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GC — MS R LI J7 sk 1o = gl
Sn — 2 v B HH] R
OB R B, M EHRRY

(LEHRRLEKRFRERFR, THEKA 130000;
2. EAA TR A NS B RIS R TR ARA L P, b7 100163)

W OEMAgs A crsmn LRSS wid ik =8P Sn-2 MR AWk, RABRFRARELER S
(1S0) 14156 # 75 sk 32 BAG By , | A ¥ MRS B 5 — /K Mok = B8 Sn—1,3 {28 By Bk , 38 i R B AR B4 ok o B K &
Ay P ik ES T AL G A AU AR 63— FTIE A A AL( GC—MS) #i Sn-2 {5 ASARHR . 25 R A 9 A AU B AR 35 B i UK,
B B BN B B R URE R S, 0 B RN, m A EF, M 2R EH,GC-MS HEibm 3 A5 )LE
Gy Sn-2 {5 AZ AN AR b B ARAIL 6945 ) A 40.5% 40.3% F= 40.8% ,RAnE K E 5 E % 91.7% ~98.5% ,RSD %
1.56% , &M B 47, 248 A T OIUE 7 w8 H il = 8% Sn-2 15424082 45 094

KBIF  HLUBL Ty 3ok, Sn-2 A AR A BR , B A B A8 BUA (SPE) , 448 &3 - i B A (GC-MS)

Determination of palmitic acid in the Sn-2 position
in infant formulas by GC-MS
LIN Man' , CHEN Li-jun’ ,DONG Xue-yan’ ,MIN Wei-hong' , JIANG Tie-min” "

(1.School of Fermentation Engineering, Jilin Agricultural University , Changchun 130000, China
2.National maternal and infant health dairy researching center of Beijing Sanyuan Foods Co.Ltd.,Beijing,100163, China)

Abstract: To establish a highly efficient and accurate determination of Sn-2 palmitic acid in triglycerides of infant
formulas.Lipids of milk powder were extracted by the method of 1ISO14156. The Sn -1, 3 fatty acids in the
triglycerides were specially hydrolyzed by pancreatic lipase.The 2—-monoglyceride was separated and prepared by
solid phase extraction ( SPE) , and analyzed by gas chromatography - mass spectrometry ( GC - MS) . Results
showed that the content of palmitic acid esterified at the Sn-2 position was 40.5% ,40.3% ,40.8% . The average
spike recoveries for palmitic acid were 91.7% ~ 98.5% , and the relative standard deviation was 1.56% . The
developed method was proved to be simple, precise, accurate and reliable, thereby being suitable for the
determination of Sn-2 palmitic acid in infant formulas.

Key words: infant formulas; Sn -2 palmitic acid; solid phase extraction ( SPE ) ; gas chromatography — mass
spectrometry (GC-MS)
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T 1,3- "y -2 EEAR R H vl =18 (1,3 - Dioleoyl
—2 —palmitoyl triglyceride , C52 .2, f&j fx OPO) $ K fifi
HHYE ] R it FH &, & A5 Bl 2LAS 5% R0 AR T 465 44 1
REE, B Sn—2 A AEM R AR XY A . DIk, iR AR
SR LBE 5 WK Sn— 2 437 A RE R Bt A A T
Y BET, )R 2T 5 B IR WK S R A
2 JF R HASAR IS IR T 58T, S B d WY Sn—-2 37 ig
U B A 0 7 30 I T W AR AR AR 2, FE I AR
7, 1T ELAG I 2% T 27 ek e J2E AT AR R da R S R4 K
BAATT IR AR R o AR SR FH 3 [ AE A5 BURE 153
AR 2 2 AT A0 B H v B R , PR AT 2R JR H GC—-MS
ARG Sn—2 {7 AFHE I 1Y) i, DA N7 7 A8 | AER I
AE B LEC T 543 H I =R P Sn—2 v kAR R & Y
Fiko
1 #Rl57R*®
1.1 HR5EE

3 PR SRR A 2R LEC T U3k I F R T
FGFENRRE (30~90 units/mg)  Sigma 2\ H) ; &2 5 [FE AH
ZEEUAE (500 mg/6 mL)  Agela 4\ ] ; )2 2 W7 A e
#2 (100 mm x 200 mm, J&E# 0.20~0.25 mm) T
AL T A BRA 7] 537 PG i 1% B B b v i ( =99%
10 mg/mL) FEHIBR H i =HE( =98% ,1 g) Aladdin
N E] BB TR HoAR TR S gl

