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Simultaneous Determination of Synephrine and N-Methyltyramine in
Orange Fruit and Juice from Korean Market by UPLC-FLD

Hyo Jin Kim, Byung-Man Kwak, Jang-Hyuk Ahn*, and Jong-Su Park
Food Safety Center, Research and Development Institute, Namyang Dairy Co., Ltd.

Abstract An accurate and sensitive analytical method was established for the simultaneous determination of synephrine
and n-methyltyramine contents by ultra-performance liquid chromatography (UPLC) with a fluorescence detector (FLD).
A 70:30 (v/v) mixture of 10 mM sodium dodecyl sulfate (SDS) and acetonitrile was used as the mobile phase. The
coefficient of correlation (r*) was 0.9999 for both synephrine and n-methyltyramine, and their limits of detection (LOD)
were 0.02 and 0.01 mg/kg, respectively. The percentage recoveries for synephrine and n-methyltyramine were 96.4% and
100.9%, respectively, from bitter orange (Citrus aurantium) samples. The synephrine and #n-methyltyramine contents were
38.07-118.21 mg/kg and 0.27-0.56 mg/kg, respectively, in the orange fruit samples, while they were 14.61-120.39 mg/kg
and up to 3.34 mg/kg, respectively, in the tested commercial orange juice samples. The differences in synephrine and n-
methyltyramine content between orange fruit and commercial orange juice were not significant (p<0.05). These results
suggest that UPLC-FLD can be applied to develop an analytical method of quality control for commercial orange juice.
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lary electrophoresis ol ¢J3ate] &2 2 &R1(11-15)3F reversed-
phase HPLC (16), column-switching LC-fluorescence detector (FLD)
(17) ¥ ion-paring LC (18)F ©]&38t AMZHS A8 A7}
BRI ECh 3t o] Wheaton®} Stewart(19)= ion exchange
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Ultra performance liquid chromatography (UPLC)= HPLCX.t}
e e Bz F3 YA FHAo] Unt AR A2
ZHE AFste] sk 27 B4 S wiel EAA
kel @EE ol gl 28] a8 & (separation efficiency), 3l7d%=
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RS A8 AFEE (£)-synephrine B3} WHESE
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Louis, MO, USA)ZFE] T35}9.2H, n-methyltyramine2 Chro-
maDex (Santa Ana, CA, USA)ZHE FYsl] AM-3IAT 2
Ao Algd B3 ol EYEZ LS HPLC grade (Burdick &
Jackson, SK Chemical, Ulsan, Korea)Z T{3I32™, 02 pm %
Bl ZE(T22518, Pall Corporation, Michigan, Mexico)Z2 &=}
sled ARSI Adoll AREE AleF T sodium dodecyl sulfate
(SDS)= Sigma-AldrichellA] 713153.2™, hydrochloric acid (HCI)
+ Junsei Chemical (Tokyo, Japan)oll4l 43ttt Ald¥ F&
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Fig. 1. Chemical structures of synephrine, n-methyltyramine, and terbutaline (internal standard).
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Z310m, 4,000 rppmellA] 1587 4°CollA] AAlREEE AAIEH
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Table 1. UPLC conditions for analysis of orange fruit and juice

UPLC (Waters, Acquity™ instrument)
Acquity UPLC BEH C,¢ (1.7 um, 2.1x100 mm)
Column temperature 25°C

10 mM sodium dodecyl sulfate buffer (pH 2.5)
(A)

System
Column

Mobile phase Acetonitrile (B)
(A): (B)=70:30(v/v)
Flow rate 0.4 mL/min
Detector FLD 273 nm (Ex.), 304 nm (Em.)
Injection volume 1 uL

skt 24149 Aaes 248 AI S (correlation coefficient, P)Z 3
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RE £42 33 o] whE i, ]
2HmeantSD)E 71&8tith. 7 AF A= SPSS T2
(PASW Statistics v.18, SPSS Inc., Chlcago IL, USAYS o] &3}
one-way ANOVA (p<0.05)% B3} T},

Al =21 2 n-lHIE'EIEF"°I 2M x4 MH

A ZA 9 prDEERY] FAREAHS SRlstaal ohegst
fulzg 2 9] disle] ENxAS HES A3 2L B
Mz St ggd B4 S ol&ste] AUz 9 -
WEElga WREEFEZ terbutaline®] UPLC ¥ HPLC 32
nlEI#e Fig 3(A-B)9t 7t} UPLCE £4 A & E4AI7-

