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Abstract 
The knowledge of fish and associated biochemical activity, likely to cause spoilage of the fish is 

paramount; and most of the fishes consumed by Nigerians are imported. Thus, there is a need to 

investigate the biochemical qualities of imported frozen fishes. This study was aimed to determine the 

biochemical qualities of three imported frozen fish species sold in Zaria, Nigeria. The biochemical 

qualities assessment of the fishes was conducted according to the methods of Riquixo (1998), Undeland 

et al. (2005) and Vyncke (2006). The result in Sardina pilchardus, Trachurus trachurus and Clupea 

harengus, showed a significant difference. This study revealed that total volatile nitrogen, thiobarbituric 

acid and peroxide value mean concentrations of 22.87, 1.94 and 4.18, respectively in the three fish 

species are within the acceptable limit, except trimethylamine amine (12.88) which is not within the 

acceptable limit. Therefore, the biochemical qualities of imported frozen Clupea harengus, Sardina 

pilchardus and Trachurus trachurus sold in Zaria is slightly not suitable for human consumption. 

In conclusion, TVN, TBA, and TMA concentrations in the three fish species are within the acceptable 

limit of FAO. Therefore, the biochemical qualities of imported frozen C. harengus, S. pilchardus and T. 

trachurus sold in Zaria are suitable for human consumption.  

Relevant agencies should ensure strict compliance to recommended biochemical limits of frozen fish 

imported into Nigeria. 
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Introduction 

Fish is the cheapest animal protein source and it is being used increasingly because of its 

availability, palatability and health provisions [1, 2]. Fish and fish products are known 

worldwide as a very important diet because of their high nutritive quality and significance in 

improving human health. Fish plays a vital role in feeding the world’s population and 

contributing significantly to the dietary protein intake of hundreds of millions of the people. 

On a global scale, almost 16% of total average intake of animal protein was attributable to fish 

in 1988 [3].  

Biochemical studies of fish tissue are of considerable interest for their specificity in relation to 

the food values of the fish and for the evaluation of the physiological needs at different periods 

of the fish life cycle. Changes in chemical composition of body have been known to reflect 

storage or depletion of energy reserves. The values of body composition in fishes vary 

considerably within and between species, with fish size, sexual condition, feeding, time of the 

year and activity [4]. Biochemical tests have been used to establish quantities of different 

spoilage compounds in fish. Fish are highly perishable, and prone to vast variation in quality 

due to difference in species, environmental and feeding habitats and action of autolysis on the 

fish muscle [5]. Marketing of frozen fish in Nigeria is mostly carried out by local fish sellers 

who have little or no knowledge of temperature fluctuations. Therefore, knowledge of the fish 

and associated biochemical activity likely to cause spoilage of the fish is paramount, thus there 

is an immense need to investigate the biochemical qualities of imported frozen fish. 
 

Materials and Methods 

Source of fish sample 

Marine fish types that were used in this study include C. harengus (also known as herring or 

Shawa in south western Nigeria), S. pilchardus (Sardine) and T. trachurus (also known as 

horse mackerel or kote in south western Nigeria). The table-size fishes were purchased from 

the fish depot located at Sabon Gari, Zaria, Kaduna state, Nigeria of latitude 11.12310N and 
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longitude 7.73220E. These fishes were chosen because they 

are readily available and their affordability cuts across the 

various economic classes of Nigeria. The three imported 

frozen fish species (Clupea harengus, Sardina pilchardus and 

Trachurus trachurus) were purchased from the fish depot 

located at Sabon gari, Zaria, Kaduna state, Nigeria. 

 

Identification and preparation of fish samples  

The fish were immediately brought in ice boxes to the 

Fisheries Laboratory, Department of Biological Science, 

Ahmadu Bello University, Zaria. The collections were carried 

out in such a way that from 20 fish samples, 2 pooled samples 

of fish was drawn. Collection was carried out thrice. A total 

of 60 fishes per species were collected for analysis. The fish 

species were identified as C. harengus, S. pilchardus and T. 

trachurus using the keys of [6, 7]. Weight was measured in 

grams, using Sartorius CP820 model, while the standard 

length and total length in centimetres were measured with the 

aid of a measuring board. The fish samples were gutted, 

beheaded, filleted, thoroughly rinsed with distilled water and 

kept in air-tight labelled plastic container and stored at 

freezing temperature of 0 0C to -4 0C 

 

Biochemical methods of fish quality assessment 

Determination of peroxide value (PV) 

Two grams of each fish sample was dissolved in 10 ml 

chloroform and 30 ml glacial acetone saturated potassium 

iodide was added. The samples were kept for 30 minutes to 

enable adequate reaction with the chemical. 20 ml of 5% KI 

was then added, followed by 3 drops of starch solution. The 

solution containing the sample was then titrated with 0.1 N 

sodium thiosulphate. Colour changes from dark brown to 

white after titration. Blank samples were prepared using the 

above procedure but without the sample.  

