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Abstract

People in and around Bujumbura city of Burundi use palm oil extensively, generally in both crude and
refined forms. However, these oils sold in the markets are exposed to various factors affecting quality
which include sunlight, unhygienic containers, and heat. This study aimed to assess some quality
parameters of crude and refined palm oils sold in five markets in Bujumbura and to determine whether
these parameters meet the standards. Furthermore, the crude and refined oils sold were compared in
terms of these parameters, and a sample distribution was performed using Principal Component
Analysis (PCA). After sampling, physical, chemical and spectroscopic methods were used to determine
physicochemical parameters and total carotenoids. The average results for refined and crude palm oils,
respectively were: relative density (RD) 0.892+0.001; 0.887+0.001, refractive index (RI) 1.463+0.001;
1.462+0.001, moisture and matter volatile (MVH) 0.974+0.527 % (m/m); 2.429+2.196% (m/m), impurity
levels (TII) 4.642+1.228% (m/m); 9.468+1.703% (m/m), the acid value (AV) 4.581+0.591 mg KOH/g;
37.19041.789 mg KOH/ g, the free fatty acid contents (FFA) 2.165+0.757 %; 18.671+4.947 %, the iodine value
(IV) 50.252+£7.179 g 1,/100 g ; 54.3+10. 531 g 1,/100 g, the peroxide value (PV) 5.84£2.263 meq O»/kg;
5.3+2.970 meq O»/kg; the saponification value (SV) 200.371+3.834 mg KOH/ g; 195.384+4.540 mg KOH/ g;
and the total carotenoid (TC) 10.574£3.801 ppm; 738.913+81.467 ppm. The results of the physicochemical
analyses showed that only four (4) parameters met the Burundian and Codex Alimentarius standards. In
addition, the total carotenoids contained in crude palm oils also complied with these standards. However,
the high acid value (AV) or free fatty acid contents (FFA) and impurity levels (TII) are among the
indicators of low quality of the crude oils. Based on these results, there is a need to further ensure the
compliance to standards of the palm oils sold in different markets of the Bujumbura city.
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Introduction

Palm oil is consumed in two forms in Burundi:
crude (CPO) also known as ‘red oil" which is
the most consumed and refined corresponding
to palm olein (RPO) (N'guessan et al., 2018). In
its raw state, it contains vitamin E or
tocopherol (864 - 1124 pg/g), a highly
sought-after substance; carotenoids (832 - 3575
pg/g), which have the only real nutritional
properties of an oil due to their pro-vitamin
activity; and polyphenols (64.42-130.23 mg of
gallic acid equivalent) (Adamu, 2023;
N'guessan et al., 2018).

Refining is the set of chemical or
physical-chemical processes used to make a
product suitable to standards. It is generally
carried out by neutralising, decolourising and
deodorising, giving the oil a light yellow
colour (Pages et al., 2010; Jahouache, 2002).
However, compounds with antioxidant
activity in crude palm oil are partially
eliminated during refining, leaving palm olein
light in antioxidant compounds (carotenes,
tocopherols, etc.) (N'guessan et al., 2018).

In Burundi, palm oil continues to be the most
important source of fat. Palm oil yields can
exceed five tonnes of oil per hectare. This is in
contrast to other oil crops such as groundnut,
cotton, soya and sunflower, which have lower
yields (MAE, 2008). The main palm growing
region remains Rumonge and Nyanza-Lac in
the south west of Burundi. Relative to
Bujumbura on the shores of Lake Tanganyika,
Rumonge is located approximately 80 km to
the south along the coastline, while
Nyanza-Lac lies further south, near the
Tanzanian border. These regions alone provide
more than 85% of Burundi's palm oil
production. Two major companies purchase
the large amount of palm oil produced in
Burundi: Savonor and Lite. These companies
refine the oil into other products (Ngiye, 2015).
According to the people of Bujumbura city and
its environs, the particular colour and taste of
crude palm oil makes it a special spice that is
irreplaceable by other oils in the preparation of
some "sauce leaves" (Cheyns, 2001; Sagna,
2023). In fact, refined palm oil is highly valued
by the urban and rural population.

