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W B ALE TG0 MmEE-$ itk (High performance liquid chromatography-tandem mass spectrometry,
HPLC-MS/MS) R B+l L5 5L & o 3- % A8 e B EAR F 6940 77 & o B SB AT R348 R 3 SUBR I8 ik A ) 4R R
A, @i 5% T AAERALSL, sk R Waters ACQUITY UPLC BEH C,g &34 (100 mmx2.1 mm, 1.7 pm)
5F, A0.1% PERR-PRASNMKZETHERRL, RALCREATRERT 7 A28, £ZRAEZEMN (Mu-
ltiple reaction monitoring, MRM) # X FA4&M, WirkeE. X &, 3-F A8MKAE 0.5~12.0 ng/mL, K LR E
£ 50~1200 ng/mL F& B P &R R 3 RAF (7>0.99) , 3-F ABEH A 7 EA B IRS 02 ug/keg, TEHRHN 0.5 ngke;
BB E AR A 20 ugkeg, ®EMRA 50 ugkg. £ 0.5, 1.0. 3.0 ugkg KA T, 3-F A B Ak 7 kD E A
76.97%~119.20% Z 18], & FEA 1.53%~9.61% ZI8; £ 50. 100, 300 ug/kg KA T, B EEFE T EEEL 90.65%~
108.55% Z 18], #5F A 1.29%~3.95% Z 8], A7 ik# 524) HPLC-MS/MS 4 R B4, HRHuig, BAKAE LH
i, EATIELH ST 3-F A8 KA T LIRE AT R,
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Determination of 3-Methoxytyramine and Adrenaline in Dairy
Products by Isotopic Dilution-Assisted Liquid Chromatography-
Tandem Mass Spectrometry

BAI Yanmei, ZHANG Lijia, WANG Yang, LIU Lijun, XIE Ruilong, FAN Min, LI Cuizhi’
(Inner Mongolia Yili Industrial Group Co., Ltd., Hohhot 010110, China)

Abstract: A method was established for the simultaneous determination of 3-methoxytyramine and adrenaline in dairy
products by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) compled with isotope
dilution. Sample was extracted by perchloric acid solution, cleaned by weak cationic solid phase extraction column. The
analyte was separated by ACQUITY UPLC BEH C,; (100 mmx2.1 mm, 1.7 um) column and agradient elution of mobile
phase with 0.1% formic acid aqueous solution-methanol. The detection was achieved by HPLC-MS/MS with electrospray
ion source and positive ion scanning mode as well as multiple reaction monitoring (MRM) mode. The quantification was
accomplished by the internal standard method. It was demonstrated that the linear relationships of 3-methoxytyramine and
adrenaline were good in the range of 0.5~12.0 ng/mL and 50~1200 ng/mL (7>0.99), respectively. The detection limits and
the limit of quantification of 3-methoxytyramine were 0.2 and 0.5 pg/kg, respectively. At the concentrations of 0.5, 1.0 and
3.0 ng/kg, the recoveries of the 3-methoxytyramine ranged from 76.97% to 119.20%, with the corresponding precision
(n=6) of 1.53%~9.61%. While the recoveries of adrenaline at 50, 100 and 300 pg/kg were 90.65%~108.55% and the
relative standard deviations were in the range of 1.29%~3.95%. The method would be accurate in results and good in
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repeatability, and it can be an important measure to monitor 3-methoxytyramine and adrenaline in dairy products.
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S R S SN o SN |1 S0 SN ST = =
S, AT ARSI AR AE SO T T AR 5 52, IR
P ML AL BT . T SCRIR 1R I A4 PR AU I T v
KRZ BT AR, ASIE ] FFL hh 2L, ATk B
R, A R EP A ARAS O et . B IR ERRiTAL
BT A Dy Wit , R BV 22, SER 45 R A R JE
BA SCHRR RS HER P & R 2 BT 5 R A MR
R TR, S BTSN S BT A 5 ) 5 B 33O 452
5, [FTCRARE, SEME RS R . DALk, s il FL S FL
il ah AP ASUE PR . MERRRE R 9, I nT RIS E IR
RN SRR AN T o ASFFER T RIS ZR AR
Ve 7 2O ST, oM Z2 AR FL A 2 T 3-H 4
AN IR ER A5 B B, JE XSO A e bl
BEAT T, SR BHES T AR USR5 5 54

