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Introduction

In the manufacture of meat products, curing is an important process for the fixation
of color in meat. As generally known, the primal reaction for development of a reddish
color in meat during curing is the reduction of nitrate to nitrite. This reaction has been
traditionally achieved by the action of bacteria, which have the ability to reduced nitrate,
found both in meat and in pickle solution. These microorganisms, however, sometimes
caused unfavorable situations to meat products such as certain types of spoilage as well
as poisoning hazards ©,

For the purpose of breaking off these problems more or less Deibel et al.,® Pfiitz-
nerl®, and Niinivaara et al.1® presented new concepts of the use of bacterial pure cul-
tures in the manufacture of meat products and provided, in part, a possible mean of
preventing such unfavorable situations.

However, the strains which have been known to be useful as a starter for the
development of color in cured meat was relatively small in number. For a better utili-
zation of bacterial pure cultures as a starter for the development of color in cured meat,
further extensive isolation of the microorganisms is considered to be necessary.

In the present study, the authors examined to isolate the bacteria which have the
ability to reduce nitrate from the cured pork and investigated these microorganisms with
ultimate aim of employing them as a starter culture for the color development in meat

during curing.
Materials and Methods

1, Isolation and taxonomic study of nitrate reducing bacteria,
1). Media used for the isolation of microorganisms from the cured pork:
Two kinds of media were used for the isolation of the bacteria which have the
ability to reduced nitrate (Nitrate reducing bacteria). One (Medium-A) was composed of
1% glucose, 1% peptone, 1% beef extract, 5% NaCl and 2% agar (pH 7.0), the other
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(Medium-B) was the same composition as Medium-A except that Medlum B was composed
of 109 NaCl instead of 5 9 NaCl. '
2). Isolation method of microorganisms fiom the cured pork:

About 20g of pork cured at 4 C for one week in the pickle solution-A in Table 1
was shredded with 60 ml of sterile distilled water in a blender. One ml of the shredded
pork sample which was diluted with physiological saline 10 or 100 times was added to 10
ml of each nutrient agar described above, The plates were incubated at 30C for 72 hr.

The microorganisms grown on the plates were isalated by streaking methods and pure

Table 1. Composition of the pickle solution

Pickle solution

A B

— % (W/V) —

Potassium nitrate 1.0 1.0

Sodium nitrate 0.015 —
NaCl 17.4 . 11.7
Sodium ascorbate ‘ 0.03 0.03
Nicotinic acid amide 0.03 0.03
Sucrose 0.03 0.03

cultures of the isolated microorganisms were transferred to the agar slants of the same
composition,
3). Screening test of nitrate reducing bacteria:’

Screening test of nitrate reduding bacteria’ from the microorganisms isolated from the

cured pork was carried out according to Nakanishi’s description, 13
4). Taxonomic study of thé nitrate reducing bacteria:

Diagnostic tests for the morphological and physiological studies of the pure cultures
of the nitrate reducing bacteria were carried out according to Bergy’s Manual of Deter-
minative Bacteriology, 2)

2, A test for color development by the isolated nitrate reducing bacteria in various
meats,
1). Meat samples and cultural conditions:

Four kinds of meats such as pork, lamb, horseflesh and tuna meat which were
purchased {rom a market were used. Each meat of 10g was cut into small pieces and
shredded in a blender with 30 ml of the pickle solution-B listed in Table 1. After shre-
dding, all samples were brought the pH to 5.0 with 5% lactic acid solution and were
sterilized on irradiation with ultraviolet rays (2537 A) for 30 min with continuous sti-
rring, Each of the samples was then asepticaly dispensed, in 25 ml quantity, into a
sterilized flask (250 ml capacity) and inoculated 1 ml of 24 hr culture of each strain of the



I, Tokita, A, Hosono, F., Takahashi: Microorganisms Relating to Color Development 273

nitrate reducing bacteria, and inoculated at 30 C for 24 hr.
2).  Analytical method:

The intensity of the color developed in each meat sample by incubation with each
strain of the nitrate reducing bacteria was spectrophotometrically determined by the
method of Niinivaara et al., 14 that is, to each incubated meat sample was added 50 ml
of the solvent mixture (ethyl ether: ethyl alcohol =1:1) and they were reciprocally
agitated for one hour at room temperature. After standing over night, the mixture was
centrifuged at 1000 x g for 10 min and the absorbancy of the supernatant was measured
on Hitachi spectrophotometer 101 type at 530 mp.

