qe工ȮĤϢɥ; ʐ
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Ë)×̙ǆ͢ŐĘ˓ƁĺǆĵǓǮ Co60
Ķ Cs137

)|ƹ̼ƨ®Ŧϸɚ

ſĤĺǆĵ右ŎɓȽTưö(ù¯Ő»�)�ũǜ子×毛ĻƴŬĺǆ

͢ɓȽ一˿³®̲˰3¯͑ǜ子×̱ƒΚǆƁŢµ¡ɓȽT¹)

(Farkas et al., 2014)� 

 

4. ȆΧk6 

    ȆΧɓȽ.̞ƒȆ亦\ΧɓȽ)Ɓ"且ˋŮŐŢ失ǶƴŬɓȽ)

Ɓɝ˾毛Ǆǯ®Ɔĵɗ:ŐƴŬʰÒkΧĘ比ȾŐ)○ƬƴŬĺˡ®

Ǆ汁:ĐbˠĢ�Χ)?ͲʾΛŐːȆΧ)�Ƕȕ元Ɛƴ˓ĵ̨ȭĤ

ǧƽˆ�Ŏ)Ë9ˎƤƴŬŐˈĮ͉ϻĤή母卡ƸŐ℃z)ȆΧk

6õɕƁ® 1000-100003ǚΧ<Χ),ʰÒƴŬȴʢ)Ë®Sϩ:

Ț�MPaƒΧ)ɰÓ)13ǚΧƖ冗Ļ 0.1Mpa�ˆ�ŎŐɊƣ布®

ȆΧ,ˎĢĞǫϘ)Đɠ»加ǮЁĵ)ĕȠƴŎ:Őˆ�ŎƼ/Ķz

pE士�ŞŐǶ))e˽Ğȴʢǐŀ�ȆΧȴʢπʐ®引ɀŬJƴŬ

k6-À上ǇŐqǶĵ)Ú.À四®ŐƮ『)ė±ȆΧȴʢ不Ƕ÷『

ɣE加ǮƐĵ)̼正Ý內ΥϋeıŞ「Ŧ³ʂƮ,ȆΧȴʢ毛Ļ\Ɛ

ĵÝŐȇίɀŬȴʢǐŀ˸ǈ)�ʺȀª「fŐŦ³õɕʚe˽Ğ收

ʡǐŀ)bȆΧȴʢʏŇɀ�必ЁŐƶģĶx有)毛ĻɣEɀŬʏŇ

ɺĖ͂kʧ存J丹存-<ˈĮǐŀ)Ãx)ȆΧȴʢ̼ǜǲ3ʱǶ )˓
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ɚɫǶ˓○̼»�˸Ȇ)ȆΧȴʢqǶ�ʺƨȀª�ϳƈõɕ� 

(Hurdle Technology))8Ƕȗǐŀ上ɻĞɬ°.Á)2016�� 

 

5. ʜx͢ȴʢ 

����ʜx͢.UV�ɓȽƁ"且ã�̂丙ņ多ȡ 100-400 nmŐ�<Ţ

失ƴŬk6õɕ)ʜx͢<ȴʢÛ�®ĻŧĕɊƣͲЁĵ�冗ˆ�Ŏ

Ɋƣ˘ǆĞʜx͢Ŷ)�Ļɀ��HͿÛ�PǼɊƣA»EǓ功Jƽ

͖ɔ�ʚ上�HͿЁH)ĕɊƣͲЁĵ)ʰË÷『 DNAŐ̯ͬĤɊ

ƣE士)ĕˆ�ŎɊƣƼ/�ņŞƒ 250�260 nmŐʜx͢ȴʢǐŀ

ɬ°�ʜx͢ɓȽŐ»�˸Ý)®k6˾ʘ:9ˎɀ��ÔHͿ二ǥ

ŎĶ3ʱŐ失ʱ.Hijnen et al., 2006��ʜx͢ɓȽŐcƨ伏�Ɓ®ȶ

旨ƴŬ̽ȑ)±ŀ�)_{)天充Ĥȶ旨ɔ̯Ŭ� 

 

HͿȴʢTŇ 

����ã�HͿÛ�Ę÷『Ɋʢ<�HÛ�Jˋɦg共Ķĕ「Ɋƣɔ

�ͲЁĵɠ»ɊƣƼ/)˽Ğȴʢǐŀ� 

 

1. &ǛH入 

    &ǛH入Őôʢǐŀƒ入Ő 2.5Ʒ)ôʢǐŀ代Ɋƣ布ŐǫϘÀ

Ϣ)Ƥɝɡĵɯz)ɔ�Ͳª»ʋN)ĐǫϘ「 DNA�(Jin and Lee,  

2007) ʰÒŐ"ʹƗ）收�)冗以ĉŘ� 100 ppmŐ&ǛH入\介ȶ
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ɓȽ台Ŭ 5 minǒ)Eâ月中ɵāş[ʢĤɰǓɊƣ͂�ûɽǡʢE

âʋN 3.0Ĥ 1.5log CFU / g� 

 

2. ǷǛ 

    ǷǛƒ"且Ȟ3ŐôʢŎͲ)ǷǛ<ȴʢ)ȆĻ˾ǛHȵJ入)

7ŒǷǛǶÀǐȴÄɰǓɊƣ͂�ûɽǡ[ʢ)ŝʽÏˬ口ȼʢ)

式ŏŘЋȱʢ)δ˦ȼʢʚƱ年[ʶĵɊʢĤƱ年[ɧĵɊʢ

(Restaino et al., 1995)� 

 

2.2͖̂ 

    ® 1897¸)͖̂ƵűɖWilliam Crookes上Ⱦ)Ë® 1929¸ǒ, 

Irving LangmuirĤ Tonks上Ⱦ͖̂ǏβËƵÂȗ͖̂"ʩP(ŎȽͿ)

͖̂ñ»cƨƽ«Ɓ�Ļ̂4ĢȆΧ̂ɲ○͉ϻ)ȆΧ̂ɲkɟ̂4

Ŷ份ȠǶʱ)Ëɜ且ĚÀȆȋǶŐ̂4̞ƒ0ȆǶ̂4(energetic 

electron)1)ȆǶ̂4ĳ̂ɲT©kɟɆȋ˾ʘ:代"̋ț̂ɒŐǚ

旨E4上�分͍K伏)ĕE4ϓ4HŶĕȠƽ4ǓŐ̂4Ɏϓƫ˼Ŷ

Ëϓ4合»͖̂水 (̌ 2-3)�͖̂�ƽĪŐ:ĵŎͲˠ�Ό上�ϓ4

HʚK伏ɀ�êÀE4(Molecules)�ƽ4(Atoms)�Ό上水ŎͲ(Excited 

Species)�̂ 4(Electrons)��ϓ4(Positive Ion)�ƪϓ4(Negative Ion)�

Í�ȓ(Free Radical) �UV��qć�ʚ)ϓ4HĶɣEϓ4H<ϣ
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ǚ旨ŎͲ)先̞ƒ2͖̂3��Ļ͖̂ŐĵͲ9¦ĻĦ�ȶ�ǚ+水)

○e*ɖ̞ƒ2ŎͲŐɇw水3 (Ǎʚ)2004)��

� � ͖̂ƁˋŮŐȴʢõɕ<")�Ļ「ȆǐȻĤÀƮŐȊÛ�)®

ƴŬŦςTưĚÀ~3Ő伏�四),cƨƁ�Ļ͖̂mê3ʱŐț̂

Ɉ4.ė±-OH ¯)H2O
+)̂4ʚ�)K伏ĵŎͲ.ė±ƐĵǛ-ROS)

OH)O2
-,1O2- ;Ɛĵʇ-RNS)NO-)ONOO- ʚ�)Ό上ŐE4.ė±

Ό上Ő O2�N2ʚ�Ĥ UV�4.ė±:ǪŔ UV�UVC�UVBʚ�)

qƤˆ�ŎzƐ� 
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̌
�%�ŎͲŮ水�ˇ̌��

Fig. 2-3 Phases of matter.�

(˷ǑĘ˓-https://kknews.cc/news/9xegeel.html) 

 
 
 
  



	

 
	

17 

  2.2.1͖̂ƽȽ 

    ͖̂qEƒ�Η͖̂代Ţ�Η͖̂(＝2-1)��Η͖̂Ũ͂kΧ))

ε5ǚ旨Ɇȋ尼ɱ)͂k「分͍ΡȻ)ȆǶʱŐ̂4ȗǶʱʾÎÝǶ

ʱŐϓ4ĕ͖̂ąɉ:「fɈ4:Q內űIȆ)ɬŶ˽Ğ內ű�Η)