YRFH 23 R BRSBTS 43 BT, TR ISP - 3- R AU e A EF
RREFREE 0TI, S ZSZER B S AT A W s b
PEEEAR T HY

1 MREREE

1.1 MRS5S

Wy, KWL ORI . Wik TTES; DUFRAR
HE S (3-HH S0 e . 3-HP SRU I g -d, BRIk L B IR
Fz. B EWRE-d) W HPEE Dr.Ehrenstorfer 2%
F5 BH S T WA A B/ (JEUDRE A N- 2065 St i o
fifil- . Z IR YL R -COOH, 6 mL, 150 mg) £
[E Waters 2~ F]; RV LIGEFLIEREL(0.22 pum) =
MG S BRI A BR AN F; A . O . PR
BEfRE:  (Agkal, gL s R B A FR S
SEVERE TR srbral, KR fbAaaml) s =
AmR  PLgksl, Ur T AP IR A R Al s A
(ACQUITY UPLC BEH C 4 2.1 mmx100 mm, 1.7 pm)

ZE[E Waters 23 ) o

QTRAP 6500 7= R AH (L3 - B B FHIL. ESIT
i A HL i35 B8 TR, J5[E AB Sciex 23 Fl; STI6R 5
S RE Pl 32 E Thermo Fisher 23 5] S25 HER
Eimes  TEE IKA 2]l ME2002E S3Hr RF Mk
#25 F] 5 Millipore Q gk, FEE Millipore 2\ &l ;
Biotage &I Y Fi#FFELR TN H]; KQ-300DE #E 7~
POFvERy BT A G IR ]

1.2 XFEE

1.2.1 PRl BAbRAE A 43 IR R
AR B AR R ARSI, BT 10 mL AR AR
i, 2 0.1% - HH A (R R - FH =1 : 1000,
ViV G RE R ZIE . 4 EC il A% 1 mg/mL 19
AU, —18 C 45F NIRRT -

TRAA AR UE TAE MR 0 1185 4301 W BRGE 1 FH 40
JAN'E AR AR, A, FH 0.1%
FA i - Y ey v (R 8 FR =11 1000, V: V)RR E
BE, e A% 100 ng/mL FH AL 10 png/mL B 1 iR
HIRGIMRPRUE I, —18 °C & FBCARAT

PIARTR A T AE W i 75 W BB ok HH 416 e -
d, Whr. B FIRER-d, PR, Ehs i,
FH 0.1% R B (R 1% - R EE=1:1000, V: V) Hi
BEEZIE, Bl 100 ng/mL HAESHE-d, A1 1 pg/mL
B AR ER-d IRA PIARRUE TAER, —18 °C 414 kit
TCARAT -

1.2.2 FESIRECS EE PREG BRI DT . R IEFL .
RURERAIRAEL 5 gCREAE)] 0.1 mg) T 50 mL H.3€
B, A 100 pL 15 PEsbriE TAER(1.3.1),
# B 20 min, JIA 20 mL & & MR (pH=2) , T
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‘B 20 min, ZIRGEFEEL 3 min, PA 4 °C K 15000 r/min
B 55 S0y 10 min, B Y, 100 mmol/L £
PER B TFIR- L IRECF W EFRE 50 mL, frd .

PRI IRAELY 2.5 gCKE#A %] 0.1 mg) T 50 mL
HIEs0 v, I 5 mL 7K (50 °C) FE4r a1k
BEE, 100 pL MBS AR HE TAERR (1.2.1), #
B 20 min, LA 20 mL &R B (pH=2), A
40 pL YKZM2, IB21EFE 20 min, Z5EHEE 3 min,
LA 4 °C F 15000 r/min f%E3E 5.0 10 min, B -
T, JH 100 mmol/L fEVER B FIR- L IRELIERUES
F) 50 mL, il

Heik: MW, RIEFL . W URIRELIET: BURRA L
W& 25 mL i [HAHFE BUAE (Solid Phase Extraction, ]
FR SPE /M), AR T /MK 5 mL 40 mmol/L
LPREEF W 6 mL B BEWRYE SPE /N, Fli T, FH
6 mL 2% HR ZNE /KB (ZE : 7K=85:15, V: V)Tk
B, WP, FH AR ZE T, FH 0.1% H IR/KIE IR
EARZE 1 mL, it 0.22 pm LIRS, Sk T .