3. A tese for color development by the extract of the acetone-dried cells prepared
from the isolated nitrate reducing bacteria,
1), Preparation method of acetone-dried cells of the isolated nitrate reducing bacteria:

Ten liters of Medium-C or Medium-D, which are the essentially same as Medium-
A or Medium-B, respectively, except that Media-C and-D contained no agar was
autoclaved in a 20-liter stainless-steel fermentor equippedv with a stirring device and an
inlet tube for aeration (Marubishi, 202 type). After cooling, 100 ml of 24 hr’s culture of
each strain of the nitrate reducing bacteria grown in the same medium was inoculated.
Sterile air was blown into the medium at a rate if approximately 18 liters per minute
and the rate of stirring was adjusted to 2,400 r.p.m. After incubation at 30 C for 80
hr, cells were harvested by centrifugation and washed three times with one liter of
sterile distilled water,

Acetone-dried powder of the washed cells was prepared according to the method
described by Akaboril) and preserved in a sealed test tube for 3 months at each tem-
perature, —20C, 4C or 30C. The acetone-dried cells immediately after the preparation
was used as a control,

2). Incubation method of horseflesh by the extract of the acetone-dried cells:

One hundred mg of each of the acetone-dried cells preserved under the various tem-
peratures was suspended in 5ml of 1/45M borate buffer (pH4.9). The suspension was
incubated at 30 C for 30 min and centrifuged. The sediment was then spun off and the
clear supernatant was added to the horseflesh sample prepared by the same method as
described above, and incubated at 30 C for 24 hr,

3). Analytical method:
Measurement method of color developed in each cultivated sample was the same as

described above,
Results and Discussion

1. Morphological and physiological properties of the nitrate reducing bacteria isolated

from the cured pork.
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Two (No. 206 and 208) and five (104, 1086, 127, 129 and 130) strains which have
positive reaction in reduction of nitrate were isolated from the cured pork, using Medium-
A and Medium-B, respectively,

These strains were Gram positive, aerobic and coccus (about 1.0 micron in diameter),
occurring singly, in pairs or in large clumps, The results of the physiological properties
of these strains were summarized in Table 2. From the results, it can be concluded that

all of these strains belong to Micrococcus, making reference to the Bergy’s Manual, 7th

Table 2, Physiological Properties of the nitrate reducing bacteria isolated from

the cured pork

\\\‘\“*~f———~\§fain No. 104 106 127 129 130 206 208
Gram-reaction + + + + + + .
Mobility -+ + + + . + +
Liquefaction of gelatin — — — — — — _
Coagulation in skim milk — — — — - — _
Peptonization in skim milk — — + + + — -
Hydrolysis of starch - - -+ + - - -
Growth on poteto agar + + + + + + +
Catalase production + + + + — + +
Nitrate reduction + + + + + + +
Assimilation

NH,IH,PO, + + + - + - —
Glucose -+ + -+ + + + +
Saccharose + + + + + + -
Mannitol + — — — — — —
Glycerin + — — — - _

ed. However, no species could be found in the Bergy’s Manual, 7th ed. which exactly
coincided with these strains. From the comparative studies among the known species in
the genus, the strains No. 104, 1056 and 127 were similar to Micrococcus varians,
Micrococcus conglomeratus and Micrococcus caseolyticus, except for the reactions to
glycerin and gelatin, respectively,

The Bergy’s Manual states that M., varians is negative to assimilation of glycerin
and that M. conglomeratus and M. caseolyticus are positive to liquefaction of gelatin.
The strain No, 104 and the strains No. 106 and 127, however, was positive to assimila-
tion of glycerin and were negative to liquefaction of gelatin, respectively,

It is generally known that bacteria belonging to the genus, Micrococcus were fre-
quently detected in raw and cured meats and play important roles in the development of
flavor and color in meat during curing. 8~12> Although detailed information has also been

obtained concerning spoilage effects of these bacteria on meat products, it could not be
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discussed within the limits of this experiment whether the seven strains isolited in the
present study have pathogenic properties or not pathogenic,
2. Development of color in various meat samples incubated with the isolated nitrate
reducing bacteria.
Intensities of the color developed in pork, tuna meat, lamb and horseflesh which
were incubated by each of the isolated nitrate reducing bacteria at 30 C for 24 hr were

shown in Fig. 1. As may readily be seen from this Figure, strengh of the color developed
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Fig.1. Intensities of color development in the various meats in-
cubated by the isolated nitrate reducing bacteria,

was observed to be most significant in all cultivated horseflesh samples. Relatively strong
color also developed in the pork incubated by the strains No. 208, 129 or 106, compar-
ing with the lamb and the tuna meat incubated by the same strains.

