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îhlRODUCTION

t has been known that met-form of myoglobin and hemoglobin catalizes oxidation of lipids, 
esulting in the development of rancidity (Tarladgis, 1961). Because of such undesirable 
Properties of heme proteins, the utilization of hemoglobin as protein resources or natural 
°lorant has been one of the most difficult subjects in meat industry. It has been 
sported that oxidized form of hemin, cytochrome c, myoglobin and hemoglobin can be electro- 
hemically transformed to reduced derivatives using polarographic techniques (Gygax and 
s°tdan, 1968; Besto et a l ., 1972; Scheller et a l ., 1975). Recently, we have devised a 
Imple apparatus for electrolysis of heme proteins, and have found that met-form of heme 
^toteins can be electrolytically reduced to their reduced derivatives having ferrous ion. 
n the present study, therefore, we have investigated electrolytic reduction of met-form of 
Vogiobin and hemoglobin in the presence or absence of sodium ascorbate and sodium nitrite.
^ Udy was also made on the effect of electrolytically reduced hemoglobin on the development 
I color of cooked sausages.

Sx p e r i

Equi
MENTAL

line skeletal muscle myoglobin and bovine hemoglobin were purchased from Sigma Chemical 
mpany. Pork meat for sausage manufacture was obtained from a private meat packing plant.

^oglobin and hemoglobin were dissolved in 10 mM K-phosphate buffer (pH 5.5-7.5) with or 
p tllott 5 mM sodium ascorbate and 5 mM sodium nitrite. The same solutions without heme 
Us°teins were used as electrolytic solutions. Electrolysis of heme proteins was made 
®lng an apparatus consisting of an electrolytic cell, anode and cathode, one layer of 
alyzing tube which is enclosing heme protein solution and an electric power supply (Fig. 

e ■ Upon electrolytic reduction of heme proteins,a cathode was placed in a sample solution 
l o o s e d  by a dialyzing tube, while in the case of oxidation reaction an anode was placed 
0). a sample solution. Electrolysis was done at the current of 50 mA for 5 min unless 
cherwise mentioned.

t.e spectra of non-treated and electroly- 
Wd re< ûce!  ̂heme proteins were scanned
j, a Hitachi 557 Double Wavelength 

Beam Spectrophotometer at the 
Peed of 120 nm/min.

Sftô-polyacrylamide gel electrophoresis was 
q f o r m e d  on 7.5 - 17.5 % acrylamide 
adient slab gels according to the 

f£°cedure of Laemmli (1970).
electrofocusing of heme proteins was 

( s° made on 5 % polyacrylamide slab gels 
c-^sslinking, 3 %; size, 110x110x0.5 mm) 
( J o i n i n g  20 % glycergl and 10 % ampholine 
PH 5.0 - 8.0) .

tea SUscePtibility of electrolytically 
°X'rfCed heme proteins against chemical 
6^idation was examined as follows: the 
V ®ctrolytically reduced heme proteins 
Hq-,6 oxidized by the addition of 10-fold 

ar concentration of potassium ferri- 
ranide at 2 5 °C. The change of the 
t ^ ctrum of the mixtures was followed with 

spectrophotometer.
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Fig. 1. Diagram of an apparatus for the 
electrolysis of heme proteins

tyeJ.eri-menbal sausages with or without the addition of electrolytically reduced hemoglobin 
chiq Prepared. Coursely ground pork meat was cured either with a mixture of 2 % sodium 
or fide, 0*1 % sodium pyrophosphate, 150 ppm sodium nitrite and 550 ppm sodium ascorbate, 
at an snother mixture of 2 % sodium chloride and 0.1 % sodium pyrophosphate, for 24 hr
t6(j ~ 5°C. To 100 g of the cured pork meat, cold 10 ml of non-treated or electrolytically 
°t U?ed hemoglobin was added for the experiments. For controls cold 10 ml of non-treated 

^sctrolysed buffer was added. After cooking and cooling, Hunter values of sausage 
Nik ®s (8 mm in thickness) were examined with a color and color difference meter (ND-K6B,

