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ABSTRACT. An effecient gas chromatographic method is deseribed to be used routinely for the rapid
profiling and identification of biochemically important organic acids. It involves the solid-phase extrac-
tion of organic acids from aqueous samples using Chromosorb P as the solid sorbent and diethyl ether
as the eluting solvent, with subsequent triethylamine treatment. The resulting triethylammonium salts
of acids were directly converted to volatile fer# -butyldimethylsiyl derivatives, which were simultane-
ously analyzed by two capillary columns of different polarity, DB-5 and DB-1701, under the identical
temperature programming condition. The retention index (R} and area ratio (AR) values of each peak
measured on DB-5 and DB-1701 enabled rapid identification of acids by computer RI library search and
AR comparison. The application of the present method to the organic acid profiling of various complex
samples is demonstrated.
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Foll 4% o7} ¥ 9Py
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2 A9 sjofyc). YA 22 {714k alkyl ester-}
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M-519) SAA peak7t W2E AHel A

T, U 5714 Aol nALFEY S
A4sle] e 24 @ 52T HuE &
A Yol ok &4 FAE HEEH7] H8 £
dFAd e 429 {714 triethylamine &2
2]ste] v]FAA triethylammonium@ 2.2 =
F, uhgHo] E2 silylation Al2F2l N-methyl-N
{fert -butyldimethylsily)trifluoroacetamide (MTBS-
TFA)$t AF WAAA #7142 TBDMS H%
A2 AYAF)2 GColl ol FHsle PHPE 2
2% wl AP

Gas chromatography-mass spectrometry (GC-
MSyHe) E4alol %714 T3] HMAE, *
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714t FF2ER2 retention index RDS reference
library S 243t 7} peakd RI 33} dl=3lo F
B3 WS AT & U )9 & R F
AL 4 FTHe) M2 JE F o144 columnd
AHEE W oS Alsles) Zoidke) 2R F oco
lumn?H% A2 73 $-olE RI value setell d#lA
RI FAYE A48l dAAeR 7 peak® T3
82, 5 columnsl 42 area ratio(AR)E H] L3}
peakS% AN ¥ F USE& BAadfgrys, o F
A3l AlEE ARl columnWE F43He
splitless mode & injection #}e}3104%, dual-capillary
column chromatography® ¢]-4% w B4R
249 4 22 injection errorel]l W L XE YA
F ek

el & QFeixe 917) ARG o 8,
g {7]405S TBDMS #EAE gHE<] splitless
mode2 F4A17] ¥ dual-capillary cofumn chroma-
tography & ~H8-3td FAI A8k 2t §-7]4ke) RI
set® T3k RI library€ 2H43slted FFelviel i
Bt 44 AE2ZY-H o]0 R 2AH A4S
297 FEAYAYE ALt #7108 £4,
432 TBDMS #x#E %HE°! dual-capillary
column GCE AHE-8f FAHEH & T8 8tsich 28
computer® ©l43 Rl values® T3} RI lib-
raryS FM3t 7} peakd FHET area ratiod
v) st o)F At £ L F7144E
243 AR Yo sy o 4% ¢ dSE
FA}staal ohedgt 49 ARl Hgsu.

9 H

Ay ¥ AR, & AYedA AR AtEe
2% g EE Adggelsich 21719 23 Au
Ah2 alZe] AnalabsAhd AltechAF2¥-E] 3}
Hed, x| {74 Sigmarte} AldrichAl2
e F93sich Silylation A1l MTBSTFA®
v]lFe}  PierceAlRAE  Flste  AE3gen
isooctane, 34, 2, sodium bicarbonate Y
9] Junseirtd] & AH&3tlck TEAE analytical
grade® KOHZ 72zt Al4-392m Chromo-
sorb P (AW, 80~100 mesh)= v SupelcoAt9]
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XefZolAdtk, Winedt Cheese A& 7113}
A3 v)AYE uiFY (actinomycetes)S KAIST A
n okt wjokd-g Ahgstdch

7171 ¥ BY=AU. AHR 717]e HP-5890A
gas chromatograph®} HP-3392A integrator 2¥].2
HP-5805A GC workstation °]1%1.27 column-g 7
Z J&WALS DB-5%} DB-1701 fused silica capil-
lary column (30 mX025mm LD., df 0.25#m)=&
283kl 32, guard column2EA4E Supelcorhsd
deactivated fused silica tubing(1 mX025mm I
D& AH&-3hsirl

Dual-capillary column GCE 84 GC9] inlet]]
guard column® 232, F 702 columng guard
column®ll FAlo]l 287 18 )7 UnimetricsAk
2) Chromfit Y splitter (025 mm LD)& AH8-3}d
o},