1580, FFFS TAEIHES o 939 MEE AR Alv=
do] 4378, n-HgEgtTlo] 624%0]30 01 terbutalineS 6.91%
olth. & AT FHEANA ARFEFEAY ] dHe &
339 o, AXYs A5 A2ZnETAL vlwale] A=
I pHEE R 927t R EHEAE 81 27 Fig. 3(A)
oF Zbo] 7} Aol thE A8 74 glol wEHNe B+
L] FIARAA A QAR FEE] FAFAALe] YA

A& FAg 5 Aok
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[ Sample 5 g }
[
{ Add 5 mL of terbutaline (Internal standard) }
U
[ Add 10 mL of 0.37% (v/v) HCl solution
O
{ Sonication (40°C, 60 min) ]
Iy Repeat
[ Centrifuge (4°C, 15 min, 4000 rpm) } 2times
(9
[ Decant upper layer into a 50 mL volumetric flask ]
[
{ Add 15 mL of 0.37% (v/v) HCl solution }
O
{ Filtration (0.2 un PTFE filter) }
(82
{ UPLC-FLD ]

Fig. 2. Sample preparation for the analysis of synephrine and »-
methyltyramine.
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Fig. 3. Chromatograms of synephrine, n-methyltyramine, and terbutaline by UPLC (A) and HPLC (B).

A= B prRElER S WREEEES] terbutaline®] HPLC
AZnpEIYS Fig 3B)et 2tk T BAAI0] 50202 7 4
50| o2 A 7H glo] BEE ey #AA7ke] UPLC
B} 3u) o) A9 =m ZHErF UPLCH H3l RolRl= Ag &
o1& 4= Qi) 7]£2] HPLCE o]&3)e] AU=Zd 3 pu|EE
gl B3 ATES A EY Evanset Siitonen(22)2 30 mM
sodium lauryl sulfate’} E-FE 17% oA EUEZE I} 30mM
sodium lauryl sulfateZ $H+-3F 43% oM EUEZ 2ujE o]83}
o] ul-8m 2 ¥ (gradient system)O-2 AU} poDEZIY
o] R BAMAIZRE 3280] &2 F% o™, Roman 5(23)2 A
o4= 10 mM hexanesulfonate’} % borate buffere} o}A|EY
EZS 20:80 (viv)e] 2HOE FHE BulE o]-§3}] HPLC-DAD

Tl gl E o Ha 0 Aol uFAllA AW polE

El2S 2435199t HPLC-MS/MSZ bitter orange &+ 4Jo] &
FANA A ZAL FAE AFolA = pentafluorophenyl ZHH
< o]€3t% 10mM ammonium acetate T+ buffer?} 10 mM
ammonium acetate -+ methanolS- ©]-&3 UL H (iso-
cratic system)& 2 AU ZAG FE] B A LA Th24).

B AT S B vlwA el g 2791 10
mM SDS buffer (pH 2.5)HIEHUEZ = 70:30 (vivyS ©]-83
o, UPLCE C,, AES o83t Tzl 7H gflo] 158 W
of AZA pHHEIFHIS AT

Au|=2int p-HEEI2ZI AlFRel &M
A HeE % Az pHgE Y EFAE T
= HYE 247 1-100mg/L, 04-1.6 mg/lolRoeH, sl XFE
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Fig. 4. Calibration curves for synephrine (A) and n-
methyltyramine (B).
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)
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exofo S
i.é_:
r—{n:

_B:

Al =212t n-HEE[EI AREHe| HEEHH R YEEH
A3} pelElEiRle] HEFA 9 AFIAE Table 20

A= 3l
SRS, AU b 891 el AU g
Elgje] LOD#- UPLCE ¥4 Al 22} 0.02 mg/Le} 0.01 mg/

LolH, LOQZ,.k% 7474 0.06 mg/L 0.04 mg/LOE YePt) ol&

=2 Z38k8] %] A| 46 WA 3 & (2014)

