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Iron Bioavailability in Iron-fortified Market Milk
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Abstract

To evaluate iron bioavailability in iron—fortified milk, in vitro and in vivo method were used. Low
molecular weight components(ILC) from milk was isolated and iron was added, then soluble iron from
ILC—-iron complex was determined. Each iron sources and extrinsically labelled with FeCls was used
for measuring absorption rate of iron from ILC-radiolabelled iron complexes as radioiron absorption
into the blood ene hour after injection into ligated duedenal loops of iron-deficient rats. Iron absorption
rate was in the order of ferrous lactate(25.56%) > ferric citrate(24.71%) >ferrous sulfate(19.67%) when
100ppm iron was used. In separate experiments, iron fortified milks with each iron sources were
gavaged into iron-deficient rats. When 25ppm iron was added to milk, the order of iron absorption
was ferrous sulfate(12.52%)>ferrous lactate(8.07%)>ferric citrate(6.52%) (p<0.05). When 100ppm iron
was added to milk, absorption rate was decreased compared to the treatments with added 25ppm of
iron. Absorption rate of ferrous sulfate(5.34%) from milk added 100ppm iron was highly lowered,
but ferric citrate(6.45%) was not significantly changed. The absorption rate of ferrous lactate(5.82%)

was 70% of 25ppm iron added milk.

Key words: iron absorption, iron fortified milk, iron salts

N B

AEL AA Yol o] 7R ) ZE tiatel] I
T AR o2 B FoFiel nimate] vl wA Ak
o] Fastch(1-3). AT A Y Ay 1§
FE FRIA L AAH o2 o] &5 HEE Fr}s)
= Aol4 =7t vl §- Faslch4-6). o] RS FEY 4
3 Fgol o dann v o w3 o
AEET] A5 akg-o] thofsle] A F ] 23l iz}
Al - ookt Aol £ X8 Holr] wfoltt AE F
ol ole] $79 A Ho) £A5te] o] AY Ha
&ol vheFste] Aol b o) ztzh of & of &S WA}
AP Aol g AL AL 71 Fog H&
LA =24 o] 4% 9 mucosadlA AFHoE F4
7] A AAZ A (7). ALY S vE 4 Ee 7}
5, AR F 285 = AZF B ok} pH, 4-3HEYd
z2H4 5o #7340 weld gl =3 SEs Y
A5 = 584 £5%, chelation, 2% &7, A¢E =
ol wpz} to]7t QIeh(89). HEY Mol 4T L wr}

. o

dolit kAo A5 wl§ IRk HYolaAdo] 9]
o) ol & o 3L vl F 83 UAtet
A=A QA FA A doind at
F17%] ol A Bt AX QA sho]of e}

AE3 oh e 77147 FaaE-e a4 F5
3o AAJAZ ol = glom A EF o E A
32 Ao oM E AAAQ #AC F 5 Qo
(10,11). =gk A A o) T Follx A Q) Sl A
F71A 7S] Ak, 8BSk A szbgo] gle) o]ojzhe B
718749 o] 2442 o}z 53] ol3E 1 glA] &
o 7712z AL e MERE 1FE 5
TH12). @ ohE iAo A=) ol BgAe £
713& YA 3l a4 e n]galAl B2 W)
@ &84 B3 A A2 A3 TriAle] Agtsled A
AL F2 @ 5714 liganddl oh2 BrjAL Ashgke
2A e FriA slAel BEgAE ¥A, @ F
714 ligand B34 YA o] £3tE 29 AHgol| T
u13, 32 Atk o akel ferrous, ferric el &

Q) - =
\_E—\_



706 A

Asle} A A= AL o] BgAE YAk
pH7F 3 o4 7% &3l =7} w9 2 ferric hydro-
xides® ¥ A18}7] wlFol ferric iron?] &3 =7} 24
geh(13). A428f FA] ol 9} 3ho] -8 =7} P& hydro-
xidestt phosphate A& FA st 2 & AT +
9l = E oJ® complexest} chelatesS ¥ A& 4= glct,
Ao A" EFAZHE Y oS 5L EA Y
gt A of| ute} 22z}, Gastrointestinal tract® £}
sHe B o8 2A6d =% 4] ¢kAH soluble salts7}
Froll 7 {88 Aol BAY kAo FE
AT BAZYE AEo] X E7] A9 o E B3
AE A7) 2, Al o= Hx Aol Fe
Hipel] we} o] £} debalri(14).
Fre dSgAH R M FolR L T AEE
E 2F FH3la AT A B9 of& T3] Aol
74 8ol gl o 77} 2= o 4oh(15-19). A F
48 738 A S5 52 98 7R 71
AR JaAfLol ste] R o] SA ol W
Aol 7t o1& = it whehr] AR 7kt #3 B
ol Al A E e gla A 22 7|go] BoiEe] Bt &
2l v & gk 9l A R A 2o 553 3)ehA
24 (transition metal) 2 Z(20) o}&) & A7} A Y =
Ue AAet) B QT Sfol AH45 AR
A8 FFel weby AR o4 ofd Jgs
P12 7+ Hrbstaak sl

