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Determination of Chemical Constituents in Processed 
Green Tea by Near Infrared Analysis 

Kenjiro IKEGA YA 

Abstract 
Applicability of the near infrared reflectance (NIB.) spectroscopy method was examined to 
estimate total nitrogen, caffeine, total free amino acids, theanine and tannin (catechines) in 
processed green tea (Sencha in Japanese) as a substitute for the conventional time-consuming 
method commonly used in Japan. In was confirmed that these chemical constituents of green 
tea could be estimated accurately by the NIR spectroscopy method. 
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Introduction 

Tea quality has been evaluated traditionally by an 
organoleptic test in Japan. In ensuring objectivity 
and consistency or the testing results, that method 
requires special skills or testers who should accumu­
late a great dea l or experience in practice or testing. 
Another type or testing method based on chemical 
analyses to evaluate tea quality is generally compli­
cated and not suited for practical use by manufac­
tories. In the tea market, there is no rule and 
regulation enforcing to indicate contents of the 
chemical constituents of Japanese green tea in a label 
or package. 

Use or the near infrared reflectance (NIR) spec- . 
troscopy was proposed by Ben-Gera •> at the United 
States Department of Agriculture, Beltsvill Labora­
tory, where that method was first applied to analy­
sis or soybean ingredients. Wider applications and 
practical uses have been developed in the United 
States and other countries as well to determine pro­
tein contents in wheat3
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>_ It is now recognized 
that the NIR spectroscopy is a rapid and non­
chemically destructive method for quantitative 
analyses or food composit ions. 

Materials and method 

1) Materials 
In a series or the studies undertaken6- 10>, 58 kinds 

of green tea with different tea qualities were sub­
jected to test, among which half or the samples were 
selected for the calibration test to obtain data 
pertaining to actual levels and variations or the 
contents of total nitrogen (T- N), caffeine, total free 
amino acids (T-FAA), theanine and tannin (Table 
I). The other half of the samples were used as 
"unknown samples" to evaluate the accuracy of the 
calibration curve obtained. Mean values and ranges 
of the contents of the chemical constituents of these 
samples are also shown in Table 1. 

The contents of the constituents were determined 
as follows: Kjeldahl method for T-N; HPLC method 
for caffeine; an amino acids analyzer for T-FAA and 

theanine; and a colorimetric analysis for tannin con­
tent. Prior to the NIR measurement, the samples 
were ground into particles less than 0.5 mm in size 
with a cyclon-mil l. A Neotec Research Composition 
Analyzer (Model 6350) was used for the NIR mea­
surement. This instrument is equipped by a computer 

spectrophotometer. which operates in a single beam 
mode in the wavelength range from I, I 00 to 
2,500 nm. 
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Table I. Mean and range of chemical constituents of green tea samples 

Constituents For calibration 

n Mean (0/o) Range (0/o) 

T-N 29 5.23 4.18- 6.23 
Caffeine 30 2.94 l.94- 4.68 
T-FAA 29 2.91 0.86- 6.53 
Thcaninc 30 1.48 0.40- 3.15 
Tannin 29 12.41 9.00- 18.SO 

An lnfraAlyzer (Bran Lubbc Ltd.) which is a fixed 
filter instrument at 19 wavelengths was used 10 

measure the contems of T-N, caffeine, T-FAA and 
theanine of green tea for the application of NJR 
method to tea quality control by a tea factory. 

2) Calibration and prediction 
Renectance (R) spectra in the wavelength range 

of I, JOO to 2,500 nm were determined with 2 nm 
intervals in the NIR illuminated samples and their 
records were taken as the second derivative values 
of the original log (l/R) curve. A stepwise multiple­
linear regression was employed in formulating predic­
tion equations, for which values of the wavelength 
best correlated with the chemically determined 
contents were used. 

The NIR spectra of the "unknown samples" were 
used to formulate NlR prediction equations for the 
contems of T-N. caffeine, T-FAA, lheanine and 
tannin of the materials to be tested. 

Results a.nd discussion 

An NTR spectrum of a processed green tea sample 
and its second derivative spectrum are shown in 
Fig. I. In the region from I, 100 to 2,500 nm , 
absorption that can be assigned to NH combination 
gr~>Up of protein12> occurs at I ,980, 2,050 and 
2,180 nm. In this connection, Krikorian and 
Mahpour11> reported that the bands at 1,960, 2,000, 
2,050, 2,100 and 2,150 nm were assigned to NH 
asymmetrical stretching (asym. str.) plus amide II; 
NH symmetrical stretching (sym. str.) plus amide 
II ; NH asym. sir. plus amide Ill; NH sym. str. plus 
amide Ill ; and twice amide I plus amide Ill, 
respectively. 
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Samples 

For prediction 

n Mean (0/o) Range (0/o) 

31 5.41 4.08- 6.47 
28 3.06 2.05- 4.41 
29 2.83 0.86- 6.45 
28 1.41 0.41 - 3.12 
29 13.77 9.60- 17.10 

