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Abstract: A simp le, specific and sensit ive h igh2perfo rm ance liqu id ch rom atograph ic m ethod w as developed fo r the

determ ination and detect ion of tocophero ls in ex tracts by supercrit ical carbon diox ide. A supercrit ical carbon diox ide

ex tract ion w ith co so lven ts p rocedu re w as used to concen trate tocophero ls from the rapeseed deodo rize dist illa tes. T he

analyses w ere separated on a Zo rbax C18 reversed2phase co lum n using 98% m ethano l as mob ile phase, UV detect ion at 292

nm and Α2tocophero l as a standard. T he calib rat ion graph s of the m ethod w ere linear. R esu lts by A PC I2M S2 experim en ts

w ere consisten t w ith ou tcom es from theo ries.
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0　 In troduction

　 Tocophero ls funct ion as the m ajo r rad ica l

scavenging an t iox idan t in lipop ro tein s and efficien t ly

in terrup t the cha in p ropagat ion of lip id ox ida t ion [ 1 ].

D ifferen t m ethods w ere described in the litera tu re fo r

detect ion of tocophero ls by gas ch rom atography2m ass

spectrom etry (GC2M S) as w ell as by h igh2perfo rm ance

liqu id ch rom atography2m ass spectrom etry ( H PL C2
M S ) [ 2- 10 ] , bu t these m ethods w ere com p lex and

standards u sed w ere variou s and expen sive.

Fu rtherm o re, none of these m ethods w as fo r detect ion

of tocophero ls in ex tract ion by supercrit ica l carbon

diox ide w ith L iqu id Ch rom atographyöA tm o spheric

P ressu re Chem ica l Ion iza t ion2T andom M ass

Spectrom etry (L CöA PC I2M S2). T h is repo rt describes

the developm en t of a m ethod fo r detect ion tocophero ls

in ex tracts by supercrit ica l carbon diox ide, fo llow ed

by reversed2phase (H PL CöA PC I2M S2).

1　Exper im en t

1. 1　Chem ica ls and reagen ts

　 Α2tocophero l w as pu rchased from E. M erck

( Germ any ). M ethano l and ethano l (H PL C grade )

w ere ob ta ined from fisher. W ater w as d ist illa ted. A ll

supercrit ica l carbon diox ide ex tract ion experim en ts

w ere com p leted w ith supercrit ica l f lu id2grade carbon

diox ide. A ll o ther reagen ts w ere ana lyt ica l grade.

R apeseed deodo rized dist illa tes w ere k ind ly supp lied

by H ubei T ianyi O il L td.

1. 2　L iqu id chroma tographyöa tm ospher ic pressure

chem ica l ion iza tion - tandom ma ss spectrom etr ic (LCö
APC I-M S2)

　Fo r L CöA PC I2M S2 detect ion, an A gilen t (U. S. )

M odel 1100 Series separa t ion m odel w as u sed. T he

un it con ta ined a coo led au to sam p le w ith a 5 ΛL sam p le

loop and a degassing un it. In st rum en t con tro l and

acqu isit ion w ere done by the softw are L CM SD A gilen t

4. 1. T he co lum n u sed w as a Zo rbax C18, Υ21 mm×

50 mm , w ith 5 Λm part icle packed. D etect ion s w ere

carried ou t by m easu ring the ab so rbance w ith d iode

array detecto r. A n isocra t ic m ob ile phase delivery

system w as 98% m ethano l delivered a t 0. 3 mL öm in at

room tem pera tu re w ith a to ta l run t im e of 10 m in.

　 So lu t ion s of Α2tocophero l w ere p repared by

disso lving 30 m g each analyte in 50 mL ethano l.

　M S w as quadropo le m ass spectrom eter w ith an

A PC I sou rce. Ion iza t ion w as po sit ive ion and co llision2
induced dissocia t ion (C ID ). T hu s, To ta l ion s ch rom a2
tography (T IC) perm ited coelu t ion of com pounds w ith

d ifferen t m asses o r p roduct fragm en t such as necess2
ary fo r quan t if ica t ion of Α2, Β2+ Χ2 and ∆2tocophero l.

　T he co rona discharge electrode w as set to 2. 5 kV

and the A PC I p robe tem pera tu re w as 350℃. T he flow

ra te of A PC I hea ter w as set to 4. 0 L öm in and the

tem pera tu re of nebu lizer gas (n it rogen ) w as 300℃.