Oils produced using traditional methods may

contain risk factors that could favour yeasts
and moulds to proliferate (Ollivon et al., 1992;
Ribier and Rouziere, 1995). Similarly, free fatty
acids and mono- and diglycerides accumulate
in the oil as a result of enzymatic hydrolysis of
triacylglycerols (lipolysis) by yeasts and
moulds. These compounds can alter the
organoleptic properties of the oil and its
by-products  (Fournier et al,  2001).
Furthermore, cardiovascular problems and
obesity have been suggested in some
consumers of this vegetable oil due to its
unsatisfactory essential fatty acid composition,
especially omega-6 (9.2%) and omega-3 (<0.5%)
(Bamba, 2024; Lecerf, 2013).

The crude palm oil sold on the various markets
in Bujumbura City is generally prepared in an
artisanal manner. It is then transported to
various storage and sales sites. Referring to the
Ministry of Agriculture and Livestock reports,
artisanal oil processing units (UATH) process
more than 85% of the clusters produced, but
deliver crude oil of dubious quality, obtained
with a very low extraction rate (MAE, 2008). It
then escapes specialised quality control. On
the other hand, the quality of the refined oil
delivered for consumption is first checked by
the industry before it is marketed, and then by
the Burundian Bureau of Standards and
Quality Control (BBN) at the local or urban
market where it is sold. These oils are exposed
to various lipid degradation factors by retailers.
In fact, they are generally stored in open
containers, exposed to sunlight leading, to
oxidation, and subjected to repeated heating
for ease of measurement (Budju, 2012; M'Baye
et al., 2011). Furthermore, the three critical
points (treatment, transport and storage) in
their production do not seem to be given much
importance by local production units or
industries. Failure to control these points has
led to acidity and high moisture in the samples
(Olorunfemi et al., 2014). Moreover, some of
them even have rancid smell of deteriorated oil
(Tay et al., 2020).

In this context, this study analyses the quality
of palm oils samples in some markets of
Bujumbura city, in order to contribute to the
verification of the compliance of palm oils with
the Burundian Standards (NB EAS) and with
the Codex Alimentarius Standards and to
guarantee food safety for the population. The
results could be used by hygiene and public
health authorities for control, treatment or



permanent monitoring. More specifically, the
study aims to: (1) evaluate the physicochemical
properties; (2) determine the total carotenoids
with a view to assessing the intrinsic quality of
the oils delivered to the Bujumbura City
Council markets, in accordance with the
relevant standards; (3) compare the
characteristics of the crude palm oils (CPO)
and the refined palm oils (RPO) sold in the
markets of Bujumbura city; (4) divide markets
into homogeneous or heterogeneous palm oil

Figure 1

groups.
Materials and methods

Study area

This study was conducted in different markets
in Bujumbura city (Fig. 1). Bujumbura is a
macrocephalic city in the throes of change, due
to its high population density (almost 7,500
inhabitants/km?) (Nsabimana et al., 2023).

Location of the various study markets in the City of Bujumbura.
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Study Materials (both crude and refined) collected from the

The material used in this study was palm oils

commercial markets in Bujumbura, specifically



Ruvumera, Jabe, Siyoni (also referred to as
City Market), Cotebu and Kamenge.

Laboratory equipment

The laboratory equipment used for this study
included beakers, erlenmeyer flasks, test tubes,
coolant, flasks, filter paper, burette, funnel,
desiccator, quartz vat, oven (Memmert),
spectrophotometer ~ (Shimadzu  Neo-Tech
UV-Visible), magnetic stirrer (Ikamag), freezer
(ZEC AB-180), boiling water bath (Heidolph),
refractometer (Abbe Novex 98.490),
pycnometer  (VF2  series), thermometer
(Spengler), flask heater (Electrothermal) and
analytical balance 0.001g (Sartorius).

Analytical reagents

All solvents and reagents used were of
analytical grade, including the following: pure
acetone, 96% cyclohexane, 99% chloroform,
99% n-hexane, 99% sodium thiosulfate, 97%
potassium iodide, starch, phenolphthalein, 99%
sodium hydroxide, 99% potassium hydroxide,
Wij's reagent which were purchased from
Merck, Germany. 96% acetic acid, 96% diethyl
ether, 36.5% hydrochloric acid, 95% petroleum
ether were purchased from Rotipuran, p.a,
Spain. 96% ethanol was purchased from
BDOM-Bukavu, DRC.

