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¥ Jh Ak (synephrine) & — A A 4k © R AR AN MAG S Y A2 54 (bitter
orange, Citrus aurantium) ¥ 2 £ % 0 LGN M H o FIRRE &I 20 2 ik
AL > T AR TR R A RIS R TR B R B S R e o 1T A AR AL SN A
FE AR 02F 3T A A RE - ZHIE TR RS T F BRI Tk - A
BERGH o RO R T AR R K8 TRARB TR EHERE - A8 5804
J& MRS BL I = AR B M 2 M B 2R EAT 9 AT 0 3R 54T B A & Pursuit 5 PFP (4.6 x 150
mm, 5 pm) * % k%220 nm © 7 A BEGEEILNE 2 % G T 9 5 R ep-F
#R(p-synephrine) Zm-F # #k (m-synephrine) &5 + 25450 mg/100 g iTaE#R5H » 4&%k
B p-F ok Bom-F Ak 2 ) BB e R 5 B 5 5] 4906 - 103.8% £.88.5 - 103.0% °
YRR E 27 5040 - 3.77%%K1.27 - 6.41% > % B B el F 58] 5 5] 492.7 -
101.3%%89.5 - 98.7% » % A2 ¥ 25 &1.43 - 3.57%%1.63 - 6.51% * FA5 R E,E
I E AR SRR B Oy iR AEROR ST K o 4 A R A BRCE T S 104 0 p-F R Ak
MR B B B AR R F HR PR 26487 mg/100 g @ m-=F 3 ARARIA] 88 [7] 4 165 Z AR R £ 164
mg/100 g » A3 E B X ERF R ERBHARA A EZHABRLANMRE P RE
RS HEHNE  BTHAESEBRERLABRELEAERITHRE » FEHKE S
M e R BT R B AR AR -

RABEE © EHM - EHE ZHEAR
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p-FHMEMEEEY 2R ERS - &KE
TETERYE EHR 2R AP (adrenergic alkaloid)
(7] -t 2 — e i A2 Rk iR i (sympathomimetic
amine) » ELELEE FIREZHEZERHY - Jame
B N R B o MRORS R HE W P RE A 3 1 A
Yy AEARFERERSC IR - 2017440
B 72 I S AR R RS2 (National Institute
for Public Health and the Environment, RIVM)F
S g AR B B R TR B 0 AR bR

[l

AR ERE SR E R Hpara (p-) » meta
(m-)Feortho (0-)Z ZREDIIL » 43 Bl A AE21E
S EAEY) (optical isomer * JIE #5{5 LAY
O o B R E G Ep-E A Eim- ik - H
HH R B U ISR B /2 1 18 (bitter orange, Citrus
aurantium)ihiE o 8 SRR o- K » IR
e N B ERTERBY -

BN £ i 4 2 i) (European Food Safety
Authority, EFSA) % 2 & & s il 7o i (58 A 5 18
R FRL B S Hp- IR Em -2 IR Ak
HI 4% [ (adulteration) 5 E Y - EBIHEYIEE
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& (American Botanical Council, ABC)fA20054F
INREE R A Sp-E Ik - N Gm-Fihtk
BRI o P IR R O =R 380 i
EREE > SRR EEm-2EIE AR - R
Roman A DA | 25 B B 2 AT HE B R i iff 52 i
(National Institute of Standard and Technology,
NIST)HY#% BREZ IR 10 R R o 18 SR A 2 Ry
K SEEE I Nutratech Y EZ 1 R BT 18 42
R R R AE AR R (F30%FIHAK) - RH
i EE S ETER - R fERER
BB B R ~ AR - 802 iE
FEIR R B IR FE s thm- b ik - EHES
=R A E 2 MR (Limit of quantitation, LOQ)
600 ppm"” © Santana®§ N ZEE LR R &
HREZ ISR R MR R AR (E S
Bp-2EfBth? s magd kY B ER AR p-
FEHR IR Rm-2E AR o

HREEEHRERREES - TEEH
EH B MR G B R R e R
(ephedrine) {1 » Ry 22 R B L iR
(sympathetic adrenergic agonist) * B Hll %o, 5 BEF
IR A7 #5 (adrenoreceptors) 73 A1 [ L T i
(Vasoconstriction) & [l #&5(Vasodilation) {E FH
M9 o sz h bREENI VR B R A - P
N BEHIHBE S 45 R AR B E ([ s o)
2,

WEAERAER 1024510 B 16 H DU AT
5510213507675 2 5 $HEE A EURL 35 R (Citrus
aurantium L.) | ZH A0SR HE -
HFERE -« Zf » HERAALE - BFEAKREL
MM IR & N B+ NS Bk AL 2 o [l R
B - KIRREEY)E - AR A e rE s R e
NBEFERIN NS EM » ST &R
43 T synephrine | JEE R6%LAT - B HEHRIE
20 mglA R o SHEFILIEMED - BT R
an IR R - DI 2 .

