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Abstract: Breast milk is the preferred food for preterm infants. In recent years, the role of breast milk in the
brain development of preterm infants has attracted more and more attention. Studies have shown that the effect of
breastfeeding on neurodevelopment and long-term cognitive outcome of preterm infants may persist into childhood,
adolescence, and even adulthood. The nutrients in breast milk, such as oligosaccharides, polyunsaturated fatty acids, and
lactoferrin, play an important role in this process. This article reviews the latest research advances in the role of breast
milk nutrients in the brain development of preterm infants and elaborates on the concept and function of each nutrient.

[Chin J Contemp Pediatr, 2019, 21(6): 607-612]

Key words: Brain development; Breast milk; Oligosaccharide; Long-chain polyunsaturated fatty acid; Lactoferrin;

Preterm infant

BEE 7 L AR R AP R i 7L
AEREFIRE . tha kT A RV AN 2Bk
NIELTARE R, MR LA R A TR%E 5%
JURHBIAS RSB HHOCR . BAREL
H A I AT R A 22 TR L 2RI A, (H R X
M0 Z 18] 1 5 fish B B i S5 S A AR KRR JEE oA
A e ST SR o B LRI R AN A
PN LB SR = W ) R EM 2 LT A R E il
I E S ZMERY R, EREIIVER AT R

[ sk HIW ] 2018-12-04; [ #3Z HIM | 2019-04-08

FEE IR, — TR [ RKFN BT 180 44 i
1/ 30 JE Bl AR E /NT 1250 ¢ 7L 0~28 d
NIEZBAMIE KT 50% R T, I
WL H FN 7 % BF MRI 22 FL . IAATRE S (1Q.
B, BoeE. WES. TARCIZ. BT WK
) R shae . SR E B 28 d N LLREFLESE N
F M= LAE B TR A R A I B AR
T AR SR st . TSI
iEsh e P A WESE 2B RE LG LI )

[ B4 H | EZEAAREIES (81300524; 81330016; 81630038 ) 5 [EFFHEHE KL (2017YFA0104200 ) 5 DU RHEITI
XITH (2016TD0002 ) 5 EZKIGKE S LR OLRBEAEILL ) &% H (1311200003303) .

[t | 5, 2, BLpid.

[fEIESR ] M4, &, ##2, FAEEN, Email: j1234753@sina.com.



EIECE S ] P E S RILFEE Vol.21 No.6
2019 4F 6 H Chin J Contemp Pediatr June 2019
REBOAHUR & 52 RS B DA . AERT e P I G W T R A AR e 22

Po BRI BB L AU R, HREREY
REFUIRIRIFLES A AR OC, o Wb (e A S R4
IS A REFL A R A TR S M
TRAPAT, AAE AR . IRIIR . FLEREH |
KA AR T B, SRR &
KA SN TR E B4R
JI K AR BN A BT o R BRI
N Wime ke FLek s e Rl P S i S, BN
RIGNHR LRI FRIR, Al KA Z R EY) o
YERT, 220 Ree 8 Ml R TAE N AR e, B
R 3 JLAF [ P AMIRGE 1956 T B = FhE 3R i 7
R U R B PRI T IR 98 5 B A, A ERhE
2RI A AR R AR o

1 BIREE

FALEME ( human milk oligosaccharides, HMOs )
R Z R AR EL RS, R Py
AR, HrPENESmKEEY, REkEY
7~12 ¢/L, PIFLH SR E . HMOs H— 2L H
F—A~ N- S A R 20 AR O A5, 5 e
N R T A Ao B T ok AN [) S =X T
Bl HC P R T TSRO e i I SR 5 i
2 P, —TUok A DR KB, 5MEEEA
RELRYEERALE, RS LR EEFLH HMOs
SR E R 2 159, Herb IR TR AL R il B 1k
HMOs ¥ J5£ 5502 53531 & 4 25% 1 28%; [ iy iZ b
EIRTAZNY ¢ % TR ct T P Ra el N UK I S RS I RS NS S
T RSN, SRS ISR A s ISR AR
WERU X RRZAAR LY, s 4 A0 5 A B
PR S AR 40% LA E T, HMOs AU
BRI KT, TEMERGEMN KT MGt &b
W R EEIER]

