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Abstract

Tea is a widely consumed drink by most of people in the world. Regarding its
manufacturing process, tea is differentiated as white tea, green tea, oolong tea, black
tea, and pu-erh tea. In Taiwan, bitter orange (Citrus x aurantium) tea is belonged to
one of the fermented and aging tea. According to the reported literature, tea has high
amount of bioactive compounds in it which are used as therapeutic treatment to cure
and prevent many illness. Bioactive compounds in tea consist of flavanols, flavonol
glycosides, theaflavins, thearubigins, phenolic acids, alkaloids, and amino acid. Each
of them has many metabolites compounds that still need to be detected the amount level
and specific chemical structures. Therefore, the objectives of the proposed project are
firstly to develop chemical methods coupling with chromatography techniques to
identify the bioactive and indicative compounds from Tsuan-kan tea. The different
production year of Tsuan-kan tea can divide into peel and tea part, which extract with
distilled water to form Tsuan-kan water extract; afterward, analysis of physical property,
bioactives content and antioxidation activities. During the storage, 1) the phenol and
flavoind content of the peel and tea part increase initially and decrease afterward ; 2)
the gollocatechin content of peel increase, and tea part decrease initially and increase
afterward ; 3) the caffeine content of the peel and tea part decrease.

It is noted that the antioxidatoin activies can change within long storage (1 ~ 5
years). During the storage, 1) the DPPH acaverage effect of peel decrease initially and
increase afterward, while the tea part decrease ; 2) the ferrous ion chelating ability of
peel and tea part decrease initially and increase afterward.

Hopefully the research outcome will help Tsuan-kan tea increase quality with
added value.
keywords:Bitter orange tea, Bioactive compounds, High performance liquid

chromatography
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% (Camellia sinensis, Theaceae) &£ F il 5 & B L sl » H=030k
(Kuoetal, 2005) - & & fo@ R s £k 08 R > 4o s 5 25 B 12 B o
AR EE od R A ELE R R K m;gn«mﬁg{ s KRB L
Bt R Lgopz - » T E KFBEANEEELFFEL AR ot Ren
MAI F5FTAP  REFAFFBRSLHEEG £ bAra BT L
st (Lvetal,2013); % 5 f 8 5 4k ~ 4F 1t~ Fuv o F AR R AL E
14 (Bancirova, 2010; Nibir et al., 2017) -
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W OBEHE R E R 2 B B RS ﬁx%“f»fﬁi"f@}fiﬂ f AR
IRV oS by A i%{fff?@f (Fig.l) » RHTF 53 B Firic kB2
6o A FRCE RS A FE"T/;P‘W’JBT‘@A‘ (Fig. 2) » # ¢ 12 3= £ (cake tea)
5% 2 (Lvetal, 2013) -
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22.1 # & XKk

AR %A RESD ERFY (5 REHF) R E 2019 Rirapy F
G 2 HEF R 0 2018 B K A B A R4t 2014 Hlenp ¥

HimA BT A - o

2.3 REBE K LA

. Gallic acid (Sigma, USA)
. Folin-Ciocalteu's phenol reagent (Merck, Germany)

. Sodium carbonate anhydrous (Panreac, Spain)

. Quercetin dihydrate 98% (Sigma, USA)

. Potassium acetate (Yakuri Pure Chemicals, Japan)

. Aluminium chloride hexahydrate (Riedel-de Haen, Germany)
. L-ascorbic acid (Sigma-Aldrich, USA)

. 2,2-diphenyl-1-picrylhydrazyl (Sigma-Aldrich, USA)

. Iron(11) chloride (ACROS Organics, Belgium)
10.FerroZine™ iron reagent (ACROS Organics, Belgium)
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11.Ethylenediaminetetraacetic acid, EDTA (Scharlau, Spain)

231 &R

1. Gallocatechin (GC) » p£p Sigma = # (St. Louis, US.A) > B = 98 %
2. Caffeine (C) » pp Sigma = # - Phamaceutical Secondary Standard -
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S L4 (2019) e jE 4o A o Bl AT MR B B dER B Y B
#-% g (Tsuan-kanpeel) £ % # (Tsuan-kantea) 4~ &t > & %A F
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%P AOAC (2003) 2z = 2B (7P| T o BT ALY % | £ (e § h%k &
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%% Liang % 4 (2003) 2 *jz4c e 2 s f2B 309 % A B FE 4o » A
’*i’é 5k 150 mL - MERE AR 3 A4S A 5 A4 ¥ NO.2 Bk
éralb %‘/}%/,Q IFE] 1:}- ~ =20 C } fb 5%“‘@“ f:,./é,\_)]:,fr o
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Bz iRl E® (M) 6> 8 » 28 20mL #plz €&

