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ERE 3 SANRE SF R el S S RN SRk SOy R S Eab i
ZHB G L P e e F H15~40% o 25 2 2P g
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St R R R e gl FlF 2 P By d FE L
f#(heme oxygenase) f § 4 f#x ¢ F4H T 48 > Fptw ¢ AR
i & B4 R ALY E R %2 (enterocytes) ® 4% =%z (Pizarro et al.,

2003) -
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FERE TV -BFLBTEFEHRAMEZTES £ 1 5 A4S
2 F A ST HIE(Frctirt § 0 2002) 0 B2 FRETVHFENE B

pEEp o 7 TR 2 pEdp X 7-10 mg/d ~ 23 FEEP 9 10mg/d ~ b E R
£ 15mg/d~ § Bzt dpdr4 4 10mg/d ~ S dF4 9 15 mg/d ~ 4
Ytk ¥ A5 mgld > AT F EAR S SRS L F O E 2 TR
Eis o

Fobo s RPN R T 40% 5 % A o R A I R

LM 5§ 12.1% 0 4 1410.7% ; AR L 5 5§ 120.2% 0 &
12.1% 0 B X 444807 & B ok SR 5 A (B E 1999 #
2001) c‘BHp % &7 A RARE & G BHFE DL ¥ il kv ER 0 R E Y
TP EESHARFHET O K> 8 Al a2 g (Martin

etal., 1996 ; Sawaya etal.,1996) -
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Table 1. Dietary reference intakes of iron in Taiwan

¥R 4
¥ = % 5. (mg/day)
X g/
07"~ 7
371~ 7
6"~ 10
9%~ 10
1k~ 10
4 f~ 10
7 i~ 10
10 fhi~ 15
13 fi~ 15
16 fi~ 15
19 &~ 10/15
31 p~ 10/15
51 fi~ 10
71 fi~ 10
RE 5 -H~%- +0
A% =8 +30
5L Hp +30

(7 FetaiEs ¥ > 2002)
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B ST T2 B Ac Rl 0 R RSP B a 'y
Zhi ¢ FZ H(Fe*) i i F 4087 2 BABAES AN P i diE i
Bt FCHiTr TEHRRR S - WH(Fe) ¥ - T RT A -
g Loy d f% % ferric reductase Dcytb (duodenal cytochrome b) i
B2 WS - WABSAE S S A RS 2 i@ 4 By (divalent metal
transporter 1, DMTL1):& » ] % m¥e N > 38 x fmP2 i 48 3-0 (ferrtin)
F3ViE R 0 A o0 Fmobilferrinis £ A 7 Ak m e 5 ) 5 Y -
oo 5 d ABE X v lregli-dBax dldmre > A od 4B ¥ 1 f% % hephaestin
Bev L F v 2 A = T B R P gl -0 (apotransferrin)
BE o xR HHRIEFHERTE 0 2 P L e S e I (Sharp
and Surjit, 2007) ¢ # & s & Jrdo B ¥ 14 B J%d E i d-0 (heme carrier
protein 1, HCPL)s jx T« % ‘fm¥e b » L 1% = W 4877 58 1038 48 v = 5V
K AREP P o F A B oo 34 S (erythropoiesis) 4vig pF > 485
BBk {ocni@dide P B N E SR ko Flh B9
FrERTHRCEEIBT2H B TG FES Y B
B S A e £ e o @ Hejad i 4e (Lieuetal, 2001) o

AR et g BB IRE Y o 2 BT AR R SR 2
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Mg mie gk g d & (freeradical) » #pd A2 2870 ¢ HL
T $ G m kg oo BERT e s s 2
AN B R Y BSOS R R R AR A% T 2 AR v

w2 kR AZ He gL a2 (Jacobs, 1987 ) o gt ¢t > =

7/

B g8 by BE o FwA S 3]%45« *OFEM R F o R
TRA YLz BYF F B a5 PdpR Y B4~ fE ik (phytate )
fe (tannicacid) Bdre % ~ 2T G X E4H 7 4 2 3 A i &
¥ > 7 JIs 4z (Fleming et al.,2001 ; Hurrell et al.,1989 )
(z) FhBRLE§FIHHT 2 33

WL av? 2 A pe a2 =5 3 27 & 5 42 (in vitro)
BlEZ PP RAREARER = -

B ohpIEE R = 788 ¢ it & 4702 (in vitro digestion and dialysis)
2 g eb it Caco-2.5m %2 448 /= (in vitro/Caco-2 cell culture model) -
1.88 ¢t v #4572 (invitro digestion and dialysis )

Bobi it S 472 AR A MBS T2 h2 A#H > s 5P 87 5
BE AR AT S T Ak A S iR (A S > 2005) -
P BRCEY BT 22 I R RS R e S

£ 6,000-8,000 2_ 3% 4794 o] A F 4B A 0 HTiEL R PR
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Fig. 1. The cellular mechanisms involved in intestinal iron absorption.

('Sharp and Surijit, 2007)

10



¥ %4748, (dialyzable iron) - 22 Z Ak 47 cdiaprt o B[R H 6
RN AT N S 02 R A kY B L BEE A
XA

A% (2005)#-H = i be B AR TS 0 B H NV REFES A S0 R
iz B R4 S Mo d NE MM DR FR R D el
PR TR G S A SRt R MR § A B
g ’%ﬁiﬁi Aozt g ;Fréﬁ ﬁp,\»],:_# i‘jgia%t , n,iﬁy%fmp ,Jfﬁ«f | # 48 - ;%]v‘
)y B R SAP o S GRS R B Bl R
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BETRL M AT TN A2 R R A P e N R S

R 2 BT iT Y o R me R BV S R mre N ke 2 4 &
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Fod HFEAPMME RS £ 8 AMT 5 (Han et al,
1998) - Caco-2m% & M EBE B AF w4l » Hihp LA SF 5 % f;;?
‘¥z % (colon adeno-carcinoma) » ¢ g A it > TG F 5 A BRI S
e angE i @ 34k 1 (polarization) s A~ A5 = s = (microvilli)
22 [ M (tight junction) > fm?e N BF4&* 2 4 Fv 0 X ¥ B4 BARL
A0 M DMTL ~ HFES & f63-v 7 » 5 8008 & Fril ot fc2 & A 7

PR EE T > 2 B2 R o 48 d-a (ferritin) € e P % 3

enden o] e SR (5 0 T B LR PR B N By ¢ 1

v > &R R & d basolateral site s GE X v X ) wve o
IAEPNE R A o | B mte P g Gen g BTUE P inte M Y

e

N~

w0 i d P2 Caco-2 fmre P M Fn kR T UK phimie ¢
e%#% £ (Glahn et al.; 1998) « &% K & 7fEm~ = (The Office of Dietary
Supplements)sF#= 4 ¢ ¢ 5 R EARIRGE B B R B E 0 TR F
2 AP AR KB E AR o

RS hEY T Be 2% f 4% (rat hemoglobin
repletion bioassay) - # RIZE J|* 24 o ~ K3 HEF 5 &
eit 3 o X P IRAF L AL L E o A B R A A

PR L CFZRRZ B VR AR BT F T kF R
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4B R e * 2 o ik it Tk (endpoint)ip €% > B S4BV
P Fend & oo MUMH EM DL AR 2 (International Nutritional
Anemia Consultative Groups) # &t i AOAC j# &2 A 8285 P15 2_ 48
FHE RS FHFAAM T IEL AMBT O F 25 B F PR
F 203 BUFI A G AT ARGt S A FI L A & Bl
BT F B FI F A e g P B A I s 2 FF
W R b TR R A L2l FE oA fAr H s R drd] F]F ek
Bobi bR R AE %R E CRMLAEA P AT S

P ABRFH L o

4. % R
AREEESRT M EJRF PRSP 242 T Y ek AGER & &0

3 B erd e LR L5 A1 AR i B

Bt 22 e e KA FHe P RAT (70 2

fim

PLRAE R F R SR o R TGRS e R S R F R

Big o EBY R MR B M R3TE S Y Bl

e
S BRUIERFLTR
d 3 2IRBAE L2 RPAEA T o Flt e it 8 5P w2 R IAR

&

W
F_&
&

A5 BAELEE R PR A 5 ¥ R et 3% (WHO)
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Table 2. Suggested iron fortification compounds for different food vehicles

Food vehicle

Fortification

Low extraction wheat flour or
degermed corn flour

High extraction wheat flour, corn
flour, corn masa flour

Pasta
Rice
Dry milk

Fluid milk

Cocca products

Salt
Sugar

Soy sauce, fish sauce

Juice, soft drinks

Bouillon cubes

Cereal based complementary foods

Breakfast cereals

Dry ferrous sulfate
Ferrous fumarate
Electrolytic iron

Encapsulated ferrous sulfate
NaFeEDTA
Ferrous fumarate
Encapsulated ferrous sulfate
Dry ferrous slfate
Ferric pyrophosphate
Ferrous sulfate plus ascorbic acid
Ferric ammonium citrate
Ferrous bisglycinate
Ferrous fumarate
Ferric pyrophophate
Encapsulated ferrous sulfate
Ferric pyrophophate
NaFeEDTA
NaFeEDTA
Ferrous sulfate plus citric acid
Ferrous bisglycinate
Ferrous lactate
Micronized ferric pyrophosphate
Ferrous sulfate
Encapsulated ferrous sulfate
Ferrous fumarate
Electrolytic iron
Electrolytic iron

14

(World Health Organization, 2006)
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1992) - Fransson and Lonnerdal (1983)45 i » 2 54 7 < § #c2 44 W%

£ my g AE(14%) ~ s B0 (24%) ~ 5t FFen F(29%) 0 H ¢ ¢ %

)

I+

Ca"r

FU48 39 (7 £ 50.01-0.05 mg/mL) » H &g ] 12 ) A 3 hd g4 )

