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Changes in Free Amino Acids and Sensory Evaluation of Fermented Tea
(Camellia sinensis var. sinensis) according to the Degree of Fermentation

Eun-Ja ChoT, Chi-Hui Hwang and Mi-Ok Yang
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Abstract

Korean tea leaves (Camellia sinensis var. sinensis,), which were harvested in April, were fermented for various times,
and then the changes in free amino acids (glutamic acid, GABA, arginine, theanine), pH, color values, and sensory qua-
lities were evaluated. The pH in every sample became lower as fermentation time increased. Lightness also decreased as
tea fermentation increased. Furthermore, glutamic acid, GABA, and arginine contents increased, while theanine content
decreased, where it presented as 69% of the non-fermented tea leaves. GABA, a hypotensive compound, increased in the
fermented tea leaves according to the degree of fermentation and hand rolling times. In terms of the theanine relaxation
effect as well as taste, a shorter fermentation time is required, and for a hypotensive effect of GABA, fermentation needs
to be increased. For the sensory evaluation, the preferred blend of taste and flavor was highest in the S8 tea sample.
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oA A F ok 7‘]"%} (Camellla sinensis var. sinensis) 2 2]
2007'd 44 28l AGIH o, 27 A7HE Gelsle] v
3, 4, 6, A HEAA A2 HFig. 1, 2). ATHEE F
2151 100 mesholl S7HA1A polyethylen bag Q.2 AF E
Asted —20CollA AAAstHA AFsin

2 =4

Agt RS AOAC H(1995)0 wat EA35t4t) %z;s}
FE105T A7HE A=y, ZA-2 Soxhlet 339,
W22 semi-micro Kjeldhal'H(Kjeltec 1030 Auto Analyzer,
Tecator, Sweden) Z3 82 A 33YPor 235 en,
A TS 100% N4 2 224 9 2389
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3. pH &H

B FL AIRE 15 g AT F 100CE ¥ 57 250 mL
9 FF/FTE 90CE 43 th3 magnetic stirrer® 587F &3}
gt & o ZA)(Whatman filter paper No.2)& o 3}8la 24C=2
HhEgt & 5 A|EE pH meter(Metter, Delta 350, England)
2 St

£ 15 g FEe F 100CE W53 250 mL

o] FHTE 90TE 213 thS magnetic stirrer 2. 587+ &3
g & o] Z}X])(Whatman filter paper No.2)E o] 3}s}] 24T =

3 B FEAEE 3 em HEZ YA 10 mL 2 Y @

A 2} Al(Colormeter, JC601, Japan)Z  =(Lightness)E 1}
ERlE Lk 24 S(Redness)E YERINE agl, 348 S(yellow-
ness)E UERHE bt 33 ¥HE 243l HAo = 319
th o] W] EEM-E Lto] 9737, agkol —0.43, bko] +1.98
¢l calibration plateE EF22 3}gich
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obn| 1t A & Heresztyn ef al (2004)2] Wol o]}
HPLCE E439th 3 7% 0.5 goll 10 mLe) 3% trichro-
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Fresh tea shoot
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250~300C pan firing
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Handrolling
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130C pan firing
2~3min
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130T pan firing
2~3min

|

Handrolling
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80~90TC pan firing
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Handrolling
l
80C drying 30min
l
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Vaccum package
Non fermented tea leaves

Fig. 1. Flow chart of manufacturing process of non fer-
mented tea leaves.

loacetic acid(Sigma Co. USA)E 7}138l] 30T olA] 22417k B¢
259 323 3 (XD350H. 8% 255, Korea), 4,500 rpm
oA 1587t 9 B, 45AS 045m CA mem-
brane filter (MFS-25, Advantec, MFS, Inc., CA, USA)E <3}
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Temp : 25~27C
3rd fermentation
Time : 60~80min

Temp : 75~80C
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Cooling
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Vaccum package

6hr's fermented tea leaves

l

Handrolling
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Temp : 25~27C
4th fermentation

Time : 60~80min
!

Temp : 75~80T
Drying
Time : 25~30min
!

