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ABSTRACT 
 

Two kinds of smoked fish, Parachanna insignis and Labeo sp   infested with insects of several 

families whose  Dermestidae, Cleridae,  Calliphoridae, Sarcophagidae or the Muscidae, were stored 

for 30 days in the laboratory. The estimation of the nutritive value of these fish over time showed a 
slight decrease in protein content. Moreover, the results indicate a gradual decrease fat mass of fish 

analyzed.              
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INTRODUCTION 

Three types of macromolecules are essential to the functioning of the human body: 

carbohydrates, lipids and proteins. However, their presence in optimal quantities in the body 

depends on the quality of the diet of individuals. When it is not balanced, deficiencies or 

diseases are likely to occur in the organism. 

Sub-Saharan Africa in general and in particular Congo - Brazzaville, the level of malnutrition 

has reached an unacceptable level. In fact, one in two has less than a dollar a day to live [4]. 

Governments in many sub-Saharan countries seem to helplessly witness the increase in this 

situation. Indeed, more than a third of the population (34%) is undernourished [17], 9 million 

more since the last World Summit against hunger in 1996. 

Malnutrition is accompanied sometimes by irreversible phenomena currently on the growth 

of individuals, but also more broadly on social and /or economic as begging or family 

disruption. Among the resources releasing nutrients essential for people, which are fish 

consumption provides a good quality of lipids and proteins [24,30]. These are high quality 

food health through nutritional value and high protein content [18,8,46]. Their regular 

consumption can improve nutritional security of the people. This is the only form of animal 

protein available to its cost and available for poor households in urban and peri-urban areas. 

For millions of Africans, the fish is a direct source of protein and micronutrients essential 

importance [23]. This situation explains the importance of its frequency in meals Congolese 

consumers, with 25.3 kg of fish / person / year, corresponding to 48.8% of the fish protein 

ratio of animal protein [3]. 
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However, fish is a highly perishable commodity in the humid tropics [16,47,46]. This fact 

implies the different methods developed in order to maintain and / or allow its use in remote 

places of production, including human agglomerations where the concentration is high and 

the nutritional need huge [35]. It can be treated by smoking, drying, salting, fermentation, or 

frying. Treaty, the fish is a niche for some arthropods [16]. Thus, the traditional smoking is 

the main method of preserving fish caught in the Northern Congo. 

The fish is treated in the open air thereby exposing flies, mainly Calliphoridae, followed 

Dermestidae and Cleridae; these insects consume the flesh of smoked fish, resulting in weight 

loss and nutrition. The infestation of the food by these parasites causes increased moisture 

and leads to a possible attack by bacteria [6]. Therefore, consumers have a food of low 

nutritional value and are exposed to poisoning by toxins secreted [32]. When selling smoked 

fish markets, the flow time of products is variable. It can take several days or even several 

weeks. Product quality and sometimes kept on shelves now in stocks can be depreciated over 

time. 

To do this, our work aims to analyze the nutritional value of smoked fish species collected in 

the acquired markets of Brazzaville and maintained in the laboratory. 

 

Presentation of study circles 

Location of Brazzaville 

The city of Brazzaville is between 15 and 16 ° East longitude and 4 ° and 5 ° South latitude. 

It is bounded on the east by the River Congo to the south and west by the Department of Pool 

[44]. The biological material used in the production of this work consists of smoked 

freshwater fish (Labeo sp and Parachanna insignis Wild, 1884) and arthropods (insects and 

mites). Acquisitions of smoked fish were conducted in three markets of the city located in 

neighborhoods with high population, namely markets Ouenzé, Mikalou and Talangaï, all 

located in the northern part of the city of Brazzaville. 

 

MATERIALS AND METHODS 

Biological material 

The Fresh water Fish 

The choice fell on two species: Labeo sp (Cyprinidae) and Parachanna insignis Sauvage, 

1884 (Channidae), due to their high consumption by Brazzaville. 
 

