pISSN 1229-1153/eISSN 2465-9223 J. Food Hyg. Saf.
Vol. 36, No. 1, pp. 34~41 (2021)
https://doi.org/10.13103/JFHS.2021.36.1.34

Journal of Food Hygiene
and Safety

Available online at http://www.foodhygiene.or.kr

GC-FIDE O1§%t THQT F XA 2 Jjd 47

B39 - [YY - BF - oY - FH*
AE)FERAA I U

Improvement of Analysis Methods for Fatty Acids in Infant Formula
by Gas Chromatography Flame-lonization Detector
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ABSTRACT - The purpose of this research is to improve analysis methods of determining the contents of fatty acids
in infant formulas and follow-up formulas. A gas chromatography (GC) method was performed on a GC system coupled to
flame ionization detector, with a fused silica capillary column (SP2560, 100 m=0.25 mm, 0.20 pm). The method was vali-
dated using standard reference material (SRM, NIST 1849a). Performance parameters for method validation such as speci-
ficity, linearity, limits of detection (LOD) and quantification (LOQ), accuracy and precision were examined. The linearity of
standard solution with correlation coefficient was higher than 0.999 in the range of 0.1-5 mg/mL. The LOD and LOQ were
0.01-0.06 mg/mL and 0.03-0.2 mg/mL, respectively. The recovery using standard reference material was confirmed and the
precision was found to be between 0.8% and 2.9% relative standard deviation (RSD). Optimized methods were applied in
sample analysis to verify the reliability. All the tested products had acceptable contents of fatty acids compared with com-
ponent specification for nutrition labeling. The result of this research will provide efficient experimental information and
strengthen the management of nutrients in infant formula and follow-up formula.
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0 Infant formula (milk based) 12

0 Infant formula (milk based) 16

0 Follow-up formula (milk based) 12 0 Follow-up formula (milk based) 8

0 nfant formula (Soy based) 6 0 nfant formula (soy based) 6

0 Follow-up formula (soy based) 14 0 Follow-up formula (soy based) 10

Most comsuming product
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Fig. 1. Sample selection process on the applicability of analytical method for commercial infant and follow-up formula.
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Table 1. Linoleic acid and a-linolenic acid requirements in standard for infant and follow-up formula according to Korea Food Code

Linoleic acid (Cg.,)

a-Linolenic acid (C,g;, , 5) Ratio of linolenic acid

Type . o
(mg/100 keal) (2/100 g) (mg/100 keal) (2/100 g) and o-linolenic acid
Infant formula o 300 Max. 1400 Min. 1.5 Max. 7 Min. 50 Min. 0.25 5:1-15:1
(milk based)
Follow-up formula Min. 300 Min. 1.5 Min. 50 Min. 0.25 -
(milk based)
Infant formula Min. 300 Min. 1.5 Min. 50 Min. 0.25 5:1-15:1
(soy based)
Follow-up formula Min. 300 Min. 1.5 - - -

(soy based)




Improvement of Analysis Methods for Fatty Acids in Infant Formula 37
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Table 2. Comparison of fatty acid content in infant formula extracted using different apparatus for fat extraction (n=3)

