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Simultaneous determination of L-carnitine and D-carnitine in infant formula by pre-column
derivation high performance liquid chromatography
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Abstract: Objective A sensitive and rapid method was developed for the simultaneous determination of L-carnitine
and D-carnitine in infant formula by pre-column derivation high performance liquid chromatography, and the key points
were explored. Methods Carnitine in sample was extracted with hydrochloric acid, saponified with potassium hydroxide,
purified by acetonitrile and solid phase extraction column (SPE) and derivated. The derivative was separated by the C
chromatography column, detected by UV detector, and quantified by external standard curve. Results The linear ranges
of L-carnitine and D-carnitine were 0. 2-10 pg/mL with correlation coefficients of 0.999 9 and 0. 999 4. The average
recoveries of carnitine were 87. 14%-96. 96% under the 3 spiked concentrations. The limits of detection (LODs) were
0.6 mg/100 g, and the limit of quantification (LOQ) was 2 mg/100 g. The concentration of potassium hydroxide,
purification process with SPE, solvent of derivatization reagent and operation in derivation were the key points in this
method. Conclusion This method is simple, accurate and is suitable for simultaneous detection of L-carnitine and D-carnitine
in infant formula. And there is no significant difference between this method and enzymatic spectrophotometry.
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FZL b v 22 T R B A 0 ) EAT I . AR H R
S AR v & B % O R AR AT Ao R v A A A D
FE T 45 A M B 8 53 O O B 1 K L R A
TR AGEEESMAEEDN ., iR T IER
SR 57 Rl ARG DA A e TR R Y A (EJR JE T HE
Bk 72 Tié 1R B 1) ' 27 S 4 AR —— A e TR el ok 1 T
P, A TC (7 Ao M 42 R v A T R R T R L
A THE PR B SR — A 2 A B2 T P st B v RT R
A — B R, S B A N O B AT
Tl 2 Tk % % it R R BN I T 5 s A 5 4 M o
PERL, DT ) PR A 2 o A, 1993 4F i 36 [
FDA 5 C 48 2% 1 U I A7 e PR A T e PR R
H R, 97 40 %2 40 JLBC 77 208 b 1R B xT e S5 4 1K 1
WFoE /0, IF B 2 56 7 F HEBR A e R e T,
YT A ik 0 T PRI A R R G T R 6 [
I A 00 22 &y LG 7 3L R b 22 T IR B RN A e IR B B
T

Ry fife R 1 3 () U, A B 9 o A A R 7
PR B 245 ) TP 51 BT 0 TPl SR T 2 T A AR RN A
THE PRI 1) T PR 9 40 55 €0 3 43 5, 4R AR DU g A
AR E B, LU 2 40 LI T FLOR i 22 i 1A B
AT JE PR B 43 125 R B ek 5 1 5 oK o

1 MME5FE
1.1 R 5

Agilent 126011 = 250 & AH 2 154X, IC 2 28 A1 K
8 (EE Agilent A7) ;XS105DV H, 1 K (Hif 1 Hf
e FE R Z 4 A s Mili-Q 4li /K AL (3 [# Millipore 22
#] ) ; MultiReax 15 €Y (75 = heidolph N F] ) 3 THD30
HE AL (TRMsci 22 7)) s N1 R R AR AL (g 5228
Al ) 5 SW22 fH IR K ¥ % B (FOSS A ] ) ; pH iF
(METTLER TOLEDO 72t ®] ) ; X3R & .0 #lL ( 35 [
Thermo A ) ) .

75 THE P BSOS HE & (48 99% , Sigma A H)) , £ i
PA B bR 7R & (4B 99. 8% , CATO A H] ) , 78 e P B
PERE i (QC-TP-707, Hfv [ 46 6 46 722 Bk 2 BF 9 e ) 3K
PER L), R L O (4l Fisher 23 F]) , JoK
WE HK (F i 25%~28%) (R PR (WER LA A 1k
BOAW R O R R A B R A (o by

afi LA T R S A R AR R T R (4
B, 22 si kAW ) , L-TH Bk -B-Z5 e (L-Ala-B-NA
4l £ >95% , Sigma 2\ w1l ), 2 %ot i 1R 40 (43 B 4l
damas-beta 24 #] ) .
1.2 BRI WY BE

