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Production of green tea jelly using theanine and
its physiochemical characterization
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Abstract Theanine, the major amino acid and a sweet umami component of green tea, has anti-stress effects in humans.
From green tea, theanine was extracted at 80°C for 2 h using a low temperature, high pressure extractor, and caffeine was
removed using an HP-20 column with 80% ethanol. Theanine extracts were applied to produce functional jelly using three
kinds of gelling agents (I, I, and III) or various concentrations of theanine extracts (10-50%). Theanine jelly was
characterized with respect to its physical properties, product stability, and physiological function. Gelling agent III
(tamarind gum, xanthan gum, and locust bean gum=2:3:5, w/w/w) and S3 (35% theanine extracts) jelly exhibited the
optimum textural properties with lower hardness and high springiness. Among theanine jellies, S3 exhibited optimum
product stability, high 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging, and acetylcholinesterase inhibitory activity. These
results indicate that the anine extracts could be used as a neuroprotective source in the food industry.
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Camellia sinensis 92 71581 A|Z¥TtHSenanayake, 2013; Kim
T, 2019). =2He] G A7l wt =52k sl A 24
o] YE}A| 1, theanineS F7|AE ZHEur AEo] Fa3k A}
2 285l 2Rl 7|Ee] 2 PGS FTHChoid}k Rhyu, 1992;
Kim 5, 2019; Senanayake, 2013). S3x= ©lv] FES AFE 7]
40l wER AF Aol =Afe] E-3-F theanineS LDL
(Low density lipoprotein)®] A3} Al d&f 7|4de] &5l UL,
53 FEE A A 2EHEAIH AAGED 9 328 2
d Ag g7 dval delA drk(Lee 5, 2010). Bt AA
P, ol¢h, FEIE £ A 5§ FREHE GF0] JdoH, A
uff vy ool =85 FTHOwens &, 2002; Yuk &, 2007).
=32}o| ShE GABA (gamma amino butyrate) 9A] A
EHAEN Eekt 98} 98 a%5°] Utk(Teng 5, 2017; Wee
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5, 2015). GABAE Ef HollA
T= i HZe A AR
F =i FHF F= EZ5NA A 23 Atk Owens 5,
2002; Yuk 5, 2007). GABAE theanine?} 74 Uuls} Z71e} o
B 7hag fEdE Ue Fusd 47 9 %S 7
H, @574 ARIETR] 58 AN FeEA A s 24
710 715 WA A7 AEE BEske &7k ArkAbdou
%, 2006; Sumathi 5, 2016).

SR RE Aol A theanine?t A¥H O E g8l caffeine &
bt s E dorH AEHA FREHE A
=91tH(Smith, 2002; Rogers 5, 2008). X}oll= 3-5%2] caffeine®]

= #AE

SREo] o, 3F 1.0g oY AFAE A uix #Ede =
F3te] T3 A7BAY] SRS fEsta, B9k, 78 wsh 99
A5, BEHS, 59 Fg2Qd SHol x#E 4 th(Ye 5, 2007;
Yun 5, 2015). B3} caffeine®] $HHE 21ES wAdFow AH35

T8

2

Wk AH 2E# 27 S A2

7t F7Vshe FAleltk(Ye 5, 2007).
FHZ 7132F 2ol Sl wEh dels st 7154

2AE AF A7 AL F Avks HollM AF AdelA

o

A]EO]

ecaffeine 2=

£ Q712 E3 AP Min# Eun, 2016). AEE A5 G A
SHAIE TS SuAIZ] WMHAAY o2 A zlo] Y3t X

oMb 95| WA e foht ok Aokg /1 wFFo)
HAs7100 Pl girhs g4le] rkHwangst Thi 2015). 4
o Az A A P2 Qo B2 PG 2YAA B8l A
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7o) 2}o]E H<Qltk(Saha?} Bhattacharya, 2010).

