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RN L L fﬁiﬁﬁiiﬁi’?'lijt e RALY A
Beby it THEENBET A PR EBH o ik
FAase 1 FU ks o Poprph I i (ferrous sulfate) ~ & 7 % = L7
4% (ferrous fumarate) ~ # i 7 48 (ferrous chloride) ~ Z¢ A 48
(carbonyl iron) ~ Iron asporotate ~ Amino acid chelated iron ~ #
it 48 (ferric chloride)¥? & 7 fs 4 (ferric pyrophosphate) % % IF
ﬁﬁ’ﬁ‘dﬁj& e R R ALY B Rk T HEE AP
i 2 48R A ‘%'J?f’]t fedt 2B R Y 0 T B4 2 4R
(DN) ~ ¥ 47 348 (D)~ A %47 = B4 (R)2 5= § 4 (DN+R)
SRR e bGP B B EEE L BH S B
PRS2 REERE 2N E RS RRE T E R TS
- ASCE B okRok o BBRH I B R R E URY
TEIEP o BEET iﬁ«;’?ﬂ//] et g R R A2 R %Y
= 4 Amino acid chelated iron ~ Frpk 37 4882 5 7 2
Fef: 4t REZ TP 5 = BRI B2 4T

P V2R R o MR LS 2
FI iz o F VBRI DT AT S 2 RS o B
REaf 4~ F 7 %o R & VX = AT 2 2
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Wb LAY K - B AL R A v
7$;ﬁéé%zﬁ%%%74ﬁ+’#{ﬁ$m%}wﬁ
Y n d FE R ARl - o Y IR R
GRS A AN R R AY LR e

S
DH BT FLL R E AL - BB Qe R Ao
e 30 (Viteri et al., 1995 ; Layrisse et al., 1996 ; West,
1996) » £ 11 %535 F 0 EpEH B SH P AFS 2 B %&%
(Hercberg and Galan, 1992 ; Tidehag et al., 1995)

B AME A Z R s e p i p R B A 4
L2 AP EEd 2 F0E - BRRGOLL O Tl EFEPT
Pl A4 e 5 3 Jlz B8 e 723 04 £ &% (Kaup,
1998) iu4ric 4 i 33 (Scrimshaw, 1998 )% 4% 4 T 4 %
(Pollitt, 1993 ; Walker, 1998) % o F i -/ ervifF 4 » IR 4830
PAEFECREY R FL ARG oG ERE ALY R
I3 AR oo kFaE o B A ERSE g
Hd 2 AHE > bp IR FELATT 0 N AP
¢ B3 Mk B(low levels)® # $ 7 I * (L X il >
BAFR PN 48 T =72 K (Shaw et al., 1995 Chiplonkar et al.,
1999 ; Yi-Chia-Huang, 2000 ) ; @ F ¥ — f&4 7k B 2] 7o
Rl AR o BFR S r%#%ﬁ\% o 7P ARF e Fpt @
R L EgEF L - > B A @d { FHNLR
(Torrején etal., 2004 )
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Mo om AR E Y - BT A G B ESRAE2 2ha I TR
(non-heme iron)£? >+ 5 848 B #F 2w ¢ F 4k (heme iron)- {2
ﬂ ERE S EF i Fﬁuw*"z &k e1% (Martinez et al., 1998 ; Wells et

1.,2003) & 4=48°¢ 40 2 & & FARAE R ’&_f”«‘f’”f'_%f;%
Voihg LR @it Y o Vhzbe § AN g i R
it 60 =+ (Monsenetal., 1978) - “§¥ o p fa%g2 7 p H &
¢ HBZET G AR bR R - ,@.Pﬁ B AR ik > IR
Bz 30~40 @ 2Ap 2 EpplgEr 50~60 2 F(Cook
and Monsen, 1976) @ f&4 ~ % )J{f I ﬁiﬁv‘_?ﬁv - W
b ¢ B2 AT I A SRR - AL (Morck
and Cook, 1981) o F]i & ’F‘riﬁaﬂ I W R
FI* 2 5 <X s @ Fril & EGE F] 5 2§ B (Beard and
Tobin, 2000) > @ #tx & F4BRPA|F|7 G2 3 f2R 2 Haf? 4
B FF 2P EERBEALF T ML~ dip A
10 27 (Van Moorsell, 1997)

FALANE BHA L Pm g o A P TS
Jet T BGRRET  PIE R 2 e & BB ST S F iE 20
+ow ¢ F4hy ¥ 135 =+ (Monsenetal, 1978) £

BLRTE RGP L B A2 R ié‘lmﬁ?q e T H
gV 4k GRTF]G Ny Ry ARE ZFrH] F]F 5 Moo BEARZE
B ﬁﬁ’}?iﬁiﬁ»iiém@’@_&é}ﬁ%ﬂ
b J FBZ ZEAPEL I TP R I gikaf Y B
BE B0 o FP RIS G P e 2T ] Myl
FAigRE2LD o Vo AL EFREHEAMP L F
AWRPAZFTFERE I AP FET AR TUE T 5~15
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B fTay 4 ﬂ\)]-}n 2. %F o

BE SR ME G ST WiE A 8¢ g ¢ T
(Kapsokefalou and Miller, 1991) e 7 3% 3% 5 {54 ¢ §
ARRET 2 & FTARS T T o s P F] S 4 S
6 4~ ¢ 248 fié (Hallberg et al., 1987)~ ~ & Fv (Hallberg et al.,
2000) % {8 4~ & % B (Rossander et al., 1992) ™ f— 44 § 4%
o2 el R ER AT F AOfs 5E 1Y & ;}%(Morck et al., 1983
Brune et al. 1989 )7 /= 3] ]+ 1 o T ARA
CEYRARarEFY > Frgap W5 0 EiEEy e
FlF e 3 F% TR F g R OB T F { S A
8% K Fla BILF 44 L ehliA)3 4 (Lynch and Stoltzfus,
2003)
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S U A 2R R o S ehdR 2 4 0 R R A
SOgUd g M e & A B8 ey sk 2 & (Allan, 1950
King et al., 1959) c @ &z g ¥ 3 ¢ dp N 2 FLens
oo X 1A% A B g s kg is Tk 4 W (fat globule
membrane)tp % & 0 F 24 ERR R0 4@ 73 29 BlE
PR 4R Vb 32 BARY - LA T EANN
& (Fransson and Lonnerdal, 1983) & &t g5t ¢ p|x 3 “7 £
297 %6 BB Bk B0 4E8R33 T3 AV
g % 15-33 75 &b d-d F = 4 ¢ (Brulé and Fauquant, 1982)
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Table 1 Food components affecting dietary iron bioavailability

Food components Potency”
Enhancers
Ascorbic acid +++
Animal tissue +++
Inhibitors
Tea +++
Soy products +++
Coffee ++
Calcium/phosphate salts ++
Eggs
Yolk ++
Albumen ++
Phytate +
Fiber +

(Morck and Cook, 1981)

means potential degree.
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B~ SRR RPBIRB R L R