T he sam p le co llision vo ltage w as ad ju sted to 0. 9V.
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M S2 experim en ts w ere carried ou t w hen in ten sity of

ta rget gas reached 2. 0 × 105. T he range of m öe

(m at teröelectricity) 100～ 500 w as scanned. T he dw ell

t im e fo r each of the ion s w as set up 0. 20 s.

Tocophero ls con ten t in sam p les w as determ ined from

ex terna l standard ca lib ra t ion cu rves, co rrected fo r

recovery of added Α2tocophero l, w h ich served as an

in terna l standard.

1. 3　Sam ple prepara tion by supercr it ica l carbon

d iox ide extraction

　D eodo rizer d ist illa tes (DD ) con ta in ing 4% (w t )

tocophero ls w ere m ixed w ith 32fo ld m ethano l (vöw )

and 0. 04% su lfu ric acid (w öw ). T he m ix tu re w ere

shakened and refluxed in 65℃ w ater fo r 3 h. D u ring

react ion, DD w ere con t inuou sly shaken. A fter

react ion, DD w ere w ashed to be neu tra l by 60～ 70℃

w ater, and then held a t 4℃ fo r 12 h. T he stero l

m ix tu re in the DD w ere rem oved by filt ra t ion under a

reduced p ressu re. T he stero l2rem oved DD w ere m ixed

w ith 100% m ethano l ( vöw ) and 0. 5% natrium

m ethano l (w öw ) , then pu t in to 74℃ w ater to be

refluxed fo r 2 h. D u ring react ion, DD w ere

con t inuou sly shaken. A fter react ion, DD w ere w ashed

to be neu tra l by 60～ 70℃w ater, and then held a t 4℃

fo r 12 h. T he stero l m ix tu re w ere then rem oved from

the DD by filt ra t ing under a reduced p ressu re. T he

resu lt ing m ix tu re w as evapo ra ted under vacuum to

rem ove m ethano l and sa lt so lu t ion. A fter rem oving

stero ls, the esterif ied DD con ta ined abou t 5% (w t )

tocophero ls.

　 T he supercrit ica l f lu id ex tract ion ( SFE ) system

u sed in th is study w as pu rchased from H uaan

Supercrit ica l Supp lem en t L td. T he type is HA 2312502
025. T he fea tu res of SFE system w ere as fo llow es: an

ex tract ion cell and a separa to r co lum n w ith fou r

d ifferen t tem pera tu re levels (2 m length, Υ175 mm. )

　T he esterif ied DD w ere pu t in to the ex tract ion cell.

A con t inuou s flow of CO 2 w as in troduced in to the

w ho le supercrit ica l system. W hen the opera t ing

p ressu re and tem pera tu re reached p lanned value and

sta t ic ex tract ion w as perfo rm ed fo r 10m in, tocophero l

concen tra t ion w as sta rted. F irst, fa t ty acid m ethyl

ester d isso lved by CO 2 under 120bar and 60℃ in the

ex tract ion cell w as separa ted in the separa to r co lum n

under 80 bar and 60℃260℃260℃260℃. T he CO 2 f low

ra te w as 15. 0 kgöh. W hen the w eigh t of fa t ty acid

m ethyl ester d idn’t increased, the p ressu re of

ex tract ion cell increased to 250bar to concen tra te

tocophero ls. T he first p rocedu re of SFE w as over.

T he ex tract ion tem pera tu re and the separa to r co lum n

tem pera tu re w ere changed to 40℃ and 40℃255℃2
70℃280℃ (from bo ttom to top ) respect ively, w hereas

separa to r p ressu re w as m ain ta ined a t 8. 0 bar.

Ex tract ion and separa t ion condit ion s w ere kep t

con stan t th roughou t the w ho le experim en ts. T he

resu lt ing concen tra te con ta ined abou t 16% ( w t )

tocophero ls. T he resu lt ing concen tra tes w ere co llected

and esterif ied. W hen all the w o rk ing condit ion s of the

second ex tract ion stage w ere reached, 4% m ixed

ethano l (m ethano l∶ethano l = 2∶1) w as pum ped in to

the ex tract ion cell and m ixed w ith CO 2. A fter sta t ic

ex tract ion fo r 15 m in, the SFE started. T he

fract iona t ion w as co llected every 10 m in (num ber 1, 2,

3) un t ill the w eigh t of a ll co llecto rs w as increased to

12% (w t) of the esterif ied DD. T he CO 2 f low ra te w as

25. 0 kgöh.

2　Results and d iscuss ion

　 SFE is w idely perceived as a techn ique fo r the

ex tract ion of low and m odera tely po lar com pounds[ 9 ].

