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Abstract:

Purpose: The present research is on understanding the effects of the use of a starter culture, nisin and a combination of starter
culture and nisin in the development and conservation of a fishburger–type product made from molded tambaqui (Colossoma
macropomum).
Design/methodology/approach: The products were vacuum-packed and kept at an average temperature of 6°C. The time of
evaluation was 35 days. The samples were collected every five days for microbiological monitoring, which included counts of
lactic acid bacteria in MRS agar. Products inoculated with starter culture showed an average lipid content of 0.86%, whereas
the products without starter culture had lipid values of 2.03% (control) and 1.71% (nisin, only). This result can be attributed
to the lipolytic activity of the start culture. The pH also decreased sharply in groups containing starter culture only, reaching a
minimum of 5.28, whereas the lowest value for the control product was 6.12 (p<0.05). This reduction is influenced by release
of organic acids produced by starter culture during fermentation process of the product. Lower growth of mesophilic bacteria
and psychrophilic bacteria in relation to control product and products with nisin, may be related to its ability to prevent
spoilage through formation of pores in their membranes, transmembrane potential depletion and/or pH gradient, resulting in
loss of cellular material. Association between Acid lactic Bacteria and nisin was important to control the growth of spoilage.
Findings: The products containing starter culture, nisin and a combination of nisin-starter culture, presented a better shelf life
than control product.
Practical application: Bacteriocins provide another resource for food preservation, especially when used with other barriers.
The use of starters cultures with protective effects, improves security of various types of foods and prevents the proliferation of
pathogens and spoilage organism, also contributing with attributes of flavor, texture and color. Most importantly, are generally
regarded as safe (GRAS).
Originality/value: The biopreservation of food is used to enhance food safety and extend its shelf life. The use of nisin and
Lactic Acid bacteria, in products derived from fish is important in north region of Brazil, where fish exploitation is a main
activity and spoilage of fish products assumes great proportion because of the lack of structure in fish production chain. In this
way, this research will contribute to improve the utilization of fish through the development of new products.
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Introduction
Fish is an excellent food source for humans because it provides
valuable protein and vitamins, especially A and D (Roos et al., 2007). Of
the total amount of fish processed in Brazil, a significant portion is not
used due to a lack of knowledge or processing technologies. For example,
fishburgers, stuffed products (such as sausages), fish paste, surimi, breaded
fish, extracted oils, and other food forms can further exploit the nutritional
potential of fish (Ogawa, 1999; Taşkaya, et al., 2003). Additionally, other
fish-based products have begun to appear on the market, suggesting that
consumers are developing an increased awareness of the nutritional
qualities of fish (Gonçalves et al., 2009; Lourenço et al., 2010).Tambaqui
(Colossoma macropomum) belongs to the Characidae family and the
Colossoma genus. It is a native species of the Amazon that responds
well to intensive farming; thus, it is the main native species available to
farmers in northern Brazil. Because the tambaqui is omnivorous, it has
a great capacity to adapt to various types of food available in nurseries.
It is a rustic fish that tolerates low levels of dissolved oxygen in water,
and its supply of fingerlings is great. It has good growth potential and
high productivity. Due to these characteristics, this species has been the
subject of various studies, with the aim of creating a database that can
contribute to the development of best practices for cultivating the species
(Araújo-Lima and Gomes, 2005; Chagas et al., 2007).
The biopreservation of food has been thoroughly studied and used
to enhance food safety and extend its commercial life. This technique
can be defined as the use of one or more organisms to control or inhibit
other organisms. Biopreservation can involve living organisms, e.g.,
lactic acid bacteria (LAB), or can occur indirectly through certain agents
they produce. Among these agents are bacteriocins, which are peptides
or proteins with ribosomal synthesized antibacterial activity that do not
damage the cells that produce them (Konings et al., 2000; Rosa et al.,
2002; Jay et al., 2005; Nascimento et al., 2008).Bacteriocins are often
confused with antibiotics. Because of this, and because of legal restrictions
in the use of antibiotics in food, it is important to make a distinction
between these. Antibiotics, unlike bacteriocin (synthesized ribosomes)
are products of microorganisms’ secondary metabolism, especially that
of fungi, and primarily have a clinical purpose (Chikindas et al., 2001;
Martines et al., 2003; Jay et al., 2005; Gálvez et al., 2007).Starter
cultures containing staphylococci species are widely used in Europe and
Asia. Most often, these cultures are already associated with a strain of
LAB, and the most common are Staphylococcus xylosus, Staphylococcus
carnosus and Lactobacillus curvatus. Certain Staphylococci spp. strongly
affect the flavor of the food in which they are employed (Olensen and
Stahnke, 2004; Talon and Leroy, 2006).
Therefore, bacteriocins provide another resource for food preservation,
especially when used with other barriers, as some bacteriocins are heat
resistant, act on a broad spectrum of microorganisms, are inactivated by
digestive proteases, act in acidic environments and, most importantly,
are generally regarded as safe (GRAS) (Chikindas et al., 2001; Rosa
et al., 2002; Jay et al., 2005; Thomas et al., 2005; Gálvez et al., 2007;
Calo-Mata et al., 2008). LAB, when used with starter culture, further
reinforces the safety of foods to which is applied (Talon and Leroy, 2006).
The aim of this work was to study the effects of individual use of starter
culture, nisin, and the combination starter culture-nisin on production and
conservation of molded tambaqui (Colossoma macropomum) fishburguer
type.