PV was determined using the published ferric thiocyanate 

method [8]. 

PV will be calculated by the following equation: 

 

 
 

Where, 

W = weight of sample in grams 

0.1 N= Concentration of sodium thiosulphate 

 

Determination of thiobarbituric acid (TBA) 

Thiobarbituric acid (TBA) was determined according to the 

method of [9]: 10 grams of fish flesh was homogenised with 

50 ml of 7.5% trichloroacetic acid for one minute using an 

electric blender. The mixture was filtered using Whatman 

No1 filter paper. The filtrate was distilled until 50 millilitres 

of distillate was obtained. Five millilitres of thiobarbituric 

acid reagent (0.02 M of 2-thiobarbituric acid in distilled 

water) was added to five millilitres distillate and five 

millilitres distilled water in a test tube. Five millilitres TBA 

reagent and five millilitres distilled water were used for the 

blank. The test-tubes were covered using screw caps and 

further placed at 90 0C in a water bath for 40 minutes, after 

which the test tubes were cooled under tap water. The 

absorbance was measured at 538 nm using Jenway 6405 

uv/vis. The optical density of the diluted solution was 

measured with a spectrophotometer. 

 

TBA (mg malonaldehyde kg-1) = Absorbance value of 

sample x 7.8. 

 

Determination of Total Volatile Nitrogen  

Total volatile nitrogen was determined by using 

trichloroacetic (TCA) extract steam distillation method10: 50 

ml of 7.5% aqueous TCA solution was added to 25 g of fish 

muscle and was then homogenised for 1minute using an 

electric blender, the mixture was filtered using Whatman no 1 

filter paper. 25 ml of filtrate was then loaded into the 

distillation tube followed by 6 ml of 10% NaOH. A beaker 

containing 15 ml of 4% boric acid and 2 drops of methyl red 

indicator was placed under the condenser until 100ml of the 

distillate was obtained after distillation. The boric acid 

solution was titrated with 0.03 N sulphuric acid solution using 

a graduated burette. The colour changed from grey to red. The 

quantity of TVN in mg was determined from the volume of 

sulphuric acid (ml) obtained after titration. 

The TVN mg-N/100g will be determined using following 

calculation  

 

 
 

A = amount of sulphuric acid used 

14 = Molar mass of nitrogen 

 

Determination of Trimetylamine by picric acid method 

(TMA) 

Trimetylamine was determined using picric acid method10: 

Trimethylamine (TMA) standard stock solution was prepared 

by adding 0.7ml of TMA was added to 1 ml of HCl and 

diluted to 100 ml with distilled water using a volumetric flask. 

Working solution was prepared by adding 1ml stock solution 

to 1ml HCl and it was then diluted to 100 ml with distilled 

water in a volumetric flask. Out of the working solution, 4ml 

of distilled water was used as blank for TMA standard. For 

the standard 1 ml, 2 ml and 3 ml of working solutions were 

used and diluted to 4 ml with distilled water. Absorbance was 

read at 410 nm. 40 ml of 7.5% trichloracetic acid aqueous 

solution was added to 20 g of each fish sample and blended 

for 1min using an electric blender. The mixture was filtered 

using Whatman no 1 filter paper to receive clear solution. 1 

ml sample, 3 ml distilled water, 1 ml 20% formaldehyde, 3 ml 

45% KOH and 10 ml clean toluene were put into a reagent 

glass. The reaction glass was shaken 10 times. 7-8 ml of 

solution was decanted using pump pipette and introduced to 

second glass containing 0.3 g of dry Na2SO4. The mixture was 

shaken for 15 mins at 3rps using Gallen kamp flask shaker 

machine. 4 ml of the solution was put into new reagent glass 

containing 4 ml of 0.2% picric acid. The TMA in mg-N/100 g 

was determined using following calculation: 
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TMA mg-N/100 g sample = (A–B) x 3 x TMA mg-N/100 

standard x C 

A = Absorbance of the sample 

B = Absorbance of blank 

C = Dilution of sample 

 

Statistical analysis 

Data was subjected to one-way analysis of variance 

(ANOVA) by using the general linear model procedure. 