TR - BRER S AT Eoh iR i 0 DA
W E RO T R B Ry R - 5B BE I BIAR

H B 289N (Ultraviolet) ! Sl — i B e 51
(Photodiode array) 5 B 5 {#(Mass spectrometer)
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el N e e e o (VI C RNV
Mt Ry B o B 9RS-003 FRM E T BUM 4
kb HREE TR ) b HERGH RN
EYVETERE " yahoo! FEEMR A, - &
e REUR R B EE R B S E IR B o

- EmEELR

(B BT
FA i (methanol) 52 2. (acetonitrile) 35 5% F
=R AHE T Al B B fE B Merck /A ]
(Darmstadt, Germany) ° i % (phosphoric
acid, 85%) * Wi (boric acid) » & & b
# (potassium hydroxide) » bt [ $1
(sodium 1-hexanesulfonate) + F % (formic
acid) X fi % #% (ammonium acetate)s %
FHERZERR - % H £ BSigma-Aldrich/A ]
(Saint Louis, MO, USA) - g1 /K(fLE
FHAA25CHIEIS MQ « emPA 1) -

() e AT E iy
p-Fif R (p-synephrine  (+)-synephrine *
CAS NO. 94-07-5 » fliE99%) fem-F75
#R(m-synephrine * (R)-(-)-phenylephrine
CAS NO. 59-42-7 - filifE100%) %] i FH iz
it $ME F 2£B]Sigma-Aldrich/A F] ©

= - EEREEEYE
() fiE IR & 28 (Vortex Genie-2 * Scientific
Industries * USA)
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() HF R % 25 (Delta Sonicator DC300H °
TS AR E] > Taiwan)

E)FE 8Tk EE B (Millipole Milli-Q SP
Advantage A10 System > Millipore * USA)
(ru)ife L B (Allegra 25R Centrifuge * Beckman

Coulter * Taiwan) °
(B = RO R A
1. B % 4 (Acquity UPLC" H-class °
Quaternary Solvent Manager * Waters *
USA)
2. HEhH#ERE 25 (Acquity UPLC® H-class
Sample Manager-FTN * Waters * USA
3. [EHTE 22 28 (Acquity UPLC® Column
Manager * Waters * USA)
4. S B Y g HH 2R (Acquity UPLC®
PDA e A Detector * Waters * USA)
5. [EHTERE
(1)Poroshell HPH-C18 * 2.7 um * N{%3.0
x 100 mm (Agilent * USA)
(2)Pursuit 5 PFP * 5 um » Af%4.6 x 150
mm (Agilent * USA)
6. FEan P H KBS (Empower ™ 3 » Waters
USA)

P ~ 7AEZ A%

(0.5 MEE(LIF AW : HIEE LT g
DA T 7K AR 25 mL

() 10% FEFA W © BUFREE10 mL » NEBET
ZKAF 100 mL

(E20 mMIIFRA TR « FEEURIR 1.2 ¢ » DAEHE
FKVER# R 1,000 mL » LL0.5 M&E S AL
PRI FEpH{EZES8.2 £ 0.05 °

(0. 1% FR 77 © BU8S5 %% 1.18 mL » il
FHET7KH 1,000 mL e

(£)20% LSRR AT @ BLZA5200 mL - 120
mMI I A 50 5% 1,000 mL ©

NEEENHATRA © THIUEE£$40.77 g - DLE
BT /K AR 1,000 mL » FEIEIEEE -

R S ERL B HAWRE -

(O BEIMEETEB - MIEERRE20.77 ¢ » LIRS
AREERL1000 mL - ARJEEGETE - R
HEPEREENFEYATRE -

A AR R

Hp-=F MR Fom- =2 MRS IR A AR MR S5 1
25 mg > FEHEREIE » 73 BT LA10% F B VA i s
WERZE0 mL - (ER AR - 1% R
7 - B AR - BUE R SRR G - DA
BET/KRERERL - 50 ng/mL - HEVEREA TR (4
TR F 13H) -

