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ARTICLE INFO ABSTRACT

Keywords: The study assessed the quality of four different edible fats and oils using standard analytical
Carcinogenic risk assessment techniques. The presence of potentially toxic elements was determined using atomic absorption
Characterization

spectrometry. This study reveals that edible oils function admirably in terms of physical traits
such as moisture content, boiling point, melting point, density, and specific gravity. Some edible
fats and oils exceeded the standard limit of moisture, acid value, and peroxide value and these
values were found in the range of 0.120-0.760 %, 0.220-2.45 mg KOH/g, and 1.23-21.7 meq/kg
respectively. The iodine value for fats showed satisfactory results but for oils observed lower than
the standard value varied from 68.2 to 104 g/100 g. The results of saponification value for most of
the oils and fats were found satisfactory but others were lower than recommended limits and
detected results were in the range of 167-224 mg KOH/g. Trace metals viz. Fe, Mn, Ni, Pb, Cd,
Cu, and Co were measured in all samples and the concentration ranged from 0.070 to 47.0,
0.120-2.44, 0.540-27.1, 0.030-1.87, 0.010-4.63 and 0.060-8.39 ppm for iron, manganese,
nickel, lead, copper, and cobalt respectively. The study found high levels of Fe, Mn, Ni, Cu, and Co
in edible fats and oils in Bangladesh. No Cd was found, and Pb was not present in over half of the
samples, which included the majority of mustard oils. The levels of Fe and Ni were higher than
advised, but there was no discernible toxicological danger from Cd or Pb. The results of the health
risk assessment indicated that there was no risk to children’s health and possible hazards to
adults’ health.

Non-carcinogenic risk
Monte Carlo simulation
Toxic metals

1. Introduction

Triglycerides, comprised of three fatty acids and glycerol, form fats when solid at 25 °C and oils when liquid. Their diverse physical
states reflect variations in molecular structure and play crucial roles in nutrition, cooking, and industrial applications [1,2]. Edible fat
and oil are the most important things in our daily life and are known as lipid sources [3]. The importance of vegetable oils is one of the
major concerns and research in human nutrition due to their nutritional, organoleptic, heat transfer and rheological properties [4].
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Fig. 1. Study area showing 4 districts of Bangladesh.

They provide vital high-energy fatty acids, including linoleic and linolenic acids, and serve as carriers for fat-soluble vitamins such as
A, D, E, and K [5].

Oils and fats also have an important effect and cause metabolic reactions in the human body. 10 % or fewer of calories consumed
daily should be from saturated fat and 20-35 % of total daily calories come from polyunsaturated and monounsaturated fats [6]. Small
amounts of saturated fat are common in the diet [7]. Various physical and chemical parameters of edible oils have been used to control
the blending quality of the oils [8]. A good type of edible fats and oil used for cooking must consider a proven range of physicochemical
parameters. Once we understand the properties, we can evaluate the oil for human health, industrial use, etc. Low-density oils are very
valuable to consumers [9]. Oils with higher moisture content can be used for food texturing, baking, and frying and industrially in
manufacturing soaps, detergents, cosmetics, and oil paints [10]. The higher the saponification values, the shorter the average chain
length of the fatty acids, and the lower the average molecular weight of the fatty acids and vice versa [11]. The examination of peroxide
value reveals the quality and stability of fats and oils, reflecting rancidity reactions during storage. Elevated peroxide values signify
increased rancidity, indicating higher oxidation levels in fats and oils [10]. A higher acid value indicates that triglycerides of fats and
oils are converted into fatty acids and glycerol which cause rancidity of the oil [12]. Therefore, the cooking fats and oils must have
lower acid values otherwise the fat or oil can damage human health. The iodine value measures the degree of unsaturation in a fat or
vegetable oil. Higher unsaturation indicates a greater possibility of the fats and oils going rancid [13]. Some Scientists have examined
the physicochemical parameters to determine the quality and functionality of the fats and oils [14-16]. Certain metals often produce
deleterious effects when present in edible fats and oils [17]. The presence of metals in vegetable oils depends on so many factors: they
could originate from the soil, fertilizers, and the presence of industry or highways near the plantations, and be incorporated into the oil
[18]. Metals can enter oil during various production processes like refining, bleaching, and deodorization, or from contaminated
equipment. To ensure safety, trace metal levels should be minimized using chelating agents at different stages [19]. Potentially toxic
elements are persistent, do not decompose in the environment, and are magnified biologically through the ecological food chain
[20-22]. These metals bioaccumulate at the primary producer level and are then finally transported to the consumer level by their
consumption [23,24]. Elevated levels of trace metals such as Ni, Pb, Cd, Fe, and Cu accelerate oil oxidation and pose toxicity risks [25].
Few metals are integral to biological molecules, such as iron (Fe) in hemoglobin, which is essential for oxygen transport. In contrast,
many toxicelements like mercury (Hg) and chromium (Cr(VI)) are non-essential and toxic, posing significant health risks by binding to
substrates and creating imbalances in biological systems [26,27]. Lead, arsenic, and cadmium cause gastrointestinal issues, tremors,
hemoglobinuria, ataxia, paralysis, vomiting, and pneumonia. Toxic metal effects include acute or chronic toxicity, carcinogenicity,
mutagenicity, and neurotoxicity [28].

