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Hemoglobin(Hgh)9] 7[E3|E245E heme-irong £ 9 viAe Hghd 5k, 7HESIZ(DH,
degree of hydrolysis), F4-842] pH, 4] pore sized] th3le] 2AIBI|. 7o) ASE Hgbe] &
=71 =obgel wiel heme-iron®] 345&-2 F71519021), peptided] AAE3 HP ratio@ peptide 3 heme-iron
o] A= HIE)E Hgbe] F=o BE & o|E B & YUtk Hebe 7I5EAETt 8%, 16%, 4%E F
7Htol w2t F4] g peptides] AA7L £ol3lA o]F0)2 HP ratio’} 13.7%, 20.7%, 31%2 Z7}5H5ich
FA&de KHPOE 25mMe] HES F718 Wl HP ratior} 25.7%°1021, 50 mMel3e] FEdMe
30.0-32.5%2 F71EI . 4849 pH/t 255 heme-irond] §3)=7F 7151 F48hE B3 heme-iron
o] Al&o] Wolxlth. Peptided] AAEL FAjujo] 2kDaol 5kDaZ A o 745%0)4 87.5%] & Fo=
2711921, heme-irond] 348 F4ute] F710) wla} 7HAsle 2 kDadlME= 86.5%, 15kDaolME 79.6%,
25kDa%lA 63.1%= FZAEETE. TP s £a), A2E heme-iron AFES] heme-iron peptide?] FFe
ZtzZ} 21.7%} 77.0%°1.25, HP ratiot 28.2%, ¥4 6.5%°|ch
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g At AAE BaEinh. @il BaA= Hgbs 7HE
3led heme-ironS A|Fshe 7A$ globin® EI= AAEH=
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TR} A3 7F AW w2 peptideE ANA3I] heme-
iron®} S Fo|7|7t oItk Wb & = Hgbdl ®
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CAE. 7)1EE2 AH2E  hemoglobin(Hgb)2  SigmaAk(St.

Louis, MO, USA)®] A|ES AMgslon, dadRsass
Novo NordiskA}H(Bagsvaerd, Denmark)2] EsperaseE AM-31%1
t}. Hematin, pyridine®} 732 heme-iron} peptide®] #2419
ARSE Aok 15 AloRS ARESISITE.

Hgbe] 7l¥s]. pHSE 2171 Aoz zAHE AR
vk Wk87](0.6 L glass vessel, double jacket) 2 bench top
bioreactor(7 L Bioreactor, Hanil R&D, 3=)E o83} 7<=
32 331990}, Hegb 20gS 0.1N NaOHZ -£siA)A 400
mi(pH 10.0)¢] &84S AxATt. T84 EsperaseE T
WA 71202 %ww)S A7 RIS AldEan) bt
S2rE so°cel ¥Hg- pH7F 10082 {fAHEZE 4N
NaOH=Z Zd3te] 300 £7F vh&-& AT whe $85 ¥ 7
TEANL 90°CAA 1587 SXF F 12,000 golA 202
7+ 95T Mega 17R, Hanil R&D, =13 § A|Z2 AMS-
ST}, 7lEsl=e] 248 TNBSH 2S olgsled =3It}

Heme-iron®] £3. 542 ©]43 heme-irond HEI&
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Table 1. Effect of hemoglobin concentration on the separation efficiency of heme-iron from hemoglobin hydrolysate

Hgb (%) DH" (%) rgfvneewlr?% ) Peptide rejection (%) HP? ratio (%) ER (times)
25 24.6 75.7 922 30.0 97
50 240 834 91.8 30.7 10.2
10.0 249 91.0 91.6 317 10.8
YDegree of hydrolysis

PHP ratio was calculated as the amount of heme-iron divided by amount of peptide in the dialysate.
*Enrichment ratio was shown as the ratio between HP ratio of the dialysate and HP ratio of the hydrolysate.

pore size(molecular weight cut-off, MWCO, dalton)7} 12-14
kDa9] dialysis membrane(Regenerated cellulose membrane,
Spectrum  Lab., Inc, USA)Y ABE Z23FZ 50mM
KH,PO, F4&(pH 80)elA Fasidet. £4 & 8
heme-iron 4L FAAZRZ AZR3I .

