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Hemoglobin(Hgb)] &4 715-E8|90ZHE] J%¥E heme-irond] H2lo] F3e& F= 7129 55, 7/15EHE

a X

(DH, degree of hydrolysis)

2 2o pHY &3 58 ZARI.on, pilet scaledlX] 5= heme-ironS 443}

a9 33 vhZAPH 100, 50°C, 5 hr)ol|A2] Esperased] €3+ Hgbe] DHE 24~25%%T}. Hghel FEe=
heme-iron®] Ea3ld] F8F2 u[HA Hgbd] E57} 2.5%, 50%, 10.0%E Z7}18Z heme-iron/peptide(heme-
irond] %)= 247t 47.4%, 35.6%, 21.8%E ZHASHon, old ma}l FEET 7AE9T. Hghel 7143
HOZHE IFE heme-iron®] E]o] T2 pH 99 DHol wel gel52H, DH/ 6.3%9 7<= pH
5.0~6.0°14 heme-iron/peptide2] H}7} 8.92%, DH7} 14.5%%) 79E pH 4.0~6.00014 12.1~19.5%%.27, DH
7} 243%%) 739 pH 3.0-5.0004 34.7-364%= 71FREE7 BEEE IFE heme-irond] BE)A) A3 pH
HA7E A FHPo= o[FHULH, o] 9 pHoA peptided] S3= F712 vt S/HEAT 7R
slgozrnE EoE heme-iron] S oF 1 kDa AEE hematingt -FAFS E2]9ElS 1), Pilot scale

2 AZ3 IFE heme-iron A)FEA 9 heme-iron FEHE 27.1%, heme-iron/peptide ¥ 38.7%, A4

9.3%°1 .
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AR AN HEL v Br)de] dFoE Jags
FE gl #ojste] AEjHoR Fa3d AT
o] AgL AAAR SR /g &g FRAR 1 W
g 44, 2 59 B, wE 43 a9,
Aol oldt A Heol 34 Folrh'? fejyelelx
o FAFE Ao} 10~12mg, FAWo] 12~18 mg,
12mg, 41992}t 18 mg, Y4HF 26~30 mg, -7 20 mgo]
o} 2F Z9] FELS heme-iron?} nonheme-iron®] 2714 el
2 &AM, 384 ¥ 59 F FEke] B 40%71 heme-
iron®]22 YR 60%7} nonheme-iron®|H 2A1EA] 2% o] A
2 5 nonheme-iron® & EAJSc}, Hol T oA Sleke
17% Awoln, 53] ¥ i @l E<] hemoglobin
(Hgby athlae] 60~70%F ZX|3}5L, heme-irong &
3t Utk Heme-irond thi-E Hgb3l myoglobin®] Sels
A#F =" nonheme-ironol] HI&| Q1A WAl &4, o] 8%s}

el =T,
3~4ul) o} frot, oA, YA, BIEEAlA 5 AR T

FHoE A QJr}.H

Heme-iron®] A|IZAEZ A5 Heb(EARF ek 65 kDa)
< heme-irong XS = 41 EEHEIE AR o]F
ofzl Tid 2 189] Hgholle 422 o] & k. Heb
% A T 0.34%(heme-iron®] IO ZE 38%)0|2E I
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A&, Hgb¥} hematin> Sigmarh(St. Louis, MO)®] A&

[e]

2 o Red4+ Novo NordiskAl(Bagsvaerd, Denmark)
2] EsperaseZ AME-3}3AT}. Heme-iron®] #A}3 Z7g) A&
SDS-PAGE pre-cast gel<= TEFCO Corp.(Tokyo, Japan)<]
Wide-PAGE Mini Gelol$lo® EA% 249 makers
Amersham Pharmacia BiotechA}H(Uppsala, Sweden)®] peptide
marker kitS AMEEIITH Pyridine B 718 A2k B8 15
AokE ARE-BFITE

