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Speech from Editor

News from Danone Institute China

On-going Project introduction of “Danone
Institute China Diet Nutrition Research &
Communication Grant” in 2018 (1)

Science Reports

Amino Acid Composition and Contents in
Human Milk from Different Lactation Stages in
Urban and Rural Areas of China

Macro-Element Concentrations in Breast Milk
at Different Lactation Stages Among Urban and
Rural Chinese Women

Contents of Protein Profiles in Different
Lactation Stages in Human Milk from Urban
and Rural Areas of China

Concentrations of Vitamin A and Vitamin E in
Breast Milk at Different Lactation Stages from
Urban and Rural China

Macronutrient Concentrations in Breast Milk at
Different Lactation Stages in Urban and Rural
Areas of China

Danone Focusing Forum

Longitudinal Changes in the Concentration
of Major Human Milk Proteins in the First Six
Months of Lactation and Their Effects on Infant
Growth

Association between Dietary Fatty Acid Patterns
Based on Principal Component Analysis and
Fatty Acid Compositions of Serum and Breast
Milk in Lactating Mothers in Nanjing, China
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New Development in Nutrition

Cytotoxic Lactalbumin-Oleic Acid Complexes in
the Human Milk Diet of Preterm Infants

Cytokines-Biogenesis and Their Role in Human
Breast Milk and Determination

Influence of Breastfeeding Factors on
Polyamine Content in Human Milk

Butyrate as a Bioactive Human Milk Protective
Component Against Food Allergy

Human Milk Growth Factors and Their Role in
NEC Prevention: A Narrative Review

Human Milk Oligosaccharide DSLNT and
Gut Microbiome in Preterm Infants Predicts
Necrotising Enterocolitis

Human Milk Oligosaccharides: Their Effects
on the Host and Their Potential as Therapeutic
Agents

Human Milk Metabolic Hormones: Analytical
Methods and Current Understanding

Human Milk Oligosaccharides and Bacterial
Profile Modulate Infant Body Composition during
Exclusive Breastfeeding

Longitudinal Changes in Human Milk
Oligosaccharides (HMOs) Over the Course of
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News from Danone Institute China

2018 F “IAEEEFPFUERERARSEREE" MAE(1)

On-going Project introduction of “Danone Institute China Diet Nutrition
Research & Communication Grant” in 2018 (1)
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Effect of Dietary Intake and Body Weight Gain on Gestational Diabetes Mellitus
and Body Metabolic Characteristics

HiSAHEE: &
IS AT ER
EBEE: 198

hER R ES O E T SRR

STIRHAVEIR TR (GDM) FEZMARILLE. #mPEEZ
BRI . B AR S, TSN B FIn ERTE B YRR
RHIXEK . REABFE?2—MZE% 6oM FiE, #&5TH
AFEE, SENERL. REIRHE M NEHZE, Hxt
HE TR THRAM TR oM BRRE, BMPEALRE,
BAETER, RiHFGERER. XToMEREERS, t
B—BMERERESE. Sk 5 BMI B0 GDM XU, =5t
ZRERSZHIREE T GDM XU R AL AR FHE R M B R
NF5R

AMRERBANZHAEE LM GDM XU R ALK

WAFERSND, AMRENESENTIMROERMLE, RE
A EBIAREE, WNIATIZEPTHEE 50 & DM B,
RIEEUS. Z2H0 BMI FAERBHRAESE, LA 100 % 3E GDM
L3RR, SESERERE (06TT) ZAEREAM
LR EHEINXT GOM KUPE A2 . REE 5 W BT 5%AK ML 5ml,
W LE A AN BE B E AR, 4% GDM AR BHHE,
% R BRI R B X R EYIREY, TN 2HERE
ANFZEREE MRS FERNZ D, SHEREYR
M IHEHE M IR R AR A R0

ARRFABERBARZEHEEEMSE DM XK HIHE
XM, HE GDM FUMAREY, R B GDM Z2 53 A0 X 51 4R 4E K BE
BEXEEMAMRHFFERRIED, 7 DM TG £H 5imK
TN BB FKE.

HEXN + ZHIEREFTIXHERERBAIFIN

Effects of Dietary Intervention Combined with Mobile Medical Platform on
Adverse Pregnancy Outcomes

HiEAMS: F=XxiE
BRiEATIERMN: EHERAZEMBIREATER
BRIEE: 20/

BEE —RRBUREMIT, REZANMREEERTL,

SRERESLFIEELH, TRIBRERLENK T
Mz, Hod, ITIRAAPEIRTS (gestational diabetes
mellitus, GDM) BRERWEIAHLIE. RERTEFK

FHEK, £FEAFRARREIRHRE, M EEXRSIE
18%. GDM FN{N BB = AR 22 R, EAIEMFREREER
i, BEEEFRAHMEERNZLERNK. EBFIWAAE
MM, EEWHRZEE. ik, MREAENPAARERME
B g Bt FRORF AR TMAL, KiIBHETTE
T, FRELS5EFIRAHITELNER. SHHTRNE
HIRE ., BIRER . MERHE~EHREFENZMm. KR
B ABHETRA - HNER. B3 KRER APP 2t
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Study on Dietary and Nutritional Management Model of Gestational Diabetes Mellitus

by Nurses in Western Rural China
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HEZRAAERYIEX. PEABRMMBXETIARME
SEIREAE R E IR VR H A IS, e IR R EFIRTRIR,
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BRF XA REABE RS AE AT, BEREREFRIE.
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EIREAIHE i E A S RAT X P ML) LE S REM
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HEREE, TRARNAREE. HSSFATHEMZEES
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(2) SEREAERB P T AT HRAEFREEERT
UEZFRS KRN BXZEMPEILRER, HRERETESEH
RIERRE.

Q) P AERRAEFREERAEEARE /YR
/ Mgk / HRMB . EFATES.

(4) 243, Eff ARFMETEHNTFRE BT,
ERYRFHEEES.

PHESEFRER ISR TIRE BRI E R RTEM

Evaluation for the Improvement of Pregnancy Outcome through Dietary Nutrition

Guidance on Senile Gravida with Secondary Pregnancy
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BIE, EEEtEESKRPARSMERFHLE. BRRRKHA,
HTZ2EAEFFRTEMASNZHREREX, Bai2AGE
FRZIESKER) NEFKAFAERTR. AMBMWE “£
wRH 1000 REFERITE, BHILRBXPHEIN R
HEFBENFL” RHEEFFER. EREFIMHSEEMR
ERMEHEZR, UZRSKR~AAMANER, FERE
FINZHEREFRERRENN Rk =HA2HAGKE R
REFRALERNSENR, BXEHE NENTFRER.
EESIEREFITMSEEEITR2HERERERNER]
BEREITERRE. S5%EY 200 fI 2SI ~E, REXR
EHRGFARE, EZERMEFREHA 100 fl AV RA,
TRRFFREZIERIVIT-RIGEM 100 Bl A RAE. EHE
FIRMMBE~PHITERREREY, EUEFMEE, R

(RmZ2ERINE FEBEFRIEER) R

BEPEFAFRER (FE ME) « SEELR (HERXE.
myE) R (RBRILNKRE) RAGSEEMUERES
R, MEHTEEMERES, ARATEEFATR. L
BURASHRA—BREN EFRMRFERERNAFTE,
BH=ZXERZENBEANERL. ROAERRMAEAKTE.
HttHRELXER, ZHR~EOEEFRTME. TRER.
BI)LERRR. FREFARERL HERILEREFKILR.
B %Gl meta 547, WEMEFRDEREHLMENLE
FEU _RERFP~ARERSRE. BEARZRARERRK
EZMREEREITTE, BEE “EaFH 1000 REFRE
BRiT5h , BEUMENRKRZHEFTRAR, REIME
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Propaganda and Education on the National Food Safety Standard — Nutrition
Operating Guidelines of School Meals
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AL E®AEEI. R, £K. PE. B, BAEAKX
XHEE 1 MARE™, SMITERSEESRT. PR #
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REMHECIXTRERZLEXMA. FEEEE, ¥4
BRETEREFER EFZE « RRXE. mI. =
IEETTHHRENE, RIEBERFHOKRRIER. MG
HRRFRIBZER, SEBELNNEZLRHRIRER
RAR, HEEAREERRG CCFHMIER) EHESE
BRI FRMEESY, ANFRRAFIREHRIA.
EIRERAERRANEFREEMHBEWHITIGES, #HBh
Hit—SEEMNEAinE, ZEFEREFBFEREE. I,
MNERBNMFEFIEZHEA R TFRBXNITESR,
EETHRERREERFENEELUREFREEXAIR,
BMITEHMNER 1-2 1M, RINEHTIERBRETIE
HPE, NEHYRH#ITEUSTIITME, 2EE%H, AT
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Amino Acid Composition and Contents in Human Milk from Different
Lactation Stages in Urban and Rural Areas of China

| hEERMBES R OEZSEERR, JE3 100050; 2 3T 4 KBS B, HM
310051; 3t ETEBMBES SO, EERBHABEFHIR L, JEFE 100013; 4 BiEH AL
RIERR, BE 264200; 5 EBAEMBHATILEERR, 55 266011
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BE DWHFLERKER S TRMIMBHIA TR
BMRREE. Bk RABHEEPESZE, £ 4/
W/ BARK 20 MAE S, BEW L RTEIAME, |
775 0~330 R AMAR, FHMBHARE (6481 13)
REALIEY 819 M E S P REAREE. RASEKATS
HMLEUEBAR 17 HAREREE (BE7HLESR
£ ; RABSMREEERRKRIEENE T b 4HEg
B2, PAMBYAMA (FRO0~7d) . BB (Fi
8~14d) . RHEIRAA (FF/5 15~180d) FIBREARAAR. (7
5 181~330d) . &R 17 MBEERP, UAEER / AEH
BHEERAEE, HARREE, SERENRETHM
HE®. ¥17. TE. RALPSEEBRNEERRESE
TH. AEE. BER. HER. L88BERH. BHARR
APEERARE. FEBNSEEVAMTEALPELR
F, ARAZERETH, BERY. BHRARIAPISHE
MIRE. PHMMA S, 6 MLFEER (MEZEEHIN)
SENRIAETETAY, EASAREARSRER,
W RERNAREEEZES. REASRHRAALFEE
BRRULERIER S WHO IREMBIREA—H. HKie &L
AREREK, BATEEREERETE. HLBA+GSE
it 2 B RMRNESNBFH—SHR.

EE&ME BERSEAMRELZRITX (2010AA023004)

(R B B BAHE; WL E

Abstract:

Objective To analyze and compare the composition
and contents of amino acids in human milk from different
stages of lactation in urban and rural areas of China.
Methods A cross-sectional survey was carried out at 20
sites from urban and rural areas in 11 provinces of China.
Among the total 6481 samples of breast milk from 0 to 330
days postpartum, 819 were randomly chosen to determine
the contents of 17 amino acids (including seven essential
amino acids) simultaneously by using an automatic
amino acid analyzer, while taurine in breast milk was
determined by ultra-performance liquid-chromatography
tandem mass spectrometry (UPLC-MS/MS). The lactation
stage was divided into colostrum (0~7 days postpartum),
transitional milk (8~14 days postpartum), early mature milk
(15~180 days postpartum) and late mature milk (181~330
days postpartum). Results Among the 17 amino acids,
glutamate/glutamine was the most abundant, followed by
leucine, while histidine and glycine were the lowest. The

contents of amino acids in colostrum, transitional and

1EHE-N B—MN (1984 —) , %&, Wi+, BIMFEH, E-mail: duanyf@ninh. chinacdc.cn; BIE{EE: HIRFE, E-mail:

yangzy@ninh. chinacdc.cn; 1F1E3, E-mail: 2263910545@qq. com
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mature milk decreased gradually but significantly. The
contents of threonine, arginine, glycine and serine in early
and late mature milk were relatively stable, so was the
content of taurine in colostrum and transitional milk, which,
however, decreased significantly in mature milk. The
contents of six essential amino acids (except isoleucine)
in early mature milk were higher in urban areas than in
rural ones, but there was no significant difference in the
composition of amino acids between urban and rural areas
after adjustment with the concentration of total milk protein.
The composition pattern of amino acids in early mature
milk of Chinese lactating mothers was generally consistent
with the data published by WHO. Conclusion With the
prolongation of lactation, the contents of amino acids
decrease significantly. The difference in amino acid contents
and composition between urban and rural breast milk needs

to be further studied.

Key words: human milk; amino acids; lactation time;

urban and rural areas; China

SEREMREARNERET, SEREADITNE
HERRENERER. BLEARNREXNEYLNEKRE
BEXEZE. BT EAEEHE/ILERRBEHEER
Wk, MREZIESEKAXEREETEEN. BEMNFI
RFREBSAROTENRAN, FILNREBRBRRXEIAN R
BREINEKLXERE, HbhaneFaEmBRamtt sl
&1, RE)LFRERERREEEYEE MR EEERA.

XTHIASERSE. WRARETENZMEZRRER
SIETERINFEERNXE. AT, ATHAFRERNEFLE
ERAE, EMRAERIT BEARERENSE, B
BREE, TEARRENGATERSE. REETEN
FWEARHEFEERAES V9. BAPEEBNEERLR
BIENEREARNEARESNEER, XHBENTER

EEBESANBEARMBSERAEMN . BEIXTE

APEEBRLENRNNOTHE EETERFRERBDION
. BYREeIEE SEeEESF Y, BT ARERY,
AEBELRIEHZ FBRTEBBEX, BERERN 7,
FAREBEERZERBRIT T RER 2 TR R
AP RERN S E R,

1.5 5%
1.1 AR

AMRZ “FESABRSBIEE" MERN—BY, ¥
WARFEFHEREBLAER Y, B—MBERE 1114/
W/ BRX kR HR IR TR BRI AR,
Wk, £, #HE. @M 20 MAESEETE
BE, BLIAETREY, RESGAHREEF 0~ 330d
Hr 9 BB
1.2 ARIR

AMREL T REERFETAGIEF R OERSRAREMH
REFEERQNTE, IEE5ENEEZTHENBERE
H. RESTA 6481 1377/5 0 ~ 330d RS RAIAET M
BEARRETE U, KI\BDLIAMBERIFE SRS, REHIHE
HUET 819 AT EERIE.
1.3 ABERSMLGE

R EAE— I AERARANEESAE, N
AOFESRAOMSFRHE, BRRR, 2%/ HEBR
ERAFER; WEFENSS/ GKNEE,; EAWMA
PG —EEMENRTEE (HNR/X-2108Z, T Filisk)
REAFGEMABEHEBATH IR, RERBEGE—HE
9:00~11:00, PREMFIAE-BOCEHTREE
SHr
1.4 W3R ERRIKI 5

IR 0~ 7d AR X AME, 758 ~ 14d HIFL#
ENATEL, =E 15~ 330d R EX BRI, A
FRAABUERK, AXELRBRIHE— DRI
RS RBHREI (75 15 ~180d) MEEEIRHA (FE

181 ~ 330d) .
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RAREBAMNM (AREIAR, L-8900) FA
WEDIF 17 HREEREE, AMNESTLFERELE

XEM, GF 7 ML BEEER GRER. FER. 8K,

FRFELFREAR (BRI BER. BER. HERK.
AER+ DABRK. XREEaR+ REHME. AER. 25
B8) o ZIRFOMFHERKFLIE, KRN EERER.
BERMEREENSE. RABSHREEIT S KR
(UPLC-MS/MS) SEMEF AP HBER S, ERAMMNIE.
RAURESNES FERELERE Y. EEIRS
widiEsd, ERANEEZTHESRWESHRUEARLRE
REABIEH, BIEHADRARNSERRE cV Fi9E
3. 53%,
1.6 FitZFoHh

K Epi Data 3.1 #THEBNREAHZE, KA SAS
9. A ITHRITFE . FPEXTERAESLE (%) BERE#E
ITHR, EETERAHENIREEZ MeanESD) HER
THIR, GEASHNER. KREK. BILHERKE.
ERESEE. RAFESHLRE—MIAMBEABHE
ERSENMLER, URTERIMEPEMIERS
EMESR, HXMB Tukey R/NZFEHITHZELR, $t3F
BINERERESHENLIAMEEN S EERHITRALE,
AP <0.05 EXABHITFEX.

R
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2.4 %
21 BAREANISE(FR1)

HMWZET 819 HEIAEEBEE, HPHH 40945, K
¥ 410 135 #0%L 205 43, TiEFL 226 173, RRERFL 388 13 (H
R REARRFAEL 276 13, BREARKERE 1124) . A BFEHE
i (26.6%4.2) %, 67.2% WA BANE, FHEREY

"X

A
DaNONE

X

ST

A (23.00%3.48) kg/m?. EIBERBEEFTATL R
Gifcfm, 2.4% (20/818) WIFL B EMAR M E B BRI
REAS MERR, 3. 1% (25/818) BIRARITZEHEES
Y YREAREFR R . 44. 4% (363/817) A BAR DB EEE
7=, 75.9% (610/804) BYFLEFAH=1A, 54.2% (443/818)
AE—HRR. 5.4% (44/817) WEILE =, BELLL51. 6%
(422/818) . Z2)LHAERE T (3303. 61450.1) g, 3.0%
(24/803) RYZE)LH & K E /)T 2500g, 7.5% (60/803)
BELEERERTFETF 4000g. HBRFKIEE 2 EH
(weight for length Z score, WLZ) < -538 WL,z > 5, 52
ILBKBEEZIEDF(-0. 4251, 44), Hrf 11, 6%(91/787)
B922)LWLZ < -2, 1.8% (14/787) H9E2)LWLZ > 3.
22 B ESEERAE (£2)

ENER 7 MpFEERT, RERAEES (V13-

(204.81+68.8) mg/100g, i & F: (148.7%27.7)

mg/100g, B EARR R F: (113.6%24.0) mg/100g, M EA
R F: (95.6%16.8) mg/100g], E X EHMEEE [ #)

F.: (142.9%45.8) mg/100g, iF i F: (105.5+19.8)
mg/100g, FHI A EL:
#F: (66.3£12.3) mg/100g], EERMAIZLREL [ V]
Zl: (51.8%16.8) mg/100g, T & Zl:
mg/100g, FPHAREAF.: (28.3%7.0) mg/100g, MEHAM A
Fl: (23.3%4.3) mg/100g]. FEE DA BEAEK, 7
DEEERLEENI . TEL. ABRAFHEIRREE
TR, VAP EREBRSENIRAILTEN 2 4.
My BRHAMGHRALNERETR, AEBRSSERAT
HEXRE, F8. BHERARAIL NS EERRAKEITE
Z=M [ (53.7%£12.2) vs (45. 1%8. 3) mg/100g, P > 0. 05],
Hit o M FRERERHRAILTEENEESTHRH
REE (P <0.05) .

(79.7£17.9) mg/100g, B HA AR

(37.6%7.3)

Table 1 Basic characteristics of mothers and infants at different lactation stages (% or Mean+SD)

Colostrum Transitional milk Early mature milk Late mature milk
Samples (n) 205 226 276 12
Region (urban, %) 55.1 49.6 51.1 38.4

KREE SR
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(Table 1) &%
Colostrum Transitional milk Early mature milk Late mature milk

Maternal age (years) 26.7+4.5 26.3+4.0 26.7+4.0 26.8+4.5
Maternal ethnic (han, %) 70.9 7.3 66.9 52.7
Maternal body mass index (kg/m?) 23.93+3.68 23.06+3.18 22.67+3.57 21.99+3.11
Gestational diabetes (yes, %) 15 4.9 3.6 0.9
Gestational hypertensions (yes, %) 0.5 2.2 3.3 4.5
Child’s gender (male,%) 48.3 50.2 54.7 52.7

Birth weight (g) 3338.7+451.0 3293.3+469.6 3296.2+439.5 3277.2+435.1
Premature (yes, %) 4.4 3.6 7.6 5.4
Weight for length Z score (WLZ) -0.42+1.44 -0.36+1.49 -0.03+1.69 0.1421.33

Table 2 Contents of essential amino acids in breast milk at different lactation stages in urban and rural areas
(mg/M00g, »=819)

Colostrum (2=205) Transitional milk (2=226) Early mature milk (2-276) Late mature milk (2=112)

Mean + SD Py (Pys, Prs) Mean + SD Py ( Py Prs) Mean + SD Py (Pys, Prs) Mean + SD Py (Pys, Prs)y
Total
Lysine 142.9+45.8° 129.4(115.1, 154.6) 105.5+19.8 ®  105.5 (91.2, 116.1) 79.7£17.9°  76.0 (65.9, 89.6) 66.3+12.3 ¢ 64.0 (59.1, 70.7)
Threonine 120.2+62.0° 101.2 (82.0, 139.2) 74.4+19.2 © 72.8(62.9, 81.7) 53.7£12.2°  50.8(44.8, 59.7) 45.1+8.3°  44.0(40.2, 47.8)
Leucine 204.8+68.87 185.4 (161.3, 224.7)  148.7+27.7° 147.3 (129.5, 163.5) 113.6£24.0 © 108.3(96.0, 127.3) 95.6+16.8 ¢ 93.7(85.8, 102.5)
Isoleucine 92.6+21.6° 87.5(78.8, 101.1) 75.5+12.3 © 75.8(66.7, 83.9) 59.3+12.8 ¢  56.3(49.6, 67.4) 49.3+8.89 48.1(43.8, 52.8)
Valine 121.3+49.8 @ 105.5 (90.2, 137.5) 81.9+18.0 © 80.4(69.7, 90.3) 60.9+13.2°  58.4(51.7, 68.4) 52.3+10.2 ¢ 51.5(46.3, 55.0)
Phenylalanine 90.8+36.6° 80.9(66.7, 102.8) 60.1+13.6 © 59.5(51.2, 66.2) 43.4+10.4 °  41.4(35.8, 48.2) 36.2+7.6 ¢ 35.1(32.0, 38.3)
Histidine 51.8+16.8° 46.5(41.3, 57.0) 37.6+7.3° 37.6(32.3, 41.8) 28.3+7.0 ° 26.8(23.4, 31.7) 23.3+4.3 ¢ 22.7(20.7, 24.9)
Urban
Lysine 144.3+43.9% 130.9(116.8, 157.2) 108.9+18.9 ®* 108.1(94.7, 120.3) 82.5+18.0 °* 78.9(68.7, 92.3) 63.6+11.2 ¢ 62.0(56.7, 69.6)
Threonine 120.2+58.9° 100.8(83.3, 132.1) 76.1+18.8 © 74.0(64.1, 82.9) 55.3+12.2 %%  52.8(46.3, 61.9) 43.8+8.1°  42.0(38.7, 48.0)
Leucine 204.9+64.6° 186.5(164.6, 224.7)  152.0+26.2 ° 152.1(133.9, 165.0) 116.6+24.2 >* 112.0(98.9, 129.4)  91.8+16.4 ¢ 90.9(79.8, 101.4)
Isoleucine 92.2£20.0 * 87.8(76.8, 101.6) 76.9+11.3 ° 78.1(69.4, 84.2) 60.7+13.2 °©  59.1(50.2, 70.2) 47.2+8.8 9% 46.6(42.3, 52.2)
Valine 121.7+47.17  106.2(92.1, 134.3) 84.1+17.2 ® 82.8(72.1, 93.7) 62.8+13.3 °* 59.9(53.3, 71.1) 50.2+9.6 ¢  49.8(44.6, 54.4)
Phenylalanine 91.5+£34.7¢  81.2(68.1, 105.3) 61.7+13.0 ° 61.1(52.1, 67.4) 44.6£10.5 °*  42.7(36.7, 49.9) 34.7+6.99 33.4(29.9, 37.5)
Histidine 52.3£16.3%°  47.0(42.5, 58.2) 38.6+6.9 P*  38.4(33.7, 42.4) 29.4+7.7 °*  27.7(24.2, 32.8) 22.5+4.2 9 21.5(20.0, 24.3)
Rural
Lysine 141.2+£48.3*  125.8(112.0, 154.4) 102.2+20.1°  100.8(87.8, 112.9) 76.8+17.3°  72.4(64.2, 84.3) 68.0+12.8 ° 65.7(61.6, 70.9)
Threonine 120.2+66.0° 101.9(78.4, 142.4) 72.8+19.6 © 70.8(60.1, 80.2) 52.0+12.0 ©  48.8(44.2, 57.8) 46.0£8.4°  44.8(40.8, 47.6)
Leucine 204.6+74.0° 182.9(159.4, 225.2) 145.5+28.9° 145.0(124.1, 160.5) 110.4£23.5° 105.4(94.0, 120.8) 98.0+16.7 © 94.9(88.5, 102.9)
Isoleucine 93.1+23.6°  86.8(79.7, 101.1) 74.1£13.2 ° 73.9(64.4, 82.2) 57.7+12.2°  54.7(49.3, 64.4) 50.7+8.6 ¢  48.8(45.3, 53.5)
Valine 120.7£53.3%  104.0(88.6, 137.6) 79.6+18.6 © 78.7(66.1, 88.0) 58.9+12.7 ¢  55.4(50.6, 65.3) 53.6+10.4 ° 52.1(47.2, 55.4)
Phenylalanine 89.9+39.0°  78.3(65.2, 102.4) 58.5+14.0 © 57.0(49.3, 65.0) 42.1+10.1 ¢ 39.0(35.3, 47.1) 37.1x7.9°  35.7(33.0, 38.8)
Histidine 51.2+17.42 45.1(40.6, 56.2) 36.6+7.5° 36.2(30.8, 40.8) 27.1+6.0 © 25.8(23.1, 29.7) 23.8+4.3° 22.8(21.5, 25.0)

The superscript letters a.b.c.d jndicate the difference of amino acid content in pairwise comparison between different lactation stages. The
same letters indicate no statistically significant difference (P>0.05), while different letters indicate statistically significant difference (P<0.05);