2nd derivative uFNlll specuum 
I 

1100 1300 1500 1700 1900 2100 2300 2SOO 
W:·we h:nsth ( 11111) 

Fig. I . Spec1ru111 of pulverized green tea 
• OD: Optical density 

A methyl (-CH3) group has absorption bands at 
1,350, 1,690 and 2,260 nm9>, while the OH first 
overtone band in alchohol and phenols occurs in the 
region of 1,405- 1,425 nm with a second overtone 
band between 945 and 985 11111•>. The format ion of 
hydrogen bands results in a displacement of the fun­
damemal and hence overtone bands 10 1,492 and 
l,OIO nm. For comparison, Curico and Pet1y2> 

observed a band at 1,940 nm in the spectrum of 
liquid water, and Hecht and Wood5> reported a band 
at 1,945 nm, which was in their view attributed• to 
water bands. 

Table 2 presents resul!s of the predictions with 
multiple regression equations as well as related 
statistical parameters to indicate the accuracy of the 
determinations of the chemical constituents estimat­
ed by the NIR method. An equation to predic1 
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determinations of chemical constituents was formu­
lated from the selection of calibration curve which 

showed a highest multiple correlation coefficient for 
the "unknown samples". 

The least standard error and the bias in predict­

ing constituents contents of the "unknown samples" 
were calculated on the basis of the calibrations of 
T-N, caffeine, T-FAA, thcaninc and tannin in the 
relevant stepwise regression analyses. Following is 
the equation formula employed : 

A% = ko + ktd2 (logl/R)>.1 + k2d2(1ogl/R) 
>.2 + · · · knd2 (logl/R) >.n; 

where A is chemical compound of the processed 
green tea, k 1, k2, k3 · · · are constants; and 
d2 (logl/R) >-1 • · · are second derivative values of 
original log (1/R) at wavelengths of >-1, >-2, }-3, • • • 

>sn, respectively. 
The first specific wavelengths for these calibrations 

were designated at 1,978 nm for estimating T-N con­
tents; 1,692 nm for caffeine contents; 1,988 run for 
T-FAA contents; 2,162 nm for theanine contents; 
and 1,458 nm for tannin contents in green tea, 
respectively. Those first wavelengths have a greater 
correlation coefficient with the contents of chemical 
constituents and a lso with absorbances presented in 
the second derivative spectrum. 

5 
T • FAA (%) by chemical analysis 

Fig. 2. NIR predicted T-N content plo1ted against 
the chemical values in green tea 
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The absorption bands may be assigned as follows: 
at 1,978 nm (for T-N) to NH asym. str. plus amide 
II; at 1,692 nm (for caffeine) to C-H str. first over­
tone of - CH3 group; at 1,988 nm (for T-FAA) to 
NH asym. str. plus amide 11; at 2,162 nm (for thea-
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Caffeine(%) by chemical analysis 

Fig. 3. NIR predicted caffeine content ploued 
against the chemical values in green tea 

s 6 
T -N (%) by Kjeldahl method 

Fig. 4. NIR predicted T-FAA content ploued 
against the chemical values in green tea 
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nine) to 2 x amide I plus amide n; and at 1,458 nm 
(for tannin) to OH 1st overtone. 

The predicted contents of the component consti· 
tuents estimated from the above calibrations for 
the "unknown samples" are shown in Figs. 2- 6. 
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Theanine (%) by chemical an:,Jysis 

Fig. 5. NIR predicted theanine content ploucd 
against the chemical values in green tea 
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Tannin (%) by chemical analysis 

Fig. 6. NJR predicted tannin content plotted against 
the chemical values in green tea 



In these figures, the NIR prediction values are 
ploued against the actual contents of chemical 
constituents. The standard errors of prediction 
(SEP), correlation coefficients between the chemical 
values and the NIR va lues (r) and mean differences 
between the actual contents and the NIR predicted 
values (d) are as follows; 
for T-N, SEP = 0. 146%, r = 0.982, d = 0.050; 
forcaffeine,SEP = 0.350%,r = 0.912,d = 0.006; 
forT-FAA,SEP = 0.438%,r = 0.947,d = - 0.075; 
for thcanine, SEP = 0.282%, r = 0.935, d = -0.035; 
and for tannin, SEP = I .022%, r = 0 .852, 
d = - 0.105, respectively. In order to evaluate tile 
accuracy of prediction, a statistical analysis by a 't· 
test was undertaken regarding the mean differences 
between the actual contents and the NIR predicted 
values. The t-values of the predicted equations are 
given in Table 2. Since the significant limit at I O'/o 
level for n = 27 and 30 is 2.77 and 2.75, respec­
tively, there is no significant difference in the mean 
values. 

From the above result, it is concluded that con­
tents of T-N, caffeine, T-F AA, theanine and tannin 
of green tea can be estimated accurately with the NI R 
method. 
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