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Fig. 1. Outline of hemoglobin structure.
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Fig. 2. Process diagram of the proposed enzymatic hy-
drolysis of hemoglobin (M.J. In et al., 2002).
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Fig. 3. The supposed chemical changes of hemoglobin during hydrolysis and heme separation (7).
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Fig. 4. Time courses of DHmas (A) and DHosm (B) of he-
moglobin hydrolysis using different enzyme systems (Fla—
vourzyme (o), Esperase (O), cotreatment of Esperase and
Flavourzyme (v)).

The hydrolysis conditions: 50°C and pH 7.5.

Optimum

Protein

Denatured hemoglobin

Enzyme Optimum pH Activity Specific activity
temperature (mg/g enzyme) (U/g enzyme) (U/mg protein)
Alcalase 55~70 6.5~85 1355 93,930 693
Pacific NP 50 7.0 52.2 40,027 767
Collpulin 50~70 50~75 85.2 104,654 1,228
Neutrase 45~55 55~75 1179 18,548 157
Esperase 55~75 75~10.0 7.5 208,475 2,761
Pescalase 50~60 95~105 142.6 352,170 2,470
Protamex 35~60 6.0 103.3 119,247 1,154
Trypsin 45~55 7.0~85 576.7 684,839 1,188
Bromelain 50~60 45~55 8405 325,220 387
Flavourzyme 45~50 7.0 1257 33,773 269
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Fig. 5. 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.

Table 2. Effects of enzyme treatment on heme/peptide ratio
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Fig. 6. Time courses of degree of hydrolysis during two—
stage hydrolysis using Esperase and Flavourzyme.
() First hydrolysis condition: 50°C, pH 9.0, 1% Esperase,
second hydrolysis condition: 50°C, pH 7.0, different con-
centration of Flavourzyme (@), 0.5% Flavourzyme; (a), 1%
Flavourzyme; (@), 2% Flavourzyme.

Enzyme treatment DH (%) Heme content® Peptide content* Heme/Peptide (%)
(based on protein content) (TNBS method) (mg/mL) (mg/mL)
Flavourzyme 1% 12.8 0.99 21.7 46
Esperase 1% 14.2 145 127 114
Esperase 1% +Flavourzyme 1% 23.2 1.56 111 14.1

* After removal of the small NHP (non-heme peptide) in hydrolysate by dialysis against 25 mM sodium phosphate buffer (pH
7.0), heme and peptide concentrations of the retentate were measured.
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Table 3. Degree of hydrolysis, retention coefficient and heme/peptide ratio after dialysis of hemoglobin hydrolysates by

two stage enzyme reaction”

DH (%)
(as AN/TN (%))

Enzyme treatment (based on protein content)

Retention coefficient after

dialysis® (%) Heme/Peptide (%)

Peptide Heme
Esperase 1% (control) 138 8.9 16.3
Esperase 1% — Flavourzyme 0.5% 12.1 85.3 184
Esperase 1% — Flavourzyme 1% 116 87.8 19.7
Esperase 1% — Flavourzyme 2% 10.0 87.5 229

l)Hydrolysis was carried out for 10 h by a two-stage enzyme reaction; First hydrolysis condition: 50C, pH 9.0, 1% Esperase.
oSecond hydrolysis condition: 50C, pH 7.0, different concentration of Flavourzyme.
“Dialysis membrane: Spectra/Por membrane (MWCO 12-14,000 dalton).

JheEslrt gy Eadg 24 (dlalyms)f“} o
£ T dE/A"ol =g v&(FH ¥ TE Yed)
& W ZteEdert Z1E4E %kol 71330”1 Fla-
vourzymeS 2% A g3t A7) vl 2o 8l ofF 14w
EUT F, 204 EA4RNE B3l E/EeolE v &
°] 38%%) 98 A RIEW ] I v go] 229%F FFE

AA}E HAFH(Table 3).
#dao| Ea
HRZEHE MRS T AExEE JHER Y
E4a3 felol=rt AA B A -efols BEFAE
FEste YHo 2 e oy pH 2] % 5A
A AR o] Ut} Ao o5 Beld FHL 5A
A A ¥3) S =7t Fon, Fudir F+E&0)
100 -
E 8o |
:
o
2 40
T
[}
[1'4
20 |
0 i 1 [}
0 2 4 6 8 10 12

pH

Fig. 7. Effects of pH on the relative solubility of NHP (e)
and HEP (O) in hemoglobin hydrolysate.

The pH of the hydrolysate (DH, 19.8%) was adjusted to 2-11.
After centrifugation at 3,000 X g for 15 min, NHP (non-heme
iron peptide) and HEP (heme iron enriched peptide) con-
centrations were assayed and are expressed as the heme and
peptide contents, respectively, of the supernatant. Relative
solubility is expressed as the amount of HEP or NHP sol-
ubilized at a given pH as a percentage of the initial amount
in the hemoglobin hydrolysate.
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Fig. 8. Effects of degree of hydrolysis on the the relative
solubility of NHP (e) and HEP (O) in hemoglobin hydroly-
sate.

The pH of hydrolysate was adjusted to 5. After centrifugation
at 3,000xg for 15 min, NHP (non-heme iron peptide) and
HEP (heme iron enriched peptide) concentrations were as-
sayed and are expressed as the heme and peptide contents,
respectively, of the supernatant. Relative solubility is ex—
pressed as the amount of HEP or NHP solubilized at pH 5
as a percentage of the initial amount in the hemoglobin
hydrolysate.
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Table 4. Heme-iron/peptide ratio of precipitate from hy-
drolysate with different DH

Separation

oH DH 6.3% DH 145% DH 24.3%
30 - - 34.7
40 - 185 35.1
50 892 121 36.4
6.0 892 16.4 -

Table 5. Retention coefticient and ratio of heme and peptide
after dialysis on various membrane pore sizes

Memb ) Retention
(e&l\;acrée’ erlfosl)ze coefficient (%)  Heme/Peptide (%)
Peptide Heme
12-14,000 89 875 25.4
6-8,000 109 874 20.3
3,500 15.7 88.7 14.4

1,000 254 38.1 8.8
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Table 6. Recovery of heme iron after dialysis of hydrolysate
with different degree of hydrolysis

Degree of

hvdrolvsi Heme Peptide Heme/Peptide
(317);10 3;/51)5 recovery (%) rejection (%) ratio (%)

, 70

8 94.0 779 138

16 96.1 8.4 208

24 834 91.8 30.7
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Table 7. Quality of heme iron product

Methods
pH Membrane

Quality parameter

precipitation  dialysis
Peptide (%) 70.0 77.0
Heme iron (96) 27.1 21.7
Heme/Peptide ratio (%) 387 282
Yield” (%) (heme iron/hemoglobin) 93 6.5

YRatio between raw hemoglobin and heme iron product.
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