Ry L WKy LT IS W AT 2 SPE /)
¥, e BRI ZLIG (e E—38 .
123 WAHGO S5 (A% 4t : ACQUITY UPLC
BEH C 4(2.1 mmx*100 mm, 1.7 pm); Jti#: 0.3 mL/min;
BEFEE: 5 pl; A7 : 40 °C; FshAH A: 0.1% FR/K;
TsAE B: LC-MS 2% FH Pist; 86 B2 e A2 )7 : 0~1 min
173 97% A; 1~2 min, 97% A £k 1k Z 85%; 2~
3 min, 85%A £& 125 b &= 50%; 3~5 min, 50% A £k
MBS EZE 0%;5~7 min 1593 5% A3 7~9 min {59353 97% A .
1.2.4 JUigoatrécd  Biigscil: B lRmi s By
TR, R A B RIREE 150 °C; I
HRE 500 °C; PR FIA P A 1000 L/Hr; HEFLAT &
100 L/Hr; B4R 0.6 kV., 37 =022 )2 o7 Wiy
FEZC(MRM) 2540 IL3R 1,

xRN

Table 1 Parameter of MRM
e iRl ) HEFLHLE Tl L e
- (m/z) (V) (V)
- 168.23/151.15° 38 11
3Tk 168.23/119.20 38 17
. 184.23/166.5 14 13
SR 184.23/107.00 14 20
3-H S i i -d N b 172/155° 16 10
B FARER-dg AR 190.12/172 15 9
T S E R E TR,
1.2.5 Frfemhgknyasr A H SR AT FARER

PIIRAG 0 A PSR TR i, $2 IEURR I — SO AT AL BELE
AT, A7 38 AR BT U, 1 HP AR T R
JRER (1.2.1 IRGIMRPRUE TARR) B MR R bRUE
TUAREMR, RS P ARSI e A, LASMRIGETRT Y AR
s TAT AR PUARL- VR BEAR I, A5 2 b i ph 2R 1 E T e

1.2.6 45515 aURE b FH SRR T AT EF IR ZR A

EFE T2
(C-Cy)XVxn

=

oA X AR il ) 5% B 1, pe/kgs C AR
B EALES R P S s B i, ng/mL; C, s
A S8 H I A& 058 BE 1, ng/mL; VORI R
B, mL; n NFBEREEG m MiEFETE, g-
1.3 #IEAIE

K HPLC-MS/MS #EA 7 3ArAaril, Z5cda R A i
F Waters Masslynx 4.1 TAEuN AT HARYIBEATRE
ME ST, Excel 2016 AN SLE08 R4 T A FLFD
Geite#43 4T, JH Minitab 16 $X4EE
2 BRSSP
2.1 BIERERERE

WIE 2 fr7as, BT B bR 2R A R SR B g A
WP SN ERL PEAR IR LS ), PIAR SO 588 T 0
UL PR BB A 0 3 A R — S B AR P i A, 4 S
HILIC(2.1 mmx50 mm, 1.7 pm), Amide(2.1 mmx
50mm, 1.7 pm)F1 ACQUITY UPLC BEH C,4(2.1 mmx
100 mm, 1.7 pm), 52238 HILIC it L~ H
TR BIR B AL, 2550 S2 6T, SOAE /KA A
HUAHE E A X HH e Bs 18] G B S eAcsse, S e B2 2R, (@
JEEaE 2A FE 2B s . 7 Amide %A B
IR R BEAS BAR LT (A WA RS RN I A, {F 2 Y 4P e i
HINKA PUAH LL BB T AR 1S s 2, 52 e 4
g anE 2C fME 2D FiR. KEFCCHRIRE, 53
BT B L R 2R B S AR 28— XTI T T e HH UG as)
[ FIEE T , (B 7 X TR X o i S 2 3t iy 5 e,
AIFFFEASRAGINE FXHAFN 0 Kot HEEIR
FHETER: C g, B BREE R S IS 04 i AFRASAR 4
LR B BT RA4r, g EanE 2F s, BEA'E
22 R AR e 34) B G AR, RS ha AR L
EW, FEFRBARTINA 0.1% H RE 1] HYss B F-o8 B,
RPEEA W] WS, RITIELEG % BRI PRI
C, g TIEHIEL, 0.1% HR-H s shAHBA BEVR I
2.2 EFMSEIFMN