* indicates that at the same lactation stage, the content of this amino acid was statistically significant between urban and rural areas (P<0.05)
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NAF7HLERERSENWLERFNEETFEN EREURAASEHNHTHEZSTRH (P <0.05)
(P>0.05) ; ATEAF, BiEE [ (108.9218.9) vs THHRAIAVEEERIENH L ERIVERRESE, W
(102.2%+20. 1)mg/100g,P <0.05] MAEE [(38.616.9) HERATVEEERSEMBBRTRAFI, BL45%t
vs (36.6%7.5) mg/100g, P<O0.05] RENAWTE FRE, NEFRERIENHLESERIUTEEN, K
EnTRE, Bt s MU FEEERAERLEFRASEIT HRARAFESRERIEWTEZRHRTRHA [ (47.218.8)
FEX (P>0.05) ; RPHIRAAPHESERIENM  vs (50.7£8.6) mg/100g, P <0.05], MHfh 6 FhatFE
LERPE, RETERANEZWMLER [(60.7£13.2) SERIENWLERHRRNLEITFEEN(P>0.05,%2),
vs (57.7%12.2) mg/100g, P > 0.05], Hfb 6 FhwrER

2.3 BAHEHMHLFNIELFTRERSE (R 3)

Table 3 Conditional essential and non—-essential amino acid contents in breast milk at different lactation
stages in urban and rural areas (mg/100g, n=819)

Colostrum (n2=205) Transitional milk (2=226%) Early mature milk (2=276) Late mature milk (2=112)
Mean + SD Py Pasy Prs) Mean + SD Py (LPoss Pas)y Mean£SD Py (P, Pos) Mean+SD Py, (P, Pys)
Total
78.1 59.6 42.3 36.0
Tyrosine 87.5+32.6° 60.0%+12.6" 44.4+10.2° 37.2+6.94
(67.6,95.9) (51.9,66.3) (37.1,49.4, (33.3,39.8)
92.0 59.0 38.5 33.4
Arginine 105.56+48.1¢ 62.2+18.4° 41.3+11.56°¢ 34.5+7.7°¢
(73.4,122.8) (50.9,69.5) (32.6,46.9) (29.2,37.4)
154.8 128.9 98.9 87.0
Proline 168.7+48.3¢ 129.6£23.1° 102.1+20.0¢ 88.2+15.8¢
(139.9,184.4, (10.7,146.1) (87.4,114.2) (78.9,94.0)
56.5 37.8 25.8 22.0
Glycine 67.9+36.6¢ 39.3+11.7" 27.4+7.0°¢ 23.0+4.6°
(43.7,80.8) (32.2,43.1) (22.4,30.9) (20.0,25.0)
Glutamate+ 301.4 246.0 194.6 174.5
329.0+93.3° 249.5+41.8" 200.9+34.3¢ 176.6 £ 29.14
glutamine (271.1,358.2) (217.4,274.5) (177.0,217.9, (160.2,189.9,
Aspartate+ 187.8 143.8 98.5 82.6
209.8+74.5¢ 144.5+30.6" 104.5+25.2°¢ 85.9+15.5¢
asparagine (162.9,234.3) (123.9,160.6) (86.0,117.7) (76.3,93.2)
80.4 57.0 40.2 34.9
Alanine 92.1+39.9¢ 58.9+14.4° 42.2%10.1° 35.8+6.74
(65.8,105.6) (49.5,65.1) (34.8,47.0) (31.7,38.6)
107.7 75.4 52.1 44.5
Serine 127.4£63.7° 77.8+20.8" 54.8+12.9° 45.7£9.1°¢
(87.7,148.4, (65.0,86.2) (45.6,61.8) (39.9,48.5)
3.8 3.6 2.6 2.2
Taurine 4.0+£1.8¢ 3.8%1.4¢ 2.8+1.2° 2.4+1.2°
2.9,5.1) (2.9,4.6) 2.0,3.4) (1.6,2.8)
Urban
78.3 61.4 43.8 34.6
Tyrosine 87.7+30.0¢ 61.5+12.1° 45.5+£10.3°¢ 35.5+6.19%*
(69.5,99.9) (52.6,67.6) (37.3,51.1) (31.0,38.8)
92.5 60.4 40.4 31.5
Arginine 106.6 +45.5¢ 64.0+18.3" 42.4+11.6°¢ 33.5+8.0°
(74.8,115.9) (51.8,71.7) (33.4,48.2) (28.3,38.4)
156.1 132.8 101.7 82.3
Proline 169.9+46.4° 133.1+22.15 105.2 £19.6 “* 83.6+13.7
(143.4,184.4, (116.3,148.5) (90.6,117.0) (74.4,92.4,
56.5 38.2 26.9 21.4
Glycine 67.9+34.7° 40.2 1.7 28.0+7.0¢ 22.5+4.8¢

(44.9,78.9) (33.0,43.4) (22.5,31.8) (19.2, 25.3,
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(Table 3) &%

Colostrum (n2=205)

Transitional milk (1=226%)

Early mature milk (2-276) Late mature milk (2=112)

Mean=SD Py (P, Pys) Mean=SD  Ps (P, Prs) Mean+SD Py (P Prs)  Mean£8D Py (P Prs)
Glutamate + 301.7 2551 196.4 167.6+25.6 161.1
330.7+89.5¢ 255.6 * 41.2* 204.2+35.2°¢ .
glutamine (275.3,367.3) (222.9,278.9) (177.5,224.4, o (152.3,187.8)
Aspartate+ 193.0 147.6 104.5 80.9
211.7+71.3¢ 148.6 + 29.4>* 108.1+ 25.4 <* 83.7+16.0¢
asparagine (163.7,238.1) (128.3,163.5) (87.6,122.7, (74.0,93.6)
81.2 58.7 41.5 33.2
Alanine 92.8+38.4° 60.4+14.1° 43.4+10.1¢ 34.7£6.9°¢
(66.3,99.8) (50.4,66.7, (35.9,48.1) (30.1,38.6)
107.7 76.9 53.6 42.5
Serine 127.3+60.1¢ 79.6+20.4° 56.3+£12.9°¢ 44.2+8.5¢
(88.6,141.6) (66.3,86.9) (46.4,62.8) (39.0,49.1)
3.7 3.8 2.4 2.2
Taurine 4.0%16° 3.9+1.4¢ 2.6+1.15 2.5+1.2°"
(3.0,4.9) (3.0,4.9) (1.9,3.0y (1.6,2.8)
Rural
76.7 57.5 40.6 36.9
Tyrosine 87.1+£35.6° 58.5+13.0"° 43.2+10.0¢ 38.3x7.2¢
(65.6,94.8) (49.5,65.8) (36.8,47.9) (34.5,40.8)
89.3 58.1 37.2 34.1
Arginine 104.2 £51.4°¢ 60.4+18.3" 40.1£11.2°¢ 35.1+7.5°¢
(71.5,124.5) (49.5,68.5) (32.2,45.6, (30.2,37.4
149.5 123.4 96.5 88.9
Proline 167.1+£50.8¢ 126.0+23.6°" 99.0+£20.1¢ 91.0+16.4°¢
(138.7,184.0) (106.9,143.3) (86.0,108.2), (81.6,95.0)
56.9 371 25.3 22.7
Glycine 67.8+38.9¢ 38.5+11.7" 26.7£6.9°¢ 23.4+4.4¢
(42.7,83.0) (31.7,42.7, (22.1,30.6) (20.7,25.0)
Glutamate + 297.0 236.4 190.7 177.5
326.9+98.1° 243.5+41.7° 197.4+33.1°¢ 182.2+30.0°¢
glutamine (266.5,355.4, (212.0,269.7) (173.6,215.0) (166.3,190.1)
Aspartate+ 182.5 136.8 94.4 85.1
207.6+78.6° 140.4+31.3° 100.8+24.4°¢ 87.3+15.1¢
asparagine (156.5,234.1) (118.4,158.2) (85.2,112.4, (78.8,93.0)
79.0 56.1 38.6 35.7
Alanine 91.2£42.0° 57.4+14.7" 41.0£10.0°¢ 36.4+6.5°¢
(64.7,105.8) (47.6,64.2) (34.3,45.9) (32.6,38.6)
108.3 73.4 49.9 45.7
Serine 127.6+68.2° 76.1+21.1" 53.2+¥12.8°¢ 46.6+9.3¢
(83.9,151.3) (63.7,85.6) 44.7,59.9, (41.0,48.5)
3.9 3.5 2.9 2.1
Taurine 4.0£2.0° 3.6+1.5¢ 3.0+1.3" 2.3+1.1¢
2.7,5.3) (2.8,4.6) 2.1,3.8) 1.6,2.8)

The superscript letters a.b.c.d jndicate the difference of amino acid content in pairwise comparison between different lactation stages; The

same letters indicate no statistically significant difference (P>0.05), while different letters indicate statistically significant difference (P<0.05);

* indicates that in the same lactation stage, the content of this amino acid was statistically significant between urban and rural areas (P<0.05) ;

# Transition milk sample size for taurine determination was 219.

BHPAERMEEBMENSERAES, §100¢g
MAFEHE (329.0£93.3) mg, BIFMRHAKAAMNE
H KEZFERM

(209.8+74.5) mg/100g, TiEL:

Nal=|

SMHIEFE (176.6%29.1) mg/100g; HXE

REFRE [#13:
(144.5%+30. 6) mg/100g, R HEARAZL:
mg/100g, MREARKELEL
BRI, FHMLEMELFEERPSEANRMENZ
HER, MAHBREE (67.9136.6) mg/100g, THEHEA

(104.5%25.2)

(85.9%£15.5) mg/100g]; [r&

MALPHIBHNESEEM [ (23.024.6) mg/100g].

BREBERIN, HMZXUHMLENELERERNSE
HREEMRIANENEKERETHER (£3) . BH5
BERAILNERERER, AERAFENAERNS
SBR[ (200.9%34.3) vs (176.6%29.1) mg/100g,
P<0.05], REGEBEMRXELEMK[ (104.5%£25.2)
vs (85.9%15.5) mg/100g, P < 0.05] I\ & B & B

[ (102.1%£20.0) vs (88.2%+15.8) mg/100g, P < 0. 05]



NEENERRHRAAEES THRIEMRAI; MARI
R ERXERRAEEER [(41.3211.5)vs (34.5%27.7)
mg/100g, P > 0.05]. % & B [ (54.8%£12.9) vs
(45.7%9.1)mg/100g, P> 0. 05] FH &EE [(27.4%7.0)
vs (23.0%4.6) mg/100g, P > 0.05] B9 & & M 48 x¢
RE, FPHNBRAARILNEEERERZIHTFE N

FUHMLENELFTEERSENPLERTER
MESTEAMBAL P, VAFZEERNBLERY
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SEREBEEWIAZFHELEREER, VA PIEER
SEETEANSEERIFFE[(4.0X1.8)vs(3.811.4)

mg/100g, P >0.05], BEHEES TR (P <0.001),
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ERNEENAERMAAHR. XREEBRMXLHE 2.4 SEBES

URBEBENHLEZFHE. TEAPXETERNS AMFTIEMT 153 HEHR AN EER S E AR
ERTETARN, MERHRALTAEMMNAEHE NWEREAKEHITERE, SHEHARMAIA P SEBLAER
EENHZERSEGIUTFEEN (P>0.05) , XE£88k &R, FRUEK4HT. PHRAAPESRERNERY

MREMEULBERNSERTSTRA. ST
EBRPWEHEBEER, ERARAA DS, BHSAFF
e ENFeFRERNIENBBRT R,
BagitFRil, AFEARBRMS M. MaRERNE
SERNSEWZERAERTFEEN, BBRARMAIALFX

EREZWLER (P>0.05) ; 5WHO 7£ 2007 £ 4 kY
HaE U ML, THYEEERAES WHO NS REAR—
B; #SHLERERMELESERY, BREKI2HKE
T WHO R #3E, BRSNS T WHO IR, EtE
HEAHERS WHO 9 RE A

Table 4 Composition of amino acids in early mature milk (Mean+SD, mg/g total protein)

Results of thisstudy  Results of this study Results of this study Results of
(Total, n=153) (Urban, n=110,# (Rural, n-43,) WHO / FAO*

Essential amino acids
Lysine 63+9 63+9 62+10 69+9
Threonine 43+ 6 43+6 437 44+ 6
Leucine 90 £12 90+12 90 +13 9612
Isoleucine 477 477 47+7 55+8
Valine 49=+7 49+6 48+7 55+8
Phenylalanine 34=+5 34+5 34+5 42+14
Histidine 23+5 23+5 22+3 21+5
Conditional essential and
non-essential amino acids
Tyrosine 35+6 35+6 365 52+8
Arginine 336 32+6 336 23+3
Proline 8111 81+10 8112 8011
Glycine 224 224 22+4 23+3
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Table4 (%&%)

Results of thisstudy  Results of this study Results of this study Results of
(Total,n=153) (Urban,n=110)* (Rural,n=43, WHO / FAO *
Glutamate+glutamine 15819 158 £18 159+ 22 178 £19
Aspartatet+asparagine 83+13 83+13 83+13 901
Alanine 335 33+5 34+5 38+5
Serine 437 437 44 +7 507

# |n this study, there was no significant difference in the composition of amino acids in early mature milk between urban and rural areas (P>0.05) ;

*Data were taken from the WHO Technical Report Series “Protein and Amino Acid Requirements in Human Nutrition” published in 2007
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Macro—-Element Concentrations in Breast Milk at Different Lactation

Stages Among Urban and Rural Chinese Women

EFL, B 82, INEFE"°, Balg, kT

, KT, LR

1 hEERBAGES D OEFRSBRAERIEERENETETERESSSWNE, L3 100050;
2 bR FEFRIEE Gy, JEE 100013; 3 SR HERBTGEEIHL, 58 266033;

4 ERREMEENEFHF L, L3 100022

HE:

B8 SREW L FRELIMER DA, 3. %, #§.
NS E, MHEHEEEANBRANPRE. BiE KR
KETHERARDBRERR, ZREREHTRE, T

2011 F 11 AR 20135 6 AERE N MEMXKE~RF
0d~330d L BB AHAE, ARETEMAANERIALSH
6481 3 NFLREA FR AL 1579 3 KE S, SR MUB I AR EE AR
AEBFRIEE (ICP-NS) MEFZ . B . #. W



MEE. £R 7. SEAL. PHIRAIMGEIR A BT
EENFJ(278.3%63.1), (289.3%69.9), (270. 7+65.9) ,
(241.0%58.6) mg/kg, BB R A (157.6£50.4) |
(176.7£53.2) | (144.2%41.6) |
kg, FEEmH9(27.925.9), (24.8£4.8), (25.0%£5.3)
e ENH A (624.25116.4) |

(490.0%£86.8)

(128.0%*31.5) mg/

(26.1%5. 6) mg/kg,
(5675.7%95.7)

ke, &
(128.3%+69.2) .

(428.3%65.1) mg/
ENR A (370.6%£204.7) | (242.2£123.1) |
(88.6*44.1) mg/kg. 58 ARIDLILE
R hiE, B, 8. 9. WUEEES, BRI

EKEFHRES

X§RiE: B3, #HNEAL; ¥R, EExXR
Abstract:

Objective To analyze the concentrations of calcium,
phosphorus, magnesium, potassium and sodium in
breast milk of urban and rural Chinese women at different
lactation stages. Methods The data was from a human
milk composition database in China. A cross-sectional
survey was conducted to collect milk samples from lactating
mothers 0-330 days postpartum between November 2011
and June 2013 in 11 provinces and regions of China. A
total of 1579 samples of human milk were sampled from
6481 healthy lactating mothers at different lactation stages.
The concentrations of calcium, phosphorus, magnesium,
potassium and sodium in breast milk were analyzed using
inductively coupled plasma mass spectrometry (ICP-
MS) with microwave digestion. Results In colostrum,
transitional milk, early mature milk and late mature milk,
the concentrations were (278.3+63.1), (289.3169.9),

(270.7+65.9), (241.0+58.6) mg/kg respectively for calcium,

EEWMEB BEXRSEAMZEELRITX (No. 2010AA023004)
1EEfENT RFLL (1987-) , &, Fit, BHIB#ARG, E-mail:

i, ML, EEEIH; BEEE: BiRF, Email:

yangzy@ninh. chinacdc. cn;

(157.6+50.4), (176.7+53.2), (144.2+41.6), (128.0+£31.5)
mg/kg for phosphorus, (27.9+5.9), (24.81£4.8), (25.0+5.3),
(26.1+5.6) mg/kg for magnesium, (624.2+116.4),

(5675.7£95.7), (490.0+86.8), (428.3+65.1) mg/kg for
potassium, (370.6+204.7), (242.2+123.1), (128.3169.2),
(88.6+44.1) mg/kg for sodium. Conclusion The
concentrations of calcium, phosphorus, magnesium,
potassium and sodium of breast milk vary between different

lactation stages.

Key words: breast milk; cross-sectional study; mineral

substance; macro-element
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R E 6481 P EFF AR, Hep#F 1859 13, FEZ
1235 3, AREAZL 3387 143, SRFD B 4EBEHLIAE TS SEREH M ER
20% FHEHITEETRWN. ZTEBE T P ERFRMFG T
FPLERSERREFRLEBZRLSFTI, FES5AMA
A BERAEFRITIEEENERES.
1.2 MEFE

RAMBEHEBE-ICP-MSEMEAILFEELRRE,
FRAMNSENBERBEEEFRIEMN (Agilent7700, 3
Agilent ATF)) , WURBEMUREEHBEE (Mars5, E£E
CEM AR , EAHRLERMNEEZHNELRIE W,

BTN EFREIRR NIST 1849a E R A EMERRME, 7
EYETRKEEREREYRNSEEERN; HENEE
E (RSD) 7£5.95% ~ 8.74% Z[8]; trERIZ&MHHEXRY
#7E 0.9995 L L; RITHAMNGERERYTLEIHFENL.
1.3 HXEX

MAIEFE 7d AMELH, SEAIEE 8d ~ 14d B
it, REARAILIE /G 15d ~ 180d BIFLT, MEHAREATLIE
e 181d R LR
1.4 FHZEDH

XF epidata 3.1 #HITHIERN, XKH SASY. 4 #1T4
. ERFFESEYNEKEEFREMR £4SD Sha0M
EHER. BAPE. B ¥ NN ENHBEESSHE

(BESMRBFABRMNESHH) , AMETFSTEMRLER

B, RAXETs MBSUEAMSERR; KA Kruskal-
WallisH BFIG I LA IR A M BRI A E X EE TR
S8, XM Bonferroni JKEEER L KIS AR T B
ITAMELE. P <0.05 RBEGITEE .

2. %8
2.1 ABERIHE (F1)

APR‘EMN1579 BAE, Hopym 461 B, KA
1118 &, ILBER TN (26.514.3) %, {KFRIEH (BMI)
TN 22. 66+ 3. 54kg/m?, XH&da 51.9%, FEIEFEMELE
A 61. 3%,

TR PG, B 8 0 PIREMS: Bk %K.
2.2 33 HEEEE

ME, TEL. RHRAALMGERRAPELIES
5 A (278.3%63.1) mg/kg. (289.3%69.9) mg/kg.
(270.7%65.9) mg/kg F1 (241.0%58.6) mg/kg. MA S
HER VASEHRAAPELEERLEITZEEN (P
> 0.05) , TEASTFREMAIL, FHRAILSTERHR
MHAI, ERHHITFEX (P<0.05) . FREFHRK
g [ (292.3+60.5) mg/kg, KA (260.3+65.9)
mg/kgl, BREARNFASL [4TH (258.0%56.9) mg/kg, RAF
(236.5+58.4) mg/kg] WHHBF R, ZFBRITER
X (P<0.05) , WeMAFMTEAPBEEERTHITF
BEX (P>0.05) .

Table 1 Basic information of lactating mothers and children across lactation stages (Mean+SD, % )

Colostrum Transitional milk early mature milk Late mature milk Total
(n=217, (n=348) (n=685) (n=329) (2=1579)

Lactating mother
region (urban) 49.3 34.8 25.4 17.9 29.2
Ethnic (Han) 65.3 62.5 49.2 37.7 519
Age (years) 26.7+4.4 25.9+4.1 26.4+4.1 27147 26.5+4.3
BMI (kg/m?) 23.96+3.47 22.71+3.06 22.47+3.54 22.14+3.85 22.66+3.54
BMI<18.5 2.3 17 9.5 15.5 8.1
18.5<BMI<24 53.7 67.1 62.4 57.7 61.3
24<BMI<28 32.9 26.6 224 20.7 24.4
BMI=28 1.1 4.6 5.7 6.1 6.3
Pre-pregnancy endocrine diseases 0 0 0.2 0.5 0.2
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(Table) 14k

Colostrum Transitional milk early mature milk Late mature milk Total
(n=217, (n=348) (n=685) (n=-329) (2=1579)

Gestational anemia 13.8 12.9 14.6 15.6
Gestational diabetes 0.9 2.9 15 15
Gestational hypertension 0.5 17 2 21
Children
Gender (boy) 52.1 49.4 54.2 52.6
Birth weight (g) 3349.5+447.5 3273.7+456.0 3260.1+£472.9 3285.4+479.0 3281.0+467.4
Premature 6 5.5 6.4 6.2
WHZ -0.42+1.47 -0.34+1.52 -0.06+1.67 0.06+1.53 -0.15+1.59

Table 2 Macro—mineral concentrations in maternal breast milk across lactation stages (Mean+SD, mg/kg)

Colostrum Transitional milk early mature milk Late mature milk

n Mean = SD n Mean + SD n Mean = SD n Mean = SD
Total
Calcium 21 278.3+63.1" 27 289.3+69.9° 495 270.7+65.9° 246 241.0+58.6¢
Phosphorus 213 1567.6+50.4° 340 176.7+53.2° 632 144.2+41.6°¢ 291 128.0+31.5¢
Ca/Pcmg/mg) 208 1.91+£0.64° 269 1.69 *0.48° 487 1.92£0.53° 238 1.87+0.452
Ca/P¢mol/mol) 208 1.38+0.46° 269 1.22£0.35° 487 1.38+0.38° 238 1.835+0.33°
Magnesium 21 27.9+5.9¢ 324 24.8+4.8"° 618 25.0+5.3" 297 26.1£5.6°
Potassium 199 624.2+116.4° 292 575.7+95.7"° 368 490.0+86.8° 154 428.3+65.1¢
Sodium 186 370.6+204.7° 320 242.2 £123.1"° 591 128.3+69.2°¢ 272 88.6+44.1¢
Urban
Calcium 105 282.6+62.52 13 296.6+63.5 162 292.3+60.5%* 51 258.0 £56.9"*
Phosphorus 105 164.8 +48.6%* 19 194.5+58.3b* 169 167.2 £ 43.42* 58 128.4+36.1°
Ca/P(mg/mg) 103 1.83+0.562 12 1.58+0.42P* 157 1.89+0.472 50 1.98 £0.53°
Ca/P¢mol/mol) 103 1.32+0.412 12 1.14 £ 0.30°* 157 1.36+0.34° 50 1.43+0.38°
Magnesium 105 29.6+6.0°* m 24.5+4.5P 163 25.1£4.9° 59 26.6+5.8°
Potassium 107 625.8+110.6° 12 593.4 £93.52* 154 502.6 +81.6°* 51 415.8 £ 68.8°
Sodium 95 397.4£213.4° 15 228.4+108.4° 163 148.4 +69.3°* 56 86.9+43.7¢
Rural
Calcium 106 274.0+63.6° 158 284.1+73.92 333 260.3 £65.9° 195 236.5+58.4°
Phosphorus 108 150.6 +51.3¢ 221 167.1+47.7° 463 139.5+39.9° 233 127.9+30.3¢
Ca/P(mg/mg) 105 2.00+0.712 157 1.76 £ 0.512° 330 1.93+0.55° 188 1.84+0.432°
Ca/P¢mol/mol) 105 1.44+0.51° 157 1.27£0.37%¢ 330 1.839+0.40° 188 1.33+0.312°¢
Magnesium 106 26.1+5.2° 213 24.9+5.0° 455 25.0+5.5° 238 26.0+5.6°
Potassium 92 622.3+123.52 180 564.7 +95.6° 214 480.9+89.5° 103 434.5+62.69
Sodium 91 342.7+192.52 205 250.0+130.2° 428 120.6 +67.7° 216 89.1+ 44.24

BEEFFHD

a, b, ¢, d statistical significance of the difference between different lactation stages, the same letter indicates that the difference is not statistically

significant with p value >0.05, while different letters indicate that the difference is statistically significant with p value <0.05. *statistical significance

of the difference between urban and rural areas in the same lactation stage with p value <0.05.
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2.3 BIPHEE

M, TEA. BPHRAAMGHRAAPHESES
F J (157.6%50.4) mg/kg.
(144.2£41.6) mg/kg ¥ (128.0%31.5) mg/kg. FREHF
MEMEBERMERIUTEEN, ZEASTYZ, IS
FEHMRMAI, PHRARASTHRAMAI (P <0.05) .

(176.7%53.2) mg/kg.

