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(16); the concentration of nitrosomyoglobin was found out

16
us0
us to be in direct relation to myoglobin iron content ju.8

tissue (17,18).
7é”
But along with a positive effect of hydroxylamin®

es
ducing properties in curing conditions, the same prOPerti :
tp

may have a negative effect on cured meats colour in

e
0l¥
presence of atmospheric oxygen, nitrates and nitrites -

in brine.

v

The present study is aimed at the finding out of the g
yel
fect of atmospheric oxygen solved in brines on the é

pigment formation in the presence of excess hydroxylamine'iﬂ
this connection we tried to find out ferric and ferroud i
contents (in %) in green, brown and grey hemoglobin Bolutiof

Instead of myoglobin there was used crystalline hemoglo

bin which simplified and <facilitated the solution of OUF

130
greatly. This substitution is quite possible as oxidd

reduction properties of iron ions of heme pigments of bloOd o
crystalli”
80 o
ﬂd
tained, is dried as in the case of myoglobin solution, of

and muscle tissue are similar (19). To obtain

hemoglobin, we used Kanig's method (20). Hemoglobin

e
brought to constant weight by the method that was describ

us earlier (17,18).

]

To determine percentage contents of ferric and fefr;:,

ions when they are both present in green, brown and 8TV eed

globin solutions, a photocolorimetric method has been 'oriﬂ

out,* as the basis of which served Wong's (21) rhodanide % rig

for determination of total iron content in blood. The adloﬂ
b

tage of this method over other colorimetric methods £OF
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-

hﬁn determination consists in the fact that in this method
Nta&&iUm rhodanate is used — an extremely sensitive reagent
emmitin? to get coloured solutions in strong-acid mediums.
5 Vas successfully used by Wong for quantitative splitting
1r°n from hemoglobin and it facilitated our task of
”Ung out a method for determination of ferric and ferrous
vha in hemoglobin solutions. Despite the above-mentioned ad-
tage, Wong's method, however, has two essential short-

1ng3 First, addition of potassium persulfate saturated

ot :
utiOH to oxidize ferrous ions causes fast formation of yel-
&()»"

: Substances which artificially increase extinction of
Ton
rhod&nlde (7). Second, sodium tungstate is used as

a(%tins Precipitator; it is known to reduce ferric lons in
nzd Medium thus decreasing extinction value of iron rhoda-
& Besides Wong's method yields to photocolorimetric one
aocuraCy due to its being based on visual determination of

t
" nction Below is described a photocolorimetric method,
()'nk
¢ ®d out by us and free of shortcomings, for ferric and
L]
L2y

ro () e
& U8 lons determination in their joint presence in hemo
Ob

in 8olutions,

( ég@ﬂﬁlﬁ&_rhodanide solution (3 M). 23 gr of NH,CNS

301.) are transferred to a 100 ml measuring flask and

Ve

0 41 50-60 ml of bidistilled water and then 4 ml of ace-
Na :

< are added there. The obtained solution is permitted to

L~
d " : i
Yoy Uatil it reaches room temperature, after which the same
er 4a >
% s addeq up to the volume. Then the solution is filte-

hrou8h a paper filter into a dark ground stoppered

28




1l gr of KZSZOB
gul‘ir‘g

a 100 ml me&

1f dLlring

is filtered through a paper filter.

solution. ‘

r:lfiug' L

( o 61 are placed into a 1000 ml me
" tel
. n Lve i 1 of olled bidisti led we 16"
At
cidified by of 1 f;f/,: s and then boiled pidd®
. 1 1 1 OD
water is added up to the volume,1l ml of such golutd

contains 100y of iron.

rred

I are transfe




i
' 8t111eqd wat™®4is added up to the volume. 1 ml of such

agl
ut
lon ¢ontains 10%y of ironm.

