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Abstract
Heavy metal (As, Cd, Co, Cu, Mn, Zn and Pb) levels and trimethylamine content of smoked fish and meat were investigated 
under different storage conditions using Atomic Absorption Spectrophotometry and Ultraviolet visible Spectrophotom-
etry respectively. This was done to establish the best storage method that could guarantee longer shelf-life and assess the 
consumption safety of the smoked fish and meat. The smoked meat used for this study was purchased at Enuwa, Ile Ife, 
Osun State, Nigeria while the fish was purchased at Ile-Ife main market, Ile-Ife, Osun State, Nigeria. Mean concentrations 
of the heavy metals followed the order: Zn > Cu > Mn > Co > Cd > As > Pb in the fish products while it followed the order: 
Zn > Cu > Co > Mn > Cd > As > Pb in the meat products. The mean levels of trimethylamine (TMA) in fish and meat products 
according to storage conditions followed the order: Sundried > Oven dried > Freeze-dried and results indicated that TMA 
increased with the time of storage. The health risk assessment of heavy metals in smoked fish and meat indicated that 
there were no immediate health risks associated with their consumption. Long-term storage of fish and meat products 
should also be discouraged so as to avert increased levels of TMA.
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1 Introduction

Fish is widely consumed in many parts of the world 
because it has high protein content and minerals [29]. 
The relatively low saturated fat content, high protein con-
tent and fatty acids, justifies the dietary consumption of 
fish because they are known to support good health [2]. 
According to  FAO [17]  and Gandotra et al. [18], fish pro-
vides 20% of the animal protein intake to about 2.6 bil-
lion people globally and at least 50% of animal protein 
intake for over 400 million in Asia and Africa. In developing 
countries, it provides only 13% of animal protein intake. 
Fish represents a major source of animal protein intake in 
Nigeria due to its availability and low cost.

Although, fish production is steadily increasing, preser-
vation of the commodity still remains a challenging prob-
lem. The susceptibility of fish to rapid spoilage has been 
attributed to its intrinsic characteristics and high potential 
of microbial contamination from a variety of sources [36]. 
Fish and shellfish are highly perishable, and prone to vast 
variations in quality due to differences in species, envi-
ronmental habitats, feeding habits and action of autolysis 
enzymes as well as hydrolytic enzymes of some microor-
ganisms present in fish muscle [35].

The main purpose of freezing seafood is protecting the 
initial sensory and chemical properties of fresh products 
[13]. Shelf life and the quality of frozen fish depend on the 
handling conditions of the fish, the frozen amount of prod-
uct, packing, freeze–thaw abuse, temperature of storage, 
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temperature fluctuations and sustainability [30]. Quick 
freeze and thaw processes are widely used at home and 
restaurants [21]. The use of inaccurate freezing, storage 
and thawing processes on foods are largely responsible for 
microbiological, chemical and physical deteriorations [4].

The advent of civilization allowed the domestication 
of animals such as chickens, sheep, pigs and cattle, and 
eventually their use in meat production on an industrial 
scale [38]. Smoking is the process of flavouring, cooking or 
preserving food by exposing it to the smoke from burning 
or smouldering plant materials most often wood. Meats 
and fish are the most commonly smoked foods [20].

Heavy metals are elements of high atomic mass and a 
relatively higher density than that of the earth (5 g/cm3). 
Unlike organic pollutants that are biodegradable, heavy 
metals are not biodegradable but can only be trans-
formed from one oxidation state to the other or from one 
organic complex form to another [31]. As human activi-
ties increase, particularly with the application of modern 
technologies, pollution and contamination of human 
food chain has become inevitable. There are many health 
benefits accrued to the dietary intake of fish and meats, 
nevertheless, they possess a complex system that allows 
for the bioaccumulation of heavy metals. There are health 
threats associated with the intake of heavy metals via the 
consumption of fish and meat, ranging from osteoporosis 
to decreased sex drive to early aging to cardiovascular dis-
eases to decreased mental function etc. [14].

Preservation of fish and meat can be achieved by 
various methods, including refrigeration, freezing, salt-
ing, canning (wet salting), icing, smoking, glazing, dry-
ing, frying, etc. Trimethylamine is a reduction product 
of trimethylamine oxide during spoilage and ammonia 
is mainly formed as a product of protein breakdown. Tri-
methylamine is one of the volatile amines plus ammonia 
which can be used as an index of spoilage [8]. Therefore, 
the quality of fish and meat processed by the various 
methods cannot be the same, and hence, its subsequent 
effect on the fish and meat shelf life also varies. It has been 
observed that different processing methods have different 
effects on the nutritional compositions of fish and meat 
[2]. It is therefore important to investigate the effect of 
storage conditions on the levels of Trimethylamine (TMA) 
and heavy metals present in fish and meat.

