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Discussion on several key steps of GB 29989-2013 Determination of
L-carnitinein food and dairy products for infants and young children
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ABSTRACT: Objective To explore the factors influencing the accuracy of national standard GB 29999-2013
Determination of L-carnitine in food and dairy products for infants and young children. Methods The influence of
pH regulation, the preparation of acetyl carnitine transferase, the standing time of the solution to be measured, the
optimization of the pretreatment method of special substrate, and the avoidance of light during the enzyme reaction
on the determination results were studied. Results The pH adjustment had a great influence on the accuracy of the
results. There was basically no difference between the test results after 2 h standing and the test results after
overnight. The formula foods for special medical purposes could not be directly precipitation filtration after adding
perchloric acid, and whether the enzyme reaction process needed to be protected from light had a great influence on
the detection results. Conclusion During the determination process, the pH can not be adjusted back, and the test
solution can be directly detected after standing for 2 h. Alpha-amylase hydrolysis should be added to the
pre-treatment of formula milk powder for special medical purposes. The enzyme reaction needs to be light-proof.
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ZETEPIT, AL 2 PR -2tk p-— Wk TR, SRR L-
K. dEAE 2R BT, J&—Fh) V2 A T HUARZE S Rk 2
2. Ao P H AT A b B SRR A, TR SRR
TR 1830 BLIE RN S 2 N E FRAN SRR, i
AT RS RRES IRT2 Ze e RO B LT B TR T, B
AALAERE A A= FAR D A A vl 2R, T HL
CINDRE SR 9 K o8N (7 254 DN DR SUclace iy o = (1Y |
PEFD . BRI )y B AT — 2 M RERY . H R SCikRE
25 THE PRGN 2 5 2 v OB €6 38955 T (high performance
liquid chromatography, HPLC) . = &% ¥ #H 2 1% - it 3% 1
Bhigh  performance  liquid  chromatography-mass
spectrometry, HPLC-MS) . 8 /&5 R AH 15 £ Bk BT 3 1
U9ultra  performance liquid chromatography-mass/mass
spectrometry, UPLC-MS/MS) . 46 R4,

FEBATA R EZK bR GB 29989-2013 (L dh L4
Bl bR RN LA AL b A e A o )Y, 5
TEAILE S AFL A R 2 RE PRI 2 o AR VR
BOWER, FERMKC, s RUEMIER R Z . HIA
5T F B EBR GB 29989-2013 s fh il . Z A
AL RO . UL AR pH JETT . RN A
B0 K g 05 e PR 7 s OGRS T LA G BEAP TR R T
W, T AR A T PR R R TR 1 ) R R, TESEPRAS:
IR PO AR R, R S S R 0 B, S HR T
TR AES

2 MREREE

2.1 ERSE

AL204 HL TR S20K pH 17 43 2 — I, Fij 14§
Frigh — FER 21088 A 7)); Eppendorf MiniSpin 2.0y HL(£% [
Eppendorf {{#5/> 7]); U-3900H 28 4M et 3+ (H A H 57
HITACHI A H)).

AR . AN, AR, 5,5 -THIB(2-if R
FIR) . N-2-3 2 JEWRIE-N-2-Z Be iR . £ DU 2 8 — 4
(5 bral, B2 4EE b= R A BR A A, 2 Tk AR
A(AcetylCoA) . Z Mt AR %% i (acetyl carnitine transferase,
CAT)(4r#rali, HigHEERHARRAR).

SERS AL A TR A LB FLA | iR S R IR B
W o
22 EWHE
22.1 AR & ELH

WERRFRI 20 mg F 105 CHEAE AL 2 h (4 A2 i€ PR ik,
KA R 250 mL Zatfirh o 43 B ECAE THE A b A
%W 0.25. 0.5, 1.0, 2.0, 3.0, 5.0 mL F 25 mL &&=+,