2 dAFolM e ZAA AXFFE 2700AM F= Al
Fro W B3 F& HASE WY FH, F2 FEE T
H caffeineS HP-20 column® 2 A3} theanine 71582 7
Z3t theanine -+ A& AZsIAT 3t 35/ AsiA}
theanine &% F7FK(10-50%)°] W theanine -+ Az]o] F
HAEA 2 APFA, d4ksl a3 acetylcholinesterase (AChE)
AdsS AT

Xz L
Mz

2 A7 AR SAE ARt EEdvled AR ATa
A 20194 49 259 AFE 5 QAE ARESIACE TLCSE LC-MS
Aol AHEE ZaF AEENES 98 EEFCEE GABA (1-
aminobutyric acid), L-theanine, caffeine (Sigma-Aldrich Co., St
Louis, MO, USA) Al5< ARSIt A Alzel] AR A
<l 7k, 29k 92Ed, gk, 2, EAXEZH, Bl
= BE AEF S ARSI ES AEFYAS(ES food
ingredients, Seoul, Korea)ollx] - 3le] ARt B AFoM=
d2Edeo} e o] A PAgo| B3-S = A
gk AsA9F i dsatget Ao PA4E A stER
HalA AskA2; A3t Methanol, ethyl acetate, trifluoroacetic
acid (TFA)2 HPLCE 2. Z(Alfa Aesar, Seoul, Korea) AF&3}At}.
grtsls A8 A|PFOF ABTS (2,2'-Azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid))2} DPPH (1,1-diphenyl-2-picrylhydrazyl)
£ Sigma-Aldrich Co. (St Louis, MO, USA) A|&& AME-313t).
EE B4 A FE7F 90% o)l AlkE AR
Theanine -+ Aa] Az A] A3 GABAE 10% THA Pl
oAl Lactobacillus hilgardii 455 HE 2 wlgste] Aikd
GABAS &Z471% F 0.7% 7tk 3 57} theanine 7
25 0|9 22nTF YAEHS FYAZR H7FsIATh

Theanine == &5t U caffeine MA

=3 FEEY FF 212 7S EZE theanined} GABA7}
=21 A7k g 7P B2 HEE FEHES AAET =
2} A7) v]& 8%, 2A17F, 80°CE] cold vacuum extraction (Cosmos
660, Kyungseo E&P Co., Incheon, Korea) 710X & 4 &
Z33th. B52} 520 ethyl acetate$} 1:1 (vv)E EF 5 ethyl
acetateZS 2|3t 45°CollA Y F=3th w59 8714
50% ethanolZ &2 3433 HP-20 resin (DIAION HP-20,
lIontec Co., Seongnam, Korea)2 1:1Z 3}o] EZ LS resin ©
binding A7 ¥ 80% ethanols ©]&-3) caffeineS 2|3t T

Theanine F£&&8 LC-MS HEEA

LC-MS #217]= 6410A triple quadrupole mass spectroscopy
(Agilent, Santa Clara, CA, USA)E A3} TE Columnl Z &=
Gemini-NX C18 (4.6x150 mm, 3 um, Phenomenex)S AF-3}512
w, Positive electro-spray ionization (+ESDE ©]-23} A7l A&
multiple reaction monitoring (MRM) mode°ll F¢J5ke] £-24351t).
AEE SuL FY8H 2™, column ovenS 35°CE FAIAIZ T
0.1% formic acid®} 5mM ammonium acetate’} E3HE waterst
methanolS AME-319] 0% methanol-E] 95% methanol7kA12] =41

W37 & TA] 0% methanol® WA F-45 0.5 mL/mine
3087F 2519t} Capillary voltage= 4 kV, nebulizer 943
40 psi? FAIBIL N, gas 2% 310°C, §%2 1.0 mL/min