Material and Methods
Tambaqui (Colossoma macropomum) used in this study were supplied
by the with the same genetic origin were used, raised in masonry tanks in
the Experimental Station of Freshwater Pisciculture of the Federal Rural
University of the Amazon (UFRA). Tambaqui were gutted and beheaded,
and the bones and skin were removed in the laboratory (at 15º C). Fillets
were washed and then minced with meat mixer before the addition of fish
paste (80%), cassava flour (10%), salt (3%), black pepper (0,5%), garlic
(1%), water (5,5%).
The base formulation was divided into four portions: an untreated
control (C); one containing a starter culture (T) of Staphylococcus
xylosus, Staphylococcus carnosus and Lactobacillus curvatus (Texel®,
DANISCO - Master Sense, Jundiaí, SP); one containing nisin (N) (nisaplin
®, DANISCO - Master Sense, Jundiaí, SP); and a fourth containing a mix
of equal parts of nisin and starter culture (NT). For each group, 5.625
kg of the product was prepared and shaped so that the formed product
would weigh approximately 40 g. The products were vacuum-packed
(FASTVAC F200, São Paulo) in 15 cm × 22 cm plastic (Flexpack, São
Paulo) and kept refrigerated at an average temperature of 6 ± 1°C. The
duration of this experiment was 35 days.
Before the starter culture was added to the formulations, it was
reactivated in 200 ml of 30°C water for 30 minutes, as recommended by
the supplier. Both the T (starter culture only) and NT (nisin and starter
culture) products received 11.25 ml (1.125 g) of reactivated starter culture
for each 5.625 kg of the product.
The nisin was diluted in distilled water with its pH previously adjusted
to between 5 and 6 with phosphoric acid, so that its concentration was 200
mg/kg of the base paste.

Physical and chemical analysis
The physicochemical tests were performed according to AOAC
(1997) and included pH, according to Brazil (1981); total volatile bases
(TVB) (Brazil, 1997); water activity (aw) (Decagon Aqualab 3TE) and
color (Minolta CR 310). Texture measurements were performed in a
QTS Texture Analyzer - Brook Field, using a 5-mm diameter inox probe.
There were five replications of each product. The test height was 134,34
mm and the rate of descent, 60 mm/min. Penetration of the probe was up
to 3,5 mm (70% of the thickness). The raw material and the elaborated
products were analyzed for moisture, fat, protein, ash, TVB, aw and color.
The same tests, except for TVB, were performed on the manufactured
products, which were also analyzed for texture. The fat, protein and ash
contents of the products were analyzed only at Time 5 and there were
three replicates per product.

Microbiological analysis
Both the raw materials and the manufactured products were analyzed
for total and fecal coliform bacteria (MPN/g), Salmonella (25 g) and
coagulase-positive staphylococci (CFU/g). The total plate counts of
mesophilic bacterias (CFU/g) were performed on the raw materials, on the
products containing nisin and on the control (without nisin and without
starter culture), since previous analysis indicated the interference of starter
culture in these products (T and NT). The total plate count of psycrophilic
bacterias were performed on raw materials and on all elaborated products.
The lactic acid bacteria (LAB) count was performed only on products that
contained the starter culture (T and NT). All products were examined for
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mold and yeast used MRS agar. All tests were performed according to
Silva et al. (2007) and Vanderzant and Splittstoesser (1992), with three
replicates per product.

