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Abstract

Canned sardines are a widely consumed and affordable source of protein and omega-3 fatty acids in Nigeria,
with the surrounding oil base significantly influencing product quality and safety. This study evaluated
the quality, safety, and authenticity of oil bases extracted from four commercial canned sardine brands
marketed in Abuja, representing vegetable, sunflower, soybean, and olive oils. Proximate composition,
physicochemical parameters, heavy metal concentrations (Hg, As, Al, Cu), and fatty acid profiles were
determined using standard analytical methods (AOAC), atomic absorption spectrophotometry, and gas
chromatography-mass spectrometry (GC-MS). Results were compared with Codex Alimentarius
standards. Proximate analysis revealed high lipid content (89.10-90.19%) across all samples, confirming
energy density, though moisture levels (2.78-4.26%) exceeded typical refined oil standards due to fish-oil
interactions during canning. Soybean oil exhibited the highest vitamin E content (43.70 ug/ml), indicating
superior antioxidant potential. Most physicochemical parameters complied with Codex standards; however,
soybean oil marginally exceeded the acid value limit (0.62 mg KOH/g), and iodine values (10.62-17.17 mg
I:/100g) were substantially reduced, indicating thermal modification during processing. Critically, heavy
metal analysis revealed universal exceedance of Codex limits: mercury (0.53-0.57 mg/kg), approximately
five times the permissible limit, arsenic (0.08-0.28 mg/kg) exceeding in all four samples, and aluminium
(0.16-0.32 mg/kg) and copper (0.17-0.44 mg/kg) uniformly above standards. GC-MS analysis confirmed
the authenticity of the oils, with fatty acid profiles consistent with the declared oil types: oleic acid
dominance in olive oil and linoleic acid predominance in sunflower and soybean oils. Detection of marine-
derived eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in all samples confirmed lipid
exchange between fish tissue and oil during canning, enhancing nutritional value. The findings reveal a
trade-off between nutritional richness (PUFA content) and oxidative stability among oil bases, with olive
oil demonstrating superior stability but lower vitamin E content. However, widespread heavy metal
contamination raises significant public health concerns and underscores the need for urgent requlatory
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intervention by National agency for food drug administration (NAFDAC) and Standard organization of
Nigeria (SON) to ensure consumer safety.
Keywords: Canned sardines, oil quality, heavy metals, fatty acid profile, oxidative stability.

INTRODUCTION

Canned sardines represent a convenient, affordable, and nutrient-dense dietary staple,
particularly valued for their high-quality protein and omega-3 polyunsaturated fatty acids
(PUFAs), which are essential for cardiovascular health, inflammation control, and
neurodevelopment (Santos et al., 2023). The canning process, involving heat sterilisation and oil-
based preservation, enhances shelf life while influencing sensory attributes, nutritional retention,
and oxidative stability (Aubourg, 2001). The oil medium used commonly vegetable, soybean,
sunflower, or olive oil plays a critical role in determining product quality, nutritional
composition, and shelf stability (Aubourg, 2001; Selmi et al., 2022).

The physicochemical properties of covering oils directly influence lipid oxidation, micronutrient
retention, and consumer safety. Oils rich in PUFAs offer superior cardioprotective benefits but
are more susceptible to oxidative degradation, while oils with higher saturated fatty acid (SFA)
content exhibit greater oxidative stability at the expense of nutritional value (Choe and Min, 2006;
Calder, 2015). Beyond oxidative concerns, contamination by heavy metals such as mercury (Hg),
arsenic (As), aluminium (Al), and copper (Cu) during processing, packaging, or storage can pose
significant health risks when concentrations exceed permissible limits (EFSA, 2024; WHO, 2018).
In the Nigerian context, several studies have documented heavy metal and polycyclic aromatic
hydrocarbon (PAH) contamination in canned fish products. Iwegbue et al. (2015) detected
potentially carcinogenic PAHs in popular brands, while Odiko et al. (2017) and Odiko (2023)
reported variable metal concentrations, including iron frequently exceeding WHO limits, across
different preservation media. Similarly, Ojezele et al. (2021) and Jaryum et al. (2016) recorded lead,
nickel, aluminium, zinc, and iron levels above FAO/WHO thresholds in canned fish sold across
Nigeria. Despite existing regulatory frameworks (NIS CAC 119:2018; NAFDAC Sodium
Reduction Regulations, 2025), compliance monitoring remains inconsistent.

Notwithstanding this body of evidence, a significant gap persists in comparative data on the
quality and safety of oil bases specifically used in canned sardines. Existing research has largely
focused on fish flesh rather than the oil medium. Abuja, as the Federal Capital Territory, was
selected as the study site given its status as Nigeria's administrative capital, its cosmopolitan and
rapidly growing population, and its mix of formal retail chains and informal markets conditions
that make it representative of broader national consumer exposure (Adejoro, 2025; Ogidi et al.,
2021; Iwegbue et al., 2015). No published study has yet provided location-specific comparative
data on sardine oil bases in this setting.

This study therefore aimed to investigate the chemical composition and quality of oils used as
covering media in selected canned sardine products marketed in Abuja. Specifically, it sought to
determine fatty acid profiles using Gas Chromatography-Mass Spectrometry (GC-MS), assess
proximate composition and physicochemical properties, including peroxide values as indicators
of oxidative stability, evaluate heavy metal content; and assess label conformity by comparing
fatty acid fingerprints against declared oil types (vegetable, soybean, sunflower, olive) to detect
potential adulteration or mislabeling. GC-MS was selected over GC-FID for its superior
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sensitivity, specificity, and capacity for structural identification of fatty acid methyl esters
(FAMEs) in complex food matrices (Christie, 2003). The findings are intended to provide an
evidence base for targeted regulatory interventions by NAFDAC and the Standards Organisation
of Nigeria (SON).

Materials and Methods

Study Area

Four commercially available canned sardine brands were purchased from Bakan Gizo
Supermarkets and grocery stores in Lokogoma, Abuja, with Latitude: 9.0667° N and Longitude:
7.4833° E. The samples were transported by car to the Biochemistry department laboratory unit,
Kogi State University, Anyiagba, with Latitude: 7.4809° N and Longitude: 7.1875° E for analysis.

