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A3 — 5 o TR S R Y M R R (7>0.999) 0 Gl ikt A RERR . I TOEIR . WUR . o- IR . —
T RS KRR AIAE A VUM R (RS BR A 0.11~0.68 mg/100 g, ERBRA 3.3~20.4 mg/kg, 5 EIRTIEA L E R
FREETH T 38.2%~95.0%, HICHEIITE 95%~105%2 (8], Fad HEARXS bRififi 224 0.79%~2.59%. &5 el Ji i
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Optimization of fatty acid content determination in infant formula milk
powder by acetyl chloride-methyl alcohol esterification
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ABSTRACT: Objective To improve the method for the determination of fatty acids in infant formula milk powder
by acetyl chloride-methyl alcohol esterification gas chromatography (GC). Methods The volume concentration of
acetyl chloride-methyl alcohol was improved. The effects of different reaction temperature and time on the
determination of lauric acid, myristic acid, linoleic acid (LA), a-linolenic acid (a-LA), docosahexaenoic acid (DHA)
and arachidonic acid (ARA) were investigated, the detection limit, reproducibility and recovery of the improved
method were verified. Results The reaction time of Methyl esterification was shortened to 60 minutes by using the
modified acyl chloride-methanol mixture, and the shelf life of the mixture was up to 10 days at 4 °C. The linear
relationship of each component was good within a certain range of mass concentration(7>>0.999). The limits of

detection of lauric acid, myristic acid, linoleic acid, a-linolenic acid, docosahexaenoic acid and arachidonic acid were
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0.11-0.68 mg/100 g, the limits of quantification were 3.3-20.4 mg/kg. Compared with the national standard method,

the limit of quantification had increased by 38.2%-95.0%, the recovery rate is between 95%—105%, and the relative

standard deviations of stability were 0.79%-2.59%. Conclusion The improved method can be used for the

determination of fatty acids in infant formula milk powder.

KEY WORDS: infant and follow-up formula milk powder; acetyl chloride—methanol esterification; fatty acid; gas

chromatography
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JU R Fr e Y 20%,  TTAGOIE ¥t R AL JRR R AE Sy 05 G T ity
AR R U, DU o I TR MG AR A T s
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TR IR R AALE IS SRR . AR (A4 55 [A]
i, ARSTETE GB 5009.168—2016 ( &5k %2 E R &
it IR R A ) UV BEA 1 3 2o Bl aft 2, Tk G- P e i o
PIRFRME, B 58T AR ER L R NI . B B i) A
B S8 -F B AT ), X RERR . TR S5 IR | VIR (linoleic
acid, LA). a-\. K& (a-linolenic acid, a-LA), —+ /N
iR (docosahexaenoic acid, DHA)FI{EA: PU % iR (arachidonic
acid, AA)6 il Ui IR & BRI E ISR, AR S A 7 ik iy
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BE, NS = EAR BRI T AR 52
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B4 PR i = RSy . b RN R H I = AR bR
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(LA B3 > 99%) . 37 FEA BRIV FH Ba s o i (75 1

99.94%, Hoh, FEER SR 5.26%, H4x 36 RN FF g
TR 2.63%)( g S IR R A BRA D)o

B ) LHC 7 LA (L0 & i &R R A FRA FD
1.2 LWk
12.1 FEHEBMAAERRE

R T 243 SRR IBUIE 2 (%) ) RETR T Ve =g . P S RE TR
Hl=me . WImERH M =AE . o-TRRER H M =g . 464
SR H I =S = RN ER Hm = BE T 50 mL BeAR R,
20 mL FZERMIFE AR 50 mL, BeE A R E IR
BFREE, BT —20 °COKAE 45 .

M H 5 AR BUE R A9 37 FHAS W BRTR & B9bR &b T
25 mL i, FAREMIEESR, BLEW 37 FEA B
1% F BRARE S TR, AAE T—20 °CrkFE 45 .

122 TBLA-TF B 494 &

B 50 mL HEET 100 mL 524, & TR KB,
ZBIMA 10 mL ZEEE, FAWHERE, R E=REE
2% 100 mL,

1.2.3  BRERANIE A H) &

FREL 60 g JC/KBRIREAE /AT 200 mL HEpRHr, K
fREZE 1000 mL, e E B E R 6% MR R AN W .

124 RERFmEE LR

B 13 32 25 mL B2 T4, 435l 5EEL 0.5 mL AR iR T
M =BRIRAFAEE, 4.5 mL 2K, fAREE R IIA 10%2 Bt
A-FEER 6 mL, A SIFLBRIRE N2 S e
SO S, RFGIRSEETAE A, a4k
20 min BUEIREE 1 R, KBFEBCRREE =R, FIHRAS
BT 50 mL 8.0, A 3 mL 6%BRBREMA R Tl
PR BB T, TR 3 IR, BRSO
BHREFEOED, RAFETEHEE.OYLF 8000 r/min
B0 3 min, TEIEWA YA HE A 0.25 pm A3 HLIERGT
B AR, S TR .