Systematic  

Labeo sp is an Osteichthyen  fish of the subclass of Actinopterygii / teleostean of the order of 

Cypriniforms  and the Cyprinidae family. The body is more or less compressed. Vertical fins 

are well separated, all soft ray, sometimes dorsal fin can be fitted with a shelf ossified. There 

is no dorsal fin fat. The lips are well developed, there are a holster horny inside edge. The 

mouth is protrusible and always infers [38]. 

P. insignis (Sauvage, 1884) is an Osteichthyen fish of the subclass of Actinopterygii / 

teleostean , the order of  Percomorphs / Perciforms and Channidae family. It has an elongate 

body covered with scales of average size, the head is depressed forward and scaly larger than 
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those of the body. The lower jaw is longer than the top and she wears 4-5 well developed 

canines. The eyes are lateral and relatively large. The lateral line is complete. The dorsal and 

anal fins do not touch the tail. It is rounded, slightly pointed towards the tip. 

Preserved specimens show the entire body a slightly darker gray color, mottled white on the 

ventral side. On the sides, we note the presence of large dark bands forming chevrons more or 

less visible depending on the specimen. Sometimes they are five to seven major spots almost 

geometric form, linked to other dark spots from the back of the fish. On the fins we see dark 

spots forming oblique bands more or less visible at the base of the tail is a little spot rounded, 

black, more or less visible [5]. 
 
 

Obtaining specimens of smoked fish. 

Fish specimens are identified through key [11,12,37]. 

Two sets of smoked fish representing 16 specimens in total, were brought to the laboratory. 

The first set consists of 8 smoked fish infested locality Makotipoko. Four fish species of P. 

insignis and four species of Labeo sp. are used. Smoked fish bought these markets are placed 

in plastic jars 25.5 cm x 17.5 cm x 7 cm and a mesh fabric to 2mm in diameter is placed at 

the openings of the jars to avoid a confined. This first series is designed to monitor the 

nutritional value. 
 

The second set of fish is obtained  after harvesting in the markets of Brazzaville. Eight 

specimens also smoked fish infected with four species of  P. Insignis and four other species 

of Labeo sp. are placed in metal cages of dimension 55 x 39 x 35 cm, in order to follow the 

evolution of their mass. 
 

Insects  

Insect family Dermestidae ranging to Cleridae, through the Calliphoridae, Sarcophagidae and 

the Muscidae  are used. 

 

Laboratory conditions 

A thermo-hygrometer is used to record temperature and humidity in the laboratory for sample 

tracking smoked fish. A precision balance brand GIMA trailed 0.1g can make the weighing 

of different specimens of fish and a binocular brand Leica ZOOM 2000 is used for the 

observation of specimens to identify, an oven type Thermosi SR 3000 has obtaining the dry 

matter. 

 

Analytical equipment and solvents 

To proceed with the evaluation of the nutritional value of species chosen for this study, a 

material varies according to the methods of analysis used. 

 

Determination of protein 

Kjedhal method is used for the determination of nitrogen in the presence of sulfuric acid at 

90%, sodium hydroxide, methyl red, and a catalyst (mixture of potassium sulphate and 

copper sulphate). 
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Lipid extraction 

It is made with the device soxlhet. 

Methods 

 

Production surveys, identification, sales and retention 

Smoked fish 

Surveys are conducted in Mikalou markets and Bouemba Th. Sankara School, in the northern 

half of Brazzaville, entrance area large smoked fish. Respondents are randomly encountered 

and interviews made in accordance with pre-established questionnaire. This is to identify the 

species of smoked fish most prized by consumers Brazzaville and their traceability, their 

storage conditions and duration of sale. Documents of the Department of Statistics of the 

Ministry of Fisheries and Aquaculture were consulted to ascertain information on imports and 

production of fish in the Congo. 

 

On insects and their identification 

After their capture, insects placed in insect boxes are then transferred to jars containing 10% 

formalin to prevent decomposition and discoloration of the specimens. 