Temp : 60T
Cooling
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8hr's fermented tea leaves

Fig. 2. Flow chart of manufacturing process of 4 hr's, 6 hr's and 8 hr's tea leaves.
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3l Th HPLC-E- 483 vial(300 pL)ol| At g =z} 22 &
o 40 #LE 211, borate buffer 50 ¢ L} S-EA 3} A1k (AccQ-
Flour™) 10 4L 7}3le] Sr=A18E AR oW, 7de &
32 Y3l 55CAA 1087 Exesian). 83 Zéa~
A3 F=A A|2kC R E 6-aminoquinolyl-N- hydroxy-succini-
midyl carbamate(AccQ-Fluor)7} AHEEQAth AccQ - Tag™
Cis Column (3.9 mm x 150 mm, 30°C, Waters Co. USA)S. 2
A8 o, 4 218 thea 2} o]54 A9 BE 0.1
M sodium acetate(pH 6.8)°1 Z+Z} 4%9} 30% acetonitrile S
A Bl E ALL3I 2™, gradient 272 A:B=94:6(20%),
84:16(20230), 84:16(355), 15:85(38 ). 94:6(38.5%), 94:6(44.5
IRt 42 | mL/min JoH, 3 A&7 =20
Kex 250nm®} Kex 395nmellA] glutamic acid, 7 -aminobutyric
acid, arginine, theanines #2|3lg o.M, £A Azl olm|:
2b FZ& Millenium 32 programS ©]-&3lo] 3 Zs}atirt.
EA o) AH8-El FFF(Sigma-Aldrich Chemical Co. MO, USA)
SIS FREE BN EF A 7HE0] 7} oAt 3
g

6. Ato| 2= =t

s 7k B 250 mLEB 100CE £ 90T 2 48 2
AR 15 g2 ¥ 38R IS F OE 874 &1 F 479
WA 217)(A7 50 mm, Zo] 55 mm, &% 80 mL)°l 60 mL
£ "ol §4 BAF BMYo 2 1599 ARSI A A
Gtk 2zt Algel Wigt st dr)o diste 1042 7|&EL
2 5l 108 “olF F5, 88L& “HE”, 63L& “olF 1)
¥ 2 FAIBATHChun et al 2005, Yang WM 2005).

7. Xtzro| A XMz

SAS(Statistical Analysis System) program< ©]-&-}
#2497} Duncan's multiple range test= Z} A2 7he] §o]215
5% TEollA HEsHk

N,
e

Za o o3

=

2k el duk B2 Table 13} 2t} A8 3 2oz
32.9%, ZAW 0.9%, 3% 6.4%, ST 59.8%FoH,
AFGER(EFENEA 20019 2J3hA Ia}e] Yuk B B
MR HE % 2 34.6%, Z3)F 5.9%, ©r3E 53.4%
I She 6.1%2 2olE VEMIYTE Lee er
al(1998)& x}lﬁr—‘%ﬁl F5, A4, AQ 43, 713, Al 71&
Foll met Aol teksitta e, ‘:]'%hﬂ' Ao A
W B A A5 08~5.1%E 2|7} Y AL Ado)

o
o
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Table 1. Proximate compeosition of fresh tea leaves

DB
Compositions Contents (%)
Crude protein 329
Crude fat 0.9
Crude ash 6.4
Carbohydrate 59.8
37l Wt BAFo| FrtstEEA 7A@tk stk

2. 3t&9| pH

OE A gedte] AlZg Al5e] pHe| ¥sk= Table
20 JeRSITE BE Aol HE AlZko] 242 pHE
oA o g Yol A EE eI LE A7t mtE A
B27re] WM3lE AHEH SN 6.58, S4% 6.53 = 2 x}ol7}
Ao, S67 S8 6.34, 6258 FoH oz 2o E e
ATHP<0.05). IF=x=te] LE = AE Wsle} g 84
o 3 QoA v] REAFE= 6.27, ¥ FEAE 6.26, A
A= 5612 BETY APEAFLE pHY ozt B
(Shin KH 2004)& 2 |79} é‘% 73 8ol At

= ME
e AEE 2Pl Az AL 98 A8 Axe
Table 3%} Zt}. L3k 2R Al7ko] ZojA4E dRA 3 Yo}
Ae AFE e, oA 53 F8 M9 454
2 ZYPEEF, BdF 5ol Al X o8 2oz
HA7) HEo g2 ALEHTHChoi e al 2003).
aZt SN, S4, S6, S8°] z+z} —2.25, -2.15, —2.01, —0.21E

3.
ug

L

Table 2. pH in infused tea with fermented tea leaves

Samples pH
SN 6.58+0.01*
S4 6.53+0.02*
S6 6.34+0.06"
S8 6.25+0.03°
F-value 61.13""

A~€ Duncan's multiple range test in teas according to degree of
fermentation.

SN: Non fermented tea harvested in April.

S4: 4hr's fermented tea harvested in April.

S6: 6hr's fermented tea harvested in April.

