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Abstract 

A method of simultaneous analysis of preservatives, intended for benzoic acid, sorbic acid, dehydroacetic 
acid and propionic acid, was developed. Various conditions were examined with respect to steam distillation, 
solid-phase extraction and high performance liquid chromatography (HPLC). Steam distillation examination 
confirmed that target preservatives were recovered in the distillate within 300mL, thus reduction of the volume 
of distillate efficiently shortened distillation time. After steam distillation, target preservatives were effectively 
purified and concentrated with solid-phase extraction cartridges in which strong anion exchange (SAX) function 
was introduced. In the case of a silica-gel based SAX cartridge, fluoride substitution and pH adjustment were 
found to be important to maximize the retention ability of the cartridge to these preservatives. When propionic 
acid alone is analyzed, polymer based SAX cartridges seemed to be useful, because their retention ability were 
not affected by the change of pH conditions. With HPLC mobile phase gradient method using phosphate buffer 
(pH 4.0) and acetonitrile, satisfactory peak separation was obtained, and the analysis of all preservatives was 
completed within 25 minutes. The recovery rates of four preservatives added to cheese were 89-101% with the 
simultaneous analysis method using a silica-gel based SAX cartridge. 
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Iǝ ȎǽȘȌ  

Ǘ]ĕ>Ĥȍ�Ȉǧ �ÖȎ²ĭĤȍqĀȢÃǰǧ

ǐžĦ½ȌǾȞǸȉȈǗ]Ȣǂǵ ȆȃȘȌ�įǺȟȇ

ǮȞ[1]ǨȡǳhȈƔSǺȟȇǮȞ �ÖȎǧ�¸ǚƼ
ɟɂɀɘȧɒnȢZȗɠǧȹəɇɜƼɟȫɘȧɒnȕȃȎȫə

ȳȧɒnȢZȗɠǧȿɆɁɛƹƼɂɀɘȧɒǧɋɛɈȪɜƼ

ɟȫəȳȧɒnȕȃȎɂɀɘȧɒnȢZȗɠǱțȐ�¸ǚ

ƼȨȵȾəǖȈǭȝǧȁȟȂȟǗ]ǹȉȌ�įkĚǳ�

ȘȜȟȇǮȞǨ�¸ǚƼȨȵȾəǖȢǈǵ �ÖȎƼj

Ȉǭȝ pH ȍ�ǮǗ]Ȉ@ïǳǜǵǧ
ƈ]ȚĝĤȋȊ
Ȍ�įǺȟȞǸȉǳtǮǨ 

Fig.1 ȌŇǾțǯȌǧ
ƈ]ȍȡǳhȌǱǶȞ£Ǆ 1
�ǭȃȝĒơǁɟɐɞȬɘɜȎ£ǄĭĮǁɠȎǧȼɞȶǱ

țȐȎȅƻ
Ȉq>)YȢŇǼȇǮȞ ɟFig.1ȈȎ 1990
£ȍ%[2]Ȣ 100%ȉǼȇÊōȢŇǼȃɣ1990 £ȍ£Ǆ
1 �ǭȃȝĒơǁɥȼɞȶ 1.13kgǧɅȺɞ0.69kgǧģ

34.6LǧȎȅƻ
 3.8Lǧ£ǄĭĮǁɥɐɞȬɘɜ 176ktɠǨ
ĸƻǗ]ȎòǙ�ĹȌ+ȟȇǮȞȓǲǧǺȕǻȕȋû

ų¶șßȜǲȌǺȟȇǴȇǱȝ[3]ǧ�ăȍ'¦¼Ɯȍǜ
ȕȝșǭȅȇǧǸȍ)YȎ�°șŧǵǸȉǳ�»ǺȟȞǨǸ

ȍȃȘɢȼɞȶŖȍ
ƈ]ȌǱǶȞ �Öȍõñ�;

ȍÓ(ȚÎPĦĉȍþǼǮÂÌȎǧǗĭĎȍ�0ȉ�

ăȍ'¦ŨÇȌ�SüȋƊşȍ�ȆȉůǰȜȟȞǨ 

 
 
Fig.1  Trends of annual per capita consumption of cheese, 
butter, milk and fermented milk, and annual production 
of margarine. Each sequential line indicates the relative 
changes taking the level in 1990 as a base of 100. All of 
the raw data are downloaded from the homepages of 
Japan Dairy Association[2] and recalculated by the 
authors. 
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�ÙǧǗ]�ȍ �ÖȍõñÙĊȎǧǮǿȟșąƁ

