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R, O AR R R I 2 P s i 22 &)y JLIRE 5
Wik RS

1 MBERE
1.1 E&MKF

DionexUltiMate 3000 2% (A =JCHHER),
% E Thermal Scientific; Centrifuge 5804 & i 2
DAL, [ Eppendorf; D-91126 £ % iR i & %
7%, T8 Heidolph; CONK-SK1200BTU #8 7 % i
PEML, " E KUDOS;Milli-Q #4ik £24, £H
Millipore ; MSZO 204S B H 7 K, #ig £ Mettler
Toledo,,

Atk R B M 2R R TR SE R A A B A
JERL A A G B MK PP A s s B LIRS 5 W5k R
Wk 2 2 AR K S C 7 ok, T P 4 FLol A BR
OS] PHEEEE S, H AR 5O Tl AR XA L5
g M (a5 4l ), 26 [E Thermal Fisher Chemi-
cal; IR (o4 4L ), & B ACS %k ; = 2 Mg
(a2l ), 2 H Tedia; =R L B2 WK FALER | 2
TR EF (A el ), 1 25 4 A Ak 23R A BR A A
1.2 RKEH*

1.2.1  AREEWOAAT ALV RECH] RS o BRI fi
Fi& bR vfE i 100.0 mg T 100 mL 28 50, i i & ik
BEA 1.0 mg/mL BIARHERE B0 . BB A, 44 it 25 W
FH K # B g B & Wk 8 1.0,5.0,10.0,15.0,
20.0 pg/mL BIFRE TAEMHATATA, B = RO AH
3% -5¢ YK I 2% (HPLC-FLD ) K | DL A4 B 15 1)
TEE AR E

1.2.2 FEALETALFE  PRICOREERAREL (1.00 + 0.05)
g Wh B FE §L T 50 mL 5 DU 960 2 05 8 R 0 A
JMAZ) 35 mL 27K, iR iE 5 min, #7515 min, il
A 1mL 150 g/L AR FALSI WA 1 mL 300 ¢
L CMREPFEW, R rp iy 8 H BT, L1 9 000 1/
min .0 2 min, FiERERE E 50 mL &,
FBaiKE w22,

A B 1 mL T 10 mlL 3R DU 3R 2 95 50k
BLE R, A 1 mL 30 mg/ml = 5 I P
Pk AT AE W), 10 pL = 2 1,60 CEESE I 1 h
(% 15 min BUB R HE 30 s), AIA 0.1 mL &%
B£8 20 me/L B9 ER PR B R 20k OBy, 3t 0.22 pm
PTFE 85, fiE 2D-LC 2& A I #4601

1.3 f@iEEs

131 —4E a3k & (354  Agilent XDB -
C18(3.0 mm x 150 mm, 3.5 wm) ; ¥ : 35 °C; gEkE
.20 wh; WA A0.1% =3 L RK ; WshH
By: FH L 3 0.4 mL/min; B6 Ve B A2 5 L #6 1,
SHMG I 2% : 254 nm,

132 &M YRR RS R AR
B, 24750 N 1-2 3R S A8 1-6 %
i, H bR 8 D YIS AR R R .
Thermal Accucore™ PFP (3.0 mm x 150 mm, 2.6
}Lm);*f?n%::ﬁ C; iR .20 LLL;‘ZﬁﬁJ*H A,:0.1%
FFBR /K ;A sl A By &8 5 AL £ 0.6 mL/min ; B B 356
WA P WL 1, Pk . Bk K 330
nm, &ZHFEH 530 nm,

x1 BERESEH

Table 1 Liquid chromatography condition
B 1] /min TR LA
Ar: 1%0= R T B K B, W &
0 80 20
80 20
11 0 100
11.1 80 20
14 80 20
X = AR A
B 4] /min
Ay: 1%0F BRIk B: T
0 90 10
90 10
12 60 40
14 60 40
BEERES