Statistical analysis
The data were subjected to analysis of variance (ANOVA) and Tukey
tests using STATISTICA 5.0 (StatSoft) software. P values <0.05 were
considered significant.

Results and Discussion
Physicochemical analysis
The results of the characterization of raw materials at time 0 and
manufactured products (lipids, proteins and ash) at time 5, are shown in
Table 1.
The lipid content of the raw material (Table 1) was determined only
for muscle. Arbeláez-Rojas et al. (2002) studied tambaqui reared in semiintensive and intensive regimes and found lipid levels of 2.41% and
1.40%, respectively, compared with 2.18% found in the raw material used
in this study. They also emphasized that in this species; fat accumulates
mainly around the viscera and varies little in the fillet throughout the
year. The determination of lipid, proteins and ash on products, were
held at time 5. The lipid content of the products was influenced by the
presence of starter culture, with significant differences (p<0.05) between
these products. This difference is explained by the presence of lipolytic
agents produced by strains represented in the starter culture as esterases
or lipases. Keneally et al. (1998) assessed the lipolytic activity of
various strains of lactobacilli, pediococci, staphylococci and micrococci.
Marked lipolytic activity was found in strains of Staphylococcus and
Micrococcus, and Staphylococcus xylosus was the most active. The action
of these agents is the first step towards oxidative degradation (Casaburi
et al., 2008).The results showed that protein content of Products C and
NT was statistically similar, and that this value was different from that
of Products T and N. Because the temperature was controlled to remain
at approximately 6°C, it is likely that the products that received the
starter culture did not completely ferment, which could lead to marked
proteolysis. Hu et al. (2008) observed similar behavior for other products
with starter cultures. However, in their studies of golden carp sausages
that underwent a fermentation process at 30°C for 48 hours, protein levels
were lower after fermentation compared with controls, due to protein
degradation.The results for ash content differed only between products T
and N. Ash measurements conducted by Hu et al. (2008) in sausages that
received starter culture presented no differences compared with controls.

Table 2 shows the results of analytical determinations of moisture, pH
and aw over 35 days.
The results of moisture showed some significant differences
(p<0,05), especially over time. It’s important to note that the product
that contains only starter culture (T), presented higher mean values in
comparison to the others. Hu et al. (2008) observed the same effect
studying goldfish sausages using various types of starter cultures
containing combinations of Lactic Acid Bacteria and S. xylosus. These
results can be justified by the fact that, during the catabolism of fatty
acids promoted by microorganisms that are components of starter
culture, a portion of water is released.
The product that received only starter culture experienced a sharp
decline in pH. Riebroy et al. (2008) studying “song-fug”, a typical
Thai fermented dish made from processed fish, observed that cultures
containing LAB starters produced an effective decline in the pH of foods
to which they were applied, due to the formation of organic acids that
prevent the development of undesirable microorganisms in minimally
processed foods. The authors also reported that the pH decline in the
studied product was accelerated in the first 36 hours, reaching a minimum
of 4.4. The same behavior was observed by Hu et al. (2008) in golden
carp sausages containing starter cultures; however, a pH increase was
observed in the product without starter culture (the control). Products
containing nisin and nisin plus starter culture, presented significant
differences (p<0,05) over time and with each other. However, pH
didn’t decrease as it was observed in the product containing only starter
culture. Zuckerman and Avraham (2002) treated salmon fillets with
combinations of two types of bacteriocins, nisin and a commercial
brand. The authors noted that bacteriocins alone were not sufficient
to reduce pH. The dilution of nisin used in that study was made by
acidifying the dilution water with phosphoric acid.The aw of Product C
was not significantly different (p<0.05) over time, although differences
were observed between the products at Times 20 and 25. Similar
behavior was observed for Product T, but this behavior did not repeat
over time. Products N and NT only presented significant differences
(p<0.05) at Time 20. Hu et al. (2008) observed in their experiment that
their products treated with starter culture had better aw than their control
product; in the starter-culture products, aw was approximately 0.930 and
dropped to a minimum of 0.820 after fermentation.
The results for the hardness parameter (Table 3) only differed over
time for C and N and at Time 35. Riebroy et al. (2008) reported greater
hardness in the song-fug they produced that received a special starter