Differences between sample means were present, were ranked 

using Duncan range multiple test. The values at P< 0.05 were 

considered statistically significant. 

 

Results 

Analysis of the Biochemical Qualities of C. harengus, S. 

pilchardus and T. trachurus 

Total volatile nitrogen (TVN) 

In S. pilchardus, the TVN value within the samples collected 

showed significant difference (P< 0.05). The third collection 

showed the highest TVN value of 40.20 mg-N/100g which 

indicates that it was spoilt according to the quality index. The 

first and second collections were very good according to the 

quality index, the TVN value of the first and second 

collections are 9.24 mg-N/100 g and 19.17 mg-N/100 g 

respectively which indicate that they were very good 

according to the quality index (Table 1). 

In C. harengus, the mean of the TVN value within the 

samples collected were significantly different (P≤0.05). The 

third collection had the highest value of TVN 55.44 mg-

N/100 g which indicates that the third collection was spoilt 

according to the quality index. The first and second collection 

with TVN values of 8.78 mg-N/100 g and 17.10 mg-N/100 g 

respectively indicates that they were very good. The first 

collection has the lowest TVN value (Table 1). 

In T. trachurus, the TVN values within the collection samples 

were highly significantly different (P<0.05). The second 

collection had the highest TVN value of 24.49 mg-N/100 g, 

while the first and third collections had 9.47 mg-N/100 g and 

21.95 mg-N/100 g respectively. According to the quality 

index, all the T. trachurus samples collected were very good 

(Table 1). 

The TVN values of each fish species are not significantly high 

as shown in Table 5, although that of Trachurus trachurus is 

the best because it has the lowest TVN value of 18.65 mg-

N/100 g. 

 

Trimethylamine (TMA) 

In S. pilchardus, the TMA value within the samples collected 

was significantly high. The highest value of TMA was 

observed in the third collection 20.77 mg-N/100 g, while the 

lowest is the second collection 6.55 mg-N/100 g. The first 

collection had TMA value of 10.62 mg-N/100 g as shown in 

Table 2. 

In C. harengus, the samples collected had highly significant 

TMA values. The third collection had the highest TMA value 

of 40.67 mg-N/100 g, while the first collection had the lowest 

TMA value of 2.13 mg-N/100 g. The second collection had 

TMA value of 3.37 mg-N/100 g as shown in Table 2. 

The TMA value within the T. trachurus samples collected 

was significant. The third collection had the highest TMA 

value of 2.64mg-N/100 g while the second collection had the 

lowest value of 1.39 mg-N/100 g as shown in Table 2. 

The TMA values for each fish species indicate that the quality 

is spoilt for S. pilchadus and C. herangus but T. trachurus is 

marketable as shown in Table 5.  

 

Peroxide value (PV) 

In S. pilchardus, the PV for the samples collected was 

significantly high. The third collection had the highest PV 

value of 8.80 meq/kg, indicating that it is above limits 

according to the quality index. The first collection had the 

lowest PV of 2.40 meq/kg as shown in Table 3. 

In C. harengus, the PV for the sample collected is not 

significantly different. The first collection had the highest PV 

of 4.00 meq/kg indicating that it was very good according to 

the quality index and the lowest value was observed in the 

1.75 meq/kg which was the second collection as shown in 

Table 3. 

The PV values for each of the three fish species indicate that 

the quality is good, although C. herangus has the least value 

as shown in Table 3. The PV value among the three fish 

species is not significantly high at P> 0.05.  

In T. trachurus, the PV for the sample collected is showed 

significant difference at P<0.05. The first collection had the 

highest PV of 7.20 meq/kg while the lowest PV value was 

2.85 meq/kg observe in the second collection as shown in 

Table 3. 

 

Thiobarbituric acid (TBA) 

In S. pilchardus, the TBA values for the collected samples 

were significantly high. The third collection had the highest 

TBA value of 3.71 mg/kg indicating that it was very good 

according to the quality index meanwhile the first collection 

had the lowest TBA value of 0.50 mg/kg indicating that it was 

very good according to the quality index. The second 

collection had TBA value of 1.44 mg/kg indicating that it was 

also very good according to the quality index as shown in 

Table 4. 