FH ST A A TR AS I Ty v v X ks AR, AL
BT oS Bisse i B, SEEMEE Y
ST REAGHI B 28 AR BRI sl 5, A= FR T ik
FLTIE RN o FESTRLN S ST 45 A ER E, 3 H
HEH 80%~120% JE P20, JRE AT FEIAUN . S
BRI SR AT IR 2R i B A 05 R
FL. BRSNS, $i B S IGRT AR B S, 155
FAFE R EC bR E TAER, FALSICS s E L A,
SR TS R R T AR T Eegse, PRIt
AR, g5 RN 2, SR AL (FR AU ) N
FLR LT (B ERRER) FE AN R Y R (O
EHLAE 80%~120% HE4K), WASRT sAHNCHIFR
HEMZRIEA T8 A M ZE 2RO, S T 28 Rk
A, Ire 2L 3 0 340 SR FH S TR A 7 oo

X
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Fig.2 Investigation of chromatographic column
: A HILIC (k- B T s M 5/950.1% HER-FIEE ) ; B: HILIC (iAW S 2/98(0.1% FR-HIEL); C: Amide {54 -
i 45 i 3 A 5/95(0.1% B R -HY %) 5 D: Amide {0 1% £ -2 46 i 8 A 25/75(0.1% AR -1 ) 5 E: C g (085 FE -2 46 IR 3l A

5/95(0.1% HER/K-FEE) .

#2 B ERREA SN R BB TEAN (n=3)
Table 2 Matrlx effects of epinephrine and methoxytyramin

WA PEgE iR I DT VA SR, W IR ER A S R
WD DT VR ZEOR . B BRSNS R T

@=3) ST A 2, 1759 IH 8 TS0 B A A R RE S A 4

- R (%) (YA TR AR 05 k. ZERIBGE R AR LB TR

R BLRE S CTEA W L SR B IO, B SRR A Rl

;@ZL " ' BT BRI ES TR, 05 T IR i

i o o AT LRSS AR AL A B Bs Tk, S ]
oLk o o RCR , B SR A A B A

T R H80%~120%3 [l

23 EEUSRAERE

2.3.1 RBOAFIROESE AR S ARBYZLE] AR

3 H AR S ) BRI LB (n=6)
Table 3 Comparison of adrenaline and methoxytyramine
extracts (n=0)

[E] R A FBE I & B2 BT A ], JRse T Hee 43255 o B (% )
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2.3.2 $RBUAHF pH e WE 3 s, &l s
BRASEI pH(1, 2. 3. 4, 5) BU%T ELSZES A 80, FP 40K
HEFN'EF R ZRAE pH=1 B EIIR 3%~64%, JUFIEXT
B R R R R, [FIBCR AR A5 2R . pH=2~
5 B [ERCR AR TE 76%~89% U [N, 256 I LR
Ko FLHISSAE pH=1 B35 5 & AEZULARBIG, Sz HixR
Yy Bs TR BGGRAE, pH=2~5 MPE &1 T HiRfk
EYEREBOR TR Tl . &SRB pH=2 A ULHE
R EAE, B0 5 DI WS, pH=3~5 B UTTERR
2=, DIEWOAEM, sl T A ZE IO B 25 2 30 2E, 1T
ALPREFE] . S T B DT DE R R B &Pt i pH=2 K
M, B pH=2 =5 /KIERAERE M BT BHRAE,
TR A A AR T FIEE AR, DUERICRATI AN
HRAR, M 5y 15 YL AR AL HOH: | LA F s, SIS
Mo AL SRR T, S8 T B Lk r= A AL BN S I
P& PR AR BN 55 PR VKR, pH=2 /= &R /K
VSRR I 40 nL VKESAR, G5 R UTTERCSR H W iy
FEIPTCR AN G . X FEEEFIH T vk 2 5205 R
F BTG 2r s A 7K e, SR AR S F A B R DT
VEPT, AR SR IBOA FIE R pH=2 = SUR/K
WA THEER, 25 Z by L PR IR N K B IR PA 8 T HERY
R, ST AT A IR

1200 & msg e
85 REE

100 |

80 ¢

60 -

I (%)

40+

20

o4

pH

K3 REAR pH 520 (n=2)
Fig.3 Effects of extraction solvent on pH (n=2)