FUi k-9 ¢ it 48 kv (lactoferrin) ¥ - f& 4 + &
gmmmaﬁﬁ%bﬁ@’@@%é%ﬂ%*ﬁ@ﬁﬂﬁﬁ
—+ e F-v (glycoprotein) » & 3 &4 3-v (transferrin) 2 72
BiLEEN > R T ﬁ—»—ﬁﬁaéﬁ*f Facd > e d A2
vk R H M % 0.01-0.1mg/ml (Jackson and Lee, 1992) %
B3 73 a‘ﬂ AERRNE "%;E ¥ g % K8 (receptors) o gp 22 A 5g
FU v G E o d T T RAFT B RY B H
- e Flpt ALY il g T E 7 A R A SRR
)% (Cox etal,1979)c ¥ 4 A2 F # 5 Mt & 5 o
BELESTBRY o W14 iy FHBZEH
éﬁ"f\-"}-}"c& PR E T R AR F I Y 'i«lﬂf’*];:‘].'—"ﬁf{ﬂ‘

m % A _F% %48 F (Fransson and Lonnerdal, 1980) &2 {s * 7

gk ﬁ&éﬁqéﬁ”fr’mzbéﬁ B-v ¥ EifL I 4 (ferrous sulfate) @ %
AT BTl BB TS A T o A F ok SR 11 e
(Franssonetal., 1983) ¥ “h» 5 3R 2 I » JE2 5L 2 F1 48 %
voP R RS L S B 2D R
(hematocrit) & £ fx & 48 k 0 { 7 »t % (Kawakami et al.,
1988)

FHRAFE AU BE RS LT I 2 g W1

(1.0 mg Fe/L)¥2 2 54(0.7 mg Fe/L) & 45 B8 v2 18 » A & #

Bl RPN BT IANET0 & 30 B2 RS A 4D
TA-ROBTFRAFPIFTTFEARENF - B
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et RETRES ARG AN IR i 2 B )
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FAREAENERB A FRREE > A A3 L 30mg mr
ﬁ‘rﬁﬁ}éﬁiﬁwc%? 180ml ch2 54 ¢ @ % Bok¥¢ > &3 0] 353FEB >
BRSBTS 15 15 cHPRLARpE
ABcg > FIUARR 2T T2 :lés—@ﬁf??lj‘}f]: 4t 100ml g it
P e I * g F)pt & & 2 (Schultz and Smith, 1958) o
TERPGALE- LRGSR RS 2
AR RS S LA R Y 5 BT A M%?
P2FEFHEMAS b T R A AR R AR
(59Fe) 4 i%ﬂ 5 ] L ’Fi*{ el B AL S N T ey
T RlTZMHRAERS 0 F LR AR (Deehr et al.,



1990)

ERY Yy AL FEHF AT RSO

TR SR R 2 AR At e A S
D APz 0 LR n e S 4 LR
FgnbgE o BRSSP F i 21 > 2R E |
(McMillan et al., 1976, 1977) o pt &% p 84 A 35 —g@
Foofed L B LT A S22 5 F2 5 e 3 At b7
o fTER 0 ey A gU P 2 fRed SR AT NG B AR A 0
i3 %’“‘)—j‘;— 0 s FYEEad 2 C 7 £ P #3 (Lonnerdal et al.,
1984) » ¥ 3 #F 2 F7 7 (hARAPEES X BB G (L ht fL s
FUo H B K R (8K A 2 Z ARG AT F R g A Jf*ﬁﬁ 5 (Barton et

S RERAHE S LR R R BT

Bl kX BB IR A A A Bt Ao T oo

AN RO Y iR F9 o FROBREN e H
32 L R-10 B A AL T A AE
\/H\oi-ﬁbﬁj%}éﬁaxﬁ_ﬁ/ig:i

e s 5 72 21 2 4 (Demott and

NN

Dincer, 1976)
55 1976 ETF AL ER AL A &



R E B S L E A BB e £
60~70 (Cook and Monsen, 1976) - 2_ & 7= § #= 3 %7 4% — it
Bd Bt RO MR R EBRET S
FIFAw i1 192 129 > d v fado iR g
AR B H s ARV B 474820 B 47 50 S ¥ 4 (Kane and
miller, 1984) o i - 9% 5 F B4 = A B~ 7 7 “F o (egg white)
R AL G 0 2 (S MR B P WA ROV R
T F ¥ A ¢ Tt @ v i (Hurrell et al., 1989) ¢ % #-
MY G A end B L g R b (in-vitro) iR s TR T A S
“z2 72 $FRTFFRE a8 LR &R aT )
s 43 g Pgd FU B v f;,i;»bi‘ﬁj/’a\ e
B EFMirl 6.5% 64 (Sexena and Seshadri, 1988) o B % ji_
Ptk kg o RFV UGRP P OAF AR T I ¥ T
PP FE ATT R - AP F]F om R AR E |
}é?%ﬁﬁﬁﬁ#7ﬁm%’i£@w%i%% AL
2005) E R\ EFFR G R TG T IRB] 0 REE 0 KPR
% & f31s > B & 3 £ ¥R 4 (high-molecular-weight) 22 48 %% &
Z_*x4g & 4~ (iron-peptide complexes)» + = = > @ #& 24| 5
Fl e Sk b e X R8 Are% e 2. #(Saarinen and Siimes, 1979)- 7%
FALLD R FCABHE S B EA S RIS
(low-molecular-weight) £ & ¥ i $748 {6 A B8 P ek T F 4L 3E
BT R Rengieid o F] 5 M A F BN g BE ) YRR %
(brush border)z_ #8 4 (Miller and Berner, 1989) - iz 7= 3 #= 3 :}F]
Db it BB IR A RS R Y AW ’7/’5\
A B 2R R T IRAES S AT P ik 397 iz (Kane
and Miller, 1984)
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WA o EF v HORfRARR W e BB TS e €
F 2 @ # 2 (Hurrell et al., 1989) » ML I % o A B k5% ¢
(IN-ViVOJE 38 - ARG 2 SO AR b g R
H 448 T e ﬁ’{ﬁ#v’r’ff:ljﬁ_ﬁw FAEEGE s T G Y 5 R
G KRB A R B 0 B F A e F 2 AR
i (Hurrell et al., 1988, 1989)

= ke
Lafue y o~ A& Fev r?ﬁ’,/\ﬁ SR = 3-v ?ﬁrx
9% » & 7 B 5 3k ¥ 9 (B-lactoglobulin) ~ a 5+ v ¥ ¥
(a-lactalbumin) ~ Ft J‘ 1 #=v (serum albumin) ~ % % Ik F-v

A DL s> e
(K SREE A o I G

2

(immunoglobulin)£? 5' 4% v =

ENRIRCI -5 S SRR S R ‘)ﬁ"ﬁ\é L R e
%@T@?m&k%fﬁ‘"61’f@@ﬂwﬂﬁﬁﬂw
S4B R 5 9 52 (Hurrell et al., 1989)
= e
LA e 4 eng £ 4 104~120mg/100ml @ &% 5 £ B4
86~95 mg/100ml 4 §'¥ 4T % 24~33 mg/100ml & FER] 5

13.5~15 mg/100ml  3& -1995)