(e | [ = ]—é\—l
wawe |— o)

fEikEE B
EREREEED

1 Z#RBRGEETEE

Fig.1 Schematic diagram of two—dimensional liquid

system connection
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2 #RE5WR

A i 2 Ao 00 1 DG B DR 3R AT AR AR, AR AT
A YRR BE A AR IRBE A pH{EL, RN AR IS ) PR
Pl 4 (S B - ZR B 15k 5 DNS—CL) J& — Bl i 7%
e, BER — M5 IREE N-3i A a—Z HE N A AT
FHEETE-RK , J5 5 7K A A ) s k-2 S R AT
RS ZCAF T . LGB 5 Wk AE DT TE &5 1
J& , Fi 1.5 mg/mL. DNS—CL 7£ 58 4 5 14 F fi7 4=, 15
=W (2% HAs GB 5009.169-2016)1 7E
A FEMOK I T Wik, HAR = BRI R T 5
DNS-CL S NV, 5 B4R il iR 1 43 A B AS 58 4, He
L SRR B 25% , AH X B o e 22 R (L3R 2) .
A DNS-CL e B KR B3R &5, IR 2% i
HOREEF Ky B 5, R = 2 e CAPLER ) AR
A e 1) e T S BN 2% PO YV VR pH L, JFAE
60 CAK W hom#A, $& @ N Rl = iR Y
DNS-CL 5 4~ fith iR 7853 S i

T3 A R O R TIR S, WA
TSR W 5 WL ER AN [) EL A B ST 1 T S £ i A R
IR S KA B 40 B8 R G, A W) 4 4 R S AR
B R AE — Ak i A 2 (R A i 2l ), B 25— 4
RS B, BUE B AR By e ] | 2E A D) 4
i g 42 T b il AR A T DI B S —
Y (0 A SRS DU AR, H AR B 0 A R R H AT
F AP, 2D-LC REHIE A T 46
BRTEZ I3 S A FE TR 2 rp 19 03 15 43 1222,
2.1 DNS-CL fT&RiRE

P DNS-CL Ry B, F 46 4= i W2 76 N 1Y
B A & HE IR —IF AT 4E . DNS-CL 7E 2 b 1 175
&0 50 mg/ml, 251k 3 AT B v B (15, 30,45
mg/mL) , B4 B FEWR K i B 5 Wk 1 e A AT 2k
WS (R 3),

Bl A DNS—CL ¥R B35 K, AR R R 1Y ol e R
I KEH T, A 15.0 mg/mL. DNS-CL 74,
AR IR 1 [T SCRAR T 60% , 3 Ut B A7 2E S B AT AN
564, 1M 30.0 mg/mL Fl 45.0 mg/ml. [T & ¥ B 1)
DNS-CL 4 #fy {3 2 ff 1 13 21 58 56 B 19 107 42
HAR R R 1) [RDSCR AR TE 90% LA L £ 4= 4 11k 1k —
R A 2 DNS-NH-(CH,),-SO:H # {3} 1 &
T W T AR |0 S MR i, (AT — 4
J&,45.0 mg/mL. DNS-CL 7£ 5 4~ i [i% )5 o (1) [ i

R 2 HHEBEARTIHERSD R E W ZEEXRERE
Table 2 Recoveries and relative standard

deviations (RSDs) of taurine in different matrixes

EIRAE/ #8247 A
/%
mg(100g)™! 1% £ RSD/%
45 U B 7 45 39.2 98.0 043
4 R B K R AL 9.6 24.0 6.76

7r W5y
A IS R I 40.0 mg/100 g3 47,4 HEK 12 A HE S
B,

*3 2SEBKBRANHFIEEBRELRR
FHEE SR E TR R AR ERE
Table 3 Effect of different DNS—-CL concentration on the
recoveries and relative standard deviations (RSDs)

of taurine in amino—acid-hydrolyzed formula milk powder

iR 1 R

5 bR 4/ L

JRE R KR/ iR E
mg(100g)”

g L RSD/%

ARk 15.0 18.6 46.5 1.06

B — 7K iR 30.0 38.1 95.3 1.21

B 7 s Ay 45.0 37.9 94.8 2.81

VE Al B T 40.0 mg/100 g B 175 Bk - = 2 10 L, 2
P 2 by 25 SRR 12 AR 0 TS

B i B 1) ) 8, A A — B[R] ), & O
PIUTTENT 2 i A A s R AR 8 ) T R
FRAR 33X AT BE SR LAk S A A A o i 25 B K =
BRI, HA, B DNS-CL 715 2 (4 FHiff
WE - 5L SR h S AR A e 2 T (K 5¢), &
KMo, 5 PR IR P A G, O 68 335 4 14 43 55 A
FERCES 2 A 520, B bR A 43 et 2 R R
N B, 7E 30.0 mg/ml Al 45.0 mg/ml (1)
DNS—CL Xif £ fiff 12 6 0 45 SR e A 35 M 25 S0 s
BT AR IR BEFE 30.0 mg/ml. DNS-CL 1F 2 e 4
AT AW
22 f{THIRE pHE