WEEMI [ (164. 8148, 6)mg/ke, RFF (150. 6+51.3)
mg/kgl. i I F [ M (194.5%58.3) mg/ke, R #F
(167.1%247.7) mg/ke] FNRHARREREL [T (157.2£43. 4)
mg/kg, RAF (139.5139.9) mg/ke]l WHtIETF R, £ER
BHUTFEEN (P<0.05) , BERBAPHL ERF LTSI

ZEX (P>0.05) ,

Table 3 Macro—-mineral concentrations in maternal breast milk across lactation stages [Pso(P2s, P75), mg/kg]

Colostrum

Transitional milk

early mature milk

Late mature milk

P5O( P25’ F)75)

n

P50( P25’ F)75)

P50( P251 F)75)

P5O(P257 F’75)

Total

Calcium 211 279.9(230.3,320.4) 271 291.5(243.3,336.5) 495  269.5(220.3,315.8) 246 236.6(195.4,284.1)
Phosphorus 213 155.7(118.9,196.2) 340 169.8(139.1,212.2) 632 140.2(112.5,169.9) 291 125.3(103.9,150.8)
Ca/P(mg/mg) 208 1.76(1.45, 2.26) 269 1.61(1.33, 1.96) 487 1.82(1.58, 2.13) 238 1.81(1.56, 2.08)

Ca/P(mol/mol) 208 1.27(1.04,1.63) 269 1.16(0.96,1.42) 487 1.31(1.14,1.54) 238 1.30(1.13,1.50)

Magnesium 21 27.6(24.1,31.8) 324 24.4(21.3,28.0) 618 24.8(21.1,28.4) 297 25.4(22.3,29.6)

Potassium 199 625.5(556.1,711.9) 292 575.9(510.4,631.7) 368  479.4(431.7,551.2) 154 437.7(383.6,472.8)
Sodium 186 304.3(212.2,470.7) 320  208(152.9,296.8) 591 108.9(80.5,160.4) 272 80.5(58.2,104.3)
Urban

Calcium 105  284.7(245.4,317.8) 13 297.3(251.6,335.3) 162 288.1(255.1,335.3) 51 246.7(212.2,296.6)
Phosphorus 105 165.0(131.8,201.7) M9 192.3(147.9,240.2) 169  153.6(124.6,186.8) 58 132.4(104.1,151.5)
Ca/P(mg/mg) 103 1.72(1.41,2.20) 12 1.52(1.29,1.86) 157 1.81(1.59,2.13) 50 1.94(1.59,2.32)

Ca/P(mol/mol) 103 1.24(1.02,1.59) 12 1.09(0.93,1.09) 157 1.30(1.15,1.53) 50 1.40(1.15,1.67)

Magnesium 105 29.7(26.2,33.7) m 24.0(21.8,27.2) 163 24.9(21.5,27.8) 59 25.2(22.1,30.1)

Potassium 107 622.8(556.4,711.9) 112 601.1(528.4,649.0) 154  492.0(444.2,561.6) 51 427.2(354.5,470.9)
Sodium 95 337.0(219.3,541.4) 15 203.4(151.3,276.7) 163 125.2(94.5,190.2) 56 76.9(56.9,103.3)
Rural

Calcium 106 279.1(228.3,320.4) 158 284.8(223.6,340.7) 333  253.9(210.9,306.5) 195 233.3(192.0,281.4)
Phosphorus 108 144.2(112.8,191.8) 221 164.0(135.6,198) 463  135.2(109.7,165.4) 233 123.0(103.9,150.5)
Ca/P(mg/mg) 105 1.82(1.49,2.29) 157 1.70(1.38,2.00) 330 1.83(1.58,2.14) 188 1.78(1.56,2.06)

Ca/P(mol/mol) 105 1.31(1.08,1.65) 157 1.23(0.99,1.44) 330 1.32(1.14,1.54) 188 1.28(1.13,1.49)

Magnesium 106 25.8(23.3,28.9) 213 25.1(21.1,28.4) 455 24.7(20.7,28.5) 238 25.4(22.4,29.4)

Potassium 92 634.3(555.4,711.9) 180  552.6(503.1,623.5) 214 465.9(425.8,545.4) 103 446.3(394.2,476.4)
Sodium 91 270.6(208.4,425.4) 205  210.4(154.3,305.3) 428 102.4(73.1,148.7) 216 80.8(58.8,104.3)

2.4 B3 EERELL 0.05) , =&HME: B THEA (P<0.05) . TiE

MEL TER. BRI FGEARRIL P B
{EEE/REE (mmol/mmol) 433 F1.38+0.46, 1.22+0. 35,
R &tk (mg/mg) 4 B A
1.9120.64, 1.69%0.48, 1.9220.53 F11. 87%0. 45, #]5L.
P HARRATL AN HARK BAFLIE)45 . MER TG EEN (P>

1.38%0.38 1 1.35%0. 33,

FLR45: BT (1.1420.30) RFRA (1.27£0.37)
ERBHITFEN (P< 0.05) , ¥, PHRHIL KL
BRAAM L EFESHITERENX (P>0.05)
2.5 B3 PESE

A SEA. RHRAAMGHARAIAPESEN T



# (27.9%5.9) mg/kg, (24.8%4.8) mg/kg, (25.0%5.3)
(26.1%£5.6) mg/kg. TEAMBEHRARAER T
GIHFEEN (P>0.05) , YASTHRIMMAI, BIRHA
ABTEEAMBHRRAI (P<0.05) . MAELE (mg/
kg) T (29.6%6.0) ST RHA (26.1£5.2) , ERFH%
HEEX (P<0.05) , FEA. PHRAILMGARAI
PHEEHSERFEEUTFEREN (P>0.05) .
2.6 BIPHEE

M EEA. PHRRAMGHARAALPHEE (ng/
kg) o B A (624.2+116.4) mg/kg.
kg, (490.0%86.8) mg/kg, (428.3%65.1) mg/kge A
EREMNEHEEERNEGITEEN, MASTIEL,
HEASTEHRRAL, BHAAASTHRARBA P
<0.05) . HEETED (W (593.4193.5) mg/kg, K
#1(564.7£95. 6)mg/kg] FNRHARRFAFL [48TH (502. 6181. 6)
mg/kg, RF¥ (480.9189.5) mg/kgl WIS TRIT, EF
BHUFEEN (P<0.05) , MAFGRHARAALPHFSEN
SERTFZEIHTFEN (P>0.05) .
2.7 B3PS E

WA SEA RHRAAMGHARAIALPHEESF
# (370.6%204.7) . (242.2%£123.1) \ (128.3%69.2) .
(88.6%44.1) mg/kg. FEIMIAMBNEEERELI
FEN, VASTEERL, SEASTREHRAIL, BHK
HIASTBREAKRI (P<0.05) . REHARRIADHNES W
M (148.4%69.3) mg/kg ST RAS (120. 6167.7) mg/ke,
ESBSGITFEX (P<0.05) , #7. STEALFMBERH
APHEEWL ERTLHITFEN (P>0.05) .

mg/kg.

(575.7£95.7) mg/

3iFie

ERRFAPESILR T BIEETEETERE, o
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AMARBHRAAPE, . WEES5HMBLROHT
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Bl S BRERSMRALETAERAMENGAE
HRASESE. AiE RERE 1 MERKRMBK, B3
AF =5 0~330d BRI P B ERNEBRS5RHR. RE\EF
AL X AFGAFLER, B AEEA R REHIHEY 827 N FLAE
X, RABSHRHARIEEK=ZENRFRIERR, WEDF
Ad o-AAEA. WEAEHR. FEEB. aa-BEQ. B-
REAM «-BEASE. BF 827 HEAHLH, MA
(0~7d) « TiEF (8~14d) . BHIAEAFL (15~180d) FA
M EARR 2L (181~330d) 435l &5 25. 03%. 27.57%. 33.86%
#M13.54% B P o-ABAEA WEAER. FEE. B-
BEA. aa-BEBHM «-BEAIE (e/L) S (P,
P7s) 4339 2. 43 (1.99, 2.92) , 0.21 (0. 18, 0.26) . 0. 04
(0.02, 0.09) . 3.41 (2.81, 1.68)
#10.50 (0.35, 0.70) . FEMFLEARIEIK, oa-FBAEA.

-BREAW «-BEAIEETENYE, MARBEA
SH%. HHEAN o-AAER (P<0.01) . MFEAE
A (P<0.01) . B-E&ER (P<0.01) #1 k - EZEH (P<0.01)
SESTAHEI. &t FABL/EAES ISHEDAR
BARRMAR, BEE2TRLES.

3.98) . 1.18 (0.77,

X B3;
=]

a-FBER; MEBER; AEME; BKE

Abstract:

Objective To analyze the contents of protein profiles
in human milk at different stages of lactation in urban and
rural areas in China. Methods Eleven representative
regions in China were selected to enroll healthy mothers
who had given birth to singletons and at their 0-330 days
postpartum. According to the lactation stage, 827 breast
milk samples were randomly chosen from the total samples,
and ultra-performance liquid chromatography with tandem
mass spectrometry was used to analyze the contents of a -
lactalbumin, serum albumin, lysozyme, B -casein, a si-

casein and « -casein in human milk. Results Colostrum

"R | »
(Y |pemseni
panone | ~2ERSUA

(0-7 days), transitional milk (8-14 days), early mature milk
(15-180 days) and late mature milk (181-330 days) in the
827 milk samples accounted for 25.03%, 27.57%, 33.86%
and 13.54%, respectively. The median (P25, P75) content (g/
L) of a-lactalbumin, serum albumin, lysozyme, B -casein,
a s1-casein and k -casein was 2.43 (1.99, 2.92), 0.21 (0.18,
0.26), 0.04 (0.02, 0.09), 3.41(2.81, 3.98), 1.18 (0.77, 1.68)
and 0.50 (0.35, 0.70), respectively. With the prolongation of
lactation, the contents of a -lactalbumin, a s1-casein and
k -casein trended down, while that of lysozyme trended up.
The contents of a -lactalbumin (P<0.01), serum albumin
(P<0.01), B -casein (P<0.01) and « -casein (P<0.01) in
urban human milk were significantly higher than those
in rural human milk. Conclusion The contents of some
human milk proteins differ at different lactation stages, and
the contents of some protein components are different

between urban and rural areas.

Key words: breast milk; a -lactalbumin; serum albumin;

lysozyme; casein

B EARREIERKLAEMVLENERYRMERE
BT, MG EMNSFREENLARESNEAEARAS
AR N, XEENTEFNTHREAPESEAEINE
20, ENBAEARAS T EGREAEBEANRER, H
HHBEEETERRE o- L AEA. AH%ER. ABKEAL.
HMER. MEREAMAE, BKREAEE o -KERQ, B-
BEAM «-EBEA . Bal, AREMEMNER TR F
SMEARBHHMREL .

AMRBEISHEE 1 NEZE 0 ~ 330d A HARRE

EHRESSEMTHHEE, AEITEIILEARFEESMGH
EEEBRANE Y UREIIELFRR. HHREFZRERARR
FRERERIEKIE.
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1.1 =it

AR AFEDIAR D BIBERRH—I, ERARAR
B RBLRMHE ©. AMRABBEAZL, £LEIE
B AE, BARREETEARES, 8FILR. £iE.
BRI CHF IR mE. L. WK MBEERERE
X. ARHBEARRMELREEX, HETHRELD. &
By REAAIBBUX AL EEMAMMX .

1.2 &

BRBEESMAEN, F2011~2013 F£HIBE T 6481
BAFF=E 0~330d BB P R EREFS5XMR. R\
BECRZLER, 1% 12% B9ELf, SCRRN2AEAREFREN
AT 827 MRAMANEEAAS . AMRLTFERR
MEiEHR O ERSRRREMEZREZRALTEET,
FAMRMNRHEE T MBERESR.

1.3 BALRESKFF

RARECHNTAMRERESH . ABEFHRNRE
EHMABHLTMIAT, REMEBILEFI ~ 11 8. HH
K&, SEVRSFEDEET 15m HELED, ESREM
THZE SRBIHES PO A RER, F-20Csk
BERBEERKEFRE. AEAMHSRLTKERER, £+
BKORIRS T B ARE SR P ERBRGES P OEFR
S58R%LMH, % -80CRE, HISH.
1.4 ERASENGE

KABSMREGIERR-ENRTRIERAR, S5
AAHHAFEER (ac-ABEEH AHKEA NEBEAEA
MAEM) MERERQ (o-HER, P-HEAM «-HKE
B, A A RLEE s . RABESSREEE (Acquity
UPLC System, Waters, Milford, MA, USA) % = #
AbEHED, URKEIEMN (TQ-S MS Xevo, Waters,
Milford, MA, USA) FMEBIEEFIR (ESI) &[5
EQRESSE, WEHRHF0. 03g/L, EERANARTRT

¥4 2.50%, FHBHBEERF9. 74% WMLERF, AEKE
HHEREBMER Y, AXBREECEQEINER.
1.5 &itHiE

KBS —4%%I 8 EPIDATA EAMIFA AT HIE, U
WHO Anthro it B Z LS KA K= 2 1FH (Weight-
for-Length Z-scores, WLZ) , (M EBHR MV E RS H A
EXCEL 32, KA SAS9. 4 HITHIT M. EEMTEF
BESHHEHANENREERR, THEAESS AN
DUBRR, PETERERRT. SAEAEIIEN 5
FILHEREEME SR B~ ERE, FER S RME
(0~7d) \ TiEF (8 ~14d) . BHEIREHF (15~ 180d)
FREEARLERFL (181 ~ 330d) PUNLFLER. FMEBRE S
EAHES S EMBARENTHEE. RAIESH Kruskal-
Wallis H #An1& 56 EL B A Bk FLEAFN M X (B B h (L 0 E 5=+
AP <0.05 ABFKITFEE L.

2.4 8
2.1 MRERHE (F1)

BAEABESHEANRE 827 (IfE, Hp#A oTER.
FHARLFAFL AR HA R PAEL 3 7 7 25. 03%. 27.57%. 33.86%
F113.54%, T F & 50. 06%, XIE G 66.26%. FLEHEY
FIERL K 26.58E4.16 %, T BMI H 22. 99+ 3. 49ke/
m?, AEHEMAE. BEMEEEDHIH 5. 95%. 26.49% F
7.29% REFMPHASHNREAEXREZR G ITFEEN (P
>0.05) , RAMAGHBEE (21.55%) KFHHTAE
(31.16%, P<0.01) , RFFBMAEZE (5.33% K
FiHHAET (9.18%, P<0.05) . LBENRZAHIRER
SRR, ABEZHNIERESMEMBRFNBHE
SRIA2.42% N 3.15%, JLEBFHHEKREH3.30£0.45
ke, B &51.57%, B =)L &521% 2 J)LHwLZ
$#-0.19%1.53,

Table1 Characteristics of mothers and their infants

Indicators Pso (Pys, Pqs) or Mean=SD

Indicators Pso (Pys, Pys) or Mean+SD
Mother’s age (year) 26.58+4.16
BMI (kg/m?, %) 22.99+3.49

Colostrum (0-7 days)

Lactation stage (%)

25.03
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Table 1 (&%)

Indicators Pso (Pos, Pys) or Mean+SD Indicators Pso (Pys, Pys) or Mean+SD
<18.5 5.95 Transitional milk (8-14 days) 27.57
18.5-23.9 60.27 Early mature milk (15-180 days) 33.86
24.0-27.9 26.49 Late mature milk (181-330 days) 13.54
28.0- 7.29 Milk sample from left breast (%) 50.33
Education (%) Milk sample volume (ml) 55.0 (41.0, 70.0)
Primary school 18.16 Colostrum (0-7 days) 33.0 (22.0, 55.0)
Junior school 35.47 Transitional milk (8-14 days) 57.0 (50.0, 67.0)
Senior school 15.98 Early mature milk (15-180 days) 60.0 (50.0, 83.0)
College 15.74 Late mature milk (181-330 days) 62.0 (48.0, 75.0)
University and above 14.65 Preterm birth (%) 5.21
Urban (%) 50.06 Infant gender (male, %) 51.57
Race (%) Full-term birth weight (kg) 3.32+0.43
Han 66.26 Pre-term birth weight (kg) 3.03+0.60
Bai 5.56 Infant weight—for—length z—score —0.19+1.53
Zang 6.05 Disease
Dai 5.32 Endocrine disease history (%) 0.00
Hui 7.01 Gestational diabetes (%) 3.15
Meng 2.66 Gestational hypertension (%) 2.42
Wei 2.42 Infant diarrhea in last 2 weeks (%) 7.05
Zhuang 2.42 Infant fever in last 2 weeks (%) 5.33
Other 2.30 Infant allergy (%) 9.67
Primiparas women (%) 75.99 Mother’s allergy (%) 10.53
Cesarean section (%)  44.36 Father’s allergy (%) 6.79

2.2 BIERASEE (%2, 3)

FFlF 0~330d, 83 o-HABER. MFEBEEL.
FHEE. P-HER. aa-HEBM «-HBEASE (g/
L) W E £ R /EE SRR 2. 481065, 0.24+0.11,
0.07%0.07, 3.40%1.07, 1.29£0.68 F1 0.62%0. 60;
HRESE=E (g/L) IR HIE (Pos, Prs) 535149 2.43(1. 99,
2.92) . 0.21 (0.18, 0.26) , 0.04 (0.02, 0.09) , 3.41
(2.81,3.98) . 1.18 (0.77, 1. 68) #10.50 (0. 35, 0.70) .
2.3 FEwIHBHBIAEREASEE (£2, 3)

TEMAHTANERAN S EGEE—TEESR. a-
IEEASEAMI (2. 68g/L) FiTiEF (2. 76g/L)

RE. PHRRI (2.21g/L) MBEHARARI (1.88g/L)
RRFEIE (P<0.01) . MEREBEEMRAARZL (0. 208/
L) EFidiED (0.22 g/L, P<0.05) . AHESEUG
HR#HARS (0.15 g/L)  BIEFAZI (0.03 g/L, P
<0.01) . B-EMEAUIEARS (3.81g/L) « BHARK
BAFME (3.01g/L, P<0.01) . au-EHEASEEN
Z (1.65 g/L) FEEIF (1.57g/L) B RHARAIA
(0.96 g/L) FREEAR A ZL (0. 74g/L) ORFEIR (P <0.01) .
K- BREANSENMEBFLIATE KM TR (P <0.01) .
2 A BAERESEEER (£ 2, 3)
BAFREEAESREFENLER. BFL, HH
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EER (3.35¢/L) 1 k- EEER (0.54g/L) SEFTFK

#REFL (2. 28g/L, 0. 21g/L, 3. 27g/L, 0. 45g/L, P <0.01) ,
a-HABEBAM k-BEHSERHTETRA (P
a-FHHBEQ. B-EEHM k-

ML,

<0.05) ; TEZH,

MELSEBHHTSTRA (P<0.01); BHEBAAS, a-
AEEASENTETRM (P<0.05) , MEAEH. B -

BMEQM «k-BEHSERTE TR (P<0.01) ;

BHIREAI P, BHMRMNEGAERENSEERTS

HEEX (P>0.05) .

Table 2 Contents of protein profiles in human milk at different lactation stages (Mean+SD, g/L)

Protein Total Colostrum Transition milk Early mature milk Late mature milk
Total

a-lactalbumin 2.48+0.65 2.70+0.56 2.78+0.57 2.31+0.63 1.89+0.46
Serum albumin 0.24+0.11 0.26+0.16 0.24+0.07 0.23+0.09 0.21+0.05
Lysozyme 0.07+0.07 0.05+0.03 0.04+0.04 0.07+0.06 0.17+0.10
-casein 3.40+1.07 3.12+1.32 3.80+1.1 3.42+0.80 3.08+0.71
a,,-casein 1.29+0.68 1.66 +0.90 1.54+0.58 1.02+0.37 0.80+0.27
k-casein 0.62+0.60 1.03+1.02 0.63+0.31 0.43+0.18 0.35+0.09
Urban

a-lactalbumin 2.60+0.69 2.78+0.59 2.93+0.55 2.42+0.70 1.87+0.55
Serum albumin 0.24+0.10 0.27+0.16 0.24+0.08 0.23+0.07 0.22+0.06
Lysozyme 0.06+0.06 0.05+0.03 0.04+0.04 0.07+0.05 0.17+0.08
B-casein 3.563+1.12 3.19%1.27 4.05+1.17 3.56+0.85 2.99+0.74
q,,-casein 1.30+0.66 1.61+0.83 1.57+0.56 1.01£0.36 0.76 £0.26
k-casein 0.70+0.70 1.183+1.13 0.72+0.39 0.46+0.18 0.34+0.11
Rural

a-lactalbumin 2.36+0.59 2.61+0.51 2.64+0.56 2.20+0.54 1.90+0.40
Serum albumin 0.23+0.11 0.26+0.16 0.24+0.07 0.22+0.11 0.20+0.05
Lysozyme 0.07+0.08 0.04+0.04 0.05+0.05 0.07+0.06 0.17+0.1
B-casein 3.28+1.00 3.04+1.39 3.56+0.99 3.27+0.73 3.13+0.69
a,,-casein 1.28+0.69 1.71£0.99 1.50+0.59 1.03+0.38 0.82+0.28
K-casein 0.55+0.47 0.90+0.86 0.54+0.16 0.41+0.17 0.35+0.08

Table 3 Contents of protein profiles in human milk at different lactation stages [Pz, (P,s5, P75), 9/L]

Protein

Total

Colostrum

Transition milk

Early mature milk

Late mature milk

Total
a-lactalbumin
Serum albumin
Lysozyme

3—casein

2.43(1.99,2.92)
0.21(0.18,0.26)
0.04(0.02,0.09)

3.41(2.81,3.98)

2.68(2.29,3.06)
0.22(0.17,0.28)2
0.04(0.02,0.06)?

3.34(2.24,3.98)*¢

2.76(2.38,3.17)
0.22(0.19,0.27)2
0.03(0.02,0.04)°

3.81(3.21,4.56)°

2.21(1.86,2.65)°
0.22(0.18,0.25)2°
0.05(0.03,0.09)°

3.35(2.93,3.83)°

1.88(1.58,2.11)°
0.20(0.18,0.24)°
0.15(0.11,0.22)8

3.01(2.65,3.46)°
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Table 3 (&%)

Transition milk

Early mature milk

Late mature milk

Protein Total Colostrum
a,-casein 1.18¢0.77,1.68) 1.65¢1.05,2.22*
K-casein 0.50¢0.35,0.70) 0.77¢0.57,1.02)*

Urban

a-lactalbumin

Serum albumin

2.57(2.08,3.06)"

0.22(0.18,0.275"

2.75(2.33,3.18)"

0.22(0.17,0.29)

Lysozyme 0.04¢0.03,0.07) 0.040.03,0.06)
B-casein 3.35¢(2.88,4.24y"  3.40(2.31,4.15)
a,-casein 1.22(0.79,1.75) 1.67¢1.13,2.18)
K-casein 0.54¢0.38,0.77)"  0.81(0.59,1.17)"
Rural

a-lactalbumin

Serum albumin

2.28¢1.93,2.76)
0.21¢0.18,0.25)

2.55(2.25,2.88)
0.21¢0.18,0.27,

Lysozyme 0.04¢0.02,0.10) 0.03(0.02,0.05)
3-casein 3.27¢2.72,3.81) 3.24(1.94,3.88)
a,-casein 1.14¢0.77,1.63) 1.65¢0.94,2.26)
K-casein 0.45¢0.34,0.63) 0.74¢0.55,0.89)

1.57¢1.16,1.85)¢
0.59¢0.48,0.72)¢

2.86(2.57,3.36)"
0.22(0.19,0.27)

0.03(0.02,0.04)

4.12(3.46,4.81)"
1.61(1.24,1.92)

0.64(0.52,0.77,"

2.54(2.21,3.02)
0.21(0.19,0.27,
0.03(0.02,0.05)
3.60(2.89,4.03)
1.49(1.08,1.83)

0.55¢0.42,0.64)

0.96(0.76,1.23 ¢
0.39(0.32,0.50¢

2.30(1.91,2.87y
0.23(0.19,0.26,"

0.05(0.03,0.09)

3.48(3.08,3.98)"
0.95(0.76,1.21)

0.43(0.33,0.54,"

2.12¢1.81,2.54,

0.20¢0.17,0.24,)
0.05¢0.03,0.09,
3.16¢2.81,3.69)

0.96(0.76,131)

0.35¢0.30,0.46)

0.74¢0.64,0.86 1
0.33(0.28,0.39

1.87(1.43,2.13)
0.21¢0.18,0.24,)

0.16¢0.10,0.22,
2.80(2.56,3.42,
0.69¢0.62,0.85)
0.33(0.28,0.38)

1.89¢1.64,2.11)

0.20¢0.17,0.23)
0.15¢0.11,0.22)
3.07(2.78,3.49),
0.74¢0.66,0.94,

0.35¢0.29,0.40,

‘* EEE?‘%%U

mmne’

Values in the same column with the same letters are not different, P>0.05; Values in the same column with adjacent letters are different at P<0.05;

Values in the same column with separated letters are different at P<0.01; Values with * in urban areas are different from those of rural areas at

P<0.05; Values with ** in urban areas are different from those of rural areasat P<0.01
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31 BIAERESEHEERKR

AWK UPLC-MS E A& T HE 11 NEEM
XWBAP e MEQEATHNEE. /F0~330d FF
a-FAAEH. IBEEER. AEE. B-HBER. as-
BEAM «-BEASENPMAH (/L) F5H 2 43,
MRAEEN, HE
AN HIRERIARENEKEM TS BHEAF
. SEAMEHRARAFESHEAEIS T RTEH.
3.2 BRI EERSE5HELLER

AMRER, a-FHBEBKEREAIEMNEKT TR,
UEMRERBIHFXENTHBEE T, XARRDEH
REAAE a-FBE 25 2004 £k H HPLC E o34
B 452 Bk B 9 PERMBAAF a-AAEBFHKE

0.21, 0.04, 3.41, 1.18 #1 0. 50.