GC-MS % 4: TRACE1300-ISQ-LT ZR4i; i85S
WHUAYL BRI A A BRA L EK IS S Ay
WhTT AR 7 B AN ST 5 IR PR G &% SCILOGEX 2\
F 5 R H RSO HIL s Sigma 23 W] s AMAL R
FE RN AR A PR F]
1.2 XWHE
1.2.1  JSHEECH Y SR IS014156 (IDF172) ¥l 52
Y77 PR B LIS I ks g i
1.2.2 35 RETE R /K AR 7m0 32 B Ad A i = i A
2 mL 0.5 mol/L Tris— HCl 2% % ( pH7.8 ) .0.5 mL
0.05% (m/v) BEBR4MIE# 0.2 mL 2.2% (m/v) CaCl,
VAW, FEAT IR TS I 20 mg 5% iR S 1 , IR e R 75
1 min J5 ,7E 40 CBYPR % K48 HH I B 2 min, fH &
WEE TN RIZUPR Y 2 min, 43 IR ANA 10 mL JE/K 2,
fiik , 4000 r/min BE.0> 5 min, &R, K EEHE, IE
DR 2
1.2.3 Sn—2 {7 PR H i1 P A4 i B 435 [ AR 26 BURE
ST B [ A FE HUA: (500 mg, 6 mL) , 43 PH IR
A 4 mL GE C e, W\ AL B . I A B 5 R 7 TR,
FEEFH 4 4 INMA 8 mL 1E 24— £ R L gk
VR (v/v =85:15) , 53 LW Ve ; 53 4 IRIINA 8 mL
A - R (v/v =20 1) IER BRI TR , A
i

W EMT oy Bk B R T AN NG D 1
MTERR R EEMUE 15 mm A&k, SRR TR 5 min, 2
FHI M IE Bt 2Bk FIR =70:30: 1 (v:v:v) ,J2 T4l
WG W Z AT AR BB ZE S b W, FH RO 57
T HHEH BRI (R, 29 0.035) A 10 mL Z k455
PR BUIE BT , 350 5 BUB A LR, AT,
124 JEWiRRWESIL  Jrk—"" A S mL H2E,
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bR g

6 mLZ B — LR, 75 COKIBIRS 2.5 he B H)
TR RN E 50 mL ZE.048 0 6.0 mL Bk
FREAVE TR 53 2 RIG BRI AS i, & IR IEvE T o8,
4000 r/min B> 5 min, W H 1 mL | RER T IHEE
L AGI T T-20 C A7

D5 = A 5.0 mL 0.5 N Ry R R - BRI
W,2 mLIEC%E,2 mL FEE, 76 80 C T /K 2 h,#%&
IS A 2 mL £ 5 17K ,4000 r/min Z.0> 5 min, B
1.0 mL 235 TR, A ET T -20 C R ERTF.

7= MA 4.0 mL 1 mol/L S 4 AL AR — P B
W, IR 4 min, il 1 mL X8 F/KF12 mL 1EC
B, e IRAI S T 4000 t/min B> 5 min, B 1.0 mL |
JETE W T B A ET T -20 CTF R A
1.2.5 GC =¥ (A% . HP-88 <UAH (A 3% AE (100 m
%x0.250 mm,0.20 pm) ; #EFE 7R EE . 200 °C ;15 7t i3
B 1 mL/ming FEFER 1 pL; Sr bl 100 15 20
N, s AEIRAR THRAR 7 AN 3%

F 1 HEATHERE Y

Table 1 Temperature raising procedure of
column temperature box
. I P o
(C) ('min) (°C/min)

Initial 60.0 5.00

1 160.0 0.00 8.0

2 200.0 5.00 4.0

3 240.0 5.00 3.0

1.2.6 MS =% HTFHRGEFEELS-FEEE:
280 °C ; UK AR : 150 C 5 Bk iR . 240 C;
U2 AT B i YE FE : 35 ~400 amu, R A AR IH —
13 %50 g T R R 2 o
1.2.7  ¥¥E4Hr BT SR B AT S0 56 09 - 2 1E,
>R SPSS,EXCEL {44777 257 Mr o
2 Z#RE5WHE
21 BHHBESBEREHE