2  Materials and methods

2.1  Sample collection and preparation

Freshly smoked meat (Bubalus bubalis) sample used for 
this study was purchased at Palace road, Enuwa, Ile Ife, 
Osun State, Nigeria while the Fish (Clarias gariepinus) was 

purchased at Sabo market, Oja Tuntun, Ile Ife. Three (3) 
samples each of the fish and meats were obtained from 
the markets and subjected to the various storage condi-
tions (sun-drying, freeze-drying and oven-drying). The 
entire fish and meat samples were ground into fine pow-
der using the ceramic mortar and pestle to increase the 
surface area of the samples and to ensure the homogenity 
and uniformity of the samples. Each time measurement of 
Trimethylamine (TMA) and determination of heavy metal 
were to be done, a part of the ground fish and meat sam-
ples were taken and subjected to appropriate procedures. 
The measurement of trimethylamine (TMA) and determi-
nation of heavy metal were carried out in triplicates.

2.2  Measurement of TMA Content in Fish and Meat

The procedure for determination of TMA concentration in 
meat was modified from those reported by Ward et al. [37]. 
A 0.50 g sample of the ground meat or fish was placed in a 
20 mL tube and 5 mL of 10% trichloroacetic acid (TCA) was 
added and homogenized quickly. This was centrifuged at 
3000 revolutions per minute (rpm) and the supernatant 
was decanted into 25 mL test tube. Thereafter, 1.0 mL of 
10% formaldehyde solution, 10 mL anhydrous toluene, 
3.0 mL 1:1 potassium carbonate solution was added and 
the mixture shook vigorously for 10  min. The toluene 
phase was transferred into a plastic tube and 1.0 g anhy-
drous sodium sulphate was added and mixed properly. 
After mixing, 1 mL liquid was transferred to a new plastic 
tube and 5 mL 0.02% picric acid was added, forming the 
yellow TMA-N picrate complex. It was then transferred into 
a UV–Vis cuvette and the absorbance–wavelength was 
read at its maximum absorption wavelength of 410 nm 
using a UV Shimadzu 1800 spectrophotometer in which 
10% TCA served as blank.

2.3  Procedure for acid digestion

Accurately weighed 1 g of the sample was carefully placed 
into a 100 mL Pyrex beaker, and 5 mL of concentrated 
nitric acid  (HNO3) was added. The mixture was placed on 
a hot plate inside the fume cupboard and boiled gently for 
about 45 min, additional 5 mL of  HNO3 was added when 
the mixture was about to dry during the boiling process. 
After the sample has completely dissolved on boiling with 
concentrated  HNO3, the mixture was removed from heat 
and 1 mL of perchloric acid  (HClO4) was added. The mix-
ture was further boiled gently for about 30 min and was 
removed from the hot plate and cooled. After cooling, 
the content of the beaker was transferred quantitatively 
into a 25 mL volumetric flask and made up to the mark by 
adding distilled water. The mixture was poured into the 
plastic vial and the heavy metals concentrations in the 
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digested mixture were analysed using Atomic Absorption 
Spectrophotometer (AAS) Model Alpha Star 4 (ChemTech 
Analytical) available at the Centre for Energy Research and 
Development, Obafemi Awolowo University, Ile-Ife.

2.4  Quality assurance and control

The major quality control parameter used in this study was 
the inclusion of two blank samples of the same concentra-
tions. This was intended to ascertain the reliability of the 
AAS performance. Recovery analysis was done to ascer-
tain the accuracy of the analytical procedure used by spik-
ing 1 g each of different samples with 5.0 µg/g standard 
mixture of the available heavy metal solutions (Cd, Cu, Pb 
and Zn). Standard metal solutions were used to fortify the 
samples with the specified metal, digested and taken for 
AAS analysis. The percentage recovery (% R) for the heavy 
metals was determined as given below:

where C = heavy metal concentration in the spiked sam-
ple, C′ = heavy metal concentration in the unspiked sample 
and A = the amount of heavy metal used for spiking [23].

2.5  Data treatment

Descriptive statistics (mean and standard deviation) were 
used to interpret the data. Human health risk assessment 
such as estimated daily intake, target hazard quotient, 
cancer risk and relative risk were carried out to determine 
the health risks associated with exposure to the samples.