ž̞<�Η͖̂(Equilibrium Plasma)�Ţ�Η͖̂(Non-equilibrium 

Plasma)ǚ旨Ɇȋ尼ɱ3)各̂ɲkɟʊϓ̂4̪皿Ƕʱñ»ȆǶ̂

4)ȆǶ̂4代ǚ旨ƽ4ĤE4分͍)ĕƫ˼̂4Ɏϓƽ4ǓúΓЁ

»Í�̂4)ÃK伏̞ƒϓ4H(̌2-4)�̂4代:ĵǚ旨E4Ő分͍

Û�q�,¥K伏Tʘ¹Ę＝�:  

    ͖̂ȴʢqEƒ+ƺ已Ɖ.̌ 2-5�)ɇ"已Ɖʜx͢őȧ˘ǆ

Ĭ�ŐɊʢĕ「zpƐĵ,ʢ�òɟ,Ư)ȆƐĵE4Ť̮»予ĤȒ

成ŐɊʢeJ二Σ,�ʢ¿͢冰Ļ左Ĥ)冗ũư已Ɖ:二³ŐɊʢɖ

Ť̮)ĥɱʢ旨二ΣȷＵĞċȕІʜx͢ƚɡŶ,ʜx͢£Â上ɻǐ

ŀĕʢ旨二ǥ�3ɶ,Ư��

� � � �?̂Ͳ͖̂Ûǒǚ旨內ű代ů內ƖŜ)bÛ˾ʘ9ˎɠ»ǚ

旨內űIȆ)ȏÛ̂ΧȆ)® 21 kVe-ŐȆΧ̂�?̂Ͳ͖̂Ě
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ȚΧŢ失�ωɰ�òɟ�ȇ¹�ʏ二ǥʚΤτ��Ɨ）ŨeÃȳ�ʰ

ÒȦǻ� 
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̌ 2-4�ϓ4H�ˇ̌� 

Fig. 2-4 Ionization process. 

(˷ǑĘ˓-ɦ&Ǎ)2013) 
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̌ 2-5�͖̂ȴʢ¨已Ɖ�ˇ̌� 

Fig.2-5 Stages of plasma sterilization. 

(˷ǑĘ˓: Moisan et al., 2002) 
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＝2-1��Η͖̂代Ţ�Η͖̂� 

Table 2-1 Properties of equilibrium plasma and non-equilibrium plasma. 
 

 �Η͖̂ Ţ�Η͖̂ 

ĭˤ ：¡ϓ4Hǚ旨 ɣEϓ4Hǚ旨 

ϓ4Hʘű 100 % 10-4~10-1 % 

ąɉΧ) > 13ǚΧ � 13ǚΧ 

͖̂內ű.Tg� > 10,000 K ~ 300 K.ů內� 

̂4內ű.Te� Te=Tg Te/Tg=10~100 

ǚ旨ŏ水 失�Ηŏ水 Ţ失�Ηŏ水 

(˷ǑĘ˓-ɦĤǍ)2013) 
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  2.2.2Ţ失͖̂<且ϣ�

    Ţ失͖̂<伏�ŢȚ͇Ō)木Ɓ?̂Ͳĺ̂○ɀ�<ǷǛ�Ƕ伏

�ĻǜƊȴʢTưeĴˍĺ̂T¹<pＵÅƄŎ�＝ưøͲ�ϑ企

汁ü元ʢʚ.ƌ)1995�)Ŝ¸Ę.Àə¯Ɨ）ȗŢ失̂ȗ伏�Ļƴ

Ŭ�Ţ�Η͖̂�̞ƒŢ失͖̂)「Ɨ）ŻjŢ�Η͖̂Őɀ�T¹

e「ÛΧ)�̂ːŮ水Jɀ�Έ『qE»,¥w且(̌2-6)- 

 

1. ?̂Ͳĺ͖̂̂(dielectric barrier discharge)DBD)-DBDƁĕ�?

̂Ͳ北;ĺ̂T¹pʰÒ3ư皿Ő；Gĺ̂)Đ®ęƺ̂ː(�Ł

ŮĶ之ƅŮ)ʴk(Î?̂üǑ(�ƧĶǛH末))Đb«ƒ?̂Ͳ

Ő³®ËuǶĕ��℃¹̂˓Ė伏汁�ɜ且ĺ̂T¹Ƕ®ȚΧ,

ÛeJ3ʱƐH�E˰ǚ旨<ǡĵDBDɬ½伏�Ļ6ˏ右\ɓ

Ƚ�ǷǛɀ�汁J元ʢ(ȝʚ)2006,Kang et al., 2003)� 

2. ˆņĺ͖̂̂(microwave discharge):ˆņ͖̂cƨ伏�Ļ文ǆJ

@ǮEŃ)「̂˓Ė伏汁ΡȻ"Ǹƒ2.45 GHz)ÛΧ)尼ɱȡ1 

mtorrÎ13ǚΧ)̼�¢Ǐʟ(resonant cavity)Ķņ̠(waveguide)

<市ª˯ˡ』äĘɀ�͖̂)ˆņ○̴<＝ưņĺ̂qɀ�3

ư皿b；GŐ͖̂(Surowsky et. al., 2013)� 
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3. ̂ˍĺ͖̂̂(corona discharge)-̂ˍĺ̂Ȫ�̂ː主ĺ̂T¹)

®̂ː¶主ɓñ»ʸ:̂ɲĘP上ǚ旨Őș外ǐ伏ʰËɀ�˰ϓ

K伏)̂ːñŏɺĖɣEȆΧ̂ɲĘkɟ̂4ʰÒ˰ϓ)Ėʝ̂

Χ˸DBDÝ)ÚƁɓȽǐŀ˸ǋ)bļɠ»̂ːǫϘˑˊ(ƌʚ)

1995,Surowsky et. al., 2013)� 

4. ȚΧ́ǆ¹͖̂(Atmospheric pressure plasma jet)-ąɉŊ˓̠ŏŝ

ϰ̂ːm向t"ŝϰ̂ːĻ̠:y)ę̂ːȧ-̂˓Ė伏汁Jȧ

͢)ã�̂ː¶主ĺ̂)Λ(Ϝĭ℃ɟ<ǚ旨ˠ之̠Aȗ̂̂

Ĳ́jɀ�͖̂�͖̂ư皿5bǶʱʸ:�ɓȽǐȻȆÚĢƮĻ

ɓȽư皿Ǣ5)q�ʘ¹ɚĭɓȽɟűJư皿��ũȚΧ́ǆ¹

͖̂伏�Ļ＝ưøͲ�̂ ͖̮」��ϑüǑȴʢJ�ŠpＵ (ȝʚ)

2006)� 
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      (a)ȚΧ́ǆ¹͖̂        (b)ȚΧ?̂Ͳĺ͖̂̂ 

 Atmospheric pressure plasma jet   dielectric barrier discharge, DBD 

 

      (c)̂ˍĺ͖̂̂          (d)ˆņĺ͖̂̂ 

       corona discharge          microwave discharge 
 

̌2-6� ȚΧ͖̂˓˯ˡ�ˇ̌� 

Fig. 2-6 Schematic diagram of atmospheric pressure plasma. 

(˷ǑĘ˓- Surowsky et. al., 2014) 
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  2.2.3͖̂õɕ伏�Ļͧŀȴʢ 

    Crizerʚ.2007�eͳ�ĺ͖̂̂Eâ毛字ŀ�ŭȖ��反ƥ:

Ő3˦ȱʢ O157:H7)āş[ʢĤûɽǡʢʰÒ元ʢ)̂ ͖lȻ 9 Kv)

ΡȻ 6 kHz)6Ûǚ旨ƒŔǚ)Ɨ）也ŀ收�ˠ͖̂ɓȽ 1�3�5E

ϮŶ)3˦ȱʢʋN 2 log CFU/ g�āş[ʢʋN 3 log CFU/ g�ûɽ

ǡʢʋN 5 log CFU/ g� 

 

    Bermúdez-Aguirreʚ.2013�ã�Ț內ȚΧ͖̂ʰÒ三Ʀ�ƢЀ

ͨJ反ƥ<3˦ȱʢȴʢɓȽ)͖̂Ûȳ�ƒ 3.95kVÎ 12.83kV

.60Hz�ɓȽǒʴ 30ƙÎ 10EϮ)6Ûǚ旨ƒʉǚ)也ŀ收�ʢ

͑ȧ且͑ʱˎ͉ϻȴʢ<ǐŀ)ȧ且˸Ý<ʢ͑ȴʢǐŀ˸°)̂Χ

12.83kV�ɓȽǒʴ 10EϮq,Ư 1.6 logƸ� 

 

    Ziuzinaʚ.2014�ã�Ț內ȚΧ?̂Ͳ͖̂ʰÒ屹Ǘ三ƦJǹ

ɑŐ＝ưȴʢ)「Ɨ）也ŀ收�)交ʡ͖̂ɓȽǒʴŐ͂k)ȴʢǐ

ŀ.ˎ͂k)屹Ǘ三Ʀê͖lȻ 70 kV�ɓȽǒʴ 10ƙ�Ûǚ

旨ƒŔǚ)āş[ʢ,Ư 3.1ƺ毛͑Ƹ)ɓȽǒʴ 60ƙ)3˦ȱʢ

,Ư 6.3ƺ毛͑Ƹ)ɓȽǒʴ 120ƙ)ûɽǡʢ,Ư 6.7ƺ毛͑Ƹ)