B3t

fu rlo fu

Theanine &% H2| M=

Theanine $Hr A2l ASHA| A 35S ARSI oH, A
A 1 7l d, 29, 92Ed, b, 2R 2:2:2:1: 1=w/w/
wiwiw), AsHA 11: 7RI, EAZEZH@:6=wiw), Qs 1I:
ERE, A, EASETAQR:3:S=wwiw)eZ, A AR
o 1.5% FEZ AHE3IATHTable 2). &3} theanine F522 4
A BEERE, 10%(S1), 20%(S2), 35%(S3), 50%(S4)E theanine
sy Ao Hristdch A Az Al AAFE 90°CE 7FEst
o] ARgBloH, 2571 90°CE AAEEE 28 wuly]o] 2%
E 90°CZE v]g] AT H ARSI 2 wnbr]elA d=st
AA o] wANER BAEEE whtk slgon, AslAe =g
E2age] wd JuE EFE 2 ¥ 7HEE ZA] &
282 4 UEE 3193, GABA 2T A4 Ho] AlL3}
Atk FEE Dol 9T LS W] 8 95°ColA] s A
T Akt A Az A F o] £49S TEsie] B
A5 FHEI. BE B3] 443 wd HHE 2idE ¥
of Bofl Wi ALola 2027 W 3 H 4°C WA 12417
23 Aol AR

¢

Theanine &f & =

Ao i e AWrrErEE S web 105°CelA 33] W
B =H3on, Ao gre e A4S 30°ColA 3087
d& 7Fs § ZE(sol) “FElolA microplate spectrophotometer
(Epoch microplate spectrophotometer, Biotek Epoch., Winooski,
VT, USAE °]&3l 600 nmellA Z43IAtHKim 5, 2020). 41
Te 98] 22 el 72Tt gle ARY SARE 2E L
Zl(lightness), aBk(redness), bat(yellowness)S 21 2}A|(CR-400 m
KONICA, MINOLTA, Tokyo, Japan)2 74311t}

Theanine &F Hz|o| ==z} &H

Theanine $H+ A7) EAZAHL AIFE 10x10x10 mm® =]
2 A5l Texture meter (XforceP, Zwick Roell Co., Ulm,
Germany)E ©]-&3)] 7 %= (hardness), &3 A (springiness), 34
(cohesiveness), 43 /d(chewiness) & 2Hd (gumminessyS 23] %+
ZAES B ST 4 212 A F°] 15mmel probe
& H251o] start position speed Smm/s, 13] 92 Al compression
ratios 70%, 23] 42 Al compression ratioS 20% A7 3HAT).

Theanine & 2o EESH ¥ HEordd

2E 242 theanine FHT A7 1o TH/HT 10mLE ¥
a3 H ARt o, 783t 89 10mLel 1% Heszg
22 S8 23 YW Wik F 0.1N NaOHS H7}sle] ¥
AR ol = wirhA] Z8) Aty A8 NaOHYS: citric
acid2 ZHitste] Yepdgich Azle] pH 2 7184 IR =74
S 938 AR 3¢ 5FF 30mLE A Tissue Ruptor (TR
12520423, QIAGEN Co., Hombrechtikon, Switzerland)2 23}
¥ 89S pH meter (Ion S220, METTLER TOLEDO, Colum-
bus, OH, USA)®} =2 A (Pocket refractometer PAL-1,
ATAGO Co., Tokyo, Japan)Z Z-g3IIt}. o4& (syneresisy> the-
anine S+ AZE 15x15x15 mm’E Hesle] AhEE 60%, &

e
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% 4°C7F FA1E= desiccatorell B3 5Y & A5l th2-o] 4
o 72 thUsIIEHKim 5, 2020).