2.5.1  Estimated daily intake (EDI)

Estimated daily intake (EDI) of heavy metals via ingestion 
route was calculated using Eq. (2)

where C = metal concentration in fish and/or meat 
(mg kg−1); IR = ingestion rate (kg  person−1  day−1), (0.08 kg 
 person−1  day−1 for meat while 0.06 kg  person−1  day−1 for 
fish); EF = exposure frequency (360 days year−1); ED = expo-
sure duration (70 years for adults), equivalent to the aver-
age lifetime; BW = average body weight (kg), (70 kg for 
adults); AT = average exposure time for noncarcinogens 
(365 days year−1×ED), total THQ in this study was treated as 
the arithmetic sum of the individual metal THQ values [32].

Assumptions for the health risk calculations were:

a. Ingested dose is equal to the absorbed pollutant dose 
[33].

(1)%R =
[(

C − C
�
)

∕ A
]

× 100

(2)EDI =
C × IR × EF × ED

BW × AT

b. Cooking has no effect on the pollutants [7].
c. The average body weight of a Nigerian adult is 

assumed to be 70 kg

2.5.2  Target hazard quotient (THQ)

The THQ, the ratio of the exposure dose to the reference 
dose (RfD), represents the risk of noncarcinogenic effects. 
If it is less than 1, exposure level is less than the RfD. This 
indicates the daily exposure at this level is unlikely to cause 
adverse effects during a person lifetime, and vice versa. The 
dose calculations were performed using standard assump-
tions from the integrated USEPA risk analysis [34].

The target hazard quotient (THQ) was finally calculated 
using Eq. (3).

In this study, the total THQ was expressed as the arithme-
tic sum of the individual metal THQ values according to the 
method of Chien et al. [5]:

2.5.3  Cancer risk (CR)

The CR over a lifetime of exposure to the heavy metals was 
estimated using the cancer slope factor according to Eq. 5 
([24, 28]):

where CSF is the cancer slope factor (mg/kg/day), while 
the other parameters have been defined previously. The 
US Environmental Protection Agency set an acceptable 
lifetime carcinogenic risk of  10−5 [26].

2.5.4  Relative risk (RR)

Yu et al. [39] defined the RR of contaminants for both carci-
nogenic and non-carcinogenic effects, which can be helpful 
to recognize the most harmful contaminants. The RR equa-
tion is as follows:

where all parameters have been previously defined [39].

(3)THQ =
EDI

mathrmRfD

(4)

Total THQ (TTHQ) = THQ (toxicant 1) + THQ (toxicant 2)

+ ⋯ THQ (toxicant n)

(5)CR =
EF × ED × IR × CF × C × CSF

BW × AT
× 10−3

(6)RR =
C

RfD
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3  Results and discussion

3.1  Validation of analytical procedure

The reliability of the analytical procedures used in this 
study was tested in terms of percentage recovery (%R) 
and linearity of calibration  (R2) with their values listed in 
Table 1. A quantitative agreement was observed with the 
recovery values of potentially toxic metals in the samples 
ranging from 84.65% in Mn to 99.35% in Zn. The  %R values 
obtained were within the 70–110% range for recovery as 
stipulated by the EU Guidelines for evaluating accuracy 
and precision of a method [15]. For the AAS used, the 
standard calibration curves obtained showed high level 
of linearity with  R2 values ranging from 0.9885 for Cd to 
0.9993 for Mn. These values were adjudged reliable to give 
precise and accurate metal concentrations in the samples.

The smallest quantity of an analyte that can be detected 
by the instrument is described as the limit of detection 
(LOD). It was evaluated as three times background noise 
produced from the analysis of blank samples. On the other 

hand, the limit of quantification (LOQ) is defined as the 
smallest concentration that is analyzed with reasonable 
reliability. The LOD and LOQ values obtained in this study 
were calculated as the concentrations of the analytes at 
which the signal to noise ratio (S/N) was equal to 3 and 
10 respectively.