(2.44%0. 64g/L) HHIE B, BR, AARBWHREAR
FAK o- AAEASERT MING HARRERRKREFE 3
MR R FHML T EE 12 R~ 4NANEIAFR a-
FHEASE (3.16~2.53g/L) ",

BRI I EEE B MK AR I EE KT
BEMEE, BR5EMNEQESHEL, NFBERQ
MEUREES ). AMRPEHRBANDBFEEAS
ERETHAREN~F20~97d 5NFAHELRD
1 & £ (0.30%£0.09¢g/L) ¥, 11 & F MING #F 3% 4R
BEHMEBEZEBE ALK (0.48~0.44g/L) Kk F 7,

AMARNERENEGIRHESSMDIAFBEKZFH
Sy, SEERENTABEEER . AEEEARL
F-MEENIFEFESMEEREAR, ETDEHTEERRN
RRREN, AALBEBANTRILNEFEEE M,
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APAEBEEMPARTEKTMASHESE, ATREXE
IR RMEEFRERESHRBAFEER X 121,
AR F A RIERA S H /5 330d AEFLAEES
EPUHA0.03~0. 15g/L, KFEE—TMARKE, 1%
RRFIARAIEE R AR NE AR R EE 1 ~5d,
6~ 14d, 15~ 28d. 29 ~ 56d. 57 ~ 84d FAHEZE (g/
L) 4303 0.37, 0.27, 0.24, 0.33 F10.890"9, XFHIAFH
REREFSBRK, TRSMRAHREUSETRBX.
3.3 BABERSESHEILE
B - BEAKFETEANEAS. RAILE
REIMAKE, SUEFRENSABNBREATUBE—K
M, AARFRHARAALS p-HEOTES—HHERE
L (3.38~4.52¢/L) , RTEERENTFHEE (5.37¢/
L) M BT EERENTEHEE (2.70g/L) 19,
ARRF oo BEAM « - BEASSHENILATEE
KM . B3 « - BEAS SR TEERIE (0.90g/L) U9,
AR «-HERS p-BEQLEENI. LEIAMELH
AR P EHERS R 0.40, 0.19 F1 0. 13, TEEIH
RHIZEES RN 0.61, 0.32F10.30, BREEFALSE
EMBABREQESSEMLETEEEES. BrRiNRZ
XFEIAYP oo BEASEMHEXRE.
3.4 ARERASHEZERTEEER
AARFRFLEBAFT o-ABAER. WEAER. B-
MEAHM « -BEASENABTET RN, XMHEFFE
HUEVZ, TEAMBEHARRI. XTEAEAEIHM
REAPTHRX, EERRERPTERFNEAEAEST
ER. REREASERSERRABASIREG Y, ABER
EERBAEAWTHRS T RF (59. 6g/d #151. 6g/d) , 1B
EEARERXE (R8) FENEFEX, WHASER
EERFEXRETHIERY (39.2%) « B3 (36.3%) .
AE (5.2%) MEMEY (19.2%) , MAFAABEEEAR
FERIFETAE43.9%) SR (32. 6%) « KF A (5. 0%)
MEMEY (18.5%) , WHABSLANKRERRYEA
AREMATHPRENEAESEEFRREN. ARRGH
FRFEFL (181 ~330d) EHENWM L ERIIHRTES 6 1
BzEABERRREORYBSEERNEX. XTI

BERESSENH L ERRERBERNAR.
3.5 ARARRIMLE SRR

AMREFAHARE, WNTEMBBRINPRESE
SEMFA R OEMEER, FHITEERERN. E£82
HABE, AMREERTEBRHENSARSHEM, %EF
EEF 9~ 11 ARE, FER, ARZEMIAEHFIFHET
ROREMNARNBRTHER. PEMERSAEFRRINE
& Bl

ERNSESE, FIARMEEIN UPLC-MS EME
ERR, MEHSGEMALEREIHFRIAULFEERSE
S, ERARMRIFICHEERR SRR, HR TR,
SEMREETFL. #RERZFERNTH, ERNERE
AW, R EEMF (R2>0.99) , a-HAAEAM B-
EAMEEERSHIA 97. 2% ~ 102. 5% F1 99. 5% ~ 100. 3%,
RS R 8.0 mg/100g F1 1.2 mg/100g. ERES R
5.2% # 3. 0%. %A RMFEIKEAR, HPLC A U7,
=EETBAEQEANS PR AHRAR, ATRERIEERE.

AT, BTFAMRABMERE, EAAS =MD
AEAM T AR EEE SN, TREQESME
BESEZHEERNEFRKAINFARRIANTH. B, &
BES HHTRM 6481 HE AR RREHLIHENE) 827 MK (&
12.76%) , HASRBNEFBARRIE. ARARBRAET
ABEREBAER, BREAKSMERBANESAEAN
SR, RRNFREESH
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Concentrations of Vitamin A and Vitamin E in Breast Milk at Different
Lactation Stages from Urban and Rural China

KIFE, A B B OKS, , MiRTF

', R

1¢?§Tfﬁ?ﬁl‘ﬁ?ﬁ%ﬂ¢'uﬁ%’ﬁi¥)§ﬁﬁ JE= 100050; 2 R E ARHm MBS F L, B

650022; 3 HIRTE RS

“BRBKFLSFR BEEERINE, KiP 410081




R &ET

Science Reports

WE:

BaY EARETELIMEFG 2 B2 HE R A(VA)
MELERE(VE)WEE. Fik E2E N1 A4, W BIA
X 20 MR (X) BE~/5 6481 @R EH REFIAER.
AT S EA D EREAIMENL 15% HARHLIRKS 924
B3, XFA HPLCAS# VA (MMEE) M VE (a-%BE)
BE. B8R MEA (=179) « FiEF (0=170) |« BHAREH
A (n=419) REREAREAEL (n=156) HOANAFLENMELH, £
E & VAR Pso &8 (mg/L) 277059 0.61, 0.47, 0.25 A
0.19, TR M EF AR ITFE N (P<0.05) . K,
AR A 0.68, 0.49, 0.29 #10.23, K#t0.57, 0.46,
0.22F10.18, WLZMMAA RGBT EHEEERTE
5N, HEMBRAEMELIH P<0. 05, 2K, NEEH
AT VA EEST R (P<0.01) . 2EFF VE®
Pso &8 (mg/L) H3 6.47, 3.66, 2.36F12.58; Hrb,
WHRH 6.75, 3.60, 2.19 F1 2.57, RK#F6.00, 3.99,
2.457%0 2.60, BRI BEIMBEAZ B EERFTEEN,
HEEMEBARESR P {E <0.05, (XETEA VE RFEE
T (P<0.05) . &g FEFIAVAMVEZEVAES,
VA FE& i FLERE KT R AT PE A, VE FERFAZL MY B RIS HE T

Xigia: 85 BERA; BERE; WEE; o-£BEH,

HFLBER

Abstract:

Objective To analyze the concentrations of vitamin
A (VA) and vitamin E (VE) in breast milk at different stages
of lactation from urban and rural China. Methods A total
of 6481 healthy mother-infant dyads were enrolled from 20
counties in 11 provinces or autonomous regions in China
and the mothers’ breast milk was collected. Stratified by

the location of investigations and lactation stage, about 15%

breast milk samples (n=924) were randomly collected
and analyzed for retinol and a-tocopherol levels by using
HPLC. Results The median concentrations (mg/L) of
VA in colostrum (n=179), transitional milk (n=170), early
mature milk (n=419) and late mature milk (n=156) were 0.61,
0.47, 0.25 and 0.19 in total samples, 0.68, 0.49, 0.29 and
0.23 in urban areas, and 0.57, 0.46, 0.22 and 0.18 in rural
areas. The levels of VA in total, urban and urban samples
varied significantly (P<0.05) between the four stages except
VA in samples from urban and rural area between early and
late mature milk stages. The median VE concentration (mg/
L) was 6.47, 3.66, 2.36 and 2.58 in total samples, 6.75,
3.60, 2.19 and 2.57 in urban areas, and 6.00, 3.99, 2.45
and 2.60 in rural areas. The levels of VE in these samples
varied significantly between colostrum, transitional and early
mature milk stages (P<0.05). The difference between urban
and rural areas was found only in early mature milk for VA
(P<0.01) and transitional milk for VE (P<0.05). Conclusion
The concentrations of both VA and VE in Chinese breast
milk decrease from the highest levels in colostrum along
with lactation, but those of VE remain stable during the

mature milk stage.

Key words: human milk; vitamin A; vitamin E; retinol;

a-tocopherol; lactation stage
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ENMREEMLZENK. VE BFRMENKER, RiFHAB%
ZHENRG . BFEERBESIE. - EBEHMRVENE
EFErX, EWEtRRE.

B VAMVE R EZSMHEZRZMW, SFAT VAR VE
ERRR. BEABSEREBRARRL. MEME. BRXE
BUFEF, AMREFTERMESE 23, KW, E4SHLE,
REGMRFKETI VA 1 VE FENIRERR. ATBEEZE
ZEANH 20 MIESN—RERABABFART — i
WEMR, SEEIINMERETEMILMNEFE S S VA
FIVESE, HEEZ)LVAIVE EAEFBAEMRIZMH
BB H.

1. ¥WREHLZE

AR AEEHEAZE, SFEIRHEAEMIRENF. WH
BAELFEEAERIFE. RIS, BAHARES. B2
AEEFARBENAOZ. ERE.
1.1 xR

EEEXESHMRBERTRMESE, A&, At %t
R, fEm. BEE 11 ANE, T BIAKHEE 20 M E (X)
PEIMIBREZE)L. BESSAREELIT (HIT
M. SFFR/RT. BT, BHME) ARG (GLEFHE) |
e (EEAEMN  BHR (EER) « bR (RXKX., 2
XX) . #L GRmd) Wk (BiEH) « BF GERE
X) . I"& UM A (RER) . UR=m (KEM,
FERERAM) - ABMANIRERITEFR 20 ~35 %5, HRIT
R, R, EFEMEFL, TRBHME. BMHRBRHBRITHER
"E, TRERICESE. FHRERSEATEE L RN
[4]. ARRRKBPERBAGEZEH P OEFRSBRRACE
ERSIE, MERRMEHAFTSAEHEEANBEERESR.
1.2 HEAREMLLIE

2011 11 BE 2013 £ 6 BEABIAY L4 9 ~ 1 FER&ER
3, EFRAFEABIEHIR (HNR/X-2108Z, FE;LKL) R
E—MABLATEEHT . RENBAHRIITRS &
BAERE1 AANEABRASERBITRERFEARNS
R&E, TREMAMRERE, EREHEREEEELE
EXWEHITHR. AN RENSAHAREREESS
B, BT 20CHRE, MIAEREREIEEPEERBMEE

"X

A
DaNONE

X
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HHROEHALRETF -80°CIRTE.

BEE 1 ~ 7dy 8~ 14d, 15 ~ 180d AR > 180d 435
EAMA. TE. FHRAILFGIARBIAME. LRE
B 6481 N EFMEM. RIBATSFDILEHEITY B, %
29 15% L BIBENLIHER R ZLNE VA, VE FEFRZENSE. BT
LREMBREES, AHTIERE. ERITRENKEE
BRizsRxE Y.

1.3 WiGE

RAMRHPLC /3%, FLERARIESBL. HRS
HET4ACRERE, ROTREI 100 HRET nl 5
DEF, MIAN10u| 5 mg/ml BHT ZEEAMR, 1.0 ml 2B,
100 u | 10% SRE=F ZEFIA MK, 200 p | 30% SEMLHKIAR,
TREERS]. 60°CHIA 1h RIRAD, AR 1mI100ng/ml BIFR
HWIEIEC KRR 3ml EESHE, JRHERS] 60s. I 700 u |
K, SBHE60s, 10000r/min Eix 1~ 3min, ESKE. &
MEF, 40p| FAEBER, BRERESARMA L] T,
BEEM. BE 200 SHREGIENHEEET 2001, C18
¥E, 150mm X 4. 6mm, 3 um bR, FENAEK 25% RAEE 75%
Z B/ BHEE (V/V=85:15) , VA F1 VE &0 4K 5 5l 5 325,
295nm. FitHERFP I 3N REHR. RIEERE5ESIH
mALIE SR E AR EEHERIITEIENE 1 MRIE
&, HROMTEZRBNER &K 2 MRS, HHEEE
MR VA. VESE, HETRE< 5% FAFERKM VA, VER
CV 4353 0. 46% ~ 7. 61% F1 0. 39% ~ 6. 10%

1.4 FHZEDR

A Epidata 3.5.1 A&, SAS9.4 REBITHITES
o ELTE L MeantSD 1 Pso (P2, P7s) Rk, IE
AMSHA WAL, A Kruskal-Wallis # #1438 X EES 2
TEIESHITEELLE, F DSCF SEAMAMmmEL. WM Ls,
a=0.05.

2. %R
2.1 AEHEREE (F1)

HE 924 BEIAEKNET VAFIVE 2. S5I5# 1
MNREER, 8693 BEAHKEITERES . 2L,
ABFHFERE 26.4 %, FHBMI J 22. 8kg/m?, ZE)LHEF
PR E 3296. 6g, Z2)L WHZ Fi5{EH -0. 04,

KREE SR
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Table 1 Characteristics of the breastfeeding mother-infant dyads ( n=924 )
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Total Colostrum Transitional milk  Early mature milk Late mature milk

Lactating women

Number 924 179 170 419 156

Urban (%) 42.6 43.6 45.9 43.2 36.5

Agely) 26.4+4.2 26.1£4.0 26.2+3.9 26.5+4.2 26.8+4.5

Han majority (%) 65.6 69.3 71.0 65.8 54.8

Maternal BMI (kg/m? ) 22.8+3.3 23.7+£3.2 23.1£3.3 22.7+£3.3 22.0+3.1

Gestational diabetes (%) 2.3 0 4.7 2.9 0.6

Gestational hypertension (%) 2.2 0 2.4 2.4 3.9
Infants

Gender (male, %) 47.8 50.8 52.4 46.3 43.6

Birth weight (g) 3296.6+448.5 3351.5+458.2 3293.4+478.2 3277.2+436.2 3287.6+434.2

Preterm (Yes, %) 4.7 4.5 2.9 4.5 7.1

WHZ -0.04+3.08 -0.50+1.46 -0.56+1.47 -0.03+1.60 0.25+1.35
2.2 83 VA (=) 88 (%2, 3) Heh, ZMEREHAEA VAR Pso 519068, 0.49, 0.29,

A RIS EFAER VAR P RN HA
0.25,0.19 mg/L, MAEREBGITFEX,
BREL A FL R EAFNBE A & B ELE P=0. 025 5, HEMERAIFE
ELEII P <0.001; MiTER B RHAMMILE

0.61. 0.47,

BT

= Eﬂ-‘-
B o

0.23 mg/L, RFt Pso 3HIH 0. 57,
W BMBBRAALRHNGHALSEERTEEN, HEW
AL R P < 0.05. RHARHBAA VA REHTEZS
F&F (P<0.001) , H

0.46, 0.22, 0.18 mg/L,

EMERHZERTEE.

Table 2 Median concentrations of retinol and « —tocopherol of Chinese human milk from different
localitiesby lactation stage ( mg/L, »=923) $

Colostrum

Transitional milk

PSO (P25’ I375)

PSO (P25) P75)

Early mature milk

Late mature milk

PSO (P25) P75)

PSO (PZS) F’75)

Vitamin Lai\;ier;g n
Total 179

VA Urban 78
Rural 101
Total 179

VE Urban 78
Rural 101

0.61(0.41,0.94)a
0.68 (0.49,0.96)a
0.57 (0.37,0.91)a
6.47(4.04,10.50)a
6.75 (3.93, 11.76)a

6.00 (4.26, 9.64)a

169

77

92

170

78

92

0.47 (0.29,0.66)b
0.49 (0.27,0.67)b
0.46 (0.27,0.66)b
3.66 (2.44, 5.71)b
3.60(1.93, 4.94)b,#

3.99(2.72,5.88)b

419

181

238

418

180

238

0.25(0.16, 0.37)c
0.29 (0.18, 0.41)c,*
0.22(0.14, 0.33)c
2.36 (1.51, 3.26)c
2.19(1.35, 3.16)c

2.45(1.57, 3.37)c

156

57

99

156

57

99

0.19 (0.14, 0.33)d
0.23(0.15, 0.39)c
0.18 (0.13, 0.28)c
2.58 (1.67,3.37)c
2.57(1.73, 3.35)c

2.60 (1.67, 3.38)c

$ Different letters in one row indicate significant difference as compared by Kruskal-Wallis test (P<0.0001). Different characters in one column

indicate significant difference between urban and rural areas as compared by DSCF test (P<0.05).* x2=15.02,P<0.0001; # x2=3.99, P=0.046
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Table 3 Mean concentrations of retinol and « —tocopherol of Chinese human milk from different localities
by lactation stage (mg/L, »=923) #

. . Living Colostrum Transitional milk Early mature milk Late mature milk
Vitamin n n n n

area X s Xzs Y X s
Total 179 0.72+0.41 169 0.52+0.30 419 0.29+0.21 156 0.24+0.16

VA Urban 78 0.76+0.41 77 0.53+0.30 181 0.32+0.19 57 0.27+0.17
Rural 101 0.68+0.41 92 0.51+0.31 238 0.26+0.20 99 0.23+0.16
Total 179 8.35+6.65 170 4.72+4.14 418 2.64+1.87 156 2.68+1.40

VE Urban 78 8.88+7.04 78 4.50+5.07 180 2.52+1.67 57 2.71£1.43
Rural 101 7.95+6.33 92 4.91+3.15 238 2.72+2.00 99 2.66+1.38

# Data presented as Mean+SD

238ILVE («-&Bf) &8 (F2, 3)
MM DEEFAHARVEN P ZEDHA
6.47, 3.66, 2.36, 2.58 mg/L, #IF.. TiEI AL
BEgERREARTFEN, P <0.001; NFFEE
BEAHSETUREE. WHHFARVER P 5777 6. 75,
3.60\ 2.19, 2.57mg/L, R#T Pso 53579 6.00, 3.99, 2.45,
2.60mg/L, W2 EMERSEBERRUALRTHAMBRATE
E0, EEMBEARERYP <0.05. TFEAVESER

HEZETHT (P0.040) , HEMBH L ERTRE.
3idie
AGER—HEESESE S AT ANEKERR,

e TR 2 AR LM EEL VAR VE IR FREE
BX. BR%A, PEFSIAVAMVEZEVIMEES

’
ar
>

REE W FLHIE KT R A PR, M EFHIRAILZEDN
HEZE, BN EHMBGEVE S ERFENRE. B

SHBEMELE—H. AERHMABIA VAFSEL VES
BEAEBLZER.

Az, ENEEI VA SESERNIIMNI—LHRLE
REER. SEAHRMEL, WA VAEHESRT 2016
FIR. MMAZN=mHXZFLRIZER (1. 3mg/ke)
(51 70 2013 FEAREREHF X (1. 1mg/L) 1), &F 2001 £
BHAWLES (0.15mg/L) UV FEASERF=ZHHE
(0. 77mg/kg) ¥, HFAWLEH 1 (0. 16mg/L) ; RBREH
AEHEERT=mmHWE (0.54 mg/keg) B FIFFNEF

(0.50mg/L) ), & F /A WL g B (0.16mg/L) KL K
1986 ~ 1989 b= (0. 11mg/kg) KF B, £E M4 FEL
RER, 2002 ~ 2013 FEHREFFEFRRERLFRIFK
U, KARGERST 2002 £ wiHE U A)AETF
BHER VABARK. ABEZHAVAGREZ U URERH
HPLC &% 1. BT VA RIEIRMSHER, AFRKZEI
RS ENEm. HRER, BABRHIENMARMNME
EMERRA, MARNMENNERSEEREX;
RS ERZWAMNK, BB EREAERKIURLZH
BEREZEZEZMW Y, Jiang F 5 R&E~FE% D1,
D14 #1 D42 f9fF3. 35ml, FH%H O RE~FHEAL 3~ 7.
16 ~ 30d URFE 45ml . REFHNRFEBNZA . REFT
M EINHFNER T RERBARRERET Jiang FMF5
FENNSR . SEIMATEL, ARHTAMTEL VA S
BERTHE U (T 1. 69mg/L; TiEF 0.97mg/L)
RPAALERTEE (FE1~11 A4, 0.32~0.43 mg/L)
02 BEFHEXLR(ZF2~7H,0.10~0.16 mg/L)!3,
ERMNARFHEELAEI VA REGEERTHTSE
B VAEN, EREREN. VA SEH @R FEFIERU
REIAMHARE. DEMITLESESFNTRERSEGX 1214,
ARRENEII VE SES5ENIN—LRRER T
FEES. SER—LHAEXT 30 HAKMEL, KAHAR
A TEILMBLAIAN VE SENS TR, MMz
MEYZ OISR E (F1F 6. 12mg/L, TEFL 2. 49mg/L,
BLEREL 1. 77mg/L) PARALR. M. FHMEZ PO HR

KREE SR
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(FZf50~4d 6.45mg/L, 5~ 11d 3.82mg/L,
d 2.11 ~2.39mg/L) &%, BEFEEBHXMAR (FF
1~5d 9. 72mg/L, 10 ~15d 4.58mg/L, 40~ 45d 4.23mg/
L) Bl BERMARGERRER D7, BRMERRES
FLVEMEERIE. ANEBRELEZAFEEBRBAKTIE VE
HFEFRER U8, BENTRMREI VE SEMNEFTHE
JFEFARMXAZHE R AL EREYHEELUK VE #
RABAERHNTE. SEMITEREL, ATZEEH
MAIL=ZME, AMRVENSEEINERTERHAR (&
JE1~3d 17.44 mg/L, 7~ 15d 5.99 mg/L, 30 ~ 40 d
3.45 mg/L) URAKZHMMARER U720, MFENRHAI
ME R, TitREMGRE, AMREEYNSTHE 2.3
mg/L) U2, BREERAARIBAMMFEFERIN, SEIIMAR
EZRTARAETVAAGAVESEERK. MAEE
5 AERENEBEURERANITEFERN S AL EFHARRE
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PER S I BARMIMERI TP EEEFREZSERIAR
Macronutrient Concentrations in Breast Milk at Different Lactation Stages
in Urban and Rural Areas of China

Ee fet, HERF?, EXRES, HIRF, LR’
1¢Ey§ﬁrﬁgﬁ¢i%u:p,.;\~%'ﬁﬁ21§ﬁﬁ L3 100050; 2 EigmERmMpESIH L, £
200336; 3 HmAEEMMGIEHIF L, FT 730000

e 61.11 (54.50~68.73) kcal/100ml, FHARL R K9 59.97
BiY SR EMZ AN SEI. RHRAILM (52.33~68.57) kcal/100ml, BE HA AX ¥ %L A4 58.22
BEARAI P EEERE (ERR. B Bokad) (49.61~68.12) kcal/100m| (FFLEE il 2L EE EL B Y
EEMSE. Bz RABWEIBALEE, £hEAKHES P<0.001, FiEF vs FHIMFATL P=0. 068, FIEFL vs KL HA
X (fedb. it fek. 4/, A, B BHF 481 B I P=0.001, RHIAMI vs BEIMMIL P=0.053) .
HERFLE, MAEER 3779 HEF, FMAMRIS ALRSS  HHASEHRRAMGARALPECSR, RHNESES
WEONEEPEBR. B BRKLEY. RENSE, BYSTRA. WHASOMBRAMRILTPHEKCEDE
FERA Kruskal-Wallis @30 # (TREILLE. HR BARK  BHETRY, SEARBSE, NAMTEALN LB
B Pso (Pos~P7s) = #1FL791.80 (1.65~2.03) g/100ml, i FHHRT R Hie TRBIANKRBILEEERZSE
EAK1.57 (1.49~1.72) g/100ml, BHISRAN1.34  TF. EARSEMAREKSERLES, NLRKEHSE
(1.11~1.49) g/100m!, BEEARKZAFLA9 1. 11 (1.03~1.26) BRIK, MAILENRE; M. SEAFMRAILRKLEY
g/100ml (ZALFLM R AMELH I P<0.001) . BEHEE SERRES,; VAARE, HDIAMBENRS.
Pso (Ps~P75) : #] 3. 79 2.04 (1.39~2.77) g/100ml, i

g

HH793.14 (2.40~3.96) g/100ml, FHIRLFATFL 9 3.05 X§E: B5; |EAR; BH; BokiLaY; k2
(2.22~3.96) g/100ml, BEEAMEAFLA 2.95 (1.94~4.06)

g/100ml (MEAS5H MM AL R P<0. 001, FiEFL Abstract:

vs RHARAE P=0. 226, iFIEF vs BREARLERFL P=0. 028, Objective To determine the levels of macronutrients

BHAMMI vs BEAR AL P=0.462) . BRKHL AV E (protein, fat and carbohydrates) and energy in colostrum,

Pso (P2s~P75) : #1 F. 5 6.10 (5.60~6.50) g/100ml, iF transitional milk, early mature milk and late mature milk

B F. 7 6.40 (6.10~6.70) g/100ml, B HARK R FL A 6. 60 of urban and rural mothers in China. Methods A cross-

(6.30~6.90) g/100m|, MEEARFAFL A 6. 60 (6.30~6.90) sectional study was conducted among 6481 subjects from
g/100ml (A1, TEISH &M AL 1S P<0. 001, six regions in China (the north, northeast, east, south,
BEAREAFL vs B EARKELFL P=0. 814) . BEE & = Pso (P25~P75): southwest and northwest). Macronutrients and energy of
#EJ51.47 (44.98~58.32) kcal/100ml, TiEFA breast milk samples (n=3779) were analyzed by using a

£&WMEB BERSEAMRLZREITX (No. 2010AA023004)
1EEBN Hete (1985 —) , &, Wit, BHIERFZHA, E-mail: biye@ninh.chinacdc.cn; B{E{EE: #HiRFE

o



mid-infrared human milk analyzer. Kruskal Wallis test was
used for comparison between groups. Results The
median (P25-P7s5) protein concentration was 1.80 (1.65-
2.03) g/100 ml, 1.57 (1.49-1.72) g/100 ml, 1.34 (1.11-
1.49) g/100 ml and 1.11 (1.03-1.26) g/100 ml respectively
for colostrum, transitional, early mature and mature milk
(P<0.001 for all pairwise comparisons). The median
(P2s-P7s) fat concentration was 2.04 (1.39-2.77) g/100ml,
3.14 (2.40-3.96) g/100ml, 3.05 (2.22-3.96) g/100ml, and
2.95 (1.94-4.06) g/100ml for colostrum, transitional, early
mature and mature milk, respectively. The median (P2s-P7s)
carbohydrate concentration was 6.10 (5.60-6.50) g/100 ml,
6.40 (6.10-6.70) g/100 ml, 6.60 (6.30-6.90) g/100 ml, and
6.60 (6.30-6.90) g/100 ml for colostrum, transitional, early
mature and mature milk, respectively, compared with 51.47
(44.98-58.32) kcal/100 ml, 61.11 (54.50-68.73) kcal/100
ml, 59.97(52.33-68.57) kcal/100 ml, and 58.22 (49.61-
68.12) kcal/100 ml in colostrum, transitional, early mature
and mature milk, respectively for energy. The contents of
protein, fat and energy in early mature and late mature
milk from urban lactating mothers were higher than those
from rural lactating mothers. The content of carbohydrates
in four lactation stages was lower in urban areas than in
rural areas, so were the content of fat in transitionalmilk
and energy levels in colostrum and transitional milk.
Conclusion The contents of macronutrients in breast
milk vary significantly between different lactation stages.
The protein content decreases with the elongation of
postpartum time. Fat concentration is the lowest in
colostrum but remains stable in mature milk. The content of
carbohydrates increases gradually from colostrum through
transitional and mature milk. Energy is low in colostrum, but
is relatively high in other lactation stages.

