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Since the formation of cur meat color or cooked cured meat
b | 2 > Y 2 ~
Color is one of the most important problems in processing meat
Products, a lot of works have been periormed on this problem

well as in fresh meat, the

to myoglobin is of great im-
POrtance, In this respect it has lately been shown that the addi-
vi on C

)f nicotinamide adenine dinucleotide and various substrates

°f the enzymatic pathways of glycolysis and respiration is effect-

/i

ive in promoting the enzymatic reducing ability of meat

during the course of curing

has also been reported in recent papers, According

Mechanism, under anaerobic condition nitric oxide ferricytochrom

18 produced as an nitric oxide-intermediate,
RDitric 0xyde metmyoglobin follows it, and then nitric oxide met-

myo&lobin is reduced by mitochondria to nitric oxide myoglobin

AS 0 the condition under which meat products are to be pro-
Quced, both the formation and stability of cured meat color have

been found to be evidently better under anaerobic condition than

Under aerobic condiﬁion,q‘g’g)

Most of the former works, however, seem to have dealt with
the formation of cured meat color not in the modern rapid emuls-
ion Curing process but in the conventional common curing process,
Emulsion curing has widely been used in processing sausages

o - : , ;
t late, ip particular in manufactuiring cooked sausage meat euwuls-
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cooked immediately after the meat has been comminut-

ion is often
ed and mixed with curing ingredients in a silent cutter and then
stuffed into a casing.

In this rapid emulsion curing process the mechanism of the

formation of cured meat color may probably differ from that in the

conventional curing process in many rpespects, because in rapid

emulsion curing process as the meat emulsion is subjected to cook-

ing treatmeht immediately after the meat has been mixed with cur-

in ts the enzymatic activities of the enzymes existing

in meat may hardly be able to exhibit any appreciable effects on

[}

ingredien

the formation of cured meat color, But in this case too, not be-

cause of their enzymatic activities, but because of the increase

in sulfhydryl groups of enzyme-proteins released by heat denatura-
tion, the enzymes may be able to promote the formation of cooked
cured meat color as was previously demonstrated,io)

The purpose of the present work is to investigate the effectis

of some fractions of porcine muscle on the behavior of nitrite and

the formation of cooked cured meat color in the abovementioned mo-

dern rapid emulsion curing process,

Experimental
In all the present experiments the porcine muscle samples

just after slaugiiter were used,
Experiment I

1. preparation of purified myoglobi;

The myoglobin (Mb) used in the present experiments was purifi-
ed from porcine heart by the method of walters and Taylor.ii) The
purified metmyoglobin (M) was freeze-dried, then stored at 4°C

until use,

The absorption curves for Mb and its derivatives MMb, oxXymyo-
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globin (Mboz) and nitric oxide myoglobin (MbNO) prepared by the

Procedure of Ginger and Schweigertig) were also measured, and ac-
cording to the ;esults, the findings for the wavelength of maximum
absorption of Mb and its deri—atives were quite the same as those
given by previous workers 3,12,13) with only one exception of that
of MMb, Namely, MMb from porcine heart had two absorption peaks at
503 and 630 mu in the present experiment, and of which the higher
Peak at 503 mu was slightly different from the higher peaks at 500

12) anq

and 505 mu of MMb from horse heartiB) and bovine muscle,
bovine heartB) observed by previous workers.

2. Preparation of meat sample

After fat and connective tissue had been removed from porcine
skeletal muscle (M.adductores) as far as possible, ihe muscle was
ground three times with a meat grinder and stored.at 4°C until use,

3. Determination of b in meat sample

Since all the porcine muscle samples were those just after
Slaughter, the Mb content in meat sample was determined by the
Procedure given in Fig.1i.

4, Preparation of meat homogenate

Fifty grams of meat sample was homogenized with 100 ml of
Yeronal buffer of pH 5.5 in a waring blendor for 3 wminutes, cool-
ing with ice water.

Since in studying the formation of cooked cured meat color
the content of myoglobin is one of the most important factors, to
keep the content of Mb invmeat sample always at a constant level
2 0.5%, the Mb content of each meat sample was determined first,
and the necessary amount of Mb to reach 0.5% was added to each
Meat homogenate as a 10% Mb aqueous solution, and the pH of which
was adjusted to 5.5 with 1 N HCl and then diluted to 200 ml with
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distilled water,
s Experiments under aerobic and anaerobic conditions

In aerobic experiment, 20 ml of mecat homogenate was pipetted

intc & 100-ml Erienmeyer flask and to which one al of veronal buf-
fer of oH 5.5 containing 0.05% NaNO, (corresponding te 0.01% NaNO,
in meat sample) was added, For the purpose of comparison another
coml of meat homogenate was placed into another Erlenmeyer tflask,
to which added one ml of veronal buffer of pH 5.5 containing uo
aitrite

(n anaerobic experiment, the gquite same procedure as that in
aerubic experiment was carried out, except that in place of an
Erienmever flask a Thunberg tube was used.

