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Novel techniques for Japanese green tea’s quality assessment have been developed. By utilizing techniques in

metabolomics along with chemometrics, chemical information could be extracted out from complex datasets.
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The basic concept of this new approach is fast analysis by using chemical fingerprints instead of the
characterization on a limited number of individual compounds. A number of analytical techniques were
performed to explore metabolites containing in tea leaves. Hydrophilic-primary metabolites were analyzed by a
coupled between gas chromatography and mass spectrometry (GC/MS). Subsequently, a system of
ultra-performance liquid chromatography with mass spectrometry (UPLC/MS) was introduced to provide
information of green tea’s secondary metabolites. Finally, a system of hyphenated pyrolyzer-GC/MS was
developed in order to omit sample’s preparation step and explore entire metabolites comprehensively.
Projection to latent structure by means of partial least-square (PLS) was performed to verify the correlation
between green tea’s metabolite profiling (X matrix) and its quality (Y matrix). A quality of model was validated
by testing and comparing the predictive ability to the respective model.

Chapter 1: General introduction

Quality of tea is different in kind of tea tree, plucking time, cultivation method and post harvest treatment.
These variations lead to differences in metabolites content in tea leaves, thus a variation in tea’s quality.
Sensory evaluation of Japanese green tea’s quality has traditionally been assessed by highly trained specialists
who evaluate product quality on the basis of leave’s appearance, aroma, color and taste of the brew. Besides
personal proficiency, it takes several years of specialized training to become a professional tea taster. Recently,
many instrumental measurements and analysis have been introduced to evaluate and determine the quality of
product by focusing on specific group compounds. However, the author believes that characteristics of product
result from combination of overall metabolites rather than a single compound. Therefore, techniques in
metabolomics were in the consideration.

Chapter 2: Quality-predictive model by GC/MS based primary metabolite fingerprinting

Primary metabolites of green tea, which are believed to be key factors to tea’s taste, were investigated. Green
tea flavor has four characteristic taste elements: bitterness, astringency, sweetness and umami. The brothy,
sweet umami taste is mainly due to amino acids. A relationship between green tea’s metabolite profile and its
quality was explored. A combination of gas chromatography and mass spectrometry (GC/MS) allows the
identification and quantification of numerous metabolites within single extract. A quality-predictive model
based on green tea’s primary metabolite profile was constructed through PLS regression describing 82.2% of
variations in Y and predicting 50.0% of variations in Y. Quinic acid, group of amino acids and sugars were
found to be significant in creating the prediction model.

Chapter 3: Quality-predictive model by UPLC/MS based secondary metabolite fingerprinting

Subsequently, ultra-performance liquid chromatography coupled with mass spectrometry (UPLC/MS) was
selected as an analytical platform providing information of green tea’s secondary metabolites. Several
researches show that tea contains a large number of plant secondary metabolites such as catechins, purine

alkaloids, flavonoids, etc. Several of them are demonstrated to be an important quality parameter determining

price of product. Green tea with different quality was discriminated. Consequently, projection to latent
structure by means of PLS was performed. The green tea’s quality-predictive model described 83.8% of
variations in Y and predicted 71.4% of variations in Y. Compounds found to have high relevance to variation in
tea’s quality were group of polyphenols.
Chapter 4: Quality-predictive model based overall metabolites by PY-GC/MS
Finally, a fast, simple and low-cost approach to evaluate quality of green tea was achieved by a system of
hyphenated pyrolyzer-GC/MS. The error from sample preparation could be avoided since raw samples were
extracted through pyrolyzer. In addition, undesired reactions from costly derivatizing agents, which are
commonly needed to treat samples before GC/MS analyses could be ignored. A quality-predictive model by
means of PLS regression was created and yielded a good model with high value of goodness and fitness of the
model. The model could describe 87.6% of variations in Y, while predict 77.8% of variations in Y. Differences in
product’s quality were resulted from content of phenolic-derived compounds and also group of long-chain
hydrocarbons.
Chapter 5: Conclusion
Techniques for quality evaluation of Japanese green tea were successfully developed by means of metabolic
fingerprinting utilizing spectroscopic data along with multivariate analysis. By observation of all metabolites
containing in tea leaves, the complete information of the system was acquired.
Synopsis of Evaluation Results

The thesis comprises three academic publications; two publications have been published and the other
one has been submitted. The oral examination was held on 30t June 2008 and the professor committee has
agreed that the examination and the thesis have met the requirements for the applicant to receive the degree

of Doctor of Philosophy in Engineering.
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(1) FRRUAGHTLTRESNENEREOREEZBETHIDIZ, A2 v NI T 7 4 —HESE (GC/MS)
DI EIT o 7. BEMANM A & R H o TN OBAERB 2 L, ¥V LSO EEE1T - 2%, GC/MS /34T
ol BONIEAMERERFERA VT v 7 AEMIER, HRSVHEEZERERE LT, <7 MR
L, BRETINFT—FICE L OBERMTEIT o7, GC/MS ST R RALY, SHFTBEIEM2I0ELHE LT,
PLS {RIC & D IBRLFRIE T L OMEE RS, +HRTFRUAEETE VAT LOBBICHEIA Lz, KVAT AL, WL
FERERE LICKREL TV EEERBICADE VAT AL LTEODTHRATHS.

(2) EERTHELEFEZ, FATEH IS, FUELHEEECARLTILERDboT. TIT, L0 M@ERKE
LT, MEREESSMMH L, BELEZMSMA R % GCMS DT, Bobhi M a3 Azt HEFN
VAT LOMEDORB T o1z, REFEER A 07 v 7 AEMIER. A 07T AOWBSHME 2 EMEE LT
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Ny MVEERL, BRETIT—2ICELDBERMTEIT o/, CC/MS TR ETALE, MFREENRL 5
BEEHLE LT, PLSIEIC K VB FRET VOMEERL, +0RTUNNEETHVAT LOBMBICHSH L. KU R
T A, BEHSEEECAESRETHY, MO TEAEOBVWIEEEXONDS.

(3) LRBIZGC/MSIZED TR AT LAOMBRERER LD, SHIZ, —RERDITHTIETH D HPLC OB FER
L DRHETR AT AOMEERF L=, &KV IV OEBBRMEY > 7L AVCHEiREk/n~v 757
A —TRATRERI RV B o4 % SEhli, (RFFRERA VT v 7 AEMNES WEOVIME 2 ERERE LTRY MV EEKR
L, RETIT—HICE L OSERMTEITo72. LC/MS DHFERE RALH, SFLEFEIEL 2 RELEHE LT,
PLS IEIC & W AL FHIE F L O E RS, +HARTFUNEETH VAT LAOBMBIIEI L
UED L2, Aigxix, SBBOTRSITELZAVE-ZRAGEEBEFEXRTL, ThbOBKREARMEL, EA%E
RLTWD. £»oT, A, MR LTHESHSbDOLRDD.





