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We
We. bave established in e a r lie r  works (1 -4 ) that cured

(500
Sreen

y %
Pigments formation results from excess accumulation

r. 00,1 more) of hydroxyl amine in brines; hydroxylamlne is 

asically during denitrification both in nitrate and
‘Ute

re* Denitrification occurs in weak-acid medium,which
UsUi

4un,

l°bs

nl -i
^  observed in meats being oured, and in brines (5 ,6 ). 

medium, in it s  turn, promotes manifestation of re-
t)r°Perties of hydroxylamlne whioh reduces the ferric 

t 0 f
H s  errous ions. I t  is  known, that quantitative fe r r ic  

U°^:''on ^y Dydroxylamine occurs at pH from 3 to 6 (7 ) ,  

gj_, e su°h pH values favour the processes o f meat myo- 

0Xidatlon to metnyoglobin both prior to and during meat 

to curing, meat myoglobin is  oxidized by atmos—

«01 0AWgen (8-10), during curing — by atmospheric oxygen 
Ve<i in

btl r ln es> 0:13 by free n itra tes C11)  and n itr lte s  111
l̂2 >13) ;  nyoglobin oxidation by atmospheric oxygen is  

by

l i t
sodium chloride (8 ).

that

%
to

er4« y  data mentioned above permit to suggest

6 accumulated in brines (4 ,14 ) and in  meats being 

takes part in reduction o f metmyoglobin fe r r ic

fe rrous ones, necessary fo r  nitrosomyoglobin formation

I



(1 6 ); the concentration o f nitrosomyoglobin was found °°* 

us to be in  d irect re la tion  to myoglobin iron content i° 
tissue (17,18).

But along with a positive e f fe c t  o f hydroxylamine 

duclng properties in curing conditions, the same properti®9

Vf

mu«0

r«'

V

may have a negative e ffe o t  on cured meats colour in
3 »presence o f atmospheric oxygen, n itra tes and n itr ite s  

in brine.

The present study is  aimed at the finding out o f tbe 

fe o t o f atmospheric oxygen solved in  brines on the

tï«

jved

gf«6

pigment formation in  the presence o f excess hydroxylamine‘

th is connection we tr ied  to find  out fe r r ic  and ferrous 

contents ( in  %) in green, brown and grey hemoglobin solu 

Instead o f myoglobin there was used crysta llin e  

bin whloh sim p lified  and fa c il ita te d  the solution o f °ur

P>

jo»

ti®*6'

grea tly . This substitution is  quite possible as oxfda<,ti°r

reduction properties o f iron ions o f heme pigments oi 

and muscle tissue are sim ilar (19 ). To obtain cry»
s® or

iiveaVf

fett0'

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

tained, is  dried as in the case o f myoglobin solution, 

brought to constant weight by the method that was deso 

us ea r lie r  (17,18).

To determine percentage contents o f fe r r ic  and

ions when they axe both present in green, brown and gre^ ,
not*"

globin solutions, a photocolorlmetrlo method has been ^  

out,*as the basis o f whioh served Wong's (21) rhodanide ® 

fo r  determination of to ta l iron content in blood. The ,

tage o f th is method over other colorim etric methods f ° r

j¡e¡
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11 determination consists in the fact that in th is method 

as81um rhodanate is  used -  an extremely sensitive reagent 

fitt in g  to get coloured solutions in strong-acid mediums. 

*as successfully used by Wong fo r  quantitative sp litt in g  

1,00 from hemoglobin and i t  fa c i l i ta te d  our task of

Pot,

Peri

V i

*0:«oin
l0;

8 out a method fo r  determination of fe r r io  and ferrous

Pn

do hemoglobin solutions. Despite the above-mentioned ad- 

^8e» Wong's method, however, has two essentia l short— 

a8s. P ingt, addition of potassium persulfate saturated 

^lon tQ oxidize ferrous ions causes fast formation of y e l-  

OubstanceB which a r t i f i c ia l ly  increase extinction  of

r^odanide (7 ) .  Second, sodium tungstate is  used as

*01,

rcia

°tet:
Q® P recip ita tor; i t  is  known to reduce fe r r ic  ions in

w0.

V ,
«I

®6<llum thus decreasing extinction  value o f iron rhoda- 

Besldes, Wong's method y ie ld s  to photooolorlmetrio one 

°Curacy due to i t s  being based on visual determination of 

ftotlon. Below is  described a photooolorlmetrio method,

°ut by us and free  o f shortcomings, fo r  fe r r ic  and 

ions determination in th e ir  Joint presence in hemo- 

oolutions.