Ëǹɑ®Ɩ¦lȻ,)ɓȽǒʴıŞÎ 300ƙ)3˦ȱʢ,Ư 3.5ƺ

毛͑Ƹ)āş[ʢ,Ư 3.8ƺ毛͑Ƹ)ûɽǡʢ,Ư 4.2ƺ毛͑Ƹ)
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也ŀ收�ǹɑ«ŀ比＝ư9�瓜bÀə¯ëƎƤˠ̂ȗɓȽ<ȴ

ʢǐŀ˸ǈ� 

    Lacombeʚ.2015�ã�Ț內ȚΧ́ǆ͖̂ʰÒόɑ＝ưȴʢJ

ŬͲ大Õ)「Ɨ）也ŀ收�)όɑê͖lȻ 549W�ΡȻ 47kHz�

̂ːʴʯ 7.5 cm�ɓȽǒʴ 120ƙ)先ǲǛʢ͑,Ư 1.6ƺ毛͑Ƹ)

͖̂ɓȽ 90ƙ)加�ʢ/Ѕʢ,Ư 1.7ƺ毛͑Ƹ)「όɑ因ÏJʗű

ˠ͖̂ɓȽ 120ƙŶ®ɉƩ-；À收ʡǈɂ)也ŀ收�́ǆ͖̂ɓȽ

ǒʴ毛ĻόɑȴʢǐŀJŬͲˎÀ͉ϻ� 

     

    Leeʚ.2015�ã�Ț內ˆņ͖̂ʰÒ�土�反ƥJȇʏřŀ<

ȴʢɓȽ)ĕ�ʇǚÛƒ͖̂Ûǚ旨)® 900WɓȽ 10EϮ)ĕ

ȧ且®�土Ĥ反ƥ-Ő月中ɵāş[ʢzƐƝ 1.5log CFU / g)反ƥ

ˠ͖̂ 400WɓȽǒʴ 10EϮ<ûɽǡʢ,Ư 1.8±0.2log CFU / g�

也收�͖̂ɓȽÀäĻɺȆͧ土ĤȇŀŐˆ�Ŏµ¡ĵ� 

 

    Pasqualiʚ.2016�ã�Ț內ȚΧ?̂Ͳ͖̂ʰÒʣƥ及^<3

˦ȱʢJûɽǡʢȴʢɓȽ)͖̂Ûȳ�ƒ̂Χ 15 kV)Ûǚ旨

ƒŔǚ)Ɨ）也ŀ收�「ʣƥ及^šʡ<ʢ͑ːƮÎ 102 CFU/ g)3

˦ȱʢˠ͖̂ɓȽ 15EϮ,Ư 1.35 log CFU/ g�ûɽǡʢˠ͖̂ɓ

Ƚ,Ư 2 log CFU/ g� 
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  2.2.4͖̂ȴʢΈ『 

͖̂ąɉ○ɀ�<Ό上ŎͲƤɊʢ元Ɛ)「Ů¹±,- 

(1) ƐĵǛ(Reactive oxygen species ; ROS )-̂ ͖ɀ�<ƽ4Ǜ代 OH�

Í�ȓʚŎͲ9不qőȧÛ�ĻɊƣ布)Ëbqeɝ˾x布代Ɋ

ƣA»E上ɻÛ�(̌ 2-7) (Joshi et al., 2011)�̴͖̂<ƐĵǛ

cƨˠ�˾ǛHK伏Û�Ļ布ǳͲeJƐĵǛqe®ɊƣAc

ȋʾ只ɝ˾Ɋƣ布ɠ»ǛHˊ中(Han et al., 2015)� 

(2) UV�-UV�˘ǆǫϘʢ旨<pǛǓνǓ功(DNA))® UV�ņ

Ş 260 nm)Ƥ DNA:Ǵ˨此次Ĥƣ此次代&他旨ŐK伏)Đ

ϥƭˊǂɊʢŐ̯ͬǶ)(̌ 2-7) (Beggs , 2002)� 

(3) ̮」(Etching)-͖̂ɀ�<K伏ŎͲ代ʢ旨ȧ宇)ɀ�HͿK伏

ñ»ɻ上ĵHªŎϓ工ˆ�Ŏ)ɠ»ʢ旨也̔ǫϘ)K伏ŎƁ�

ƽ4ĤE4ȓ̋ɋ»)± O Ĥ O3)ĶƁĒϜ水.Metastable 

State�ŐΌ上E4ė±-1O2�ʢ旨ˠ˾̮」KƀŶ)ɀ

�5E4À CO2J H2O�UV �ˎŧʰ̮」K伏)ɠ»

UV̴̮」.UV-induced etching�h Ë͂kȴʢǐȻ)

Ɋƣ布:ŐM̹ñ»ƤAǄŎƑ̖ɬɍƤɊƣƼ/

(Sale et al., 1967)� 
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(4) ǳͲ˾ǛH-ɀ�Ő ROS̴3˦ȱʢ布ŐǳͲ˾ǛH)ʐŶǳ

Ͳ˾ǛHŎ±`&В.MDA�9qǾǫϘ DNAĤɔ�Ͳ¢卡

HªŎŐñ»(̌ 2-7) (Han et al.,2015)� 

(5) 亦̂ǫϘ-͖̂ɝ˾忙ΫɊƣ＝ư-<ț̂Ɉ4ɀ�Ő亦̂ȫ�

小˾Ɋƣ布ŐØεȞű)͖̂ɀ�Őț̂Ɉ4○Ɍ皿ɀ�<亦̂

)ƤɊƣ布ŐǫϘ)ʰ"þɠ»ɊƣƼ/(̌ 2-7) (Lunov et al., 

2015,Laroussi , 2002)� 
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̌ 2-7�͖̂ȴʢΈ『�ˇ̌� 

Fig.2-7 The mechanism of plasma sterilization. 

(˷ǑĘ˓: Liao et al., 2017) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

30 
	

2.4όɑ 

    όɑϰýϗřƘ)ʭ΅ϰʃŎ)Ɓ"且ƽɀĻnƞĤ͕ƋŐ¯¸

�ϴW͖ŀŀ生)«ŀ比，ȾόÏË̞ƒόɑ)͇Ō且ʃĤȍˏH)

¡aƔ�ɀ<ɀʱ不ÂĻǹɑ�|ɖ̞ƒôÍ�ȓĤƐĵŎͲŐȆô

ǛHǶ))ɖ̱ƒƁUȚʻƴ:ôǛHͼŐɬĔĘ˓<")ˋςόɑ

.ˠȚ�ĻǠʎΒτɀŬ)ˋςŐόɑ�Ļ「ΏǡŐ0ˈ�Ɋ石ŐƳ

ģ�Ȇή母卡ƸĤ毛'旨ȉȜŐ¨且ÀǩÛ�)7»ƒ¡ȼɬ͇Ōǜ

子Ő\ŀ(Bornsek et al., 2012))ʐËˋςŐόɑǄļ̨ȭ)�ĻȪ¼

ʂʴ<ΈȲˊ中�ȪŶ央»�ˆ�ŎÅƄeJ\EĤή母ˊzËƤ

Ŧ³ʂƮʖ(Hancock et al., 2008)� 

̌ 2-8�όɑ� 

Fig.2-8 Blueberry. 

(˷ǑĘ˓-United States Department of AgricultureƞȐ引ˏɣ

https://www.ars.usda.gov/oc/images/photos/k5182-18/) 
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ɇ+ɨ�üǑ代TŇ 

3.1比早台Ŭ代̯ɫ 

����όɑĻ°�¯Ͱɲ再ʬ)Ŭąƒ丁ãόɑ(°�¯±�ÀƮCs)

v:)vЈ))ĐǬġ 3ρόɑ)ƭʱ 5 ± 0.1gĺˡĻů內 25℃)台

Ŭȧ且ʢ旨ũ) e 75 %ǿ乎ʰÒ＝ư元ʢŶ)ĺˡĻʏʢÛv

A亦ˡĺȇ)ȗ台ŬɆĞʏʢȔ母�A)台Ŭȧ且ʢȶ.ġ 100 μl

Őʢȶ；Gȧ且®台Ŭ＝ư-�)ȗ台ŬˡĻȖŰʏʢȔ母�A)ĺ

ˡĻ¤它A 10EϮĕʢ旨šʡĻόɑ＝ư-ŶåqġjʰÒ比早

Û� 

  3.1.1比早˳ϟ 

1. Nutrient agar (NA, HiMedia Laboratories Pvt Ltd, Mumbai, India) 
 

2. Nutrient broth (NB, DifcoTM, Becton Dickinson and companySparks 
MD, Le Pont-de-Claix, France) 

  3.1.2̾汁ɚɫ  

͖̂ąɉ- 

1. ͑Ó¹�℃̂˓Ė伏汁(6805 Linear AC power source 

0-300V/45-500 Hz 500 VA)ʠ̾̂4±�ÀƮCs)v:)vЈ) 