(M2)» 42 ¥ #-= &4u5 % » 105C wiasac FIpRfeple s Br1 g2 = 4
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% 148 (mg/g tea infusion) -M M,
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%4 Guo % 4 (2016) 2 3 2 4eriee > FiFEY 4 3@ 4 CIE-Lab 7
B enL* > a*fcb*i@ 2 Hunter-Lab 5 A el afrb &> $ 4 KTL 50 &
LFERREE S o
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%% Waterhouse = ;2 (2002) +4c 2 g x> B~ 8.2 pul & 4 » 36.4ul 10%
Folin-Ciocalteu phenol :##&| ~ J& 3 4 4518 » /T 4v 14541 7.5% pEL4N A RR &
33y >N F R TR R L ] pES e kR K (Molecular Devices, SpectraMax ®
ABSPlus, USA) *+ 760nm Bl k& » ¥ 2% k&2 & 5 2 (gallicacid) =
ZHEEY MU ER R i s 0 A aE 2 £ 02 mg GAE (gallic acid

equivalents)/g sample # - -
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%% Chang % % (2002) 2 =i > B 0.1mL %3 > 4 » 0.1mL10% %
48 -k & # (aluminium chloride hexahydrate) ~ 0.1 mL 1M fif fs 40 (potassium
acetate) ~4.3mL 80% ¢ fE 2 28mL - 2 @3-k RFREHBY > 3R
Tk R R 40 4480 LA kR SkEE R (Molecular Devices, SpectraMax ® ABS Plus,
USA) *t 415nm Fip|H ek i@ o & 2L d fiF (quercetrin) 2 5 & -5 % &5

R P 7 £ 0 B8 P 7 £ 4 mg QE (quercetin equivalents)/g sample % 7 o

248 X% % (Theaflavins, TF)~ % %=% (Thearubigins, TR)~ %%

(Theabrownins, TB)



%% Jiang & 4 (2018) e 2 » BEFF I RIFELY o Ao r T LT fig o
EAR B 2mL e e fa kS e BEREED 25mL 2B R A Bk
B 2mL 4e > 2mL e ph ~6mL ZA kT4 r e BT FEIL 25mL> A=
B By P~ 16mL 2 phe figk > 4> 25% B E 401 0 BT /% 4mL & 4e »
CEETEED 25mL A5k CoRpFEINARELY s e r TR Fa
B isB- 2mL -k >4 r 2mL ek 2 6mL Fa kTS r e e E D
25mL> 2527272 D> 2% A~B~C-~D % %380 nm T plzrxkid » & %Y
EA~EB -~ EC - ED # 7 - theaflavin, thearubigin, theabrownin z & Pz e ™ = 4%
P
theaflavin(%) = 2.25 x EC/(1-M)
thearubigin(%) = 7.06 x(2EA + 2EB — EC — 2ED)/(1-M)
theabrownin(%) = 2 x ED x 7.06/(1-M)
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%% Brand-Williams % 4 (1995) z. = /£ » P~ 0.2mL % ;8 & 4c » 3mL #7##
el 701 mMMDPPH 2 " i3 » 323 RERB AT ETHFE 30448 1A%k
2% % (Molecular Devices, SpectraMax ® ABS Plus, USA) # B>t 517 nm 2_vw
X o #0017 ek &0 trolox 3k HlivHR 4 S DPPH pod Rk
trolox equivalent (TE)/g DM % 7 -
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%+ Decker fv Welch (1990)z. = j* » B~ 1mL %8 > 4c » 0.1mL 2. 2mM
chF it 4% (FeCl) 3R R &353 30 #its £ 4 » 0.2mL 2 5mM ferrozine >
FRE 10 & 48ts 0 @@ % 4 kR ik (Molecular Devices, SpectraMax ® ABS Plus,
USA) #p] 562nm z sk iE o 12 3 ek & e trolox 3 B T8 d R F &
T 4ars a4 2 TEIQDM 4 7 »
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4 AN E 4 (2019) a7 i et i o fEB 020 50 4~ 70%5mL ©



