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(SHERLL2013007) . Ji i /2 W BR VR A5 Fr A (C4~
C24,18919-1AMP) Fl -+ — % g H B A 1 i (=
98.0%) , 5% [# Sigma—Aldrich A FR 23 #] ; {0 3% 9%
BN IE Ok, 1R A REFHE A BRA ] B sl
KT BE TR Lk e SRR K
T R4, 6] 24 4 A Ak 2 ) A BR S
1.2 {5 E&

7820 SAH AL, 3 E L ERFH AR
Al TGL-16B = g0 AL, LR sR 22 AT
SE812 A MAX, 1 2315 52 30 BB ey A BR A 7 5
AR2140 TR, LR 1 —FC R 285 A R
5 H s HH-W600 U fH il K i i, &dnmi ey
A RATE
1.3 REH*
1.3.1 BEFLARWT A4 R A & 2% - R
LR ICREZL A BRI, B S mL BEFLAE S, N
A 1 mL 2K, TR G TR A (65£5) CHLHAVIHE i
PR K IR 20 min, BUH A E 2 R KK
JITA 5 mL JC/K & 10 mL JG/K B AT 10 mL A7
Wik RV R RGBS B E 2 h, 7F 17
W] 5 KA B WA B T T R D
L EE FRERE, AT 2 RIS B I
W55 1 WERBGRA T, HAESHE IR T 2 H
& SR FLIR N PR E S IR FLIE & = L AR U
/100 mL BEFLE AR
1.3.2 JRAFRR W ER I RS S AL - H Bk
il 2 B 1D 2 PR, FRHE— o i FaRBEFLAE T T
BT, A 200 wL JE & E N 5 mg/mL (¥
C11:0 g 72 H Fe AR W, SR J5 A 800 wlL 1E
Ot , FIA 500 L ¥ 2R 2 mol/L 1Y & A Ak 4 -
HH B, TR A IR % 2 min B U5 R 75 43 FH R £k .
PnAGE & IR B N, PR K . LA 10 000 1/min
B30 3 min, WL, o IS R A AOR €0
1550 # .
1.3.3  MRWIRRAYEME BT AR A I S5 11,
% 4 DB-Fast FAME £414 4 (30 m x 0.25
mm,0.25 um, Agilent, CA ,USA) ; >k H & K a1
AR 5, SRR 2R L 260 °C, FHE AR P . 00 45
FEH 80 °C, 445 0.5 min; VL 40 °C/min Y3 FZ THE
£ 165 CHMFF 1 min; FFLL 2 C/min 1Y 32 B TR
%220 C,PAFF 1 min, A NEA, FE 25 ml/
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ba&E LI RE R, RERL P R BRI A SR
BB AR AR N 1a BT LA H, AT 2L 21K
BAEL AR T 5 G I e (P<0.05) , R
9 (2.67+1.09)g/100 mL ¥ %] 1 A & FL A (3.25+
1.08)¢/100 mL, #F 1 3 in#] 4 A # 7L 1 (3.31+
1.54)¢/100 mL, #8710 1 H#&FLA 4 7 #4200 08 i
IO E 25 (P>0.05) X 5 Qi ZF'] Thakkar
SR BF T 25 B — B, B REFL 09 IR I AR
FLr AR, 7E AT B R

BEFL 0 B 7 o I 43 32 3 1 PR Y R
Wi, AN 1b ) LA M 5 R 4t DXCRE L R IR A 2
B, M (5.07£1.60)g/100 mlL; U S 6 7 413k
LR, 298 3.2 ¢/100 mL; B B ATE DI 3 X B 3,
g 5 2 B e 1K, ¥9<3.0 ¢/100 mL, Chen Z58% Bt
Wy 7K V5 1, D R FL BB 7 B 1 [ (3.29+1.17) /100
mL] & FHM [(3.90+1.41)g/100 mL] kI
[(3.89 + 1.66)g/100 mL )tk ZL A9 B8 5 & & . Wan
SO T AL M X 52 o7 FLBE A 1 L R A
B (4.02+1.43)g/100 mL, 4 0 A [ H X £ F
JG 5 25 4 22 55 FT e 5 B SR 0 R 2% S R SRR 1Y
B 2T A G
22 AEWIAESIAMNERBSE

it FHASAH 68338 X5 BE ZL A i 7 R 2H R AT 4y
Pr, MU E 33 FIR TR , EL45 ) 14 Ff SFA 8 #
MUFA 1 11 # PUFA IR AR C11:0 B
I T BEFL A R DR 1Y & i (mg/g AR ) , AN
(7] e 2L A0 BE L i D R 1 2 s 3R 1 BT

