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SUMMARY

. Title

A Study on The Development of Iron-Fortified Dairy Products Utilizing

Transferrin from Blood of Slaughtered Animal

1. Objective and Significance

Since many countries are still investing lots of money on developing
effective iron sources that are excellent in preventing or healing iron- deficient
anemia, it is very attractive to do the research on developing ready to
absorbable iron sources for medicinal as well as food additive purposes. The
objectives of this project are to develop new type of the iron source using
transferrin obtained from blood of slaughtered animals, and, by adding this, to

develop iron-fortified dairy products.

[11. Scope and Content

1. Isolation and purification of transferrin from animal blood
Immobilized metal affinity chromatography(IMAC) and C18 reversed

phase column were utilized for isolation and purification of transferrin from
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blood of slaughtered animal. Purified transferrin was studied for its properties
such as iron-binding capacity, iron-solubilizing ability, and the effect on

iron- bioavailability that was determined by in situ ligated method.

2. Development of the effective way of producing transferrin
extract

Porcine plasma was fractionated either by batch type IMAC or IEC,

and transferrin fractions obtained by two methods were compared with their

trasferrin recovery and purity for the purpose of establishing the effective

way of producing transferrin extract.

3. Properties of transferrin extract
Transferrin extract was tested for its stabilities towards pHs and
digestive enzymes(pepsin and trypsin). It was also investigated for protein

denaturation and microbial qualities after heat treatment.

4. Effects of transferrin extract on bio- availability of iron
Iron- deficient anemia was induced to SD rats by feeding
iron- deficient diet. Then, iron(FeSO4 alone or iron and transferrin extract
were fed daily. During experimental period, hemoglobin concentrations, %
hematocrit, and body weight were measured to study effects of transferrin

extract on bio- availability of iron.

5. Production of iron-transferrin extract

Iron- transferrin  extract was produced by chelating irons to
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transferrin extract and its properties were studied.

6. Effect of iron-transferrin extract on bio- availability of iron
SD rats on which iron-deficient anemia were induced were fed
iron-transferrin  extract daily. Effects of iron-transferrin extract on
bio- availability of iron were investigated by measuring hemoglobin

concentrations, % hematocrit, and body weight.

7. Processing iron-fortified dairy products
Iron- fortified milk and yoghurt were processed by adding
iron- transferrin extract. Changes in sensoric qualities and other properties of

the products were investigated during storage.

IV. Major results and Recommendation

1. Isolation and purification of transferrin from blood of slaughtered
animal

Bovine and porcine blood were obtained from municipal slaughter

house. Plasma obtained by centrifuging blood were further fractionated by
IMAC using chelating sepharose fast flow gel that was chelated with cupric
ions. By 1st eluting buffer(0.02M NaZHPO4 0.5M NaCl, ph 3.5), 74% of total
plasma proteins were eluted while 7.0% of plasma proteins were eluted by
2nd eluting buffer. The 1st fraction was mainly composed of serum albumin

while transferrin and 1gG were main proteins in 2nd fraction. The
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concentration of transferrin in 2nd fraction were increased to 4.6 times when
compared to concentrations of transferrin in plasma. Transferrin was further

purified on C18 reversed phase column.

2. Properties of purified transferrin

One gram of purified transferrin could bind 1.14mg of ferric iron,
which represented one molecule of transferrin can bind about two molecules
of iron. Iron should be solubilized first at duodenums to be absorbed into our
body. Therefore, solubilization is prerequisite for absorption. When
iron- solubilizing ability of transferrin at duodenums condition(pH 6, 37 ) was
tested, only 2.2% of added irons (7.51g Fe/ml) were solubilized in the absence
of transferrin while 47.0% of added irons were solubilized in the presence of
transferrin(Img/ml). When FeCl380rng Fe/ml) was injected into iron- deficient
rats by intestinal segment in situ technique, 18.4% of injected iron was
absorbed whereas 48.49 and 48.76% of injected iron was absorbed with

addition of 10 and 20mg transferrin/ml, respectively.

3. Development of the effective way of producing transferrin
extract

Batch type IEC and IMAC methods were applied for effective

production of transferrin extracts. In the case of IEC, 90.4% of whole

transferrin were eluted by absorption buffer and the purity of transferrin in

this fraction was 28.8%. Rests of proteins in this fraction were mostly

composed of IgG. In the case of IMAC, 74.0% of transferrin were eluted by

3rd elution buffer. The purity of transferrin in this fraction was 24.2%.
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According to these results, transferrin extracts were more effectively
fractionated by IEC rather than IMAC method. When transferrin extract
fractionated by IEC were evaluated for iron-solubilizing ability at the
duodenums condition, 15.8% of added irons(in the form of FeSO4 were
solubilized without adding transferrin extracts whereas 65.8, 70.8, 79.2, 75.8,
and 82.6% of added irons were solubilized when 1, 2.5, 5, 10, and 25 times as
large amount of transferrin extract as added irons were added, respectively.
T hese results indicated that even adding equal amount of transferrin extract

can significantly increase solubility of added irons.

