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Abstract

To develop a simple, rapid and simultaneous analytical method of phenolic compounds using gas chroma-—
tography (GC) and gas chromatography/mass spectropbotometer (GC/MS), this experiment was carried out
to search the retention times of capillary columns and the characteristics of fragment ions in electron impact
mass spectra. Most of trimethylsilyl derivatives and underivatized phenolic compounds were separated very
well on three kinds of capillary columns (HP--1, Ultra~2 and HP-35). Quantitative determination of phenolic
compounds was achieved by internal standards (p-hydroxybenzeic acid isopropyl ester, p~hydroxybenzoic
acid ethyl ester). Calibration plots were linear in the investigated range, and the limits of detection were
about 5 ng at split mode method. When analyzed by three columns, the separation times were fairly constant
on two nonpolar columns, but a few compounds showed slightly different separation order by the intermediate
polar HP-35 column. The important characteristic patterns of TMS derivatives of phenolic compounds on
the EI/MS spectra appeared at the base peak of [M-15]" ion and presented at high abundance in most TMS
derivatives of phenolic compounds. [M1*, [IM=~CH3;-COO]", [M-Si (CHa),]* and [M-Si (CHa)4-CHal" ions were
also observed in mass spectra of these compounds. Although several compounds have the same retention
times on GC column, it might be possible to identify these compounds by the different patterns of mass
fragment ions. The TMS derivatives, thus, provide additional information for identification of phenolic
compounds in biological systems.
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INTRODUCTION

Phenolic compounds are commoenly occurring constit~
uents in the plant world. The interest of phenolic com-
pounds in food have been increased scientifically and
commercially in recent years. Phenolic compounds aid
in the maintenance of tissue, fresh flavor, taste, color
and prevention of oxidation deterioration. Recent finding
suggest that these compounds might be useful bicactive
components due to antioxidative (1-3), antinflammatory
(45), antimutagenic (6,7), and other biological active prop-
erities (),

The phenolic compounds which oceur in food material
may be classified into eight groups, namely, simple phe-
nols, henzoic acids, cinnarnic acids, coumaring, lignans, fla-
vonoids, tannins and lignins (9}, These compounds are
distributed widely in plants and are also found in proc-
essed foods of plant and medicinal plants.

Qualitative and quantative analysis of phenolic com-
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pounds mainly depend upon thin-layer chromatography
(TLC} {10}, column chromatography (CC) (112, high per-
formance liguid chromatography (HPLC) {10,12-17) and
gas chromatography (GC) {10, 18-21), TLC gives dif-
ficulties due to its poor separation and quantification. CC
requires highly trained technigues and limitaticn for com-
mon uses because of time consumption and economic
reason. HPLC is widely used for the determination of
phenolic compounds but it is difficult to identify the
compounds with similar retention time and their isomers.

This study was aitempted to establish & rapid, accu-
rate and simultaneous analytical method for the phenolic
compounds widely distributed in food by GC and GC/MS,

MATERIALS AND METHODS

Reagents and standards

Phenolic acids tested in the experiment were three
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simple phenols, twelve benzoic acids, nine coumarins
and fourteen other phenolics. Three simple phenols were
of catechol, resorcinol and pyrogallel. Twelve henzoic
acids were of benzeic acid, salicylic acid, m-hydroxy
benzoic acid, p-hydroxy benzoic acid, gentisic acid, ¢
~resorcylic acid, B-resoreylic acid, protocatechuic acid,
gallic acid, 2,3,4-hydroxy benzoic acid, vanillic acid and
svyringic acid. Six cinnamic acids were of trans-cinnamic
écid, o-coumnaric acid, p-coumaric aid, caffeic acid,
ferulic acid and sinapinic acid. Nine coumarins were of
umbeliiferon, 4-hydroxycoumarin, scopoletin, esculetin,
4-methvlesculetin, fraxetin, esculin, dicoumac], psoralen
and methoxalen. Fouwrteen other phenolics were of cinnanic
alcohol, cinnamic aldehyde, thymol, chlorogenic acid,
vanillin, o-hydroxyacetophenone, p-hydroxyacetophenone,
acetosyringone, homovanillic acid, homovanillic alcohol,
homoveratric acid, guinic acid. isosafrol and eugenol.
The standards of phenolic compounds were purchased
from Sigma and Aldrich. Internal standards were p~
hydroxy benzoic acid isopropyl ester and dehydroacetic
acid (Tokyo Chemicals Co.} and 1,1,1,3,3,3-hexameth-
visilane (HMDS) and trifluoroacetic acid {TFA) for de-
rivatization were obtained Jansen Co.

