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Quantitative Determination of Marker Compounds in the Extracts of
Camellia sinensis L. Sub-branches (Residual Products) by HPLC
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Hyun Chul Kim, Kyung Wan Ahn, Yeong Su Kim and Dae Wook Kim'
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ABSTRACT

Background: Camellia sinensis L.(CS) is a perennial evergreen species of plant whose leaves are used to produce tea. In this plant
species, the parts used are the leaves, sub-branch parts are thrown out.

Methods and Results: Ethanol extract of sub-branch parts was used for isolation of major compounds by column chromatography.
Structures were identified as caffeine (1), (-)-epicatechin (2) and (-)-epicatechin gallate (3) by interpretation of spectroscopic analy-
sis, including 'H- and >C-NMR. High-performance liquid chromatography (HPLC) method was used to compare the quantitative
level of marker compounds in various extraction solvents of sub-branch parts of CS. The content of caffeine, (-)-epicatechin, and (-)-
epicatechin gallate in 30% ethanol extract showed higher value with 3.28 + 0.57 mg/g, 5.53 + 0.88 mg/g, and 1.29 + 0.24 mg/g,
respectively.

Conclusions: These results indicated that not only leaves parts but also sub-branch, could be a good source for the functional mate-
rial and pharmaceutical industry.
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M o 13 Itk (Choi and Rhyu, 1992).
e 92 4 9 2HE 59 A 10 € 7HHe=
PE (Camellia sinensis L)y= S5} (Theaceae)ol ANGAIZ1N w2t 4, A2t T2 9 gzl R FEES A

&3hs ofdUlAd dEe] thdA AEE GuiAellA ofd) 7R 7154 229 §, AL Bt 59 AJolE Ho|al ok
AH7kR] MAZ o2 2 9om, vt AFEs (Oh and Hong, 1995; Chung, 2004). |5 Al7]7} W& $-
H|Zst] g A Ao, A b, 215, 4 59 47 o] AS- ol of UYL £o07 EojA] el WAoZ
Aol =gh=o] Afujstal ALRETE (Park, 2007). 53], 2000 Arkero]l Ao F A, 7Rl E ofnAt Fof Fefol
Ay o]F A7k tigh AAe A Edlse] o s S Bol gho] wig- v Ao] EAo|a v =A| sl vt
H2t AR7F dofjEo] vl 2F E3bel gk e 73 o] A% 7HIZ] o] B ZoE BRuwm giges ALk

o B ol Sief. R FEe OWE, skl sb7) 9is) AR HES Aol A g Belsh ©

9] AKE, =Y g9 &29F 5 Ul THRE 2 FHL § t} (Park and Lim, 2002; Kim et al., 2004).
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Ugt 2% okl QRS AT Jom gE 754 249
caffeine® 2 714 2§, ok, 34, =38 SO o)
-

€8 Yeh 7, catechine 72} theaflavin F 59 Z&H 0]
= =4o] o] o] Z3F 5ol Hauks vepd o}
Yzt itsl, e, FEEHE AA, sHAseS 28t o
W, g, SR o, s ERe] A9 uid £31 Fol B
A At (Goto et al, 1996; Kasaoka et al, 2002;
Crespy and Williamson, 2004; Kim er al., 2006; Vermeer
et al, 2008; Kim et al, 2010; Okumura et al., 2012;
Kerio et al., 2013; Oda et al., 2017; Xu et al., 2018). =}
U 20 et ol B A 2 Bast s
2 28og2r o|&FH™ (Yoon er al, 2005; Jung et al.,
2007; Mukherjee et al., 2011; Khan et al, 2018), 2 &
2 92 HEY 759 AMRER AMSET (Wee e dl,
2015). 2pH 3} FApel Hlsl 2 B Erb we Ao
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A7) A R S 5 98 2 ook 2R
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1. 2D 2 A2

Open column chromatography-8 silica gel 60 (Merk,
Darmstadt, Germany), sephadex LH-20 (GE Healthcar Bio-
Sciences AB, Uppsala, Sweden)S A}&-3}% 3%, thin layer
chromatography (TLC) platex= Kieselgel 60 Fasy (Merk,
Darmstadt, Germany)e AME-3IATh A ZAAE &2, A 2
SHFEA S 93] recycling Prep-HPLC (JAI Ltd., Tokyo,
Japan)®} Agilent 1290 Infinity I HPLC system (Aglient
Technology Inc., Santa Clara, CA, USA)E A}&-3}%
Recycling Prep-HPLCO| A% column JAIGEL-ODS AP
(10 ym, 20x 500 mm, JAI KOREA Co., Japan), HPLCO AR&-
H columne ZORBAX Eclipse plus Cig (5, 4.6 % 150 mm,
Aglient Technology Inc., Santa Clara, CA, USA)°]t}.