Sampling Technique

The brands were coded as VO (vegetable 0il), SFO (sunflower oil), SO (soybean oil), and OO (olive
oil) to ensure anonymity. They were selected based on the following criteria:

Market prevalence and consumer recognition: Brands were chosen to represent different market
segments (mass-market, mid-range, and premium) commonly consumed in Abuja and across
Nigeria.

Oil base diversity: The selection ensured representation of the four most common oil types used
in sardine canning, vegetable oil, sunflower oil, soybean oil, and olive oil, enabling comparative
assessment of oil quality across different lipid matrices.

Product availability: All selected brands were consistently available in major retail outlets in
Abuja throughout the study period.

Label claims: Products were selected based on clear label declarations of the oil type used as the
covering medium, allowing verification of authenticity through GC-MS analysis.

This selection ensured representation of different price points, oil types, and market segments
prevalent in Abuja, allowing for a comparative assessment of oil base quality across commonly
consumed products.

Sample Collection and Preparation

The vegetable oil sample (VO) used in this study corresponds to the dominant mass-market brand
(coded Brand A), which is widely recognised as the market leader in Nigeria. In the Nigerian food
industry, the term "vegetable oil" on product labels typically refers to a refined, blended oil
product. Based on industry practices and previous analytical studies of similar products in the
Nigerian market, such blends commonly consist of palm olein (Elaeis guineensis) as the base oil,
often blended with refined soybean oil (Glycine max) or sunflower oil (Helianthus annuus) to
modify fatty acid composition and oxidative stability characteristics (Ntigoroku and Agbaire,
2025; Okunye et al., 2025). Palm olein, the liquid fraction of palm oil, is widely used in the Nigerian
food industry due to its affordability, availability, and oxidative stability conferred by its high
saturated fatty acid content (approximately 50% palmitic acid) and natural tocopherol content
(Gunstone, 2011). The blending of palm olein with soybean or sunflower oil increases the
polyunsaturated fatty acid content, thereby enhancing nutritional value while maintaining
sufficient oxidative stability for processing and storage.
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The samples were stored in airtight containers at room temperature before analysis to preserve
their integrity. The oil from the canned sardines was carefully decanted into clean, well-labelled
containers from each can, after which analysis was carried out.

Physicochemical analysis of the samples

The physicochemical analysis of the oil samples focused on thirteen key parameters commonly
used to evaluate the quality, authenticity, oxidative and hydrolytic stability, nutritional relevance,
and suitability for food applications in edible oils and fats, particularly those used as covering
media in canned fish products. These parameters include: colour and odour
(sensory/organoleptic indicators of purity and acceptability); pH value (influences stability and
potential hydrolytic reactions); viscosity (affects texture, pourability, and processing behavior);
smoke point (indicates thermal stability and suitability for heat-related uses or storage); specific
gravity (confirms identity and absence of adulteration); refractive index (a rapid measure of
composition and purity); iodine value (measures degree of unsaturation and susceptibility to
oxidation); saponification value (reflects average molecular weight of fatty acids and triglyceride
purity); peroxide value (primary indicator of oxidative rancidity); acid value (assesses hydrolytic
rancidity and free fatty acid content); fatty acid value (related to free fatty acids, often derived
from acid value); and ester value (indicates ester content and overall triglyceride integrity). These
parameters are widely employed in standard protocols for edible vegetable oils (Codex
Alimentarius CXS 210-1999), fish oils, and canned fish products to ensure compliance with
quality and safety criteria, detect degradation during processing/storage, and verify label claims
regarding oil type. The relevant standard procedures employed for each analysis are presented
below:

Determination of pH and viscosity value
The pH of the oil was measured using a digital pH meter (Model 335/5862, Siltronic, China)
following the ASTM D6866 standard procedure (ASTM International, 2022). A 20 ml sample was
poured into a beaker, and the probe was immersed until the reading stabilized. The kinematic
viscosity was determined according to ASTM D445 (ASTM International, 2021) using a digital
viscometer (Model DVI, Brookfield, USA).

Determination of smoke point

Smoke point represents an oil’s resistance to heat and is the temperature at which it will stop
glistening and impart an acrid, burnt flavour to the foods. The determination of the smoke point
of the samples was done according to the method reported by Onwuka (2005). 10 ml of the oil
sample was poured into an evaporating dish. A thermometer was then suspended at the centre
of the dish, ensuring that the bulb just dips inside the oil without touching the bottom of the dish.
After which, the temperature of the oil was raised gradually using a gas cooker. The temperature
at which the oil sample gave off a thin bluish smoke continuously was noted as the smoke point.

Determination of relative density / specific density.

The specific density of the sample oil is defined as the ratio of the weight of a given volume of
substance to the weight of an equal volume of water at a particular temperature, and is known as
the relative density of such a substance. The relative density of given oil is always constant except
due to the presence of impurities. The determination was carried out using the procedure
described by Morris (1999). 50 ml picometer bottle washed thoroughly with detergent, water and
petroleum ether, then dried and weighed. The bottle was then filled with water and weighed
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before it was dried again. After the drying process, the bottle was filled with the oil sample and
weighed.

Determination of refractive index

The refractive index of the samples was measured according to the method reported by Onwuka
(2005) using an Abbe refractometer. The Abbe refractometer was reset with a light compensator
(water 20 °C), then the oil sample was smeared on the lower prism of the instrument and closed.
A light was passed by means of the angled mirror. The reflected light appears in the form of a
dark background after the telescope tubes were moved using the fine adjustment until the lack
of shadow appeared central in the cross-wire indicator, and then the refractive index was read.

Determination of iodine value

The iodine value is usually a useful tool in identifying whether the oil is drying, semi-drying or
non-drying. The iodine value of the oil sample was determined using the method report y
Akinola et al. (2010) using Wijis’s method. One gram of the was dissolved in 10ml of carbon
tetrachloride in a 250ml stoppered flask, and 20 ml of Wijs" solution was added (Wijs solution
consists of iodine monochloride in glacial acetic acid). The flask was kept in a dark cupboard for
one hour at a temperature of 25 °C, after which 15ml of 10% potassium iodide solution and 50-
100 ml of distilled water was added. The resulting mixture was titrated with 0.1 M sodium
thiosulfate using 2 ml of 1% starch solution as starch indicator. The titration continued until the
blue colour just disappeared, indicating the end point. The iodine value was then calculated.