A2 5 DNS-CL iy e it #rh ) Bifi 5 240
75 PR B - S 5 £ i R DNS-NH-(CH,),~-SO;H
()4 i, DNS-CL b/ CI-5 H*45 & N HCL, FEA%
TV pH B, 2 30 SN 1] E D7 [ #EAT . TEAT
AR ORI AR R AR A P R AT AR
fif R 1Y e A I 07 2B PR B 5 I AE pH=9.5 Z2
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F1B-01 0 2 H| DNS-CL AN F 7K, 30.0 mg/
L DNS=CL 7655 482 52 i , 6o 1T
RN G pH (1, ORI 2 = 2

(A BBk, TEA) ARARE L GE R BRIR 1 22 o il . 35 4
WA R R0 U6 AT A2 15 WA pHL fF XS A B R 245 2R 1Y

=
5 I]r'ﬂ o

F4 2EEBKBREFTVHHFBERETRR=ZRIFMET B B4 23548 33458 R =

Table 4 Effect of different triethylamine content on the recoveries and relative standard deviations (RSDs)

of taurine in amino—acid—hydrolyzed formula milk powder

Y s % R4 F/ H8 54 A7 A £
ZLEeR Bl A pH AL = /%
mg- (100g)" RSD/%
0 6.4 1.6 4.1 0.25
ST TS T 10 10.1 37.6 93.4 1.18
¥y 20 10.5 36.4 91.0 1.21
50 10.7 37.3 93.3 1.13

T A B TR0 EE 40.0 mg/100 g 72 il A5 B 3686 1k 5205 B v B 30.0 mg/mlL, W (] 2 oy 45 SEEC 12 AS8F 5 193508,

FEARTBIN = CREMIE BT, AR 1 LR
1L 4.1% , A = e g R $2 THA W ) pH E, =
M (CHs)N H i N A T Xk SP3 444k, 1R %%
ST W, SO MSEA AR TR, H 3 A
ST DLl i 8 B A 0 ke AR H fep , PRIEAT AR
IR EE L 10 WL = 2 M nDE AR pH {E
WE 0.1, ARSI AT A A, H IR
90% VA I, Bi#E = Z B W3 in , B bR i) £ % 0 1
FURIRNSCR I A B s, %85 = 2 A
—SE O AR PR A FE M T AR R R
P S AR R A B 10 L = 2ok
P AT ARV pH (E
2.3 T4 R RATE

M 2a BT, FE VS 9 0.5 b, R AR 7 2
5 ) (4 66 R S A 25.6 mg/100 g ([ Wi K
64%),1 h J5 #2304l B S 7 i 40 mg/100 g,
1.5h Ja S A W, (=02,
AR 7 AR AT G A3 2 &) LG 5 5 8 vh i
ABERTR o AR IR I TR RS (PR 7 2 B R VR
Jon i R [ R T, ARG 000 4% SR i 2 I S )
AR LR H A . 22 1 h BAG R, [R5 90%
PLE (I 2a #F118 2b), AJ5 5 EFR GB 5009
169-2016 AH Lt , 546 W ] — - 58 22 40 JL L 5 0% ¥
B, PR AT AR B A 45— i AR R AE Lh &£
SERL, NPT RN AL, W T RN [ A AEAE
(P 2b R 2¢) 5 1 2d 15608 [ A5 7 325 T3 58 4
T A 4 G I TR /K i 1C 7 W

0 (@) ARBINENTE REERAFE AT Yk
B (b) ARRIEATAE Wl RLILACTT Yk
B (O MbRTFikfTeE Wl LR Ik
() EFRTERTAE AEAERAEE LT ok

F
S

372 3,
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Derivative time/h
T o Al R VR L 40.0° mi/ 100g ; 47 25 43k . PHA% i S5 ik
B0 30.0 mg/mL, = ZRERMAE 10 pl; 255012 MRS
P
B2 fTEMBENFHEEBRESEMEKENZNE
Fig.2 Effect of derivative time on the recoveries

and relative standard deviations (RSDs) of taurine

2 I F# , DNS—CL A7 A= 35 K6 ) 4 % 1% 1) 18
BT EAR S, SOSE T AR ER
SR, A AT A TR A 08 A a0 R FH v o o A B T
DNS-CL 7£ 60 C/K ¥ HrasE e s iy, fili H 58
O3 SN, H v AT A R AR R T 4 S R K
BC Wk L 0, NI BEHE T = v DNS-CL 1Y%
fif B BEAR DNS=CL A 87 i, o 48 > 11 A B vy B8 i
B A RN , 4= 5 W2 /K fff e 7 7 B2 W 4 76 30.0
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mg/mL ) DNS-CL, 10 pL = Z Wiy f5 2k &1 F
60 CHIEY 1 h, FiT A= 15 31 fe FRAE 5 1) FH il Ik — 22 2
CRHETR , HEE A I 254G