Research literature examining toxic elements in various vegetable oils was reviewed. Over 25 toxic elements were assessed in 35
different oils from 24 countries [29]. Recently adulterated edible oils are marketed as highly purified oils in Bangladesh. Therefore,
determining the physicochemical properties of edible fats and oil is important to maintain the quality of various processed foods. In
Bangladesh, despite extensive research on toxic metals & Polycyclic Aromatic Hydrocarbons (PAHs) in sediments [30,31], water
[32-34], and fish [35], and there has been some research on potentially toxic elements in only soybean oil [36]. Different kind of food
preservatives (benzoate, sorbate, paraben) recently reported in different food items in Bangladesh [37]. A comprehensive study
encompassing all available edible fats and oils in the local market is still needed. A notable research gap exists concerning the
long-term health implications of chronic exposure to trace amounts of toxic elements through regular consumption of edible fats and
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oils. Limited research on toxic elements accumulation mechanisms during oil processing and packaging exists, with a need for a
comprehensive investigation into the potential synergistic or antagonistic effects of multiple toxic elements in edible fats and oils.
Understanding their bioavailability and pathways is crucial for consumer safety. Addressing these gaps, the current study can provide
valuable insights into risk assessment and regulatory measures to minimize toxic elements contamination in all available edible fats
and oils at the local market. The present study aims to qualitatively analyze the properties of soybean, mustard oil, ghee (clarified
butter), and dalda (hydrogenated vegetable cooking oil) and assess toxic elements of different types of edible fats and oils with human
health risk analysis.

2. Materials and methods
2.1. Sample collection

A total of 30 different types of edible fats and oils such as soybean oil, mustard oil, ghee, and dalda, were collected from different
local markets such as Dhaka, Chattogram, Cumilla, and Feni (Fig. 1). Among them, 10 were soybean oil, 10 were mustard oil, 5 were
ghee, and 5 were dalda.

2.2. Sample analysis

All the analyses were performed using the standard methods of oil analysis by AOAC, [38]. Iodine value was determined by
following the Hanus method [39].

2.2.1. Moisture content (MC)
Water is present in most edible fats and oils. The decrease in mass of the sample on heating at 105 + 10 °C under operating
conditions (Moisture machine: MAC-50, RADWAG, Poland) specified for oils and fats is moisture content.

Wi x Wy
— X

Moisture Content (%) = 100

1

where Wi is the weight (g) of the sample before drying and W5, is the weight (g) of the sample after drying.

2.2.2. Density
Density (p) is the main physical property of matter. For a homogeneous object, it is defined as the ratio of its mass (m) to its volume

()]
. Mass(m)
D =— 7
ensity (p) Volume(v)
2.2.3. Specific gravity (SG)
The formula for specific gravity, given that the reference substance is water, is the density of the object divided by the density of the
water. Here, a Greek symbol called Rho is used to indicate density.

(Density of the Object)
(Density of Water)

Specific gravity =

2.2.4. Acid value (AV)

Acid value of the oil sample was determined by the titrimetric method. About 2-3 g of each oil sample was weighed into a 250 mL
Erlenmeyer flask, 50 mL 95 % ethanol was added, and shaken well to dissolve the sample. The sample solution was boiled with a reflux
condenser to dissolve the oil or fat completely. Then the conical flask containing the sample was cooled. Then 0.5 mL of 1 %
phenolphthalein indicator was added to it. The sample was titrated against 0.1N KOH until a permanent light pink color appeared.

56.1 x (S—B) xN
Then, the Acid value (mg KOH / g) = %

where S= Volume of potassium hydroxide used for sample titration,

B = volume of potassium hydroxide required by blank titration,

N= Normality of the potassium hydroxide solution or Sodium hydroxide solution,
W= Weight in g of the sample.

Under the same conditions, a blank experiment was carried out.

2.2.5. Saponification value (SV)
About 1.0-2.0 g of sample was taken into a 250 mL conical flask. A 20 mL of 2 % alcoholic potassium hydroxide was added, and a
reflux condenser was attached to the flask. The flask was gently heated, and occasionally shaking, while adjusting the heat so that the
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refluxing alcohol/ethanol would not reach the top of the condenser. After heating for 30 min until it became homogeneous, the flask
was then immediately cooled. The solution was then titrated with 0.5 N HCl using a phenolphthalein indicator. A blank test was also
performed without a sample, following the same steps.

1 x (B— N
Saponification value (mg KOH / g) = w

where B is mL of HCl required by blank,

S is mL of HCl required by the oil sample,
N means Normality of HCl, and
W means Weight (g) of oil.

2.2.6. Iodine value (IV)

The iodine value is a measure of the unsaturation of fats and oils. It is the mass of iodine absorbed in grams by 100 g of oil or fat,
depending on the conditions of the test. The iodine value (IV) was determined following the Hanus method. In this method,
approximately 0.3 g (5-8 drops) of the oil sample and 10 mL of chloroform (99.8 %, Honeywell, Germany) were added to a 12 mL of
Hanus (Merck, Germany) solution in a well-stoppered conical iodine flask. The mixture was left to stand for 30 min to allow complete
reaction between the iodine and the unsaturated bonds in the oils.

(Vo — V1) x N x 0.127 x 100

Iodine value (g I2 /100g oil) = W

where V, = ml of 0.1N Na25203 required for blank titration, V; = ml of 0.1N Na25203 required for sample, N= Strength of Na2S203
solution, and W= Weight (g) of oil sample.

