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ABSTRACT

This study investigated the polycyclic aromatic hydrocarbons (PAHS) concentration in selected soup
thickeners marketed in Yenagoa, Bayelsa State. Three commonly consumed soup thickeners
(ukpo, ofor and achi) were purchased from Swali market in Yenagoa Bayelsa State and taken to the
laboratory for analysis. The chosen thickeners were so selected because of heir high rates of usage

*Corresponding author: Email: felagha007 @gmail.com;

Cite as: 1., Felagha, Afia I. U., Ajoko I. T., and Ebong C. U. 2024. “Polycyclic Aromatic Hydrocarbon Levels in Selected Soup
Thickeners Marketed in Yenagoa, Bayelsa State, Nigeria”. South Asian Research Journal of Natural Products 7 (3):241-48.
https:/lwww.journalsarjnp.com/index.php/SARJINP/article/view/156.


https://www.sdiarticle5.com/review-history/121027

Felagha et al.; S. Asian Res. J. Nat. Prod., vol. 7, no. 3, pp. 241-248, 2024, Article no.SARINP.121027

for making indigenous white soup and ‘fisher man soup’ that are popular meals in Bayelsa state.
The objective of this research was to ascertain the safety of the selected soup thickeners through
the analysis in them for PAHs contents. Sample extraction was done using dichloromethane and
PAHs concentrations were determined by Gas Chromatography-Flame lonization Detection (GC-
FID). The FID is so chosen because it is a sensitive chromatographic method to molecules that are
ionized in a hydrogen-air flame, including most carbon-contaning compounds. Data was subjected
to analysis of variance (ANOVA) using Statistical Package for Social Sciences (SPSS) and
significant differences were determined (p<0.05). PAHs detected in the samples in varying
concentrations include naphthalene, acenapthylene, fluorene, phenanthrene, pyrene, chrysene,
anthracene and benzopyrene. The results were as follows: ukpo- (naphthalene-12.69+0.24 mg/kg,
acenapthylene 8.17+0.01 mg/kg, fluorene-3.55+0.18 mg/kg, phenanthrene-6.10+0.08 mg/kg,
pyrene-2.45+0.11 mg/kg, chrysene-4.27+0.13 mg/kg), ofor-(acenapthylene-22.21+0.29 mg/kg,
fluorene-18.60+£0.32 mg/kg, phenanthrene-14.11+0.03 mg/kg, pyrene-17.26+0.16 mg/kg, chrysene-
13.85+0.17 mg/kg) and achi-(naphthalene-15.47+0.00 mg/kg, acenapthylene-28.07+0.00 mg/kg,
pyrene-19.79+0.00 mg/kg, chrysene-22.06£0.00 mg/kg, anthracene-23.48+0.00 mg/kg,
benzopyrene-11.86 mg/kg). There are USEPA guidelines for the minimal acceptable levels of these
PAHSs. The findings of this study indicate that soup thickeners marketed in Yenagoa Bayelsa State
contained varying concentrations of PAHs. Consumers are therefore advised to consume these
soup thickeners with caution due to the toxic effects of PAHs to the body. Soups form an integral
component of the food of most Nigerians and in Yenagoa, several indigenous soups are prepared
using a wide range of ingredients including soup thickeners such as achi, ofor and ukpo. PAHs are
known to be harmful to humans some of which are carcinogenic, thus the general public are
therefore advised to consume these soup thickeners purchased from Swali market in moderation so
that they are not predisposed to long-term harmful effects of PAHs. Future research based on the
current findings could be carried on as concerns the interactions of PAHs with functional
components of the selected soup thickeners.
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1. INTRODUCTION

