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Development of fully-automated SPE-GC-MS system
enabling solid-phase analytical derivatization for the
wide targets and the wide concentration range analysis.
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Fig. 1. Relations of water conc. in solvent and the relative peak area,
when the compounds in solvent are loaded through the SPE and

are adsorbed by the SPE
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1st Sample loading

20% Water in ACN
Sample 40 pL

Z

Sugars : sample 0 + 2 = 2 L
Amino acids : sample 40 + 2 = 42 uL
Organic acids : sample 40 + 2 = 42 uL

2nd Sample loading

1% Water in ACN
Sample 2 puL
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B Automated SPE-GC-MS system with solid-phase derivatization

Automated pre-treatment time: 15 min

The time from
derivatization to

injecting is always .
fixed. Elutio .

Injection

I\/j
18

Flash-SPE
ACX

. LVI-S250

Spiral Insert

A A A Adding GC-MS
| = Methoxyamine

W

Conditioning Sample Washing MSTFA
Loading Dehydrating  Derivatization
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SPE-GC-MS system !
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Sample:

Vegetable juice ( 100 % )

- Sugars : 13.7 g/ 200 mL
Sample : 50uL (50mg)

——Added Water 150uL i

- Added ACN 800pL

Shaking (37°C, 30min)

Centrifuging (14000rpm, 5min)

- .
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SPE-GC Interface
SPE Cartridge
Sample Volume

PTV Injector
Insert Type
Injector Temp.

GC/MS
Inlet Mode
Split ratio
Flow Mode

Column
Oven Temp.

Trans. Line Temp.

MS
Ion Souce Temp.
MS Method

SGI-M100; AISTI Science
Flash-SPE ACX ;AISTI Science
40 pL

LVI-S250; AISTI Science
Spiral Insert
250°C(1min)-10°C/min-290°C

Agilent 7890B

Splite

50

Constant Flow, 1.2ml/min

VF-5ms, 0.25mm i.d. X 30m, df;0.25um
80°C(2min)-20°C/min-3109C(3min)

290°C

Agilent 5977B
280°C
SCAN, m/z;70-450
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* Concentration of amino acids and organic acids standard solution is 0.02nmol/pL

* Concentration of sugars standard solutionis 0.2nmoL/pL

Fig. 2. The SCAN total ion chromatogram of standard solution using SPE-GC-MS system with
automated solid-phase derivatization method
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Fig. 3. Relations of methoxyame derivatization reaction time in sorbent and
the relative peak area

AiSTI SCIENCE



IV
14:00

T T T

7

SINIL8-8501NS "EE -~ -~

SINLG-9souelAdoon|9 ge~ - __ __
SINLS-OW-8S0IN|9 "6¢C~
T-SIWLS-OW-8501aN4 BT  “~

T-SINLS-OIN-85030MJ4 LT~ "~

SIALLG-PIZE JNUIND QT — — - mmmmmmmmm -

A—ADM—=FIAA>0OOINIS

1
SINLp-PI2€ 2L 'G7 - - -~ TS
4=
L =S
1 -u"D.v
T
SIWLZ-aulueelAudyd ‘77 -~ - - -~ - - ] ”m
1 -
SINLE-PIOE u_EE:_u.oN!LL
1 -
1 U_O
SINLEVEVD LT~~~ N TP
SINLZ-p1oe djweln|BolAd ‘9T - - - - e - =]
) e — [ —
SINLE-pIoe 1 edsy "y T - =1
SINLE-PI2E DIEIA "ET - - —
Al
AP
TS
1 ;_ﬁ./”.
| —io
L1
“ju"
i Fi
1 \m“
SINLZ-2u1aNaT ‘G- | WH"%
| T ey ! .
SIWLE-PIoe dLoydsoyd ' —1o
1 nno
o m —
+1
I Lo
b
S LS
[ | LM.I“
S i 1
A n
N SINLZ-aluely T~ —,
o ! E
. ! {
—Iio
2 RS
= I L1
ope
— [y
< L = ~ - o
=~ (=} [e=} (e} (e}
= ¥ e e ¥
\\ W @ @ @A
3 S S) S) o |
=~ . L
— o [aN] — o=
=

£F

14:00

10:00

SWLg-auiBeedsy "gz--

SINLp-pIoe dUBLEL "TE- -~

3

SIALLZ-OINI-PIoE J1eIn|B03ay *6T - - - -

SINLp-p1oe 21luoaJyL 8T - - -

13:00

09:00

08:00

SINLE-BUIUOIYL T~ _

MjLw L
07:00

SIWLE-RULBS "TT- -~

SINL1Z-p1oe duewny 0T~~~

SILE-3UPAD 'g SIAILLZ-P12B 2IUIING ' ~
SW1gZ-duljold L - - = ========

SWLZ-aunajos| 'g----""" =
@
fas]

SINLZ-BUIBA ' - - — =

SINLZ-PIoE JUORN T -~
=)
F©

o w0
o]

1

o

2 W

)

)

w

=

™ o

- R}

O w =

=]

=

T T snan ARAESEREERERLS

—

g

™~

3 © © w0 re) o

o o) o) S [ S

= T T T T T

- 28] [25] 25| 25} 25PN

o o © o o =

& ™ — o L DHI_A
o

Fig. 4. The SCAN total ion chromatogram of the Vegetable juice using SPE-GC-MS system with automated

solid-phase derivatization method
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Peak area
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Fig. 5. Relations of sample loading weight into SPE and the peak area
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Reproducibility

Table 1. Reproducibility of peak area with the vegetable juice using SPE-GC-MS system