{n cooking i%reatment, in aerobic experiment wmeati homogenate
sample was cooked in the Erlenmeyer flask in the presence of air,
while in anaerobic experiment in the Thunberg tube at a vacuum of
s mu Hg, just after preparation for 20, 40, 60 and 90 minutes ai
75°C with continuous shaking, respectively,

6 Determinations of color formation ability (CFA), nitrite,
reducing ability (RA) and sulfhydryl groups

Immediately aftex cooking treatment at 75°C each meat homogen”
ate sample was cooled with running tap water for 10 minutes, and
then homogenized for one minute in a waring blendor, The pH of
which was adjusted to 7,0 with 1 N NaOH solution and made up to

ml with distilled water, then the resulting each homogeneous
sample was subjected to the following individual determinations,

1) Determination of CFA : Ten milliliters of each homogeneou$
sample (corresponding to 1 g of meat sample) was centrifuged at
5,500 rpm for 10 minutes. After the precipitate had been collecteds

the cooked cured meat pigment was extracted from the precipitate

- 862 =



ne

ds

and its absorbance was umeasured by the method previously reported%qi
The absorbance values at 395 mu measured in this way were expressed
&s CFa,

2) Determination of nitrite : Twenty milliliters of each homo-
&eneous sample was taken, and its remaining amount of nitrite was
determined by the method proposed previouslyiis)

3) Determination of RA : RA of each homogeneous sauple was
determined according to the procedure outlined in Fig.2.

4) petermination of sulfhydryl groups ;3 Five milliliters of
€ach homogeneous sample was taken and the amount of sulfhydryl

Eroups in which was determined by the method given in Fig.3 with

N-ethylmaleimide (NEM) on reference to the procedure of Hamm and

Ho;fmann.16)

Zxperiment II

i. Preparation of whole muscle homogenate

After being freed from fat and connective tissue as far as
Possible, 50 g of porcine skeletal muscle (M, adductores) was homo-
genized with 100ml of veronal buffer of pH 5.5 in a Waring blendor
Tor 3 minutes, to which 1,169 g of NaCl was added to give a final
Concentration of 0.1 M NaCl, the pH of which was adjusted to 5.5
¥i%h § N HC1 solution and then diluted to 200 ml with distilled
Water

2. Separation of some fractions from porcine muscie

On reference to the paper of Creaser et a1.17), from the same
Porcine skeletal muscle (M.adductores) that described just above,
Some fractions, i.e., sarcoplasm, myofibrils, mitochondria and
mi°r°S°meS, were separated by the procedure oulined in Fig.4.

Sarcoplasm fraction was concentrated to one third of its

Ories .
Tiginal volume (about 300 ml) by freeze-drying, the pH of which

M
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was adjusted to 5.5 with 1 N ECl solution and then diluted to 200
ml with veronal buffer of pH 5.5.containing 0.1 M NaCl,

3. Determination of mnitrite and CFA

Twenty milliliters of each of the whole muscle homogenate
and the other fractions was pipetted into a Thunberg tube. To keep
the content of Mb in the whole muscle homogenate and the other
fractions a}ways at a constant level of 0.125% (corresponding to
0.5% Mb in meat sample), necessary amount of Mb o reach 0.125%
was added as a 10% Mb aqueous solution to each Thunberg tube, Then
one ml of veronal buffer of pH 5.5 containing 0.05% NaNo2 was add-
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
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 HZ in Experiment II.

The figures for nitrite before and after cooking and CFA of
each sample were determined by the methods described in Experi-
ment I.

Results and Discussion

Experiment I

1. Effect of cooking condition on the behavior of nitrite inp

meat homogenate and the forumation of cooked cured meat color of

meat homogenate

The results given in Fig.5 indicated that the amount of nit-
rite decomposed by cooking under anaerobic condition was signific”
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¥”

by

co

cy

b {
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ing condition than under aerobic cooking condition, Some similar
tendencies in this respect have been observed in previoustwor:;?’g)

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
Cured 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 pa of meat homogenate samples cooked under aerobic and anaerob-
ic conditions both increased rapidly wutil 20 minutes, but there-
after the figures for RA in aerobic condition decreased gradually
aatil 90 minutes, whereas those in anaerobic conditiom exhibited
g tendency to remain almost unchanged or to increase slightly un-
i1 90 minutes, and the difference in the figures for RA between
the samples cooked under aerobic and anaerobic conditions increas-
- Significantly in Loth cases in the absence and presence of nit-
Tite with cooking time as shown in Fig.7. A similar tendency was
“bserveq in the behavior of SH groups of meat homogenate as shown
2 Pig.s.

