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The Nature and the Origin of Polyphenols in Hoji-cha 

(Roasted Green Tea) 

By Muneyuki NAKAGAWA 

Tea Research Station, Ministry of Agriculture and Forestry, 
Kanaya, Shi;:.uoka 

Received June 3, 1967 

The nature and the origin of major polyphenols in Hoji-cha were elucidated from the 
investigation on the effects of heating on individual Havanols by using paperchromatographic 
technique. Furthermore, the direction of thermal transformation of each Havanol, and the 
quantitative changes of major product and original Havanol were also shown. The heating 
of Havanol solution resulted in epimerization, polymerization and decomposition, though 
the aspect of change was different with the kind of Havanol and thermal condition. 

Hoji-cha is a roasted tea, made from green 
tea of low grade. It is familiar to consumers 
for a delicate roasted flavor and a moderate 
pungency. The paperchromatographic study 
on the polyphenols in Hoji-cha revealed a 
noticeable different phenolic pattern from that 
of common green tea. Occurrence of several 
new constituents was observed in Hoji-cha 
together with marked decrease of original 
flavanols as a result of heating. 

In this paper the nature and the origin of 
these thermal products were elucidated. 

METHOD AND MATERIALS 

Flavanols. (- )-Epicatechin gallate (( - )ECg), 
(- )-epigallocatechin gallate (( - )EGg) and (- )-epi
gallocatechin (( - )EG) were isolated from tea leaf. 
(- )-Epicatechin (( - )EG), (+ )-catechin (( +)G) and 
( + )-gallocatechin (( + )G) were isolated from the 
heart-wood of Acacia catechu, Gambier and the bark 
of Casuarina equisetifolia respectively. Flavanol mix
ture was obtained from tea leaf by extraction with 
acetone and subsequent precipitation with chloroform. 

Instant green tea. Instant green tea was prepared 
from common green tea (Sen-cha) by extraction with 
hot water and lyophilization of the extract. The 
rate of simple Havanols (( - )-epicatechin and (( -)
epigallocatechin) to total f1avanols was higher in this 
tea pOWder than in the original tea, suggesting that 
a selective extraction might happen. 

Hoji-cha. A better grade of commerce was used. 
Paperchromatographic technique. Two-dimen

sional chromatography was carried out using n-butanol
acetic acid-water (4-1-2) as the first solvent and 2% 
aqueous acetic acid as the second solvent. The 
chromatogram was dipped into a dilute mixture of 
ferric chloride and potassium ferricyanide solution 
for the general detection of polyphenol. If necessary, 
ferrous ammonium sulfate, vanillin-hydrochloric acid, 
natrium carbonate and diazosulfanilic acid solutions 
were used as spray fluids. For the determination of 
f1avanols and related compounds, diluted diazosul
fanilic acid solution was sprayed on the dried chro
matogram and detected spots were eluted with hot 
water. To these eluates was added diazosulfanilic 
acid buffered with natrium acetate and after suf
ficient color development the absorbances of them 
were measured spectrophotometricall y as described 
previous ly.1) 

RESULTS 

1) Chromatograms of Polyphenols in Hoji-cha 

A typical chromatogram of Hoji-cha was 
illustrated in Fig. 1. Fig. 2 indicated also 
the chromatogram of them in the other solvent 
system (phenol-water and n-butanol-acetic 
acid-water). The pattern of polyphenolic 

-~ ... -.-.-

1) M. Nakagawa and H. Torii, This Journal, 28, 
160 (1964). 
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n-Butanoi-acetic acid-water (4-1-2) 

FIG. 1. Paperchromatogram of Major Polyphenolic 
Constituents in Hoji-cha. 

I~ 7: Thermal products. 
8~ 13: Natural flavanols. 

8: ( - )-Epicatechin. 
9: ( - )-Epigallocatechin. 

10: ( - )-Epicatechin gallate. 
11: (- )-Epigallocatechin gallate. 
12: ( + )-Catechin. 
13: ( + )-Gallocatechin. 
14: Theogallin. 

15, 16: Leucoanthocyanins. 
17 ~20: Flavanols. 
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Phenol-water (3-1) 

Paperchromatogram of Major Polyphenolic 
Constituents in Hoji-cha. 