1.1 ERTH - BRI g & FIhaE

4 K 2280 HMOs BE A9 8 B2 A AL i i IR
WAYLE WM, 7RSS h R = W BE K-
It H HMOs & BUBCFF B ) e P 2R OIS, X Al
T U I8 A U AP R T USRI
T 3 T AP RH XA BIR A8 7 S A I SR 0 1 A 4 T A
R HARWRRE A = A S RERR DR, T BRI E
pH fEL, AT AN KA AT 5 0157 25736 E0i B

SRR = = A, S s EACIIFI - B,

IS AR A B FIdsg
1.2 RD B S TE T

=LY BE R GEA R, W oy S A I e ik
PR, DA 51 R R 2 AE PE 475, HMOs RT A g 1]
YRR AZ 1A, ASADURH 5 40 it 2 T )W 321
7 JEUR 5 A A, B BT B R4 R A

i JE A 1 80 B R AE MY B 4L BE BR T (group B
Streptococcus, GBS ) JEYEHT A JLILAE 3 AN A
A IR FNBE T B A . FETC g G TR 5,
1.0 mg/mL B ¥ HMOs {ff GBS M4 FE 18IS 97%;
] HMOs AT/ GBS MR, #E i) GBS £
W= )UmE N B ERE, T GBS s 48 19 & Az
H LR T = L s 240 ", HMOs i8
A FEARRE R 5 (0 M, SR R T A R R
WD I IEBORIE R ZR, BTN LIE TS XU
e B 2L M SR B LAY I 3R PR W A D B T
HMOs, LI #543 HMOs 2871 Ak W itk A 476
IR, AU RIIERR T HMOs 7] 1
FRGORANAE, HH] Toll #FE2ZIRME 5L, T
CD14 5 IL-8 A5 5 PR ik s IS 1547 206
EPUN, VEBR I, JEER PR, AR R
g e
1.3 RHMEHSIANAE

27 2] FC AL J2 i 3ok P 48 5T 2 (8] 28 fih % 42 ik
JIE Y BE R R A R, K B 9 L AL (long term
potentiation, LTP )/&2¢>] TCAC TR B B 4 R AL
LTP s . BEEA, 2 SidicaeJrtksm "™, wF
TR IR 2'- A AR R ( 2'-Fucosyllactose, 2'-FL )
AT 4 B Eh Y LTP B3R 2y 50%, JF HA B TR
fih i %8 HE EE 95, TR A 11 B ] R AR 1 ey 11
K PR I 228 37 I 145 2 5 AR e 4y 1
TE B2 JZ AR JZ T Sk R 2R, 9 28 figh ] 28
P XL A AN SE 2'-FL,  HLA A R AR
0I5 e 24 P 5% fik s LA S AR U B ) 1%
XL MG R, B 2'-FL XA DI RE %) s i m] Rk
28 S A 2 AR IS P RO AR Tk i 22
SEREME, FTRE S - BAEhAE G P MER (sialic
acid, SA VR NS AR 22 A0 B 573 F( neural
cell adhesion molecules, NCAMs ) A% 5 220 B85 o
P2 R AT AR HE R 2l S A R AR, ZERRRH

608 -



EIECE S ] P E S RILFEE Vol.21 No.6
2019 4F 6 A Chin J Contemp Pediatr June 2019
AR, S oS S BRI A A AR BB ) S Io K RE K2 54%, 4oy

NCAMs ) 2 5 SA Fr Bz Al 52 1) 41 i 1 5% A1 28 28
SMER, SRR ik R, s KM
IO P, BEFLP Y SA FEF L) SA FAL IR SR
W AEAE, A 5 3% WA B LR SR T (83 A= 7
TN SA S AN A 109%™, — B B0 F i

MR PN 2, W= LA IR R
A2 H AR E A AR XD, AR TR LT

S E LR IR AT R = LI A £ SA .
IS NCAMs fE7E .