WAL EERAAMY B BRI R
¥ % - % (Dawson-Hughes et al., 1986 ; Deehr et al., 1990) - &
2 3 A1 % 4p N BEfL 4T (calcium phosphate) ¢ 7 0 4 T 0 @
F V40P 3 # 5 (Monsen and Cook, 1976) o« 2 {$ B 7 A §
#-% {45 (calcium chloride)is 42> 4 54 @ > i¢ 2 47 %.‘ gL

E O RA FZ T AP o d BT o M TS

-—'\
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Sofeeh R Flz - 0 BV R e Fl G ATE AR 6 ST ) A
P £ e 2 4% X f8(acceptors) ¥ 4T ¢ ¥l % wre b 2 jie
2 (microvilli)#P~4% (Barton et al., 1983) - m % A #8:55%
Py E%{;t?ﬁﬁ@(calcium carbonate) 7 & = 300mg £ Fifk 47 48
37mg 2 pifL4T 7 £ 5 600mg "*’Eﬁﬁ’rx 46 18mg iz e — B
T PFAd 0T 0 PR A B G e PEAREDS N HE R 0 B
m&ﬁi%§%$m&ﬁ‘1&ﬁoﬁ%uwﬁé%%%
B ¥ AT ek 3k S R FE L 4T (calcium citrate) ¥ B L 4T
W%E@ﬁﬂﬂ?ﬁﬁ%k%%ﬁﬁﬁﬁ’ﬁiﬁQW%*
e 49 &= 62 P ENFAR o4 i FHRAT
BB F s T R L BT € )48 vz (Cook
etal., 1991)

¥ - 7 R AR 2 5 B 5 S BEARAT - B R 4T 2
F' Fa 4T (calcium lactate) » S % BT AT E B2 F I & < 3 (v#
(Greger et al., 1987) ¥ *t > F¥#-7 € 165mg 4l 12 2 5~
FoPpe & 142 A5 A et B B g ¢ o Pl s T R 0
£ 50~60 (Hallberg et al., 1991) o &= & = 3 > 472 14 § 2550
Pl BAERF M2 Bt 3 i * (Greger and Krashoc,

¥ AT F A FIKEALRE 1 - R A RN A
M a4 jgz.gﬁ(Snedekeretal 1982) FIA G ff‘%t H-48

TIPS T &LT, /Eﬁkﬁ’rxérﬂ’(potassmm phosphate
IR B S F e g
"% 1145 2. ¥ | * 1+ (Monsen and Cook, 1976) - & i~ 7 # %
R KA BRBPAEG 0 R BB RS

-\
\“

P
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e E ¥ iR P4 P T & F2 5%(Ranhotra and Gelroth, 1989)

BEAC RN AR SR R H
ﬁﬁ%%éi’@ﬁﬁmﬂméﬁﬂﬁ‘ﬁﬁiiﬂ‘%%
DRSNS NI S PR B L R - Fal i LR g
ARz 2L R ERY A AATBET T I s 2 Xy

SR N2 L L
AR BT FHNF AT FEREATL LR AL
e118 J» (Favretto and Marletta, 1989 ; Coni et al., 1995)> £ H %

Ak E A S RBY R LB P & kk(Ziegler and
Fomon, 1996) » & = 5482 8 2 4F cn4F &7 Fov B kiR > (e fr 8
IR kA 8 P AT F & a4 (Blane, 1981 Swaisgood,
1985)0 ] —ZSEE Bt FP 2 g A st By B
% BB H P ir % £ &0 & $ (Hekmat and
McMahon, 1998 )
28 FRET 0 &GS Hmapd /?J‘ be e 17 48 ¢
b i,’]‘ ‘v & i pi 48 (ferric pyrophosphate) =% & fis 48 (ferric
phosphate) 2_ 4% 3 i 5* 7 & B hw 3 v 7 & 3 £ (Demott,
1971)e @ 3 3 = Kpifik %T“ﬁﬁﬂj‘ S UL Ao B iR
PoARA S Bl HABOE % 56 26 ﬁlai,’]: A S
a4 ¢ 3 (Theueretal., 1973)c ¥ ¢t » &7 by it & 3 4o iR
¥ f& &7 4 (ferrous citrate) ~ § § & 448 (ferric gluconate) ~ 5 it

47 48 (ferrous lactate) ~ 4 Jé £ ik 48 (ferric glycerol phosphate)
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7. f#48 (electrolytic iron) £2 2} AL 4icarbonyl iron)i,"‘t v &
F RA#BzZpE? o SRS RS SRR T P 4t
2 2 2 gL e% % ¢ (Theuer et al., 1973 Clemens, 1981) < d pt
Tk ST T ] B Rk T Bkt 4 b g
A BB EAN L B E ek — o TR T 2 4R
Bl et A qu? o MR G A J0 0 T A Fap s Apy £
£ o

i % Lee and Clydesdale (1979)#-% & # »t =+ stz 5t ¢
LA U R Z B S A X KB A2 WA

A4 dn
A

[e]

5
e
|
A
>
i
~
=
=
w
“
O
8
H
o
1))
o
2
"
gl
=
2l
&
Yl
H
TR

b m;ij]wg 4 ,g:%% o

Sy P s g A g A N b AR T 1S 2 48
A o dokifs T4 - § = ¢ Fhdi(ferric nitrilotriacetate) B7 5
4 (ferric fructose) & Ak &0 &1 &7 ] J- S % 57 ¥ H RPN 482
W ¥ & 55 B8 (Carmichael et al., 1975)« ¥ § #7 3 #-5 48
bt SR T fe 2 48 > 4o & 1t I 48 (ferrous chloride) ~ &Ff& 17
4~ F = ¢ pa4B - P - ke o BB (ferric EDTA) ~ & 574
4 (ferric citrate) ¥ 5 ¥ fg fa 48 (ferric lactobionate) & 4 % 7
WA At B RRITEAMP BT S 0 BEE
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2 - BERF IR SR 2B SR AN
Table 2 Some iron compounds were used in iron fortification

of dairy products

First category Second Third category
category
Ferrous salts Ferric salts Elemental - Iron-binding
1ron proteins
Sulfate Sulfate Qarbonyl Lactoferrin
iron
Chloride Chloride Electrolytic  Iron-whey
1ron proteins
Gluconate Citrate [ron-caseinate
Ammonium EDTA Iron—protein
sulfate succinylate
Fumarate Orthophosphate Iron-phosphopeptide
Carbonate Pyrophosphate
Lactate Nitriloacetate
Saccharate Lactobionate
Ammonium
citrate
Ammonium
sulfate
Choline citrate
Glycerophosphate
Glycinate
Fructose
Citrate phosphate
Gluconate
Polyphosphate

21
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TIME Z LR COBRERE T IRE F I TBELR
ﬁ@ﬁi’ﬁﬁb:MEL& 21 1R 4B R A 7
(Kwock et al., 1984)

S O HdEFA-FrRERIET T ETfREY AT
ﬁﬁag@*

Yo oAs
" —_

>t\— )