AR — R $E B0 2 5- 95483 g T > 5 3a kL, i
AKFRE TR = H We A AE S W, X L F o7 1 &3 [E AR
FEBURE 43 B8 1% AN 7 2 )2 M v X B H T R 1Y 43 B AL
o G5RUNEER 2, Zad I [E A ZE B 1 45 55 0 PR H
WERAT A S5 VEAT GC—MS 43845 FICR Ry 91.7 % ~
98.5% ,RSD {H My 1.56% , 53 i )2 )2 7 1 43 B 1 B
HH BT A 5 4T GC—MS S3Hr8 IR Ry 81.2% ~
86.7% ,RSD {HHy 3.62% . 3%k 25" F) Jl HPLC -
ELSD k43 25 18 05 7K fige = 4y v s H yh R , 15 48 s 34T
GC—MS 4347 [ Ui 28 2y 83.3% ~85.1% ., 3¢ W] 42 3 [7]
FHZE AT e AN AN AR A, T EL VA 3 =

%2 SPE ¥:H0 TLC 3250355 e
Table 2 The comparison between SPE and TLC

ik Sn—/% DItrtime  RICR AL RSD
(%) (%) (%)

SPE i 40.3 91.7~98.5 1.56
TLC ¥ 38.8 81.2~86.7 3.62
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Table 4  Recoveries and precision of palmitic acid(n =5)
Gy AR (mg/100 g)  HEfiE (mg/100 g)  BRE(H (mg/100 g) il fE (mg/100 g) [ (% ) RSD(% )
1 3000 9250 8770 93.4~98.5 2.34
2 6250 6000 12250 11340 94.2~98.4 1.56
3 12000 18250 17063 91.7~96.3 2.24

22 HEELFEHE

I3 R L S (R R — Y I A R A2 46 v Xo)
Sn—2 L FFHRERIEAT B R AL , 45 2R K B = Fh 7 R #R RE
B Sn—2 {7AFARIR AR AL, AN 3 T 715 Ao Ak PR 0 T £
G 2 HE A — 30, Ul R A IR A IR AR AR EE AR ] . HL
& O EE— H BE i u le il i BT — 2 fa R e, S i
Herh oy R AR AE JE L . R IR — FP 57k S I g TA) G ik
2 h, X)WV IREE A 80 °C, 75 5 51T 2 A1 F g 5 iR
S o TR SC e 3 AN AR N A5 A S AN, AW il T 58
BT A B B, T L 45 A TR R R N I TR] B L, A R
4 min, FF]T T — L30T L, PedEnE S8 i kAR
Sy Sn—2 S AZEHE IR FH R AT

*3 =MHERTT R R (0 =3)
Table 3 The comparison of

three methyl esterification methods(n =3)

AR KA B9 A AR i — T G P o & 1 R, K il e 2
Aok Sk [ AR A ORE 73 2 B H I e, AT 42 )5 ] GC-MS
T B SR A S AT SRR 4 s B kR
HE AL B DSR2 91.7 % ~98.5% , AR
25 EIMXE

B 3 AN]SR 2 LAE J7 FURY 2% B vh A 56 46
PERMAWTE e L5 G A DU HP O A I Sn—2 (AR HR R
SIAEHEIR T 43 B, RF O AR S 56 ) 4 5k [ AR A%
R i A U H G , GC— MS LA I Sn—2 {37 A% AE iR
ARXT b, 5 RN R S, v E AR BE -5 20k [ A A2 1R
FEIE 53 B 0 H Il R —Fh T iR R 25 R AR — 2, T
R EBVE R4, UEIAAS SIS 7 I ERA LTl EE

H5 Sn-2 BrkRHG BRI 5 4 Bk (% )

Table 5 The proportion of Sn—2 palmitic acid
in total palmitic acid( % )

VTR U 1Ry GEREI RS ARG % SPE ¥k kAR BE
F R Ak 5 1% RSD RSD 1 40.5 40.6
Mean Mean
(%) (%) 2 40.3 40.5
WS 111642978320 147  280462983.19  1.64 40.8 41.1
EhiR - FEE: 1037288261.70  3.54  290382948.20  3.27 3 s
EEREHeE:  1089075235.60 1.54  269638004.99  1.83 Al