ĄƁĶǦǜƭē�ȮɛɐɀȯɗɉɟHPLCɠĊǳƬłĊ[4]
Ȉ�ȘȜȟȇǮȞǳǧ�¸ǚƼǧȹəɇɜƼǱțȐȿɆɁ

ɛƹƼȉɋɛɈȪɜƼȉȈȎǧƖÖǁȚąƁĄƁĶưƥ

àǱțȐ HPLC Ę�àȍê�ǳ0ǵķȋȅȇǮȞȃȘǧ
XàȌ6íǾȞǸȉȎȈǴȋǮǨ 
ǸȍȃȘǧçŅőȈȎǸȟȜ 4¿6ȢXàȌ6íȈǴ

ȞÙĊȢǃĸǼǧ �Ö6íȍƩƭDǱțȐȱȵɀȍ<

ĖȢȎǲȞǸȉȈǧ�ăȍǗĭĎȍ�0ȉ'¦qƯȌ�

�ǾȞǸȉȢĻĹȉǾȞǨ 
 

IIǝ �ǛÙĊ  

1)ǝ ƖÖ  
¢¿ 27 £ 6 ãȌuǆ�2Ȉ�ƟǺȟȃɂȼɕɗə

ȼɞȶɟȮɘɞɒȼɞȶɠȢįǮȃǨ 
 

2)ǝ ƖƂɝƢè  
(1)ǝ ùĚěē 
ɋɛɈȪɜƼɟ�� PAɠùĚěēȌȎǧɋɛɈȪɜƼ

ɂɀɘȧɒɟǅëD�ǞóǟƈǧȫəɎɜƼ6íƐįɠ

325mg ȢƁĶąȌěƏǼȇ 25mL ȉǼȃșȍȢùĚL
ēɟɋɛɈȪɜƼȉǼȇ 10,000µg/mLɠȉǼǧƲ��ƽǼ
ȇįǮȃǨȕȃǧ�¸ǚƼɟ�� BAɠǧȹəɇɜƼɟX
SoAɠǧȿɆɁɛƹƼɟX DhAɠɟǮǿȟșǅëD�Ǟóǟƈǧ
Ǘ]6íįɠȌȆǮȇȎǧU 500mg ȢɓȺɄɞəȌěƏ
ǼȇȁȟȂȟ 50mL Ȍ��ǼȃșȍȢùĚLēɟU
10,000µg/mLɠȉǼǧƲ�ƁĶąȈ�ƽǼȇįǮȃǨ 
(2)ǝ ąƁĄƁĶĕ>ē 

15%ƸńƼěēɥL(+)-ƸńƼɟƖƂĥŞɠ150g ȢƁ
ĶąȌěƏǼȇ 1,000mL ȉǼȃǨ10%ɘɜƼěēɥɘɜƼ
ɟ85%ǧƖƂĥŞɠ11.8mL ȢǁȝPȝƁĶąȢ>ǰȇ
100g ȉǼȃǨ 
(3)ǝ ūƆē 

0.2M ɀɘȵ-nƼūƆēɥɀɘȵɟɆɁɛȭȳɓȼəɠȤɑɄ
ɓȺɜɟSigma-Aldrich ňƈǧTrizma baseɠ12.1g ȢƁĶ
ą 300mL ȌěƏǼɢnƼɟ35%ǧƖƂĥŞɠȈĻĹ pH
ȌƛÓǼȃ°ǧƁĶąȢ>ǰȇ 500mL ȉǼȃǨƛÓǼȃ
pHȎ 7.0ǧ7.5ǧ8.0ǧ8.5ǧ9.0ȈǭȞǨ 
(4)ǝ =4īįȫɞɀɘȽȴȫɗɒ 

3 ŏȍªǉȦȪɜ�ËjɟSAXɠȫɞɀɘȽȴȢƲįǼ
ȃǨMEGA Bond Elut SAXɟ,oǁ 1,000mgǧkèɥȳɘ
ȫȰəǧAgilent ňƈɠǧMaxi-Clean SAX ɟ,oǁ
600mgǧkèɥȵȼɚɜȴɇɃəɌɜȸɜǧAlltech ňƈɠǧ
InertSep MA-1ɟ,oǁ 500mgǧkèɥɓȺȮɘɚɞɀǧȴ
ɞȨəȲȦȨɜȵǞóǟƈɠȍȁȟȂȟȌǱǮȇǧǭȜǲǽ

ȘɓȺɄɞə 5mL ǱțȐƁĶą 10mL ȈǔýčĐǼǧ
0.8M NaF ěēɟɉȽDɂɀɘȧɒ 3.36g ȢƁĶąȌěǲ
Ǽȇ 100mL ȌǼȃșȍɠ10mL ȢƬēǼȇ FǣŭËǼȃș
ȍȢįǮȃǨ 

(5)ǝ HPLCįōAĽ 
100mM ɘɜƼūƆēɟpH4.0ɠɥɘɜƼɟ85%ǧƖƂĥ

Şɠ0.089mL ȉɘɜƼ�ąşȫɘȧɒɟƖƂĥŞɠ13.432g
ȢƁĶąȌěǲǼȇ 1,000mL ȉǼȃǨįàƁĶąȈ 5
$Ȍ�ƽǼȇįǮȃǨƁĶąǧȤȷɀɃɀɘəɟACNɠǱț
ȐɓȺɄɞəɟMeOHɠȎǜƭē�ȮɛɐɀȯɗɉįȢįǮ
ȃǨ 
(6)ǝ ȁȍ� 
õƑàȌįǮȃäûƼȎŷĄ6íįǧȁȍ�ȌȆǮ