2. Ŋǝ¹ЁΧ汁(ĽɄ̂Έ͈ÀƮCs)v:)vЈ) 

3. MFC Readout Power Supply (PC-540, Protec Instruments,Ȇ )̫vЈ) 
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4. Mass Flow Controller (5851E series, Brooks instruments,PA, USA) 

5. HEPA Capsule(12144,Pall Corporation, ˋÇ�)vЈ) 

6. Kƀʟ旨(ê̂ː) (ǅ朱�ˏÀƮCs)ˋn�)vЈ) 

「f̾汁ɚɫ- 

1.  ͔六Ů̂4L�(XS-6250C, Precise Industries, Ltd., Switzerland) 

2.  Ý內Ÿ內Ȕ母它 (KK04 - 498, SANYO, Tokyo, Japan) 

3.  ̂4EŃL�(BL 120S, Sartorius)vЈŭĎ乎Ȗ±�ÀƮCs)

vn)vЈ) 

4.  ̂4ď͘它(TMC-75, Tatung)vn)vЈ) 

5.  Ŏĵ力ĭ̾(TA.XT plus, 小õ̾汁ÀƮCs)vn)vЈ) 

6.  Ïǈ̾(ZE 2000, �ʰ̾汁±�ÀƮCs)ˋn�)vЈ) 

7.  ；ͲΈ(Stomacher 400 Ciroulator, ʰȓƘõ±�ÀƮCs)vn)

vЈ) 

8.  Ɯx͢內űˈ力汁(FLIR i7, ̾力Ƙõ±�ÀƮCs)v:)vЈ) 

9.  ˆʱEŅ汁(Model P100�P1000, Gilson Pipetman, Connecticut, 

USA) 

10.  ʢ˩Ʃ͑汁(SK-20/62, ˋ�乎Έ6ˏ±�ÀƮCs)vn)vЈ) 

11.  ȆΧ元ʢο(TM-328, Tomin, ˋn�)vЈ) 

12.  \�¹Ǖ-ŮʏʢÛv(ONL-3,�·ƘõÀƮCs)v:)v

Ј) 
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3.2 ˆ�Ŏ力˳台�<̯ɫ 

    �Ɨ）:○ĕ�Ğ<Ȕ母ȓ<Ȁ �̯比早ʢ且<Ȕ母J比早台Ŭ

<̯ɫʚ� 

  3.2.1 Ȕ母ȓȀ̯ 

    �Ɨ）○ĕ�<Ħ水Ȕ母ȓJȶ水Ȕ母ȓ)Ȕ母ȓȀˡ：»Ŷ)

ĕ�ȆΧ元ʢȂ(121�, 1.2 atm)ʰÒ 15 EϮ元ʢɓȽ)元ʢŶ<Ȕ

母ȓƒʏʢŏ水�ƒ%ʋNĦ水Ȕ母ȓĻƯ內˾ʘ:Ëñ»<\̬ǚ

ͻ也ĻȔ母�A)«Ã®元ʢŶ)ȗȔ母ȶ亦ˡĕ「Ư內Î 45 �£

ĻʏʢÛv-ĕ�ˆʱEŅ汁ȗȔ母ȓE˯ĻʏʢȔ母�:)ÿ"

Ȕ母�E˯ 20 ml <Ħ水Ȕ母ȓ)E˯：ɁŶ工ȮÛvAʜx͢白

eďXÅƄ)亦ˡȔ母ȓŴ「ͻĦŶɫ��ȶ水Ȕ母ȓŪĻ元ʢ：亦

ˡáūĕ內űƯÎů內Ŷ)ĻʏʢÛvAE˯ 9 ml Ļʏʢ˳̠:)

ĺˡĻ 4�¤它:áϋŦ³eɫ�� 

Ȕ母ȓ<Ȁ̯: 

1. Nutrient agar (NA, HiMedia Laboratories Pvt Ltd, Mumbai, India)ÿ

CIpϓ4\:k( 28 g)「»EÀ Animal tissue 5g� Beef 

extract 1.5 g�Yeast extract 1.5 g�Sodium chloride 5g�Agar 15 g� 
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2. Nutrient broth (NB, DifcoTM, Becton Dickinson and 

companySparks MD, Le Pont-de-Claix, France)ÿCIpϓ4\:

k( 8 g)「»EÀ Beef extract 3 g J Peptone 5 g� 

  3.2.2 比早�ʢǘ 

    �比早ʢǘĕ�Ţǧƽĵ3˦ȱʢ Escherichia coli 

(BCRC10239))ʢǘĘÍvЈƴŬ6ˏ上ǇƗ）○(Food Industry 

Research and Development Indusitute, FIRDI, ˋÇ)vЈ)�Ŏ˷

˓:Q(Bioresource Collection and Research Center, BCRC)�

Salmonella entericaʢǘĘÍĿǞ3ͿƴŬƘͿą� 

ʢǘƐH�Ȕ母: 

    �Ɨ）:○ĕ�<ʢǘ)「ŚĪŏ水ƒǭ�ŏ)ĕ�ũʺȗ

ʢǘǭ�ˠ˾ƐHɓȽ)「þ曲±̌ 3-1 ○�) e 75 %ǿ乎

件Źʢǘ˳̠＝ưÎʏʢÛvAʰÒÛ)�ǿ乎白k失x̠

<ɩ主)�å片\Ļk失ɓŶĐeЊ4父ǫƓ͜x̠)ġj支失

ǰ代A̠)eЊ4ġjA̠<了ř˄�片( 0.3~ 0.5 ml Żĭ<

ȶ旨Ȕ母ȓĻA̠:,ĕʢ旨介˰»如ǟȶ)。ġÃ如ǟȶ片(

Żĭ<ȶ水Ȕ母ȓA)® 35 �Ȕ母 24�25ǒ(TFDA, 2015)�

ȶ水Ȕ母ȓ:ÀĂΉŎĶ»ȸŏå＝�ʢ旨7ƐH�<Ŷ£ȗ
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ʢȶȧ且Îˋςȶ水Ȕ母ȓ)3˦ȱʢĕ�ή母ϛǳȶ水Ȕ母ȓ

(nutrient broth, NB))āş[ʢĕ�ή母ϛǳȶ水Ȕ母ȓ(nutrient 

broth, NB))ĕʢ且Ŧź®ƐHŏ水.ƴŬ6ˏ上ǇƗ）○�Ŏ

˷˓:Q�� 
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͖̂ąɉ˯ˡ 

�����Ɨ）○ĕ�<͖̂ƒ?̂Ͳĺ͖̂̂)͖̂ąɉqEƒ+

3ɣE- 

(1)K伏ʟ旨Jȁŏ̂ː 

(2)ǚ旨Νȿ�℃ʱƩ代ǚ旨℃ʱȥ『汁 

(3)̂˓Ė伏汁代ЁΧ汁ʚ 

K伏ʟ旨 

�����-,ęƺ9安Ν̂ːɋ»)-ɣ̂ːƒ之ñȁ奶ŏ)̂ː

őǌƒ47 mm)-ɣ̂ː代台Ŭʴʯƒ0.5 cm)İǊm向�ƧƓ

͜之奶Ûƒ?̂Ͳ)őǌƒ5.0 cm),TÀȫǚM)-,ɣ�"

Χß)之ƅ化ɞȧĐϒ-)ĐÀ用平ȖŰȳĕ「̂ːñ»"ƺȖ

ɥK伏ʟ旨� 

ʰǚąɉ 

�����Ɨ）eŔǚ(ɋ»»Eê21 % O2J79 % N2)Ûƒ6Ûǚ

旨�ǚ旨ˠ�HEPA Capsule˾χŶ)eMFC Readout Power Supply 

(PC-540)�Mass Flow Controller (5851E series)ȥ『ǚ旨℃ʱƒ500 

cc/min� 

̂˓Ė伏汁 

    �Ɨ）○ĕ�<˯ˡąɉevЈ̂)Cs○ɺĖ̂Χ(110 
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V/60 Hz))各�͑Ó¹�℃̂˓Ė伏汁(6805 Linear AC Power 

Source)打瓜̂˓)£ˠ�Ŋǝ¹ЁΧ汁͂�Î21 kV)ĐΛǽÎ

K伏ʟ旨� 
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̌ 3-1�͖̂ąɉ�ˇ̌� 

Fig. 3-1 Schematic diagram of plasma system. 

.˷ǑĘ˓-ɦ&Ǎ)2013�  
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K伏ʟ旨� ЁΧ汁�

�

�

ǚ旨Ͳʱȥ『汁����̂˓Ė伏汁�r��

� �

�

̌3-2�͖̂ąɉ˯ˡ比旨̌� 

Fig.3-2 Plasma system. 
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3.3比早Ƈ̔ 

�

̌3-3�比早Ƈ̔� 

Fig.3-3 Framework for this study. 
 