In C. harengus, the TBA values for the collected samples 

showed significant difference at P<0.05. The third collection 

had the highest TBA value of 4.00 mg/kg indicating that it 

was very good according to the quality index while the first 

collection had the lowest TBA value of 0.90 mg/kg indicating 

that it was very good according to the quality index shown in 

Table 4. 

In T. trachurus, the TBA values for the collected samples 

were not significantly different at P≤0.05. The third collection 

had the highest TBA value of 2.82 mg/kg indicating that it 

was very good according to the quality index while the first 

collection had the lowest TBA value of 0.39 mg/kg indicating 

that it was very good according to the quality index as shown 

in Table 4. 

The TBA values for each of three fish species indicate that the 

quality is very good, although T. trachurus has the least value 

of 1.51 mg/kg as shown in Table 4.  

 

Discussion 

During the present study, 60 C. herangus was analysed with 

an average weight of 274 g (range 176.9-262.1 g ), and 60 S. 

pilchardus with an average weight of 353.93 g (range 224.9–

507.4 g) and 60 T. trachurus with an average weight of 

523.23 g (range 423.8–602.5 g). 

The biochemical quality differ from one fish to the other and 

improper handling of fish and part of the preservation 

processes leads to fish spoilage. The stressful environment in 

which the frozen fish undergoes the long distant journey from 

India, Germany or China to Zaria could inhibit the freshness 

of the fish because: breakdown of the freezer and improper 
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trans-loading. 

 

Total Volatile Nitrogen (TVN) 

The results of this project have shown in the 1st and 2nd 

collections of S. pilchardus that the TVN are within 

acceptable limit except the 3rd collection which exceeded the 

acceptable limit. The acceptable limit of TVN in S. pilchadus 

is ≤ 25-35 mg-N/100g. 

The results of this project have shown in the 1st and 2nd 

collections of C. harengus that the TVN are within acceptable 

limit except the 3rd collection which exceeded the acceptable 

limit. The acceptance limit of TVN in C. harengus is ≤25-35 

mg-N/100 g. But in T. trachurus all the three collections are 

within the acceptable limit. The acceptable limit of TVN in T. 

trachurus is ≤25-35 mg-N/100. There were significantly high 

differences within the three fish species which may lead to N-

nitroso-compound (NOC) induced cancer, diarrhea and it can 

also trigger respiratory conditions ranging from asthma to 

even death [5]. 

 

Table 1: TVN within Three Collections of Each Species (Clupea harengus, Sardina pilchardus and Trachurus trachurus) 
 

Collection Sardine pilchardus Quality Index Clupea harengus Quality Index Trachurus trachurus Quality Index 

1st 9.24 + 0.53c Very good 8.78 + 1.10b Very good 9.47 + 1,27b Very good 

2nd 19.17 + 1.02b Very good 17.10 + 1.22ab Very good 24.49 +1.22a Very good 

3rd 40.20 + 1.39a Spoilt 55.44 + 21.10a Spoilt 21.95 + 2.60a Very good 

P valve 0.000**  0.050*  0.001**  

**= highly significant. *= significant. Means with the same superscript are not significantly different (P≤ 0.05). 

 

Table 2: TMA within Three Collections of Each Species (Clupea harengus, Sardina pilchardus and Trachurus trachurus) 
 

Collection Sardine pilchardus Quality Index Clupea herangus Quality Index Trachurus trachurus Quality Index 

1st 10.62 + 0.07ab Marketable 4.37 + 0.67b Marketable 1.80 + 0.15b Very Good 

2nd 6.55 + 1.33b Marketable 3.37 + 1.60b Good 1.39 + 0.29b Very Good 

3rd 20.77 + 2.62a Spoilt 40.67 + 3.53a Spoilt 2.64 + 0.03a Very Good 

P valve 0.001**  0.002**  0.000**  

*= significant. **= highly significant. Means with the same superscript are not significantly different (P≤ 0.05). 

 

Table 3: PV within Three Collections of Each Species (Clupea harengus, Sardina pilchardus and Trachurus trachurus) 
 

Collection Sardine pilchardus Quality Index Clupea herangus 
Quality 

Index 

Trachurus 

Trachurus 
Quality Index 

1st 2.40 + 0.46b Good 4.00 + 0.92a Good 7.20 + 0.81a Good 

2nd 2.55 + 0.32b Good 1.75 + 0.18b Good 2.85 + 0.75b Good 

3rd 8.80 + 0.00a Spoilt 2.40 + 0.46ab Good 4.00 + 0.69b Good 

P valve 0.000**  0.068ns  0.007**  

Means with the same superscript are not significantly different (P≤ 0.05). 

