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The relationship between green tea research and analytical chemistry is discribed based on an

example of our studies.

For a quantitative evaluation of green tea, a sensory test is still mainly

being used. However, an instrumental evaluation using analytical equipments, for example
HPLC and capillary electrophoresis, has been developing. Especially, a near-infrared analysis
(NIR) method has been practically and widely used concerning the distribution routes of green
tea. FT-IR micro spectrometry, an ion meter and improved HPLC methods were used for analy-
ses of unfavorable substances in green tea, which were a white powdery substance found on
stored Tencha (Matcha is made of Tencha by grinding with a stone mortar), Na* added as sodi-
um glutamate to make tea tastier, NH," added as ammonium bicarbonate to keep tea leaves

green, and pheophorbide a, respectively.

Keywords : green tea; quality evaluation ; analysis of tea components; unfavorable substances.
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Changes of analytical methods for tea major constituents

Year Analytical method
Meiji 10(1877) Tannin (Lowenthal)
16(1883) Total nitrogen (Kjeldahl)
Taisho  4(1915) Tannin (Folin-Denis)
Showa 4(1929) Total free reducing sugars (Hanes)
9(1934) Vitamin C (Dinitrophenylhydrazine)
27(1952) Caffeine (Chloroform extraction — Kjeldahl)
35(1960) Soluble matter (AOAC)
37(1962) Tannin (Ferrous tartrate)
39(1964) Total free amino acids (Ninhydrin)
41(1966) Soluble matter (improved AOAC)
45(1970) Total nitrogen (Semimiro Kjeldahl)
Caffeine, tannin, soluble matter (Official method)
46(1971) Converting percentage of chlorophyll to pheophytin (Colorimetric method)
48(1973) Individual free amino acids (Amino acid autoanalyzer)
Total free reducing sugars (improved Hanes)
55(1980) Individual catechins (Paper chromatography)
Vitamin C (HPLC, reduction with hydrogen sulfide)
56(1981) Caffeine (GC)
Individual free sugars (HPLC)
57(1982) Vitamin C (HPLC, reduction with dithiothreitol)
58(1983) Converting percentage of chlorophyll to pheophytin (improved Colorimetric method)
60(1985) Caffeine (HPLC)
Total nitrogen, caffeine, free amino acids, tannin (NIRS)
61(1986) Total free amino acids (improved Ninhydrin)
Heisei 1(1989) Individual catechins (HPLC)
Individual amino acids (HPLC)
2(1990) Main tea constituents (improved Official method)
4(1992) Total free amino acids, glutamic acid, tannin (Biosensor)
5(1993) Individual amino acids (improved HPLC)
10(1998) Chlorophyll pigments (HPLC)
. Theanine, caffeine, vitamin C, individual four major catechins (CE, simultaneous determination)
13(2001) Major organic acids (CE) ’

Caffeine (HPLC, rapid determination in 2-5 min intervals)

AOAC: American Association of Official Analytical Chemists; NIRS: near infrared spectroscopy; CE: capillary electrophoresis
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Table 2 Samples and their price ranges 1IOMWKEL, BEET I VB XHEOIKREL LTE
1 Number of Price range” NTWBLIEMNRBEEINS., ¥ =, NDFIZDWTIL,
Type of tea Grade 0 . .
sample (yen/100 g) E&, &F, AELALT, LEHLDTRAHDIEI) >E
Gyokuro High 4 1500~5500 BAREIEPo72H, ZOEHERT I/ BIVINSD o7,
Medium 2 2000 ~ 3000 o i N
Lower 4 1000~ 1800 BB T7AINE VEEARIIFE TS o, BXLIZ
Matcha High 3 2000~7500:: LRI, EEBESHBICIIRELENLRL, TRIAAKE
Medium 3 500~ 5000° i
Lower 3 400~ 2500% DR L VWEBETH 7. BHETI/E, TraLEy
Sencha High 9 1000~ 3000 B, ¥ =335 LETHL L, HIINDFIFIEH U
Medium 9 400~1200 .
Lower 9 200~ 600 THRIEICE o7z,
Fukamushi- High 5 1500~ 2000 3-1-2 HRBRXOFTEMAUHERT I/ BIEE
sencha Medium 6 800~ 1000 . . . _ .
Lower 6 300~ 600 Table 4 IZRT LI, TANRSEY, F7=2VRBRUTN
Bancha 8 100~ 375 ForERRIE, EB, HRIEL, MET RV EMR
Hojicha 6 200~ 500 ) o -
5, HBEHE L OBENREINL:. A—FXED 5 AH

1): as merchant grade; 2): suggested retail price; 3): yen/

20g THET L L, 8, &F, AELZELT, TLr¥F=r,
TTZVOEFRICEZ FSAMIZEN DY, LRI TH

Table 3 Contents of major chemical constituents (%)

Type of tea Grade TN FAA Tannin Caffeine NDF vC
Gyokuro H 6.33 4.77 10.74 4.03 19.63 0.17
M 5.54 3.45 12.33 3.53 21.56 0.21
Av 5.90 3.97 11.60 3.75 20.59 0.20
Matcha H 6.39 5.50 7.83 3.87 20.35 0.09
M 5.98 4.21 9.81 391 21.07 0.12
L 5.63 3.50 10.57 3.53 22.29 0.15
Av 6.00 4.40 9.40 3.77 21.24 0.12
Sencha H 5.67 2.94 13.44 3.20 17.89 0.41
M 5.17 2.25 13.62 3.03 20.16 0.38
L 4.59 1.57 14.43 2.98 23.34 0.25
Av 5.14 2.25 13.83 3.07 20.43 0.35
Bancha 3.75 1.06 11.73 2.05 28.70 0.23
Hojicha 3.81 0.20 8.79 1.95 49.02 0.03