Food plays a very vital role in the maintenance of
the health of individuals in a population. Every
tribe or region in Nigeria has different condiments
used in preparation of soups and other dishes.
These condiments are used to enhance flavour,
provides proteins and vitamins and other
organoleptic properties which makes the food
appealing and delicious [1]. Soup condiments are
used for garnishing soups however they may be
rich in protein, can replace fish or meat and aid in
dietary strategies to combat obesity due to their
high fiber, low carbohydrate, and fat content and
may additionally offer health benefits such as
boosting brain power, protecting the heart, and
preventing cancer [2]. Thus, soup condiments
play a significant role in nutrition in Nigeria.
Brachystegia eurycoma, is a tree species native
to Southern Nigeria and Western Cameroon. It
typically grows up to 35 meters in height with a
diameter of 2.5 meters [3]. The flour prepared
from the dry seeds of B. eurycoma is called Achi
in Igbo, Ekalado or Eku in Yoruba, Okweri in
Edo, Akpakpa or Taura in Hausa, Apaupan in
ljaw, and Odukpa in Ibibio [4]. Achi is a good
source of carbohydrate and fiber, is used as

flavoring and thickening agents for soups in
Eastern Nigeria [5]. The seeds are used in
folkloric medicine to maintain body temperature,
soften stool, and protect against colon and rectal
cancer [5]. Achi also contains a wide range of
bioactive compounds including flavonoids,
phenolic compounds, alkaloids, saponins, and
tannins [6] as well as nutritive components such
as carbohydrate, proteins, lipids, and minerals
[7]. Other than its nutritional value, different parts
of the plant have been demonstrated to possess
biologic/pharmacologic activities, namely,
analgesic, anti-inflammatory,  anti-microbial,
wound healing, anti-oxidant, anti-cancer, and
blood glucose lowering activities as well as lipid
profile and liver enzyme modulation activities [8].
Detarium microcarpum is tree belonging to the
Fabaceae family and commonly found in Africa
[9,10]. Detarium microcarpum grows in dry
regions of central and western Africa, where it
can reach heights of up to 15-25 m [11].
Detarium microcarpum root, stems, leaves and
seeds have been extensively used in treatment
of diseases/illness such as itches, diarrhoea,
meningitis, tuberculosis, diabetes mellitus and
haemorrhoids [12] while the fruit and leaves are
widely consumed as a vegetable [10]. In some
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African countries the flour made from the dry
seeds of D. microcarpum (called ofor in Southern
Nigeria) is traditionally used as an emulsifying
and thickening agent in soups due to its high
carbohydrate content [13]. The seed is also rich
in nutrients such as carbohydrate, crude protein,
crude fibre, moisture and ash as well as essential
amino acids (e. g. lysine, cystine, valine,
methionine, isoleucine, leucine, phenylalanine
and threonine), non-essential amino acids, beta-

carotene, phytosterols, phospholipid and
glycolipids, linoleic acid and several
phytochemicals [14]. Mucuna sloanei is a

climbing shrub with twining stem that can grow
up to a height of 8 m [15]. A special type of soup
thickener is prepared by grinding the seed of M.
sloanei and is called ukpo or okobo in Igbo,
karasuu” in Hausa, “yerepe” in Yoruba and
“ibabat” in Efik [16]. In South Eastern Nigeria,
Ukpo is used in making of soups, [17]. It is also
used to improve the texture of various foods
thereby increasing their quality [18]. Ukpo is rich
in protein, crude fibre, carbohydrate, crude fat
[16] as well as high concentrations of lysine,
methionine, phosphorus and serves as a good
source of dopamine, an important
neurotransmitter [15]. The rich nutritional
composition of Ukpo (especially protein) makes it
very good in improving the nutritional status of
the population especially in combating protein-
energy malnutrition (PEM); it is often used to
supplement soups prepared from cocoyam and
melon [19]. Ukpo also has functional properties
and pharmaceutical properties; excessive
consumption is also known to cause toxicity [20].

Polycyclic aromatic hydrocarbons (PAHS) are a
group of organic compounds composed of two or
more fused aromatic rings and often referred to
as either light (2-3 rings) or heavy (4—6 rings)
based on the number of aromatic rings they
contain [21]. PAHs can originate from natural
sources like forest fires and volcanic emissions,
as well as from human activities such as coal
burning, vehicle exhaust, engine oils, and
cigarette smoke [22]. PAHs are known to have
toxic effects on humans when ingested
especially cancer [23]. Exposure of humans to
PAHs occur through various sources, including
diet, inhalation, and skin contact however, diet
remains the primary route of exposure
accounting for over 70% of PAHs exposure [23].
PAHs can adversely affect human health,
primarily through carcinogenic and mutagenic
effects, as well as immunosuppressive effects
[24]. Due to the significant health impacts of
PAHSs, it is important to monitor PAHs in local

food condiments so as to mitigate likely risks that
they may pose.