2 BELRKEAEFASHER

REFL b Ry iR BT i R, R AR
JE LM B 2 K BE 2 AR AT 7R (long chain
polyunsaturated fatty acids, LCPUFAs ) , LCPUFAs
SR LA 2 R GEAE A ARG T B 3 A Y
A P, KW Y LCPUFAs 384045 — |- —
Bk TLMSTR ( eicosapentaenoic acid, EPA ) | .+ —fk
AR (docosahexaenoic acid, DHA ) F11 /€ 4= DU 45
i (arachidonic acid, AA ) 2%, DHA FI1 AA &5 H Y
FERIETRFABEAMEY) P a- M RRER AR
TERF NI AL . (R R AL BORARAR, Bk LA
P ETRA L DHA I AA ASAETE 2 H BRI E,
B 2 i it A R L R LM SRR R
1 3 A H B G 2 2 0 RNk R 1 A
7 Lk Z 22 30 ) DHA i /70, /EJ5 DHA
(1 3 BB 2 MR T BEFLIE SR 7, LCPUFAs 7 g d
TAly LI 1) 176 2l 1 AR e e e, R ) L
Wiz FNEE Sy, R LM a7 iR
FEEME
21 RHEXMHEENRE

DHA =28t AR 14 DR R S5 490 o] JBE AR
FRAMBE, T 114 22 F UUSHE 45 e T 2445 40 i P50t sl
Keie, A s 5% 5 ", DHA i85 Na™-
K*-ATP B A% R i i i A G R AR e, X
AT S LRI e FE A AR, DRI R AR
FITE SRR LR ™, DHA 228 firh A A 75 240 1%
Ay, TS R RS 3 ME R B 2 S
Yy, RS e, TS A 1, HY o
RALIIRE, WM ERKRE T, kM, 5%
/N AL, Fa-1 /N OB & NI PE DHA (1958

THMY) 78% . DHA 3838 4l ORI 2 1 4%
() 5 il A7 26 1 RN 2 33% 1 2 fil )5 AR 11 B9 T A,
T $88 5 2 b 44 336 A LTP, k3t 3 AcAz ™,
DHA Tl AA R ZEH5p 2 5 PE A i 36 5, fe ok
iz S5 Y A0 e 1 R B R A ol KRR EIE
g S5 200 o () B B R L O IR K R
T 0 #2500 - IR AH LA b YL 2
3'- AR 3'- WEMR FREE (2'-3'-cyclic nucleotide
3'-phosphodiesterase, CNPase ) & - Ak 6 5 A o
FRIBERE NS ARG, AW B e 2 HiR KLY
A1 ik v E S LCPUFAs 7] 338 CNPase J& i, H:
B AE BE TR/ il A3 I T 36% Fil 39%.
I ELTR) At 2 3R] /0N J okt 41 354 R e T 5 e )
R A A A R AR B TR, DA S 2 R U
LCPUFAs ] B8 X 7= LN HE 5 ¥ il A G 521 O
PR SRR B,
2.2 HBEXKMHEHRG

AA I AA TG A A B AR Z R R
JEME 5401, WATFIRE B2, F1 =/ B4 Ffie X
RUSIIRER B2 HEE 5 5 7 NF-xB, L
RAEA AN IL-2, 1L-6 A1 IL-8 By 3 [F £k, DHA
5 AA ZEEARETESREFR, DHA ATLIEES AA
(A S MEVE T, o] LA B 3 ) NF-«B #4075, U
/U248 ) 285 6 DR 335, AT A R A4t 6L 0 1 2 24
Jitl 22 (6] (R REE T B, DHA fRP= 4 2R 2
MR R MM RE, RIPEMMELAIR
FUERAE, T AN, PRy s 4n i
B 32 AL BT, DHA AR A: 5 5 fil e R
IR Z A SR A RAE Y, RAF AA £
Z5RRENFIRE, EEEH AA W] 4
(0 2% PASO I A B = IR R R, 3R
A L JE TR HLA SN I DR R E L R
PR T RETR B Sl 2 A B T P, LCPUFAs 7]
PR AAE | AN ARG , PR R LI 2 2
PRI . RO LI 2R R B R