Key words: breast milk; protein; fat; carbohydrate;

energy
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BARB/ILETHEHMHRARER R, 2/LBIFIR
FHAZHEARZNEBERATAITEILMEFBRANES
BERAE. B EMMEN\+EK, REARFREFI
HRENESEFRZNESEELE02E N, HEERE
BREHNEE, ATEFRSETEILELH. i,
BAPEARIESFREREZEVEX, FTREXRFAE
REBHFEAEESR; BATENIZTERBAZWE. K
MRBELPABREFEREEMEBEX M, SEL R
AL MBGHRAALPREERE (EAR. BH. &
KUEY) MEENSE, UEEERRESIARSTE
BHER. Bl BOKLEDFMEENKE, REITHREZIL
EFRFREFRAENEERAEMEYILE S | minER
HRFRIE.

o

It

1. WKEHLE
11 B[R
AR AEEEIEL, 1ZRHETE MR X MEET
Xk, EER T4, KA. £&R. £ BE. mBdEsNE
REMBXHE (X) EAEAMREES. HINEREALT
BIFIEL. BT PHEARKAILMEEEAR AR 6481 4 2,
HERR R LA iERtiE R TF 11 BEORER, L MIRISUEE
YA 3779 4. TEIBE T PERFAHEHHOERSR
MREFNRIEEL, MANKHZETHBERES.
1.2 5i&
1.2.1 EREEMBAEARWE:
FIRCERAERNASER. Rik. BEMRX. 27
EF—RER. HTUNEAFHSHMEERRHIIIE. 4
—TBBMIPRRELMA BN LT, S RERE
AEF9~ 115 PIFA S RWETRE, LARERS,
B2 ml BEHEAE, B MRIS AZLLES 5L (MIRIS AB,
W) MERG. EER. BRKLADMEESE ((UER
EHMREEERRHRITETER. EERMBRKILEYRY
MITEE) ; BRERERNSER, ERNERENIRER
BRI MIRIS B2 5 #T U ITROE, B MIRIS iBiEA R
SHU A E AL & MFTE, SUTHAAE, BB
ERMESERBEE TS EMEOELS . HBR R )L
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FEHEAF 11 B#E, WFHRA MIRIS AR S #7501
EFIBEARNTYAN (EEEFRMER) . HTHRHEH
PR, IAHARTEMGHITUE, BMRER, —80CHA
HI0dHIMIRISNEBREERRSEESNHIALESR Y,
EE REVEIAE SR8 FT -20°Cok#E, HBEHAREHE
FERFTAREHOEFR SRR, RET 80CKHEE
EEURE SR A EMA MIRIS AZLE S 54
B2 EHE MIRIS U EZESKAIRE A 600
BRI YREM (MIRIS BEHIGEN, #HH, LL1.5s/
ml BORBEIR, LASRIERS R O & (A MR ANER 2 B A SR O ER)
AOBIFRNHKA W0 CERMRISUELEEEFRRNESR,
BHUBR M AN EZRMHAL 3779 N, AFHES
Efr77A. BFRIEAMESHNMEYIREREEITIER.
ABMEBEARSERNERILE, EFERNEREBRET
RIRTEE M 4,
1.2. 2 i FLMER :

MEIE~E 7d AR, SIEFLIE~/E 8 ~ 14d HH5L
i, PEIREATLIEFIE 15 ~ 180d MOSLit, MEEARRELTLIE

EXEENE.

M, 37CE

& 181d RIAEHZ T
1.3 &itZEDR

KM Epidata 3.1 #HTHIERN, R SAS 9.4 #1745
o, BAPEAR. B MKUEYREESENA
EEDD, BAERTERREARRERLE, KA X £
MBS LBEFER S ERR; AEEERA Kruskal-Wallis 4
% ,P<0.05 HEGIE
Critchlow-Fligner 73 ;%53 1TE B tL % . K A Bonferroni J%1
BRWKEN TR B EITRERBL . RERFIERE
IhF0.009 BHITFEX.

BN, LKA, Dwass-Steel-

2. 8
21 BFRER (F1)

ARG 3779 BIABFWRTINA27.05, REABF
e 25. 0 SR THmFLE#HY 28.2 5 (P <0.001) . L&
ZHETBMI AR (20.9%2.8) kg/m?, B L ER. WIFE
SHEOXBREE B9 74. 7%, RATLBRMEATSEEH 59. 7% & T
B R AREL B 4. 4%,

Table 1 Descriptive characteristics of subjects by lactation stage

Indicators Colostrum Transitional milk  Early mature milk Late mature milk Total
Age (year) 26.4+4.0 27.1+4.1 27.2+4.2 27.5+4.3 27.0+4.2
Pre-pregnancy BMI (kg/m?) 20.6+2.5 20.8+2.7 21.0+2.9 21.2+2.9 20.9+2.8
Nationality (han %) 710 (72.7%) 591 (73.1%) 1164(76.9%) 387(74.6%) 2822 (74.7) %

Infants sex (male %) 532(54.5%)

Postpartum days 4.0 (3.0-5.0)

414(51.2%)

1.0 (9.0-13.0)

782(53.1%) 317(61.1%) 2045 (54.1%)

45.0 (22.0-101.0) 245.0 (196.0-281.0) 15.0 (7.0-95.0)

Age and pre-pregnancy BMI data are presented asx +S, postpartum days are presented as Psg(P25-P75)

2.2 FRWIAMBREEEREZSE (X2, £3)
2.2.1 ERARK:

EBREE Pso (P ~P7s) #1775 1.80 (1. 65~ 2.03)

g/100ml, TERA R 1.57 (1.49 ~1.72) g/100 ml, B HA

RRERFLA1.34(1.11~1.49)g/100 m| FAR:EAREREL A9 1. 11
TEMIMBEERSEHE
ESGHFER, MRLLESER P EW/NF 0.001,

(1.03 ~1.26) g/100 ml,
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Table 2 Macronutrient contents in breast milk by area and lactation stage in China
(Presented as means +SD)

Components Colostrum Transitional milk Early mature milk Late mature milk

Total n=977 n =808 n =1475 n =519
Protein(g/100ml) 1.96+0.57 1.60+0.28 1.34+0.31 1.13+0.22
Fat(g/100ml) 2.18+1.06 3.23+1.16 3.14+1.35 3.07+1.54
Carbohydrate(g/100ml) 5.94+0.85 6.30+0.61 6.58+0.59 6.61+0.55
Energy(kcal/100ml) 52.27+10.33 61.84+10.75 60.98+12.33 59.48+13.73
Urban n =576 n =502 n =952 n =321
Protein(g/100ml) 1.90+0.43 1.63+0.26 1.37+0.28 1.16+0.20
Fat(g/100ml) 2.17+1.01 3.16+1.18 3.21%1.29 3.17+1.54
Carbohydrate(g/100ml) 5.86+0.90 6.25+0.58 6.56+0.54 6.54+0.47
Energy(kcal/100ml) 51.65+10.39 61.09+11.07 61.62+12.25 60.28+13.87
Rural n =401 n =306 n =523 n =198
Protein(g/100ml) 2.04+0.72 1.57+0.30 1.27+0.35 1.09+0.23
Fat(g/100ml) 2.19+1.12 3.34+1.13 3.03+1.43 2.90+1.53
Carbohydrate(g/100ml) 6.07+0.75 6.39+0.62 6.63+0.65 6.72+0.65
Energy(kcal/100ml) 53.15+10.19 63.08+10.10 59.80+12.39 58.17+13.44

2.2.2 fghh:

MAFEHEEHIIK, Pso (Ps~Ps) 73204
(1.39 ~2.77) g/100m| RFFEFL 3. 14 (2.40 ~ 3.96)
g/100m|, FEEARKELZL 3. 05 (2.22 ~ 3.96) ¢/100m| FNAEHA
RRELFL 2.95 (1.94 ~4.06) g/100ml (P {&E4/\F 0.001)
BEARMREERHAMRIEMREE (P=0.227) £E5X
GUHFEEN, STRAKKI (P=0.028) . RHRAAS
BRI RESEERTHITFEN (P=0.462) .

2.2.3 Bk EY:

MABKUEYEE R, Pso (P25 ~P) 56.10
(5.60 ~ 6.50) g/100 ml, iFEZF.A 6.40 (6.10 ~ 6.70)
g/100 ml, FHIRRFAFLA 6. 60 (6.30 ~ 6.90) /100 ml,
MEEAR R EL A 6. 60 (6.30 ~ 6.90) g/100 ml (FIF. TiE
AESHMBMBRARELIE P < 0.001, FHIRHI vs B
HAR AL P=0.814) .

Table 3 Macronutrient contents in breast milk by area and lactation stage in China
( median, Quartiles )

Colostrum Transitional milk Early mature milk Late mature milk
Components
Pso(P2s,P75) P5o(P25,P75) Pso(P2s,P75) Pso(P2s,P75)
Total n=977 n=808 n=1475 n=519

Protein(g/100ml) 1.80(1.65~2.03)a 1.57(1.49~1.72)b 1.34(1.11~1.49)c 1.11,(1.03~1.26)d
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Table 3 (&%)

Components

Colostrum

PSO(PZS’P75)

Transitional milk

P50(P25’P75)

Early mature milk

PSO(P251P75)

Late mature milk

PSO(PZS’P75)

Fat(g/100ml)

Carbohydrate(g/100ml)

Energy(kcal/100ml)
Urban
Protein(g/100ml)

Fat(g/100ml)

Carbohydrate(g/100ml)

Energy(kcal/100ml)
Rural
Protein(g/100ml)

Fat(g/100ml)

Carbohydrate(g/100ml)

Energy(kcal/100ml)

2.04(1.39~2.77)a
6.10(5.60~6.50)a

51.47(44.98~58.32)a
n=576
1.80(1.65~2.03)a
2.13(1.39~2.77)a
6.05(5.40~6.50)a
51.19(44.46~57.45)a
n=401
1.88(1.65~2.11)a
2.04(1.39~2.86)a

6.20(5.80~6.50)a*

51.98(46.27~59.34)a*

3.14(2.40~3.96)b
6.40(6.10~6.70)b

61.11(54.50~68.73)b
n=502
1.57(1.49~1.72)b
3.05(2.31~3.87)b
6.30(6.00~6.60)b
60.34(53.57~68.11)b
n=306
1.57(1.42~1.72)b*
3.23(2.59~4.15)b*

6.50(6.10~6.80)b*

62.73(56.85~69.41)b*

3.05(2.22~3.96)b

6.60(6.30~6.90)c

59.97(52.33~68.57)bc

n=952
1.34(1.18~1.49)c
3.14(2.31~4.10)b
6.60(6.30~6.80)c
60.61(53.01~69.61)b
n=523
1.18(1.03~1.42)c*
2.86(2.04~3.87)c*

6.70(6.30~7.00)c*

58.21(51.14~66.41)c*

2.95(1.94~4.06)b
6.60(6.30~6.90)c

58.22(49.61~68.12)c
n=321
1.18(1.03~1.26)d
3.05(2.04~4.15)b
6.60(6.30~6.80)c
59.85(50.23~68.79)b
n=198
1.03(0.95~1.18)d*
2.68(1.85~3.96)c*

6.75(6.40~7.10)c*

56.00(48.48,~67.32)c

abc Different superscripts on the same line indicate significant difference(P<0.05); *Different superscripts in the same column

indicate significant difference between urban and rural areas (P<0.05)

2.2.4 BEE:

NFLEEERIK , Pso (Pos ~ Pys) 951,47 (44.98 ~58.32)
=HELE P /)0
68.73) kcal/100

kcal /100 ml,

F 0.001;

ARMBHAMAIEES
RS HA AR ZA 7L I B RE

SHt=1IAMEREES

TEAESE R 6111 (54,50,
ml, BHIRKEAZL 59.97 (52.33, 68.57) kcal/100 ml,

BRI Z kP =0.039) .

0. 001,

I R ibus

AffziE

RTITEIAEKESE, ERAHRITFEN (P <0.001) . 3. iie
2.3 b’
WHSFRATEARSBETERL. PHMALA. B

AFLM e T R 8EGLELM
FHAR AT BHEAR AT P AT 0.001) .
WHEEALTERS R TRAGHE (P=0020 ,
BRI R AR AL N R R AT ER S S TR
FEE (RHARFAAMEMZ L P = 0.002,

S 2 ELELP = 0. 004,
3 LAY B

B HA R EL I

TiE Z LB P = 0.044,
BERRTGITFREN (P=0.068) ,
%3 58.22 (49.61 ~ 68.12) kcal/100ml,

ABER, WEEAR.
DT AERIANMBREEERZSENTHESE. AWRE
BT BOKLEIFIEEE B I
RE)LXEEREE

RTHRESADEAR.
BE  ILMERHES,

b=

BEE

WHEELTRRAUEINER
EONMBAMBEHRTREER (ANBRBZEERP =
R FHEIRARL . BHARAEL P E/NTF0.001) ,
TEAMBERFERIATEESERS (MAMBSE
HEFMEE 2 ELE P = 0.006) ,
ERHRAIL BT EREITHRES

8
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Bk, AMRERKA T XEMRRAR.
3.1 BEPEARK
SHMRETNAEARSEE1.80 ~ 2.50g/100m!
Z8, FERAtk ), NAEARSSHETERS T8, BRED
E—I#MR#KE 3~ 10d EHREEHN 2.312/100m| 5p, H
SARTEABARSEAE. 16~ 1. T4g/ml Z[8 B71012,
PEHRAIAEARS ST 0 80 ~ 1.30g/100m| (59131 g5
HIRFAFAEAREETE0.80 ~ 1.19g/100m| Z j& 5910, K
MRMAZBRKIRETARPERZEGZRVAEAR
KFEH1.80 g/100 ml7), TEAF BRI KFS LA
EREBIAEARKFERGELRAH 1. 70g/100 ml F1 1. 30g/100
ml AHIE ¢, BREARRAZL K FE RN K FE R — IR 5t 45 RARIE
Ul, BIATEARSEFIWIME. BEETE. 8BS
BEERBAR. BRILBEBEUARDBHRAIFM 14, XLERF
ZARERERTRARPEOREEERER.
3.2 BEHAERE
B—TEENENRRBAPERESE 3~ 10d 87
BERF & 824 4.492/100ml) ERBEFTFHMBARIN, R
B A PEERSE R 2 06 ~2.9¢/100m| 11 53 iEF,
BERF &8 7 2.74 ~ 3.49g/100m| 69 BHARG IS &
B4 2.5~ 4.62¢/100mI [0 pg AR ERFLBE B & 8 K
3.2~ 4.18g/100m1 210 KRNI PIAHKES LIEE
RMERHERNRGLHARBEAKTF 2.2 ¢/100 ml 4815 ¢,
WEIERKERSTRALAERMNEARPERRFLARIER
KFE3.0 /100 ml ¥, BRHEIRHIA TR FLEERRG LA
BERA7KFE 3.8 g/100 mI[], BYETF A RPERRGLIRIEN
KFE 3.3 g/100 ml), BEMAFHMAZE P F1 Ming #f5s [0
PRI 2 ~ 4 BigtRiE. MBI ENAIEIR. ARA—REEF
TRERAN—MEEERZ. WHO WRERE RFARERE
—FErE, SRPERREFERRER P, —REBRE
FHEE 0, AEBIAREHEEIEFEEAFM Y, Kk
HEMBERRENEENMNIATIERSES TRk
AMEERRENERE I, MARESZ (BRI, T
AS5REI) « BAHANEERG (B, BESHE) |
2)LEERRE Y FERRMSEMBIAPEREE.
3.3 BIEHBIKLEY

"X

A
DaNONE

X

ST

MRERVF P BRALAENE E R 459 ~7.52/100
mi 89 FEABKNEYEEANSE. 9~ 7.41g/100 ml 69
10, BHIRAFLEEESE 5 56 ~ 7.8g/100 m| - 56.8710.131
BeHAR AL 6. 63 ~ 7.54 g/100 mI B, KIFRER, #)
AR EILRAKUEAENKESHNS T LEERRGZANA
FTEFL KL EIKIES5. 6 g/100 ml F15.9 g/100 ml e,
B AR AT AR B R B EL K (L S K RIS R X ERE
BRI EHIZKTE 6.7 ¢/100 ml %R ), ERIBHHAR
WHAHMKFAR B RGEERAIL R U AR TS ZHE.
BABK LAY S BHEE R EE KM, X5 0EH
FREGRMENL 0, BEIRAIA MG ERAAL PR U EYE
ERRE.
3.4 B3 hges

SHARLUAAEEEE 51 ~ 60 kcal /100 ml "
9, 5T i 5 gE B & 8 56 ~ 67kcal/100mI 7101 B HA pY
7l 58 ~ 72kcal/mI[1:5.7-10.13] g HA B 3R 9|, 58.8 ~ 60. 38
kcal/100mI 101 RIFRLERER , VIR FRHAZLEEEKF
S5HRMARFEHRREE, TEAERKESTARMNAZNHR
&R U,
3.5 BAAEERESEHSZAER

EAREES, SEA. PHRRI. RERRAFER
REEHLSER. VAEBHREXHSES, RANEED
EBAREESTHS, BRHAKRAMGIARAIIEHS
BEHE TR ONLAMBEIAPBRKLEYMEES
BNGEERHLER. ERGERESATEORIELRM
53 8FREX, BLASFRESTRIERTREFLE
EARAREERNER—; A BEAERERE WA
BROVWEZERR, GHREFINA, SAFERTHERE
RZEMEFRZN, BAPNERRISBRNRE, ERE
ANEHENEEAFEARMERSESTERBARY
EHEE, BRKLADRETERBARHENEE T, R
BE—NEF O WiEE, REBHIA SR 1 BAEMRRE,
MABARYIETRAIAE, 2013 £FEEREFRSEE
REFIEL, BLABEAR. BkEY. BBHEBAED
FHEZER D, HLBRGHUNERTREREREATES
EREHSERNERZ—.
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Longitudinal Changes in the Concentration of Major Human Milk Proteins
in the First Six Months of Lactation and Their Effects on Infant Growth
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Nations Children's Fund) #7% 0~6 A& 22 )Lt {Tah B 2L 5,
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AZEARMTRZI/ILAFEEEENEN. SAEERERE
Z, Heh, o-FAZEA. AH%EA MBEEER. BEB
ERAPRAFEENEAR, AHEFAEARERA 85%
B, o-ABAEARBAPRFENABERD, AZILE
HUEERER U, ASREOREIAPEEE_SHABER,
ASEAFREGIEEME D ", BEAR—XTER
ERMERTERNEARSHR, 81 p-BEBQ. o BE
B «k-BEA, EFAPERE o BER. BEBE
HILBERHLIER R, AZJURMEKLBMERNEER

® 3
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BIEARSEMLIAALEDTEN. FIEARS
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BHERFAEERN, FRFRHBAZRILESDMEE~ MR T
S2EER. €5k, BAPH—LEBRRSCHWS ZH
R, mEEA ™ MAKER "; EN, XTHEMBRS 0
BIEBMBERES) HEENARD . LARIHRRA,
TESAMEMARSAPHRERDTREEEESR, W
gEE U 10 MSTIEMAEME 07, %R, R PEL
BEREARESFHHTEL T EABR.

2. RRER
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EE BTG 0~6 BRREIAEL;

2) REBAEBRIITMESE;

3) RRBABRRSBILEKLBHX R,
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Zhang J, Zhao A, Lai S, Yuan Q, Jia X, Wang P, Zhang Y. Longitudinal Changes in the Concentration of Major Human Milk
Proteins in the First Six Months of Lactation and Their Effects on Infant Growth. Nutrients. 2021 Apr 27;13(5):1476. doi: 10.3390/
nu13051476. PMID: 33925556; PMCID: PMC8147063.
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HEZFSMBKINEE ZTFHFEHEHEOAL. HA,

6 RHFRANGK 2SS T 1 Ak,

R FHFIEEBRTES 1 BIRFHZEILS K
HEFEEMREX (p=0.069) , FHBIA 1 BHEASE
51 Rk 6 RREMERINGEZAEX (B 2) .

5. &ig

EFRE0-6 BA, BATNETEEARS ESEMER.

BAFEARKEMELILAANNSERRRBIRBGFEMNS
BEXEAZRNEME. 87 o BERRESZ/ILHAEZNNE

Ko ABOARERTHERAEZRRSENBEAEENE

5N o

x1 BAEARSEFE 0-6 BRRIENEEL

1-5K 8—14K 18 6H p(8-14K vs. p(18 vs. p(6 A8 vs.
p-trend
HEGHEE) HEGREE) HEGEE) HEGEE) 1-5K) 8-14K) 18)
SEAR (mg/100 mL) 1666.2(447.7) 1545.2(416.7)  1368.3(406.3)  993.9(335.0)  <0.001 0.013 <0.001 <0.001
a-3LEEH (mg/100 mL)  327.9(63.4) 333.9(58.5) 310.9(57.3) 209.0(52.6)  <0.001 0.326 <0.001 <0.001
FLEEA (mg/100 mL)® 298.5(154.1) 189.5(81.6) 114.9(45.4) 70.4(27.4) <0.001 <0.001 <0.001 <0.001
BHEB (mg/100 mL) 71.8(30.3) 58.6(15.1) 45.0(14.8) 236(12.3)  <0.001 0.001 <0.001 <0.001
BBEA (mg/100 mL) 697.1191.0)  632.2(139.8) 541.5(122.7) 373.9(120.8)  <0.001 0.007 <0.001 <0.001
B-E&EH (mg/100 mL) 520.9(147.8)  484.4(117.9) 439.4(103.3) 315.4(101.5)  <0.001 0.050 0.039 <0.001
aBEH (mg/100 mL)  125.4(44.3) 104.4(35.6) 69.2(20.9) 37.9(19.4) <0.001 0.001 <0.001 <0.001
k-BZEH (mg/100 mL) 50.8(15.9) 43.4(10.4) 32.8(7.9) 20.6(6.3) <0.001 <0.001 <0.001 <0.001
x2 B EARMNSTHIZINEE
1-6K 8-14K 18 68
BEGRRE) BEGREE) BEFER) pEtmeE) oo
SBEAR
BEER(S) <30 1738.3(422.6) 1496.7(402.2) 1339.7(453.2) 930.4(338.4)* 0.067
=30 1565.7(467.0) 1612.4(431.5) 1407.9(331.4) 1078.5(314.7)
25 RET 1663.5(501.9) 1501.2(318.2) 1268.2(399.6)* 943.9(297.5) 0.738
ARERME 1668.0(413.8) 1572.2(467.4) 1429.8(401.0) 1022.9(354.0)
KEABBA(GT/A) <4000 1636.7(504.7) 1581.6(387.2) 1311.1(402.5) 939.8(278.5) 0.445
>4000 1681.4(418.5) 1525.3(433.4) 1399.4(407.9) 1020.1(358.2)
REHEH(kg/m?) <207 1651.9(478.9) 1513.7(445.7) 1352.7(413.5) 991.4(378.9) 0.748
=20.7 1678.3(423.7) 1572.7(391.5) 1381.9(403.1) 995.9(298.2)
DA = 1631.3(507.7) 1587.7(320.1) 1348.1(319.5) 1089.9(353.7) 0.149
BAE 5 8% 1678.0(428.5) 1530.4(446.1) 1375.3(433.9) 961.0(324.4)
&R R 1681.3(424.6) 1520.1(421.2) 1372.3(413.2) 982.3(338.0) 0.788
Hith 1610.7(531.5) 1634.5(396.0) 1353.9(388.8) 1033.9(328.8)
2) L3 T 1617.7(486.9) 1565.2(445.0) 1386.3(431.7) 978.7(277.5) 0.938
2 1697.0(422.0) 1531.8(399.8) 1356.3(391.5) 1003.9(370.1)




+F2 (&X1)

1-5X 8-14K 18 68
PIEGTEE) EIEGT ) IE(REE) oEGmeE) 0ot
a-FLHEH
BRFIR(Z) <30 325.6(67.2) 327.2(65.3) 310.7(60.2) 210.1(58.0) 0.390
=30 331.2(58.3) 343.2(46.7) 311.1(53.8) 207.7(45.0)
Z#H AREUTF 309.3(68.6)* 320.2(63.7) 305.7(52.3) 214.6(54.2) 0.004
RERME 339.7(57.3) 342.3(53.9) 314.1(60.4) 205.8(51.8)
REAHKANGT/B) <4000 312.8(72.1) 327.0(67.5) 307.0(53.9) 222.6(57.1) 0.002
>4000 335.7(57.4) 337.7(53.2) 313.0(59.3) 202.5(49.3)
REEH(kg/m?)  <20.7 324.1(65.1) 329.9(62.1) 308.9(66.5) 205.0(53.3) 0.759
=20.7 331.1(62.3) 337.4(55.6) 312.6(48.4) 212.4(52.2)
DRI = 327.6(65.8) 351.4(62.9) 300.9(46.6) 220.7(62.4) 0.378
FRED 328.0(63.0) 327.8(56.1) 314.3(60.5) 205.1(48.6)
R BRD 328.8(62.5) 336.3(59.0) 313.7(59.7) 207.5(53.3) 0.173
Hith 324.7(67.9) 325.4(57.5) 301.0(47.8) 214.3(50.8)
2150 =4 325.6(63.5) 337.9(49.8) 308.3(58.3) 203.6(46.9) 0.291
] 329.4(63.8) 331.2(63.9) 312.6(57.0) 212.6(56.1)
BEH
BEFIS) <30 281.3(105.0) 169.1(55.7) 109.2(42.0) 64.0(18.5) 0.746
=30 321.5(202.8) 216.2(101.9) 122.4(49.5) 78.0(34.2)
2h K2 286.4(110.8) 197.6(81.8) 125.9(49.1) 68.5(15.9) 0.781
ARERUE 311.2(190.8) 181.6(82.2) 104.3(39.6) 72.3(35.7)
REABIKAGT/A) <4000 253.6(99.2) 184.6(82.6) 116.6(47.7) 70.2(14.9) 0.211
>4000 327.0(176.1) 192.9(82.1) 113.7(44.5) 70.6(33.8)
REEH(kg/m2)  <20.7 278.6(130.4) 168.5(68.3) 100.2(35.5)* 66.3(21.4) 0.508
=20.7 312.3(169.4) 205.4(88.2) 126.1(49.3) 73.3(31.0)
DA BEr 284.0(145.9) 195.7(100.1) 118.6(51.6) 87.7(33.3)%** 0.024
FRED I 307.0(160.4) 185.7(69.9) 112.7(42.0) 61.2(18.4)
Bk BRDH 304.4(124.0) 179.1(64.0) 113.1(43.0) 65.8(22.9) 0.150
Hith 280.6(229.9) 219.6(117.5) 120.3(53.2) 82.0(34.8)
2) L3 b2 315.3(193.4) 195.1(78.4) 117.9(38.3) 79.3(32.6) 0.435
] 288.8(128.6) 185.8(84.7) 113.0(49.9) 65.7(23.4)
BHREH
BRFR(Z) <30 77.3(27.6) 59.5(15.0) 47.9(12.4) 19.8(12.8)* 0.018
=30 64.4(32.8) 57.5(15.4) 41.1(16.9) 28.0(10.3)
25 AFEUTF 70.6(31.9) 56.6(15.1) 47.5(13.0) 18.8(13.2)%* 0.198
RERMNE 73.0(29.2) 60.6(15.0) 42.5(16.2) 28.3(9.2)




