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HBZEENTWEY, FOERBLTLL—L
TWRWI, 205 2, HHO B RITo 7
1960EMREEDO L REOREFIIF L (ERLT
BHWR By o OEMELAE ML T
ZD 16)17)0

ZDIH, bBPEOREOAIDPOES 2 v
HIEZELLTWwa EEZ N, TTR, B2
BT TR Y S v THBEY 3 A, §-
AUFrBLUES I VYEQAAFHOESHIZOW
THLMZLTWw3, S0, HL L Ok
Ty iraREFHorCT BN TR ET S
DTHRET %0

MR« ik

BE EERYCRT L D i, JREEED & il
22 2EU6HIR ICHETE T B ER1 T~ 41 DRI
2,434 52, RTRIED AL 218, TD3 5,
ORI ERTREDORR, £ 3 YAlORR
2w, QIEESHTHL, QBARETCHE, @
HIRDFELSHED SPEALR & THHRBEHRE
fHD 3 ~97 83—y A NNz h S, OFEARY
WEFETLORE SR 6 B & 42, DRALBEIMEK 2
SENOOFEITHS (S 3~ 5 BDkkik
BERERENLE) buSEEEd T LE
2,279 BRI R E Lz,

o REEREROCTRT X9, 19894 1 B
~3AETE~9AO 2B TERL, §iE
ELFEH, BEFPEEILE L,

WHLHARR & ERHE, WAELIAN T iSRRI &
DL HMEARICEI>T3~5H, 6~10
A, 11~15H, 16~308, 31~60Q, 61~120H,
121~240H, 241~432B D § eI LEH, B
BRI LCERRSLUHAEL

MU ARSI, SRB16~908 DRk EE
EHEESEFE ORI Oy 2 HSE PR
LCRAE L7 T3 T sz, &2, HFR
ZERSLFANL L,

5 ¥ &

(DE# 2B, #E0meic 1 NFRERL. 5me% i
AT, MEARES TSI EIL, 4 ME:

12

B b D ABEETDHL SR L, 5%FAHY
T A —EERE R 25miEEE, 39+ 1°CT—1%
WE LTz, Kz, iR C15aRbnsim

L, AZ/—A5mi%EME, FEEKRTEmE L
%, 58(0.45um) URERHER & L 72202, HPLC
%3, # F 4 :CAPCELL PAC Ci,
SG300{(4.6X250mm), & T AR 43°C, AR :
20u ¢, BEAR : 5mM 1 -~7F > ANk VEES
YD AESDE0MM VU EE—A ) 7 AERRS A
&/ = (800200, i 1.0md/min, KJIG¥E:
0.1%7 = U7 ibd V7 LSRR/ 5 %AE{LS
FUSAEEE (1 1), 0.7m/min, KGR
43C, BmHHHEE  Ex 375nm, Em 450nm ¥ U 77,

(@2)E7 £ > B, I BEEIHIZES £ B, L[k
WERSE L 7o HPLC ik, # 7 A [ Cosmosil 5
Cie(4.6X150mm), # 5 AMREF - 40°C, HEAE 20
uf, B 10mM U EE—F MY Y AT
(pHB.5)/ A% /—n (7 . 3), $i& :0.8me/
min, #HHEFER | Ex 445nm, Em 530nm & L7z,

B=aF 7 5 F 2R omlic 1 N2
mlE £ 100°C, 105U, Bl y / —
A40me % 0 & T1053 IR D IR T gt L4 B L
fro LWEERSHE, WEWET S — N 40mlE D
ARDBEE, BLOBELEEREDE, B
FFTHEHELTIY , — S gk
T5mlE Lz, SEP-PAK ALUMINA N CAR-
TRIDGE T2V —>7 v 7%, i (0.24m) L
ARSI & Uiz, HPLC &%, # % & @ Shodex
RSpak DE613 (6.0X 150am), # 7 A : 50°C,
AR B0, BEME: 1mM V>, i
1.0mé/min, HHEE : 26lnm ¥ Lz,

(s b7 R EE 5 mbic R k45me 2N 2
T121°C, 1653 EIEA U fz el ¥ 7 X & — ¥0.1
g, 74 0. 1g, 2.5MEEEEF MUV ABETE 2 ml
EHiZ CEME 1 NEET pH 4.5 %L by
LE 2~3FEMEZTITC, ISR L. =
NE100°C, L0 RGBS HI L10% A & UV VERES
0. 3md &R T 1 N2kE{t 7 b U v AT pHE.8
AR LT ATIOON E L, AMEEESE
No5 C) Uiz, Z D¥EFIOIME% M A T100mli 34
WURBBKEE LR, EEWE  Lactobacillus
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Table 1. Concentrations of water-soluble vitamins in human milk at various days after delivery.