GC analysis

A gas chromatography (Hewlett Packard, mode] 5890
series [1) equipped with a flame lonization detector
(FID) and three different capillary columns, ie HP-]
(0.20 um » 0.33 tm % 25 mm, nonpolar), Ultra-2 (0.20 mm
0,33 um % 25 mm, nonpolar] and HP-35 (0.32 1im < 0.25
urn X 25 mm, intermediate) were used. The injector and
detector temperature was 250°C and 300°C respectively.
Split mode (1:30) was applied to sample injection. The
carrier gas was N and head pressure was 10 psi for
HP-1 and ultra-2 and 5 psi for HP-32. Oven temperature
profile was 100°C initial temp, Smin. initial holding temp.,
7°C/min. increasing rate 320°C final temp., and 20min.
final holding time. Data system recorded by HP 3360
integrator.

GC/MS analysis

GC/MS apalysis was performed with a Fison In-
strument MD 800 system equipped with a ultra~2 (0.20
mm X033 um X 25 mm, nonpolar) capillary column. The
carrier gas of He and inlet pressure on the column at
10psi and split moede (1:30) was applied for sample

injection at 250°C. Oven temperature profile was as the
same as the GC-FID analysis. The column was connected
through the interface to the mass specirophotometer at
270°C. Mass specira was obtained at 70 eV over 40~800
amu at a mass filter. Source temperature was 270°C and
iniection volume was 1pl The data system employed
the program was developed by Fison Co. The libraries
developed by National Institute of Standards and Tech-
nology (NIST) and Willey were used for the identifi-
cation of mass spectra.

Aanalysis of trimethylsilyl derivatives

The derivatization method using pyridine, HMDS and
TFA was used {21). 12 mg of each phenoclic compound
was dissolved in 0.5 ml of anhydrous pyridine and 0.45
ml of HMDS in a screw-cap vial and b0ul TFA was
added. The mixture was shaken vigorously for 10 sec
and maintained at 70°C for 5 min in water bath until the
solution became clear. GC/MS analysis was conducted
on the solution that was diluted 50 times. For GC anal-
ysis, 10mg of each phenolic acid was dissclved in 20
ml of methanol, and 1, 3, b and 10mi of this solution
was taken and dded at 40°C in vacuum by using rotary
evoporator. Each of the residue was derivatized by the
above method using pyridine with internal standard
{para oxvhenzoic acid isopropylester) and the volume of
test solutions was finally adjusted to 1 mi.

Analysis of underivatized phenglic compounds

Ten mg of each phenolic acid (psoralen, methoxaler,
1sosalrol, eugenol and cinnamic aldehyde) was dissolved
in D0 ml of methanol, and was analvzed by GC/MS. For
GC analysis, 10 mg amoeunt of each phenolic compounds
was dissolved in 20 m] of methanol, and then, 1, 3, 5 and
10ml of the solution were evaporated and dried at 40°C
under vacuum by rotary evaporator. Each residue was
dissolved in 10 m! of methancl and mixed with internal
standard {dehydroacetic. acid).