ȇȎƖƂĥŞȢįǮȃǨ 
 

3)ǝ Ƈŭ  
(1)ǝ ąƁĄƁĶƇŭ 
�çīŅ�öǞóǟƈ STC-3D ȢįǮȃǨ 

(2)ǝ gĽÅ5įȤȮȷȲɘɞ 
SUPELCOňƈ VisiprepùĚj SPEɅȭɕɞɒɐɃ

ɍɞəɁȢįǮȃǨ 
(3)ǝ HPLC 

Watersňƈ e2695 AllianceȳȵȾɒǱțȐ e2998ɟɉ
ȩɀȻȦȪɞɁȤɚɞõ5`ɠȢįǮȃǨ 

 
4)ǝ HPLCê�  
ȫɗɒɥInertsil ODS-3ɟ5µmǧ4.6Ǡ250mmǧȴɞȨəȲ

ȦȨɜȵǞóǟƈɠ 
ȫɗɒė¥ɥ40Ǣ 
ōAĽɥAēǱțȐ BēȌȆǮȇ�ƒĞ¥CƷȈƫē 

Aēǝ 20mM ɘɜƼūƆēɟpH4.0ɠ 
Bēǝ ACN 
àǄɟminɠ Aēɟ%ɠ Bēɟ%ɠ 

0 94 6 
5 74 26 

25 74 26 
25.01 94 6 

35 94 6 
ďƭɥ1.0mL/min 
Č/ǁɥ40µL 
Ę�ċǂɥPA 210nmǧBA, SoA, DhA 230nm 
 
5)ǝ ƖǛěēȍƛƈ  
6íÙĊȍɉɛɞȼɔɞɀȢ Fig.2 ȌŇǾǨƖÖ 6g

ȢƁĶɉɗȵȱȌŌȝPȝǧƁĶą 100mLǧ15%ƸńƼ
ěē 10mLǧnDɂɀɘȧɒ 60g ǱțȐȳɘȱɞɜúŴÒ
ĜȢ>ǰǧā6 10mL ȍĶ5ƭ¥ȈąƁĄƁĶȢƄȅ
ȃǨĶēȎǭȜǲǽȘƁĶą 15mL Ȣ>ǰȃɓȵȳɘɜȻ
ɞ�ȌÈǌǼǧ300mLȌȋȞȕȈƁĶǼȃǨ 
ýȌĶēȍ 25mL Ȣ6PǼȇ SAX ȫɞɀɘȽȴȌƞ

ŽǼȃ°ǧ5%nDɂɀɘȧɒZä 0.01mol/L nƼ 5mL
Ȉě5ǼǧǺȜȌ�® 0.45µm ȍɓɜɊɚɜɉȥəȺȌƬ
ǼȃșȍȢ HPLCįƖǛěēȉǼȃǨ 
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Fig.2  Analytical procedure of preservatives in foods. 

 
 

IIIǝ ťïǱțȐů�  

1)ǝ HPLCê�  
(1)ǝ ōAĽȍõƑ 
ƬłĊ[4]ȌǱǮȇǧ �Öȍ HPLC Ę�àȍȫɗɒ

ȍê�ȎX�ȈǭȞǳǧōAĽȌȆǮȇȎǧBAǧSoA
ǱțȐ DhA ȍĘ�ȌȎ MeOHɝąɝ0.2M ɘɜƼūƆē
ɟpH4.0ɠɟ36:59:5ɠǧACNɝąɝ0.2M ɘɜƼūƆēɟpH4.0ɠ
ɟ28:67:5ɠǧMeOHɝACNɝ5mM ȮȨɜƼūƆēɟpH4.0ɠ
ȋȊǳ�įȈǴǧȕȃ PA ȍĘ�ȌȎąɝACN Ĕē
ɟ94:6ɠȢɘɜƼȈ pH2.5 ȌƛÓǼȃșȍȢ�įǾȞȉƒ
ƧǺȟȇǮȞǨǸȟȜȍê�ȢŦ�ǾȞȃȘȌǧūƆē

ȍŏǖȉ pHǧǱțȐĔ\ǺȀȞě~ȌȆǮȇĂƦõƑ 
ȢƄȅȃǨ 
ȕǿɘɜƼĞ¥Ȣ 10mM ȉǼɢɘɜƼȉɘɜƼ�ąşȫ

ɘȧɒȍĔVĂȢrǰȇ pH Ȣ 2.5ǧ3.0ǧ3.5ǧ4.0 ȌȋȞ
țǯƛƈǼǧȁȟȂȟȍ pHȌǱǮȇ MeOHǳ 36%ȕȃ
Ȏ ACN ǳ 28%ȍĂĨȌȋȞțǯĔVǼȃōAĽȢįǮ
ȇǧ �Ö 4 ŏĔVěēɟPAɥ100µg/mLɢBAǧSoAǧ
DhA U 10µg/mLɠȢ HPLC Ȍ 20µL Č/Ǽǧ6ǎĦĉ
ȢņƘǼȃǨpH3.0 ��ȈȎǮǿȟȍě~Ȉș BA ȉ
SoA ǳ6ǎǺȟȋǲȅȃǨACN ȢįǮȃmVȎǧpH3.5
ǱțȐ 4.0 Ȉ0¿6ȍ6ǎȎŹǲȅȃǳǧSoA ǳǜĞ
¥ȍmVȎ pH3.5 ȈȎȹəɇɜƼȍķ¶�[5]ǳ BA ȍ
ɈɞȮȌƿȋȅȃȃȘǧōAĽȍ pH Ȏ 4.0 ǳâƲȉ9
×ǼȃǨȃȄǼǧpH4.0 ȈȎ pH3.5 ȌĂȒȇūƆųǳ�
ǺǮȃȘǧĞ¥Ȣ 2 $ȍ 20mM ȉǼȃǨMeOH ȢįǮȃ
mVȎǧpH4.0 ȈȎ SoA ȉ DhA ȍ6ǎǳ¹ǵǧSoA ǳ
ǜĞ¥ȍmVȎ DhA ȍ�¶ȎdǏȉǮǯƬłĊ[4]Ȋ
ǱȝȍťïȈǭȅȃȃȘǧě~ȌȎ ACN ȢįǮȞǸȉȉ
ǼȃǨȋǱɢȮȨɜƼūƆēȢōAĽȌįǮȞȉǧȮȨɜ 

 

 
 

 
Fig.3  Chromatograms of (A) preservatives and (B) 
organic acids. 1ɥpropionic acid (PA)ɢ2ɥbenzoic acid 
(BA)ɢ3ɥsorbic acid (SoA)ɢ4ɥdehydroacetic acid (DhA)ɢ
5ɥacetic acidɢ6ɥn-butyric acidɡ isobutyric acidɢ7ɥ
isovaleric acidɢ8ɥn-valeric acid. HPLC conditions are 
described in the text. 