o

i

b

B

Ko g o fo b 2 g% o2

HHSE

Sprague-Dawley 353 &3S A ¥-Z2 Y Ao|Z 6~
777 AbEEte] HEAFAHR 5T He 2~3
ul2] ¥ stainless steel cageel] ¥ 3 4] o] 9} i} Z&%’--’F—
E AH-EA AAREE sk AHSAlS
FAAR L 12417 F71 2 W be] A5 ’”‘éﬂ =E 3}
Sk Aol AFE3E Alo] AL Table 13} 2 om &
9 AlEe oz i Agsgoh

Hemoglobin &= &3 & ¥ cyanmethemog-
lobint

ol 20ulel 8 2F2Y] &4-8- A 2F(Hemo-s Reagent
4 A (F) bmlE 713t A EFF obS A-LAA
587 WA E Ao FHFEE 540nmellA A sted
Fq9 FR=e) vlwslte] AAlbstgdch

Table 1. Iron-deficient diet composition for rats

Ingredient Weight %
Casein 20.0
Corn starch 15.0
Cellulose 5.0
DL-Methionine 0.3
Mineral mix" 35
Vitamin mix” 1.0
Choline bitartrate 02

YMineral-mix contains; CaHPO4 500g/kg, NaCl 74g/kg,
Potassium citrate, monohyd. 220g/kg, K2SOs, 52g/kg, MgO
24g/kg, MnCOs 3.5g/kg, ZnCOs 1.6g/kg, CuCOs Cu(OH):
0.3g/kg, KIOs 0.01g/kg, Na:SeOs6H-0 0.01g/kg, CrK(SOs)2
12H20 0.55g/kg, Sucrose, finely ground 124.03g/kg

?Vitamin-mix contains: Vit-A 6,000,000[U/kg, Vit-Ds
1,500,000IU/kg, Vit-E 7,500mg/kg, Vit-K 1,000mg/kg,
Thiamin 1,000mg/kg, Riboflavin 3,000mg/kg, Pyridoxin
1,000mg/kg, Folacin 750mg/kg, Biotin 50mg/kg, Vit-Biz
1,500mg/kg, Niacin 22,500mg/kg Cal-Pantothenic acid
7,500mg/kg
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Table 2. Formulation of iron complexes injected in-situ ligated loop
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Treatment A B C D E F
Ferrous sulfate(Fe 100ppm, ml) 2.50 2.50

Ferric citrate(Fe 100ppm, ml) 2.50 2.50

Ferrous lactate(Fe 100ppm, ml) 2.50 2.50
ILC"(ml) 050 050 050
Demineralized water(ml) 7.33 6.86 7.34 6.84 7.33 6.85
Tris buffer(0.25mol, mi) 0.17 0.14 0.16 0.16 0.17 0.15
Total volume(ml) 10.00 10.00 10.00 10.00 10.00 10.00

YILC: Isolated low molecular weight componentsMMWCO 6,~8,000) from milk

®Fe absorbed in blood(%6)=[(uCi®Fe/0.02ml blood
X g body wt. X 0.067/g)uCi®Fe administered]
X100

Ferrozine assay
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Table 3. Radioiron absorption from iron solutions injected into ligated segments of rat small intestine

. Weight Hemoglobin ®Fe absorbed
Treatment (g/100mI blood) %)
Ferrous sulfate 100ppm 191327 8.25%+1.03 13.97£6.01
Ferrous sulfate 100ppm+ILC 225131 8.39+1.76 19.67+5.44
Ferric citrate 100ppm 241+33 9.06%t2.11 3219%+6.12
Ferric citrate 100ppm+ILC 227141 7.22+151 24.71+7.43
Ferrous lactate 100ppm 240+30 7.32£1.40 12.62+4.16
Ferrous lactate 100ppm+ILC 218%36 793%1.10 25.56+4.53

YValues are mean*S.D.