Apparatus Analyte Labeled (g/100 g)  Measured (g/100 g) Recovery (%) RSD (%)
Linoleic acid 3.57 3.97 111.3 2.90
Mojonnier
o-linolenic acid 0.41 0.49 119.0 2.85
Linoleic acid 3.57 4.06 113.8 1.08
Glass tube
o-linolenic acid 0.41 0.49 119.8 1.07
Table 3. Comparison of the fatty acid content in infant formula saponificated by the two methods (n=3)
Method Analyte Labeled (g/100 g) Measured (g/100 g) Recovery (%) RSD (%)
Linoleic acid 3.57 4.10 115.0 0.87
MFDS method
a-linolenic acid 0.41 0.48 117.6 0.47
Linoleic acid 3.57 3.93 110.0 8.43
ISO/IDF method
a-linolenic acid 0.41 0.47 113.3 7.81
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Hl 25 F7iste] 5E7F ohA] 3" FE58kaL 50 x goll A 5
7F AR 15 mL A dEE F& g Gas choromatography(GC) 242 0|28t X[t =
5 AXE AHES] 3540C FEAA EZE FUAY N BA
of. FE3 AW 3mL 22 XEF 3mL to ol A WA 24 B8 FID (Flame lonization detector)”}
A2 7tA~3Z2rlE 28 22 (Gas chromatograph)E A1-8-3)
Table 4. Gas chromatograph conditions for fatty acids analysis ™, 7171 Z7(Table 4)°l we} X3P 5o},
Parameter Condition
BMH A=
Column SP-2560 (100 m x 0.25 mm x 0.2 um) wTid oo
Oven temperature ~ 100°C (5 min) - 4°C/min - 240°C (20 min) =o|M
Carrier gas, flow raf He, 0.75 mL/mi e )
N T e GRS B3) AEE ARE 3 2t At vjE o
etector temperature _ . .
o P . ZH =20 vae EEEAI I retention times V]
friccton femperatre 22 watel SelsAT AED A% REFS APEol
Injection volume 1 pL A FAE A7) H=Z27) dHES e ¢ Ay
Split ratio 200:1 (Fig. 2)
: A $ § 8 i B
s | 9 | ) ef (g o 8 2 > ;
‘ | 1 9l 8 5 b 5
Fig. 2. GC chromatograms of fatty acid of standard solution (A) and infant formula (B).
Linoleic acid(C18:2 n6) a-Linolenic acid(C18:3 n3)
200 y = 36.238x+0.9598 180 y =36.726x+0.9277
180 R? =0.9999 160 R?=0.9999
160
140
8 120
2 100
& w0
60
40
20
0
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 a5 5
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Fig. 3. Linearity of linoleic acid and a-linolenic acid.
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ESFSPN Aty 2 A3}, linoleic acid 2 a-linolenic acid®] 34&
A ¥ =52 (Linoleic acid, o-Linolenic acidyS = . 7}7400.8%2}F 101.1%A2, olwe] RSDZF ZH2} 0.6%
EXE07 343k 0.1, 0.25, 0.5, 0.75 1, 2.5, 5 mg/mL o} 0.7%= ZR1= A THTable 6).
o] TR HARA Y FFEH] FEo i 1
Zagze] AXAANS AESH A3 R3] 0.999 oo = SERS
= ATH(Fig. 3) BEEAEE o|&ate] ATl wE vEAd A7
Ao AU Il e AAFS &
asetl A FEetA 2] FHotod zhzt 53] REEgE EA Aol A S gkl gk
AOAC AW AF 7hol=dilollAM AAskes WYE FHEEZAZH%RSD)E ©l&3te] sttt R2A R
Hsk] GCe] A zA9 ulegl linoleic acid ¥ o-linolenic 0.5g, 1.0g, 1.5¢g°] dF3l= AAE FHsl 58] & =
acid &4 AFA9 71&7](S) ¥ FZHAE 0]—&0} At Ax Aol i EZHAH%RSD)7F linoleic acid
o] ¥FEHA 33uE FI S VLVE Y RS A = 27 0.8-2.9%, a-linolenic acide 27t 1.1-2.7%=%
EZSA(HEIA = 33 x8/S), 10815 F3 AL é%f&ﬁ] Efstth(Table 7). A2t o2 zhzte] Alg kel dial] g
(AFEA = 10x8/S)E 34Tt Linoleic acid L a-  EFHX}F 5% ool A W97 el AUAHS 483 A
linolenic acid®] A% 3= zHz; 0.06 mgmL, 0.01 mg/ 22 Feld 4= UTh
mLelw Az A= 22 0.16 mg/mL, 0.03 mg/mLE 1+ NG AL wAHSE S8 Flsilon, 22
ERSTH(Table 5). AR UNE sk 53] wkE SA43 A AP0
2 5ol e 7 l‘%&gl TEFRel= ol Rel=
ety NA S (P>0.05) FNEFAZH(%RSD)S s A}
st FFHRE LI e EFASAIENIST 1849a)  linoleic acide= 2.8%, a-lmolenlc acide 1.5%% YETH
g olgsle] S Helslgon], 53 wE 245 (Table 8).
;li“z:l;ni. (:l/:;lri:tj?éic(:;isi the method concerning the limits of detec- o= H= = Mg ZHE
ANE HEE HEE 98 dobg A, 43718 =
Analytes rgr?;:iﬁrgiﬁlos) LOD (mg/mL) LOQ (mg/mL) A, oéo}%_ ZA| A, A ]‘i% _71‘_21]%} 7}zy 3EEA F