#f (second category) ° 4 F 1t I 48 (ferrous

oxide FeO) it &4 - L F U7 P+ = fJ‘L}I'J;I% A i

Fo TELAAARR BRIV EME 2R R R
BEE W ® 7 hgcE 2 AM a0 FlL U P i3 "H
P

i

O

it

o
Mt

2

o

= AR E G0 TR S A & §

AW J\ J B4R MRARE > DdopERL Sh0REL 0
o % VRfe 3 BOREL c AR BT EFAER T € B2 LN oh
o~ A Ae it § iT%* (Jones et al., 1975 ; Schulz-lell et al., 1991 ;
Chierici et al., 1992 ; Meisel and Schlimme, 1993)

¥ oh R B A2 R e AR doRiE T AR - RRfL I 4B
(ferrous ammonium sulfate) ~ % it 4&(ferric chloride) £* 18 ¥ f&
4# 4%(ferric ammonium citrate);‘z’lt e At PG A LY AR A
H R Ry 9 668 ~T12  AfUF R0 PlY L 144
~29.6 (Baschetal., 1973) d '+ mdi it 3o B -0 5 4
RO R PE RTF] Vo BB EHES T ot 4
2R B-v NP Z K R (e 2 BRpR S vRpk 2% A (phosphoseryl
residues)) = f,% Fl4t 2 (Hegenauer et al., 1979 Bouhallab et al.,
1991 Emery, 1992)> * # &+ = #F] 2 sk pH BERBE T F
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# v % f2 1 (Manson and Annan, 1971 Bouhallab et al.,
1991)> d =+ pt 5 m %”I;Léfi—%’ BOZRFE OF PEHRAR B 1 4 fRiE
A2 ¢ AP > Frm 7rag A H e R b eI % (West, 1986
Hurrell, 1997) o ¥ ¢ » ffie 3ot B30ah 3oy io— & endon
"ffl’ﬁ EEERBe-HFah~FLnt T gae- ¥
3 it 2 = 4 (Hurrell, 1985 Emery, 1992) o 5 f% % K %12
efi% F-v B4 L P<(casein phosphopeptides # I ¥ #pH & 2.5
ZRBE T EZ BB A8 TEF & 4 (Gaucheron et al,,
1997)c 7~ 3 F S & HYPF ~ 8 AN ZHBE NP AT A
P A4 2L LG =& V4 pRookiEF
(Fe’'-peptide complex)ciéifir » X 16 L A 45 H ‘o TR &# fr 2
SEHETEMH LI RARLTS NS R HRE G 2% (Chaud et
8l 2002) §F AT BT 0 MRS BARIA 4
KL A#H2Z e R A B F g kR 2 PR
(Hansen et al., 1997)

itﬁéﬁ»é P2 BB o S5 Bed BEOKARISSTA 4 e
B @ el pes it R 22K P B SRR It iEARY A
B Ot v BEfiPx2 - (Sato et al, 1991) c AT B %

FARGE T BURPE T LR L BB FE 410
(Ait-Oukhatar et al., 1997) « 7 § #F00F= 5 45 24 » £ & 1 5 48
B3 B R5 7R 125 2 fp ST T S 4
Lt Rl S EM e kR 2R § R L4
F® F 4 B & ¥F(Ait-Oukhatar et al., 1999) - ¥ ¢t » F i~ &

S Ap Rk L R R HT 0 R LR Bk B0 A

125 248 & 4 8 4 $ 7 417 P 5§ § 4 & 4 (ferrous
gluconate) i (Bouhallab et al., 2002)
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itk eI F o Rl g H48 7
RARAG B R LR R B Ry RS RS
v 48 % (ferripolyphosphate-whey protein powders) » ?f?:fi}-%" £
4 A L A s R i AP E on SRR ZARAE
ER BT A T4 ‘hﬂﬁﬁm*ﬁ:% = 100 kpz - pl 3
BT i v ok v i H o2 92 Y ! i AR
Flafgdgtie = SRt k‘fﬁ«f’”lfﬁsz’i 2 P i
7 A3 84~107 2. R (Jones et al., 1975) - m #  gips 5
;%}é@%ﬁ%“ﬁﬁi¥i%Wf%;@%Lﬁwwwzth
feR AR pak iz s HESBOT % 2 Bk kg
T Hoark bb’,J Se Frpa 37 48— 545 (Douglas et al., 1981) - 2_ &
AP EFRIF RGP ha Y D 2 B FLIR R
ﬁiﬁgéiijﬁ%,iﬁ&wg%% B2 (R
48 32—+ (Baumy and Brulé, 1998)

Hurrell (2002) % 12 #% it 1+ (functionality) % % 483 i* & &-
2o EEhpE o X FORATE R UEH R A 5 = B (& 3)

¢

RalS

- FRMWRZET L
PELESF AT AZBIEFY AR ORHEFT
ﬂ?&(um’@ﬂ%%{géﬁ%ﬁ%#@éiif*
'}Fajlybg ‘;fz‘r]“}kmz%,u,%rﬁ A 4
Tﬁﬁ&$éiiﬁﬁ’f%kﬁﬂgﬁﬁﬁi;%?f
~hoPREE LR AEL 4 0 A4

L =k ;=2 D Is olie S P A R
P T ﬁylE"_‘x‘\'L\:é#ﬁL‘l‘_EHb_l'

\

NS¢

—mi
—
¥

fp

l‘-\
A
ETIRS

2
|

¥
=
|
et

&

22, >
<53 0) MU E AL
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%3 ¥ AR A HE
Table 3 Characteristics of conventional iron fortification
compounds

Approximate i
Iron compounds PP Averagerelative

Fe( ) bioavailability
Rat Man
Freely water soluble
Ferrous sulfate 7H,O 20 100 100
Dried ferrous sulfate 33 100 100
Ferrous gluconate 12 97 89
Ferrous lactate 19 106
Ferric ammonium citrate 18 107
Ferrous ammonium sulfate 14 99
Ferric choline citrate 14 102

Poor ly water soluble/solublein dilute acid

Ferrous fumarate 33 95 100
Ferrous succinate 35 119 92
Ferric saccharate 10 92 74
Ferric glycerophosphate 15 93

Ferrous citrate 24 76 74
Ferrous tartrate 22 77 62

Water insoluble/poorly solublein dilute acid
Iron phosphate

Ferric pyrophosphate 25 45-58 21-74
Ferric orthophosphate 28 6-46 25-32
Elemental iron powders

Electrolyic 97 16-70 75

Carbonyl 99 35-66 5-20

H-reduced 97 13-54 13-148
Not

CO-reduced 97 12-32 determined

Hurrell, 2002)
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L RT PR /g H 45
O R I AR e e - &
?

t.‘.n
?
ay

LY BERE - ¥
Pod B B Ak » TG R
NP RAPE E 4

% & (Hurrell,

\
P2y
—_
=

i
4
e W iin

—t.
=

= MRk T RRFREY LB 5
g%_gg—?;%\\fx}\ @,Lb*ﬂ,/lét a5v A4 %A
BT RROE T - HBLIER IR T B
L5 H
.