= column®) X+ 60 CelM 287 FA% ¥
Bl 4 TR A5AA 280 Tl A 3057 FA1814.
Flame ionization detector (FID)2] &%+ 300 €°]
912, injection BHH-2 splitless mode& AH-&-3tith
ol Wl injection port®] &£X+ 220CR2™ purge
delay timee 42&2 2Ast9ck Column 2] %
714 q) RA7pA9] $-4-2 0.85~0.87 mi/min (DB-
5), 0.88~0.90 m//min (DB-1701)°1%ic}k. Z A&
FIRL 03~04 #0102 B2l peaks 4 RI 3k
% 73l7] A 04 8] EEedeL EFEY
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Toll 4 547k 7t whg-A1A FrEM3t shdct

44 A8l AFE (wine, cheese solution,
o) Q& slokd) olo] Bt whye) o 7 A
B2 sodium bicabonate® X3}2]7) F diethyl
ether® 28l ether®€ WX TEAFNA 1
miE Askdct o)AL W’ Pty 44
3}417] 2 (pH 1) sodium chloride 2 £32]7t ¥ Ch-

romosorb P columnell &¥3A)Ac}. Diethyl ether 4
mE E3A)A el ether £25YL TEA (20
st EAR F ARAF1Z (5 magnesium
sulfate) F&4171 ¥ fo AFa whel wel &
SA5 AR}

Algst Zo]l FUR E3eIHPAE reference
peak® 3led GC Chemstation BASIC programel
93] 7+ A|&2 peakE9 RI valuess F313, RI
library searching® $3t EAdsigch 49 Z
peake} Y- EEEF A area ratioF 7 columnell
A el P EHE peak -2l area ratio® B3t
Al tgich ol HE FRAdAE 10%5
st

ot o 3g

Dual-Capillary Column System. )&% DB-5¢}
DB-1701 dual-columnell 4} £4 ¢ + U=%F co-
lumn} W7ol 22 deactivated fused silica tubing
E B injectorsh AYTE 71 YAH splitterel
QA48 ¥ F column? splitter 5 7ol A7 o
Aslgr), H2el Ags)7] A3 Y splittere ¥
e e 7gel £ columnEE AFE T UEE
g}, 22 F200C o4 7k S A columnE-#l poly-
imide coating®] splitter el ¢]& @3] 3y
HER st PAFEe] YEF HEct

4% A ¥ silica tubing® A3 ¥ Y split-
teroll 4] ¥ columniE ¥¥% ¢l DB-5% DB-1701
column®] FAE (A, Zel, 232 FA) ¢
FEE WY 2AY w7l gounR s A7)
1:1 ¢4 2:3 982 ¥g54c) 22 484
2e0 HAR 242 F2=E methyl linoleateE
WREEFEAYE AHS-37] d-Fol area ratioollE
FAZE BA k.

olm] & wpel 2o|U Y splitters} 1m Aolut
5} silica tubing®) dead volumn % %-& #9] £
#eo 2 F columnd #2lFe] AH3EA w4kt
Silica tubing® A1&E splitless injection ¥ o &
s EFE Z7HA17)E retention gap” AEVE
£ 727}9) capilary columnSo) 2GEE AFol
£48)e Bo 2 2E ¥ 33 guard column JE-8
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Splitless injection ¥ v S-elazlE 323 27 #7714 TBDMS RTH|2| RI Library 54, RI
A e ABFUE) 05 u! olAdolelok o} £ searching® o] &% {7142 FAL Sl Table
FHeialsr BELAT 54 F4I8HA v Agde 13 22 9o Ay He’ F93F TRNMS #
Lo 2 A}8% isooctane 04~0.5 wlE A8} 2ol =AM RI library® 2HAdsksdr), 32h¢] RI 32 33

Table 1. Retention index values of organic acids as TBDMS derivatives

No. Acid DB-5 BD-1701 No. Acid DB-5 DB-1701
1 Formic 877.16 * 47 Phenyl lactic 2047.18 212759
2 Acetic 930.40 980.89 48 Pimelic 2069.96 2173.64
3 Propionic 1017.47 1066.05 49 Myristoleic 2077.65 2139.43
4 Isobutyric 1056.47 1125.26 50 Myristic 2086.96 2139.24
5 Butyric 1102.70 1148.84 51 Hippuric 2095.38 2366.59
6 Isovaleric 1150.42 1193.93 52 p—-0OH pheny! acetic 2113.80 2211.29
7 Valeric 1195.72 1243.17 53 - OH benzoic 2121.81 2218.81
8 Caproic 1291.00 1339.10 54 Phthalic 214293 2274.84
9 Enanthic 1388.11 1436.72 55 Ketopimelic 2143.57 2218.73

