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Physicochemical Properties of Extracts from Different Parts of
Camellia sinensis

Sang Hwi Im' and Ju Sung Kim?'

ABSTRACT
Received: 2022 May 9 Background: There are various physiologically active substances in Camellia sinensis leaves, and
1st Revised: 2022 May 25 much research has been conducted on it, however, the properties of other parts such as branch,
2nd Revised: 2022 June 13 flower, seed, and root are still unknown. Therefore, in this study, we checked the physicochemical

3rd Revised: 2022 June 15

Accepted: 2022 June 15 properties of each part of C. sinensis.

Methods and Results: In this study, we prepared a 70% ethyl alcohol extract of each part of C.
This is an open access article  Siensis and determined their yield, total polyphenol and total flavonoid contents, antioxidant activ-
distributed under the terms of the  ity, components [using high performance liquid chromatography (HPLC)], and o-glucosidase
Creative Commons Attribution  inhibitory activity. The yield was highest in the flower extract, and the total polyphenol content and
Non-Commercial License (http://  antioxidant activity tended to be high in the order of leaf, root, branch, flower, and seed. Analysis
creativecommons.org/licenses/  of the catechin compounds using HPLC, confirmed that epigallocatechin (EGC) and epigallocate-
by-nc/3.0) Wh'c,hlperm'ts d‘fnr?gt”?ted chin gallate (EGCG) were mostly present in the leaf, but epicatechin (EC), gallocatechin gallate
Zgg_g)pnson;ﬁgznﬂzeén;gegmog’ (GCQG), and gallocatechin (GC) were present in varying concentrations in each part. The inhibitory
provided the original work is properh} activity of a-glucosidase was higher than that of acarbose, a hypoglycemic agent, in all parts except
cited. the seed, which showed no activity. Furthermore, significantly higher a-glucosidase inhibitory
activity was confirmed in the root.
@ @ Conclusions: Apart from the leaves, which have been widely used and studied in the industry, the
C. sinensis root and brances showed high activity. In particular, the o-glucosidase inhibitory activ-
ity was very high, confirming the possibility of using the roots and brances discarded by the tea leaf
industry as an antidiabetic material.

Key Words: Camellia sinensis, Antioxidant, Flavonoid, a-Glucosidase, High Performance Liquid
Chromatography, Polyphenol

M A Sxbe Qe T 5o AelA oFE EXHOE ARGH o]

stom A= itsl, dwt, Ao, Y oA 5 okt

P (Camellia sinensisy= oFEH] 345 #=Eo thdA g5E5°] FgHez2 FHEHAT (Kim e al., 2016). 327t
AER EUeE X3t QiAW ofdd A § ohF 7R 735X e 24 AW oW 83 BaE olf 4

O

gk A Aufstal ek sl e debe, HEE Y H|RFEe] 7470 gt Hilo] B Flsle] PRt ok
Fek FEAGNA Aujetar dom ®BA, sks A AT E3F 7R AREE Sk o, ARl o2 =
E7F HAk AR st 2R 92 SRR 71Eete] A AAHCZ AZF 2508 & o]ike] AQlo] A Jhg &
AFsa o 2A;EN 7HY Bol AMEE &5 F st &ML QY (Chacko er al., 2010; Park er al., 2018).

2 ZAuidds gk (Kim er al., 2014b). =3l Zehls, SgEeolE 2 A 5 Be Ay
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] Edo] 50 o Ed| FEdlsRol &3k catechin
o] A3 gaEo] AUtk ZAo| E0JJE catechin®] FTHE

+ epicatechin (EC), epicatechin gallate (ECG), epigallo-
catechin (EGC), epigallocatechin gallate (EGCG), gallo-
catechin (GC) ¥ gallocatechin gallate (GCG) S°] Tt
(Park et al., 2002).

P Aol A FEfdh catechin® ANAH Hafl, SAE A4

A7, A M olFF TR &4 oA S g} 9o
catechin = 8ot E 0 2 A#R EGCGE =3} 3 &) 150

mg - 200 mg FE=7t FHrEo] ATkl AT (Lee ef al,
2001; Lin et al., 2005; Yoon et al., 2005).