 
 
ƼŶ�ȍŠsƶ[OȌțȝɌɞȵɗȦɜȍrAǳuǴǵ

ȋȝ PA ȍĘ�ȌǒǼȃȃȘǧōAĽȌȎɘɜƼūƆ
ēȢįǮȞǸȉȉǼȃǨ 
ɘɜƼūƆēɟpH4.0ɠȉě~ȍĔVĂȌȆǮȇȎǧ

ACN ǳ 28%ȢƤǰȞȉ BA ȉ SoA ȍ6ǎǳ¹ǵȋȝǧ
ĂĨǳ�ǺǮȓȊ DhA ȍ ÇàǄǳǂǵȋȞǸȉǲȜǧ
26%ȢƳÄǼȃǨ 
(2)ǝ ȯɗȴȨɜɀê�ȍõƑ 

ACNɝ20mM ɘɜƼūƆēɟpH4.0ɠɟ26:74ɠȍȦȹȮɗ
ȾȥȽȮê�ȈȎǧPA ȍɈɞȮȎɍɞəɁȤȽɋàǄȍ
ļ°ȌĪȟǧzǍɈɞȮȉȍ6ǎǳdǏȌȋȞǸȉǳ�

»ǺȟȃǨ�ÙǧACN ȍĂĨȢ�ǷȞȉ PA ȉzǍɈɞ
Ȯȍ6ǎȎŹǵȋȞǳɢBA ȍ ÇàǄǳǑ Ȍǂǵȋ
Ȟ [ 6 ]ǸȉǲȜǧȯɗȴȨɜɀê�ȍõƑȢƄȅȃǨ 

ACN Ȣ PA ƬłĊȍĂĨȈǭȞ 6%ǲȜ}Șȇ 26%
ȕȈ�ÝǺȀȞȉǧPA ȉzǍɈɞȮǧǱțȐ BAǧSoAǧ
DhAȎŹǵ6ǎǺȟǧ6íǃ}ǲȜĞ¥CƷȢȆǶȞǸ
ȉȈǧ0¿6Ȏ 25 6�2Ȍ6íSųȈǭȅȃǨǸȍê
�ȈȍȮɛɐɀȯɗɒȢ Fig.3(A)ȌŇǾǨȕȃɢǗ]Ȍț
ȅȇȎ PA �sȍäûƼǳ1�ǾȞmVǳǭȞ[6]ȃȘǧ
ƹƼǧn-ƺƼǧȦȹƺƼǧn-WżƼǧȦȹWżƼȢǸȍê
�ȈĘ�ǼȃȉǸȠɢFig.3(B)ȌŇǾƬȝǧ �Öȍ6
íȌǒǼȋǮǸȉȢņƘǼȃǨ 
(3)ǝ �ǁ�ǇȍƓ� 
�ŸȌǧõ5ǇĵȎĘ�û`ǲȜ±ȜȟȞµŗ%ȍ

S/NĂǲȜĆȘȜȟȞǳǧõǁũȍ7ġȍùĚ&�ǲȜ
ɊɗɜȮ%ȍȉȝǯȞśeȢĆȘǧõ5ǇĵȢÊ�ǾȞÙ

Ċ [7]ǳǭȞǨçŅőȈȎȁȍùĚ&�ȍ 10 $Ȣ

0                     5                   10                   15                   20                  25 
Retention time (min) 

1 

2 
3 

4 

5 1 6 

7 
8 

(A) 

(B) 

Sample, 6g
Water 100mL
15% Tartaric acid 10mL
NaCl 60g

Steam distillation, 10mL/min

Distillate (300mL) Conditioning
└ 25mL MeOH 5mL

Water 10mL
0.8M NaF 10mL

SAX solid-phase cartridge

Elute with 0.01M HCl containing 5% NaCl
5mL

Membrane filtering (0.45µm)

HPLC
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HPLC Ę��ȍ�ǁ�Ǉ%ȉǼȃǨǸȟțȝǧ�ǁ�Ǉ
Ȏ PA Ȉ 4µg/mLǧBAǧSoA ǱțȐ DhA Ȉ 0.05µg/mL
ȉŘ5Ǻȟɟ40µL Č/àɠǧõǁũȎ PA ȌȆǮȇ 10
ɦ 200µg/mL ǧ BA ǧ SoA ǧ DhA ȌȆǮȇȎ 0.1ɦ
100µg/mLȍśeȈļũ¶ǳņƘǺȟȃǨ 

 
2)ǝ ąƁĄƁĶê�  
(1)ǝ ÉPĶ5ǁȍõƑ 
ƬłĊ[4]ȌǱǮȇǧąƁĄƁĶàȍÉPĶ5ǁȎǧ

PA ȍ 300mL Ȍ�ǼǧBAǧSoAǧDhA ȈȎ 500mL ȉt
ǵȋȅȇǮȞǨȁǸȈǧBAǧSoA ǱțȐ DhA ȌȆǮȇ
100mL ǹȉȍĶ5Ĵ6ȢņƘǼȃǨ 
ąƁĄƁĶȍŒƖǛàȌ BAǧSoAǧDhA ȢU