N

A
fa ¥ 2 481 H ¥ T oizp— 851 &P b 427 3 30K 2 48
CEFRRT LRIl G AP R aip e

FU* o T AR R R R o2 )i R W (Hurrell, 2002) o & 7
“f = P& I 48 (ferrous fumarate) £ 338 ik 37 4 (ferrous succinate)
B e S4BT 4R Y BT g Rt *J'ﬁ ’ .'ﬂ?f:\ TP A A
PoePmojean g b AT B ER R AR - R4 > T b G RO AAE
(ferric saccharate)# A F e e R EEFER Y o} QLE'_:. FEiE

BRI T AR Y 2 41 & S AR RO T R 0 K gk

L AH R AD T A AR ¥ 4h b 1@% _{t‘,,ﬁ
F & 47 48 (ferrous tartrate) s H jb BRpadl & 4 7 % 1+ p
ik NE AR BT TR Y o Bu@{JFﬂ%

S BT ABE R RRRASRA L o
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FERI AR 2 G- MY Z R B ELT LT RV
A& > ,’f.%sr*n FrE i FEA G F A ME DA PR R jaT
ERAFREYZEE o mis— 8p2 481

AN 5 f&iﬁ« #f (iron phosphate) &2 ~ % 4 #>
(elemental iron powders)= fa 4| ik o LERFLABEEY ¢ 73 EE
& 48 22 It pr 48 (ferric orthophosphate) > v i A& i@ * + € & h
TRFFAGE 12 AR T g FHAFT I K
FARN e Bl Ef/?;kﬁ’&iﬁmﬁ;o] oA TIs A Flds Y 0 A
2z Ap2 57 1% FH A 1w nT75 "KL 5100 E
3“;;’5{#@?5 121 (Douglasetal., 1981) ¥ - 2 @ » & ¥
& R e 4 f@ﬂfﬁ&iﬁﬁﬂ?’ﬁ%/] SRR
AL kk\mﬁﬁﬁi«f’” FI# F AR FEAR

2 125 (Theuer et al., 1973)
moEEH RS R TR P B ALY FEE
(Patrick, 1985) » ¥ ® 7 < 384 {#K??F eI EEY > AR
#

e FiR ﬂuft =

é'—‘ligg}ﬁov

T8 H 4

P

Je.(H allberg et al., 1986)

PP GRSk LT ERPAB S T
o

3@qﬂ#*5ﬁﬁﬂﬁ iWi%ﬁiﬁﬁﬁﬁﬁéﬁﬁﬁ
ﬁi$§§~iﬁw$~ﬁiﬁ BLEFBpHL T A

FEHCREET VRS E A AG S BEA T EL R
FooAY MLk R G B2 0 RIS EL
(Forbes et al., 1989)

FUF ot ELZHS A G bt SR TaE 2 48
de R TG S AR AR T AR BRI 4
Fodr 50 0 R R BB o A w £ 3.31 2.82 2
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2.11 (Hurrell et al., 1991)

E%Jﬁ%imﬁﬁﬁﬁ%j%—ﬁ’fzk@ﬂﬁﬁ
AR AT F 2 AR R EAAETERERMA
1969~1986 # B &g % > 3239 83 7 &) f 2 % 4 F(Yip
etal., 1987)

I~ 7 st REF Y2 B

- % (oxidization)# gk pz(rancid)

SR G S kPR A R AR R AR
P ABGE Y2 2 Pg B TR R AR AR 2 S S
HREEFE &P TP ¢ 7R P hARIR
BIE 0 R BT APRTAIE P Y g R T AL T 4

G A b R EGK > o S AR E RIFRE 2 0 BT
m@&ﬂ@k;a¢;ﬂ%ﬁﬁﬂmmﬂ”“%&ﬁ@~m
Fa 7 4B 4% PRk TP 4B B rRA R 0 o Y BRPRAE 2 R R PR X
2.0 R FFFABARR R o @ b %%ﬁTﬁ%%@W%%%
4P s A I AR 2 S A T 2 GEFL o (e Bde
%5$y4a14%§%¢ﬁ@@y ﬂwmﬁ%ﬁ%mwm
FAE TR rRAREEL 0 B X AT Y b RS T AR L T AR 4R R
EJRIR T ik R i ”%ﬁﬁéﬁc ferric choline citrate) ~ #fik
THE FEM_RI#2  F 7 % - ph i 2 (Edmondson
etal, 1971)° FI B4 B 237 F1% B2 M SV a0
fLrg g it K g F]m ZLL-*_ fepcgr 2 4 2 2 b vk (Richardson,
1990) o @ BISF e JTEALY > F FIAFITAE > TP g2

=
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Fog R o hB R CEPE AR i (HTST) & 42 3 8 4 i
(UHT)2- # B R 427 > fRPqfF 30 4 4o fe ik P AL % 2

EL1 (4R 01993 5 3% 1995) Edmondson % 4 (1971)7 4,
o2 BRI O PRREAERNNTI o f
B 4 (R RR FE 2 BPE 0 @ A 2 AT R R o

= kv
Fefth b X BE(TBA)RE ¢ 2 AR L » 4 549 » it
TILLEF BA O v ST AT MBI . g
A~ Frfk D4~ BiphdBi4g(ferric ammonium sulfate) s £ pé 17
WAETE L IR § A2 5 D7 LR RS FHiE2 An i
@ 1t % ik (Demott, 1971 ; Edmonson €t al., 1971 ; Edmonson et
al., 1971 ; Kurtz et al., 1973 ; Wang and King, 1973 ;
Hegenauer et al., 1979 ; Douglas et al., 1981 ;) - = 48R AE A
ii“ﬁﬁ§&$’3%ﬁ§€mm&%°
R o7 AR AR R s R TS T F
WL T 48 ﬁam?@iqﬁﬂ4ﬂﬁ’wm&R%W&m;
(LTLT)8 4 #r2 4CRET > 4 A 4o 2. 2 a5t s w
B Auld AT 1 X B R 35X chh rhBOTEA 0 B
BT RS4RI E AT T BRTBEIRT
WL o i"fi%—%bu it FAABAR R v b R L AR B pa B
AR > T S R AT g A S E AR e 2L T
Ao BE B S 1835 X2 R RBFGES 0 BRI Y E
FARAB B BB i 1 0 BIFRRBA T L BT - § F
WAL I7 48 2 UL A7 48 P £ (Demott, 1971)° 7= 5 ?)E%J’ ]‘L”F
e 2 RRABRART A FUY o S @S A 1 EARIS 0 BETFT S Wk
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BT o AEEF2XE 5T léi?%ifltﬁéﬁf??dii?“févi)k PR

S O S % BT R B PR AR 4% B 1 AL A7 48 B 2 (Wang
and King, 1973) o 2. {577 § F7 7 #— #8305 = B4R = B4
PAZFLF P RARZEAET MU R B EBC F B
ﬁiiﬂjﬁﬁﬁiﬁﬁﬁﬁﬁiﬁﬁwﬂLiﬂﬁﬁﬁ
%%ﬁiéﬁi%ﬁj% SetiB RIS Y O B4 BET N 20 )
o Ly PR 37T SR T - B “)}H%J/Féi
TR BBE R > HP 0§ TEEFE > A F CBR
B e (Kurtz et al, 1973) o« Fex 5 Biph -9 F 44
ferripolyphosphate-protein ~ powder) ~ % FEi [F& 4
(ferripolyphosphate) £ 1§ #5 f& 4 4% = ﬁéﬁfﬁﬂ ArAt A FLe o, A
I RAER L 2 Er TR TAE4 BET O AER S
% 18T 2 14 2 LR F AR 2 2 3
FRETEEL 0 % BT %\‘},J S a@ﬁz“& 5 Rkph o