Bt U hog $ 48 2 & #ak(inorganic phosphate) & » ¥ - = 5 £
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AR\
el
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N
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ey
TR
E-)
e
=
puis
&
=\
22
@r
=1
o=
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A AR SR F BRI MU S EREE BT
THAL o F HIRAMS A SR e TR P WHOZ 3R ¢ * Frpk 748
B PR ~ RS BB E ARG 4 (22) 0 @ B F R A
Mz Ay R EH L7 FaEal2 8 (B a5y 22 g
B RAES o2 PR E )2 B R (£3) B SR ER
7 Ave®) £ (€10 mg/100mL sample$]160 mg/kg sample)£s & 2% pF 3

ARZFF(FF P 2EFIRENM - V- 25 0 d ARG
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Table 3. Fortification iron in dairy products

Food Iron form Doses Special mention of
determined aspects
Infant formulas Ferrous sulphate Oxidative stability
Whole milk powder Ferrous sulphate Improve oxidative
stability
Milk Ferrous sulphate
Ferrous sulphate
encapsulated
with lecithin
Cheese Iron casein Sensory evaluation
Ferric chloride
Ras cheese Iron citrate 40, 80 and Physicochemical
Iron chloride 120 mg Fe/kg analysis
Iron gluconate sample
Mozzarella cheese Casein chelated 25and 50 mg Physicochemical
Iron Fe/kg sample -analysis
White soft cheese Electrolytic iron 60, 80 and Physicochemical and
Ferrous sulphate =~ 120 mg Fe/kg = sensorial analysis
sample
Havarty style cheese Ferrous sulphate 40 mg Fe/oz  Oxidative stability
Ferrous sulphate and oxidize flavor
plus ascorbic acid
Cheddar cheese Ferric chloride 40 mg Fe/kg ~ Fat oxidation for Fe
Casein chelated sample
Iron
Yogurt Ferric chloride 10 mg Fe/100  Sensory evaluation

Edam cheese

Flavored yogurt

Ferrous sulphate
Ferric chloride
Ferrous sulphate

mL

160 mg Fe/kg
sample

10, 40 and 60
mg Fe/L
sample

Physicochemical and
sensorial analysis
Sensory evaluation of
shelf life

16

(Martinez-Navarrete et al., 2002)



AP IEREETR 7 b 5 A (ER R Fackad Z /b 7
23 ke forg AR LB o 0t B e b G 1
Foke ¢ BT A IR 2 g g G Frgl BB sk o b R F s A
B2 Y RAALZASBAE Y ZREFEE? A1 - 5 {30 R
Tk BRET SRR ES R AR FSR LRV AE &
(-) $HR2E8

BR'FTUFEF I RFELEREF 2 ek R E SRR

| % PRS2 Al S A,\ﬁ,q;i‘k{;f(%\, 4),4,\5'—,1];:;\_: f%i@ﬁr:ﬁﬂjx_‘:f%]"iﬁﬁlj‘

o

A P AL A
BB Hp TP o Mg P e FRL I 4R AZT e & 7 e 48 (ferric
pyrophosphate) ¢ £ fi4 4# (ferric phosphate) 2. 48 5s i~ 54>t % B ehds 10 38
4 B e Ih B2 3 F (Demott, 1971) o e PRI~ ) E -1 A
PadBie * 2 PR Qe ¢ o B S BT B2 IR |2
€ & 26%(Theuer et al., 1973) » p* ¢b 12 % Ip e A 418 ¥ 54 37 48 (ferrous
citrate) ~ § F #Epa4s (ferric gluconate) ~ 5* fit 47 4 (ferrous lactate) ~
70 A4t (ferric glycerol phosphate) ~ % f#4s (electrolytic iron) £ 2% A
48 (carbonyl iron)ifs 4v 2 £ 50 5 A2 fe™ ¢ o R4 h L F

7?7 2 Flend; prpads s e ¢ (Theuer et al., 1973 ; Clemens, 1981) -
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Table 4. Some iron compounds used in fortification of dairy products

Ferrous salts Ferric salts Elemental iron  Iron-binding proteins
Sulfate Sulfate Carbonyl iron Lactoferrin

Chloride Chloride Iron-whey proteins
Gluconate Citrate Iron-caseinate
Ammonium sulfate EDTA Iron-protein succinylate
Fumarate Orthophosphate Iron-phosphopeptide
Carbonate Pyrophosphate

Lactate Nitriloacetate

Saccarate Lactobionate

Ammonium citrate
Ammonium sulfate
Choline citrate
Glycerophosphate
Glycine

Fructose

Citrate phosphate
Gluconate

Polyphosphate

18

(Lee and Clydesdale, 1979)



FRE 4 (2007)41* # b= fE4E 2 48 A 4ofn ik 17 48 (ferrous sulfate) ~ &
7 = padr 4 (ferrous fumarate) ~ & i+ Iy 4 (ferrous chloride) ~ 5 2k 48

(carbonyl iron) ~ lron asporotate ~ #«jk fi& A< & 4% (amino acid chelated

iron) ~ & i 4 (ferric chloride)# & 7 s 48 (ferric pyrophosphate) % ﬁ‘ Sr
A A FLY R E RO A AR 0 BE N A U [ 2 R
&7 547 = B aEDFe(Il) ~ ¥ 547 4 (DTFe) ~ % 547 = % 4 NDFe(ll)

% 4%, 4 DFe(IT)+NDFe(I1) ¥ 45 the® e T o= 48 "R AR AT £
o AR L T S PR R 2 AT 5 = AR A
F OB BT i Fha 2 A5 o QUG 2 2 b
I EES SR A FLOh B b vk 0B é_gﬁﬂljuﬁliﬁjﬁﬂ'@ﬁﬁ k ~{'fp:
Fo 4B ] o N T S SRR T I b R T Bk
WAL PR L ARV A B E B2 - TR E R Y
BA o HN LR FER P ARSI A R
(=) 20 pjehd §

2z e BREAYRALE bR BT B &2 0
BEFTE oa PR 3N pdg g Bl
SRR PN niy: EREE R IR e B ok £ 3 $2 X K
Frleslpr o FRHMEA S &85 O Wep o RIE M) i

P EEREIY PEE-LAR2RF P E—EDA KDL
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(Gleerup etal., 1995) = ¥ 5 #7 % 4 &1 > F T 444832 3 *h A "o @ 3 4
Fo U E AR TACH R A TG P §F Bl B s
R N F T LR T R S R Y ik C 24 L
(Lynch, 2000) - ¥ — = & 5 # % 12 30 mg f & I; 4% "J 7 4e3t 180 mL

R U T N

I\V4

FPo B5 T AT e T F K 15%"% T 5% -
HBY s AR BAEGOE > FUARE 2T B E BRI i 100 mL
Frig At ¢ o 4Bene i B Fpt A % (Schultz and Smith, 1958) > #
HRIFaEd 5 C a2l 22 a5~ HEH
AR T FOGE R E A e - fE S 1 s AR (e
iéﬁié‘ﬂ]h’]&%t%?# FLE A gt A AP o P T a3 mfe BAR D
FEA MEMs S otk B R S 55 21%
B 324 5L 14% (McMillan et al., 1977) o pt & %2 £ 2 § 3 §_ 7|2 ¥
2HAFER PG A FREBETRITFZLAEB PTG A
W2 Ry AR X B4 b end gl A gu, H R r kg (8 Jﬁa
Ao T F o g At w Jﬁ % i (Barton et al., 1983) -

Yeh % 4 (2009)7%%%;%"‘4 W RRFE A BIVUBE T R R
fado WHIRGHZBBT ALY B LR B RFRESY Z Bk

R5 b 6.0 1 7252 ABL § R B R A BT A

ETTRS
5

;}%ﬁ":&&g}hﬁ%:‘ﬁ’f-}ﬁvlf’ﬁﬁﬁ_i ﬁ'xl% pH ,Elrg,u(‘,ljb J};l%:%,H‘



S AR T dodT 45~ B E - B AT (Fh0 1993) o gt vh
FHALTp 0 SURT a8 S ) S F S 0 i A IRAE ] G 4T
ST F AR SRV A ST SRR B S
(Abrams et al., 2002) o g~ *F = i 4 B J v 4 LS AT TS R
b2 B dem o FUE 9 i E MR R B R4S B R4 <
WAL R 7 T2 BB T B R TR T A TRAR
4 AR T B iR IR B B 5 I ] % FH ez (Jone et
al., 1975) & £ fie > ¢ 0L fuif G B G- G 5 6:4 35 7.2%5
WAL P § B2 BT AT B S SRR 65 28
Fpe 1.2%5 ek X o
Leed % (2011) dgd #0738 AFTF 4 F 79952 £(35~ 1.5%
05%)cE R ¥ = B2 - BABRZIBFT AL B2 L8 %%
Bm o 25 335% mE B2 A AT 02 03%015
%z EHE BT 2T I FRIE g dgF2 LR H2 o

d PR A S Gk Al G 54

N
iy
=%
&
Ry
P
ﬁ
Ly
(w
SH
4
M

XN
A
4
Ty
_.\'
RS
kX
= N
4
-
0.
2
At
o+
«)
‘—
e
=
3y
=
(S
A‘C‘
T
a3
g
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(2) F8Y FLEEH MBS LM%

>~
Ay
s
&
na
o
@)
Ny
|k
X
TR
|

N

V¥

FL2 35 F A 52 a3 CRE X #ak
Bz BPRE o TP A FL2 M r A L PR T s £C3
€ 7 B (3 » 1995 ; Oliveira and Osorio, 2005) - Davidsson% + (1998)
A ATz 24 2C (02550 mg),, 4o 3t 250 mLz2 485 i 7T 5
PRI HZE R SRyt FCH AR
30323 B O S ARG B F B e Y - Fp Nt B A UK

2 B e A g el FOH S AR R R o BRI

W % Cerfie 2 4 HARE fe o

cu

.L,s-

TREFB L 2S5 (Gillooly

\

etal, 1984) > Flltip & 5 B2 44 2Ch4 >t 2 % H v 2 g
ARG F BB B o Mt FCan ST EA R BT P R ARIR G