24 MEMAFIXTERF

TEJT A AR v B _E R 2R R R AR E, TN
PR A2 H I B ISCRAE 30%~120% 2 (], RSD% M
20% LA b, S22 SN/T 5170-2019 WAHIT B4
PP TR, RS & AR B Z LA
din, SRR A AR I 1 pg/kg, B EIRER 100 pg/kg,
PR 2H B2 5, BELH AR 6 1T AT4E, —%H 100 mmol/L
IR P& AT 0.01 mol/L HL4E K, B—4 A
WINPT, FE S AR, B8 S ISR R
R IBCR(E . aniEl 4A FEHIEIFTR, AR OS5
PUEALT, IR A BB R Sh A 22 50N, BLBAPTAR
AT PR ARG e e R Je sg ), T #l 4B s, B
RRZ AP AEGRIBT MR TE 30.43%~105.55% 2 [H],
BT EDRCR TG 25 B AN REIH E ZER, Uy saGaas =]
WALRR IR 55 B W b oA, HAi R R RIS A7
ZERTIG ST NSRRI 25 B 22 S 2 5 Wl 3, S5 R 4R

Bl PAEN 0.44, B EIRE P AR O, RS ES N
PO B IR ER [RISCAORS 5 g e (.25, X6

SR [T S ARE 3 B AN 35 . IR FIRER

J& T ILAS 2254, XF IR R FU AT %), iR g

A BUR B S B AA A, Gl HIREE | pHL SGIEAEAR 2
5B PRERAREARY, SRR T IRIE TR,
FHE_EIRER AR . DAL, SRZAE 100 mmol/L
ORI P A IRV E B BT I LA AR, [R] i
Qb BRI R CHRAE, A NSRRI, M

BE, AR B AR

AT wm
A 120 pmmmmmmm - === o 120
_ | = .
110 UCL—109‘07J‘
S 100 - X=103.1, X=104.97
i LCL=97.13! LCL=97.54
¥ 90 \
g |
B 80 |
|
70 1 |
60 pmmmm—————— e —————— 60
1 2 3 456 7 8 91011 12
FEf
3 W
5 200 R o
UCL=176.3

o LCL=-12.5
1 2 3 45 6 7 8 9 1011 12
FefS
4 HUaFIE 3-F R (A) A IR (B) ORI
Wi (n=6)

Fig.4 Effects of antioxidants on recovery of 3-
methoxytyramine (A) and adrenaline (B) (n=6)

T UCL oy 42 PR LCL S R HEHIBR; X gk,

2.5 [EHEZEEBAERYIEE

ASHIFSE 5 5% 5 BH B 1 23S #e [ AHFE HU M (SCX,
60 mg, 3 mL) . 55 BHES T3 #e [ AH A B/ ME (WCX,
150 mg, 3 mL) . AR L - . LM B EIAHZE U M
(HLB, 500 mg, 6 mL) . prime 52K 2 /#- " 2%
[#] AH #% B /N (prime HLB, 150 mg, 3 mL) . PAES
(500 mg, 6 mL) S5 FiEFHZE ALY . SCX KA} 5 mL
5% Z@ A EEPEIL; WCX SR 5 mL 2% W L HETE
fi; HLB. GCB. primeHLB £l PAES #J°KJH 10 mL
ZNEVENL . LR 4 452 3B SCX Al WCX X FH 4
P JY2 (%) R I 28 SR B4, TSR AE 80%~120% Z W],
WCX X5 IR ZR B RRCREAT, FIMCERELE 85%~110%
Z[a], He e WA AL BOR: Ty PR, RIS 0%,
B R E RN U R R A S ), T WCX 255 FH
B Ac e [ AR AR U, BRSO I HARtb &4, [0
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WA R TR R . S T RIS AN B iR SR R 4R
Wi, B Zeedt WCX [EIARAS B ES THTALHE .

