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M7l o= o]FolA glom, Fake] FHE = (-)-

epicatechin (EC), (-)-epigallocatechin(EGC), (-)-epicate-
chingallate(ECG) 9} (-)-epigallocatechingallate (EGCG)
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Fig. 1. Chemical structure of major catechins in green tea.
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Fig. 4. Tea cream formulation pathway.
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Table 1. The major groups of tannins as substrates for tannase with their representative types and main

Groups of tannins

Hydrolytic reactions catalyzed by tannase

Sources

Gallotannins e.g. tannic acid (commercial name of
Chinese gall tannins); yield gallic acid and glucose on

Hydrolysable tannins hydrolysis.

Tara pods, gall nuts, sumac leaves
etc.

Ellagitannins; yield ellagic acid and glucose on

hydrolysis.

Wood of oak, chestnut, myrobalan
etc.

Catechin and epicatechin Gallates; yield catechin,
epicatechin and gallic acid on hydrolysis; have

Catechin tannins

Tropical shrub legumes, tea leaves
etc.

properties of hydrol-ysable and condensed tannins.

Polymeric proanthocyanidins; yield monomeric
flavornoids such as flavan-3,4-diols and flavan-3-ols
on hydrolysis e.g., quebracho tannins from the wood of

Condensed tannins

quebracho tree.

grapes, apple, olives, beans, sorghum
grains, carob pods, cocoa, coffee,
besides tree bark, heart wood etc.
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Fig. 5. ABTS and DPPH radicals scavenging activities of green tea extract with or without tannase treatment under optimum
reaction conditions. Values are means+SD of triple determinations. The half maximal inhibitory concentration (ICso) is the effective
concentration at which ABTS or DPPH radical is scavenged by 50%. ABTS: 2,2-azino-bis—(3-ethylbenzothiazoline-6-sulfonic acid),
DPPH: 1, 1-diphenyl-2-picryl hydrazyl, EC: (-)-epicatechin, ECG: (-)-epicatechin gallate, EGC: (-)-epigallo catechin, EGCG: (-)-

eplgallocatechln gallate.



16 =8| - Hey
EILIOIM 2 MEXEAIZ] SAte| & ¥ &t =1 H EGE dHo T = AEY FI)E ZH3H, cyclin-
He 24T HdTY FYo2RE AAE W dependent kinase(CDK2), CDK4, B-cell lymphoma(bcl)
oste 7Hd 8% 71d F9 stuE, BAAA 95w 2, bcl2L1, E2F1 18]3l c-mycE 83 287 A<
o AT 9% 9Ny BHe FaNy)n F9F vy BEeAcn Sk
A9 FAS Z7HA7H 7] BAE BEFS FA)
7] A% Ape) Wake Bpske o) 2¥o] dojun) EHOPHZ MSNEAZl =i SAE BES 21
@), T WY 93 WL FIHOE Wy IR AP, 2E2 sd Be A9 k2o F7h Y129,
Frite s #E Y, 713AE, A9, b Asks, 954 FalEde R 9 LA F9 =Fo] FUtEo] o|ZH
AAG 5o 9= AFgow HAT = long HHI B AAE Wojsta A73-S fA 8o st ddilEe A
A 27F L7 ETH49). U2 A ZFQ RAW264.7 Al2= 3 2, o8td a7t A U= Utk zpe] el o)
% GEY BeS AT, AF 95 wWJAAEY Wy = FAkse 97 k3l 5 o BAE do7a
FEE FEde AsAGHZY dAaTS 717 & Atk JF7 B G Aol =W S4MAET
S Hrietr] sk Agdndz st gutdo g Al g E I (reactive oxygen species, ROS)°] A& 1 o] 2 <13 1
ik, oARgo2 & otel GV} Fau BYNLF
Yoshizawa 5(50)-> EGCG7} 8 9% &0 mf-% 52 hydroxyl radical(OH "), superoxide radical(O”) %—% L3
A FHL JEAThD Bastgon, Lusk Chend3)e  $40] W% Folq Miel Fa THRA A4, vy
Cu’'d] EA) slol A RAW2647 M ES AEES ZH3F A, OFF @ Ao} wgste] Mo £4& Fu 97
g, Brobls Aed sk 184 ge XAS 4% 2§ YL 2L AR L3E PYAE A9lo)
H w8t =d|, gubolA 2 A2 gk Fab Qe A o] Al ZA HTHE?). 24 Boll o5 A E 444 e AU 27