1 ~ 7: Thermal products. 
8~ 13: Natural flavanols. 

8: ( - )-Epicatechin. 
9: (- )-Epigallocatechin. 

10: (- )-Epicatechin gallate. 
11: (- )-Epigallocatechin gallate. 
12: ( + )-Catechin. 
13: ( + )-Gallocatechin. 
14: Theogallin. 

17 ~21: Flavanols. 

spots in both chromatograms were different 
from those of common green tea (Sen-cha) or 
green leaflJ as to marked decreases of natural
ly occurring flavanols (( - )-epicatechin, (-)_ 
epigallocatechin and their gallate) and notice
able appearances of several constituents (spot 
1 ~ 7). It was suggested that the roasting ot 
green tea resulted in the formation of these 
products not present in the original tea. 

2) Effect of Heating on Flavanol Solution 
Aqueous solutions (0.1 %) of ( - )-epicatechin, 

( + )-catechin, (- )-epigallocatechin, (+ )-gallo
catechin, (- )-epicatechin gallate and (-)
epigallocatechin gallate were sealed into glass
tube and autoclaved for 1 ~8 hours at 120°C. 
The simple flavanol (catechin or gallocatechin) 
gave one spot easily in addition to the original 
spot, corresponding with unchanged flavanol, 
while the flavanol gallate gave two spots in 
addition to the original spot. These newly 
produced substances had the similar properties 
to the original flavanols with vanillin reagent 
and natrium carbonate, except the identical 
product obtained from both gallates. This 
substance coincided with gallic acid in view 
of position of chromatograms and color reac
tion with the above mentioned spray fluids . 
Figs. 3 and 4 demonstrated the directions of 
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(+) EG'--../ 
(-)G (+)EC 

(+)C 

(-)C 

n-Butanol-acetic acid·water (4-1·2) 

FIG. 3. Effect of Heating on Simple Flavanols. 

( -)C : ( - )-Catechin. 
( + )EC: ( + )-Epicatechin. 
(-)G: (- )-Gallocatechin. 
( + )EG: (+ )-Epigallocatechin. 

The arrows indicate the direction of thermal 
changes. 
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n-Butanol-acetic acid-water (4-1-2) 

FIG_ 4_ Effect of Heating on Flavanol Gallates_ 

3: Spot 3 of Figs_ I and 2_ 
4: Spot 4 of Figs_ I and 2_ 

The arrows indicate the direction of thermal 
changes. 

change with took place on heating the flavanol 
solutions_ 

It has been reported that heating of flavanol 
solution resulted easily in epimeric change.2

•
31 

And the relative positions of original flavanols 
and their epimers shown by Roberts resembled 
almostly to those of Fig_ 3. Then the ap
pearance of the new products was considered 
to be due to epimerization as to simple 
flavanols, while the change of flavanol gallate 
was dissimilar to that of simple flavanol, be
cause there was the production of gallic acid, 
but nothing of corresponding simple flavanol. 

The increase of thermal products during 
heating associated in some measure with the 
decreases of original flavanols, although both 
substances decreased gradually together with 
increase of polymers and other products with 
prolonging heating. Paperchromatography 
revealed that gradual increase of the substance 
remained at the original point. A small 
quantity of phloroglucin was detected in 
heated solution of each flavanol. It was sug
gested that heating of flavanol solution led to 
epimerization, polymerization and thermal 
decomposition of flavanol. 

Furthermore, quantitative changes of major 

2) T. Nakabayashi, Unpublished Data (1965), 
(1966). 

3) E. A. H. Roberts and D. J. Wood, Biochem. j., 
53, 332 (1953). 

TABLE I. THERMAL TRANSFORMATION 

Original 
Havanol 

(+)C 

(-)EC 

(+)G 

(-)EG 

(-)ECg 

(- )EGg 

OF FLAVANOLS 

120°C 
Thermal ~ -'-

product 0 1 hr. 4 hr. 
(+)C 0.886 0.445 0.276 
(+)EC 0 0.142 0.102 
(-)C 0 0.323 0.336 
(-)EC 0.824 0.210 0.137 