AR ] 2l gk Are Qo) A A7TE FE
oL Lot Apbre] ol elel 7B, 3, e, A4 5 o
=23 50l e Ae=

£ F9eAM 2 e
3 Sleh

A 7Rl Zast 2F Pl g2 glucose
(43%), xylose (16%) mannose (10%)9} galactose (6%) &
o] FHE dow F HYuE I ISt FAo] AL
caffeine, (—)—eplcatechm % (-)-epicatechin gallate®} 72 Aj
e Aol FRIFUTkE Bavt Utk (Lee er al., 2019;
Sanz et al., 2020).

AR Zoll= tst, A, A9,
9] catechin (EGCG, EGC, EC, ECG %) caffeine®] h
ol e AeZ BIFHATH (Lin ef al, 2003; Choi et al.,

AT

2011; Chen et al., 2018).

T (2018)°] Aol oshA Ay B FEEole I
—roﬂ EH?fH tefet 58 Yehdoy ge3l y-aminobutyric
acid (GABAY} B3 EAlstH, & & AREdO] 54%=
A FEEUC T B2 ARG FREL U2 712
B o) fuEs oy

ﬂ

1__:

R A I

2ol thell Hegar} vk &

At
2R Aol 2 FRYgoly =R SOl a3t e
vitamin A, B2, B6, C, E, biotin, niacin =°] 5o U

o NIzl e F2 520 QYR 7HEEo] A8 3 s
% 982 AME-HI Y} (Cha et al, 2008; Yang et al.,
2016).

2] LY 3R] 25%, EESEAEMe] 75% F
=0 I AWhike]l F/HZE oleic acid 47.5%, palmitic
acid 31.78%, linoleic acid 17.61%, stearic acid 1.31%,
linolenic acid 1.16% 2 gadoleic acid 0.64%% T3] Sl
on, BxsAte] o R AS ST Atk
(Yahaya et al., 2011; Serin et al., 2013).
2 AfdMe 2 E8He AT 9
, A, e 5 5 7 Sl g "51’4
01374]"1]’*1 g8 e 7= dolHE AlFstaat

31

2~
T

2 >1H

PARSS
Rom 7t 71eAd 24 FEE s £ U, A
02 o] 87FsS 70% oS AMSEt] FES H & E
5, & EFEE|E, catechinf 3 % w4 2 &
bt 243 Faa APE T8 AREAEE ASEiTE Jo
et al., 2003; Kim et al, 2012; Kim et al, 2017, Na et
al., 2018).
M %

1. & Mg

2 Ao AREE AES AlFThol AR AF st ¥
o ARg-skSAT.

P (Camellia sinensis)&, 7FA, 2, A, B8E Qs
7] 98l AFS Z7] g2 dAl ek a, 2 e
oA 3 3] wHEste] F2RIR AQFHI F dFdxT]
(PFC-P0-91, Nihon-freezer, Namyangju, Korea)E ©]-&3}]
60CollA 48 AlZF Bt ZAxsIGIth Axd Alse HAVE
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o g3fe] s

S 313 AF AlEEM ARSI

. FEE N
AP e AIRE At 15 g FHskaL B v 20
Hjel 70% ollehe-S 718 & 22342 7] (Powersonic 520,

Hwashin Tech Co., Ltd., Seoul, KoreayS ©]-83} 1 AJ7F
B FEIINL ol 3 3 HHESEHT o]F filter papers
olg3te] ofAgt 7 B ZUES7] (Hei-VAP Precision,
Heidolph, Schwabach, Germany)Z 553I93L §471% ol

© AF B R0 BE BP9 3 3 el
A8k,

/\E]

a2 535

I7dlo] slo] =5A]7](-OH)7F £
ol 2 71 o]’3e] sle]|=EA1717F 2o U= W
2o %aﬂliola}z &t} (Ko ef dl, 2017) —‘ﬁﬂ-ﬂ]%‘—i
S (2018)°] W2 &85t %8}@
Z5H5 700 14 2} Folin ciocalteu /‘]ok
T 2 AZF B wkgEIiTh o
20% sodium carbonateg 100 (42 7Fsked 1 A|7F B2t A
X 8}3L microplate reader (i-Mark 168-1135, Bio-Rad Inc.,
Hercules, CA, USA)E /\}3—3}01 750 nmoj| A SHEE
3act. & ZedsE I 2 gallic acid& XFEZ2=
AHFTZAS 245l galllc acid equivalent (GAE)Z e}
WAt