Weight of separated liquid (g) <100
Weight of gel (g)

Syneresis (%)=

Aol 5&2 A g At FEO=E o8 4
&7] 8l AAFEQ] & 5022 100mL H]o]A YL 4°C W
ZarelA 2AI1ZE Wzh & ZA3ITE water bath (Heating Bath
BS-31, Jeio tech., Daejeon, Korea)ollA] 40°C, 10827} W&
AolA AN AL 6 mesh 5ol &fFol 3027 &
o &2 BEE 9 TS A AA Tl U
& (%)E 3FATHChoi &, 2007).

o

3

E

o\ M
238z

DPPH &Hist &M =3

DPPH (1,1-diphenyl-2-picrylhydrazyl)2] radical 22758 Loli
7] A8l A& 3¢ S/5 30 mLe A Tissue RuptorZ o2
st & F 1000xgol A 107+ YA (Combi 514R, Hanil
Scientific Co., Incheon, Korea)dld “J58-S FH3l| AF-SIGAL, &
=g A3 A]F 50 ult 1 mM DPPH reagent 250 uLE 9H4
oA 37°C, 1587+ WFEAIA 517nm ZgoAe] FHEE
microplate spectrophotometer® 273} t}. DPPH radical £71%
2 ool 248 o]&3t =EI A, BT FA-L ascorbic acid
2 AF3EATh ABSE AT F3wolt)

Radical scavenging activity=(1-ABS_, ,/ABS_,..)*100

sample
AChE Xall & &

Acethylcholinesterase #13] &3= Kim 5(2018)2] WS o]&
3 ZAstH . WA acethylcholinesterase (0.25 unit/mL) 50 pL,
200 mM phosphate buffer (pH 7.5) 50 uL, A& 50 uLE &3}
o] 15%7F 96 well plateol|A] ¥H-5-A1Z] F, acetylthiocholine 50
pL3} 5,5'-dithiobis (2-nitrobenzoic acid)] *3d &4 50 uLS
F718tal 108 F 412nmellN FREES sk ol9f e
o2 AlE tAl phosphate buffer 50 uLE Y3l ©]E control
2 o1&t ABSE AgTe] FEelth

Inhibition (%)=(1~(ABS,,/ABS, ) * 10

=

S

2|

AL 33] WS $73351] Mean+SDE UERLLL, dlo]
A A EAHEA (One-way ANOVAYS o]-&-3le] X310t} #
Foli= 79 o977 ¥ (Duncan’s multiple range test)
ol-&3l freleE p<0.05 HHAA AFsIATE 2 A7 B
S A= SPSS (SPSS version 23.0 for windows, SPSS Inc.,
Chicago, IL, USA) program2 ©]-&3}it}.
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Theanine F£&=2 =X35 ¥ caffeine MA
=3} T, & Al7M ulE theanine, GABA, caffeine $H3
< H@g F= Table 19 YA =3 w27t S71E55
theanine, GABA 3o Z7lel= 23S JePAA Y caffeined]
Ae B2; wEe & Al mE & R 2 19 4
ol gtk o= Jo 5(2016)°] HiLgh Aol fAlet At
£ YEHLL, caffeine F&9] 739 AZrETE ool wel F&7F
o] Wslsh= Aoz Ao 5, 2016). T3 F= A7k 4
oj%lell wa} theanine, GABA FE%°] F7lelAou 3% =3}
Qol|x= FF A7kl F7F8ITZE theanine, GABA 3ol
ARl T4 o] gtk F& F&2 8% Ak T 2
mg/mL)9} ¥wF W caffeine (145 mg/mL)o] FEE o] o] %
43l theanines FZJ T}
=2} FZ9S HP-20 columnd] FE3] =FA|7A caffeine©]
HP-20 column ¥®o| AFSI== 3+ F HP-20 column resin}
caffeineo] A|AE oJAS E3IATE TLC LC-MSOIA caffeine
o] EHASS el 4 3Uth(Fig. 1). LC-MSJellA] caffeine
9] peak area’} A EFAES I 4 9lom, o]ZAH HP-20
columng ©]&3l Hx FEE FHE caffeineo] AAEES &Rl
g 4= Stk o 4 23 resing ©]-8-3F column chromatography
H ol9d s}hy 2] WO Z methylene chloride, chloroform,
ethyl acetateE AME-3}S] caffeineS AAE 4 UATE, methylene
chloride= 753 oA 8-S FEE 4 A2, chloroform3}
ethyl acetate™=3} caffeine #| 7ol T&Z oL} caffeine |7l A}
|8 =4o| AF F FFste 2Foll AREE] o @l