　 T he ca lib ra t ion cu rve fo r H PL C analysis w as

ob ta ined by p lo t t ing the peak of tocophero ls in each

tocophero l ana lyte versu s its concen tra t ion. T he

ca lib ra t ion graph fo r Α2tocopherl w as linear from 1. 0

to 15. 0 ΛgömL. T he equat ion, ob ta ined th rough

regressiona l ana lysis of da ta fo r the Α2tocophero l

standard so lu t ion s (each datum is the average of five

determ ina t ion s) w as

y = 337187x - 546176　 (r = 0. 9992)

W here, y —— the peak area of tocophero ls; x —— the

tocophero l concen tra t ion, ΛgömL.

　F rom the equat ion s the concen tra t ion of the ana lyte

cou ld be determ ined. T he p recision and accu racy of

the m ethod w ere determ ined by p reparing poo ls of Α2
tocophero l standard so lu t ion s a t seven differen t

concen tra t ion s. T he value fo r Α2tocophero l fo r each

standard concen tra t ion w ere determ ined by five

repea ted analyses. T he R ela t ive Standard D evia te

(R SD ) value the slope w as 3. 4%. T he standard

erro rs w ere com p rised betw een 5. 6% and 9. 7%.

R eten t ion t im es fo r Α2, Β2+ Χ2 and ∆2tocophero ls w ere

6. 484, 5. 514 and 4. 753 m in, respect ively. N o

endogenou s m atrix com ponen ts w ere ob served near

the reten t ion t im es co rresponding to Α2, Β+ Χ2 and ∆2
tocophero ls.

　 It no ted tha t A PC I+ typ ica lly p roduces [M + H ]+

ion s. T hu s m öe fo r Α2tocophero l, Β2+ Χ2tocophero l

and ∆2tocophero l shou ld be 431, 417. 2 and 403. 3

respect ively in theroy. In fact, w e ob served from a, b,

c, d of F ig. 1 tha t m o lecu lar ion of Α2tocophero l, Β2+ Χ2
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tocophero l and ∆2tocophero l in the A PC I sou rce

respect ively genera ted ion s a t m öe 431. 4, 417. 2 and

403. 3 by M S and at m öe 430. 4 and 165. 0, 417. 3 and

151. 0, 403. 3 and 137. 0 by M S2. Fo rm ation of the

m öe 430. 4 species in the A PC I sou rce reflected the

facile one2electron ox ida t ion of Α2tocophero l by the

co rona discharge in the A PC I sou rce (F ig. 1).

F ig. 1　T IC, M S and M S2 of Α2Tocophero l Standard (a) , Α2Tocophero l in Samp le (b) ,

Β2o r Χ2Tocophero l in Samp le (c) and ∆2Tocophero l in Samp le (d)

　Fo rm ation of m öe 165. 0, 151. 0 and 137. 0 species

reflected the lo ss of the phytyl cha in. T he resu lts

w h ich w e ob served w ere con sisten t w ith ou tcom es

from theo ries. W e u sed the m ethod to check ex tracts

from DD w ith d ifferen t liqu id so lven ts, i. e.

m ethano l, ethano l. In addit ion, few er num ber of

in terfering com pounds in the supercrit ica l carbon

diox ide ex tracts w ere found in com parison w ith the

o rgan ic so lven t ex tracts and it w as po ssib ly due to lack

of the sapon ifica t ion step. T he p rocedu re described

w as sim p le, rap id and accu ra te and shou ld be of va lue

fo r the quan t ity of tocophero ls in ex tracts by

supercrit ica l carbon diox ide.
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超临界二氧化碳提取物中生育酚的L CöA PC I2M S2测定

周泉城1, 盛桂华2, 吴谋成3

(1. 山东理工大学轻工与农业工程学院食品系,淄博 250049;　2. 山东淄博矿业集

团有限公司,淄博 255120;　3. 华中农业大学食品科学技术学院,武汉 430070)

摘　要: 确定了一种简单,明确和灵敏的高效液相测定和检测超临界二氧化碳萃取物中生育酚的方法。通过加入携带剂,超临界二氧

化碳从菜籽脱臭馏出物提取生育酚浓缩物,其分析在反向色谱柱 Zo rbax C18上,用 98%甲醇作为流动相,UV 检测波长为 292nm , Α2
生育酚作标准物。此方法线性相关性较高。A PC I2M S和A PC I2M S2检测的各生育酚的m öe与理论预测值一致。

关键词: 超临界二氧化碳; 生育酚; L CöA PC I2M S2; 提取方法; 食品分析; 结构鉴定
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