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Effect of Microwave, Ceramic Ball and Far I. R.
Heating on Chemical Composition of Green Tea

Kozo OHTsUKI, HISAE ENDO, HIROSHI KOKURA*,
HIDEMITSU MAJIMA**, KENJI SATO and MAKOTO KAWABATA

A new secondary-heating of green-tea manufacture was carried out by using a

microwave, ceramic ball and far I. R.-heating apparatus, instead of a conventional

hot-air device.

The processed green teas lost moisture effectively, while the marked losses of total
catechin and amino acids in the green tea extracts were not observed.

The head space vapor of the processed green tea was analyzed with gas

chromatographic apparatus to detect the optimum condition for the heating process.
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Table 1. Secondary-heating methods and temperature (°C) for processing of green tea.
Sample Number
Sample*' Grade*® Heating-amethods 1*2 2 3 4 S 6 7 8 9 10
Sen-cha
(a) Ordinary Microwave N.T. 40 55-60 50 50 50
Ceranmic ball 90 90 90
I.R. 110 120 120
(B) Middle Microwave N.T. 40 55-60 50 50 50 50
Ceramic ball 90 90 90 g0
I1.R. 100 110 120 120
(c) High Microwave N.T. 60 80 60 60 60
Ceramic ball 90 990 90 80
I.R 100 110 115
Gyokuro
(D) Ordinary Hicrowave N.T. 50 50 50 50 50
Ceramic ball 80 90 80 90 80 90 80 80
1.R. 90 90 100 100
(E) Hiddle Microwave N.T. 50 50 50 50 50
Ceramic ball 80 90 80 90 80 90 80 90
1.R. g0 90 100 100
*' Sencya; M ® , Gyokuro: E & .
** Ordinary; ¥ , Midie; #% , High; F .
N.T. non-treatment.
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Table 2. Water contents of green tea products after secondary-heating

1 2 3 4 5 6 7 8 9 10
A 3.60 2.62 2.66 3.33 2.63 1.75 1.73
B 4.15 4.06 3.97 2.50 1.53 1.34 1.14 1.18
C 2.98 2.87 2.10 1.67 1.62 1.46
D 3.66 3.70 3.21 3.31 3.21 3.11 2.96 2.90 3.05 1.59
E 4.43 4.28 3.26 3.37 3.30 3.11 3.23 2.97 2.98 1.69
See Table 1 for sample numbers and abbreviations.
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Fig. 1. Total content of catechin in green tea extracts.
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Table 3. Amino acid composition of tea products and Sen-cha tea

(1) Sen-cha A, B, C and Gyokuro D, and E (mg %)

A B c D E
Asp 160.3 256.4 253.4 353.8 441.1
Thr 17.0 28.8 26.1 34.8 37.1
Ser 59.9 106.7 99.8 104.9 98.7
Asn 54.8
Glu 177.0 373.6 297.2 319.6 314.1
Gln 126.8 259.0 266.1 213.4 157.1
Theanine  1121.3 1758.0 3223.2 2186.1 2583.3
Pro N 11.7 15.6 2.9 3.0
Gly - - - - -
Ala 28.0 37.6 36.4 44.2 51.3
val 13.0 43.7 36.1 22.5 26.0
cys 7.1 10.7 14.0 10.7 11.8
Met - - - - -
Ile 7.3 9.9 11.2 23.5 27.7
Leu 5.5 8.9 13.2 22.5 25.9
Tyr 10.9 12.7 19.7 30.8 32.6
Phe 10.7 14.2 11.9 22.9 24.4
His 26.1 38.7 36.6 50.5 32.7
Lys 26.1 83.7 40.0 50.4 58.1
Arg 89.2 125.6 258.3 200.1 223.6

-; trace

(2) Sen-cha A (2 g/90 ml at 100°C for 3 min) (mg/100 ml)

