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Since the formation of cur?a meat color or cooked cured meat 
color is one of the most important problems in processing meat 
Products, a lot of works have been performed on this problem.

In p ro cessin g  meat products as w ell as in fre sh  meat, the 

enzymatic reduction  o f metmyoglobin to myoglobin i s  o f g reat im­

portance. In th is  re sp ec t i t  has l a t e ly  been shown th at the add i­

tion  o f nicotinam ide adenine d in u cleo tid e  and various su b stra te s  

o f the enzymatic pathways o f g ly c o ly s is  and re sp ira tio n  is  e f fe c t -  

* Ve in  promoting the enzymatic reducing a b i l i t y  of m eat,1’ 2 '*

The p o s s ib i l i t y  o f the production of v ariou s n itro soredu ctan t 

to term ed iates^ ’ ^  and n itro so th io le - ’  ̂ during the course of curing 

**as a lso  been reported  in recent p ap ers. According to a suggested  

®echanism, under anaerobic condition  n i t r ic  oxide ferricytochrom e 

l s  produced as an n i t r i c  ox ide-in term ed iate , the formation of 

h i t r ic  oxyde metmyoglobin follow s i t ,  and then n i t r ic  oxide met- 

®y°g lo b in  i s  reduced by m itochondria to n i t r ic  oxide myoglobin*?’^ 1

As to the condition  under which meat products are to be pro- 

\  heed, both the form ation and s t a b i l i t y  o f cured meat co lo r have 

^®en found to be ev id en tly  b e tte r  under anaerobic condition  than 

hnder aerob ic  con dition .

Most of the former works, however, seem to have dealt with 
formation of cured meat color not in the modern rapid emuls- 

lon curing process hut in the conventional common curing process. 
Emulsion curing has widely been used in processing sausages 

* late, in particular in manufacturing cooked sausage meat earals-
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ion i s  o ften  cooked immediately a f t e r  the meat has been comminut­

ed and mixed with curing in gred ien ts in a s i le n t  c u tte r  and then 

stu ffe d  into  a c a sin g .
in th is  rap id  emulsion curing process the mechanism o f the 

formation of cured meat co lo r may probably d i f f e r  from th at m  the 

conventional curing process in  many n esp ects, because in rap id  

emulsion curing process as the meat emulsion i s  su b jected  to cook­

ing treatm ent immediately a f t e r  the meat has been mixed with cur­

ing in gred ien ts the enzymatic a c t iv i t i e s  o f the enzymes e x is t in g  

in meat may hardly be ab le to e x h ib it any ap p rec iab le  e f f e c t s  on 

the form ation o f cured meat c o lo r . But in th is  case to o , not be­

cause of th e ir  enzymatic a c t i v i t i e s ,  but because o f the in crease  

in su lfh ydry l groups o f enzym e-proteins re le a se d  by heat denatura- 

tio n , the enzymes may be ab le to  promote the form ation o f cooked 

cured meat co lo r a s was p rev io u sly  dem onstrated .10^

The purpose o f the present work i s  to in v e s t ig a te  the e f f e c t s  

o f some fr a c t io n s  o f porcine muscle on the behavior o f n i t r i t e  and 

the form ation o f cooked cured meat co lo r  in  the abovementioned mo­

dern rapid  emulsion curing p ro ce ss .

Experimental
in a l l  the present experim ents the porcine muscle samples 

ju s t  a f t e r  s lau g h te r  were used .