2o

1}-3)

¥ 32
N, e rr

JF E
ot

g Foll=

525]

RPN
i

4. B RO BY =X

0 % (2018)¢]

Nl

= ZPHol= Shgke K

e Aol



XIS 2ol FEB2) OlsEiY S

==1

7t FEE

B34 7 100 Lo o&kE 300 4, 10%
aluminum nitrate 20 /£, 1 M potassium acetate 20 (0 &
EFren ol el SHT 560 = TFsto] 1 A%
B3 WHSAIZ1 ¥ microplate reader (i-Mark 168-1135, Bio-
Rad Inc., Hercules, CA, USAYE AFE-31od 415 nm oA &3
5 235t & SR wolE SRS quercetingy RTE
A2 ZFAFFAE 2443t quercetin equivalent (QE)Z

eI

5. AT £918 FE20| 4R 24

AT Fo¥ 2559 catechinf 33ES HPLC
(2695, Waters Co., Milford, MA, USAYE AF&3le] E43}
St Columne Sunfire C18 (5 m, 4.6 mm x 250 mm, Waters
Co., Milford, MA, USA)S ARSI o532 A9 B &+
7 F7e 84S ARSI

o] 54 A+ 0.1% trifluoroacetic acid in distilled water,
o]5 BE 0.1% trifluoroacetic acid in acetonitrileS AR
SRtk & 2712 0 el 20 27 ol AS 90%E
|2BFAAL 20 oA 25 BV ©olEd AE T0%7 HEE
gk H, 25 2ollM 35 7 ol AS 30%7F HE=5 )
3L 35 @ellA 38 w7 ©]Fd AS 5%E ARSI eH o
T 45 7 ol AR 90%=E 3 F A4S =3

AZL] AR HEE 9% olsdY <5 2712 1 ml/min,
column =& 40CE2 IG3IAIL Al TFYUF 20 A,
g 280 nm 270 FE FAS FIsn. 7t
standard= methanololl =4 3.125, 6.25, 12.5, 25, 50, 100
9 200 pg/ml 2 FrEo] ARFAS R3S

1 e

il
o

a%

o
=

6. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical =+ &b
=3

DPPHE R HEpdS wi 517 nm F2ol|A 78t 342
Uep & g st A5 glujzeln). dlsiA =R At 4
AE Foulol free radicalS AASH =W HEldo] =gkl
o= Wslgto 2y ikl A4S Y ATAE 23T

UA Hed (Akar et al., 2017).

2P Bo 2ZE9] DPPH radical £71%-& Blois
(1958)°] "HS Hgste] SHUTE FE2E 40 ol Hgt
S0 =21 0.15 mM DPPHE 160 S &3ale] bAoA

30 ¥ &< WS ©lF microplate readers ©]-8-381]
490 nm oA FFE=E ZGsITh

ZZ259] DPPH radical 24%< A48 w DPPH &
50% HAaAT= A5 YR RCys 71502 HslsS
A3t 259 DPPH radical 27%5S vwsl7] 913+ %
AZFEC 2 butylated hydroxytoluene (BHT)S ARE-31TE.

R
¢}

b1

=
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7. Trolox equivalent antioxidant capacity (TEAC) &
TEACE ABTS#HZE 278k Mitstss S4sk= W
Holm ABTS7} ikslEs} wkg-skA S[H radicalo] 3/4=
7 JEAS wA =k ABTS radical $4-892 d4ts) &
AL 7 EZF 9kl W radicale] 2AE S EA0]
AP o719 FALE S5t Pikst S S gRlshs
WHol DPPH= free radicale 731Xt ABTSE cation
radical2 =743} (Re er al., 1999; Villafio ef al., 2007).
TEACE Zulueta 5 (2009)¢] *H-S st SA 313
ABTS radical 4217171 918 7 mM ABTS9} 2.45 mM
potassium persulfateS E¢sto] Aol 24 A7 WR|AZ oW
Ago) A}g3l7] &Rl ABTS radical £9-8 750 nm 37|
A FBE el 070 £ 0.027F HESE SHTE 848

L

P

7} 225 10 Lo ABTS radical £ 200 US &5
3le] 5 ¥7F 4] 3 microplate readerS ARS8l 750 nmoilA