AEWAYE (a) M AREMEX (b) B FEHS=E
Fat content (g/100 mL) of human milk in different lactation periods (a) and different regions (b)

1 3 AN FLI b B SFA ZE R FL P Y & B i
%, 324.30 mg/g NEWI , 76 1 A& FLF 4 H B2
S AL, N 341.14 me/g IE I A1 339.94 mg/g
g, 8% 3 AT LI SFA 1 & o G i 1k 22
5 (P>0.05), FRtHER (C16:0) 2 & it f F & 1
SFA, TERADWZL b & & REE, 20 192
mg/g BRI . ] EAEAER0 B 7 b X 7= I 0~12 A4~
AEEFLH C16:0 1 & A2 2 1E 20% , 5 4% 3L B
FEEERAL, BEAh, bl WL AE K R i R (C18:
0) 7 & It 1 Jm (P<0.05) , %) FL ' 49.18 mg/g
JERFE AN E] 1 A W FLAY 57.02 me/g JIE 17 1t 1 3 3%
JnE] 61.81 mg/g Ng 5. 3 4% fg 5 iR (C8: 0,
C10:0 F1 C12:0) ¥7E 1 AFLh R Rm &
i, TR FL AR X AT R A R I A L
FEA B LT B fE 0 T SR BN, i v s B R AE AR
WKl , A28 1) ks i 22 JFFE e A8 Ry
LR AERR Y, dbAh  BEZL Y R BR BT R R A
T LM At P DA S Gl L R L R A A
W A LA, DR AT 2L v 1 v e i A R 2 AR

Bl A T LR, BERL A R MUFA & i 2
T (P<0.05), P FL 1Y 361.02 me/g g i ik 2>
1 A RFLN 331.41 me/g g I S>3 4 A 1%
FL1 321.05 mg/g A5, iX 5 Giuffrida 55> 8 1)
MUFA 7E A [F] W 7L 3 =22 8] 1 A Ak R 4 — B0, TR
(C18:1 n-9c) BHLFLh & it i Z M IR TR, fEA
5 ,C18:1 n-9c HEWF T HRHEERT 1 H
WFLA 4 AL (P<0.05), %1 3L b & B 327.68
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x1 ARHEPSIMBEMERSE (mg/g lERT)