Experiment I

1. Preparation of purified myoglobin
The myoglobin (Mb) used in the presen t experim ents was p u r i f i ­

ed from porcine h eart by the method o f W alters and T ay lo r.11 * The 

p u r ifie d  metmyoglobin (MMb) was fre e z e -d r ie d , then sto red  a t  k°C

u n t il  u se .
The absorption  curves fo r  Mb and i t s  d e r iv a t iv e s  MMb, oxymyo-
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glob in  (MbO„) and n i t r i c  oxide myoglobin (MbNO) prepared by the 

Procedure o f Ginger and Schw eigert1“1 were a lso  measured, and ac­

cording to  the r e s u l t s ,  the fin d in gs fo r  the wavelength o f maximum 

absorption  o f Mb and i t s  d e r iv a tiv e s  were qu ite the same as those 

given by previous workers 3 ,1 2 ,1 3 ) with oni y one exception of that 

o f MMb. Namely, MMb from porcine h eart had two absorption  peaks at 

503 and 630 mu in  the presen t experim ent, and of which the higher 

Peak a t 503 mu was s l ig h t ly  d if fe re n t  from the higher peaks a t  500 
and 505 mu o f MMb from horse h eart1-^ and bovine m u scle ,1'2 '* and 

bovine h e a r t o b s e r v e d  by previous workers.

2. preparation of meat sample
A fter f a t  and connective t i s su e  had been removed from porcine 

s k e le ta l  muscle (M .adductores) as f a r  as p o s s ib le , the muscle was 

ground three tim es with a meat g rin d er and stored  a t  h°C  u n t il  use

3 . Determination of Mb in meat sample
Since a l l  the porcine muscle samples were those ju s t  a f te r  

s lau g h te r , the Mb content in meat sample was determined by the 

Procedure given in F i g . i .

h . Preparation of meat homogenate
F if ty  grams o f meat sample was homogenized with 100 ml of 

Veronal b u ffe r  o f pH 5.5 in  a Waring blendor fo r  3 m inutes, coo l­

ing with ice  w ater.
Since in studying the form ation o f cooked cured meat co lor 

the content o f myoglobin i s  one of the most important fa c to r s ,  to 

keep the content o f Mb in meat sample always at a constant lev e l 

° f  O.55&, the Mb content o f each meat sample was determined f i r s t ,  

and the n ecessary  amount o f Mb to reach 0.5fi was added to each 

°e a t  homogenate as a iOg Mb aqueous so lu tio n , and the pH of which 

was ad ju sted  to  5.5 with i N HCl and then d ilu ted  to 200 ml with
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d i s t i l l e d  water
5 Experiments under aerob ic and anaerobic conditions 

In aerob ic  experiment, 20 ml o f meat homogenate was p ip e tted  

into a i 00-*nl Erlenraeyer f la s k  and to which one sal o f veronal bnf- 

rer of  pH 5 .5  containing 0 . 0 5 #  NaNOg (corresponding to 0 ,0 i£  NaNOg 

in meat sample) was added. For the purpose o f comparison, another 

2Oral of meat homogenate was placed into another Erlenmever f la s k ,  

to  whlct added one ml of veronal b u ffe r  o f pH 5.5  containing no 

n i t r i t e
in anaerobic experiment, the qu ite  same procedure as th at in 

aerobic experiment was c a rr ie d  out, except th at in place o f an 

Erienmever f la sk  a Thunberg tube was used.

in cooking treatm ent, in aerob ic  experiment meat homogenate 

sample was cooked in the Erlenraeyer f la s k  in the presence o f a i r ,  

while in anaerobic experiment in the Thunberg tube a t  a vacuum o f 

5 mm Hg, ju s t  a f t e r  p reparation  fo r  20 , 40, 60 and 90 minutes a t 

7 5 ®C witb continuous shaking, re sp e c tiv e ly ,

b Determinations o f co lo r form ation a b i l i t y  (CFA), n i t r i t e ,  

reducing a b i l i t y  (RA) and su lfh yd ry l groups

Immediately a f t e r  cooking treatm ent a t 75°C each meat homogeB' 

ate  sample was cooled with running tap water fo r  10 m inutes, and 

then homogenized fo r  one minute in a Waring blendor. The pH of 

which was ad ju sted  to 7 ,0  with 1 N NaOH so lu tio n  and made up to 

~0 ml witb d i s t i l l e d  w ater, then the re su lt in g  each homogeneous 

sample was su b jected  to the follow ing in d iv id u al determ inations.

