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<Abstract>

The purpose of this study was to investigate the effects of green tea extracts (GTE) on the fermentation properties
of polyphenol-enriched beers. As such, the formation patterns of tannoid in beer with GTE were investigated at 3
different infusion times, while the ale and the lager beers fortified with GTE were analyze to ascertain effects on
gravity, pH, yeast viability, total polyphenol, and tannoid during fermentation period. The results were as follows: 1}
The formation of tannoid in beer with GTE in the tannometer; In reaction of GTE with polyvinylpyrrolidon (PVP),
control lager beer peaked in the formation of tannoid at 70 ~ 80 mg of PVP, the 1st extract exceeded the detection
limit, the 2nd extract at 170 ~ 180 mg, while the third extract at 150 ~ 160 mg of PVP. The GTE were slow in
reacting with PVP, and their formation pattems were different from those of polyphenols from barley and hop. 2}
Ale fermentation; The final alcohol content was 9.25% (ABV). The addition of GTE increased the yeast viability after
2 days and finally reached 52.3% from 30.9%. Total polyphenol in GTE beer increased by 1.5 times (p < .05).
However, its tannoid contents increased by 6.4 times. 3) Lager fermentation; The final alcohol content was 5.93%
(ABV). The effect of GTE on lager beer was minimal for all variables. However, total polyphenol of GTE beer
increased by 1.4 times {p < .05). Its tannoid increased by 3.3 times (p < .05).

ZFH0l(Key Words) : +52Hgreen tea), £ 2] 3 {polyphenol), 7}%543 ®F:{functional beer), o} fale), }7 (lager)
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DTN

AL AT ANES o Etata A
RIE F 2 A AFFES JehdY, French
Paradoxztal Ee] o] @A ZFAQE0] aHlshe A4
oRR19] et AEE] = AR FYE Ak Frankel,
Kanner, German, Parks, & Kinsella, 1993; Renaud & de
Lorgeril, 1992). &, ARle] A2 Qg A%RS A}
= F2 zoAo} &89 catechin, quercetin, epicate
chin, resveratol, tannin 2] polyphenolof 4] H|EHc} 1
of ute} T FHAeRlo] tiE &of vl Z2ert ¥ A
7ol & golete Q4o] e FAElHA Rl tht =
7t ZWAH o7 F7kskal Qi

o] ozt 147 ge] dRt Sl A W= A7
BEI Aol AA dl= olzta g2A ot Ty W
+ Z9ulE Fol EEoisle] ZEE flavonoid7t 34
AEE TOoRHN AHFY WY A IUE
lipoprotein® F7H5 7H4 23 GH59] Ee2HES Aa
Al#A(Miranda, et al., 2000; Sierksma, van der Gaag, van
Tol, James, & Hendriks, 2002) 53352 $H743} 59
AEE S 7| A%uie]e WAL A
wheba] Wpo] Fol e AR AR A HEE A
59 Afotol] L= ol4ke] ANE AUz LR HY
%22 QcHBuhler & Miranda, 2003; Denke, 2000),

738t flavonoid® @AHE}H 2H8-E sl W] Z2jHs
2 U2 W] Az FAA AAY didol FAL gict,
1 olf= W fEoht Bt Ajof A7) Ehhaze)S
£0l7] 9afirolct, SER dolo4 dAEe Zelvledt
hydrophobic peptide®] B]E0|2 Hito) 23] A7) AHE
2ol b= @410 o] RS Sold f571E o &

T UL AIFAE o €A T 5 ol Bide T
Al71, o ZET g WA @ & otk o]z s o A
7} Q) whda} g7 S WF7L AZEQl SeKch g
3] ZES 435 B2 (thirsty quenching aid)24]
o] Hgho] o] 2L it