Sampling

The samples analyzed were purchased in the
five markets on October 12, 13 and 14, 2024.
Purchases were made at random from each of
these five markets. Analyses were carried out
on 20 samples of refined and crude palm oil,
including 10 samples of refined palm oil (RPO)
and 10 samples of crude palm oil (CPO). The
samples were stored in 600 ml “Kinju” brand
plastic bottles, as they are chemically
compatible with the oil matrix, cost-effective,
and suitable for field conditions. Then labelled
(oil type and market) and arranged in cartons
and placed in the laboratory cupboard, at room
temperature, protected from light and
humidity as reported by Césaire et al. (2019).
Indeed, the samples were stored protected
from light and moisture to prevent carotenoid
degradation and an increase in acidity and
others parameters. Acidity is a fundamental
parameter for assessing oil quality. These
conditions enable samples to be securely
carried up to the laboratory for further
analysis. Analyses were carried out in the
chemistry laboratory of the Faculty of Sciences
at the University of Burundi.

Analysis of physicochemical parameters

In this study, nine physicochemical parameters
were analyzed: refractive index (RI) at 50°C
according to ISO 6320:2017, relative density
(RD) (50°C/water at 20°C) according to ISO
6883:2017, moisture and matter volatile (MVH)
at 105°C according to ISO 662:2016, impurity
levels (TII) according to ISO 663:2017, iodine
value (IV) according to ISO 3961:2018, acid
value (AV) and free fatty acid contents (FFA)
according to ISO 660:2020, peroxide value (PV)
according to ISO 3960:2017 and saponification
value (SV) according to I1SO 3657:2020 (EAS,
2022; IS0, 2017).

Determination of total carotenoids (TC)

Total carotenoid concentration was calculated
using Mackiney's simplified formula by taking
into account all considerations (total
chlorophyll concentration), where
concentrations are given in (pg/ml or ppm) of
extract solution (Lichtenthaler and Wellburn,
1983). The palm oil sample was melted by
heating at a temperature between 60°C and
70°C and homogenized before a test sample
was taken. It was then filtered through
Whatman filter paper to remove impurities. In
a 25 ml volumetric flask, 0.1 g of the sample
was weighed out to obtain low absorbance
values. The sample was dissolved in a few
millilitres of 100% acetone at room
temperature, then made up to the flask mark
with the same solvent. Mix well. The quartz
cell was rinsed three times with the pure
acetone solution. The first cell was then filled
with the pure acetone solution (serving as a
blank) and the second with the solution to be
analyzed. Measurements were taken against
the solvent using a Shimadzu Neo-Tech
UV-Visible spectrophotometer at 470, 644.8 and
661.6 nm (ISO, 2011).

In pure acetone:

(1000XA47|] )+(2432 XAGGI.S) —(1267.1x4g64.8) (1)
214

Cixro=

where Cx+¢): concentration of total carotenoids
(xanthophylls and carotenes).

=C(x+c)x25 ml

Finally, TC (ppm) - (2)



Where m is the weighed oil sample and TC is the
total carotenoids.

Statistical Analysis and Data Processing

Experiments were carried out twice for each
parameter. The results obtained were
expressed as means and standard deviations,
and recorded in the results tables. Means and
standard deviations were calculated using MS
Excel 2013. These averages were then subjected
to Student's t parametric hypothesis test
(normal distribution) for two independent
variables (crude and refined oils) for
comparison at the 5% probability threshold
(p=0.05). This test was completed by the
Mann-Whitney U  test (distribution not
following the Gaussian normal distribution) to
establish a comparison between crude and
refined oils. The distribution was checked
using the Skewness/Kurtosis normality test. In
order to search for homogeneous groups
between the different markets where the oils
were sampled, a principal component analysis

(PCA) was carried out on the results of the
physico-chemical  parameters and total
carotenoids using Past and Stata 15 software to
check for variability between these different
markets.

Results

Physicochemical  parameters and  total
carotenoids

Analyses carried out on crude and refined
palm oil samples taken from various markets
(Ruvumera, Jabe, Siyoni, Cotebu and
Kamenge) in the Bujumbura city were assessed
for refractive index (RI), relative density (RD),
moisture and matter volatile (MVH), impurity
levels (TII), acid value (AV) or free fatty acid
contents (FFA), iodine value (IV), peroxide
value (PV), saponification value (SV) and total
carotenoids (TC). The results are reported in
Tables 1 and 2.