E@ s ZCrL 5 - BRBEPT > grFH A&~ ER
FELE RS - BRPTRBR S 2 2 TS - 6
G BCHET TN BR L C W ko e Ben RR R b~ Bt
AT A R o FHEPE G 2T a2 G 0l ACRT RE
P 2bw & 42 v jz(Perks and Miller, 1996) -

1951 R A8 Friel % 4 (2007)if %4 % C 0% & 2 4

v %P’;&Iﬁd“&4%mﬂ]‘4c B e chy iRt A H e 70
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4 FHS 74 Int cells <7 DNA 4f i 2 Caco-2 cell sz it &+ > £ 5 o+ -
o h (EFHPIT R Af e & C GET % A Qe oY i
¢ Fenton reaction it % > ied E R s L F o Fletad £ C
Je* 3ah VFC R SRR DY g2 & B o

% 4 (2008) -7 b fRARAEA L 2 R Ao B R Y 2R

R MNP REEREET FRCFFHBRIMVBT AT

\\\
5

SR o B

E

@A %D EEEAMII T T

5
-17\

v drkh Bt 3 K E R AEGET 4 3 % Lokl S

=

FERFIER 2B R .
2.3 &g frky i L & ﬁ%éﬁ-‘ﬂ]\ o e BT

pARE Y iR s R EAa7 BEOR R 2 BRGS0 © o pisaz
BRA G LT A Ao g o pR i VR pldes B R
MEA RS BT KL B s 0810 By AL Y 4l
e~ 12 B0 K fL G R AR RTE e RS AT ke ety A B L
A~ ER S = B B ey-=t I e id pe(y-linolenic acid ; GLA) ~ = + i ¢
T i praEenz - pk T o fi(eicosapentaenoic acid ; EPA) &2 5K - -+ — iR
B~ I BEeEEnS - g pé(docosahexaenoic acid ; DHA) % & &
Flg P FLDF R G hP TG AL g KT 23 iy

iR % Hx B 2% B (Kelley, 1996 ; Haumann, 1997) ~ £
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RL A a2 Ak d 5 §Te4 oh(Williams, 2000) > ¥ 88 R S T2 =
Ffl® s EREE . A9 BHYEARET RS ]P0
Ui gy o A F jAREE Y 2407 £ (Kruger and
Schollum, 2005) -

Y- 25 B EEgR YRR SR EREH 58
SEREB(EEE ) AP EC PR LG oy T T R ERbA
PRI RFR ST NPT NEMEE AL
(iron-saccharide complexes)(Charley et al., 1963) > H 4§ & Fo4f 0 5 7 14
il 1§ 4 755 (biological membranes) » Flm ¥ sc ¥ )4 iESE A B8 F ip e
{z(Davis and Deller, 1966 ; Rao et al., 1992) e ¥ .77 7 3% & 45 ) » 4%
3 5 X 2 (prebiotic) 2 X #Rap il - M E pEAT S g ¢ el e iE
e A B RS 4 RN BT A S E B e
% (Fairweather-Tait, 1992; Hallberg, 2001) > H & & 2 4 484|488 7 &t
AEMREIFTEYEr F UL FEESEEY 67 A2 2 éa
P 9% i (short chain fatty acids ; SCFA) i BB 3E52_ 3 4 &2 s dF H = &
Mo AT AR pH B H & 5 5 st T o i = B4

g = RIS U ,%@ » PR R RS ORE R Y R S %f’i FROT P F
(Yeung et al., 2005)

Lee % (2010)4% ¢ 45 4c 2 F 5 i (743 1 > Fo i 0
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N

72 Eﬁi’#ﬁﬁi'&ifl&%czf%ﬁrgf}%(ﬂ Y ERAE ERB) L4 A
& fo iy 95 B (y-= 35 b {2 ~ DHA 22 EPA)SHB T 24 % 7 1% 2o 2 @

Fo HFMIAPIOT IR 2 R E S 2R R R RIS

—

FI* F oo LABBMT UM AR e A Bt oA RV 2
Firt B E o R b forg it EPA L P ATIRGE 2 000 % B AE2

DHA $HEF 2 # 7 117 2253 SR F > £ & 7 B2 1= L b it

E ¥ 4 (2008) iR it BEAR 4o d B 4 » ZAVHE - TS & b S
WA A B IR A R o 2 B R
L5 s T ST A (DFe(ID)) ~ 7 % 17 548 (TDFe) ~ X 547
= H 48 (NDFe( 1)) % % = % 46 (DFe( 11 )+NDFe( 1)) » 7% #c & iF 5
Phhiptk - B R W - R4 2 BT ST e kg
sek B Lo Ho BERARFEE, e anrpBh
Feo o SRR s PR TEE R SR I xFRER ~
AR E T TR A

ELARY FRABLET LS T AR B ARG
PR RBERILAE RGP ELZF RN o S Y A BT
(calcium phosphate) ¢ j - 48 e fc - @ & 1t 4F Bl 3 B 5 (Monsen

]

and Cook, 1976) - Barton & 4 (1983)F] * * &l# 4~ F 5\ f & (- 4F i
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] 4o 4 i.qg«Jf $LE A Euiiﬁp;p]'{ggfgﬁ,ﬁ%% A ;}ng TL@J—‘; 24 gL e 7 48
EEEEEE AR IR A R U 0 SR PN L1
uloPerales % 4 (2006)F] * #8 ¢ i) i+ 325k & fm e 32 % 5N F %t T
4 IR TR 15 W (RS S| ﬁ"’f;’f;ﬂ{} ?b%iﬁﬁg%’l AR >IN
£ e 2 3% % %8 (acceptors) - ¥ 4F € Pl ] B mre b o2 ppa L

(microvilli)#&2~4# (Barton et al., 1983) » ] m

\\\

-0 EEER LR U A
4p & + > Monsen and Cook (1976) 1/ A R85 5 i& (7 4T &2 gyt 9g & v
BEF S F 2 B B R T XD S T AT
Bh SR T A R e S B e BB e 0 BT
IR - RN RS Rl S A B
Fhs g 80 B P » nf x4 658 F R
(Suzanne et al., 1982; Dalton et al., 1997)

(2) BRI EFEYPFLEFRL

X A

(1) s

BT gL YRR FRERT F R B
Bt 2 (A-DIcE)R A > st @A S d s 13 A A G

Tz H o B9 R FLhi N p § 1~ (autoxidation)

Pk o3 itenigia s f e s A Aoy 4L > 4eoleic ~ linoleicfr
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linolenice #3 & p & 1 & #8417 Farmer® A (1942)#74 412 p d A
i 4 F T2 % (free radical chain reaction theory) k 4v 2 Zp? B ¥ 1t
FR™ A =hpd s (Dt > A5 pd 225 Q> sldep d A4
FR @) h o A 2p d RA S o § B ARt g s Y
o X F Ry~ 3 3 VP BT 3 pd AR
Sl - g Areng Y E o BRP T AfEang 4 F TR
SHAF QL EPFFTV RS A F IR R Frkand 2 0 @ HEE
(aldehydes) ~ @i (ketones) ~ g% (alcohols) ~ hydrocarbons ~ fiz (esters) ~ furans

fe 1 fi (lactones) % (Frankel, 1984)(H12) -

N

G
N

E LRSS SR R 335

i
i

2B T E QG

<

¥ & i % % ok L& 2 %)% (Mc Cluskey et al., 1997) - Liang(2000)
PRRRMEE R ERE S R R PR FR R AR
UL Gl 3 AR S0 B 4o 2 A% - Stapelfeldt ¥ + (1997)
WER R RE 2 2 e B H g iR it 2 A IR MR
HAcE % ABCREF e AT 47T AU RII 0§ BB hpd Ahd
Boom RS KERTAZE T 0310 @ A E Rk G L mot
(R SR S

- SRS (AV) B F i (POV)2 £1° % 1 (TBA) k3=

CEEERE XY R VT L AR LI R R S
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= L4/ Vs v—\/—\/—\f\

Initiators

Linolenate 00-

s \/‘Q/ﬂ =
o-=0 X K
/ _\ﬁ_\/J-_‘\ Qo N
B

! _
A A
0 Kw 125%) Monaydroperasides (50%)

12(13)-00M 8(16)-D0H
LH
0-0 OOH : L"/'/J’
/:\/f_l\/L < CI!IOH cl}ou OO0H OOH

m-mnpm:;: Epldioxides f{ \\'-\/ 0 W_\ ' \ : /

(25%)

Dihydroperoxdes

W 2. 7 &&fcigihpi s 2 842 -
Fig.2. Oxidation of unsaturated free fatty acid.

(Frankel, 1984)
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CESEIEE R RCEEE & & S5E S E RS S S RN
B AR TGRSR Y gtk ViEF PP A TR
Fhah-B g Py P 5 857 B 5 it r B85
B0 B A BRFAL RGO by T2 e ¥ ER POV g
< (Belitz and Grosch, 1999) - ¥ 4 % it 47 > TR 4 2. - %A
FEREL TS g i (dop D fEfee SpRES Y BA R ) 7
SFEd TBARA G B - sy b F g AL T e P kiR
TBA & » & J& & 5-° %5 i ik B er4% & (Belitz and Grosch, 1999) -

(2) % H* B2 T TR

~he 1 EE AR e TRE i U B[ A E R £ A
FOHRT IV FANEE B EA L P e Bl ¥ AT
Gfg v J FARACER § BT F-odp kRS d ABE
% 1* 4 (Xu and Chastee, 1991) :

Fe?*+0,2>Fe** + 0, 5 07 +0; +2 H+>H,0,+ 0,
FrapeniE R £ Fedt i Fenton reaction @ %‘g d O, B R A Fe?ts » L e
H,0, & & 253482 F i OH » 4o

Fe?*+H,0,»OH +OH +Fe*

R o> B e g AES - b B i (7 Haber-Weiss reaction

w
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O,+ H;0,>0,+0H +OH

A5 % OH" (Cooper et al., 2002) - Dziezak(1986)4; ! & & ¢ & hag+ 1
Z R MEA01lppm B G b fg O LA 4 0 B Y RS 2
P iR g 44 B o