4. Properties of transferrin extract

Simulated digestion method was adopted for testing stability of
transferrin extracts toward pHs and digestive enzymes. In control group,
which iron was solely added to milk, 15% of added iron were detected in
dialysate whereas 17.2% and 16.0% of added iron were detected in
transferrin- and lactoferrin- added groups, respectively. However, 24% of
added iron were existed to dialysate in transferrin extract- added group
indicating that transferrin extract is the most effective in increasing
bio- availabilities of iron. Heat treatments, either by LTLT or HTST, didn't
significantly affect both iron- solubilizing ability and iron- binding ability of
transferrin extract. Protein patterns in transferrin extract on SDS- PAGE were
almost identical before and after heat treatments. By LTLT, total microbial
counts were reduced from 3.1x 106 to 3x 104CFU/ml while they were more
reduced to 2x 104CFU/ml by HTST. Coli forms were not detected after heat

treatments.
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5. Effects of transferrin extract on iron bio- availability

To investigate effects of transferrin extract on bio- availability of
iron, iron-deficient anemia was induced to SD rats by feeding iron- deficient
diets for 7 weeks. Bio-availability of iron was determined by measuring
hemoglobin concnetrations, % hematocrit, and body weight weekly. To
determine marginal iron dosage, iron(in the form of FeSO4 was solely fed
with amounts of 25, 50, and 100rg daily. Hemoglobin concentrations(g/dL) of
SD rats fed 25png of iron daily were gradually decreased during experimental
period. Hemoglobin concentrations of SD rats fed 50ng of iron were almost
constant while those of 100rg iron fed group were slowly increased. From
these results, it is obvious that further animal experiment should be done
with feeding marginal iron dosage of 50ng daily. After marginal iron dosage
was decided, FeSO4 alone or FeSO4 with transferrin extract which were
added 200 times more than the amount of iron was forced fed daily.
Conclusively, Hg(g)/Fe(mg) intake of the group that was fed FeSO4 solely
inreased to 0.4048g after 3 weeks otherwise that of transferrin extract added
group increased to 0.5495g indicating that addition of transferrin extract

significantly enhance body absorption of iron.

6. Production of iron-transferrin extract
Iron- transferrin extract was processed by adding irons followed by
dialyzation and sterilization. Among total irons added, 37.0% was remained
in iron-transferrin extract complex while only 3.9% was remained when iron

was solely dialyzed. When FeSO4 FeCl3 and iron-transferrin extract was
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incubated at duodenums condition, concentrations of solubilized irons in

iron- transferrin extract were much higher than other two irons.

7. Effect of iron-transferrin extract on iron bio- availability

Simulated digestion method was applied to determine solubility of
iron- transferrin at the condition of digestion. When iron-transferrin extract
was added, 5.9% of the total added iron remained in dialysate whereas 3.2,
3.2, and 4.0% of added irons were detected from dialysates of FeCI3 +
transferrin extract, FeCI3 and FeSO4 added groups, respectively. The effect of
iron-transferrin extract on bio- availability of iron was investigated by animal
experiment. T he group of rats that was fed with iron-transferrin extract daily
as equal amount of 37pg iron showed total hemoglobin concentrations of
0.783g at the beginning to 1.3519g after 42 days whereas concentrations of
hemoglobin in FeSO4 which is known as the most effective iron source in
absorption, added group were increased less rapidly from 0.7604g to 1.1177g.
This result indicated that iron-transferrin is excellent iron source for
enhancing bio- availability of iron. Since iron-transferrin extract was more
effective in iron absorption than FeCl3 + transferrin extract, chelating iron to

transferrin extract was considered to be essential process.

8. Processing iron-fortified dairy products
Iron- fortified milk was processed by adding 23ppm of iron(in the
forms of FeCl3 FeSO4 and iron-transferrin extract) and heated to 60
followed by homogenization, sterilization, and bottling. Milk samples were

stored at 4 and tested for sensoric evaluation and lipid oxidation. Although
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serious defects in sensoric properties were not observed in all milk samples
during storage, FeCl3 fortified milk exhibited the best quality followed by
iron- transferrin extract and FeSO4 fortified milks. Oxygen concentrations in
FeSO4 decreased significantly during storage at 4 while those in FeCl3 and
iron- transferrin extract were almost constant indicating that FeCI3 and
iron- transferrin extract were much less reactive to oxidation than FeSO4
Iron- fortified yoghurt was processed by mixing skim milk powder and cream
to 10 : 3(w/w), sterilization, inoculation of mixed culture of LAB, and
incubation at 42 till pH dropped to 4.7. After incubation, iron-transferrin
extract, FeCl3 and FeSO4 were added to yoghurt, mixed and filled to
pasteurized bottles. Changes in sensoric qualities, titratable acidity and lactia
acid bacteria counts of products were evaluated during storage at 4 . There
were no significant defects in sesoric qualities during storage except
FeSO4 added yoghurt. Rancid flavors were detected in FeSO4 added yoghurt
from the begnning of the storage and intensity of these off-flavors were
rapidly increased during storage indicating FeSO4 is much reactive to lipid
oxidation. No significant differences were observed in pH, acidity and

microbial counts among three products during storage.
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1

1. (iron)

60-75% 3%
0-30% 1%

5-15%  cytochrome oxidase, catalase electron
transport system adenosine
triphosphate (Zubay, 1983).

energy
(Edgerton, 1972)
2. (bio-availability)
2 (ferrous) 3 (ferric)
pH 3
ferric hydroxides ferric iron
. hydroxides  phosphate
conplexes  chelates
(Kaltwasser , 1987).
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4. (transferrin)

(blood plasma protein)

77,000 dalton
pH 2 3 (ferric ion)
tyrosine
1 liter 2.3
hemoglobin, myoglobin, cytochrom
(whey) (lactoferrin)
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FPLC(Pharmacia Co.) chelating sepharose fast Tlow(IDA
sepharose, Pharmacia. Co.) Cu2+ C 1) Cuz+
IMAC
. gel (binding buffer) 0.02m
NaHP04, 0.5M NaCl(pH 8.2) pH 3.4
1 (elution buffer), 0.01M imidazole 2
CHZO0H