A oAz3 A BT 30 4412 5000g 3~ 10 A4 7% g4 » 70%5mL © A -
EAF AR T f ik 0 5 045 um JpiE e 0 2~ HPLC 447 - HPLC
E R 4% Liang % 4 (2003) 2 iE4crize oo 4% Sykam B R Ap k47
% (S 1125 HPLC Pump System, S 5200 Autosampler , German) # ek 7 = =48
7] (photodiode array, PDA) % » 2 & &~ 47 ¢ 42 5 C18 column (250 mmx4.6
mm, 5 pm pore size, Thermo) » 7=#4p 5 % Solvent A: 2% ¢ ﬁa ; SolventB % ¢
B R R AN A - fror 5 A E I inidE LOmU/mingtk &L s E 5 15l o

“t% - HPLC #* %A

Time Solvent A (%) Solvent B (%)
0 93.5% 6.5%
25 85% 15%
27 85% 15%
30 93.5% 6.5%

40 93.5% 6.5%
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et % Fii=dm 2 o %4k A 5 £ (1040-12.38%) %+t & E (7.79-
10.73%) ; K E e v 7 £ (18.20-22.73%) # B ** % 4 (6.71-12.73%) > d >+ &
Fho Tz 850 20-28% (iz£) (Guetal,2002) ; % A 2 FE2 fe75%5 35 £ 9
% 1.03-357%; %A 2 FEZ A £95 417-497% -
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TR AR AL S LY b* PR EIRA v a* Bl EE
BEFA S FRAMA L ~b* AT b2 qx L P Trg s A EINL LF
b* MEF @R em T ax A AT oLiang & 4 (2005) it E o
LZKFE B RF2Z AL~Aa~Ab 32 AE BR T T2 pk M BEETEE
ERFFDAL BT R > X FERTRE AR o St R F S Aa &

FARTEHER R o d WRPIRFFFS QD T A RO R
AOREIETL hspgd BREA LS P AL Y R E R AEY R L&

TREA S LR A A 8 R Rkt & B i gl & R
BAEF BT FEORYRFINEE FRPTFHTBELAGF I < B E MR

oA R (490mg/g) ~ ¢ A% (3.62mg/g) ~ 5 F & (3.54mglg) 2 =& (3.00
mg/g) (FRE 3¢ & £ - 2011)
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PR EPR AT RN EEAREL Y AR R
LB AT~ LR~ ) 2 dup 4 2 34 ok (Jeszka et al., 2010 5 Oszmian“ski &
Lachowicz, 2016) - &7 =% %A~ B @3 * Folin-Ciocalteu ;# » * & /H 2 % Folin-
Ciocalteu reagent & #* *tfsggit & 4 ch-OH 28 » 4o » REESp 2 S FJI L £ 45 5 1Y
735nm Bl kB o B EARA R AR IR 7 BAXF o A % 2 gallicacid it
HR G ITREY S L pEE S Rt gallicacid kAR REHR &P 2
PRI A IR R I EAR T R TE PR A R A2 FEY T
B REEFIFE AR LR FESRR £ (28.35-40.00 mg QAE/Q)
B0 5% 4 (39.79-50.12 mg QAE/g) - Chang % % (2020) 453 o 8 ¥ e
B (15 P) HARFRLBE RN ERE R RAR I EANT LR
(p<0.05) » 4@ AT FMEPFF 33 (L # -5 &) ¢ Bups € -

34 Bgims g

B sMAF 2 St S8 ores 3 ALY > P WTs
KR B3 OE S AR doi PR R e R M AR R 0 TR T
o BAPM AR 0 L5 PR R FuE L dF R > U R
(Harborne & Williams, 2000) o & F Sk * k22 > F BRILZHF O & 30k
MERTYEZ §F VST A LY o 2 510 nm B F Rk E o AP 1Y
quercetrin ¥ 5 &8 28] (TR A 0 B @ % N FEE S VKT Ap 4 quercetrin Jk

BFfEKRE? 2 EIM 2 - BEIM 2B orr HRBIEL T AR AR
@’%%@ﬁ&ﬁ%’% EREYORERMIETEFITFE P AR LR
Lo oA FEGRESM FE (5.24-9.83 mg QAE/Q) % *t % A (5.02-7.48 mg
QAE/Q) -
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FRAI R A s B EB-ER e 3-50% (Whwt) > A B ES R F IS
theaflavin (TF1) - theaflavin-3-gallate (TF2a) - theaflavin-3'-gallate (TF2b) %
theaflavin-3,3'-digallate (TF3) (*f®Bl=) > A% 2 2 4% it » 5 2 2 fssf > &
KA ATH R S hrA5 7] M (Jiangetal ,2018)  F - Fehi B2 AR 2 7 £
< »* 1% (Harbowyetal.,1997) fa{ % 2 ¥ A chx % % 2 £ ¥ M3t 1% (Fig.
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2) >
FRMATEE (1%) P A TS E AR TERY DR R LA d SRR F
z =" (Yaoetal., 2006) -