7N MR SRS

TR LT R 51 7% - BUA L g v KB TERE
E o IMAZEBET /K20 mL » #8FHIEE309
## 0 fA10°CLAS000 x g (a553 88 - UEE L1
T o BRI A EBET-7k20 mL > B Bl B
ZEENR - G0t LEWR - DLEBET/KESZES0
mL - FEREELENE - R -

+ - SXURAEEITE TR
(LA B A T A TR BB . EL B 1T 16
IT(ER—) -
1. i : 0.5 mL/min
2. [EHTEFRE © Pursuit 5 PFP > 5 um » AT
4.6 < 150 mm
3mSR AR © E 220 nm
CIEERE  35°C
ERESIEEE - 10°C

x—  BENEARATEBR Z AT & 1

5 (min) A (%) B (%)
0.0—10 90— 80 10— 20
10.0—10.1 80— 10 20— 90
10.1—15 10— 10 90— 90
15.0—15.1 10— 90 90— 10
15.1—20 90— 90 10— 10
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C : HREERR RS H p- 2 oh Ak Em-
FEIRZ R (ug/mL)

Vo BRI R E A 2 B8 TE(mL)
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EAOUESEARRE - fRIEEE SRR
ZAEBAGRECNMERR0.99 - BAREHHFHIY)
IREEEARE AR AR MR E Y - R o
RIRE s T EIR TN WA B

— - ZZaK&ET

Do HH(g) H4rH(%)
BN 64 32
Ay 64 32
FLbE 64 32
e

=¥ (0
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- B FHARERR IR RS (1) THE > DA
tEmE RIRE BUE 2 HEHENE -

(E)HERRERE F A
1. R 38 B 2 FF TP HE S AR I B RE B
mndEE 2 ZEH BT o FEEHEECR

(%) ° SHIE LG E B AR K e BARRS
L 05 3R » kinBe STk
BY > SE(TSEE MM -

2. BRI & RF LY 2 R B R B[R R (%)
JERF & =K -

3. E P IS EE M R PR
J& o e 8RR SR IR AR
mEE zZamT o ETSEELZ
Tl - VRINEELFE E B AIR K E EARIR
SEL10fS 53 IR - Kimba TR
Bf > SETSEE MM -

(DE AL — N B E— T T
Tl Tk o TSR SRET TR S -

@R E R AR — A BR3H A
HIH » P aAs Tl -

4. B i P & A Y 2 R R HL A AR
(CV, %)ERF G VYA E] -

(o) 7 AR

1. AR ELHERH L (Signal-to-noise ratio, S/N
ratio) * B HCHERAIY 2 (RIRER
mn 0 RS ERIR AT R AR Y R
AR = 10 -

2. M E AR ERAY  RRERL

&=~ FFAREREEINRRE

R EE (ppm) [EIECR (%)
= 100 85-110
>10-100 80 - 115
>1-10 75-120
>0.1-1 70 - 120
>0.01-0.1 70 - 120
>0.001 -0.01 60 - 125
= 0.001 50 - 125
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=0 ~ AR ERERREMEE

BELZH(CV, %)

REREem g mRae
>1 10 14
>0.1-1 15 18
>0.01-0.1 20 22
>0.001 -0.01 30 32
=0.001 35 36

HIECR e BERMERF S K -
FEREETER

— » RIEIREIRES

()RR B B

AHFCHT 8 5 E 222 Santana A
RS [E R R T YR B R A KRy
ZENVET » S I ZE R R Ry3047 68 » 3%
STEERRR - HURESR I R g » DARA &
LY Z i ag BRI - E AR
TR B AR B 2 PSR BR AR AR FE B (50 mL : 1
g) ~ M hrEEAE H A A L BRI (5000 < gBE
o557 88) » FEAIARHEL T RS LA AT -

PAEBEF/KERES0

!