/

Matr ix-0-CH2-CH-CH2-0-CH2-CH-CH2N

AN

CH CH CHZCCCH
1. CuA chelating sepharose fast flow
Sigma phenal reagent
SDS-PAGE
laser densitareter(ultrascan XL, Pharmacia Co.) -2

(MACO 30Kdal)

HPLC(model LC-900, Jasco. Ca.) colurn(crestpak C18S,
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Jasco. Ca.) - HPLC 0-1%
triflurcacetic acid/H:0(A) 0.1% triflurcacetic acid/acetanitrile(B)

eomizhr 25 70/30(A/B) 50/50(A/B)
gradient 280nm -

SDS-PAGE mobility,

SDS-polyacrylaride gel electrophoresis
(SDS-FACE) Hoefer Mighty Small II(SE 250 MINI-Vertical Cel

Electrophoresis Unit, Pharmacia Biotech) EPS 600 Power Supply (Pharmacia

Biatech) , Cel % SDS-PAGE, sanple buffer B
-mercapthoethancl 100w, 200mA coamassie
blue -
4.
SDS-PAGE

laser densitoreter(Ultroscan XL, Pharmacia LKB,

)] - micro protein
deterrination - , 0.85% NaCl 0.2ml
2.2ml Biuret Reagent(Sigma) 10 -
Folin and Ciocalteu®™s Phenol Reagent(Sigma) G.1ml 30
570nm , Protein standard(Sigma)
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IMAC

alkali(pH 8.5)

Sigma kit total iron  concentration (TIC)
unsaturated iron binding capacity(UIBC) total iron binding
capacity(TIBC)
6.
IMAC »
7.5ng Fe/ml FeCl: pH
(H 2, 37 ) (eH 6, 37 ) 2
incubation
ferrozine - Ferrozine 1.25m1  ascorbic
acid soln 0.5l 10 Iml 10% ammonium
acetate 1.25m1  ferrozine reagent 10 ,
562nm -
7.
1
SD rat 8
,» 5 3 sodium pentabarbital
- SD rat 2
tFe 1ml
1 -
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(9/kg )

Casein 200
Corn starch 150
Cellulcse 50
DL-methionine 3

Mineral mixa 35
Vitamin mixb 10
Chaline bitartarate 2

Sucrose 500
Carn cil 50

aVineral rix (g/kg) : CaHPO4500.0, NaCl 74.0, CEHEKICT HZ0 220.0, K2S04 52.0, MgO 24.0, MnCC3 HX 3.5, ZnCO3HO 1.6,

CuCC3 0.3, KI040.01, NazSeC3 H0 0.01, CrK(S04)2 12H0 0.55, finely ground sucrose 124.03.
b vitarin mix (9/kg) : thiamin HCI 0.6, riboflavin 0.6, pyridoxine HCI 0.7, Niacin 3.0, calcium pantcthenate 1.6, folic

acid 0.2, biotin 0.02, vitarin B2 1.0, dry vitamin A palritate 0.8, dry vitarin E acetate 10.0, vitarin C3 0.25, menadicne
sodium bisulfite corplex 0.15, sucrcse fine powder 981.08.

2. In situ ligated segrent

-10 -20
(mD) (mD) (mD)
FeClIZD) 0.3 0.3 C.3
- 10mg 20mg
0.C1mol HCIZL c.1 0.1 c.1
3 0.542 0.542 0.542
0.25mol/L Tris buffer
0.058 0.058 0.058
(pH 8.5)

Final pH : 7.2

:80ng Fe/L in 0.01mol HCI/L & EFeCli(Q.5,Ci/m)



“Fe

gamma counter(Packard Auto-Gamma Model 2000 series)

3
1.
Chelating sepharcse fast flow cupric ion
IMAC
C 2). phencl reagent
3 phenal reagent
- (0.02M NazHPC<, 0.5M NaCl, pH 8.2)
13.0% 1 (0.02M NazHPO<, O.5M NeCl, pH 3.5)
70.3%, 2 (0.0IM inmidazal)
16.7% C 3. SDS-PAGE
, 1
2 , 1gG ( 4).
SDS-PAGE laser densitameter ,
10.4% 76.7%
2 C 4.
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abs-at-670nm

1.2

A
OIB':'
o6 ¥ « 0.0466X + 0.010196-

‘ r = 0.995
04|
02|
o 20° 40 8o 80 100° 1?0

protein(mg/mi}

% 3. Phenol reagent®o] <3 @93 ek &4 EFI4

E 3. IMACH 93 #28 & 99 d93 5=

3 A 2 (mg/ml) %
g% | 70.1 100.0
F28u) 9.1 13.0
141828l 49.3 70.3
2x-g-a8m 11.7 16.7
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1 2 3 4

gy *

Albumis a - i e~

L )

29 4 IMACH) o8] 2% ¥3e9As] B719% pattern
1 e%

1318287 23

2244& 8 2Y

EdAN™ E%%

N

£ 4. IMACHel A 23182 8-vo 3] £a2d £49 Ed2dHY =4

Zehygy EJd2HY fx Heg
(mg/ml) (mg/ml ) (%) (%)
g% 70.1 7.3 10,4 100
228&8m 2 1.7 5.6 47.8 76.7
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IMAC/HolA  2a18&2vie] s Feld YL FHA3MWCO
30kD)Z 283 HPLCAAAM 94 columng %3 EAd2¥Y FEFH9
retention timeg ¥lmdte] EJAHAL EASHAHY 5). ER2vAY EJ
29 peako] HBEHE BYE ol ¥%31 SDS-PAGERAN EM2HY
EZE9 RS HEY 2, £ peakt AY Ed2FIez FAHUEE
g 4 AAtH Y 6). EF o] peak?) Pz 4YE Ed2HY RFFH W)
s BoHe w, § Ato]9 ojmlxAitxAol A FYUstH HPLCAAN #2d
peak’l €5 EWA2HAYL ¢ & AAHE 5).

