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Progress in Research on Osmotic Pressure of Breast Milk and Infant Formula Milk and Its Effect on Infant Health
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Abstract: Breast milk is the best food for infants. It can not only provide comprehensive nutrients for infants, but also
contribute to the healthy growth of infants due to its unique physiological characteristics. The osmolality of breast milk
is usually 300 mOsm/kg H,O, which is not affected by race or lactation time. However, the osmolality of formula milk
on the market is higher than that of breast milk. Hypertonic feeding has been considered to be related to a high incidence
of gastroesophageal reflux (GER) and necrotizing enterocolitis (NEC) in infants (especially preterm infants) due to their
immature gastrointestinal and renal systems. It is also considered to be not conducive to the healthy development of infant
kidneys. In this paper, we systematically analyzes the clinical data of hyperosmotic feeding and infant GER, NEC and kidney
health. The existing data show that hyperosmotic feeding could prolong the retention time of foods in the infant stomach,
increase the chance of infant GER, increase the contents of microalbumin and retinol binding proteins as biomarkers for
early glomeruli and renal tubule injury respectively, damaging infant kidney health; however, current data do not support a
clear correlation between hyperosmotic feeding and NEC in infants. Besides, the article summarizes recent studies on the
osmotic pressure of human milk and infant formula and the factors affecting it, presents some strategies for regulating the
osmotic pressure of infant formula, and proposes future directions for the development of infant formula.
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JEH JLFLRER BEFLIS IE AR AN [F] B AN [F) b [X R 42 T
300 mOsm/kg H,O;5 534k, £FXF L= 8E L5035 e 40
TAER, AR RRZ ANRIE, 58K EIE 25
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Y, 2 M T306~315 mOsm/kg H,O¥E [, 3 MabT
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Fig.1  Osmolality of human milk and formula milk™**!
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Tablel Osmolity of human milk from mothers of preterm and
full-term infants

SENE EE B ok S
2H FEHE 301* (n=7) 1982 [14]
2 H (] 319 (n=54) 1988 [15]
A =y il 286 (n=47) 1999 [16]
2H e [E 296 (n=17) 2004 [17]
2H ElEE 302 (n=48) 2004 [18]
EH HA 299 (n=1179) 2005 [19]
2H o 292 (n=68) 2006 1]
EH EHlE| 299 (n=116) 2012 [8]
H TR FIE 297*% (n=84) 2013 [20]
2H JIE YN 298 (n=10) 2013 [21]
2 H PEYEF 296 (n=71) 2016 [22]
LS % 304% (n=20) 1982 [14]
= JIEYN 284 (n=7) 2002 [23]
L Z& [ 285 (n=20) 2006 [24]
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#2 BARYIERFAMBBERIMBH. 1. KMilgnaa™
Table2 Osmotic pressure and contents of sodium, potassium, chlorine and lactose of human milk and formula milk™"

ok BIBIE/ R JR IR ES W/ BB T BIBIE/ FUHE 84+ S B R/
- (mOsm/kg H,0) - (mg/100 mL) (mmol/100 mL)  (mOsm/100 mL)  (mOsm/kg H,0) (mOsm/kg H,0)
Eid 32.7 1.421 1.421 16.14
E 72.3 1.849 1.849 20.99
L 503 i’ﬁ 2335
~5d) &) 34.1 0.963 0.963 10.94
T 5590 16.33 16.33 185.39
G| 242 1.052 1.052 12.13
L # 63.9 1.634 1.634 18.84
306 242.8
(10~20d) & 38.3 1.082 1.082 12.47
L 5920 17.29 17.29 199.36
L 10.7 0.465 0.465 5.29
AL A 434 1.110 1.110 12.63
298 250.5
(90~180 d) & 39.3 1.110 1.110 12.63
FLAE 6620 19.34 19.34 220.00
& 19.5 0.848 0.848 9.68
, Ll 55.9 1.430 1.430 16.30
IR W R 303 274.9
HLRCITE ) 57.2 1.616 1.616 18.50
L 6900 20.16 20.16 230.40
il 19.1 0.830 0.830 9.49
L L: 57.3 1.465 1.465 16.75
LR TT 2 309 #T 279.0
e 48.6 1.372 1.372 15.69
L 7 100 20.74 20.74 237.10

