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A B S T R A C T  
 
Fermented sausages are the emulsion product and their stability is strongly 
determined by protein interaction which acts as an emulsifier along with 
binder compound in order to form cross-link. Thus the products become 
compact and resistant to the infection of pathogenic and spoilage bacteria. 
The current research was aimed to investigate the microbiological character-
istics of sausage as the result of carrageenan addition. This descriptive re-
search was repeated three times. The result revealed that pH will gradually 
decrease following to the length of fermentation. At the end of the fermen-
tation, the lowest pH (4.84±0.01) found 2.5 % additional carrageenan. Addi-
tion of carrageenan 1.25% up to 5% could inhibit the growth of pathogenic 
bacteria 14th day onwards up to 28th day of fermentation, but not for lactic 
acid bacteria (LAB). Surprisingly, on the last day of fermentation, carragee-
nan did not affecting LAB growth. The growth of LAB on the treatment of 0 
to 5 % carrageenan was not significantly different with 6.5134±0.08 and 
6.6466±0.14 log CFU/ml, respectively. It is clear that the addition of carra-
geenan to the concentration of 5% will only inhibit pathogenic bacteria but 
not for LAB.  

1. Introduction 

The fermentation of fishery products is mostly 
made from non-economic fishes, the products are 
such as soy sauce (Ahamed and Mahendrakar, 
1996), Burong isda/milkfish in Philippines (Olympia 
et al., 1991), marinade in Japan (Gram, 2003), and 
Bakasang in Indonesia (Ijong and Ohta, 1994). 

Research on non-fermented fish sausages has been 
done by Raju et al. (2003) and Ravishankar et al. 
(1992). Their research corroborates the fact that 
the self-life of non-fermented fish sausages needs 
to be improved. Hence, several additives com-
pounds such as nisin, potassium sorbate, glucono-δ
-lactone, and sodium ascorbate are needed.  

Several natural preservatives are commonly used in 
food. Lantibiotic, nisin, is a natural food preserva-
tive derived from microorganism. Hence, by direct-
ly involving food microorganism, the self-life and 
other quality of food products may also be im-
proved. Study by Aryanta et al. (1991) on blue-spot 
mullet fish sausage indicated that involvement of 
microbes during fermentation process of fish sau-
sage resulted in the significant inhibition of the 
photogenic bacteria such as Bacillus cereus, Clos-
tridium perfringens and Vibrio parahaemolyticus. 
Further research by Arslan & Dincoglu (1999) 
showed that compared to non-fermented sausage, 
fermented common carp (Cyprinus carpio) sausage 
has more excellent quality, on the basis of sensory 
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and microbial quality.  

Although it is not authentic Indonesian food, sau-
sages receives good attention. Fish sausage is a fish 
product diversification. Catfish (Clarias gariepinus), 
is a common raw material for use as a sausage. This 
is because of its taste, and its easiness in the cul-
ture. (Phillips et al., 2015). The only drawback of 
Catfish meat for sausage is their physical characters 
which tends to be resulted in sausage with firm 
texture. 

Carrageenan which acts as a stabilizer is needed to 
form a stable sausages emulsion. Carrageenan per-
forms as the stabilizer in emulsions, thickeners and 
gellant (Knudsen et al., 2015). Carrageenan is the 
seaweed sap which is extracted by using water or 
alkaline solution. Carrageenan has some functions 
such as stabilizer, thickener, gelling agent, and in-
creasing viscosity. Carrageenan has an important 
role as a stabilizer for the emulsion of fat in water. 

The use of carrageenan as a medium for microbial 
growth has no effect on the growth of microbes. 
The benefit of carrageenan compares to agar is its 
higher content of sulfates by 22-25% (kappa carra-
geenan), this difference does not give effect to the 
growth of microbes (Epifanio et al., 1981). Carra-
geenan as a medium for bacterial growth has a pH 
in the scale of 7.18 to 7.48, while the pH of agar is 
in the scale of 7.10 to 7.28; therefore, it does not 
affect the microbial growth (Laserna et al., 1981). 

An addition of carrageenan can improve the tex-
ture of the fermented sausage. However, consider-
ing, the prevention of bacterial starter growth by 
carrageenan, It is important to observe the effect 
of carrageenan in the microbial growth on ferment-
ed sausages. This research was aimed to investigate 
the microbiological characteristics of fermented 
Catfish (Clarias gariepinus) sausages with the addi-
tion of carrageenan during the 28 days of sausage 
fermentation process. 

