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Fig. 1 Chromatograms for a solution of phenolic acids with injection port derivatization in the presence of (a) the
aqueous solution of tetramethylammonium hydroxide (TMAH) (25% ) and (b) aqueous solution of tetramethylam—
monium acetate (TMAAc) (25%)

1. Salicylic acid; 2. p-Hydroxy benzoic acid; 3. Cinnamic acid; 4. Vanillic acid; 5. p-Coumaric acid; 6. Ferulic acid.
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Fig.2  Effects of the pH value of donor phase on extrac— Fig.3  Effects of extraction time on extraction efficiency of
tion efficiency of phenolic acids phenolic acids
1(The curve number are the same as in Fig. 1) o 1 (The curve number are the same as in Fig. 1) .
3.2
1. 0.5 ~15 mg/L 6
(S/N=3) 0.05~0.18 mg/L Citova
0 82 ~318., 1 5mg/L 3
1 6 N N N
Table 1 Linear ranges linear equations correlation coefficients limits of detection (LOD) and enrichment factor of phenolic
acids
mg/L) equation 0 (/D) factor | mg/L 5 mg/L
Salicylic acid 0.5~15 y =110000x + 10316 0.9973 0.05 318 1.8 4.9
p-Hydrosy benzoic acid 0.5~15 y =40406x +1995. 6 0.9969 0.10 82 0.3 3.3
Cinnamic acid 0.5~15 y =130000x —6429. 6 0.9983 0.05 248 5.3 4.0
Vanillic acid 0.5~15 ¥ =44398x +9435. 1 0.9986 0.17 143 4.9 6.2
p~Coumaric acid 0.5~15 y =53065x +5116.6 0.9910 0.18 162 1.7 4.7
Ferulic acid 0.5~15 y =40411x +8672.2 0.9981 0.14 96 6.1 4.9

* o 1 mg/L (The detected data is in the concentration of 1 mg/L) .
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Fig.4  Chromatograms of standard solution beer 1 ~ 6 samples
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1. Salicylic acid; 2. p-Hydroxybenzoic acid; 3. Cinnamic acid; 4. Vanillic acid; 5. p-Coumaric acid; 6. Ferulic acid. Beer 1 2 3
from China Beer 4 from Denmark Beer 5 from Germany Beer 6 from Korea.

2 6

Table 2 Concentrations of phenolic acids in beer samples

Sample Vanillic acid ~ p-Coumaric acid  Ferulic acid Sample Vanillic acid  p-Coumaric acid  Ferulic acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Beer 1 0.70 1.61 4.52 Beer 4 1.06 1.32 2.34
Beer 2 0.49 1.12 3.72 Beer 5 0.71 1.03 3.04
Beer 3 0.62 1.47 2.69 Beer 6 0.25 0.62 1.62
. N pF 3 B

Salicylic acid p-hydroxybenzoic acid cinnamic acid were not detected; * - Average value (n=3).

3 6
Table 3 Recoveries and RSDs values of phenolic acids in samples
1 Beer 1 2 Beer 2

Sample Added Found (% RiD: 3) Recovery Added Found (% RSnD: 3) Recovery
(mg/L) (mg/L) (%) (mg/L) (mg/L) (%)
Salicylic acid 1.0 1.01 3.1 101.0 1.0 0.98 5.8 98.3
p-Hydroxybenzoic acid 1.0 0.95 3.7 95.0 1.0 0.96 4.6 96.1
Cinnamic acid 1.0 0.90 2.7 90.3 1.0 0.96 5.9 96.0
Vanillic acid 1.0 1.62 5.3 92.1 0.5 0.94 2.7 90.4
p-Coumaric acid 1.5 3.21 4.8 106.7 1.0 2.02 3.3 90.1
Ferulic acid 4.5 9.31 4.9 106. 4 3.5 7.46 1.5 106.8
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Derivatization at Injection Port Following Hollow Fiber Microextraction
with Tetramethylammonium Hydroxide for Determination of
Six Phenolic Acids in Beers by Gas Chromatography

WANG Xiao-Qing' HUANG Yidei' SUN Yang’® PAN Zai-Fa' WANG Li-Li"'
"(College of Chemical Engineering Zhejiang University of Technology Hangzhou 310014  China
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*>(Zhejiang Province Institute of Metrology Hangzhou 310013 China)

Abstract A method of derivatization at injection port following three phase hollow fiber microextraction with
tetramethylammonium hydroxide (TMAH) as a dual-function reagent for the simultaneous determination of
salicylic acid p-hydroxybenzoic acid cinnamic acid vanillic acid p-eoumaric acid and ferulic acid in beers
by gas chromatography was developed. Phenolic acids were extracted from aqueous samples to a thin layer of
organic solvent (hexyl acetate) phase impregnated into the pores of the hollow fiber wall and then back
extracted to an acceptor solution (TMAH) located inside the lumen of the hollow fiber. Upon injection the
phenolic acids were derivatized to their methyl esters in the GC injection port. Several parameters related to
the derivatization and extraction efficiency were optimized. The optimized conditions were as follows: hexyl
acetate was used as the extraction solvent an aqueous solution of TMAH (5% W/V) was used as the
derivatization reagent and acceptor phase the pH value of donor phase was 2.0 the concentrations of NaCl
was 25% W/V  the stirring rate was 500 r/min the exiraction time was 40 min. Under the optimal
conditions the linear range of phenolic acids was 0.50 —15. 00 mg/L the limits of detection were 0. 05 —
0.18 mg/L. The proposed method was applied to the determination of the phenolic acids in beers. Vanillic
acid p-eoumaric acid and ferulic acid were found in the beer samples others were not detected. The spiked
average recoveries were 90. 1% —106.8% and RSD% was less than 5.9% (n =3). The method is suitable
for the determination of phenolic acids in beers.

Keywords Three phase hollow fiber microextraction; Gas chromatography; Injection port derivatization;

Tetramethylammonium hydroxide ; Phenolic acids
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