Pane 3 ApMATHEAM &7 7 A g iy
i*#* g1 4 (Dunford, 1987 ; Lloyd et al., 2004; Yoshida and Niki,
1992) > spe A g F LG § I F R I FT BT dopH Y B A BE
KA~ F oG BEAR R e 4 E B 2 5 Fukuzawa and Fujii(1992)
FIR AT Y BT R T R R 2 B LB A
=~ alkoxy radicals:& 7 - @ B @4 F & o W52 5 0 S P Kurtz®
A (1973) 4 W) K= BB = AR A RS P BT T Sk 0 6
Y ERE o X ABEDG RO EE A8 4 0 Rice and
Mcmahon (1998) 1% # it 4 & {7 52 ft Bl & c04df 58 1~ (25 mg iron/kg
cheese) » W3R ¥ 1 JgiRTBAZ & » 224t le & w &g ¥ ch 4 §E o Friel

L(2007)7 45 i b S A R Y 2 GG B RABEAIGE A
fe > 47 B 7 & FHS 74 Int cellsshDNAZE 5 % Caco-2 cell:hs it &
ARG R A2 AR R P HEFT A FENRAECFAEASL I REA S
I JRAER sk Suchl OF - B IE S TR SRR A SRL UL BT RS- e 2

Mg d oo bk R LR e VIR AaAE- E 0t o
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FrREFEAEE RTINS a2 Y ERETFA LR
5\‘0
2R L
(1) #%%E 2 R 7
Feped WAL ALY FEF IR ELFEF R0 ARG

ERE R P A SHEPFHARHE T R 2T = L
WERPEAFREG A ARAAL E SRR R R TR
z_Ja ¥]2_ - (Friedman, 1996 ; Van Boekel, 1998) - t= ‘» & j&(Maillard
reaction) € _— 4 74f feenit & & & > R BopE a3 2L (carbonyl group)
fed-d JTb e- Bk (primary amino group)it (7 2hfk & 145 & 5
s » A4 B ¥ A 47 (advanced glycation end products, AGEs) # 3
§OF AL MG F LI L P AR SRR R RE BT
Ao M F A EREE R FRAPREY > Y2 A6 2
WARL R F o~ FE LA R M A% F J(Morales and Van Boekel,
1998 ; Ferrer et al., 2000) -

REZ BREFUENNETYPRIET LI FLRE 37 iﬂ!%gd
BT R &g 4 % 4% % 3 ic(browning index) k= e H 3 4 4h % 2
AR FIRHE F kP ELHE « (Clark et al., 1970 ; Rampilli et al.,
1992 ; Patel et al., 1996) - Guerra-Hernandez % + (2002)>* 7 f & %1%

BERRTEZEORS L HRS AR FIAE R F MET
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R R BPFS > LB CT R AREAY F F 8T
H 4% % ehip B 3p 4o hydroxymethylfurfural (HMF), furosine (FUR),
lactulose (LU), % ¢ (AE) #"§ ¥ %15 P Hcodf e a P A HE AT &
W H 8 EJE o Thomsen % 4 (2005)12 60°C B I8 %1334 B 4% A 3
ARTUFERSTRBRRI ST LR SEFRIAB2LBRF
oo F0CIET S B 1 Bt B B derk R R e
AR B RBELERB D 5 ¢ AREF BEF 2 2 75
AR K b Ao B 3 #To oo

Pte S R R R TR AR Y R
TR IR S DS Ao A S A AT AR T B A
LT E R FHPHIZ P B D Z T L AR AR EREY SRR
& 2 53] A = (Morales and Van Boekel, 1998; Stapelfeldt et al., 1997;
Stapelfeldt and Skibsted, 1994) » i&sg A fasg % 5 (e 4 1 @J'rsv,; %A

PGB TR P eRE BRI R S G E K AL RER

N

Bfs X Bova) Send SHE 8 A b d SR R S
DR SN R & R SRR PO

(aging) ~ #% 7 (diabete) % 5tk % 2 (Thorpe and Baynes, 1996) > %

LEEE

AL EARY Aot B~ 50 - 2 8 'F > AGEs(advanced
glycation end products)sz £ € 5 &yl te 2 ABF > o AT Y 44
PR &Y AGEs £ t7A4 11/ % » BT Bfai &8 5 &5 o
AGEs z 4+ B » § R Pt H e L £ & r s £ 2 %W 5 0 AGE(Jex

347 nm; Jem 415 nm); pentosidine (Aex 335 nm; 2em 385 nm);
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autocatalytic due to a, increase

Lipid oxidation
Lactose g, increase favors lipid oxidation N R c /O
crystallization \H
a, increase
favors
browning
a, increase
antioxidants
Il;a;fofs pfeven-ts 02 favors
oxidation lipid lipid
oxidation oxidation

increase in
concentration
of reactants

favors browning

Browning reactions

\_/ O, availability
U O, prevents

autocatalytic dueto a increase browning

Bl 3. 2Pitk &F 7 %EF B2 4ps M ke
Fig.3. Relation of deteriorative reactions in whole milk powder.

(Thomsen et al., 2005)
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pentodilysine (lex 366 nm; iem 440 nm); cross-link (1ex 379 nm; iem
463 nm); pyrropyridine (Aex 370 nm; Aem 455 nm); argpyrimidine (iex
320 nm; Aem 382 nm) ( Morales and Van Boekel, 1998 ; Ferrer et al.,
2000 ; Ferrer etal., 2005) ; @ P % ¢ soi @l 57 AGEs 4 7z £ %
LR A SER ORI PEAS HA 2 B 1R RS R
TR B2 05 2 5 4p BE (Ferrer et al., 2005; Van Boekel, 1998) - = B f
Ferrer & A (2005)pL B8 2= su b » ik s PR AGEs 2. 2 £ % 1t »

HE S F R A4 0 R B m i Fs i

A A0S S P A SR R A R RS R

ey

VEE R £ R Rl A2 - o RABAER G H T R R el

W

Foop A AL APE 2 YRR

Bhvkerd BB
(1) R vk 5 i

P s R FTZ K FEE G FI AR 2 Bl A @ iR
R bRz 7% Hd x wrmiguloiphl & 5% 5 g Pt &
RTFFSFELERIFELIR G b kL 12
22 = % (Andersson and Lingnert, 1998; Chan et al., 1993; Min et al.,

1989; Tuohy, 1984) » H b vk ¥ S 2] %% U 7 i 52E5 4 8 5 2 » 2
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P2 F A AN e Lloyd & 4 (2004)1dmd 2 A2 D R AetiR
FeE Sk ER AR EHTERE ¢ £ N AT N SRR
O RETIAEFIEEZ 8% o

S W T MEAEBRR A A 50 o A 1 aEARIS & S AR T
2o BT T A E X AR s SRR O P HRERTE S
FPOGEIIRD ¢ ZpARTEE VR RN R S I o B % BT Lk panig
PPy B BRIE ik REAAE AR ARG 0 W AR
SRR 2 0 R AFEL 48 48R 50k (Edmondson et al., 1971) 5 & A&
Fiheag poY R F AR AR Rl TP AR AT B L TR AR B R B
B H R AR R PR ST 2 0 RAFRRABARRI L o @ R R I R
%#&%%ﬁdiﬁ fpat A FLe o Mmde 1 SFARIS o GBI 2 R EES
R At (8% 173 143 & L 4oz 2Pt L S| et
PTG T R PRAREL S BT Y b BB LT e T AB AR T 0 R
T Fadih 4% ~ 18 ¥ L "2 dk 48 (ferric choline citrate) ~ #rifik I 4827 § 5 ML
T4z > k7 JT,: s I 48 % £ (Edmondson et al., 1971) » F]* £ 3
BBAFVAP2B LT R TECF RF AA T
8 s 2 %k wA(Richardson, 1990) - Edmondson # 4 (1971)7" 4, 1
FrteZ BABFEE A Y 5 ¥ R ER AR M 79T 0 € Fleh B 4oz

B B > @ A 4 Bpcihh vk - PERY > Kurtz % 4 (1973)7)
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PRBLBEE PR ER R L B bR SRR
g BReRBEEd X & BEHSDLE o

ThE 4 (2007) 4+ 52 FLidmk @ GE N A 10 MR h= A
REEEE - F " - BREBEF CERE RS R R BT B

BT o ez AR A mamigl 2tk Y B FER R E AR A

—

ARz ki P REESH - BT EEAPE TR 'ﬂ%iﬁwﬁ]‘
de2 st £X12mgRE Tt KM ASA L kA FF AH A
Boek b 2B RS RARZ R ] Hdct o V- S g P L TaiETEP
B iR g ik FAT Bl AL AR S ER > Fla @ B R
PR IR A A B o

¥ - 2 5 > Rice and Mcmahon(1998) 2 # it 4 3% 1t #t & ¥ i
(Mozzarella Cheese) - ¢ F it &= A 45 8 Wt & ek ~ § 1k 2
PRZFRAZ BT EF LT FEF A TigRkY & M7 22 50

mg r1 P b e WA A B (7§ o e dBb]) kB

3

Tomx A2 FrRIE T vk £ H @A Sadler % £ (1973)
#-% {44 ~ cottage cheese ® (60 mg iron/kg cheese)it {7 i% 13 & B

PETHERG A AL FrRAD o

Fid i GERAEIAT A LGS Az B RS S



CEfARt FiE* 4 ¢35 2 2 %A 2 (Richardson, 1990) - F]¢t 5 R
M-S RS~ F T - PR R T B R PR LB AR 42T
4 459 5 Lo d % A2 (Hunter color coordinates) 4 47 » & % & %
SEMRM R F T B o RTMT o R LTEY RiFRERIE L

HeY RGBS RIFRBIIE ARG T 12 ,T‘uéi A o

ke

TR Lot dH? LFpmE ol d FRIEAR B <
(Douglas et al., 1981) o )¢t & b3~ 3 v4 JBEfL 5 F 30 4 ~ § pEL
B SR TS RIFRBLETES i 0 B F IR FREES TR
TN AIFOA G0 @ FBARRABE § BRI v a2 ¢ AR e
2R 5 v i A R 2L T 7. 4 2 3 4p iz (Douglas et al.,, 1981) -

