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Abstract

The fatty acid composition, total number of fatty acid acyl carbon atoms and species of triglycerides
from human milk samples obtained during 70 days of lactation from 39 mothers were determined by
argentation thin-layer and gas chromatographic procedures. The medium- and long-chain saturated fatty
acids(8:0, 10:0, 12:0 and 14:0) which are formed exclusively by synthesis within mammary gland
increased significantly from colostrum to mature milk. Long-chain saturated fatty acids(16:0, 22:0
and 24:0) were significantly higher than the levels found in transitional and mature milk. The precu-
rsors of w 6- and o 3-series, 18:2 » 6 and 18:3 w 3, were increased slightly in progressing lactation.
Colostrum contained significantly higher proportions of 18:1 @ 9 and © 6- and o 3~ derived long-chain
polyunsaturated fatty acids than transitional milk, and these levels were further reduced in mature
milk. The triglycerides of human milk lipids which were made up of 30-60 acyl carbon atoms showed
a pattern with major contributions made by the glycerides with 44-52 acyl carbon atoms. The levels
of triglycerides with less than 46 acyl carbon atoms increased significantly with the elapse of lacta-
tion period, whereas those with more than 50 acyl carbon atoms decreased significantly. The fully
saturated triglycerides increased significantly as the lactation proceeded, but the dienoic triglycerides
declined significantly.

A B2 Ast A AE 96% 24 A%dy A w2

< ARtz Y FTLT ARl Ee I A

el AWA AE FolA EEFdHAEne 0 =i A WelA &3 2R Aate] B
(s]
e

A

s
A
X

i
O
=

& Azt oyl EEFElAing 4w

I
I



40 & 0 Q-
2 A Ea) 549 F8E ] dFel EdlF
dAezg FE oAY 43 % ¥4 $x6 A

A 9FgE WA T4 AR} ER %El A=
8 F2EL 2, 346 F3R A S5
o e Yt AAA. o e 2dlFe e
T Hukapd] otAl wdet x| Aukale 22
Az, =EdIPAE s 8 243 A¥¢d A9
ol % A¥F, A olF ATl wE o i
v fA" Ak F5F & 2AEY 2 EE
Adg e T2% stdg F71 Yt

Aa-e EEjEElde e g dTe Sfel ¥
ste] A4 H Lo wE ZEntE oy, a2 2E
wtEoEs], T4 8 e B¢ agesn
AEg FEEE 28t B IRAEinY] T2E
stebslmal shgleh. ¢4 A5 = Eeldny
ZA kAl 24 2344 St 245k Laubere}l Re-
inhardi® o] o Fo} o}l BtEFE EF, oldF, A
%ol dlste]l Z4FgE Wattse} Dils8]® T &
AYstd ey 47  =ARELH4D cross-sectio-
nal study2A % X717+ A5fe] ARHA
W AAF7E Aol xR AFAE JREIE o] R3]
&= ZAgt o] grtm Eroh. wEbAd £ QT4
Eud g gAREREH 2 F 704 #F
longitudinal 2 =] 28 A 8e] Hsld EzFe] 4=
9 &3 ukil i/léjq_ o}Al LA, EF] ‘:'E]X‘ﬂ\’JE_
i EAY 23 ol AT 5& 2Astd f
7178 Al w2 olf EelZEAdEY T2 9
o5 A i uA sty e

Mz 5 g
AT et
TR 5 FAAAE A AEAEE W aele
w7le] FAetE Eukdt 57535 ARES dALE
FEE ¥ £ QT A YAE wil 3998 A
wata e, £ 4T dARAES 2419 4S5 =)
= AF AFRse ARERA 24U 2173, A4
Rl 188 08 S 1ol 26.54 4 ).
elfel MF AVl 2 Oy
Euk SRR 54 Aol (2R, B F 6UAA