As might be easily expected,” these significant differences in the intensity of deve-
loped color among the tested meat samples were considered to be mainly effected by the
myoglobin and haemoglobin contents of the meats examined.

It is also well known that development of color in meat during curing is greatly
influenced by pH of meat and of the pickle solution.® Therefore, effect of pH on the
development of color in cured meats was investigated using the isolated strains No, 106,
129 and 208.

In the present study, the shredded horseflesh sample prepared by the same method
described above was dispensed, in 25 ml quantity, into twenty sterilized flasks (250ml
capacity) and they were adjusted to various pH values, 4.7 to 5.5 with 5% solution of

either phosphoric, lactic, citric or acetic acids, and the strains No. 106, 129 or 208 was
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inoculated to all of the samples and incubated in the same manner as described above,
The intensity of color developed in each meat sample was shown in Fig, 2. As seen

in this Figure, development of color in these cultivated meat samples is noted to greatly
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Fig.2, Effect of acids on the development of color in the horseflesh samples,

influenced by acids which were used for adjusting pH of the meat samples as well as
kind of the nitrate reducing bacteria. These findings may be taken to indicate that an
optimum pH alone will enhance cured meat color development without regard to micro-
bial activity.
3. Development of color in the horseflesh samples incubated with the extracts of the
acetone-dried cells prepared from the isolated nitrate reducing bacteria,

Intensity of the color developed in the horseflesh sample incubated with each extract
of the acetone-dried cells preserved at —20C, 4C and 30C for three months was shown
in Fig. 3. Meanwhile, the absorption value at 530 mp of the control dried cells of the
strains No. 106, 129 or 208 was 0.08, 0.20 or 0.15, respectively. Accordingly, judging
from these results, nitrate reducing activity in each acetonedried cells can be recognized

to be relatively stable, when it was preserved at —20C.
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Fig.3. Intensity of color developed in the horse-
flesh samples incubated by the aceton-pow-
dered cells of the nitrate reducing bacteria
preserved under various temperatures,
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On the other hand, certain difficulties are reported concerning to the utilization of
bacterial pure cultures, For instances, Deibel et al. 9 reported that salt tolerance of the
bacteria decreased, when they were lyophilized. Niinivaara et al.1% and Gyllenberg et
al. 5 reported that some strains could not be used a very long time as a starter because,
in time, they lost part of their desired characteristics,

Furthermore, several difficulties still remain in the utilization of bacterial pure cult-
ures in the manufacture of meat products, e. g. the number of undesired bacteria in
meat can be usually several millions per g, and their in influence on chemical changes is
expected to be more significant than the influence of inoculated bacteria.

Although many efforts have been made to resolve these problems by many workers,
more extensive studies are considered to be necessary for the better utilization of the

bacterial pure cultures as a starter for the development of color in cured meat.
Summary

For the fixation of color in cured meat, the use of bacterial pure cultures is advan-
tageous especially in both shortening of curing period and providing against certain types
of spoilage as well as poisoning hazard.

The authors examined to isolate nitrate-reducing bacteria from the cured pork and
investigated these microorganisms with ultimate aim of employing them as a starter cul-
ture for the color development in meat during curing,

The results obtained were summarized as follows:

(1) Seven strains (Strains No. 104, 106, 127, 129, 130, 206, and 208) which are signi-
ficantly capable of reducing nitrate were isolated from the cured pork. From the taxono-
mic studies concerning to these strains, it was concluded that all of these strains belong
to the genus, Micrococcus.,

(2} Nitrate reducing activities of these strains in various kind of meats from such species
as horse, swine, lamb and tuna were examined. As results, it was found that the
strains No. 105, 129 and 208 had relatively strong nitrate reducing activities in these
meats, and that the development of reddish color in the horseflesh was the most signi-
ficant among the meats examined,

(3) Addition of either lactic, citric, phosphoric or acetic acids to the shredded horseflesh
sample greatly affected on the nitrate reducing activities of these strains, and the modes
of these affections were considerably differed among the acids used,

(4) Nitrate reducing activities of the acetone-dreid cells prepared from the strains No,
106, 129 and 208 were found to be relatively stable when after three months of the pre-
paration, when they were preserved at —20C. Therefore, it may be concluded that
preparation of the acetone-dried cells from the isolated nitrate reducing bacteria is a

promising method in the utilization of these bacteria as a starter for the development of
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color in cured meat,
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