&L HxTd Hlaste] Fo]A o2 E%rh 100 ppm
SR, BolAl R A2 e A B =k vjdE AE
AEEL 0% 2 golAl 2 A3k Hx19] 85% Xt}
gkt} o2l g Ae gtolAl 2 A2 e H27h Cu™
= o2 HE HolFo] AE AEES Fo = Lo
Z 2yugch At g2 35 EGCGrE Cu®'oF 2
Fate] DNAS #ES olned, o212 &9 4tshd
7HIZIE0] 287 32 FHEZISRT o $o| At E
g2 FX8t7] WEolgtal stATHGL).

=2t 7HE 719 A v F °L31X4 A0 m (52~
54), 593] EGCGE A E £315 AAAATFE 7HE
e a7t lsol BaEa JokEh). AR E tE
FAAE EGCG7F & o&F3 oz AAZFC =4
7FA 3L Tl SFHTHE6). Macedo 5 (46)2 BHyolAl 2
A2l gt 52kt EGCGE A o] A7t 7hA AL e &
E o] W3R ¥ou(low genotoxicity, antiprolifer—

B WL Lo

lrﬂ

2 ol
& o J

ative activity, up-regulation of pro—apoptotic genes), 2
38 AEEA v FUketa stk Emd AlEsA
I AZESE golr7] g MTTe} sulforhodamine
B(SRB) 480l = golAl 2 X&) 3 H2}t9} EGCGol
Me NESZES FEstA gxem, A dd AEs
Ql HT299} 9141 AEFQA PG1009] A EE3E A5}
, EGCGY 5A4& FAAATHAL 3tk Avrt Alx
AHE (apoptosis) @ & A apoptotic protease activat—
ing factor(APAF)1, caspase(CASP)-8, cyclin-depend-
ent kinase inhibitor(CDKN)1A 9} FAS9] 2d-& E A3}

of A5 24& WAL ZH AeiE Aok
dative stress)7} FAF 2 I A HEgo] A9 4k3}
= °]E7] sto AdAstES AT AL AqtEE
o A WA e AW obr 8 EA
S2AAA FEe BAR ob7|Ha . o]RH %
«]f{ B2 T AR AT AEE
1SRG L AL 3 A3

HYE 9 Ao,

d

Of

W
mlo
E

N
rld
=2
2 IF rlr
el
T
2
—z
Y
ofo
9.
°
o .
T oo
e ¢
bR
o oo
il
ox X
™)
g o

>~_¢ml°—ﬁ

ro oo dl
%
N
of
o
}‘i

o :1{1:{
N
e |
o
ko
-
i
=
%0,
rir
=
R

for g

[e5)

mlm

12

Y

ol

el

ST}

= 5

x

b

jg

r

(o

2
ox

ox

(it

el

o

ofN

oS

© &

o Mo s N g ol ro e
YRS RN LU )

ofN
£ o2

o
O

quﬂﬁjjrﬂ 91310 (60), =
Z}\]-U]— X ZZ] Wy
< A, 9 F o Fiehd
1:}(61 Eape] e 3
WS AEtH ol=
E3 712 ﬂl?} Katiyar 5(62)& 531 &
A A9 A 1}94"“1] oA LIAT 5
QAL A, o] A& L] e ofgt
2] 2t Z(free radical) o] &