W= ofy 71A] el B, §714, thFst AsEE
3 ko] Mgag $H-8(Gromes, Zeuch, & Piendl, 2000)
i Bat olu)zt flavonoid®] A A8 dh= A
ZFofl f-8% R &SRO o|AY Wt e 7S
AYUHA QAo 583t ER S8 AM-2 EaA|qt
WE7F YL Qe 27158 AU L3sk] HalAe &
Gge] 4u|7}h A Elofopet dtrhBamforth, 2002). AR
3 ARE AU RIS Zoslo tE Y4 SSRY
tER 2 W37t AUE B w715 E BEstA st

= wiT

2
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A EHH dTEo] ot 9759 AT Forn 1L 8
A 4= 7] gizolct, 164 o9 HY 25E s &
FEUT APTHE 7t BAO] gt Mayer, Simon®
Rosolova(2001), van der Gaag, van den Berg, van den
Berg, Schaa fsma$®} Hendriks(2000)9] G- 235-2 Al
HJ 16 ~ 54419 Y 2§ BF AR 5= A%l =
5 AU 50| USrE A9 JESEol o
o}, 22U 654 ol 1EY 3HE F ARt AAeFe] S5
7F A7l =2-& 91, 7S Hske aE sl
ot Aol 43E AHE AAR F off BRE ojeet A
HE Aeled ols FF0 4R &R £L2 T3} gl
7N YIS ZREA &40 gitkT Nutrition
News(2003)= A%t v} et

e 34 Alzel Wiazel 9a house W
2 A YAbete HEZ A Hojgls ARE ¢
st QL) ookt 7isAE o Bol Estn ot
L2toll A 0]2j3t house WF7F AAE]7] AJRHEH
2002 2AHo| /= HARE 0|1, 20084 4¥FH
< 79 fE= AgtH oz 588 o folrt, R &
5ol 882 Aol WY tekdt 715/l s 4
AHoz LnuzolA Fz4E Fojn], 7|78 §5717F
ol o ¢IA B Aolth, wetA] it W YAk A
oA Yot @7|7te] §-532o2 A3 JRo] Z3tEA
U AZE 9RE F7Isto 7154E Aele WErt 5%
sHA & Aoltt, &3] ©&7)7F #-838t house Bi= £
o] gelo] He EHES AAstHe E¥E 7Y E
a7t gk WZo| A2l polyphenold hopet maltolAl
H|RE = o] AL W9 eHgn FFujof mje Fag
AeE AR §E 717 Foll W & Qe 9HAn 2
sl Eeho] elo] o AEAS AstAZI7|E ditt
(Leiper, Stewart, McKeown, Nock, & Thompson,
2005), 1&y} 22 A9 (well being)} E312(LOHAS,
Lifestyle of health and sustainability) Altole A%
7164 Sro F8A40] B EN B ARECl 9
F9] et ot 71542 7H polyphenol& A
Hoted o B2 BHE 71&0)2 AUch(Wiseman &
Woods, 2002).

thF 71548 7R AR B3 Aze oF 7HA
QP FAEE ol 88t A|F FA o Sh= thekst 71e A 1
9] 7E 7hs8kA ik, o2t 71e A W shte
2 @A LeuetolA gol AuiE= HAE ol8st
ot oo ARE LelUhE HRE S5 QoA =
e B8l e &vkE Qoigttt =alofl= A} tanninol2}
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polyphenol oxidase”t BEC d dAHeR ofx
A Aghe] diiA 2 g2 TS wolgthFujiki, et
al,, 1992; Fujita, et al, 1989). &x| &-8H 39 poly
phenol A £ & epicatechin(EC), epigallocatechin
(EGOC), epigallocatechin 3—galate(ECG), epigallocatechin
3~O-gallate(EGCG)OIH 1% &21e] gAlst W sk
Aike £2 EGCGOIA €2 4= Qith £9] o] AR
#3HDuncan 1998)2t 3418} 2H-go] 748t Zi(Fujiki, 2005,
Fujiki, et al, 1998)2.8 BHIE|51 Qlct, I#E 8 A HEA}
B S2E Wol dAAA s wixo] 383 JES
o] ojEA 43 as vl = lex|of daf A, 244