The results in Fig.9 indicated that the reducing ability of
Ueat homogenate tended to increase slightly by the addition of
nitrite, in particular from 20 till 90 minutes in cooking treat-
- at 75ec in both cases cooked under aerobic and anaerobic con-

1ti°n8. Such a tendency was more clearly observed by the addition
o Ditrite in the behavior of SH groups of meat homogenate as
*tovn 1n pig.10.

Thegse observations seem to present some interesting problems.

In
Cooking treatment at 75°C for 90 minutes, ccncurrently with the
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rapid incpeases 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 abil;ty 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)9 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.9,10), 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 IT

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 rmuscle homogenate by cooking for one houft

at 75°C was the largest, and those in the other fractioms decreas”
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ed in the order decomposed in sarcoplasm, myofibrils, mitochondria
and microsomes, while the color formation ability of whole wmuscle

homogenate was the most excellent, and those of the other fracti-

Ons were designated in desce.iing order of color formationm ability
as sarcoplasm, mitochondria, microsomes and myofibrils,

In the present experiment the color formation ability of wmyo-
Tibrils was the wrost of all the fractions tested, although the
amount of nitrite decomposed in myofibrils was larger tham those
decomposed in mitochondria and microsomes, The following fact may
be considered as one of the reasoms for this, namely, since the
Byofibrils fractionated in the present experiment was passably im-
Pure preparation containing many 6ther components nitrite added to
Wyofibrils may have presumably been decomposed by some other side
Teactions, 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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meat sampﬁe i g
idistilled water 5 ml
homogenize for 3 min at Qe°C
dilute to 10 m1 with distilled water
extradt for 101uin with occasional stirring

centrifuge at 3,500 rpm for 5 min

J

f —

precipftate supernatant

suspend in 10 ml of distilled
water for 10 wmin

centrifuge’at 3,500 rpm
for 10 minl

|
Precipitate superna¥;;t

filter
j distilled water

filtrate 20 ml

!
f 0.0612 M K Fe (CE),
| solnm. 0.2 ml

0.0816 M KCN soln,
0.2 ml

keep for 10 min at room temperature

!
|

measure tﬁe absorbance at 540 -n( )
A

Mb (% of meat sample) = A x 2.87

Fig. 1. pDetermination of Mb in meat sample

* The content of all heme pigments in wmeat sample

was expressed as Mb.
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Homogqneous sample 5 ml

5 M xjpe(cn)6 solution 2 ml

jet stand for 60 min at 0°C with occasional stirring
0.5 % NHkosulfamate solution 0.1 ul

0.5 M Pb-acetate solution 0.2 ml

let stand for 10 min at room temperature

20 % TCA solution 2,5 ml

make ?p to 10 ml with distilled water
rilte$

riltr;te

measure the absorbance at 420 mu

reducing ability (RA) =B = A

A : absorbance of sample observed

B : absorbance of i mM K_),Fe(CN)6 solution observed

Fig.2. Determination of RA
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homogeneous sample 5 ml

0.2 M phosphate buffer of pH 7.0 5 ml

2 x 10™M NEM solution 5 ml

let stand for 60 min at 25°C with qccasional stirring

20 % TCA soluticn 5 ml

let stand for 10 min at room temperature

Iiltér

Ziltrate

Weasure the absorbance at 300 mu
Calculate the amount of SH groups in meat sample

(moles —SH/105g meat)

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

(M.adductores, immediately after slaughter)

3 vol, of 0.1 M NaCl-5mM histidine
buffer (pH 7.55)

homogenize for 90 sec, in a Waring blendor

1 vol, of 0.1 M NaCl-5 mM histidine
butfer (pH 7.55)

)
centrifuge ?t 1,000 x g for 20 min

r 1
precipﬁtate supernatant
3 vol. of 0.1 M NaCl-5mM
histidine buffer (pH 7.55)

centriruge at 1,000 x g for 20 min

precipiéate supernétant l
| centrifuge at 8,000xg for 20
wash twice with 4 vol,. min |
|
of 0.1 M NaCl - 5 mM Mitoéhondria supernaTtant
histidi?e buffer (pH 7.55) centrifuge at 80,000xg
for 60 min
| }
| [ nE
myofibrils microsomes sarcoplasum

Fig. 4. Separation of some fractions from porcine

skeletal muscle
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