Table 1 Fatty acids concentration in human milk during lactation (mg/g Fat)
fig o BR. #15L(n=28) 1 A#350(n=067) 4 A # 3L (n=109)
C4:0 0.19 + 0.14 0.16 + 0.13 0.24 + 0.39
C6:0 0.17 = 0.09° 0.15 + 0.10® 0.13 £ 0.08"
C8:0 0.40 + 0.37" 0.67 = 0.41* 0.46 + 0.30
C10:0 4.84 + 3.74° 9.32 +2.58* 7.36 + 1.94"
C12:0 28.11 + 18.21" 37.27 £ 12.28° 32.53 £9.7*
C13:0 0.20 + 0.08" 0.18 = 0.05" 0.17 + 0.05"
Cl14:0 40.09 £ 17.65 36.66 + 11.70 36.14 + 12.75
C15:0 1.24 £ 042 1.35 £ 0.48 1.26 + 0.49
C16:0 192.28 + 20.00 192.01 + 30.64 191.81 = 25.51
C17:0 2.17 £ 0.40 2.32 + 0.65 2.36 + 0.95
C18:0 49.18 £ 9.26" 57.02 + 14.02* 61.81 = 15.19°
C20:0 1.62 + 045" 1.78 = 047" 2.32 +0.87"
C22:0 0.65 = 0.21" 0.67 = 0.28" 1.10 + 0.86"
C24:0 3.15 + 1.24 1.57 £ 0.38" 1.82 £ 0.58"
Cl4:1 n-5 0.42 £ 0.23" 0.53 + 0.26" 0.38 £ 0.19"
C15:1 n-7 0.19 £ 0.11 0.27 £ 0.18 0.25 + 0.23
C16:1 n-7 15.36 + 4.49° 15.97 + 4.91* 12.94 + 3.62"
C17:1 n-7 1.28 £ 0.20 1.35 £ 0.29 1.21 + 0.53
C18:1 n-9¢ 327.68 + 33.34 302.16 + 34.10 297.42 + 32.34"
C20:1 n-9 9.32 £ 2.51" 6.56 £ 5.42" 5.86 £ 4.61"
C22:1 n-9 3.50 + 2.31 3.53 + 6.96 2.31 £6.10
C24:1 n-9 3.26 + 1.62° 1.02 + 1.04" 0.68 + 0.76
C18:2 n—6t 0.34 + 0.19 0.46 + 0.26 0.41 + 0.37
C18:2 n—6¢ 134.22 + 18.01° 160.52 + 31.82" 174.08 + 39.71*
C18:3 n-6 0.55 +0.23" 1.05 £ 0.46° 1.05 £ 0.38°
C20:2 n-6 9.73 + 3.21° 4.34 £ 0.85" 3.87 + 0.65"
C20:3 n-6 6.81 + 1.55° 4.65 + 143" 3.41 + 0.96°
C20:4 n-6 6.21 = 1.24° 4.49 £ 1.10° 3.64 = 0.92°
C22:2 n-6 1.91 £ 0.68" 0.60 + 0.19" 0.44 £ 0.14
C18:3 n-3 9.74 + 5.01" 13.97 + 7.52° 15.08 + 11.72°
C20:3 n-3 1.31 £ 0.43° 0.66 + 0.21" 0.62 + 0.34"
C20:5 n-3 0.28 +0.13" 0.32 +0.18* 0.39 = 0.29°
(C22:6 n-3 3.82 + 1.49° 2.51 = 1.00" 2.64 + 1.46"
2. SFA 324.30 + 39.29 341.14 + 41.30 339.94 + 40.13
> MUFA 361.02 + 35.29° 33141 + 38.71" 321.05 + 36.23"
2.n—6 PUFA 159.77 + 20.38" 176.11 + 32.63¢ 186.9 + 40.66"
> n-3 PUFA 15.15 + 5.09 17.46 + 7.60 18.73 £ 11.84
LA/ALA 17.16 + 7.14 1442 + 6.75 17.07 + 11.19
ARA/DHA 1.76 + 0.46® 1.93 + 0.53° 1.65 + 0.64"

. SFA. 1R ABR T2 s MUFA. PRSI AR D72 s PUFA. 2 AN FIIE 2 s LA. C18:2 n—6¢; ALA. C18:3 n-3; ARA. C20:4 n—6; DHA. C22:6

n=3; ARG PR IR AN LY ) B AT K 4 22 5 (P<0.05)

mg/g R, TifE 1 H#ZLM 4 AR FLH Ik 2y
300 mg/g BEMT o BEFLH ) — & w1 MUFA  £7
RV R (C16:1 n=7)7E 4 H & ZLrh i) & i I %
FHIFLA 1 H#EFL (P<0.05)

& 1A LIESR, #FLH & n-6 PUFA ¥

N 159.77 me/e JEE, BEALF 1 HRRELA4
HIEZL B n-6 PUFA 19& £ (P<0.05), Wiz
(LA, C18:2 n-6¢) & EHFEN n-6 PUFA,
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S o I A i L0 A K SR B 0 G ) s
MW FL I 134.22 me/e B 38 2 1 1 2L
160.52 mg/g fgHi (P<0.05) HEifii 34 n %] 174.08
mg/g BE T (P<0.05) , 3% 55 7 52 56 = i 046 I 14 JC
B by XA [] 0l L BE L C18:2 n—6¢ HYHE K
P BEF A DU R (Arachidonic acid ,
ARA, C20:4 n—6) 7 & 76 i ZL 0 () 80 &
IRy ¥ (P<0.05), HMiFLIWIH & n-6 PUFA &
HARLEH B, BFLP A n-3 PUFA & & Bk
B FLE R BRI Bk E, HAR A B
% . WJRMBR (a—Linolenic acid, ALA, C18:3 n-3)
e R &R n-3 PUFA, TEENHADE
PH S 2 N A R (P<0.05) , W1 FLH C18:3 n—
3 EH AN 9.74 meg/g NENT, MTE 4 AL al L
ik %) 15.08 mg/g BET . BEFL T DHA (C22:6 n—
NEMF TSR 3.82 me/g IR B &R T 1 H
W 7L (2.51 mg/g BE i) A0 4 A& 3L 0 & & (2.64

mg/g IET ). LAJALA M HETE 1 H 7L AL,
29 14, 100 3 AMFL LA/ALA 1 L AE TG B 3
Z 5 X 5ar o 45 5 — 8 ARA/DHA 14
FEfEfE 1 AWl im0k 1.93, HE Em T 4
HitFL (P<0.05),
23 AEAMXRBIGFEHBSE