= AL Ao 49 5| o A3 4R &SR Y
Hregt opet thekst AAEAet AAIst A A 84
sl 3A 7198 4= & Aojrt,

ol A3l & Aol BAE o83t 7ley W
NS 91819 tannometerE o430 =210] 2EE-2 A
toff whe} f&81o] Wao]l Mo R4 tannoidd] 440l
" EAQE 2=xE 2ARIML, AN 54 £&

S A7¥5Hd polyphenolol 731 ale W39} lager W

Azstch, B3 HEo] JFE v B Yok
Aate] Ha F wHstele HF, pH, AR AEA4,
polyphenol®] & tannoid T 52 B481%h
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1. ABREo &5 &7iaf

Lager W39 @ao] g3t ¢35 A2 A9
Diamond lager yeast{Saccharomyces cerevisiae, Canada)
FoH ale Mol Wiol= AR AejolA 33 2ad
Safale S-04 yeast(Saccharomyces cerevisiae, France)©]
ok, 7o) AZAP 2% 2700) weh AZ ARE 7}
43h 3 AR ARl AT Hn)A S Fajod A4
E5E& AAsct Lageret ale WaEo| H7ieh Amgf
(pitching rate}& A2 #9] 47} 242+ 1.2 x 107 cells/ml©]
=A AARsE slurry @ el 2 wortefl H7iaEdct.

2. Worteh et x

Lager W<= 12.8 plato(815 1.05D), ale ®5E 20.0
plato(t]Z 1.080)9] WolFo] A=t} Z Holge
mash filters o}-§3ted 80ClA YA L AFof AME
317] A7k WEA ATt SEAlA ARgsHact HEE ¢
& 2k wjokal e 1500 molglen 7 Mol 248 BA
dhof ARSI did 15 me) ARE HFste] B8l

=X SEEE BB polypheno! 218 el WE SHo) it o7 3

1 Yk Aol A9l Lagers 13CoA 647,
ale 25T ONA 4947 FEAFH=H 25 100 rpme R 3]
sl widr|ol A AABHcHBrey, Bryce & Stewart,
2002).

3. X polyphenol £&

2= B8 tea bagllipton, UK)-& AMESIGT S84
100 méoll 1 tea bagdgrS H7I8H5ITt. TannoidE /4317
sle] Azl whet 312} polyphenold &390} o1&
Hate] 371] 75T 100 mee] SH7F g7 ujojHof 174
tea bags A2 H713te] 584 & 38] $2319th &, A
& 587 3 A vlo}Ho] tea bagd ol FESHF, TS
tea bags F WA vlo|A oA 587t FA] 22 tea bagd
Al R wlo]AA 581 &3 thEo2 WRE A
£87] YAl 75T FFroIA tannine] 7P B2 A
287 359 AL AASL, olF 58T £4% A& A

sttt

4. HIE Y M= £Y

H]2-2 DMA 46 calculating digital density meter(PAAR
Scientific, UKYE AMg-3t £330 o5 934 7} 4]
BE 587 5,000 rpm o 2 4] Beslo] ALgStT A
= 94 #£29 AR 459E pH meter(Beckman,
USAE ol83to £A319ct,

5. Cell count ¥ H=g

Yeast cell®] 4= /5%l haemocytometer(Neubauer,
Germany) & ©|-8-8t 40ufe] Fedn|H o2 AQirt g1
£ 0.01% methylene violet -2 GA3}o] Ao} gli= Az}
FL AZE BT Alo| AR T Aol Az HiEgR
AE-&(viability)S Al4rstict,

6. Polyphenol &%

Polyphenol®] £4-2- carboxymethylcellulose(CMC),
EDTA{ethylenediaminetetraacetic acid), ferric citrate®}
drol g9E Ag3le] EBC(European brewery
convention) " 282 £48 ¢ tHGress 1977), ©1& Y3l
= tannometer(Pfeuffer, Germany)S AMLS}od PVPoj
o8} FH=+= polyphenold FASAL, Aok BE
Sigma(USA)&] AjEo] A=t