Various dichotomous keys are used to identify the biological material collected for this 

purpose. 

The insects collected were identified using identification keys proposed by [9,15,20]. 

 

Food value 

Estimate the nutritional value of smoked fish 

Twelve plastic boxes are used to dimension 17x12x15cm used to estimate the nutritional 

value. The weight of each smoked fish is evaluated, the specimens are placed in cages as 

shown in Table1. The estimate of the nutritional value is the collection of 1g of fish sample 

every 5 days for 15 days. Nutritive value, through the assessment of levels of proteins, lipids 

and some minerals such as potassium, phosphorus, calcium, chlorine, sodium or magnesium 

and iron is performed. 

 

Evaluation of losses during storage of smoked fish infested 

Water loss 

Rid of their fish bones and head skeleton, then counted and weighed, placed individually on 

sections of aluminum foil and dried in an oven at 70 ° C for 5 days to determine the dry 

matter. They are weighed daily until a constant mass. Water loss is estimated using the 

following formula:  

 

𝑇𝑒 =
𝑚𝑖 −𝑚𝑓

𝑚𝑖
× 100 
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with  𝑚𝑖 = initial mass ; 𝑚𝑓 = final mass ;  𝑇𝑒 = Water content in% 

Weight loss 

Monitoring the weight variation of smoked fish naturally infected is carried out every two 

days for 30 days. 

 

Evolution of protein 

Under these conditions, the flesh of smoked fish belonging to an individual is followed, after 

experimental infection with 80 larvae of Dermestidae placed in each jar. The flesh samples 

for analysis are conducted every 5 days for 15 days. The determination of the protein from 

174 g of smoked fish infested with larvae of Coleoptera is done according to the method 

BIPEA [48] using Kjedhal [49], nitrogen determination, including the principle and 

procedure integrates mineralization with sulfuric acid and alkaline with ammonia release. 

Nitrogen liberated is measured. 

The total protein is obtained from the nitrogen rate increased by the factor 6.25 (100g protein 

/ kg N).  

Changes in lipids content 

The meat of smoked fish infested is sampled and analyzed by the method of Soxlhet. Lipid 

levels are obtained after removal of 1 g of powder of smoked fish, then subjected to 

extraction with hexane, which is evaporated. Three repetitions of assays are performed for 

each sample and the average is obtained. 

Data analysis 

Averages obtained in the various tests are compared by analysis of variance (ANOVA) and 

the Student t test for small samples [40,10] 

 

RESULTS  

Evaluation of the initial mass of smoked fish samples taken to the laboratory  

Table1. Initial mass of six smoked fish infested by insects and their larvae. 
 

          

              species                                            

Weight 

 

P. insignis 

 

Labeo sp. 

1 121.1 82.6 

2 143.7 110.2 

3 28.61 244.1 

4 70.8 180.1 

5 112.4 261.2 

6 200.3 166.1 

 

As shown in Table 1, the estimated average mass for specimens P. insignis is 

112.81±59,214g  g, while it is 174.05 ±70,76 for the species Labeo sp.  
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Protein levels in P. insignis (Sauvage, 1884) 

Table2 reports the proteins rate of  P. insignis and their evolution over time in the presence of 

Dermestes maculatus larvae. 

Table2. Protein rate (%) in P. insignis (Sauvage, 1884) 
 

 

 

 

 

 

 

 

 

 

 

Table2 shows that whatever the sample considered, the variations obtained are low from first 

day (d1) of storage until fifteenth day (d15). The calculated value of F (1.41) is less than that 

indicated in the table (2.21), the variations over time in the mean levels of protein for each 

sample are not significant at 5%. 

 

Protein levels in Labeo sp  

Table3 shows the changes in protein of Labeo sp for 15 days in the presence of larvae 

Dermestes maculatus. 