1000µg ĕ>ǼȇŐŘaOĨȢĆȘȃȉǸȠǧFig.4 ȌŇ
ǾțǯȌ 300mL ȈǮǿȟș0ǁaOȈǴȇǮȞȉůǰȜ
ȟȃǸȉǲȜɢPA ȌVȡȀȇÉPĶ5ǁȢ 300mL ȉǾ
ȞǸȉȌǼȃǨǼȃǳȅȇǧ1 aǭȃȝȍƁĶàǄǳ 3/5
ȌŃǵȋȝǧtõ�Ȣ=4īǾȞmVȌȎĽ«ȍàǄ

ŃŬǳå¯ȈǴȞǨ 
(2)ǝ ƁĶɉɗȵȱĕ>ƼȍĂƦ 
ƬłĊ[4]ȌǱǮȇǧƖÖȢ/ȟȞƁĶɉɗȵȱȌȎǧ

BAǧSoAǧDhAȈȎ 15%ƸńƼȢǧPAȈȎ 10%ɘɜƼ
ȢȁȟȂȟĕ>Ǽȇ pH ȢƛÓǼƁĶǾȞǨȕȃǧ=Ű
ȈȎQ`Ȍ�ș/ȟȋǮǳǧ°ŰȈȎ 0.2M ɀɘȵ-nƼ
ūƆēɟpH8.5ɠȢQ`Ȍ/ȟ3J`ȍ-ŔȢđǾȉƒ
ƧǺȟȇǮȞǨȁǸȈǧǸȟȜȍê�ȍƱǮȌȆǮȇõ

ƑǼȃǨ 
ƁĶɉɗȵȱĕ>ƼȍƱǮȌȆǮȇȎȓȉȣȊ�ǳ

ƋȜȟȋǲȅȃǳǧ°ƪǾȞțǯȌgĽÅ5ȉȍĽ¶Ȉ

15%ƸńƼȢįǮȞÙǳaOĨȎź¡ǜǲȅȃǨQ`
ȎŒțȝșēȌđǾÙǳǧPA ȍaOĨȎź¡ǜǲȅȃǨ 

 
3)ǝ gĽÅ5ê�  
(1)ǝ gĽȫɞɀɘȽȴȍŏǖȉ�įà pHȍǅ� 
ƬłĊ[4]ȌǱǮȇǧBAǧSoAǧDhA ȍ6íĊȈȎg

ĽÅ5ȢƄǯ´ƊȎȋǮǳǧPA ȈȎ SAX gĽÅ5ȫ
ɞɀɘȽȴȢ�įǼȇŜƈȉĞŬȢƄǯȉƒƧǺȟȇǮȞǨ

ȁȟȌȎɏɘɐɞkèȍȫɞɀɘȽȴȈǭȞ Maxi-Clean 
SAXɟAlltech ňƈɠǳ�ŇǺȟȇǮȞǳǧ�ŸȌȳɘȫ
ȰəkèȍgĽȫɞɀɘȽȴȍÙǳ��Ȉǭȝǧűi¶

Ȍș+ȟȇǱȝ��ǼȇƬēȈǴȞȃȘɢçŅőȈȎȳ

ɘȫȰəkèȍ MEGA Bond Elut SAXɟAgilentňƈɠȢ
įǮȇõƑǼǧǭȡȀȇɏɘɐɞkèȍȫɞɀɘȽȴȉĂ

ƦǼȃǨȋǱǧBond Elut Jr.ȈșXŖȍťïǳ±Ȝȟȃ
ǳǧƬē¶ȋȊ�ǮȚǾǺȍƎĠǲȜǧMEGA Bond 
Elut Ȣ�įǾȞǸȉȌǼȃǨ 
Ǥǝ ȳɘȫȰəkèȫɞɀɘȽȴ 
U �Öȍ pKa %Ȣů¾Ǽȇ�0ȌƏǎǺȀȞȃȘǧ

ƬłĊȈȎ SAX ȫɞɀɘȽȴȑȍƬē pHȎ 8.5 ȉ©Ȥ

Fig.4  Cumulative recoveries of benzoic acid (BA)ɢ
sorbic acid (SoA) and dehydroacetic acid (DhA) during 
steam distillation. 

 
 

əȫɘ¶ȉȋȅȇǮȞǳǧȳɘȫȰəkèȫɗɒȎȤəȫ

ɘ¶�Ȉ>ą6ƏǾȞȃȘǧ�įà pH ȍņƘȢƄȅȃǨ 
PA ȍƬłĊȈȎ 0.2M ɀɘȵ-nƼūƆēɟpH8.5ɠȢ

[OēȉǼȇQ`Ȍ>ǰǧâŢĹȌŝ 0.01M Ȍȋȅȃ 
ĶēȢ SAX ȫɞɀɘȽȴȑƬēǼȇǮȞǨǸȟȌȋȜȅ
ȇǧpH ȢȁȟȂȟ 7.0ǧ7.5ǧ8.0ǧ8.5ǧ9.0 ȌƛÓǼȃ
0.2M ɀɘȵ-nƼūƆēȢ 0.01M Ȍ�ƽǾȞǊȌǧ �
Ö 4 ¿6ȢȁȟȂȟ 10µg/mL ȌȋȞțǯĕ>ǼȃēȢ
ƛƈǼǧȁȍ 25mL ȢȱɜȿȥȳɖɃɜȯǼȃ SAX ȫɞɀ
ɘȽȴȌƬēǼȃǨ«8Ȏ MeOH ȉƁĶąȄǶȈȱɜȿ
ȥȳɖɃɜȯǼȃȉǸȠ PA ȍaOĨȎƀǼǵ�ǲȅȃǳǧ
ȁȍīıȎǧBond Elut SAX Ȏ�ȦȪɜǳ ClǣjȈǭȝǧ
ɋɛɈȪɜƼȦȪɜȍÙǳ SAX �ųkȑȍĽ�Ĺ[
ŀĥ¶ǳ�Ǯ[8]ȃȘǧȦȪɜ�ËĽ�įǳƣǸȝȌǵ
ǲȅȃȃȘȄȉůǰȜȟȃǨȁǸȈɋɛɈȪɜƼȦȪɜț