Table 1. Characterization of raw materials at time 0 and products at time 5.
Physicochemical
Raw material
C
T
N
NT
characterization
(muscle)
Moisture (%)
77.13 ± 0.64
Lipids (%)
2.18 ± 0.13
2.03 ± 0.05a
0.86 ± 0.07b
1.71 ± 0.33a
0.86 ± 0.06b
Protein (%)
19.54 ± 0.50
14.90 ± 0.23a
14.34 ± 0.04b
14.81 ± 0.13a
14.28 ± 0.18b
Ash (%)
0.28 ± 0.03
4.03 ± 0.02abc
3.85 ± 0.00b
4.27 ± 0.27c
4.14 ± 0.04abc
pH
6.29 ± 0.03
aw
0.988 ± 0.001
TVB (mgN/100g)
15.59 ± 0.30
Statistical analysis for C, T, N and NT: Different letters in the same line indicate a significant difference (p<0.05) between products.
C=control product, T=product containing starter culture, N=product containing nisin; NT=product containing nisin and starter culture
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Table 2. Results for moisture, pH and aw in manufactured products.
0

5

10

15

20

25

30

35

C

68.67 ±
0.32abcA

68.00 ±
0.29bdA

69.28 ±
0.07ceA

69.17 ±
0.26aceA

67.75 ±
0.33dA

68.81 ±
0.12acfA

69.66 ±
0.17eA

69.52 ±
0.36efAB

T

69.06 ±
0.72aA

69.44 ±
0.39acB

70.11 ±
0.25abA

70.05 ±
0.21abB

69.37 ±
.,64acA

69.87 ±
0.39abB

70.82 ±
0.27bB

70.35 ±
0.27bcB

N

69.58 ±
1.09abA

68.74 ±
0.82abABC

68.97 ±
0.38abA

69.77 ±
0.55abAB

68.17 ±
0.52aA

69.24 ±
0.42abAB

69.43 ±
0.09abAC

69.90 ±
0.33bAB

NT

68.52 ±
0.49abcA

68.15 ±
0.21abcAC

69.87 ±
1.55bA

69.06 ±
0.16abcA

67.71 ±
0.91cA

69.24 ±
0.28abcAB

69.07 ±
0.16abcC

69.43 ±
0.30abcA

C

6.26 ±
0.01adA

6.18 ±
0.02beA

6.14 ±
0.03bA

6.18 ±
0.01bcA

6.22 ±
0.03cdeA

6.19 ±
0.02abcA

6.13 ±
0.05bA

6.12 ±
0.00bA

T

6.02 ±
0.13aB

5.55 ±
0.06aB

5.41 ±
0.03aB

5.36 ±
0.02aB

5.42 ±
0.02aB

5.35 ±
0.02aB

5.32 ±
0.02aA

5.28 ±
0.01aB

N

5.86 ±
0.01acB

5.80 ±
0.01bceC

5.77 ±
0.06bdC

5.84 ±
0.02aceC

5.90 ±
0.02aC

5.88 ±
0.01aC

5.88 ±
0.01aA

5.79 ±
0.02deC

NT

5.92 ±
0.02aB

5.86 ±
0.01bC

5.87 ±
0.01bD

5.94 ±
0.01acdD

5.97 ±
0.00cD

5.96 ±
0.01cdD

5.93 ±
0.02adA

5.87 ±
0.01bD

C

0.972 ±
0.020aA

0.965 ±
0.005aA

0.954 ±
0.001aA

0.958 ±
0.001aA

0.963 ±
0.002aABC

0.961 ±
0.001aAB

0.962 ±
0.001aA

0.964 ±
0.002aA

T

0.961 ±
0.001abcA

0.965 ±
0.002bA

0.956 ±
0.003cA

0.958 ±
0.001cdA

0.965 ±
0.002abB

0.965 ±
0.004abB

0.961 ±
0.001abcA

0.966 ±
0.004abA

N

0.957 ±
0.001acA

0.964 ±
0.002bA

0.954 ±
0.004cA

0.958 ±
0.002abcA

0.962 ±
0.002abABC

0.957 ±
0.003acA

0.960 ±
0.003abcA

0.961 ±
0.002abA

aw

pH

Moisture (%)

Time (days)

0.957 ±
0.959 ±
0.956 ±
0.956 ±
0.959 ±
0.957 ±
0.960 ±
0.961 ±
0.003aA
0.001aA
0.001aA
0.001aA
0.002aC
0.002aA
0.003aA
0.002aA
Different lowercase letters on the same line indicate a significant difference (p<0.05) over time. Different capital letters in the same
column indicate a significant difference (p<0.05) between products. C=control product, T=product containing starter culture, N=product
containing nisin; NT=product containing nisin and starter culture.
NT

culture. They also stressed that hardness, such as occurs in fermented
sausages, can be due to the denaturation and gelation of muscle proteins.
This denaturation is due to reduced pH. Coelho et al. (2007) prepared
surimi fishburgers with three different types of cassava starch in a
proportion of 5%. They reported, based on several studies, that hardness
is significant in restructured products with a meat/starch complex.