Table3. Protein Levels in Labeo sp 

 %  proteins 

Storage 

time (in 

day) 

 

 

Spécimen 1 

(n x 3) 

 

Spécimen 2 

(n x 3) 

 

Spécimen 3 

(n x 3) 

d1 76.90 ±0.03 78.05 ±0.09 83.97 ±0.09 

d5 75.75 ±0.12 77.71 ±0.08 83.66 ±0.09 

d10 76.38 ±0.42 77.44 ±0.04 83.38 ±0.18 

d15 75.89 ±0.13 76.98 ±0.10 83.06 ±0.11 

 

The calculated value of F (2.12) is less than the value of the table read at 5%. Variations in 

mean levels of protein in each specimen Labeo and over time, are not significant at 5%. For 

 %  proteins 

 

Storage 

time (in 

day=d) 

 

Specimen 1 

(n x 3) 

 

Specimen 2 

(n x 3) 

 

Specimen 3 

(n x 3) 

d1 75.8±0.09 81.09 ±0.7 91.3 ±0.11 

d5 75.57 ±0.42 80.37 ±0.41 90.95 ±0.09 

d10 75.19 ±0.48 79.75 ±0.21 90.75 ±0.03 

d15 74.89 ±0.09 79.25 ±0.13 90.37 ±0.03 
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specimen 1, for example, a rate of 76.90% is obtained at the beginning of follow (d1). This 

rate drops to 75.89% on average after 15 days. It is the same for specimens 2 and 3, the rates 

do not vary significantly over time. 

Lipid contents 

In P. insignis (Sauvage, 1884) 

The results of the lipids extracted from P. insignis (Sauvage, 1884) are shown in Table 4. 

 

Table4. Levels of lipid of P. insignis (Sauvage, 1884) 

 %  fat 

Storage 

time (in 

day) 

 

Spécimen 1 

(n x 3) 

 

Spécimen 2 

(n x 3) 

 

Spécimen 3 

(n x 3) 

d1 8.7 ±1.53 6.89 ±1.21 4.4 ± 0.62 

d5 5.9 ±0.9 6.61 ±0.64 4.34 ±0.5 

d10 5.54 ±0.78 5.89 ±0.09 4.25 ±0.22 

d15 5.12 ±1.02 5.37 ±0.4 4.1 ±0.18 

 

The calculated value of F (6.13) is greater than that indicated in the table. Variations obtained 

are significant, particularly for specimens 1 and 2. 

Lipid contents in Labeo sp 

Table5 presents the results obtained during the lipids extraction of Labeo sp. 

 

Table5. Levels of lipids of Labeo sp. 

 %  fat 

Storage 

time (in 

day) 

 

Spécimen 1 

(n x 3) 

 

Spécimen 2 

(n x 3) 

 

Spécimen 3 

(n x 3) 

d1 12,06 ±3,41 10,8 ±3,5 4,76 ±0,30 

d5 9,90 ±1,93 9,4 ±3,87 4,32 ±1,06 

d10 9,27 ±1,7 9 ±1,51 4,17 ±0,51 

d15 8,72 ±1,19 8,1 ±0,4 3,98 ±0,25 
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Fc value (5.225) obtain is greater than the Ft value (2.21) at 5%. The variations in the average 

lipid content are significant, particularly for specimens 1 and 2.  

The results indicate that the average lipid Labeo sp decreased significantly over time. 
  

Weight loss in Labeo sp 

Preserved and smoked fish infested by arthropods present weight loss over time, as shown in 

Table6. 

Table6. Evaluation of mass loss of Labeo sp after 30 days 

Specimens tested (n = 8) Specimens controls  ( n = 4) 

 

Pi 

 

mi 

 

mf 

Rate of 

Weight  

loss (%) 

 

       mi 

 

mf 

Rate of 

Weight  

loss  (%) 

P1 449 388 13.58 430 399 7.209 

P2 420 345 17.85 508 443 12.79 

P3 361 339 6.09 422 374 11.37 

P4 360 320 11.1 384 359 6.51 

P5 295 287 2.71 Average  9.47 

P6 459 381 16.99  

 

 

 

P7 458 424 7.42 

P8 370 338 8.64 

Average 10.55 

 

Pi: initial weight P1, P2, P3 ...: successive sampling versus time 

mi: initial mass; mf: final mass. 