7. Haze particle &%
Haze particle tannometer® ©14-8}0 tannoid® &4
o2 ALIATHLeiper et al., 2005),
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8. Alcohol &3

whE ¥ W39 aleohol 5%+ alcohol by volume(ABV)
224 ABV % = {(OG - FG) x 1000} + 7.5 (OG: original
gravity, FG: final gravity) &4]of &l8] A4ttt}

9. SAXz2|

RE &= SPSS(version 14.0) 4 Z2 182 o] 83}
of BAsiglon, vlagat AEF 719 Aol tiRE ¢
7% (paired—samples t—test)& A3},

L 3% 3 2%

1. =X £&22| tannoid 34

WE9] tannoid= PVPO] 2J3)) A= polyphenol 2 E
W7} lageringdhe B9t tannin© 2 W3] thil2ln} A%}
w9 24 haze particle®] HtHChapon, 1994). Fig. 10f |
Agh ule} Zho =3} &5 0] Yut lager W (control) £l
A} PVPS} ¥k3319 tannoidE FA3HE AE FEAI7|
2t ohokst g el g Uetict,

Fig. 1914 353 A& peak & o|F= PVPY] %3 peak
o o|2& 7|-&7lejc}, PVP ¥t A= Uult lager W
F0)2] A$-oll PVP7}T70 ~ 80 mg Aol 1 peakE ©]F
ot 28y Leiper 21(2005)2] Ao 2J514 tannoid)
peaki 154 ~ 44.9 mg®] H oI}, E3H & AL AL A
= 5219 13} F2EEDS -2l tannometer?] 200 mg2|
SHAE E5=

2t} 270 RsAAT Mol %

—a—C
s B
—a—E2|

x 4l = E3

EBC Unit

" 40 80 120 160 200
PVP mg

{Fig. 1 Tannoid formation of green tea extracts in
lager beer with PVP, C, control beer; E1, the 1st
extract(75°C, 5min) in beer. E2, the 2nd extract(75C,
5min) in beer: E3, the 3rd extract(75°C, 5min) in beer.

c}oFst tannin AlE-0] PVPQ} A4 vH-2-3Eo 24 EBC unit
< 7R =419 23 £E5E(E2)2 170 ~ 180 mgollA],
3% F2E(E3)2 150 ~ 160 mgollA] peak & 0|3tk o1
et At FEA70) wet tannin catechin & 2 *°ﬂ
A TheFEE 2fol7t Qlthe A Btgsle Aojata 258
ek, E3 peake]l 0|2 7] &7]9t FRAFH A= XH =
E52 PVPY} BhE3N= 4271 =8 malt®} hopollAl &
Bl g8k B39 polyphenolihes thE Y44 vepi
GTE®| tannoid g4l dist A= 274 FuilolA
By v} glong T A AME HaolA Bt
A€ catechinEo| %A PVPY ¥H5-3t tannoidE
YAdsh=Alol il 97e Bart ok

¢

2. Ale Y 50| EM
Ale WF9] BtE 7|7t whet el vjmZat AdEe)
A= Table 13+ 2t}

(Table 1) Ale fermentation profile

Day 0 1 2 3 4
Ie3 80.00 38.30 18.80 11.45 10.60
Control pH 4.80 3.70 3.64 3.48 3.60
group TP(ng/L)* 346.25 346.40 342.95
Tn(ng/L)°* 33.20 46.4 37.35
G* 80.00 38,60 18.65 11.75 11.15
Experiment pH 4.80 3.69 3.68 3.51 3.69
group TP(mg/L)" 561.35 531.45 524.05
Tn(ng/L)" 260.85 264,25 237.55
G - 1 .33 . -11.00
pH 1.00 -2.00 -5.00 -1.29
t value
TP® —35.96* -25.88* —45.28*
Tn’ -52,33* -79.22%* -80.20™*

Note. ®gravity(expressed as (G-1) x 1,000), ®viability, “total phenol, ¢tannoid.
Note. TDue to the same standard error, t values can not be calculated,

*p (.05, **p (.01
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(Fig. 2) Viability of ale yeast with green tea extract.
cV, control group: eV, experiment group. The arrow
indicates the addition of green tea extract.