3 ZF%ER
FEE A (lactoferrin, LF ) J&—FP&E & SA

MR REE S FEE S, ML T AR, H
TEFLIT P S R AFLT Y LF WU AR

609 -



21 EFE o
2019 4F- 6 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.21 No.6
June 2019

AW =02 —, MAPIFL LF MW &, Al ik
5o/ BT AREFLE IR AT DL e LR R
1) LF. LF Z580%%is, HA PR iy
SRR A YIIRE
3.1 PBERBF=ILEERE

i B ILARE A T 7= LR 28 % ORI fir B A 1Y)
—REM . BFSE R B LR AT RRAGE AR LR & e
IMLAE 2 43% B 2% A AU 5 Al v s i L AT i
JER 4 B (0 B 2 BR AR AR SRR L L L B Y
AR D, MR TL-10 WAL W, X3k
A LF AT 30 i) 4 0 (0 R A BR A e MR N 3G 5, HLA O
BRRAE RNV VER . FoAh SE 6 45 b R LF X 3R
P 4 4 BR BRI R B R A 104 186 5 EL A 0 o sy
LF S5 AR, AN ok A g, LF Ry
IEHLfar, ]S O R e R 2 IR T A B
YEA, SRS I E e, BORE; LR T
PR REEGPTREER " BT, LF & i
SRR FEIGME P LF BRAR T 4877 LI XU
g U 2 R B PR T R AR AE IR
32 HERHAMBZLZBEMIANELS

B ANREZENERICREZ —, GRS
R MBI REFIBER L L, EMAR T
FIRE MR 0, LF T4 S gk eR ik iz R 1)
AT SA, SR SA fEIEM 28 K B I SCEE T
TE 3 H A AL (KB4 F AT RE 2 T
FEIL) HABLT LF Al A EIGE 1, s )
ICAZ TN BLRE 15 I LF 1) 37 59 38 A 0 H R
N R 228 22 7 (brain-derived neurotrophic
factor, BDNF ) Fl NCAMs [ 3K /K P-4 R TR N2
15, BDNF mRNA 7EU 5 i Rk K3 & T4 1.3
i, NCAMs mRNA 7EHT 40 K BT Rk A3 e 1
25 2 /%, T BDNF H1 NCAMs 7EJH 35 #4582 K
ML . 28 il T 90 1 A i AR bl 2 AR
JEH [48—49]O

WFFEUESE LF 725 R B IR GRS i 4
P S TR R 5 i A ik i A 76 v ) 6 B M o 28 R
PR P A EE L T RR 2 BEA S U
PO, XF FEER AN LF MR IE2H -5 R R A0 20 (0 i 435
A, RBLEIN LF 41 3 H & 4h BUR 25 H 4
LD g 25 F oA A, AN 2 T A L ik 2 2 2 R
BT R S Y AR RN A8, R LF X SE
P R 5 45 EL A e 300 R A AR B T Y o B

SCPERG 7 R B b I LR BRFEIR AR T AR
(RS SR, A R 3R A I ) 8 ) B AR e A e kot
kA% Y LF AU 1L-6 A1 TNF-o 2548 96 1 7
(A BE R 58, DT e i 28 5 0 S 7 5 [ s T o
RGO 94 T3 B T, A RO S R A RE 5 1
AL R e W OIS S EZ3 P TN (S I
FRELRIEET . $m2s 2 Fciche
4 INEERZE
EE S ON 4= T RR 0P G (RSN
TR LR T 7800 18 95 3 FE. BERLP T
() HMOs . LCPUFAs Fl LF 2578 3% B4 %t 5 ) L ik
BB WERRAE . AN G 5 R
MIFERT . B T SCrp BRI Y LR B SR 2 40,
HAXREE T RKEMMRHE . EKEF. BE
FEEZL T A0 55 3 28 o0 X B 7= LI R i %
KRG R FAEE BENEFAEYPIER . HE
IRATRR, ASCAFER . FEFLE IR AR W3R 35 R T
R ARG A S0 18 P 5 A e v L B A DR 6 5
() 2 A KU o BEFLAE 5L LG & & ) 2 AR R UF
[ERER (SRS I R W R Al LR e ]
BILTI RN 30 1 A 56 2 B A, A7 i — 25 & 48 Al
WE,

