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Abstract

An improved cholesterol analysis method was developed for powdered infant formula by gas chromatographic separation
after liquid-liquid extraction and partition. In the official Korea Food Standard method for cholesterol analysis, the water
phase and solvent phase were not well separated in the case of emulsified foods such as powdered infant formulas and baby
foods. For the rapid and simple sample preparation method, an optimized direct saponification condition was established for
heating temperature, heating time, and KOH concentration. From the results, the optimum conditions were as follows: heat-
ing temperature 90°C, heating time 60 min, and 16 M KOH 10 mL for a 2 g infant formula sample; improved separation
condition for gas chromatography was as follows: the initial oven condition was 250°C for 25 min, the oven temperature
was increased to 290°C by 10°C/min ratio, and finally the oven temperature remained at 290°C for 9 min. The developed
method could be implemented for the study of cholesterol, providing the advantages of reduced inspection time and cost in

emulsified foods such as infant formula.
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volumetric flaskoll ¥o] 2,000 mg/Le] TEZ A|Z
] 8N ZAo= chloroformS AFE-3FATE.

0.

AlE HX2|

ZAER AR oF 2g2 A3 FHS) 250 mL round-
bottomed flaskel] ¥ & W EEFE4 89 50-cholestane
2,000 mg/L 1 mLE 91 Agko] B2 a‘lstAlziu}. B3fA]
71 ¥ flaskol] 16 M KOH £¢ 10 mL2} methanol 30 mL

£ 718l SRZ71E 2o 90°CelA 60% FHSIAIH T
Asl & FFYPNE SHST 30mLE AlFH3ES flaskell
AT ol3E 35°CollA W24 F §HE 250 mL N2
72 &7]3L 50 mL waterS A3 ﬂasks‘q AEEL 7
Fo] At BEMZU7IZ KAHTE ©] & diethyl ether
30mLE 427 Yal A>3 E£5°] 7k AAE
3l 5 EE]E A|FAt} Diethyl ether 30 mLE 23] o &
g 5 2 BAZ47|E SR o] & FF
S SomLE A4e) R 80 30l A1
EE5 A] emulsion B, emulsion ¥4 A] ethanolS-
A7Fh. FAle S5 S50 mLE #HExzad Rl A
oFo 2 Zalo] YelA] &S wi7kA] AlFstnt. A
S "kl % diethyl ether 35 5-10g9] sodium sulfate
anhydrousa Qo oy Zird g4 AFA)AH 250 mL
round-bottomed flaskel] =¥t} vpx|eto g XPZ—%}%]—%%
7|12 40°C 7874 &3] w517 & R{ES 2mL
hexaneol] =<1 F 7]7] &40l ARg-31Tt.

> Froa
ol ok

FHIPIH 71712
GC AH]= Agilent 6890 system¥} HP-5 capillary column

30 mx0.25 mm i.d.(d=0.25)(Agilent, USA)S AME-3}HS
H AE7e BE o3
FID)Z A}2-3}$3c}. Injection volumeS 1 puLo]™
$ nitrogen carrier gasS flow rate 1.0 mL/min®E &9
TR0 split ratio= constant flowZ 100:1 FAUT}. F
AT}t A&V &x+= 242 260°Ce) 280°CE A3}
AlZ QB L= 250°C°ﬂ/\1 258 7+ fAskg e, o]

A =7

7AZ7](flame ionization detector:
o153

3 290°C7HA] 10°C/min 52 ¥ 9837t ] FAI519H.
AzvtEI A EelE 7 kel A4 B4S 9

3l Agilent 6890 system¥} A3FE Agilent 5973 HEEA
7](mass selective detector: MSD)S A}8-3}$1. S ™, mass
spectrum 3ole ﬁﬁl- MS ionization voltage= 70 eVIT}.

%7 ol9e] RE AL GC-FIDY 717] B4 313}
%%6}%13}
Holsl= AE

A7Es) AEe 93 A|EEE NISTS] SRM 18495
AR 0 W, certification sheetoll X B0l Z#|2AH=
AS s TAZ AR IS Hrkstdh A5

2,000 mg/L == ZAIT T8 | mLE H7ISE &
7VeiA] ehe Algek FYsA Aelste] AR 24 o}@du}
1 AHEE o835t HUVSHA ks A Adaks
A7FE AAghell A il & J7HES VIEo R g o
w AREAE o]8ate] A=Esin