Mehansho(2006) #-1& ¥7 f& T 44 » R L B B Bl &Y B ML &

kT PP A SRR S P ARE Rk a2 v R ok E 4 (2007)
¥tz BRI T F T o RS & R R
2 HHOREHET O F T IR AR g7 ORI A
dod E T BRI AT B BB kT R &

- KA KE Ry BT R AT kA g 4 kIR

B o
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PR AR R ER IR R AT Y e g B R
Wi R e o e forg iB5s B~ 2 A8 FHP T aAH L2
RN R R RAN R U S RLRLETRLRO R KA
AT T g 2 &g Pl Bon A gAY R o A
iy E"'vﬁ*»i%i?]? SLE Fi/?]‘ el Tt & E B e org spi(c LT
GRLE Z LS )L R Y MBS 12 R RIS

Moz BB E )R ¢ ES NREHBT A Pl e
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S FReR P o

Sg R

-nn\v

CEE P e

(-) B -0 ERD D5 REREE IR EG P R

Frigdh g B2 SR A 1% 2

>

2

(:) g4 'Fvégggmﬂ*;}‘jl%ﬂ?'@ﬁ”'ﬂjﬁ ‘ s @S N Py R

(21N
y»

CE LA Y L E SRR T
(2) % =0 pidsk P R 4F 1 b BAIEAT S N2 R

$HB S 1 RR AR L B
B Ak R BB FA T BT

A N L = UL O R

2B
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- Fé‘% FR;‘L I;:b

B SRR SF T PBREE

LU= ) B R4 %%
GENJGEBRIRF Fe i

2 i TRAE S

2 fe e

[z FABREAEE TR Y - 2% }

§ g N

T

$HB 4 17 12 o

ok CL SRt

B S i
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PR L FBRAN  BA RGP R RS

BB 57 ond 2 P

- SRR

(= )] 4t (2008) @i 1% 1A S e A P b i 4B
B = WARH 0 AN 5 AT A8 (Sigma F-7002)2 & 4B (B LR E
R € AL) o

(Z)5 4 ¢ Bk OAK T3 2 radnds ~ OAK Tria 14 7y o oks v2 4 %
MR AP P oA REEEER -

(2)F & {er PRt il B sede - DHA % EPA pA g £ £ F 112
Ao

()% i Hi(FeCly - 6H0) : p 5 Liid st € Abphi o

(3 )Pt I 4(FeSO, - TH,0) © f Sigma 2 2 p-1# (F7002) -
(Z)REBH  F MBEARLEE AL el o

(<)% 39 p¥(pepsin) : p Merck == 2 p#£1¥ (EC3.4.23.1) -

(~ )% f=(porcine pancreatin) : g Sigma = & p£1F (P-1750) -

(4 )*2% (bile salt) : p Sigma = # pi-1¥ (B-8756) -

(- )PIPES(piperazine-N, N -bis-2-ethane-sulfonic acid) : Sigma = 7 pi
18 (P-3768) -

(+ - )HEPES(N-2-hydroxyethyl-piperazine-N"-2-ethane-sulfo-nic

41



acid) : p Sigma = & pii¥ (H-7006) -

(- =)= # prp&(trichloroacetic acid: TCA): p & WL RERRGY 6 AT o
(+ = )= =% f& % (hydroxylamine mono-hydrochloride) : p 7 238 %tk
FCEALPEIE o

(- w )#R-v2ek(1,10-phenanthroline) © f +eid B 1 £ k5 & ALpET o

-~ RERA

(- )R 4% F -k is H © Deng Yeng » DKW-40 » % -
(= )~ %k B % * Jasco V-530 spectrophotometer » p # -
(= )dr % 1 Kubota » KN-70 » ' & o

(= ) pH meter : Mettler Toledo » MA235 pH/lon analyzer » 55 4L -

ZNEERTE

(- )F#* Bk R 2R SR L7 17 2aF2 PEIR
WEHRR A SRS EEA o s B ki heT o

Il¥RE: Z0 25 EN3 G282 ks 25 bRRa 22285

Foo Rt TR LRRS RAE B2 AHE

2ipSRE IRRELT G2 A R iry RV B e 2 Pt 2

ZREABRI(C BB~ = 482 50% - B4 + 50% = B 4Bz R & 4B)

o2 it BRI QRITTEZEELT L BRI BRI
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RAAB Z BRI TE S Fadlie? LBtk S2L Pl e igind L ke

R R M AR o

CFH EfRPRESFHEZR I RBFTLF 7T 22F 2
PE

RS A AR S o A b At e T o
Ltpeie : 0 G283 b2 B3R RA 2 BRI oo

BABA > TE S BB R SR et R O T L b

27 R LR G B SR LT e BRI~ 7 R

Ppin g Ak (2~ Mg By BH SRR SV 0 R R E

Bt fe Bl kR E (2007) 2 2 @ @A heT S &Ry s
s 2L SRR 50592 2 @I K AR 5 00 17 L

> A2.3% (Pearson square) 3B %ifg s Mg BT > o SUs B R {8 2 gL

BEAS P e w5 85597582 1175 %o F H 2 A u s 03615

Wi

235% v @orgpelz ERASNF R SRR I I k¥

oul

[

Frpe di 4 ~ & Y482 H 111 v 6|2 08 S48A] 0 & B3 L B 5
iifjtﬁfé‘w\ 150 ppm > 7 defrig ApE E S PG e R ST B B3R

BUORArz ) TR 100 g Uk Z R4S A o e 30
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mg - i 2 EPA ¥ DHA 2_ % 4 & o

T~ FERY
FirEmFERE S % (2008) i3 4F o

(-)% 36 f% 14 g% 35 fFA3 001 N HCl 7 » & 2 0.1 N HCI

(= e/ emR &4 ¢ 059 ki fefr 3.0 g % % fici3 >+ 0.01 N
BifL & 4 (sodium hydrocarbonate)# 4 0.1 N s fic & 40 =& T 250 mLe
(2)0.15NPIPES : PIPES /3 *t4 &3+ -k° 3 015N £ 12 INHCI
FpHI 63~

(z)0.3 N HEPES : HEPES /32 &3 -k# 3 0.3 N> £ 12 1IN NaOH
AEPHI 99

(I )30 Fowsx 2 488 R % % (protein. precipitant and iron reducing
solution) : 12 109 = & ffe % 5 g S BB AR/ > L 12 @
G-k E 3 100mL o

(= )39 Bk ik (protein precipitant solution)s? 3-v B ik 2 48R
R RAE B IERRAD

(=)L 45 ¢ & 1P~ 0259 #-r2e > 2 0.1 N HCI f## 2 100 mL » »*

g 4 R iF o
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I ~FEFEL N L

(-)E* L HMHasr+E 6000-8000 # Fp 2 %47 5(Cellu. Sep T2
8030-40 - Membrane Filtration Products, Inc. ; MFPI) -

(= )% 7 977 S0 £ 99 12 om o> £ o AU 310 cm s R o
3 S -RkEve 15 min e

(Z)REE »~»10mM gpid 42 7% 7 » 30 80C ™ #4244 30 min >
Rt £ s e #3210 MM ¢ = %mwe ¢ B
(ethylenediaminetetraacetic acid ; EDTA)i% iz &=+2 30 min» £ >+ 80°C
e B3 R4 30 min e

(m ) fFi4 £r B 30 B0%IFE @ 4 s 4C » 2 * a0 2 g ke

(Miller etal., 1981) -

S
4

P4

g B 156629 B A 1L 4T BRI 125 mL k2
BRRHEE A4 > F B3R HEA 7 150 ppm & iC 48~ Al 4B 2
LA o BB A R BT IR IARACE] 4 T o B T B~ AR
FAFE A forg ARG SRR 5 18 RSk e o SRNRA pf

BN Rk o BB T 44T %&?%ﬁ?i%ﬂ?ﬁ°
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»9;] Bﬁ’g‘ g
(275 ~ M5 2 ey)

X SN = 2R S48

7 A oty i
(EPA 2 DHA)

58 20 mL
A4 o pF 1 mLGH A pH=2)

PR R 37TC 2%

.

A #-2 PIPES 20 mL 2 3% 47 %
EryitEE e o ki 3044

T30 Al o ATiEAT R e n
50 P B R fod» 5 mL

{28 kst 37°C ~ 2 1 P

v

v

v

45 2mL (B )T 4
» iR R R AN R
1mL

47 2 mL (R )T 4
» 2R R Few BRI R

Pog g 2mb (k)T 4
»2EB R B AR R

1mL 1mL
\ [
[EA 3,000 x rpm 15 % 43

\4

LB~ i 1mL
+HPEHS 2 mL

+ 4748 5 4 A 0.25 mL
Ak kR 2t R
510 nm

12 ST

Eg] 4. %—]%‘Eﬁ '4”\ “.E'_}‘ /;FL%E—]%‘] °
Fig 4. The flow chart of experimental design.