ȝ[ŀĥ¶ȍ�Ǯ FǣjȑŭËǾȞȃȘȌǧȱɜȿȥȳɖ
Ƀɜȯȍâ°ȌɉȽDɂɀɘȧɒěēȢƬēǼȃ[9, 10]Ǩ 
ȃȄǼǧÔħȈȎ 1M ȉȋȅȇǮȞǳǧ20ǢȍąȈȎɉ
ȽDɂɀɘȧɒǳ 1M ȈȎȡǿǲȌěǶ7Ȝȋǲȅȃȃ

Șǧ0.8M ȉǼȃǨgĽȍ�ǁȢů¾ǾȞȉǧ0.8M ȈșG
6ŭËǺȟȞǨ 
Ƭē°ȍȫɞɀɘȽȴȢąȈčĐǾȞȉ �Öǳ�ƶ

ŵǎǼȃȃȘǧčĐȀǿȌȁȍȕȕ 5mL ȍ 5%NaCl Z
ä 0.01M nƼȈě5ǼǧaOĨȢƐŘǼȃǨǺȜȌ

5mL ȢďǼȇș¿6ǳņƘǺȟȋǲȅȃȃȘǧâ8ȍ
5mLȈ0ǁaOȈǴȇǮȞȉůǰȜȟȃǨ 
U pH ȌǱǶȞ �Öȍ Çĥ¶Ȣ Fig.5 ȌŇǾǨ

MEGA Bond Elut Ȣ�įǼȃmVǧpHǳ 7.5��ȈȎ
 �Ö 4 ¿6ȉș 90%��ȍaOĨǳ±ȜȟȃǨƁĶ
ą(DW)ȈƛƈǼȃƖǛēȍaOĨǳâșǜǲȅȃǳǧ
ȁȍīıȌȆǮȇȎýǓ(2)ȈƗƪǾȞǨ�ÙǧpH ǳ
8.0 ȢƤǰȞȉ �Öȍ ÇųȎ��ǼǧĥȌ PA Ȉȁ
ȍ)YǳǕƀȈǭȅȃǨȋǱǧpH7.0 ǱțȐ 7.5 ȍūƆ
ēȌȎɘɜƼūƆēșõƑǼȇȖȃǳǧaOĨȎ 50%
Ȍęȃǿ H2PO4

ǣȚ HPO4
ɤǣǳȦȪɜ�ËĽ�įȌ

ǒȢNȔǾȉůǰȜȟȃǨ 
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Fig.5  Effects of pH on retention characteristics of 
preservatives in solid phase extraction cartridges;  
(A) MEGA Bond Elut SAX, (B) Maxi-Clean SAX, (C) 
InertSep MA-1. DWɥdistilled water. Other abbreviations 
are as in Fig.3. 
 
 
ǥǝ ɏɘɐɞkèȫɞɀɘȽȴ 

Fig.5 ȌȎ Maxi-Clean Ȣ�įǼȃmVșfŇǼȇǭ
ȞǳǧPA ȌȆǮȇȎǮǿȟȍ pH ȌǱǮȇș 95%��
ȍŹ{ȋaOĨǳ±ȜȟȃǨ�ÙǧBAǧSoAǧDhA Ȏ
Ǯǿȟȍ pH ȌǱǮȇșaOĨȎ�ǵǧǸȟȜȎ6�÷
Ʈ�ǧɏɘɐɞȉȍ�ýĹĽ�įǳªǵǧ�Ü ÇǺ

ȟȞȉěǎǼȌǵǮȃȘȉůǰȜȟȃǨInertSep MA-1 Ȏ
ɓȺȮɘɚɞɀkèȍȃȘ Maxi-Clean țȝȎƍą¶ǳǜ
ǵěǎǼȚǾǲȅȃșȍȍǧǮǿȟȍ pH ȌǱǮȇșa
OĨǳ 70%ȢƤǰȃ¿6Ȏ PAȍȖȈǭȝǧ4¿60ȇ
ȍÈǌɝĞŬȌȎ�YǴȈǭȅȃǨǼǲǼǧǸȟȜȍɏɘ

ɐɞkèȫɞɀɘȽȴȎƖǛēȍ pH Ȍ�ǾȞ��¶ǳ
ȳɘȫȰəkèȫɞɀɘȽȴțȝșǜǮȃȘɢPA ȍȖȍÈ
ǌɝĞŬȌȎǴȡȘȇä@ȈǭȞȉůǰȜȟȃǨ 

Fig.6  Recoveries of preservatives due to differences of 
added acids in distillation and absorbing reagents in 
distillate receivers, after solid phase extraction with 
MEGA Bond Elut SAX. Abbreviations are as in Fig.5. 
 