� �  
 
 
 

BFL3!N4&+19,":�

BFH�4�

�	 53-<0�1�4�7�10�15�P
�	 ��HS%H
�	 B><;0.5 cm
�	 I�0240 W�J2	��
�
�	 HS*6500 sccm

CRE(

N4

=2$/D

�	 @09
�	 �'�9

BF53�19,":� BF53�(G:�

�	 BF53�O68 
�	 BF53�.�71
�	 BF53�?)Q�
�	 BF53�G5�#
�	 BF53�KMAR
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 3.4͖̂ȴʢɓȽ 

    比早Ûũ) ȗÛǚ旨.Ŕǚ��̂ːʴʯĴΧ<Ȍ͑ɚ

ĭ：»ȌÊ (̀ʚ)2015)ǚ旨℃ʱƒ 500 sccm (standard cubic 

centimeter per minute))ȗ台Ŭĺ(K伏ʟ:)̂ːʴʯ 0.5 cm)ȧʡ

�工̂˓)�Ɨ）ɚɫɬȆ̂Χƒ 21 kV)ȥ『ɓȽǒʴƒ 0�1�4�

7�10 J 15 EϮ)Ȧǻ͖̂ɓȽǒʴ毛3˦ȱʢJāş[ʢ<ȴʢ

ǐŀJ大Õ͖̂ɓȽ毛台ŬŬͲ<͉ϻ)Û℃ʘ±̌ 3-3� 

 

3.5όɑˠ͖̂ɓȽŶ<ŬͲ力ĭ 

 3.5.1內ű力ĭ 

� � ȗόɑ台ŬeƜx͢失͉木̾Ĺ尖ĐǺΞ內ű)<Ŷê͖ɓȽ

台Ŭ�ɓȽǒʴƒ 1�4�7�10J 15EϮ�ˠ͖̂ɓȽŶ<台Ŭ�

åeƜx͢失͉木̾Ĺ尖ĐǺΞɓȽŶ<內ű)Y˸͖̂ɓȽũŶό

ɑ台Ŭ內űЁH� 

 

 3.5.2\E力ĭ 

� � όɑ台Ŭe乎ȖL�Ǭƭ)台Ŭê͖ɓȽ 0�1�4�7�10 J

15EϮ)ʰÒǬƭ�ɼz\EêʱƩ̡C¹±,- 

\Eêʱ(%)�(�ɓȽ台Ŭ-ɓȽŶ台Ŭ) ���ɓȽ台Ŭ 5 100 %  
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 3.5.3ͲEŃ 

� � eŎĵ̾力ʱόɑ台ŬͲ)力ʱƽȽƁˠ�Ȧȁɚĭ<ɟűΧ

ε台Ŭ○ĢĞŐŠ)Ę＝�)ɝ˾ȦŐőȧ,ΧĶƚĝʚĘKƀ台

ŬŐʗűʚǡĵ�q�Ęʱ力ƴŬΧεʗű��Ɨ）Ȧǻˠ͖̂ɓȽ

ũŶ<台ŬʰÒΧεʗű(Compression firmness)任力)ĕ�Ȧȁ代

ÛȌ͑±＝ 3-1○Ƭ(Saftner et al., 2008)� 

 3.5.4ÏǈEŃ 

� � �Ɨ）ȌÊ¯巨Sϩ (Lacombe et al., 2015; Saftner et al., 2008; 

Bermúdez-Aguirre et al., 2013) ĕ�Ȑ̻˘ľħƾˎ(International 

Commission on Illumination)○Ų�< L�a�bÏȟŔʴ)ÛƒȐ̻ɝ

�<Ïǈ力ĭ͔六)本�Ļ"F�˓Ï代Ŏ旨Ï<＝�代Ʃ̡)LƸ

＝�因ÏŐľˌű)aƸ＝�因ÏŐƜ以)bƸ＝�因ÏŐʽό(û)

2004)��Ɨ）Ȧǻˠ͖̂ɓȽũŶ<台Ŭ因Ï)ĐeÏǈ̾ʰÒE

Ń)Û℃ʘ±̌ 3-8� 

 3.5.5Υϋ˳早 

� � ˋςόɑȧ且3˦ȱʢJāş[ʢˠ͖̂ɓȽ 0�1�4�7�10

J 15EϮ)όɑ台ŬˡĻ¤它(4�Ɩ毛˕ű 60%)Υϋ 0�1�3�5�

7L)ĐEâ力ĭ\Eɼz�ͲEŃJˆ�ŎƩ͑(Lacombe et al., 

2015; Concha-Meyer et al.; Saftner et al., 2008))Ûþ曲±̌ 3-11� 
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3.6ɉƩEŃ 

�  �Ɨ）<比早͑ƕe�；Ƹ 7 ͔六ǈ(Mean 7 SD) (n=3)＝

�)ĐeSAS(Statistical Analysis System) 9.4ɛ旨ʰÒ͑ɉƩEŃ)

e Duncan’s testʰÒ¨˳早�；͑Ƹʴ<ǈɂY˸)冗ɉƩ也ŀ p ��

0.05ǒ)g＝ĚÀ收ʡǈɂ� 
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＝ 3-1 Χεʗű力˳ɚĭ代Ȧ� 

Table. 3-1 Test setting and probe of compression firmness test. 
 

 
 
  

 Compression firmness 

Test setting 

Pre-test speed-1 mm/sec 

Test speed-1 mm/sec 

Post-test speed-1 mm/sec 

Strain-50% 

Probe 

P/50 
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̌ 3-4�όɑ台Ŭ̯ɫ℃ʘ� 

Fig.3-4 Sample preparation procedures. 
  

3",�*�$%1���	75 %�/&�1
��%

3",�32(5 ± 1 g)*��0�

�0.1 ml% ��'��,�1�

�0���*��.���4

�
�&�+-�%#!

(�0)����0�108 CFU/ml
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̌ 3-5�͖̂ɓȽόɑÛ℃ʘ� 

Fig.3-5 Operation procedures of test of plasma by blueberry. 
  

����0+��(*�0���500 sccm

�
$'��� 0�1�4�7�10�15�/�$
! �0.5 cm�$,21kV

.��"��-����$'��

&����#�%��)�	
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̌ 3-6�͖̂ɓȽŶ台Ŭʢ͑Ʃ͑Û℃ʘ� 

Fig.3-6 The operation procedures of measuring the bacterial amount in 
the plasma treated samples. 
  

-03&$��9%2�.�(*�6'
�
9 ml(*�:��

�.�68�6�300 rpm�5�<	

�(*�:��+1�0);

���	����*#+1"7�,4

.�37℃"75"724�!

+1*/ 1
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̌ 3-7�內ű力ĭÛ℃ʘ� 

Fig.3-7 The procedures of measuring temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ������������	"��
���

����1�4�7�10�15�!

 ���������������
���	"�����

����
������
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̌ 3-8�ÏǈÛ℃ʘ� 

Fig.3-8 The procedures of measuring color parameters. 
 
  

�����

������	���

���	�����
�������

������
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̌ 3-9�CIELABÏȟŔʴ� 

Fig. 3-9 CIELAB color space. 

(̌^Ę˓: û)2004)  
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̌ 3-10�ͲEŃÛ℃ʘ� 

Fig.3-10 The procedures of texture analyzer. 
 
  

��������

��������

������	����
�����
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̌ 3-11�όɑΥϋ˳早Û℃ʘ� 

Fig.3-11 Storage test operation procedures. 
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ɇwɨ�也ŀ代ǻͮ 

4.1͖̂ɓȽ毛3˦ȱʢJāş[ʢ<ȴʢǐŀ 

� � �勻Ȧǻˋςόɑ＝ưEâȧ且3˦ȱʢJāş[ʢˠ͖̂ɓ

Ƚ<ȴʢǐŀŐ͉ϻ)͖̂Û̂Χƒ 21 kV)̂ːʴʯ 0.5 cm)6

Ûǚ旨ƒŔǚ)ǚ旨℃ʱƒ 500 sccm)h Òόɑ＝ưȴʢ�也ŀ收�)

όɑ＝ưȧ且3˦ȱʢ<ŚĪʢ͑ƒ 7.6 ± 0.32 log CFU/ml)ˠ͖̂

ɓȽ"EϮ<Ŷ,ƯÎ 6.6 ± 0.44 log CFU/ml)ɓȽ 4EϮ<Ŷ,Ư

Î 5.3 ± 0.26 log CFU/ml )ɓȽ 7EϮ<Ŷ,ƯÎ 4 ± 0.21 log CFU/ml)