AN [R] b DXCBE 2L g 7 R Y B R AN R 2 PR
Ferg AL st REFL P L SFA SRR R, B2 350
mg/g & W7 0GP FT PG 77 95 M BE 2L b 5L SFA 7 i
B, ¥4<330 mg/g B8 Wi 5 A2 3k A1 RS BH 9 Hb B 2L
&LSFA &R, 290 343 mg/g g W, A3k HiIX
M REFL & A s ) €8:0,C10:0 A C12:0 & &,
535124 0.89,9.61 mg/g A& Wi F1 36.41 mg/g JET . I
o Urr AR 3 MR C16:0 & i E
Tk YIAVE T H X (P<0.05) . 13k B RS Al
b X B2 C18:0 & & (>60 me/g BRI ) =i T
HE 3 BT (<55 mg/g) .

®2 FRMXESIAHIEHESE(mg/gRE)

Table 2 Fatty acids concentration in human milk from different cities (mg/g Fat)

g W B2 &, 3k (n=40) b F (n=41) # & (n=20) 9 (n=33) EI (n=21) % T (n=49)
C4:0 0.18 +0.14" 0.11 + 0.04" 0.08 + 0.02" 0.29 +0.14" 2.95 +6.23* 0.12 + 0.09"
C6:0 0.15 + 0.09" 0.13 +£0.05" 0.06 +0.02¢ 0.21 £ 0.09* 0.12+0.13" 0.14 £0.11"
C8:0 0.89 + 0.46° 0.52 +0.31" 0.31 £0.10° 0.28 £ 0.13¢ 0.38 + 0.40™ 0.53 +£0.32"

C10:0 9.61 £2.17* 8.09 £2.77 6.18 + 1.37 5.32+2.78¢ 7.16 £ 2.37"™ 8.11+287"

C12:0 36.41 + 8.38° 3532 +13.97° 28.42 +9.97 27.55+13.06"  31.94 +11.39®  36.31 + 12.45*
C13:0 0.18 £ 0.04 0.17 +0.05 0.18 +0.08 0.16 = 0.05 0.17 +£0.07 0.19 +0.07
C14:0 37.33 +8.99 37.32 + 14.45 35.28 + 16.00 35.20 + 12.82 36.00 + 14.69 38.46 + 12.57
C15:0 1.49 + 0.49° 1.23 £ 0.40 1.23 +0.48" 1.22 £0.38" 1.10 = 0.46" 1.34 £ 0.56%
C16:0 187.19 +£20.74>  205.22 +22.53* 208.81 +26.32* 200.73 £21.88* 184.16 +34.32" 176.75 + 28.45"
C17:0 2.60 = 1.08* 2.19 + 0.44® 2.23 +0.48% 2.34 + 0.44 1.92 +0.51° 2.40 = 1.05*
C18:0 61.42 +15.87"  55.09 +9.24" 63.62 £ 11.65* 6590+ 16.11* 5471 £ 11.28"  53.61 + 16.18°
C20:0 1.71 £ 0.35" 1.80 +0.59" 2.72 £ 1.04° 1.99 +0.42" 281 £ 1.11° 1.97 £ 0.63"
C22:0 0.72 +0.27" 0.79 £ 0.51" 1.44 + 1.00° 0.67 +0.22" 1.70 £ 1.09* 0.71 £ 0.29"
C24:0 1.70 £ 0.38" 1.68 + 0.60" 2.15 £ 0.66* 2.25+1.48* 2.17+0.71* 1.90 + 0.59®