Table 1

Physicochemical parameters of crude and refined palm oils from different markets of Bujumbura

Market RI (50°C) RD (50°C/water at 20°C) MVH at 105°C (% m/m) TII (% m/m) AV (mg KOH/g)
CPO RPO CPO RPO CPO RPO CPO RPO CPO RPO

Ruvumera 1.463+0.001 1.463+0.002 0.890+0.001 0.895+0.002 4.649+5.027 1.9405+0.292 11.3+0.113  2.89+0.269 49.992+2.135 2.925+1.403
Jabe 1.462+0.001 1.464+0.001 0.885+0.001 0.892+0.003 4.446+4.676 1.18+1.601 14.78+3.055 4.58+1.075 22.850+5.223 5.397+0.007
Siyoni 1.4634+0.001 1.46240.001 0.8904+0.002 0.89410.00 0.94840.180 1.38440.629 6.1641.188 4.6542.645 34.44240.496 6.0394+1.187
Cotebu 1.4624+0.001 1.463+0.001 0.886+0.002 0.891+0.002 1.9084+1.092 0.3414+0.077 12.62+3.762 4.12+1.357 43.776+0.517 4.992+0.007
Kamenge 1.461+0.001 1.462+0.001 0.886+0.00 0.891+0.00 0.196+0.003 0.025+0.035 24840396 6.97+1.796 34.889+0.576 3.552+0.351
Mean 1.462+0.001 1.463+0.001 0.887+0.001 0.892+0.001 2.429+2.196 0.974+0.527 9.468+1.703 4.642+1.228 37.190+1.789 4.581+0.591

Note: Values are expressed as Mean + SD from duplicate samples. With: refractive index (RI), relative density (RD), moisture and matter volatile (MVH), impurity levels

(T1I), acid value (AV), Crude Palm oils (CPO) and Refined Palm Oils (RPO).

Table 2

Physicochemical parameters and total carotenoids of crude and refined palm oils from different markets of Bujumbura

Market FFA (% m/m) IV (g I/100 g) PV (meq Oy/kg) SV (mg KOH/g) TC (ppm)
CPO RPO CPO RPO CPO RPO CPO RPO CPO RPO

Ruvumera 25.016+0.914 1.47+0.705  54.567+5.384 46.952+1.796 5.5+6.364 6.5+0.707 199.155+3.967 190.039+2.976  851.360+84.892  9.388+0.580
Jabe 11.486+2.625 2.7125+0.003 55.836+25.125 41.877+8.973  942.828 5.542.121  190.7440.00 197.752+41.983  594.179+45.604  9.928+0.343
Siyoni 17.313+0.249 2.34841.570  55.836+7.179 58.374+10.768 6+4.242 5+0.00  197.752545.950 199.1554+11.900 725.801+71.285  8.351+2.070
Cotebu 22.005+0.260  2.509+0.003 59.643+16.152 44.415+5.384 1.5+0.707 4.5+2.121 198.999+8.154 207.574+0.00  819.926+195.628 18.081+10.362
Kamenge 17.53740.290 1.785+0.177 45.618+14.450 59.643+8.973 4.540.707 7.5+6.364 190.2725+4.628 207.336+2.313  703.301+9.926 7.124+5.650
Mean 18.671+0.867 2.165+0.492  54.34+10.531 50.252+7.179 5342970 5.842.263 195.384+4.540 200.371+3.834  738.913+81.467 10.574+3.801

Note: Values are expressed as Mean = SD from duplicate samples. With: Free Fatty Acid Contents (FFA), iodine value (IV), peroxide value (PV), saponification value (SV)
and total carotenoids (TC), Crude Palm oils (CPO) and Refined Palm Oils (RPO).



Figure 2 summarizes the variations in the
physicochemical parameters of crude and
refined palm oils from different markets of
Bujumbura city where they were sampled.

Figure 2

There was minimal variations in the refractive
index (RI), peroxide value (PV), iodine value
(IV) and saponification value (SV) of the two
categories of palm oil from different markets.

Physicochemical parameters of palm oil samples from different markets of Bujumbura city: refractive index (RI),
relative density (RD), moisture and matter volatile (MVH), impurity levels (T1I), acid value (AV), iodine value

(IV), peroxide value (PV) and saponification value (SV).
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Figure 3 shows the variation in total carotenoid
content in the different samples, with more
variation in crude palm oils (CPO). On the
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other hand, in refined palm oils (RPO), the
variation was minimal. Jabe crude oil samples
(3 and 4) had low levels of total carotenoids.