2.2.7. Peroxide value (PO)

An important parameter specifies the content of oxygen as peroxides, especially hydroperoxides, in a substance. The peroxide value
is defined as the amount of peroxide oxygen per 1 kg of fat or oil. To determine the peroxide value, approximately 5 g of the sample
were mixed with a 3:2 solvent mixture of acetic acid (99 %, Merck, Germany) chloroform (30 mL), and 1 mL of saturated KI (Emsure,
Germany) solution. The mixture was then titrated with 0.01 N sodium thiosulfate solution (99 %, Merck, Germany) using 1 mL of
starch solution as an indicator. The peroxide value can be estimated using the following equation:

(§—B) x N x 1000

Peroxide value =
w

where S is the quantity of sodium thiosulphate required for the sample,

B is the quantity of sodium thiosulphate required for blank,
N is the normality of sodium thiosulphate, and
W is the weight of the sample.

2.2.8. Determination of trace metals and quality control

Analytical-grade chemicals were used in sample digestion. 1 g of each sample was accurately weighed using an analytical balance
and transferred into a 250 mL conical flask. Then, 10 mL of the acid digestion mixture (perchloric (70 %, Emsure, Germany), nitric (65
%, Emsure, Germany), and sulfuric acids (95-97 %, Emsure, Germany) in a 1:2:2 ratio) was added. The mixture was heated on a hot
plate in a fume hood until it turned colorless, indicating complete digestion. The digested sample was then cooled, 20 mL of distilled
water was added, and filtered using an ash-less Whatman filter paper into a 100 mL volumetric flask. Finally, distilled water was added
to bring the volume to the mark. Analysis of all digested samples was performed using Atomic Absorption Spectrophotometer (AAS)
(Thermo Scientific, iCE 3000, USA). The results of the calibration curve value indicated correlation coefficient () for all metals was
greater than 0.99856. The soundness of the analytical procedure was further reinforced by performing spike samples and obtaining
recoveries. The analytical results were compared using replicate analysis. Furthermore, a reagent blank was analyzed after every five
samples, and a standard solution was measured after every ten samples.

2.3. Statistical analysis

OriginPro (version 9.0) and SigmaPlot (version 14.0) were used to construct graphs and ArcMap (version 10.8) was used to
demonstrate the study area map. Microsoft Excel (version 2016) was used to calculate average, standard deviation, and human health
risk. Limit of Detection (LOD) of iron, manganese, nickel, lead, cadmium, copper, and cobalt were 0.02 mg/L, 0.01 mg/L, 0.01 mg/L,
0.01 mg/L, 0.002 mg/L, 0.03 mg/L, and 0.01 mg/L, respectively. For example, in the case of iron (Fe), the standard deviation was
0.00666, so the value of LOD is SD x 3 = 0.02 where multiplying factor 3 is called the t-value. A significance level of 5 % was pre-
determined before initiating the analyses. A probability-probability p-p plot statistical approach was used to evaluate the dataset’s
normality. Using this technique, one may see how data points are distributed and ascertain whether or not they follow a normal
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distribution. Values below the LOD were adjusted to half of the LOD before statistical analyses were performed [40]. The differences in
the amounts of the seven toxic metals among the four different types of fats and oils were investigated using Kruskal-Wallis one-way
analysis of variance testing. When neither the homogeneity of variance nor the normality of distribution is satisfied, this
non-parametric test can be used to compare many groups. Risk assessment uncertainty is an ingrained element that must be considered
since risk assessment entails evaluating prospective dangers based on known facts, human attributes, environmental unpredictability,
and lack of accuracy [41-43]. In this investigation, Monte Carlo Simulation has been performed on probabilistic carcinogenic risk
associated with Pb, and Ni using RStudio. With three percentile (5th, 50th & 95th) cut points and 10,000 iterations, this approach
ensures numerical stability.

2.4. Health risk assessment

2.4.1. Estimated daily intake (EDI)
To determine the average daily loading of metal into the body system of a consumer with a certain body weight, the EDI was
evaluated. Estimated daily intakes (EDIs) for toxic metals were calculated using the following formula:

FIR x CM

EDI=
WAB

where FIR is the rate of food ingestion, CM is the metal concentration in the sample (mg/kg ww), and WAB is the average body weight
(70 kg for adults). Metal concentration in the sample was obtained on the basis of wet weight (ww). As there is study done on the daily
intake of soyabean oil, mustard oil, dalda and ghee, we built a hypothesis that daily intake of those four groups were 40 mL, 35mL, 5 g,
and 10 g.

2.4.2. Target hazard quotient (THQ)

Using the basic assumption for integrated risk analysis, the Target Hazard Quotient (THQ) may be computed to estimate the risk
level of non-carcinogenic exposure to pollutants. THQ is the ratio of a trace metal’s anticipated exposure to the reference dose, below
which no significant danger exists. Using the Region III Risk-Based Concentration Table [44], the target hazard quotient for Pb, Co, Cu,
Cd, Mn, Fe, and Ni in collected sample was determined in this study. This equation was utilized to estimate THQ:

EF x ED x FIR x CM

1 -3
RfD x WAB x ATN ~ °

THQ =

where EF is the exposure frequency (365 days per year), ED is the exposure duration (30 years for non-cancer risk as defined by USEPA
[44] and THQ is the target hazard quotient. Food Ingestion Rate (FIR); toxic metal concentration (CM) is mg/kg; average body weight
(WAB) is 70 kg; average exposure time (ATN) is 365 days/year for 30 years (ATN = 10,950 days) as used in EF x ED (EF x ED)
calculations used to characterize non-cancer risk [44]; reference dose (RfD) is the amount of metal (an estimate of the daily exposure to
which the human population may be continuously exposed over a lifetime without a significant risk of adverse effects).