FREFZZIEE, R PR TAERAR T 24 KA.
222 HSETAE

BAILECTT 7L HETIRRI S gCREHZE 0.001 giRA
WA iR EE TR R, 30 mL 40 °ClR/K VA (R ik =24
FHISEC T FL8: A 0.5 g o-TEME 40 °COKf# 15 min), %
A 100 mL A8, A 10 mL 13% & A RIBW, IREH
SIJEHE 20 mine HZERKEAZRZIE, B, FEiE
YRt uE . FEMAEL 20 mL JEE, 1 4 mol/L &5 fL A1 pH
A 12.5~13.0 5, BT 40 °C/K¥ 60 min. ¥HF/EH 13%
SR YH pH 4 9~10, F-FH 3% EBRVE M pH iy 7.0~7.5
PR A 50 mL AT, FZEIBKER, WAEH
2 h, BEIERA 0.45 um 3EBGEIEE . BT 4 °C
URFAH R, KRR A B M KA R B R BRI,
IO 0.45 pm SRR UE S £ H .
223 ARl KA BRI

W2 B A i PR B o T AE VR B FE S 2.0 mL F 1 em
e mA, A 0.8 mL & TAERA 100 uL Z B A
W, 3 L, IRAYWSIRERAS ORI, ¥
KK 412 nm, 5 min J5IHZE, FGEAIA 100 uL 27 R 5%
MW, IREWAERAS G, KA 10 min
JEICTER G o AP AR N AR R S B T E T
V22 T PR B T A VA W B R R A A, ARG AE A A AL R,
HVEARAERT R

3 #R55%

3.1 FRERZRILA )

5 GB 29989-2013 (&M ELEErE B4 ILE
FRLFL i P A TE PR PRI 2 DA L, AR SCHR BN B 0.25 mL
LR R BRAT MERE 45 MR (80 pg/mL)VE AFRERZE A5 — 5,
o Y T R 4 MR B DA B R O LR 1. % GB
29989-2013 (B EREERE B4 L iR M A
e PRI 2 L S A LA PR R Sl C=17.014-0.131,
MK R =1 AT 6 A A LA br e dh 4
C=17.044-0.146, HIKLZRE =1, WLIHH, 2 Mrihk
JUT-BAT X5, AW 5 22 TE Bk EE7E 0.8 ~16.0
pg/mL 5 RIFLRME SR . SEBRAIN o AR 2 20 e R I B
KT 7 mg/100 g (182 4) JLEC 7 FLRY 23 & A FE SO E AR T
ONFRFER 5 g), LTI I B AIKF AR b v il 26 26 —
BWOERE, SEONTER M E N RIS E 0.8
pg/mL 6 VY RE W RE 45 54 0.057, 0.055. 0.058., 0.059.,
0.057. 0.056, tHXIHRUENHZ (relative standard deviation,
RSD) W 2.3%, FHEARSBCREAERE o BX L& 2
FF G 0 28 DS AR AR s o T 2R 28 — s R E %1 0.8 pg/mL

3.2 ZErAWEEBEARAEE
GB 29989-2013 ( &fhi e EFnE 24 LE A
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FLat e A PRI E ) rh IS Tk PR B A A R )
R W 100 pL Z MR B B B TR M, 4 1500
t/min .0 10 min, 3% FEEW, VOEH 2 mL KR, I
FHIFECH] o SEPRiREid AR, 228 & BLE 1500 r/min
BT 10 min, DIEWCRTEERE, EATE, &
Fe2e PN S T B L T TR B RS T S B B BRI, el 2
YORES K PRAEHEHE 5000 r/min T 5.0 10 min, B5.08CRE
U o THAMAR T AR 2ok 850 B 100 pL 2Pk AR AE B
M A 2 mL /K FECH, 25 S pnuk i &t I0 i A8 4k

3.3 MBS pH BT AR

GB 29989-2013 ( frih % & EFhRME B4 LEfh A
FLE T A RBEAINE ) RS ATATR 24 2 A pH A
W, P E 12.5~13.0 BRIES&AF T S S S E R R R A
TR ok, FEE 7.0~7.5 SR ERE . EHE—4H pH N
12.5~13.0, Z4RAEARY pH it 13 I, 5t 60 min /KM
PE R MW IR . 7255 2 pH i 7.0~7.5
Ju Ao, R ETT AR R /NG o2 B W R R pH A
F 7 BT AAABAROE E pH o 7.0~7.5, FEAh Ak
MEE R R, BT S ASAF S Htes — 2
pH [El 8 (pH {EIHF] 4 FIEJHZE 7.0~7.5)% A5 25 S 52 10 W,
20 R 2 T LB R EDR) L 22 5 IR & 45
RYTH B B, Sem TR BAE) 32.8%.