2. Materials and Methods 

The main material used in this research was Catfish 
(Clarias gariepinus). Then, the additional materials 
were Na-nitrate, Na-Nitrite, salt (NaCl), sugar 
(sucrose, glucose, and fructose), beef fat, and soy 
protein isolate. The pure cultures of Lactobacillus 
casei and Pediococcus acidilactici were taken from 
Laboratory of Microbiology, Medical Faculty of Uni-
versitas Brawijaya. The materials used for pro-
cessing and analysis were collagen casing, carra-
geenan and pp plastic in 0.08 mm thickness. The 

bacterial growth media were PCA (Plate Count 
Agar), MRSA (de Man ROGOSA Sharpe Agar) and 
VRBA (Violet Red Bile Agar) which could be ob-
tained in Malang. 

The method used in this research was descriptive 
method. The analyzed parameters included Total 
Plate Count (TPC), total of Lactic Acid Bacteria 
(LAB), total of pathogen, aw and pH. The flow dia-
gram of the process of fermented Catfish sausage 
making was shown in Figure 1. 

3. Results 

The result of Total Plate Count (TPC), total of LAB, 
total of pathogen, pH and aw  in fermented catfish 
sausage after it has been added with carrageenan 
during 28 days of making could be seen in Table 1. 

4. Discussion 

The data in Table 1 showed that the highest value 
of TPC and the total of LAB in the treatment with 
0% of carrageenan were on the 14th day and the 
lowest was on the day 0. Then, it decreased after 
the 14th and 28th day. That case related to the phas-
es of bacterial growth. On day 0, the value was in 
the lowest point meaning that the bacteria were at 
the adaptation phase. Then the value increased on 
the 7th up to 14th day, it was presumed that the 
bacteria were at the logarithmic phase or rapid 
growth. It was assumed that after the 14th day the 
bacteria were at the phase of death, it was shown 
on the 28th day of observation which was lower 
than the 14th day. Then, the pH analysis showed 
values that tended to decrease up to the 28th day, 
as well as in the analysis of aw which also tended to 
decrease up to the 28th day. 

Based on the data in Table 1, the highest pH value 
at the end of fermentation process was in the 5% 
addition of carrageenan treatment, the value was 
5.01±0.03 with 6.6466±0.14 of LAB.  

The activities of lactic acid bacteria against patho-
genic bacteria producing lactic acid lower the pH 
value which inhibits the unwanted bacteria (Nabais 
and Malcata, 1997). In addition, Pediococcus acidi-
lactici produce pediocin as an antimicrobial that will 
inhibit the growth of pathogenic bacteria (Nursyam 
et al., 2013). According to Onyenweaku  et al. 
(2016), lactic acid bacteria can kill or inhibit the 
growth of other bacteria by lowering the pH value, 
and producing H2O2 or antibiotics.  

In the observation up to the 14th day, fermented 
sausages with carrageenan addition in the level of 



 79 

Nursyam, South Asian J Exp Biol; 6 (3): 77-82; 2016 

1.25%, 2.5%, 3.75%, 5%, and without carrageenan 
addition (0%) showed an increase in the number of 
lactic acid bacteria. Only after the 14 days of obser-
vation the amount of lactic acid bacteria experi-
enced a decline in all the level of carrageenan addi-
tion (1.25%, 2.5%, 3.75%, 5%, and 0%). The de-
crease was presumably caused by the nutrient used 
by lactic acid bacteria for its growth has been run 
out. As revealed by Magala et al. (2015), if the nu-
trients and the stockpile of energy in the medium 
are exhausted, the number of dead cells will in-
crease continuously; the speed of the death was 
affected by nutrient condition, environment, and 
the type of microorganism. 

The relationship between the total of LAB and aw 

showed that on the 14th day the aw value was about 
0.914 to 0.896 (Table 1). On that aw, the lactic acid 
bacteria showed optimal aw value in its growth. 
After the 14th day, the aw value contained in the 
sausages was continue to decrease up to the 28th 
day of observation. On the 28th day, the total analy-
sis of LAB showed a decrease in the number lactic 
acid bacteria colonies. That was caused by environ-
mental factors (aw), the media of bacteria did not 
match with the optimal growth of LAB (Nursyam et 
al., 2016). 