Algo A A=A} prEEERIS] B4 X838 A 77}
0.62mg/L2t 035mgLl F7AYS 9w =

o AUZA pHEEERIE BAe A3 A4S Yeple
B2 Holre] LoD#E ZHzt 0.04 mg/Le} 0.06 mg/Lo]™H, LOQ
e Z¥7F 0.13 mg/L# 022 mg/LE UPLCS A ®r} oF 2-64)
o] E2 7S Yeph HEIAS FHSAIE AltstEl o
L5 2lF-2H= baselinedl] ™ noise?} peake] Athu]=
2 o] ReFE g BEEHo] Foix A & 74gﬁ
o= ouE L}E}LHHE 2 AF AFE nFo] Kol Az

3} prgElRl 24 Al HPLCEU} UPLCIA &2 7.%53
ERfiRIE). ol8ldk 2= Xpol= UPLCYF 371%59] HES /\}Q—’&‘]—
of uqto® BHS EElehH, Y dA7F 2um oleke] HHS
A7) wEel AH ‘”1}7} 5um¢l HPLC HT} 3Hj —}f
ST 70% =& TS HAthRS)E AFAet JXE
Guillarme 5(26)<] ‘i“i-?@-»}oﬂ/\i "l A9 rapidocane®] A
A 3PS B wdk Aol UPLCHEol HPLCHEOl ®ls) 3-8 o
w2 BAAH 22 s /RITA B fARIGIT ulet
/\1 E Oﬂ:,Loﬂ/ﬁ ﬂgﬁl— UPLC H}Htﬂ-tn 0 HPLC H/\-lﬂo]-tg E_];]_

A ao e 4% 9% Ee AFAs A3
g 439 oz 388 Bl 15Y 0= AR

Adl=21z} p-HEE2IR] AEHel 3|8, ey U Yy

3E, AT 2L AN SHEAE Table 20 el AT
UPLCE o|&sly] AMIZdAs} pegElgule 3488 359
Z=742l bitter orangeE ©|&3t] FAM g A 7}t 96.4%%
100.9%2] 4wet Aghe Jeplidich dul 2 47k A3y
UL 243 A9 A=ZA pe el du) HEAde
Z+7F 992%%} 973%E JERRoH, Al FEA-S 246%,
2.88%=2 YEth UA7F J3Ae 7t 984%, 96.7%S ERY
Qon, A7 ADAHL 372%, 4.74%2 LU, A7+ A 2 A
44 2R 45 245k el 47k FEAe foF8
2telE AF3h7] A8l L Au A E2HEA] (one-way ANOVA)Oﬂ 9
T 95%0lA AEA 7ol 27 Ao}

AT A%E BAPIWE FRYAFS Foh

i Aol AR edllA] 353 7 2%
< 453 A9E 1%%01 s e 2 A= Table 300
9 s 353 AR o] AT A
H Fujoll A 334.18-380.98 mg/ke, I
2 BAEdeH, el AFe 7

Table 2. Recovery, accuracy, precision, detective and quantitative limits of synephrine and #n-methyltyramine by UPLC and HPLC

. Intraday (n=3) Interday (3 days) .
Analvtes Recovery  Concentration — — LOD" LOQ? Coefficient
yt (%) (mg/L) Precision  Accuracy Precision Accuracy (mg/L) (mgL) correlation (%)
(CV,%) (%) (CV,%) (%)
UPLC Synephrine 96.4+3.5 10 2.46 99.2+2.2 3.72 98.4+3.3  0.02 0.06 0.9999
N-methyltyramine ~ 100.9+2.3 1.5 2.88 97.3+0.0 4.74 96.7+0.1  0.01 0.04 0.9999
HPLC Synephrine 91.0+4.7 10 3.56 99.2+3.2 4.18 98.8+3.7  0.04 0.13 0.9995
N-methyltyramine ~ 102.0+0.6 1.5 439 96.4+0.1 3.62 96.8+0.1  0.06 0.22 0.9997

YLOD: Limit of detection
PLOQ: Limit of quantitation
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Table 3. Contents of synephrine and n-methyltyramine in orange fruit

Items Orange A Orange B Orange C Mandarin A Mandarin B
(mg/kg) peel pulp peel pulp peel pulp peel pulp peel pulp
Synephrine 334.18 47.09 380.98 38.07 338.94 44.03 1,073.05 98.50 1,306.01 118.21
ynep +6.79 +1.96 +5.94 +0.64 +2.24 +3.95 +3.31 +3.66 +5.82 +1.05
N-methyl- 141 0.51 2.03 0.27 2.96 0.52 3.14 0.14 4.99 0.56
tyramine +0.09 +0.08 +0.13 +0.01 +0.09 +0.05 +0.10 +0.04 +0.07 +0.02