2.4 WHEEHG

241 —HEWAMEAN HEE 3b 1 3c AT, 4
SR /K R BC 7 WA vh A K A L By
HIRA SRR, AR R AR B 5 AR 5517 5
HAAEIEBR AT A YA L, A 6 R A7 A= 400 A0 i 1o /)
REBES, LERHIE S EE, NS
Ko N T PRUERE— 4k S A b R A B R A 0
VIR 258 e @b, 1 5 R A it R bm o o B
S FLATTAE WA — Ak 0% T i 0 07 (8] 3a) .
£ 0.1% — 5 L TR W B2l — 4k 3 3 #H |, Agilent

400

300 |-

200 -

100 = Taurine - DAD - 4.67
0 5

XDB-C18 (150 mm) A i, S /MR 25 . 3 3h
FHA Y =R 22 55 K B AH AR B i b 2R
DL R =OM B AT, ke 403 2 0 4 0 S A A i
FEHUR R 1 5% B A RE R IEOE R, BRI B BR AT
Y BAFIIIETE , 54N, =9 IR B 4 o Rk
WEAIS T 200 nm , X 22 K ZE AR D 4 A 1) A6 00+ P AR
AN At R AT AR WD AE B R 58 AN IR (254 nm) MR
T ER i 7 A 0 T AR R ARATG , ELX AN 5 i N )
e (R EF ], — 2 YRR €2 T3 A 170 S8 B ) e 28 3
4.2 min £ 5.2 min, T, HARPIF B O] A S —
AEWAR TG, 2 B R Ok B AE — AR
ENCEN

.

(a) 1 B AR AR B

y SN

ELIN I
Ultraviolet response/mAu

R

(b)) i 2 4 L C J5 W5 B3

8 10 12 11

() 4= 28 2 K fif e 77 W5 by

A7 He 1 ]

Derivative time/min
B3 4BRIMTEY—HEIEITE

Fig.3 One-dimensional Ulira Violet chromatogram of taurine derivative

242 THEWARSAE RN ES RE B R 2
ANAERE A, B BN RO A R A AE Y
225 o A IR e B — 4R WA S5 AR I Y 0.1%
TR K F 2N — 4k 3 M, Thermal AccucoreTM
PFP (35T, 5EOLR A . TR 5L (PFP) [ 5 AH
rh i U R AT AT Ay e AR AR S v S A R RE AT Y
b5 W P RR (R R B, XA BRI 1 it
T — 2 ik SR B A AR A 0 PR 8RR i R e e e
T 7 i 4R e R B b R/ 1 IR GORE AR FH R0

i R 118 O, 1T LASRAFAR b i 1 JE % S8 5] PRP 35
AR R M, R S A R RO IR AT 0.19% R /K
VR 2 KA 5 A0 1 £ B8 Bsf ) B R, ek e
INBCIEVE R 4 A PLAR . 18 4 3P 0.1% T R
K — 20 VR 22 T3 7 A itk 1 i A= 4 06 T ALY K/
WA EE L R A e B, &S U A i R
T HE WA 2R WOAE €0 3% T B R 8 5 1 5% S e [
TR R R s R R v
A v A i e A ) 7 R
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Number of injections
B4 FBBITEVERRRINBERPHETR
Fig.4 Peak area of taurine derivatives

by different mobile phase system

8.0x10° [~
6.0x10° [~
4.0x10° |~

2.0x10° =

2.5 FRFEH

251 ZRPERER AR bR AR T a VR BE AR 1.0~
20.0 mg/L 1 [, b o 4 0 2 vk R4, AH O R B
(R*)ik % 09996, Hovfk i 55 U i AR 2 1k Oy F oy
Y = 10433.78X + 1769.98,

252 [WCERFRE R W 4 FhOAS [R] 5 55
By v 0 2R T R i, AR SR AR — B (WK 5),
R 7R 90% LA L, A X bs o I 22 39 7E 5% N,
Uk B IZ 5 5 A A T 4 35 1R K Ty R i B2
gy JLEC J5 (0 473 by i) LA R G (K % B AR Tk A
— 3,

3 it
ARSCHEST T — & R OISR R I
B S 2 FH 4 R R UK R IC O W5 0 TR A B R 1Y)