46




= S4B A

(- )= B 2oz Wiv5 4% (2005)1 4F @ & wlfe @l & 1 46
5.10+15-20~25+3035+40+45 2 50 ppm » i 57 v @ L R
R TE® A58 - Gk 17 Ak kR >t 510 nm Uk £ G 10 48
ERPS2 Bk E > WS BB RERE
(Z)BEITRP 23 2B B2 5 T4 ¢ MOk R 2 R TR

% (2005)2 * j% » 430

\\%
x
O
&
g‘_
St
S
34
W=
7
A

1547 PN B350 2mb > 4r » dv F Uik 2 R Rig e 1mLo #
FHTRR Fe* BR i PP RhG 2 Fe¥ R R & o4 LV B
¥ 4448 ( p.(Fe**+Fe®*) ; TDFe) -

2.1 B~ig 4t PN g4k 2mbLo e~ gov FACHRIBIR ImL o SR 8 A
172 #c® 5 ¥ E47 - 1§ 4(p(Fe?) : DFe(Il))

3B P RAFFR2mML & 4 » Fd FHB R ImML K54 A
1R R 2 480 0 FEAE 7= B 48 (won-0-(Fe®*) 5 NDFe(1I)) -

4HR-F i a~CH A BT ER T REIRR ©

5.72 3,000 x rpm ZE.o 15 4 45 o

6.2~ 1mL } ji% > 4c » HEPES buffer2 mL £ 48 & ¢ 4| 0.25 mL -
700k R ERFE5100m L s F 2 wBA R R BEEERER

A 4% % w2 DFe(I1) ~ TDFe ~ NDFe(1I )ik & (ppm) °
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8.k b itz BT B E B BB E(FE S B RS

I~

{5 = % 44 5 (DFe(11)+NDFe(Il))% = # #1544 4 (DFell/TDFe
ratio) o ¥ 1z gt 5 BolE By R A BRE IR AB 2 B R B adE L - BB
FHdrae 4 ch£L B o + it DFell ~ TDFe ~ NDFell ~ DFeIl +NDFe1l %
DFell/TDFe ratio % 48 B {1 * & 2. & B 3q ¥ 578 & rdc B 2 M (h4e ]

5 ¥ 7% ©

NN B 4

* F 2 Statistical analysis system (SAS > 1999) vzt @it f8 & 47 »
x> E% (Completely randomized design ; CRD) » i :#-4
B Bichp 11— AU (GLM procedure) i (7 & 4 47 2RERH R AT

5 %3~ 49:2 (Duncan’s new multiple range test) (SAS » 1999) # 4t v
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B RPN 2B B R 2ZRT &
(Dialyzate) (Retentate)

................................................................................................

BB R-F0 T El O

TTER & B R R % iR TH B R
brastis g D esgienm | K47 Ak
i DFell i) TDFe NDFell
'ooooooo:oolooooo. — .= il i
:IIIIIIII'IIIIIIII:

\ 4
T A
DFell/TDFe ratio

B 5 iR had NREER GR -

Fig.5. Relationship of numerical value between iron dialysis and
reduction ability.
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FoRP I FEHARBRAR - XN Z AR BRI RS
Fayqie sk P

- SRR

(-) #H&H#

134k

()4 % E(Vitamin E) : 4= ¢ ¥ 0134 12 2 pid

(2)= £~ 2755 4 (Whole milk powder) : OAK 2 #g5t% > =28 fF o

He 5 =7 &?‘frﬁ Hﬁﬁ&/] 4v & EPA ?é‘ﬁ:'ﬁr%— 2R AT o

238 F

=BG AR I TR T 2 BB A - N o

(=) RFXRHA

RBRAE Fdok - 31T o

(=) #=%> 2
1383 A 2 AT

PRI A e T A C- ;7]:4c,3ai% E &7 &fcrg 5k
EPA > xfpfe- BBH (A L) = REH(F L 4)2 R E8He
(50%Fi ik I; 48 2 50% 4 1Y 48) » #aFfE s A 57 wAST 4o T 4 5o

D#RE 7 &2t e
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% 5. FER I e
Table 5. Milk powder sample formulas

0/100g sample Control WMP(Vit E+EPA) WMP(Fe(111)) WMP(Fe(ll)) WMP(Mix iron)
Commercial whole milk powder
100 99.965 99.383 99.367 99.367
(WMP)

EPA - 0.03 0.03 0.03 0.03

Vitamin E - 0.005° 0.005 0.005 0.005

FeCls - - 0.582" - 0.299

FeSO, - - - 0.598°¢ 0.299

450 ug vitamin E/g sample.
b0.114g iron/100g sample.

€0.114g iron/100g sample.
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(QVItE + EPA /& @ 7 & P X 5l 7 e a4 % E(50 pug/g powder)
3 % 4r{cryg inape EPA(30 mg/100g powder) o

(B)Fe(ll) i 7 & >rg= A FL3 7 vk 4 % E(50 pug/g powder) 2 7 47
ferg s EPA(30 mg/100g powder) s 14 = 4k (& 1 48) 5 A
oo AKE 100g 5P 3 11Amg 24z € o

(4)Fe(IDie : 7 & 2Py 4 :,U{;,T svir4 % E(B0 ug/g powder) 2 7 £
fe#5 35 & EPA(30 mg/100g powder)ts. > r4= i 48 (Frfik £ 48) a5 481
e o AEE 100954 ¢ 114mg 24 G E

(5)Mixiron je @ 7 8 »>Fg o A Sl ,T ‘eia 4 2 E(50 ugl/g powder) 2 %
& v *g 4% fx EPA(30 mg/100g powder) s 14 50%7: s I 4% % 50% % i 48
s R EAAI fe o AEE 1000 S0 § LIAmMg 2k £
PR AR E3 RS X 21600k A KT BB A H
Farh R4S R F £ 250 g) (Full Delta Enterprise; Sin Taipei, ROC) -

B AR - e K2 P T e R (E 5 R-009Mpa)igiTe Ko @

a3

ERAE T ERER T2 38 (25~30C > /p¥IRR 65+3%)iE {7

FF o - e EERGeE ) RHESEFA T L9 BY B S
EFRGess B BHESEE A1 23 B BHEZ 25

WA TS B -18CF % o
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2 B F e B8 S 4R A

Aol w AR S 2 2t H - 3N o

3Rk InAL

d 782 RIS IREAFAe X708 10 22 FE%F
S P~ 15662 09 S A2 3 kB R 3 125 mL ik R
BE AT o & R RN 2 150 ppm F VAR AR I 48 2 R £ 4B

A o R AARACE] 6 FFoF e

FRPMBEZL 2473 2 B3 % - FRp e A kR &2 510 nm 5 {8
FtPlAE > R BBEERESRALS 7L 220 DFe(II) ~ TDFe -
NDFe(II )k & (ppm) e F 3 B - B4z E(FE17- RfrA B 7=
% 48 % fc ; (DFe(I)+NDFe(Il)) 2 = @ 4 % 47 i 4 (DFell/TDFe
ratio) - ¥ 12 ¢t 5 BclE By fE AR RS2 B R B adE S - BB

Fi7i 4 LB

5.3%u3 A 45
B iR R L3R5k K 2 (completely randomized design ; CRD) -
12 Statistical Analysis System (SAS » 1999) 42 it 48 » B H X A7 7 %

¥ 4 4772 (Duncan’s new multiple range test) ' &2 & T 39E X B 4 o
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I fApe 4tk

%gfja #gﬁg‘
v v
Pre ok - e K

## 20 mL
SRS Zrte s 39 p5 LmL(h & pH=2)
PR R 37TC 2%
I —» %% PIPES 20 mL 2_i% 45 %

B g o kiE 30 A4

T 30 A 4EE o AT Rk 40
E%;,&ﬁ;/)?%ﬁﬁh'fr*’” 5mL

{28 kst 37°C ~ 2 1 P

v

\ 4 A 4

B 2mL (B )T 4
» B R Fev %fr;*uﬁ;i% R
1mL

iR R s AR R |~ 2mB R Y AR R
1mL 1mL

,QL

F& 7 3,000 x rpm 15 % 43

\4

2 B b -;;’*;.fz» 1 mL
+HPEHS 2 mL
+ 48 5 ¢ & 0.25 mL

Ak kR 2t
510 nm

— kg

B 6. ;224 2 ALR o
Fig 6. The flow chart of experimental design.
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kS
I
\4
=
%
L
-l
iy
>
T
&
=
b5
&
q’\
W
&
o
w
3"‘\\?‘
T
i
=3
beiia
&
A
3
®

- “HTBAEAMRELR PR ELES
(- )iEsH A

A RRFR R R R e Y £ ESEPA & DHA £4c%

\4

23R

2R F

= FAESKABH(Z RS = BB SR % - IR AR o
(Z)REXRHA
1458 #= 7 -k ix #, + Deng Yeng - DKW-40 » 55 -

2.4 &k B % © Jasco V-530 spectrophotometer » p & o

(2 )5 2
L#fks 2

RS B AR 2 IO o

2.3 54

d T3 RRPBELIHREAfMAe K20 E 10 Bk 7%
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sxg i P 156629 A 2 35 kB R D 125mL Wl R
s A4 & w2 ) 5 150 ppm & 145~ At 42 R &

AR o EBEIARACRE T o e

(m)&+738 P
1.TBA &

iz Faustman % 4 (1992)z = jx i3 47 jp| #_o = 1t £ B (TBA) L]
a5 fg B (VAR R 20585 117 thiobarbituric acid¥+carbonyls~ (%
fofir)ehiide %8 - ¢aldehydes® Ji(*+ # E.malon-aldehyde > *3 % it
3 CE3@F EEET A Sn) 0 Ay G ppd A & 4 0 RIE 2530
nmz_ e BB im o

1384

(1)20%= # fsps -

(2)0.02 M TBA: 0.288 g = -#t # * < f&(2-thiobarbituric acid, TBA,
Sigma)i3 *+ 95% ke ¥ E 32100mL -

217 T 2F

(D5 & 10 g 40~ 20%= & Afeiaik 25 mL~ 3 45 -k 20
mL > i& {7 3-8 F Lk 30 A 4 -

(2)# » ds g o Bk 502 3600 rpm Froo 20 4 4E o

(3)&r . 8 2. F K % 48 2 Whatman g 2 (No.1)iE g

(AP~ 2 mL4ex» 002 M = -gr= it X2 mL {68 & > 3 100C
Kig P 4e# 30 A dE o

56



QT RR TR

rt

™

bt

% *
* 1
20%= # g prit ik iy R
v A 4
B B b /%/Tz’ BLos B b /';L/I”%
A 4 v
‘v~ TBA :#%| dv ~ FS iR
A 4 v
/] 2532 nm i F VeF T
A 4 A 4
TBA value Free fatty content

Bl.7. #2242 o
Fig. 7. The flow chart of experimental design.
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(B)in kb ¥r 10 ~ 45 -
(6)7¢ * A sk sk A& - (Metertek sp-830) » ;4 £ 532 nm jp] 2 H &k & o
2.75 87 (B 1§ ) (AV)

% e AOCS(1989)i2 4 ipl T_» paif Ep| T & &7 P32 2
B o§ V83 EREFR B SF M L AT 0 - X
A &4 butyric acid ¥ ig £ 258 P 754 =+ 5 B (Shermer and Calabotta,
1985) -
1.7
(1);% A - 95% ethanol/diethyl ether, 1/1, v/v -
(2)0.1 M KOH -
(3)1% phenolphthalein -
2.3 T 2
(L)450# & 5+ 2 & RIPHP > 4o A S0 MLEHR & R i3 f2I04L0 ] -
(2)*c » #if phenolphthaleindg 7 Al > v20.1 M KOH/Z % if €3 g d &
ARFI I 2 d B0 BIFLOR) 0 Bk F Lk SFKOHF T E -

PR g R

VTR Y S
(- Vst
Lt
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FA DR 2 AR B2 7 E~EPA Y DHA 240 =
2 AT -
23 F

= RS B = BAREIR LA F 2 I o

(C)REXRA

1178 ¥ F-kipt : Deng Yeng > DKW-40 - [ # o

2./ 3 kR ik ¢ Jasco V-530 spectrophotometer > p A& o
3.4< %  Kubota » KN-70 > p & o

4.-k &4 4 47 % © Rotronic » HygroLab-2 » 33 2.