S8: 8hr's fermented tea harvested in April.
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25o] L Agho] 71 ARAFE £E S ehpgie
U felHQ Aolt gifleh olzig Aaks wude Mg
2R3 E A EQ theaflavino] BAH YL VeIt EE
2005). Theaflavinf+= theaflavin(TF)¥ theaflavin-3-gallate
(TF3g), theaflavin-3'-gallate (TF3'g), theaflavin-3,3'-digallate
(TF33g)E e, ol Laste] 5449l Me) Ay
’d¥o|tiHong & Yang 2006).

b3 S6°] 0.5002 1 E& g8 Ve, SNo| -0.35,

$4 -2.15, S8 —0.29% thAe] Z7L glglont & Eo] By
g LE ARo] A2 agkdt bgke] Eolzitia 3 Aakn

FAFSFATHChoi et al 2003).

4, oja|At
BE A1 gElsle) A2g W sllo] GABA 3k}

Table 3. Color value in infused tea with fermented tea
leaves

Samples L a b
SN 6.60+£0.14" ~2.25+0.50*  -0.35+0.13"
S4 6.04:0.29° -2.15£1.04*  -039+0.11°
6 5.89+0°® -2.01+1.04* 0.50£0"
S8 5.52+0.32¢ -021£2.10*  -0.29+0.37°
F-value 11.90 1.66 5.85

A~€ Duncan's multiple range test in teas according to degree of
fermentation.

SN: Non fermented tea harvested in April.

S4: 4hr's fermented tea harvested in April.

S6: 6hr's fermented tea harvested in April.

S8: 8hr's fermented tea harvested in April.
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oju| =2t B3 AIME Table 4 2 Fig. 33 Zt} w&s)
A & AR (Snyel oAt 32 Arg < GABA <Glu<
Thea?] o2 Bston g 8AIZF Fol= Glu<GABA <
Arg <Thea®] T2 2 glutamic acid o] 713 vt} &
3] GABAS} Arg 332 227t ZA vebgth
71 B8 35-3k2- 19l theanineS WE AJ7te] AojA o
meb 7HAaskH o), e opu| AR THE $oK52.29 mg%)
FAE AFEHNS e TS A § s slog Alg
Hrk Kim er al (2004)2 499 QF3 =219} theanine 3HEF
o] 7V Eom, APAIZI7F =oldFE O o] gAadv)
I 3T
7hAA A e 2k w3 AlE AFR oluja it
o ghd ko] Aok Al 98] 2 F9

theanine©] 4H| % 0] catechin®3 TA5ta AL S x}gksle]

Fig. 3. Amino acids chromatogram of non, 4 hr's, 6 hr's,
8 hr's fermented tea leaves

Table 4. Content of free amino acid in fermented tea leaves (mg%)
Sample Variable Glutamic acid GABA Arginine Theanine
SN 16.74+4.71" 9.43+0.07° 2.23+0.50° 75.67+7.67*
S4 16.14+2.25* 10.11£0.73¢ 5.13+1.43° 58.09-:4.98°
S6 17.14+2.54* 14.52+0.98" 11.73£1.98" 66.16+5.75%
S8 18.21+1.17% 19.66+1.50" 29.09+1.70" 52.29+9.28P
F-value 0.26 47.68" 370.26™ 5.69

AP Duncan's multiple range test in teas according to degree of fermentation.

SN: Non fermented tea harvested in April.
S4: 4hr's fermented tea harvested in April.
S6: 6hr's fermented tea harvested in April.
S8: 8hr's fermented tea harvested in April.
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ZAPEE A 518 theanine®] 247} AR E]e] Al B carboxylase(GAD)2] &4 AHd pHellA F7isithe Aol
< o] FAH7] Wt H3} Foll FHE de el LA UcHCrawford ef al 1994, Snedded er al 1992). EJ,

olrli=4t F theanine™} glutamic acide HXFe] T3 who]
Al Y-S PRt g vk AT} (B & HAEIL= 1975).
4] ohieat 3 71 ZHe S B9 arginine2 L E
AlZre] Bojel wat Frketlon, sAIZE a3 Ao
Ate dEEA & A5 & 158 A% FL8IAY A
SEAANE 2 Tl F43] S8R B.3(Chung
YH(2003)7} $lo] & AF-¢} B3k Ago|UTh

ZAdgE e AW olm] =419l glutamic acide & Al
ol whel F7L, A4, FUretg o, o Ay SUMEL A
A ggkom, Az HE 3telel e wF A vidy
(10%) = F7k8te] minjgt S7Feg Bk

Chang ef al (1992)2 E7] A2 53492 GABAS} ala-
nine®] ¥& BAHA Z7}18l1L, glutamic acide XA 7+
asitka st om, EEXNAAL B3l FxHe] glutamic
acide THE opn|iAtd] Hldte] w2 Folgtm 3Gt

GABAS9] 82 &g slx] ok 2H(Sn)e] 739 9.43 mg%,
ANZE T R3E (S4) AT 10.11 mghZE A F715HA] &%e
H, 6A13tellx(S6) 8A1H(S8) 2 L Al7te] AojAFE 14.52
mg%, 19.66 mg»= FA3HA SVt AL 2 F Sk
GABAE B2 EA 0] da] BX5o] Qe vghld 4o}
v 2o 2 QA& A17A, ddl| Elo] 9, ol o)
F-2& 9] 59l &3l acetyl cholineo]gh= A F A G
E2E S/ H 715 S EAATE 59 Adeldes
o

W

Aoz &eix UtiAlan et al 1997).