 

When comparing the two averages obtained with infested and control specimens, we observe 

that the calculated t-value (0.36991045) is less than the theoretical value of t (0.711). The 

difference is not significant. Whatever the type of specimen analyzed, whether infested or 

not, a mass loss of the same order is observed over time. Losses obtained are of the order of 

10% of the specimens studied after 30 days. 

 

Weight loss in P. insignis (Sauvage, 1884) 

 

Weight losses in P. insignis are presented in Table7. 
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Table7. Evaluation of mass loss of P. insignis after 30 days 

Specimens tested (n = 8) Specimens controls ( n = 4) 

 

Pi 

 

mi 

 

mf 

Rate of 

weight loss 

(%) 

 

       mi 

 

mf 

Rate of 

weight loss 

(%) 

P1 193 187 13.58 430 399 7.20 

P2 175 165 17.85 508 443 12.79 

P3 280 258 6.09 422 374 11.37 

P4 120 116 11.11 384 359 6.51 

P5 221 212 2.71 Average 5.96 

P6 114 99 16.99  

P7 151 142 7.42 

P8 358 334 8.64 

Average 6.23 

 

Evolution of the weight of smoked fish 

When one smoked fish specimen of P. insignis  is placed in laboratory conditions for 30 days, 

a steady decline of its mass is observed, as shown in Figure1. 

 

 

 

 

 

 

 

 

 

Figure1. Evolution of the mass of smoked fish specimen of P. insignis in 30 days 

 

The weight of the smoked fish varies with the duration of storage. The humidity in the 

laboratory, as shown in Figure 2, has remained very high, above 65% RH throughout the 

experiment, except between the 16th and 24th day of tracking for the month of July, 

characterized by a lower humidity up to 60% RH. The average monthly temperatures ranged 

between 22 and 27 ° C and relative humidity between 60 and 84%. 
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Figure2. Variation of temperature and relative humidity in the laboratory during the follow-

smoked fish 

 

 

DISCUSSION  

Many stored food in the world are frequently infested with pests [14,39,33,28,29]. Smoked 

fish product in many African countries is infested, like other food, a process that depends on 

the processing method used and the level of conservation Wanted [36,16,26,21]. 

All conversion processes typically result in a loss of nutrients in the level of smoking fish, 

insects settle more quickly the fish is smoked less. Indeed, fish, although smoked, still 

contains a given quantity of water. This water can come from the water that remains in the 

flesh, because the traditional smoking, based on the loss of water by the heat produced, 

particularly from the fire. In reality, only partially dry fish [16]. Water can also come from 

the environment or waste products of metabolism, in the case of urine and feces for example, 

or different stages of insect development [19]. The fish and the water exchange with the 

environment, in particular from the arthropods that infest. The exposure of wet fish at high 

temperatures is probably the main cause of protein degradation [16]. 

After the smoking process, the protein contents of three specimens of P. insignis were 

evaluated and the results obtained show that the variations are not significant after 15 days of 

follow-up in the laboratory. Proteins appear well preserved. It must be stressed here that only 

the rates obtained in the laboratory monitoring has not really changed over time, the rate of 

protein before the smoking process and just after it has not been analyzed in this study. The 

same observation was made in Labeo sp. As indicated earlier work, proteins generally 

undergo some deterioration when smoking high heat [42,1,2]. 