T

Retention time

a9 5. 2318&80 #3892 HPLC chromatogram
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29 6. IMACSt HPLCE AA ¥ d EJAHA
1. Molecular weight standard
2. EX25Y EEF
3. 8- 3Ad Edx=d
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VCL %

( ) C )
ASX** 13.65 13.94
GLX** 9.45 10.04
SER 6.17 6.77
GLY 8.58 8.87
HIS 2.58 2.11
ARG 3.83 3.62
THR 5.53 5.64
ALA 8.58 8.24
PRO 5.51 5.98
TYR 3.90 3.03
VAL 5.02 5.22
MET 1.83 1.15
ILE 2.62 2.61
LEU 8.13 7.85
PHE 4.39 4.41
TRP 0.00 0.00
LYS 10.26 10.53
TCTAL 100.00 1C0.00

** ASX, CLX mean the sum of asparagine
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TiBC(mg/dL)
0.4

0.3
o
0.2
0.1
“’ "
0 1 2 s 4 6
Transferrinimg/mlL)

a9 8 ¥ EQ2HA o ©E ARZAE W

£ 6 EJ2NY R 4 @FEY YeAYs

Total Iron  UIBC' TIBC

(ng) (ng) (ng)
EdAN 0 1.14 1.14
1x1-8-&-80f £¥ 0.045 0.004 0.049
2x18-&8ul £ 0.075 0.12 0.199
1) UIBC : unsaturaled iron binding capacity
2) TIBC : 10tal iron binding capacity = total iron + UIBC
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abs at 662nm
0.8

0.16

0.14

. Y » 0.0388X
0.08 r = 0,.9946

0.08
0.04
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Fe(mg/L)
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E 7. EJ2NE R 4 EFELYY APH 2, 37C)e 2doA9 AR

7+8-3b5
Bt AE% 7188 HER

(Kg) (ng)
Control 6.13
EdAHzR 6. 30.
(1mg/ml)
1218280 &Y 7.5 6.04
(1mg/ml)
221-g&gn £Y 6.69
(1mg/ml)

¥ 102 FEY AWESF7E olvde AolAF zhdAe Erla
Hd =¥ FEIHEEEE 2o sl

0.8 Fa(mg/d‘-)

0.6 (o]
o
0.4
0.2
o
° 1 2 3 s 5 )
Transferrin(mg/mL)

a9 10. Yol AR 2NN EJ2HY Fxo] }E FE/HE35 W

= 43 -

NEeEX E5E8A EdAN (Transferrin)S 0128 H22s RAE Y AR/ s



FeCl: cantrol
» 2.2%
9.5, 42.3, 47.0, 53.0% 9.
, 2
19G
8. (pH 6, 37 )
9 G[¢))
Cantrol .17
3.50
(Arg/ml)
1 7.5 C.76
(Arg/ml)
2 3.17
(Arg/ml)
mechanism - hemoglabin
5 10%
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tFe

9. In situ ligated segment

tFe  (CPVM)
-10 -20
1 137,788 95,587 86,689
2 124,885 83,143 43,652
3 126,816 83,525 107,067
4 142,822 85,676 108,757
5 106,056 91,049 86,026
» 127,693 87,796 86,438
m 156,480 170,449 168,685
fFe (D= 81.60% 51.51% 51.24%
(A/T)x 100
fFe ) = 18.40% 48_.4% 48_76%
100 - Fe
)] tFe = tFe tFe.
9
- 10rg 2.6
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10mg

20mg

- 43 -



ool EClAH Bl(Transferrin)S 0|28t =223

i
Pl
K

A 3FA EAd2HH FEE92 A4 system M

A1d A4

1859 AFEAE EQE AAHoln AgHozZ EIAHY
o] e BYL 1 o5 AzAA Fo Yol £ UE AFE/NENFY
st @ FEAYE B FEAUWIEA A 9Y §& £ chapter® F3}
o AT EWAAHA FE2ES ARVeL (F)eaddeA et 71&ojHo)
E dHdes A ARZIE £ HFHINE T3 dFE 5 g 9
A FNE 73 & chapterdl e HEAHA Az ANHAG.

A2d AFPey

1. Ed2Y 2289 4
EFFA £A% 289 2 HAYAE $STAZ Hejste] W4

elel A ubste] YAE(B000xg, 08) F FFAE Ao Fo2 AL
At o & Yo ol AAYA) 0%l YHoz HEY v, P
o) Ao dA YA 50%7t YHOE 5ol A% 4yl YaH ¢

e A oA sz AT EFo 2R E EJ2HIE AgHoE
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43 Wl RO batch typeo]l #2]¥ RL2 HF3A ol§ o] & @A &
YA E LA AHIY 11). 292 2EFX = FA2 AFHUALH, ARE
2.2 yyo] A o) A= YAF gel® sample, 2R 13} L& LA
reaction vessel ©9 oA magnetic stirrerg ©]-§3l wWitdte] Fm, YFA]
¢ F o) glass filter ®9} extraction vessel @& reaction vessellell 7]& ¥ H
AN gele AF(=HA A 3l 13} 82E4Qd §28 YA AHH #
d8 £ WA 2gHUAY AHfEEE Fol7l H3tH  extraction vesseldl
aspirator® F2¥ + e FEATE FAHAL. GelZHEH &&5HA FL Oy
e 23}, 334&4d So2RE T Yy o3 £eHo A £ Ak &
ATE H3tdM 2L E€ 3L &%) @A L YFAE AU