YT LLRAES, SEUCR AT Jr=UET pH £ 7.0~7.5:
FEMVAIRZ 60 °C/KIE 60 min, R HESEM 13%m &R
pH 2 9~10, P9 3%/ = SRR HS AT pH 2 7.0~7.5, kK
FH 3% S BR A TR T pH B AT A2 FEAIC pH, #60 pH
REb Pt BT pH 7 M & A o J3 ANTF BRI, I
LRESLAL PR pH AAAE 7.0~7.5, B SCHRIFSEES 1 2t

PTG S I ) B3 pH 7E 7.0~7.5, BEREAR$R I AuGvE2),
34 FNHREREEELRAR

GB 29989-2013 (&b ZaEFRME 24L& M
L T A R PR I ) PP R s SRR A PR A A
RAEET 4°COKFA LT o A IT ELER T R AR S IR
E 2. 4 h Bad R E iR IS R SR 3. ik 3
FILAE H, RRRES RO E 2. 4 h Rl ik R E AR
MR MR 2R &M TR AT —2
T A A B AR B A TR P G A A Y A2 E TR I O 4 T
ok, HERIERALSE 4, FEfh pH Al i 251 T,
STk R IR B WAL A2 HE R B 55 S T A S22 2
Tk PR BRI 25 (O T A T L4 R A, AR BB 1 R
S BUH TR I 5 WK A2 SR R AR I 25 SR AT R R A S,
B 1R

N1 AT AR, FF i B2 5 B BB A A L
PR G EE R R R, SR 22RE] 19.2%,
AR UE TR ORE  BE SR (KT 10%). X TAER
—ANERAEAL RN, B EAS RIS A —HE, IR
AL TG PR, FEARVERLE A9 10 min i {050 B ] P9,
Tk PR B o A e 50 A i A 20 e PR B 5 2 TR A 20
A B 2T PR BBURIIAE B (AT A, 3RS SRR, T OURRSE
I 6, A ZBERBREE B RIS, M (29°C) F,
FLWAE 4 min W LRESEA 75842, 24°C T, 2V 6 min REREAS
HEAT o84 Bl TR RRAIR, S0 58 4 i i[RI e 4, I3
(15 °C)F, 20 min A FeA T N 584

Pt FTIR, SEBRAS I AR A il B 2R A, AL PRI
APZEIRGE 2 h 5 E A, TR . il A e
CEFNRE TR SE IR E IR, AT A TKAS TP BRI .

®1 ERRAERERKESREE

Table 1 Standard concentration and absorbance of L-carnitine

FRUETR IR E C/(ng/mL) 0.8 1.6 3.2 6.4 9.6 16.0
LR A 0.057 0.100 0.197 0.384 0.573 0.947

2 pHMHRERAEREMNFM(n=3)
Table 2 Effect of pH on s L-carnitine content (N=3)

IEH pH HE i & 1 /(mg/100 g) RSD/% pH [EIEJE R R/ (mg/100 g)  RSD/% R EL /%
Wik 1 15.240.13 1.0 12.2+0.25 2.0 19.7
Wik 2 22.5+0.22 0.98 18.4+0.30 1.6 18.2
Wik 3 18.7+0.17 0.90 16.6+0.22 1.3 11.2
Wik 4 12.5+0.10 0.80 8.4£0.16 1.9 32.8
Wik 5 10.3£0.18 1.7 7.2£0.31 43 30.0
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R3AIRRAERE A E) 3T LE RV AE (n=3)

Table 3 Influence of different storage time on the test results (n=3)