1 2 3 4 5 6 7 8 9

Asp 4.1 5.6 4.6 5.0 4.2 5.6 4.0
Thr 0.3 0.6 0.5 0.6 .6 0.3
Ser 1.3 2.2 1.7 2.1 . 2.1 1.
Asn - - - -
Glu 5.2 6.8 5.6 7.1 5.6 7.6 5.2
Gln 3.0 7.8 5.7 5.7 3.9 7.5 5.
Theanine 30.2 60.8 44.9 33.3 26.9 35.4 25.7
Pro - - - - - - -
Gly .02 .03 .03 .05 .05 .05 .02
Ala 0.5 0. 0.4 0. 0.3 0.5 0.
val 0.2 0. 0.2 0. 0.2 0.3 0.
Cys 0.2 0. 0.4 0. 0.2 1.2 0.
Met 0.2 - - - - - -
Ile 0.3 0.3 0.1 0. 0. 0. 0.1
Leu 0.2 0.2 0. 0. 0.2 0.1 0.1
Tyr 0.3 - 0. - - - -
Phe 0.2 - - - - - -
His 0.9 0.9 0.5 0.4 0.7 0.4
Lys - 0.6 - - - -
Arg 5.5 4.9 4 1.7 1.8 1.4 1.4

—itrace

See Table 1 for sample numbers and abbreviations
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Table 4. Amino acid composition of Sen-cha tea (mg/100 ml)
(3) Sen-cha B (2 g/90 ml at 100°C for 3 min)

1 2 3 4 5 6 7 8 9 10

Asp 3.5 4.4 3.8 4. 3 4. 6. 4.5
Thr 0.3 0. 0 0.3 0. 0.4
Ser 1.2 1.5 1.3 1.5 . 1.3 2. 1.5
Asn - - - - - - - -

Glu 4.8 5.8 5.1 6.4 4.3 5.0 7.7 5.5
Gln 3.5 4.4 3.8 4.3 3.1 2.9 .8 .6
Theanine 20.7 25.3 23.6 26.6 20.0 22.1 34.3 25.5
Pro 0.2 0.2 0.1 0.1 0.3 0.2 0.2 0.2
Gly - - .08 - - - - -

Ala 0.1 0.2 0.2 0. 0.1 0.1 0. 0.1
Val 0.1 0.1 0. 0.1 0. 0. 0.1
Cys .08 0. 0.1 0. .08 .08 0.1 -

Met - - - - - - - -

Ile 0.1 0.1 0. 0.1 0.1 0.1
Leu 0.2 0.2 0.1 0. 0.1 0.2 0.1
Tyr 0.3 0.2 0. 0.3 0.4 0.3
Phe 0.2 0.2 - 0.2 0.3 0.2
His 0.3 0.3 0.4 1.0 1.3 0.9
Lys 0.5 0.6 - 0.4 0.7 0.3
Arg 1.8 1.6 1.4 . 2.2 2.5 1.9

-; trace

(4) Sen-cha C (2 g/90 ml at 100°C for 3 min)

1 2 3 4 5 6 7 8 9 10
Asp 4.9 5.3 4.5 5.0
Thr 0.7 0.8 0. 0.6 0.6
Ser 2.1 2.2 2. 1.9 1.6 1.7
Asn - 1.0 0.8
Glu 6.2 7.2 6. 6.0 5.3 5.6
Gln 6.9 7.8 6.9 6.2 5.4 6.8
Theanine 71.3 75.6 63.0 62.8 59.2 64.0
Pro 0.5 - - 0.3 0.6 0.6
Gly .08 .05 .04 .04 .05 .05
Ala 0.7 0.6 0.6 0.5 0.6 0.6
val 0.2 0.3 0.2 0.2 0.2 0.2
Cys 0.3 0.4 0.2 0.2 0.2 0.3
Met .06 .06 0.2 0.2 0.2 0.2
Ile 0.4 0.4 0.2 0.2 0.2 0.3
Leu 0.3 0.3 0.2 0.3 0.3 0.3
Tyr 0.3 0.4 0.3 0.3 0.3 0.3
Phe 0.3 0.1 0.3 0.3 0.2 0.3
His 0.6 0.5 0.5 0.5 0.6 0.5
Lys 0.5 0.6 0.5 0.5 0.5 0.6
Arg 6.3 5.3 4.5 5.5 4.9 4.6