5.% sk & 37 i% : Perkin Elmer » LS55 £ [ -

6.+ ¥ ;% & sk & %3+ pocketspec » ColorQATCS » £ R -
7.3 ;87 3+ B s 7 + B pese JSM-6300, 0 JEOL > po & o

8.#ci>4p 1 : Nikon > P300 > p & -

(2)#E%> 2
LA 2

B AN IPE Rk g L R

2. 385k i #%
d T2 PR 24% LB E s X308 10 287 8% L
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BB RE T A 7% 0 A~ 17 85 ¢ (Lab value) ~ Browning index -
B %4k 1Y A& 47 (advanced glycation end products, AGES) ~ -k 4 (water
content) ~ -k & {4 (water activity) ~ ¢t EL4p P (appearance) ~ & fic s 4
(scanning electron microscope) % vg W E o 1 &3 B (sensory

analysis) o 2% /724 B 8 #77F ©

(2 )&~ 453 P
1.37 ¢ | 2 (Lab value)
Pittsia THI 10 s AEn Y o B RENEENLS RS
TRIEES A REEFRZR O RETHEA T B AL
(0, 2¢ &;100, % ¢ B)~a(+ =d &;-, & R)-b(+ % ¢ &, -,
T R)ERZAZF NP2 fd o 22 AE=(AL? +tA@% + Ab) VP #c i k=
BRI R R AT -
2.Browning index
%% Ferrer % (2005):h 2 i3 &F > Bo5l stk 5109 0 4 » 20%=
gﬁ%"ﬁﬁz%zfi’ 25 mL~ 2 33K 20 mL > &7 39 %‘r;%,_,})gg 30 2480 B
» e F o AR S0 3600 rpm At 20 A4 defs 2 bR R AR

Whatman jg 2 (N0. 1) g > Boijg i §1 % 4 sk sk B 25 iR 24 5 & 420 nm

Z 530 nm z_ sk i@ o
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QT RR TR

e ¥ e
A - 4w &
(e |
|
T2k R
RS
R
kB
ke z &
it A &
R ERE S

it 5

Bl 8. :f %k~ % AR R o
Fig. 8. The experimental design and flow chart.
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3.5 %51 & $ (advanced glycation end products, AGES)

\

%+ Ferrer & (2005) 0 = i3 4F o

135vk i d g3 kB R 2 0.2-0.5 g protein/100mL # 3 #:4k
FUik a4t o

2.7~ 1.5 mL :#FH 5% 4 » 0.5 mL proteinase ;% ;% (20 units mL) » i
40°C » 30 & 488 {7 v FKfRF &

3.4 »Hrs g o BAREE R T 13000 xg A 10 4 48 0 A £ 2
+ K % %82 Whatman jg A(No.1)i& g °

42 0.1mL *} ‘}%‘iﬁ » 12 pH 7.2 PBS ﬁv‘%i 5mL> ¥ kKRAITH F
#E T AGEs it £422. 7 & ¢ AGE (lex 347 nm; Jem 415 nm) ;

pentosidine (lex 335 nm ; Jem 385 nm) ; pentodilysine (lex 366 nm ;

Jem 440 nm) ; cross-link (1ex 379 nm ; Aem 463 nm);  pyrropyridine
(1ex 370 nm ; Aem 455 nm) ; argpyrimidine (Aex 320 nm ; Aem 382

nm) o

4ok A
= AOAC(1990)2. = j% » ¥ HF Uit ~ /4 frii f2 8 ek o B+240.01 g
Fop S A105TH s I AT E R (G5 HHHEE ST

VERREE kA -
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5.-k#
Pob MRS EERGERR R BP0 B REEA TR

25 °C < jp| TR g 1 .

6.%h B

FEP 8 20 #-H T4 10 2 4 v ¢ g kA (Whatman No.1) > B **
2 ¢ AHIEFE Y BT APS B RE TR R B 4 B E 2R
T_L AP R4 A ¢ 1600x1200 pixel~ g2k & 1SO = 120 ~ £ B F/3.5 2

£ e 12mm

THRCSHE

PP PhirESUER AL AL 2 RETE BT 4
W A00A BB > Hd N E S B s (ISM-6300, JEOL, Japan)st E
2R 103 pa-~ B A 2800 K 2 15KV +4ri# 3 /& ™ gLip| ¥ B 48 (500X %

1000X) «

BIE LT A &3

GEICICRI R LR e e AR A A
BB F CARE FES S SR A ERT & ST 5T
AEch R S 104 AN 1A BER B R A A C KGR

F o= Ay '*F?j —%z PopeiE 10 iR TR AR G ST o

p
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0.5 0 47

P R > A8 K 2 (completely randomized design ;
CRD) » I 1z Statistical Analysis System (SAS » 1999) %2t fic 48 » 12 8%
¥ X377 %5 4 474 (Duncan’s new multiple range test)'* fiz & i J2 e

TinE2 LB
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V5583t
B FHF RSRAE BALFRFTEI R
FRLNBBT LT sk 2 BIP

RSk LA kR R 3 200-700 nm B TR R - B4R R R AR RS
B Ak L3597 4 510 nm; X K-z LR R 5 - WS 2 B
okt £ L 510nm o st £ BI0OnNmiE S (s A 2 B E b & o

b KRR G *ﬁ"d Beer’s Law & = pld= Bt e L £ T 2%
k@@ HER Lt o k¥ $(2006)2 * i 58 47 4 17 5-50 ppm #
2 - AR & £ S (linear expression) (4o @] 9) > 14 ¢t Rk § A
¥7 I A fadl ~ & (Y48 % R S4B (50%; Arfik 4 2r 50% % 1L 4B)3T 5 e
Wz ViAo f(DFell) > ¥ & 47 S (TDRe) 2 A5 47 = % 48
(NDFe I )2 ik B (ppm) » &4 & £ 3+ 8 146 - 4% (DFe I +NDFe 11 )
2w Ao B8V 47 s 2 vt 5] (DFell/TDFe ratio) -

FEAT - BAR(DFell) & & 488 g oh ) LRk ? T ARE T E Y
= BABRAS 0 o BEAS B BT AR I L2 BAra 4 o TG
175 (TDFe)e 2 7 V472 = B & = B4 Boedxy o Mk
PRt AR R AB 7o H(NDFell )i £k £ % il 5479

MoARFZ S BB v BB 0 R BEARR (v KT iR
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PedHaB AR R 2t dF - W ARV 2 s 4 A% 3 - W 4B (DFe I +NDFe
M) V47 B8 A7 BB 88 f&A I BfiEz - §
BRBO REARE T AR NAE R S B B2 a4 AR
oo v 47 4B v 1547 482 v | (DFell/TDFe ratio) & # 4 i% 47
P2 - BHER CHREAAGHE T AR AR FE TR ERT M
4 f&%eh- 467 fi > DFell 22 DFell/TDFe ratio & 48 ¥4 %2 3
i #ﬂ’ﬁl » TDFe ~ NDFell 2 DFell +tNDFell i = 48 & {1 * & 2 =«

L

-~ AR R 2R R RERE T I s 2L PR

PR - hM(Fr L 4B) ~ = h4h(x H48) 2 50%= T4
50%= % 48 - :%,z»;;—i‘,. 24880 (MIX) & B 4e >t g ~ 147 88 >
o A Fudsd s Al 24 3 £ 5 114 mg/100g sample 5 3, F A5 4 4 B
% 8559752 11.75% > ' # B mts B 2 g 285 03-15% 35%
20ME MR s DR LR R SR i T4 0 R
# DFell ~ TDFe ~ NDFell ~ DFe I1 +NDFe I ~ DFell/TDFe ratio % 48 &
I+ F2 LAtk

Bl 10 -5 =22 ki 2250 uRicl - B4 (B

T4B) ~ = WAB(F 1V 48)% R o &) (50% = # 48+50%= % 48 Mix &)
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(A) DFell

a

b
] a b
C a c ¢C
] c b
d

m Control
OWhole milk powder (WMP)
OLow fat milk powder (LMP)

ENon-fat milk powder (NMP)

Fe(Il)

1 10. 395 7 £ #3048

Fe(IIl)

Fe(ITy+Fe(1II)

(B) TDFe
B Control
OWhole milk powder (WMP)
OLow fat milk powder (LMP)
a a BNon-fat milk powder (NMP)
b a
c C b
a
b
C
Fe(ID) Fe(IIl) Fe(IDH+Fe(IIl)

Fe** (ppm)

5g 1t Uk 2 18 %k 4 4= i * [+ (DFell ~ TDFe ~ NDFell) 2 5F -

(C) NDFell
B Control
OWhole milk powder (WMP)
OLow fat nulk powder (LMP)
BNon-fat nulk powder (NMP)
a
a
b
c a b
c c
b c ¢ c

a

Fe(IT) Fe(IIT) Fe(ID+Fe(IID)

Fig. 10. The effect of adding three kind of iron compounds in different fat levels milk powder on dialyzable ferrous iron
(DFe 1), dialyzable total iron (DTFe) and non-dialyzable ferrous iron (NDFe II) during in vitro digestion.

