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H l j y  o f native n itroso  heme pigioents from cured meat 

' A®  R. SAKATA

^  Uniy„0f . S c i e n c e  o f Animal Products, Facu lty o f  Veterinary Medicine, 
ers ity ,  Sagamihara, Kanagawa, 229 Japan

known tha t the ch a ra c te r is t ic  p inkish  co lo r in  meat products is  due 
L 'yiored°s?tio n  o f endogenous heme pigments to  which n i t r i t e  has been added. 
¿*wi(fciv p i9ments are genera lly extracted and measured spectrophotom etrica l- 

hoed method fo r  th i s is  Hornsey’ s acetone procedure (1956). Okayama 
v ^  pi ' ’ ^^8) showed th a t cooked cured meat pigments, i . e . ,  denatured n i t r o -

could be q u a n tita t iv e ly  extracted w ith  75% acetone by th is
The absorbance o f the ex tra c t was measured

l' t f Ur's w itk  1 cou ia  De q u a n ru a
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C :  Howftte r  se n s itiv i t y  3t 395 nm and expressed as co lo r forming a b i l i t y  
l̂icK °n ofeVer? very in form ation is  ava ilab le  fo r  the q u a n tita tive  ex-
C $hrw native ( i . e . ,  undenatured) n itroso  heme pigments (NOHP) from muscleCUroH -‘ cured meat co lo r when not subjected to  heat.

an examination was made o f the fo llo w in g : 1) e x tra c ta b il i ty  
^ 3  o f nitrosomyoglobin (NOMb) prepared using muscle pigment myo
bK*ith *1* ext r a c ta b i l i ty  o f na tive  NOHP from commercial raw ham and cured

^ etone
; •*„ ’ 2) '
ractab i7 i^r * us™9 75% acetone, and 3) the e ffe c ts  o f endogenous fac to rs  on

NOMb w
toT.sOd1ilmainin9 0.4mM equi

was prepared in  a brown te s t tube from a reaction
to'Tks°d1l,mainin9 0.4mM equine Mb (Sigma Chemical Co., type 1), 50mM NaNO, and 

pp0c‘ HScorbate (NaASC) in  M/35 Veronal-acetate bu ffe r (pH 5.5) according 
S ^ iu m  °Ure Lee and Cassens (1976) w ith  s lig h t  m od ifica tion . The reac- 
V iark r  ‘■°nstituen ts  were mixed and incubated at room temperature (22-23*0 

The time course the absorption spectrum o f NOMb formed was 
f  1ate ly  fo llo w in g  a 1:10 d i lu t io n  o f the so lu tion  w ith  the b u ffe r, 

nm Ormation o f NOMb was determined by m onitoring the o p tica l density
few  ‘

^ 1L!iith_75%_acetone. One ml o f the reaction  medium conta in- 
S > 1  r0nn,1xed W1th 1.5 mT o f d is t l  11 ed water and 7.5 ml o f acetone to  make 
fC th  0cc^c®n tnation o f acetone 75%, and the NOMb was extracted a t 0*C fo r  10 
^  ( n̂q e asi°nal s t i r r in g .  The ex tra c t was f i l te r e d  through Toyo No.6 f i l t e r  
Jpoi^Hb)'ta»actabH 1 ty  was evaluated from the absorption spectrum. Metmyoglo- 
h t^ ’On ofwa* also prepared from a m ixture containing 0.4mM Mb and 50mM NaNO?;

0f their n  was Heated at 75"C fo r  60 min to  form denatured MetMb (DMetMb)f 
^Ov ext ra c ta b i l i t ie s  w ith  75% acetone were investiga ted.

hs D̂ a g : '- ^ § d_NOMb_frgm_cured_meat-prgduct. The NOMb so lu tion  was added to  
f  i t s  necoviry w ith  75%"acetone was inves tiga ted . Pork sausage 

Sfltetn) minced porcine ske le ta l muscle (M. longissimus th o ra c is , 24 hr 
¿r i Tbe minced muscle was adjusted to  pH 5.5 w ith  la c t ic  acid and 

1 and inn6 contai ni n9 sodium ch lo ride  and sodium n i t r i t e  to  give leve ls  o f 
00 ppm NaNO .̂ A fte r being s tu ffed  in to  a po lyvinylidene ch lo ride

c o e ffic ie n t o f NOMb at 547 i 
and Thomson, 1963)].