»ked

ou8

Necessary reagents

¿Bmonium rhodanide solution (3 M). 23 gr o f NĤ CNS
P*a.)

5 816 transferred to a 100 ml measuring flask  and
°i>ed -i. in 50-60 ml of b id ls t i l le d  water and then 4 ml of ace-

%e
re added there. The obtained solution is  permitted to 

lfthd u
r t i l  i t  reaches room temperature, a fter which the same

*
s added up to the volume. Then the solution is  f i l t e —

thr°ugh a paper f i l t e r  in to a dark ground stoppered

3



f l a s k

Potassium persulfate solution (1%). 1 gr o f K2S2S,°8

(p .a . )  Is  solved In b id is t l l le d  water In a 100 ml measu-Tirt

flask  and then Is  f i l t e r e d  through a paper f i l t e r .  I f  dui 

storage there appear white flakes, I t  is  necessary to Pre  ̂

a fresh solution.

Concentrated sulfu r ic  acid (sp . gr. = 1.835), P*a*

Sulfuric  acid solu tion (9 N).

Sulfurio a c id solution (10#).

Acetone, p .a ., co lourless .

Trichlo r o-acetic aci d so lution  (20#).

Water fo r  d ilu tion  and fo r  other purposes roust 

b id is t l l le d , by using glass vessels and L ieb ig 's  oooler’ 

iron traces sure found, the b id is t l l le d  water are to be 

t i l la t e d .

A ll the vessels and flasks used roust be thorough!/ 

treated with chromic acid mixture, flashed with tap 

and then with b id is t l l le d  water twice or thrice.

•ifii

t*

I f

Te&'

22i®£2i 52ii°n _o f_ ferrou s Ions_c one en tra ti22

Standard solution preparation 

S o lu tion X. 0.7 gr o f rec rys ta llized  Mohr's 

/FeS0^(NE^)2S0^* 6H.,0/ are plaoed into a 1000 ml meftSur 

flask  and solved in  200-250 ml o f boiled b id is t l l le d  

a c id ified  by 10 ml o f 10# H2S04, and then boiled bid !6

sa!t 
■ioS
te*’

water is  added up to the volume.! ml o f such solu 

oontains 100 y  of iron.

tidp

i X*
Solution I I .  100 ml o f -Solution I  are transferred ,

noi1
a 1000 ml flask  containing 10 ml o f 10# HoS0^; then 

4



b*d;llstU led  w at^^ is  added up to the volume. 1 »1 o f such 

b<,tl°n oontains 10 y  o f iron.

___on H I . 50 ml of Solution I I  are transferred into

measuring flask  with 5 ml o f 10$ H2S0  ̂ in l * .  Then 

b id is t i l le d  water is  added up to the volume. 1 ml

l 5o0 ml

solution contains l ' y  o f iron

1 250 ml

^on_IV. 25 ml o f Solution H I are transferred into 

•“-1- measuring flask  containing 2.5 ml o f 10$ '
^  tb«n boiled b id is t i l le d  water is  added up to the volume.

 ̂ such solution contains 0.1 y  o f iron.

Calibration  ou rvep lo ttln g

establish the starting point o f the ca libration  curv , 

t ^  of Solution IV is  transferred into a 25 ml measuring 

 ̂  ̂ end then in sequence 0.5 ml o f b id is t i l le d  water, 5 ml

* 9N H2S°4 and 2.5 ml o f 1$ K2S208 are added. Then the

Slc 1b agitated, permitted to stand fo r  2-3 minutes, a fter 

^   ̂ ml o f trich loroacetic  acid and 12.5 ml o f acetone ar 

the mixture is  cooled by running water and then 2.5 

^ emmonium rhodanlde solution are added. The flask  being 

the solution is  mixed and with a photocolorimeter

8 °01°ur in tensity  is  determined. 25 ml o f th is solution
% t«tain

To
0.1 y  o f iron.•*  y Ui i.X wile

find the next point on the curve 1 ml o f Solution I I I

ĉ taasTsrred to the 25 ml fla sk , and a l l  the above-des-

6  ̂ 8equential operations are repeated. 25 ml of
lb t ic - -

such- cxfcix uperauuua euro io y c o w -  —

°n contain I V  o f iron. Then to the 25 ml measuring
'aSk . *  t

0,5 ml o f Solution I I  are transferred and again a l l  
a
e(luential operations are repeated, except that 1 ml of

5



to

b id ls t i l le d  water is  added* 25 ml o f such, solution conned*1 

5 ^  of iron.