Determination of saponification value

The saponification value of oil was determined according to Pearson (1991) as reported by
Akinola et al. (2010). 2.0 ml of oil sample was weighed accurately and added to a conical flask
containing 25 ml of 0.5 M alcoholic KOH. The flask with its content was refluxed for 30 minutes.
The reflux condenser was filtered into the flask containing the ionic solution, then heated in a
water bath for an hour, swirling the flask frequently. 2 ml of phenolphthalein indicator (1%) was
added, and the hot solution was allowed to cool. It was later titrated against 0.5 M hydrochloric
acid. The procedure was repeated for the blank.

Determination of peroxide value

Fats and oils change storage, which results in the production of an unpleasant taste and odour.
This is commonly referred to as rancidity, which is brought about by the action of air and
accelerated by heat and light (oxidative rancidity) or by the action of microorganisms (microbial
rancidity). The peroxide value of the oil samples was determined according to the method
reported by Akinola et al (2010) in their work was used. 1g of oil sample was weighed and poured
into a dry 250ml stoppered conical flask, then flushed with inert gas. 10 ml of chloroform was
added, and the oil was dissolved by swirling. 15ml of glacial acetic acid and 1ml of fresh saturated
aqueous potassium iodide solution were added. The flask with a stopper was shaken for 1 minute
and then placed in the dark for 1 minute. Thereafter, 75ml of water was added, mixed, and the
free iodine was titrated with a 0.002 M sodium thiosulfate solution using a 1% soluble starch
solution as an indicator. The titre value was recorded as (V), and a blank (Vo) was also determined
and recorded.
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Determination of acid and free fatty acid value.

The acid value of the oil is the number of milligrams of KOH required to neutralise the free fatty
acid in 1g of the oil. Whereas free fatty acids are an acid value expressed as a percentage. Oil with
high free fatty acids is more susceptible to oxidative ageing and becomes rancid more quickly.
The acid value of the oil samples was determined according to the method reported by Akinola
et al (2010) and Enyoh et al (2017). 10ml of diethyl ether and 10ml of n-propanol were mixed, and
1ml of phenolphthalein solution (1%) was added. 2g of oil was dissolved in the solvent and
titrated constantly until a pink colour, which persisted for 15 seconds, was obtained. The amount
of the KOH used was recorded. The procedure was repeated for the blank.

Determination of ester value

The ester value of the oil samples was determined according to the method reported by Akinola
et al (2011). The ester values were determined by subtracting the acid value from the
saponification value.

Proximate analysis of the samples

The proximate analysis of the samples (Canned sardine samples representing four brands,
namely Titus, Durra, John West, and Tropical Sun) focuses on six (6) critical parameters that
influence lubrication potentials of the oil samples. These parameters include moisture content,
ash content, crude fibre content, fat content, protein content and carbohydrate content. The
relevant standard procedures employed for each analysis are presented below:

Determination of moisture content

Moisture content is the loss in mass of a substance when heated at about 1050 °C. The moisture
content was determined using the method described by AOAC (2020). 5g of each oil sample was
weighed into an empty crucible or weighed (W1). The weight of the crucible and the oil sample
was recorded as [W2]. The crucible was placed in an oven at 105 °C for 6 hours, after which it was
removed, cooled in the desiccator to room temperature, and reweighed. The process of heating
and cooling was repeated until a constant weight + [W3] was obtained

Determination of ash content
Ash content was analysed according to the AOAC (2020). Ash represents the mineral fraction of
the sample remaining after removal of moisture and combustion of organic material. Samples
were placed in a clean, dry, pre-weighed crucible. The crucibles were placed in a muffle furnace
at 550 °C for 3 hours, followed by cooling in a desiccator, and reweighed.
Ash content (%) was calculated according to the formula:
Ash content= (W3-W1) / (W2-W1) x 100................... Equation 1

W1 = weight of empty crucible

W2 = weight of crucible + sample before drying/ashing

W3 = weight of crucible + ash

Determination of crude protein

Crude Protein content was analyzed according to the AOAC (2020) methods, using the Kjeldahl
method, which estimates protein by determining the amount of reduced nitrogen contained in
the sample. Approximately 20 g of samples were weighed, wrapped in filter paper, and
transferred into a Kjeldahl digestion flask. To aid digestion, 10 tablets of Na:SO and 1 g of CuSOa
were added, followed by 20 ml of conc. H.SO.. The resultant mixture was digested in a fume
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hood till the solution turned clear. Following cooling overnight, the digest was diluted with 200
ml of water in a 500 ml flat-bottomed flask and further cooled using ice packs. Next, 60-70 ml of
40% NaOH was added, and the released ammonia was distilled into a receiver. Distillation
continued until all ammonia was collected in a flask containing 50 ml of boric acid mixed with
indicators (methyl red and bromocresol green). The distillate was then titrated with 0.01 M HCI
until a color change indicated the endpoint.

The amount of protein (%) was calculated using the formula below:

% PROTEIN = % nitrogen x 25................... Equation 2

where 6.25 is the protein-nitrogen conversion factor for fish and fish by-products

Determination of crude fat

Crude fat was determined according to the method described by Onyeike et al (1999) and AOAC
(2020) standards. It was obtained by exhaustively extracting 5.0g of each sample in a Soxhlet
apparatus using petroleum ether (boiling range 40-60 °C) as the extractant. About 15 g of samples
were weighed and put into a fat-free thimble, which was sealed with cotton wool to protect the
sample from escaping. The thimble was inserted into a Soxhlet extractor. About 200 ml of
petroleum ether was put in a pre-weighed Soxhlet flask, free of fat, and attached to the extractor.
The flask was then positioned on a heating mantle to enable continuous reflux of the solvent.
Cooling was maintained by running water through the condenser for about 7 hours, during
which the solvent was repeatedly siphoned into the flask. After extraction, the solvent was
evaporated using a rotary vacuum evaporator, leaving the lipid residue in the flask. The flask
was then oven-dried at 60 °C until a constant weight was achieved, cooled in a desiccator, and
weighed again. All analyses were conducted in triplicate. The lipid content was calculated as the
difference between the initial flask weight and the final weight.