ɓȽ 10EϮ<Ŷ,ƯÎ 2.4 ± 0.47 log CFU/ml)͖̂ɓȽ 15EϮ：

¡元ʢ)ʰËȦǻ 13�14EϮ<ȴʢǐŀ)也ŀ收� 13J 14EϮ

<͖̂ɓȽŶ,ƯÎ 1.2 log CFU/mlJ 1.0 log CFU/ml)�Ã也ŀ收

�3˦ȱʢȧ且Ļόɑ＝ưˠ͖̂ɓȽ 15EϮq：¡元ʢ� 

    όɑ＝ưȧ且āş[ʢ<ŚĪʢ͑ƒ 7.1 ± 0.28 log CFU/ml)ˠ

͖̂ɓȽ 1EϮŶ,ƯÎ 6.4 ± 0.32 log CFU/ml)ɓȽ 4EϮŶ,Ư

Î 4.6 ± 0.24 log CFU/ml)ɓȽ 7EϮŶ,ƯÎ 4.1 ± 0.24log CFU/ml)

ɓȽ 10EϮŶ,ƯÎ 3.1 ± 0.57 log CFU/ml)ɓȽ 15EϮŶ,ƯÎ

1.3 ± 0.28log CFU/ml)SϩŻjɊʢƁ«ƒ͖̂○ɀ�<ǷǛ�Í�

ȓJț̂Ɉ4忙ΫɊƣ＝ưɠ»Ɋƣ布Őǫ士Jˊ中ËƤɊƣƼ

/(Lunov et al.,2015)� 
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(B) 

̌ 4-1�͖̂ȴʢǐŀ�(A-1;A-2)όɑ＝ưȧ且3˦ȱʢ�(B)όɑ＝

ưȧ且āş[ʢ� 

Fig. 4-1 The decontamination efficacy as the plasma sterilization applies 
to blueberry surface. (A-1;A-2) Inactivation of Escherichia coli 
inoculated on blueberry by plasma. (B) Inactivation of Samonella 
inoculated on blueberry by plasma. 
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4.2͖̂ɓȽŶ毛όɑŬͲ<͉ϻ 

4.2.1內ű力ĭ 

� � �勻Ȧǻˋςόɑ＝ưEâȧ且3˦ȱʢJāş[ʢˠ͖̂ɓ

ȽŶƁæˎɠ»台Ŭ內ű-I�ÿɋ台Ŭˠ͖̂ɓȽŶ)�åeƜx

͢失͉木̾Ĺ˘任力內űЁH�͖̂Û̂Χƒ 21 kV)̂ːʴʯ 0.5 

cm)6Ûǚ旨ƒŔǚ)ǚ旨℃ʱƒ 500 sccmʰÒ比早�也ŀ收�)

όɑ＝ưȧ且3˦ȱʢˠ͖̂ɓȽ 1EϮ)�；內űȡ 25.9℃-IÎ

27.1℃)內ǈ 1.2℃,ɣ ɓȽ 4EϮ)�；內űȡ 25.1℃-IÎ 27.8℃�

內ǈ 2.7℃,ˠɓȽ 7EϮ)�；內űȡ 25.2℃-IÎ 27.4℃)內ǈ

2.2�,ˠɓȽ 10 EϮ)�；內űȡ 25.3℃-IÎ 28.1℃)內ǈ 2.7

�,ɣ ɓȽ 15EϮ)�；內űȡ 26.4℃-IÎ 28.2℃)內ǈ 1.5℃ (̌

4-2A)� 

� � ͖̂ɓȽeƖ¦ÛȌ͑ʰÒ�όɑ＝ưȧ且āş[ʢˠ͖̂ɓ

Ƚ 1EϮ)�；內űȡ 26.0�-IÎ 27.3�),ˠ͖̂ɓȽ 4EϮ)

�；內űȡ 25.1�-IÎ 27.8�	ˠ͖̂ɓȽ 7 EϮ)�；內űȡ

25.3�-IÎ 27.6�	ˠɓȽ 10EϮ)�；內űȡ 26.4�-IÎ 28.0

�,ȗ͖̂ɓȽǒʴ͂Î 15EϮ)�；內űȡ 25.4�-IÎ 28.0�)

內ǈ 2.6�(̌ 4-2B)�瓜旨內ǈ；5Ļ 3�)收�͖̂ɓȽĐ�ɠ»

台Ŭ內ű收ʡɺI� 
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(A) 

 
 
 
 
 
 
 
 
 
 
  

Before treatment After treatment

1 min 25.9 ± 0.14 27.1 ± 0.29

4 min 25.1 ± 0.16 27.8 ± 0.20

7 min 25.2 ± 0.09 27.4 ± 0.40

10 min 25.3 ± 0.16 28.0 ± 0.04

15 min 26.4 ± 0.16 27.9 ± 0.20
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(B) 

 
 
 

̌ 4-2�內űЁH�(A)όɑ台Ŭ＝ưȧ且3˦ȱʢˠ͖̂ɓȽũŶ內

űЁH�(B)όɑ台Ŭ＝ưȧ且āş[ʢˠ͖̂ɓȽũŶ內űЁH� 

Fig. 4-3 Changes of temperature. (A) Blueberrry surface inoculated E. 
coli temperature of non-plasma treatment and after plasma treatment. (B) 
Blueberry surface inoculated Samonella temperature of non-plasma 
treatment and after plasma treatment. 
 
  

Before treatment After treatment

1 min 26.0 ± 0.54 27.3 ± 0.73

4 min 25.3 ± 0.14 28.2 ± 0.23

7 min 25.3 ± 0.16 27.6 ± 0.21

10 min 26.4 ± 0.18 28.06 ± 0.18

15 min 25.4 ± 0.20 28.0 ± 0.21
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4.2.2\E力ĭ 

� � �勻ǻͮ3˦ȱʢJāş[ʢEâȧ且Ļˋςόɑ＝ư)̂ ͖

ÛΡȻ 60Hz)̂ːʴʯ 0.5 cm�̂Χ 21kV�6Ûǚ旨ƒŔǚʰÒ̂

͖ɓȽ毛Ļόɑ\Eɼz<͉ϻ 

    ȗ3˦ȱʢȧ且Ļόɑ＝ư<\Eɼzĭˤƒ 0 %�也ŀ收�)

ˠ͖̂ɓȽ 1�4�7�10J 15EϮ)̀ ςόɑ\EɼzEâƒ 0.15 %�

0.19 %�0.22 %�0.24 %J 0.28 % (＝ 4-1A)� 

� � ȗāş[ʢȧ且Ļόɑ＝ưˠ͖̂ɓȽ 1�4�7�10J 15EϮ)

όɑ\Eɼzƒ 0.21 %�0.25 %�0.25 %�0.27 %J 0.31 %(＝ 4-1B)� 

    比早也ŀ收�όɑ＝ưEâȧ且3˦ȱʢĤāş[ʢˠ͖̂ɓ

ȽŶĐ9͉ϻ\Eɼz� 
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＝ 4-1�\Eɼz<ƭʱЁH�(A)όɑ＝ưȧ且3˦ȱʢ�(B)

όɑ＝ưȧ且āş[ʢ� 

Table 4-1 Changes of weight. (A) Weight of blueberry surface 
inoculated E. coli before and after plasma treatment. (B) Weight of 
blueberry surface inoculated Samonella before and after plasma 
treatment. 
 

(A) 

 
 
 
 
 
 
 
 

Sample Weight (g) Water loss %

Fresh (0 min) 1.35 ± 0.01 a 0

Treat (1 min) 1.35 ± 0.01 a 0.15% ± 0.01

Fresh (0 min) 1.34 ± 0.01 a 0

Treat (4 min) 1.34 ± 0.01 a 0.19% ± 0.01

Fresh (0 min) 1.41 ± 0.02 a 0

Treat (7 min) 1.41 ± 0.02 a 0.22% ± 0.01

Fresh (0 min) 1.36 ± 0.02 a 0

Treat (10 min) 1.36 ± 0.02 a 0.24% ± 0.02

Fresh (0 min) 1.31 ± 0.02 a 0

Treat (15 min) 1.31 ± 0.02 a 0.28% ± 0.01
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(B) 

 
  

Sample Weight (g) Water loss %

Fresh (0 min) 1.54 ± 0.01 a 0

Treat (1 min) 1.54 ± 0.01 a 0.21 % ± 0.02

Fresh (0 min) 1.45 ± 0.01 a 0

Treat (4 min) 1.45 ± 0.01 a 0.25 % ± 0.02

Fresh (0 min) 1.5 ± 0.02 a 0

Treat (7 min) 1.5 ± 0.02 a 0.25 % ± 0.01

Fresh (0 min) 1.36 ± 0.02 a 0

Treat (10 min) 1.36 ± 0.02 a 0.27 % ± 0.02

Fresh (0 min) 1.51 ± 0.01 a 0

Treat (15 min) 1.51 ± 0.01 a 0.31 % ± 0.01
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4.2.3ͲEŃ 