S 7S S5 EFEEERE troloxE ARSI e #+
e ZFAETEIAE 28 AXAE 1 gT tolox FE

8. Ferric reducing antioxidant power (FRAP) S&

FRAP-2 ferric tripyridyltriazine [Fe(Il)-TPTZ] =347}t
gaksl B 93l 3.69] W2 pH 2 ferrous tripyri-
dyltriazine [Fe(I-TPTZ]Z == A dAsh= T4
=5 =743sl= Woltl (Benzie and Strain, 1996). FRAPE
hksl STk E ol2g 7INie R Ee S5 W
Hoz AFe] Ao P Wl AFFAFAA oxygen
electrode IS &S Atk dFo] AT d3 A
Halths o] SlofA AEEE ARt (Yoo er
al., 2007).

ZHF H9E FEE9] FRAP %2 Benzie9} Strain
(1996)¢] WS wgste] SAsI3ch. AF 23l 300 mM

3
o~
T

=
e

=
sodium acetate buffer (pH 3.6), 10 mM 2.4,6-tripyridyls-
triazine®} 20 mM FeCLE 10:1:1 H|&E &1 37C
ol 30 & < WHSAIZl F| FRAP working solutionS- |
=3

2 50 (Lo FRAP working solution 150 /4 & 7}35}
o] 37CeA 15 E7F wSAIZ] F microplate readerS ©]
&3l 595 el F3= e SE3H. FeSO,E °l8-st
o RFEAFFAE 2% FH AR 1 gd FeSO, U

(mM-FE/g)© 2 ttehii9ith,

=

o
e xR

9. Oxygen radical absorbance capacity (ORAC) &
ORACE YA o] AMlxzHel] Ak Ao At} des

He io® 19924 v sl =T (Cao et

al., 1993). ORACE 947 A7kl we} SAdakio) <ls)] &4



HOM:H o] _Q_/Ké

HolH, 87 A8

N7 AEe) Pt

=42 Zulueta 5 (2009)
. FEE 50 ol 78 nM
fluorescein 150 /£ 5 7F5}aL 37ClA 10 #7F WAt
<9 221 mM 22’azobis(2-amino-propane)dihydrochloride S
A7V 0 W excitation ¢ 485 nm, emission ¥ 535 nm
oA 1 & 7HHo= 60 B2 FF=E ST ZTEE
2 troloxE ARESISIAL FFAFFAE 28 A AR 1 g
g trolox &% (mM-TE/g)Z YeRJSI T

10. a-Glucosidase Aolgtd EA

AR 9 FEE9] o-glucosidased] gk A& =
A2 p-nitrophenyl a-p-glucopyranoside (pNPG)E ©]-8-3}
=439t (Ko et al., 2017).

FZE 20 1] 20 mM potassium phosphate buffer (pH
6.8) 120 14 9} o-glucosidase (0.5 U/mb) 50 5 &35 F
incubatorollA] 37C 202 10 & Z<t vt o]F &
ghg-llo] 2 mM pNPG 10 45 713t 37CollM 10 & 5
Qb WHSAIAT ©] WEgHo] 0.1 M sodium carbonate 100
HME Fo] WS HXAIZ] F microplate readers A8-31q
415 nmmoN FBES S8l FEEY] AfES TEINS
™ a-glucosidase B3-S 50% Asfish=tl] Bagh MEFe] &
GIC5, 22 371315t

11. SAHA 2]

A7 A 3 3] wHEste] AABISlTh FAEA S
SPSS 18.0 (SPSS Inc., Chicago, IL, USA)E A}-&3}]
Duncan®] t5H A4 (Duncan’s Multiple Range Test,
DMRT)E 2AIGHo 22X SASH o0& folids 48T (p
< 0.05).

Za) o oz

1. AUT §91d & £2

FE=9 F&I 252 P Ak AL otk =
0] 540 me} 750] ErHRtE §%50] ¥ i UoH
= 550 FHz3E 578 e 23S T Aok Rk
FEEY a%°] EhTE 78] WO AAA FSHAA A
3ol o] Hol YoM F=F F&& Astelr Fagh
A7t 9 4 Uk AT (Camellia sinensisy -8 F&2&
o] &< Table 19 ¥71813ch.