Due to the important nature of soup thickeners in
the diet of Nigerians and the poisonous nature of
PAHs which may enter these condiments during
preparation, transport or adulteration, this study
was conducted to determine the PAHs in Achi,
Ofor and Ukpo.

2. MATERIALS AND METHODS

2.1 Collection and

Samples

Preparation  of

Samples of ukpo, ofor and achi were purchased
from different stalls at Swali market in Yenagoa
Bayelsa State and mixed properly to produce a
composite. The samples were then taken to the
laboratory for analysis.

2.2 Determination of Polycyclic Aromatic
Hydrocarbons (PAHS)

2.2.1 Sample Extraction

Ten (10) g of sample was added into an amber
glass bottle. 10 g Anhydrous sodium sulphate
(Na2S04) was also added into the glass bottle
containing the sample. The sample was stirred.
The addition of Na2SO4 was to remove moisture
from the sample. 300 pg/ml of surrogate (1-
chlorooctadecane) standard was added to the
sample. 30 mL of dichloromethane (DCM) was
added to the sample as extracting solvent and
the bottle containing the sample was corked very
tight and transferred to a mechanical shaker. The
sample was agitated between 5 to 6 h at room
temperature using a mechanical shaker. After
agitation, the sample was allowed to settle for 1 h
and then filtered through 110 mm filter paper into
a clean beaker. The filtrate was allowed to
concentrate to 1 mL by evaporation overnight in
a fume cupboard.

2.2.2 Sample clean-up

Sample clean-up was performed using glass
column. Column preparation was carried out by
inserting glass cotton into the column. 10 g Silica
gel was dissolved with 50 mL DCM to form
slurry, and the slurry was added into the column.
10 g Anhydrous Na2SOs was added into the
column followed by addition of pentane. After
preparation of the column, the concentrated
sample extract was mixed with 20 mL
cyclohexane in a beaker and transferred into
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prepared column. The sample extract was eluted
using 30 mL pentane as solvent and eluted
sample collected in a beaker below the column.
The sample was eluted further by adding more
20 mL pentane into the column. After elution the
column was rinsed with 20 mL DCM. The eluted
sample was allowed to stand overnight at room
temperature in a fume cupboard for evaporation
to take place.

2.3 Sample Separation and Detection
using Gas Chromatograph - Flame
lonization Detector (GC-FID)

The separation and detection of compounds
samples were carried out using Agilent 6890N
Gas Chromatograph - Flame lonization Detector
(GC-FID) instrument. 3 ul of concentrated
sample eluted from column was injected into GC
vial. The blank DCM was injected into micro-
syringe of GC to clean the syringe (3 times)
before taking the sample for analysis. The micro-
syringe was further rinsed with the sample. Then
the sample was injected into the column for
separation of compounds in the sample. After
separation the compounds were passed through
a flame ionization detector. FID detects the
compounds in the sample. The amount of PAH
was resolved at a particular chromatogram in
mg/kg for each sample.

3. RESULTS AND DISCUSSION

The results of the study show that PAHs
detected in Achi (Brachystegia eurycoma) were
as follows: Naphthalene, acenapthylene,
anthracene and benzo(a)pyrene, pyrene,
chrysene (Table 1 and Fig. 1) while fluorene and
phenanthrene were not detected. In Ofor
(Detarium microcarpum) PAHs detected were
acenapthylene, fluorene, phenanthrene, pyrene
and chrysene (Table 2 and Fig. 2) while
naphthalene, anthracene and benzo(a)pyrene