2.4.3. Hagzard index (HI)
The sum of each THQ is used to calculate the Hazard index, which is the cumulative effect of a person’s exposure to several
toxicants [35,45]. The following equation was utilized to determine the Hazard Index (HI) based on THQ values.

HI= (THQcontaminatsl+ THQcontaminats2+ THQcontaminats3+ --- + THQcontaminatsn)

where THQ stands for Target Hazard Quotient (of each metal) and HI stands for Hazard Index (unitless). The sum of all THQ is known
as HI. An estimate of this parameter was created for each sample.

2.4.4. Cancer risk (TR)

The carcinogenic risk associated with toxic metal was expressed as TR in this study. For carcinogens having accessible cancer risk
values, the cancer risk (TR) was computed. The USEPA Region III Risk-Based Concentration Table [46] was used to estimate the values.
The following formula was utilized to estimate TR:

__EF x ED x FIR x CM x Cfo

-3
WAB x ATN x 10

TR

whereas CM is the metal concentration in sample (mg/kg), food ingestion rate (FIR) for adults (70 kg) is 40 mL, 35 mL, 5 g and 10 g for
soyabean oil, mustard oil, dalda and ghee and for children (21 kg) is half amount of adult, TR is the target cancer risk, EF is the
exposure frequency (365 days/year), and ED is the exposure duration for adult (30 years) and children (6 years) [47]. ATN is the
average duration of exposure to carcinogens (365 days/year for 70 years, as used by USEPA [46] WAB is the average body weight, and
Cfo is the carcinogenic potency slope, oral (mg/kg bw/day). The study employed Cfo values of 3.8, 8.5 x 105, and 1.7 for Cd, Pb, and
Ni, respectively [46].
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Table 1
Physicochemical parameters of edible oils and fats.
Sample MC (%) Density (g/ml) Specific gravity AV mg KOH/g SV mg KOH/g IV g/100g PV meq/kg
S1 0.140 0.910 0.930 0.270 188 85.3 4.51
So 0.180 0.900 0.920 0.830 187 86.3 4.16
S3 0.480 0.910 0.920 0.770 186 77.0 5.32
S4 0.260 0.910 0.930 0.420 185 84.9 7.72
Ss 0.120 0.910 0.930 0.35 194 86.3 6.98
Se 0.220 0.900 0.920 0.250 189 77.6 10.4
Sy 0.170 0.900 0.920 0.770 194 86.2 8.08
Ss 0.130 0.890 0.910 0.480 184 80.3 11.1
So 0.210 0.900 0.920 0.230 187 89.1 13.2
S10 0.140 0.900 0.920 0.220 191 68.2 13.3
M; 0.470 0.900 0.920 1.31 179 92.1 6.05
M, 0.430 0.890 0.900 1.23 174 101 6.55
M3 0.580 0.890 0.910 1.72 174 89.7 5.89
My 0.260 0.890 0.900 0.630 167 88.4 1.97
Ms 0.470 0.880 0.900 1.92 175 99.9 5.51
Mg 0.760 0.900 0.920 1.83 175 104 8.01
M 0.530 0.900 0.920 1.29 184 91.9 13.4
Mg 0.440 0.890 0.910 1.23 172 96.2 13.8
Mo 0.410 0.890 0.910 1.74 182 100 11.2
Mo 0.520 0.890 0.910 2.45 178 91.0 5.70
Gy 0.530 0.910 0.920 1.31 215 40.4 1.27
G, 0.430 0.910 0.930 1.09 213 40.8 1.23
Gs 0.350 0.900 0.910 0.630 213 53.6 1.38
Gy 0.360 0.891 0.910 0.690 204 49.9 2.63
Gs 0.460 0.900 0.920 1.14 224 36.9 1.32
D, 0.170 0.920 0.940 0.830 198 37.1 12.2
D, 0.180 0.940 0.960 0.830 193 40.5 18.6
D3 0.190 0.930 0.950 0.530 195 39.4 18.7
Dy 0.240 0.950 0.960 0.900 195 42.3 20.6
Ds 0.350 0.930 0.950 0.280 196 42.0 21.7
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Fig. 2. Physicochemical properties (average + SD) of different edible fats and oils (MC= Moisture Content, SG= Specific Gravity, AV=Acid Value,
SV= Saponification Value, IV= Iodine Value, PO= Peroxide Value).

3. Result and discussion
3.1. Physicochemical parameters of edible fats and oils

Physicochemical parameters are summarized in Table 1. The moisture in fats and oils can cause rancidity and foul smells, affecting
flavor. Ranges of moisture content were noted for soybean oil (0.120-0.480 %), mustard oil (0.260-0.760 %), ghee (0.350-0.530 %),
and dalda (0.170-0.350 %). Precise extraction and good preservation are essential to keep soybean oil at the recommended moisture
levels of 0.200-0.300 % [48-50]. Increased moisture levels can intensify off-flavors and free fatty acids [51]. At 0.490 %, mustard oil
had the greatest moisture content. Higher moisture content oils are preferred for industrial uses, baking, frying, and texturizing food
[52]. The composition of fats and oils, especially the types and quantity of fatty acids they contain, affects their density. From the data
for soybean oil, the range was 0.890-0.910 g/mL; for mustard oil, it was 0.880-0.900 g/mL; for ghee, it was 0.890-0.910 g/mL; and for
dalda, it was 0.920-0.950 g/mL of oil at 30 °C. Dalda had a mean density of 0.930 g/mL, which was the highest. These densities are
within the 0.860-0.920 g/mL [53]. Understanding the density of fats and oils helps in ensuring the quality, safety, and efficiency of
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Table 2
Trace metal concentration of different edible fats and oils.

