Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 35, No. 6, 229-236, 2022
https://doi.org/10.5806/AST.2022.35.6.229

Compositions of fatty acids and structural identification in human breast milk

Ji-Woo Yoo', Young-Soo Keum', and Nam Mi Kang®*

'Department of Crop Science, Konkuk Univeristy, 120 Neungdong-ro, Gwangjin-gu, Seoul 05029, Korea
’Department of Nursing, College of Biomedical and health Science, Konkuk University,
268 Chungwon-daero Chungju-si, Chungcheongbuk-do 27478, Korea
(Received April 19, 2022; Revised November 14, 2022; Accepted November 21, 2022)

=]
IR & X =M 9 = 24
KA - B3GR PP *

sl sk, 2 e
(2022. 4. 19. ™4, 2022, A, 2022, 11, 21, £91)

Abstract: Lipidomic analyses of transient breast milk are far more limited than those of other dairy products.
As a preliminary analysis of breast milk lipidomes, analytical methods for polar and nonpolar lipids from
transient breast milk were developed, and detailed fatty acid profiles were determined in this study. The newly
developed methods include solvent fractionation of phospholipids and acyl glycerol, one-pot derivatization to
FAME:s and pyridylcarbinol esters, and instrumental analysis, including GC-FID and GC-MS. The results indicate
that breast milk contains 16 major common fatty acids with 8-22 carbons. Additionally, 29 minor fatty acids
were identified, including odd-numbered fatty acids and branched analogues with 11-23 carbons. Their detailed
concentrations in different fractions were measured using the internal standard method. In addition to ordinary
fatty acids, breast milk contains several branched fatty acids, including iso/anteiso acids with 15-18 carbons.
Structural studies have been performed on selected minor fatty acids via chemical synthesis.
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Table 1. Composition of major fatty acids in neutral and polar lipid fractions in human breastmilk®

Neutral lipid (% of total)

Polar lipid (% of total fatty acids)

Class Fatty acid
Average (SD) Range Average (SD) Range
C8:0 0.22 (0.11) 0.07-0.51 0.47 (0.24) 0.00-1.05
C10:0 2.40 (0.87) 1.10-4.62 3.91 (2.13) 1.10-7.88
C12:0 10.94 (3.51) 5.98-19.81 23.80 (7.91) 5.30-39.12
Saturated fatty C14:0 7.63 (2.54) 3.47-13.69 8.63 (2.31) 5.00-15.72
acids C16:0 16.74 (2.07) 13.76-21.72 15.96 (3.99) 9.43-24.47
C18:0 3.98 (0.74) 2.62-5.79 5.05 (0.87) 3.32-7.11
Saturated 41.91 57.82
Cl6:1 232 (0.93) 0.86-4.33 277 (1.72) 0.64-6.23
C18:1n9¢ 29.20 (3.86) 21.83-36.26 5.05 (0.87) 3.32-7.11
MUFA® 31.52 7.82
C18:2n6¢ 19.05 (3.35) 12.29-26.02 1433 (5.06) 6.91-28.05
C18:3n6 0.51 (0.56) 0.05-2.72 6.26 (3.94) 0.12-16.97
Unsaturated C18:3n3 4.05 (1.25) 1.76-6.63 7.08 (3.74) 1.98-19.37
fatty acids 2022 0.46 (0.16) 0.29-1.10 0.84 (0.53) 0.12-2.19
Y C20:3n6 0.44 (0.13) 0.30-0.79 0.84 (0.59) 0.12-2.64
C20:4n6 0.79 (0.20) 0.46-1.27 2.81 (1.62) 0.70-6.87
222 0.31 (0.24) 0.11-1.42 0.90 (0.77) 0.12-3.15
€22:6n3 0.94 (0.59) 0.28-3.66 130 (0.73) 0.45-3.82
PUFA® 26.57 34.36
Total UFA® 58.09 42.18

*Total number of samples (n = 32)

®Abbreviations: unsaturated fatty acids (UFA); mono-unsaturated fatty acids (MUFA); poly-unsaturated fatty acids (PUFA)

Vol. 35, No. 6, 2022



232 Ji-Woo Yoo, Young-Soo Keum, and Nam Mi Kang

library (Wiley mass spectral library 8th edtion)& ©]&
sto] 4313, GCFIDE &8l 413 442 FAME
¥ 3 (Supelco 37 Component FAME Mix)2} th’d A
Bo] WEe A|7ke v)wsle] FAEA ).

I
-

3. 4 o

o
!

3.1. =X|gt FEE(Method development of fatty
acid extraction)

ZAY FE2EL silica gel2 283 £33} 23
Fotod, 1A 9 FAARNAR FEle e
4 2 FAXNEY EYE AT F A
gL A, S48 AE 2 F4A4
0.15(x0.12) 2 11.32(25.89) g/LE el =gt} o]
71Ee] ATEEHY ARt AHEA B %]
grtd oz &gHI e +F T FAE 45
Hlwste], 1A]d 5o 4 AA9| ggo] FAXA
o Hate] AgF(1-2%) SAIBAL A AT 5 3

giq,'GJ

o

32
G
I

32. £ X4 ME(Composiion of major fatty
acids)

=4 Ade] AS 24X
vh, 2ol ofgh oheket 4l
= AR F9 SEA st I
o, Ak 240 JAME FAAAAH ¥,
4 e Aot Aol B vh dukp o)ef 7
HE s, sl 8 )

N SIATH Table 1).