: §212§19§_£LL. 50 ml of Solution II are transferred into

)

5 ‘ * %00 ml measuring flask with 5 ml of 10% H,S0, in 1t. Then
st 35?186 bidistilled water is added up to the volume. 1 ml of
i 163 80lution contains 17 of iron.
i a250§9121392_l!. 25 ml of Solution IIIare transferred into
' % Bl measuring flask containing 2.5 ml of 10% H,80, ,
! thep boiled bidistilled water is added up to the volume.
o °f such solution contains 0.1 7»of iron.
e Calibration ourve plotting
| To establish the starting point of the calibration curve,
g [l ot Solution IV 1s transferred into a 25 ml measuring
W&:; and then in sequence 0.5 ml of bidistilled water, 5 ml
| 5 250, eand 2.5 ml of 1% K,S,0q are added. Then the

ask -
er | is agitated, permitted to stand for 2-3 minutes, after

"y

| Ch

; aq 1 m of trichloroacetic acid and 12.5 nl of acetone are
deq.

0f U the mixture is cooled by running water and then 2.5 ml

ammOHium rhodanide solution are added. The flask being

8
bpg
Yed, the solution is mixed and with a photocolorimeter

& :
lour intensity is determined. 25 ml of this solution

Lo
ntai
8 n
O-l‘y of iron.

o ;
' { © find the next point on the curve 1 ml of Solution III

160 8t

erbe

q
Bsferred to the 25 ml flask, and all the above-des—

8y 88quential operations are repeated. 25 ml of such
l“tio
f

- 0 contain 1) of iron. Then to the 25 ml  measuring
0 5
th *5 ml of Solution II are transferred and again all

Se =
Quentia) operations are repeated, except that 1 ml of

5

l‘!'&
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dded. 25 ml of such solution contd
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solutions with
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point on the calibration curve, 18 :
ml of Solution IIis transferred -
sequential operations are repeated. 25 ml of suw
lO*y of iron. l
(¢
concentrations of H,S0, 1n stand®
tions of ferrous salts at room temperatures prﬁﬁticalw
ol
ferrous iron by atmospheric oxy6”
e
data concerning determination ©Of thy
known ferrous iron content, a Calibr
plotted.
graph, linear relation betweeB y
tensity and ferrous iron content is observed Wiﬂ
f the latter within 0,1-10,07 im 25588
solution. With higher iron aoncentfaiion
W
not subordinated to Lambert-Beer's s
-1ons_concentration o
were used the reagents of th¢ 55
9
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2xcept that p sium persulfate - an oxtd%
of G
Plew
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pet”
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tap " e
't in the solution are identical to those obtained for

TQ\
8 § : o ‘1
§ iron solutions, and they are observed, too, with

logg

S concentrations in the range of 0.1-10 7y in 25 ml of the

le
OTimetered solution.

In the case when both ferrous and ferric ions are present

1
the solution, it is necessary to determine ferric ions

Ug
Wration first without adding K,S,0, and then to take

Y 2 2t
0 1€ i ten-
ther sample, to add there potassium persulfate and to deter
in ;

P a summary ferrous and ferric ions content in it. After

th
1 s : po
t the concentration of ferrous ions is counted by subtract-

{y

A the amount of ferric ions out of the total iron content.

The presence of 25-10—6% NH,

Og AL
S not prevent one from quantitative iron determination.

2.5 ml of the solution under examination are transfe
t 4 T
5 ®aj3m centrifugal glass under a vaseline oil la
th
& g
R 2,5 m1 of conc. H,80, are added, thoroughly mixed

(AHSS stick, and the solution is allowed to stand for

.

by

a3 I
‘at, water are added,followed by 2 ml of GCLJUOUh: al
x 2 "
*d for -3 min. and allowed to stand for 3—4 min.T

tion -

10 min,

Since the solution is heated during the addition
Sqlf
£ ‘Uric acid which flavours the intensification of oxidi
Err
OUs jong by atmospheric oxygen (7), the solution is

e
] . Ll
from environment by means of no less than a 2 cm ¥

cooled by tap water then centrifuged at 5000 r.p.m

Then, under the vaseline oil layer 3 ml of oxygen—free

OH 1in the medium analyzed




seline o0il layer to prevent the oxidation.

