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ABSTRACT - This study was conducted to establish the analysis method for the contents of choline in infant
formulas and follow-up formulas by ion chromatograph (IC). To optimize the method, we compared several condi-
tions for extraction, purification and instrumental measurement using spiked samples and certified reference material
(CRM; NIST SRM 1849a) as test materials. IC method for choline was established using Ion Pac CG column and
18 mM H,SO, mobile phase. The parameters of validation were specificity, linearity, LOD, LOQ, recovery, accuracy,
precision and repeatability. The specificity was confirmed by the retention time and the linearity, R was over 0.999 in
range of 0.5~10 mg/L. The detection limit and quantification limit were 0.14, 0.43 mg/L. The accuracy and precision
of this method using CRM were 95%, 2.1% respectively. Optimized methods were applied in sample analysis to verify
the reliability. All the tested products were acceptable contents of choline compared with component specification for
nutrition labeling. The standard operating procedures were prepared for choline to provide experimental information
and to strengthen the management of nutrient in infant formula and follow-up formula.
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Table 1. Domestic and international standard milk formulas

Choline Korea" CODEX? USAY EUY Australia & New Zealand”
(mg/100 keal) Min. Max. Min. Max. GUL Min. Max. Min. Max. Min. Max.
Infant formula - - 7 - 50 7 - 7 50 7 30

Follow-up formula - - - - -

- - - - 7 30

YProcessing standards and ingredient specifications for livestock products. 2014
CODEX Stan 72-1981_Infant formula, CODEX Stan 156-1987 follow up formula

921 CFR 107.100. 2014
491/321/EEC. 199
9Standard 2.9.1. 2003.
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Table 2. lon chromatograph operation conditions for the choline

Parameter Condition
Column Ion Pac CG 12A Gua.rd (4 x 50 mm)
Ion Pac CG 12A Analytical (4 x 250 mm)
Mobile phase 18 mM sulfuric acid
Flow rate 1 mL/min
Suppressor CERS 500, 4 mm
Column temp. 40°C
Cell temp. 40°C
Inj. vol. 100 pL

IC EM=

2y BAS 93 o] agnET# Z(lon Chromato-
graph)= Dionex ICS-3000 (Sunnyvale, CA, USA)E A}-&-3}
S}, E4Z4H O 2= Jon Pac CG 12A Guard (4 x 50 mm),
Ion Pac CG 12A analytical column (4 x 250 mm) (Thermo
scientific, Sunnyvale, CA, USA)S AM8-3}o] 18 mM H,SO,
g o] o] 45Tt IC £41%71E Table 21
A

A SHAl AlA ST

UHUZ DA

Sye 2A AP A3 98l AP BeEo]
He sl AFTRe A0, 444, A2, 3
B, B34, ARl or], NP e B, BE
F 2 ARE BT 5U% A2 At oleame

28] 2Z(lon Chromatograph)= Dionex ICS-3000 (Sunnyvale,
CA, USA)E AHE-3I3iTh.

d A digk fFade Assh] 4
st AOAC A EW AF 7Hol=gilolA] A|A|eh= Wg
S st Eo]A(specificity), 2414 (linearity), 73 g
(accuracy), 424 (precision), 7Z 3HA|(limit of detection)
o} A 234 (limit of quantification)S F3F3th XA
golslz] Ysted 0.5, 1.0, 2.5, 5, 10mg/Le] 28 FF&
ANE ICE FA5te] 42 7H7te] 93 Ao =R A
A8 2Tt A8 HEASAIE(NIST SRM 1849a)
of FFEH H/PHS ol&3ate] IJFE&S Fato] g<let
132, AU ARHS gEste] el 38 AE st

2

37 ARS W Algste] U7HY & (between-day pre-
cision)Z relative standard deviation (RSD, %) 2 e

Atk Ed AP AN G Fatel AW 4F2 A

(A) . (8)

© o )

® o ®

(A) Choline STD(2.5 mg/L), (B) CRM(SRM 1849a)(1.1 mg/L), (C) Infant formula, powder,
milk based(1.6 mg/L), (D) Infant formula, liquid, milk based(2.1 mg/L), (E) Infant formula, powder,
soy based(1.2 mg/L), (F) Follow-up formula, liquid, soy based(2.0 mg/L)

Fig. 2. Chromatograms of the choline.
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Fig. 3. Calibration curve of choline.
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Table 3. The detection limits and quantitative limits of IC analy-
sis for the choline

Table 6. Within-day repeatability for the determination of choline
in samples (n = 5)

Concentration ) Sample Choline contents + SD o
Compound range (mg/L) R LOD (mg/L) LOQ (mg/L) Sample type amount (2)  (mg/g) : RSD (%) RSD(%)
Choline 0.5~10 0.9995 0.14 0.43 Infant formula 0.25 1.77+£0.01;0.4
LOD : 3.3%6/S (powder, milk 0.5 1.57+0.03 ;2.0 72
(o : the standard deviation of the response, S : the slope of the ’ o
calibration curve) Infant formula 2.5 0.20+£0.00; 1.5
(liquid, milk 5 0.19+0.00; 0.9 3.7
Table 4. Accuracy of IC for the choline in CRM (1 = 5) based) 75 0.19+0.00; 0.5
CRM Certification Mean + SD Recovery  RSD Infant formula 0.25 1.36+0.01;1.0
(mg/kg) (mg/g) (%) (%) (powder, soy 0.5 1.13£0.01;0.7 1.1
Infant/Adult based) 1 1.06 +0.01:0.6
Nutritional ~ 1,090+ 110 1.04+0.02 95 2.1 —
Formula 1849a Follow-up formula 2.5 0.21 £0.00 5 0.8
(liquid, soy 5 0.19+0.00; 1.4 5.9
Table 5. Accuracy of IC for the choline in samples (7 = 3) based) 75 0.18+0.00;2.7