AR S A B 25 A 9 B FL h HMOs, LCPUFAs
I LF 38 32 o e )L & 8 KA 4 b A
LS, A BRIt — 25 IR KIUREEE Vil FRHiE
AGHHERLRFRUOR, Ea e R R, 0
T b A5 B P DL i 26 B RN A 46493 T T R 1

S

(& % x W]
[1] Kuchenbecker J, Jordan I, Reinbott A, et al. Exclusive
breastfeeding and its effect on growth of Malawian infants:
results from a cross-sectional study[J]. Paediatr Int Child Health,
2015, 35(1): 14-23.
Belfort MB, Anderson PJ, Nowak VA, et al. Breast milk

feeding, brain development, and neurocognitive outcomes: a

(2]

7-year longitudinal study in infants born at less than 30 weeks'
gestation[J]. J Pediatr, 2016, 177: 133-139.el.
Victora CG, Horta BL, Loret de Mola C, et al. Association

between breastfeeding and intelligence, educational attainment,

[3]

and income at 30 years of age: a prospective birth cohort study
from Brazil[J]. Lancet Glob Health, 2015, 3(4): €¢199-e205.

610"



EIECE S ] T E Y RILFLE Vol.21 No.6
2019 4F 6 A Chin J Contemp Pediatr June 2019
[4]  Deoni SC, Dean DC 3rd, Piryatinsky I, et al. Breastfeeding potentiation via gut-brain communication through the vagus

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

and early white matter development: a cross-sectional study[J].
Neuroimage, 2013, 82: 77-86.

Monti L, Cattaneo TM, Orlandi M, et al. Capillary
electrophoresis of sialylated oligosaccharides in milk from
different species[J]. ] Chromatogr A, 2015, 1409: 288-291.
Charbonneau MR, O'Donnell D, Blanton LV, et al. Sialylated
milk oligosaccharides promote microbiota-dependent growth in
models of infant undernutrition[J]. Cell, 2016, 164(5): 859-871.
Garrido D, Ruiz-Moyano S, Kirmiz N, et al. A novel gene
cluster allows preferential utilization of fucosylated milk
oligosaccharides in Bifidobacterium longum subsp. longum
SC596[J]. Sci Rep, 2016, 6: 35045.

Davis JC, Lewis ZT, Krishnan S, et al. Growth and morbidity
of gambian infants are influenced by maternal milk
oligosaccharides and infant gut microbiota[J]. Sci Rep, 2017, 7:
40466.

Bunesova V, Lacroix C, Schwab C. Mucin cross-feeding of
infant Bifidobacteria and Eubacterium hallii[J]. Microb Ecol,
2018, 75(1): 228-238.

Foster JA, Lyte M, Meyer E, et al. Gut microbiota and
brain function: an evolving field in neuroscience[J]. Int J
Neuropsychopharmacol, 2016, 19(5): pyv114.

Bode L. The functional biology of human milk
oligosaccharides[J]. Early Hum Dev, 2015, 91(11): 619-622.
Lin AE, Autran CA, Szyszka A, et al. Human milk
oligosaccharides inhibit growth of group B[J]. J Biol Chem,
2017,292(27): 11243-11249.

Laucirica DR, Triantis V, Schoemaker R, et al. Milk
oligosaccharides inhibit human rotavirus infectivity in MA104
cells[J]. J Nutr, 2017, 147(9): 1709-1714.

Cilieborg MS, Sangild PT, Jensen ML, et al. al1,2-fucosyllactose
does not improve intestinal function or prevent Escherichia coli
F18 diarrhea in newborn pigs[J]. J Pediatr Gastroenterol Nutr,
2017, 64(2): 310-318.

Goehring KC, Kennedy AD, Prieto PA, et al. Direct evidence for
the presence of human milk oligosaccharides in the circulation
of breastfed infants[J]. PLoS One, 2014, 9(7): €101692.