To find  the next point on the ca libra tion  curve,

25 ml measuring flask  1 ml o f Solution H is  transferred 
the sequential operations are repeated. 25 ml of 

solution contain 10y  of iron.

gjli

all¡0»

Above mentioned concentrations o f H2SÔ  in stan,dard

jJf

tbe

C. H-
solutions o f ferrous sa lts at room temperatures practice 

the oxidation o f ferrous iron by atmospheric

(•7).
On the basis o f the data concerning determination 

colour of solutions with known ferrous iron content, a cal16* 

tion  ourve (see f i g . )  is  p lotted.

As is  seen from the graph, lin ear re la tion  between 

staining in tensity  and ferrous iron content is  observed

25

wit”

*1

ia*‘

the concentration of the la t te r  within 0.1-10.0 y in 

o f colorimetered solution. With higher iron concentrât*0® ’ 

solution colour is  not subordinated to Lambert-Beer'a

Determination o f f e r r io_jons concentrâ tion

For th is purpose there were used the reagents o f bbe

o * i^ ' 

•fer'

it«

concentrations and volumes as when determining ferrous

concentration, except that potassium persulfate -  an

o f ferrous ions -  was not added.

Preliminary experiments with standard solution oi
r ic  ammonium su lfates /NH.Fe(S0.) , -  12H„0/ revealed »0
fatness o f the worked out method fo r  determination of

ferrous and fe r r ic  ions concentrations. Linear relatione be
c oV

ween the in tensity  o f developing colour and fe r r ic  ions
6



t6;
^  in the solution are identical to those obtained for fe r -

fou6

V i

e°l

iron solutions, and they are observed, too, with iron

in

8 concentrations in the range of 0.1-10")' in 25 ml o f the 

crimetered solution.

In the case when both ferrous and fe r r ic  ions are present 

Ihe solution, i t  is  necessary to determine fe r r lo  ions con-
i.
Nation f i r s t  without adding KgSgOg and then to take 

°ther sample, to add there potassium persulfate and to deter-Ihi ̂
6 a summary ferrous and fe r r ic  ions content in i t .  A fter

tw
the concentration of ferrous ions is  counted by subtract- 

^  the amount o f fe r r ic  ions out o f the to ta l iron content. 

Ihe presence of 25*10_6$ NH,0H in the medium analyzed 

hot prevent one from quantitative iron determination.

Determination o f iron ions concentra tion in greenx 

grey and brown hemoglobin so lu tions

2.5 ml o f the solution under examination are transferred 

a 30 ml cen trifuga l glass under a vaseline o i l  layer;

2.5 0f  oonc. H2S0  ̂ are added, thoroughly mixed with 

^ ass stick , and the solution is  allowed to stand fo r  3-4
«Hn

Ihen, under the vaseline o i l  layer 3 ml o f oxygen-free 

water are added,followed by 2 ml o f CC1-,C00H; a l l  is

V :

fo r 2-3 min. and allowed to stand fo r  3-4 min.The solu- 

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

■ID min.
Since the solution is  heated during the addition of 

Urlo acid which flavours the in ten s ifica tion  o f oxid izing

la
°Us ions by atmospheric oxygen (7 ) ,  the solution is  iso - 

from environment by means o f no less than a 2 cm va-



seline o il layer to prevent the oxidation

With lower concentrations of ferrous and fe r r ic  i ° nS’

the solution under analysis is  not diluted. However, hef°r
etic

sampling a ir  is  removed from the solution by energ
1 y

blasting of CO« fo r  10-15 minutes. Then, simultaneous
•« sV*êwith the cessation o f C0„ feed the solution surface is
t *with about a 4 cm layer o f vase-tine o i l .  To prevent

n f ^mospherio oxygen from solving in  the sample, f i r s t  0
saitf1

2-2.5 ml o f o i l  are pipetted in to the solution, the 

is  taken by slow suction.

With high ferrous and fe r r ic  ions concentrations, 

solution, being analyzed, is  pre-dilu ted by ten times 

o f boiled b id i'J t illed  water and then, before sampling»
t»6 

t t>e
a ir  is  removed as described above. Sampling is  done

previously described method.

To determine fe r r ic  ions concentration, 5 ml of

supernatant are transferred into a 25 ml measuring ^
which is  placed in melting ice to prevent the solution

heating during d ilu tion . 8-10 minutes la te r , 5 ml

d is t i l le d  water and 12.5 ml o f acetone are added.

tion  is  mixed by agita ting the flask  and then is  cooled
2.5 ’

7-8 minutes. A fter taking the flask  out of the ice ,
ini"

o f rhodanide axe added into the solution which is  then

.ol*'
fof

tent»
d ia te ly  oolorlmetered. The lig h t  f i l t e r  is  green.