GABAE 21& M XA MEHE AYEAIF]= stress7}
U o AxAe] pHE Y 3HA17]7] 93 mechanism .2
2} glutamate2] decarboxylation S 2 A= glutamate de-

GABAS] #A7 82 d71H, 71AA &4, cold shok,
heat shock 59 ¥F2-0o =2 F43) 713tk Hyr) 9o
(Cholewa et al 1997, Mayer et al 1990, Ramputh & Bown
1996), E2k A2l AAe HH S Fr1H o= AT =zA
GABA7} 3 €tk BuE0| JAthPark e al 2001, Chang
et al 1992)

WA= 43 34 (hand rolling)olA] 2R ol what 3kl
o] 1~43]9] 7|AA AFE e vS Az dEckFig. 2).
o] §d TN 7IAH 2E# 29 LF o3 pH #3}
2 GABA T3] F71E o2 Algdoh

5 2ol s "It

3t A8 1.5 goll 90Te] & 250 mLE Fof 383 A=
3 FHEL BA BAF BAEE o] &3l T e Al
Hem, 1 AFE Table 5ol ViERARITE 9t &2 A7 &
2oz 1y AAIR Az, diFEe] BHrtelA 108 TRl
860139 & H4E B4k

o)) QoM el 23}, =9 A&A, F=Ha £F
oAl BT S89] 9.5, 9.5, 942 E& HAFE YRl o]
2RIt 5245 & 93] HudY 2 HAFE 2%
on, Blwd & ohn|iibF Frapo] ko] ol g %

£ Zoly Aoz Algdy 53] oju|xAlt 5 glutamic
acide @7 EAF2ZH T BA59] gtg A7 AY
BN AFE RS 7IAY, arginine2 2FZke] TbE U=
ol AHAEE 1998) .24 S8AI R 7 e %ol A
Zzo] ool ik Brle) dX== Aot

g0l A gke] 23} A| S8o] 9.5 R MY sk, 1
SO 2 S6>S4> SN o2 YElton, gke] X&) A

Table 5. Sensory evaluation scores in teas according to degree of fermentation

Sample SN s4 S6 S8 F value
Item
Harmony 8.6+1.1 8.8+0.7* 8.8+0.9" 9.5+1.1* 1.4
Tf:;e °f  Consistency & durability 9.0+1.3% 9.0+0.5" 9.0+0.8" 9.5+0.9" 0.6
Mildness & smoothness in mouth 9.0+1.1* 9.0+0.5* 8.6+0.9* 9.4+1.2" 0.8
Flavor of Harmony 9.0+0.9* 9.1+0.8* 9.120.9* 9.5£0.8* 0.6
tea Consistency & durability 8.9+1.3%4 8.6+0.5° 9.1+0.8% 9.8+0.5" 2.7

A~C: Duncan's multiple range test in teas according to degree of fermentation.

SN: Non fermented tea harvested in April.
S4: 4hr's fermented tea harvested in April.
S6: 6hr's fermented tea harvested in April.
S8: 8hr's fermented tea harvested in April.
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sto] FAsI o, T HI1E AAD e oS
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3E 6.4%, E53E 59.8%Th

pHE 2E ARA L& ATlo] 42 o)y oz vol
Al BEe ERom, 53] 612 B E Al
T EE AE(S8)E 6.34, 6252 HFold] §9)A9] 3ol 1}
ERA A ch(P<0.05).

FHEo] Mo A Late BE A|7to] ZojAS5E #As) vt
oA AL HYon agke SN, $4, 6, S8°] 72+ —2.25,
=2.15, =2.01, —0.21% &A=} LF A7) 71 AgUFE
L S Uy #2039 lole ¢tk

3t glu. Arg, GABA F3-& Lo 2a) Z7} 7o
Ao, theanineS 74 Zdko| ot B HE7} =& A
Tl AEFL BESIA] & AR 69%0IAT.

7% #2324 GABAE hand rolling #Hgo] A5H
TF, B3 LF Ao A54E Zolske Adko|oh

LEA} AxA] 7| EH o2 242 5HS W& theanine 8-S
= sl H BE AIZHE #@A e Ao) uiEkAsd, Az
A1) E 84 & Beole HE AIE 2A e
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