� � ˋςόɑȧ且3˦ȱʢŶʰÒ͖̂ɓȽũŶ<ͲEŃ)ɇ"ɋ

�ˠ͖̂ɓȽ<Χεʗű(Compression firmness)ƒ 1.30 N)ˠ͖̂ɓ

Ƚ 1EϮ)Χεʗű(Compression firmness),ƯÎ 1.23 N)ɇ&ɋƒ

͖̂ɓȽ 4 EϮ<Χεʗű(Compression firmness)� 1.14 N ,ƯÎ

1.07  )ɇ+ɋƒ͖̂ɓȽ 7EϮ<Χεʗű(Compression firmness)

� 1.14 N ,ƯÎ 1.01 N)ɇwɋƒ͖̂ɓȽ 10 EϮ<Χεʗű

(Compression firmness)� 1.23 N,ƯÎ 1.09 N)ɇ>ɋƒ͖̂ɓȽ 15

EϮ<Χεʗű(Compression firmness)� 1.13 N,ƯÎ 1.02 N )(＝

4-2A)�͖̂ɓȽũŶ<3˦ȱʢȧ且Ļόɑ「ͲĐʏ收ʡЁH� 

� � ˋςόɑȧ且āş[ʢŶʰÒ͖̂ɓȽ<ũŶŎĵ力ĭ)ɇ"ɋ

ƒ͖̂ɓȽ 1EϮ<Χεʗű(Compression firmness)� 1.18 N,ƯÎ

1.09 N)ɇ&ɋƒ͖̂ɓȽ 4EϮ<Χεʗű(Compression firmness)

� 1.30 N,ƯÎ 1.20 N )ɇ+ɋƒ͖̂ɓȽ 7EϮ<Χεʗű

(Compression firmness)� 1.20 N,ƯÎ 1.12 N)ɇwɋƒ͖̂ɓȽ 10

EϮ<Χεʗű(Compression firmness)�1.22 N,ƯÎ1.14 N/mm2 )

ɇ>ɋƒ͖̂ɓȽ 15EϮ<Χεʗű(Compression firmness)� 1.25 

N,ƯÎ 1.10 N(＝ 4-2B)�͖̂ɓȽũŶ<ˋςόɑȧ且āş[ʢ�

ʏ收ʡЁH�SϩŻj®͖̂ɓȽʂʴ台ŬɛHŐƽ«ƒ台Ŭʴ<分
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͍eJ台Ŭ代Ǆ汁<分͍○ɀ�(Lacombe et al., 2015)žˠ͖̂ɓȽ

<台Ŭ9ˎ͉ϻ「Ͳ� 

� �  
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＝4-2�̂ ͖ɓȽũŶόɑͲЁH�(A)όɑ＝ưȧ且3˦ȱʢ�

(B)όɑ＝ưȧ且āş[ʢ� 

Table 4-2 Changes of texture. (A) Texture of blueberry surface 
inoculated E. coli before and after plasma treatment. (B) Texture of 
blueberry surface inoculated Samonella before and after plasma 
treatment. 

 
(A) 

 
 
 
 
 
 
 

Sample Compression firmness (N)

Fresh (0 min) 1.30 ± 0.12 a

Treat (1 min) 1.23 ± 0.09 a

Fresh (0 min) 1.14 ± 0.07 a

Treat (4 min) 1.07 ± 0.09 a

Fresh (0 min) 1.14 ± 0.15 a

Treat (7 min) 1.01± 0.09 a

Fresh (0 min) 1.23 ± 0.08 a

Treat (10 min) 1.09 ± 0.08 a

Fresh (0 min) 1.13 ± 0.18 a

Treat (15 min) 1.02 ± 0.15 a
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(B) 

 
 
 
  

Sample Compression firmness (N)

Fresh (0 min) 1.18 ± 0.03 a

Treat (1 min) 1.09 ± 0.02 a

Fresh (0 min) 1.30 ± 0.03 a

Treat (4 min) 1.20 ± 0.02 a

Fresh (0 min) 1.20 ± 0.04 a

Treat (7 min) 1.12± 0.05 a

Fresh (0 min) 1.22 ± 0.15 a

Treat (10 min) 1.14 ± 0.13 a

Fresh (0 min) 1.25 ± 0.08 a

Treat (15 min) 1.10 ± 0.08 a
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4.2.4ÏǈEŃ 

� � �勻ȦǻόɑEâȧ且3˦ȱʢJāş[ʢˠ͖̂ɓȽ 0�1�4�

7�10�15 EϮ�ΡȻƒ 60Hz�6Ûǚ旨ƒŔǚ�̂ːʴʯ 0.5 cm

<ÏǈEŃ)L代 aƸJ bƸ；À收ʡǈɂ(＝ 4-3(A))��比早也ŀ

qȠŒˠ͖̂ɓȽŶȧ且3˦ȱʢ<όɑ＝ư因Ï∆E ≤ 3� 

� � ê͖ɓȽȧ且3˦ȱʢ<όɑ＝ư)͖̂ɓȽǒʴ 1�4�7�

10�15EϮ)LƸÀ收ʡ,Ư)ÀSϩ出ľ LƸŐЁHƁ«ƒόɑ＝

ưϞŐΖHeJE�Ő͉ϻ(Lacombe et al.,2015)�aƸJ bƸ交ʡɓ

Ƚǒʴ͂kËÀ收ʡĵ-I)∆E ≤ 3� (＝ 4-3(B))� 

    ͖̂ɓȽόɑ＝ưȧ且<āş[ʢ)͖̂ɓȽǒʴ 1�4�7�10�

15EϮ)�Ƹ代 aƸJ bƸƕÀ收ǈɂ)∆E ≤ 2)όɑȧ且3˦ȱʢ

ˠ͖̂ɓȽ 1EϮ<όɑ＝ư因Ï∆E ≤ 3Jόɑȧ且āş[ʢˠ͖̂

ɓȽ 10EϮ∆E ≤ 2)SϩŻj∆E ≤ 5收�毛'旨ÌɅĐʏŇEΜj

因Ïǈɂ(Lao and Monica Giusti, 2017)� 

 
�
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� 4-3�����
������(A)����������(B)������	��� 

Table 4-3 Changes of color parameters. (A) Color parameter of blueberry surface inoculated E. coli before and after plasma 
treatment. (B) Color parameter of blueberry surface inoculated Samonella before and after plasma treatment. 
(A) 

sample L * a * b * ∆E

Fresh 22.95 ± 3.08 b 2.72 ± 0.84 a -4.53 ± 0.74 d 0

Treat 1 min 25.92 ± 0.46 ab 1.63 ± 0.38 ab -3.35 ± 0.41 c 3

Fresh 27.04 ± 0.32 ab -2.22 ± 0.56 c -3.08 ± 1.00 c 0

Treat 4 min 27.24 ± 0.19 ab -0.81 ± 0.33 bc -2.49 ± 0.21 bc 1

Fresh 28.13 ± 0.48 a -2.21 ± 0.10 c -2.43 ± 0.43 bc 0

Treat 7 min 26.22 ± 0.21 ab -0.40 ± 0.55 bc -1.86 ± 0.18 b 2

Fresh 26.07 ± 0.36 ab -0.44 ± 0.95 bc -2.43 ± 0.82 bc 0

Treat 10 min 24.85 ± 0.26 ab 0.44 ± 0.32 ab -1.63 ± 0.73 b 1

Fresh 27.32 ± 0.35 a -1.31 ± 0.26 c -2.31 ± 0.21 bc 0

Treat 15 min 25.65 ± 0.29 ab -0.26 ± 0.41 bc -1.06 ± 0.32 a 2
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(B) 

 
 

sample L * a * b * ∆E

Fresh 27.97 ± 0.33 a 1.26 ± 0.30 b -3.51 ± 0.28 c 0

Treat 1 min 27.42 ± 0.28 a 1.57 ± 0.20 a -2.88 ± 0.25 b 1

Fresh 25.71 ± 0.36 ab -1.27 ± 0.35 de -2.39 ± 0.42 b 0

Treat 4 min 25.05 ± 0.21 b -0.88 ± 0.38 e -2.06 ± 0.31 b 1

Fresh 26.58 ± 0.20 a -2.08 ± 0.16 f -1.76 ± 0.29 ab 0

Treat 7 min 26.15 ± 0.23 ab -1.77 ± 0.48 f -1.35 ± 0.38 a 1

Fresh 27.55 ± 0.36 ab -0.42 ± 0.42 d -1.88 ± 0.62 ab 0

Treat 10 min 27.28 ± 0.36 ab 0.50 ± 0.31 c -1.48 ± 0.59 a 2

Fresh 25.92 ± 0.40 ab -0.87 ± 0.54 de -1.78 ± 0.50 ab 0

Treat 15 min 25.60 ± 0.33 ab -0.64 ± 0.55 de -1.44 ± 0.46 a 1



	

69 
	

 