VE: WL S UE IR A, BT SUSSUREAL SRR R T Yamawaki 25 RIS s [ R BIR S #IFL11.92 ¢/100 mL. iEJEFL13.25 ¢/100 mL.
JEAFL12.09 /100 mLs 22 LI 75 50 VRIS LI 7 FL2 0 R T AR 22 )Ly, i LI B A BRI B 13 /100 mL,  FLREA. B SRS M
ARSI E R R REEE: MY TRE: #123.0. #139.1. 4354, FLBE342.3,
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B &% i (gastroesophageal reflax, GER) J&1§
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AR FLPEGERDY . Gl GERM RN AT : Z2JLAE Fifds
ANMEEAELMAR L E. BEHEHRE . BHS
FEIRZEN, Hoh B HES IR P SR S BB EES
5%, WnYigit R A RE AL E SRR AL SRR AL, AR
SR IR CERIE. 208 WARRE LG AR
BIERERERL, IEHF e T 577 )L E HE sgm,
RIBEFLE FE SRS I B I bk s, 2L
B m A K, FFE, PascaleZ st REL, H)LME
BB T (BIEES39 mOsm/L) , 3 hj5 HF
TRAREN30.5%, TMEEFHMRBE T GEEED 5N
204 mOsm/LAI211 mOsm/L) 122 )L, 3 h/aZ2)LH 1
B AR N3.7% K10,

BB TAE K 1 HE S B A 2 A B E KB LT R
KAEGERMIN[E], %% JLGERK AR FEE .. Sutphen
SUTRE SR B, % B AT GERIF 52 L 43 5 W A 7R 22 4y
5% % BRI (297 mOsm/kg H,0)  10%% % b

W (594 mOsm/kg H,0) F110% % % B 58 & W0 W
(180 mOsm/kg H,0) , WEIHA 52 hiGERRT[H], 45
SRR I 0% 76 % B SR B LI S GERI ] &2 35 K T
5% 1 %1 MR 10% 4 ZFE R A YRR )L, HGER[H]
43 51528.6. 12.0 minAl12.6 min. ToliaZ$“HF 78 K, 4
JE1h, EBEEREAR I (300 mOsm/kg H,O)
K535 Ik G 3R 751 (240 mOsm/kg H,0) FlK iR 3L i
EAMTH, (248 mOsm/kg H,0) MEFM 3L )L E HEZ L
53 5939.7% . 44.6%F48.5%; % £ GERF HL] 43 5
920.39% . 17.68%F116.34% . VL FHIRERW], mismEs%
SR B )L B HES R, s HGER K A%, &
Z, EEWFHESFEEMALILE WK R K,
MR K A GERBE T 2 MHLey, HAfE 2 LGERM
KA R, FUAEUGHT R R 2L,

22 BERSE)LACTE NG S R

WIEIE NG SE R % (necrotizing enterocolitis, NEC)
SRR LRI B L W g B 2 —,  H AT
IRl B R AL M AN 28 o R 90 SR, B R R/ B A
WA R, BT AR e R T H25Z 4
BELYT 77176 97 GER AN A 3R 4% 58 55 #2842 ) LNECAH 5% 1)
B R, R EEAEILE, AET1%NFEEIL,
M7= LR AR i A NECHI R AE R HN2.50%,
i HAE AR B R B NEC I R B 2 N4.53% . L= LI
R BN, WMiEIEshae )%, BB Y vl fg
SRR 2, HE & AENECH . 19754E, Book™
AISantulli™ V458 T A E IR 2 S0 A JLINEC K £
H i, Book5 B TTAIE SEIE J7 FLiB 15 Ik 650 mOsm/L
IR LENECK AR (87.5%) BE®HTBIER
89359 mOsm/LMEFERIEE L (25%) - 19765, ZEE L
Bl A0 7T B)LEC 7 Wik 8 3E R bs e, a2 LAC
05 Wk (1095 35 AN N #5400 mOsm/L GEARLEIE K N
450 mOsm/kg H,0) ",