NMR spectrum= 800 MHz NMR (Bruker, Billerica,
MA, USA)E At&3ste] ZA 3133, NMR chemical shift
part per million (ppm) ©HEZ  UERISTH
Recycling-Prep LC ¥ 4] &ulli= J.T. Baker (Phillipsburg,
NJ, USA)ZHE 793 HPLCH &S AM&-313Tth NMR&-
4 vl= Deuterium oxide ¥ MeOD (BK Instruments Inc,
Daejeon, Korea)7} AF&E 3L, FAMA|ZFOZ = 10% aq
H,SO,Z AHE-3H3A

value=
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2. 22| P2l ¢ SH
2 Aol AM-E AE (Camellia sinensis Ly= 20183

FEe

64 shsolA AujE AP 1kgS FHAT TS =9
WE R A2 Eat] Aol Bak ot FAl7el it
AEs 27 (FARE) 370 g& 50% EtOHE F3, o33}
Diaion HP-202.2 AE4E A AL FE2ES A 5=

HT ==

3 3 ZAdo| w2} CH2CLR, EtOAa #-BuOH % waterZ
g3ttt n-BuOH #8E 12g2 silica gel column

chromatography 3t3.o™ &mje] 54< =7Pq (CHCl; -
MeOH=15:1— 1:1, v/v) £23 3L, 500 ¥ EFH 33Tt
EH S TLCE &9lsle] 3 7] (BUI-BU3)S] BFog pr
Atk BU3 #¥& wh
&3] 3 T AR 4

s

2191 Recycling Preparative-LCE- ©|
S E2Jsla, Sephadex LH-202.%
TE 95% oPde R AU o5 Z7te]l 'H- 3 PC-
NMR spectrums S35t £1X|9} vlwsle] s}8hs] 125
F3lct (Srtkowski et al., 1995; Watandabe, 1998; Kwon et
al., 2002).

Caffeine (1)-'H-NMR (800 MHz, methanol-d;+ D,0) ¢
329 (3H, s, H-1), 348 (3H, s, H-3), 3.95 (3H, s, H-7),
789 (1H, s, H-8). BC-NMR (200 MHz, methanol-d, +
D,0) 6 274 (C-1), 294 (C-3), 33.1 (C-7), 1074 (C-5),
143.1 (C-8), 148.3 (C-4), 151.9 (C-2), 155.5 (C-6).

(-)-epicatechine (2)—'H-NMR (800 MHz, methanol-d,;+
D,O) 6 2.73 (IH, dd, J=2.89 and 16.8 Hz, H-4), 2.89
(1H, dd, J = 4.59 and 16.54 Hz, H-4), 424 (1H, tri, H-
3), 486 (1H, s, H-2), 6.01 (1H, d, J = 2.28 Hz, H-3),
6.04 (1H, d, J = 228 Hz, H-6), 6.86 (IH, br-s, H-5",
6.86 (1H, brs, H-2), 7.01 (1H, s, H-6). C-NMR (200
MHz, methanol-d;+D,0) ¢ 27.8 (C-4), 659 (C-3), 78.9
(C-2), 949 (C-8), 955 (C-6), 99.3 (C-10), 1142 (C-6),
1153 (C-5"), 118.6 (C-2), 130.9 (C-1"), 144.1 (C-3"), 1442
(C-4), 155.64 (C-7), 155.79 (C-9), 156.08 (C-5).

(-)»-epicatechine  gallate  (3)—'H-NMR (800 MHz,
methanol-d;+D,0) 6 2.89 (IH, dd, J=1.69 and 17.76
Hz, H-4), 3.03 (1H, dd, J=423 and 17.51 HZ, H-4),
5.07 (1H, s, H-2), 5.50 (IH, m, H-3), 6.08 (IH, d, J=
225 Hz, H-8), 6.09 (1H, d, J=230 Hz, H-6), 6.80 (IH,
d, /=832, H-5"), 6.87 (1H, dd, J=2.02 and 828 Hz, H-
6, 698 (2H, s, H-2", 6"), 7.00 (1H, d, J=1.96 Hz, H-
2. BC-NMR (200 MHz, methanol-d; + D,0) § 254 (C-
4), 69.1 (C-3), 772 (C-2), 95.0 (C-6), 95.7 (C-8), 98.6
(C-10), 1094 (C-2", 6"), 114.1 (C-2"), 1154 (C-5), 118.6
(C-6"), 120.1 (C-1"), 130.1 (C-1"), 138.5 (C-4"), 144.1 (C-
4, 1442 (C-3"), 144.7 (C-3", 5"), 155.6 (C-9), 155.7 (C-
5), 1559 (C-7), 166.8 (C-7").
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3. HPLC &M HZF TA|