(D3RI )

FE IR BRI ] 435724 20, 40, 60, 80. 100,
120, 150 min,

QIRBUR
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1.2.5 TBLA-TF BLfk A0 1)

I 10 % 25 mL SR HUAE, FRIGGE IR FLIMARSL 0.5 g,
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Effect of extraction times



514 ST, S5 Z G- H T R A I B Ay L FLR IR IR 5 T i ik 341
—o— AR —WM— NERKR —A—LA ——alA —%—ARA —@— DHA
6000
5000
4000
<
= 3000
o
2000
1000
0
PRBUESE/PC
B2 R R R
Fig.2 Effect of extraction temperatures
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Fig.3 Effect of storage time for acetyl chloride - methanol
=1 6 MEEMEMN&LMERYVFISEMBRXREK
Table 1 Linear regression equations and correlation coefficients of six fatty acids
- LIRS i3 5 R R
EEHﬁE& ?J%H:IEIH?T*% +H3’é/%§& E&L_ji(f*iﬂ:”;ﬁ &Lﬁ{f/‘\lﬁ%ﬁﬁ I_H:/Tﬁ/f/‘\EEBE %1&E%$/%
/(mg/100 g) /(mg/100 g) /(mg/100 g)
Ak Y=2233326X+4354.4 0.9999 0.11 0.33 6.6 95.0
ISR A ¥=2309535X+5069.5 0.9998 0.14 0.42 33 87.3
R AT Y=2376081X+12541 0.9999 0.68 2.04 33 38.2
a-JEJFRER Y=2354588X+3430.3 0.9999 0.21 0.63 33 80.9
A6 VU IS TR Y=2442871X+6656.5 0.9996 0.40 1.20 33 63.6
T RN TR Y=2238515X+2520.3 0.9997 0.30 0.90 33 72.7
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TR AT 37 FISUIRR AR E N 05~ BRI, SRE 2 OFIDS 4 B A

1.0 mg/mL, BEARCATES, i HAGI 2 LE )y LA R g JEERZ) 0.5, 1 M2 5B 6 Filg Wi IR & ARkE, 45

T R 2 g TR0, s LA 4, R 3. Mk 2 WLIEH, SOt 6 Flsiimg

NN . ezl iy [l Se e A 2y, AR XS A 1 I 25 (relative standard

25 BORT AR deviation, RSD)Z 3 A 0.58% . 2.61%. 1.76%. 2.23%.
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1 1-THR(C4:0). 2-CLFR(C6:0). 3-FFR(C8:0). 4-EMR(C10:0), 5-T—MkER(C11:0), 6-HAERR(C12:0), 7-1 =Wk#R(C13:0), 8- H kiR
(C14:0), 9-WEEMEZ(C14:1n5), 10-F FLBKER(C15:0), 11-FF—MER(C15:1n5) . 12-FAEER(C16:0). 13-BEHHIMER(C16:1n7), 14-1
EHRER(C17:0), 15-+-EE—MER(C17:1n7), 16-TFAGHR(C18:0), 17- X IMAR(C18:1n9t), 18-THAR(C18:1n9¢c)., 19-5Z 3V MR (C18:2n6t),
20-V 7 ER(C18:2n6¢) | 21-4E 4 FR(C20:0) | 22-y-W WAL (C18:3n6) . 23- ik — 4 ER(C20:1) | 24-0- W BRAR(C18:3n3) . 25- -+ —BKEZ(C21:0)
26-— 1k —HHHR(C20:2) . 27- Bk — &R (C20:3n6) . 28- Bk — IR (C20:3n3) . 29- . Hk iR (C22:0) . 30-4E4: PUJA iR ARA(C20:4n6) .
31-3FBR(C22:1n9), 32- -+ =BRER(C23:0). 33- . Bk MSMR(C22:2n6). 34- T Ek FLM AR EPA(C20:5n3), 35- 1 PUBKER(C24:0). 36-
T DU — R (C24:109) . 37-F "RSKSHE DHA(C22:6n3),
4 37 Rl TR R A o R 6 T ]
Fig.4 Chromatogram of standard solution of 37 fatty acid methyl esters

F2 [EERLER
Table 2 Results of recovery
=il FE L& B /mg JindR i /mg i /mg BT /% XS BR A 22 /%

