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Table 1. Changes in the volume of water, pH, total chlorine residual (T-Cl), and the concentrations of CF, BDCM, CH, DCP, TCP, DCAN,
DCAA, and TCAA in the tap water following 10 minute heating

Time Vol T-Cl pH CF .BDCM CH DCP TCP DCAN  DCAA TCAA

(min)  (ml) (ug/h (ueg/h (ug/h) (ug/h) (ug/D) (ug/h (ug/h (ug’/h  (ug/h
0 1,000 040004 68+0377 +17084+£005 1.5+07 098+027 091+£0.15 072£061 13+2 14£2
10 849+29* 029 £ 0.04 81 £03 - - - - - - 27+8 94%18

*: Mean standard deviation (n = 4). )
*. Below the method detection limit (CF, 0.61; BDCM, 0.20; CH, 0.81; DCP, 0.32; TCP, 0.17; DCAN, 0.070 pg/l).

Table 2. Changes in the volume of water, pH, total chlorine residual (T-Cl), and the concentrations of CF, BDCM, CH, DCP, TCP, DCAN,
DCAA, and TCAA in the barley tea with roasted grains and barley tea with a tea bag

Time Vol T-Cl1 pH CF BDCM CH DCP TCP DCAN DCAA TCAA

(min)  (ml) (ug/h e/ gy uglh (g (ug/h (ugly  (uglh (ng/h
Initial tap water 0 1,000 041 7.0 6.4 0.83 1.0 12 079 0.19 55 13
Barley tea with roasted grains 10 833 £ 42* 031 £ 0.04 68 £ 0.1 -* - - - - - 96t 15 98=%13
Barley tea with a tea bag 10 810 £ 10 0.31 £ 0.04 6.4 £ 0.1 - - - - - - 11.8£28 86 £ 24

*: Mean * standard deviation of three measurements.
#. Below the method detection limit (CF, 1.1 ; BDCM, 0.18 ; CH, 0.50 ; DCP, 0.62 ; TCP, 0.17 ; DCAN, 0.096 ug//).

F 25% 2 34% Z4%E dhHel DCAAS F2v 242t 75% Table 3. Percent changes in the amounts of T-Cl, DCAA and TCAA
2 118% —5‘7]'?5}93\‘:]' in the tap water, barley tea with roasted grains, and barley tea with

a tea bag, following heating for 10 minutes
2 719t BERE wEo] v of & F CBPsY
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Q=AY JEE ool _?4.3“ PR TS Zo) Ao} ;aplwater only -39 + 2 70 £ 30 -42 £ 10
- =20 _ arley tea i )
T FRY RS AT A3 el MR BAAT. CF with roasted grains xS ST ST
& TPY 019 SHPES B 108 B AR Wk Barey wiy  @im i
BETHA o3} H &l T-Cl DCAA = TCAAY o) with a tea bag
Moy 3 o] % *: Mean * standard deviation (n = 4).
SPARE ML, SRt Rele] Ape] 27)9f i #: Mean + standard deviation (n = 3).
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Table 4. A list of the compounds identified in the extracts from barley tea with grains (BG), barley tea with a tea bag (BB), corn tea (CoT),
and Cassia tora seed tea (CaT)

No. RT* Compound Name BG BB CoT CaT
1 5.34 5-Metliyl-2-furancarboxaldehyde 0*

2 7.18 1H-Pyrrole-2-carboxaldehyde 0

3 9.43 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one (DDMP) 0

4 10.27 3,5-Dihydroxy-2-methyl-4H-pyran-4-one 0

5 11.19 5-Hydroxymethyl-2-furancarboxaldehyde 0 0 0

6 11.25 2,3-Dihydrobenzofuran 0

7 11.52 1-(2,4-dihydroxyphenyl)-ethanone 0

8 12.28 1-(2-hydroxy-5-methylphenyl)-ethanone 0 0

9 12.56 2,6-Dimethoxyphenol (syringol) 0

10 13.02 Resorcinol (1,3-benzenediol) 0
11 13.50 Vanillin (4-hydroxy-3-methoxybenzaldehyde) 0 0

12 19.21 4-Hydroxy-3,5-dimethoxybenzaldehyde 0 0

13 26.09 1,8-Dihydroxy-3-methyl-9,10-anthracenedione 0

*: Retention time (min).
*. The compound was identified.