g 3 T AR AR &% 95% oPHE 1.0mgH
&3] Z7ste] HPLCE MeOH 1mb o] A standard
stock solutionS A|Z3sFATE ©]E FAste] 25, 50, 100,
125, 250, 500, 1,000mgmé 7 F7+¢] ¥%  working
standard solutiona A|Z3le] Ao A3}

4. AN ZA|

B9 xp Pt 271 27F 1 gS Fsle] water-ethanol &
= (95%, 70%, 50%, 30% and 0%) 10md S = Suj=
ARt} 35+ 5CoA] 2 AI7F B3F 251 FESIGT

5. HPLC 2AM%AH

HPLC °]&72 A, B 7+ &IAE AH&siitt ol A
LML 0.1% formic acid F&No|A, B &
formic acid’} ¥ MeCN=S AlL&3llom B
£ A 27 2 FHE o3 & ARgsidT ARl f52
1.0 mé/min®] o F24 A7k 0 EollA 6 B7HA] °o]5d A
= 95%2 S5, 6 EollA 30 E71A] oS BE
70%7F HE= 3 vk, 30 HollA 35 /1A ol54S BE

70%7F HEE g TR, 30 EellA] 35 &
0%} =5 g oy 45 Tellx 50 &
0%= FFAISFHEA 418 AT AR 92 10
Asl, ZHe] L& 40C AAHsL, UV

10
10

=
T

K el - - R - OR71 - 019l - LB - oREEH - 2t - 2ThS

oK 23t

7.

3 gt
(mean+ SD)E YEPi, 7+ AdF 719

HapA XA Ol
O

o =X

oY

Hom HAYHE y=ax+b (y; peak

SAEM

nE =x7F0 k]

S *1013}\‘_3‘1'—1 =

program (Statistical Analysis System,

Institute Inc., Cary, NC, USA)S o]&3slth 79
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Fig. 1. TH-NMR spectrum and structure of compounds isolated from C. sinensis L.
branches. (A); caffeine, (B); (-)-Epicatechin, (C); (-)-Epicatechin gallate.
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T TS| K=

EAHEA (ANOVA)S 8 & p<0.05 941 Duncan’s

Multiple Range Test (DMRT) W o =2

2o 9 o3
1. NS 2 & s3
=21 9 A F IAEE FAHEQ AR (Camellia
sinensis L) Z7HIE 50% AEEE Al Aozl FF,
oAFksie] Y FFL FHAE FRTE Y AIA S
Z guj 8% ¥ n-BuOH +ZES silica gel, Sephadex

LH-20 ¥ Recylcing Prep-HPLCZ column chromatographyS
AAete] 3 Fe] AR RS w8l B BASKIT (Fig 1).

s 12 'H-NMROIA 6 3.29, 3.48, 3.9590141 3 7H¢]
methyl singlet |27} AL § 7.89914 1HS] proton©]
singlet®2 Yehe= A3 BCNMR ~HEHS 33} vl
St A3} o] 3IE-2 caffeine (1) -2 &SI TH (Srtkowski
et al., 1995).

3135 2 'H-NMROIA H-2 proton®] B 3ol <]3f
singletZ § 4.86°1A YEIEIL § 4249014 J=29HzY
triplelet® H-3 proton®] YEl}= ASZ Hol (cis
catechin type Y& HAFI Itk BCNMR S EHE 0|5
Z13lal o o] FFE-L (-)-epicatechin (2)0.= 013}
At

siebe 32 39E 23 FARSE signalol #F HUAL 6§
6.98%] 2H®] singlet®Z EAsh= gallate 3-9E2] H7F S=AE

pSEE=PS|
Som™

time 122, 13.1, ¥ 14.6 oA ZFZ}; caffeine, (-)-epicatechin,
9 (-)-epicatechin gallate®] peakE ERNSIT} (Fig. 2). 3 7t
A FFEAC] UV 3 tigk EAeA o) $3 3l
280 nm H-2o g 2N, FFEH )
Mgt 3y & 93 WA, x F&
2 ot fdFs e A3 Fig 33
AG (F) S E5F 0.998 ooz u|jwE]
S BYJoH, HAEIME= 0.04-1.41 mgmd,
428 mgiml FFO 2w Ais HEH
SIS} (Table 1).