 
(2)ǝ ąƁĄƁĶƖÖȉȍţȖVȡȀ 
ąƁĄƁĶȍŒƖǛàȌ �Ö 4 ¿6ȢȁȟȂȟ

3000µg ĕ>Ǽǧ300mL Ķ5ǼȃǨȁȍǊǧƁĶɉɗȵȱ
ȌȎ 15%ƸńƼȕȃȎ 10%ɘɜƼȢ>ǰȇƁĶǼǧQ
`ȌȎǭȜǲǽȘ[OēȉǼȇ�ș>ǰȋǮmVǧƁĶ

ą 15mL Ȣ>ǰȃmVǧ0.2M ɀɘȵ-nƼūƆēɟpH7.5ɠ
15mL Ȣ>ǰȃmVȈǧȁȟȂȟƖǛǼȃǨU¿6ǳ�
0ȌĶ5ǾȟȏǧĶ5ē�Ğ¥Ȏ=ǓXøȌȁȟȂ

ȟ 10µg/mLȌȋȝǧǸȟȢMEGA Bond Elut SAXȈ 5
$ĞŬǼȃmVȍaOĨȢŇǾȉǧFig.6 ȍțǯȌȋȅȃǨ 

15%ƸńƼȢįǮǧQ`ȌƁĶąɟDWɠȢ/ȟȃm
VȍaOĨǳâșǜǲȅȃǳǧȁȟȌȎūƆųǳȋǵǧ

ɉɗȵȱ2ȍƸńƼȍǒȢQǶȇĶ5ēȍ pH Ȏ 3
Ŏ¥ȌȋȅȇǮȃǨǼǲǼǧ0.8M NaF ěēȈȱɜȿȥȳ
ɖɃɜȯǼȃȫɞɀɘȽȴȢƬēǼȃ°ȍ pH Ȏ 6ɦ7 Ȍ
�ÝǼȇǱȝǧȫɞɀɘȽȴȌÿ�ǾȞǜĞ¥ȍ NaF Ȍ
țȝ�\Ǻȟȇ �ÖȍƏǎǳƣǸȝǧ ÇǺȟȃȉů

ǰȜȟȃǨ 
Q`ǳŒȍmVȎ PA ȍaOĨǳź¡�ǲȅȃǳǧ

3J`ȍ-ǳēȌđȞȕȈȍǄȌǧȡǿǲȌÍÑǼȃȉ

ůǰȜȟȃǨȕȃǧɀɘȵ-nƼūƆēɟpH7.5ɠȢ/ȟȃm
VȎ PA ȉ DhA ȈaOĨǳȚȚ��ǼȇǮȃǨǸȟȢ
ƙßǾȞȃȘȌǧ�ƒȍĶ5ēȢ»�Ǽȃ �Ö 4 ¿
6U 10µg/mL ąěēȌǗnȢĕ>ǼǧgĽÅ5àȍ
nDĤȦȪɜǁȉU �ÖȍaOĨȍǅ�ȢƛȒȃǨ

ȁȍťïȢ Fig.7 ȌŇǾǨɀɘȵ-nƼūƆēȈȎ pH ǳ
�ǮȓȊnƼȍĕ>ǁǳtǵȋȝǧFig.7 ȌŇǾțǯȌn
DĤȦȪɜǁǳtǮȓȊĥȌ PA ȉ DhA ȍaOĨǳ�
�ǼȇǮȃǸȉǲȜǧSAX �ųkȑȍĽ�Ĺ[ŀĥ¶
ȍªǮnDĤȦȪɜǳ1�ǾȞȉǧ �Öȍ ÇȌ

ǒȢNȔǾǸȉǳŇ_ǺȟȃǨ 
10%ɘɜƼȢįǮȃmVȎǧ)YȎXøȈǭȅȃǳ

15%ƸńƼȉĂƦǼȇǧ0ŸȌaOĨȎź¡�ǲȅȃǨ  
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Fig.7 ǝ Effect of concentration of NaCl on the recoveries 
of preservatives from MEGA Bond Elut SAX cartridge. 
Abbreviations are as in Fig.3. 
 
 
Ķ5ēȍ pH Ȏǧɉɗȵȱ2ȍɘɜƼȍǒȢQǶȇ 2
ɦ3 ȌȋȅȇǱȝǧɘɜƼȌƣbǾȞȦȪɜȎ III 3) (1) 
ǤȈŇǼȃțǯȌǧnDĤȦȪɜȌ>ǰȇ SAX �ųk
ȑȍ �Öȍ ÇȌǒȢNȔǾȉůǰȜȟȃǨ 
��țȝǧMEGA Bond Elut Ȣ�įǾȟȏ �Ö 4

¿6ȍÈǌɝĞŬǳSųȈǭȞǳǧ1�ǾȞȦȪɜȍ

ǒȢQǶȚǾǮȃȘǧQ`ȌȎƁĶąȢ/ȟȇąƁĄ

ƁĶȢƄǮǧgĽÅ5àȌȎG6ǁȍ NaFěēȢƬǼ
ȇȱɜȿȥȳɖɃɜȯȢƄȅȇǱǵ´Ɗǳǭȝɢçê�Ȉ

ȎƬēǁȢ 25mL ȉǼȇșĻĹ¿6ȢG6aOȈǴȃǨ 
 

4)ǝ ĕ>aOƖǛ  
ƬłĊȈȎǧBAǧSoAǧDhA ȌȆǮȇȎ 5gǧPA Ȍ

ȆǮȇȎ 30g ȍƖÖȢÉPǾȞȉǭȞǳǧõǁũâ�
Ğ¥ǧĶ5ǁ 300mLǧgĽÅ5Ȉ 5 $ĞŬȢů¾ǾȞ
ȉǧPA ȍ�ǁ�Ǉɟ0.1g/kgɠȌ´ƊȋƖÖǁȎ 6g ȉŘ
5ǺȟȞǨǸȍmVȍ BAǧSoAǧDhA ȍ�ǁ�ǇȎ
0.001g/kg ȉȋȞǳǧgĽÅ5ȢƄȡȋǮmVȈș
0.005g/kg ȉȋȝǧƬłĊȍ�Ǉɟ0.01g/kgɠȢÆ ǼȇǮ
ȞȃȘǧƖÖǁ 6gȈƖǛȢƄȅȃǨ 
ɂȼɕɗəȼɞȶ 6g Ȣ Fig.2 ȌŇǼȃÙĊȈ6íǼǧ