Ale B0 WIE = A8 3U7 Y HAE e
AF oA BlFG)o] wEA Fidg olefdt Ak
AR o3 o] MEA AREoRH AR 5*41} 8
7b &3] AYPHL Qhe A& UEdiFEE Aol
(Lekkas, Stewart, Hilll, Taidi, & Hodgson, 2007). ol
Fo)A2) 2% alcohol HE+= 9.25%ABV)ACE pHY 3}
£ A3 yE Ldao EAS Kol 9lrkLekkas, et
al,, 2007). 2.9 FE&V)E AP vlade F At
Zrof 29A)(¢ = 61.00, p < .01 3%AI(¢t = ~59.00, p <
.05), 49R(t = —19.46, p { 05014 EAH 2 {203t 2}
o7} uepidtt, o2t Ajol& 1" o AX|5HH Fig, 2%
71—;}.

GTEE H7HeV)AIZ 22 a2 peak?l 2¢90] A ]
%9] yeast E8 2 %-;— At £3] peak 0% A|Zto] Ao
uet ¥ A& e AnistA o] R 1L QL
=t Hlm—z *8 £ 4 AL FET FyE
BRI Qltk T2j3te] 4UMQ yeast AEEE HlTHO

A 2
=

=&

AEEE B/ polyphenol 25 W3Rl wE S4of oidt 37

30.90%%1d) vls) AFLE 52,30%2 o} &kt oSt 2
= =217) ale W] WA F 8|5 Bilhigh gravity
brewing)2} 8% ©}14+<] alcohol FENA &=l yeast-‘?l

stressE HAEY0E ZA7|E AW} Qle ZoE 24
tHBrey, et al., 2002). L2l GTEY] yeast FE& FFA
k= Aol Ag7Hx] B vt gleug 28 A7 E
53] AHFE Hotofp & Aot} Ale W HAYY
polyphenol &3 2UR(t = -35,26, p .05), 3LA(t = -

25.88, p €.05)2} 44AY(t = -45.28, p .05) BF Agwt
v 7kl SAE R Felgt Apojz} UEtylt) & A
o] vlmgrct oF 1 58] ottt Tannoide 294t = -
52.33, p €.05), 3¥4A(t = -79.22, p .015)¢} 4LAY (¢ = -
80.20, p .00 2% AgFat vl 7iof FAHCE {9
g 2ozt ettt &, A@Ewto] vladtel vis] of 6,482
A o Yot o3t tannoid? $7M= W3 colloid7}
obgst A& U= Aol

3. Lager W Y50 EN

w7740l whek UeRd lager W3] WE A= Table
20f) AjAIZE ute} Zhet,

urE 3UA o) v)Fo ATk vl it AEF 7t BA Ao
2 Jo5t Zo|(t = -21,00, p €.05)7} et Lager W
13 9] aleohol B E+ 5.93%(ABV)01 . E3] 2aE 3UA|
o} 497 Aol ulFo] Wo| Fashs AL o] 7|3t Fof
a7 gaehA Yotk A ofulgithLekkas et al,
2007). o|2|3t AE 1702 AAshA Fig, 33 L},

Table 20114 Vrepdute} Zho] wha 3URI} 4UA) Alol¢]
H|E e Fig 304 UeRd vlugdat Ade 2RoA