Bk b= BREFFET o AT R LR 0 R
-

o 2

N,

B AT RBL LA TR 5 b AL R R AL
R R0 Ar 1 A FEFVERIZARET B L S

7 RAZE 14 AMAED] R ATA L BREH TR
it (Jones et al., 1975) # (s £ #- 5 Fapads ?E}fiﬁ—ﬁ%’“ i g
4 ferripolyphosphate-whey protein complex) ~ 1§ #5 f& 48 4%
L fp I 4% ~ L,Lf& AR K 7 ’T,; ﬁ_ﬁ;_{;éﬁ;glg 4e 3N TT 54 A FL
P (TR CRIEA 0 BRI S BHIETF 39 48§ ERELB

DRAFFEASAS T PPRTEE R TS  F T DR
TP I EFETPFF o b AR R B R > Fpt A
B £ & (Douglas et al., 1981)
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=z ¢ F

ag‘giﬁﬂi::};@ \,,‘%@;ij’;ug\;é,ﬁﬁ? _:_%é?f“
FAREFAD

T I S R T
(Richardson, 1990) o F]¢* 3 § S #- % Bephdh ~ F 7 - B I
A~ Rk 7 AR ’I‘*ﬁ"‘ﬁ-’&iﬁ@'—iﬁ% de3tITR A AP, B ud R
A #%;% (Hunter color coordinates 4 7 > & % ¥ 77 % FEfcdl 5
%’Fﬂ% fe 7 4B =C 2. > B ik 37 48 ﬁ#&@&a&é
HooR Y RIS RIFIRBREE RS Y 1 2 yed 2
FEOEFL OR-TRF I4HEI FVIFRFLEEFELH
FRELE T W RPN e F R e
FROAR I F o T T - 0 SRR Y 4
PRARAAE C IR LB RIFRABAETES BT 0 BEBIRR
ﬁ&@&ﬁ%&ﬁ@ﬁamﬁ%&,a;&&@ﬁ¢@&%
A B SRR R R e T e AL 5T 2
#p 02 (Douglas et al., 1981)
muihm?@mqﬂﬁwpgﬁﬁ A2 H g2
SR A AN A 0GR Kt T
A jﬁ E "(Tﬁ fa Ty 48 8 B Rl 2 485 1 37 5
4k B4pok( 80 BRicB L LA RRUR S fArRiE &2
d 2 T B B AR B B2 BT R E
VRS, M kT -’:Tp: P dy 4 fevkip P BEV AR > 2 d
AP e d B2 3 R R g% ¢ (Hurrell et al., 1991)
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T REGRERE

ﬁ%ﬁﬂ%ﬁﬂlié@ﬁﬂiﬁaﬁ@4’g% £
BifadBend 7 A1 FEFR > R RS S AL T AB R
X7 g (Wood etal., 1978) o Flpt7» 3 | S Hpiph I 48 ~ &
Rrpedh ~ 3t A5 R4 X AR ot L2 55 LA e
i o ¥ U RIS SRR AN RFT 6
B2 12 37 LARAE G4 L2 < B Rl HEM
Pian ERMEDFEBHTL T F2 0 B
T KRR e AL I 4 e 02 on IRERBEA T 3
(relative biological value)zx % 100 P>t %13 6 7 ¥ 2 % A
ﬁé’ﬁ%&@\%%@ﬁ*h@i@W74# 1
WA 31 119290 @ AKERG 12 B 2 s é{l«}%,—:‘
i%?§WU$W9W{J969?1W’iﬁﬁﬁﬁﬁﬂ%@1
L BRFLh S TR N2 b7 I 30 EE ¥ RO EL I 48R
B AARTERFZ PR A 7";431 %7 % (Clemens, 1981)

Heh AR g B 3 R BRG Y A
R ob ol v iRBR BT SRR E UKL % 2 3B 0 I E 1148
B b4 fgr g i MR 2 4R s R

s-

7@\4
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IV~ 37t e = 2

- R

(<)% 85k A Ak E R Y kL KR Ba
EARTE = DEE S - S DA S

(=)= W48® - 5t A48 (Fe s Sigma C-3518) ~ & 1t 48
(FeCl, ; Aldrich 220299) ~ %z 17 48 (FeSO,4 - 7H,0 ; Sigma
F7002)& & = % = pt I 48(C4HoFeO, 5 Sigma F-7923) -

(Z)= W48 @ & “4B(FeCly 5 & LR #EHR;C ¢ A& Bt
& 48 (Fey(P,O7); 5 Sigma P-6526) o

(=) % 8% p ¥4 "L 48H ¢ Iron asporotate(Nutraceutical
Corp. Solary for Solary Inc. Park City UT 84060 , USA )£2
Amino acid chelated iron (Henry’s market Place EI Cajon,
CA 92020 ,USA) -

()5 39 fv(pepsin) : 4g 5 v fr(Merck > EC 3.4.23.1)
%% 50mL 2. 0.0IN HCI ¢ £ 2 0.INHCI =% 1 100
mL o

(= )% is % /"5 % R & 4= (porcine pancreatin-bile mixture) :

0.5 g * ;% % (Sigma P-1750)4= 3.0 g =7"% % (Sigma
B-8756)7% ** 125 mL 2 0.01 N g fi& & 4 (sodium
hydrocarbonate)® > £ 12 0.1 N s¢f& 2 40 =% 3 250 mL -

(= )0.15N PIPES buffer : PIPES (piperazine—N ,N *—bis —
2—ethane-sulfonic acid)# * (sigma P-3768 ;
CgHgN,OgS,Na, > FW=346.33);3 ** 3 &+ -k ¢ I 0.15N>
# INHCI# 5 pH I 6.3 -
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(~)0.3N HEPES buffer : HEPES(N-2-hydroxyethyl—
piperazine—N ’-2-ethane-sulfonic acid)# % (Sigma
H7006° FW=206.3);3*2 3+ -k# 1 0.3N># 2 1 N HCI
AFEpH I 99-

(1 )39 sk 2 4838 3 % (reducing protein precipitant
solution) : 100 g = # fir s (trichloroacetic acid ; TCA >
FW=163.39 ; ptp 5 LB E 450 ¢ 40)8r 50 g ezg i ik
% (hydroxylamine mono- hydrochloride * FW=69.49 ; B
FARERS €A)B S EL IR 5L 4 » 100 mL
I NHCl» s fe 3 3+ -kz 33 1L

()39 B A% % (protein precipitant solution) : &2 F-v 7Tk
BRIARE > 2% de ~ IR o

(- )48 % ¢ A& B~ 0.25 g #8 —rzefk(1,10-phenanthroline >
FW=19822 pp th¥* &1 £k5% ¢ 4-)m 0.1 N HCI e
3 100 mL » »Y e /4 i3 o
= )% 47 " (dialysis tubing) : E * W H P AL F £
6,000-8,000 & [l b 2 i% 47 %(Cellu. Sep T2 8030-40 >
Membrane Filtration Products, Inc. ; MFPI) °
SR EREIEE LR 2R