Variation in total carotenoid content in crude (CPO) and refined (RPO) palm oils from different markets of

Bujumbura city.
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Comparison  of  the  physicochemical
characteristics and total carotenoid content of
crude and refined palm oils from different
markets of Bujumbura city

The average results of twenty (20) samples of
crude and refined palm oils are reported in

Table 3

Table 3. This comparison between the two oil
categories is made using the Student's t-test
coupled with the Man Whitney U-test at the 5%
probability threshold (p<0.05).

Physico-chemical parameters and total carotenoids content of crude and refined palm oil samples from different

markets of Bujumbura city.

Parameter Crude Palm Oils Refined Palm Oils p-value
(CPO) (RPO)
RI 1.46240.2952 1.46340.001a 0.4299
RD 0.88712.2142 0.892+0.002° 0.0001
MVH (% m/m) 2.42945.4122 0.974 1+0.9402 0.273
TII (% m/m) 9.468+5.0292 4.642 +1.851P 0.0107
AV (mg KOH/ g) 37.190+14.0432 4.581+1.376> p<0.0001
FFA (% m/m) 18.67144.9472 2.165+0.757° p<0.0001
IV (g I./100 g) 54.3+26.6852 50.2522+9.7052 0.4284
PV (meq O2/kg) 5.343.7432 5.8+2.6162 0.5967
SV (mg KOH/ g) 195.384+5.5762 200.371+8.101a 0.1304
TC (ppm) 738.9134117.7832 10.57446.439° 0.0002

Note: Values are expressed as Mean = SD from duplicate samples. These on a line bearing the same letter are not

significantly different (p >0.05).

Results shown in Table 3 reveal that five (5)
parameters varied significantly between the
two palm oil categories. These are relative
density (RD), impurity levels (TII), acid value
(AV) or free fatty acid contents (FFA) and total
carotenoid content (TC). However, other
variations between certain parameters were not
statistically significant.

Figure 4 shows the variations between
physicochemical  parameters and  total
carotenoid content. These variations are

presented on a logarithmic scale to better
visualise the differences between them.
Refined oils are shown in red and crude oils in
black. Relative density (RD), refractive index
(RI), peroxide value (PV) and saponification
value (SV) showed no variation. On the other
hand, moisture and matter volatile (MVH),
impurity levels (TII), acid value (AV) or free
fatty acid contents (FFA) and total carotenoids
(TC) showed variations.



Figure 4

Variation in total carotenoid content in crude (CPO) and refined (RPO) palm oils from different markets of
Bujumbura city: refractive index (RI), relative density (RD), moisture and matter volatile (MVH), impurity
levels (TII), acid value (AV), iodine value (IV), peroxide value (PV), saponification value (SV) and total

carotenoids (TC).
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Principal =~ Component  Analysis (PCA)
performed on the physicochemical parameters
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city enabled us to determine a scatter plot of
the oil samples on two factorial axes. This
representation explains 77.16% of the overall
inertia (Figure 5). This analysis revealed three
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parameters and total carotenoids crude palm
oil content: the G1 made by the Siyoni, Cotebu
and Ruvumera markets are homogeneous. On
the other hand, the G2 made Jabe samples
which shows a high peroxide value (PV).
Lastly, the G3 Kamenge samples that showed
more or less low values for physicochemical
parameters and total carotenoid (TC.) content.



Figure 5

Clouds of individuals (Bujumbura city markets) and variables (physicochemical parameters and total carotenoid
content), with: refractive index (RI), relative density (RD), moisture and matter volatile (MVH), impurity levels
(T1I), acid value (AV), iodine value (IV), peroxide value (PV), saponification value (SV) and total carotenoids
(TC).
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In order to understand the variations in different iodine value (IV) and peroxide value (PV) are

parameters between markets, a PCA was also high, while moisture and matter volatile (MVH)
carried out for refined palm oils. Physicochemical and relative density (RD) are low. On the other
parameters, total carotenoids and the different hand, the G2 made by Ruvumera market seemed
markets in the Bujumbura city were projected on to be at the opposite end of the spectrum, with
the same factorial plane (1x 2) (Figure 6). The low values for moisture and matter volatile (MVH)
analysis explains 76.276% of inertia and classifies and relative density (RD). Finally, the G3 made by
markets into three Groups according to Siyoni market seemed to have the best projection
physicochemical parameters of refined palm oils. on the axis, with intermediate features for almost
The G1 made by Kamenge, Cotebu and Jabe all parameters except for acid value (AV).