{Table 2) Lager fermentation profile

45.06

15.80 6.55

G 51,00 47.00 41.35 27.90
Control pH 4.73 5.07 4,62 4.35 3.92 3.75 3.55
group TP(mg/L)" 245,60
Tn(ug/L)* 40.00
G* 51,00 46,30 45.20 42.20 26,60 14,90 6.20
Experiment pH 4.73 5.02 4,64 4.35 3.91 3.73 3.57
group TP(mg/L)° 343.15
Tn(ug/L)’ 131,90
Gt 2.33 -3.00 -21.00* 6.50 2.25 .54
pH 3.67 -2.00 .33 3.00 1.00 -1.00
t value
TP -39.82*
Tn ~34,04*

Note, 2gravity(expressed as (G-1) x 1,000), bviability, °total phenol, “tannoid.

*p (.05,
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+CV:
JEE R

Viability (%}

Day

Fig. 3. Viability of larger yeast with green tea extract.
cV, control group; eV, experiment group. The arrow
indicates the addition of green tea extract.

K2} MEFo| F7Isle 7|17k YAJjth, Fig. 304 &
g ARo| 5AE 71 At darih st &S

2 9% vIAA AT peakE A HEV H JgE A
Lol Fig. 20 AAE vieh o] JEgo| Fadhe As
A ARE 7IHE 4= 9& Aol Lager W39 W
BE ale WO WA= G| AAHOE =4 F2E9
H7hadst A9 ¢gAth(Table 2 Z2). 28 A
polyphenol(TP)9] &2 HlEFo| 24560 mg/mel Azt
H|wate] AE L2 34315 mg/ml 2 1.44] o WOk tannoid

< 3ol vlazol vls] 3.3uft o B3k

N. 2% Y 22

LR

[e]

==

= 7154 WEE L] $ig 5H O R =9
FEES AT wet &80 "o HIFoEHN
tannoid7} o|% A ==l 3l ZAFIE L, 0] F 7|2
2 534 3285 H7IC 24 polyphenol©| 731 ale W
9} lager WFE A 23U 22gte] HAFH A Vet
U EA4E ATEY] 5o da F Wslsh= BlF, pH,
129 AEA polyphenol® &} tannoid 5ol tis] £
Asiqict. 1 AnE aokstd ohdat gt

AR, =3} 2229 tannoid FAL Y4l lager W52

< PVP 70 ~ 80 mgoll A peakE ©|F oo, =xke] 1
Zxc’(El) ZHo] B715319 L, 231 & E(E2)S PVP
170 ~ 180 mgofiAl, 3%} +EE(E3)}2 PVP 150 ~ 160 mgoll 4]

peakE o|FUc}. H2t9| FEE-2 PVPS} BHsh: £=7t
212 malt? hopellAl #FEE R W39 polyphenol

e ThE e Yehith,

A, ale W HE 9 FF aleohol FEE 9.25%ABV)O]
oot =xE2E2ES A7HeV)T AL Wwavt peakE_ oj& 9
AR 0]F-9] yeast BEESE FHoH, AT 42A 9 yeast
REEE Hlmo] 30.90% ) Hisl AEES 52.30%22
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o &4t} A8 FNA9 polyphenol 3 vl AFEE T} %F
.54, tannoid+= oF 6,480 o W3ttt

MR lager B3 ¥HE 2] alcohol % E+ 5.93%(ABV)] L
I =2 2289 AkaIe A9 ¢k 2eu A4
polyphenol(TP)9] &2 AdFo] Bliwol] sl 1.44],
tannoide 3,34 o Tkt

&2 A7ZH, lager W v3) ale W7t LELET}

EIL EE7|7ol vl 77| ‘IH—-—‘)ﬂ polyphenol?] €3=
£ =Y 4 Ao yeast7} F= FH3 gtk glof| oJs| theF
3l polyphenol# 25 o|& = % Aoz AztE} o
o el 33 ohdt A7 2748 FYste] H= 3l
+ 475 AAlEor & Aol

= JIFA
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