16.559 16.618 32.502 95.94

HEERR 16.559 16.618 32.689 97.06 0.58
16.559 16.618 32.586 96.44
6.689 6.706 13.622 103.39

A G R 6.689 6.706 13.288 98.40 2.61

6.689 6.706 13.361 99.49
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= 2L
g i iR A& /mg JindR i /mg BB /mg TSR /% AR o O 22 /%
30.311 30.432 61.017 100.90
IR 30.311 30.432 60.853 100.36 1.76
30311 30.432 60.022 97.63
3.392 3.343 6.585 95.51
a- ML FRER 3.392 3.343 6.633 96.95 223
3.392 3.343 6.728 99.79
0.353 0.349 0.711 102.58
TEA VIR 0.353 0.349 0.703 100.29 2.29
0.353 0.349 0.695 97.99
0.185 0.19 0.374 99.47
o 0.185 0.19 0.366 95.26 2.18
0.185 0.19 0.371 97.89
F=3 FREMIFENEWERER
Table 3 Recovery results of different scalar addition
i FE & /mg Jids i /mg SR /mg B R /%
12.144 6.302 18.502 100.9
JIER 12.144 12.604 24.689 99.5
12.144 18.906 30.586 97.5
6.047 3.006 9.012 98.6
A S R 6.047 6.012 12.188 102.1
6.047 9.018 14.727 96.3
26.739 13.276 39.875 98.9
VR 26.739 26.552 54.231 103.5
26.739 39.828 66.022 98.6
2.893 1.458 4382 102.2
a-ERRIR 2.893 2916 5772 98.7
2.893 4374 7.228 99.1
0.403 0.205 0.611 101.5
AEHE DUR TR 0.403 0.41 0.809 99.0
0.403 0.615 1.008 98.4
0.252 0.124 0.374 98.8
o 0.252 0.248 0.501 100.6

0.252 0.372 0.618 98.5
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B ah % 4 B R I A i LERVES

2.6 BHFGENBEE

PRI 8 B4l JLIC J7 LK AR b 0.5000 g, &
FEG 6 Fh IR IR AN B IR TR ) i, 45 R ILE 4. 2
&ﬁ%ﬁ%NH%M\WE%M\ﬂmM\wﬂ%M\

TEAE VIR . —F BN IR IR N
LW PR LE, AR X AR o DR 22

A ilna

A U R TR AT A DM
UH 2.16% .

2.59%. 0.79%. 2.03%. 1.18%. 1.62%. F1 1.68%, it

iy 2% RERRURE Y IE Z R I 1R
2.7 BT AR SERRAG AL A

43 ) 48 B T 3 A L R T R SR 4y L E T FL R
PRI, LA 6 FARIRR A NG IR ) B Al
225, BERIF 5, WOy E ARSIy v R 2 SRR
WAEE, MBS ETE-3.45%F] 3.41%, FZEFIKIA S1E7E—
FEMmZE, PRI, Bk iR L R R A 15 I

F4 BEBELELE
Table 4 Results of precision
Jg 52 RSD/%
1 2 3 4 5 6 7
A H:ER/(mg/100 g) 2388.2 2319.5 2289.5 2386.7 2400.1  2397.6 22734 23557  2.16
P B RE R/ (mg/100 g) 1056.6 1105.8 1058.4 1121.5 1043.9  1088.6 11029 10672  2.59
TR /(mg/100 g) 4824.8 4796.5 4885.7 4855.1 4805.6  4788.2 48359 48864  0.79
a-JFRER/(mg/100 g) 519.2 510.5 526.4 522.4 517.8 498.7 520.8 533.9 2.03
A4 DU R/ (mg/ 100 g) 82.7 81.0 80.9 83.2 82.4 82.2 82.4 83.7 1.18
T TR NI R /(mg/100 g) 50.1 48.7 49.8 51.2 50.5 51.0 50.8 49.8 1.62
SHEWIER/(g/100 g) 20.1 19.8 19.9 20.3 20.0 19.6 20.7 20.2 1.68
Fz5 TEERMER
Table 5 Comparison results of method
Jg 52 LisallIK(ED WUk 5 b 5 v T "
1 2059.6 2108.7
A HERR/(mg/100 g) 2 2037.2 2102.1
¥IE 2048.4 2105.4 —2.71%
1 740.2 769.8
A SR/ (mg/100 g) 2 7322 755.1
¥E 736.2 762.5 —3.45%
1 6099 6159.7
A 2/(mg/100 g) 2 6059.9 6139.4
¥IE 6079.5 6149.6 ~1.14%
1 694.3 714.4
-V R R /(mg/100 g) 2 691.1 710.4
¥E 692.7 712.4 2.77%
1 33.9 31.6
164 M0 R/ (mg/100 g) 2 328 32.9
¥E 33.4 323 3.41%
1 15.1 15.1
T RN TR/(mg/100 g) 2 15.3 14.5
¥IE 15.2 14.8 2.70%
1 23.2 23.2
B R/ (g/100 g) o 2 233 23.5
¥E 23.3 23.4 —0.43%

T *LLEAR I A 0 BE, W A e, AR o 0 i 5
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