H
ok
—d
f o
)
=
>
>

e
olN X of
T

1
fo o o 2 Yk g0 %0 op dt o rC e X (o M

R

L &

fr o roy pob
o

o MZ ool &

NeN
=

off 3

IH—WE
29 ¥ gn o (o
e & oJooex o

O{N =)
_&
ol ot
=
Jf
1o Ho



s AMZMO| Tannase &&=kt 17

d
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3 = i
§ 2 a E : Fig. 6. Effect of formulation containing
E & tannase-converted green tea extract
> 4 on visual wrinkle grade, the reduced
H H H form of glutathione (GSH), hydrogen
0 0 peroxide levels and lipid peroxidation
None  Vehicle FNGE FTGE NoUVB None Vehicle FNGE FTGE No UVB |eve|s in UVB—irradiated hair|ess mice.
6 100 Different letters indicate significant differ—
ences (p<0.05) among samples as de-
N termined by Duncan’s multiple range test.
=2 - 1 Bars show the mean=SEM for five mice.
g ° 5 Vehicle base formulation, FNGE for-
g s A % 0 mulation containing 5% normal green tea
c a a g 4 e a a extract, FTGE formulation containing 5%
g ) F tannase-converted green tea extract. Thio—
z 25 barbituric acid-reactive substance (TBARS)
content was calculated as a malondialde—
0 ) 00 hyde (MDA) content.

D20 WL A SRS U None Vehicle FNGE FTGE NoUVB

UVB irradiation UVB irradiation
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AezEd 2ol U@ E3E SPSFAE (Fig. 6), 49 AL FEAS Beishe AdBAo] FAhE 1EA, 13
e 21 F ol PAE A ge gEee de Ao 9B A8L Fsd @ 4 ATk od 249
Bl Ao, A90E 2D F BuoldE ALl B4 23 Tled 4, H4F 2 ook
g =3 sPgEE HE T UMI%J FEOl AA BAHL o2 FEEE Eolal o2 Qg 7|E o] H ASE
2 HOH8) )% JEIST, Ao SRAEHE & ZAE 5 A 0E AN 5 98 A0w A2E
o] A<l Aol 7} gldhar o}ﬁi‘:‘r 23l guobA & o] &
st mA SR Fe] A7hE FAFL vE 2o B D23
9 FFEXL a3E 1073 mM/g o & AL FxAM
9] 10.15 mM/g Bt} folF oz =9ka1, Haksai o 1. Goli AH, Barzegar M, Sahari MA. 2005. Antioxidant activ-
2= YRS AYslus Ao B2 /\]-:rL 3 ge 3 ity and total phenolic compounds of Pistachio (Pistachia—
= zko] gojHel ztol7} Qi) wak BakskA o] AA vera) hull extracts. Food Chem 92: 521-525.
aro stao = 2. Wang H, Provan GJ, Helliwell K. 2000. Tea flavonoids:
&= o] 130 malondialdehyde(MDA) ¢} &< = their functions, utilisation and analysis. 7rends Food Sci
e A B2 A e 4 sFES e I Technol 11: 152-160.
AL A BZANE 7He] 3] 3 foF o g 2ot (1l 3. Umeda D, Yano S, Yamada K, Tachibana H. 2008. Green
3, o) R0 2 BJolA 2 sl AEANFE =374 tea polyphenol epigallocate chin-3-gallate signaling path-
B Zo] Solgs sAE] HatslA AT} Abshchul A o) ?\fgg(f) tgé;);gh 67-kDa laminin receptor. J Bio/ Chem 283:
1o & o o) 3 '
A E BapoR SAste Ao A e 4. 7hu Q, Zhang A, Tsang D, Huang Y, Chen Z 1997, Stability
=3 d4S AT 5 S Aol s of green tea catechins. J Agric Food Chem 45: 4624-4628.
5. Furukawa A, Oikawa S, Murata M, Hiraku Y, Kawanishi
A = S. 2003. (-)-Epigallocatechin gallate causes oxidative

damage to isolated and cellular DNA. Biochem Pharmacol
olf gt AT AAES RO = golA|7t F4ko 3 66: 1769-1778.