No. of samples Fe Mn Ni Pb Cd Cu Co

Soybean oils S1 2.70 0.270 1.53 0.380 <BDL 1.15 0.940
Ss 35.9 0.300 3.50 0.040 <BDL 2.88 2.24
S3 2.00 1.92 13.0 0.160 <BDL 1.82 8.16
S4 13.1 0.680 10.1 1.87 <BDL 3.98 6.65
Ss 0.080 0.940 5.42 1.44 <BDL 4.63 3.36
Se 4.38 0.660 0.760 0.240 <BDL 0.680 0.430
S7 12.5 0.220 6.26 1.78 <BDL 1.74 3.39
Ss 5.99 0.180 6.19 0.050 <BDL 1.61 3.58
So 5.75 0.440 7.70 0.330 <BDL 1.86 4.63
S10 1.73 1.16 4.33 <BDL <BDL 1.65 2.76

Mustard oils M; 2.49 0.160 5.71 <BDL <BDL 3.00 3.87
M, 9.37 1.69 10.9 <BDL <BDL 4.18 7.26
Ms 10.7 1.62 0.550 <BDL <BDL 1.22 0.100
My 0.270 0.440 1.22 <BDL <BDL 0.770 0.770
Ms 5.26 0.880 1.19 <BDL <BDL 1.13 0.730
Ms 26.9 1.48 11.3 0.490 <BDL 0.730 5.27
M; 5.00 0.590 5.95 <BDL <BDL 2.63 2.66
Mg 10.4 0.120 1.83 <BDL <BDL 2.10 0.880
Mg 3.26 1.24 2.67 <BDL <BDL 1.78 0.910
Mio 24.6 0.630 8.02 0.73 <BDL 0.020 2.47

Ghee Gy 12.7 1.55 4.69 <BDL <BDL 0.310 2.95
Gy 8.52 1.93 7.04 0.490 <BDL 1.37 4.36
Gs3 6.84 0.870 0.740 <BDL <BDL 1.85 0.190
Gy 0.810 2.41 7.59 0.640 <BDL 1.44 4.78
Gs 5.72 2.45 7.64 0.050 <BDL 1.23 4.84

Dalda D, 36.9 1.66 10.4 0.290 <BDL 0.230 3.56
Dy 39.0 2.34 16.3 0.680 <BDL 0.190 8.40
D3 22.5 0.150 10.3 <BDL <BDL 0.360 3.22
Dy 47.0 0.150 27.1 <BDL <BDL 2.12 1.26
Ds 6.45 0.730 1.07 <BDL <BDL 0.090 1.10

various industrial processes and consumer products.

The most important parameter of specific gravity was conducted at 30 °C of temperature. The specific gravities of the oils varied
from 0.910 to 0.930 for soybean oil, 0.900-0.920 for mustard oil, 0.908-0.928 for ghee, and 0.940-0.960 for dalda at 30 °C. From the
results shown in Fig. 2, dalda (D4) had the highest specific gravity of 0.960 g/mL, while mustard oil (M5) had the lowest specific
gravity of 0.900 g/mL. The majority of samples fall below the 0.910-0.920 g/cm® acceptable range [54]. Mustard oil had the lowest
average specific gravity (0.910) and dalda the highest (0.950). contributes n-bonds in dalada may contribute to its increased density by
making it stiffer and preventing C-C bond rotation [55]. High Specific Gravity can be associated with higher unsaturation, longer fatty
acid chains, increased free fatty acids, and oxidation products. Low Specific Gravity is linked to higher saturation, shorter fatty acid
chains, and lower molecular weight triglycerides.

The acid value of oil, which represents free fatty acids, indicates its quality; larger levels indicate lesser quality and possible
rancidity [56]. For soybean oil, 0.220-0.830 mg KOH/g, mustard oil, 0.630-2.450 mg KOH/g, ghee, 0.630-1.31 mg KOH/g, and
dalda, 0.280-0.900 mg KOH/g were the acid values. 0.600 mg KOH/g is the maximum that is advised [57,58]. In terms of average acid
value, soybean oil had the lowest (0.410 mg KOH/g), within the recommended range, while mustard oil had the highest (1.54 mg
KOH/g), surpassing the limit. By turning triglycerides into fatty acids and glycerol, higher acid values signify rancidity and low quality.
It was observed from this experiment that the average SV value (214 mg KOH/g) was in ghee and (176 mg KOH/g) was in mustard oil.
The SV of almost all the mustard oils was observed within the range of 170-178 mgKOH/g [59]. The mean SV value for ghee was found
within the range of 210-250 mg KOH/g [51]. The results of SV in soybean oil range from 184 to 194 mg KOH/g and the ranges from
194-198 mg KOH/g was observed for dalda. Low SV value (higher fatty acid average length) indicating not suitable for soap making.
High saponification values suggest the presence of shorter-chain fatty acids, while lower values indicate longer-chain fatty acids [60].