29| $8E 58.02%= 7P =3korm o]F 9 (46.98%),
7HA] (28.84%), A (21.52%), B8] (1420%) o8 =o gt
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e B2 sl =2 9
E} oA gulE ARESH 70% ol ekl
thgoz o] FZE] i 7P =& F
Eaic=

(2021)°] AellA 2H7] TR

FEYS o 2 A U3 0% olEE FEE
S JERICH, Park 5 (2015)¢]
T 5FF 780 E, A, e A2 24 et &
TS HAFAL

o)
=

o off ot

TEo EEE =

o

2. HUS 9918 & Zeluls o
Zeplime 23 SH0R A8 s Aun wY

o] okl &EA 202w phenolic acid, flavonoid, stilbene,
lignan?} tannins 522 7 4 Ut} (Gani et al., 2012).

AR F9p FEEl x5k T ZEjdlE TS Table
1o Yepth A el chlorogenic acid, EC, ECG,
EGC, EGCG, GC, GCG gallic acid, theobromine, theogallin
T O TR Egule seteol drE] vk dEA
ATk (Yao et al, 2004). AhH7- o] & ZEdlls TS
201.75 mg-GAE/ge & SRIEHt I tFo g2+ ¥
(17537 mg-:GAE/g), 7}A] (12894 mg-GAE/g), Z (91.13
mg-GAE/g) @ A (2129 mg-GAE/g) o2 dhaks 01g

T AT

3. AUT £918 & SR 0|E
AP Fol FEEe] 5 FEhEolE g 9l (65.28

mg-QE/g), 2 (13.36 mg-QE/g), 7FAl (10.56 mg-QE/g), A
(9.14 mg-QE/g) 2 ¥l (7.17 mg-QE/g) o2 F Zd=
stk o2 S BT) (Table 1), b e & Z4
i g RRR 7P 22 F PRl gs o
ERA AT}

ol AUYF Yo EoJE TFEEol=RF IIFEQ
catechin, 3-(p-hydroxyphenyl)-propionic acid, p-coumaric
acid, quercetin®} kaempferol 52| Je 7]Q1s Aoz A}
ZFATE (Yao et al., 2004). A3 A& AQlgr YR Lo
= % ZEhE e UE 43S B8ed ol

s =Y SRV viEEtE o= AlGel7] o
of & ZetEiol= FhFo] WA vehd Zlo g A7ttt

el .

o

4. AT L9 FE20| M

HPLCE o] &3] AR 98 $289] catechin® 53
B9 A A A= Table 29 YeERAATE

% 5 &9 catechin =S FFEEE AGste] E4S

3BT} (Zhao, 2003; Park er al, 2012). EGC} EGCG

[
BE FEEM AFHJL AT o FE=el A7
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Table 1. Total polyphenol, flavonoid content and yield of extracts
from different parts of C. sinensis.

Parts Yield (%) TPC (mg-CAE/g)"  TFC (mg-QE/g)”
Leaf 46.98+1.86" 201.75+8.432 65.28+4.722
Branch  28.84+1.12°  128.94+10.29°  10.56%2.03"
Flower  58.02%2.24% 91.13+7.27¢ 13.36+1.58"
Seed 21.52+5.01¢ 21.29+0.73¢ 9.14+1.85°
Root 14.20£0.79°  175.37+21.46" 7.17+1.83°

"Means with different letters (@ - €) in the same column are
S|gn|f|cant|y different by Duncan’s Multiple Range Test (DMRT, p <
0.05). "TPC; total polyphenol content. mg-GAE/g (mg gallic acid
equivalent per sample 1 g). TFC; total flavonoid content. mg-QE/g
(mg quercetin equivalent per sample 1 g).

6.99 mg/g7t 1571 mg/eg® 7FY =& kS YehiQlth EC
= 7}11 ZZ“OﬂH 4.00 mg/gl 2 =2 TS UERI O A
e BFRAEA gttt GCGE BalolM 0.74 mg/go

pEe urﬁmaoqz]u sk A FEEoiE U

é‘?_ Aoz °—]°ﬂ/‘1 7P oeFstal B

frstaL 01‘3}1 A FAE 2 of| &
GCGe AZHA edskon, 7t set=9
£ EGCG > EGC > EC > GC #A= Ukt
Lee & (2015)°] ArollA vrebd A3 dA 0} D}. T3t
AaAFo A BlE - catechin 3FgHE9] $Hafa) B A
AollA vt XpHF FEE9] catechin 3= o] Aol
IS = AReH o= 2FH A7] B X He ofs) LAY
Aoz AZFsk} (Lee and Lee, 2013; Lee et al., 2015).