Lipid content=Weight of lipid extract/ Weight of dry sample x 100................... Equation 3

Determination of total carbohydrate

The total carbohydrate content was calculated by the method of difference as described by
Ogungbenle (2014).

% carbohydrate = {100 - (% Moisture + % Ash + % Crude fibre + % Crude fat + % Crude protein)}
............. Equation 4

Determination of the heavy metal composition of the samples

The heavy metals Mercury (Hg), arsenic (As), copper (Cu), and aluminium (Al) were determined
by atomic absorption spectrophotometry (Agte et al., 1995). 1.0 g samples, in triplicate, were dry-
ashed in a muffle furnace at 550 °C for 5 h until a white residue of constant weight was obtained.
The minerals were extracted from the ash by adding 20.0ml of 2.5% HCI, heating in a steam bath
to reduce the volume to approximately 7.0ml, and then transferring the solution quantitatively to
a 50ml volumetric flask. It was diluted to volume (50 ml) with deionised water, stored in clean
polyethene bottles and mineral contents determined wusing an atomic absorption
spectrophotometer (Perkin-Elmer, Model 2380, USA).

Determination of fatty acids profile and biochemical compounds present in the samples

Determination of fatty acid composition of the samples was done by GC-MS analysis according
to the method of Ichihara and Fukubayashi. The fatty acids in oil samples were converted to fatty
acid methyl esters (FAMEs) before the GC-MS analysis. An Agilent 8860 Gas Chromatography
coupled with a 5977B Mass spectrometry Detector was used. Accust standard Hydrocarbon
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Window Defining standard, 500mg/L (Catalogue Number: DRH-0085-R2). Samples were
analysed using an Agilent 8860 Gas chromatograph equipped with a 5977B Mass Spectrometry
Detector (MSD), fitted with an HP5 capillary column coated with 5% Phenyl Methyl Siloxane
(30m length x 0.32mm diameter x 0.25um film thickness) (J and W).

1uL of the samples was injected using an Agilent 8860 Automatic Liquid Sampler (ALS) and in
split-less mode, with an injection temperature of 250 °C. The inlet pressure was set at 10.296psi
and a total flow of 45.2ml/min. Purge flow to the split vent was set at 40 ml/min for 0.5 min.
Helium was used as a carrier gas of 99.9% with a constant column flow of 1ml/minute. The GC
oven temperature was initially programmed at 80 °C (2.0 min) and then ramped at 30 °C/min to
320 °C (5min). The MSD temperature was set at 300 °C with Hydrogen: Air flow at 20ml/min:
30ml/min. A working solution of 75 mg/L was prepared from the stock solution purchased from
Accustandard (US). Calibration solutions of 0.125mg/L, 0.5mg/L, 1mg/L, 2.5mg/L, and 5mg/L
were prepared by a 5-point serial dilution of the working solution and used to calibrate the
responses of the GC-MSD

RESULTS AND DISCUSSION

Proximate results

Table 1:The proximate composition of vegetable oil (VO), sunflower oil (SFO), soybean oil (SO),
and olive oil (OO) extracted from canned sardine samples.

VO SFO SO 00
MC (%) 3.14> + 0.04 3.14> + 0.04 2.78<+0.07 4.262 +0.09
AC % 0.522+0.03 0.33<+0.03 0.40b +0.00 0.43b £ 0.03
CP % 6.34b £ 0.04 5.81<+0.05 7.542 + 0.06 5.444 + 0.07
CF % ND ND ND ND
CL % 89.10< £ 0.10 90.192 + 0.04 89.17¢ £ 0.06 89.51b £ 0.25
CHO % 0.632+0.12 0.55ab £ 0.12 0.11< £ 0.09 0.390 £0.15
Vit E (ng/ml) 40.38 £ 0.07 37.52¢£0.08 43.702 + 0.08 33.174+0.14

Data presented as mean + standard deviation (n = 3). Means with different alphabets in the same row are significantly
different at P < 0.05.

The proximate composition of vegetable 0il (VO), sunflower oil (SFO), soybean oil (SO), and olive
oil (OO) extracted from canned sardine samples is presented in Table 1 above. Significant
differences (P < 0.05) were observed across most parameters, indicating compositional variability
influenced by oil type and possible fish-oil interactions during canning. VO=Vegetable,
SFO=sunflower, SO=soybean and OO=Olive oils. CHO = Carbohydrate Content, AC = Ash
Content, CL = Crude Lipid, CF = Crude Fibre, CP = Crude Protein, MC = Moisture Content, Vit
E = Vitamin E, ND = Not Detected.
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Physicochemical composition results

Table 2: Physicochemical Analysis Results of selected Sardine oil bases Vegetable, sunflower,
soybean and Olive oils and their Codex Standards

VO SFO SO 00 STANDARD
(CODEX)

pH 6.262+0.01 5.73¢+0.00  6.24>+0.03 5.524 £ 0.02
\AY 60.652+£0.14 50.73<£0.12 50.30c+£0.10 5853>+0.15 40-60
SG 0.922¢£0.00  0.9282+0.00 0.924>+0.00 0.9204+0.00  0.90 to 0.93 at 25°C
IV (giodine|100g) 144.3b+0.39 171.72+0.32 133.6c+0.16 106.24+0.26  80-150g iodine | 100g)
PV Mg 8.802+0.20 7.330+£023  7.336+0.23 5.07¢ £ 0.31 5-10 Mg Peroxide/kg
Peroxide/kg)
SV (mg KOH/g 105.66¢< + 91.634£1.62 110.33b 123.42a £ 184-195 (mg KOH/ g
oil) 1.62 1.62 2.81 oil)
AV (mg/KOH|g)  0.47°+0.05 0.264£0.03  0.622+0.06 0.38<+0.03 0.6 mg KOH/ g oil
FFA (%) 0.23b+0.02 0.13¢+0.02  0.312+0.03 0.19¢£0.02 1% -7%

The table above presents physicochemical composition results. Data are presented as mean +
standard deviation (n> 3), with corresponding standards as stipulated by the Codex
Alimentarius. pH=PH Value, VV=Viscosity Value, SG= Specific Gravity, IV=Iodine Value,
PV=Peroxide Value, SP= Saponification Value, AV= Acid Value, FFA= Free Fatty Acid.