RESULTS

TMS derivatives of simple phenols

Fig. 1 and Table 1 show a typical total ion chro-
matogram (TIC) and EI/MS spectral data of three TMS
derivatives of simple phenols separated on ultra-2 cap-
illary column. As the results show, Peak No. 1 and 2,
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Fig. 1. Total ion chromatogram of TMS derivatives of simple phenols (A) and mass spectra of pyrogallol (B).
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Fig. 2. Total ion chromatogram of TMS derivatives of benzoic acids (A) and mass spectra of gallic acid (B).

isomeric phenols with two hydroxyvl groups, are separated
very well and their spectra also appeared a distinct
difference. In the case of resorcinol, an IM-15]" ion
{m/z 239) is a base peak and mclecular ion, [M]" ion
were present at high abundance, but [M]", [M-15] " (M-
CHal™), [M-88]" (IM-Si (CHz)al ") and [M-103]" (IM-Si
(CH3)4~CHa] ") fragment ions were relatively weak in

catechol. The pyrogaliol with 3-hydroxyvl groups show

its hase peak at m/z 73 ion. While [M]" and [M-CHs}™
ions are weak, The m/z 239 ion suspected as [M-Si
{CHs}-CHal' are resulted in a high abundance (71%).

TMS derivatives of benzoic acids

Benzoic acids are widely used as a synthetic preser—
vative in various foods and six kinds including para-oxy

Table 1. Principal ions ohserved in the EI mass spectra of TMS derivatives of simple phenols

Peak . . MW. Fragment ions

No. Systematic name  Common name  M.W. (TMS) m/z, (intensity as % of base peak)
1 1,2-henzenediol catechol 110 254 254 (123, 239 (6), 166 (4), 151 (6), 136 (&), 73(100)
2 24-benzenediol resorcinol 110 254 254 (B5), 23901000, 147 (13), 133 (22), 91 (17 73 (69}
3 234-henzenetriol  pyrogallol 126 342 342 (23), 327 (5, 239 (71), 210 {11), 133 (13}, 73(100)
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Table 2. Principal ions observed in the EI mass spectra of TMS derivatives of benzoic acids

Peak Sy . G na MW MW. Fragment ions
No. ystematc narne CDION. hathe T {TMS) m/z, {intensity as % of base peak)
benzene carboxylic acid benzoic acid 122 194 194 (7, 1790100), 135 (53), 105 (B0, 77 {39

4

5 Z-hydroxy benzoic acid salieylic acid
& 3-hydroxy benzoic acid

7 4d-hydroxy benzoic acid

8 4-hydroxy,3-methoxy benzoic acid
§ Z5-dihydroxy benzoic acid

10 35-dihvdroxy henzoic acid

11 24-dihydroxy bhenzoic acid

12 34-dihydroxy benzoic acid

13 4-hydroxy 3 o-dimethoxy benzoic acid syringic acid
14 23 4-trihydroxy benzoic acid

vanillic acid
gentisic acid
d-resocylic acid
B-resocylic acid

m-hydroxy benzoic acid
phydroxy benzoic acid

praotocatechuic acid

133 282 282 (D), 267(100), 206 (19}, 135 (18), 73 (92)
138 282 282 (29), 267(100), 223 (63), 193 (54), 73 (39)
138 282 282 (17), 267(100), 223 (97), 193 (66), 73 (80)
168 312 312 (40), 297Q0000, 267 (80), 253 (60), 73 (70
154 37 370 (), 356501007, 297 (10), 223 (11), 73{100)
B4 370 300100), 355 (82), 311 29) 70 (28), T3(100)
154 370 370 (1), 356100y, 281 (18), 223 (7), 73 (58)
1 30 370 (:)9) 335 (43, 311 49‘) 1931000, V3 {48)
/s 342 327(100), 312 (69), 297 (79}, 73 {52)

(

(18

{

56, (

170 458 4:)8 (O), 44301000, 281 (48), 147 (16), 73 {95)
J,

15 345-trihydroxy benzoic acid galiic acid 176 458 458 (20y, 443 (12), 2814160, 179 (11}, 73 (81}
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Fig. 3. TIC chromatogram of TMS derivatives of cinnamic acids (A) and mass spectra of sinapinic acid (B).

family are permitted to use in food in Korea.