Cl14:1 n-5 0.60 + 0.23* 0.45 +0.20" 0.37 £0.21" 0.35+0.18" 0.34 +£0.21" 0.42 +£0.23"
C15:1 n-7 0.38 £ 0.25° 0.21 £0.13" 0.19 £ 0.14" 0.22 +0.12" 0.17 £0.11" 0.27 +£0.24"
Cl16:1 n-7 15.96 + 3.45* 15.44 + 4.02¢ 14.00 = 4.11% 14.54 = 4.50* 12.07 = 4.75¢ 12.88 = 5.06™
C17:1 n-7 1.54 + 0.56° 1.20 + 0.22™ 1.03 +0.30 1.23 +0.16 0.93 +0.41¢ 1.35+0.51®
C18:1 n-9¢ 286.15 +22.07*" 288.38 +25.39*!  301.23 +33.92° 333.63 +34.54* 284.13 +51.04 317.10 + 33.99"
C20:1 n-9 4.88 +1.75¢ 4.44 +1.51° 5.39 + 1.38"™ 747 245" 4.55 +1.05¢ 10.47 +7.88°
C22:1 n-9 1.61 = 1.53 0.97 +0.59" 0.86 +0.25" 2.42 + 1.74 0.71 £ 0.63" 7.52 £ 10.90*
C24:1 n-9 0.67 = 0.45¢ 0.63 +0.62¢ 0.45 +0.15¢ 1.66 +1.38" 0.36 = 0.18° 2.26 = 1.80*
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(% 2)

s 1o B & % (n=40) 3% (n=41) # 1 (n=20) 29 (n=33) E I (n=21) % F (n=49)
C18:2 n-6t 0.62 + 0.39* 0.36 +0.17" 0.31 £0.16" 0.36 £ 0.17" 0.25 £0.19° 0.46 +0.41"
C18:2 n-6¢ 178.41 +30.50" 170.72 +30.49™ 160.08 + 25.40  133.05 +26.09° 206.35 + 44.81*  150.42 + 34.44¢
C18:3 n-6 1.29 + 0.44 0.73 = 0.32¢ 1.04 = 0.38" 0.74 +0.31° 1.19 + 0.45% 0.99 = 0.38°
€20:2 n-6 431 +0.84" 535+2.73" 3.75+0.53 6.55 +3.71 4.00 + 0.88" 4.49 +2.05"
C20:3 n-6 441 +1.26% 4.89 +1.79° 3.26 + 0.98¢ 473 +2.33* 3.81 +1.14" 4.00 + 1.51%
C20:4 n-6 4.60 = 0.88* 4.46 +1.58° 3.53 +0.88" 4.40 = 1.90* 4.16 +1.32% 412 +1.17*
€22:2 n-6 0.53+0.18 0.83 = 0.63" 043 +0.11° 1.10  0.88" 0.43 0.18 0.69 + 0.50"
€20:3 n-3 0.70 = 0.37" 0.60 = 0.24™ 0.51+0.19° 0.94 = 0.38 0.42 = 0.20° 0.95 + 0.46*
€20:5 n-3 0.39 + 0.22 0.26 = 0.14" 0.45 = 0.28" 0.20 = 0.10" 0.49 + 0.36* 0.39 +0.18
C18:3 n-3 17.25 £ 15.21* 9.55 +4.01" 9.96 + 5.92" 10.01 + 3.99" 10.03 £ 4.17" 20.89 + 8.71*
C22:6 n-3 2.50 + 1.08" 274 +1.12" 3.84 + 1.94° 2.84 +1.68" 3.59 =+ 1.85* 2.29 +0.93"

3 SFA 341.59 +31.24% 349.64 +37.66° 352.71 +40.67° 344.10 +43.55% 327.28 +60.11" 322.53 +42.21"

Y MUFA 31179 +23.71" 311.72 £28.07% 323.53+34.09° 361.52+37.41* 303.27 £55.11° 352.27 + 39.89
> n-6 PUFA 194.17 £ 31.21> 187.34 £ 28.19* 172.40 +26.41« 150.93 + 28.84c 220.20 + 46.29* 165.17 + 33.81%*
> n-3 PUFA 20.85 £ 15.48° 13.14 + 3.80" 14.76 + 6.41" 14.00 + 3.93" 14.52 +4.67" 24.52 + 8.68*

LA/ALA 15.64+938" 2012655  2233+13.67°  15.00+5.19°  23.96 + 9.46* 8.41 +4.03°

ARA/DHA 2.04 +0.55 1.73 + 0.50 1.09 + 0.41¢ 1.69 + 0.53" 1.45 + 0.65° 1.95 + 0.55%

TE:SFA. (AR W52 s MUFA. SASHRHIIE W5 2 ; PUFA. 2 AN G TR ; LA. C18 : 2 n—6¢; ALA. C18 : 3 n-3; ARA. C20 : 4 n—-6; DHA.