The iodine value (IV) is a vital parameter in assessing the degree of unsaturation in fats and oils. It measures the amount of iodine,
in grams, that is absorbed by 100 g of fat or oil, reflecting the presence of double bonds in the fatty acid chains. The iodine value was
observed in the ranges of 68.2-89.1 g/100 g for soybean oil, 88.4-104 g/100 g for mustard oils, 37-53.6 g/100 g for ghee, and
37.1-42.3 g/100 g for dalda. According to BSTI specification and Bangladesh standards, the Iodine value requirement for soybean oil is
120-143 [57]. Iodine value ranges from 68.2 to 89.1 g/100 g for soybean oil, and 88.5-104 g/100 g for mustard oils below the
recommended limit. Low IV value in oils implies that the sample may be blended with other less unsaturated and cheap vegetable oil.
The peroxide value (PO), which represents fats and oils’ propensity to get rancid, is a crucial measure of their acidity and oxidation.
The result tabulated in Table 1 showed the range of peroxide value was between 4.16 and 13.3 meq/kg for soybean oils, 1.97-13.7
meq/kg for mustard oil, 1.23-2.63 meq/kg for ghee and 12.2-21.7 meq/kg for dalda. Superior quality and stability are indicated by
lower PO values. The required limitations are met by the mean PO values of ghee, soybean oil, and mustard oil; however, the mean PO
values of dalda are exceeded, indicating a greater vulnerability to rancidity. PO rises with oxygen and light exposure during storage,
which lowers quality [51,61]. Hierarchical Cluster Analysis (HCA) of physicochemical properties of edible fats and oils was performed
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Table 3
Showing EDI & THQ.
Descripti on Sample ID Estimated Daily Intake (EDI) Target Hazard Quotient (THQ)
Fe Mn Ni Pb Cu Co Fe Mn Ni Pb Cu Co

Soyabea n Oil S1 1.54 0.160 0.870 0.220 0.660 0.530 0.000 0.000 0.040 0.060 0.020 1.78%
S2 20.5 0.170 2.00 0.020 1.65 1.28 0.030 0.000 0.100 0.010 0.040 4.26%
S3 1.14 1.10 7.45 0.090 1.04 4.66 0.000 0.010 0.370 0.030 0.030 15.6%
S4 7.47 0.390 5.75 1.07 2.27 3.80 0.010 0.000 0.290 0.310 0.060 12.77
S5 0.050 0.540 3.10 0.820 2.65 1.92 0.000 0.000 0.150 0.240 0.070 6.41%
S6 2.50 0.380 0.430 0.130 0.390 0.240 0.000 0.000 0.020 0.040 0.010 0.810
S7 7.15 0.120 3.57 1.02 0.990 1.94 0.010 0.000 0.180 0.290 0.020 6.45%
S8 3.42 0.100 3.54 0.030 0.920 2.05 0.000 0.000 0.180 0.010 0.020 6.82%
S9 3.28 0.250 4.40 0.190 1.06 2.65 0.000 0.000 0.220 0.050 0.030 8.82%
S10 0.990 0.660 2.48 0.000 0.940 1.57 0.000 0.000 0.120 0.000 0.020 5.25%

Mustard Oil M1 1.24 0.080 0.300 0.000 1.50 1.94 0.000 0.000 0.140 0.000 0.040 6.45%
M2 4.69 0.840 0.570 0.000 2.09 3.63 0.010 0.010 0.270 0.000 0.050 1217
M3 5.35 0.810 0.030 0.000 0.610 0.050 0.010 0.010 0.010 0.000 0.020 0.170
M4 0.130 0.220 0.060 0.000 0.380 0.390 0.000 0.000 0.030 0.000 0.010 1.29%
M5 2.63 0.440 0.060 0.000 0.560 0.360 0.000 0.000 0.030 0.000 0.010 1.217
M6 13.4 0.740 0.590 0.240 0.360 2.63 0.020 0.010 0.280 0.070 0.010 8.787
M7 2.50 0.300 0.310 0.000 1.32 1.33 0.000 0.000 0.150 0.000 0.030 4.44°
M8 5.21 0.060 0.100 0.000 1.05 0.440 0.010 0.000 0.050 0.000 0.030 1.47%
M9 1.63 0.620 0.140 0.000 0.890 0.460 0.000 0.000 0.070 0.000 0.020 1.52%
M10 12.3 0.320 0.420 0.370 0.010 1.24 0.020 0.000 0.200 0.100 0.000 4.127

Dalda Gl 0.900 0.110 0.330 0.000 0.020 0.210 0.000 0.000 0.020 0.000 0.000 0.700
G2 0.610 0.140 0.500 0.030 0.100 0.310 0.000 0.000 0.030 0.010 0.000 1.04%
G3 0.490 0.060 0.050 0.000 0.130 0.010 0.000 0.000 0.000 0.000 0.000 0.050
G4 0.060 0.170 0.540 0.050 0.100 0.340 0.000 0.000 0.030 0.010 0.000 1.14%
G5 0.410 0.170 0.550 0.000 0.090 0.350 0.000 0.000 0.030 0.000 0.000 1.15%

Ghee D1 5.27 0.240 1.49 0.040 0.030 0.510 0.010 0.000 0.070 0.010 0.000 1.69%
D2 5.58 0.330 2.33 0.100 0.030 1.20 0.010 0.000 0.120 0.030 0.000 4.00°
D3 3.22 0.020 1.47 0.000 0.050 0.460 0.000 0.000 0.070 0.000 0.000 1.53%
D4 6.72 0.020 3.87 0.000 0.300 0.180 0.010 0.000 0.190 0.000 0.010 0.600
D5 0.920 0.100 0.150 0.000 0.010 0.160 0.000 0.000 0.010 0.000 0.000 0.520

“Bold values = THQ>1.