°h Denshoku Ltd) .
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RESULTS
Figure 2 shows absorption spectra of myoglobin before and after electrolysis at pH 7.0.
The spectrum of metmyoglobin having its absorption maximum at 505 nm before electrolysis was 
changed to the one having two absorption maxima, which is quite similar to that of oxymyo- 
globin having its absorption maxima at 544 and 582 nm, after the electrolysis at 50 mA for 
5 min. This result indicates that ferri-state of the ion of metmyoglobin was reduced to 
ferrous-state by the electrolysis.
Figure 3 shows the effect of electrolysis on the spectrum of myoglobin in the presence of 
sodium ascorabte. In this experiment metmyoglobin was pre-incubated with 50-fold molar 
concentration of sodium ascorabte for 1 hr at 25°C prior to electrolysis. The spectrum of 
metmyoglobin was almost changed to that of oxymyoglobin during incubation with sodium 
ascorbate. Then, the spectrum of myoglobin was further changed to that of reduced one 
having single absorption maximum at 555 nm after the electrolysis. This result indicates 
that in the presence of sodium ascorbate oxymyoglobin is transformed to reduced myoglobin 
by the electrolysis. f
Figure 4 shows the effect of electrolysis on the spectrum of metmyoglobin in the presence o1 
sodium ascorbate and sodium nitrite. The spectrum of metmyoglobin was changed to the one 
having two absorption maxima, which is similar to that of nitrosyl myoglobin having two 
absorption maxima at 545 and 575 nm, after the incubation of metmyoglobin with 5 mM sodium 
ascorbate and sodium nitrite for 1 hr at 2 5 °C. However, the extinction coefficients at
these two peaks were considerably lower than those of nitrosyl myoglobin (Fox and Thomson, 
1963). This indicates that metmyoglobin is partially transformed to nitrosyl derivative 
during the incubation. After a limited electrolysis (50 mA, 5 min) of the incubated 
mixture of metmyoglobin and ascorbate and nitrite, the spectrum of the mixture was further 
changed to the one having single absorption maximum at around 546 nm and a shoulder at 
around 570 nm. Finally, the spectrum of myoglobin was changed to the one having its 
absorption maximum at about 555 nm after a prolonged electrolysis (50 mA, 10 min; 100 mA,
5 min). This result indicates that prolonged electrolysis of metmyoglobin following the 
incubation with sodium ascorbate and sodium nitrite produces reduced form-like myoglobin.
In the case of methemoglobin, quite similar results were obtained after electrolysis both 
with and without sodium ascorbate and sodium nitrite(Fig. 5).
Figure 6 shows the effect of potassium ferricyanide on the stability of chromophore of 
electrolytically reduced myoglobin. Since potassium ferricyanide has a strong oxidizing 
ability, the addition of 10-fold molar concentration excess of this reagent to nitrosyl 
myoglobin markedly changes its spectrum. On the other hand, electrolytically reduced 
myoglobin in the absence of sodium nitrite and sodium ascorbate was not readily oxidized by

Fig. 2. Absorption spectra of metmyo
globin before and after electro
lysis .
Solid line, before electrolysis; 
dotted line, after electrolysis.

Fig. 3. Effect of electrolysis on the
spectrum of myoglobin following 
the incubation with sodium ascorbate' 
Myoglobin (0.1 mM) was incubated witf> 
5 mM sodium ascorbate.
Solid line, before incubation; 
solid and dotted line, after incuba
tion;
broken line, after electrolysis.
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9* 4. Effect of electrolysis on the spec
trum of myoglobin following the 
incubation with sodium ascorbate 
and sodium nitrite.
Myoglobin (0.1 mM) was incubated 
with 5 mM sodium ascorbate and 5 mM 
sodium nitrite, followed by electro
lysis. Solid line, before incubation; 
solid and dotted line, after incuba
tion; broken line, after a limited 
electrolysis; dotted line, after a prolonged electrolysis.