Heavy Metal Results
Table 3: Heavy Metals Analysis Results of selected Sardine oil bases Vegetable, sunflower,
soybean and Olive oils compared with Codex Alimentarius standards

VO SFO SO 00 STANDARD
(CODEX)
HG (ppm)mg/kg  0.572£0.01 0.572+0.01 0.572+0.01 0.53b £ 0.01 0.1mg/kg
AS (ppm) mg/kg  0.282+0.01 0.19<£0.01 0.084 +£0.02 0.25 £ 0.00 0.Img/kg
AL (ppm)mg/kg  0.322+0.02 0.24c £ 0.01 0.164 £ 0.01 0.25 £ 0.05 0.Img/kg
CU (ppm)mg/kg  0.442+0.01 0.26¢ £ 0.00 0.174 £0.01 0.38°+0.01 0.Img/kg

The concentrations of mercury (Hg), arsenic (As), aluminium (Al), and copper (Cu) detected in
vegetable oil (VO), sunflower oil (SFO), soybean oil (SO), and olive oil (OO) extracted from
canned sardines are presented in the Table above. All metals showed statistically significant
differences among samples (P < 0.05).

GC-MS Analysis of Oil Bases Extracted from Canned Sardines

Gas Chromatography-Mass Spectrometry (GC-MS) analysis was conducted to determine the
fatty acid composition of oils extracted from the canned sardine samples and to verify whether
the oil types corresponded with the claims indicated on the product labels. GC-MS is widely
regarded as one of the most reliable analytical techniques for identifying fatty acid methyl esters
(FAMEs) and detecting adulteration or substitution in edible oils (Christie, 2003).
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Figure 1: GC-MS Total Ion Chromatogram (TIC) of the fatty acid methyl esters (FAMEs) derived from the olive oil
base extracted from canned sardine samples

Table 4: GC-MS Identified Compounds in Olive Oil Base Extracted from Canned Sardine Samples
Showing Molecular Weight, Peak Area and Chemical Classification.

S/N | Name of Compound Molecular Peak Area Classification of compound
Weight (g/ml) (%)

1 Butanoic acid (Butyl ester) 88.11 45.45 Ester (not a free fatty acid)

2 Propanoic acid (2-methyl butyl) 74.08 7.32 Small Acid/Ester

3 Propanoic acid (2-methyl 2- 74.08 7.33 Small Acid/Ester

methyl)

4 1-hexanol (2-ethyl) 102.17 13.88 Alcohol

5 Pentadecanoic acid 242.40 0.46 Saturated Fatty Acid

6 n-hexadecanoic acid 256.42 0.73 Saturated Fatty Acid

7 9-octadecanoic acid 280.40 1.15 Unsaturated Fatty Acid
(Monounsaturated)

8 Oleic acid 282.46 3.28 Unsaturated Fatty Acid
(Monounsaturated)
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Figure 2: GC-MS Total Ion Chromatogram (TIC) of the fatty acid methyl esters (FAMEs) derived from the soya oil
base extracted from canned sardine samples.

Table 5: GC-MS Identified Compounds in Soya Oil Base Extracted from Canned Sardine Samples
Showing Molecular Weight, Peak Area and Chemical Classification.

S/N | Name of Compound Molecular Peak Area Classification of compound
Weight (g/mol) (%)
1 Propanoic acid (2-methyl, 2- 74.08 0.22 Small Acid/Ester
methyl)

2 Propanoic acid (2-methyl, butyl) 74.08 1.43 Small Acid/Ester

3 Butanoic acid 88.11 8.37 Small Saturated Acid

4 1-hexanol 102.17 2.58 Alcohol

5 Tetradecanoic acid 228.37 0.33 Saturated Fatty Acid

6 Palmitoleic acid 254.41 0.23 Unsaturated Fatty Acid
(Monounsaturated)

7 n-hexadecanoic acid 256.42 5.54 Saturated Fatty Acid

8 9,12-octadecadienoic acid 280.40 20.24 Unsaturated Fatty Acid
(Polyunsaturated)

9 Octadecanoic acid 280.40 2.28 Unsaturated Fatty Acid
(Monounsaturated)

10 5,8,11,14,17-Eicosapentaenoic acid 302.50 0.39 Unsaturated Fatty Acid
(Polyunsaturated)

11 Erucic acid 338.57 0.72 Unsaturated Fatty Acid
(Monounsaturated)
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Figure 3: GC-MS Total Ion Chromatogram (TIC) of the fatty acid methyl esters (FAMEs) derived from the sunflower
oil base extracted from canned sardine samples.

Table 6: GC-MS Identified Compounds in Sunflower Oil Extracted from Canned Sardine Samples
Showing Molecular Weight, Peak Area and Chemical Classification.

S/N | Name of Compound Molecular Peak Area Classification of compound
Weight (%)
(g/mol)
1 9,12-octadecanoic acid 280.40 26.49 Unsaturated Fatty Acid
(Polyunsaturated)
2 Butanoic acid 88.11 13.94 Small Saturated Acid
3 n-hexadecanoic acid 256.42 10.36 Saturated Fatty Acid
4 Butyl 9,12-octadecadienoate 336.55 5.36 Ester
5 1-hexanol 102.17 4.57 Alcohol
6 Butene 58.12 3.48 Alkene (Hydrocarbon)
7 5,8,11,14,17-Eicosapentaenoic 302.50 3.15 Unsaturated Fatty Acid
acid (Polyunsaturated)
8 26-nor-5-cholesten-beta 386.7 3.13 Sterol / Cholesterol
derivative/ metabolite
9 Octadecanoic acid (stearic 284.50 2.75 Saturated Fatty Acid
acid)
10 Palmitoleic acid 254.41 2.32 Unsaturated Fatty Acid
(Monounsaturated)
11 4,7,10,13,16,19- 3285 212 Unsaturated Fatty Acid
Docosahexaenoic acid (Polyunsaturated)
12 Butanoic acid 88.11 2.26 Small Saturated Acid
13 Propanoic acid 74.08 2.20 Small Saturated Acid
14 Gamma-10-tocopherol 416.68 1.74 Antioxidant/Vitamin E derivative
15 Hexadecanoic acid 256.43 1.30 Saturated Fatty Acid
16 Tetradecanoic acid (myristic 228.37 1.33 Saturated Fatty Acid
acid)
17 Heptadecane 240.47 1.33 Alkane (Hydrocarbon)
18 Phthalic acid 166.132 0.49 Phthalate (often a
contaminant/additive)
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Figure 4: GC-MS Total Ion Chromatogram (TIC) of the fatty acid methyl esters (FAMEs) derived from the vegetable
oil base extracted from canned sardine samples.

