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Yiataru Simidu (Kyoto University) &■
Usio Simidu (The Institute of Food Microbiology, Chiba University)

^  annual output of sausage products in J a p a n ,  including nams and 

bacon, Counted approximately to 170,000 ton in 1940. Although the fig- 

"re remained at considerably loner level than that for European countries, 

^horease in recent years has been extremely r a  fid, shoving the aver- 

growth rate of 37.4 oer cent a year during the years 1955-1960.

^ish sausages and hams constitute more than a half of the whole 

yield, of sausage products. In I960, approximately 35,000 ton of fish 

aus' ®es and hams were produced. Their average growth rate for last five 

^ ars reached to the figure of 52.3 per cent.
These rapid and overwhelming popularization of the fish sausages in 

where refrigerators are still in limited distribution, may mainly 

"Scribable to long storage life of the products.

extension of the storage life of fish sausages has been attained 

following three processes: (1 ) application of relatively high 

teTaperatm-e of some 90 C in sausav? prooessing, (2) the develcpement of 

rt-ificial plastic casings such as rubber hydrochloride and oolyvinyiidene 

boride, and (3) development of preservatives used in sausages. Thus, 

lining ^he beat-treatment with the use of artificial casings and eifec- 

ive preservatives, vie have succeeded in keeping the good quality cf the 

flSh saus‘"ges for 3 period of over one mmth at room temperature (20 C).
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Ueat treatment
The fish emulsion differs from that of most animal meat in being 

able to heat at higher temperatures -without the breakdown of its struc

ture* The high actcrayosin^ ̂ and low fat content of fis'n muscle seem to 

be responsible for the high binding property cf the muscle and heat sta

bility of the fish emulsion. Furthermore, considerable amounts (2 -1 0  

per cent) of several kinds of starch are usually added as sausage ingre

dients to support the. binding property cf fish sausage.

Although the processing of fish sausages at high temperatures, cou

pled with the concurrent use of casing of rubber hydrochloride, lengthen^ 

the storage life of this food often to remarkable extent, it has been 

shown that some effective preservatives are needed fcr the satisfactory 

and constant preservation of fish sausages, especially for the preserva

tion at higher temperatures.

Preservatives

The effect of preservatives on the storage of fish sausage has been 

examined by w. oimidu and his co-workers(2^  Host of better known

preservatives such as sorbic acid, deiiydroacetic acid, /itämin Kj, aureo- 

mycin and derivatives of nitrofurane have been tested. Among those so 

far examined only nitrofurazone (5-nitro-2-furfuralsemicarbazone) was 

found to show satisfactory effect in keeping good quality of sausage even 

for storage at higher temperatures.

The antimicrobial effect of nitrofurazone on various microorganisms 

and on spore forming bacteria is shown in Table 1 and Table 2. The in

hibition dose was determined by agar streak method.

Table 1 & Table 2



The strong bacteriostatic effect of the nitrofurazone on spore form-
“ ̂ acteria gives special facility for its use for the preservatives of 

the fish

It

heati

Sausage.

13 expected that the nitrofurazone, when accompanied by mild

tapproximately 90 C), destroy or keep the spores of most impor-

s?ollage bacteria from germination. The concurrent effect of heat

disinfectants was studied with the spore of Bacillus mycoides and B.

ntericus(5). In the experiment, spore suspensions of B. mesentericus

adjusted at pH 5. A end heated at 86 C in the presence of nitrofurazone, 
Vitamin v , ,.

3 an(i sodium trichlorphenol. The heated suspensions were then 

ansferred into both ordinary nutrient agar medium and the media contain- 

the same disinfectants as were used in the heating process, and after 

°pri?te incubation, the bacterial population in the media were count- 

3 results (Fig. 1 ) show that heat resistance of spores vras reduced

Figure 1

was remarkably inhibited in the media containg these dis

e presence of these disinfectants, and that the germination rate of 
'lr'rived spores 

fhfectants.

-dequate time and temperature conditions in heating piorocess were
det

rrained from the results of a series of experiments in which fish 
Sausages c , ,

ntaming several concentrations of above preservatives were 

85 c, 90 c and 95 C for various time intervals, and stored at

3



•
30 C<*>. It was shown that heating at 90 C, for 60 minutes is sufficient 

for the preservation cf the sausages for a month or more rhen they con

tains 20 .om of decfvraskins (mixture of 1 / 4  cf nitrofurazone and 3/4 

of nitrcfurylacrylamicie).