Table 5. A list of the compounds identified as methylated forms in the extracts from barley tea with grains (BG), barley tea with a tea bag
(BB), corn tea (CoT), and Cassia tora seed tea (CaT).

No. RT* Compound Name BG BB CoT CaT
14 5.51 Furancarboxylic acid o* 0 0 0
15 6.57 2-Butenedioic acid (E) 0 0 0
16 9.59 Benzeneacetic acid 0 0

17 12.56 5-(hydroxymethyl)-2-furancarboxylic acid 0
18 14.01 9-Oxononanoic acid 0
19 14.49 2-Methoxy-4-propylphenol 0

20 16.06 4-Hydroxy-3-methoxybenzoic acid 0 0

21 16.25 3,6-Dimethyldecanedioic acid 0 0
22 19.56 Tetradecanoic acid 0 0 0 0
23 20.54 3-(3-Hydroxyphenyl)-2-propenoic acid 0 0 0
24 21.34 3-[4-(Acetyloxy)-3-hydroxyphenyl]-2-propenoic acid 0 0

25 22.08 14-Methylpentadecanoic acid 0 0

26 22.09 12-(Acetyloxy)-[R-(Z)]-9-octadecenoic acid 0 0
27 23.01 15-Methylhexadecanoic acid 0

28 23.35 10,13-Octadecadienoic acid (Z,Z) 0 0 0 0
29 23.37 9-Octadecenoic acid (E) 0 0 0 0
30 23.48 Octadecanoic acid 0 0 0 0
31 25.30 Eicosanoic acid 0 0
32 27.59 Docosanoic acid 0

33 32.01 Tetracosanoic acid 0

*: Retention time (min).
*. The compound was identified.
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Fig. 1. Selected total ion chromatograms for barley tea with roasted grains (A,B) and barley tea with a tea bag (C,D). Chromatograms A and
C were obtained by analyzing 2 [ of ether extracts, while B and D were obtained by injecting 2 { of the methylated analytes. BHT denotes butylated
hydroxytoluene contained in ethyl ether.
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Effect of Barley Tea on the Reduction of the Tap Water Chlorination By-Products in Top Water and
Identification of Maillard Reaction Products in the Extracts of Barley Tea, Corn Tea, and Cassia tora Seed Tea
Using GC/MSD

Hekap Kim* and Soohyung Lee (Department of Environmental Science, College of Natural Sciences, Kangwon
National University, Chunchon, 200-701, Korea)

Abstract : This study was conducted to investigate the effect of barley tea with roasted grains and barley tea with a
tea bag on the reduction of chlorination by-product(CBP) levels in chlorinated drinking water. Since the
concentrations of six volatile compounds of eight CBPs were blow their respective detection limits after 10 minute
heating, two nonvolatile CBPs dichloroacetic acid and trichloroacetic acid, and total chlorine were compared between
tap water and two kinds of barley tea. No significant differences were observed in the relative changes of the
amounts of the above three items, and new peaks which were not found in the original water appeared in the
chromatograms of gas chromatograph/electron capture detector(GC/ECD). Thirty three organic compounds were
identified in the extracts of barley tea with roasted grains, barley tea with a tea bag, com tea, and Cassia tora seed
tea which were prepared with distilled/deionized water, using gas chromatography/mass selective detection(GC/MSD).
Exclusive of fatty acids, most of the compounds were aromatic compounds such as phenols, furans, and pyrroles.
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