3.2  Elemental concentrations of fish and meat

The levels of As, Cd, Co, Cu, Mn, Pb and Zn were deter-
mined in the oven-dried, sun-dried and freeze-dried fish 
and meat samples, and they are presented in Tables 2 and 
3 respectively. Variations exist in the elemental concen-
trations of the smoked fish and meat samples depending 
on the storage conditions. In the oven-dried fish sam-
ples, the levels of the potentially toxic metals ranged 
from 0.20 to 3.15 µg/g, while in sundried fish samples 
from 0.15 to 1.73 µg/g. The freeze-dried fish samples had 
concentrations ranging from 0.17 to 1.68 µg/g. Generally, 
the mean concentrations of the potentially toxic met-
als in the fish samples are in the following order: Zn > 

Table 1  Calibration parameters of AAS and  % recovery of potentially toxic metals

Metal Current (mA) Wavelength (nm) Calibration 
curve  (R2)

Amount used for 
spiking (µg/g)

Amount 
recovered 
(µg/g)

Percentage 
recovery (% R)

LOD (µg/g) LOQ (µg/g)

As 7 210.1 0.9965 20 19.62 98.10 0.01 0.03
Cd 8 228.6 0.9885 20 18.91 94.55 0.01 0.03
Co 7 211.5 0.9979 20 17.63 88.15 0.05 0.15
Cu 6 325.1 0.9981 20 18.10 90.53 0.03 0.09
Mn 10 280.0 0.9930 20 16.93 84.65 0.005 0.015
Pb 10 282.9 0.9978 20 19.25 96.25 0.013 0.04
Zn 8 214.2 0.9976 20 19.87 99.35 0.005 0.015

Table 2  Levels (µg/g) of potentially toxic metals in the fish

Drying method As Cd Co Cu Mn Pb Zn Total Metal

Oven-dried 0.25 ± 0.05 0.43 ± 0.03 1.47 ± 0.08 2.73 ± 0.32 2.30 ± 0.23 0.20 ± 0.02 3.15 ± 0.20 10.53 ± 0.93
Sundried 0.20 ± 0.03 0.15 ± 0.02 0.97 ± 0.06 1.73 ± 0.11 1.73 ± 0.11 0.22 ± 0.01 1.50 ± 0.05 6.50 ± 0.39
Freeze-dried 0.25 ± 0.02 0.33 ± 0.01 1.38 ± 0.03 1.13 ± 0.32 1.33 ± 0.10 0.17 ± 0.03 1.68 ± 0.13 6.27 ± 0.64
Mean ± SD 0.23 ± 0.03 0.30 ± 0.02 1.27 ± 0.05 1.86 ± 0.17 1.78 ± 0.14 0.19 ± 0.02 2.11 ± 0.13 7.74 ± 0.56

Table 3  Levels (µg/g) of potentially toxic Metals in the meat

Drying method As Cd Co Cu Mn Pb Zn Total Metal

Oven-dried 0.45 ± 0.13 0.63 ± 0.20 2.28 ± 0.23 3.05 ± 0.23 2.85 ± 0.11 0.38 ± 0.23 4.15 ± 0.40 13.79 ± 1.53
Sundried 0.38 ± 0.01 0.70 ± 0.15 2.50 ± 0.20 2.60 ± 0.10 2.50 ± 0.43 0.45 ± 0.43 3.85 ± 0.23 12.98 ± 1.55
Freeze-dried 0.40 ± 0.15 0.25 ± 0.55 2.85 ± 0.34 3.55 ± 0.30 0.05 ± 0.23 0.20 ± 0.13 4.63 ± 0.13 11.93 ± 1.83
Mean ± SD 0.41 ± 0.43 0.52 ± 0.43 2.54 ± 0.43 3.06 ± 0.43 1.80 ± 0.43 0.34 ± 0.40 4.21 ± 0.25 12.88 ± 0.40
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Cu > Mn > Co > Cd > As > Pb. Cadmium (Cd) is known to 
be an endocrine disturbing substance and may lead to 
the development of prostate cancer and breast cancer 
in humans [25]. In fish, arsenic (As) causes neoplastic 
alterations and bizarre morphological alterations in the 
early life stages. The immediate death can be the major 
result for acute exposures. Chronic exposures can lead to 
severe health risks [3]. Despite the relatively high mean 
concentration observed for zinc (Zn) in the fish samples, 
its values still fall below the FAO maximum guideline of 
30 µg/g of zinc (Zn) for safe human consumption [16]. 
However, increased concentration due to bioaccumula-
tion may induce toxicity, characterized by symptoms of 
irritability, muscular stiffness and pain, loss of appetite, 
and nausea [22]. The levels of copper (Cu), zinc (Zn), lead 
(Pb), arsenic (As) and cadmium (Cd) in this study was 
higher than those reported by [11] while the levels of 
copper (Cu), zinc (Zn), lead (Pb), manganese (Mn) and 
cadmium (Cd) in this study are lower than the values 
reported by [12].