FRARAT Fe B M I 06 B2 ) N EC A A 555 PR 5 g 1>42-4°)
A (£3) , HETUABook& P FAESE T misE RN
J7FLE IR SR UNEC K AL R, 1 HI5 38
EHINECK AR, (HIE 1% FARAE — € W Ja BR 1 -
D BB #oA B E KR 7, R A, HAd
75 FLB35 R 55650 mOsm/L; 2) IR N BERRL R/,
RN N . L, AR el {E 4518 nT RE N B AL
MEFR S FHUR = JINECK A= i . R R B 1 I
PRECEG SO 7w, RIS SR b BERL (BB K
326~451 mOsm/kg H,0) MEFEE )1, Hjp*JLIINECK
A RE AL T Book Z P TR 19 & AEF . H5 52& Thoene
SR TE R K R B (R RERL (326 mOsm/kg H,0)
MEFR L J)UNEC K AR 2zt i T oA B =28 IR AR R
th e B E ARtk FEFL (385 mOsm/kg H,0) 58 ¥4
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SEACEEFL (385 mOsmkg H,0) PRFFIIR™ L, Bl Ts 74
JER B A ) LNEC R A R K T HAag @ s i A o

£3 BBERIENDINECRBERRHEZW
Table3  Effect of hypertonic feeding on NEC and overall disease in infants

SRERLA SRt FRER REER SEH

16 %57, (ERE<1200g, Ff24~3 )
wE D SERRAESERAL  WSEEA. N
g (BEESOmL)  SERFAREARIA RERNSE: KK 05 (5
* (BAE6OmOmL) ; Bl WHAER #: NECRAEZ25%
E A HNECHIE

147 557 (R E700~1500 g; ikt

SN B T P

BIEWTHE (PI-HMFy (;@&%385 mOsm/kgHQO)‘ﬂ%??q ;‘?F Wﬂ@i{kxwﬂ%gﬁ
SEEE  sAmmbkREEmNRLEL RS
(LE-HMF, {331 4450 mOsmkg H,0) 7]3 2 LE-IZIMF%E?ﬂl 56

B R AEE1~9d o AR

WL sy 150 5877, (KRE<1500g, <32 i FREBIAIIH RIHY
iR EE\%UH\JTJ PR UR, 70 aBTHAKRER Wt BIEARS
E, . B GRVE, BEER0nOmkghO) B RESHL, HMEER 207 (4]
Tapn T HARERAREGRIAA (G, BER  HMPANECKEX

N4 mOsmkg H,0) 5% FM: &hald TR A2.6%H15.4%

10887, (BRE<2000g, BRI Fi3 M
BIARLRAER, B 4BTIARIKREA
SHIERHL (AL-HMF, 804326 mOsmikg H0) AL-HMFAINECK 2% %
AR A SLEMREFRIEERARLOL  GINALINFAAPRME 0
FUEE  (NALHME, $iB[E 385 mOsmkg H,0) 5%, 41, =#NECKEZAM
46 AESHETERARIEIL (P-HMF,
VB 4385 mOsmikg H,0) %, AL
e VR REED14d

A5G, (RE<IS0g, JRATE) 3 Fe )
SRR, 15 REZABKL AR BRI (REER
et 3], (Lactodex-HMF, AR 5378 mOsmkgHO)  WHESAEEI)
By o SAREREELLR HUAM, BERN  REREL HEL 00 )
* O 00nOmAgh0) B, 15 GHEEENELY ENECRE, R
3 (P85, (5IBIE 451 mOsmkg H,0) ¥k, [ ARZHAA LS EER
e L ET~14d