2 h/(mg/100 g) 4 h/(mg/100 g) 3% /(mg/100 g) RSD/%

Wik 1 15.0+0.15 15.3+0.28 15.2+0.13 0.81

Wik 2 22.6+0.28 22.7£0.32 22.5+0.22 0.36

Wik 3 18.2+0.22 19.0£0.19 18.7£0.17 1.8

Wik 4 12.8+0.19 12.4+0.30 12.5+0.10 1.4

Wiy s 10.2+0.30 10.5+0.27 10.3+0.18 1.2
25 - O R % JLBETT B ) Fe GB 29922-2013 £ i % 4 [H G b
@ AKE =R FEIR B R 7 B A W) ) R 22 i A G v A
-0 | RS SRR AP S GB 29989-2013 (frdh

. GaERARE B )L AIEL A E P BRI E Do
8 ol e %}%ﬁﬁﬂi@%ﬁﬂﬁﬁ&ﬂﬂi’?ﬁ%ﬂ%\ TR AR 43K
2 : R LM, TERRRIEREE A 13% e S ERTTIE & 1 s
g 10.3 KBEA UTTE, (22 uE 40T gt e 1515 20 9% 15 1,
& Ol (A I S TR AT o o3 SR R IR SRS S
= 2 A 0.5 go-TERTE 40 °C/K A% 15 min JGFHIA 13%55 & BRI
5+ i TE B AR, SRS AT LAARSE T
i : _:_ 3.6 HEMINE R A ENR E R E BRI IE
O " PRI I 1% LAY 3 A LB L . 2 Rk
R e s SEFIREULRTEE, BBHE AL B C. D, E, fi Lik
BL 0 i B e ARG 45 SR (4 5 0 (n=3) FIARRE T I, RPN EIRACE 2 h JREER, 4
Fig.1 Influence of measurement temperature on test results (7=3) HUNFE 4, ML D, E MES IR, 4B nE s,
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GB 25596-2010 & il 4 FE GARIE Rk B2 R 2

M3 4. 3R 5 AP X THEoR B2 g B LTy 7Lk
SR FHAS SCRIT AR 7 300 45 A, I [l o g, BA

R4 HRNERAEFRK R BRI (n=3)

Table 4 Sample determination and verification of recovery rates for different spiked levels(n=3)

FEMARE  RFERR/g  IARAKFE/(mg/100 g)  FREAK S RE/(mg/100 ) JIFRJEHE G & i /(mg/100 g)  RSD/%  [IICER /%
5.0214 9.96 24.6 98.4
—_— 5.0958 9.81 242 5 95.8
5.0449 9.91 14.8+0.24 25.0 103
5.1202 9.76 32.9 96.3
5.0354 9.93 333 98.7
BEdh B 5.0386 9.92 23.540.30 335 0.75 101
5.1125 9.78 20.8 101
5.0471 9.91 20.5 96.9
Fedh C 5.1305 9.74 10.9+0.25 20.0 1.6 93.4
5.0425 19.83 395 95.8
5.1021 19.60 39.9 99.0
RS D 5.2012 19.23 20.5+0.33 39.2 0.73 97.2
5.0845 19.67 415 96.6
Febh E 20048 1998 22.5+0.45 420 0.98 976
5.1178 19.54 41.0 94.7
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®5 HREEMKENO=7)
Table 5 Sample repeatability test (n=7)
FE DA/ (mg/100 g)
LR RSD/%
1 2 3 4 5 6 7
Fedih D 21.1 20.3 20.5 20.2 20.6 20.4 20.1 1.6
¥ E 222 22.9 22.6 222 23.2 22.5 21.9 2.0

3.7 HENEMNZEEBRNRE

AR SCRIFGE T B il I 2 e R v 5 S Y X W Y JE 1 5
i o FoAth SR 2 P RAE ARG BL T, A 218k P A5 1l I
] —FE i — 2R, —BCE AT, BB i S i
R AR, ik 2 iR, R 2 ATLAE H, BEeARF
T 7 min JEWOGE R —FREE, RV IEALER, SoZ
N 14.1 mg/100 g; FHAE ST 8 min 224 WEE L
S e KB, B Bt Ao [R] 28 4 W S B S T R R T, e RS
2550 9.7 mg/100 g, FLREEKMEE R TR T 31%. X Ui
T B OB A TN 5,5 B2~ LR R R ) S 0 A i ) 7
YR WIE S 5, IRARRaRE . DRIk, B ISCREAG I i 7
rh T AR
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Fig.2 Effect of light on absorbance changes
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