Days after delivery

Vitamins Sample

3-8 6-10 11-15 16-30 31-60 61-120 121-240 241-482

Summer milk! 3 5 9 13 14 4 U I
Winter milk'? 3 5 9 12 M4 13 13 13

Vitamin B, {ug/100ml)

Vitamin By (xg/100ml) Summer milk 40 43 43 41 41 40 38 RY

Winter milk 39 40 40 36 38 36 38 2

Niacin {mg/100ml) Summer milk 006 012 02 024 022 018 02 017

Winter milk .07 012 023 028 024 020 018 017

Pantothenic acid (mg/i00m1} Suwmer milk 0.36 035 03¢ 035 020 02 027 0.%5

Winter mitk 0.40 0.35 03 033 028 05 02 035

Folic acid (kg/100ml) Summer milk 3.0 45 53 6.4 6.3 5.5 b2 4.4

Winter milk 3.4 3.7 5.3 4.4 4.5 4.7 3.8 3.5

Vitamin B, (xg/100ml) Summer milk 0.04 004 003 002 002 002 002 0.02
Winter milk 0.04 0.04 005 003 62 002 003 003
Vitamin C (mg/100m1) Summer milk 6.4 57 6.3 6.5 59 5.5 50 48
Winter milk 8.0 6.8 8.6 7.6 7.4 6.3 6.3 58
Choline {mg/100ml) Summer mitk 5.0 6.5 6.7 6.9 6.6 6.1 6.1 6.4
Winter milk 5.8 6.9 7.2 7.2 7 6.6 7.3 7.3

*1 Human milk was collected in summer.
*? Hyman milk wes collected in winter.

blantarum ATCC 8014% FAv>7- e st ER
i R R A

(5YEEIE © A EI30me % AR IS 4 4 > skt
(DATATON WALQ) WS L EmSREL-E
AK¥EL, 1 NAKERMEF b Y v ABEHS30mI £ 1°0.5
MEEEEF + U U ASTEI0ME 2 VW T Uiz, B
HifE% 2 NS e HwT pH 8.0 L5
HAEMAZTI00mEE L, %D §mliz2. SMNEH:+
MU '74\?&"?&().08312#5;0‘4 Wi~ > A Y
7 AFEHEO. 2me R TN X, BERER B T 105 ERE L
fro WMEREF O~ A > BH Y 7 A% 3%
Bt ABETHMR LAY EIME TI0nd & L7z
%, %@ (0.45pum) LEABIEHE L L7, HPLC
Efix, # 7 A CAPCELL PAK C,,
AGI20 (4.6X250mm), b 2 AJREE : 45°C, BE)
8 50mM UV EETIRES Vv A, FEC0.9ml/

min, #FH#E P Ex 350nm, Em 450nm & L7z,

B)ESF 2 > By | FKILOmME FER K 10mE %0 %,
TERMU0.05% 7 »AbA V) 7 AFHK0. 02me3s &
U'BERIE AL 5 ml % B2 T100°C, 3043 REhnEt L
Tzo ¥5EIR, 10% A F U ERVATRO. 3md &N 2 TR
T210%7KEAE S M U 7 AFSHET pH 7.0 3%
HHRFEARTIO0nEE LT, 28 (FEAMENS5 C)
UBEHE L Ui, BRI Lactobacillus  leich-
mannii ATCC 7830% w708 (k
i1 Kl N N i

(Er s s v C B omlic 5 % AT U BE
HWEmeEINZ THU IRV B, EOSEEL
LEESE (0.45um) Liz, B 5mliz0.2% 4
YF7 = NEREMATEEL 28, 5%F
ARZFEOSmEEMZE, &6z, 2%2,4-Y=tw
Tz FZYCBRE1InENZ TREAOL,
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Fig. 1. Changes in vitamin C concentration in human milk after delivery.