l )  Determination of CFA : Ten m i l l i l i t e r s  o f each homogeneous 

sample (corresponding to l g o f meat sample) was cen trifu ged  a t 

".,500 rpm fo r  10 m inutes. A fte r  the p re c ip ita te  had been c o lle c ted ' 

the cooked cured meat pigment was ex trac te d  from the p re c ip ita te



i t s  absorbance was measured by the method p rev iou sly  rep o rted *^ ' 

The absorbance va lu es a t  395 mu measured in th is  way were expressed 

as cpa.

2) Determ ination o f n i t r i t e  ; Twenty m i l l i l i t e r s  o f each homo­

geneous sample was taken f and i t s  remaining amount o f n i t r i t e  was 

determined by the method proposed p rev io u sly . ^

3) Determination o f EA : RA o f each homogeneous sample was 

determined according to the procedure ou tlin ed  in F ig .2.

4) Determ ination o f su lfh yd ry l groups s Five m i l l i l i t e r s  o f 

each homogeneous sample was taken and the amount of su lfh ydry l 

groups in which was determined by the method given in F ig .3 with 

N~ethylm aleim ide (NEM) on referen ce to the procedure o f Hamm and 

Hofmann d6)

^Périment tt

1. P reparation  o f whole muscle homogenate

A fte r  being fre ed  from f a t  and connective t i s su e  as f a r  as 

P o ss ib le , 50 g o f porcine s k e le ta l  muscle (M .adductores) was homo­

genized with 100ml o f veronal b u ffe r  o f pH 5.5 in  a  waring blendor 

it>r 3 m inutes, to  which 1,169 g o f Nacl was added to  g ive  a  f in a l  

concentration  o f 0 .1  M NaCl, the pH o f which was ad ju sted  to 5.5 
with  1 n HCl so lu tio n  and then d ilu ted  to  200 ml with d i s t i l l e d

water.

2 . Sep aration  o f some f r a c t io n s  from porcine muscle
17)On referen ce  to  the paper o f C reaser e t  a l . ' , from the same 

P °rcine s k e le ta l  muscle (M .adductores) th a t describ ed  ju s t  above, 

some f r a c t io n s ,  i . e . ,  sarcoplasm , m y o fib r ils , m itochondria and 

®icrosomes, were sep arated  by the procedure oulined in F ig .k.

Sarcoplasm  fra c t io n  was concentrated to one th ird  o f i t s  

° r i g in a l volume (about 300 ml) by fre eze -d ry in g , the pH o f which
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was ad ju sted  to 5.5 with l  N HCl so lu tio n  and then d ilu te d  to  200 te: 

*1  with veronal b u ffe r  o f pH 5 . 5 . contain ing 0 .1  M NaCl.

3 . Determination o f n i t r i t e  and CFA ^7

Twenty milliliters of each of the whole muscle homogenate co
and the other fractions was pipetted into a Thunberg tube. To keep cp 
the content of Mb in the whole muscle homogenate and the other 
fractions always at a constant level of 0.125$ (corresponding to
0.5$, Mb in meat sample), necessary amount of Mb to reach 0.125$ 

was added as a 10$ Mb aqueous solution to each Thunberg tube. Then fc 
one ml of veronal buffer of pH 5-5 containing 0.05$ NaNOg was add- i< 

ed to each Thunberg tube.
Since it has been shown in Experiment I that the formation 

of cooked cured meat color is extremely better under anaerobic a
condition than under aerobic condition, every sample was cooked 
at 75°C for one hour under anaerobic condition in a Thunberg tube 

at a vacuum of 5 mm Hg in Experiment II.
The figures for nitrite before and after cooking and CFA of 

each sample were determined by the methods described in Experi-
1

ment I.
Results and Discussion

aExperiment I
Effect of cooking condition on the behavior of nitrite id 

meat homogenate and the formation of cooked cured meat color of
<meat homogenate

The results given in F i g .5 indicated that the amount of nit­
rite decomposed by cooking under anaerobic condition was signifi0 
antly larger than that decomposed under aerobic condition.