 REXA
(- )12 4= F -kiz ¥ : DENG YENG water bath » DKW-40 [ # o
(= )4 %% B %  Jasco V-530 spectrophotometer > f & o
(= )3~  KUBOTA #t~48 > KN-70» p & o
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THCE Bd2 L ik MFPI 2 @ #rif 2. 3 2 (7 47w

1.2~ % 4+ £ 6,000-8,000 2 3% 4755 » §' T AT F R £
f12cm> p - B 3om E3E 0 RS H AL BB
2cm Jak ?f + 12cm F 47 % > 24 @+ -kE72 15 min ©

2.5 »~ 10 mM #RpEEE 4003 7% ¢ 3t 80°C T 44 # 30 mine

3RS AT A T 10mM ¢ = Yew T
(ethylenediaminetetraacetic acid ; EDTA ; C;oH40sN,Na, -
2H,0=372.24 » 32 it Fk;\ ¢ 4H)3 7% ¢ %7 30min °

4.8 3 80 Cend g3 -k 344 4 30 min ©

5.4 Fris 313 50% eippt ¢ 3 4°C b & -

6.7 * w0 Jp 13 BEF KPR o

(2 )ikt w2 Bl &5 AL E(2005)2 2 B AideT o
LB HRBRERAS D 2o ¥R e ] A 'F:”ﬁ Bk
(Z ) (2)2 ()= 87&&&% A NSy L
ded B2 Rl MR E 2 LG (L 2)2 2
B R B KT RS R R

RAANEE Sy EELR RS TR G S U R

l\)
EH..
¥
N

&5 4B (8 fE )Nn R R ALY R 2 AT
(l)pi#&lp';’ LM FHA P 5 8.55% 0 M - LR
PRFUR R EA 5 9590 2 I KR FEAF L 0o
A 1% L f &> 425" (Pearson square):* & 2. { ¥ B~ {¥
fe @& FHA5 5 5 8.55%0: 8 m 5t ,ﬁ;‘,”F%\: ARCI TP O S
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3 7J; °

(2)B~ 18g % #q L5 145 4v » 125mL 2 &g+ K ¥ 2o 4 38335
3 0% 4CHKRHAAFRE Y > FHFPF 0.027g s34+
2o FEABAR] > Ao » B HF RIS Ao r DR IEBEL
FERE - B S 4e » 40mL 2 AT R S A R
HE 22 #inpilzx2 @R 4er » ¥
AFEIDS 1 > 0 INHCI #-pH &3 B 1 1.6 B ié
14 3 ok(pH 1.6) 2% 3 182mL -

G i 2 N 2 45 5P B 182 mL e~ 3 F
Yo E R4 ImL § 3 pe

(At 325k g » 3% W 3TCRiBETRT 2

(5)t &3 ¥ ¢ B » 7 18.2 mL PIPES buffer e 47 &
%Kiz ¥ F 30 min °

(O)F e SmL ¥ F/MERR e 4 > ©3TCTKiF R Y
2 P o

(MH#-FE 47 BB L 33 Rk g > & r FHrRp
ZART T HIR TN e FARBATY A F TS R
TRILEE AT ARG F R F #(2)2 A SR
R R

3.GHE 2 MA(= AR 2 B = AR T fE) Y 2R
Bogte 2_m EJE

(Dp Aiee? & 2@ AP 5 11.65% > & - 42
MR AEA S 95% 0 2 T RAELF AL 0
£l AR & ﬁ*i 2 Q¥ - ERYURFNF S
11.65%3%1,%!3}"*%;‘7’]& A A 2R S S

(2% 1 #eF B 2545g 2o et o B 2
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(Z)1 829 2)~(T)iEtp I 2
4.5 B VE 2 MEAN B ARG SV R & 0 A5°CAR R 15 2o iRl
B4R 5 2 5 1R 12mg / 100g i 402 2
e o KRR - R 1 45CE BT kAR
kT IS S ’TIJ#EPE’”/?@% R o S AR 2.
Reer e #FE 30 /»\%_%éﬁ’?ﬂ ¢ o~ RFRILZ
510 4 48 3000rpm FLes {6 F mABRR TR 4 o

(Z )& 2. & +7:

PSR T EE RGN RAL ﬁé%&%v‘wﬁ
R AL % (2005)2 i 508 4 5 At B Frde T o

1435 47 B i:‘:}é}iﬁz(Fe%JrFeH)E’» 20mL ¥ %4540 e 2
1.0 mL 3% ﬁg*;scwz @R R AR #Fe BR S Fe”
581t 2 Fe™' e PEAL 1 RI(F 545 A (o (Fe® +Fe™);
D) -

2.5 - g4 T4 1.0mL F-0 FIRIR R TS B4 KN
2. Fe’'(F7 %47 = % 48(p(Fe*) ; DN) «

3#-E4r R 2 A T 4B 2.0mL 0 4 » 1.0mL 3¢
Fimkis e BALRIE 2T 5 3 7 S 2 Fe(A B4
(hon-0(Fe*") 5 R) ; ¥ & 10 3% = 7 @(D(Fe”) +
nono(Fe™) s DN+R)A 7 £ 38§ 2 = B4 7 £

44 F if 1~3 & g ‘Z’T”&}‘Ud?f :

5.72 3000rpm &~ 15 min °

6.7~ 1 mL * /% » 4 » 2.0 mL HEPES buffer £ 0.25 mL
T4 R o

7.0 5 3k Sk R ik (Jasco V-530 spectrophotometer » P &)
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200~700nm # $5 % & &2 v% k& & (Absorbance ; Abs){s
FET S T IRE SRR EZ 510nm 5 {652 iR A w3t
r #7442+ (D~ DN~ R~DN+R) > = & 2. 2 i A%
T 2 mAR o

oo R —
€ 1T RP LT S T BERpR | 7 2ITRED
Dialysate p-(Fe™ +Fe™)

n-( Fe®)

F
TCHR B R J

¥ %47 - % 4 DN “

8 - :% 4 DN+R

S1 R TS
p-( Fe*") +non-p-( Fe*")

Retentate

8. P A 2 %ﬁﬁ?%ﬁﬁ’ﬂ
(DA w B WEHaFE D k2 - B8 2/ = HaH ]
FE2. 510~ 15~20~ 25~ 30 ~ 35 ppm 4573 i 238 5%
3R (2)¢ L~T 2 A AR RS > 33 g kN
FTHR&EITE 0 FRE o
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Q)1 #* &k kR R 510 nm 2k £ TR 3% T Ak R
2 KR o RS RATIEZ R kBT S ERERE

1
F LS SRR S 3T C R
BB EHBAES ER

()& 4EH B B R A Y R G PE (5 2 R 2

A FE2EE S N

Ta AR T 5 100% o
éﬁﬁﬁﬁﬁibiaﬂL 2R 2 ¥R ] B
Wk B TR A S o 5iﬁvg,ﬁg

SRV ULES SR LT E

FF A0 2N 0
%@o
/ ST LU SR

X :gu,,J So = AT 9 2k

Ef MRS 2 e B B R R R -

’—‘ﬁﬁ’ﬁr‘?’?ﬁ@. 6 =% ’-3:'(4\1}%@5,; 3 f'!i%, , ¥

C )R A 4 -

Statistical analysis system (SA
X EAER I A R > E 5% (Completely randomized
design ; CRD) » M ER¥ X 37 % % & & $7/% (Duncan’s new

multiple range test) " fix & ¥R e B P e T 30lE 2 L B o
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Vo~ 25 224