Fig. 2 shows the typical TIC of TMS derivatives of
henzoic acids and Table 2 is the mass spectral data of
these compounds on EI-MS. It is possible to identify the
iscmeric compounds (Peak No. 5, 6 and 7) by their mass
spectra. These isomers showed the base peak at [M-15] "
ion but revealed different abundance at m/z 282 and m/z
223 ions that were suspected to be [M]™ ion and [M-
CHs-CO0]™ ion, respectively. Four isomeric compounds
with two hydroxyl groups {Peak No. 9, 10, 11 and 12)
are appeared to have similar retention time on GC except
No. 4, but revealed different mass spectra. The base peak
of Peak No. 10, 11 and 12 compounds appeared at m/z
370, m/z 355 and m/z 193 ion, respectively. and this
vhservation made it possible to identify the four isomers.

TMS derivatives of cinnamic acids

Cinnamic acid is one of phenolic compounds having
a Cg~Cs structure and is synthesized from phenylalanine
viz shikimic acid pathway. It exists as free form,
glyvcosides, sugar ester or esters with cell wall com-
pounds, Cinnamic acids are known to be effective in
growth regulation and resistance to diseases. Fig. 3 shows
the TIC for the separation of six TMS derivatitives of
cinnamic acid. Since the compounds were separated very
well, it was possible to identify the cinnamic acids by
retention time. As noted in Table 3, [M]™ and [M-15]"
ions were appeared as an Important ions.

TMS derivatives of coumarins

The natural coumarins in plant have its basic skeleton
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Tahle 3. Principal ions obhserved in the EI mass spectra of TMS derivatives of cinnamic acids

Peak

No. Systematic name Commoen name

16 3-phenylpropancic acid
17 2-hydroxy cinnamic acid
18 4-hydroxy cinnamic acid
19 4-hydroxy,3-methoxy cinnamic acid ferulic acid
20 34-hydroxy cinmamic acid caffeic acid
21 4-hydroxy 3 5-dimethoxy cinnarnic acid  sinapinic acid

o-coumaric acid
p-coumaric acid

MW,

trans-cinnamic acid 148 220

MW,
‘IMS)

Fragment ions
m/q, (mtensity as % of base peak)

220 ¢ 37), 2000100, 161 (b, 131 (63, 103 (5
164 308 308 (42), 283 (70}, 161 (25), 147 (90), 7T3(100)
164 308 308 {50), 263(100Y, 249 (39), 219 (70y, 73 (6D)
180 338 3381003, 323 (88), 308 (73}, 293 (62). 249 (58)
194 396 396 (72), 381 (223, 307 (20, 219(100), 73 65)
224 388 368 (85), 383 (B4), sl 323 (), 73 (40

Table 4. Principal ions observed in the EI mass spectra of TMS derivatives of coumarins

Peak

No. Systematic name Common name

22 4-hydroxy coumarin

23 7-hydroxy coumarin umbelliferon

24 7-hydroxy 6-methoxy coumarin scopoletin

25 6, 7-dihydroxycounarin esculetin

26 7.8-dihvdroxy,6-methoxy coumarin fraxetin

27 8,7-dihydroxy,4-methyl coumarin 4-methylesculetin
28 67-dhydroxy 6-glucoside coumarin esculin

29 3.3 -methyiene-bis(4-OH-coumarin)  dicoumao!

MW MW, Fragment ions

T (TMS) n/z, (ntensity as % of base peak)

162 234 23 4D, 2180100), 206 (5h), 175 (82), 73 (48)
162 234 234 {78, 21%0100), ]6% I‘S‘W. 8 5, 73 (30
192 264 264 (45), 2341000, 206 (50), 103 (12), 73 (60
178 322 342 4400, 307 (40, 206 (100, }_m (71, 730100}
208 352 352 (28), 337 (71), 307 (), 263 (5 73100
192 322 352 (28), 33701003, 307 (51 263 (5, 73 (80
340 TOO O 3630100, %1 (807, 323 (40), 272 {43}, 234 (62}
335 700, 480 (3), 485 (17), 305 (200, 233 (30), 73(100)