Hgbe] 71583]. HgbS 0.1 N NaOHo| £si3l] 429
A A7 B WAAZ & gaNkge] ZFE ARSI
Hgb 8% (5%, wiw) 400 gl Esperase 02 g(chd 7]Fo=
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1%(wiw))g A7181d, 50°CE AAsEA pHRAC] 715d
600mle] JAWHE7](glass vessel, double jacket, magnetic
stiren)oll A 712l EtA ). ¥HeFAgolA pH= 4 N NaOHE
A3l pH 10022 FABI=S 2 527 F<t #3)
sttt vkgo]l 8 Eh RaHL 9°CollA 1582 EH
s W-E FAAFTH

7ESI=(DH)S 4. Hgbel 7PESI=(DH, degree of
hydrolysis)= 7HrE3iHe 53 288 979 ¥ 243
o A& o]&sld AT

DH(%) = (B X Nb/Mp)X (1/o) X (1/h)X 100

o}7]4 B: 4 N NaOH®] 42 %(ml)

Nb: $9719] Normality(4 N)

Mp: T2 9] (g, TNX6.25)

o: o-amino group®] B+ 3=(1.0 at pH 10.0°

h; Hgb®] peptide A3 (Hgbl h,=8.3 meqv./g Hgb)

Heme-iron £3], <339 84 £ 38 F HCIH
NaOHE pHES 233l 8,000X gollA 2087 94ET
ARES FFFE A8E e 4 N NaOHE &3jA1A
peptide®} heme-ironS F418FHTE. @Y 2 peptide®] £
semimicro-Kjeldahl V2.2 BA8 FZANTN)ZHEE 31
3, heme-ron®] #2412 W¥E Pyridine hemochromogen®?
of mebd X9 AR 1g< pyridine/NaOH €9 2mpol] &
sk, 2A] sodium sulfite 3 mgg F718 F 557 nmolA &
BF=5 243 U2 hematin TN tin]sl] A =FsIGIT).
Hgb 71RO ZHE] heme-iron®] #2]&&S HP ratios}
%28 (ER, Enrichment Ratio)2 F&sIon 7}z thg 29
oJate] Akt

HP ratio(%) = H/PX 100

&714 H: A& % heme-iron®] &= (mg/g)
P: AR F peptide®] &= (mg/g)

Enrichment ratio = HP /HP,

711 HP,; AAENAS] HP ratio

HP,: pH &3 A E4ARFENA <] HP ratio

Heme-irond] ¥4 &%, Hgb 7IrisiEa pH 2dHo
Z 2g3 heme-iron?] AL Hames®] HPH Do F3)o]
urea-SDS-PAGEE o]8-3l} Z4319 2™ 16% acrylamide gel
& o]g3le] A7]9E3 £ marker protein®} mobilityE ¥

O 1 ] L i L
6 7 8 9 10 M
pH

Fig. 1. Effect of pH on the hydrolysis of hemoglobin with Esperase.
Hydrolysis conditions: Hgb, 5%; Esperase, 1%(w/w, on protein base);
temperature, 50°C; reaction time, 5 h.
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Heme-iron2] 4. Heme-iron®} #AE3LE 93 JH|HAR
pilot scale®] &ZAWHg-7)(7L-Bioreactor, Hanil R&D, = )olA]
FANFES A5 Hgb 200g2 0.1 N NaOH £ &
A7) F Lo 1AZF BoF WAAAIA. 71289 4 Lo
Esperase® ©H3 71502 1%(w/w) H71314 50°C, pH 10.0
X pH-stat o2 5AI7E B9F EafsiaL 90°Cellr 1587 @
H2)skdc). o] B3e HCIZ pHE 400 X3l £
< 8 L7t &7 sk 8,000X gollAd 2087 QAlEEs o 3
HEL THA 8 LY EFF5E AFsia A28t A
B ARSI BAae] heme-ironS dAReH, $42 %
7] 7142 AMEE HehoBZRE AZRETE dojzl Buile]
heme-iron FF2] H= AL