Y swEsn,
DANOHE e, B R i = K
&2 (&%2)
1-5K 8-14K 18 6H
BEGTER)  BDEGTED)  BEGED)  BEGmeR) oo

REAIWA(GE/A) <4000 61.3(31.4) 54.9(18.1) 45.6(13.9) 21.3(12.8) 0.415
>4000 78.4(28.2) 61.3(12.1) 44.5(15.6) 25.2(11.9)

REE# (kg/m?) <20.7 70.7(23.3) 58.3(13.7) 42.8(12.2) 23.9(11.3) 0.672
=20.7 72.5(34.7) 58.9(16.2) 46.6(16.5) 23.3(13.2)

DA BlE~ 65.3(26.3) 58.4(13.8) 44.1(15.3) 27.5(11.8) 0.133
FHIE 2 1 75.5(32.3) 58.8(16.0) 45.5(14.7) 21.5(12.2)

2N BRI 73.6(26.7) 59.9(13.1) 49.1(11.5)%*x 23.6(12.4) 0.240
Hth 66.2(40.4) 55.0(19.8) 32.8(17.0) 23.5(12.5)

) LR T 71.1(28.3) 58.3(15.4) 40.5(17.9) 26.8(12.8) 0.279
-3 72.1(31.9) 58.9(15.1) 47.8(11.8) 21.8(11.8)

BEEER

BRFR(S) <30 712.9(182.9) 604.6(129.3) 522.7(83.3) 341.5(132.7)* 0.275
=30 676.1(204.0) 668.7(147.6)  566.3(159.6) 412.5(93.8)

25 RFUTF 698.5(216.4) 620.4(135.0)  554.3(130.2) 360.4(110.4) 0.693
ARERE 695.7(165.2) 643.6(146.1) 529.1(116.2) 387.5(131.4)

REABBAGT/B) <4000 675.6(236.6) 614.4(131.4)  553.6(134.8) 372.2(127.0) 0.565
>4000 710.8(158.7) 644.7(146.3) 533.0(115.1) 375.1(118.7)

REHE#(kg/m?) <20.7 689.1(181.5) 602.2(123.5) 505.3(97.8) 356(144.6) 0.898
=20.7 702.7(200.3) 655(149.1) 568.9(133.8) 386.5(101.9)

DEAHRN BE~ 624.1(198.1)* 630.1(169.7) 532.1(165.1) 419.2(141.5) 0.013
A& % 739.5(176.4) 633.5(121.6) 547.0(91.5) 349.8(102.7)

BaR BRI 706.5(190.0) 628.2(110.3) 545.1(88.7) 372.7(118.5) 0.713
HAt 668.3(199.7) 643.9(209.1)  530.9(195.8) 377.0(131.3)

2 )43 z 687.3(214.2) 652.9(144.2) 504.7(111.2) 391.5(110.7) 0.578
g 702.8(179.8) 618.9(137.6)  565.2(125.6) 364.5(126.6)

B-EEEH

BEERS) <30 533.3(142.0) 465.6(95.8) 423.2(65.8) 290(111.4) 0.252
=30 504.3(157.2) 509.2(140.4)  460.7(137.1) 345.7(80.7)

=3055) REUTF 518.5(167.1) 472.5(118.5)  449.9(110.7) 305.7(90) 0.822
RERMUE 523.4(128.3) 495.9(118.5) 429.3(96.8) 325.1(113)

REABBAGT/A) <4000 504.7(174.6) 462.7(117.4) 449.5(115.2) 310.7(104) 0.619
>4000 531.1(130.3) 499.6(117.8) 432.3(95.6) 318.7(101.5)

REHE#(kg/m?) <20.7 522.1(137.6) 463.6(95.1) 410.5(81.4) 300.2(122.5) 0.898
=20.7 520.1(156.8) 500.2(132.0)  461.3(113.8) 326.1(84.5)
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A

x®2 (4&%3)
1-5K 8-14K 18 65
PEGTREE) BIEGRRE) IBGTEE) wEimeE) P

D/BFR = 465.9(148.8)* 480.0(146.9) 432.4(141.5) 351.7(121.3) 0.013
FRE S 1% 552.8(139.8) 487.1(99.3) 443.6(74.5) 296.1(85.2)

AR BERDH 526.7(148.2) 482.2(87.9) 4411(74.5) 315.1(100.2) 0.788
Hith 503.1(151.7) 490.9(184.5) 434.4(165.4) 316.3(108.9)

)15 4 507.5(170.4) 495.8(117.9) 404.8(95.8) 325.1(92.1) 0.551
] 528.6(135.4) 477.1(119.2) 461.8(103.2) 310.2(107.3)

o, BEH

BEFR(S) <30 125.4(45.4) 94.7(33.5)* 65.3(18.1) 31.4(20.0)* 0.736
=30 125.4(44.0) 117.3(34.8) 74.4(23.5) 45.7(15.9)

A REMUTF 128.2(48.4) 105.6(36.9) 71.5(21.6) 35.1(19.5) 0.487
ARERME 122.4(40.5) 103.4(35.0) 67.1(20.4) 40.6(19.4)

REAKA(GE/B) <4000 121.2(54.9) 108.2(36.6) 70.5(20.7) 39.0(21.2) 0.631
>4000 128.1(37.0) 101.8(35.2) 68.3(21.4) 37.1(18.5)

REEH(kg/m?) <207 115.8(43.1) 94.4(32.4) 61.7(17.1)% 34.4(19.4) 0.371
=20.7 132.1(44.7) 112.1(36.5) 74.9(21.9) 40.3(19.5)

DA Sy 109.7(40.7) 106.2(41.0) 68.0(22.7) 43.9(20.7) 0.082
FRIE D 1% 134.5(44.4) 103.4(32.6) 70.0(20.1) 34.7(18.3)

BaIR ERD 128.4(45.5) 103(32.7) 70.6(18.9) 38.0(17.9) 0.745
Hith 116.0(41.1) 108.8(44.2) 65.2(26.4) 37.7(23.8)

)51 z 129.6(42.8) 111(32.8) 67.2(16.5) 43.5(17.4) 0.881
3 123.0(45.7) 100.2(37.2) 70.6(23.5) 34.9(20.1)

K-BREH

BRERS) <30 54.2(15.4) 44.3(10.5) 34.1(7.3) 20.1(6.5) 0.162
=30 46.4(15.8) 42.2(10.4) 31.1(8.4) 21.2(6.3)

53] REUTF 51.8(17.9) 42.4(11.1) 33.0(6.7) 19.5(5.6) 0.645
AERME 49.9(13.9) 44.3(9.8) 32.7(9.0) 21.7(7.0)

RKEAKA(GE/B) <4000 49.7(18.7) 43.5(10.7) 33.7(7.2) 22.5(6.4) 0.186
>4000 51.5(14.2) 43.3(10.3) 32.3(8.4) 19.2(6.1)

RER#(kg/m?) <207 51.3(14.5) 44.2(7.7) 33.0(8.2) 21.4(6.6) 0.825
=20.7 50.6(17.1) 42.7(12.1) 32.7(7.8) 20.1(6.2)

D/HR =Y 48.6(18.4) 44.0(11.4) 31.7(5.9) 23.6(6.8)* 0.083
FRIED % 52.2(14.5) 43.0(9.9) 33.5(8.9) 19.0(5.6)

R ERDG 51.4(16.7) 43.1(9.9) 33.4(7.9) 19.7(6.3) 0.291
H 49.2(13.8) 44.2(12.2) 31.3(8.1) 22.9(6.0)

2) L5 X 50.2(15.5) 46.1(9.8) 32.8(8.1) 22.8(8.0) 0.592
3 51.2(16.4) 41.6(10.5) 32.9(7.9) 19.4(5.0)

*p<0.05, **p<0.01, ***p<0.001.
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Xp = 0.05. ERGHHERREXRZRKNFGE. () ZHE1-5K; (b) =E8-14XK; (o) =E1H; d =F6H.

2
N

ﬁ‘z:} {“\i‘ 1:&-— “Z‘K

& PO
, .n_'ua
ER A ECZITA (1 m) | 0,13
TR EZITS (1 m) 008
F0.03
EEBHAE 9 (1 m) L-0.02
F=0.07
FW RS ZIES (6 m) 012
EEHIATEZIES (6 m) ~0.47
-0.22
5 KCHIKEZIT4H (6 m) . . 027
=-0.32

B2 S EARSZILEKLBHETHXR
*p<0. 05; EHHEBRREXRKKNFAE.



#&3. B)LBFNERR

18R 6 AR o
FRAIGRZITH 0.38(0.93) 0.63(1.31) 0.036
FRAMFEZTS 0.47(1.06) 0.49(1.17) 0.841
SRANEEZITS 0.16(1.47) 0.28(1.16) 0.453
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Association between Dietary Fatty Acid Patterns Based on Principal

Component Analysis and Fatty Acid Compositions of Serum and Breast
Milk in Lactating Mothers in Nanjing, China

wA", Tht1,
1 FAREMKFARDES

®EEL, FE1,

EE\/']

mE:

B# AMREELELES MO E R IR (fatty
acid, FA) S5 %L EA33 L B i 55 Fn 83 2L o BE AT ER 4B AR B9 o<
R, HTAENHEARAAZMEIILAREENT . BiE
ERRERMILTRX 121 &7~ f5 30-50 RV RMFLEAE &,
REHFHIKM 2nL) MEFF (10~15mL), HEKRHEFTR—
BRYNEEEREE. RAFGERKREEZHAITERLS S
#, SRERERBRENR. EREEESHEEIEEQNME
M PWIEHERES . KR AARKBETOHERE
BERN. 2F1HKRESE, FTRMNBERBHERERT, M
& % A A0 B BA B& (polyunsaturated fatty acid, PUFA) 7k
F (P=0.011), BZ.+ B F1i85AERFER (monounsaturated
fatty acid, MUFA) #1 PUFA 7k3F (P=0. 002 1 P=0. 026) AKX
5.5 n-6 PUFA, n-3 PUFA. IF;#iE (linoleic acid, LA).
y — I #RER (y-linolenic acid, GLA) . a- I#EZ (a-linolenic
acid, ALA) #1 — + =
DHA) 7k F iy & F B H G ¥ E X (P=0.027, P=0.007,
(S0

Tk 75 ¥ B8 (docosahexaenoic acid,

P=0. 048, P=0.034. P=0.020 %1 P=0.002) . Lt4h,

Rt 1, BEREAE T, SEZIN
BRILLDDESPGREFER, BR 211166

EFEMBILERIFK 2 175 FRHIEE 2 TP UARE
BHKE 2 TFREFAEREREHBRENENEIERYES
ZiitZFE N (P=0.038, P=0.030, P=0.034 F1P < 0.001),
&it TRERRBHEBER MM EMIA hAEHEERE—
ERIRE, LUKHE S T I0AAR AR A ERHEM B IFERIE X
eI AL TR R EMBIL A KL BEEBENGES
M o

KA
mi&

BRMBDEER; TR EHREAR B

Abstract:

Objective This study aimed to comprehensively
analyze dietary fatty acids (FAs) to evaluate their association
with FA compositions of maternal serum and breast milk
and assess their effects on mothers and infants. Methods
Overall, 121 healthy lactating Chinese mothers at 30-50

days of postpartum were enrolled and instructed to complete



a Food Frequency Questionnaire, together with venous
blood and breast milk sample collections. Dietary FA
patterns were derived by principal component analysis with
varimax rotation. Serum and breast milk FA compositions
were detected using capillary gas chromatography.
Results The four dietary FA patterns were identified
in our study. Further analysis revealed that, there were
significant difference in serum polyunsaturated fatty acid
(PUFA) levels (P=0.011); in monounsaturated fatty acid
and PUFA proportions in breast milk with respect to the four
patterns (P=0.002 and P=0.026, respectively); in n-6 PUFA,
n-3 PUFA, linoleic acid, y-linolenic acid, a-linolenic acid,
and docosahexaenoic acid levels in breast milk (P=0.027,
P=0.007, P=0.048, P=0.034, P=0.020, and P=0.002, respectively).
Additionally, maternal weight retention and length-for-age
z scores, weight-for-age z scores and head circumference-
for-age z scores of infants with respect to the four patterns
exhibited significant differences (P=0.038, P=0.030,
P=0.034, and P < 0.001, respectively). Conclusions The
results demonstrated the effect of dietary FA patterns on FA
compositions of serum and breast milk, and pattern mainly
characterized by LC-PUFA may have potentially beneficial

effects on maternal postpartum recovery and infant growth.

Key words: Dietary fatty acid pattern; Principal
component analysis; Fatty acid composition; Breast milk;

Serum

z
][

BEARIAPEENAMKS, AZ/IREREERE,
HEE)LFRERGEER 4%, FLAEF LR 90% AAERGER, 1R
iR AT E SRR ER 7 A BN BE A ER (saturated fatty

acid, SFA), B iaFAERAER (monounsaturated fatty acid,

MUFA) L X % 7~ 4 #0 B8 B B (polyunsaturated fatty acid,
PUFA). Hh, I HE (linoleic acid, LA) #1 o - IF Rk B
(o-linolenic acid, ALA) MR A FERER, RAGREEMBRS
AR, WiuRIEINE RIR M Eitt, XTEEE
7L, FREDIRIRE, B PEHRSERHRBE
EELERBERSFXE,
HABBHREFRRATNESEWERESER, T8
EXWEINTRMNEILSENEKLE. BRIEAMRE
A, BELHhAEMBR K FERAEE LZRMAMPALERDN
g, mhEN =T EEEARALERSBAMRL
I0, DHABERIBEANESEI DHAREZEZFMEX B, 1k,
HEN—MESAMRERER, WHAEPALER EPA, DHA,
n-3 PUFA, n-6 PUFA, SFA #1 PUFA BB\ 8 582 4Ext
FIRIARARER 2 IEAEX (O, 94T, EWLEMMRS HERR
—/ KBRS I PRHBKEHMR, FXE,
HAMPALZEANATRE—EFRZRE—MEY, EZH
EEMERAZNMEVMANEBERER. BREXREXRY
BANBEREEEETOMLLS], RLHELEE R
HALZMEREN, URBMSEFRRENGEEHN .
AHPLZRBEP B SRR, XLBEHBRBEXEK, )
WERENEFFRARLEEER O, %W, XFERER
BREE (A S RHAMEH B FLBE B K AU X AR E LD . Eit,
AVERTERBHIRERN, TR ER BRI
FLeiiiEaosem, AR SERRERFM.
FEEATEFREL RIS CHIZINREITE, £k
EEREREHNTIE, REMENASNYERYIBENELE
m, Bk, FEERERRFEANSHEEM PO, KA,
BERT SFARATZRMANPL~RHEFBEN— I EE
ERER, LS EREMMEAEXER 1. T5—
LMRRE, BEREMNGAPHNEREEE—ENM,
552 PUFA, STEIJLEK, MRS MEEZAERBEES
MFEEX B, B, ZRERZHMRESZXTHIEA
THERREERRENE 'Y, MATEREHREANE
BRREREMAMREAER.

2. 3],



HARALIR, EETARERRHIHIEIAAEL
FEREMBREBAE, BE/LMEREMIRRN, DURTHEY
BHAME M5 AR BB K PN, ARSI EFL AR &~
EREFE)LERRKRHIFZ .

1. RS EE
1.1 FARIR

MR R A ERR LT XEARERINIAIB S~
f& 30~50 R RIEFLEAA %, T 2018 £ 11 B E 2019 £ 1
B#HBH 121 A, RBABREREN, AEMRMRHEE
MEERER, ARFBIFRENXFZREZASHE. AN
fofE: (1) BRTARILES, 20~40 A%, /g 30~50 XAufE
RIEFLEAE; (2 BNk, £R/L, HEMKE= 2500 ¢
#N4000g. HEFRARAE: (1) HEEAELZBFEAME A KRE
REMRR. BHEHEMER. ERTRMER. BHKRRE,
FEBEFEMIRERERARERAIHLE; 2 FPHE
FLEABI AR, BESFA RELY; RRIRRE; ) BREIE
HEIHTE 30 KRS ERMBEXEFXGDTFRHAR.
1.2 fARFE
1.2.1 EXER

BEEEAENEASMRMNKHAITEXNEILK, 86
HIERHAPALRAZILNERER. Hd, §EEEE
& . B5. ZAIRZHERL. £FER. FEER;
ZILEREHE: HEBR. BRRKAMRFERL. SENIEF
ESSe#—SIHEABRIEY BN, ke/m?), RIFFER
FEANFERRE 4, BN XIS AN EFR: HE (<18.5) IE
HEIRE (18.5~23.9) . #BE (24.0~27.9). BBR¥ (= 28.0);
RE 2006 i F DA AL (WHO) JLEA KR 19, 2L
RECIRARA z o EkiITM, TEGEFRRFK 2 T2,
FRBIAE 2119 G KAAE 2 S MERHLE 2 10 %
1.2.2 ERWESTHE

RARINERDE, BEMILIAAE—1BENNER
ARYBESERE. RMNREEEE=M57: |17

Tif

. y
. ¥ | REEEFFHL
N AFVITEYT!

o &

xR ERMEMEHBRAEHE ). RYIIRTEERE
ERET., BRE KRE, BIFNE, FEHE. £,
MEESIR. KEREHG, BRE ZFH SEEMNIE
m FREAK R, #1383 KL 156 MMEY. BHE
YINH BB/ =REI: X/ R R/ BFKR/ A,
BEMERH#ITIER. BHREVNTEHNBRENERURY
B9 100% A RKSIHTEIDREN . 3 Fik BTN R¥RE
&, HATEEES5 112 B AEZ3 X 24 /\HER
PERSRELR, WIETiZEENEHYE, BHNESE
RIS BEARER . SFA. MUFA #1 PUFA B Spearman f8% R %
3505 0.48, 0.46, 0.46 F00.500%, BYISHiEEEMNER
HREEZFNHNNAREBEES, ATRSRMEMGITH
A, HHAENSRIRMARERN (EmtER AT
BEE) U7 kB RMHE. MR, BRYAERISEHHE
XI5 EHRBEIER AN EpiData HIFEEFUKE HEHER
M HELERG—FRAET (PERYHRS R (2018)) U8
ENWERITEBIERE, MHEES TS IR MR
HiE, RAZE|YRSBUIRE ' #7475, BERHAT
ENEYERRIEE. &E, TEMRNREHESEEY
i, RERSERZNEAE, HHZEREMRRENE
&5
1.2. 3 BERIEMBRN 517

BRI (PERMM S E (2018) ) U8, FERREAER L
VALh 29 #, B 3F 11 Fh SFAs, 6 F MUFAs L & 12 #
PUFAs. KRR A E& AR ZEHITERS O, HITER
oA, HITEAMKRE, %RA: KMO=0.770>0.6,
Bartlett kB IS5 R 5 P<0. 001, REABIBLEMATE, BT,
REFHEEXRT 1 IERS, AARFEERT 1 OEKS
B84, BEEEEAE (B BFHGE. RitmEa i,
NEMERFEETTEE, TRRAEHR. RERRENE
R4y, TR FhEE & BETERARR
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1 ERSSREAE

1.2.5 MBS A RERIEHERKF ST

FHNL R LA 07:30~09:00, REMFLHAIE ZFREK
m 2mb, FHERE—MREBEEHIRTIRKETLT 10~15mL,
HREFHMAHESHE 15min fF, 3900rpm, Fi> 10min, B E
BmESRFHEEFEESR; ATHAREFREBEZRALE
B, EFETEEER -20CRIEKE, —ARBBE-70CIK
TN

[ 5% = R BE AR ER R SR F 8 Folch % A BUgERY 75 5% 200,
F it # A R F & Rose-Gottlieb & AU B 5 A TR BUEL A5
@1, MASEEIEN (GC) ME MFEMIL s K.
HF8: (1) FEAnRYEREL, 2 HIEY 200 pL MiEFI 5Sml B, fn
AN mL BYEIK (25%~28%) , FESR A RHIN 65 £5°CHIKAER,
M 20min, BRHESAEEIR, FAMA 5ml ZE, 10ml
BIZEEFD 10m| AShBE, FEOMRSEFHE 2h M LEERT
BUOE. BEREHRISERNZE. 28, AHEBA
EA¥, BEERME, #HTEIRRR, BEAMNEIESSE
—RIRWBEH, ERBREET, BRIEH. (2 RHRF
Beft, BX 30mg AEAGEIES/LE, S 800pL IECHkT, 500 puL
SENLE - BERK (2M), &% 2min, I TR ERER SRR
L&k, BUERERANME, BERERSHERIENSY

. 3) BiEFEH: SHEEIEN, Agilent7820A( XE LR
BREBERAF), KAEINEBE FLENEF, XA DB-
FHiEiE
Fr: #2IA+E280°C, 4E#50.5min, FAFLL40°C /min FHiB
ZE165°C, #¥F min, BLRL2C /min AR E220C, #¥F
2min; HEHEOFMSANERNZFREA 250°C; HESRER;
I 20mL/min; 43fEE 100:1. RARBIEHEBNSHEE
&, MHEERROEER, RESARYNERRHEITT
8, WEHERHERARE, B4 34 # (14 # SFA, 9 #h
MUFA, 11 # PUFA) AR L& 25 # (8 # SFA, 7 #4
MUFA, 10 # PUFA). BEfE, T84S & BERERAIAERNR
&, NGB ESEE Wt %) .
1.3 REEH!

EMEREEZLERTRIEITSAEA, UHRERE
4. FERAMERITERELTWHENEZ, G8EST
HANERPE, PAERFERE—IRESENIARAR. W
WRAEEREY, ATRSRYMERETRYEEERNE
i, SMRNRREHAGEBURESENRYEIERMA T
BYMHEXR; FRPKIMMILTREMRIRBIRERESE,
RETAZIREM,. SRHZTRESEEANRRER,

Fast FAME £ 20 & #F (30mX 0. 25mmX 0. 25 um) »



HRHEE—iEE; NAG—RN5ENE. WHBEETR
B, BEAREEANEEMERKIE, MR, AEWLARR
F Epidata WARN, LMRIESIRA &R .
1.4 iR

MEZELEAE LB LEAER, BRERERFEAEL
R EM S I R ARRAER K FHITHIHER, HFHEETE,
R (n) kB ) Rix; MTEERTE, ESSH
HIBAHH £ fRfEE (mean £ SD) FRir, EESHHHRIER
R + MO EEEE (median + IQR) RR. 7ELER R B
BIEHERER B SR, MEMBH FARHERK AR
FERREFEMEILEKBERANESN, NToEETE,
RAFAREFHITARER BESOLER. S TESRTE,
H 5t F Kolmogorov-Smirmov I HBREEFEES D,
KABRRZRFTENH (ANOVA) (IERST ) HIESHRIEF
B Kruskal-Wallis H #1636 (EESH ) #HITEREZE
SR . FRBSITKRIEHANMET, LAP.051EAER
BESITEE XFIEFRE. £8 SPSS26.0 #1T4tit 24,

=

A
DaNONE

KRR SRR

2.4 8
2.1 EERIEmHEERYE L
AMREMUMEREHEER, BETRESK
62. 6%, BHERT, BEHRAEFHE (0.5) HARHERTZ
BRAPFMBEIR K, R 1AM, €18:0, C14:0, C16:0,
C18:1, €18:2, C16:1, €10:0, €20:4, C14:1 F1C16:2 X
— R EEERS; €20:1, €22:0, €22:1, €20:0, C18:3
MC24:0 3 E _HEA T K S; €8:0, €12:0, €20:2,
Co:0F1 C22:1 x FE=ZHE X Tk R 5; C20:3, €22:4,
€22:5 #1 C4:0 WERA T ERS. RIFE (FERDAS
% (2018)) U8, TR ERERIBHBREZHRYIKIRE, TEM
BAFITHE, PHABRALRER (UERFFEAE).
AFMRRN, PmfRRAER (DUZHMERAE) UK
BEMKZRERR (LURKEFHEENES, RIS
E). E2X29 MERRBHEEESREEUARMAERM S E
FEAETERE, BIRMT &ERBERERE DX ER D MIE
E. 9504 31, 31, 22 # 37 AP L HFSmMER .