Table 5. Principal ions ohserved in the EI mass spectra of TMS derwatwe‘: of othcr reldted phenollcs

Peak

No Systernatic name Comron name

30 S-methyi-2-isopropyiphenol thymol
31 2-hydroxyacetophenone
32 3-phenyl-2-propen-1-ol
33 4-hydroxyacetophenone
M 2-hydroxy,3-methoxy benzyl alechol
B 3A-methyl phenyl acetic acid
36 4-hydroxy,3'5 -methoxy acetophenone
37 4-hydroxy,3-methoxy pheny! acetic acid
38 1,3,45-tetrahydroxvhexanecarboxyvlic acid
39 3-(34-dihydroxveinnamoyl) quinic 'md

acetosyringone

quinic acid
chlorogenic acid

cinnamy! alcohol

O-hydroxyacetophenone 136 208 208 \O)
p-hydroxvacetophenone 136 208 208 (23),

homovanillic alcohol 168 312
homoveratric acid

homovamllic acid

VW MW, Fragment ions
{TMS) mﬂ {intensity as % of base peak)

50 TR o (B 20{(100) 65 (7, 91 (0, 73 87)
193(100), 175 (26), 151 (20), 73 (12)
134 206 206 (42), 191 (42), 117(100 115 (30, 73 (70)
(e 193(100), 151119, W (10), 73 (25
312 (200, 297 (10), 20901000, 179 (20), 73 {67}
196 268 268 (40, Z.oa (201, 2(1@(1(}0) 151 (40), 7300
196 268 268 (40), 253 (65, 238 (84), 223(100), 73 (40)
182 396 326 {30y, 257 (26), 205 ( J 179 {323, 730100)
192 556 456 (0, 345 (B7), 235 (32), 147 (40, 730100
3 786 f86 O} 34.) {67), 30{ (30) )JD (4_’) THIOM

of 2H-1-henzepyran—-2-one, Most coumaring are syn-
thesized from trans p~coumaric acid and bind hydroxyl
group at Cr position. Coumarins are classified into simple
coumarin and furanccoumarin. These compounds pos-
sess a lot of physiclogical active functions.

The Peak No. 23 compound, umbelliferon containing
cne hydroxyl group is present in plant with its isomer,
4~hydroxyvcoumarin. From the analvsis of mass frag-
ment icns{Table 4), these two compounds showed their
hase peak at [M-153]"
at [M]” ion. It could be possible to identify these two
isomers on the basis of different fragment ion patterns,
te, m/z 206 and 175 ions for Prak No. 22, m/z 181 and
163 ions for Peak No. 23, respectively.

ion, but gave different abundance

TMS derivatives of other related phenolics

The other related phenolic compounds listed in Table

5 are presented as free form or intermediate metabolite or
can he produwd from hydrolysis of phenolic compounds
in plants. IM]" and {M-13]  ions were not detected on
tuinic acid, an infermediate metabolites of shikimic acid
pathway and on chlorogenic acid. Both compounds
showed their base peak at m7z 73 .

Underivatized phenolics

The separation of phenclic compounds containing al-
dehyvde, methy! and methoxyl groups can he done hy
nonpolar column without derivatization. As shown in
Table B, their mass spectra were different from TMS
derivatives of phenolic acids. Psoralen, a typical linear
furanccoumarin, showed the base peak at m- "z 138 hut
other compounds were appeared the base peak at [M]
ions. It might be possible to Wdentify these compounds
by the different patterns of mass fragment ions and
retention time.
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Table 6. Principal ions observed in the EI mass specira of underivatized phenolics

Peak . . . Fragment 1ons
Systems : MW, . .
No, Pystematic name Commorn name m/z, (intensity as % of base peak)

40 3-phenyl,2-propenol cinnamic aldehyde 1831 131(100), 103 (65) 77 (63), 63 (13), 51 41}