3. AUS ZDIXIO] 5 Z2i XEME Sakes

Il_u_oI

TS A= Ly ]
=3 AP BAEE RaE ()S ol e 2jejof &

ofF &8 7FsAS gRls] fal 715 AR A&E]e
s B3 eSS W (water; 30%, EtOH; 50%
EtOH; 70% EtOH; 95% EtOH)Z FZ3}aL 372412
o] AJEg AFAAZ dojzl HAWAS UIYsi] AlFE
A Yol A EAJE caffeine, (-)-epicatechin (EC), Z (-)-
epicatechin gallate (ECg)®] F=5 T8l TS AL
tidste] Gt (Fig. 4). FE22d0 e 3 74 F2
o] A TS 30% olehE BwiollA 10.10+ 1.69 mg/g
o7 7P = TS e 50% olee 827+

Table 1. Calibration data for analysis of marker compounds (1 - 3)
in of Camellia sinensis L. sub-branches.

Regression equation”

. =ax+b
o] BRI PC-NMR SFEHE o]F FHaL glons Compounds Y= LOD 10Q
) . . = Intercept (mg/mt) (mg/me)
o] 3}FE-L (-)-epicatechin gallate (3)E FF3IL, 3 7HA Slope (a) (b)
Tl EZ S RS 93t N HEAZ o]aslgr).
SEAE GIIAE S AREER clgsiaT Caffeine (1) 2626  123.02 0.04 0.18 0.9997
_ B (-)-Epicatechin (2) 7.73 -165.81 0.33 1.01 0.9985
2. debM 9 A=, A2kshi| AL (-)-Epicatechin
oo I, 13.63  -398.04 141 428 0.9983
R 27ER19] 7154 249 g A8k S8l el gallate (3)
gt GLEAS ofgste] AAE HPLC 412710014 retention Vy; peak area, x; concentration.
‘ A)
1 B \
1 )]

8
13958
441

i
120081

I 1448
b4

©

L

Fig. 2.
)-epicatechin gallate, (C); (-)-epicatechin.

Analytical HPLC chromatogram of isolated compounds.
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ORKY - QI3iy - HaIM - ZofEl - oI - @FF - 0150l - A - okdE - ZYS - Z0is
0.59mg/g), 70% OolEHE (5.58+1.03mglg), 95% olereE R} gFH| stFo] TvteA Hua HiEdon x|

(1.95+038 mg/g), & (1.87+0.06 mgg) +Oo =2 EbsTH
(Table 2).

Lee 5 (2014) 2P 919] (521 78 A171e0 wet -
A, Az, 2 ae]al 2o g vhre] F84
& A, 535 5 € @ AGE izte] Few A
caffein (26.74 mg/g), EC (12.59mg/g), ¥ ECg (39.61 mg/g)
oz ByElon A Aol WA S vl s1lS o
W FEE BT 53; FEEA < 78] B2 o=
18T

Kim (1996 7}ziQlo] Beje} Fxtolle HrElo] AUA &
A|RE, 319le] A9 TR} ol Ale] AE, AdERE B3

y

30000
y=26.259x+123.02

25000

20000

y=13.636x-398.04

15000 R?=0.9983

Area

10000

5000 y=7.7307x-165.81

R?=0.9985

400
Concentration (pug/ml)

600 800 1000

Fig. 3. Calibration curves for caffeine (lll), (-)-epicatechin
(A) and (-)-epicatechin gallate (@).

e S B4 AsgelMe BE FEZACA FhEle]
AEEE 2 RIS At 5 95% oleheS v
39S W caffeine®] 3% 2 (0.79+0.02 mg/g)ith= olghS
(1.63£029mg/g)oll 2 vl HE EA FZ5H3L, catechinF2
A s (0.32+0.09 mg/g)Hth= & (1.08+0.04 mg/g)°l]
A oF 3 AR A FEEE AS Isiith

B oAdes A o 8 & dEE R @ER)el
71574 &4 482 caffeine, (-)-epicatechin ZZ] 3L (-)-
epicatechin gallate®} 72 A2 Aol &1 FHAAL, o
o] A¥k= 3 /KA AxARe] F& 9 &l dig 7= A

L
52 889 5 9L 208 A4un B 7154 98 2
SJepEo AL TPsHS BIskdch
ZAIR 2

2 d7e 2018 AHIA @A) ARFH e
TR A 2018121A00-1920-AB01)2] Al ]3]
o]Fo)zl A= ofof] ZAL=YUT}.
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