Table 7: GC-MS Identified Compounds in Vegetable Oil Base Extracted from Canned Sardine
Samples Showing Molecular Weight, Peak Area and Chemical Classification.

S/N | Name of Compound Molecular Peak Area Classification of compound
Weight (g/mol) | (%)
1 Propanoic acid (2-methyl, 74.08 3.13 Small Acid/Ester
butyl)
2 Propanoic acid (2-methyl, 2- 74.08 4.00 Small Acid/Ester
methyl)
3 Butanoic acid 88.11 23.71 Small Saturated Acid
4 1-hexanol 102.17 7.11 Alcohol
5 Palmitoleic acid 254.41 0.34 Unsaturated Fatty Acid
(Monounsaturated)
6 n-hexadecanoic acid 256.42 4.26 Saturated Fatty Acid
7 9,12-octadecadienoic acid 260.46 13.80 Unsaturated Fatty Acid
(Polyunsaturated)
DISCUSSION

Proximate Composition

Proximate analysis revealed significant variability (P < 0.05) across the four oil bases, attributable
to oil type, processing conditions, and fish-oil interactions during thermal sterilisation.

Moisture content ranged from 2.78% (SO) to 4.26% (OO), substantially exceeding the <0.2%
typical of refined edible oils (Gunstone, 2011). This elevation reflects water migration from
sardine tissue into the oil phase during high-temperature sterilisation, a phenomenon
documented by Aubourg (2001) in canned fish systems. Elevated moisture promotes hydrolytic
rancidity by facilitating triglyceride hydrolysis and enhancing pro-oxidant metal mobility (Choe
and Min, 2006; Frankel, 2014), though values remain within ranges reported for canned fish oils
under tropical storage (Odiko and Obirenfoju, 2015).
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Ash content (0.33-0.52%) reflects mineral leaching from fish tissue during thermal processing
(Sikorski and Kolakowska, 2010), consistent with Odiko and Obirenfoju (2015). The moderate
levels observed suggest limited but present mineral migration without immediate oxidative
stability risk. Crude protein (5.44-7.54%) in these oil extracts originates from fish muscle
denaturation and partial solubilisation during canning (Aubourg, 2001); the higher retention in
SO may reflect greater emulsification affinity between soybean oil and proteinaceous fractions.
Crude lipid content was uniformly high (89.10-90.19%), confirming triglyceride dominance
despite fish-derived contamination, consistent with Ntigoroku and Agbaire (2025). Carbohydrate
content was negligible (0.11-0.63%), confirming limited polysaccharide solubility in the lipid
matrix (Odiko and Obirenfoju, 2015).

Vitamin E (tocopherol) content differed significantly (P < 0.05), ranging from 33.17 ug/mL (OO)
to 43.70 pg/mL (SO). Soybean oil's superior tocopherol content reflects its natural y-tocopherol
richness (Gunstone, 2011), which provides chain-breaking antioxidant protection (Frankel, 2014).
Farhoosh (2025) quantified total tocopherol content as contributing 24.6% to initiation
oxidizability of vegetable oils, the highest single-factor contribution, underscoring its critical role
in oxidative stability.

A key finding is the inverse relationship between vitamin E content and oxidative stability across
oil types. OO exhibited the lowest vitamin E (33.17 pg/mL) yet the best oxidative stability (PV:
5.07 mg/kg), while VO showed moderate vitamin E (40.38 ng/mL) but the poorest stability (PV:
8.80 mg/kg). This apparent paradox reflects the distinction between intrinsic and extrinsic
antioxidant protection. Olive oil's stability is primarily conferred by its high monounsaturated
oleic acid content (one double bond), which is inherently less susceptible to free radical attack
(Choe and Min, 2006); Farhoosh (2025) demonstrated that the MUFA /PUFA ratio contributes
20.7% to initiation oxidizability. In contrast, sunflower and soybean oils, rich in linoleic acid (two
double bonds), depend more heavily on tocopherols for protection, yet as Farhoosh (2025)
showed, antioxidants alone cannot fully offset inherent PUFA instability under thermal stress.
The elevated copper in VO (0.44 mg/kg) further exacerbated its oxidative deterioration by
overwhelming its vitamin E reserves (Choe and Min, 2006).

Physicochemical Properties

pH ranged from 5.52 (OO) to 6.26 (VO), reflecting dissolution of fish-derived organic acids and
free fatty acids into the oil phase during processing; all values remain within acceptable limits for
edible lipid systems (Gunstone, 2011). Viscosity ranged from 50.30 cP (SO) to 60.65 cP (VO), with
VO marginally exceeding the Codex range of 40-60 cP, possibly indicating partial triglyceride
polymerisation during sterilisation (Frankel, 2014). Specific gravity (0.920-0.928) was within the
Codex range of 0.90-0.93, confirming authenticity and absence of gross adulteration.