Noll AJ, Yu Y, Lasanajak Y, et al. Human DC-SIGN binds
specific human milk glycans[J]. Biochem J, 2016, 473(10):
1343-1353.

He Y, Liu S, Kling DE, et al. The human milk oligosaccharide
2'-fucosyllactose modulates CD14 expression in human
enterocytes, thereby attenuating LPS-induced inflammation[J].
Gut, 2016, 65(1): 33-46.

Feldman DE. Synaptic mechanisms for plasticity in
neocortex[J]. Annu Rev Neurosci, 2009, 32: 33-55.

Vazquez E, Barranco A, Ramirez M, et al. Effects of a human
milk oligosaccharide, 2'-fucosyllactose, on hippocampal long-
term potentiation and learning capabilities in rodents[J]. J Nutr
Biochem, 2015, 26(5): 455-465.

Oliveros E, Ramirez M, Vazquez E, et al. Oral supplementation
of 2'-fucosyllactose during lactation improves memory and
learning in rats[J]. J Nutr Biochem, 2016, 31: 20-27.

Vazquez E, Barranco A, Ramirez M, et al. Dietary

2'-fucosyllactose enhances operant conditioning and long-term

611

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

nerve in rodents[J]. PLoS One, 2016, 11(11): €0166070.
Schengrund CL. Gangliosides: glycosphingolipids essential for
normal neural development and function[J]. Trends Biochem
Sci, 2015, 40(7): 397-406.

Schnaar RL, Gerardy-Schahn R, Hildebrandt H. Sialic acids in
the brain: gangliosides and polysialic acid in nervous system
development, stability, disease, and regeneration[J]. Physiol
Rev, 2014, 94(2): 461-518.

Jacobi SK, Yatsunenko T, Li D, et al. Dietary isomers of
sialyllactose increase canglioside sialic acid concentrations in
the corpus callosum and cerebellum and modulate the colonic
microbiota of formula-fed piglets[J]. J Nutr, 2016, 146(2): 200-
208.

Gonzalez HF, Visentin S. Nutrients and neurodevelopment:
lipids[J]. Arch Argent Pediatr, 2016, 114(5): 472-476.

Carlson SE, Colombo J. Docosahexaenoic acid and arachidonic
acid nutrition in early development[J]. Adv Pediatr, 2016, 63(1):
453-471.

Weiser MJ, Butt CM, Mohajeri MH. Docosahexaenoic acid and
cognition throughout the lifespan[J]. Nutrients, 2016, 8(2): 99.
Lepping RJ, Honea RA, Martin LE, et al. Long-chain
polyunsaturated fatty acid supplementation in the first year of
life affects brain function, structure, and metabolism at age nine
years[J]. Dev Psychobiol, 2019, 61(1): 5-16.

Lassek WD, Gaulin SJ. Maternal milk DHA content predicts
cognitive performance in a sample of 28 nations[J]. Matern
Child Nutr, 2015, 11(4): 773-779.

Richard C, Calder PC. Docosahexaenoic acid[J]. Adv Nutr,
2016, 7(6): 1139-1141.

Calder PC. Very long-chain n-3 fatty acids and human health:
fact, fiction and the future[J]. Proc Nutr Soc, 2018, 77(1): 52-72.
He C, Qu X, Cui L, et al. Improved spatial learning performance
of fat-1 mice is associated with enhanced neurogenesis and
neuritogenesis by docosahexaenoic acid[J]. Proc Natl Acad Sci
U S A, 2009, 106(27): 11370-11375.

Cao D, Kevala K, Kim J, et al. Docosahexaenoic acid promotes
hippocampal neuronal development and synaptic function[J]. J
Neurochem, 2009, 111(2): 510-521.

Gharami K, Das M, Das S. Essential role of docosahexaenoic
acid towards development of a smarter brain[J]. Neurochem Int,
2015, 89: 51-62.

Salvati S, Natali F, Attorri L, et al. Eicosapentaenoic acid
stimulates the expression of myelin proteins in rat brain[J]. J
Neurosci Res, 2008, 86(4): 776-784.