IMAC gel 100ml€ 2L € %< @¥d F&A(FA o Yol 500ml (25
bed volumn)8 FH4E 208 Y 23] MY onstn EF2Ew 500mi2
BYA Y F AR3HT. FHE L =5 F 5000 x gl 108 44
B3l WAHR curd® AASIE membrane filter(pore size 0.45 pm)E o 3}k
¥3 100ml(0.5 bed volumn)& & 3-8-v] 400mie} §7 208 &4 EFdI o7
Bt Geldl A3 F&ol 2o 48 A S & A7/ S8 13449 2
zt, 32} &2 & vl(elution buffer)E& AH&-3IAY. vlARez Folgle ZE @Y
AL 44537 98 washing solnZ geld A 33Act

HE2Q AN 28 Y3 IMACH IECE olg3ted @3
< £93A0. IMACAIA S} o] Yl AR3:&AXE olg3gey, F34
wjot 1xt-42t §&&ulEE AHESIAT. Geldd B3, §719 42 IMACS Z
Al 3t} Gel filtration 8 column(80 x 2.0cm)¢] sephadex G-100& 3
3l Yol Y- FAY ER2H YL olnxitzAdL Piéotag system&
o] &3t P&t
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YLI111 1710/ 127 0777/

¥ T an s

= 1. aNYe NN

a9 11 @93 £833A)
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IEC  IMAC

SDS-PAGE laser densitameter -
7.519
Fe/ml  FeSC¢< , PpH (pH 6, 37 )
2 incubatian
ferrozine -
total iron binding capacity (TIBC) -
2.
- pH
pH Miller
simulated digestion -
12 simulated digestion
(10mg/dL) (500mg/dL)
. Simulated digestion pepsin digestion pancreatin
digestion HCI  NaHCC:
pore size 6,000 8,000 dalton
dialysis membrane
ferrozine -
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+

Pepsin incubation (Zhrs, 37 )

Cialysis bag
(H 5 37 )

Pancreatin-bile incubation
(zhrs, 37 )

Dialysis bag

Cialysis bag
Ferrozine

12. Simulated digestion -

HTST(73 , 30 ) LTLT(63 , 30 )

SDS-PAGE -

SPC > VRB

3 SD rat

( 10) 4
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- gavage tube forced feeding

FeSC«(25, 50, 100, 200ng Fe/day)

FeS0o4 + Fe : (ww) =1 - 50, 100,
200 »
(orbital vein plexus) hemoglabin  hematocrit
heroglabin :
hemoglabin(g) = (@ x 0.067 x Hb(gsdL) / 100
mg hemoglabin hemaglabin
10.
(o/kg )
Casein 200
Carn starch 150
Cellulcse 50
DL-methionine 3
Mineral mixa 35
Vitamin mixb 10
Choline bitartarate 2
Sucrose 500
Carn ail 50
a Vineral suppliment (g/kg) : CaHF04 500.0, NaCl 74.0, CeHEKICT Hz0 220.0, KZS04 52.0, NgO 24.0, MnCC3 HO 3.5, ZnCO3 H:O

1.6, CuC030.3, KIC4 0.01, NazSeC3 H0 0.01, CrK(SC4)2 12H0 0.55, finely ground sucrcse 124.03.

b Vitamin suppliment (9/kg) : thiarin HCI 0.6, riboflavin 0.6, pyridoxine HCI 0.7, Niacin 3.0, calcium pantothenate
1.6, folic acid 0.2, bictin 0.02, vitamin B2 1.0, dry vitarin A palmitate 0.8, dry vitamin E acetate 10.0, vitamin D30.25,

menadione sodium bisulfite corplex 0.15, sucrose fine pawder 981.08.



A3d A3 R 2 F

1 ER2Y F2389 223U 44 iy

ghozny EN2WY $2E2S AgHORT A7) Hotel &
4 8% P5gol Hold RAYYo Ry EQaNAL B AA e FHo|
gosucth E¢ EA2NY 3589 BYS 95 A8¥Y IECY IMACEFRL
columng o] &3HE WHET batch typed] B B9 sjgo] EAAN
d 2229 B4R A4 99 H98 Roz FIAY YHgdo Ry
doj7 YA TY WA F& €% Iml T 70.ImgelAem SDS-PAGE
Ao)A densitometer® ol 43te] Fo YawwAe) 4L 2HF AW, ¥
o] WA YAGWAL 428%E AANHYoH oG EN2HAL 27 224%5}
104%& AU 1Y 13& iz 2YPXE o]&3ted batch typed] ion
exchange® ¢ ¥FTWAY 2Y pattene H71GFH4NM BAF3 Uch
[EC gel2 P8 2% $289¢ $3 299 ¥3u92a 3 F489d sy
% loading® VASHWA(7.01 g)o 309%°] sF3e 217 g9 YA
resinC 2R 2L o]FY BYAZYS APEY RV A §35
A ggrov} WowAs sdAmAo] 27 472% A% FHY Be HE
& AAgen 1 9o YASWAE 198%E AXsH 2, 138289
of AsiNE PAYY 188%7F S£EHUTL §28 YAVNA 575%7 &
Balo)gler 11 9 IgGe 26.0%, EJAHYUL 54%2 FAHY Uk B
ne 72 ¥F3eNd F IEC geldt 7Hd 3¢ FRE B 23§&§uld o3
o £YY ©uA) 736%F AANHAT. L) YPOYAB0%)E 8
st 13}, 2282 8del o8 g§2HRAen ECH M 3 T8 ¥Puwa
o) 896%%) 628g0) B5HUT. £Y 2Ho| BE Fo Yy % Y&
& AHRY AA EJ2HAY 904% AA HYE A9 65.0%7F FE-EHo
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A8t SEHATHE 11). 09 g Fe WERe) Ed2mdo] FHedo
2 P¥89 IEC gelo] A9 F2AHx £8n £25UeL ¢ 4 Ut