50°C, 9Q0MMETEHE L7z WAL, BFRxF-10me
EMA TR 2, BWlsrBEL L e el
kL7229, HPLC %&{#i, # % 4 : NUCLEOSIL
100-3(6.0X 150mm), AR 20 ¢, BEME I n
-AF Y /Mg T F /0 - a8 ) — IV EEER

(40:30: 2 : 1), ¥i & :1.3mé/min, # H ¥
£ 1 495nm & Lz,

B2V v HE 6 mlic EE 6 mlE N Z,
100°C, 455}RTANEL U oo My AR AR 50me & Il 2.
6 NAKEE{LEF bV 7 ABEHET pH 7.0 L,
0.8%# ¥ 5 — ¥ IEIR0.8me % N 2102 H#HE L
Tro TEHEIR THiIGE, A8 REAHNS5 B) L,
4 MEEREF b U 7 AVEHE S miR IR -1, 2B
T100me bz S U BURIVATR & L7z, BARNEHEZ  5Smé
W, BIEREREL oA () SIREC-7 AT
—)2.5mi%EMZ, 37°C, 5oMEHREE, BHLR
JEREE (BE600nm) FREL 77,

& S

1. AIlhokisky # 2 »E2nidIREL

BEB L UEFHBOSTRHR E Table 1. i
b7 O Al

AR OREEY Y 2 rEROWFLIIELIZ

14

OFEFIZ L > TR DD, RO IFHCHTZZ
ENTER, OILEEBTA»OBACE S
WP T EEF 3 By, N MT VR, EY
TVBLBIUESY 2 C (Fig. 1), QRS
BATH, WAL A-BeEkisEy sy
B,& & Fa ) v (Fig. 2), @#HA» S>BITH, B
FLALEmML, ZOBBLPTEFA TS rBIV
#EE (Fig. 3).

OIS — > TH NI F BT
PERACRIEMVELSTEZES 2 VBOD
b, £¥ 2 B,aBI, Stk 6 ~150 0BT
D42ug/100m D> & 7 1R $241~482H D35.2/100
mlE T Uiz, 23 b T o EEEEE, SRES
~ 5 B OO0, 38mg/100mezn & 43 ¥tk 241~482
Hd0.25mg/100me % THA Lz, £ 2 B
HiZ, Stk 3 ~10HO#H B X URBITELD0.04
2g/100ml 2 5 23 E31~608 D0.022g/100md &
TP LIz, B9 2 rCERE, SHEll~15
OBATA DT 5me/100me b & 53 Mi%241~482H D
5. 3mg/100me & TIRA L7z,

B OWILIE Sy — v T H P BT,
BRI ML BEELTZEY S VDD
b, E¥ & B, &k, %% 3~5 HOFAD
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Fig. 2. Changes in vitamin Bl concentration in human milk after delivery.
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Fig. 3. Changes in folic acid concentration in human milk after delivery.

3 2g/100md > & 3 Eate31~60H D14.g/100me ¥
THEINL 28, ER—EMEEHER L, £/, 2
U EE, SEE 3 ~5 HOWMEOS. dng/100md
5 A E16~30H @ 7. 1ng/100me & THREIN L 7=
7, EFE—EEEERSF L

BZOWHI NS — o Th B2 & BT,
BRIAAEBINL, TORELTEEY 2 VHDD
B, TATYERE, SHE3~5 HOWAD
0.07mg/100mé% 5 3 #84216~30 H 0. 26mg/100mé
~ EREINE, 241 ~482H D0, 17mg/100ml =
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Table 2. Concentrations of water-soluble vitamins in human milk at various areas in Japan.-