S et Amount Amount RSD  Recovery
ampie P 2 dded (mg/g) found (mg/g) (%) (%) Table 7. Between-day repeatability for the determination of choline
in samples (n = 5)
Infant formula 04 0.37 0.7 91 P -
(powder, milk 0.8 0.72 0.4 90 Sample type Day Ch((:lg/e )CélggrgS(; )SD RSD (%)
based) 12 1.09 0.8 91 & °
57+0.03 ;2.
Infant formula 0.04 0.04 0.1 98 Infant forml.lla : 197003520
(liquid, milk 0.08 0.06 1.9 84 (po‘;’dera;mlk 2 1.64+0.01 ;0.5 3.1
ase .
based) 0.12 0.09 1.1 81 3 1.53+£0.01;0.6
Infant formula 0.4 0.32 0.8 82 Infant formula ! 0.19+0.00;0.9
(powder, soy 0.8 0.65 1.0 82 (liquid, milk 2 0.20+0.00; 1.1 2.5
based) 12 0.97 0.1 81 based) 3 0.19+0.00; 1.0
Follow-up formula 0.04 0.03 0.7 85 Infant formula 1 1.13+£0.01;0.7
(liquid, soy 0.08 0.07 0.3 86 (powder, soy 2 1.15+0.00; 0.4 4.8
based) 0.12 0.11 1.0 87 based) 3 1.04+0.01; 0.7
1 0.19+0.00;1.4
oI5t EFEN CRM, ZAF7, A2 o] Algg Follow-up formula )
.. 2 0.20+0.00; 1.4 2.7
oA BAG Ao B WAt PR Sy »  (quidsoybased) 010 0,00+ L1
19+0.00; 1.

x|

YU FFEY(100 mg/Lys SHTE 48t 0.5, 1.0,
2.5, 5.0, 10.0 mg/Le] =W A A4S HES A3
RZto] 0.999 o]ako =z Fel=th(Fig. 3).

ICo] #A x| wpet Hdgde] 7127 9@ xFHA
ol-gste] HEeH B AHFIAE Ttk AE
AEaA = 22 0.14, 0.43 mg/LE YEFSTH(Table 3).

o1l Tt BFEC1=A] 821 NISTA} Infant/Adult Nutritional
Formula 1849a& ©|-&3sle] 39| S st Az}
53] WA 8k 95%2] 3]& 2.1%°] RSD #s &
13 THTable 4). A&l 2t7] th& 37l &9 EFEd
< ikl 4 F 35ES st 2 A, A
= 90~91%, ZA9-fr 81~98%, Gor&xA2 9 A%

71ezA122] 3ago] zHzt 81~82%, 85~87%ATH Table 5).
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Table 8. Inter-Lab. test of IC for the choline in CRM (n = 3)

Sample Laboratory Mean (mg/g) Recovery (%) RSD (%)
A 1.04 95

CRM 2.2
B 1.03 95

Table 9. Determination of choline in sample (n = 3)

Labeled Cotents
Sample
(mg/100 mL)(mg/100 mL)(mg/100 kcal)
1-IMF_P 9.8 108404 157+0.6
2-IMF_P 11.0 105+0.8 152+12
3-IMF_P 11.0 95404 13.6+0.6
4-IMF_P 11.0 9.6+£0.6 13.7+0.8
5-IMF_P 140 217442 30.1+58
Infant 6-IME_P 9.8 10403 149404
formula  7-IMF_P 120 131405 19.6+0.8
(milk based) g 1\ p 156 134405 20.0+0.7
9-IMF_P 7.3 77404 11.6+05
10-IMF_P 7.8 6.6+03 10.0+04
11-IMF_P 12.0 118405 17.5+0.7
12-IMF L 6.5 149406 21.6+0.9
13-IMF L - 24401 35402
14-FMF_P 9.8 7940.1 11.8+02
15-FMF_P 7.0 79401 11.6+0.1
16-FMF P 140 166403 24.0+05
Follow-up 17-FMF_P 168 155403 22.1+05
formula 18-FME P 11.0 11.1£0.1  162+02
(milk based) 19 p\p p 7.8 85402 13403
20-FMF P 140 138404 21.6+07
21-FME P 11.0 117405 17307
22-MMF P ; 8.6+03 12004
Infant  23-IF_P 11.0 10604 153+0.6
formula
(soy based) 24-TF_P 8.39 9.140.1 13.0+0.1
25-FF P 8.4 89+0.1 13.5+0.1
26-FF P 9.0 87402 127403
27-FF P 9.8 114406 16809
Follow-up  »g pp |, 7.9 119402 18903
formula
(soy based) 29-FF_P 13.4 13.0£04 192+0.6
30-FF P 122 11701 172+02
31-FF P 8.39 9.140.1 13.0+0.1
32-FF P 205  205+1.6 288+22
A ol gstel WAL FAUHAY

A
£ 025,05, 1.0g F 3}k %*48}212
5, 7.5mL F3ste] A AFE Table 6 L}E}IHEM.
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Z*—ZH slegd 22 9] shake =317 98] Ak
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2 AEFAd HEE A JA A, AFFH F
Jolg zA|2 ol el = 7.0 mg/100 keal o122 715

S Azl Y. 3 CODEX'™, =9 Zo| M infant
formula®] F¥ 71%& 7.0 mg/100 keal ©]4Fel™, HojA
A FE 50 mg/100 kealZ 42 At At} ZA
7 =9 &S 100 keald FHo 2w 3itsle] vl w sk
Azt ZFdo] o] Avkal FAIE ZARFe F49 &
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