10 Caprylic 1485.86 1535.03 56 Suberic 2171.23 228236
11 Benzoic 14.86.42 1575.25 57 Malic 2171.56 2239.89
i2 Lactic 1490.27 1532.78 58 Pentadecanoic 2186.25 2240.30
13 Glycolic 1506.38 1563.58 59 Oxalacetic 2298.50 2376.41
14 Phenyl acetic 1524.76 1622.50 60 4-0Oh-3-methoxy 2248.78 2365.43
15 Pyruvic 1534.67 1576.87 phenyl acetic

16 Oxalic 1548.59 1643.99 61 Vanillic 2258.97 2370.38
17 Pelargonic 1584.67 1634.40 62 Palmitoleic 2270.65 2334.03
18 a-0OH isovaleric 1605.12 1637.75 63 Azelaic 2275.33 2382.72
19 a-0OH valeric 1620.77 1656.45 64 Palmitic 2288.76 2342.38

20 Malonic 1640.17 1727.90 65 Sebacic 2376.56 2487.67

21 a-0OH isocaproic 1652.89 1685.91 66 Tartaric 2375.81 2461.65

22 Methyl malonic 1658.20 1737.12 67 Margaric 2388.44 2443.83

23 Capric 1684.17 1734.50 68 ¢is-Aconitic 2388.78 2495.21

24 a-OH caproic 1701.10 1734.91 69 Syringic 2392.54 2515.94

25 Ethyl malonic 1721.89 1797.16 70 7-Resorcylic 2410.68 2484 .80

26 Succinc 1759.14 1851.82 71 - OH mandelic 2427.15  2498.52

27 Methylsuccinic 1769.16 1936.25 72 Gentisic 2449.71 2518.99

28 Maleic 1769.54 1831.24 73 Linoleic 2463.33 2547 45

29 Phenyt propiolic 1774.87 1903.44 74 Oleic 2466.71 2527.55

30 Citraconic 1783.78 1846.37 75 Petroselinic 2466.71 2531.99

31 Undecanoic 1783.80 1834.73 76 Linolenic 2471.87 2557.15

32 Fumaric 1786.92 1875.63 77 Elaidic 2473.28 2544.39

33 { - Cinnamic 1788.48 1911.54 78 B-Resorcylic 2484.37 2562.50

34 [taconic 1790.70 1879.99 79 a-Resorcylic 2484.56 2562.64

35 Glutaric 1857.03 1956.56 80 Stearic 2490.47 254582

36 6-Pheny] valeric 1871.21 1980.80 81 Homogentisic 2512.37 2594.62

37 3-Methyl glutaric 1872.50 1861.54 82 Protocatechuic 2537.68 2620.72

38 Lauric 1883.92 1935.42 83 Dodecanedioic 2580.05 2788.74

3¢ Mandelic 1902.72 1902.42 84  p-OH phenyl lactic  2602.01 2675.39

40 b~ Aminobenzoic 1967.57 2121.47 85 11-Eicosenoic 2621.49 2711.81

41 Phenylpyruic 1932.56 202093 86 Citric 2626.39 2681.20

42 3,4-dimethoxy bezoic 1958.26 2161.46 87 rachidonic 2633.32 2731.81

43 Adipic 1966.68 2073.12 88 Ascorbic 2642.35 2986.49

44 Salicylic 1970.53 2047.69 89 Arachidic 2684.89 2745.86

45 Tridecanoic 1984.44 2037.51 90 Erucic 2817.26 2923.77
46 3~Methyl adipic 1990.88 2092.50 91 Docasahexaenoic 2864.43 2933.65

*Not calculable due to co-elution with a reagent peak. DB-530mx0.25mm I.D., 0.25 um) and DB-170
(30m x 0.5mm 1.D., 0.25 g#m) at 60°C(2min) to 280°C at 4 °C/min.
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Fig. 1. DB-5{A} and DB-1701(B) dual-capillary gas chromatographic separation of a mixture of 91 organic acids stan-
dards as fert -butyldimethylsilyl derivatives. Peak numbers corresond to the numbers in Tadle 1 and GC conditions are
in the text.
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Fig. 2. DB-5{A) and DB-1701(B) organic acids profiles of wine. Peak numbers correspond to the numbers in 7able 1
and GC conditions are in the text.
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Fig 3. DB-XA) and DB-1701{B} organic acids profiles of cheese solution. Peak numbers correspond to the numbers in
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Fig. 4. DB-5(A)and DB-1701(B) organic acids profiles of microbial product. Peak numbers correspond to the numbers
in 7able 1 and GC conditions are in the text.
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ke Aysie] 2 gEY JFULE shalen of
o EFHAl7b £05 ©132A split injection @2}
vl sle] Wxto) glo] & ANAVAE vhehl ek of
w Sut7) A $4, eV AR, ARFIUE, 2=
programming £7& A= E 23Nk Fig 1
9] AA #7452 TBDMS #4119 dual-column
GC profiled M2 ¥l2& o $-2-2] 714459 elu-
tion ordere B} A @42t 2R {71454 elution
order”t BHH L -2} F-resorcylic acids § co-
jumnell 4] M2 Fel= A ¥t