Microbiological analyses
The results of microbiological determinations in the raw material
were within the limits specified by RDC 12, 2001 (Brazil, 2001), which
established the maximum microbiological limits for each type of food.
RDC 12 (Brazil, 2001) does not establish compliance parameters for total
coliforms. However, this parameter is an indication of good storage and
handling for any food product.Regarding the finished products, all results
for the fecal coliform determination were < 3.0 MPN/g over the 35 days
of the study. In relation to total coliforms, the results for Products T, N
and NT were within the 95% confidence interval (p < 0.05) each time
they were analyzed according Instruction Number 62 (Brazil, 2003).
Product C, which contained no starter culture or nisin, had initial counts

of MPN/g < 3 until it reached total coliforms MPN/g of > 1100 at Time
20, leading to its exclusion from the sensory sessions after that point.
At other times, that value seemed to be decreasing, probably due to the
increasingly poor survival conditions for the targeted microorganisms. No
Salmonella spp was present in 25 g of any of the products. The results for
coagulase-positive staphylococci were <1.0 × 102 CFU/g. These results
are in accordance with RDC 12 (Brazil, 2001). Table 4 shows the results
for the mesophilic bacteria determinations (CFU/g) for Products C, N,
the psychrophilic bacteria counts (CFU/g) for Products C, N, NT and
yeast and mold (CFU/g) for Products C, N, NT and T. RDC 12 (Brazil,
2001) doesn’t determine acceptance values for mesophilic bacteria and
psychrophilic bacteria.
Product N, which contained nisin only, grew less mesophilic bacteria
than the control, which had no barrier beyond the vacuum. A high count
at 20 days (1.50 × 107 CFU/g), associated with the total coliform results,
indicated that the control product had reached its limits for commercial
life and could not be used. The nisin in Product N controlled the growth
of mesophilic bacteria and was especially effective for controlling the
growth of gram-positive bacteria. Hu et al. (2008) reported that carp
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Table 3. Results of hardness measurements (N).
Time (days)
C
T
N
NT
10
1.06 ± 0.03ªA
1.07 ± 0.02aAB
1.10 ± 0.02aBC
1.10 ± 0.02aAC
20
1.05 ± 0.02ªA
1.08 ± 0.02aAB
1.12 ± 0.05aBC
1.08 ± 0.01aAC
35
1.12 ± 0.05bA
1.12 ± 0.05ªA
1.05 ± 0.02bBC
1.10 ± 0.03aAC
Different lowercase letters in the same column indicate a significant difference (p<0.05) over time. Different capital letters in the same
line indicate a significant difference (p<0.05) between products. C=control product, T=product containing starter culture, N=product
containing nisin; NT=product containing nisin and starter culture.
Table 4. Results of mesophilic, psychrophilic bacteria and yeasts and molds determination.
Time
(days)

Mesophilic (CFU/g)
C

N

Psychrophilic (CFU/g)
C

N

NT

Mold (CFU/g)
C

N

NT

T

No
No
No
No
growth
growth
growth
growth
5
2.20 × 102 1.20 × 102 2.20 × 103 2.31 × 103 1.40 × 104 2.00 × 101 3.00 × 101 4.00 × 101
2.00 × 101
2
2
6
6
1
1
1
10
2.10 × 10 1.50 × 10 countless 1.91 × 10 1.93 × 10 3.00 × 10 2.00 × 10
4.00 × 10
4.00 × 101
15
5.70 × 105 6.40 × 104 countless 2.30 × 108 1.00 × 108 6.80 × 102 6.00 × 101 1.20 × 102
2.00 × 101
7
5
8
8
2
2
2
20
1.50 × 10 1.20 × 10 countless 1.42 × 10 1.50 × 10 4.80 × 10 3.80 × 10
2.00 × 10
2.00 × 101
5
5
8
2
2
1
25
5.30 × 10 2.50 × 10 countless 1.35 × 10
>200 4.20 × 10 4.00 × 10
3.00 × 10
1.00 × 102
7
4
2
3
1
30
1.25 × 10 6.00 × 10 countless countless countless 4.00 × 10 2.00 × 10
2.00 × 10
7.00 × 101
6
5
2
2
1
35
3.30 × 10 4.50 × 10 countless countless countless 4.30 × 10 5.00 × 10
5.00 × 10
4.30 × 102
C=control product, N=product containing nisin; NT=product containing nisin and starter culture; T=starter culture only
0