2% 2 0

Hgb 557} hemedirond] Eed] tlale 4% o4l £
FFAQ) Esperase?] 3 pHE 7.5~100, 25& 55~75°CE
UdA Ut Hebel 7Rl A3t pHERAS 27] $18)
o] 50°ColA] pH-statH o2 SAI7E Bt 2183t AFig. 1),
pH 100014 DH7} H3gk(<F 24%)y& Hol, pH 100 Hgb
ZirEso] e pH 2o 35t 712 Hgb) =S ¥
3817 2% DHE 712%%(25~100%)8 FA3A 24.6~
255%2 A2 FARRE 3he YERO| (Table 1) @ 7oz
1B(WIW)E AREsHe Aa%e] 283 Ao A, 35
AAH FHAA Eh AL HHslshe At 28¥
Aoz AasUrt.

Table 1. Effects of hemoglobin concentration on the recovery of heme-iron and peptide from the hemoglobin hydrolysate

Hgb (%) DH (%) Heme-iron recovery (%) Peptide recovery (%) HP ratio? ER?(times)
2.5 255 894 5.5 47.4 16.40
5.0 24.6 90.0 7.7 356 11.67

10.0 249 87.3 12.7 21.8 6.90

After pH of hemoglobin hydrolysates was adjusted to 4.0, heme-iron and peptide were recovered by centrifugation. The amounts of heme-iron and pep-

tide in the precipitate were determined.

DHP ratios were calculated as amount of heme-iron divided by amount of peptide in the precipitate.
JEnrichment ratios were shown as the ratio between HP ratio of precipitate and HP ratio of hydrolysate.
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FAEFEIA hemedrond AMWo 7 BEdlr] 13k
heme-iron®] S =7t H4vt HE ZAoZ HAUEM) oy

pHE 7}riEsidle] pHE 2T & dalgsiy AHE 5
heme-iron# peptide®] 3|<=&, HP rato, ¥5&ER) T&
Table 1o Uslligth. 7feEajdo] Za3= heme-irona
90% W2 HAAEI oW, peptide?] FHE&E Hegbd] FEol
Hlgsl 5.5~127%2 71Kt ol Hgbdl H=7t 2
2 Hgbe] g X3R= peptide®] F=7F E°T heme-iron
o] AAD I THsleE Ao AFE. wEA AdE
Z heme-irond] ©5 E2 heme-irond] EEEE YERiE HP
ratios Hgbo] 57} W48 &0} Hgbdl 57t 25%%! 7
99 474%% Hgb 10%2) 739-29] 21.8% BTt 2} ol 3%
Hen, Moz Falsly] A HP ratioo] thet Hles
sl &g 9A] Hgb 5 25%2 797} 164812 mj
< B TS UMY oY ZAxe A¥EE F5dE
(heme-iron®] o] F2) heme-ironS A7 H3tAA= W F
9] Hgb £ ARSIl gARS|Sh= Zlo] Hadhs At
El=y