18 =8| - Hey

6. Bertram B, Bollow U, Rajaee-Behbahani N, Burkle A, in infusions of black tea and green tea [Camellia sinensis
Schmezer P. 2003. Induction of poly(ADP-ribosyl)ation (L.) O. Kuntzel. Int ] Food Sci Technol 37: 627-634.
and DNA damage in human peripheral lymphocytes after 22. Hatamoto O, Wataraib T, Kikuchib M, Mizusawab K,
treatment with (-)-epigallocatechin gallate. Mutat Res Sekinea H. 1996. Cloning and sequencing of the gene en—
534: 77-84. coding tannase and a structural study of the tannase sub-

7. Malik A, Azam S, Hadi N, Hadi SM. 2003. DNA degrada- unit from Aspergillus oryzae. Gene 175 215-221.
tion by water extract of green tea in the presence of cop— 23. Tacazio G, Perissol C, Faure B. 2000. A new tannase sub-
per ions: implications for anticancer properties. Phytother strate for spectrophotometric assay. J Microbiol Methods
Res 17: 358-363. 421 209-214.

8. Battestin V, Macedo GA, De Freitas VAP. 2008. Hydrolysis 24. Lekha PK, Lonsane BK. 1997. Production and application
of epigallocatechin gallate using a tannase from Paecilo— of tannin acyl hydrolase. state of the art. Adv Appl
myces variotit. Food Chem 108: 228-233. Microbiol 44: 215-260.

9. Lu MJ, Chen C. 2007. Enzymatic tannase treatment of green 25. Boadil DK, Neufeld R]J. 2001. Encapsulation of tannase for
tea increases in vitro inhibitory activity against /N-nitro— the hydrolysis of tea tannins. Enzyme Microbial Tech 28:
sation of dimethylamine. Process Biochem 42: 1285- 590-595.

1290. 26. Lu MJ, Chu SC, Yan L, Chen C. 2009. Effect of tannase

10. Niho N, Shibutani M, Tamura T, Toyoda K, Uneyama treatment on protein tannin aggregation and sensory at-
C, Takahashi N, Hirose M. 2001. Subchronic toxicity study tributes of green tea infusion. Food Sci Technol 42 338-
of gallic acid by oral administration in F344 rats. Food 342.

Chem Toxicol 39: 1063-1070. 27. Kim DH, Lee ], Kang BS. 2011. Changes in the quality

11. Negi AS, Darokar MP, Chattopadhyay SK, Garg A, Bhat- of green tea concentration through tannase treatment.
tacharya AK, Srivastava V, Khanuja PS. 2005. Synthesis Korean J Food Nutr 24: 720-724.
of a growth promoter from gallic acid. Bioorg Med Chem 28. Raghuwanshi S, Misra S, Saxena RK. 2012. Enzymatic
Lett 15: 1243-1247. treatment of black tea (CTC and Kangra orthodox) using

12. Zhu M, Phillipson JD, Greengrass PM, Bowery NE, Cai Penicillium charlesii tannase to improve the quality of
Y. 1997. Plant polyphenols: biologically active compounds tea. J Food Process Preserv 24: 1745-1749.
or nonselective binders to protein? Phytochem 44: 29. Su E, Xia T, Gao L, Dai Q, Zhang Z. 2009. Immobhilization
441-447. and characterization of tannase and its haze-removing.

13. Sittig M. 1988. Trimethoprim. In Pharmaceutical manu— Food Sci Technol Int 15: 545-552.
facturing encyclopedia. Sittig M, ed. William Andrew/ 30. Bhat TK, Singh B, Sharma OP. 1998. Microbial degrada-
Noyes, New Jersey, USA. p 282-284. tion of tannins—a current perspective. Biodegradation 9:

14. Sharma S, Gupta MN. 2003. Synthesis of antioxidant 343-357.
propyl gallate using tannase from Aspergillus niger van 31. Chun JU. 2010. Rapid measure of color and caechins con—
Teighem in nonaqueous media. Bioorg Med Chem Lett tents in processed teas using NIRS. Korean J Plant Res
13t 395-397. 231 386-392.

15. Chung US, Oh YY, Seo YM. 2009. A Study on the pro- 32. Kang ST, Yoo UH, Nam KH, Kang JY, Oh KS. 2007.
tective effect of gallic acid in cultured human skin mela- Antioxidative effects of green tea extract on the oxidation
noma cells damaged by hydrogen peroxide. Korean J Soc of anchovy oil. J Agric Life Sci 41: 47-53.