100 Aol Celd R, 1k F 28Ye]A 354 Ato]
ASHD), 2z $9F 57904 709 2Fo] (4
Sf el 24 9214 12417 Zf7l2 f49

2 = BREXERBYE

R ERDEE R
$5¢ A% A3 gl

ma=

EEEECTN
ERL R

Ez|Za|dE =9 =28

Jansson 5919 wiyo] wlu} &3 FAwA 20 mg
25 ] microsyringe® Alg|7}A 600] EXEEHe] g
TLCs3(20X20 cm, 7 0.25mm ; Merck &} =] &,
Exg F AedA FALZ
el AA FHE Af dE2/dd dEEZ/gE
AH(82:18:1, v/v/v)& A&t 25°CeolAl 50 -E7E
AMAR A FALRD =& UV 3 =(Black-Ray B-
100 A ; Ultra-violet products A} A&, w] ) E)

4z AE HdFd F E=IEdEzY

HEL AP Fo] Rop EREZEF R FF3

9ok

L.
=
A

~

Yo & 3mm E

Eg|2elHel=9 R4 =Y

ez Zeldg) =9 A utale] transesterification
Gibsonz} Kneebones] 4laio]® wizl gjstgd ovi £4

27 F A8 27 L= 93°Cel4 33 L= 185°C
A 183 2°C 452 A3 F4F 2 2819

ox 2 240°C, 4 F5%S Bt diml, AL FFS
M} 43ml e F7] —ﬁ- 2 Bt 560ml 2 g A

o199 He AZAL 4
Aol AR A A
FE A4 AR FUa

# AR A% 24
1ok, A ukAre] 54 2 A
steh.

Ep|ZelMel =9 Ord Bt

dgelde =9 okl BasE A4
ADES 234 SHse] A% oulz
59l F o]l L5ulE 72 AEBrIEDHE 9
st EAsREd of F9) 274% 583t 2 4
438k A7l e 49 ol 23} 2515 F-4-5 Hitachi
163 7}& mEntEa# s o]w, I stainless steelgt
(1mX3mm, id)e 24 £2A 2 2% Silicone OV-
17(4) : 60-80 W 4] 9] Chromosorb WAW, DMCS)-&-
Agstgeh 38 27 LEE 220°Cg 0w o] LE
oA 282 Avkd F 38 AT &% 330°CAA &=
2% 2°C 42AA A8 FAF 2 28719 &

L 400°C, A4 $8e ¥k 66ml, 4 FFL
£ 55ml, Frl L E¢ 560ml, FFE= 10°X8
283 7] Ex &5 £ 5mm gt}

o}4l ®r44-9] sle]= el tricaprin(e}4l Eh4
4 307]), trilaurin (36 7)), trimyristin(42 7}), trip-

E7Z
0.5 ml ¢

_&r_ﬁ\m



Vol.14, No.1(1985) FH A A wE olg Er|FeAe =] a4k 41
24, otAl mis B FY wsE

almitin(48 A)), tristearin (547) 5 4¥ == scaleZ ¥ Awk AYstn st AZAL FxakA
DAEE EEEEGigmad AF, 9 4%E 249 A6 ol Sakginl AV FYe). Chro-
Ag TAZ skl Webdeh, 2elm obd Bt marodS [o] ¥R E2DARES $E wipal-
2] Holz WA A slo|z wlHe] WEEL AHE mitin(o] % A4 0A), triolein(37]), trilinolein
7] (TR-2220A ; TakedaBgf2o] F413] 4}, )= A 6A4) 59 =ZelAdzlz 2EEFE(Sgmast AF,
R W58 REAS 2AZ shel Bolstgsh wals A

Fo 9L o A4 32 Helz AL Tad FE

ER=RMEc] 2 oz T W EEE BAss

n‘l

2 &7
=

o

AV

EFelAEE g £ 2gd 2% A gl
wHE Mal FRAE =Y T2 B 50 e o
e 12.5% AALL $oie] 103 S B2 F 120°C ifel A& - wdAEY BE L %31 Az
AA 247 skl BAHAA ¥& chromarod-s A FAN AR -
I (TatronFA5a} A F, dW)e 25ug 2] 28] F¥]
Aef il g SEEITZ 29 1ulE

B

=

2 =}
microsyringe® spotgt £ Ao FmIAl/FE e T
(80:20, v/v)o2 Aol A 2217 AAAA}. =AA E QT N F AL A AT R 43
T B A 100°CH g 108 Bk Axetd a3 9 AR ARANE AN sH Esiged, A AA9
AAG o-& TLC-FIDYM o 2 RAs19c). o] o] ] ep) e = A28 Tdshx] g A4
A AR F zEotEadd distd 50mV full A 24, obd BEF, F F A AFE