[13.3 (Fox

Figure 2 shows the absorption spectra o f 
75% acetone ex tra c ts  from the NOMb reaction 
medium incubated fo r  60 min. DNOMb was 
also prepared by heating the reaction medi
um at 75*C fo r  60 min and extracted w ith 
75% acetone. No s ig n if ic a n t d iffe rence  in  
the absorption spectra o f the 75% acetone 
ex trac ts  could be observed between NOMb and 
DNOMb and they had the same op tica l density 
at 395 nm, one o f the absorption maxima. 
Hornsey (1956) reported th a t the ex trac ta 
b i l i t y  o f nitrosohemoglobin (NOHb) w ith  80% 
acetone (measured at 540 nm) was only h a lf 
tha t o f denatured NOHb. However, a l l  NOMb 
was so lu b ilize d  and extracted w ith  75% ace
tone under the present cond itions.
Anderton and Locke (1955) and Hornsey 
(1956) confirmed th a t DNOMb e x is ts  in  ace
tone so lu tion  as a n itro so  heme-acetone 
complex. Judging from the re su lts  in  F ig.
2, NOMb as does DNOMb changes in to  a n i t r o 
so heme-acetone complex in  75% acetone. 
MetMb and DMetMb could not be extracted 
w ith  75% acetone (data not shown), thus 
in d ica tin g  th a t the oxidized heme pigments 
exerted no in fluence o r in te rfe rence  toward 
the absorbance measurement o f NOMb or DNOMb.

F ig. 1. Formation o f NOMb from 
a reaction medium containing Mb, 
n i t r i t e  and ascorbate at pH 5.5. 
At specified  in te rv a ls ,  a 1 ml 
sample was d ilu te d  to  10 ml with 
the bu ffe r so lu tion  and the 
absorbance was q u ick ly  monitored 
a t 547 nm.Table 1 shows the recovery o f the added 

NOMb so lu tion  (60 min incubation) from pork
sausage. Recovery from the sample to  which 1 and 2 ml o f NOMb had been added 
was 98.3 and 99.4%, respective ly  (Average 98.8%). These re su lts  show th a t NOMb 
can be q u a n tita t iv e ly  extracted w ith  75% acetone from pork sausage.

Table 2 shows the e x t ra c ta b il i ty  o f na tive  NOHP from commercial raw hams. Since 
raw hams in  p rac tice  are processed at lower temperature (< 2 0 ‘ C), most o f th e ir

heme pigments were considered to  
Abiorbanc* be in  the native  s ta te . However,

the e x t ra c ta b il i ty  o f na tive  NO
HP was genera lly low and varied , 
ranging from 8 to  75%. No In 
crease in  e x t ra c ta b i l i ty  was ob
served even when the homogenate 
was kept overnight at 0*C. The

F1g. 2. Absorption spectra o f 75% 
acetone ex tra c ts  from the reaction 
medium. The reaction medium con
ta ined NOMb (— ) o r DNOMb (----- ).
To record the spectra from 350 to 
450 nm, each ex tra c t was d ilu te d  
1:10 w ith  75% acetone.

(1 ) (3)

V 5’ th
W o n  foiX̂ «re.was cooked at 75'C fo r  60 min. The NOMb so lu tion  fo llow ing  
C fl* ly  miy ? min was d i lu t ed 1:4 w ith  M/35 Veronal-acetate bu ffe r (pH 5.5) 

, ' x®d w ith  5 g o f the ground sausage preparation in  a 50 ml volumet-
i « N V 7-5 ">i

* p2î! )!oluine or b<
r. id(1ed Mn?d 30 m1n was measured fo r  absorbance at 395 nm and the recov- 
jW "0Mb wr- ' •

S? Coni;!--bams

n , •••• o f cold acetone were then added to  the m ixture which was 
volume o f 50 ml using d is t i l le d  water. The ex tra c t obtained at
' d r '  — •

Wb was determined from the absorbance value.