€22 1 6 n=3; AN Al /NG 5 B R AN ) X RAT 25 22 5+ (P<0.05) .

ASTa)Hb XA S P B MUFA & R H ok 22
S Hodr | EL AN AR S MUFA & 22 i
T H B (P<0.05) 6 X B3 b & B F
W IR Y2 C18:1 n—9c , 1M A [A] b [X £ 7
C18:1 n-9c TR K ER B X EEZL
FHRZH C18:1 n-9¢(333.63 mg/g G ) , Hk
HPET (317.10 mg/g AR ), #RJ5 =25 R (301.23
mg/g BEM ), A0k b st AR 3 sbhEFL b C18:1
n-9c B NET, 2R 286 me/g BT . CA X
BRAREE , SRR K B S SRR C18:1 n-9¢
TR A X REFL R C18:1 n-9¢ & i
(14 2 5 IS IR 1S 45 i IX 7L B B AT R I AR 1 2
S AN Sk A s R FL P C16:1 n-T7 B9 E
S TG T P b (P<0.05) 5 UF RS AT
B REFL A C16:1 n=7 B9 i HL AT, 43000
h 14.00 mg/g fg 105 Fll 14.54 mg/g B8 .

i B A B 6HREFL A PUFA & 8 0 5% it e %
B, Hdh Pl C18:2 n-6¢ e A B %, FFFLH C18:
2 n—6¢ 7 it i IR TR I, S 206.35 me/g B
7 5 Fok R AL Sk Fndbnt 400k 178.41 me/g FR Wi
1 170.72 mg/g NE W5 5 1i B B 4 IX BEFL p C18:2

n—6¢ A, R 133.05 mg/g JEHT . L3k FPE
THHIXAFFL P C18:3 n-3 S B EH T HA4
ANBE T (P<0.05) ; 57 g A1 RN 95 £ 3L P DHA &5
P E ATk deat B VT HLIX (P<0.05)
X5 Urwin 5521 % B0 TR W DI 159 30 i B ZL o
DHA & i 5 T A fifi b XA 45 SR AH — 2

XFF R Lk U, 4E R LA FI ALA L& ARA
H1 DHA 22 [0] ) B8 AT A7 X5 TA 00 R T R 4 98 4 Ty
e & & e EmED, WL 2 Fin , AR R
o LA/ALA HfH Y 25 5 Lh BT 2 (P<0.05) . BRI
bt PEEE Sk 3 M REFL T LA/ALA a4 R H
AT E AN HEREME [ (5:1)~(15:1) ™, H o
B, S AR Ryl v 7, BEELH ARA/DHA (9 1
EIN R B LA/ALA HCEAH R B, RIPG 7 f
£33k 9 1 B 5L P ARA/DHA B9 H A 8 3% & T %I
AN e P b (P<0.05) , Liu 28025 FL 4387 1 1 4R K
A LE R TN RS AR 5 A b XCREFL T IR TR
WL 25, KI5 BT REFL T LA/ALA HfE
W 10~34, o AR N P b BEZL P A
B LAJALA FAE KA | H PC AR A e B L
P IIA B B ARA/DHA B HE, SR SCH SR
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SEELAARL, BEFL IR DT IR A 2 e AR KRR E sz
FIRE 2 A5 A 52 w2 % TR Le P A 45 = LA/JALA
I ARA/DHA L E BT, W] R 2242 o B 2R i
R n=3 R D5 R ) H8 A HE

AT XS T R 2L IR 7 1R 4 55 i A0 41l TR
A, ARSCEES T HETHT 585G T REZLG 7 R 46 X
o R I A [R] FE 5 RE AT o B FE AR
SRR 3 IR,

24 AEERBAILTERRSELR

®3 8T EXRMAIFEMESEE(mg/100mL)

