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Abstract

Fish sauce was made from African catfish, Clarias gariepinus with the objectives of 
determining it suitability for sauce production and standard operating procedure which can 
support good manufacturing practice (GMP). Whole African catfish were washed, minced, 
mixed with 20% (w/w) salt and incubated in air-tight sterilized plastic containers at room 
temperature for six months. Thereafter, the mixture was manually drained using muslin 
cloth pore size 2mm to separate the supernatant liquor, the fish sauce. The sauce had moisture 
range of 57.49 -68.25%, protein 11.35%- 24.29%, lipid 2.53% - 6.87%, ash content 2.87% - 
7.42%, crude fibre 1.53-9.36%. There were significant differences (p<0.05) between the 
weekly values of the proximate composition. The pH values ranged between 5.6 and 8.4. Four 
strains of gram-positive bacteria namely Bacillus spp, Micrococcus luteus, Clostridium 
perfringens and Staphylococcus epididermis and a fungus Candida albicans were isolated 
from the sauce. The study showed that the African catfish is a safe and nutritious potential 
material for utilization in sauce production and that the procedure used complied with GMP.
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 Moisture Protein  Lipid  Ash  C/Fibre  CHO Energy

(Kcal; 100g

Week 1 Range

 

57.49-63.31

 

20.65-24.29

 

3.67-6.85

 

3.78-7.11

 

0.61-3.27

 

2.80-6.29 146.61-171.90

Mean ± SE

 

a60.63±0.61

 

d22.07±0.40

 

c

 

5.49±0.32

 

b5.30±0.39

 

a1.53±0.26

 

a

 

4.97±0.36 c157.55±3.35

Week 2 Range

 

56.91-65.46

 

17.93-21.67

 

2.53-5.46

 

3.51-7.42

 

3.09-6.29

 

3.44-6.47 83.44-150.85

Mean ± SE

 

a61.12±0.84

 

c

 

19.35±0.38

 

a,b4.20±0.29

 

sb5.31±0.46

 

b4.59±0.32

 

a

 

5.09±0.34 b131.99±6.65

Week 3 Range

 

60.56-65.82

 

17.52-20.66

 

3.34-6.05

 

3.41-7.36

 

2.49-4.71

 

3.08-5.75 128.28-149.89

Mean ± SE

 

b63.15±0.58

 

c18.68±0.34

 

a,b,c4.74±0.28

 

b5.29±0.43

 

b3.71±0.28

 

a

 

4.74±0.32 b135.93±2.68

Week 4 Range

 

60.36-66.20

 

14.26-16.60

 

3.26-6.62

 

3.77-6.58

 

4.49-7.46

 

2.74-6.12 112.14-140.69

Mean ± SE

 

b,c63.91±0.62

 

b15.11±0.28

 

b,c

 

5.13±0.35

 

b5.19±0.35

 

c5.76±0.34

 

a

 

4.82±0.38 b125.64±3.51

Week 5 Range 61.72-68.25 11.50-13.70 2.68-5.50 2.87-5.90 6.23-10.62 2.76-5.83 97.63-119.51

Mean ± SE c65.41±0.67 a12.53±0.24 a,b 4.41±0.29 a,b,4.33±0.34 d8.53±0.44 a 4.61±0.32 a108.12±2.78

Week 6 Range 62.36-68.25 11.35-12.83 2.44-5.47 2.87-5.17 6.23-12.17 2.76-7.05 94.89-117.42

Mean ± SE c 65.77±0.61 a12.01±0.19 a3.88±0.31 a3.88±0.29 d9.36±0.63 a 5.14±0.45 a103.26±2.56

Table 1: Proximate composition (%) of Clarias gariepinus sauce after fermentation at 20% salt (w/w)

Values are mean of triplicate analyses. Mean with same superscript letter are not significantly different (P>0)
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Table 2: pH values and Temperature profile of 
              Clarias gariepinus sauce at 20% 
               salt (w/w)

Week pH Temp( C) 

1 Range 6.4-8.4 22.9-23.9 

Mean
 

7.3
 

23.58
 

SD
 

0.62
 

0.36
 

3 Range
 

5.6-8.4
 

22.9-24.0
 

Mean
 

7.24
 

23.58
 SD

 
0.93

 
0.31

 
5 Range

 

6.4-7.8

 

23.7-24.8

 Mean

 

7.31

 

24.2

 SD

 

0.49

 