' Wi ¢

Fowngar a3 5000

29 13. Batch typed] IECe] oj3) 288 3zl A7)%9Y%E pattern

@ EdANY
LK
© E38v 2§

O~0 1A~438& 81 &Y
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11. Batch type IEC

1 2 3 4
70.1  21.7 13.2 21.2 5.6 1.1
(mg/mD)
30.0 0.6 7.6 15.6 5.2 1.1
100) (2.0) (5.3) (52.0) (17.2) (3.5)
196G 15.7  10.2 3.4 1.3 0.3 -
100) (65.0) (1.7) (8.3) (1.9
7.3 6.6 0.7 - - -

(100) (90.4) (9.6)

17.1 4.3 1.5 4.3 0.1

“Data in parentheses are yield(%) of each plasra protein eluted hy different eluting buffers.

IMAC , Cuz+ ion
1
chelating C 14, 12). 2
loading 37.5%
73.4% -3
31.8% , 1gG
47 1%, 28.7% 24 . 2% -

washing saoln

82.9% 1gG - IMAC 3

- 52 -



EJ2AY 740%7F FHEHULY o] YoM EJLNALY & 24.2%

oAt

D el o e RS R S A

IgG(L) — .

® ® © ® ® ® ©

¥ 14. Batch type®] IMACY] 93 £4¥ FENAY A7|YF pattern
® Ed2md
%
© &8 &9
O~® 1x~3a18&8 +9
© Washing soln ¥
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12. Batch type INAC

washing
1 2 3 soln.
70.1 8.8 - 26.3 22.3 7.0
(mg/mh)
30.0 0.2 - 19.3 10.5 -
(100)  (0.7) (64.3) (35.0)
1gG 15.7 - - - 6.4 5.8
(100) (40.8) (36.9)
7.3 - - 1.0 5.4 0.2
(100) (13.7) (74.0) (12.3)
17.1 8.6 - 6.0 - 1.0
“Cata in parentheses are yield(%) of each plasma pratein eluted by different eluting buffers.
batch type IMAC IEC
1EC C 30.4%, 90.2%) INVAC 3 C
24.2%, 74.0%)
( 13).
13. Batch type INAC  IEC
(mg/mb) (rg/ml) ) 0
1EC( ) 21.7 6.6 30.4 90.4
IMAC(3 )] 22.3 54 24.2 74.0
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EE [ECol 93] Ao EJ2HY £YA F alAZFo] o50%0]
€ AAStE IgGe IMACEFAX B & IRl EJ2HY BUE F4 ion
%9 chelating® o]l ZES ¢ & AUt BtM EI2HY 9o IgGE F&
ion}9] Aol o] A% AAYHEBIZ YAFoZHE [ECE £3l9 goj E
Aawd F8o] ddzo]l IMACE 5319 ol @Az AHEg FEIE
el o fre] ¥ ez BFE o batch typed] IECH] i3] Ao thake
IgGst EdAHAo] FHE ENAHA o) EJ2A F2E2A Py
Aeg AggY
| [ECHA @olx Ed28d 288 sephadex G-100& |8 gel
filtration® 2 HF A3ty ER2HAL E3Pen(ay 15) sixgder
FH £2-AAE EJd2FAY oluidrgde B 149 @

abs. at 280nm

5 10 15 20

fraction no.

1Y 15 Batch type IECS} gel filtrationg £33} sSix¥dozxg B
ZlE Eld ANy
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0.5

IEC gel

1EC

14.

MOL %
ASX** 9.31
GLX** 8.99
SER 7.91
GLY 8.77
HIS 2.12
ARG 3.85
THR 6.27
ALA 9.33
PRO 6.85
TYR 2.53
VAL 7.99
MET 0.87
ILE 3.60
LEU 9.01
PHE 4.36
TRP 0.00
LYS 8.23
TCTAL 1C0.00
/v) , gel
1:2
C 16).
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.'IIF_'

IgGH) —

29 16 AR Ed2dd FE2E9 2YE A8 gel 1 F(w/w)Y vIEE
gedt g We A719F pattern
® Eld2HY
g3
©1:05
®1:1
®1:15

- 60 -
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EJIAHY 289 o ©E 4olAF ZAU(pH 6, 37T)M Y
HEIHEE5E FAIG A, BE(FeSO.)E A7 Ao 37 AR
(100ppm Fe)9] 158%7} 744318 a2z JE3oy EJ2HY F2ES A
Esxo) dists 1u), 2540, 54, 10u, 254} ¥IME A 7iE3E FERFE F
3 7184, 658, 708, 79.2, 758, 826%°) ol=ZHTHZY 17). wtely Ex
HY FEES HEFH TFL2T AUtz JolARRANA AEHE3s
o] 333 F4E + UL AYE ¢ + U

A L7825 (%)
100 '"
80 0 _ : i
1 O /3/’ N
sot /
40 ‘//
20
:
o .I 1 1 1 1 |
0 5 10 15 20 25 . 30