Heme-iron®] R && EH. Heb 7MrEside=zrg
heme-ron®] FE|&&2 F4 5 2 ol ZF3KE heme-iron
Bl8, peptide®] AL, HP ratioFAe YHo] A3l &
peptide ¥ heme-iron®] XA[sh= H]E)9t FHEER,
enrichment ratio) 528 T3},

Z, HP ratio(%)=HP *100, ®37]4] H= A8 £ heme-
iron®} F=o|™M, P peptide®] 50|}, ER(times) = HP/HP,,
HP = ¥4 & hemedron ®2|% F¢ HP ratiol™, HP=
4 A heme-iron®] HP ratioo]T}.

4. Heme-iron ¥ pyridine hemochromogen Yo
mEA ST 2, AR 12 TEd - gRBERAY
2mik E3131aL, A sodium hydrosulfite® 3 mg 718 3
557 nmoll X FFEE =483 hematin TN v w3}
heme-irong F et ©MA 2 peptide®] A

Woll wepx FTHLE A4S H,
=

semimicro-Kjeldahl ¥
BAE FAL0 FERHE ALHIN%G25)

peptide®] FLE=

3.

Heme-iron?] £2]9) th3 Hgb = &F. 7122 Hegbe)
FEE geoly 7iRalst & SO R heme-ronE EE
3}ATE. Heme-iron®] 3982 Hgbel ¥rt Eobde] uwet
75.7%NA1 91.0%= Z7Fsh=Hl(Table 1), o= FA9 Uil
FESRe 2FES heme-iron EAFEe] Aol ot AdlEA}
PR w IS5 Z9 AEo] JAY] fEoE AztE.
Table 164 Hi= vle} ZHo] peptide®] A71E-S 91.6922%=
Hgb =0l W& & 2Jole g19l2H, heme-irons] H2]842
Vel = R EQ) HP ratio((FA] = Ul 223k= & peptide
% heme-iron®] FAsh= Y59} FFE(ERPIME FAE A
e 2. A8 el 9%t Heme-iron®] EEjollAl=
Hgbhe] =& E2lT %% heme-iron®] 3|&gols 2 Aozt
AT WHH | peptide®] AAE-S Hgbel Fwrt HErE #7
WER o™, HP ratio®t $5-&(ER)AME E7 Hepdtt ! o]
= heme-ironS BESR=E 717 AW 54F el o
EdM o= AlEAM | FAHME peptide B heme-iron -

Table 2. Recovery of heme-iron after dialysis of hydrolysate with
different degree of hydrolysis

Heme-iron  Peptide rejection .
DH (%) recovery (%) (%) HP ratio (%)
8 94.0 779 13.8
16 96.1 85.4 20.8
24 834 91.8 30.7

el Z7), SAY AAR S o8 EAY faiwrt BHE g
AFe Frhe 3g RoFErTh

Hgbe] 715-E3)xe] W heme-iron®] #2]. Hgb2l 7
B =7} heme-iron®] F&]ol] WX GG FAVE] 98k
NeEAETY D7 8%, 16%, 24%% EAR3INAE pore size
MWCO, dalton)”} 12-14kDagl FA5-& A3l £AgE &
heme-iron®] &9&, peptide®] A71&3} HP raioE 2AIEHS
Uh(Table 2). 7FRESI=7} 8%, 16%%Y W heme-iron®] 35&
2zt 94.0%, 96.1%Z FAFSIAE, 24%8] 7d-7-ol= 834%
2 74489}, Peptide®] A A&2- Hgbel 7IrRai=rt 8%°)
A 24%%. F71E W, 77.9%014 91.8%= A F7FIAoH,
olo] whA HP ratiox 13.8%°14 30.7%= @AA3] F7181
t}. o] Hgb] 7MESErt S7FEEE ARAL peptide =
Ra)ulo) T2 23 A A7 go)5kA o] FIA AL, heme-iron
= BAgko] FopuA] AAd ASARge] d¥e o) T
of 2t M&o] Zvlshe AR AlmHT. Aedt AAEEy
Bl heme-iron?] E#]F-5S Hgb 7FEa) 0 25 E peptide?]
AALl wErar o 5 Ut

Heme-iron £2]9) AMSE B899 243 pHY .
Heme-irons 22)3}7] 98t In 599 A3zl elspd, ot
P ARS Ao Hrele Bk ATt o B
heme-iron £ EEE 42 Aok g = 9o, 53] KH,PO,
B A3 49 =2 HP ratioZ UERAS] B dTe) £AE
w2 Aste] ARg-staict.