H: high grade; M: medium grade; L: lower grade; Av: average of all grade.
TN: total nitrogen; FAA: free amino acids; NDF: neutral detergent fiber; VC: vitamin C

Table 4 Contents of individual free amino acids and major individual catechins (%) dry weight

Typeoftea  Grade  Asp Glu Asn Ser Gln Arg  Thea EC ECg EGC EGCg Total"

Gyokuro H 0.52 0.35 0.24 0.13 0.45 0.65 235 " 0.63 1.86 1.59 7.78 12.02
L 0.39 0.32 0.09 0.11 0.26 0.28 1.52 0.83 3.06 1.61 7.91 13.69
Av 0.43 0.33 0.17 0.12 0.35 0.43 1.86 0.75 2.58 1.56 7.97 13.14
Matcha H 0.65 0.61 0.24 0.16 0.24 1.19 2.43 0.45 1.64 1.11 5.93 9.37
M 0.54 0.61 0.18 0.15 0.15 0.65 1.74 0.50 1.96 1.43 7.42 11.56
L 0.43 0.58 0.13 0.14 0.16 0.42 1.37 0.67 2.69 1.54 7.51 12.63
Av 0.54 0.60 0.18 0.15 0.18 0.75 1.85 0.54 2.10 1.36 6.96 11.19
Sencha H 0.26 0.26 0.04 0.11 0.37 0.31 1.56 1.11 3.83 1.69 8.01 15.06
M 0.22 0.22 0.03 0.10 0.22 0.21 1.11 1.10 4.23 1.61 8.07 15.25
L 0.20 0.18 0.04 0.08 0.10 0.09 0.60 1.08 4.29 1.67 8.84 16.21
Av 0.22 0.22 0.03 0.09 0.23 0.20 1.09 1.09 4.12 1.66 8.31 15.57
Bancha 0.13 0.17 0.01 0.05 0.06 0.03 0.46 1.07 4.51 1.24 6.59 13.45
Hojicha 0.03 0.02 0.004 0.02 0.005 0.01 0.03 0217  0.54 0.39 1.32 3.89

H: high grade; M: medium grade; L: lower grade; Av: average of all grade; Asp: aspartic acid; Glu: glutamic acid; Asn:
asparagine; Ser: serine; GIn: glutamine; Arg: arginine; Thea: theanine; EC: epicatechin; ECg: epicatechin gallate; EGC: epi-
gallocatechin ; EGCg: epigallocatechin gallate

1): Total of eight catechins (EC, ECg, EGC, EGCg, C, GC, Cg, GCg).

2): Only one sample contained detectable amounts of EC.
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Fig. 1 Identification of a white powdery substance
found on stored Tencha by FT-IR microspectrometry

Scan: 100 for 1a' and 1b, 1,000 for 1la; Resolution: 4
cm']; la: white powderey substance (background:
Tencha leaf); 1la': white powdery substance (back-
ground: aluminium mirror); 1b: standard caffeine
(background: aluminium mirror)
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Table 5 Analytical data for the discrimination of
ammonium bicarbonate treated teas and

sodium glutaminate added teas

Sample NH,"/ Na'/ Glu Judgement

1

mgl™' mgl™' mgg™' NH,* Na*

Sencha 1 2.42 8.12 2.62
Sencha 2 3.73 5.17 2.01
Sencha 3 1.57 5.99 2.31
Sencha 4 2.01 5.19 2.64
Sencha 5 8.84 15.10 4.25
Sencha 6 11.80 96.60 12.27
Sencha 7 5.77 43.90 7.91
Sencha 8 8.56 6.70 1.46
Sencha 9 9.64 6590 11.22
Sencha 10 830 25.50 4.23

000000
00O 000

Glu: glutamic acid. Sencha 1~4: manifactured without
teatment of ammonium bicarbonate and addition of sodium
glutaminate ; Sencha 5~10: purchased on the market.

O': Judged as ammonium bicarbonate treated teas or sodium
glutaminate added teas.
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Fig. 2 Pheophorbide a contents in commercially 0 50 100 150 200 250 300 350
available green teas Steaming time /s
Fig. 3 Influence of steaming time on chlorophyllase
activity
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(Fig. 4 2H). (1) WREFRPIZRI7oo7 47— EiEtk
HBRERAEL TV, BPB o EREIL, E&E (#9260 mg) >

The activity of fresh tea leaves is regarded as 100%.
Acetone powder prepared immediately after steaming
was used.

350

8 High grade
. 300 B Midle grade
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o
S8 200
S =
o
..gé“ 150
=100
I

50

Gyokuro Matcha Sencha  Fukamushi

Green tea

Fig. 4 Total PB a contents in commercially available
green teas

PB a: pheophorbide a; Total PB a contents: newly
produced PB a during incubation of tea leaves, includ-
ing initially present PB a
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