Vitamins Sample Hokkaido Tohoks Kanto/ Chybu/ Kinki Chyugoku/ Kyushyu/
Koshin' etu Tokai Shikoku  Okinawa
Vitamin B, {ug/100m1) Summer milk*! 13 1 14 14 13 14 13
Winter milk*? 13 14 13 13 13 13 12
Vitamin B {xg/100m1) Summer milk 41 41 14 3 87 38 40
Winter miik 38 41 33 36 34 32 34
Niacin (mg/100ml) Summer miVk 0.20 0,20 0.20 0.21 0.20 0.17 0.20
Winter milk 0.22 0.23 0.23 0.25 0.22 0.23 0.19
Pantothenic acid (mg/100ml)  Summer milk 0.27 .31 0.32 0.29 0.28 0.28 0.29
Winter milk 0. 34 0.28 0.30 0.27 0.27 0. 28 0.28
Folic acid (ug/100ml) Svmmer milk 2.9 6.7 6.0 6.2 7.0 58 58
Winter milk 3.5 3.7 3.8 3.4 3.6 3.0 3.2
Vitamin Bia (xg/100mD) Summer milk 0.02 0.02 0.03 0.02 0,02 0. 02 0.02
Winter milk 0.03 (.02 0.03 0.03 0.02 0.03 0,02
Vitanin C (mg/100ml) Summer milk 6.5 6.2 6.8 6.2 7 6.3 5.9
Winter milk 7.6 7.8 a1 8.0 7.5 7.8 8.1
Choline (mg/100ml) Summer milk 57 6.3 58 6.5 6.3 6.4 6.3
Winter milk 7.4 7.2 7.5 7.2 6.9 7.2 7.0

*! Human milk was collected in supmer.
*2 Human milk was collected in winter.

Tl Lz, EHMERE, S8k 3 ~5 HOH
D3.2pg/100me & 3B H#16~30H D5.42g/100
mE T, 70tk 2E%k241~482H 04.0
xg/100me & TP Uiz,

EHFOZRE Y 2 VBB L UEBSESRE
E=I TEWEERL, EFErCBIUIN Y
SERBAFI CHIEERER L VY 2 B,
FATV Y, N TFUYEBLIUESY 2 BLE
BOEMEOE NI BTz,

2. AILFh@KiBEY 4 £ o EENHIREL

BEZ=B L UEXZEFHBOSTHR % Table 2.
~L7z,

BEYIEEE LI, HohpHEEIFED
shhidotz, i, BAMIEESEEL DB
Alpi16~30H, 31~603 3 & 0F61~120 H DEHR
ERL—EH U,

FEEOZ T WIEE DB LRI TS &

16

BB L UERESESEEI CHWERERL,
Fg 3 rCELY ) yEERELFI CEMEER
FR LT

& 5=

WILEMIE B LIS L O, BHErofihs
NWAHAHOAEBRLUTHET T2 I 05, B
BIF (B) BoRBFWLEREY 2R UD
ETBTARTORBREZATVREEFLLONT
wh,

Lo, AFRLthoEs 2 &Rk, #Heg, R
o TR TEYY, REERah T
ZAAFOE S I VERLM R ER s EE S
- T oy ZD 5)10)23)24}°

—%, bBETOALFOCS § yERICET
SR, SIS TWwa Yy & o, A
AR OIFLIA, iR, FTHIB & ARG EAR



“Texthook of Gastroenterology
and Notrition in Infancy” =%

Nutrition of
Normal Infants™**

“Nelson: Textbook
of Pediatrics™®

in Japan™®

Standard Tables of
Food Composition

Rural

Saito et al. *!
{30-75 days)

Table 3. Representative values for water-soluble vitamins in mature human milk
Urban

Present study
(31-60 days)

Nutrient

10.3 (10}
3.0 (30
0.2 (0.2

13.4 (13}
2.8 (26)

94 B
016y

14
40

Vitamin B, (zzg/100mb}
Vitamin B, zg/100mi)

Niacin (mg/100ml}

52 (5)

6.8 (6.6) 32@EL

0.23
0.20
5.4
0.02
67

B.7
*! Values caiculated using specific gravity, 1.0324°%'. Values in parenthesis are adapted from ref. 8, 9, which are per 100g

% Values calculated using specific gravity, 1.0324°%'_ Values in parenthesis are adapted from ref. 10, which are per 100z

*3 Adapted from ref 23.