Table 1. Changes in saturated fatty acid composition (% of total faity acids) of trigly-
cerides from human milk lipids during the course of lactation

Fatty acid» Colostral Transitional Mature [? Mature J ¢
(n=16) (n=19) (n=17) (n=17)
8:0 0. 08+0. 024 0. 1410. 06%¥** 0. 18£0. ogF#H+* 0. 17-£0. 03%%%*
10:0 0.29+40. 14 1. 4320, 54F¥%% 2. 160, 64 2.01-£01. 53¥FFF 4
11:0 trace 0. 0140. 01#* 0. 01 £0. 0o**** trace #
12:0 2.41+0.98 7.35:2, ggFiwE 9. 873, 76¥¥F* L 9. 803, QoFrk
13:0 0.01%0.01 0. 0240, Q1¥¥* 0. 0240, 01¥¥* 0. 0240, 03%*
iso 14:0 0.04%0.03 0.04+0.05 0.03+0.02 0.0340.02
14:0 5.74+2.04 8. 763, 42%F* 9. 88 4. 11¥¥%* 9. 37 3. ppFwEE
anteiso  15:0 trace trace trace trace
15:0 0.20+0.05 0.2210.06 0.194:0.07 0.214£0.10
iso 16:0 0.06+0.04 0.05+0. 03 0.0630.05 0.05:£0. 04
16:0 30.6043.70 25, 8613, 21FH¥* 25. 0243, 33wk 26.92+4. 20*%
anteiso 17:0 0.06+0.03 0.04+0.04 0.0440.05 0.05:4+0. 05
17:0 0.28+:0. 08 0.27+0. 10 0.29+0.11 0.2840.11
iso 18:0 0.0240.01 0.02+0.01 0.02+0.03 0.01%0.01
18:0 5.76+1.19 5.1541.53 5.68+2.24 5.714+1.05
20:0 0.2040.09 0.15+0.12 0.1740.10 0.17+0.15
22:0 0.03x0.02 0.02+0.02 0. 010, QLE®EE 0.021:0. 02
24:0 0. 09:£0. 03 0. 050. 05*** 0.02£0. 035 L 0,020, Q1% 4
Total 45.2946. 87 49.49+6.93 53.5249. 24%%* 55. 08 7. Q0*F¥F¥

2The numbers to the left of the colon indicate the number of carbons in chain, and the number to the
right of the colon indicates the number of double bonds. *From 28 to 35 days postpartum. °From 357
to 70 days postpartum. ¢Mean-+SD. ¢Less than 0.004%. Transitional, matures | and ]| compared to
transitional: *p<C0.03, **p<0,02, *¥¥p<0.01, ***¥p<(0.001. Matures [ and [[ compared to transi-
tional: +p<0.05, H<0.02, #p<0.01, ##p<0.001.
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Table 2. Comparison of ecaprylic, lauric and myristic acids in human milk triglycerides
between primiparae and multiparae during the course of lactation

Fatt Colostral Transitional Mature 2 Mature J b

acidy Primiparaec  Multiparae  Primiparae Multiparae  Primiparae Multiparae  Primiparae Multiparae
(n=9) (n=6) (n=11) (n=8) (n=8) (n=9) (n=10) (n=7)

8:0 0.07%£0.02° 0.10+£0.02 0.14+£0.05 0.14%0.07 0.18%£0.06 0.18%0.06 0.16+0.04 0.19+0.06
10:0 0.27+0.08 0.32:40.21 1.4140.49 1.45+0.64 2.16+0.71 2.1540.61 1.984+0.58 2.04:0.50
12:0 2.314£0.77 2.62x1.36 6.74%2.30 8.19+3.51 9.28:+3.69 10.41%3.95 9.67%3.62 8.78+2.05
14:0 5.75+1.66 6.02:+2.69 7.70:£2.68 10.21+3.95 8.81+3.51 10.83+4.56 9.99+4.30 8.47+1.84

aFrom 28 to 35 days postpartum. PFrom 57 to 70 days postpartum. SMean=+SD.