LU 8 (PVDFA'E » 7L1£0.22 pm)

UPLC-PDA

B— - iRREIRE

WAL AT — - DAL e
TS RSB » BELRERF ST
WK (T -

I
BB SRR B AT - 1

*O - FHMRERBRERBEER « 8 2 RB A SR L

__— — Gl — CA=Ti N
ININE F—H BH F=H AP B
(mg/100 ) s mRELABN R BEGH DUeR SEEE Dk sy ot
(%) (%) (%) (%) (%) (%) (%) (%)
PR
5 98.9 3.47 103.8 3.77 101.3 2.03 101.3 3.57 29.0
25 922 0.40 94.8 0.57 94.7 0.90 939 1.43
50 90.6 1.04 93.6 0.52 939 0.81 92.7 1.81
m-Ef bk
5 97.1 6.41 103.0 6.02 96.1 5.96 98.7 6.51 12.5
25 91.3 1.44 90.9 1.50 92.6 1.64 91.6 1.63
50 88.5 1.38 89.3 1.53 90.7 1.27 89.5 1.67
*n=5
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#e2 RadBa - Btk DAFE 5555 )BT
At RFETTRET - FERBUR BRI E
RIF(E ) - #E—5 DI AR AL RSES-008
HELTHIE - SRR O HEE i R IR FAIES -
49788 - p-2FIRMIAET > B - m-EA
FRENFIFES. 557 88 Hi g » IR 2B BLATF 45 e
FOTSETHR LR =) - Bl AT R
TTHER B R T EL B A A
— B4
BRI R 2 - 2FBiERLT
R AL BIEE - AR R
(CERFTYIEC T B2 E B, - AR ERER
CETFTRIS 2t - ETE M - SR
SR p-FEIRMR Rom-=E I AR I S HL A T B
(B =) - EiEEMEZHERMLERINZE
FEYIZE I s A AR RE MR AR ST - A H SR IE DDA
TERREPERR TR DL - ATLAZR I ROREE ~ E
AR e RV E R O ITIERS - DL EE D
T e

= 1REEERAR

LAUPLC-PDAfg Hlp-Foh bk Kem-=£ 2
BREREETR - G g E 3 k2 R E
ERNE =TT o p- R Rem-"E b R
1 - 50 pg/mL¥ERIE M A AR HERTIFR - H R
TE 2B (Coefficient of determination, R*)73 Ik
0.99995:0.9998 * Hirp-FHh bk Fom- 5B PR
LI R [ NI RE 2 I AT AR IR -

 EREERIERE

INZE iR g @ IASTERIEE 2R A 1EE
BTR - YRR E AR B30 88 - BRHEIERE B
55~ 25550 mg/100 g » A R A
Fraft EE T2 - (ERR - BT HEE K
= RKHEAERE o EIREETTZE S o p-Eh
R Kem-2F 3 AR 2 [E] H R E RS BT 52 90.6 -

103.8%5288.5 - 103.0%.Z [t » %8 EARELT 53 Hl
F1H20.40 - 3.77% ]2 1.27 - 6.41%Z [ 3 S HRH
[ RSB THR92.7 - 101.3%5289.5 - 98.7%:2
M - BRI TR 1.43 - 3.57%21.63 -
6.51% 2 [E(FF) » IFFEHENREZK -

A~ EEMR

HZEAGL g IMATEIRE ZEAE
MR - AR AWE B30 - A RE
EECHEIATILET A - R - 2 RIEA
SRR AT - BTSRRI 2 R R T
HEUR B EL(E(S/N) » DAS/NK A B A 10
KB EMCR R R EEMIR - AR
p-TEH R R m-E AR AR TR S 55 mg/100
glff » HS/NS3 B E29.0812.5 - HIa R &
BT AFTR » PR EM R 75 A
LT E BMIRFEEK - B0 € EMmIRET RS
mg/100 g °

7N NBUERR A S A M S B ARG R

AN FE A MR & w18 2 B2 & 9
R SEAR B AL LAE - HEET 10 S, - &AL im IR
F5S-0012S-010 - KRAIEIT=EEHE - H
MR 5 B TRl TT 2R - DA ERR
T - MRS R AR G ERAREE - B —H
Tl N EEL TR ERTERY -

B IS R AR AR - B E ST
HHERENZERBEEE S E LR A
HEZBHERREETEIN - il om
7£S-008 ~ S-00952S-010 » HrhHE EfREEE
Ttk ihAm IR S-008 » B%E fip- 2 R kR E Ry
6487 mg/100 g » DAHE M E EAAI428 mg fr
HEHBIE - aKETE - BAENEp-Fib
thEE - g HEIERE 28 - 111 mg» &
= EEA R HERREQ20 mg)Z5f5% -
IRAI R KRBT » B EEER R EEE
anlRE o FREFECG B RHLESN - AIZ2E AR
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B ETRE Ay Rl > B E R
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BRI B AN Do B 2 TR O - DARERE R
PRIEEAMEER » AT S A% E M il R
WY A AR LR TR AR -