0w @

W3%, 0,0

23 BEERSEILE N

LB INER BB /N (0 T RE G R R, B AL
H AR I BN ERGE I Z LUK, AN 174, B L
%, 3~6 MNHABAMARIL2, 6~12 A FB AN
3/4, WORREAE B S 2 ok a RLE Y AA,
AL THERERD . IR FTE AL D LA R TR R 70 A
A2, R REA L, BILEHEE T mmoliF it 7 /K
1.4~24mL, MRAYFE.7 mLU, ST B 3L,
H KIRAE IR B E R R A —¥, BRI
F]700 mOsm/kg H,OP, [KH, 4 SEmE o288 LI AL s
B, 2 R ) LR B e 3, X el LR A
A Re A S g o 5 Ui R 4R FLIRTE R P 52 AR
S, R EHE SR SUBORL I H o X T RO
RETEMR N =22 'S i I, B 48 & Al R A A
f IR, FLRE A AT AT OB 25 A R E, AR
fifaf/ (mOsm) =4XEHAMERE/ (g/L) + B HE
B/ (mEq/L) P, LA 1) HL AR 5T SBURL E AN 5 2 5
AWBERMEERE, 1 H 2B BRI A
FERFNE, HoHmZHAIEMK. Fik, 2L &3
M 2 S0of L B I AN R B2, HOFLIR B8
R Rt B LT R IR (>

300 mOsm/kg H,0) , H R 530S N ER 45 45 &
YI—HiE A R R N R AR B —— M B R
FEASTREERTSBEAA, X—URERBEA
MR A A ) FLME SR R R DA BESE, WM RB R
FLME IR B L A . [FIR A e Y, B LAk
ITEBIEFE (260~299 mOsm/kg H,0) I, 7L MEFEA
Fic i AL MR IR LR R A B R SO
RIS RANFAEREZES, YR T ALREBRSE
X AR EELE ERAA AR R L.

3 & W&

REFLE—FE 4w, RWEHEILEKKEN
BEEEY, HAE RS 37 4R s 7L 0 B A M A4k,
HREBEE—BATHSRERE. XU, JE%E3
EEAL AT REAR T2 LLMAEKEE . s, mi
(22 LTC 7 B BCRR R I 5 & AR AE =B R L T, X
FEoRANIR A 8 12 LRC 7 6 08 R 41 0 75 B RS Al
VREE, R ER R ) LG 7 £ 1 I8 5 B — 2D N
A FRTHRE PR . UL T B IE R 1T B LA AR
oL, RIS b AT DL bR o R R C 7 3L (0 BT ROk s
B, TN BR. SULFLBER S R R L T LS
M EERE, B T2 )07 LB E R, &)
AESE ) 7 Oy R X4 MR ERC T L AR, R
MR AEAEN S E, FONR AR AN S 'R O
By . SMEREUL D, X TET FLIBE Tk L)
WK (>60%) , 8 ES 7 LB 00 560 B AT SE G 5
FLBE R IR JREIREEL o/LRIFLRE KIS E %
JE#)430 mOsm/kg H,0)

WL CRERIE R IL) R RRRE, X IF R K
B, TR = SO B BRI PR SIS B S AR A, HR A
PRI IR RIESE T LS e Ss R K amE L
B R A, 32 LR AEGERIINLE;  [FE mi%
WRFRIE 2 S EUE ) LR S N ER IR AR ) — T R A
HA RS NS Y — RS S E O S B
W, WERLR S R SR, CF I AR EE R
TFFEB RIS ) UINECH K AEAFAE B A A DG 1, 1
FE S HFIC 7 4R T NEC RIS i T HB 3B K 5
M. FEk, RKREFEI—DHREBELRESEIL
R RIGAHCIE T, AR &SI R B LIRS
SRS TR,

S Mk
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