V W C°Hnec??^®“ purchased from 7 meat packers and trinned free  o f external 
J Ve tissues were minced tw ice through a p la te  w ith  holes 3.2 mm 

k usi* NOHP was extracted w ith water and the degree o f ex tra c tion  was 
1n9 the 75% acetone.

k V j j  Hr'£--y£§d_meats. Normal porcine ske le ta l muscle (M. longissimus tho- 
srN 'y 1 brinStmortem' ^an9in 9 in  PH from 5.5 to  5.7 was minced tw ice and 
iJ N :;  added Kso as t0  contain 100 ppm NaNO ,̂ 0.1% NaASC and 2% NaCl. The 
k ly®Nn ° '2 t  *  ne was 10*  weight o f the minced muscle and the m ixture was 

 ̂iri<i jjp. MeatP ^ day s a r ° °m and measured ^o r e x t ra c ta b il i ty  o f
n«0h samples cured at pH 5.0-6.5 were a lso prepared w ith  la c t ic

M jj io n  of
y W !  v S f '- ^ o f ib r l ls .  Minced porcine muscle was homogenized w ith  three 
^  'in 16 was 0.85% NaCl so lu tion  and maintained at 0°C fo r  60 min. The 
i h  ^  tw iroben centrifuged at 10,000 x g fo r  60 min. The re su lt in g  residue 
V u V  rm W] tb co^d 0.85% NaCl so lu tion  and made up to the o r ig in a l 

^  Htaerice nr aC e samp le . The sample was adjusted to  pH 5.0-6 .5  and cured in“ it  - UT 0.1?; Mh Kw _________  ---- - iL  _____ann a° * ] % Mb ^  tHe same procedure described in  the preparation of 
analyzed fo r  e x t ra c ta b il i ty  o f na tive  NOHP (NOMb).

y ' ' - - - - - - - - - - 5 - - - - - - - - - - -  9rams each o f the commercial raw
a br0Wna[]d cured m y o fib r ïï i w ith  Mb were homogenized w ith  12.5 ml of

ir5 \ t ^  shat? stoPPered c e n tr ifu g a l tube and held at 0‘C fo r  60 min w ith 
>  wac'n^* The tube was then centrifuged a t 4,500 rpm fo r  15 min. Tl 

to5cn1xed w ith  37.5 ml o f cold acetone in  a 50 ml volum etric flask  
V S ri ns1on w d is t i l le d  water. A fte r being kept at O'C fo r  30 min,

* * as f ^ te r ®d through Toyo No.6 f i l t e r  paper and the f i l t r a t e  was 
” °J”oance at 395 nm. This ex tra c tion  procedure was repeated tw ice 

Çx.H°HP content was estimated from the sum o f the absorbances o f the 
ÿ  C : act* at 395 nm.

V ^h .MP t o e « * w  w ltn  J / *b ml 0
iS S  ^ io n  1° m l.w ith  d is t i l le d  ............... . ....... ,  ..>r ............... ... ............

\  ^  fcf °r „I,*'35 f i l te r e d  through Toyo No. 6 f i l t e r  paper and the f i l t r a t e  was 
t' . V t t v ^ ° r bance« t 395 nni '
a. NOhd was e

Acetone was added d ire c t ly  to  5 g o f the sample 
y v ’ j  nm r r i “ ' ,1unr d,lu tne 75% acetone ex tra c t was mea:
V :  Tk N°Hp i CFA (And° .  1973; Sakata e t a l . ,  1980)]. The | 

raw c° ^He to ta l NOHP was d ifin e d  »c thp pytra rtah  
fc j i l .  ^Ixeq p° rc in e muscle and m yo fib r ils  
V ^  in i tb the N0Mb so lu tion  prepar
, 4 sample weight. The
V "°HprS 1n the orpcpnrp n f ??

Is were each adjusted to  pH 5.5 or 6.5 
prepared by the above method in  an amount 

, _ „ . i t .  The re su lt in g  mixtures were kept at 0-
nJsii, Ufipwa<'!l tbe Pr esence o f 2% NaCl. During th is  period, the ex t.-ac tab il- 
Njt* QS determined.

N ^ t i0sPectr
Jtj.lt 2  ° f  th"1 w1tb maximal absorbance at 547 and 578 nm was observed during 
\ ]h | .  f nm (o react1on medium conta in ing Mb, NaN0? and NaASC. The absorb- 

19. 1) peal() ra p id ly  a tta ined a maximum at^which 1 t remained as long 
H1tr0s 1 Mb 1° tbe reaction medium a fte r  20 min incubation was judged 

a*ed on the basis o f a c a lcu la tio n  using the mMolar e x tin c tio n

Table 1. Recovery o f added NOMb from cured meat product

Sample
Absorbance at 395 nm Recovery

(%)
-NOMb(A) +N0Mb(8) Calculated Recovered

(B-A)

Pork 0.432 0.604a1 0.175 0.172 98.3

sausage 0.432 0.780b) 0.350 0.348 99.4

Av. 98.9

a) One ml of NOMb soln. was added to  the sample; b) two ml of 
NOMb soln. were added; values shown as the mean of three 
experiments.