However, another authors [22] have shown the potential for preservation of proteins by the 

action of smoke, contributing, without excessive heat, safeguarding proteins. It seems that 

only hot smoking among traditional techniques of treatment can significantly affect protein 

[16]. Rates we obtained in this study, 83% protein and 90 respectively for P. insignis and 
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Labeo sp, show that few proteins were degraded during the smoking process for the third 

specimen fish. The monitoring of these protein levels over time in the laboratory confirms the 

relative stability of these proteins in smoked fish. The small fluctuations observed could also 

come from the interaction of oxidized fats with fish proteins 

This reaction as indicated by another works [7], could contribute to the deterioration of the 

nutritional value of proteins. It should be added that the larvae infestation placed 

experimentally in specimens of fish, may have produced protein substances contained in the 

larval exuviae. These may have changed during the time the rate of protein obtained, even 

minimally. Further studies are to be carried out to determine changes in protein obtained from 

larvae and after that from the more or less immediate environment fish (relative humidity, 

temperature). 

Evaluation of lipid for 15 days showed significant fluctuations over time. This fluctuation is 

manifested by a progressive decrease in the lipid content, both in P. insignis a factor of 2, 

than Labeo, up to a factor 3. Once the fish has been smoked, storage conditions and even 

infestation can degrade lipids. The results obtained by other authors have shown the 

importance of the oxidation process in the reduction of fat in fish. Indeed, as showed by 

additional works[42], the oils in the fish are very sensitive to oxidation by oxygen in the air. 

In the same sense, another authors [27] showed that more fish is dry and lipids tend to oxidize 

Evaluation of lipid for 15 days showed significant fluctuations over time. This fluctuation is 

manifested by a progressive decrease in the lipid content, both in P. insignis a factor of 2, 

than Labeo, up to a factor 3.  

 

These results are contrary to those obtained by another works [45]. Indeed, working on 

Sardinella aurita did not notice the decrease in lipid oxidation during smoking. Similarly, the 

results of another works [41] showed that phenolic substances present in the smoke of wood 

used for smoking fish have some antioxidant effect and protect a little fat. The permanence of 

a layer of chemical elements or part of this layer from wood smoke, ie, dioxins and furans, 

aromatic hydrocarbons, oxides of nitrogen and volatile organic compounds many, deposited 

on smoked fish, could play a role in the stability or otherwise of lipid samples. A study of the 

importance of these compounds on lipid fluctuations smoked fish over time, should be 

considered. 

 

Weight loss samples of two fish species studied smoked for 30 days were observed, both in 

Labeo sp than in P. insignis (Sauvage, 1884). It is likely that the observed weight declines in 

fish are due to the consumption of their flesh by the larvae and adults infesting arthropods 

such as beetles D. maculatus and N. rufipes. Consumed the flesh and the outcome of the 

fragmentation of the body which accumulates in the immediate environment of fish samples 

in cages monitoring, are likely to contain lipids and proteins. 

Weight loss is probably also related to these two samples organic constituents present in 

arthropods. We intend to proceed in the remainder of our research, a qualitative and 

quantitative evaluation of any form of organic dust accumulating in vessels containing 

specimens of fish being followed. These different results could explain, at least in part, the 

gradual reduction of lipids observed in our experiment. Another works [23] came to the same 

conclusion. Let us add, that the variations in the weight loss in our samples may also come 

from the increased moisture in the flesh, from droppings and tunnels charged by larvae or 

adults. In fact, during one month storage of smoked fish infested moisture is likely to 

stimulate the degradation of the flesh through the activity of microorganisms 
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This process can cause a weight change greater or lesser extent depending on the duration of 

storage, but also in terms of the importance of surrounding environmental conditions [39]. 

CONCLUSION  

The results of our experiments show that the smoked fish species Labeo sp and P. insignis 

and sold on the markets of Brazzaville maintain a relatively high rate of proteins, which 

persist even after 15 days of storage. Lipid, by cons, fell significantly with time, and it is the 

same for the mass of the samples tested. Smoking contributes to a relative preservation of fish 

nutrients. In countries such as the Congo, where the standard of living of the majority of 

people do not yet acquired effective conservation equipment, techniques of traditional 

smoking, improved in the sense of a reduction of harmful deposits in human health remain 

indispensable. 
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