In the case of oven-dried meat samples, the lev-
els of the potentially toxic metals ranged from 0.38 to 
4.15 µg/g; 0.38–3.85 µg/g in the sundried meat samples; 
and 0.05–4.63 µg/g in the freeze-dried meat samples. 
Generally, the concentrations of the metals in the meat 
samples followed the order: Zn > Cu > Co > Mn > Cd > As > 
Pb. Increased levels of manganese (Mn) can cause non-
carcinogenic hazards such as neurologic disorder. Also, a 
very high intake of copper (Cu) can cause health problems, 
such as liver and kidney damage [1].

Storage conditions was observed to play an impor-
tant role on the levels of the potentially toxic metals in 
both fish and meat samples. The levels of the poten-
tially toxic metals are of the order: Oven dried > Sun-
dried > Freeze-dried. This could be as a result of higher 
water and other volatile contents in the samples in the 
order Freeze-dried > Sundried > Ovendried.

3.3  Health risk assessment of the potentially toxic 
metals in the fish and meat samples

The results of the health risk assessment of the investi-
gated potentially toxic metals in the fish and meat sam-
ples are presented in Table  4. In the fish samples, the 
estimated daily intakes (EDIs) for As, Cd, Co, Cu, Mn, Pb 
and Zn were all lower than the oral reference dose (RfD). 
A similar trend was observed for the meat samples except 
for As whose EDI was higher than its RfD. The target haz-
ard quotient (THQ) for the investigated metals in the fish 
samples followed the trend: As > Cd > Co > Pb > Cu > Mn > 
Zn while in meat samples: As > Cd > Co > Pb > Cu > Zn > M
n. The total target hazard quotient (TTHQ) of the metals 
upon consumption of the fish and meat samples are 1.05 
and 2.48, respectively. These values are higher than unity 
(1) which indicated that a daily exposure at this level may 
likely cause adverse health effects over prolonged reli-
ance on the consumption of the fish and meat samples 
investigated.

The estimated factors for the cancer risk of As, Cd and 
Pb are also presented in Table 4. The cancer risk associated 

Table 4  Health risk assessment 
of potentially toxic metals in 
the fish and meat samples

EDI estimated daily intake, RfD oral reference dose, THQ target hazard quotient, TTHQ total target haz-
ard quotient, CR cancer risk and RR relative risk

Heavy metal 
(µg/g)

EDI RfD THQ CR RR (%)

As Fish 0.000194 0.0003 0.648141 2.92E−06 61.63
Meat 0.000462 1.540509 6.93E−06 62.06

Cd Fish 0.000254 0.001 0.25362 9.64E−07 24.12
Meat 0.000586 0.586145 2.23E−06 23.61

Co Fish 0.001074 0.02 0.053683 – 5.10
Meat 0.002863 0.143155 – 5.76

Cu Fish 0.001572 0.04 0.039311 – 3.74
Meat 0.003449 0.086231 – 3.47

Mn Fish 0.001505 0.14 0.010749 – 1.02
Meat 0.002029 0.014493 – 0.58

Pb Fish 0.000161 0.004 0.040157 1.37E−08 3.82
Meat 0.000383 0.095812 3.26E−08 3.86

Zn Fish 0.001784 0.3 0.005946 – 0.56
Meat 0.004746 0.015818 – 0.63

TTHQ Fish 1.051607
Meat 2.482162
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with the intake of As, Cd and Pb in the fish and meat sam-
ples are lower than the set tolerable limit of  10−5 by USEPA 
[10]. This suggests that there is no carcinogenic risk for 
As, Cd and Pb from the consumption of the fish and meat 
samples. The non-carcinogenic relative risk values from 
the consumption of both the fish and meat samples fol-
low the same trend as observed for the THQ. In both fish 
and meat samples, the highest concern of consumption 
is related to As.

3.4  Levels of trimethylamine content (TMA) in fish 
and meat samples

The consumption of meat and meat products mostly 
depends on colour, appearance, flavour and taste [9]. Meat 
natural quality such as appearance, acceptability and TMA 
content are mostly dependent on storage time of meat. In 
this study, trimethylamine content was determined with 
the aim of evaluating the influence of acceptability of fish 
and meat storage at different drying method. Cat Fish and 
Bufallo meat were used to test trimethylamine contents at 
different drying method between 1 and 5 weeks.