According to the results given in Fig.6, the formation of 
cooked cured meat color was extremely better under anaerobic cooK



iug condition than under aerobic cooking condition. Some similar
*  * » 8 ,9 /

tendencies in this respect have been observed in previous works.
The above fact indicates that in manufacturing cooked sausage 

by rapid curing process the treatment of cooking under anaerobic 
condition is very effective in promoting the formation of cooked 

P onred meat color.
2. Effect of cooking condition on the behaviors of reducing 

ability (RA) and SH groups of meat homogenate 
in the course of cooking at 75°C for 90 minutes, the figures 

for RA of meat homogenate samples cooked under aerobic and anaerob- 
ic conditions fcoth increased rapidly until 20 minutes, hut there- 
after the figures for RA in aerobic condition decreased gradually 
Ul»til 90 minutes, whereas those in anaerobic condition exhibited 
a tendency to remain almost unchanged or to increase slightly un- 
1111 90 minutes, and the difference in the figures for RA between 

9 th« samples cooked under aerobic and anaerobic conditions increas- 
significantly in ^ t h  cases in the absence and presence of nit- 

ri*e with cooking time as shown in Pig.7* A si®**®1, tendency was 
°bserved in the behavior of SH groups of meat homogenate as shown

10 8 .
The results in Fig.9 indicated that the reducing ability of 

®eat homogenate tended to increase slightly by the addition of 
D Nitrite, in particular from 20 till 90 minutes in cooking treat-

at 7ij.c m  both cases cooked under aerobic and anaerobic con­
fions. such a tendency was more clearly observed by the addition 
°* »itrite in the behavior of SH groups of meat homogenate as 

c *ho*h in Pig.iO.
These observations seem to present some interesting problems. 

îa °°oklng treatment at 75«C for 90 minutes, concurrently with the
, r
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rapid incneases in the reducing ability and the amount of SH 
groups of meat homogenate the amount of nitrite decomposed and 
that of cooked cured meat heme pigment formed increased with cook­
ing time until 20 minutes in both cases cooked under aerobic and 
anaerobic conditions.

Thereafter, however, in the absence of nitrite though the re­
ducing ability and the amount of SH groups of meat homogenate de­
creased appreciably under aerobic condition and remained almost 
unchanged or slightly increased under anaerobic condition until 90 
minutes respectively, yet the amount of nitrite and that of cooked 
cured meat heme pigment continued to increase nearly in their res­
pective same manners as before with cooking time until 90 minutes 
in the presence of nitrite under both aerobic and anaerobic condi­
tions (Fig.5,6,7,8), and in both cases cooked under aerobic and 
anaerobic conditions the reducing ability and the amount of SH 
groups of meat homogenate tended to increase to some extent until 
90 minutes by the addition of nitrite (Fig.9>i0), although after 
the addition of nitrite the amount of nitrite decomposed increased 
consistently and the formation of cooked cured meat color continu­
ed to progress continually throughout the course of cooking treat­
ment.

The causes of these facts remain unexplained. Further detail" 
ed experiments are necessary to approach to throw light on them. 
Experiment II

Effects of some fractions of porcine muscle on the behavior 
of nitrite and the formation of cooked cured meat color 
According to the results given in Table I, the amount of nit" 

rite decomposed in whole muscle homogenate by cooking for one houf 
at 75°C was the largest, and those in the other fractions decreaS"
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®d in the order decomposed in sarcoplasm, myofibrils, mitochondria 
and nticrosomes, while the color formation ability of whole muscle 
homogenate was the most excellent, and those of the other fracti­
ons were designated in descc au m g  order of color formation ability 
as sarcoplasm, mitochondria, microsoraes and myofibrils.