AR sdAHA PEHE(V/V)

29 17 ARH EAAAY 2289 Ahid me Ao 2 Ae
L7435 W3
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2. EJ25 F&E9 54 x4
7b. &8l A A9 pHYl tigh A A
ERQAHY F2E9) 431829 pHell g ABFEE =AM H8)
o ¢ £ EWA2HYY pepsinT trypsine] AP GHAHE AR RABIY
t}. Pepsin®} trypsing EJ2m A9 3% sidste o2 Hristn 2o 3
A pH (pepsin - pH20, trypsin - pH7.0)2 @33 37CoAM 223 59
incubation® ¥, 80CAIM 15%3F 713t ol AAE ERASAI T pHE
6.00.2 & Fo] Ao WP EF2vU FE/NLHTL 2FsAYG. 2
¥ 1801 B upet Zo] Aarz AYHA 4L EI2HA FZEL Smg/ml
o FE2 ZANNUE W, 7t FE 75ug/ml F 7.20g9) Vo] sHL8AtE
7t A2 pepsin® trypsine 2 A2 AL Aole 2z 25ug3 4.0pgel 7t
SE3EE FrAAY M o2 pepsindl M EJIAHAY FEIZEF
o] 2 YL We ALE Algdrh

0., Felmg/dL)

—S- control TF
—+— pepsin treated TF
=¥ trypsin treated TF

6 1 2 3 4 6 8
3% 18. Pepsini} trypsin M@ EJA2AHA 259 AR7L35 w3l
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aBEL% pH} EA2NY 2289 ARG B B3
& A8Vl gt AASH el & 23 simulated digestiony& ¥ A
$8345 B ATIME 10mge) RS V4T 24 100g o] EdAHY
FZFE(500mg), FAY EWA2HA(250mg), HEHY(250mg)S 7 H7}1éid
o1E0] pepsin® trypsin S 8] ABHE BY Fo) WL Yol §49) A
£ e ZANAG $40 BED Y dETY FENE Yrhw VL
15%7} dialysated]H AEIUen EdxAs FENAS VET $A ¥
3 Aol A7 17.2%9 16%9] AR o] dialysated] £ Yt EJAHAY F
2ES AH99E Aeole BHE WL 24%7} dialysated] Fotglo] 47he)
497 3 7MF £ ARAEREE YK 19)

5o % Fe
40
30 4
20 A

10 4

Eaayz ‘gEel
aY 19 EJAHY FEE, EJ2dY, FEANYS A F] AEen &9
% simulated digestion® 22 X3S 9 dialysated] A E 3=

AEF

- 63 -
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. Eoll g A

EJ2HY FEE9 @9 U AL XASH) A3t EJx
WY F2EE HTST(73TC, 30%)9} LTLT(63C, 30¥)4ATFF Rl AAso 71
A2 }9& 9 dojude 549 wgld dgtd AFHAS. A @ E
d2id 389 YEMEAT(Fe ! EX2HY F2E(w/w) =110 718)9
Hile dA2)de 758%9 LTLT, HTST Hel¥9 81.26, 8547%=A 71847
A ¢ EAAHY 89 HEHEHFE HEr A g8 ¢ F A
Aot TIBCZ &A% BELZAYFE HTSTY 93ty 953%, LTLTH &3t
919%9 FELAYF 9A & W3/t e Ae2 =i AJFYEE T3l
g g RE R} A dx JHAAY T Wast FFHA
FAcH2Y 20).

S. Albumin —

e — i

CURE N B
® ® © ® ®

2§ 20, 7HEAF AT A8 EJIANHY FFE9] /19T pattern W3}

@ EJ=mY

g3

© EYX2NY FEECIEAE H)
() " (LTLTHE %)
® " (HTSTHE #)

- 64 -

NSEX EEEHO EUAHE (Transferrin)2 0|28 223

30
=
o
=
e
R
4
o
i
gl



3.1x 106 CFU/ml

9.3 CFU/ml HTST 2x 104
CFU/ml LTLT 3x 104 CFU/ml -
3.
12
dialysis , 0.45qm membrane -
FeS0¢
FeSCs FeS0z
- » 3 SD rat 4
100ml hemoglobin 69
- FesC¢ 1(Fe ) - 200( D)

gavage tube

10 15 rat 1
hemaglabin » % hematocrit ,
hemaglabin FeS0¢
( 15).
SD rat 25n9 graup  hemoglokin
100rg group
- 50rg group  hemoglobin
S0y
marginal dosage S0ng

- 62 -



15. hemoglabin

Hg(g)/dl
0 5.70:0.94
7 5.56+0.71

Fe25ng
14 5.28+0.95
21 5.19:0.70
0 5.7070.94
Fet 7 5.78+0.84
esong 14 5.8270.82
21 5.9971.52
0 5.70:0.94
Fel00n 7 6.15v1.07

e
g 14 6.0571.04
21 6.96+1.33
50ng
hemaglabin mg
hemoglobin 1 0.42g 3 0.55g
FeSC¢ group 1
0-39¢g 3 0.41g ( 16).
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16.