2.3 fiELHEE

AR 3% 54 T ST 3% 501, B 1 Sk
g TR A S 0 g &, vl LR HP-88 AAH
FEAT A3 AT H v =R BB 0T R 4 4, T LUK AT R i
TR o 5 e 5 4 43 B T, 43U EU oA 100 1E, Jiig JU 1 g 26
R4, JoHE B 0, FL 2 SF R, A A 98 il N B =5 . SR A
TR — AV X AR v W BEVE IR, g r b vl 2
Tiffy 2 AR HBI R 09 £ BE B 18] 24 29.84 min, B 7R N y =
3.39643 x 10° +6.52896 x 10°X , R’ =0.9994 £ % A

100
S g0
F¥ 29.84
S 60
E
< 401
o
2
E 20+
& |
0- : -
10 1'5 2'0 2'5 3'0 3'5 4'0 4'5 5'0
Time(min)
K1 GC-MS BEAGIIAE i (i ]
Fig.1 GC-MS Chromatogram of sample

24 GC-MS xMREFEZELE

D[R] — 0 $1 B W5 453 I8 5 oA 55 6 DOk, AL 3

AR SCHENT T FH 2 35 11 AR A< IUEE 43 125 7K i
Yyeb BHE G , PR S HOR AT AR DS, T GC=MS 350 Hr
BLLECTT Wiy H il =15 Sn—2 {745 AR IR 194G U J7
o T T A [ AR AS BRURE 125 B Q3 2= 2 B ik 1l
P AL F IR , DA J A i A T AR BRI [a] , $ 4
TRT B VR B o B PR TR S A AT AR Sn -2 A2 AFEH
B2, ANANERAL AR ey, T HL S 7 AR IR AT, GC—MS 3%
6 B I3 R A 5 5 v, B P R4, 58 4l T T 22 L
FC 7 WMy v Sn—2 A7 AZAR IR ARSI o AN T2 56 %) T 22
JLIC 7 Whks v Sn—2 {SLEEE R B9 5E , S 45 Jn I
AMWFFESEAE g 07 76 C J7 Z08r v By B2 T, WF &2 8 R L
e R AU PRS2
(1] 5%, FFL ARELE R E[]]. FEALSL T
Jk,2005,33(8) :45-47.

[2] Lépez—Lépez A, Lépez—Sabater M C, Campoy— Folgoso C, et

al.Fatty acid and sn-2 fatty acid composition in human milk from

Granada( Spain) and in infant formulas [ J].European Journal of

Clinical Nutrition,2002,56(12) :1242-1254.

(34T AZURS #9 fis 1y 8 5 A0 BA T 55 k[ J]. & At

#,2001(5) :11-14.

[4] % 0w, %, TR A 306 85 20 s B sn—2 45 g s

B et ]]. & T kA3 ,2010,31(5) .81-85.

(5] Ame, & K%, 0H, 5 . =B id Sn-2 1% L AR 48 8%
(T4 288 ;)
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ik
B ey AR (mg/kg) Jingr (mg/kg) 7 fF. (mg/kg) R (% ) AR R e 22 (% )
4 8.54 98.50 252
F- 4.60 8 11.98 92.25 2.61
20 21.86 86.30 243
4 11.84 96.50 2.70
Cl™ 7.98 16.28 103.75 2.11
" 20 28.40 102.10 2.01
il 5 13,94 91.20 3.00
S0;~ 9.38 10 19.60 102.22 271
25 35.12 102.96 1.55
5 30.88 100.80 3.27
NO; 25.84 25 51.90 104.24 2.37
50 76.86 102.04 2.10
3 Zig BT[] 447 5% £ ,2010,29(3) :85-88.

AR LG SR S 1 €0 2 0 PG T st e
TSR T IR IRAR B T A AR B T 2R T oA I
WS, I E N 0.5 mL 0.1 mol/L Z A& AL 8H¥ A
R AL 28 20T T 8 A 2= 20 B, A i A A B
TR 50 5 4. R AS1S — HC B B 1 (0 i AE |
40 mmol/L & 45 Ak B4 ¥ W bk e W B S AR I A
100 mAf A7 LU, 23 min N RTS8 Ao B AG I . 18
ORI RN SN o S G = VA R L I R IR )R =1 2
by AR AR, HLR A5 R itk e B0 R A5 B AR 47 43
BRIk o 10T EE X Ak i AT IR SR Y
i M, S I SRR R RS | s B RS T R SR AR ME SR
PEZ25 | [R] ISt D 0505 A0 FH s A = i TG A e e AL
BF g 7o g PR AR S8

S 3k
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