K4 BAHFEREES (n=6)

Table 4 Solid phase extraction column selection (n=6)

BAHACHOEE 3-SR - [T (%) B LB ER- R (%)
SCX 102 101
WCX 80 0
HLB 0 0
prime HLB 0 0
PAES 0 0

2.6 EEHAHNEE

i i LA A4 AR A PR AR AL S S oL
il T BB RONATSRAFAE, 5 — 7 T FL L T 5
m R, H AR FE T AL FR I AR S kW Bl R R A,
R FH AR Bl 4 SR e I fa e . A
URAFSE BEREAli A= 3L 0T, 38 S SN HH A0 e A B R
FEhRUES, IR TRTARER, TR 45 AR S MR
AN AR RN 2R, 25 R 5. AR S
LEIA] L, FR ARSI R FH PR ARG MRIEs [T ISR RS 25
BEI W R GB/T 27417-2017 hHLEESR, T IR
SR B PIRCR ARG 23 S AN REH /2 GB/T 27417
-2017 B3R, 1 AR E BT RER L BLR . h T 4
HAOERE VT HE, e A RS EIRZRSR AR
TR
2.7 FEFIFEN
2.7.1 FruEfRZ . K ERFE R 7E 1.2.1 050 5%
PR, B ARSI R AR E T AR EE 4 B °h 0.5, 1,

£5  NFRASMRE LE (n=6)
Table 5 Comparison between internal standard and external
standard (n=6)

TR RS (AN INEE2 pg/kg) B BIREE (ASINEE200 pe/ke)

SEE YR mI (%) (%)
ks St AR Hbbrik

1 103 86 101 38

2 102 80 103 34

3 105 86 107 50

4 105 83 101 32

5 102 80 101 34

6 105 76 105 34
RSD(%) 1.45 4.79 2.46 18.01

2. 4. 8. 12 ng/mL, 5 _FIREE RFVERHE TAER 518
50, 100, 200, 400, 800, 1200 ng/mL YIRS HRAERS
WAL A% - ER R BT RS o FH AU Bepn e b £k
TE 0.5~12 ng/mL. & 2 50~1200 ng/mL FY7EFE
PERPESE ZR B AT, FHE R B r oF 0.9942~0.9999, HiA
HERVE A 0.2~20 pg/kg, & RS 0.5~50 pg/
kg, W REEZL. B G  FLB 45 SR Re s IR IT
T AR TR, HUARZE SR UL 6.

2.7.2 JFRMIEISCRFRG SR 0 N EETE
Z PN, SR HAS B F AR IS AN B L R 2R i S A o
BEAT IR, FH ACEE JZ s 0 0.5, 1.0, 3.0 ng/kg
3L 3 AR B H R B RS HEVS T, B AR E A
50. 100, 300 pg/kg 3 3 7K 0 B AR B bR UETE
W, B INBRAK 435 6 R4 71056, Ik Brbn v Hh
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Table 6 Standard curve and test data for detection limit and quantification limit (n=6)

89/ [a=t/] LRIHIERS el (ng/mL) PoE ZEU(RY) o tH PR (ug/kg) € 1 FR (ng/kg)
it 3-SR e Y=0.0138738X+0.0914133 0.5~12 0.9967 0.2 0.5
B EENES Y=0.00739014X—-0.0534348 50~1200 0.9997 20 50
. 3-FA B Y=0.185842X-0.022332 0.5~12 0.9999 0.2 0.5
KT .
B R Y=0.00722154X~0.169946 50~1200 0.9952 20 50
ppr i 3-FR AR I Y=0.244006X—0.0968845 0.5~12 0.9942 0.2 0.5
BRI |
B 1R Y=0.000665205X~0.0110832 50~1200 0.9948 20 50
_— 3-SR i B Y=0.0649785X+0.0272634 0.5~12 0.9981 0.2 0.5
[EENES Y=0.00345562X+0.0498032 50~1200 0.9992 20 50
#7 D[RS RSD AIREERE (n=6)
Table 7 Experimental data on recovery rate and RSD (n=6)
. IR i /K- I B A IR VR B 7K
Rt R
IR (%) RSD(%) [T (%) RSD(%) IR (%) RSD(%)
A 107.36~119.20 4.84 101.08~107.64 242 103.17~106.96 1.53
R KL 111.04~117.08 1.86 109.62~117.08 2.35 103.59~110.77 2.86
RUIR D 93.68~115.36 7.95 104.48~113.64 2.95 97.33~102.51 1.60
Wik 76.97~95.70 9.61 83.02~101 7.48 90.82~100.22 3.50
WA 90.65~94.14 1.63 94.28~100.63 2.54 92.39~98.08 2.66
. KeREFL 95.74~105.24 3.95 95.74~106.24 3.51 95.99~106.28 3.73
JK R
BRI 100.32~106.62 2.46 103.47~106.91 1.29 104.15~108.15 245
Wik 97.18~106.71 3.21 100.71~108.55 273 102.98~106.35 1.34
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