/\E]

nol'

—
= =
3l

“

5. AUS 290 FEBO| St 2

o)
pus A

A& &2 (1839 pg/mb), e (2234 pgml), 7}A
(35.71 pg/ml), 2 (39.86 ug/mb), R (42135 pg/ml) A=
Ueltom ole & Fejuls 3 YX|ske A Ve
Atk 2B 7E 9ol gdE SR ZeElvls siehEol
SHRrEle] o 1 ke Edel we datsl S
e F BoF A7ttt

FEE9 TEAC 32> DPPH A&} 7+ ZHgdS 1
Rom o (2,202.93 mM-TE/g), ¥ (1,882.28 mM-TE/g),
7}A] (1,308.66 mM-TE/g), 2 (1,038. 96 mM-TE/g) %
(16743 mM-TE/g) A2 =& 7S SRISIITH e 2

¥ F=E9 FRAP @ H9E 14493 mM-FeSOy/g -
2,930.62 mMFeSOy /g2 7} B9 F2E 71| fo]49l 2}

o]2 Yepi o™ DPPH radical 74 847 72+ A4S U
ERTh XREE 2ollA 2,930.62 mM-FeSO,/gl 2 713 =&
FRAP 345 EJANE P Hollx= 144.93 mM'FeSO4/g2_
2 7P e 3s 2 F A8l ole PRPVHAER F
oz gl 27 ske] 2ol S st dlss
of o3t Jgoz tET)

AU F-90¥ FEE9 ORAC 2 oA 3,645.84
mM-TE/ge & 714 =& 3 AL, L FoRE B
g} 7RelA ZF2E 2,962.93 mM-TE/g, 2,793.38 mM-TE/g
o7 FolFtt. ZolME 2,054.15 mM-TE/gS & e
M A= 75588 mM TE/gO2 7H 2o shalsl a8
ERA ATt

s 84 29

E
=

Lo %

7r 0

o

DPPH, TEAC, FRAP, ORAC ¥
st w3 3 2
AE Yepilen o= ZEjdls
A% WAL drke wash fARE
et (Kim et al., 2004).

% (reactive oxygen speices, ROS)Y Zjt]Zz} H]

= 11

i) mE

s g feld 4
3)etEo] Eaksl EAly)
%]

v
=

h=]
S [e]
60 S
RN

=

AP B9 FEE9] DPPH radical 2784E Table 3 |z ‘O‘éElH AL oA e AHER e S
of YERAITE AT F-9 FEE9] DPPH RCs®] w2 7IA|9] AR Akst #A oA AT v <729 ROS
AE AL BE FololM @4 I8l BHT (13285 = AE] AE = 5 8% 425 AT =2 52
pgmOR T & ASE-S BT ROS7} A=W 2EA|o] Al i A4, Sk Fof] Abst
Table 2. Catechin compounds content of extracts from different parts of C. sinensis.

Catechin compounds (mg/g)
Parts - ;
EGCY EC? EGCG? GCGY GCY)
Leaf 6.99+0.95° 3.88+0.15% 15.71+0.50° ND® 2.04+0.46%
Branch 0.88=0.10° 4.00+0.75° 0.51%0.01°¢ 0.39+0.09° 3.02+1.497
Flower 0.97+0.31° 2.08+0.34 4.79+1.11° 0.14%0.02° 2.79+0.47°
Seed 0.28+0.02° ND 0.12+0.01¢ ND 0.22+0.01¢
Root 0.30%0.01° 2.17+0.80° 0.22+0.23¢ 0.74%0.46 0.53+0.05
“Means with dlfferent letters (a - ¢) |n the same column are S|gn|f|cantly different by Duncan’s Multi EGC;

epigallocatechin, ?EC; epicatechin, ?EGCG; epigallocatechin gallate,

G
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E)Ie Range Test DMRT p < 0.05)."
G

CG; gallocatechin gallate, *GC; gallocatechin, “ND; not detected.