Calder PC. Marine omega-3 fatty acids and inflammatory
processes: effects, mechanisms and clinical relevance[J].
Biochim Biophys Acta, 2015, 1851(4): 469-484.

Duvall MG, Levy BD. DHA- and EPA-derived resolvins,
protectins, and maresins in airway inflammation[J]. Eur J
Pharmacol, 2016, 785: 144-155.

Park T, Chen H, Kevala K, et al. N-Docosahexae-
noylethanolamine ameliorates LPS-induced neuroinflammation
via cAMP/PKA-dependent signaling[J]. ] Neuroinflammation,
2016, 13(1): 284.

Wang L, Luo G, Zhang LF, et al. Neuroprotective effects



21 EFE o

2019 4F- 6 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.21 No.6
June 2019

[40]

[41]

[42]

[43]

[45]

[46]

[47]

of epoxyeicosatrienoic acids[J]. Prostaglandins Other Lipid
Mediat, 2018, 138: 9-14.

Cai X, Duan Y, Li Y, et al. Lactoferrin level in breast milk:
a study of 248 samples from eight regions in China[J]. Food
Funct, 2018, 9(8): 4216-4222.

Ochoa TJ, Zegarra J, Cam L, et al. Randomized controlled trial
of lactoferrin for prevention of sepsis in peruvian neonates less
than 2500 g[J]. Pediatr Infect Dis J, 2015, 34(6): 571-576.
Reznikov EA, Comstock SS, Hoeflinger JL, et al. Dietary
bovine lactoferrin reduces Staphylococcus aureus in the tissues
and modulates the immune response in piglets systemically
infected with S. aureus[J]. Curr Dev Nutr, 2017, 2(4): nzy001.
Woodman T, Strunk T, Patole S, et al. Effects of lactoferrin on
neonatal pathogens and Bifidobacterium breve in human breast
milk[J]. PLoS One, 2018, 13(8): €0201819.

Wang B, Timilsena YP, Blanch E, et al. Lactoferrin: structure,
function, denaturation and digestion[J]. Crit Rev Food Sci Nutr,
2017: 1-17.

Parron JA, Ripollés D, Ramos SJ, et al. Antirotaviral potential
of lactoferrin from different origin: effect of thermal and high
pressure treatments[J]. Biometals, 2018, 31(3): 343-355.
Congdon EL, Westerlund A, Algarin CR, et al. Iron deficiency in
infancy is associated with altered neural correlates of recognition
memory at 10 years[J]. J Pediatr, 2012, 160(6): 1027-1033.
Lonnerdal B, Georgieff MK, Hernell O. Developmental

612

[48]

[49]

[50]

[51]

[52]

[53]

physiology of iron absorption, homeostasis, and metabolism in
the healthy term infant[J]. J Pediatr, 2015, 167(4 Suppl): S8-
S14.

Wang B. Molecular determinants of milk lactoferrin as
a bioactive compound in early neurodevelopment and
cognition[J]. J Pediatr, 2016, 173 Suppl: S29-S36.

Chen Y, Zheng Z, Zhu X, et al. Lactoferrin promotes
early neurodevelopment and cognition in postnatal
piglets by upregulating the BDNF signaling pathway and
polysialylation[J]. Mol Neurobiol, 2015, 52(1): 256-269.

Somm E, Larvaron P, van de Looij Y, et al. Protective effects of
maternal nutritional supplementation with lactoferrin on growth
and brain metabolism[J]. Pediatr Res, 2014, 75(1-1): 51-61.
Ginet V, van de Looij Y, Petrenko V, et al. Lactoferrin during
lactation reduces lipopolysaccharide-induced brain injury[J].
Biofactors, 2016, 42(3): 323-336.

van de Looij Y, Ginet V, Chatagner A, et al. Lactoferrin during
lactation protects the immature hypoxic-ischemic rat brain[J].
Ann Clin Transl Neurol, 2014, 1(12): 955-967.

Ochoa TJ, Sizonenko SV. Lactoferrin and prematurity: a
promising milk protein?[J]. Biochem Cell Biol, 2017, 95(1): 22-
30.

(ASCHikt . T )