T Pk B2 TE A B8R A JE PR Bb 7 i 45 10 mg,
SRR E R ZE 10 mL, 83 A BER(1 mg/mL)
FIUAT TiE P B A 7 6 45 T (1 mg/mL) , T 4 °CaE e {4
FE o 57 0 W B A e A) R A e R) R T i A TR A
0. 1 mL, & [f]— 10 mL & JHPEERZ 10mL,
RAT, RIS 10 we/mL IR A bR TAER W . WL
IRAFRME TAEW 20.50,100,200.,500.1 000 pL, it B
BE % 1 mL, $85), 15 R 50 br e T ARV W ik B
0.2.0.5.1.2.5.10 pg/mL) .
1.3 B4

FREL S ¢ IRA YIS HIRES A 20 mL 0. 1 mol/L
ERRR IR W, A HETIR AT 1 min, B 5 min B EAEE SN
A 5 mL 1 mol/L E A ALFR A WA IETR 2, T 60 'CK
WAL 30 min, B A EZ, A 5 mL 1 mol/L #;
FR TR W, IR ETR 20 1 min, F£ 4 0. 1 mol/L 3 R %
MiBE 2 50 mL, ¥ 5) o WHC 1 mL $2 HUH, A 9 mL
CNE L IRHEIRA) 1 min, 4 000 r/min &> 5 min, 715
NSRRI EERE

B 1 mL o A0 8 VT I A 25 BORE (o FH i AR
WA 3 mL FEE 3 mL AKSEAR) o, L1 3R /s B B
A, 3 mL 10 mmol /L 3 B2 15 WM U8 , 35 & ik ik
W, BT 5 min REEER LA KA H 3 mL 4%
K P B WU G AR TR, T 45 CARURR i
ET, R E AT

TEFR I T 0.5 mL 0. 45%1L- P e - B- 25 e
() 2B, W HE 1 min, #8755 30 s W ok, HK
WA 0.5 mL 5 0. 5% = g ity — 58 W Jog 15 A
0.5 mL % 0.5% W IR T g 1 — & P e e i, il 21
W€ 3 min, % i FHCE B 10 mine SN 58 BUS
JA 2 mL 50 mmol/L B 2 &0 501 W, il 20163 Jig 1R 2]
3 min & 1k JZ I, 4 000 r/min &0 3 min, B _FJZ K
A 0. 45 wm fFL IR B o 8, AL VA €5 335 0 5
1.4 R &A1F

{3 H: : Agilent EC-C (8354 (3. 0 mmx150 mm,
2.7 pm) ;L ENAH : S -H EE(1+1)-25 mmol/L B R
R (2 mmol /L EHEREFREN , pH=2. 5)=35+65;
FiE 0.6 mL/min; AR 35 C KT U K 244 nm; 9F
FEREL 10 pL.
1.5 Gt

J 45 B4 % i Excel 2013 il SPSS 20. 0 #E174¢
THorHr. LA P<0.05 WZESA I FE L.
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R ) [ IR & W sh A AT 1T 5 52, [FIET i
T 2T LR W S A i S O . WA
o3 B 05 T UL 2, de 8 il R sh A R &0 -
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UV spectrum of L—carnitine before and after derivation
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2.2 HiAb PRI AL
2.2.1  GEAL AR

AT FE T AL Y S S B (A AT
AL AR ) o B AT T B S T RR IR
S T 2 i P R B 5 L R it R A LS 2 e
P Bl 1) IC 7 LA AR il E AT R 22 B 5K SRR LI 3.
A R A R PRGN R . Y
SR BV WA BE <1, 0 mol /L B, WAL R 58 4 I

LR i 28 B0 20 8 I A7) S o 5 > SR A I TR
JE>1.0 mol/L I, & Ak 58 4 , FF it & B 0 i U 5 V8
Ho P, AEHE 1.0 mol/L VE N BALWEEE . Al 2
A ) A bl A 25 2 0 BE AL AE 30 min PN B AL 2