Iodine values ranged from 106.62 (OO) to 171.7 mg 1./100g (SFO), consistent with the known
degree of unsaturation of each oil type (Gunstone, 2011). The SFO value marginally exceeded the
Codex upper limit of 150 mg 1./100g, attributable to high-linoleic cultivar variability and the
confirmed presence of marine-derived EPA and DHA (each containing five and six double bonds,
respectively) migrated from sardine tissue, as verified by GC-MS. The inverse relationship
between iodine value and oxidative stability was confirmed: OO (lowest IV) exhibited the lowest
PV (5.07 mg/kg), while SFO (highest IV) showed the highest susceptibility to oxidation (PV: 7.33
mg/kg), consistent with Frankel (2014) and Farhoosh (2025).
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Peroxide values (5.07-8.80 mg/kg) fell within the Codex acceptable range of 5-10 mg
peroxide/kg, though VO's proximity to the upper limit raises concerns about remaining shelf life.
OOQ's superior stability is attributable to its MUFA-dominant profile, while VO's elevated PV
reflects its higher PUFA content combined with pro-oxidant copper contamination (0.44 mg/kg).
Saponification values (91.63-123.42 mg KOH/g) were approximately 40-50% below the Codex
standard of 184-195 mg KOH/g for refined vegetable oils, a finding that warrants specific
explanation beyond general processing effects. Three mechanistic factors are proposed. First,
significant incorporation of long-chain marine fatty acids (EPA, C20:5; DHA, C22:6) from sardine
tissue into the oil matrix during thermal processing lowers the average saponification number,
as longer-chain fatty acids produce lower SV per unit weight (Gunstone, 2011). Second, high-
temperature sterilisation (115-121°C) promotes triglyceride polymerisation into dimeric and
oligomeric structures that resist saponification, yielding artificially low SV readings (Frankel,
2014). Third, partial hydrolysis of triglycerides into diglycerides and monoglycerides during
thermal processing alters the ester content of the extracted oil, further depressing SV. Collectively,
these oil-fish matrix interactions in a canned system explain why SV values diverge substantially
from those of pure refined oils; similar reductions have been reported for oils extracted from
thermally processed canned fish matrices (Odiko and Obirenfoju, 2015), distinguishing this
phenomenon from adulteration or degradation in conventional edible oil contexts.

Acid values (0.26-0.62 mg KOH/ g) were near or within the Codex maximum of 0.6 mg KOH/ g,
with SO marginally exceeding this threshold (0.62 mg KOH/g), indicating limited hydrolytic
degradation. Free fatty acid percentages (0.13-0.31%) were well below the Codex ceiling of 1-7%,
confirming acceptable hydrolytic quality across all brands.

Heavy Metal Analysis

Heavy metal concentrations are evaluated against the EU Regulation (EC) No. 1881/2006
maximum limits for contaminants in food, supplemented by Codex Alimentarius General
Standard for Contaminants (CODEX STAN 193-1995) and NAFDAC guidelines, as these
represent the most specific applicable frameworks for edible oil safety in the Nigerian regulatory
context (European Commission, 2006; Codex Alimentarius Commission, 1995).

Mercury concentrations were uniform across VO, SFO, and SO (0.57 + 0.01 mg/kg) and slightly
lower in OO (0.53 + 0.01 mg/kg). Under EU Regulation (EC) No. 1881/2006, the maximum limit
for mercury in fish products is 0.50 mg/kg for most species and 1.0 mg/kg for certain predatory
tish; no specific limit exists for mercury in vegetable oils, but applying the fish-tissue benchmark
contextualises these oil-phase values as elevated. These levels exceed those reported by Hussein
and Khaled (2014) for Egyptian canned sardines (0.21-0.48 mg/kg) and Leite et al. (2022) for
Brazilian canned sardines (0.08-0.42 mg/kg), suggesting that the Nigerian samples carry a higher
mercury burden, likely reflecting bioaccumulation of methylmercury from contaminated source
waters into sardine tissue, with subsequent leaching into the oil phase during thermal processing
(Storelli et al., 2005).

Arsenic concentrations ranged from 0.08 mg/kg (SO) to 0.28 mg/kg (VO). The Codex
Alimentarius Standard for Named Vegetable Oils (CODEX STAN 210-1999) establishes a
maximum limit of 0.1 mg/kg for arsenic in edible vegetable oils; three of four samples exceeded
this threshold. Arsenic is classified as a Group 1 carcinogen (IARC, 2012), and Mehri et al. (2024)
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demonstrated that even sub-limit arsenic concentrations in edible oils can generate above-
threshold carcinogenic risk under chronic dietary exposure. Contamination likely reflects dual
sourcing: crop uptake from arsenic-contaminated agricultural soils and leaching of marine
arsenicals from sardine tissue during canning, as documented by Francesconi (2010).

Aluminium concentrations (0.16-0.32 mg/kg) exceeded the 0.1 mg/kg benchmark applicable
under general contaminant guidance, though no specific Codex or EU maximum limit exists for
aluminium in vegetable oils. These values are substantially lower than those reported by Ojezele
et al. (2021) for Nigerian canned sardines (4.71-16.4 mg/kg), but confirm that aluminium
migration from can packaging remains a consistent feature of canned sardine products. The
concentration gradient highest in VO (0.32 mg/kg) and lowest in SO (0.16 mg/kg) correlates with
observed variations in internal lacquer integrity across brands, as micro-damage during seaming
and sterilisation exposes the aluminium substrate to the acidic oil matrix (pH 5.52-6.26),
facilitating electrochemical dissolution (Verissimo et al., 2020; Bratakos et al., 2012).

Copper concentrations (0.17-0.44 mg/kg) exceeded the Codex Standard for Named Vegetable
Oils (CODEX STAN 210-1999) quality limit of 0.1 mg/kg. While copper is primarily regulated as
a quality parameter rather than a safety limit in vegetable oils, its significance here is twofold: at
trace levels, copper is a potent pro-oxidant that catalyses lipid peroxidation (Choe and Min, 2006),
and it poses cumulative dietary toxicity concerns under WHO guidelines (WHO, 2018). The
elevated copper in VO (0.44 mg/kg) is consistent with its palm olein-dominant composition, as
copper-based fungicide use in West African oil palm cultivation contributes to elevated soil and
crop copper levels (Zhu et al., 2011), compounded by metal introduction during industrial
refining (Frankel, 2014).

The consistent pattern of VO exhibiting the highest contamination across all four metals, while
SO showed the lowest, reflects differences in raw material sourcing and refining stringency. VO,
as a mass-market blended product dominated by locally sourced palm olein, is subject to less
rigorous quality control than the single-origin imported oils (SFO, SO, OO), which benefit from
more stringent agricultural and refining standards (Gunstone, 2011; Ogabiela et al., 2010).
Notably, all four brands exceeded applicable limits for at least one metal, indicating that
contamination is systemic rather than brand-specific, and warrants regulatory attention from
NAFDAC and SON.