Table 2. Extractab ility  of native NOHP from raw hams

reason fo r  the low ex
t r a c ta b i l i t y  was con
sidered to  be tha t the 
denaturation o f the 
heme pigments occurred 
during meat processing 
and/or tha t native heme 
pigments could not be 
s u f f ic ie n t ly  extracted 
by the present proce
dure.

For confirm ation of 
these p o s s ib il it ie s ,  
water ex tra c tion  ca r
r ie d  out on the cured 

meat. As evident from Table 3, the e x t ra c ta b i l i ty  o f na tive  NOHP was low (about 
25%) as also noted in  the case o f the raw hams (c f.  Table 2 ), and no s ig n if ic a n t 
d iffe rence  was observed in  e x t ra c ta b il i ty  between cured meat sample w ith  or 
w ithout NaCl (data not shown). Most o f the heme pigments could be e a s ily  ex
trac ted  w ith  water from un
cured raw meat. However, 
ex tra c ting  native  NOHP from 
cured meat was found to  be 
d i f f i c u l t  in  sp ite  o f i t s  
high s o lu b il i t y  1n water.
These f in d in g s  are evidence 
th a t the e x t ra c ta b i l i ty  o f 
NOHP is  low in  raw hams.

Figure 3 shows the CFA and 
e x t ra c ta b il i ty  o f native 
NOHP from meat cured fo r  7 
days at pH 5 .0 -6 .5 . The CFA 
decreased but the ex tra c ta 
b i l i t y  increased in  propor
t io n  to  pH at the time of 
curing . This ind ica tes  tha t 
instances o f higher e x tra c t- 
a b i l i t y  from raw ham samples 
(Table 2) may possib ly be 
due to  the high pH at the 
time o f cu ring . Even when 
the pH o f meat cured at pH 
5.5 rose to  6.5 a t the time 
o f water e x tra c tio n , there 
was on ly  a s lig h t  increase 
1n e x t ra c ta b i l i ty .  The ex
t r a c ta b i l i t y  o f NOMb added 
to  the raw meat at pH 5.5 
also remarkably decreased 
w ith  tim e, whereas a l l  o f 
the NOMb added a t pH 6.5 
could be extracted w ithout 
adsorption to  the meat 
(F ig. 4).

Sample
Absorbance at 395 nm

Extractab ility  
(A/B, X)Extracted NOHP 

(A)
Total NOHP

(B)

A 0.094 0.646 14.6
B 0.221 0.596 37.1
C 0.068 0.457 14.9
0 0.072 0.606 11.9
E 0.068 0.661 10.3
F 0.514 0.689 74.6
6 0.064 0.781 8.2

Table 3. E xtractab ility  o f native NOHP from cured meats

Sample
Absorbance at 395 nm

E xtractab ility  
(A/B, X)Extracted NOHP

(A)
Total NOHP 

(B)

A 0.071 0.306 23.2
B 0.071 0.302 23.5
C 0.065 0.430 15.1
0 0.180 0.495 36.4
E 0.047 0.184 25.5
F 0.098 0.442 22.2

Mean ±  SO 24.4 ±  6.9

(2) (4) 143
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To e luc ida te  the e ffe c ts  o f endoge
nous fa c to rs  on the e x t ra c ta b il i ty  
o f na tive  NOHP, m y o fib r ils  were 
prepared and the e x t ra c ta b il i ty  o f 
NOMb from the m y o fib r ils  cured at 
pH 5 .0-6.5 in  the presence o f Mb 
was investiga ted. As shown in 
Figure 5, the CFA and e x tra c ta b i
l i t y  o f NOMb changed w ith  pH in  a 
manner s im ila r  to  th a t o f cured 
meat. When the pH o f the myo
f i b r i l s  cured a t pH 5.5 was ad
justed to  5.0-6 .5  and NOMb was ex
tra c te d , only a s lig h t  Increase in  
e x t ra c ta b il i ty  was noted, as w ith 
cured meat ( c f .  F ig . 3 ).

In Figure 6, the absorbance o f the 
NOMb water e x tra c t from m yo fib r ils  
cured at pH 5 .5 , fo llow ing  t re a t 
ment w ith 75% acetone was measured 
at 395 nm. The to ta l NOMb ex tra c t 
obtained d ire c t ly  w ith  75% acetone 
was also measured at 395 nm. The 
to ta l NOMb gradua lly  increased 
w ith  curing time but the absorba
nce o f extracted NOMb w ith  water 
was considerably low though there 
was a s lig h t  increase in  the f i r s t  
two days o f curing .