B 52 AL (] 30 minoe AR AN ] i Ak TR BE 1 HL A
SER R RALIRE N 60 CF L AR SE 4 W E Ak
TRy 60 °C o e 20 8 19 AL 25 12 2 1.0 mol/L
SAAL A, 60 ClEAL 30 min.
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Figure 3  Effect of Saponification parameters (n=3)

2.2.2  [EARZE HUINHE Y E

AW B T AR A RS MCX /N
B AR B0, 45 AN 4 FER o 22T A R 7 AN T [
FHAE IR/ INRE ) RIS — 0, 388 43 /N B RT3 A

1201
100
80 |

60

Il 2 /%

401

20F

T 90% , N LA 7 35 v 6 6 5 16 194 [ A AR I/ A 2
SR Ao ] I B A B Y & TV I WA D Rk
T ZE T P B, 25 0 il 28 TS X e AR B 2 i . 1R
SRR AR S SEBURS TIR e AL PR

1 :SPE-1: Waters Oasis MCX, 60 mg/3 mL;SPE-2: Agilent Bond Elut Plexa PCX, 60 mg/3 mL;SPE-3:Agela Cleanert PCX, 60 mg/3 mL;SPE-4:

SWELL Chromelean MCX, 60 mg/3 mL;SPE-5: Phenomenex Strata—X~-C, 60 mg/3 mL;SPE—6:MS-Clean MCX, 60 mg/3 mL;SPE-7:SGLC
WondaSep MCX, 150 mg/6 mL; SPE-8: Biocomma MCX, 150 mg/6 mL; 4% & s - i i SPE-1.
B4 AN [E MCX /N 9 ¥ A1 L (n=6)
Figure 4  Effect of different SPE columns (n=6)

2.2.3 fiAEL BN

AT 5% X6 AT A B g T i 22 TS B (AT AR R
AT A A A A R R A AR A R
6] 25 ) 4 5 FEAT T %5 %%, 38 2t AT AR SR AT AR Y
WA TET R B N e A 3 AT AR AR
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Figure 5 Effects of solvents of derivatization reagent (n=3)

—_
wn
(=]

BL-PI
BD- A

VT AY/mAU
=)
(=]

wn
(=]




FE R AT A AR €37 % () I ) 52

B4 JLICJ5 FUB b 2 58 P B-5 A E P ik

Bl —741—

FH it T ) 1 4 O, B AE S5 22 5 i Bk i R b R
FE AR 2 T I R 0 7E S0 T s i, S 80T A
A DA 22 . TR B 2 B AR Dl AT AR T 1) I
gl
2.2.3.2  MEALFIRE AR

b 7 N,N-— H 5L H P % (N, N-Dimethylfor-
mamide, DMF) H B & Hk =& F k. .U
Wk PR S5 A [) 3 ) A A AL R IF B AT AR A O L 4
WE 6 From o A G e — G0 e U R A AL R
At R A A T DM, B PO AR kg L 2
BF A7 A RO TCVE AT . AR E LA
P BEAE A A Ak R Y v 5
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Figure 6 Effects of solvents of catalyst (n=3)
JE R TS B0 Mk B (0. 25%~1%, 0. 5 mL) 43 9 i 47
TR ERWME TR . SRR E=0. 5% B,
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Figure 7 Effects of concentration ofcatalyst (n=3)
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L-TH & I -B-25 i 1k & 220 mmol /L B}, £ A& 52 BE 0%
564 b AT, UL I H A fe 2900 0 AT AR R Yk ol
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400 —— /e B
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Figure 8 Effects of L-Ala—B-NA concentration on reaction
(n=3)
2.2.3.5  A7HE LN [H] 25 5
XA A R B TE] (0~60 min) HEAT T % %€, 4%

mE 9 iR, RN EZERT , &R R#EHIET,
£ 10 min J5 B 58 2, B, 5 H 4 i 20 2 i
Az B R B 18] 24 10 ming
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Figure 9  Effects of reaction time (n=3)