-, trace

See Table 1 for sample numbers.
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Table 5. Amino acid composition of Gyokuro tea (mg/100 ml)
(5) Gyokuro D (2 g/90 ml at 100°C for 3 min)

1 2 3 4 5 6 7 8 9 10
Asp 4.8 5.4 4.8 4.6 4.6 4.8 5. 5.5 5.7
Thr 0.4 0.5 0.8 0.5 0.5 . 0. 0.5 0.5
Ser 1.5 1.7 1.4 1.3 1.6 1.4 1.5 1.6 1.7 1.6
Asn 0.9 0.8 - 0.7 0.6 - - - 0.8 0.9
Glu 4.6 5.0 5.0 4.2 4.4 4.8 5.0 4.9 5.2 5.3
Gln 3.2 3.8 2.6 2.8 3.4 3.2 3.5 3.9 4.0 3.6
Theanine 28.9 32.3 29.0 29.2 29.0 29.1 31.3 31.5 34.1 34.8
Pro - 0.3 0.6 0.4 1.0 0.6 0.4 0.2 0.9 1.2
Gly 0.2 .07 - 0.1 - - .02 - .06 .07
Ala 0.5 0.5 0.2 0.3 0.5 0.3 0.2 0.5 0.4 0.5
Val 0.3 o.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.4
Cys 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
Met - - - - - - - - - -
Ile 0.4 0.5 0.2 0.4 0.4 0.2 0.4 0.4
Leu 0.4 0.3 0.4 3 0.3 0. 0.3 0.4 .3
Tyxr 0.4 0.4 0.3 .3 . 0.3 0.6 0.3 0.5 2
Phe 0.2 0.4 0.3 0.2 0.3 . 0.1 0.5
His 0.5 0.5 6 1.0 . 0.7 0.8
Lys 0.9 0.9 0.8 0.6 0.6 0.8 0.7 .9
Arg 3.0 2.7 2.9 6 3.1 . 3.0 2.7

-; trace

(6) Gyokuro E (2 g/90 ml at 100°C for 3 min)

1 2 3 4 5 6 7 8 9 10
Asp 8.0 8.4 7.5 4.7 5.9 7.9 7.4 8.2 8.1 7.5
Thr 0.8 0.7 0.5 0.4 0.7 0.6 0.7 0.6 0.6 0.6
Ser 2.0 1.7 1.5 1.1 1.6 1.5 1.9 1.7 1.8 1.7
Asn 0.9 1.1 0.9 0.7 0.6 0.9 1.0 1.0 1.1 1.1
Glu 6.3 6.2 5.4 3.6 4.4 5.4 5.6 5.9 5.8 5.6
Gln 3.5 3.2 2.9 1.9 2.1 3.0 3.1 3.2 3.1 2.9
Theanine 45.7 51.3 42.4 28.2 34.5 43.9 45.8 47.1  48.5 45.0
Pro 0.7 0.6 0.4 - 0.5 0.4 0.6 0.8 0.3 0.4
Gly - .05 .08 .04 0.1 05 .02 - - -
Ala 0.5 0.6 0.3 0.3 0.4 0.4 7 . 0.
val 0.4 0.4 0.3 0.4 0.4 0.4 0.
Cys 0.2 0.2 0.3 0.1 0.1 0.2 0.2 0. 0.2 ;
Met - - - - - - - - - -
Ile 0.4 1.0 0.5 0.3 .3 0.5 0.4 .6 0.6
Leu 0.5 0.3 0.2 4 0.4 0.4 .4 0.5 0.
Tyr 0.7 0.8 0.8 0.8 1.2 1.2 .8 0.9
Phe 0.6 0.6 0.6 0.4 .6 0.3 0.4 .6 0.7
His 0.8 0.6 0.5 0.5 .6 0.6 0.6 .6 0.6
Lys 1.2 0.8 1.1 .0 1.0 1.1 .2 0.8 .7
Arg 3.9 4.0 3.1 2.6 .3 3.1 3.6 .0 2.9 .5

-; trace

See Table 1 for sample numbers.
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Fig. 3. Gas chromatograms of head-space vapor from green tea products prepared by different heating
methods. See Table 1 for sample numbers and abbreviations.
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