(+)G 1.080 0.784 0.386 
(+)EG 0 0.154 0.140 
(-)G 0 0.210 0.171 
(-)EG 0.946 0.266 0.109 
(- )ECg 0.768 0.226 0.076 
Spot 3 0 0.022 0.055 
Gallic acid 0 0.072 0.094 
(- )EGg 0.785 0.356 0.156 
Spot 4 0 0 0.117 
Gallic acid 0 0.080 0.134 

, 
8 hr. 
0.238 
0.097 
0.245 
0.098 
0.156 
0.076 
0.095 
0.055 
0.012 
0.018 
0.089 
0.066 
0.134 
0.081 

Each value is the absorbance of 420 m/1 for 0.1 ml 
of 0.1% original Havanol solution (diazosulfanilic 
acid method). 

thermal products and original flavanols with 
times were summarized in Table I. The 
results showed that catechins of trans-form 
was more stable during heating than those of 
cis-form with the simple flavanol. 

3) The Nature and the Origin of Major Thermal 
Products in Hoji-cha 

The authentic flavanols and their thermal 
products were added to the extract of Hoji
cha and the identification of spots was ob
served in the resultant chromatogram. Thus, 
the nature and the origin of thermal products 
in Hoji-cha were confirmed by a comparison 
of Rp values in paperchromatography and 
reactions with ferrous ammonium sulfate, 
diazosulfanilic acid, vanillin and natrium 
carbonate. Table II indicated the provisional 
identification for the thermal products (spot 
I ~6). 
4) Effect of Heating on Instant Green Tea and 

Flavanol Mixture 
A small quantity of instant green tea and 

flavanol mixture were heated in a oven at 
120a C or 150a C, for 10, 25, 30 or 40 minutes, 
respectively. The major polyphenols were 
estimated by paperchromatographic method, 
as shown in Table III and IV_ Declinings 
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TABLE II. ELUCIDATION FOR THERMAL PRODUCTS IN HOJl-CHA 

Color reaction 
Spot 

number 

1. 
2. 
3. 
4. 

5. 

6. 

Provisional 
identification 

(- )-Catechin 
( - )-Gallocatechin 
Unknown 
Unknown 

Gallic acid 

Phloroglucinol 

Original 
flavanol 

(-)EC 
(-)EG 
(-)ECg 
(- )EGg 
(-)ECg 
(- )EGg 

Each flavanol 

~-------------.~--------------" , 

Vanillin 
pink 
pink 
pink 
pink 

-

pink 

Natrium 
carbonate 

orange 
brown 
orange 
brown 

green 

Diazosulfanillic 
acid 

orange yellow 
orange yellow 
orange yellow 
orange yellow 

yellow 

orange 

Spots 1 and 2 are probably the mixture of (+ )-catechin and (- )-catechin, and that of (+ )-gallo
catechin and (- )-gallocatechin, respectively. 

TABLE III. EFFECT OF HEATING ON INSTANT GREEN TEA 

120a C 150a C 
0 - -~ ~ , 

" 

Consistuent 96 10 min. 20 min. 30 min. 40 min. 10 min. 20 min. 30 min. 40 min. 
% % 96 96 90 % 96 % 

(-)ECg 4.1 3.5 3.1 3.0 2.6 2.2 1.3 1.1 1.0 

(-)EC 3.6 3.4 3.3 3.0 2.5 2.2 1.6 1.2 1.2 

(- )EGg 15.0 14.3 13.5 13.0 10.8 8.2 3.4 2.9 2.9 

(-)EG 11.8 10.5 10.2 9.9 8.0 5.9 3.4 2.7 2.6 

(+)C 0.8 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 

(±)G 1.7 2.0 1.9 1.8 1.5 1.9 2.6 2.3 2.2 

Spot 3 1.0 2.1 1.8 1.6 

TABLE IV. EFFECT OF HEATING ON FLAVANOL MIXTURE 

120a C 
0 -/ 

Constituent 0/ 
/0 10 min. 20 min 30 min. 

% % 96 
(-)ECg 1l.5 11.3 12.2 12.4 

(-)EG 4.6 4.0 4.2 4.2 

(- )EGg 50.7 49.5 50.0 50.5 

(-)EG 16.3 14.2 14.7 15.7 

(+)G 2.8 2.7 2.8 2.8 

Spot 3 

of flavanols content were observed with elevat
ing temperature and prolonging heating in 
both materials, even though flavanols in 
instant green tea were appreciably unstable 
than those in flavanol mixture. 