The calibration curve (presented in Fig. 1) was devel-
oped using serially diluted 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50 ppm of TMA standard solution with UV–Visible Spectro-
photometer at λ = 410 nm with  R2 value of 0.9959. Hence, 
the values of TMA obtained in the fish and meat samples 
could be relied upon as being satisfactorily accurate. The 
levels of the TMA in the fish and meat samples are pre-
sented in Table 5. Results showed that the meat TMA value 
obtained in freeze-dried sample for 1 week (0.200 ± 0.001) 
was lower than sundried (0.210 ± 0.002) which was also 
lower than oven dried (0.250 ± 0.01) and the same trend 
was observed in the subsequent weeks. Similarly, in fish, 
it was discovered that in week one of storage, the concen-
tration of TMA (0.225 ± 0.001) in freeze dried sample was 
lower than sun dried (0.250 ± 0.002) which was lower than 
oven dried (0.375 ± 0.002). A general increase in the levels 

of TMA was observed within the 5 weeks of conducting the 
study for fish and meat samples using different preserva-
tion methods. The rate of spoilage increased with the time 
of storage. This is consistent with the findings of Horsfall 
et al. [19] and Sallam [27] who reported that the forma-
tion of biogenic toxic substances (TMA and total volatile 
bases) increased with the time of storage. The higher TMA 
levels observed for both fish and meat sundried samples 
during week 4 was probably due to the low intensity of 
solar radiation during the study period. The increasing 
order of mean TMA (µg/g) in fish sample was freeze dried 
(0.775) < oven dried (1.072) < sundried (1.435). A similar 
trend was observed for meat samples in which mean TMA 
levels (µg/g) in freeze dried sample (0.855) < oven dried 
(1.600) < sundried sample (2.065). The recommended level 
of TMA value for human consumption is 10–15 mg N/100 g 
[6]. The TMA values in fish and meat samples within the 
5 weeks fell within the acceptable TMA range. The level 
of protein decomposition was higher upon the use of 
sun as a drying method, followed by the use of oven, and 
lastly the use of refrigeration. This is probably due to the 
relatively higher bacterial and thermal action during the 
period of storage.

4  Conclusion

The results of this study showed that the concentrations 
of the metals in the samples were within the acceptable 
limits set by regulatory agencies. The health risk assess-
ment of the potentially toxic metals equally showed that 
there were no carcinogenic and non-carcinogenic risks 
associated with the consumption of the fishes and meats. 
However, the relative risk indicated that the highest con-
cern of risk is related to As. Therefore, the smoked fish 

y = 0.0296x + 2.4688
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Fig. 1  Working calibration curve for trimethylamine

Table 5  Levels (µg/g) of TMA in Fish and Meat

SD standard deviation

Samples Week Sun dried Oven dried Freezing

Fish 1 0.250 ± 0.001 0.210 ± 0. 002 0.200 ± 0.001
2 0.425 ± 0.002 0.325 ± 0.004 0.250 ± 0.002
3 1.475 ± 0.006 1.375 ± 0.001 0.975 ± 0.003
4 2.725 ± 0.002 1.725 ± 0.006 1.125 ± 0.001
5 2.300 ± 0.002 1.725 ± 0.018 1.325 ± 0.002

Mean ± SD 1.435 ± 0.003 1.072 ± 0.006 0.775 ± 0.002
Meat 1 0.375 ± 0.002 0.250 ± 0.002 0.225 ± 0.001

2 2.100 ± 0.001 0.625 ± 0.003 0.550 ± 0.001
3 2.500 ± 0.001 2.275 ± 0.006 0.400 ± 0.003
4 2.850 ± 0.003 2.475 ± 0.002 0.700 ± 0.004
5 2.800 ± 0.003 2.500 ± 0.002 1.400 ± 0.001

Mean ± SD 2.125 ± 0.002 1.600 ± 0.002 0.655 ± 0.003
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and meats should be consumed moderately to prevent 
As induced health hazards. The levels of TMA present in 
the analyzed fish and meat samples were equally within 
acceptable limits. The relatively low TMA levels observed 
during the onset of storage are not reliable parameters 
to estimate the degree of freshness in the analyzed fish 
and meat samples; their upsurge in TMA levels at the latter 
stages of storage only reflect a degree of spoilage. Among 
the storage methods investigated, freeze-drying was the 
best method of preservation. However, regardless of the 
method of storage, preservation of fish and meat for long 
periods should be discouraged so as to prevent protein 
decomposition which subsequently increases TMA levels 
and protein denaturation. Also, the extent of formation 
of TMA as a function of time can be exploited in a bid to 
reducing the incidence of fish and meat poisoning.
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