In the case o f NOMb added to  the 
m y o fib r ils  (F ig . 7), a remarkable 
v a ria tio n  in  the e x t ra c ta b il i ty  o f 
NOMb w ith  pH (5.5 and 6 .5) s im ila r 
to  tha t observed fo r  raw meat was 
noted (c f.  F ig . 4 ). These re su lts  
in d ica te  tha t a reaction  between 
m y o fib r ils  and native  NOHP occurs 
during meat curing .

Bendall and W1smer-Pedersen (1962) 
reported tha t m y o fib r illa r  pro
te in s  in  pale, so ft and exudative 
(PSE) porcine muscle are t ig h t ly  
surrounded by denatured sarco
plasmic p ro te ins . Scopes (1964) 
noted th a t denatured sarcoplasmic 
pro te ins in  PSE muscle lowered the 
e x t ra c ta b il i ty  o f m y o fib r illa r  
p ro te ins by binding w ith  them. In 
our previous paper (Sakata e t a l . ,  
1981; 1983), the decline in  co lo r 
formation o f PSE muscle may possi
b ly  have resu lted  from an in te ra c -

0 1 2 3 4 5 6 7
Days

F ig . 4. Time course o f the e x tra c ta b il i ty  
o f na tive  NOHP from raw meat a fte r  the 
add ition  o f NOMb. The meat was adjusted 
to  pH 5.5 or 6 .5 , and NOMb was added so as 
to  be equ ivalent to  10% o f the muscle 
weight and stored at 0~2'C fo r  7 days.

F ig. 3. E ffe c t o f pH on the e x t ra c ta b i l i
ty  o f na tive  NOHP from cured meat and i t s  
CFA. The meat was cured w ith  100 ppm 
NaN0?, 0.1% NaASC and 2% NaCl at 0-2 ’ C fo r  
7 days in  a dark room.

E x tra c ta b ility  (*>

acetone from processed meat products in  the same manner as denatured 
decline in  e x tra c ta b il i ty  o f native NOHP from cured meat w ith  water a ^ p r -  
a decrease in  pH was found to re s u lt from an in te ra c tio n  between 
m y o fib r ils  in  cured meat. The present study has also shown tha t 
cannot be completely extracted under our experimental cond itions, 
method must be devised fo r  the separate and simultaneous determ inate 
native  and denatured NOHP.

native ,
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F1g. 6. Total and extracted NOMb from 
m y o fib r ils  cured in  the presence o f Mb 
a t pH 5 .5, and 0-2'C in  a dark room.

F ig. 5. E ffe c t o f pH on the ex tra c ta 
b i l i t y  o f NOMb from cured m y o fib r ils  
and i t s  CFA. The m y o fib r ils  were 
cured w ith  100 ppm NaNO«» 0.1% NaASC 
and 2% NaCl in  the presence o f 0.1% Mb 
at 0-2'C fo r  7 days in  a dark room.

t1on between heme pigments and myo
f i b r i l s  1n muscle postmortem under 
the cond itions o f low pH and re la 
t iv e ly  high temperature. These phys
icochemical c h a ra c te r is tic s  o f muscle 
prote ins under PSE cond itions are not 
considered to  have any d ire c t re la 
t io n  to the phenomenon observed in  
cured meat 1n th is  paper, since no 
dénaturation occurred. However, i t  
may be assumed tha t m y o fib r ils  react 
w ith  heme pigments, one class o f 
sarcoplasmic p ro te ins , under ce rta in  
cond itions. Such an In te ra c tio n  may 
re s u lt  1n no v ir tu a l loss o f NOHP 
from cured meat during water soaking 
in  the course o f meat processing.

E x tra c ta b ility  (X)

F ig . 7. Time course o f e x t ra c ta b il i ty  
o f NOMb from m y o fib r ils  a fte r  add ition  
o f NOMb. The preparation and manner of 
add ition  o f NOMb were the same as in 
F ig. 4.

The m y o fib r illa r  p ro te ins a ffe c tin g  the e x t ra c ta b il i ty  o f na tive  NOHP and a 
method fo r  separating native  NOHP from denatured NOHP q u a n tita t iv e ly  are being 
investiga ted.

Conclusions

,,, „ „ r v n c d  th , t  na tive  NOHP could be q u a n tita t iv e ly  extracted w ith  761
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