People Plant Environ 12: 65-71. 33. Obanda M, Owuor PO, Mang'oka R. 2001. Changes in the

16. Jhoo JW. 2008. Anti-inflammatory effects of purpurogallin chemical and sensory quality parameters of black tea due
carboxylic acid, an oxida tion product of gallic acid in fer- to variations of fermentation time and tempera ture. Food
mented tea. Korean J Food Sci Technol 40: 707-711. Chem 75: 395-404.

17. Park WS. 2010. Inhibitory effect of gallic acid on pro- 34. Powell C, Clifford MN, Opie SC, Ford MA, Robertson A,
duction of chemokine and growth actor in mouse macro- Gibson CL. 1993. Tea cream formation: the contribution
phage stimulated by lipopolysaccharide. Korean J Orient of black tea phenolic pigments determined by HPLC. J
Physiol Pathol 24: 586-591. Sci Food Agric 63: T7-86.

18. Deschamps AM, Lebeault JM. 1984. Production of gallic 35. Ravichandran R, Parthiban R. 1998. Changes in enzyme
acid from tara tannins by bacterial strains. Biotechnol activities (polyphenol oxidase and phenylalnine ammonia
Lett 6: 237-242. lyase) with type of tea leaf and during black tea manufac

19. Amstrong GS. 1934. A study of tannin protein interactions. ture and the effect of enzyme supplementation of dhool
Dissertation Abstracts International 44: 2965. on black tea quality. Food Chem 62 277-281.

20. Rodriguez H, de las Rivas D, Gonez-Cordoves C, Munoz 36. Peyrat-Maillard MN, Bonnely S, Rondini L, Berset C. 2001.

21.

R. 2008. Degradation of tannic acid by cell-free extracts
of Lactobacillius plantarum. Food Chem 107: 664- 670.
Liang Y, Lu J, Zhang L. 2002. Comparative study of cream

Effect of vitamin E and vitamin C on the antioxidant ac-
tivity of malt rootlets extracts. Lebensm— Wiss u-Technol
34: 176-182.



s AMZMO| Tannase &&=kt 19

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Liudong F, Feng Z, Daoxing S, Xiufang Q, Xiaolong F,
Haipeng L. 2011. Evaluation of antioxidant properties and
anti-fatigue effect of green tea polyphenols. Sci Res
Essays 6. 2624-2629.

Fujiki HJ. 1999. Two stages of cancer prevention with
green tea. Cancer Res Clin Oncol 125: 589-597.
Kumamoto M, Sonda T. 1998. Evaluation of the anti-
oxidative activity of tea by an oxygen electrode method.
Biosci Biotechnol Biochem 62: 175-177.

Chen 7Y, Zhu QY, Wong FY, Zhang Z, Chung HY. 1998.
Stabizing effect of ascorbic acid on green tea catechins.
J Agtic Food Chem 46: 2512-2516.

Merken HM, Beecher GR. 2000. Measurement of food fla—
vonoids by high-perfor mance liquid chromatography. /
Agric Food Chem 48. 577-599.

Hong YH, Yeon YK, Jung EY, Shin KS, Yu KW, Kim
TY, Suh HJ. 2011. Optimal reaction conditions and radical
scavenging activities for the bioconversion of green tea
using tannase. J Korean Soc Food Sci Nutr 40: 1501~
1506.

Lu MJ, Chen C. 2008. Enzymatic modification by tannase
increases the antioxidant activity of green tea. Food Res
Int 41: 130-137.

Ian RR, Joanne ML. 2001. Simulated intestinal digestion
of green and black teas. Food Chem 73: 481-486.
Soong YY, Barlow PJ. 2006. Quantification of gallic acid
and ellagic acid from longan (Dimocarpus longan Lour.)
seed and mango (Mangifera indica L.) kernel and their
effects on antioxidant activity. Food Chem 97: 524-530.
Macedo JA, Gambero A, Macedo GA, Ribeiro ML. 2012.
Chemopreventive potential of the tannase-mediated bio—
transformation of green tea. Food Chem 133: 358-365.
Richards J, Adams F. 1987. Study of reaction rates of the
antioxidants gallic acid, BHA and BHT using the techni—
que of plus radiolysis. Int J Food Sci Technol 22: 501-508.
Lawrence T, Willoughby DA, Gilroy DW. 2002. Anti-in-
flammatory lipid mediators and insights into the reso-
lution of inflammation. Nat Rev Immunol 2: T87-795.
Kaplanski G, Marin V, Montero-Julian F, Mantovani A,
Farnarier C. 2003. IL-6: a regulator of the transition from
neutrophil to monocyte recruitment during inflamma tion.
Trends Immunol 24: 25-29.