To find a summary fe r r ic  and ferrous ions con 

transfer 5 ml o f supernatant in to a 25 ml measuring 

and add there 2.5 ml of b id ls t i l le d  water and 12.5 ® 

acetone; the contents of the flask  is  aglgated. After 

8

d

a**
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•̂5 mi o f potassium persulfate the solution is  reag ita  

Is permitted to stand. In 2-3 minutes 2.5 ml rhod 

nide are added and the solution Is  Immediately colorimetered.

The photocolorlmeter Is  regulated In p a ra lle l with the 

W lo  experiments by means of the solutions prepared as des 

°t lbed above, with the only exception that instead of ammo 

&lum rhodanide, the same amount o f b id is t i l le d  water is  

added to them.

To solve our task, four types of hemoglobin solutions 

6-te Prepared.

To prepare solution of type I ,  0.15 gr of dry be 

«lobin was p iaced into a 50 ml measuring flask , then 15-20 ml 

0f b id is t i l le d  water and 10 ml o f citrate-phosphate buffer 

s°lution with pH 5.2* were added sequentially. The flask 

°htents was brought up to the volume with the same water.

18 solution served as control.

Solution of type 31 was prepared much in the same way as the 

b^evioua one, but besides, 5 ml o f 0.005* hydroxylamine

added.

Solution of type I I I  was prepared lik e  the previous one, 

^ut besides, 2.5 gr o f 5* sodium chloride solution were

44ded. Thls provided the sample with a lim iting sa lt content 

UaUaliy occurring in  oured meats (22 ). A fter agita ting , each

*)
* * •  stopped at pH 5.2 because, as our preliminary experi- 
o*nta with d ilu te defibrlnated blood showed, in the presence 
t excess hydroxylamine there occurs the most intensive roime- 
°Con of beme pigments green colour. Green pigments formation 
b i w 8 also at pH 5.8. At pH 4 heme pigments are stained 

and at pH 6.8 -  dark-red. Citrate-phosphate bu ffer 
utions were used in our experiments.

9



solution was transferred into a deep P e tr i dish and was Vet'  
mitted to stand at 15—17° without a cover.

Solution o f type IV was prepared lik e  the second 0l>e' 
but a fte r  bringing i t  up to the mark and mixing solved at

at
mospherio oxygen was removed by COg.Then the solution sur 

was covered with vaseline o i l  and was permitted to stand 

the same temperature as a l l  the rest ones. Ferrous and f®r 

ions were quantita tively  determined on the day when 

solution in one o f P e tr i dishes stained green.

The results o f determinations are given in Table 1«

■ri°
th®

Table I. Ferrous and fe r r ic  ions concentrations in & 
brown and grey solutions of hemoglobin on 
7th day of keeping

ee»i
tb®

Indices
With a ir  admission |Without ^

without : 
NH20H :
and NaCl ; 

(c o n tro l) ;

with : 
NHgOH :

with NH20H 
and NaCl

;admissj-- 

•with

Î

Colour Brown Green Dark green Grey

Fe++, y  t, 140.0 956.05 913.95 102°‘ 0&

Fe+++, y<h 880.4 63.95 105.51 Tra®eS

Fe+++Fe+++,^ * 1020.4 1020.0 1019.46 1020: ?®

Evaluation o f to ta l iron content in each hemogl0 

solution in test portion of hemoglobin under analysis sho*'e
o°

that the photocolorimetrie method worked out by us
of

less accurate than a known volumetric method, by means
v of

which i t  was established that hemoglobin contained 0.34* 

iron (19 ).

10



7 !\ *

On the basis o f the data o f Table I  percentage contents 

ferrous and fe r r ic  ions in green, brown and grey hemo-

^°bin solutions are counted; the results are given in 
^b ie 2#

£able_2. Percentage oontents o f ferrous and fe r r ic  ions 
in green, brown and grey hemoglobin solutions 
on the 7th day of keeping