1 IeE G AR FHATERE

(EpaF ¥t

AERRER

BT &2 B3 &4
C4:0 0.358 0.058 0.106 0.828
C6:0 0.199 0.051 0.710 0.060
C8:0 0.325 0.075 0.872 -0.082
C10:0 0.712 0.035 0.462 —-0.046
C12:0 0.563 0.050 0.744 -0.073
C14:0 0.881 0.135 0.335 0.027
C16:0 0.861 0.223 0.182 0.206
C18:0 0.897 0.265 0.094 0.104
C20:0 0.437 0.696 0.192 0.123
C22:0 0.201 0.850 0.059 0.042
C24:0 0.308 0.544 -0.228 —-0.191
C14:1 0.583 -0.063 0.371 0.001
C16:1 0.764 0.176 0.248 0.179
C18:1 0.841 0.348 0.213 0.144
C20:1 0.270 0.884 0.147 0.065




N i~ el MFETirnm
cusing Forum

=1 (&%)
BORY

AERbER

&1 B2 B3 ®’3\4
Cc22:1 -0.129 0.738 0.535 0.012
C24:1 0.240 0.490 -0.347 -0.135
C16:2 0.534 0.117 -0.053 -0.062
C18:2 0.815 0.023 0.052 0.137
C18:3 0.495 0.552 0.132 0.022
c18:4 0.192 -0.003 -0.142 -0.221
C20:2 0.146 0.284 0.736 0.089
C20:3 0.363 0.056 0.095 0.825
C20:4 0.627 0.197 0.094 0.353
C20:5 0.262 -0.400 -0.116 0.045
C22:3 -0.060 -0.045 0.003 0.277
Cc22:4 0.216 -0.031 0.030 0.801
C22:5 0.096 —-0.086 -0.001 0.725
C22:6 -0.052 0.087 -0.172 0.334

RERFE: EMSANE. RERE: SRESURERAER

2.2 H&ER

AFRILMNE AT 121 A, EHFERK31.0 5,
MUREURZRABRUALAE, &56. 2% 57.9% KIMEFLEA
AL ANZEA, BRPHERS7.0%, FHREEHN39.9. X
SHIHFLHAPALZZF BN L TESER, §69.4% #BES
8.2%, BBEE2A, &1.7%, ZHIFINEE 150 keo LLIM,
ZILHEEFHFEMZ KT AH 3.4 ke F50. 0cm, 43|
B 1:1. KGR, WAHPRZREZIILETEER
REERR R THA QG FHEM ZER R BRI FEX.
2.3 EREMBERSHILBPZEBHERRESES
KENEDR

BRI, 121 BEFALRLTEYBHEEREERAA
2049.9 keal, #9525 6% HIEFLEIIA L B AEERAS T
FRTPHEEEFTEE (EER) (2300 keal/d) . HKILEWITFL
BHEAERN236.9 g/d, &THENTNEFEE (EAR) (160

g/d), EARFHEHEBEANEN 86.32/d, £11. 6% HIIEZLEA
PEBEAFRBAERMRT EARKTE (70 g/d) . = K=HEFER
k&Y. BEERMBERRREAEEE S RH 48. 3%, 17.1%
#034.8%, {X8.3% WA AALZEEHBEANEBELEEERERA
1% 36E (AMDR) A (20~30%E). It4h, MFHAPL TS
HIEAB SFAIZHEHIRER 59 6.1%, £ AMDR SEEIH (10%E);
n-3 PUFA 1 n-6 PUFA ¥ HIRAE SEEENE L2 7
77 0.89 %E #16.4 %E, #)85.1% #181.8% 7 AMDR 3t [
A (n-3 PUFA: 0.5~2.0 %E; n-6 PUFA: 2.5~9.0 %E).
MHEX THA AN B AEENEARBAZRIEL
*2. BREBkKEEYMEARTHEREMMESN, B
FHBANERENHRERZNENBAERESEEN
AL, AR THESHNBRITFEE X (P0.05) HH,
FEES AR LEHEAEE. ERRMEREA
Eme, Wi, B3 THHASRALTEHEHEENE
EEFZNEAERME. I, BEX 1 THRARBA L2



fr#g, SFA. MUFAFI PUFARIHBIEBAE RS, MER 3
THRIMEZLEAII & SFA #1 MUFA BB EBEIK. SHMIRER

b S
. J | BEEEFHL
DANONE w AT Su A

#HEe, =3\ 2 B EL AR 4 E H n-6 PUFA 5 n-3 PUFA Y
ELERIK.

R2 WAL BHESRESEFREBAER
HRIZR &= =2 33 B4
BEENEFRR P&
(n=121) (n=31) (n=31) (n=22) (n=37)

fE8(kcal/d)  2049.9+455.2  2209.9+475.6  1980.1x4590.3  1749.6+430.9  2050.9+455.6 <0.001
Bkt &4(g/d)  236.9+74.4 245.3+76.3 232.4+80.5 212.4+39.0 248.2+73.5 0.021
WRIK S (%E) 48.3+7.2 45.9+9.5 48.8+7.6 49.9+6.1 48.2+5.7 0.115
FEHR(g/d) 86.3+24.1 98.9+28.1 85.0+15.2 73.8+18.9 87.3+21.2 0.001
FHR(%E) 17.1+2.3 17.2+2.6 16.8+2.2 17.2+2.5 17.2+2.4 0.634
AgAk(g/d) 80.8+24.6 89.8+20.0 78.7+17.0 66.1+23.4 80.8+19.9 <0.001
RERA(%E) 34.8+6.1 38.1+7.3 34.8+4.3 33.2+5.0 34.4+4.5 0.033
SBERRER (9/d) 72.9+20.8 81.5+16.4 72.2+14.1 59.7+24.6 71.2+15.3 <0.001
SFA(g/d) 15.0+10.9 21.1+13.3 13.3+6.6 9.0+9.9 14.0+7.8 <0.001
SFA(%E) 6.1+3.2 8.1+3.7 5.6+2.5 4.6+3.4 6.0+2.4 <0.001
MUFA(g/d) 21.5+12.2 25.3+19.3 21.9+10.4 12.1+12.4 19.7+9.9 <0.001
PUFA(g/d) 17.6+10.5 24.0+9.5 12.6+8.3 12.2+10.2 18.0+8.8 <0.001
LA(g/d) 14.9+9.3 20.7+9.1 10.5+6.9 10.7+8.4 14.9+7.4 <0.001
ALA(g/d) 1.9+1.5 2.1+1.4 2.5+2.0 1.1x0.9 1.8+1.1 <0.001
ARA(g/d) 0.21+0.20 0.27+0.20 0.19+0.25 0.11+0.16 0.22+0.23 0.001
EPA(mg/d) 62.2+91.8 96.9+105.8 18.0+44.8 63.1+82.2 77.8+62.1 <0.001
DHA(mg/d) 48.2+154.8 45.8+31.6 52.7+190.9 22.2+15.8 73.9+184.2 <0.001
n-3 PUFA(g/d) 2.09+1.46 2.31+1.39 2.59+2.00 1.22+1.00 2.05+1.31 <0.001
n—3 PUFA(%E) 0.89+0.57 0.88+0.50 1.18+0.73 0.65+0.50 0.85+0.53 0.003
n-6 PUFA(g/d) 15.3+9.7 21.2+9.3 10.7+7.0 10.9+8.8 15.2+7.5 <0.001
n-6 PUFA(%E) 6.4+3.1 8.3+2.6 5.1+2.4 5.5+2.8 6.6+3.1 <0.001
n-6/n-3 PUFA 7.2+4.2 8.9+3.5 4.6+2.3 7.8+4.9 7.6+3.4 <0.001

%E: HEEEMESSLEE

SFA: (BFIASARER; MUFA: BNIBFIBEAGER; PUFA: ZAIBFBEAGER; LA: TMER; ALA: o- WRRER; ARA: “+HERIUMER; DHA: —+FR/NIHER;

EPA: =+ AGHEL.

2.4 EERlsirEE S HRE Z IiE S B2 PAERHER
IKESHT

LURERTR B R N R R IEZL B A & B Fn B2, A AR ER
KF, FEER THAERRERK TR I AL, MiESF SFA,
MUFA %1 PUFA BOSE357k 43 B4 46. 0%, 19. 3% F0 33. 6%, SFA

FIMUFA ZEIMIEREHNEF TEZRITEE X (P>0.05),
M PUFA KL ERFEZITEREX (P=0.011) . HE—L 54
AT, FEELEASALMmTE n-6 PUFA EUFER BINEREES
HHEEX (P=0.003), HEX 1 THEHRERS (31.4%),
B 2 THEYERER (25.9%) ; n-6/n-3 ZEAREEIEHY



StEAGITFEN (P=0.034), Hp, B 2 FHFHLL
ERE. AW, AOMERT, WABEALmMES -3 PUFA
KEHERZEGITEEX (P>0.05) . MFHER T &SR
B mIERINE 2a Fix, Heb, B 1P LANKREEEH
SFRR 2 PAIKE (P=0.006) .

El#fth, BF PRERHERAKFEHRINE3 R, HA
SFA. MUFA 71 PUFA B9 F 57k 3 43 5l J3 36. 5%, 35. 6% N
276%. EAEERNE, B SFAKFEHNERTEGITEER
X (P>0.05). #ATW, %L+ # MUFA F1 PUFA 7K 73X Y
FMEXEMERFELITEE X (P=0.002 1 P=0.026), n-6
PUFA #1 n-3 PUFA K EER U FEERITFE X (P=0.027
N P=0.007). H—THIAIH, BAHEERATEENMN

PUFA, 20 LA. ALA. ARA, y- I f# B (GLA, C18:3n-3).
DHA #n EPA B #E X1 3R £ 57 5l 9 23.5%. 1.63%. 0.55%.
0.18%. 0.16% %1 0.08%. ZEF#ER FARKXT, ARAF
EPA K EHEREGITFENX (P>0.05), {H LA, GLA, ALA
M DHA K FEEESFHFESITZEE X (P=0.048. P=0.034,
P=0.020 #1 P=0.002). EEIEMNZ, SHEEXHEL, &
K 4 51 LA GLA 1 DHA B9k &S, 5775075 24.5%. 0.20%
#10.23%. [ 2b 7] MR N T2 R A E AR AT ER R B A 15
5, BER/LFPUFANEREBSUEBEXS, EX2T
R AR LB P AIHER (OA, C18:1n-9) K FEEF TR
3 4(P=0.001),

#3 [BFLHILZMES B2 FAERLEK T

P ARMNR =R B2 A3 &4 -
(n=121) (n=31) (n=31) (n=22) (n=37)
I %
SFA' 46.0+£10.3 43.3+9.5 49.2+12.0 46.5+10.1 45.3+9.1 0.159
MUFA 19.3+8.3 20.9+7.6 20.6+11.7 18.6+8.5 18.7+6.0 0.746
PUFA' 33.6+7.3 35.4+7.1 30.0+7.2 33.4+5.9 35.1+7.5 0.011
n-6 PUFA' 29.5+6.5 31.4+6.4 25.9+6.3 29.3+5.2 30.8+6.4 0.003
n-3 PUFA' 4.2+1.4 4.1+1.4 4.1+1.3 4.1+1.2 4.3+1.6 0.902
n-6/n-3 7.2£3.0 7.6+£3.1 6.4+1.9 7.5+£2.3 7.6+£3.3 0.034
LA 14.4+5.6 17.7+6.8 13.7£3.7 13.6+6.9 14.6+4.6 0.006
ALA 0.96+0.64 0.83+0.65 1.06+0.92 0.94+0.50 0.99+0.58 0.601
ARA 8.2+3.9 7.8+2.8 7.0+£3.6 8.5+2.2 8.6+5.5 0.104
EPA 0.36+0.33 0.37+0.27 0.29+0.37 0.40+0.33 0.33+0.36 0.636
DHA 2.3+1.2 2.4+0.7 2.2+1.3 2.4+1.0 2.2+1.6 0.976
1528

SFA 36.5+4.6 37.3+3.2 36.1+4.9 37.1£3.5 36.2+5.9 0.666
MUFA ' 35.6+3.8 35.56+34 37.7£3.4 35.3+4.0 34.2+3.6 0.002
PUFA' 27.6+4.0 27.7+3.4 26.0+£2.9 27.4+5.2 29.0+4.1 0.026
n-6 PUFA' 25.6+3.9 25.8+3.6 23.9+2.7 25.8+5.1 26.8+3.9 0.027
n-3 PUFA 2.0+0.8 1.9+0.7 2.0+04 1.5+0.8 2.3+1.0 0.007
n-6/n-3 12.9+5.0 14.1£4.9 11.4+£3.7 15.2+4.4 12.3+£5.9 0.007
LA’ 23.5+4.0 23.7+3.6 21.9+2.8 23.6+£5.3 24.5+3.9 0.048
GLA' 0.18+0.07 0.16+0.06 0.17+0.05 0.19+0.07 0.20+0.08 0.034




EREE T

Y

pANONe BALEEU A
=3 (&XR)
HRITR &= &2 ER3 &4
BEAHER P {&
(n=121) (n=31) (n=31) (n=22) (n=37)
ALA' 1.63+0.57 1.56+0.60 1.80+0.57 1.35+0.41 1.72+0.57 0.020
ARA' 0.55+0.15 0.58+0.17 0.53+0.13 0.52+0.13 0.56+0.15 0.465
EPA 0.08+0.08 0.07+0.06 0.08+0.07 0.07+0.08 0.10+0.10 0.321
DHA 0.16+0.12 0.15+0.12 0.14+0.07 0.14+0.09 0.23+0.17 0.002
1 mean £ SD

SFA: {BFIASARER; MUFA: BAIAFIASARER; PUFA: ZANIAFIASARER; LA: ILJMER; ALA: o- TRRER; ARA: —+ERIUMGER; DHA: —+WR/N/GER;

EPA: —+RkEGHEE.

-------

CET

TES

2 Mi& (a) FFE (b) PEEREHBRHSHIER
SFA: (FIBERAESR; MUFA: BRIRFNAERAER; PUFA: ZIGFIARARER

2.5 ERIEMBEXNSHE P~ EHEGREE
ERRRDH

121 ZIEFLERA L EE NN BTHY BMI SE37KF A 23.2 kgl
m?, Er, 33. 1% 8E, 3. 3% BEM, AEFEBRFEHKFEAN 6.0
kgo WFEIL, FRINFKz 5. FRIFEz 5. HKFH
RE z PRIERFIKE z SHIFMES B A 0.45, 0.37,
0.07 #1-0. 07, 4Nk 4 7R, ZEWMAERIEE R BE BR8],
FHELEAE S BN A EHEE, UAREILHERASK 2 2.
FRHFEE z PRERFILE z FHEFHEELHITFENX

2L

O

(P=0. 040, P=0.038, P=0.030. P=0.034 F1 P<0.001) .
H—SHERME 3 iR, B 4 WEASHALAS
BARRAES 5&xX 2 EX 34HLk, EREEHKITF
B (P=0.016 F1 P=0.015) . XtFZE)L, =X 1 FER 4 5
F 43 F 4K z 4 (P=0. 045 1 P=0.004) FIFE R HIIKXE z &
(P=0.030 1 P=0. 007) WY EHEHTERRN 2. s, 5K 2
FAER 3 AAEL, R 1 FER 4 WERFILE 2 HHHERE

M, HEREAGITFEEX (P.05).,

]
IHE,



1

F.l't: A IE: -fz;

3 Danone Focusing Forum
A

F4 IHABALTERERESEILERRKR

ARITHR B E 2 B3 B4
EARYHIE (VR SR) P&
(n=121) (n=31) (n=31) (n=22) (n=37)
B
BMI(kg/m?2)1 23.2+2.5 23.0+2.2 22.8+2.5 24.6+2.8 22.9+2.5 0.040
BMI$34&2(%) 0.199
SHE 2(1.7) 0 0 0 2(5.4)
EEKE 75(62.0) 19(61.3) 20(64.5) 11(50.0) 25(67.6)
BE 40(33.1) 12(38.7) 11(35.5) 9(40.9) 8(21.6)
IR 4(3.3) 0 0 2(9.1) 2(5.4)
ARERE (kg) 6.0+3.8 6.0+4.0 6.0+5.0 7.8+6.6 5.0+4.0 0.038
2|,
ERNEKzD 0.45+1.21 0.57+0.93 -0.08+1.73 0.23+1.12 0.69+1.19 0.030
FRAEAEzD 0.37+0.83 0.51+0.84 0.18+1.12 0.29+0.89 0.46+0.72 0.034
BRAIMREzD! 0.07+0.91 0.05+0.96 0.16+0.84 0.08+0.97 0.01+0.91 0.927
FRBILEzD! -0.07+0.69 0.11+0.69 -0.41+0.78 -0.30+0.50 0.20+0.55 <0.001
1 mean * SD
a RiEFERAFERE (141, Bl K19 % B (18.5) . EEAE (18.5~23.9), BE (24.0~27.9) . BB (=28.0).
(a) (b) - * %
= =2 T ,
"] o |
= A
E-; g;_ 0---boeaah-
- 3 i
=1
2 J‘ T
§ &
() (d) .
3_ 1
L & ) L3
& 24 % 2]
= =]
. E . [
= =
B o L
il 1 @ T |
24— r .2 x T T T
g & & ¥ & & &

(a) AP LR EFE;

Bl 3 FEREMEBREX T AL~ EFESZEILE KRR

(b) BILFRANGFK 2 535

(e) BILFWAEE 2 535

©

(d) ZB)LEFWRAHIKE z 5. EIRFRITMAPMAH; *P<0. 05, *+P<0. 01
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5RiEiRiES, RAR—RYRBE—EFRZNMARSZE
HHEE, LM E—XeY. EFRK, BAXHERNERRER
IR, AR AAZERREHERS A mEMZI S
BEAFBRE R < BRI X RS A E B RES0H, B E 5
RYMANHIEHRBEAZZ INIRENEEXR 72, K
METVAN T REREFEPHIR 29 MASEIER, 2T ERH 9,
BEIMMERERBEN, RItMBEMRIIR 62 6% HER
BEAFEREE . Uboh, BEUMERT, WABRALRHEE
LR ERIFHER TR, FTRBRRENEFTEESITER
Mo Eit, MMERXTHHARNREEFATLYE, ATiH—5
SHTRHA MBS P RBBRNOMIER, URSEERER
BRRMHARA L =R EFESEILHE KRR =ER
oA

MMERERBRER, RETCNIFHES RGBS
AEER” (LUBAMERRIE) . “FTIFaERX” « “Od
FBREERX” (AZEFIER AT, R “BEFMK~=R
HKBER” (RURkahpmfaiiEe, URITAE), RRT
DA Lot R BE AR ES A E E4FER RYEHE . X UFMPER i
AFEBRERAIALERBHEREA IR EX1 T8
IR ERERRNETERERERNE, XMARRIRE
RNRM T REMAAALMER TR IR, BT~EHES
IREATHHRE, FEREMBIEFIL~ASEA “TH”
/Y, WK #HE7%, XLEERNFREELIEARM
BeAr. B, HETHERR, FEER 1 NI EEkEE
2. EARMERBAEREES, I, TREZEEMEER
BRIBABHIAEE. MALA AEERENER 2 TR
MR, n-3 PUFAKIIBAERE. HFXR, FEBRERSHE
RIAE SR, i ERBERENEEEZREEYMH, INSTH .
2. BRH P ERXIREZMIFMEAR: C80, C12:0,
C20:2, C6:0 #n C22:1, XLLBERARE FZERIET YhimAniR R
‘|, BN 4 REENFER: C20:3, C22:4, C22:5 % LC-
PUFA, AR C4:0. XEERREMEBNIEZERYKREC—R
BE, FUREEWAHALEERANSRERY. MLC-
PUFA B FAETAINEF, EAMRBENTRABEMX
BB, SEERNEREFIRRE.

AfFRP, RX 1 BSAME S PUFA #1 n-6 PUFA Bk £
BxtEE, MER 2 0 EKmERKERE. F SFA
MUFA 7K, M#EREEFRLGEITERN, RPSH
;& SFA 1 MUFA /K EHEXIEE. SRIBMRRE, &
MUFA AR LUR S A MBS FRI7KTE 24, (BARMFTH RN
BEX—ER, Bk, MMIEX TSRS DHA KR E
RABFEGHEREN. F—EREERENZ—MARERH
T—HB, ZHIRE TR DHA SRE SEER DHA BN E 2 ]
BE—EMEMRXN . #BHEN, XAEREAMIHE—
MNMERIOEIERE, B MERABEIFEE AT REZBIRR SR
FEEAFER X M A9SLNE, DHA RREBMNRRHIRE, BALZ
B ALA ZERRIE R 320,

FR%A, TEIMXEIEHBINESATESAEX
REBITHEAEmE 22, Kfixd, SABRBRBRHKES
REMNEEHRERBA—HB P. BR, SFA(36.5%) #
MUFA(45.8%) 7K EF R FRGM Za— M AL A L8
B KFE N, M PUFA KK EREINBAFARERS,
BEAVF. EE. BEXF. €5, FENSESER
W, B, X TFEANSARMRBRARNMRERHT—H,
AR WEHLIERIRHERNIBANEIA A LS P A5
EAR B R —EMFM. HRETR, FAENX 2 AL
PE BT EBERSL AN MUFAB7.7%), X5iZEX8E
EREMEBFEE—, B4R, 2R TR R
MUFA BA MRS, A, FRO—MAREZH, G2
FEER MUFA MRS 83 89 MUFA 7k T2 B REHIAE
X, XARERBETAEMAPALEEMRFNIRRFREK
THL MR EIRE IR, M mESE HE MUFA
#1537 B39, 4, FFA L LC-PUFA AT EHHERER 4 1
T FLHAS3 L B 3L PUFA #1 n-6 PUFA 7k P45 TR 2. Itk
HREKP, S PUFASEFRSTER/NEM, X550
HM R RiER—B B,

HE—S 9 FF o ARA 1 DHA k., MifER T&
FL ARA BY7K FSEE 7E 0. 52% 2 0. 58% 2 8], S A ZthEFH
ARA K IR ERIERA—B P, REHER 1 LUER ARAFI
LA (ARA BOBITASD ) S T454E, POFPAE b 3L EY ARA K
B ZERTHEITFEEN, XAHEEHETEARIKIS ARA
HLAZMER LA PREHN, MEXBEHEEEE . 5



ARAZERAEMZ, MR T H i) DHA KFEHE
SEEHITZEEX, Hb, #X 4 h8 DHA KFE&HE, X5
FER DHABAEB—EMX R, FABEHERANURIET R
HRIEMHER, TREFHELDENERER, BEEZSHER
KRBIFNE 8, KHRLERKA, BF DHAKFESZHE
REERAERAMIS N B4, EER DHABAEREHNERT, #
RATBE M BHA I i R EXE 2 89 DHA, k2585, % DHA
B8, WBEE/ILAER P, XAESESFNEFREREN
DHAKETM. Z—FHE, XBAUBRRAFLERRN 4 5
7. DHA k{5, milE DHA K FESHERERBMER T
GFFEX. AW, MR THEFLEARZ S8+ DHA K
FHRTEHEMARREER, XAEEFRAMBPERX AR
ERitX, BRE=RHEBEEHTRRS, BRZEXRE
MMEEIH, RLHFLRABIRNESE.

HFAAPR LR RITAR X = E =R REE—EFM,
HEFRRAMZILWEKLZELE—ENFM. AHRER
BR, MAEHMAMAZ~REREFENTEHKFER 6.0
kg, X—£5R% Huang et al #1 Wang et al WA E R4S
(3.55 kg F01 3.6 kg)B6:37, XA 4 2 E A AR RANKIEZLHA
AL R~ E 30~50 X, RIZHEHEMIAAEEGL
BFIE, X—HENIRRITAZAZRZATIGBE, D2k
FMAR, ERREBENAAR. N, FEERX 4B
PR ETEN K ERTEERR, XAES5EN 4
TH SFABAEREEBEX. XTEBIL, £8EF%E, BF
BRRASEABRAVRE IS, BRI E N EHE B S E I,
E s ik ESE, M FEESIARTILEKRE, BAERE
HW—meWKilRE, Eit, SIERBRKESEILNEKELE
EXEE. BEl, XTEHEERBHERIELEKNZME
HXARER. EXARF, KRBT ziFoERIHEEILE
MAFRE, K. LENEKELERR, SHERIEXR
ZOMFEN P EELETNRIE)L. REMIL, ERMAIR,
B 4 THEILESRS, XAELEAER 4 hrIEFLEA
AL BH P LC-PUFA KRS, XR—EMZILEKELE
#HEFXRIEAOBEAER.

AMRRA T EREHBEA AR R E R
BARITTHEEASEN DN, HRMRT BEERERERR
IR tesh, KRBT RS IEEMBE LU |I5NER ) E K

TEHARALNERBEANGER, HEQEEE I EE
T (EFMERATHEEL) 17, XEFERITARIEL
IR REREMBMZRATE. AW, BRIAEENERD
g, FEit, AMRBEE—ENERME: 1. AR,
AREE—EHSHEREXIHEAREMERERNRS
MRE. 2. AR T MRRHEXSTESBEARE, XKE
MEFIEERKF. FL b, MR IFHRIERSF, aHEEE.
HIm=Fg. IFRRLASABA AR LBEIRE, Xt ERIBIHE
HFE—ENEMN, XFERSEMARFEELRINEELIM.
3. AMEAIFLITHAHRE~E 30~50 REMHF AR L. B
ERREH, BEENEILE, S PERRNKEITE
TR, Ek, ZFSIAEMEEKEXEZILEKLZEWIKCH
FMIERERA R IR . KK, GLEETRNMBXBHEE
SRR L, FEFEAEEILEH, RS EHFEM,
MBS FERBEHRER S BN — M KEBRRERN
f0E, ELIL (JLE) BB MAOREHELEFLIR.