Table 3. Changes in unsaturated fatty acid composition (% of total fatty acids) of trig-
lycerides from human milk lipids during the course of lactation

Fatty acid® Colostral Transition al Mature J® Mature J ©
(n=16) (n=19) (n=17) (n=17)
14:105 0. 12+0. 064 0.154-0.05 0.16%0.12 0. 09:0. 064t
15:107 trace® trace trace trace
16:1w7 3.29+1.78 3.88+1.35 2.77£1.27 2.96+0. 95
17:107 0.1940.03 0.22+0. 05* 0.18+0.08 0.2320.20
18:109 32.98+4. 09 30.00+4. 55 26. 2945, k¥R 95, 684, 19 ¥t
18:2w6 10.73+2.48 10.224:2.16 11.18+4.30 12.864. 17
18:3w6 0.05+0. 02 0.21+0.56 0.06%0. 02 0.10+0.16
18:3w3 0.76+0.31 0.7140. 44 0.91+0.69 1. 1140. 54%+
20:1w9 1.14+0.26 0. 6640, JLH*** 0.67 1. 09H# 0. 3940, 14*F8%
20:2w6 0.86+0.22 0. 4940, 21k 0. 28-£0. 10*+¥*4lt 0. 300, 09****4t
20:306 0.5140.19 0. 4040. 10* 0. 3240, Q7%+t 0.38=+0.13*
201406 0.55+0. 21 0.47+0.13 0. 310, 10¥*%544 0. 300, 12%%%¥ 4t
22:109 0.45%0.19 0. 300, 17%* 0. 220, 19%#kx 0. 2210, 15%*+*
20:5w3 0.01+0.01 0. 0440, Q3#*** 0. 04+0. ¥k 0. 03+0. 2¥FF*+yyL
22:406 0.26+0. 13 0.16+0.13% 0. 10£0. 10%*** 0. 3040, 03FF+*qt
24:1w9 0.42+0.21 0.25-£0. 18*%* 0.1840. 25%** 0. 090, 05+***+{yt
22:503 0.33%0.16 0. 150, 0g***x 0. 08 0. 0§ *+* 44t 0. 080, 04¥*+¥ 4
22:603 0.79+0. 36 0.5840.23 0. 4140, 21 %%k |- 0. 93-+0. 16%F%K L
Monounsaturates 38.5945.13 35.50+5. 67 30. 42-£6. 36FFFEH 29, 65+4. 61FFFFY
Polyunsaturates 14.84+3.44 13.36+2.49 13.68+4.84 15.3844.94
Total unsaturates 53.44+7.71 48.86+:7. 44 44,108, 83*+* 45. 58+ 7. 52¥**
Total w9 acids 24.9944. 06 31. 26 +-4. 74** 27. 31 6. 20%*** 26. 364 26FFFF
«9 metaboliles 2.010. 50 1. 2640, 68* &+ 1,021, 25%** 0. 68-£0. 26%**+*
Total w6 acids 12.9642. 94 11.89+2.33 12.24+4. 44 13.92+4. 40
w6 metabolites 2.23+0. 64 1. 6710, 53+ 1. 0640, 24% %% 1. 07 0. 31¥+F+gp
Total 3 acids 1.88+0.69 1.4740.53 1.44+0. 63 1.58+0.65
©3 metabolites 1.1240.52 0. 76 +0. 31+ 0. 530, 24%x+¥ 11 0. 4740, 2%+ 4.
20:406/18:206 0. 05+0.02 0.0540.02 0. 03£0. 01%*%%1L 0, 02-£0, 01%**k
DB 0.75+0.13 0.68+0.10 0. 6240, 13%** 0. 64+0. 12%%
p/ss 0.3440.11 0.28=+0.09 0.27+0.14 0.31£0.14

aUnsaturated fatty acids are designated « notation, indicating the position of the first double bond
relative to the terminal methyl end group. ®From 28 to 35days postpartum. <From 57 to 70 days postpa-
rtum. $Mean+SD. ¢Less than 0.004%. fThe double bond index is the average number of double bonds
per molecule of fatty acid. 8Polyunsaturated/saturated fatty acid ratio. Transitional, matures | and [
compared to colostral: *p<{0. 05, ** p<{0. 02, **¥* p< 0. 01, ¥*** p<0.001. Matures | and [ compared to
iransitional: +p<0.05, Hp<0.02, #p<0.01, #p<0.001.
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Fig. 1. Gas chromatogram of triglycerides
from human mature milk. Peaks are
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Table 4. Changes in triglyceride composition (%) of human milk lipids during the course
of lactation