0.34

 
7 Range

 

6.0-7.0

 

23.6-24.2

 
Mean

 

6.64

 

24.09

 
SD 0.42 0.48

-1Table 3: Mineral (mgg ) values of Clarias gariepinus sauce after fermentation at 20% salt (w/w)

Week   Ca  Fe  Mg  Zn  K  Na  

 1 Range 0.89-2.97  14.37-74.12  2.79-4.99  0.06-0.10  0.12-0.36  0.02-0.42  

Mean ± SE a1.89±0.29  a39.53±8.28  a3.69±0.28  c0.08±0.01  a0.22±0.02  a0.08±0.04  

 3 Range 0.91-3.02  14.01-74.02  2.84-4.97  0.06-0.09  0.11-0.36  0.03-0.31  

Mean ± SE 
a2.03±0.32  

a39.14±8.26  
a3.56±0.24  

b0.07±0.00  
a0.21±0.02  

a0.08±0.03  

 5 Range 1.01-3.00  13.99-72.57  2.00-4.67  0.04-0.07  0.02-0.41  0.02-0.11  

Mean ± SE 
a1.89±0.26  

a36.29±8.18  
a3.38±0.30  

a0.06±0.00  
a0.18±0.04  

a0.06±0.01  

7 Range 1.12-3.01  12.50-71.00  1.58-3.99  0.02-0.07  0.07-0.44  0.02-0.11  

Mean ± SE 
a1.96±0.26  

a34.81±8.10  
a3.03±0.26  

a0.05±0.00  
a0.20±0.04  

a0.07±0.01  

Values are mean of triplicate analyses. Mean with same superscript letter are not significantly different (P> 0.05)



Table 4: Mean count of bacteria and fungi isolated in Clarias gariepinus sauce samples

Samples  Mean number of colony (log10 CFU/ml)  

Bacteria Fungi

1 40.0+28.55  96 
2 33.8+27.36  85 
3 26.8+20.58  112 
4 27.4+23.82  72 
5
 

34.8+25.85
 

38
 

6
 

31.4+20.96
 

66
 

7
 

33.6+29.52
 

84
 

8
 

33.4+28.99
 

70
 9

 
25.8+18.99 101

Table 5:Descriptive chart for bacteria identification

Macroscopic  Microscopic  Isolates  

Yellowish colour

 

Gram+ve, catalase-ve, cocci in clusters.

 

Micrococcus luteus

Cream white

 
Gram+ve, catalase+ve, long and short rods.

 
Bacillus species

White in colour

 

Gram+ve, catalase –ve, short rods.

 

Clostridium perfingeus

Milkfish white round edges Gram+ve, catalase+ve, cocci in clusters. Staphylococcus epididemis

Table 6: Morphological and biochemical characteristics of the bacteria isolates from C.gariepinus 
              sauce

 Sample 1
 

Samples  Gram’s 
reaction

Catalase  Oxidase  Coagulase  Maltose  Mannitol  Sucrose  Glucose Lactose Xylose Suspected organisms 

Isolate 1

 

+

 

-

 

+

 

-

 

+

 

-

  

- Micrococcus luteus

Isolate 2

 

+

 

+

   

+

 

+

  

+ + Bacillus species

Sample 2

 

Isolate 1

 

+

 

+

   

+

 

+

  

+ + Bacillus species

Isolate 2

 

+

 

-

   

+

 

-

 

+

 

+ - - Clostridium perfingeus

Sample 3

 

+

 

-

   

+

 

-

 

+

 

+ - - Clostridium perfingeus

Sample 4

 

+

 

+

   

+

   

+ + Bacillus species

Sample 5

 

Isolate 1

 

+

 

+

   

+

   

+ + Bacillus species

Isolate

 

2

 

+

 

-

   

+

 

-

 

+

 

+ - - Clostridium perfingeus

Isolate 3 + - + - + - - Micrococcus luteus

Sample 6

Isolate 1 + + - - + + + + + Staphylococcus epididemis

Isolate 2 + + + + + Bacillus species

Sample 7 + + + + + Bacillus species

Sample 8 + + + + + Bacillus species

Sample 9 + + + + + Bacillus species
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Discussion