Table 4
Showing different standard for edible oils.
Trace Metals Codex GB/T23347-2021 (China) RD 308/1983 (Spain) BDS Standard, 1979
Pb 0.100 NC 0.100 0.100
Cu NC <0.100 0.400 0.100
Fe NC <3.00 10.0 1.500
Ni NC NC NC 0.100
Mn NC NC NC 0.100

*NC=Not Considered.
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Fig. 3. Average concentration of trace metals with standard deviation.
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to investigate (Euclidean Distance and Single Linkage Method) if there was any similarity pattern in the values of different physico-
chemical variables. Fig. 6a shows associations between the different metal variables analyzed. It demonstrated major clusters
MC/AV/1V and Density/SG/PV/SV. These two clusters are very similar in their pattern. In the case of physicochemical parameters, all
parameters were significantly (p < 0.05) different from each other.

3.2. Trace metals in different edible fats and oils

Metal concentrations in edible oils were found between 0.080 and 35.9, 0.12.0-1.91, 0.540-13.0, 0.040-1.87, 0.020-4.63, and
0.090-7.26 ppm for Iron, Manganese, Nickel, Lead, Copper, and Cobalt respectively. The concentration of toxic elements in edible fats
was observed to range from 0.810 to 47.0 ppm, 0.140-2.44 ppm, 0.730-27.1 ppm, 0.040-0.680 ppm, 0.080-2.12 ppm, 0.190-8.39
ppm for Fe, Mn, Ni, Pb, Cu, and Co respectively (Table 2). The approved contents of these metals in oils are 0.100 mg/kg for Cu & Pb,
1.00-1.50 mg/kg for Fe, 0.200 mg/kg for Ni, and 0.050 mg/kg for Cd [62]. Different standards of Maximum Permissible Limit (MPL) of
trace metals are summarized in Table 4.

The results in Fig. 3 show the concentration of trace metals in different types of edible fats and oils. The lowest iron content (0.070
ppm) was observed in S5 soybean oil while the highest iron concentration (35.9 ppm) was observed in S, soybean oil. According to the
national and international standards for Fats and Oils, the approved iron content in vegetable oils and fats is 1.00-1.50 ppm [29]. Iron
concentration in our investigated edible oil samples was higher than the range of the approved limits. An adequate amount of iron is
necessary for our diet to decrease the occurrence of anemia [63]. If we intake excess amount of Iron then liver, heart and pancreas can
be affected [64]. The presence of iron content in commercially available edible oils and ghee samples may be due to the reaction
between the relatively high-unsaturated portion of the oil with the surface of iron containers to be used during transportation, storage,
and processing of oils and fats or due to natural sources.

The lowest concentration of manganese (0.120 ppm) was found in mustard oil (Mg) and the highest concentration (2.45 ppm) in
ghee (Gs). Manganese concentrations were reported in the literature as 0.100 mg/kg [65]. In this investigation, the ranges of man-
ganese were found between those demonstrated in the literature. Manganese is an essential element since they plays an important role
in biological systems. Manganese deficiency can produce severe skeletal and reproductive abnormalities in mammals. High doses of
manganese produce adverse effects totally on the lungs and on the brain [66]. The amount of Manganese in our research can come in
oils and fats through several pathways, including Plants absorb manganese from the soil and it can accumulate in their tissues,
including the seeds and fruits from which oils are extracted, During the processing of oils and fats, manganese can be introduced
through equipment, water, or other materials used in the extraction and refining processes, Manganese-containing fertilizers or
pesticides can lead to the accumulation of manganese in plants e.t oils and fats. This research can help in monitoring and controlling
the manganese content in oils and fats to ensure they meet safety and quality standards.

The amount of nickel content may be beneficial as an activator of some enzymes but its toxicity is more prominent at a higher level.
In this investigation, Nickel contents were found in soybean oils in the range of 0.760-13.0 ppm which was lower than found in the
literature 0.320-18.5 mg/kg [36]. In the case of mustard oil, nickel content ranges from 0.540 to 11.3 ppm which was higher than
found in the literature (0.030-0-060 ppm) for mustard oil [67]. Overall, the minimum nickel concentration was found in mustard oil
(average 4.93 ppm) and the maximum nickel concentration (average 13.0 ppm) was found in the hydrogenated oil D4 sample because
nickel was used as a hardening or hydrogenating agent for the conversion of glycerides of unsaturated fatty acid to saturated fatty acid
of another series.

Lead has no important role in human metabolism. It was well known for its chronic and acute poisoning which may lead to failure
of the heart, liver, kidney, and immune system. Long-term exposure to such toxic elements also causes cancer [68]. In almost half of the
samples, Pb was below the detection limit. In fourteen samples out of thirty, lead was not detected in ppm level. Only two (Mg& M10)
out of ten mustard oil lead concentrations were detected. The lowest lead concentration (0.040 ppm) was observed in S; soybean oil
while the highest lead concentration (1.87 ppm) was observed in S4 soybean oil shown in Table 2. The reported lead values for oil
samples were 0.310-2.35 mg/kg [36] and 0.100 mg/kg [69]. The lead concentration in this studied oils and fat samples was below the
limits.

Cadmium may be a highly toxic metal with a natural occurrence in soil, but it’s also spread within the environment caused by
human activities. Excessive cadmium exposure may produce renal, pulmonary, hepatic, skeletal, and reproductive effects and cancer
[70]. In this study, Cd was below the detection limit. That means, there is no toxicological health risk from Cd.