£ AlRoMS] R £4. 2 whEE A
28k} $49 AE (wine, cheese solution, U1 4&
sjeralySe] f7)4he BAstch 7 AJRENE
g #ed $714He 7129 partitione ¥ FEY
Hrpe 228 Zo dYye o, FReY T
slsie}. Fig 2~4% 7z A12E9) dual-column chro-
matogramS-& BojF3 glek 2 Al Sl HfA
RI 7l 4 2 library searching, area ratio 4} % area
ratio W& stdon 2 ¥ A Table 2~4°l

Tuble 2. Organic acids in wine

. RI Amount
Acid DB-5 | DB-1701 | (Y/N)
Acetic 930.21 9480.32 N
Propionic 1017.33 | 1066.14 Y
Isobutyric 1056.20 | 112496 Y
Butyric 1102.45 | 1149.02 Y
fsovaleric 115045 | 1193.87 Y
Valeric 1145.60 | 124299 Y
Caproic 1291.04 | 1339.02 Y
Caprylic 1485.90 | 1533.02 N
Benzic¢ 1485.90 | 1575.40 N
Lactic 1490.01 1233.02 N
Pelargonic 1584.55 | 1634.45 Y
a-(H-jsovaleric 162.74 | 1656.55 Y
Malonic 1640.12 | 1727.87 Y
e-(YH-isocaproic 1652.77 | 168602 Y
Ethy! malonic 1721.77 | 1797.05 Y
Succinic 175907 | 1851.92 Y
Glutaric 1857.10 | 1956.42 Y
3-methylglutaric 1872.61 | 1961.02 Y
Salicylic 1970.67 | 2047.25 Y
Palmitic 228874 | 2342.45 Y
Stearic 2490.35 | 2545.77 Y

3=13lch. Area ratio® ¥IRY o Alje v} 10%
ol 3 Y, 10 % l4tal HASele NoB ¥4 s}
Wine®} cheese solutuon®l A= ZHz} 21708] 714}

Table 3. Organic acids in cheese

. RI Amount
Acid DB-5 |DB-1701 | (Y/N)
Formic 877.05 N
Acetic 930.37 480.78 N
Proionic 1017.30 | 1066.10 Y
Isobutyric 1056.44 | 1125.30 Y
Butyric 110256 | 1148.54 N
Isovaleric 1150.33 | 1193.87 Y
Valeric 1195.70 | 1243.22 Y
Caproic 1290.92 | 1339.21 Y
Enanthic 1388.20 | 1436.65 Y
Caprylic 1485.95 | 1533.02 N
Benzoic 1485.95 | 1575.32 N
Lactic 1490.30 | 1533.02 N
Glycolic 1506.41 | 1363.62 Y
Pelargonic 1584.56 | 1634.34 Y
a-QH-isocaproic 1653.94 | 1685.88 Y
Capric 1684.20 | 1734.47 Y
Succinic 1759.20 | 1851.74 Y
Lauric 1883.99 | 193540 Y
Myristic 2086.89 | 2139.20 Y
Patmitic 2288.70 | 2342.42 Y
Stearic 2480.42 | 2545.90 Y

Tabie 4. Organic acids in microbial product

. Rl Amount
Acd DB-5 | DB-1701 | (Y/N)
Formic 876.84 N
Acetic 930.37 980.69 N
Propionic 101743 | 1065.99 Y
[sobutyric 1056.5¢ | 1125.30 Y
Butyric 110,65 | 114890 Y
Isovaleric 1150.68 | 119387 | Y
Valeric 1195.60 | 124321 + - Y
Caproic 12491.05 | 1339.05 Y
Enanthic 1388.05 | 1436.65 Y
Benzoic 1485.87 | 1575.30 Y
Lactic 1490.24 | 1532.68 Y
Glycolic 1506.42 | 1536.70 Y
Phenyl acetic 1524.51 | 1622.57 Y
a-()H-isovaleric 1605.07 | 1637.62 Y
Succinic 1759.10 | 1851.62 Y
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243 el area ratio WlEd| WE Yo
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