All values are Mean+SD of three replications.

e 1,073.05-1,306.01 mg/kg, 98.50-11821 mg/kgl & F-A]
Ak ngEERIe] SRS Qalx]e] HuolA 1.41-2.96 mg/

Table 4. Contents of synephrine and n-methyltyramine in orange
juice products

kgo| FFoE FAERom, FAFor= 027052 mgkgd] T (mg/kg) Synephrine N-methyltyramine
SR EAHAU. ] AN 3.14-4.99 mghkg, FHFANE Orange juice A 21.7141.95 0.17+0.06
0.14-0.56 mgkge] AFO2 AU ol A=} nvilH Orange juice B 29.67+3.26 0.440.07
Blepile] sty aAsjell 7-128 o) o] &S Selst Orange juice C 43.25+1.15 N.D.”
Aom, QARG e ¥ w& FFe Uil o= & Orange juice D 34.42+1.88 0.530.03
29 FoPd Az g 543 AtellA @139 1,100 me/ Orange juice E 31.7942.25 0.59+0.07
kg, S 580 mgkg, AA| 600 mgkee]l AFAH o] g Orange juice F 29.68+2.61 0.37+0.07
o] IFHT Erhe & A7 At dASATT). Orange juice G 27.48+2.00 0.37+0.06
Orange juice H 21.09+2.35 N.D.
2HUX| Y Z2 FA T e 2M Orange juice [ 14.61+2.59 N.D.
2 AFoA At Al BAEES olgste] did AlellA Orange juice J 29.06+2.11 0.13+£0.03
T 39 A g 7 F2 2180 st A 248 AA Orange juice K 24.55+2.53 0.24+0.02
SHTt. AFol tist HH £ Z3= Table 49 YA F Orange juice L 25.60+2.37 0.42+0.04
2 AE ZF9 Az 9 pugEEy BEAA) 3o B Orange juice M 29.4742.85 0.48+0.03
Az} gV AsFe UepATh A Za B4 9dx] = Mandarin juice A 50.04+0.56 1.05+0.10
X E 14.61-4325 mgkg, THE F2oME 50.04-12039 mgkg Mandarin juice B 90.75+2.99 1.65+0.23
o dEo s AEglon, nuldEENE eHA] Fie = Mandarin juice C 120.39+2.32 3.3440.08
Zol|4 059 mgkg, 7HE F2E 0.63-334 mgkg® AT Mandarin juice D 86.17+2.56 3.12+0.22
BAY 7hF =4 A ZoA g FeREo] Az 2 g Mandarin juice E 96.77+1.79 3.07+0.07
Heg g seuct oy 2o 2o Ushis 297 9= Mandarin juice F 53.57£3.11 1.23+0.07
U, ol F2ATA(96) BANAAZ(05)e] QX W 7 Mandarin juice G 59.24+3.62 0.63+0.03
Mandarin juice H 54.27+2.06 1.50+0.13

AFAREAN 5L e T el Helaart 7t

All values are Mean+SD of three replications.
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A, AAA WA FEHOE F AR FA] EAo] 7153}
ATh UPLC ¥4 Al A&3Ae A=A prgEevlo] 7
7} 0.02 mg/L¥} 0.01 mg/L, BZFeH= AUZAF} pr el
o] Z¥z+ 0.06 mg/L# 0.04 mg/LE ARFHATH AW ZH3} pr)
gElghe] 3488 77 96.4%2F 100.9%E A=A}

FYPE BARoZ ASolAM Frjste oA B AEe 25
3} I A ZA W HEFRE £A% A BE S5
Ho} oA 7-128] o) = TS YERNATH A1E o8
A 9 g F2E B A3 AMIZ- ko] 14.61-120.39
mgkgl 2 BAENOH, prldEZRS EHENA 334 mgkg
oz BEAEAL. I T2 F AGEY O 52 £EY AS
o] Ao} ol HA Fal W oU=E AsiHT). wEhA £
Aol BgE UPLC #4192 Aul=Zds pgEziys 4l
&3l g oz FA| BNl o849 ¢ S Ao, B
Aol AREE Alsol Tlst e L¥X 2 g F2E A
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