41 4-allvl.l 2-methylene dicxybenzene Isosafrcle 162 162(100), 135 (27), 131 (v2), 104 {72), 77 (59}, 63 (62)
42 Z-methoxy 4-[2~prophenyllphencl  eugenal 164 16401000, 149 (63, 131 (5B}, 103 (60), 91 (60), 77 {72)
43 S-methoxy(Furano—3',2":6,7-coumarin] methoxalen 216 216801000, 201 (30, 173 (55), 145 (25), 84 (32), 63 (25)

_:14 Furo[f%,fi-%} cournarin pgora]ef}’ﬁ ]8_7 187 (14), 1530100, 130 (27}, 102 (4D), 76 {20), 51 {28)

Table 7. Retention Time of TMS derivatives and underivatized phenolics on three different capillary columns

Peak : . Retention Time(min)
No. Systematic name {Common name) Ultray o1 Hp-35
I i,7-benzenediol (catechol} 12.66 1461 12.63
2 2 4-benzenediol (resorcinol) 16.20 15.93 14.22
3 2.3 4-henzenetriol (pyrogaliol) 19.70 19.50 17.16
4 henzene carboxylic acid (benzoic acid) 13.08 12.58 12.02
5 2-hydroxy henzoic acid (salicylic acid) 1869 18.56 1751
6 3-hydroxy henzoic acid (m-hyvdroxy benzoic acid) 19.96 19.57 18.40
7 A-hydroxy benzoic acid (p-hydroxy benzoic acid) 21.13 2077 1964
8 4-hydroxy.3-methoxy henzoic acid (vanillic acid) 2358 23.06 22.41
9 2.5-dihydroxy benzoic acid {gentisic acid) 23.74 2345 2194
10 3,5~-dihydroxy benzoic acid (e« ~resocylic acid) 24.44 24.09 22.38
11 24-dihydroxy henzoic acid (£ -resocylic acid) 2451 24.11 2245
12 3,4-dihydroxy benzoic acid (protocatechuric acid) 2458 2422 22.53
13 4-hydroxy,35-dimethoxy benzoic acid (syringic acid) 2579 2514 2497
14 23 4-trihvdroxy Denzoic acid 2618 2586 2376
15 345-trihydroxy benzode acid {(gallic acid) 26.75 26.43 24.47
6 3-phenyipropanoic acid (fraas-cinnamic acid) 1968 1895 19.0%8
17 2-hydroxy cinnamic acid (o-coumaric acid) 24 40 23.87 23.33
18 A-hydroxy cinnamic acid {p-coumaric acid) 26,45 2503 25.27
19 4-hydroxy, 3-methoxy cinnamic acid (ferulic acid) 28.74 2813 2785
20 34-hydroxy cinnamic acid (caffeic acid) 29.34 2897 2750
21 d-hydroxy, 35 methoxy cinnamic acid (sinapinic acid} 30.82 30.14 3013
22 4-hydroxy coumarin 2512 24.00 23.56
23 7-hydroxy coumarin (umbelliferon) 25.13 2417 2553
24 7-hydroxy 8-methoxy coumarin (scopoletind 2827 27.10 2891
0 6,7-dihydroxycoumarin (esculeting 2919 2837 2829
26 7 8-dihvdroxy 6-methoxy coumarin (fraxetin) 30.19 2024 3006
27 8,7-dihydroxy 4-methy! coumarin (4-methylesculetin) 31.00 30.14 3761
28 6,7-dhvdroxy 6-glucoside coumarin {esculin} 43.3 42.14 40.41
29 33 ~methylene -his[4-OH~coumarini (dicoumaal) 7441 73.08 51.75
30 5-methyl-2-isopropylphencl {(thymaol} 14.67 14.41 12,51
31 2-hydroxyacetophenone (0-hydroxyacetophenone) 16.29 15.50 1555
32 3-phenyl-2-propen-1-ol (cinnamy! alcohol) 17.18 16.68 16,01
33 4d-hydroxyacetophenone (p-hydroxyacetophenone) 1818 . 1748 17.73
34 4-hydroxy 3-methoxy henzyl alcohol (homovanillic atcohol) 2264 21.86 2117
an 34-methy! phenyl acetic acid (homoveratric acid) 22.76 2221 2304
36 4-hydroxy 3’5 ~methoxy acetophenone {acetosyringone) 23.85 2293 24.05
37 4-hydroxy 3-methoxy phenyl acetic acid (homovaniilic acid) 23.79 23.12 22.73
te] 1,34 5-tetrahydroxyhexanecarboxyvlic acid {quinic acid) 2541 2545 2195
39 3~(3,4-dihydroxycinnamovl} quinic aled (chlorogenic acid) 4272 4207 3832
40 3-phenvl,2-propenol (cinnamic aldehyde} 1385 12.68 14.83
41 4-allyl 1 2-methviene dioxybenzens (isosafrole} 1578 14.93 15.80
47 Z-methoxy, 4-[2-prophenviiphenol (eugenol} 16.29 1545 16.61
43 &-methoxy[Furano-3'.2"6.7-coumarin] (methoxalen} 26.13 25.06 3061