4 Adapted from ref. 5.
*5 Adapted from ref.24. Value of choline was calculated using choline-N

Pantothenic acid (mg/100ml}
Fotic acid {«g/100m1)
Vitamin B,» (zcg/100ml)
Vitamin C (mg/100ml}

Choline (mg/100ml}

H /MRS bR AR

sNLOTHY, EHECD 2WEZRER
BV, FD7c®H, BWE, bBETALPOES
I UEROEHEMEE L THLONTWAMNETHAE
ARG b 1960 I fThh S ©
EMRIZEFITINTHBY,

L L, B5HESBWFEEIT> L 1960FELED b
HEOREEE, HERBFEREDRF L &b
UL BRIEDS#EA, SAASIITARSEFHT 58
SR Z THEWI, Fi-, AENALHE, I, &
B OBRAEE 2, FE, ANMEOERSEIL
TETWnG,

T XS RERE, bHEOY Y : ENER
bhERPEREZ TV, AREEATZ LN
W, bXEO 1Al A%k OkEEESY 20
BRI, 1960F Y £ B, C1.05mg, EF
2B, T0.2mg, % 2 CTHhmeThHo7"%
DHY, 19894E I 1T B OB D1, 34mg, 1.23mg, 138mg'™
& 19604E I L~ THIZ0~80% L TH Y, K
ETovy £ B B 0negk L B BRE
1. 7Imgtii 3w T v 3%,

ZOBEER»S, REOLIEO AN DK
BHES L &R, WESYE IUVEHTERR
AR R A O E O b L, Bk TORE
HIZAESTWTWB EFLBNE, 22T, SHO
B2 ORERZERSYE L UNET B A A A
RAFROMEY, &S0k, FKEEORZEONRK
{20 L [rlsRat Lz (Table 8, ¥, FS
i, EHEHEERHMOAILFOLS I yERICI
R EWMELTHEWI LR, FORBRD
bHEOEHHRE S £ vERII ZOEENICH
5HDELTEELN,

B2OFEITOESY 2 B SEIF, 14ug/100
ml & FTHE 5 009.4~13 . 4ug/100ml 3 & VIUETH A
R ST R D10 3ug/100mZ EE N THET,
R A EEE D14.2~20. 0pg/100me iz M W fE & %2 o
Twz, [, Y¥IrB.a38d, BES0
26.8~39 . 12g/100ml, METHARDEHER S LD
31. 0.8/ 100me4z Hi T, B2 DR I340,2/100me
LEETH D, BeKEEEO36~50.0ug/100ndiz T
¢, REBOWMENG L bhi,

Linl, B2 rCHERED2WTR, SEOHE
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Proprietary
infant formulas®®

ESPGAN®S
1976 1977

AAP*1

FAD/WHO CODEX*®
1981

Table 4. Levels of water-soluble vitamins in human milk, and current recommendations for infant formula
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58-115

80-172
0.82-1.20
0. 33-0.58
8.0-20.0
0.19-0.40

8.8-0.7
7.8-16.0

240
260
20. %5
=0.3
24.0
20.15
=840

240
=60
20.25
=0.3
=240
2015
28.0
27

240
=60
20.25
20.3
24.0
20.15
28.0
=7

2012
28.0

0.029 (0.029-0.070)

58.0 (5L 7-63.6)
0.34 (0.09-0.41)
0. 42 (0.32-0.63)
7.9 (4.4-9.3)
9.8 (1.6-127
8.8 (7.3-1..8

20.6 (4.4-24.0}
*! Values in the parenthesis represent the range of contents of vitamin in human milk thoroughtout whole lactational peried.

*? pdapred from ref, 26,
*3 Adapred from ref, 27
v Adapred from ref. 28.

*5 Adapred from ref.20.
*6 Contents of vitamins of proprietary infant formulas in Japan,

Vitamin B, {1g/100kcal)
Vitamin B, {g/100kcal)

Niacin (mg/100kcal)
Pantothenic acid (mg/100kcal}

Folic acid { z2g/100kcal)
Vitamin B,, {we/100kecal)
Vitamin C {mg/100kcal}
Choline {mg/100kcal)

P36, Tog/100mETH O, FE S 03.2~6.8mg/100
mé, PEET B A A EHERL 53 R D5 . Zmg /100me iz Fh
THRETHZE», BKFEEDL.3~6.0mg/100md
RHEARTHRRHEEER L, ZhiE, bHED
E# 3 CEBIEH1960EIZ I3 75mg, 198041k
138mg ThHo7e D LT, RETOES 2 CD
EHEEIESEngYE, bBEIRIERTREE T
W3 Z e —DDEREFZ SN,