Table 3 Fatty acids concentration in mature human milk from eight countries (mg/100 mL)

g b B8R TERAARL) HBEN K g A g B Fom Bl A B E g % A3
C4:0 1.35 nd nd nd nd nd 1.15 nd
C6:0 0.41 0.00 0.00 0.00 nd 2.44 0.12 1.03
C8:0 1.82 0.47 0.44 0.02 nd 4.66 0.57 4.12
C10:0 26.65 16.00 18.41 6.28 56.90 47.47 6.86 29.87
C11:0 nd 0.15 0.25 0.09 nd nd 0.18 nd
C12:0 111.90 105.09 146.13 73.15 224.32 245.55 92.23 131.84
C13:0 0.55 0.74 2.09 0.51 nd 1.58 0.55 1.03
C14:0 117.97 142.31 218.93 104.04 198.18 290.76 137.28 155.50
C15:0 4.26 5.46 7.58 3.18 nd 14.60 nd 8.24
C16:0 632.48 835.04 940.37 892.18 840.11 1 093.17 574.60 586.07
C17:0 7.62 7.73 7.67 4.80 nd 14.42 9.50 11.33
C18:0 194.20 182.51 131.78 138.70 193.07 319.41 160.30 200.85
C20:0 6.93 69.24 9.51 5.16 6.84 11.01 5.51 10.30
C21:0 nd 0.92 0.85 0.79 nd nd 2.60 nd
C22:0 3.07 2.14 2.30 2.15 nd 2.83 1.70 4.12
C23:0 nd 0.97 0.98 0.87 nd 2.52 0.26 nd
C24:0 5.68 1.93 2.60 2.23 2.99 2.26 1.60 1.03
Cl4:1 n-5 1.48 1.76 2.23 2.59 nd 8.23 nd 6.18
C15:1 n-7 0.85 4.25 6.95 1.99 nd nd nd nd
C16:1 n-7 47.16 59.94 48.59 70.92 90.49 100.29 55.30 76.22
C17:1 n-7 4.16 6.06 4.73 4.20 nd nd 6.50 nd
C18:1 n-9t nd 0.59 43.36 3.14 16.17 nd nd nd
C18:1 n-9¢ 993.68 840.04 644.20 802.59 1233.76 1 469.36 870.50 825.00
C20:1 n-9 20.41 8.39 10.24 10.26 18.76 15.00 nd 18.54
C22:1 n-9 9.39 2.09 3.07 2.40 391 nd 2.20 nd
C24:1 n-9 2.66 2.06 2.80 1.97 3.13 2.59 2.70 6.18
C18:2 n—-6t 1.40 4.96 1.90 5.13 nd nd 7.60 nd
C18:2 n—6¢ 54791 509.46 247.99 447.10 566.07 677.37 478.60 546.00
C18:3 n-6 3.50 3.18 1.77 2.56 nd nd 2.79 nd
C20:2 n-6 13.18 6.58 7.10 9.95 13.73 14.02 13.13 7.20
C20:3 n-6 12.85 8.16 9.75 9.54 15.39 17.54 12.60 4.10
C20:4 n-6 12.91 10.88 11.33 13.91 18.21 23.47 13.90 12.30
C22:2 n-6 1.61 1.38 1.64 1.80 nd 1.88 1.60 nd
C18:3 n-3 47.74 55.95 11.70 32.52 40.04 45.92 39.80 48.40
C20:3 n-3 2.07 3.16 1.53 1.90 nd 2.79 1.20 nd
C20:5 n-3 1.18 3.54 1.07 1.87 6.32 23.17 1.40 2.10
C22:6 n-3 8.53 13.60 4.48 11.66 22.52 99.08 5.60 3.10
SFA 111491 1370.70 1 489.89 1234.15 1522.41 2 052.68 995.01 1 145.33
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(8% 3)

e 1 B FEORL)  HAM ek AE EIRCE GRS (o) AR RS A
MUFA 107979 92518 766.17 900.06 136622 159547  937.20 932.12
n-6 PUFA 593.36 54460  281.48 489.99 61340 73428 530.22 569.60
n-3 PUFA 59.53 76.25 18.78 47.95 68.88 170.96 48.00 53.60
n-6/n-3 9.97 7.14 14.99 10.22 8.91 430 11.05 10.63
LA/ALA 11.48 9.11 21.20 13.75 14.14 14.75 12.03 11.28

T SFA. IRFIAR TR s MUFA. SR A S I R ; PUFA. Z AN FIIG B2 s LA. C18 : 2 n—6¢; ALA. C18:3 n-3; nd. Kkt .