^ l c e s : With a ir admission Without air 
admispi nn

with NH20H
: without : 
:NH„OH : 
:awr NaCl : 
: (c o n tro l):

with
nh2oh

with NHpOH 
and NaCI

C°lour Brown Green Dark green Grey

» % 13.72 93.73 89.65 100.00

> % 86.28 6.27 10.35 Traces

H,

*0

Of
Us

The data o f Tables 1 and 2 show, that iron ions o f heme 

S8le°ts  with d iffe ren t valencies take part in the formation 

°ured meats green pigments. These data show also that fe r ­

on s number in  green heme pigments greatly  excéeds that 

f errio  ions, staining of hemoglobin solutions being

^hderrt on percentage contents o f ferrous and fe r r ic  ions in 

s°lu tions. I t  means that the formation o f grey, green, 

Sreen and brown pigments in cured meat products also de- 

°n the content o f heme pigments iron ions in them. The 

In Tables 1 and 2 show, too, that at pH 5.2 o f medium 

tt>3[y lamine, in the presence o f solved atmospheric oxygen, 

e® quantitatively fe r r ic  ions o f methemoglobin or methe-

th, 

V k

I I



mochromogen to ferrous Ions which are then p a i^ R lly  oxid*z
i  o»sforming green pigments. The number o f oxidized ferrous

gO l*1In these pigments makes up 6.27%. When there 1b no 

atmospheric oxygen, but there is  enough hydroxylamine, 

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

e d

,pce

at'
o f hydroxylamine, however, but in the presence of solved

oii ir
mospheric oxygen and at pH 5.2, there occurs intensive

in t̂ e
tion  of ferrous ions of hemoglobin solution, resulting ***

td i^formation of brown pigments, which contain 86.28% of 0X1 

ferrous ions.
rj.o

I t  is  obvious, that hydroxylamine (which reduces *e
+itie®’ions of heme pigments) being present in enough quanti

. ns Whas an inh ib itory e f fe c t  on the oxidation o f ferrous 1°"
_  gta'

atmospheric oxygen, solved in brines. I t  results in so®c 

b iliz a t io h  o f green colour.

Besides, the results obtained confirm Brook's data 

on that sodium chloride Ions catalyze the oxidation 

roue ions of heme pigments by atmospheric oxygen and 

this e ffe c t  o f sodium chloride with the excess hydroxy

(8)'

{et'

lentil̂

present is  in s ign ifican t. In the presence o f sodium 

and hydroxylamine, hemoglobin solutions are stained 

The oxidized ferrous ions make up 10.35%.

chl°r '
lie

dark &

CONCLUSIONS

1. A photooolorlmetrlc method is  worked out fo r
det«*" 

nee 
t r » '

Ifi
mination of ferrous and fe r r io  ions in th e ir  jo in t Pre®e

hemoglobin solutions. The methcl is  based on the colorl®
t iveiy

tion  of iron rhodanide staining and allows to quanti a

12



2 / )  3

Ni

ternine iron when i t s  concentration in 25ml o f the solution 

3 between 10-y and 0.1 y  . To determine ferrous ion

X

f i l t r a t io n  i t  is  necessary to previously determine fe rr io  

1 °oncentration, prior to adding potassium persu lfate, and 

having added i t ,  to determine their summary content. 

Sous ions concentration is  determined by subtraction the 

'’Nut of fe r r ic  ions from the to ta l iron ions content.

2. With excess hydroxylamine, green pigments are formed 

PH 5.2-5.8; the most intensive staining occurs at pH 5.2. 

PH i* heme pigments are stained brown, and at pH 6.8 they

stained dark red.

3. Hydroxylamine in weak acid medium reduces fe r r ic  ions 

: W  pigments, and in  particu lar, i t  reduced them quantita-

at medium pH 5.2.

A-. Green pigments o f cured meats are formed with ex

k

V

v

«î

it

°xylamine due to pa rtia l oxidation o f ferrous ions of heme 

'^ n ts  under atmospherio oxygen solved in brines. Hydroxyl 

f  reducing fe r r io  ion6, inh ib its  oxidation of ferrous -‘■on~

Pigments by atmospheric oxygen, that is ,  i t  has an in 

'itory e f fe c t  on the oxidation reaction.

5. Disturbance o f normal pink-red colour of cured ® 

°dbcts i s mainly related with electrochemical state o f iron 

118 of heme pigments. Depending on percentage contents of 

*i °” “ and fe r r ic  ions of these pigments in cured meats ,

may be formed either grey or green, or dark green or 

0,',1 Pigments. In grey pigments ferrous ions p reva il, where- 

la green pigments oxidized ferrous ions make up 6.27$ and

13



o iß»5in  dark green -  10.35#. In brown pigments oxidized ferrous

amount to 86.28# already on the 7th day o f keeping.
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Iron concentration (in  y )  per 25 ml o f so lu ti013

A curve o f determination o f ferrous and fe rr ic  

contents in solutions.
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