1, SEOFA TV rEROBEE, METH
HEARER SRS & CHAKGEE DTG b D
Thote, Thid, bPEIRIIZIBFA T
Wit & U COBEE— A—H %7 D #932mg T3
FIFEEALELTE ST, 2, KETOER
BHmgE bV SEELSNT,

BED XS, SEOEREF1 7> 2R
T, FEHESYB & IFTH AR RIEERSFEOA
M HRTEMETSH Y, HEOLHEO AL
ROAKE®E Y 3 SR, BKEEOSEE
SVTWBEeHEZIoNL, TORYH, NETHEAR
AR S ED A RDOES 2 B, BB
S 3 CEd, BMEOHLBEDAFFOLS 2
YEBEERELTL AL DL TIIBE ~ 858
FEEEZ B, '

HFRHBRALOESY 2 vEBwOWTORE - &
#izkk, b2rEO [FLRAERSR . 2ER0F
TEHE 290 iE iz, FAO/WHO CODEX™, 7 &
D AR BN B RR SRR S
CIoTHESNZ DD B, ThoDfER
BERALCIEZ>Tw3 (Table 4),

T DR - EHEBORER Mz > T H AL
EHNEREO—2E LTRAL SR TW A, e
DREELIALTOES I VvEREINSDR
M- BAEDORNIC I, O ORS THEL A S
Niz, ThHbb, ©F I B, aBEOERK- EL1HH
(4022g/100kcal B b)Y iz, 2 DAHEI1I~60H
DA EHI21g/100keal (SWEHATL. 4~24.0
pg/100kcal) it b~ TH 2 f5 - o T B, 22,
B4 3 v B O EHEE (0.12%7:120.15¢8/
100keal LL E) & B2 @ 53 ##31~60H O B FL {&
0.029ug/100kcal (£ %, # T0.029~0.070ug/
100kcal) itb T 4 ~ 5 fF L x5 T 5,381,



BEFR S E OB -ZEHEMW (4 ug/100keal BIE) &,
T4 D &y i #31~60H o 5 FL{ET . 9ug/100keal

(£IBFLIRT4.4~9.3ug/100keal) 12t THIL/
2o Tnd,

TR, EY 2B BEORREEI DT,
FAQ/WIHO CODEX #EE =B T0.15.g/100
keal #50.1ug/100kcal ~MERKT 5 2 & 55T
ANTHEY, iz, B, AR EED
P OEFEESEOE RAHI THE LR OMmE
ERSREILRRE L, RFEEMZ R,
FHABILPOERSER, §~12xg/100keal
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The latest survey for the composition of human milk obtained from Japanese mothers.
Part X. Content of water-soluble vitamins.

Nutritional Science Laboratory, *Quality Assurance Department, Inspection
Center, Snow Brand Milk Products Co., Ltd.

Tadashi IDOTA, Makihiroc SUGAWARA, Takafumi YAKABE
Norifumi SATO, Tadao MAEDA*

The content of water-soluble vitamins, namely, vitamin B,, vitamin B,, niacin, pantethenic acid, folic acid, vitamin
By, vitamin C, and choline, in human milk from Japanese mothers was examined. Over 2,700 specimens of human
milk were collected at 3-482 days postpartum from 2,434 mothers living in various districts in Japan in the winter
and summer of 1989. Out of them 2,279 specimens were used for the analysis. Three changing patterns were detected
during the lactational stage. The contents of vitamin B,, pantothenic acid, vitamin By, and vitamin C gradually
decreased from celostrum or transitional milk to mature milk, whereas those of vitamin B, and choline increased
from colostrum to mature milk, and remained constant afterwards. The contents of niacin and folic acid increased
from colostrum to mature milk, and decreased afterwards, The content of water-soluble vitamins in human milk are
higher in this study than that found in the previous survey (Saito et al,, 1963, 1967), except for the content of niacin.
These results suggest that the increased content of vitamins in human milk may reflect changes in eating habits
during the past 30 years in Japan.
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