2.3 JrikfE
2.3.1 KRS E=RR

K B R R, DL 3 A5 BE 4 e 75 (S/N=3) I}
A e PR B AT A ) 0% e JBE SR LA R H BR L DL 10 i AR
MR (S/N=10) B 70 Ji& A 57 26 0 I vk B, T 45
[ISCRIEHURE E IR . AT TR} 0. 6 mg/100 ¢,
FEREPR A 2.0 mg/100 g
2.3.2 &M5EH

W R S AR ME TAE W 1 mL, 5l 5 W R %
AR a1 e BSOMORE 3 A, 0 S AE N Y U T
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0.2~10 wg/mL i Bl N, 25 TE A B £k 1% 7 B2 0 y=
24.294x-0. 207 , K YEAAC R E r Hy 0.999 9; 47 TiE A
B 2R 1 5 R A y=22. 888x—0. 396, £k PE A ¢ R %L -
H0.999 4. J7 Ik BEAL I & 2~100 mg/100 g Y Z2 ik
TR 1 A € PR Bk 1 e 0

51 A i ROM 2 A% i BRI RS 2K SF TR Y 1R
SRt A TE 1A B A0 B s AR A L R K CF Y
[ AR A B0, A AR A R 1 T A R A 0 o A Bt A
bR NS A S AR I 5 B [l e AR 45 2R i 22 DR Y TA)
o TSR RS R A R LA 1, AN TR e P 2 m

2.3.3 IR 5K % Fr 18] 4 3%l 87. 14%~96. 96% , A XF 41 1 1w 22 Ny
Be 77 LA T A P TR ) 22 T TR B, AR A 5 AR 3.02%~4. 89%
Fe1 IR R R
Table 1  Results of recovery ranges and RSDs
Jing s/ %
Rk A S48 / % RSD/%
/(mg/100 g) e b 1 2 3 4 5 6 T
2 A7 THE PR Bk 90.56 88.06 86.79 86.29 93.94 87.70 88.89 3.24
4 A7 TiE PR B 94.95 84.52 88.30 82.72 86.05 86.31 87.14 4.89
20 A i P 94.01 99.50 93.75 97.50 96.00 100.97 96.96 3.02
20 e T TR B 90.91 93.29 103.27 92.17 95.14 93.19 94.66 4.69

2.4 MRS E 57— 3 %R

Pz R ST 5 % 10 22 4 L e 5 3Lk A7
SE L [RGB 29989—2013¢ £ 22 4 [ 48 A 1
SR LI LA i AL 22 T PR B I R ) X [ — ik A
i TR, 5 2 SR L3 2. 10 HEVR Ly FLR
o o G A E PR AR, I LA O ] i A e A
Bl o T 7 0 A G AL A B A 56 5 AR R
e, P {4 0.497,>0. 05, 575 A4S 7 ik (1 0 o2 4%
T2 B — 3

2 104 B4l LI T7 7ok i 20 T PRI 55 A T PR L
5

Table 2 Determined values of L—carnitine and D—carnitine in

10 samples
. AR Eﬁﬁfﬂﬁ/(mg/loo 2)
FE i AR
/(mg/100g) o GB 29 989—2013

B4 LI T FLR -1 ND 16.0 17.0
B LB 7 FLR -2 ND 12.6 13.3
U PINRY R i) ND 14.8 15.5
Bl LT LR -4 ND 11.8 12.7
CXIPINIGY R i) ND 23.8 25.8
L XAPINGYER i ND 23.3 22.5
L PINGY R i) ND 23.5 23.0
o LI T LR -8 ND 222 22.6
CXAPINGY R ND 49.9 44.0
B LB T FLK-10 ND 50.2 46.1

T ND Sy A A I )

3 4

EN S SN X DN Ao A R e
S0 A R E PRI 43 B 1) R R A A - ROROAH 3
T 04 [ B 5 0k o e X AR A BT A L R Ak
o AR A AE BN AT A O s R B A
D7 % 0 R RO A B v 0RO RS E Ty
P LR R S I /N 17 i S 5 I L ez
87. 14%~96. 96% 5 H. /¢ Tié A i i 7 2 I o2 45 2R 5 =

PR ik R R 2R S . AN DT A S R
AT A PR A A B A 1T B 4 2R of o AT R AT PR
B e R 0 B2 4 JLTC 7 LA Hh 22 e PR R A A e P
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