Table 39141 Bi= nlel 7o) KHPO,S F7FsEE 25mM
oA 200 mME Z7}8E heme-iron?] 3582 79.2%°1A4]
875%% Z7VelEa, peptided] AAEE 90.4%°14 91.6%=
lo)3 2718 B9tk HP ratios KHPOS) £%7} 25 mMY
W 25.7%°122.25, S50mM o= 30.0-32.5%% S5
t}, #29 heme-iron?] AESIE flote] FAEAol AFshe
KH,POZ A|7slo} 517] wiol #elZ&-S tfehli= HP ratio
E 37 AR e HAER] 50mMe KHPO, = 74
g Hriste) AEeIAt.
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Table 3. Effect of KH,PO, concentration on the recovery of heme-
iron from Hgb hydrolysate

KH,PO, . . Lo
Concentration Heme-iron  Peptide rejection HP ratio (%)
(mM) recovery (%) (%)

Hydrolysate 100 0 31
25 79.2 90.4 257

50 834 914 30.0

100 84.4 915 31.0

200 87.5 91.6 325

Table 4. Effect of pH of dialysis selution on the recovery of heme-
iron from Hgb hydrolysate

e-i Pepti .

pH relizl;rfler;r?‘;:z) rejectIi)(t)lr(l1 6(:%) HP ratio (%)
Hydrolysate 100 0 3.1

2.0 98.8 87.2 243

4.0 95.1 89.7 28.6

6.0 90.1 90.5 293

8.0 834 91.4 30.0

10.0 69.2 91.6 25.4

Heme-iron®] #2]&-&) v]Xs T80 pH & 33
& ZARE7] #1810, S0mM KH,PO, €49 pHE 2|5l
FA8 A3} pH7E 20004 10002 Z7Kto| WA heme-
iron®] B5-8-2 98.8%NM 692%E Fidhe AL B
™, peptide®] AALE 872%N4 91.6%= W& 90%l 717t
& peptide A71E-S E3{TH(Tabel 4). T84 pH7} 4He)
A It oR ol 5ol wet heme-iron®] 3|4Eo] 7hAad
AL heme-iron®] pHe| ME )= lolo)) 7|98, pHY}
S7V3T5 heme-iron®] §3=7} F7HVsl] BAj ouia
AlEe] ST Moz EAHET. Hehe 7Eser) &
739 peptide®] &= pHo| wat =po)7t =A vehIx|
grom 9 A3 pH W8l mE peptide AALS] W7} =A
YehA] sttt pH 4.0-8.0 T77HlAe] HP ratios 28.6%-
30.0%°1%.01t, 77 ZFUF1EIQ) pH 203 100914 2}
7} 243%S} 254%2 22 HP ratios HTH

T4 pore sized) WE heme-iron®] £, Hgb 715%
B2 pore size”} TFE FA TR AMEEY heme-ironS £
& 7% heme-iron®] 31583} peptide®] AL ZARIITH.
Dialysis membrane] pore size7} 2-25kDa®} =S ARE-3}]
AL TeRa g FA T Yo} 50mMe] KH,PO,
(pH 8.0) &ollA T3}

Fig. 19]x JERd vle} o] ExBle] 57)7} 225 kDaC R
pore size7} Z715ol wWebA heme-iron®] 3FE-L 86.5%004
63.1%% 73R om; 53] 15kDa o] B4 7+a
Zo| Zlth. Peptide®] AAEL T4 pore size’t 52 F
7heldewn, 53] 2kDad] £l A9E 745%0)%.0™
5kDagl 39= 849%F 1 F71Eol o, FAue B3
heme-iron®] 315783} pepiide®] A|AE Alole} Ay Sle ¥
A7t 471 W&ol HP ratiot FA42H] pore sizeSte] AT
£ VUERZ]= oA, 2-13kDa B 99 FHHLS Al
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Fig. 1. Effects of membrane pore sizes on the recovery of heme-
iron (@), peptide rejection (M), and HP ratio (A) after membrane
dialysis.