1.80 × 102 1.30 × 102 9.00 × 102 4.00 × 102 1.60 × 103

Table 5. Results of lactic acid bacteria (LAB) development over time in products with starter culture.
Time (days)
LAB Product T (CFU/g)
LAB Product NT (CFU/g)
0
1.27 × 106 a
7.60 × 105 b
6a
5
8.80 × 10
4.50 × 106 b
7a
10
4.30 × 10
1.38 × 105 b
7a
15
3.40 × 10
2.00 × 107 b
7a
20
3.00 × 10
2.20 × 107 b
7a
25
2.50 × 10
7.90 × 106 b
30
4.00 × 107 a
2.50 × 105 b
35
4.00 × 107 a
2.00 × 106 b
Different lowercase letters on the same line indicate a significant difference (p<0.05) between products.
T=starter culture only; NT=product containing nisin and starter culture
sausages inoculated with starter culture showed an initial total count
between log 3.7 and 4.7 CFU/g and reached the end of fermentation
with stable or declining values ranging from log 2.3 CFU/g to log 9.6,
depending on the product and the culture used. However, control products
with no starter culture presented counts that increased from the beginning
to the end of the analysis. The authors attributed these results to the pH
decrease promoted by the presence of starter culture and bacteriocin.
The initial psychrophilic bacteria numbers for Product C could be
counted, but they were no longer countable after Time 10. For Product
N, psychrophilic bacteria could be counted until Time 30, but not after
that point. Counts were possible for Product NT until Time 25. The
products were handled manually during preparation, which, along with
the presence of starter culture in Product NT, may have impacted these
results. At Time 0, mold showed no CFU/g in any of the products. Mold
growth was observed as early as Time 5. Product C showed the highest
mold scores, followed by Product N, with a score of 2.00 × 103 at Time
30. The maximum mold value or Product T was 1.00 × 102 CFU/g at

25 and 35 days. Product NT grew more than 2.00 × 102 CFU/g in 20
days’ time.RDC 12 (Brazil, 2001) does not specify mold values for this
type of product. Hu et al. (2008) observed growth behavior similar to the
above results in their studies, in which the control product without starter
culture showed an increase in mold growth over time. Products T and
NT in our study remained virtually constant, even reaching regression
values, as Hu et al. (2008) found in golden carp sausages. Thomas
and Delves-Broughton (2005) emphasized that nisin is not effective in
preventing mold and yeast growth. However, Dalié et al. (2010) reported
that LAB cultures have the potential to control the mold development
and, consequently, mycotoxin production. Among the species cited is L.
curvatus, which is part of the starter culture that was used to prepare
Products T and NT in the present study. In this case, the bacteria’s action
would result from competition for nutrients, the production of organic
acids and, in some cases, the production of other antagonist peptides.
The results found in the products with added starter culture reinforce this
evidence. Results of the counts of lactic acid bacteria (LAB) on MRS
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agar containing product of the starter culture (T and NT), are found in
Table 5.
The results were analyzed using Student’s t test and indicated that the
products were microbiologically different (p<0.05). Product NT had less
LAB growth than Product T. This can be explained by the presence of
nisin Product NT, which may have restricted the complete development
of LAB because it is gram positive and nisin is very effective against
these microorganisms (Chikindas et al., 2001; Rosa et al., 2002; Jay et
al., 2005; Thomas and Delves-Broughton, 2005; Gálvez et al., 2007;
Heng et al., 2007).

Conclusion
Starter culture, nisin and/or a combination of both could be used in
formulations of new products made of fish. Products containing only
starter culture, had better pH reduction than those with nisin and starter
culture plus nisin due to formation of organic acid. It was also evident the
occurrence of lipolysis that product. The addition of nisin also showed
potential use when associated with other barriers. The microbiological
parameters set by Brazilian standards have been met. The delay in
development of spoilage micro-organism has also been evidenced. In
this way, it’s evident that starter cultures and bacteriocins of Lactic Acid
Bacteria can be used, with other barriers, to increase the shelf life of
products derived from fish.
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