Ha(@)/
Hg(g)/dl %HE Ha(Q)

@ Fe(mg)

0 5.70v0.94 |16.20s3.77| 0.561
7 |32.74+27.88| 5.78+0.84 |13.80+1.92| (0.696 0.3857

Fe50ng

14 |70.41529.25| 5.8270.82 |16.00+3.79| (0.848 0.4100
21 |98.80726.63| 5.99¥1.52(15.09¥3.30| 0.986 0.4048

Fe50ng 0 5.70v0.94 |16.20+3.77| 0.578
" 7 |34.84723.74| 5.81¥0.86 |15.80r1.92] 0.725 0.4200
14 |71.01523.33| 6.15v0.57 |17.25¥3.49, (0.916 0.4829
(10rg) 21 198.49120.07| 6.90¥2.10|20.44+3.78] 1.155 0.5495
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~ IEC

21.

, 10Cg 5mg

3 SD rat

50ng Fe

tube

pH
sinmulated digestion -

FeS0s, FeCl:, FeCl3 +

4
10 5 group control group
- graup 37hg

, FeCl, FeSCs, FeCI3 +

gavage



(orbital vein plexus)

heroglabin

hemoglobin(g) =

3.
, FeCli, FeSC«  23ppm
6C ¢ 23).
72 30 ,
4
G ), © ) 9

source  50ml vial

head space

- 67 -

hemoglabin

TCD

150mmHg

hematocrit

(@ x 0.067 x Hb(grsdL) 7/ 100

@

GC

sealing

4



+ (23ppm)
!
(40 )
!
(150 mmHg)
!

(72 7/ 30 min)

|

(250ml plastic hottle)

22.
23
, 10%
3% cream C 24).
30 42
ABT-B) pH4 .7 42
4 - , FeCli, FeSCs
4

0.02%(

23 ppm

72



(A3%) + Cream(3%)
!
(70 / 30rin.)

|

42 0
!
(0.02%)
!
(42 pH 4.7 )
!
@ )
!
(23 ppm)
- 23.
3
1. -
batch type I1EC (FeCId)

(8,948ppm) 3% (3,314ppm)
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- (pH 6, 37 ) incubation

37.4%
2. -
simulated digestion ,
- , chelating 5.9%
pepsin  pancreatin digestion dialysate FeCI3
+ , FeClg, FeS0s 3.2, 3.2, 4.0%
C 1. -
source
chelating
2 - 18
source
- contral
group -
group 37hg group SO0
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17. Sinulated digestion source
dialyzate
Dialyzate
saurce
- 5.85%
FeCI3 + 3.19%
FeCl3 3.23%
FesSc4 3.96%
18. SD rat @
) 0 7 14 21 28 35 42
Control | 188.97 | 198.13 | 211.23 | 224.36 | 238.40 | 243.17 | 249.99
189.152| 207.75 | 231.08 | 257.40 | 278.91 | 284.53 | 306.51
FeCl3 183.17 | 194.88 | 219.41 | 242.89 | 265.86 | 286.30 | 287.73
Feso4 177.77 | 192.39 | 212.20 | 235.86 | 257.82 | 271.04 | 284.00
FeCI3 +
190.28 | 205.27 | 227.13 | 249.80 | 269.12 | 282.59 | 289.73
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hemoglabin -

FeSC« 42 hemoglobin  60%
( 19). FeCl: graoup -
chelating
chelating graoup
19. SD rat hemoglabin (@)

(\3\ 0 7 14 21 28 35 42

Control | 0.8006| 0.8738 | 0.7741 | 0.8031 | 0.7916 | 0.7434 | 0.8054

0.7830 | 0.9168 | 0.9346 | 1.0421 | 1.1755 | 1.2733| 1.3519

FeCI3 0.7265| 0.8116 | 0.8228 | 0.8819 | 0.9442 | 1.0017 | 1.1018

FeSC4 0.7604 | 0.8321 | 0.8335 | 0.9178 | 1.0054 | 1.0956 | 1.1177

FeCI3 +
0.7660 | 0.8450 | 0.8750 | 0.9506 | 1.0837 | 1.1378| 1.1745
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% hematocrit

hemoglabin ( 20).
- group % hematocrit
hemaglabin | % hematocrit
| FeSC4_
chelating
20. SD rat % hematocrit
) 0 7 14 21 28 35 42
Control 15.00 | 15.67 | 15.50 13.17 11.50 | 12.33 | 13.17
: 16.80 | 18.20 | 17.30 | 17.00 | 17.90 | 19.20 | 19.80
FeCI3 15.88 | 14.88 | 14.90 | 13.50 | 13.63 | 13.75 | 14.38
FeSC4 17.50 | 17.38 | 15.10 15.14 15.14 | 16.63 | 17.38
[ FeCI3+
17.38 | 15.75 | 17.50 | 15.50 | 16.63 | 17.00 | 17.75
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23
( 2D).
saurce - , FeSC4
FeCl: FeSC« FeS0/
FeCl:
21. 4
0 7 0 7
Caontrol 7.1 6.7 7.3 6.9
- €.2 5.2 5.8 5.7
FeCl3 5.2 5.7 5.5 5.9
FeSC4 4.9 4.8 5.5 5.2
4 head space
, FeSC«
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30

( 22). FeSC«  FeCl:
30 -
FeCl:
22.
head space D)
0 10 20 30
Control 20.08 20.06 20.02 19.63
- 19.95 19.91 19.92 19.46
FeCl3 19.97 19.91 19.95 19.29
FesSC4 19.76 19.56 19.53 17.72
23
- 4
, FeS0« cantral
( 23). FeSt«
. FeCl:
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23. 4
0 7 0 7
‘Control 6.8 5.9 6.9 5.9
- 5.8 5.1 5.9 4.8
FeCl3 6.2 5.5 6.6 5.3
Feso4 3.4 2.5 3.2 2.5
’ pH1
( 249).
24. 4
H
P (x 109)
0 4 Q 4 0 4
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