Ǯǿȟȍ¿6ș�ǁ�Ǉ%æęȉņƘǺȟȃƖÖȌǧ

ǭȜȃȘȇùĚȢĕ>Ǽȇ6íǼaOĨȢĆȘȃǨĕ>

ǁȎǗ]ƅĭõñȌǱǶȞŜ¥řīȍ�ŸȬȦɁɗȦ

ɜ[11]ȌĚǽȇǧȼɞȶȍ�įkĚɟPA ǱțȐ SoAɥ
3.0g/kgǧDhAɥ0.5g/kgǧBAɥ1.0g/kgɟȼɞȶȍkĚȎȋ
ǮȍȈɐɞȬɘɜȍkĚȈ�áɠɠȍ 1/2 Ğ¥ȌȋȞțǯǧ
ȁȟȂȟĕ>ǼȃșȍȢǧǜĞ¥ƖÖȉǼȃǨȕȃǧ�õ

5kĚȌțȝ�ǁ�Ǉ%ȍ 2 $Ğ¥ȌȋȞțǯǧȁȟȂ
ȟĕ>ǼȃșȍȢǧ�Ğ¥ƖÖȉǼȃǨgĽȫɞɀɘȽȴ

ȌȎ MEGA Bond Elut SAX Ȣ�įǼǧĕ>aOƖǛȎ
ǜĞ¥ƖÖǧ�Ğ¥ƖÖȉș 3 aǿȆƄȅȃǨǺȜȌǧ
ǜĞ¥ƖÖȌǱǮȇȎ SAX ȫɞɀɘȽȴȈĞŬȀǿȌ
Ķ5ēȁȍȕȕȍĘ�șƄȅȃǨ 
 

Table 1  Recoveries of preservatives added to cheese 
with or without concentration using MEGA Bond Elut 
SAX cartridge. (n=3 on each condition) CVɥcoefficient 
of variation. Other abbreviations are as in Fig.3. 
 

 
 

 
ĕ>aOƖǛȍťïȢ Table 1ȌŇǾǨǜĞ¥ƖÖ

ȍaOĨȎǮǿȟȍ¿6ș 96ɦ100%ȉŹ{Ȉǭȝǧr
A�Òș 0.6ɦ3.0%ȉȏȜȆǴǳ�ǺǲȅȃǨ�Ğ¥Ɩ 
ÖȈȎ SoA ȍȖ 89%ȉȚȚ�ǲȅȃșȍȍɢȁȟ�s
ȍ¿6Ȏ 96ɦ101%ȍŹ{ȋaOĨǳ±Ȝȟǧȕȃr
A�Òș 2.0ɦ2.8%ȈǭȅȃǨBAǧSoAǧDhA ȌȆǮȇ
ȎǧƬłĊȍ�ǁ�Ǉ%ȍ 1/10 ȕȈŜ¥Źǵ6íȈǴ
ȞǸȉǳŇǺȟȃǨ 
�ÙǧǜĞ¥ƖÖȈ SAX ȫɞɀɘȽȴȢ�įǼȋǮ

mVșǧŹ{ȋaOĨɟ97ɦ98%ɠȉrA�Òɟ0.4ɦ
2.0%ɠǳ±ȜȟǧǜĞ¥ȌZȕȟȞǗ]ȍõñȈȎg
ĽÅ5ȌțȞĞŬÏ�ȢƄȡȋǵȇșǧG6ȋŜ¥Ȉ6

íSųȈǭȅȃǨ 
 

IVǝ ȕȉȘ  

 �Ö 4 ¿6ɟ�¸ǚƼǧȹəɇɜƼǧȿɆɁɛƹƼǧ
ɋɛɈȪɜƼɠȍ�Õ6íĊȉǼȇǧąƁĄƁĶǦgĽ

Å5ǦHPLC ȌǱǶȞâƲê�ȌȆǮȇõƑǼǧȼɞ
ȶȍ6íȌƲįǼȃǨ 
gĽÅ5ȌǱǮȇ 4 ¿60ȇ ÇȈǴȃȍȎȳɘȫ

Ȱəkèȍ SAX ȫɞɀɘȽȴȈǭȝǧƖÖƬēļ=Ȍ
0.8M NaFěēȢďǾǸȉȈU¿6ǳŹ{Ȍ ÇǺȟȃǨ
HPLC Ę�ȌǱǮȇȎǧōAĽȌ pH4.0 ȍɘɜƼūƆ
ēȢįǮǧȤȷɀɃɀɘəȉȍĂĨǳ 94:6 ǲȜ 74:26 ȕȈ
Ğ¥CƷȢȆǶȃȯɗȴȨɜɀ6íȌțȝǧ#ǩȍ¿6

ǱțȐ|�¿6ǳ6ǎǺȟǧ25 6�2Ȉ�Õ6íǳ
SųȈǭȅȃǨȼɞȶȑȍĕ>aOƖǛȈȎǧǮǿȟ
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SoA 0.002 88.7 2.4
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DhA 0.002 101 2.0
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PA 1.5 97.9 2.0
BA 0.50 96.7 1.0
SoA 1.5 96.7 0.6
DhA 0.25 97.0 0.4
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ȍ¿6șŹ{ȋaOĨǳ±ȜȟɢŜ¥Źǵ6íȈǴȞǸ

ȉǳŇǺȟȃǨ 
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