Hgb®) DH7} heme-iron®] E&)¢] WA= F&. Hgbd
DH7} heme-iron®] E&)ol| mXj= G 2AB| 9131 DH
7} 4o1$HDH 6.3%, DH 14.5%, DH 24.3%) 7}5-&-3lHe]
pHES 1.0~11.0 ¥lolA 243 F diResl] 42 Jde
o] heme-iron#} peptide HE&S FARIATHFg 2). DH7}
6.3%%) 73%-[Fig. 2(A)], heme-ron®] Z=E&2 pH 5~694 =
2zt 80% oo E we FEES Ho o] F7h] pHOlA
heme-iron®] €317} AL WA VERTE pH 4949}, pH 7
olae] QA ELo] mlnlsle] U9 heme-iron
AAGA B3 Aol EAstd Eelspy] LT 5o
& pH | HFZolMe 35% B &S Hyrh. ¢4 pH
o] w2 peptide®] =85 heme-iron®] &I FARE 73
S Bod pH 4 olste} pH 7 oV 2o e e
peptide”} AH5Ho] Eaflslo] EAgRe A2 UEldth pH
5~6914= oF 32~36%2] peptide’t HAEZ =3 o] 7+
o HgbZelE AAFE Be peptides?] 5HF0] EAlste AL
2 A)Z}ETh DH 14.5%9) Hgb 7Rl Eol4 [Fig. 2(B)] 5
olalA pH 1-3¢] 7FAd GAelA heme-iron®] ZHEE&o] oF
50%2 BPEIQTE. B4 heme-irond} peptide®] FE&S pH
46 THNA ZH2t T4~94%9} 12-23%2 HIE YEFH O
DH 6.3%3T} heme-iron# peptide’} =& =8-S H<Ql pH
ggo] F ¢ 2 Eo= olFHIYL}. o2t ¥ DHIF
Z7)8kel] wa}l AlgEo] Hgbel DHVF 24.3%%2 v ¥ 4
2[Fig. 20)], A¥d9ollX heme-iron®] S8l 48] 24
sl AEgo) SAEIR, pH 3~591A heme-iron 95% ©|
¥, peptide= 10% °©l8le] 25&-& Rt =g 7 DHe
Hgb 7IrEa]0 25E heme-irone] 70% °ldo] HAER 3
FEE pH 99olM HP ratios Table 20 Fairt. sk
heme-iron®] FE] 83 pH B> DH7} 6.3%N4 24.3%
2 Z7Rk| wet pH 5.0~6.094 pH 3.0~500% ©]F3I3
3, HP ratio= 8.9%°14 364%= 48] o)d =AU F,
DH7F E018%°% heme-iron?] HF8-& S7F8IA peptide®] 7t
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Fig. 2. Influence of pH on the separation of heme-iron(ll} and
peptide(@). Separation was carried out by centrifugation of hydrolysate

with DH 6.3%(A), 14.5%(B) and 24.3%(C) at various pH values.
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92 7}A5le] HP ratio’} SAE|RR pH 23| &se] 7F
HalA 7S heme-rong AL F JE AHol Ak Egh
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Ae 4573 hemin®] 7S W74 ZAPH 8 oH)olM &
2 == g3 BEAo] 7|Qsks AoE AEETHY Hemin 4
A ZA@EH 6 olahele B84¢ Aol o HP ratio
7} 7% Hegbel 71-EalEol e heme-iron©] peptideste] &
FR4] 95t A pHpH 4.5 olshellM 2 [+ Zo=
B950] glrt. et DHE| S7K= hemedll A3 peptide
o} Zoj¢}t hemed FEEEERE peptide F719] TE on)”
sz 24 pHAA hemed] §3lE 3ol 719sk= peptide
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Fig. 3. Urea-SDS-PAGE patterns of hemoglobin hydrolysates,
heme-iron enriched fraction and hematin. lane M, molecular mass
markers; lane 1, hemoglobin hydrolysates(tDH 24.3%); lane 2, heme-
iron enriched fraction; lane 3, hematin.

Heme-iron®] molecular mass. Hgb?] 73] HAES
2474 AFE 8- (hydrophobic interaction) 2 aggregate”t 843
He Aol Bu9Ee] 9lor® Hehe) 7IEslE F heme-
irong 3l S+ fraction®] EAFE FH] {sho
urea-SDS-PAGEE A A&t th. 7]1¥9% Z3}(Fig 3), DH
243%2) 7R EN heme-irone -3 bande M F
2 peptide marker band(}AHF 2.5 kDa)BEThs & mobilityE
29T hematin®AF 0.6 kDa) band9H= SALE mobility S
eho) molecular massE F 1 kDa FEZ HAE T, o
rel A#E DH7E 11%<! Hgb 7ria2g dojojapios
heme-irong £2)3ta] HP ratio’} 7%%! fractionS urea-SDS-
PAGE ZA7 molecular mass?} 4~5 kDa®|ATh= X799} H]
231H DHE 712 hemest ZFE peptide®] ZHol7t 7hast
o] molecular mass”} 33 2SS ¢ & U0t