Table 1. Extraction rates of theanine, GABA, and caffeine for green tea at various sample to solvent ratios and extraction times

Extraction periods Green tea (W/v) Theanine (mg/mL) GABA (mg/mL) Caffeine (mg/mL)
lh 3% 0.67+0.05"™ 0.11£0.00=" 0.84+0.09"
5% 0.71£0.02° 0.15+0.03"® 0.84+0.03"
8% 0.760.03%" 0.15+0.03% 1.25+0.06°
10% 0.8440.05° 0.23+0.02¢ 1.66+0.05¢
2h 3% 0.67+0.05" 0.07+0.00" 1.86+0.08°
5% 0.88+0.12 0.19+0.01¢ 2.07+0.12°
8% 0.95+0.11% 0.28+0.04¢ 1.45+0.08°
10% 1.05+0.15% 0.35+0.03° 1.45+0.13¢
3h 3% 0.67+0.08" 0.1120.02¢" 0.84+0.00"
5% 0.92+0.09* 0.27+0.04< 1.66+0.00°
8% 0.970.02"* 0.31£0.02" 1.45+0.05¢
10% 1.09+0.012 0.43+0.03* 1.45+0.07¢

YAll values are three replications with MeanSD.
2*Duncan’s multi-range test at p<0.05.
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Fig. 1. Theanine separation from green tea extract after removing caffeine using HP-20 column. TLC analysis (A), LC-MS analysis (B).

Table 2. Formulation of theanine jelly with various gelling agents or theanine extract content

Theanine extracts®

Ingredients Gelling agents
(L, IL, 11T) S1(10%) $2 (20%) S3 (35%) S4 (50%)
Theanine extract” 35.00 10.00 20.00 35.00 50.00
GABA powder 0.70 0.70 0.70 0.70 0.70
Gelling agent 1.50 1.50 1.50 1.50 1.50
Maltodextrin, Oligosaccharides 23.0 23.0 23.0 23.0 23.0
Apple flavor 0.52 0.52 0.52 0.52 0.52
Water 39.28 64.28 54.28 39.28 24.28
Total 100.00 100.00 100.00 100.00 100.0

I: carrageenan gum, konjac, dextrin, agar and xanthan gum mixtures (2:2:2:1:1=w/w/w/w/w)

II: carrageenan gum and locust bean gum mixtures (4:6=w/w)

III: tamarind gum, xanthan gum, and locust bean gum mixtures (2:3:5=w/w/w).
ITheanine extract (10% theanine content) was prepared from green tea 8% for 2 h using cold vacuum extraction, and gelling agent IIT (1.5%)

was applied to produce jelly.

ATHMumin 5, 2006). o]l ZYA o|AFEAS o] g8l

Mumin 5(2006)2] 70l W= column-chromatographic extract
(CCE) W& o] g3le] =3} 2|89 EF 30% ethanol 217} 4
vl s]Aek 5 70°ColA AR 25T FES o oY A

HP-20 column®ll &&AA &3} 95% ethanolZ caffeines
=0

Theanine &% EZ| M= % Mz o} Bl
A|ZF theanine T+ A2]|e] M=o} Be= Table 39 AA =
gom, AskA 1L 0]83 theanine T+ A= 7P W 8w

7} Eom ASHA Mg o8& theanine T Al BVl B
o} BAEE =y g vto} F4o] 71 94=819itt. Theanine
FEEE A7k Ao Mee}t BE theanine FEEC FE
7} Z7V84E L bk gEE EUhste AFS BGANH
35%(S3)¢k 50%(S4)= Feld Aol7h ATHTable 3). attE
theanine FEE2] FL7t =575 Ashs A4S HATH(Table
3). Theanine F&8¢] 30| Z71842 =a0M 4280 £2
o ol Eob agtel 34w oz Atk Ed theanine F
79 o] BETE batol ST ZAae 2E Jd A4
BEOR U EAlsks FREEA Mt 7k 2 AT Fol
£, pH, A7, &4, Aba g gl ol AbstE Ry woltt
(King 5, 2001; Kwak 5, 2009). =3} 3go] WSS byl =
7¥she A& Park 5(1999)°] Hirele Jx|gh},