Triglyceride® nglloit{% ngrj__sllté())nal M(a;lg?’?% b Mégu;el 7]% c
30 ND4 ND 0. 002+0. 004° 0. 6011-0. 001
32 0. 003+0. 008 0. 029+0. 034** 0. 0590, 053%%* 0. 0510, 039%**
34 0. 007+0. 008 0.21940, 188%%* 0. 3750. 281%%* 0. 336 0. 207***
36 0.0200. 025 0. 734£0. 647%** 1. 116:£0. 821%** 0. 96010, 622%**
38 0.099+0. 148 1. 8721, 524%*%* 2.546% 1, 711%+* 2.234 %1, 257%%*
40 0.49810. 471 3. 8342, 455%** 5. 0702, 689*** 4.559:£2. 016%**
42 1.300+1.148 6. 425+ 3. 085*** | 8.488:+3. 437 8. 05442, 744%%*
44 3.518+2.298 9. 994 43, 392%** 12. 570+3. 519%** 4 12. 41242, 843%**F
46 8. 485+3. 587 13. 80043. 091%** 15. 625 2. 852*%* 15. 825+2. 295%** +
48 14. 605+3. 220 13.756:+-1.189 13.46011.382 13.440%1.271
50 25.853+2. 454 18.108+3. 790%** 14. 237 3. 033F* ¥4 15. 20943, 12454 4
52 38.14347.787 27. A57+9. 134%%* 22. 969:£10. 289%** 24. 31249, 069***
54 7.10143.114 3. 81842, 066*** 3. 037 2. 503*** 2. 58042, 046%%*
56 0.263+0. 262 0. 048 0. 080** 0. 013£0. 009*** 0. 003 0. 001 **#4¢
58 0. 045+0. 060 0. 0100. 008* 0. 006 £0. 041* 0. 0041£0. 002**
60 0.01140. 008 0. 009%0. 008 0. 004 +0. 003**44- 0. 0044:0. 002%* 4

aTotal number of fatty acid acyl carbons per glyceride molecule.

bFrom 28 to 35 days postpartum.

<From 57 to 70 days postpartum. 9Not detected. ®MeanXSD. Transitional, matures [ and § compa-
red to colostral: *p<{0.05, **p<0.01, ***p<C0.001. Matures [ and [ compared to transitional: +p<C
0.05, Hp<0.02, H#p<0.01.

Table 5. Changes in triglyceride species (% of total triglyceride molecules) of human
milk lipids during lactation

Species® Colostral Transitional Mature [ ° Mature [ ¢
(n=16) (n=18) (n=17) (n=17)
Saturates 16.0+ 7.44 25. 714, 4%* 27. 314, TH¥* 29. 613, 3HF**
Monoenes 35.0+10.9 33.1+10.0 39.4+10.5 33.2410.0
Dienes 33.5+10.2 26.3+ 9.1% 21,9 7.1%%F 24,64 9. 6%*
Trienes 10.1+ 7.3 8.7x 8.9 6.9+ 5.5 8.1+ 5.7
Tetraenes 1.6+ 2.0 2.5:+ 3.1 1.4+ 1.9 1.9+ 1.5
Polyenes 3.94 4.3 4.6% 2.8 3.3+ 3.6 3.4x 2.7

aSaturates, monoenes, dienes, trienes, tetraenes, and polyenes are triglycerides containing 0, 1, 2, 3,
4, and more than 4 double bonds per triglyceride molecule. PFrom 28 to 35 days postpartum. c‘From
57 to 70 days postpartum. dMean=+SD. Transitional, matures | and [ compared to colostral: *p<C0. 05,

**p<0.02, **¥p<0.01, ****p<0.001.
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