Az - 24N
ZEHEE Tkl Wi A& o] AlstiEd 2o) thtat 2 A A AR AT A3t Bl w2 3l &
7] Sl A og kst wo] Al2"lS siEsie] ROSO S HAFAEH AR o= teket EFe] 9= 3
ot &8 AAISH) (Mittler, 2017). o] HEo] o E3] EGCGeF 72+ catechiny 3}

ROSE AA, B 1 S35 7He 5 3744 2Ed
2o oJaf Bo] A EY E Ao P 9 5 A

717k &}t <o) et 7P @ol, 71 Ak
7] Wzel o 7] 87

=

AE

g 2of] oal] A=Al
= T Yv 75 ROY7E BAHIUAL olof dEsir] f1
ksl o] Ala"log AEe] APYE B F U=
iz setEe] A kst 71dE JERSL] wiel €]
F =Zo] A2 o Folol vls 7P =2 kst e
Ueld He=z A7t} (Hasanuzzaman et al, 2013;

Hussain et al., 2016; Ali et al., 2019).
ook
[¢)

<t =32
(o]
[e]

2 EA 9] el BEYIX B 455 d9a
I 2719 Ak 9T uE el 9
ek, 3k Bols Aol e Al
317 fJal AE AU dgart oAl g
a3l BEe B We] oieket deg]ol, +F,
T2 A 7, diE,
EY2R Q3 23} girkE 22 7 g
Zo] ksl &S Yeh) 7% 3t} (Bian and Jiang, 2009;
Tripathi et al, 2012; Kim et al., 2015; Lareen et dl.,
2016). o]#F ol-F=E <Qlste] xpF o tho g HEdA =
2 ksl S8 UER Ao ® AZgi

zE2Y

T
EE

=
i=]
o

AAE 2 AelM = A

6]:]1—
20| Bo| Solinal ¢HA ot
= SOl Bo] =] U

A A3 dell= EGCGSF EGC U
o, olygt JRER sl =& bzl A4S el A
o7 A7) Sur 5 (2001)2] FFoME XpPE Ba]o) A
23 AlEd sghEoA £ daksl SAS FIT 4 Q)

siek. ATt B 4 m) Aol T

[o

2759 L-

= “ A=
3 R B ol Soldtks AL HAT 5 9o
M, ol ush 4 Adlw 9FS F R0 47T,

[=Je]]sE]
=

6. LI a-glucosidase Aol
P AAF R fdske AW 5 shtelth B g
A e AEHoR Frkgken 2019¢edE M AA B
W Rl oF 4 9 Hor FAEUL 2045d0d= 7 o el
2 702 FHAt (Teo er al., 2021).
AA7E 27EA % a3 sie] @Ayt
At o 183 AP} dedt &
e HOEA 280 Us T US
gake] 90% 2% Bl sgeict
(Papoutsis er al., 2021). 28 TS 2o] B Ag5ae]
H3tE oY 7 d A og FEHo AR ari e BT
3w F2 okE Xz 9Fsx Uth (Rosak ef dl.,

= 4l
= o

=
A

7 B F7)e AEe] el olFdhe BE TS g 2012).
oh BEollN FE gt e Al ERE EaL & o-Glucosidase= TH3, |37 55 GFRE #allst] 4
27t Qo g HgE il Yox IS Bl AAE I T AollA BstEd] §9E FXske 84oltt Kim e dl,
& APL Ea) o3t JYE ) o] o]Fdh= 7Rk 2014a). a-Glucosidase JAAE ©] &40 A4S JAE A
=7l 28 Fe] FHrElo] don dERY 75 AE 27F0] A9l FEolM FrEd dRRE A e F
o2 AFs 7= 39t (Kim and Cha, 2013). B3k 714 Fohs WA R BrstEe] FE AAAA AT 8T
9 =79 Ad Fol 7= g =Zo] drE Aok & FaAle S T (Yoo, 2012). tHEZHS 2=
3 2% 8 9tk (Cho et al., 2020). acarbose, voglibose 2 miglitol 5°] Ut} (Derosa and
Table 3. Antioxidant activity of extracts from different parts of C. sinensis.
Parts DPPH TEAC FRAP ORAC
(RCso, 12g/me)" (MM-TE/g)? (mM-FeSO./g)” (MM-TE/g)"
Leaf 18.39+1.67° 2,202.93+49.84° 2,930.62+86.33° 3,645.84+116.97%
Branch 35.71+2.27 1,308.66+188.25¢ 1,294.52+88.18° 2,793.38+179.88"
Flower 39.86+2.73¢ 1,038.96+64.48¢ 1,170.54+138.13¢ 2,054.15%207.09
Seed 421.35+17.20° 167.43+13.05¢ 144.93+15.99¢ 755.88+171.82¢
Root 22.34+3.76% 1,882.28+167.73" 1,560.32+122.45" 2,962.93376.60"
BHT® 132.85+1.15¢