(A, - A,)/A;% 100

A; ZEZHE EFENE 7S wie] Adat
Ay FEZHE FEENE HFHA] edsks wel Auky
Ay FHUZHE FF8H] I

M 8HA| (limits of detection; LOD) 2! M2k SHA| (limits

of quantitation; LOQ) &3

Signal to noise ratio(S/N ratio)’} 3/1°] =& F%& LOD
2, 101°] H+= 55 LOQE A3tk SN ratiow=
Chemstation software(Agilent 6890, USA)S Al&35le] =
sttt

%ﬁl-E—’i‘"

Al et S=7leEEdel Al
A Eis *JCQE?—(KS A 1SO 5725, 2002)°l 2]A3}] A1g
Ae] FA A4S AAsith FHzEHE 24 A9E
AJufx] AL (one-way ANOVAYS: S5l ZA|1E-7 Al
59| SHZEE ol gt FAA F8ES AFSHATh

El E

7:|j|_|. al iél-

= =

o

& ool ME

71E AERe] F= 58 A8 F1S S8 75 b
AFE T AR, oA, xz=oll theh HHEH] A
S 2 BB Fig. 1] RIS L A% A 7}
A ME-E F A= Agole FEArgs: &
F22¥E 20| B LALUAD, A 2 ol
A Alg= FHRE B (emulsion)yso] FAJEw HoAFE
HH7} Z HA] gal FYTS wee g Gl wi-
oelilth #7] SUE Fhe A Al S
F ANSFATE U 25 Ho] oF 30-60% 3

Z-EAMIOOH

S 80% ool HX] Raham wl§- Hold, fohe 71
el thol HEFH % AOAC AP FREE
e FEe APSA erke AHS F0T Uitk

213 st Ho“?doﬂ o3t FH~HE B4 Aldle AW
5 949 519 5 3 G40, o1 Skl o4
= 3L Sof PaA|A Hct. XA F=2E g
-n—7] %—UHE/\‘] hexane, ether, chloroform 5 H|=4 £nj
Eo] 98] AREEHA 9lo, o] F ether®} chloroform 2]
steroli F= &8°] 7P =2 o d#A tk(Sullivan



An Innovative Method for Cholesterol Analysis in Infant Formula 947
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Fig. 1. Improvement of liquid-liquid extraction (LLE) for the
emulsified food matrices. (a), Infant formula; (b), Baby
food; (c), Cheese extracted by chloroform-methanol (2 :
1) solvents; (d), Infant formula extracted by diethyl ether
after the saponification.
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Fig. 2. GC-FID Chromatograms of the various heating temperature and heating time. 1, Sa-cholestane; 2, cholesterol; 3, unknown

peak.
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Fig. 3. GC-FID Chromatograms of the various concentration of KOH in water solution. 1, So-cholestane; 2, cholesterol
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Fig. 4. GC-FID Chromatograms of the various running time for the optimum separation of cholesterol adjusting the oven tem-

perature.
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Fig. 5. GC-MS Chromatograms of the SRM 1849 for the determination of cholesterol in the optimized condition. 1, squalene (99);
2, 5a-cholestane (96); 3, 8-tocopherol (99); 4, y-tocopherol (97); 5, cholesterol (99); 6, c-tocopherol (99); 7, desmosterol (96); 8,
campesterol (99); 9, stigmasterol (99); 10, B-sitosterol (99); () = GC-MS library quality (%)
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Table 1. Results of the tested value of cholesterol for the SRM 1849 by direct saponification processing method

Certificated value

Tested value"

0, 0,
Sample (mg/100 g) (mg/100 g) RSD (%) Recovery (%)
SRM 1849 12.7+1.5 11.64+0.23 1.98 -
SRM 1849+Spiked? 112.7+1.5 110.30+4.10 3.73 98.80+2.04

DThe values are mean £SD of 3 replications.
YSpiked level is 100 mg/100 g.

Table 2. Validation information for Cholesterol in infant formulas by direct saponification processing method with GC-FID analysis

Tested value"

2 0,

Sample name R LOD (mg/kg) LOQ (mg/kg) MDL (mg/kg) (mg/100 mL) RSD (%)
Infant formula 1% 6.09+0.26 432
Infant formula 2% 0.9999 085 1284 085 7.05+0.41 3.64
Infant formula 3 : : ) ) 7.05+0.27 3.71
Infant formula 4% 8.02+0.27 3.25

D The values are mean £SD of 3 replications.
2 The labeled values are 7 mg/100 mL.

N
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