Fatty Acid Profiles by GC-MS

GC-MS analysis confirmed the authenticity of all four oil types and revealed significant migration
of marine-derived lipids from sardine tissue into the oil phase during canning.

Olive oil was dominated by oleic acid (C18:1), consistent with authenticated olive oil composition
and the established MUFA-rich fingerprint used for origin verification (Boskou, 2015; Wang et al.,
2024), supporting the product's label claim. Soybean oil was characterised by linoleic acid (C18:2,
20.24%) as the dominant fatty acid alongside n-hexadecanoic and octadecanoic acids, consistent
with authentic soybean oil (Gunstone, 2011). The detection of EPA (0.39%) confirms fish lipid
migration into the oil medium during thermal processing (Calder, 2015). Sunflower oil exhibited
the greatest compound diversity, dominated by linoleic acid (26.49%) with significant n-
hexadecanoic acid (10.36%). The presence of both EPA (3.15%) and DHA (2.12%) marine omega-
3 fatty acids absent from pure sunflower oil further confirms substantial fish lipid incorporation,
enhancing the nutritional value of the oil phase. y-Tocopherol (1.74%) was also detected,
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contributing to antioxidant protection. Vegetable oil was characterised by linoleic acid as the
dominant unsaturated fatty acid (13.80%) alongside significant saturated fatty acids (n-
hexadecanoic acid, 4.26%), consistent with a palm olein-soybean oil blend typical of Nigerian
commercial vegetable oils (Aubourg, 2001; Ntigoroku and Agbaire, 2025).

The detection of EPA and DHA across multiple oil samples confirms that the oil phase in canned
sardines is not merely a preserving medium but a nutritionally active fraction enriched with long-
chain omega-3 fatty acids during processing. From an oxidative stability standpoint, the
MUFA /PUFA ratio, the primary determinant of intrinsic oil stability (Farhoosh, 2025), explains
the superior performance of OO and the greater oxidative vulnerability of SFO and SO,
corroborating the peroxide value data.

CONCLUSION

This study assessed the quality, safety, and authenticity of oil bases extracted from four
commercially available canned sardine brands in Abuja, Nigeria, through integrated proximate,
physicochemical, heavy metal, and GC-MS analyses.

Proximate and physicochemical parameters were largely within Codex Alimentarius standards,
confirming functional integrity of the oils as dietary fat sources. Elevated moisture content (2.78-
4.26%) indicated fish-to-oil water migration during thermal processing, with implications for
hydrolytic stability. Iodine values confirmed oil type identities, and peroxide values remained
within acceptable limits, though vegetable oil approached the upper threshold. Soybean oil
marginally exceeded the Codex acid value limit (0.62 mg KOH/g). Saponification values were
substantially lower than standard reference values for pure oils, attributable to long-chain marine
fatty acid incorporation, thermal polymerisation of triglycerides, and partial hydrolysis during
sterilisation effects characteristic of oils extracted from thermally processed canned fish matrices
rather than indicators of adulteration.

An important intrinsic trade-off between fatty acid composition and oxidative stability was
demonstrated: olive 0il's MUFA-dominant profile conferred superior oxidative stability (PV: 5.07
mg/kg) despite its lower vitamin E content (33.17 pg/mL), while polyunsaturated-rich oils relied
more heavily on tocopherol reserves for protection. Pro-oxidant metals particularly the elevated
copper in vegetable oil (0.44 mg/kg) further compromised this balance, contributing to its higher
peroxide value (8.80 mg/kg).

GC-MS confirmed the authenticity of all four oil types and revealed bidirectional lipid exchange
during canning, with marine-derived EPA and DHA detected across all samples, enhancing the
nutritional value of the oil phase beyond that of the parent oils alone.

The most critical finding was universal exceedance of applicable regulatory limits for heavy
metals. Mercury (0.53-0.57 mg/kg) exceeded the EU maximum limit for fish products (0.50
mg/kg, EC No. 1881/2006) in all samples; arsenic surpassed the Codex vegetable oil limit (0.1
mg/kg, CODEX STAN 210-1999) in three of four samples; and aluminium and copper exceeded
applicable quality benchmarks uniformly. Notably, this study did not conduct a formal
quantitative risk assessment including Estimated Daily Intake (EDI) or Hazard Quotient (HQ)
calculations and therefore does not make definitive claims about the magnitude of health risk to
individual consumers. Such assessment would require data on per capita canned sardine
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consumption rates in Abuja, the proportion of oil ingested, and bioavailability parameters, and
is recommended as a priority for follow-on research.

Nevertheless, the consistent exceedance of regulatory thresholds across all brands, with the mass-
market vegetable oil sample showing the highest contamination burden across all four metals,
indicates systemic rather than isolated contamination and warrants structured regulatory
response. Specifically, the following targeted interventions are recommended. NAFDAC and
SON should implement mandatory pre-market heavy metal screening of canned fish oil matrices,
distinct from existing fish flesh testing protocols, given that the oil phase represents a separate
contamination pathway not currently captured by standard fish product surveillance. Port-of-
entry inspection should include batch-level testing for mercury and arsenic in imported canned
sardines, with particular attention to products from high-risk source fisheries. Manufacturers
should be required to demonstrate compliance with internal can lining integrity standards, as the
aluminium contamination gradient observed across brands (0.16-0.32 mg/kg) correlates with
lacquer condition, suggesting that improved coating specifications and post-sterilisation integrity
checks could meaningfully reduce metal migration. For domestically sourced raw materials,
particularly palm olein used in mass-market vegetable oil blends, regulatory engagement with
agricultural bodies is warranted to address copper accumulation from fungicide use in oil palm
cultivation. Finally, mandatory disclosure of oil source origin on canned sardine labels would
support informed consumer choice while creating accountability incentives for manufacturers.
This study provides the first comparative evidence base for sardine oil base quality in Abuja and
contributes to the broader effort to safeguard Nigerian consumers. The nutritional benefits of
canned sardines including their omega-3 content, now confirmed to extend into the oil phase
make their continued safe availability a public health priority, achievable through the
coordinated regulatory, manufacturing, and research actions outlined above.
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