were not detected. In ukpo (Mucuna sloanei)
PAHs detected were naphthalene,
acenapthylene, pyrene, chrysene, anthracene
and benzo(a)pyrene (Table 3 and Fig. 3) while
fluorene and phenanthrene were not detected.
PAHs are known toxicants which may
contaminate food and cause harm to consumers.
Acute effects of PAHs in humans causes
symptoms such as inflammation, eye irritation,
nausea, skin reactions and vomiting while
chronic effects include cancers (especially
relating to alimentary canal, lung, skin and
bladder), kidney damage, cataracts, liver
damage, mutations, cellular damage and heart-
related issues [24]. Amongst the PAHs detected
in the samples studied, benzo(a)pyrene is highly
lipid soluble and easily bioaccumulates in tissues
and organs especially small intestine and liver
[25,26]. In a study by Pandey et al., [27], PAHs
were detected in significant concentration in
vegetable oils marketed in India especially
benzo(a)pyrene and chrysene. Phenanthrene
and benzopyrene have also been reported to be
present in linseed and safflower oils with
concentrations up to 234 mg/kg [28]. Processing
methods have also been reported to lead to
significant reduction in PAHs concentration in
olive oil [29]. In a similar study by Martorell et al.
[30], average PAHs concentration of up to 38.99
mg/kg were detected in meat and meat products
in Spain while beef, pork, poultry and lamb
samples from China had PAHs concentrations of
up to 34.4 mg/kg [31]. Other studies have shown
that several condiments (such as beef, fish,
bacon ham) used in food preparation contain
varying concentrations of PAHs (especially BaA
and chrysene) in levels which exceed limits set
by regulatory bodies [32,33,34]. Also, Tongo et
al. [35] evaluated PAHs concentration in different
smoked fish in the southern part of Nigeria and
reported that Clarias gariepinus, Ethmalosa
fimbriata, Tilapia zill, and Scomber scombrus
contained  significant  levels of  PAHSs.

Table 1. Polycyclic Aromatic Hydrocarbons concentration (mg/kg) in Achi (Brachystegia

eurycoma)
PAHs Concentration (mg/kg)
Naphthalene 15.47+0.00
Acenapthylene 28.07+0.00
Fluorene ND
Phenanthrene ND
Pyrene 19.79+0.00
Chrysene 22.06+0.00
Anthracene 23.48+0.00
Benzopyrene 11.86

Values are presented as mean + standard deviation (n=2); ND- Not Detected
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Fig. 1. GC-FID chromatogram of Achi (Brachystegia eurycoma)

Table 2. Polycyclic Aromatic Hydrocarbons concentration (mg/kg) in Ofor (Detarium
microcarpum)

PAHs Concentration (mg/kg)
Naphthalene ND

Acenapthylene 22.21+0.29

Fluorene 18.60+0.32
Phenanthrene 14.11+0.03

Pyrene 17.26+0.16

Chrysene 13.85+0.17

Anthracene ND

Benzopyrene ND

Values are presented as mean * standard deviation (n=2); ND- Not Detected

Table 3. Polycyclic Aromatic Hydrocarbons concentration (mg/kg) in Ukpo (Mucuna sloanei)

PAHs Concentration(mg/kg)
Naphthalene 12.69+0.24
Acenapthylene 8.17+0.01

Fluorene 3.55+0.18
Phenanthrene 6.10£0.08

Pyrene 2.45+0.11

Chrysene 4.27+0.13

Anthracene ND

Benzopyrene ND

Values are presented as mean + standard deviation (n=2); ND- Not Detected

PAHs have also been reported in leafy
vegetables. Different researchers have reported
PAHs in leafy vegetables from different countries
such as China, Ghana, South Korea [36,37].
Commonly detected PAHs include
acenaphthylene, acenaphthene, BaA, BaF, and
BaP, Chr and pyrene, naphthalene. These
findings are consistent with the findings of this
current study. PAHs have been detected in herbs

and spices such as thyme, basil, black pepper
and nutmeg [38].

Although there’s no literature on the occurrence
and concentration of PAHSs in soup thickeners in
Nigeria, this study has shown that PAHs are
found in these important traditional soup
condiments.
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Fig. 3. GC-FID chromatogram of Ukpo (Mucuna sloanei)

4. CONCLUSION

Soups form an integral component of the food of
most Nigerians. These soups are prepared using
a wide range of ingredients including soup
thickeners such as achi, ofor and ukpo. Findings
of this study on achi, ofor and ukpo marketed
within Yenagoa, Bayelsa State indicate that they
contain various PAHs. PAHs are known to be
harmful to humans some of which are
carcinogenic. The general public are therefore
advised to consume these soup thickeners in
moderation as their PAHs content could
predispose them to long-term harmful effects.
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