HH % 3 AL, T NS R ER A b L
JUP A e & & THEEEK, ATaebk
FUREAR R 22 55 seAh A ] [ S AE 3L iR 7 R
2H AN i 25 R ROR, X AT R SR I U v DL M5
=] W LI IA Lo W IR B A5 A G o BB I3 RN 548
LWz 4, E+AEFLH C18:1 n-9¢ Fil C18:2 n-
6c FEE T HEEZE, Yuhas ZE808 Tt 535 F
W9 AN EZEEEFL TR & &, K E &
KEFFLP C18:1 n-9c & 1 fiw i 5 5 R 155 7Y AF B
L C18:2 n—-6¢ & R, HKOZETE, BEld
JIg 17 TR L 8 5 45 A B R A NI B R 2R A G,
BN, w55 P2 B K A B H PRGBS AT B
PLE & C18:2 n—6¢ [ T K IMAE A 3 5244 £ H
KR, AE T SRR TR EE R EY , A
A E AL A R S A C18:1 n-9¢ il C18:2
n—6¢ ] BEA JE Tl SRR R G A 3 3
] L& B AR FL R €20:1 n=9 Al C22:1 n-9
W& e TH T E S, X s ml s v 2L 80 1d
RS SRR A

3 Hig

A SCR M OTEED E T 204 1 £:3L 4 i
U IR 1) 5 o, AR T LR B A X R L
PR U5 PR R RS2, SRR R I LI A
BRZUNR WG & 5 R, AR R A AR
WL B BUBOARRE , AN TN 17 PR ) 5 i
B0 o 1 R A 1 B RS D S 1 e U e
AT B R R 2 R A TS U5 B2 4n ARA AN
DHA AR 3k i 6] B8 A5 i 8 19 35 i R B R Kk
251X AT BE S et FLREIRE £ A5 M 25 5 I RS
Bt — P BB TR AR TN & 5 LR D5 1R 2H A
ZI IR AR S A BEFLIR A RO X T 8 A
FE R ZL R R i 75 i, A B B FL €181 1

n—9¢.C20:1 n-9 F1 C22:1 n-9 FEE THEEAE,
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Analysis of Fatty Acids Content in Human Milk during Different Lactational Periods
in Some Regions in China
Wang Lei', Li Jufang’, Mi Lijuan?, Pang Jinzhu?, Ye Xingwang®®, Liu Zhengdong®®, Yan Zhiyuan®?,
Jin Qingzhe', Wei Wei”, Wang Xingguo'
('Collaborative Innovation Center of Food Safety and Nutrition, School of Food Science and Technology,
Jiangnan University, Wuxi 214122, Jiangsu
’Inner Mongolia Mengniu Dairy (Group) Co. Lid., Beijing 101107
Yashili International Group Co. Lid., Guangzhou 510335)
Abstract In this study, the fatty acid composition and content in human milk of different cities and lactational periods

were analyzed. A total of 204 human milk samples were collected from Baotou (n=41), Beijing (n=40), Jinan (n=20),
Kunming (n=33), Shenzhen (n=21) and Xining (n=49), including colostrum (n=28), one month postpartum (n=67),
and four month postpartum (n=109). The content of fatty acids in human milk was analyzed by gas chromatography using
C11:0 as the internal standard. This study investigated the effects of lactational period and geographical location on fatty
acids content of human milk in China. The results showed that the fat content in mature human milk was significantly
higher than that in colostrum (P<0.05), the fat content in Jinan human milk was the highest (~5 g/100 mL), and the
lowest were Kunming and Shenzhen (<3.0 g/100 mL). The content of C16:0 during lactation was relatively stable at
around 192 mg/g fat. The colostrum was rich in long—chain unsaturated fatty acids, and the content of C18:2 n-6c¢ and
C18:3 n-3 in colostrum was significantly lower than that in mature human milk (P<0.05). There were certain differences
in the fatty acid content of human milk in different regions, and the ratio of linoleic acid/linolenic acid varies greatly.
Further comparisons were made between the data in this paper and the fatty acid content of human milk in other coun-
tries. This study provided theoretical support for the quantitative analysis of human milk fatty acids as well as the influ-
encing factors of human milk fatty acids concentration.

Keywords human milk fat; fatty acid; absolute content; lactation period; geographic location