In the present experiment the color formation ability of myo- 
fibrils was the wrost of all the fractions tested, although the 
amount of nitrite decomposed in myofibrils was larger them those 
decomposed in mitochondria and microsomes. The following fact may 
b® considered as one of the reasons for this, namely, since the 
ayofibrils fractionated in the present experiment was passably im- 
Pnre preparation containing many other components nitrite added to 
myofibrils may have presumably been decomposed by soma other side 
reactions, and accordingly the formation of cooked cured meat colo 
Was the wrost, although the amount of nitrite decomposed was rela­
tively large.
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■eat sample i g

distilled water 5 al 
homogenize for 3 «in at 0°C 
dilute to 10 ”5l with distilled water
extradt for 10 nin with occasional stirring
centrifuge at 3,500 rpm for 5 win

t------------------------ -L----------------------------------- ,
precipitate supernatant

suspend in 10 «1 of distilled 
water for 3.0 min
centrifuge 
for 10 min

a* 3.500 rpm

precipitate supernat t
filter

distilled water
filtrats 20 ml

0.0612 K tjPe (cî!)6 
soin. 0.2 <sl

! 0,0816 M KCN soin.
0.2 ml

Iceep for min at room température 

■easure the absorbance at 540 mu
(A)

Mb*
(* of meat sample) « A x 2.87

F1S. 1. Determination of Mb in meat sample

* The content of all heme pigments in meat sample 
was expressed as Mb.
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Homogeneous sample 5 ®1
5 m  K^FeiCNjg solution 2 ml 

let stand for 60 min at 0°C with occasional stirring
0.5 io NH^-sulfamate solution O.i ml 
0.5 M Pb-acetate solution 0.2 ml

let stand for 10 min at room temperature 
20 % TCA solution 2.5 

sake up to 10 ml with distilled water
IiiltejBT

filtrate
measure the absorbance at 420 mu

reducing ability (RA) = B *=* A

A : absorbance of sample observed
B : absorbance of i mM K^Fe(CN)g solution observed 

Fig.2. Determination of ËA

-  870



homogeneous sample 5 ml
0.2 M phosphate buffer of pH 7.0 5 ml
2 x 10” NEM solution 5 ml

let stand for 60 min at 25®C with occasional stirring 
20 % TCA solution 5 ml 

let stand for 10 min at room temperature

filtejr
filtrate

measure the absorbance at 300 mu
calculate the amount of SH groups in meat sample

(moles -SH/lO^g meat)

PiS. 3. Determination of SH groups with N-ethylmaleimide (NEM)
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Minced porcine skeletal muscle 50 g 

(M.adductores, immediately after slaughter)

3 t oI. of 0.1 M NaCl-5mM histidine 
buffer (pH 7.55)

homogenize for 90 sec. in a Waring hlendor
i vol. of O.i M NaCl-5 MM histidine 
buffer (pH 7.55)

centrifuge at i,000 x g for 20 min

precipjLtate supernatant
3 vol. of O.i M NaCl-5®M

Ihistidine buffer (pH 7.55) 

centrifuge at 1,000 x g for 20 min
precipitate supernatant,

wash twice with k vol.
centrifuge at 8,000xg for 20 
min i

of O.i M NaCl - 5 "M 
histidine buffer (pH 7.55)

myofibrils

Mito£bondria supe m a n  tan t
centrifuge at 80,000xg

for 60 min
________________I

microsomes sarcoplasm

Pig. k . Separation of some fractions from porcine 
skeletal muscle
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Fig.?. Effect of cooking condition on the behavior of RA of meat homogenat 
rapid curing process
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P ig .10« E ffe c t  o f cooking condition  on the behavior o f SH groups o f meat 
homogenate in  rap id  curing process



Table 1. E f fe c t s  o f some fr a c t io n s  of porcine muscle on the oehavlor of n i t r i t e  and the 
form ation of cooked cured meat c o lo r  in  rap id  curing p rocess
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