As shown in Table 1, the total analysis of LAB indi-
cated no striking value (showing the lowest or the 
highest of LAB dominantly) in a level or in several 
levels of carrageenan addition during the observa-

100 ppm of Na-Nitrite (0,1g/kg of fish¹a), 200 ppm of Na-
Nitrate (0,2 g/kg of fish¹b); and NaCL 20 g/kg of fish 

(All its was diluted in 50 ml of aquadest) 

Cow fat 2.5%, Soya Protein Isolate 
1.25%, Carrageenan1c LAB ² 

Catfish 
minced (1000 gram) 

Storage in the 
Freezer (0-4ºC) 24 hours 

Sucrose (g/kg fish); 
Dissolved in 50 mL of 

aquades³ 

Spices 4 

Mixing until homogeneous 

Inserting Casing Colagen 

Packed in plastic bags "Poly propylene” semi vacuum 
(sterile) 0.08 mm thick 

Fermentation process: 30-32 ºC for 32 hours (Aryanta et al. 1991) 

Smoking for 4 hours at 45-50 ºC of temperature 

Packed in plastic bags "Poly propylene” semi vacuum (sterile) 0.08 mm thick 

Incubation at 15-20.2 ºC of temperature for 28 days  

Removed from the plastic bag 

Figure 1: Diagram of Catfish Fermented Sausage Processing. 
1a: The maximum amount of nitrite is 156 ppm or 0.156 g / kg of meat (Eisenbrand et al., 2014) 
1b: The maximum amount of nitrate in the final product is 500 ppm or 0.5 g / kg of meat (Eisenbrand et al., 2014) 
1c: Carrageenan: 0%;  1,25%;  2,5%;  3,75%;  5% of the soy protein isolate by weight 
2: Lactobacillus casei and Pediococcus acidilactici (1:1) a maximum of 4 ml/1000 g catfish at 108 cfu/g (Heruwati et al., 1997) 
3: Sugar (g/kg fish): sucrose 4 g, glucose 3 g and fructose 3 g (Aryanta et al., 1991) 
4: Spices (g/kg fish):  1 g of black pepper, 1 g of white pepper, 0.7 g of coriander, 0.7 g of ginger, 0.6 g of cinnamon, 0.5 g of 
garlic and 0.5 g of cloves (Aryanta et al, 1991). 
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tion from day 0 to day 28. According to Epifanio, et 
al. (1981), the use of carrageenan as a medium is 
similar to the use of agar, it will not affect the 
growth of pathogenic and non-pathogenic bacteria. 
In this case, carrageenan only served as a thicken-
ing agent. 

The pH values of fermented African sharptooth 
catfish sasuages from all the levels of carrageenan 
addition were in the range of 5.12 – 4.84. The pH 
decrease in fermented catfish was affected by the 
activity of lactic acid bacteria which produced lactic 
acid as its metabolism result.  

The pH values of fermented catfish from all the 
treatments ( 0%, 1.25%, 2.5%, 3.75% and 5% carra-
geenan addition) decreased from the day 0 up to 
day 7, day 14 and day 28 of this research. The pH 
decrease in fermented catfish sasuages was an indi-
cation of the activity of lactic acid bacteria which 
produced lactic acid. If the number of lactic acid 
bacteria increased, the pH value and the amount of 
pathogenic bacteria would decrease.   

In the concentration of 5% carrageenan, it showed 
higher pH value compared to the other carragee-
nan concentrations. Although it was higher than 
the others, the pH value in Table 1 indicated acid 
which continued to decrease from 5.12 to 5.01. 

Therefore, it did not affect the microbiological ac-
tivity particulary lactic acid bacteria of the sausag-
es. According to Laserna et al. (1981), the pH of 
carrageenan which is used as a medium for bacteri-
al growth is 7.18 to 7.48, it is similar to the pH in 
agar which is in the scale of  7.10 to 7.28, this small 
difference has no effect on the growth of microbes. 
The analysis of pH value in fermented African 
sharptooth catfish sausages is more influenced by 
bacterial activity particularly lactic acid bacteria. 

pH is known as one of the factors of bacteria 
growth, as mentioned by Inungaray et al. (2014),  
pH is usually used to determine the kinds of mi-
crobes that grow in food and other products. Then, 
Breidt et al., (2004) said that optimal pH commonly 
found in microorganism is around neutral, its mini-
mum pH is about 3 – 5 and its maximum pH is 
about 7.0 – 7.5. Therefore, even the level of 5% 
carrageenan showed the highest value compared 
to the others but pH in the scale of 5.12 was al-
ready able to inhibit the growth of pathogenic bac-
teria. 