FriRiokd &FRI o EEBEM S 20% (Wt/wt) - 25 2 & 4] 4ot Bl e
o FiEEd 700 32 4 FRRFE SR R FREMTEA R
e H % gt § B4 A 40 0 (Izawa et al,, 2010; Li et al., 2010) - pl = pkid

3 EZA 0% =FY H Rt REEMC 9 50-60% i
T EHAEESADREEZE LB A 052-1.90%
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Bz d oo ;ﬁd Hed ¥ pE ~ e eb g% (PPO, POD, pectinase,
cellulase, and laccase) ¥ i* ~ B &35 24 % (Wang, L.etal., 2014) > ¢ fs %

Pk~ SPE~ B W oRARSTES > A3 E L 4kDa I 100kDa> # I F %0
100 kDa (Peng etal., 2013) o &2 Z 4B 3 B > i@

# (Wang, K. etal., 2014) » fe ¥ ¥ & % & chEib% 5 .9 5 2.08-4.95% (Fig. 2A)
% 2.84-535% (Fig.2B)» ¥ i K2 Fibk F B4 EF s BT UL H o
AR FmE R EE SR LA AR NSRS BB MR
L3 ARRARE > BV APER  FU-HFL -
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3.5 Gallocatechin % caffeine z £

AEP ZEERZ2 S5 2k % (Catechins) (Harbowy et al., 1997) - % ¢ ¥
2k &

LN

¥ 3% (—)-epigallocatechin-3-gallate (EGCG) ~ (—)-epigallocatechin (EGC)
(—)-epicatechin-3-gallate (ECG) % (—)-epicatechin (EC) (Cabreraetal., 2006) > # #t
FeR i b2 K E €5 A Bt (epimerize) A) = (-)-catechin (C) ~ (-)-

’

gallocatechin (GC) - (—)-catechin gallate (CG) % (—)-gallocatechin gallate (GCG)
(Ikedaetal., 2005) » HPLC 5 & R £ i¢ * 3t & 4752 & 2 2_ # i » 4o Nishitani &



Sagesaka (2004) v‘ﬁiec’ TENANFEIIEF Z T 25 ¢ 1 (-)-EGCCG 7 £
=% (5.73%,dryweight) » # =t & (-)-ECg(1.80 %, dry weight) - fe#4 & cnil 42 2
ELFHY RN FE A (2015) f Y FY 54 2% GC (1.82-53.10
mg/g) -

R F A MY B F L@ > GC EAR 20 Mm At "R
osteoclastogenesis » i&m "% < Fin 4 2 W4 ¥ 2R (Ko etal, 2009) > ¥ ¥ GC
735 pd Aigtka 4 ORAC -;%—“,f it 4 5 8.569gTrolox/ gactive (Colon & Nerin,
2012) g FIVnA T 0 AL H MMM F R AL S GC § R (1758 -

222.11 mg/g) %> FE A (24.04- 13828 mglg) » B K2 GC 7 £& 7 K
# & =% (5.81-29.96 mg/g) (Liang et al., 2003) ; %hr;u CHE A S 0 % ANA
GC s B s R uLaft  FENMAHGC ;T HHFRFIRL

FE (S B e AR o

FA g dp DR R WP e ER L S R A R s AT o T R
A PR E R T (Colon & Nerin, 2012) > et EINma D 0 AT OFIRE
& B E IR e F] 3§ (14410 — 262.41 mglg) 3 % A %A (44.89-
137.52 mglg) 5 e e B A T 0 kA~ FEIS DB G R P EF 5T
HERRDS o FFT P L FAY HFFE L F 22T 5 £ 95 0264 - 0.844 %
(w/w, dry base) % 0.189-0.507 % (w/w, dry base) (Fernandez et al., 2000) - £2 fi% 44
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2,2-diphenyl-1-picrylhydrazy| (DPPH) = “# g2 2 B ¥ VL 2 7 % p
d A& - DPPH 325 % ¢ » & 517 nm P55 S5k id > § DPPH 4R Rmps >
pRé W Y d L R o WP R R AR > DPPH B A r a4 AR

PR ERS A SoE R R E L R A0 2 DPPH fd A 4 Anie
i Al FE K2 DPPH i i 4 5 63% % 69% (Al-Obaidi &
Sahib, 2015) » = # = % % 5 80% (Changetal., 2020) » 3%f" % <7 DPPH A d A
‘fﬁi*ﬁ?vié’ﬁ?ﬁ?' JT* Iﬁﬂﬁﬁg’%ﬂﬁﬂDPPHéﬂ%y fub "LE T
PRRFLTE PR e RES DPPH p o i 4 Y wom R R A T
Chang ¥ ¢ (2020) 4%+ & Bz & L@ A 32 (15 p) $ DPPH g d fife
i 2B v A e R 52k DPPH pd Aifrpii 4 g F L4 (p<0.05)



