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Abstract An isotope dilution liquid chromatography tandem mass spectrometry was developed as a primary
method for the quantitative analysis of cholesterol in infant formula. Cholesterol-d, was used as an internal
standard and spiked into the infant formula sample. In order to release cholesterol out of cholesteryl ester, which
is cholesterol bound to fatty acids in infant formula, saponification was carried out. Saponification conditions
were optimized with heating temperature, reaction time and the concentration of KOH. The optimum conditions
were as follows; heating temperature was 70 °C, reaction time was 180 min and the concentration of KOH
was 0.8 mL of 8 M KOH for about 0.1 g infant formula sample. Extraction of cholesterol out of sample solution
was carried out with hexane uisng liquid-liquid extraction. Chromatographic analysis was carried out using
Phenomenex Kinetex C;g column. Mobile phase was 0.1% acetic acid in methanol/water (v/v, 99/1) and flow
rate was 0.3 mL/min. Cholesterol and cholesterol-d, were monitored at mass transfer m/z 369/259 and 373/
263 respectively. Reproducibility of the method was evaluated to be 0.23% of the measurement result. The
expanded uncertainty of the measurement result of cholesterol in infant formula was approximately 1.9% at
a 95% confidence level. NIST standard reference material having certified values of cholesterol in infant formula,
was analyzed in order to verify this method. The ID-LC/MS/MS results were well agreed with the certified
values of NIST SRM within the uncertainty.
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AL, HAHACS grade)s} S2FFZA-F(ACS grade)
2 Sigma-Aldrich 3JAA FY35ATE o] 5733 W]
e85 SFFE A3 Aol 022 um PVF (Poly-
vinylidene fluoride) membrane filter (Milipore, USA)=
oA FstodA] AFREFATE. THTE reverse osmosis
system3} Milipore Alpha Q purification system= X}
2 F5Fste] {71, 771 BB AAT

Skt

2558 A}

22. 7171 & AE=A

FAISAE Al ARgshe 38422 0.01 mgellA 200
g7t &4 4 )= analytical balance (AT201,
Mettler Toledo)} 0.1 pgoll A 2.1 g7kA] =4 7153
microbalance (UMX, Mettler Toledo)S A}-&-3}% T}
BEEEY Az A vF AEE SA ] 2%
o &3 IRFAFIF A Wa M(Pt panyS AHE-3)
o BAIE ZASIUTE AIBE =As] Y% 24 A
H|2 4% QA Z2vtE2 9= Agilent Technologies
©] 1100 series (Palo Alto, CA, USA)E AM&-3F Tt
NNAZetETRS AHYOZE PhenomenexAte]

Table 1. HPLC Conditions for the analysis of cholesterol in
infant formula

HPLC operating conditions

Instrument : Agilent 1100 series
Analytical column : Phenomenex Kinetex Cyg (2.6 pm, 2.1x
50 mm)
Guard column : Phenomenex SecurityGuard ULTRA C;
(2 pm, 2.1%2 mm)
Mobile phase A : 0.1% Acetic acid in Methanol (99%)
B : 0.1% Acetic acid in Water (1%)
Flow rate : 0.3 mL/min
Injection volume : 5 L

Table 2. Optimized mass spectrometer conditions for the
analysis of cholesterol in infant fomula

Mass Spectrometer Conditions

Source temperature (°C) 500
Curtain gas (psi) 10
Collision gas (psi) 4
Ion source gas (psi) 35
Nebulizer current (LA) 1.5
Declustering potential (V) 69
Entrance potential (V) 14
Collision energy (V) 34
Collision cell exit potential (V) 21

Kinetex Cig (2.6 pm, 2.1x50 mm) ZH& AF&3A L
2% ZHYOZE PhenomenexAt2]  SecurityGuard
ULTRA Cjs (2 pm, 2.1x2 mm)S A3t} A&
A7) 71 848 ©]23} 4] (Atomospheric pressure
chemical ionization interface)E 723t ABsciex2] API
4000 triple quadrupole mass spectrometersS A}-8-3} %
o} AA S 717 27 o2l Table 13} Table 291 L+
ER AT

2.3. Exact signal matching method

drzo g Fo A4y AR gl
+ Graphical method, Bracketing method, Single point
calibration, Exact signal matching method 5°] 1EHl
E A4 = Exact signal matching methodS A8

ek o) W Aol GOl SwE o B3k}
AERE AHANZ 4 Qormg B 718 =

4 2}3 1, 718, 2718 33 250 A8 &

o2 vehy

Make initial estimate of
analyte concentrationin
sample

|

Check for isotopic
interference

Spike sample with isotopic
analogue to match estimated
concentration of analyte in
sample
l Prepare calibration standard blend
of analyte and isotopic analogue
Carry out extraction and to match analyte concentration to
clean—up of sample blend if that estimated in the sample blend
necessary

l l

If necessary derivertise sample and calibration blends to confer
thermal stability for analysis by LC—MS

Do the isotoperatios
indicate exact
signal matching

has been achived

Definitive result

Fig. 1. Schematic representation of the ‘exact signal matching’
IDMS procedure as applied to organic analysis.
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Fig. 2. Comparison between saponification and non-saponi-
fication in pretreatment process for the analysis of
cholesterol in infant formula.
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Fig. 3. Concentration of cholesterol in infant formula according
to saponification temperature.
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Table 3. Relative response factors of cholesterol calibration
standard mixtures

Table 4. Comparison between the measured values and the
certified value of NIST SRM 1849a

Calibration Isotope Peak area Response Samol Certified Value Measured values
blend ratio™ ratio™ factor™ ample (mg/kg)* (mg/kg)™
1 0.9889 1.128 1.140 NIST (1383 = 2.8)
2 0.9830 1.123 1.142 SRM 1849 (1374 + 2.9) (1389 * 3.2)
3 1.0062 1.151 1.144 a (136.9 + 3.4)
4 0.9901 1.130 1.142
Average 138.0
Average 1.142 RSD (%) 0.75
SD 0.002 Expanded Uncertainty 3.0
RSD (%) 0.13%
*The expanded uncertainty is at the 95 % level of confidence.
"Measurement was carried out with multiple subsamples (n=3).
WATh Fig. 58 23S Feleind 2f A8 1 g3
KOH mol—r7P 40 mmol °]’F4 w7t 7H¢ A3k A
= FAF F AT ol EFAIE 0.1 goll s 8 ATk NISTOA Algsle i & SUSHES AF
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FHEFLINL A5 LOMIMS AHS 53 M2 e $E4L I 5 AU
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AFZ Table 59| e

Table 5. Repeatability and reproducibility of cholesterol mea-
surement by the developed ID-LC/MS/MS method
applying to homogenized infant formula

Measured values (mg/kg)  Average RSD

Period

Sample 1 Sample 2 Sample 3 (mgkg) (%)

1 459.9 458.6 460.8  459.7 0.3

2 457.3 461 461.5 4599 0.5

3 457.5 457.5 460.7  458.0 0.6
Average (mg/kg) 459.4
Standard uncertainty (%) 0.7
Combined standard uncertainty (%) 0.8
Expanded uncertainty® (%) 1.9
Expanded uncertainty (mg/kg) 8.9

“The expanded uncertainty is at the 95 % level of confidence.
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