4.2.5adSi 

� � �P8]e@� 9X�R:I�",�I.QT[A=	T[

_�`< 60Hz	TNLJ 0.5 cm�Tb 21kV�
�7j/*7	A

=6L/ 0�1�4�7�10�15�f	T[A=.ad&�\ 4�0

WO- 60 %	0�1�3�5� 7�	#K�M�)1Z�^��(�

��B�D%� 

    ViG'h�e@+29X�R:IQT[A= 0�1�4�7�

10�15�f.	ad 0~7��;I5'#EhH4>�U 4-3�	e

@+29X",�IQT[A=.ad 0~7�	$;I5'�EhH

4>�U 4-4�� 

    e@+29X�R:I�",�IQT[A= 0�1�4�7�10�

15�f.	ad& 4��0~7�	CL�bcF-g!EhH4>

�+ 4-6�� 

     e@+29X�R:I�",�IQT[A= 0�1�4�7�10�

15�f.	ad 4��0~7�	adCL���B�!EhH4>�+

4-7�� 
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U 4-3��R:I&e@+2QT[A=.adCLIZ�g� 

��!3���?1�(�Y��/ad6L		Y��/T[A=

6L� 

Fig. 4-3. E.coli. plate counts of blueberry after cold plasma treatment and 
during storage at 4°C.  
Means with the capital letters indicate storage time; small letters for 
plasma processing time.
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U 4-4�",�I&e@+2QT[A=.adCLIZ�g� 

��!3���?1�(�Y��/ad6L		Y��/T[A=

6L� 

Fig. 4-4. Samonella plate counts of blueberry after cold plasma treatment 
and during storage at 4 °C.  

Means with the capital letters indicate storage time; small letters for 
plasma processing time.
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� 4-4������� #��!"��%��(A)$����������(B)$��������� 

Table. 4-4. Compression firmness changes during storage. (A) Compression firmness changes of blueberry surface 
inoculated E. coli before and after plasma treatment during storage. (B) Compression firmness changes of blueberry surface 
inoculated Samonella before and after plasma treatment during storage. 
(A) 

Treatment 
time (min) 0 day 1 day 3 day 5 day 7 day

control 1.36 ± 0.04 a 1.33 ± 0.04 a 1.31 ± 0.05 a 1.28± 0.05 a 1.26 ± 0.04 a

1 1.34 ± 0.06 a 1.29 ± 0.03 a 1.27 ± 0.04a 1.22 ± 0.04 a 1.19 ± 0.03 a

4 1.37± 0.03 a 1.33 ± 0.03 a 1.30 ± 0.03 a 1.27 ± 0.03 a 1.24 ± 0.03 a

7 1.30 ± 0.03 a 1.29 ± 0.03 a 1.25 ± 0.03 a 1.20 ± 0.03 a 1.18 ± 0.02 a

10 1.38 ± 0.03 a 1.35 ± 0.03 a 1.31 ± 0.03 a 1.26 ± 0.03 a 1.22 ± 0.03 a

15 1.38 ± 0.02 a 1.36 ± 0.03 a 1.33 ± 0.03 a 1.27 ± 0.03 a 1.16 ± 0.05 a
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(B) 

. 
 
 
 

Treatment 
time (min) 0 day 1 day 3 day 5 day 7 day

control 1.38 ± 0.02 a 1.35 ± 0.02 a 1.28 ± 0.02 a 1.25 ± 0.02 a 1.16 ± 0.04 a

1 1.38 ± 0.04 a 1.36 ± 0.04 a 1.29 ± 0.06 a 1.24 ± 0.04 a 1.20 ± 0.03 a

4 1.35 ± 0.03 a 1.32 ± 0.04 a 1.28 ± 0.05 a 1.24 ± 0.04 a 1.20 ± 0.03 a

7 1.37 ± 0.05 a 1.33 ± 0.05 a 1.27 ± 0.03 a 1.25 ± 0.05 a 1.19 ± 0.04 a

10 1.38 ± 0.06 a 1.34 ± 0.06 a 1.30 ± 0.09 a 1.25 ± 0.09 a 1.16 ± 0.01 a

15 1.34 ± 0.04 a 1.28 ± 0.06 a 1.24 ± 0.07 a 1.17 ± 0.11 a 1.13 ± 0.10 a
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� 4-5������� #��	��
�%��(A)$����������(B)$��������� 

Table. 4-5. Water loss changes during storage. (A) Water loss changes of blueberry surface inoculated E. coli before and 
after plasma treatment during storage. (B) Water loss changes of blueberry surface inoculated Samonella before and after 
plasma treatment during storage. 
 
(A) 

 
 
 
 
 

Sample Fresh(control) 0 day 1 day 3 day 5 day 7 day

Treat (1 min) 1.35 ± 0.01 a 1.35 ± 0.01 a 1.34 ± 0.02 a 1.34 ± 0.02 a 1.34 ± 0.02 a 1.34 ± 0.02 a

Treat (4 min) 1.24 ± 0.01 a 1.24 ± 0.01 a 1.24 ± 0.01 a 1.23 ± 0.01 a 1.23 ± 0.01 a 1.23 ± 0.01 a

Treat (7 min) 1.46 ± 0.02 a 1.46 ± 0.02 a 1.45 ± 0.02 a 1.45 ± 0.02 a 1.45 ± 0.02 a 1.44 ± 0.02 a

Treat (10 min) 1.36 ± 0.02 a 1.35 ± 0.02 a 1.35 ± 0.02 a 1.35± 0.01 a 1.34 ± 0.02 a 1.34 ± 0.01 a

Treat (15 min) 1.41 ± 0.01 a 1.41 ± 0.01 a 1.41 ± 0.01 a 1.40± 0.01 a 1.39 ± 0.01 a 1.39 ± 0.01 a



	

75 
	

 

(�) 

 

Sample Fresh(control) 0 day 1 day 3 day 5 day 7 day

Treat (1 min) 1.39 ± 0.01 a 1.39 ± 0.01 a 1.38 ± 0.02 a 1.38 ± 0.02 a 1.38 ± 0.02 a 1.37 ± 0.02 a

Treat (4 min) 1.31 ± 0.02 a 1.31 ± 0.02 a 1.30 ± 0.01 a 1.30 ± 0.01 a 1.30 ± 0.02 a 1.29 ± 0.02 a

Treat (7 min) 1.42 ± 0.02 a 1.42 ± 0.02 a 1.41 ± 0.01 a 1.41 ± 0.02 a 1.41 ± 0.02 a 1.40 ± 0.02 a

Treat (10 min) 1.40 ± 0.02 a 1.40 ± 0.02 a 1.39 ± 0.02 a 1.39 ± 0.01 a 1.339 ± 0.01 a 1.38 ± 0.01 a

Treat (15 min) 1.28 ± 0.01 a 1.28 ± 0.01 a 1.27 ± 0.02 a 1.27 ± 0.01 a 1.27 ± 0.01 a 1.26 ± 0.02 a
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Ó�á�êī 

� � 5�aêw*�ĂÉ： ^�%：ÆĕtńÖ��ĀĎĤ×Ï

��Ë：¤w��ĬîO ĶŃąŏ�9�aêwÄ�CĎĤĲQÊ

>�Ďķ 21kV�Ďûñð 0.5 cm�ĵÎ 60 Hz�¦Ő�Ü 500 sccm�

ĲQ¦Ő��¦�êīD�
 

 

1. Àķ�Ħ5ĎĬĎĤĒ�ĂÉ： ^�%：�Ë：¤w
	

	 	 	 	ńÖ��Æĕ�ĂÉ：��l：ġ� 7.6 log CFU/ml ĀĎĤ

×Ï 157ŉ��ĂÉ：W@ý：�J^�%：��l：ġ� 7.1 log 

CFU/mlĀĎĤ×Ï 157ŉ����K 0.9 log CFU/ml�êwŎ;

ĎĤ×ÏĒ�ĂÉ：¤wĊf		

2. Àķ�Ħ5ĎĬĎĤĒńÖ�ĬîO
	

����ńÖĀĎĤ×Ï��	êwŎ; L����a�Ę b�V���

�Ģ�5~��ŋ7RĠŌ�eæŎì¢Ò�ĎĤ×Ï��ĳŐþ¢

�ńÖÆĕ�ĂÉ：×Ï�þ¢ 1.5� ńÖÆĕ^�%：×Ï�þ

¢ 3��eæŎì¢Ò�ĎĤ×Ï�ĬB7yńÖķĺ、�eæŎì

¢Ò�ĎĤ×Ï �� 7ŉ��&7ã3� 0.31%eæŎì¢Ò�ĎĤ

×Ï�ĶŃąŏ 	�� "�Ë：¤w�&7ã3�ķĺ、�=æŎì¢

Ò	�

 



	

77 
	

    5�aêwŎ;�´Ē7ľĨw ĦÇöÑ��ĎĤ×Ï0ČË

：:~)1ĠŌÑ��Ĭ�6g~�a0Å±½ÚòZØŀ�i¹ú

Ùģ~0Mq	 
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