The spoilage of fish sans-go

The increase in bacterial counts during the storage of fish sausages 

at higher temperature of some 33 0 was observed by many investigators,
uthough it was a common case that only feu sa/sages stored in such con

dition were found to be inedible.

The types of spoilage of fish sausage differ with the kinds ana
vfreshness of fish and other ingredients^coarseness of ground meat, season 

ing, time and temperature in heating process and other manufacturing con

ditions. The common types of spoilage were classified by-Vi. Jimidu et 

al. in following 5 types: (a) swell, (b) flat-sour, (c) mixed types of

(a) and (bj, (a) sofnening and (e) other changes such as off-odor,
(7)off-flavor or changes in color

The softening type of spoilage is most frequently encountered, 
s («)fokcseki. ' studied softening of fish sausages, and reported that tne 

change may be caused by Bacillus circulans. UchiyamaC^) suggested that 

bacterial decomposition of starch which is usually added in fish sausage 

as binding material may be responsible for the softening of sausages

caused by 3. circulans.

However, Akamatsu^1^  investigated microflora of 49 fish sausages 

from market which had been incubated at 30 C for two weeks and found 

that the dominant species in the markedly softened sausages were Bacillt5 

subtilis ana B. pumilis. We also isolated from softened sausages several 

species of Bacillus group, some of which, -when inoculated into sterilize^
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fish sausages and incubated at 36 C, caused the softening under anaerobic

condition as well as aerobic condition.
These results suggest that different types of softening may be caused 

according to the species of causative bacteria^jer different conditions

manufactaring process and storage.
Recently, other types of deteriolation, called "black spot", has 

been reported. When stored at higher temperature, dark spots or cores 

appear, on the surface of sausage meat. Experiment to elucidate the 

process of the deteriolation are being carried out.
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?able 1. Bactericskic effect of nitrcfurazcne on various microorganisms

(Maximum concentration for growth)

Species Concentration of nitrcfurazone (ppm)

Escherichia coli 6.7

Proteus vulgalis 6.7

Elavobacterium fuscum 5

•̂ chromobacter liquidum 3.3

Eacillus subtiXis 2.5

>acillus mesentericus 5

staphylococcus albus 5

"icrccoccus subflavus 200

Pseudomonas schuylkilliensis 400 <

,:>acchsronr,rces cerevisiae 400 <

anomale 400 <

Eorula rubra 40^ <

sPerf-ilius nirer 400 ̂

- eniclHiOT glaucum 400 <(

>'Ucor ,layaniens 400 <

frbizopus nigricans 400

°iuiun lactis 400 <

K> ;iiso et al., Ann. Reo. Inst. Food llicrcbiol. , 3> 1-48 (1950)
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Table 2. Bacteriostatic effect of nitrofurazone on spore forming bacteria
(Number of strains grown at given concentration)

Soecies Number concentration of nitrofurszone (ppm)
of

strains 0.5 1 2 5 10 20 50
— '

Bacillus megateriW: 5 5 5 5 0 0 0 0

B. cereus*' 3 3 3 1 0 0 0 Q

0. mycoides"* 6 6 6 0 0 0 0 0

B. subtilis* 5 5 5 3 1 0 0 0

B. pumilis* 2 2 2 1 0 0 0 0

B. ccagulans 3 3 1 0 0 0 0 0

B. lentus* 1 1 1 0 0 0 0 0

B. firmus 2 2 2 1 1 0 0 0

B. polymyxa 4 4 3 3 0 u 0 0

B. macerans 1 1 1 -J 0 0 0 0

B. circulsns 2 2 2 2 0 0 0 0

B. alvei 5 5 5 5 0 0 0 0

B. brevis 5 5 5 5 4 0 0 0

3..laterosporus 1 1 1 0 0 0 0 0

B. stearothermcphilus 1 1 1 0 0 0 0 0

B. thermoacidurans 1 1 1 0 0 0 0 0

Clostridium sp. 53 53 53 53 42 13 1 0

Cl. botulinum** 1 1 1 1 1 0 0 0
—

* Y. Yamazaki, Ann. Rep. Inst. Food Microbiol., 8, 48-63 (1955) 

** J. Ike, ibid., 4, 2-14 (1951)

8



CEN
T O

F G
ERM

INA
TIO

N

'igure 1 . The log survivors/time cmves of the spores of Bacillus nesentericus 

heated with disinfectants and germination rate of the survived, spores in 

the media containing the disinfectants.

_ . the log survivors/time curves

• germination rate

r • nitrofurazone (1 ppm;

P • oentachlorphenol ( 3 PPm)

K • Vitamin K3 (4 ppm)

f • heated without disinfectant
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