SFE, AMREBE YIRS FEHARAZERET
ANIER, MRAERDSIEABSE T MM E R EE R BRI ERER
R, HMRTXLEERSBEMEFEAA A LB F IR
B FEZERXR, URMNSBBRAFZW. HRLM, T
5 R AR AR i X 3 B4k M1 75 & PUFA 2K E, AR BH
MUFA 1 PUFA 7K FE—ERF M, #5312, MEH LAK
KTE, UREF$n-6 PUFA, n-3 PUFA, LA, GLA. ALA
1 DHA B7k . tksh, L LC-PUFA AEE4FFHER 4 3t
FHABALZREANAEN, TNERTHASNERIRE,
TEHTHEI/IEKEE.
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Cytotoxic Lactalbumin-Oleic Acid Complexes in the Human Milk Diet of

Preterm Infants
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RE: aREB/ILNRESZILRFEH, FEEFEOAL
HITRERT. SRFERABRREEFSRMEIESE0BNE
FHBTLE. BTXEMEENMIEYE, DHRNEFRS
SEREAHNTH. IETUATEEFEENRRE X
EXLBEIAPARSEEMFE-LETANEYELE
A, —MB AN HAMLET (MBS ) WESY ( ARLX
hEMmmEE RGN o- AEEZEBITEY , Human Alpha-
Lactalbumin Made Lethal to Tumor cells), 2 o- F;E5EH
5HBESENIT (&) TH. XMAALBERTNSY
HNEAEY, TERMELHEMMER, T3 RKARIERE
bimpm, #MEBFESM. HAMLET F0i 2 HER 48 7] LAl
ZERRARUBATHE, HiBid NF-xB 1 MAPK p38 15
SEBRAHRERN. XMEAR - BREAYIESMA
SHRERE, HARERRBNBEARAS, mENRER
BT EM . SERE /LB AREIGTM MEYE
MEFRIFER. Bit, EEILEXARFIEEFLEX
FRFILRFYPEEFE HAMLET, HEEYIEM I,
ASTAILR FELRR HAMLET B L B 2 A A0 4 458 A
A

XA AFL; HAMLET; S£¥7EMER; BRRE; RIE;
NF-«B iB2; MRS M; HREMENFBLERE

Abstract: Frozen storage is necessary to preserve expressed

human milk for critically ill and very preterm infants. Milk
pasteurization is essential for donor milk given to this
special population. Due to these storage and processing
conditions, subtle changes occur in milk nutrients. These
changes may have clinical implications. Potentially,
bioactive complexes of unknown significance could be
found in human milk given to preterm infants. One such
complex, a cytotoxic a-lactalbumin-oleic acid complex
named “HAMLET,” (Human Alpha-Lactalbumin Made Lethal
to Tumor cells) is a folding variant of alpha-lactalbumin that
is bound to oleic acid. This complex, isolated from human
milk casein, has specific toxicity to both carcinogenic cell
lines and immature non-transformed cells. Both HAMLET
and free oleic acid trigger similar apoptotic mechanisms in
tissue and stimulate inflammation via the NF-kB and MAPK
p38 signaling pathways. This protein-lipid complex could
potentially trigger various inflammatory pathways with
unknown consequences, especially in immature intestinal
tissues. The very preterm population is dependent on
human milk as a medicinal and broadly bioactive nutriment.
Therefore, HAMLET'’s possible presence and bioactive
rolein milk should be addressed in neonatal research.
Through a pediatric lens, HAMLET’s discovery, formation

and bioactivebenefits will be reviewed.
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Cytokines—-Biogenesis and Their Role in Human Breast Milk and

Determination
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M=%, BEMELERZHT - ESERNNE. 48
MEFHEMABYMEB~E, ENMREES, BEHEE
A, BERMBEEN. s —MAEBREFHER. &
BiEM. FSHEMAMET. £ mRNA KF _EHDH A E
FHEMK, URBHRET - RHSIE B S ERFHE. 8
KMEREFAENSBEHRERN, RRMHEBETHR
ERNSBIMARNE. EMEHIGNEERN, FRPHER
RISHLEI R ZRAREM . WIEE TR A RFEM R AW
g (BEF BLER) ZHREBEREHTME.
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Abstract: Cytokines play a huge role in many biological
processes. Their production, release and interactions
aresubject to a very complex mechanism. Cytokines
areproduced by all types of cells, they function very
differently and they are characterized by synergism in action,

antagonism, and aggregation activity, opposing action of

©

one cytokine, overlapping activity, induction of another
cytokine, inhibition of cytokine synthesis at the mRNA
level as well as autoregulation-stimulation or inhibition of
own production. The predominance of pro-inflammatory
cytokines leads to a systemic inflammatory response, and
anti-inflammatory-to an anti-inflammatory response. They
regulate the organism’s immune response and protect it
against sudden disturbances in homeostasis. The synthesis
and activity of cytokines are influenced by the central
nervous system through the endocrine system (pituitary

gland, adrenal glands).
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Influence of Breastfeeding Factors on Polyamine Content in Human Milk
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ZRRAIFIND . FEX IR ST, XFPAS 83 (L B KREIT 4 M A,
He i BB UEMTABHTEFGARTRH . AR
o (FASEH) WERNEH#M, FHKM UHPLC-
FLAUEZEREE. TRSFENMESAZREEFRAN
£5, FAMENENEBE TENES. BREXENS
Bz, MIFERMERNESEIFEEE. FAP=FSBRKS
MEEREESTEIE (P<0.001) . TIEEBMBRS 2D
AHEREAETH (P<0.05) . RfF, HITBIFARFTH
B35, HA T 2K FHMES T2 S RFEFIH,
REERHTESE. AADSHREEELREILE (FIF
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BB .
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Abstract: The polyamine content of human breast milk,
which is the first exogenous source of polyamines for the

newborn, can be affected by several factors associated

with the mother, the infant, or breastfeeding itself. The
aim of this study was to evaluate the influence of different
breastfeeding factors on the polyamines found in human
milk. For this study, a cohort of 83 mothers was considered
for up to 4 months, and a subgroup of 33 mothers were
followed during the first six months of breastfeeding. Two
breast milk samples were collected at each sampling
point (foremilk and hindmilk) and the polyamine content
was determined by UHPLC-FL. Polyamine levels varied
considerably between the mothers and tended to decrease
over time. Putrescine was the minor polyamine, whereas
spermidine and spermine contents were very similar. The
concentrations of the three polyamines were significantly
higher in hindmilk than foremilk (p < 0.001). Spermidine
and spermine levels decreased significantly through the
lactation progress(p < 0.05). Finally, slightly higher levels
of polyamines were observed in the milk of mothers
providing partial, rather than full, breastfeeding, although
the differences were not significant. The polyamine content
in human milk was found to change during a single feed
(foremilk versus hindmilk) and as lactation progressed, mainly

in response to the specific circumstances of the newborn.
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Butyrate as a Bioactive Human Milk Protective Component Against Food

Allergy

BrEFREEN _HAFEUEZRFER, BERFBIEHE

Department of Translational Medical Science, University of Naples Federico Il, Naples Italy

= AWEH (FA, food allergy) R EEERN—1HE
PERGERIEI . AME KRB WA RIS SRR AERF 8.
A% (HM, human milk) AT # #1 34 FA RI{RIPE &, BE
HUEMDARER . TEREL R — Mok BB ERME BRI,
BEM R IE ST REETIEE. ASCSEME UM b TERERM
KE, FHUEHM RN TRBRERTRBETRE
it 5% B9 AL o

% BT GS-MSiTfh 109 & R AL HM TERERE .
FERRMAEIMER I T T BRELXT i AL HI AR .
ZR: RBHM AR TEREIREHRN 0.75 mM. EARMRH
EAMRASWER B, TRIIZKREKENETFRAET
M. REDBREREOEIRER, EEMEET, TEBREAER
DA _EARAE R R e R M A LA E AR S AT 2 M R E T
BRIE. E=M FASIPIER S, BATERIRIRAEAZR
DR, R MEEEETF, H Th2 MEE TR
FE, HETENAH. REALMRERRNERER, T
BRELRIM A K BRSINER -3, MM A MALBEMEPEE
ERENRIE, FRERIBEHFIRM FA JLER PBMCs
f1IL-10. IFN-y 1 FoxP3 By sRiE. b, BIERH T M2
EREZHAE. DCs FiETIM T HAAETHE.

it ZARMERRP, TEREMEI—MEEN HM LE
3t FA BB EERIMEA.
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Background: Food allergy (FA) is a growing health
problem worldwide. Effective strategies are advocated
to limit the disease burden. Human milk (HM) could be
considered as a protective factor against FA, but its
mechanisms remain unclear. Butyrate is a gut microbiota-
derived metabolite able to exert several immunomodulatory
functions. We aimed to define the butyrate concentration in
HM, and to see whether the butyrate concentration detected
in HM is able to modulate the mechanisms of immune
tolerance.

Methods: HM butyrate concentration from 109 healthy
women was assessed by GS-MS. The effect of HM butyrate
on tolerogenic mechanisms was assessed in in vivo and in
vitro models.

Results: The median butyrate concentration in mature
HM was 0.75 mM. This butyrate concentration was
responsible for the maximum modulatory effects observed
in all experimental models evaluated in this study. Data
from mouse model show that in basal condition, butyrate
up-regulated the expression of several biomarkers of gut
barrier integrity, and of tolerogenic cytokines. Pretreatment
with butyrate significantly reduced allergic response in
three animal models of FA, with a stimulation of tolerogenic

cytokines, inhibition of Th2 cytokines production and a

o



modulation of oxidative stress. Data from human cell models
show that butyrate stimulated human beta defensin-3,
mucus components and tight junctions expression in
human enterocytes, and IL-10, IFN-y and FoxP3 expression
through epigenetic mechanisms in PBMCs from FA children.
Furthermore, it promoted the precursors of M2 macrophages,
DCs and regulatory T cells.

Conclusion: The study's findings suggest the importance
of butyrate as a pivotal HM compound able to protect

against FA.
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HE: WRUEZHMIEERE, SRS NBERL
(NEC) BRIF1ER .. SIHXESFMRETHMEMEE K,
RIEIRE. MMELBEMEEFRANEMELEUEY. &
REFRPEAETS, EKETFESRFREHAUEN SR
B BIFit e, L&A S %% NEC. AXCEB
TEEXTHAEKEFHOMIR, URENSTR NEC 18

KEMERIE. AT EXEEKEFAEFIABRRE
FHRREN, URENMEREEILEF 4N 75 A T ks

NEC & 7.

X REEKET (EGF); IMERE (EPO); R
Mg &R E F (G-CSF); RFR%ZE4& EGF #4KEF (HB-
EGF); Holder BIRRE#:; BRBFEHEKETF 1(1IGF-1);
B REHEKETF 2(GF-2); MEMREEKEF (VEGF);
ERKEATF; 83 FEMEEBHR

Abstract: Growing evidence demonstrates human milk's

protective effect against necrotizing enterocolitis (NEC).
Human milk derives these properties from biologically
active compounds that influence intestinal growth, barrier
function, microvascular development, and immunological
maturation. Among these protective compounds are growth
factors that are secreted into milk with relatively high
concentrations during the early postnatal period, when
newborns are most susceptible to NEC. This paper reviews
the current knowledge on human milk growth factors and
their mechanisms of action relevant to NEC prevention. It
will also discuss the stability of these growth factors with
human milk pasteurization and their potential for use as
supplements to infant formulas with the goal of preventing

NEC.

Keywords: Epidermal Growth Factor (EGF); Erythropoetin
(EPO); Granulocyte Colony Stimulating Factor (G-CSF);
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EE’\J: RIS (NEC) B —FERIF 1 R0 B7 B TR,
EEME)L. EEANFHAEE: 8FE2HE3
(MOM) EBRIFIER, AaESBFMENE (HMO) F1Z2)LEF
EMEYENEEEREX. AXXMRT HMO #LIRFEE)L
BN EYELRZBNEEERRES NEC XA,
Fik: st—itt NEC BHFEE)L (n=33) FLE A X BRLE (n=37)
# MOM #4177 HMO 4347, 7£48 ZEEJL (14 B NEC EJL)
B, BAIE#HITT ZILEENNEEERENF (n=644).
£R: SxREMEL, NEC ZJ)LEZH MOM 8 — HMO
BIIRE, B ZRERERZ. -N- W58 (DSLNT, disialyllacto-N-
tetraose) K ERA R B{K. MOM EYE{E7KFE 9 241 nmol/
mL, X NEC RIS F4F=1EHR 0.9. NEC X fRATHIAEE
EEMFER, NEC BI)LAKREAFHAEN EFPRE
%, MRREFENENEERS. REVANAELRD
% E){€ MOM DSLNT Ry, X<HISER~)LIpiER g
BRI RRARBEENELR, HHEUTRAEILE
EPERNERFRS. RS A RS I HMO
REFEHE, TLUERMTUN 87.5% WEILRTSY
I NEC.
#i0: ML RIEA T HMOs FR7E M4+ WA E R~ )L
RMERFPHNEEN. XEMARLTAEVREDHFL .
ERNE S BB AN TR BRI ™ ERFmHN X,
BHETEESME.

XERE: HTEWE; RBHE;, Z4EF

Objective: Necrotising enterocolitis (NEC) is a devastating
intestinal disease primarily affecting preterm infants. The
underlying mechanisms are poorly understood: mother's
own breast milk (MOM) is protective, possibly relating
to human milk oligosaccharide (HMO) and infant gut
microbiome interplay. We investigated the interaction
between HMO profiles and infant gut microbiome
development and its association with NEC.

Design: We performed HMO profiling of MOM in a large
cohort of infants with NEC (n=33) with matched controls
(n=37). In a subset of 48 infants (14 with NEC), we also
performed longitudinal metagenomic sequencing of infant
stool (n=644).

Results: Concentration of a single HMO, disialyllacto-
N-tetraose (DSLNT), was significantly lower in MOM
received by infants with NEC compared with controls.
A MOM threshold level of 241 nmol/mL had a sensitivity
and specificity of 0.9 for NEC. Metagenomic sequencing
beforeNEC onset showed significantly lower relative
abundanceof Bifidobacterium longum and higher
relative abundance of Enterobacter cloacae in infants
with NEC. Longitudinal development of the microbiome
was also impacted by low MOM DSLNT associated with

reducedtransition into preterm gut community types



dominated by Bifidobacterium spp and typically observed in
older infants. Random forest analysis combining HMO and
metagenome data before disease accurately classified
87.5% of infants as healthy or having NEC.

Conclusion: These results demonstrate the importance
of HMOs and gut microbiome in preterm infant health and
disease. The findings offer potential targets for biomarker
development, disease risk stratification and novel avenues

for supplements that may prevent life-threatening disease.
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Keywords: molecular biology; oligosaccharides;

prebiotic.
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Human Milk Oligosaccharides: Their Effects on the Host and Their Potential

as Therapeutic Agents
EEFEH

INRAE, Biopolyméres Interactions Assemblages

RE: XFAM, BAXMBIILESTEE, BAERET
ERYREMEREZENEY. EXEUEYH, AAKERE
(HMOs) RUFAEFRMIAEZ BRI P E=ZFTENRT. —
SCIOHIERR T X L AR A ST AE MBE . RIBRGM KR
NMNEZEEYRGENEHEFM. EXE, H0s EREFIES
MEEE, XNEREEEN. BHEMEETLUBTRIBGEX
RRMIBFIRIER R, ARIESIE R & & R A 52 1 5
&, BEEMEENERTRERS. FAT, HM0s EHEMIE
EERRE, ®RIPBEERZFREFNEE. EXE, &
EIF T HMOs 763X LR [E S5 E M FHLH, HBAEMER
HEATTIMBERE, B REMM SIS AN,

Kiggia):
MR

T8; ERFE; AFLIREEE (HM0); RIERS;

Abstract: Breastmilk is known to be very important for
infants because it provides nutrients and immunological
compounds. Among these compounds, human milk
oligosaccharides (HMOs) represent the third most important
component of breastmilk after lipids and lactose. Several
experiments demonstrated the beneficial effects of these

components on the microbiota, the immune system and

epithelial barriers, which are three major biological systems.
Indeed, HMOs induce bacterial colonization in the intestinal
tract, which is beneficial for health. The gut bacteria can act
directly and indirectly on the immune system by stimulating
innate immunity and controlling inflammatory reactions and
by inducing an adaptive immune response and a tolerogenic
environment. In parallel, HMOs directly strengthen the
intestinal epithelial barrier, protecting the host against
pathogens. Here, we review the molecular mechanisms
of HMOs in these different compartments and highlight
their potential use as new therapeutic agents, especially in

allergy prevention.

Keywords: allergy; epithelial barrier; human milk

oligosaccharides (HMO); immune system; microbiota.
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Human Milk Metabolic Hormones: Analytical Methods and Current

Understanding

FRARTAZ S FHELR

School of Molecular Sciences, The University of Western Australia, Crawley, WA 6009, Australia

8% (HM, human milk) &5 XM LR R, BFEE
ZMERR, B85 THEILEKMEZENAT., LR
AHHETRERATHERINR B ERERLEETES
. AT, ERRZIT. HREE, EENSNAEELE,
HM BEZMMRRHBLOMERN . AERTHET HM MRS
WwHERMYE, BIATHBIMONMENERE. ATEWK
HM Rt (R, BERR. Bk, BRBER. EHE.
IR RN ) AT D ARBENEE . RBEKREMN
®iLk. %IENE X (ELISAFRIA) EBETAFWE HM
BENETERZE. RESMEMRBHEAREL, HM ERH
SRMMESHRK, BEXEPEEZET HM HEIHH
B ERESH. B, EENFEEMEERUS RS
TR ERMNEZTXEE, MMAELFHTH HM RS
EREMEIERERNFIG,

LR BEAEE; TSR FIIAH; KRR AL;
BEE; BR;, REEE; MR, KIS

Human milk (HM) contains a wide array of peptide
hormones including leptin and adiponectin, which are
involved in the regulation of infant growth and development.
These essential hormones might play an important role
in the regulation of metabolic reprogramming of the new-
born infant. However, HM hormone studies are sparse
and heterogeneous in regard to the study design, sample

collection, preparation and analysis methods. This review

discussed the limitations of HM hormone analysis
highlighting the gaps in pre-analytical and analytical stages.
The methods used to quantify HM metabolic hormones
(leptin, adiponectin, ghrelin, insulin, obestatin, resistin and
apelin) can be classified as immunoassay, immunosensor
and chromatography. Immunoassay methods (ELISA and
RIA) have been predominantly used in the measurement
of these HM hormones. The relative validity parameters of
HM hormones analysis are often overlooked in publications,
despite the complexity and differences of HM matrix
when compared to that of plasma and urine. Therefore,
appropriate reports of validation parameters of methodology
and instrumentation are crucial for accurate measurements
and therefore better understanding of the HM metabolic

hormones and their influences on infant outcomes.

Keywords: adiponectin; analytical methods; apelin;
ghrelin; human milk; insulin; leptin; metabolic hormones;

obestatin; resistin.
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Human Milk Oligosaccharides and Bacterial Profile Modulate Infant Body

Composition during Exclusive Breastfeeding
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BAR—MNERZTNESERE, MHEINLE
EXEE. AMREEPEAALRERE HVO) 5 AL
WMEIEMBILER S ZENXR. EFEAMAKEA
2 # & (n=60). F B £ 9 M k& 5% (bioimpedance
spectroscopy) M £ 22 )L B E L 5. FH 2K 16S
rRNA EEN Fiffm AL AEE, HERSSRHERIEE
EE 19 # HMO. B MEXBFHMBENFES LIS
L MEREE L HMO KRB REHX. MBI MEM
HMO BAEMREHLSE)LAKNESF . FTAHERMALR
EEMEX. IO, HRBEET DRSS EIRHITH R,
SBERSESMBEESEMERILZENELXREFE
EEZER. ZLEMR, EXLYMSHRS, FILAEREIEMN
HMO MAEBMRESZILAEK T BEEX, FEXMX

KSZ B /iR SHEm. RROFRS A M HMO 1
BRELAE T B2 LIR R o AL RO IR AR, BRIREESD, ENE

BERAE.

X B3, GIAMRERE; BIALAR,; MEDPE;
16srrna EE; FIRFFE; BFEMAKRS; £UHEBRNIL;
BA; KE; I

Human milk is a complex and variable ecosystem

fundamental to the development of newborns. This study
aimed to investigate relationships between human milk
oligosaccharides (HMO) and human milk bacterial profiles
and infant body composition. Human milk samples (n
= 60) were collected at two months postpartum. Infant
and maternal body composition was measured with
bioimpedance spectroscopy. Human milk bacterial profiles
were assessed using full-length 16S rRNA gene sequencing
and 19 HMOs were quantitated using high-performance
liquid chromatography.Relative abundance of human
milk bacterial taxa were significantly associated with
concentrations of several fucosylated and sialylated HMOs.
Individual human milk bacteria and HMO intakes and
concentrations were also significantly associated with infant
anthropometry, fat-free mass, and adiposity. Furthermore,
when data were stratified based on maternal secretor
status, some of these relationships differed significantly
among infants born to secretor vs non-secretor mothers. In
conclusion, in this pilot study the human milk bacterial profile
and HMO intakes and concentrations were significantly
associated with infant body composition, with associations

modified by secretor status. Future research designed to
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increase the understanding of the mechanisms by which HMO
and human milk bacteria modulate infant body composition

should include intakes in addition to concentrations.

Keywords: human milk; human milk oligosaccharides;
human milk bacteria; microbiome; 16S rRNA gene;
breastfeeding; infant; mother; body composition; bioelectrical

impedance spectroscopy; intake; concentration; lactation
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IBZLHA 24 1 BHAESZLEME (HMOs) RIN@ZEL
Longitudinal Changes in Human Milk Oligosaccharides (HMOs) Over the

Course of 24 Months of Lactation

EEBL: EEEHH, Saban M5, EHEAILILEERR
Children's Hospital Los Angeles, The Saban Research Institute, Los Angeles, CA, USA

BHE ARLIRESEHMO)RERNERE, EALTZERS.
BRATELMET 150 M HMO, BETEE HMO &K
DTE 24 N AREILEAPRKRE T L.

Bix: THRHMO REE 24 M BRI HRNE K.

Bik: £FFE 1. 60 12, 18 24 MNAR, NBERFTHES
ZHURPAFIFARMESEEDWESIER. EF HPLC
ME1OMEEEHHMOKIRE. HTREMRELEH
79, HEFRESE5EHTRTHRAERE S, BitE4
MEREAEETIER (1A N=207; 6 A A
n=109; 12 /™ B & n=83; 18 4 B B} n=59 #1 24 4~ B B¢
An=28), K4 88% ML 5HEWITA N HMO 53k &:
— M0 HMO R E R IEHFE R, a2 5RtEEAE
(2' FL, 2’ fucosyllactose) 1%L Bk -N- & A #E | (lacto-N-
fucopentaose 1), MHEK 12% #HVAL RIENWE. BREE
B THzAEIES HMO SKREMBIFEEHNTK.

HR: KZ¥HMOs EHFLAAERRE & T, fI5M0R 2
FL, ME;&BS FL#HE -N- [U#E b (sialyl-lacto-N-tetraose b) 1 _ME
BB FL¥E -N- FO#E (disialyl-lacto-N-tetraose), EAi1ABEATE]
54k, T 3- BEMEEILEE (3FL, 3-fucosyllactose) 1 3' IEi&
B ZL¥E (3'-SL, 3'-Sialyllactose) MIBA 1. 3FL BIKE
#iT 1045, A1 NAR 195 (IQR 138-415) pg/mL 1N %)
24 4~ A #1930 (1100-2630)ug/mL, ™ 3'SL #EM 7T 2 1,

FER—RTHAM 277 (198-377)ug/mL HE/E) 568 (448-708)ug/
mL.

Zig: XLLERRP, HMOs EENMHEILIAHIE—BIIRE
T, 45512, 7Ei%BA%IG 3FL #n 3'SL LA BT B
. TEEBELZHARET XL HMOs BITHEE.

Kigia): AFLIRIRRYE; S99, T, WIELA; i

Background :Human milk oligosaccharides (HMOs) are
complex glycans that are highly abundant in human milk.
While over 150 HMOs have been identified, it is unknown
how individual HMOs change in concentration over 24
months of lactation.

Objectives: To understand how HMO concentrations
change over 24 months of lactation.

Methods: Breast milk samples were collected from
participants in a longitudinal cohort study of Hispanic
mother-infant pairs at 1, 6, 12, 18, and 24 months
postpartum. Concentrations of 19 of the most abundant
HMOs were measured using HPLC. Because the parent
study is ongoing and not all participants have finished all

time points yet, the sample sizes ranged per time point



(n = 207 at 1 month; n = 109 at 6 months; n = 83 at 12
months; n = 59 at 18 months; and n = 28 at 24 months).
Approximately88% of participants were classified as HMO
secretors—a genetic factor that affects concentrations
of HMOs such as 2’fucosyllactose (2’FL) and lacto-N-
fucopentaose |, while the remaining 12% were classified
as nonsecretors. Mixed models were used to examine
changes in HMO concentrations and relative abundances
over the course of lactation.

Results: The majority of HMOs significantly decreased in
concentration over the course of lactation. The exceptions were
2°FL, sialyl-lacto-N-tetraose b, and disialyl- lacto-N-tetraose,
which did not change with time, and 3-fucosyllactose (3FL)
and 3’-sialyllactose (3’SL), which significantly increased.
The concentration of 3FL increased 10-fold, from 195 (IQR
138—415) pg/mL at 1 month to 1930 (1100-2630) pg/mL at

B2 ERREMRANNMEC ST

S X

DaNONE
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24 months, while 3'SL increased 2-fold, from 277 (198-377)

pg/mL to 568 (448-708) ug/mL over the same time period.
Conclusions: These results indicate that HMOs do

not decrease in concentration uniformly across lactation.

In particular, 3FL and 3’SL increased over the course of
lactation in this cohort. Future studies are required to fully

understand the functions of these HMOs.

Keywords: human milk oligosaccharides; breast milk;

changes; lactation; milk
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Personalized Profiling Reveals Donor- and Lactation—Specific Trends in the

Human Milk Proteome and Peptidome

K45 1,2,3 Kelly A Dingess1,2 Marko Mank4 Bernd Stahl4,5 and Albert JR Heck1,2

1. BRI KRFEYN FRIEME
RIZ7 It Sl

BE

B2 S3EREENMEUESR, HRBEERMEDEED
BREFRKPHEILFAHTURNER. MEAHEARARM
BREB ST AT SRS AT LUR T B 2 X RENL. S PHEAR
MAEMRKAS X HE KL BMRRRHEMSINGE. B
ZLEABNBENEERENNMEBAEARMS, AR
N THREBAEAREMKAEEN I IEP T L
ER. BAY: MRBANEBEXNNIAEAREMKAND
MUEHE. 5% MABAFR DA A 29 57532 5 H BMI
EENBREFHITAEDNE, SHESFE 1 EH. £ 2
B.$3A8. £4A8. £6RB. £8/. £10AE. &
12 BAME 16 ARAMEUN S EZWESI. FRAEE
LC-MS / MS AT BAEAR S 2 EMEL. FE:
BN RaH T E 1-16 AMEELERN >1300 MEEEA

HERBEFID; 2. fr=
5. BRI XK FHFEE A LI F 0

=EHREAZFEFIL;

3. ARTEFIRMRA; 4. 15

#0>2000 MARMERKEIREZ W . HAINREI A& 356
— L SR AN AR K ATE AL, Bl FHAmL
HUSRENSS5AEERMRELENERRMAKART
e WEHR, ARSI AEENLAP, WEBIITK
SNES ALRETRANEWN, HFATESRKAEM /XK
RENKNEBEX,

Hig: AMFEHRT B SR THER MR HIE,
FEERRJAT MRS AR S5 EH I35
FILRBURERR B WPNME.

K#giE: Mo, EBRE; BKE;
2

ELEA; SRR

£EER: J Nutr 2021;151:826-839:
https://academic.oup.com/jn/article/151/4/826/6165048
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