]
With lower concentrations of ferrous and ferric 1on&d
7€

the solution under analysis is not diluted. However, bef®
10

sampling air is removed from the solution by energ€

N
blasting of CO2 for 10-15 minutes. Then, simultaneou6

with the cessation of (O, feed the solution surface 18 spri
with about a 4 cm 1layer of vaseriue o0il. To preveﬂt al
mospheric oxygen from solving in the sample, first of B;
2-2,5 m1 of oil are pipetted into the solution, the se%?

is taken by slow suction. 28

With high ferrous and ferric ions concentrations, P
solution, being analyzed, is pre-diluted by ten times m’miw
of boiled bidintilled water and then, before samplings Y
alr is removed as described above. Sampling 1is done by
previously described method.

To determine ferric ions concentration, 5 ml of tas %
supernatant are transferred into a 25 ml measuring flﬂjw
which is placed in melting ice to prevent the solutio® o
heating during dilution. 8-10 minutes later, 5 ml of =
distilled water and 12.5 ml of acetone are added. TH® Ho;ﬂ
tion is mixed by agitating the flask and then 1is cooled J
7-8 minutes. After taking the flask out of the ice, 2'5 e
of rhodanide are added into the solution which is theR o
diately colorimetered. The light filter is green. of

To find a summary ferric and ferrous ions Content’ aﬂ
transfer 5 ml of supernatant into a 25 ml measuring fl of

i
and add there 2.5 ml of bidistilled water and 12. 7% did

ad
acetone; the contents of the flask is agigated. After

8




2,5
ml of potassium persulfate the solution is
2.5 ml of rhoda-

reagitated

&ng
is permitted to stand. In 2-3 minutes

nide
are added and the solution is immediately colorimetered.

The photocolorimeter is regulated in parallel with the

bag
i
¢ experiments by means of the solutions prepared as des-
Q)ibe
d above, with the only exception that instead of ammo—=
water is

nium
: rhodanide, the same amount of bidistilled
84 to them.

\
To_solve our task, four types of hemoglobin solutions

ar,
¢ Prepared.
hemo-

20 ml

To prepare solution of type I, 0.15 gr of dry
glObi
n was placed into a 50 ml measuring flask, then 15-

0f
i
distilled water and 10 ml of citrate-phosphate buffer

Solyt
. ion with pH 5.2* were added sequentially. The flask
Onte
" nts was brought up to the volume with the same water.
1
8 solution served as control.
ay as the

preVLiolution of type II was prepared much in the same W

b us one, but besides, 5 ml of 0.005% hydroxylamine
added.

L bjolution of type III was prepared like the previous omne,

e sides, 2.5 gr of 5% sodium chloride solution were
« This provided the sample with a limiting salt content

Usua)
1y occurring in oured meats (2z). After agitating, each

We

ent e stopped at pH 5.2 because, as our preliminary e

: er:;th dilute defibrinated blood showgd, in they przg:;ée
Olon of i hydroxylamine there occurs the most intensive forma-
b°°Urs algme pigments green colour. Green pigments formation
a!‘own and Otat pH 5.8, At pH 4 heme pigments are stained
olug,2nd at pH 6.8 - dark-red. Citrate-phosphate buffer

8 were used in our experiments.




solution was transferred into a deep Petri dish and was

peE;

mitted to stand at 15-17° without a cover,

Solution of type IV was prepared like the second onf!
but after bringing it up to the mark and mixing solved &%
mospheric oxygen was removed by CUz.Then the solution SurfaCE
was covered with vaseline oil and was permitted to stand g
the same temperature as all the rest ones. Ferrous and ferrﬂ
ions were quantitatively determined on the day when v
solution in one of Petri dishes stained green.

The results of determinations are given in Table I.

ee?
Table I, Ferrous and ferric ions concentrations in graw

brown and grey solutions of hemoglobin 0B
7th day of keeping

PR e s G e et e B e e e G e i i e S S Bjj'
il With air admission Withoulyy,
S Ee e e —— : si0>
Indices : without : with ¢ with NH,OH ,8dm22= o
: NH,OH : NH,OH ] 1th N
. and NaCl : ‘
:(control) : 2 . et
Colour Brown Green Dark green Grey p
5 '0
re*t, P & 140.0 956.05 913,95 1020
: .a0€8
Fe™*t, v 880.4 63.95 105,51 Tr80 ¢
0
- o ]
Fe**4Fe**y4 1020.4 1020.0 1019.46 1020: 7

ob
Evaluation of total iron content in each  hemogl

we
solution in test portion of hemoglobin under analysis sho

po
that the photocolorimetric method worked out by us 18 ¢
0
less accurate than a known volumetric method, by means s
0

which it was established that hemoglobin contained 0-3“%
iron (19).