Fig. 5. Effect of electrolysis on the spec- 
ctrum of hemoglobin following the 
incubation with sodium ascorbate 
and sodium nitrite.
All indications are the same as in 
Fig. 4.

th,*yoa?ddlti°n ° f Potassium ferricyanide. Especially, in the case of electrolytically reduced 
*as k in followin9 the incubation with sodium ascorbate and sodium nitrite, almost no change 
Of ,observed in its spectrum(Fig. 6). Quite similar results were also obtained in the case 
dyc ®n'°9lobin (data not shown) . These results clearly indicate that electrolytically 

d heme proteins are highly resistant against oxidation reaction.
case 

re-

aSco to the change of the spectrum of heme proteins during incubation with sodium
ate an<3 sod:'-um nitrite and also during electrolysis, the change of the property of 

Therln m°iety of heme proteins was also examined by SDS-polyacrylamide gel electrophoresis. 
lysi® ” as no change in the electrophoretograms of myoglobin and hemoglobin during electro- 
hemQ ^data not shown). However, electrofocusing procedure revealed that myoglobin and 
demon °bin are seParated into three major components and a few minor components. It also 
sh0Wnftrated a change in the proportion of those components during curing (data not
deami • . It is likely that the change in the proportion of those components is due to the 
Snva nation of amide group of aspargine or glutamine residues of heme proteins (Satterlee and ycler, 1969).

eleaiIMnerizing the results of Figures 2-6, we propose the following reaction scheme for 
"hem r°1l'tic reduction of myoglobin and hemoglobin (Fig. 7). In this sheme, "myoglobin" and 
<3eSor?robin " indicate electrolytically modified myoglobin and hemoglobin respectively. As 

tbed above, chemical nature of these derivatives are very stable.
In  o rdc®ssi 6r b° exaltd-ne the availability of electrolytically reduced hemoglobin in meat pro- 
teducnf' exPerimental sausages were prepared with or without the addition of electrolytically 
shown' llemo9l°t|i n . Table 1 represents Hunter values of those sausages. As is clearly 
Of e . ln this table, redness (a value) of sausages considerably increased after the addition 
hitr^®ctfolytically reduced hemoglobin in the presence of sodium ascorbate and sodium
Pr,tyres - This indicates that the addition of electrolytically reduced hemoglobin in the 
colornce of sodium nitrite and sodium ascorbate is certainly effective in increasing redtor °f cooked sausages.
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Fig. 6. Effect of potassium ferricyanide 
on the spectrum of myoglobin.
Solid line, spectrum of non-treated 
myoglobin after the addition of 
ferricyanide;
solid and dotted line, spectrum of 
electrolytically reduced myoglobin 
following the incubation with 
ascorbate and nitrite; 
dotted line, spectrum of the electro
lytically reduced myoglobin after the 
addition of ferricyanide.

Fig. 7. Scheme of the reaction pathways of
heme proteins during curing and electro 
lysis.
M M b ,metmyoglobin;MHb,methemoglobin;
MbC>2 ,oxymyoglobin;HbC>2 »oxyhemoglobin; 
Mb,myoglobin; Hb, hemoglobin; "Mb", 
electrolytically modified myoglobin; 
"Hb"»electrolytically modified hemo
globin; NOMb»nitrosyl myoglobin; NOHbr 
nitrosyl hemoglobin; Er»electrolytic 
reduction; E o ,electrolytic oxidation;
R ,reducer(sodium ascorbate); N ,nitrite 
(sodium nitrite).

Table 1. Hunter values(L, a and b) of experimental 
sausages with or without the addition of 
electrolytically reduced hemoglobin*

*The numbers listed in this table are the mean of 
five determinations.

„  otSample I, cured meat (in the presence , 
ascorbate and nitrite) + 1/10 vol 
electrolysed buffer containing 
ascorbate and nitrite;

Sample II, cured meat (in the present  ̂
of ascorbate and nitrite) + 1/10 
of electrolysed hemoglobin contain 
ing ascorbate and nitrite;

Sample III, cured meat(in the absence  ̂
of ascorbate and nitrite) + 1/10 
of non-electrolysed phosphate 
buffer;

Sample IV, cured meat (in the absent , 
of ascorbate and nitrite) + 1/10 
of non-electrolysed hemoglobin.
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