30
25 dodecanoic acid
m D
c
O 20 -
©
S 15 ¢
(=
S
= 10 -
S Oleic acid
5 A
;
0 T T T T T T

0 5§ 10 15 20 25 30

Neutral fractions

Fig. 1. Correlation between the percent compositions of
individual fatty acids in neutral and polar lipid
fractions.

Hlwet A3}, 7 8o A3t AHAte] &5
d= TAA 940l e FTAAE 4T &
Ach(Fig. 1). 28 Al v wd ), A5 2itke
 EY7 EARE & HolE B 53
dodecanoic acid ¥ oleic acid®] A @ = 3

e = 27 10.94/23.80 2 29.2/5.05 %= LFERL
ARt A AW AP xfolF & whg kAL
ATk T oS A g A(H e AFAR &8
=& linolenic acid®] A$-oll= 7 2JolE KO

H, T8 9 7%, o-linolenic acid7} thF-ES 2b
b

o ¥8 N o

oX,
fe
K

oy

Ae WkH | A B8 9] 79 o-linolenic acid®} f-AF
gk 9] y-linolenic acid’t AEEH At 71E& A9
g2 25 5 A 24846 o], #83) 3
Ae AXA &L, T4 2 FAAAE vt Bxsh=
A Ak 2736 st B4 S Arsta e, webA 3
F At AFE B A7 AP A vae oy
a2y SR A gFES AR se A
IS o, Awrd A 240 g v A=
e Z1o2 Alg 9t 0|9 e Hg I &
A YERE T8 Aake] AL 7E Are}
A 232 el AT 3 o-linolenic
acid ¥ y-linolenic acid®] 7%, #¢ 2 o}Alo}d 4t

2 e B4 2™ a-linolenic acid®] 7%
% Abakstakel] disle] 0.5-4 % WS 2HA] 8, g
H y-linolenic acide tH-H2 H-% 0.1% W2l A
o2 A Uk o9 e AP L B A7

[
FHAA F FFEAATE A Aol A%, 34

_—

= A tHTable 2). ©]¢
) 50 gAaE T

acid, heptadecanoic acid), 2) B3 SHA|HAHF (cis- 2 trans
olAFEA F), 2 3) AL (¢l 14-methylhexa-
decanoic acid) T2
o] A AAA LA diw
ARoH, 47 SAE B AR FHY) 0.7 %
W& A8k AT EX

T8 AW FYT T

% =
Om}l_‘
% o
DI
oL ot
2NN
:[mo%
o
25
F
gﬂr
!
& =

— F{E
et
-+
%0,
32
=
Ao
R
N
of
23

=
&
i
X
)
o
fu
o%
o
i)
2

Analytical Science & Technology



Compositions of fatty acids and structural identification in human breast milk 233

Table 2. Percent composition of minor fatty acids in neutral lipid fractions in human breastmilk

Class? Name Percent® Class Name Percent
Undecanoic acid 0.01+0.01 Octadecenoic acid 0.19+0.08
Tridecanoic acid 0.03+0.02 Octadecadienoic acid 1 0.02+0.01

SFA Pentadecanoic acid 0.30+0.13 UFA Octadecadienoic acid 2 0.16+0.49
Heptadecanoic acid 0.38+0.12 10-Nonadecenoic acid 0.04+0.01
Heneicosanoic acid Trace Nonadecadienoic acid 0.02+0.01
Tricosanoic acid 0.01£0.01 15-Tetracosenoic acid 0.07+0.07
Dodecenoic acid 1 trace

. . +
Dodecenoic acid 2 0.010.01 12-Methyltridecanoic acid 0.010.08
Dodecenoic acid 3 0.01+0.01 ..
L 13-Methyltetradecanoic acid 0.04+0.01
Tetradecenoic acid 1 0.01+0.01 . .
Tetradecenoic acid 2 0.0120.01 12-Methyltetradecanoic acid 0.05+0.02

UFA . . ’ ’ BFA 14-Methylpentadecanoic acid 0.06+0.02
Tetradecenoic acid 3 0.20+0.13 . .

L. 15-Methylhexadecanoic acid 0.09+0.06
Pentadecenoic acid 0.02+0.01 . .

N 14-Methylhexadecanoic acid 0.154+0.09
7,10-Hexadecadienoic acid 0.07+0.05 16-Methylheptadecanoic acid 0.0340.01
7-Hexadecenoic acid 0.42+0.21 yihep ! ’ ’
9-Heptadecenoic acid 0.26+0.11

?Abbreviation of fatty acid class: SFA, saturated straight-chain fatty acids; UFA, unsaturated straight-chain fatty acids; BFA, branched-chain

fatty acids.

PPercent of specific fatty acids in total fatty acids, including major fatty acids
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Fig. 2. Comparison of fatty acid compositions of human
breastmilk and formulated infant milks. Abbreviations:
SSF, saturated straight-chained fatty acids; SBF,
saturated branched-chained fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated

fatty acids.
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