708 bl

& AdelA QL& AE 01213 citrate?] 2H-go)] ¢
FEAILCY AE L85 ol Y &3 a7S
Fo ALZ Xdn. o213} AFA2 e HAdstd &
froll A 8% ILC+ ferrous sulfate, ferrous lactate}
EZAE ol & o F582 7R 2 ferric citrate
2 A 2318 AaAFE AHE Fo) gela
B AFe FAHF HEL A3 o B 25
o] wheba] Aol f-AJoll xfo] 7} 9l-&-& & Alapstw 9t

k.

In vivo ol 23t Mo|lsd "It

AEd $He G2 HERSS79 HE Yol 45
£ AEAPE oA gavagedh il o3 A28 F
g th-& radioiron?] F4AEE H715 AFE Table 4
o} ot 2 PG AoleE Hrle A7) Ay
o M2 gute]e] HE Algsiglon] FFAFS 183~
218g %1%} Hemoglobin %8 5.03~6.36g/100ml
blood2 £ Ao Al4-1 H = AR AR 2§ 1y
o] F&3] el Arelgict

HAEAE AL TR FH, 0ol L3420 g
TFollA Aol AHE3 A B w5 2F556 288 7
2] F-&o] E3H(p<0.05). Ferrous sulfate 25ppm
TEAME F/HP, S/ A8 Feerl vl
of B8 A3 vlasA F5SE0) 158 o) E9k
L ferric citrateol] ¥]aste] 214 (p<0.05) 22 &9}
t} 25 100ppmd o 25ppmE.T} F§0] Fo}
H A ferrous sulfatet 43%, ferric citrate'= 989, fer-
rous lactatet 72% A £ & vrehgdr) o] = A ko] 7}
< 4 238 FH5Ert Yol o E 7R (26)
9} A ke g ehllen ferrous sulfate’} 5
o] o} Z Holrl & Ao 2 velzch AL v w3}
A ¥ 100ppm Al B7F E Fado] wot SA

& A

FAFAE st AAAAFE A8
=7 °] }E" A sle}a ALE E o}, Ferric citrate®} ferric
lactate®] 7% $-foll Hrlsld L o T 5o w2 F5
& Aolrt ol o) EHd Arbelel e Wuds
UTHP<0.05). ¥ AT A A FPe-E ferric
citrate 100ppm<] 73-$- 6.45ppm, 25ppme} A4 1.61
ppme]™ ferrous lactate 100ppm<] %% 5.82ppm, 25

¢l
e
oz
i
B
rg

ppm?| 7% 2.02ppm.2. 2 vrebytel & ¥ %= (25ppm)
ol A ferrous sulfate7} H EF5go] T& 702 1}e)

=4 £ FE=(100ppm)o A& o}2 HE G5} 3}o)
7F 919 oHp=0.05).

In situ ligated loop ¥ ol 2 s}ed 7135 4 3}9} w)
319 ferrous sulfates $-f-o] £33 29 F4x7)
=ob 2 A gko] dx|38l¢] 1 ferric citratew ¥F ] A
g0 2 w3t in vitro 232} U 2819 21} ferrous lac-
tatex -0l g Aol $Hol LT ART F
FE7t FolA o) dgtt) olate] AFE Z3 R

FAFAA = dA) dubgdo g Al gsle oz
ILCE #2l3tY in vitro WP o2 o] 44 & Hr)3t
Az e} invivo W oA S AP ALLE BB
N A L3R E Pol4A Anpel AR sR] o
2 AFE Bt gebs FAEe] B8 Yo)4-A
<+ Hr18l7) 1% invitro B2 AMFA A S5 ol Aok
g AeF Algd

@] ok
ped =

HAEA ETRAGE FAFTI AE Y|4 AES
H7yst7] $18te] in vitro, in vivo WS AF8-314 T}
$F-olA low molecular weight components(ILC)ZS
Festa A¥-& sl BEAE 3447 oS o}
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Table 4. Absorption of radioiron from milk by iron-deficient rats

Weight Hemoglobin *Fe absorbed
Treatment Iron salt (@) (2/100ml blood) (%)
25ppm in D.W. Ferrous sulfate 210+35" 596+1.09 11.77%5.07
Ferric citrate 192+41 5.67%0.69 16.30£5.56
Ferrous lactate 21937 503%1.57 15.60£6.76
25ppm in milk Ferrous sulfate 197+29 6.09%1.07 1252+544%
Ferric citrate 201+27 6.36+2.01 6.52+3.16°
Ferrous lactate 214+51 5.95£0.99 8.07£547®
100ppm in milk Ferrous sulfate 18732 5.99+0.96 5.34*8.33
Ferric citrate 18330 555+1.43 6.45*+2.90
Ferrous lactate 204*27 570%x1.01 582t 3.56

YValues are mean*S.D.

Different superscripts in the same treatment are significantly different at p<0.05.
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