10




On the basis of the data of Table I percentage contents
of
ferrous and ferric ioms in green, brown and grey hemo-

gl
Obin 8olutions are counted; the results are given in

Table 2. Percentage contents of ferrous and ferric ions

in green, brown and grey hemoglobin solutions
on the 7th day of keeping

04y o ¢ With alr admission :Without au
es $ e e e e e e e - :admission
twithout : with : gt e
¢NH,,OH : NH20H :with NH2OH
tand NaCl : : :
S :(control): . .
0
IOUr Brown Green Dark green Grey
I“Q*‘i
'y % 13.72 93.73 89.65 00.00
Fe*'*ﬁ
y 86,28 6.27 10.35 Traces

data of Tables 1 and 2 show, that iron ions oI heme

S with different valencies take part in the formation

Cuye o at T —_
ired meats green pigments. These data show also that fer

}0\
i : ) , ]
ions number in green heme pigments greatly excéeds that

0f
fey :
fTric ions, staining of hemoglobin solutions being

de

“Den g, 3 : ;i
A dent on percentage contents of ferrous and ferric ions in
th

J“‘E0]bti“hs, It means that the of grey, green,
Qg
[Qk 8reen and brown pigments in cured meat products also de~-
Doy -
M Lk‘”ﬁi}t content of heme pigments iron ions in them. The
lag

i Tables 1 and 2 show, too, that at pH 5.2 of

y

oy
Xy lam

Yo s
® 1L{

>y in the presence of solved

Ces

Quantitatively ferric ions of methemoglobin or methe-

v




e
mochromogen to ferrous ions which are then partrally oxidi?

nd

forming green pigments., The number of oxidized ferrous 2
ved

in these pigments makes up 6.27%. When there is no sol
gyei

atmospheric oxygen, but there is enough hydroxylamine,

pigments are formed with ferrous ions in them. In the abse?

at”
of hydroxylamine, however, but in the presence of solved

o)
mospheric oxygen and at pH 5.2, there occurs intensive ox

tion of ferrous ions of hemoglobin solution, resulting in o
formation of brown pigments, which contain 86.28% of Oxia
ferrous ions.

70
It is obvious, that hydroxylamine (which reduces fer

1351
vy

ions of heme pigments) being present in enough quantit

has an inhibitory effect on the oxidation of ferrous ions

-

8
atmospheric oxygen, solved in brines. It results in someé

bilization of green colour.
(8)1

Besides, the results obtained confirm Brook's data
of $o7}

on that sodium chloride ions catzalyze the oxidation ¢
thé

rous ions of heme pigments by atmospheric oxygen and
10
this effect of sodium chloride with the excess hydroxylam

jae
present is insignificant. In the presence of sodium ch10¥

aﬂcgia
and hydroxylemine, hemoglobin solutions are stained d

The oxidized ferrous ions make up 10.35%.

CONCLUSIONS
eter”
1. A photocolorimetric method is worked out for d
en!
mination of ferrous and ferric ions in their joint pré®

&
pet?
hemoglobin solutions. The methc:l is based on the colord

j5
£1ve
tion of iron rhodanide staining and allows to quantité

I2




3 i 1 »5m1 of the sol iom
termine iron when its concentration in 25ml 01 the solution

mine ferrous

Yy
€88 between 10-y and 0.l y . To
J K

‘20 : 7 i ic
%entration it is necessa to previously determine i
1 3
¢ and

% concentration s Driorx

N
‘hﬂn AN :
, having added it, to

}

rIOu:, lons

i

it of ferr EORES
" nts 2T ;

+

and at H L
reduc o
educed them '

formed witl X 8
ferrous ions oI I :

i10nNns,

veric oxygen, that 18, 4

1CT10Dn.




in dark green - 10.35%. In brown pigments oxidized ferrou® ¥

amount to 86.28% already on the 7th day of keeping.
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