 

Table 4: TBA within Three Collections of Each Species (Clupea harengus, Sardina pilchardus and Trachurus trachurus) 
 

Collection Sardine pilchardus Quality Index Clupea herangus Quality Index Trachurus trachurus Quality Index 

1st 0.50 + 0.02b Very Good 0.90 + 0.06b Very Good 0.39 + 0.03a Very Good 

2nd 1.44 + 0.43b Very Good 2.42 + 0.12ab Very Good 1.33 + 0.08a Very Good 

3rd 3.71 + 0.84a Very Good 4.00 + 1.38a Very Good 2.82 + 1.37a Very Good 

P valve 0.007**  0.046*  0.15ns  

**= highly significant *=significant. Means with the same superscript are not significantly different (P≤ 0.05). 

 

Table 5: Comparative Analysis of the Biochemical Qualities among Clupea harengus, Sardina pilchardus and Trachurus trachurus 
 

Species TVN Quality Index TMA Quality Index PV Quality Index TBA Quality Index 

Sardina pilchardus 22.87 + 3.93a Very Good 12.64 + 2.01a Spoilt 4.18 + 0.78ab Good 1.88 + 0.50a Very Good 

Clupea harengus 27.10 + 8.85a Good 16.12 + 5.29a Spoilt 2.72 + 0.43b Good 2.44 + 0.54a Very Good 

Trachurus trachurus 18.64 + 2.19a Very Good 9.87 + 3.54a Marketable 4.68 + 0.68a Good 1.51 + 0.51a Very Good 

mean 22.87 Very Good 12.88 Spoilt 4.18 Good 1.94 Very Good 

P value 0.58ns  0.52ns  0.10ns  0.45ns  

ns =not significant at 95% confident limits. Means with the same superscript are not significantly different (P≤ 0.05). 

 

Trimethylamine (TMA) 

The present results indicate that the concentrations of TMA in 

the 1st and 2nd collections of S. pilchardus were within 

acceptable limit except the 3rd collection which exceeded the 

acceptable limit. The acceptable limit of TMA in S. pilchadus 

is ≤10 mg/100 g. The results of this project have shown in the 

1st and 2nd collections of C. harengus that the TMA are within 

acceptable limit except the 3rd collection which exceeded the 

acceptance limit. The acceptance limit of TMA in C. 

harengus is ≤10 mg/100 g. In T. trachurus all the three 

collections are within the acceptance limit. The acceptance 

limit of TMA in T. trachurus is ≤10 mg/100 g. There was 

highly significant difference in TMA level among the 

collected samples of S. pilchadus, T. trachurus and C. 

harengus. 

The amount of TMA produced is a measure of the activity of 

spoilage bacteria in the fish flesh and so it’s an indicator of 

spoilage. The increase in the amount of TVN parallels the 

increase in TMA. The TMA value states the level of spoilage 

before freezing [11]. 

 

Peroxide Value (PV) 

The results indicate that the PV in the 1st and 2nd collections 

of S. pilchardus was within acceptable limit except the 3rd 
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collection which exceeded the acceptable limit. The 

acceptable limit of PV in S. pilchadus is ≤ 8 meq/kg. The 

results of this project have shown that in all the three 

collections of C. harengus that the PV is within acceptable 

limit. The acceptance limit of PV in C. harengus is ≤8meq/kg. 

The results indicate that in T. trachurus all the three 

collections are within the acceptable limit. The acceptable 

limit of PV in T. trachurus is ≤8 meq/kg. The PV within S. 

pilchadus and T. trachurus indicates that it is highly 

significant, while that of C. harengus indicates that they are 

not significantly different at P>0.05.  

Oxidation of the oil in oily fish (C. herangus) gives rise to 

rancid odour and flavor which limit the storage life of these 

fish species more quickly. Increase in the peroxide value is 

most useful as an index of earlier stage of oxidation; as 

oxidation proceeds the peroxide value starts to fall [12]. 