The results of the proximate composition of 
the fish sauce agreed with those reported for 
moisture and protein by Ibrahim (2010) and 
Park et al. (2001) who reported that the range 
of proximate composition of fish sauce was 
61.40-79.20% for moisture; 0.9- 13.70% for 
crude protein, however the values (18.20-
25.80%) of ash contents were higher than the 
values (3.88-5.30%) reported in this study. 
The differences in the values of ash may be 
due to the species of fish used for the sauce. 
However, according to Ûnlûsayin et. al., 
(2007) the chemical composition of 
traditional pates made with sea bass, sea 
bream and rainbow trout ranged from 56 to 
59% for moisture, 15 to 18% for lipid, 13-
14% for protein and 7-9 % for carbohydrate, 
all these were within the values obtained in 
this study. The difference in the moisture 
contents reported could be as a result of the type 
of salt used in fermentation, because different 
salt has different ability to draw out moisture 
from samples. The increase in the moisture 
content of the sauce could be as a result of the 
salt absorbing moisture from the surrounding 
and also drawing out moisture from the fish 
samples The decrease in the values of the 
protein, lipid and ash may be as a result of the 
fermentation process, which involved the 
breaking down of the complex substances to 
other simpler substances.

The mean temperature of the sauce 
remained virtually constant being at room 
temperature. The almost constant neutral pH 
throughout the experiment indicates that the 
fermentation was homogenous throughout the 
storage period. The pH value of 6.08 reported 
by Ibrahim (2010) was within the values (5.6-
8.4) reported in this study, but higher than the 
values (4.66- 5.91) reported by Cho et al., 
(2000) and Aquerreta et al., (2001). It is 
however in agreement with the values 

. 
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reported by Ijong and Ohta (1996), Cho et al., 
(1999) and Park et al., (2001). Aquerreta et al., 
(2001) reported that the pH values of a sauce may 
reflect bacterial activity during fermentation and 
probably a consequence of the accumulation of 
some basic compounds from the fermentation 
of nitrogen-based components. The almost 
constant temperature during the storage period 
is consistent with the room temperature and the 
uniform hydrolysis of the fish sample. The 
room temperature used in this study may aid 
fermentation. 

The number and quantity of mineral 
elements in the sauce is an indication that the 
Clarias gariepinus can be used to make sauce 
that is fit for human consumption. The fact 
that there were no significant differences in 
the concentrations of the mineral elements 
with time except zinc indicated that the sauce 
had completely fermented. 

The total microbial counts obtained from this 
study (Table 4) were found to be lower than the 

5
specified standard limits (1×10  cfu/g) for 

2
bacteria and fungi and 1x10  cfu/g for coliforms) 
by the International Commission on 
Microbiological Specification for foods 
(ICMSF) (2011) and the United States Food and 
Drug Administration (USFDA) (1991). Some of 
the species of bacteria found in these samples 
were also reported in the work of Sangjindavong 
et al., (2009) on fish sauce from surimi waste 
using pineapple. The micro-organisms might 
have contributed to the hydrolysis of proteins as 
well as possible flavour development of the 
sauce. The organism with the highest count 
isolated in this study was Bacillus cereus (Tables 
5 and 6). This is a common air and dust borne 
contaminant that multiplies readily in foods. The 
spores survive short periods of cooking and 
reheating, when the food is stored at room 
temperature, the spores germinate and release 
enterotoxins, but care can be taken to prevent 
contamination by sterilizing all materials used 
for the sauce.



The variation in the bacterial count in this 
study (Tables 5 and 6) could be as a result of the 
quantity of salt, temperature, age of the fish, 
environment from where the fish was obtained 

and the period of fermentation. The study also 
revealed the presence of Candida albicans, a 
ubiquitous fungus, which may have been 
introduced during preparation of the fish sauce, 
the absence of other species may be due to 
unfavourable environmental condition for 
their development.

Available literature on fish sauce is scarce, 
this does not allow for adequate comparison of 
the results obtained in this investigation with 
other works. However, it was observed that the 
African catfish sauce contains important 
protein and lipid contents; it is also rich in 
minerals and contained moderately halophilic 
bacteria that help in the breakdown of the 
chemical constituents of the fish. It is also safe 
for human consumption, because of the non- 
pathogenic microorganisms present in the sauce, 
therefore the sauce can contribute to protein 
availability for the populace.

Conclusion

In Nigeria, culturing of African catfish is 
gaining ground to support food security and 
availability of protein for increasing human 
population. Parameters generated from this 
study can be utilized to support fish sauce 
production, so that consumers can use them in 
their diets.
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