Ko AL BFREFF 3% (1 £ 5&) ¢ DPPH p d i%‘})ai“,fé‘i 4 o

B EPpz g P4 PERANE K LERGE £ BT (B E Fe?t 2
Cu?) z i 4 (Md Yusof et al., 2013) - Ferrozine 4- Fe* EEESH EF
(ferrozine-Fe?*) » po & £ 43 T 24 » & 625nm PFF Besprr ke » § F B i
¢ Fe? & > dak ferrozine-Fe?* 7 8 7 kBN 0 @ OBk HAR M Tp
WA FE a4 ARG o

PR EINEA S A R R A 2 A8 B Y (8.99 - 1252%) & ¢
FEIA (1.97-11.93%) 0 fed K2 6 Tahit 4 @iOrh SR frpiod B8
(83% -84%) (Omar et al., 2016) ; ,Tfr’;u*vizﬁﬁ BmZ o %4~ FEINNA IS T
WREE G RPER AR S L B 4 o
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Table 1. Samples information, factory, source, and tag number
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Table 2. Proximate composition of Tsuan-kan peel and tea

Composition P2019 T2019 P2018 T2018 P2014 T2014
Moisture (%) 10.40 £ 0.05 7.79+0.13 1442 £ 0.11 10.73 £ 0.06 12.38 £ 0.17 8.58 £ 0.23
Crude protein (%) 7.40 £ 0.06 21.54 +0.17 6.71+0.15 22.73+0.10 12.73+ 0.70 18.20 £ 0.00
Crude fat (%) 3.29+0.59 2.71+0.26 2.29+0.94 3.57+0.32 1.04 £ 0.09 3.33+0.09
Ash (%) 6.68 £ 0.20 4.76 + 0.06 4.97 + 0.09 4.35 + 0.06 417 + 1.27 4.80 = 0.05
Carbohydrate (%) 72.23 £ 0.50 63.20 £ 0.56 71.61 £ 0.90 58.62 £ 0.50 69.68 £ 1.00 65.09 £ 0.35

Data are expressed as mean = SD (n=3).
TK?2019,Tsuan-kan made in 2019; TK2018, Tsuan-kan made in 2018; TK2014, Tsuan-kan made in 2014.



22~ R EGRRMHEZSFEILCEHME LT
Tables 3 Physicochemical properties of Tsuan-kan peel and tea.

Total soluble solid conten

- ? " (mglg)
P2019 4494 + 0.01 15.58 £ 0.07 48.57 + 0.11 1.00+£0.01
P2018 3553+0.21 25.62+0.12 36.93 + 0.09 1.00+0.00
P2014 42.79 + 0.04 20.35+0.03 40.49 + 0.08 1.00+0.00
T2019 49.66 + 0.02 15.34 £ 0.05 50.03 £ 0.07 1.00 £ 0.00
T2018 45.84 + 0.07 17.50 £ 0.07 45.30 £0.09 1.00 £ 0.00
T014 45.29 + 0.08 10.26 £0.06 38.95+0.11 1.00 £ 0.00

Data are expressed as mean = SD (n=3).
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Table 4 The gallocatechin and caffeine contents of Tsuan-kan peel and tea

gallocatechin (mg/g) caffeine (mg/q)

P2019 17.58 £ 0.56 137.52 + 0.55
P2018 146.36 + 0.87 113.97 + 0.89
P2014 722.11 + 2.55 44.89 + 0.12
T2019 43.41+0.49 255.67 + 0.94
T2018 24.04 + 0.20 262.41 + 1.05
T014 138.28 + 0.93 144.10 + 1.22

Data are expressed as mean + SD (n=3).
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Table 5 Antioxidant capacities of Tsuan-kan peel and tea

Treatment DPPH FIC

P2019 80.47 +1.03 1252 + 0.35
P2018 59.62 + 0.89 8.99 £ 0.05
P2014 72.00+1.25 10.48 £ 0.12
T2019 82.11 + 0.83 11.93+0.23
T2018 73.03 £ 0.56 7.97 £ 0.03
T014 71.03+0.55 8.03 £.0.09

FIC: ferrous ion chelating ability

Data are expressed as mean + SD (n=3)