 

Thiobarbituric Acid (TBA) 

The results indicate that the concentrations of TBA in all the 

three collections of S. pilchardus were within acceptable 

limit. The acceptance limit of TBA in S. pilchadus is ≤8 

mg/kg. The results indicate that the concentrations of TBA in 

all the three collections of C. harengus were within acceptable 

limit. The acceptance limit of TBA in C. harengus is ≤8 

mg/kg. The results indicate that the concentrations of TBA in 

all the three collections of T. trachurus were within 

acceptable limit. The acceptable limit of TBA in T. trachurus 

is ≤8 mg/kg. The P values within S. pilchadus, C. harengus 

and T. trachurus indicate that they are not significant. 

Increase in TBA value was the measure of the extent of 

oxidative deterioration in oily fish (herring) as in the case of 

peroxide value which could also fall at the later stage of 

spoilage [13]. 

 

Comparative Analysis Among The Three Species 

Among the three species used for this project, there was no 

significant difference with any of the four parameters (TVN, 

TMA, PV and TBA) in the experiments. Although C. 

harengus had the highest values, followed by S. pilchadus and 

T. trachurus in three (TVN, TMA, and TBA) out of the four 

parameter. The reasons could be that the lower the weight the 

higher the value of TVN, TMA, and TBA. In PV, the reverse 

was the case whereby T. trachurus had the highest value, 

followed by S. pilchadus and thirdly, C. harengus. The reason 

could be that the higher the fish weight the higher the PV 

(meg/kg). High TVN and TMA concentrations could be as a 

result of fish handling after catch and the seawater showers 

defrosting method, with the addition of storage time for these 

species. 14 found that TVN and TMA quantities accumulate 

rapidly at ambient temperature (21 0C –27 0C) in the flesh of 

frozen sardines and reach values of 11.2 mg TMA⁄ 100 g and 

57.5 mg TVB⁄ 100 g. [15] found that the growth of the same 

parameters in two experiments done with frozen sardines was 

rapid, reaching 2.72 mg TMA⁄100g and 5.20 mg TVN⁄ 100 g 

of sardine flesh per day. TMA quantities depend on the 

condition of individual fish before catch, season, handling 

after catch, freezing method and storage time; these could be 

possible causes for the variations and differences among 

individual samples. 

Low TVN and TMA values in Trachurus trachurus samples 

were detected while in fish stored for a longer period at -180C, 

growth of the volatile amines was present. If kept at room 

temperature after defrosting, TMA and TVB quantities in fish 

would increase over the limit of tolerance within a few hours. 

These values continue as a linear growth [16]. Studies have 

shown that TVN quantities above the limit of acceptance do 

not always follow at the beginning of the spoilage process17. 

The increase of TVN quantities in fish controls the 

exponential growth of the TMA concentration; the spoilage 

process was considered present when TMA in the fish crosses 

the limit of acceptance [18, 19] have stated that storage of any 

kind increases TVN values and when those values reach the 

highest level of tolerance (25–35 mg ⁄ 100g) the fish is 

considered spoiled due to increased bacterial activity. 

The Speed of deterioration can be linked to the history of the 

fish before freezing, where metabolism has initiated the 

process that progresses more rapidly when defrosted than it 

should when freezing was done immediately and the storage 

was correct. 

Protein requirements generally are higher for smaller fish. As 

fish grow larger, their protein requirement usually decrease; 

protein requirements also vary with rearing environmental 

water temperature and water quality, as well as the teaching 

rules of the fish. (FAO, 1996) 

Decrease in TBA values indicated decrease in level of lipid 

oxidation in fish [20]. 

Increase of TVN can be attributed to a decreasing trend of 

volatile nitrogen analyser enzymes or a decreasing amount of 

a substrate such as trimethylamine or dimethylamine or non-

protein nitrogen. [21, 22] have reported that samples could be 

considered consumable if the TVN level is less than 20 

mg/100 g fish and that a level of more than 30 mg determines 

the product as not consumable. The increasing of TVN value 

during storage is related to bacterial spoilage and activity of 

endogenous enzymes [23].  

Decrease of TBA values in fish could be attributed to the 

interaction of decomposition products of protein with 

malonaldehyde to give tertiary products [24].  

Increase in the peroxide value of the fish during frozen 

storage might be due to mechanical mincing of fish meat 

which accelerates oxidation due to the incorporation of 

oxygen in the tissue or the disruption and intermixing of 

tissue components. A similar increase in the PV content was 

observed by [25]. 

In conclusion, this study revealed that TVN, TBA, and TMA 

concentrations in the three fish species are within the 

acceptable limit of FAO. Therefore, the biochemical qualities 

of imported frozen C. harengus, S. pilchardus and T. 

trachurus sold in Zaria are suitable for human consumption. 
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