RFE sl B A5 Fa3 FHE A EAHES
Linoleic acid 0.1-5.0 0.06 0.16 zq_g_o}o:] SHere 01519 TH(Table 9), Bol& A 80 7
a_.Li.mlenic aCi.d 0150 001 0.3 % linoleic acid 2 a-linolenic acid #41%k2 7}2t 3.70-
Em ggiflzf:l‘t‘;&gi?fg (5)3':3: gii < 5.33 2/100 g3} 0.49-0.65 ¢/100 g, F A yate] vl gL
(o : the standard deviation of the response, S : the slope of the 7.5:1-9.5:1% A, 43718 AR Aol &
calibration curve). Azhe Zh7k 4.29-5.15 g/100 g3} 0.45-0.64 g/100 g= B2l
Table 6. Accuracy for the determination of fatty acids in SRM (n=5)
Analytes Certified value (g/100 g) + SD Mesaured Contents (g/100 g) +£ SD RSD (%) Accuracy (%)
Linoleic acid 5.72 £0.58 5.76 £0.04 0.6 100.8
a-Linolenic acid 0.59 £0.08 0.60 + 0.00 0.7 101.1

SRM : Infant formula 1849a (National Institute for Standards and Technology, NIST).

Table 7. Repeatability for the determination of fatty acids in infant formula (n=>5)

Sample type Analytes Sample amount (g) Mesaured Contents (g/100 g) £ SD; RSD(%) Mean (g/100 g) RSD (%)
0.5 4.05+0.12;2.9
Linoleic acid 1.0 3.87+0.03;0.8 3.84 5.4
Infant 1.5 3.59+0.05;1.4
formula 0.5 0.48£0.01 ;2.7
o-Linolenic acid 1.0 046+0.01;1.1 0.45 5.6

1.5 042+0.01;1.5
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Table 8. Inter-lab test of fatty acids in infant formula (n=5)

Sample type

Analytes

Laboratory

Measured contents (g/100 g) Mean (g/100 g) RSD (%)

Infant
formula

Linoleic acid

o-Linolenic acid

A

O w » O w

4.01
3.95 3.99 2.8
4.00
0.48
0.48 0.48 1.5
0.48

Table 9. Determination of fatty acids in infant formula (»=3)

Linoleic acid (g/100 g) a-Linolenic acid (g/100 g) Ratio of linoleic acid :
Sample type Sample . .
Labeled Measured Labeled Measured orlinolenic acid
A 4.50 5.33 0.45 0.56 9.5:1
Infant formula
(milk based) B 3.57 4.10 0.41 0.48 8.5:1
C 3.57 3.70 0.43 0.49 7.5:1
D 3.79 4.60 0.38 0.50
Follow-up formula
(milk based) E 4.07 5.15 0.41 0.64
F 3.29 4.29 0.33 0.45
G 4.50 5.79 0.45 0.55 10.5:1
Infant formula H 3.29 2.99 0.33 0.32 9.4:1
(soy based)
1 3.57 5.36 0.43 0.63 8.5:1
J 3.79 4.24 0.38 0.43
Follow-up formula K 3.57 421 0.35 0.48
(soy based)
L 421 527 0.42 0.53
kATt golg ZA| A2 linoleic acid 2 a-linolenic acid L2 Qof
BEA5e 7247 2.99-5.79 ¢/100 g} 0.32-0.63 g/100 gL,
T A Ake] v &2 8.5:1-10.5:12 RIS 74 2 AdTe AT 5 XP%“LOH sl A EAHE vl
A Aol Afole B 47 421-527 100 g3 "AstAl SIS 2AGR T A 3 A4S 9
0.43-0.53 g/100 g2] FHFHAE YeRNA) AA A £ 3] GCE o83 BAHS Il Al 5 A Al
Al A= ol Hlal linoleic acid= 91-150%, a- & e E A8A4Es AESGL. 4 HAE52 5ol

linolenic acid= 96-146%7} $HrEo] Jom,
9 7N+ 2 741 A
%) & ZARF digt 7154 (Table 1)9]
T A7 #elddrt. oo AR gyE
BEAamo g AAA, e AUA, AA7E waky
AOACOﬂ/H A A o}~
uEAA AFHo 7 ALIs

1l

S|
HE AESAL, o] AH=
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mL FE=H oA R>=0.999 o|A}e] 93 AL el
g 4 AAT}. Linoleic acid 2 a-linolenic acid®] LODE
Z+7} 0.06 mg/mL, 0.01 mg/mL, LOQ+= 742t 0.16 mg/mL,
0.03 mg/ngiq_ TFo= EZ] Héﬂ—% %—5—}] Z—]:éj—/\-]ﬁ_ 7—1_1_1::_
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