No. Compound Name 1 2 3 4 5 6 7 8 9 Ave. RSD, %
1 Alanine-2TMS 309,232 299,640 318,036 318,842 315,043 272,857 305,730 295,444 309,714 304,949 4.7
2 Malonic acid-2TMS 208,582 189,833 201,318 217,085 216,140 198,379 203,238 191,479 216,319 204,708 5.1
3 Valine-2TMS 960,530 944,208 939,079 970,635 985,122 871,585 898,551 909,080 936,718 935,056 3.9
4 Phosphoric acid-3TMS 1,756,612 1,694,987 1,784,167 1,836,775 1,827,143 1,660,757 1,749,686 1,702,251 1,751,900 1,751,586 3.4
5 Leucine-2TMS 601,172 586,871 587,744 600,653 621,488 554,859 570,432 575,573 591,554 587,816 3.3
6 Isoleucine-2TMS 751,499 747,502 736,942 752,151 779,765 699,042 711,541 729,201 735,950 738177 3.2
7 Proline-2TMS 1,288,714 1,218,445 1,407,490 1,334,588 1,329,392 1,081,513 1,375,465 1,312,913 1,363,408 1,301,325 7.6
8  Glycine-3TMS 89,045 87,017 98,592 92,452 90,010 76,391 89,074 90,300 87,304 58,909 6.6
9  Succinic acid-2TMS 29,739 23,133 30,237 30,525 32,616 27,129 30,293 31,474 36,726 30,208 12.3
10 Fumaric acid-2TMS 128,060 116,140 131,005 130,524 133,252 112,729 119,974 120,408 127,689 124,420 5.8
11 Serine-3TMS 650,133 583,530 750,466 657,756 637,197 485,637 728,192 630,276 663,495 642,965 12.0
12 Threonine-3TMS 406,488 364,652 467,699 416,534 389,974 305,476 454,202 398,677 419,286 402,554 119
13 Malic acid-3TMS 658,012 606,845 674,655 676,875 692,215 610,983 640,943 619,416 648,554 647,611 4.7
14 Aspartic acid-3TMS 1,305,807 1,129,009 1,373,062 1,371,520 1,304,608 1,072,929 1,342,124 1,251,515 1,296,873 1,271,939 8.3
15  Methionine-2TMS 76,880 73,494 82,248 83,206 78,838 65,815 76,409 73,669 75,318 76,209 6.8
16 Pyroglutamic acid-2TMS 1,507,913 1,201,840 1,508,232 1,481,026 1,448,978 1,264,946 1,557,010 1,514,768 1,629,979 1,457,188 9.4
17  GABA-3TMS 2,542,372 2,602,287 2,557,843 2,512,557 2,552,924 2,315,690 2,411,967 2,436,148 2,323,088 2472764 4.3
18  Threonic acid-4TMS 55,285 43,538 51,469 55,132 54,195 49,244 51,484 53,862 55,673 52,209 7.5
19  Ketoglutaric acid-MO-2TMS 17,868 16,102 17,882 18,944 18,368 15,912 17,310 16,945 17,930 17,473 5.8
20  Glutamic acid-3TMS 525,855 477,961 611,719 553,865 537,058 439,154 582,209 560,490 546,821 537,237 9.7
21 Tartaric acid-4TMS 43,340 41,410 44,526 46,738 47,503 40,921 42,245 43,569 43,327 43,731 5.1
22 Phenylalanine-2TMS 667,786 660,171 690,655 684,132 684,002 602,503 633,106 627,284 647,507 655,238 4.6
23 Asparagine-3TMS 759,004 647,104 1,084,240 847,659 721,506 553,957 1,014,838 837,951 868,853 815,012 20.6
24 |socitric lactone-2TMS 66,484 63,382 67,778 68,936 68,584 60,753 63,586 62,133 66,714 65,372 4.6
25  Citric acid-4TMS 460,310 456,724 467,157 481,998 463,505 460,047 457,736 460,394 468,343 464,024 1.7
26 Quinic acid-5TMS 692,038 529,048 618,111 685,115 648,835 570,799 644,134 648,984 666,745 633,757 8.4
27  Fructose-MO-5TMS-1 3,108,238 2,916,943 3,214,863 3,135,053 3,159,948 2,827,150 2,875,550 2,909,797 2,913,831 3,006,819 4.8
28 Fructose-MO-5TMS-2 2,884,998 2,685,101 2,949,573 2,872,898 2,970,960 2,573,463 2,635,856 2,662,894 2,688,086 2,768,203 5.4
29  Glucose-MO-5TMS 1,613,724 1,529,616 1,776,368 1,671,418 1,741,960 1,497,934 1,591,229 1,555,306 1,687,477 1,629,448 5.9
30 Lysine-4TMS 82,260 80,636 79,743 69,404 74,609 61,603 59,487 67,651 59,038 70,492 13.1
31  Tyrosine-3TMS 335,744 328,502 351,046 317,751 323,455 259,785 261,555 278,977 273,981 303,422 115
32  Glucopyranose-5TMS 5,311,786 5,344,811 5,382,340 5,076,072 5,775,920 4,674,815 4,834,295 4,901,459 5,476,152 5,197,517 6.8
33 Sucrose-8TMS 862,302 881,842 910,611 862,117 947,902 801,334 863,685 847,403 911,865 876,562 4.9
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09:40 0942 0944 0646 0948 0950 0952

29. Glucose-MO-5TMS

09:30 0852 0934 0956 0958 1000

30. Lysine-4TMS

10902

0856 0958 1000 1002 1004 1006 10908

31. Tyrosine-3TMS

1252 1234 1256 1238 1300 1302 1304

33. Sucrose-8TMS

Fig. 6. Reproducibility of ion chromatogram of the vegetable juice using SPE-GC-MS system (n=9)
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