"Means with different letters (a - €) in the same column are significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

"DPPH; amount required for a 50% reduction of 1,1-diphenyl-2-picrylhydrazyl free radicals. ?TEAC; trolox equivalent antioxidant capacity was
analyzed as trolox equivalent (TE) mM/g of extract. *FRAP; ferric reducing antioxidant power was analyzed as ferrous sulfate equivalent (FE)-mM/
g of extract. “ORAC; oxygen radical absorbance capacity was analyzed as trolox equivalent (TE)-mM/g of extract. *BHT; butylated hydroxytoluene.
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Table 4. a-Clucosidase inhibitory activity of extracts from different
parts of C. sinensis.

Parts GICsq" (1g/ml)
Leaf 190.38+28.10°
Branch 150.24+4.81%
Flower 389.36+74.79¢
Seed ND?

Root 47.71+2.09*
Acarbose 739.91+18.65¢

"Means with different letters (a - d) in the same column are signifi-

cantly different by Duncan Multiple Range Test (DMRT, p < 0.05).
GICSO, concentration required to reduce 50% of a-glucosidase.
IND; Not detected.

Maffioli, 2012).

AR B9 F=E2E9] a-glucosidase A4S Table 4
9} 7rt}. a-Glucosidase #3]&A1-S 4771 pg/ml - 389.36
#g/mﬂgl HIAZE AE AL BE FEE4 A= AR
£ acarbose (739.91 pg/ml)e] AT HT} =& A&
ERfSITE 53] ] FEE (47.71 pgmbelr L W*Ol 7}
4 e vehtom 7B (15024 pg/ml), 9 (19038
ug/ml), 3% (389.36 g/ml) SO 2w BAE i@l%i’ii A
M= 4S JeRA] Tk

Jang 5 (2015)2] Aol e WU 4 71X ¥ (Fri,
, 7T & “Hﬂ) NekE
gk Az} v, 7
WAckar L_o]—O:] 2 A%3

X]— )\}040112\1‘:. AIEZ 194
A4 e 6‘}1 %%Tﬂ]
THE rheet &8
H71EE HEAAL o
H= AAeltt (Zhang et al., 2021)

ZRHT Bele] gl Bs 34 zfFs ksl Wil o

52l vzl ?‘H-r] dol=rt s HolA R xpupe] 7
L= WARNFAY F2f wgo] Hdste] ApHEE F
g Agolle e g A5 F Utk

2hHe] 71A], &, A,
oA SE&ET} P AT
2k Abdelas dnbdog s fFE
AR S8 v A Feell
/‘;:‘17(40]1'4—

AA A AAF R G e STk FA e
MAE7] Y5k AAA B|& T3 Zolx|ar itk (Basu
et al., 2018). 7|9IME B 25 e § AAF
HHLE]'J_X]‘ "—-E’ﬂ ]_ 9\)\ '801—1:]—‘— 33:]-/\-]& L],E]_q]}:_ q_°]:
Sk AES S8 ok DjamllJ»]' Putri (2018)2] A-ollA
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==T10
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R 70% AERE FEE-2] a-glucosidase #13]EH43 <]
fol 78.6 pg/mlZ & 1%@ E AoMs ) e &=
52 AHa|ZAo] 4771 pgml 02 Folglo] dgAo] AE
o g vpjulel FEERT =2 gdE S 1Y

b E\‘ rr

F3L Sleh
Ll s i L s Rl
-2l disiM e Sk AelRdE lstlon, Al 2
ol ArtEE Hakgel7] Wie] g @ik 9 A%
AE W e Hed vehlle A3HEe] d5s 48
2 F g Zlo gdd.
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