Yoshizawa S, Horiuchi T, Fujiki H, Yosida T, Okuda T,
Sugimura T. 1987. Anti tumor promoting activity of (-)
epigallocatechin gallate, the main constituent of tannin in
green tea. Phytother Res 1: 1-14.

Azam S, Hadi N, Khan NU, Hadi SM. 2004. Prooxidant
property of green tea polyphenols epicatechin and epi-
gallocatechin—-3-gallate: implications for anticancer prop—

52.

53.

54.

55.

56.

o7.

58.

59.

60.

61.

62.

63.

erties. Toxicol In Vitro 18: 555-561.

Banerjee S, Manna S, Saha P, Panda CK. 2005. Black tea
polyphenols suppress cell proliferation and induce apopto—
sis during benzo-(a)pyreneinduced lung carcinogenesis.
Euro J Cancer Prev 14: 215-221.

Cooper R, Morre DJ, Morre DM. 2005. Medicinal benefits
of green tea. II. Review of anticancer properties. J Altern
Complementary Medi 11: 639-652.

Maeta K, Nomuro W, Takatsume Y, Izawa S, Inoue Y.
2006. Green tea polyphenols as prooxidants to active oxi—
dative-stress—responsive transcription factors in yeasts.
Appl Environ Microbiol 73. 572-580.

Shimizu M, Shirakami Y, Moriwaki H. 2008. Targeting re-
ceptor tyrosine kinases for chemoprevention by green tea
catechins, EGCG. Int J Mol Sci 9: 1034-1049.
Schmidt M, Schmitz HJ, Baumgart A, Guedon D, Netsch
MI, Kreuter MH, Schmidlin CB, Schrenk D. 2005. Toxici-
ty of green tea extracts and their constituents in rat hep-
atocytes in primary culture. Food Chem Toxicol 43: 307-
314.

Yaar M, Gilchrest BA. 2007. Photoageing: mechanism,
prevention and therapy. British J Dermatol 157: 874-887.
Huang MT, Xie JG, Wang Z2Y, Ho CT, Lou YR, Wang
CX, Hard GC, Conney AH. Effects of tea, decaffeinated
tea, and caffeine on UVB light-induced compelete carci—
nogenesis in SKH-1 mice: demonstration of caffeine as
a biological important constituent of tea. Cancer Res 57:
2623-2629.

Wang 7Y, Huang MT, Ho CT, Chang R, Ma W, Ferraro
T, Reuhl KR, Yang CS, Conney AH. 1992. Inhibitory ef-
fect of green tea on the growth of established skin papil-
lomas in mice. Cancer Res 52: 6657-6665.

Wang 7Y, Agarwal G, Bicker DR, Mukhtar H. 1991. Pro-
tection against ultra B radiation-induced photocarcino—
genesis in hairless mice by green tea polyphenols. Carci—
nogensis (Lon.) 12: 1527-1530.

Record IR, Dreosti IE. 1998. Protection by black tea and
green tea against UVB and UVA+B induced skin cancer
in hairless mice. Mutat Res 422: 191-199.

Katiyar SK, Matsui MS, Elmets, CA, Mukhtar H. 1999.
Polyphenolic antioxidant (—)-epigallocatechin-3-gallate
from green tea reduces UVB-induced inflammatory re-
sponses and infiltration of leukocytes in human skin.
Photochem Photobiol 69: 148-153.

Hong YH, Jung EY, Shin KS, Kim TY, Yu KW, Chang
U], Suh HJ. 2012. Photoprotective effects of a formulation
containing tannase-converted green tea extract against
UVB-induced oxidative stress in hairless mice. App/
Biochem Biotechnol 166: 165-175.