Pilot scaleZ Heme-iron®] AJ4F. Pilot scaleZ 5A|7F <t
HgbS 71FE3I3E 43} DHE 25.7%C10rh. E3lde] pHE
4002 23t AHEYZE 42 JHE] heme-iron?] T
&2 95.3%(EEA FAENA heme-iron FEE ZHZF 1.39
mg/g, 1.33 mg/g9)B.™, peptided] FEEL 74%(EsNN} 2
AEOAM peptide FEE ZHt 47 mglg, 3.5 my/g)E HHES]

Table 2. Heme-iron/peptide ratio of precipitate from hydrolysate
with different DH

Separation pH DH 6.3% DH 14.5% DH 24.3%
3.0 - - 347
4.0 - 19.5 35.1
5.0 8.92 12.1 36.4
6.0 892 164 -

Table 3. Quality parameters of enriched heme-iron product

Quality parameter Contents (%)
Peptide 70.0
Heme-iron 27.1
HP ratio 387
Yield (Heme-iron/Hgb) 9.3
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Fig. 4. Relationship between HP ratio and theoretical yield. The
theoretical yield(produced heme-iron/consumed Hgb) is reciprocal to
HP ratiotheme-iron/peptide, see material and method).

HP ratio= 37.9%%t}. o= bench scaledd DH Zto] AR
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e A Ak iAot
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At Heme-ron A9 T2L JehiE X RS EY
3tod Table 301 vERd wiel 7Fo] heme-ironS 27.1% F73F
), 7122 AM-E Hgboll thsl AAFE heme-iron #|E-<] H]
ANEEL 93%0)UT. HP ratios) ©)24 & Whijd
(Y =380/X)3 &4 (Fig. 9 Boledl, Z5%2] heme-irond
FE HgbOBHE peptide’} Bo] AAHERE &2 Jrhze
2 oA, B AP A)FE heme-iron AES HP ratio
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Conditions of Hemoglobin Hydrolysis and Separation for the Production of Enriched Heme-iron
In-Kyu Kang, Man-Jin In' and Nam-Soon Oh* (Department of Food Science and Technology, Kongju National
University, Yesan 340-800, Korea; 'Department of Human Nutrition and Food Science, Chungwoon University,

Hongsung 350-701, Korea)

Abstract: Effects of hemoglobin (Hgb) concentration and degree of hydrolysis (DH) of Hgb on the separation of
heme-iron were examined to produce highly enriched heme-iron from Hgb hydrolysate. Separation efficiency of Hgb
hydrolysate with different DH was studied at wide pH range (pH 1.0~11.0). Separation efficiency expressed as heme-
iron/peptide ratio increased with decreasing Hgb concentration. When 5% Hgb (pH 10.0) was hydrolyzed using
commercially available Esperase for 5 h at 50°C, DH was 25%. The precipitation of heme-iron-enriched peptides
were remarkably high at pH range 3~6. Optimal pH range for heme-iron with high heme-iron/peptide ratio shifted
to acidic pH with increasing DHs of Hgb. The enriched heme-iron fraction in the precipitates showed a single band
through urea-SDS-PAGE, with a molecular mass of 1 kDa. In the dry heme-iron product produced in a pilot
bioreactor, content of heme-iron and heme-iron/peptide ratio were 27.1 and 38.7%, respectively, and production yield

was 9.3%.

Key words: heme-iron, pH, degree of hydrolysis, separation, yield
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