Copper is an essential trace metal known to be both vital and toxic for many biological systems and may enter the food materials
from the soil through mineralization by crops, food processing, or environmental contamination, as in the application of agricultural
inputs, such as copper-based pesticides which are in common use in farms in some countries [71]. In this study, Copper ranges from
0.680 to 4.63 for soybean oil, 0.020-4.18 for mustard oil, 0.310-1.85 for ghee, and 0.090-2.12 for hydrogenated vegetable cooking
oil. We can see, on average the lowest copper levels were in hydrogenated vegetable cooking oil (0.600 ppm) and the highest copper
level (2.200 ppm) in soybean oil. National and International Limits of Copper in oil and fat are reported as 0.100-0.400 mg/kg [29].
Copper concentration in our investigated edible oil and fat samples was higher than the range of the approved limits. Cobalt is vital to
human life due to the importance of vitamin B-12.

Here Cobalt concentration ranges from 0.430 to 6.65 ppm for soybean oil, 0.100-7.26 ppm for mustard oil, 0.190-4.84 ppm for
ghee, and 1.01-8.40 ppm for hydrogenated vegetable cooking oil. This observed data for most of the samples are lower than the
literature values which were reported as 0.920-5.45 mg/kg [72].

According to BDS limits, 90 % of samples exceeded the permissible levels for iron (Fe), 93.33 % for copper (Cu), and 43.33 % for
lead (Pb). In the cases of manganese (Mn) and nickel (Ni), all samples (100 %) surpassed the BDS limits. 43.33 % of all samples exceed
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the codex limit for Pb whereas 10 % of all samples are below the limit. Among all trace metals, the GB (China) standards only consider
Fe and Cu. Based on this data, 96 % of all samples exceed the limit for Fe, while 13.33 % exceed the limit for Cu. However, RD 308/
1983 (Spain) considers Fe, Pb, and Cu. The findings can be summarized as follows: 40 % of all samples exceed the limit for Fe, 80 %
exceed the limit for Cu, and 43.33 % exceed the limit for Pb. Additionally, a few samples (10 %) are below the limit for Pb.

The impact of potentially toxic metals on plant tissues and cells is highly dependent on their concentration levels. At low con-
centrations, certain potenrially toxic elements like copper (Cu), zinc (Zn), and manganese (Mn) are essential micronutrients, playing
crucial roles in various physiological and biochemical processes [73]. However, these metals at elevated concentrations become toxic,
leading to oxidative stress, disruption of cellular functions, and damage to cellular structures. High levels of toxic elements such as
cadmium (Cd), lead (Pb), and mercury (Hg) can inhibit photosynthesis, respiration, and nutrient absorption, ultimately stunting plant
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growth and reducing biomass [74]. Toxic concentrations induce the generation of reactive oxygen species (ROS), which can cause lipid
peroxidation, protein denaturation, and DNA damage [75]. Plants have developed mechanisms such as metal chelation, compart-
mentalization, and the activation of antioxidant defenses to mitigate these toxic effects. Nonetheless, excessive accumulation of toxic
elements can overwhelm these protective systems, leading to cellular damage and impaired physiological functions [76,77]. Only for
Pb, Kruskal-Wallis one-way analysis of variance tests showed significant (p < 0.05) results. Fig. 6b shows associations between the
different metal variables analyzed. It demonstrated three major clusters Pb/Cu, Co/Mn, and Ni/Fe.

3.3. Noncarcinogenic & carcinogenic risk

Estimated Daily Intake (EDI) and Target Hazard Quotient (THQ) are summarized in Table 3. Generally, values of THQ greater than
1 are unacceptable. THQ was less than 1 for Fe, Ni, Cu, Mn, and Pb. Only for Co, THQ was higher than 1. In 90 % of samples of
Soyabean oil and mustard oil, THQ crossed 1. In case of dalda and ghee, in 60 % sample THQ happened to be higher than 1. The highest
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average THQ was for soyabean oil and the lowest was for dalda. Cobalt showed maximum THQ and Manganese showed lowest. The
total Target Hazard Quotient (TTHQ) is presented in Fig. 4. Target cancer risk is presented in Fig. 5. According to USEPA, the acceptable
value range of TR is 10~ to 10~ (low risk). TR values were found in the following order for both adults and children: Soyabean Oil >
Mustard Oil > Ghee > Dalda. The average target cancer risk associated with Ni for adults was high for soyabean oil, mustard oil, and
ghee whereas cancer risk was moderate for dalda. Cancer risks associated with Pb were negligible for adults. The cancer risk associated
with both Ni and Pb for children was found to be very low (<10~%) because of less amount of daily intake. The findings of the cancer
risk of Pb were similar to a study conducted on imported rice bran oil in Iran [78]. According to the health risk assessment, the
examined vegetable oil (Canola & Soyabean) samples did not appear to pose any health risks to adults or children [79]. The Monte
Carlo Simulation (MCS) results are presented in Fig. 7. The simulation also indicates a higher risk for adults associated with Nickel and

no risk from Lead.
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4. Conclusion

Analytical characterization and study of potentially toxic elements in different types of soybean oil, mustard oil, ghee, and dalda
were investigated in this present study. When consumed in moderation, essential trace metals can be beneficial to humans; when
ingested in excess, they can be harmful to the body. The concentration of each element in food and the quantity eaten determine how
much of that element is ingested. Although the results of this study suggested that there was no cause for worry regarding the amount
of toxic metals in oils and fats for children, Nickel is one of these elements that can hurt human health, particularly in adults, since its
TR value is higher the permissible threshold (10-6). This makes regular monitoring and assessment of these oils, fats as well as other
edible oils essential. To shield individuals from the non-carcinogenic and carcinogenic consequences of potentially toxic metals,
techniques to remove these metals from the body and avoid their excessive buildup in the body should also be taken into consideration.
Therefore, understanding this topic is crucial to healthily sustaining our citizen’s health.
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