DISCUSSION 

The isomeric transformation of various 
flavanols takes place together with polymeri
zation and decomposition by roasting during 

150a C -- " 
, 

40 min. 10 min. 20 min. 30 min. 40 min. 
% % % % % 
12.0 10.4 10.6 10.1 9.9 
4.0 3.6 3.1 3.1 3.6 

50.2 44.0 43.4 41.6 38.6 
16.5 12.0 10.8 8.8 8.6 
2.8 2.8 3.1 3.6 3.1 

1.1 1.2 1.8 1.6 

the manufacture of Hoji-cha. The natur, 
and the origin of these thermal products wer 
elucidated from the effects of heating 01 

individual flavanols by using paperchromatc 
graphic technique. But their precise identl 
fication will be carried out in the near future 

According to Freudenberg, the main therma 
product from (- )-epicatechin or (+ )-catechi 
under the corresponding condition in this stud 
is (- )-catechin or (+ )-epicatechin, although 



The Nature and the Origin of Polyphenols in Hoji-cha 1287 

certain amount of racemization also occurs.4
•

51 

The similar change has been shown on the 
catechin and gallocatechin by Roberts31 and 
Nakabayashi.21 These findings were confirmed 
in detail by this experiment. However, the 
racemic change of flavanols did not appear 
to occur in any case of this study. It may 
be assumed that a hydrogen bonding of C.
hydroxy group to the hetero-oxygene atom 
may retard the racemic change. On the other 
hand, (±)-gallocatechin and (±)-catechin iso
lated from green tea extracts by Bradifield6

•
71 

were probably the admixture of naturallyoc
curring (+ )-gallocatechin and (- )-gallocatechin 
produced from (- )-epigallocatechin, and that 
of natural (+ )-catechin and (- )-catechin pro
duced from ( - )-epicatechin. Spot 1 and 2 of 
Fig. 1 in Hoji-cha are also probably the mix
ture of (+ )-catechin and (- )-catechin, and 
that of ( + )-gallocatechin and ( - )-gallocatechin. 
However in common green tea the substances 
occupying the corresponding positon of spot 
1 and 2 of Fig. 1 exist presumably as the 
mixture of predominant ( + )-catechin and that 
of (+ )-gallocatechin. The failure of detection 
of (+ )-epicatechin and ( + )-epigallocatechin in 
Hoji-cha was likely to due to the small 
amout of original flavanols and relative un
stableness of epistructure during heating. 

The past observation for the thermal effect 
on flavanol gallate has been suggested that 
(-)-catechin gallate and ( - )-gallocatechin 
gallate were produced from their epimers 
through analogous change to simple flavanols, 
respectively. In this experiment, however, 
the two new spots in addition to each original 

4) K. Freudenberg and L. Purrman, Liebigs Ann., 
437, 274 (1924). 

5) K. Freudenberg, "Tannin, Cellulose, Lignin" 
Julius Springer, 1933. 

6) A. E. Bradfield, M. Penney and W. B. Wright, 
J. Chern. Soc., 1947, 32. 

7) A. E. Bradfield and M. Penney, ibid., 1948, 
2249. 

spot were produced by heating flavanol gallate, 
one of which was considered as gallic acid. 
And the corresponding simple flavanol expected 
to be produced by the release of gallic acid 
from flavanol gallate could not be found in 
this case. Therefore, the another new spot 
do not probably originate by a simple epi
meric change. 

A solution of 0.1% flavanol was used for 
the investigation in this experiment. This 
concentration was effective for epimeric trans
formation. A high concentration of flavanol 
solution was likely to lead to depressing the 
epimeric change instead of enhancing poly
meric change from paperchromatographic ob
servation. The marked decreases of original 
flavanols in instant green tea by heating 
resulted in appearance of epimers or related 
compounds, though the formation ratios in it 
were lower than those in pure flavanol solu
tions. 

The pungency of green tea correlates high
ly with the content of flavanol gallates. The 
roasting of green tea resulted in marked epi
merization, polymerization and thermal de
composition of flavanols. In the whole, the 
decrease in the amounts of flavanol gallates 
during the manufacture of Hoji-cha accounts 
for the fall of pungency, but its detail re
mains unknown. 
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