Theanine $FFo] Z7}sto)] wleby Ex EE3H

== <F
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Table 3. Hunter’s color value and turbidity of theanine jelly

Hunter’s color value

Compositions o " . e 36“581311:1})/

1 12.66£0.097*) -0.25+0.03" 5.07+£0.10* 83.64+0.09¢ 0.60+0.01*

Gelling agent" 11 9.53+0.01° 0.00+0.04% 3.55+0.07° 86.72+0.01° 0.410.00°

1 6.40+0.19° -0.61+0.04¢ 0.07+0.26° 89.83+0.19° 0.22+0.00°

S1 (10%) 5.16+0.71¢ -0.44+0.11¢ -1.28+0.73¢ 91.10+0.737 0.11+0.01¢

. S2 (20%) 5.65+0.24¢ -0.59+0.08¢ -0.84+0.54¢ 90.59+0.26" 0.15+0.00¢
Theanine extract®

S3 (35%) 6.40+0.19° -0.61x0.04¢ 0.07+0.26° 89.83+0.19" 0.22+0.00°

S4 (50%) 6.62+0.38¢ -0.61+0.02¢ 0.12+0.12° 89.61+0.38° 0.22+0.01°¢

I: carrageenan gum, konjac, dextrin, agar and xanthan gum mixtures (2:2:2:1:1=w/w/w/w/w)

II: carrageenan gum and locust bean gum mixtures (4:6=w/w)

III: tamarind gum, xanthan gum and locust bean gum mixtures (2:3:5=w/w/w).
ITheanine extract (10% theanine content) was prepared from green tea 8% for 2 h using cold vacuum extraction, and gelling agent IIT (1.5%)

was applied to produce jelly.
YAll values are three replications with MeanSD.
Y-eDuncan’s multi-range test at p<0.05.

Table 4. Textural properties of theanine jelly

Compositions Hardness (g) Springiness Cohesiveness Gumminess (g) Chewiness (g)
| 2360=0° 0.63+0.00° 0.09+0.00 203.140.0%® 127.2+0.0®
Gelling agent I 2620+10° 0.77+0.01° 0.09+0.01 225.6+23.0° 172.5¢19.3*
11 1740£10° 0.85+0.02%® 0.09+0.02 159.4+35.5" 135.9+32.6™
S1(10%) 13504£20° 0.87+0.03* 0.08+0.00 107.8+1.0¢ 93.1£1.8°
. S2 (20%) 1613+58¢ 0.80+0.12™ 0.11£0.02 172.2+31.6™ 135.3£15.0®
Theanine extract ?
S3 (35%) 1740£10° 0.85+0.02%® 0.09+0.02 159.4+35.5% 135.9432.6®
S4 (50%) 1777£50° 0.88+0.04* 0.10+0.03 172.24£59.7% 152.9458.9°

I: carrageenan gum, konjac, dextrin, agar and xanthan gum mixtures (2:2:2:1:1=w/w/w/w/w)

II: carrageenan gum and locust bean gum mixtures (4:6=w/w)

III: tamarind gum, xanthan gum and locust bean gum mixtures (2:3:5=w/w/w).
ITheanine extract (10% theanine content) was prepared from green tea 8% for 2 h using cold vacuum extraction, and gelling agent III (1.5%)

was applied to produce jelly.

9Not significant at p<0.05. All values are three replications with Mean+SD.

Duncan’s multi-range test at p<0.05.