11 200-700nm % #HF5 ~ AR RS ER
4818 2 e % % K LK $57ET 510 m > okl £ 510 nm (¥ 3
s rtr2. Flagh & od Beer’'sLaw ¥ (B Fpliz ke ok
—p F AR Tk E R R A L TP N
WA B R BESZ BB RY ;_jﬁ
%k g2 § 2 % 96DN ~ %D - /R"t’/DN+R A

v

&
ez BT E I s 2 g RGELE 0 2005) 0 HE 2 NG
MER P AR Y HR 2 kBT L AR ,mgzmﬁﬂﬁi
P2 et R %@wiﬁ%wﬁaﬁmfa%“%ég

F oA FARFE o R AT A (%) A 0 v L AR
FAPFH* SR 7o b b2 HReisi AR
etk o 2o 4

o

— e BRI g R R Y 2 AR 6 R
o B ICE BRI PTG 0.027g AT 2 AR fe Sy
T35 5 8.55962 MR R A o B SR Y iR AR AR
ooV REBR ARSI T 7 E TSN AR S B
ER R
LA R R IUR EGRE T (5, HE
S AB Tk 2 vt BI(%DN) K A A 4R B3R
FAta 2 Lo GBS GRS b BEARR AT
F2 el L E Y ERAF T IRLBTL ST
T2 F5 - AptR(B Do § M AR 22 DN &5 100
% B > %ﬁﬁcé’?‘]#\nr etk B HREY "# = % 2 Iron
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asporotate (IA)¥2 = % 2 % i 45 (CH3)* & mipkssi(FP)r *F >
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Fig. 1 The percentage of dialysable ferrous iron(%DN; %
b(Fe™")) in different iron compounds added reconstituted
skim milk during in vitro digestion.

1 FS, CH2, FF, CL, AA, IA, CH3 and FP were the ferrous
Sulfate, ferrous fumarate, ferrous chloride, carbonyl iron,
amino acid chelated iron, iron asporotate, ferric chloride and
ferric pyrophosphate, respectively.

A and B mean between control and treatment of each iron
compound by different letters are significantly different
(p<0.05), respectively.

a-g mean of treatments with the different letters are significantly
different (p<0.05).
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Fig. 2 The percentage of dialysable total iron(%D; %p.(Fe*"
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+Fe’")) in different iron compounds added reconstituted
skim milk during in vitro digestion.

! All iron compounds were the same as Figure 1.

A and B mean between control and treatment of each iron
compound by different letters are significantly different
(p<0.05), respectively.

a-d mean of treatments with the different letters are significantly
different (p<0.05).
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Fig. 3 The percentage of nondialysable ferrous iron(%R; %
onp(Fe ) in different iron compounds added
reconstituted skim milk during in vitro digestion.

! All iron compounds were the same as Figure 1.

A and B mean between control and treatment of each iron
compound by different letters are significantly different
(p<0.05), respectively.

a-e mean of treatments with the different letters are significantly
different (p<0.05).
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Fig. 4 The percentage of total ferrous iron (%9DN+R; %
p(Fe™) + onp.(Fe*)) in different iron compounds added
reconstituted skim milk during in vitro digestion.

' All iron compounds were the same as Figure 1.

A and B mean between control and treatment of each iron
compound by different letters are significantly different
(p<0.05), respectively.

a-f mean of treatments with the different letters are significantly
different (p<0.05).
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Fig. 5 The standard curve of ferrous sulfate from 5-35ppm.
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Fig. 6 The standard curve of ferrous fumarate from 5-35ppm.
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Fig. 7 The standard curve of ferric chloride from 5-35ppm.
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Fig. 8 The percentage of dialysable ferrous iron(%DN; %

D_(Fez+)) in three iron compounds added reconstituted

whole milk during in vitro digestion.

1

and ferric chloride, respectively.

FS ~ FF and CH3 were the ferrous sulfate ~ ferrous fumarate

A and B mean between control and treatment of each iron

compound by different letters are significantly different

(p<0.05), respectively.

a, b and ¢ mean of treatments with the different letters are

significantly different (p<0.05).
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Fig. 9 The percentage of dialysable total iron(%D; %p.(Fe*"

+Fe’")) in three iron compounds added reconstituted

whole milk during in vitro digestion.

' FS FF and CH3 were the same as Figure 8.

A and B mean between control and treatment of each iron

compound by different letters are significantly different

(p<0.05), respectively.

a, b and ¢ mean of treatments with the different letters are

significantly different (p<0.05).
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Fig. 10 The percentage of nondialysable ferrous iron(%R; %

non_]3_(Fez+)) in three iron compounds added reconstituted

whole milk during in vitro digestion.

1

FS FF and CH3 were the same as Figure 8.

A and B mean between control and treatment of each iron

compound by different letters are significantly different

(p<0.05), respectively.

a and b mean of treatments with the different letters are

significantly different (p<0.05).
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Fig. 11 The percentage of total ferrous iron(%9DN+R; 9§

p(Fe™) + ,onp.(Fe’)) in three iron compounds added

reconstituted whole milk during in vitro digestion.
' FS FF and CH3 were the same as Figure 8.
A and B mean between control and treatment of each iron
compound by different letters are significantly different
(p<0.05), respectively.

a, b and c mean of treatments with the different letters are

significantly different (p<0.05).
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The purpose of this research is to compare the iron
bioavailability of various iron compounds and select excellent
irons for iron-fortified milk powder through in vitro digestion.
For pre-selection of iron compounds that ferrous sulfate, ferrous
chloride, ferrous fumarate, carbonyl iron, amino acid chelated
iron, iron asporotate, ferric chloride and ferric pyrophosphate
were added in reconstituted skim milk to undergo in vitro
digestion, respectively, and then the selected iron compounds
were added in reconstituted whole milk to compare the iron
bioavailability by estimating dialyzable ferrous iron(DN),
dialyzable total iron(D), nondialyzable(R) and total ferrous
iron(DN+R), respectively. Finally, the selected iron compounds
were mixed with skim and whole milk powder directly to
storage a week in room temperature. The fortified milk powder
were tested for color, flavor and checked precipitation after
rehydrating by 45°C ion-free distilled water. The results showed
that the Fe** iron compounds which were contain amino acid
chelated iron, ferrous sulfate and ferrous fumarate had better
iron bioavailability and the Fe’* irons which was ferric chloride
had better iron bioavailability than ferric pyrophosphate in
pre-selection of iron compounds trial. The trial of ferrous sulfate,
ferrous fumarate and ferric chloride added to reconstituted
whole milk that results showed ferrous sulfate had best iron

bioavailability and milk fat for ferric chloride had higher effect
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in iron bioavailability. Besides, three iron compounds in skim
and whole milk powder were similar to reconstituted skim and
whole milk that no added irons for color and flavor, but only
ferrous fumarate in skim and whole milk had obviously

precipitation.
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