55 R AR - FEERBR hRES-004

IRE#50 pg/mLK: (C)#8REHk M imaES-008 /R EFHHE
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EZFERE > LR g IR AL AT & p-=R AR MR
B 150 2 IR AL AR RS -008 » EAEEE (T SR AL NG
B o R E B HHES IR - DATFE 5 RS\
(B) B P St o - 7T TR AT - ATl B B A2 2K
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W

RN ERRBFRMEBIRAGER

B e » e —
Mt 2k AT SN E P'qi'#vﬁvé’u\i m-EIR R E &
(mg/100 g) (mg/100 g)
S-001  90FE/ff » 600 mg/FH Hi%d 486 mg/34 2,225 27
S-002  90%7/& » 600 mg/fi H3k: 496 mg/fi 8 N.D.
S-003  GOFE/ - 515 mg/HH H2R - FRI5E 519 mg/fH 1,418 N.D.
S-004  30%H/& 0 540 mg/HH H1-2K - X1 450 mg/FE N.D. N.D.
S-005  60FEH/E 505 mg/FH H1X - FR2-3% 458 mg/FH 1187 164
S-006  20f7/& » 500 mg/fir H2kiz 452 mg/ki 21 N.D.
S-007  60FH/ » 600 mg/FH H1-248 877 mg/ 14 N.D.
S-008  60HKL/J » 400 mg/fiL H1-2% - "R1-28; 428 mg/ki 6,487 125
S-009  60%i/& * 550 mg/kr  AFH2K - AL 496 mg/fi 2,869 69
S-010  90FE/f » 700 mg/FE  HH3R - HRIE 526 mg/fH 1,498 N.D.
Rt~ KRBIRIES-008F-H F FEMATEES N Z AL M RIFER
p-SEAR bk m-FEA R
RHIRE peAEE BRSROOL SR FiRE  BaEEES HEER
(mg/100 g) (%) H7 L (%) (mg/100 g) (%) Bk (%)
REI 6,202 96.08 0.15 143 100 0.0
RE2 237 3.67 3.68 N.D. - -
RE3 16 0.25 3.49 N.D. - -
RE4 N.D. - - N.D. - -
RE5 N.D. - - N.D. - -
HIfRfEELME 225 - Environment (RIVM). 2017. Risk assessment
of synephrine. [https://www.rivm.nl/biblio-
SEEL theek/rapporten/2017-0069.pdf].
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Determination of Synephrine in Foods in Tablet and
Capsule Form

JIA-HUA HOU, PAI-WEN WU, YING-JIE TSAI, NU-CHING LIN,
CHIA-DING LIAO, YA-MIN KAO, SU-HSIANG TSENG
AND DER-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

Synephrine is a predominant active alkaloid found in bitter orange (Citrus aurantium) fruit, as well
as in other citrus species. It is similar in structure to ephedrine, which is banned in dietary supplements
for weight loss and sport performance. The Ministry of Health and Welfare amounted the daily synephrine
intake in bitter orange in 2013, while there was no corresponding test method published yet. Therefore,
this study aimed at the development of a determination method for testing synephrine in foods by using
ultra-performance liquid chromatography (UPLC) with photodiode array detection (PDA). Sample
was ground to fine powders and extracted with ultrasonic assistant. The separation was done by using
the UPLC system with an Agilent Pursuit 5 PFP column (4.6 mm x 15 ¢cm, 5 um) and connected to a
photodiode array detector. The quantitative wavelength was set at 220 nm. The method validation was
performed by spiking blank samples with p-synephrine and m-synephrine at the levels of 5, 25 and 50
mg/100 g. The average recoveries of p-synephrine and m-synephrine for intra-day analysis were 90.6 -
103.8% and 88.5 - 103.0% with coefficients of variation 0.40 - 3.77% and 1.27 - 6.41%, respectively.
The average recoveries of p-synephrine and m-synephrine for inter-day were 92.7 - 101.3% and 89.5 -
98.7% with coefficients of variation 1.43 - 3.57% and 1.63 - 6.51%, respectively. The results showed that
the method offered high precision and accuracy. The surveillance results consisted of ten commercial
foods in capsule and tablet form showed that three samples exceeded the limit of daily synephrine intake.
One of the violate sample contained synephrine five times higher than the regulation limit. All the illegal
products had reported to relative authorities for further administration.

Key words: synephrine, bitter orange, limit of daily intake