44 Furo[3,2-8] coumarin (psoralen) 2982 2843 26.99
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GC analysis

Table 7 shows the retention time of 39 TMS deriv-
atives and 5 underivatives separated by HP~1 (nonpolar),
Ultra~2 (relatively weak nonpolar) and HP-30 (inter-
mediate} columns. The separation time was fairly con-
stant on two nonpolar columns, but a few compounds
showed slightly different separation order on the HP -35
column.

The head pressure of HP-35 column (0.32 mmm inner
size) was reduced to 5 psi to maintain similar retention
time of nenpolar columns. Figs. 4 and 5 are the GC ch-
romatogram and five underivatized phenolic compounds.

Calibration plots of each compounds were linear at (.1
~10 g (*=0.998) and detection limits were about 5ng
at split mode method. In the case of using 053 mm
capillary column in the splitless mode, the value of cor-
relation coefficients and detection limit of compounds
could be much more improved.

DISCUSSION

More than 1,000 phenolic compounds are known to be
present in nature. Flavonoids, simple monocyclic phenols,
phenyl propanoids and phenolic quinone are inciuded in
this group and reported to have important physiological
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Fig. 5. Capillary gas chromatogram of five phenolic
compotnds,

active functions, Due to the similar UV spectrum and
formaticn of complexes of these compounds, it is very
difficult to identify each compournds.

This study was conducted to obtain more accurate
qualitative and guantative method by sepsrating these
compouds with GC and identifying them with retention
times and the charateristics of mass fragment ions.
Generally, it is essential to derivatize the compound by
substifuting with nonpolar functional group, if it is
nonvolitale or contain the active hvdrogen, hvdroxyl and
carboxyl groups (22).

For the rapid and simple trimethvisilyl derivatization

.1
450

LS. .PYF
-

Retention time

Fig. 4. Capillary pas chromatogram of 39TMS derivatives of phenclic compounds.
"The identified name of Peak No. were listed in Table 7.
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of phenchie compounds and its isomers, the reaction
using pyridine, HMDS and TFA was successtully achieved
at 70°C for 5min and samples were separated well by
GC column. TMS derivatives must be analyzed as soon
as possible. TMS derivatives studied in this experiment
were not changed when stored below 0°C for 15 days,
but mutipeaks were shown when stored at room tem-
perature.

In mass speciral analysis, it was possible to identify
the compounds with similar retention time and the
pallern of mass fragment ions produced. The presence
af strong IM-151" ion, the base peak of most TMS de-
rivatives of phenolic compounds used in this expeniment,
attributed to the loss of a methyl radical and the for-
mation of a bond between the silicon atom of the TMS
group and adiacent carbonyl oxygen. The result is agreed
with Creaser et al. (20) who found that the [M-15]" jon
was major fragment ion from the study of mass spectrum
of flavonoid aglveones. Loh et al. (23} also reported the
game result from the trimethylsilylation study of saccharin,
This study suggested that nonflavonoid phenolic com-
pounds could be identified by the relative retention time
on column and fragment patterns obtained by GC/MS
spectra.
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