Ho|=H| °]= HP-20 columng ©]-83}¢] theanine?} GABAE A
Q3 718t =2 RS AASIATHL st "olils £4E
=2kl $H-E polyphenoldite] 2 d=e] A7|2 §Hjé]
Babgel] EAla7] W] ChBindes %, 2019). FA}e] EEE B
Fol MAE 2l 717 KA Hste] wAl AA3E S B
TES Ak S FUT AL BHEVF B2 AEE A
A thBindes 5, 2019).

e APA AsHAE BE 2o galEo] W A 3314
WEHZ/E 45, g7t solxle 53] rtkSaha %,
2010). WA s G 2Edoe] HrtE AsA 12 Axg A
g7t o] H7lEA e ASA 19t ASA Moz A|xg
Az ¥} gx7)} Atk(Saha 5, 2010).

Theanine &5 ZZle] =ZEM 24

Theanine - A9 Z7 EAL Table 40| YEPATH 23
7 ot 24 5 33X (cohesiveness)> AlEZF ZFolzt iUt
74 % (hardness)9} ©F2d (springiness) A& 30%(S3)ZF 50%(S4)
7F fAe FXE Bow, Aol 2ARS AsA mvt 7

-3 tH(Table 4). A2]+= 7 =(hardness), 32 (gumminess),

%314 (chewiness)©] a7 ©F2]Ad(springiness)©] =olok 43 =
1_'1_‘_5_'/\3 1,]_]:/]_14.] Eﬂ %‘ ;q] = 7:]1: z%zb\% o] w7 E}Eﬂ/ﬂ
o] Eo} AgjRe] A 7to] 3t whH ASHA| 13} AskA|
= ZAx9 XJ;‘G—)&O] =11 eFEAJo] Yo} zRe 270w A7}
A B = At AskA| 11—4 A Aol H]%ﬂxﬂ?l zeA
I AsA}] 2AXEZH 01 5 (ww) HIERE o2 E43 ¢
7l EFEREE ol As FASA R vlASHA7 AsiA 9
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Table 5. Product stability and physicochemical properties of theanine jelly

Compositions Acidity H Soluble solids Moisture Syneresis Melting down
P (%) p (°Brix) (%) (%) rate (%)
1 0.63+£0.013* 4.31+0.00° 19.9+1.0° 81.81+0.07° 6.84+0.80° 36.37+2.29*
Gelling agent D 11 0.46+0.02¢ 4.2940.00° 21.3+£0.2% 81.81+0.00° 5.70+0.30° 36.22+5.82%
111 0.55+0.03® 4.31+0.00° 21.4+0.6" 81.60+0.03° 1.31+0.24¢ 25.88+1.61°
S1 (10%) 0.50+0.00* 4.26+0.01¢ 21.2+0.3* 81.77+0.11* 1.69+0.47° 35.80+0.00*
. S2 (20%) 0.52+0.10% 4.29+0.00¢ 21.4+0.0* 81.75+0.02° 1.36+0.65¢ 30.36+0.17°
Theanine extract?
S3 (35%) 0.55+0.03* 4.3140.00° 21.4+0.6" 81.60+0.03" 1.31+0.24° 25.88+1.61°
S4 (50%) 0.58+0.01® 4.354+0.01* 21.5+0.1* 81.47+0.04¢ 1.79+0.16° 25.93+0.91°

I: carrageenan gum, konjac, dextrin, agar and xanthan gum mixtures (2:2:2:1:1=w/w/w/w/w)

II: carrageenan gum and locust bean gum mixtures (4:6=w/w)

III: tamarind gum, xanthan gum, and locust bean gum mixtures (2:3:5=w/w/w).
ITheanine extract (10% theanine content) was prepared from green tea 8% for 2 h using cold vacuum extraction, and gelling agent IIT (1.5%)

was applied to produce jelly.

DAl values are three replications with MeantSD.

Duncan's multi-range test at p<0.05.
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Fig. 2. Functional properties of theanine jelly with various theanine extract content. TLC analysis of theanine jelly (A), DPPH radical
scavenging activity (B), and acetylcholinesterase (AChE) inhibition activity of theanine jelly (C). All values are three replications with
Mean+SD. Duncan's multi-range test at p<0.05.
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