#d Mean in each milk sample by different letters are significantly different (P<0.05).



P B ¥ 545 = i 48 (DFell) ~ 248 (TDFe) 2 A& 47 = 1 48
(NDFell)2 #c® o g & Bom > 5 o0is AR $ 4o - a2 82
P s SR F 2 BRI (P s 37 48) 2 %] 2 R ¥ 2. DFell
EEFREFRAZ IR ZHBER(EHITGH 23 1), Ra F
BoenfEieat = BB (F ) E BT BN A o § R
e W ABAIPE o 3 DFell 22 TDFe (&% P AF & 0 A 7 4o 1 2 R
U SRS S L ok s Y £ A T S e
2o h iR L ABH| (50%= 1 42 50%= ¥ 48) (MIX) % > DFell B
B BAEA NSk EN o F — S g o Bl 10 BEor TR LT B4
BABECE BV IR B AP A B 5 2k TR 2 i
B o Rt B 228 Pg 5185 (P<0.05) » 4o 1 Mg 22w v iR R U 4
“Tif dv 2 4B % DFell @308 7 2 3 F 82 251y s 8 P
RIFFEAEMLEIHF -
B 10(B) 5 &2 P if{riidh & (TDFe) #c® ¢ 7 w472 - i)
Bz B2 e BoEARE AT SR e 2 BB H ST 4 AR T
FTRABTIFT F 5T 2k S5 5 - G r 27
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Fig. 11. The effect of adding three kind of iron compounds in different fat levels milk powder on DFell + NDFell and

DFell/TDFe ratio during in vitro digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig. 12. The effect of functional additives in different fat levels with ferrous sulfate compound fortified milk powder on
dialyzable ferrous iron (DFell), dialyzable total iron (DTFe) and non-dialyzable ferrous iron (NDFell) during in vitro

digestion.

*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig. 13. The effect of functional additives in different fat levels with ferrous sulfate compound fortified milk powder on

DFell + NDFell and DFell/TDFe ratio during in vitro digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig. 14. The effect of functional additives in different fat levels with ferric chloride compound fortified milk powder on
dialyzable ferrous iron (DFell), dialyzable total iron (DTFe) and non-dialyzable ferrous iron (NDFell) during in vitro

digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig. 15. The effect of functional additives in different fat levels with ferric chloride compound fortified milk powder on

DFell + NDFell and DFell/TDFe ratio during in vitro digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).

80



& "o 'xpe 4+ DFe (I1)~TDFe ~NDFe (11)~DFell+NDFell 2 DFell/TDFe
2 Rl TEE TR B Sk 4cF] 16 2 B 17 - &2 43P e 4p g DHA 2
etz iR e n B AP LR EPA G 4 RIP BT &3
:z L DFe Il &2 »t% (P<0.05) - TDFe * m > DHA 2_ 7% 4r f i 7 4
it itpe? B R ER Z R 2R Mgy Y REE MO R
o B @ IR e s IS L s AT Y f 6 2 B EPAR
‘eRgr DRell #icigdg v Bt p 7 £ ¢ Hled R FL 3 ¥ HERE
(] 16(B)) > NDFell #8%4 > EPA 2 DHA fd#icim 2 4 I % & F B> 4
Pe = (B 16(C)) » % /< _DFell+NDFell 4g %88 %7~ § &8 0212 i) » & 7r
EPA % DHA i@ &f & 417 4o qforq Wi et R el 55 1 5
itk ? AEFLEPERET S Lo tlRg 2 A0 vy o
% 2.8 5 (B 17(A)) » e 2 # x 0 EPA 34 4 4pforg WAk »a % 1t
i )I* DFell/TDFe a5 = » %y 28 52 7 8 fodfid] 5 1 5445 @
DHA ship 4o fice P 3@ 5 H PR ~EPA Rl R n m £ 8 » & 27y
R Ao R e 5k ¢ Bl EPA 2% 5 & 3 0 DFell/TDFe - & (R
17(B)) -
1 if > DHA g2 EPA $H48 B2 iz 41 #* 3t DHA = 6 2o % &

LN

\**z

7 kEE @ EPA A= ;g;‘g:r_,p;}ﬁﬁlﬂ Bl E (T8 2 > e

g B3R g e = x%éﬁn;z%iﬁﬁ s 1 R DR Feae v ¥t 4 41

81



(A) DFell (B) TDFe (C) NDFell

35 35 35 4
m Control(Milk powder+mix iron) m Control(Milk powder+mix iron) m Control(Milk powder+mix iron)
30 1 DEPA+Mix iron 30 1 DEPA+Mix iron 30 1 OEPA+Mix iron
25 ODHA+Mix iron 25 b a ODHA-+Mix iron 25 | ODHA-+Mix iron
@Fell alone c BFell alone a @Fell alone
B E £ a a
£20 £20 . . 220
= a = = b b ¢
)
215 b a a 215 d ¢ ¢ b ¢ b 25 b c b
cdr—c b b d c d d
10 c c c c 10 10
5 5 5
0 . 0 - 0 -
WMP LMP NMP WMP LMP NMP WMP LMP NMP

B 16. 7 &¢fr¥y '97‘%@“;;‘,’]& e ER SARR| R T Uk 2 B8 2 ) # |+ (DFell + NDFell ~ DFell/TDFe ratio) 2% -

Fig. 16. The effect of functional additives in different fat levels with mix iron compound fortified milk powder on
dialyzable ferrous iron (DFell), dialyzable total iron (DTFe) and non-dialyzable ferrous iron (NDFell) during in vitro

digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig. 17. The effect of functional additives in different fat levels with mix iron compound fortified milk powder on DFell +
NDFell and DFell/TDFe ratio during in vitro digestion.
*¢ Mean in each milk sample by different letters are significantly different (P<0.05).
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Fig.18. The in vitro bioavailability (DFell ~ TDFe ~ NDFell) in iron-fortified milk
powder during aerobic storage.
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Fig.19. The in vitro bioavailability (DFell + NDFell - DFell/TDFe ratio) in
iron-fortified milk powder during anaerobic storage.
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Fig. 20. The in vitro bioavailability (DFell ~ TDFe ~ NDFell) in iron-fortified milk
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Fig. 22. Lipid oxidation in non iron- and iron-fortified milk powder during storage.

(A) TBA values, (B) Free fatty acid content, (i) aerobic condition, (ii) anaerobic.
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Fig. 23. Browning index and color change of non iron- and iron-fortified milk powder.

(A) 420 nm absorbance, (B) 530 nm absorbance, (i) aerobic condition, (ii) anaerobic

condition.
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Fig. 24. Fluorescence intensity of different AGEs compounds non iron- and iron-fortified milk powder.
(A) AGE; (B) pentosiding, (C) pentodilysine, (D) cross-link, (E) pyrropyridine, (F) argpyrimidine, (i) aerobic condition, (ii) anaerobic.
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Fig. 25. Moisture and water activity of non iron- and iron-fortified milk powder.
(A) Moisture content, (B) water activity, (C) color change, (i) aerobic condition,

(i) anaerobic condition.
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Fig. 26. Images of non iron- and iron-fortified milk powder after 8 month.

(Ai) aerobic condition, (Aii) anaerobic condition.
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Fig. 27. SEM images showing microstructure of non iron- and iron-fortified milk powder in
aerobic condition after 8 month. (A) Control: Whole milk powder without any additive, (B)
Fe(I)-fortified, (C) Fe(lll)-fortified. Left and right panels showed x 200, x500, and x1000

magnification respectively.
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Fig. 28. Sensory analysis iron-fortified milk powder after 8 month.

(Al) aerobic condition, (Aii) anaerobic condition.
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VI E e iR

The first purpose of this research was to discuss commercial milk
powder which was fortified with different iron source effecting its in vitro
biovailability by milk fat levels, functional food ingredients of
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and vitamin E.
There were 0.3, 1.5, and 3.5% of milk fat content in test samples, which
were fortified with ferrous sulfate (FS), ferric chloride (FC), and of 1/2 of
each (MIX), respectively. Afterward the iron bioavailability was
estimated by dialyzable ferrous iron-(DFe (I1)), total dialyzable iron
(DTFe), nondialyzable ferrous iron (NDFe (1)) and total ferrous iron
(DFe(Il) + NDF(I1)) during enzyme hydrolysis (pepsin, pancreatin-bile
salt) and dialysis. The results showed that the order of iron bioavailability
among iron compounds was FS, MIX, and FC. Furthermore, the 3.5% fat
level has the best efficiency in iron bioavailability among fat levels
treatments. In functional food Ingredients experients, EPA can improve
iron bioavailability in all iron fortified milk samples. In addition, much
storage time elonge, more increment iron bioavailability of powders were
found, especially in stability of ferrous iron(DFell and DFell+NDFell
value).

To well-documented stability studies on iron-fortified food are limited
due to the complexity of ingredients and processing methods. Here, we
also performed a comprehensive stability evaluation on iron-fortified
milk powder with various iron contents and packaging methods. Free
fatty acid increased gradually over a 9 month storage period in both
iron-fortified and non iron-fortified formulas, regardless of the packaging

methods. Thiobarbituric acid (TBA) level remained stable in anaerobic

packaging condition but increased in aerobic condition. Lipid oxidation
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was highest in Fe(ll1)-fortified formula. We showed significant increment
of browning reactions, moisture and water activities in aerobic condition,
especially in iron-fortified formulas, while no significant changes in
anaerobic-packaged formulas. Scanning electron microscopy (SEM)
showed highest porosity in Fe(lll)-fortified formula. Our results showed
Fe(l1l)-fortified formula has the lowest stability in aerobic condition but
its stability improved significantly with vacuum/anaerobic packaging.
Thus, our studies contribute to understanding and improving the

processing and quality of iron-fortified food.
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