S T RTE 1.0~20.0 mg/L U L E R4, 26

Taurine - FLD - 12.61

0.0

8.0x10° =
6.0x10° [~
4.0x10° |-

2.0x10° [~

AN

0.0

(a) T R AR bE

Fluorescence response/mAu

8.0x10°
6.0x10° [~
4.0x10° |-

2.0x10° [~

0.0

(b)) 3 2 &) L BC J5 W ks

FHE SR

0 2 4

(c) & E HE MK i 77 W by

A He 1 1]

Derivative time/min
E5 SHEBITEW_HEEIEE

Fig.5 Two-dimensional fluorescence chromatogram of taurine derivative

R 54 FHEFYH P A ER A [ 4 R A8 X AR E

Table 5 Recoveries and relative standard deviation (RSDs) of taurine in four different matrix milk powder

Kl R E kB g ml E A E/mg- (100g)"  ®IkE/%  AAsHARd £ RSD/%
e Bk B K AR B 5 4y 7.621 38.1 95.2 1.86
YR KR I 4 )U B 5 4 By 7.359 36.8 92.1 2.68
EPES 5 RN XN 7.467 37.3 933 2.17
3 55 L 5 s 7.522 37.6 94.0 3.16

BRI 40 mg/100g;3 SF-A7,4 HEUR, 12 A FE & 1 F 2 (E
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PERE DG FR 41 0.9996, 12 A4~ T2 BRAE i 1 7 227 [l i %
K 95.2% , AT BR EAR 22 1.86% , % )7 WL HERGTE
o HuhE S, 4 06T P I S A% A i AT A D
BB S bR i A, e T 34T B R AR
TCE WE I 0 2 4 B R K i T 05 3 vh A TR 1Y
FriE MR B 2 A LA A B A TR
ARICHE, A BT BB T e 2L T
o GIE, TR RS & T ek L, n]
TR BE K R BC 7 W5 Ky, 5 43 2K R C O 5, AN
SR A1 JLIC 7 3 04 1 AR AR AL B AT A LB RT
W7 Al 56 [ 43 B Ak 2 K 2 (AOAC, Associa-
tion of Official Analytical Chemists) A 7] A 45 il
R 5 53 e IO v AR R e MR T

Bt

SR g R I 3 B4 (NO.17DZ2201200)
ARG 0 T HE, O AOAC & 51 &% AR
55 7R A AT A AL R L, IR a5 [ B AR R A
W) 2R 58 TR R R A IR 1 48 T AL,

& % x #
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Analysis on the Taurine in the Milk Powder with Special Medical Purpose
Based on the Two—dimensional Liquid Chromatography System

Bian Hua, Weng Shiyu", Wang Liang
(Shanghai Institute of Quality Inspection and Technical Research, Shanghai 200233)

Abstract A method for the determination of taurine in amino-acid—hydrolyzed formula milk powder with special medical
purpose was developed using a novel derivative way, coupled with two—dimensional liquid chromatography (2D-LC) sys-
tem on precise quantification. The milk powder matrixes were dissolved with ultra pure water, precipitated proteinaceous
substance by potassium ferrocyanide and zinc acetate, derived by high concentration dansylchloride (30 mg/ml), adjusted
by triethylamine on pH value, and heated in 60 °C water bath for 1 hour. The derivative was performed on the Agilent
XDB-C18 column with methanol and 0.1% trifluoroacetic acid as the one—dimensional LC mobile phase, so as to sepa-
rate other amino—acids and locate the target. Subsequently, taurine entered into the Thermal Accucore™ PFP column after
the capture and center—cutting by column switching technique, acetonitrile and 0.1% formic acid were utilized as the
two—dimensional LC mobile phase to gradient elute the taurine, combined with fluorescence detector on quantification
analysis. The derivative parameters (concentration, pH value and time) and 2D-LC condition were optimized to promote
the target recovery. Taurine showed good linear ranged from 1.0-20.0 mg/L, while the correlation coefficients (R*) was
higher than 0.9996. The average recovery of the actual samples was 95.2%, with RSD 1.86%. This method, with high
accuracy and strong anti—interference ability, overcame the influence of other amino acids on target derivation, and im-
proved the derivative efficiency. This method solves the problem that national standard cannot accurately quantify the
content of taurine in those milk powder with special medical purpose, and has been recognized by AOAC committee as
the recommended method on taurine detection of those milk powder with complicated matrix.

Keywords taurine; special medical purpose; amino—acid-hydrolyzed formula milk powder; two—dimensional liquid chro-

matography system; triethylamine