A= pore size® A7t E4F HP raiox F7FSFIAL,

13kDa o}de] T4 S-S Wi HP ratio7h oF 29-33%%
vepdch 22}, pore size?} 13kDa o)) BAuke ARgE)
£ 7d9= heme-iron?] A|ALo] tigk 2092 &40 =)
w&oll pore size”t 13kDa ©]3te] 2h& ARG3KE Zlo] vl
& o2 AWAEITh. 4719k 7He B4 pore size®] F7]
of w}2}X heme-iron®] 3|5& 749} peptide®] AAE F7}
= BAe] ¢ 1kDa ©]3P& Hgbol 7HE3l=o] heme-
ironI} AEALR} peptide E oh| At AR B4R B w)
AUzt Aolw | heme-iron©] peptidec] Bl3te] FAE Y-
ZEESHE B180) 2 A2 heme-iron®] 74-$+= heme-heme &=
£ heme-peptideZt 274 AJE2EYo 2 <13 Bz 2=
3] WEd Aoz Algd).

FAgel] o3 £2€ heme-iron AFL] Wrp. FAHOR
heme-irong F2]F & AX3} L] ANPAEFS 42 &
A JARSE AU heme-iron®] EZH7} A FVEF v
sk, 5394 AW F$ heme-iron AFE2] heme-iron}
peptide @] FBE 2z} 27.1%, 700%™, HP ratos
387%3 T&E 93%Ath. A, FAHE TR AS FA
=] pore size7} 12-14kDa%]l $49102 50mM KH,PO, &
H(pH 8.0)o4 FA3l] Eeldt heme-irons 7AZR3I
9] heme-rone A|Z3}H27, APAIE2] heme-iron?} peptide
o] FFe 2z} 21.7%, 77.0%°192 7, HP ratio= 282%, T
&2 65%E SR Ay Hisle e AAE BT F
A= 508 AAHET heme-iron} peptide®] Sl <
g ANEASIR 27t 2ds, T35 olHst EAIRE S5
817] S8k pore size7} & FAUE AMEE A9 FATS
Z3 heme-iron?] AHZ(wash-ouZ F&°0] Foldrke EA7F
Aok, zev BAHT 2 GRS A3l AlZ3 heme-

=
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Table 5. Quality of heme-iron product

. Methods
Quality parameter
Precipitation®™>  Dialysis
Peptide (%) 70.0 770
Heme-iron (%) 27.1 217
HP ratio (%) 38.7 28.2
Yield” (%) (heme-iron/Hgb) 9.3 6.5

DRatio between raw hemoglobin and heme-iron product
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Separation of Heme-iron by Dialysis

In-Kyu Kang, Man-Jin In' and Nam-Soon Oh* (Department of Food Science and Technology, and Food Science
Research Institute, Kongju National University, Yesan 340-802, Korea, 'Department of Human Nutrition and Food
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Abstract: A method for separating heme-iron from hemoglobin (Hgb) hydrolysate by dialysis was developed.
Recovery of heme-iron increased with increasing Hgb concentration, whereas rejection of peptide and separation
efficiency expressed by HP ratio (heme-iron/peptide) did not show significant differences. HP ratio increased with
increases in the degree of hydrolysis of Hgb and KH,PO, concentrations of dialysis solution. Recovery of heme-iron
decreased with increase in the pH of dialysis solution due to wash-out of heme-iron across the dialysis membrane
caused by increase in solubility of heme-iron. Rejections of peptide were 74.5 and 87.5% (2 and 5 kDa of cut off
size, respectively), whereas recovery of heme-iron decreased from 86.5 (2 kDa) to 63.1% (25 kDa). Amounts of
heme-iron and -peptide of dried heme-iron product were 21.7 and 77.0%, and HP ratio and production yield were

28.2 and 6.5%, respectively.
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