The inhibition mechanism of pathogenic bacteria 
happened when the pH value was low, low pH val-
ue changed the growth speed in bacteria soon 
(Nursyam et al., 2016). In this case, the cells would 

Carrageenan Parameters Incubation time (days) 

0 7 14 28 

0% TPC (log cfu/mL) 7.2997±0.20 7.7138±0.20 7.9055±0.05 7.675±0.02 

LAB  (log cfu/mL) 5.6021±0.12 6.5469±0.14 6.5982±0.05 6.5134±0.08 

Pathogen  (log cfu/mL) 2.5207±0.05 2.3262±0.11 - - 

pH 4.96±0.03 4.96±0.01 4.94±0.01 4.85±0.05 

aw 0.962±0.01 0.929±0.02 0.914±0.02 0.910±0.04 

1,25% TPC (log cfu/mL) 7.2793±0.16 7.6586±0.21 7.9786±0.05 7.8837±0.13 

LAB  (log cfu/mL) 5.9721±0.02 6.7117±0.10 6.7316±0.07 6.5937±0.11 

Pathogen  (log cfu/mL) 2.4972±0.10 2.2934±0.10 - - 

pH 5±0.01 4.99±0.01 4.97±0.02 4.93±0.01 

aw 0.958±0.01 0.926±0.01 0.909±0.08 0.893±0.02 

2,5% TPC (log cfu/mL) 7.5169±0.05 7.7263±0.18 8.0195±0.06 7.6604±0.05 

LAB  (log cfu/mL) 5.837±0.17 6.6317±0.03 6.6426±0.13 6.5381±0.05 

Pathogen  (log cfu/mL) 2.5336±0.05 1.8744±0.19 - - 

pH 4.93±0.01 4.9±0.07 4.89±0.04 4.84±0.01 

aw 0.960±0.02 0.925±0.04 0.903±0.04 0.899±0.03 

3,75% TPC (log cfu/mL) 7.397±0.09 7.6903±0.09 7.9952±0.01 7.686±0.07 

LAB  (log cfu/mL) 5.9382±0.09 6.82±0.02 6.9939±0.03 6.631±0.14 

Pathogen  (log cfu/mL) 2.5319±0.10 1.9788±0.09 - - 

pH 4.9±0.02 4.9±0.02 4.89±0.01 4.85±0.04 

aw 0.957±0.01 0.917±0.01 0.900±0.03 0.891±0.04 

5% TPC (log cfu/mL) 7.4663±0.22 7.6465±0.12 8.0271±0.13 7.8351±0.12 

LAB  (log cfu/mL) 5.9659±0.12 6.7474±0.13 7.058±0.06 6.6466±0.14 

Pathogen  (log cfu/mL) 2.5385±0.15 1.8157±0.11 - - 

pH 5.12±0.04 5.1±0.10 5.04±0.02 5.01±0.03 

aw 0.954±0.01 0.917±0.04 0.896±0.03 0.890±0.02 

Table 1:  Microbiological Charasteristics Result of catfish fermented sausage. 
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commonly react to maintain a constant pH inside 
the cell. When the pH was lowered, the excessive 
amount of proton contained in the medium would 
enter the cell cytoplasm. Those protons had to be 
removed from the cell in order to prevent acidifica-
tion and denaturation of cell components. In order 
to eliminate protons out of the cell, concentration 
gradient changed from a low concentration to a 
high concentration. That activity would need exces-
sive amount of energy. The lower the pH was, the 
more energy was required to maintain a constant 
pH inside the cell. As the result, the available ener-
gy for the synthesis of cell components decreased. 
Hence the cells growth became very slow, or even 
stop at a very low pH condition. At a very slow 
growth rate, the supply of energy to sustain a life 
and eject protons out of the cell was very limited. It 
caused the death of the cells as the result of cell 
acidification.  

The highest aw value was found at day 0, while the 
lowest value was found at day 28. Based on Table 
1, it could be seen that the aw gradually decreased. 
This decrease happened in all of the fermented 
catfish sausages with (1.25%, 2.5%, 3.75% and 5%) 
or without carrageenan addition (0%). The aw de-
crease was caused by the reaction between an acid 
(low pH) and protein. As revealed by Katsaras and 
Budras (1991), the release of lactic acid caused the 
proteins to gradually become near to the isoelectric 
status. When the sausage reached isoelectric point 
(pH ± 5.3,) it changed the appearance of the pro-
tein collections. Then, the intermolecular reactions 
formed new tissues consecutively. 

5. Conclusion 

Based on the standard deviation between the re-
search data, it showed no difference between the 
addition of carrageenan with the level of 1.25%, 
2.5%, 3.75% and 5% to the fermented Catfish 
(Clarias gariepinus) sausages towards microbiologi-
cal characteristics (TPC, total of LAB and total of 
pathogen ) at the end of the process. The addition 
of carrageenan in the level of 1.25 to 5% could in-
hibit the growth of pathogenic bacteria from day 
14 to 28 of the process. At the end of fermentation, 
the highest value of LAB and the pH value were 
found in the treatment using 5% addition of carra-
geenan. Hence in can be concluded that the addi-
tion of the carragenen until 5% will not affected the 
microbial growth.  
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