markets are homogeneous. For this GI:
saponification value (SV), impurity levels (TII),

Figure 6
Clouds of individuals (Bujumbura city markets) and physicochemical parameters and total carotenoid content, with:

refractive index (RI), relative density (RD), moisture and matter volatile (MVH), impurity levels (TII), acid value
(AV), iodine value (IV), peroxide value (PV), saponification value (SV) and total carotenoids (TC).
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In summary, these markets share a number of value set simultaneously by the Burundian
common features and are almost homogeneous. standard bureau (NB EAS) and that of the Codex
Alimentarius, which sets a value of between 1.454
Discussion and 1.456 specifically for palm oils (EAS, 2022;
Codex, 2023). Therefore, 100% of the samples
Few variations in physicochemical parameters of analyzed do not comply with these standards.
different palm oil types and deviation from Refractive index is considered an oil purity
standards c.om;.Jlmnce: criterion (Novidzro et al., 2019). It depends on the
The refractive index (RI) values are almost equal oil's chemical composition and temperature.

respectively. These values exceed the maximum



conditions, quality can be lost through oxidation
or hydrolysis (Diakite et al., 2022). These high
refractive index values are due to palm oils being
exposed to the open air in various markets. In
addition, they are stored in plastic bottles, which
promotes and  accelerates  light-catalyzed
oxidation (Drici Adil, 2019; Tay et al., 2020).
However, these values are consistent with those
reported for red palm oils produced in the
Mountains “Man” district in the Coéte d’Ivoire,
ranging from 1.449 to 1.463 (Kouassi et al., 2017).

All crude palm oil relative density (RD) values
were less than or equal to 0.891. Refined oils, on
the other hand, have values between 0.889 and
0.896. Only the average relative density of refined
palm oils falls within the range of the Burundian
standard (NB EAS) and the Codex Alimentarius,
which specifies a value between 0.891 and 0.899
for palm oils (Codex, 2023; EAS, 2022). This
difference between the densities of these two
types of oil can be explained primarily by the
addition of ingredients during refining in refined
palm oils (Budju, 2012). However, the
determination of relative density also provides
information on the purity of the oil (Diakite et al.,
2022). Crude palm oils are likely to contain many
other undesirable elements due to rudimentary
production techniques and less compliance to
hygienic conditions. The average relative density
of crude palm oil is lower than what was reported
in district oils from the Mountains "Man" in the
Cote d’Ivoire, ranging from 0.924 to 0.998
(Kouassi et al., 2017).

Moisture and matter volatile (MVH) values range
from 0 to 8.203% (m/m). However, the average
values for these two types of oil are 0.974 and
2.429% (m/m), for refined and crude palm oil
respectively. All these average values do not
comply with Burundian (NB EAS) and Codex
Alimentarius standards for a maximum of 0.2%
(m/m) (Codex, 2023; EAS, 2022). For crude oil,
moisture can result from the extraction stage,
where the oils are not well separated from the
water (Karleskind, 1992). On the other hand, poor
drying or insufficient deodorization may be the
cause of moisture in refined palm oil. Moisture
content influences the deodorization stage, which,
once well controlled, contribute to the stability
and conservation of refined oil (Echioda ef al.,
2018). The high moisture content in a fat
constitutes a medium for microbial development,

enzymatic actions contribute to the hydrolysis
and oxidation phenomena of fats, and a shorter
shelf life, and since a water activity > 0.3%
favours enzymatic oxidation of the oil (Ollivon et
al., 1992; Ribier and Rouziére, 1995). The moisture
and matter volatile values obtained for palm oil
samples seem to be higher not only because of the
conditions mentioned above, but also because of
the poor hygiene conditions of the containers
where the oils are stored, sometimes containing
traces of water. Atmospheric water vapour and
rainwater are also possible causes (Novidzro ef al.,
2019). The best way to preserve oils is to
dehydrate them before storing them away from
heat and light (Karleskind, 1992).

The values for impurity levels (TII) are all above
2.2% (m/m) for all two palm oil categories. These
values are all above the Burundi (NB EAS) and
Codex Alimentarius quality standards, which set
a threshold of 0.05% (m/m) (Codex, 2023; EAS,
2022). In crude oil, these impurities are significant,
with considerable variation between samples,
reaching a maximum of 14.78% (m/m) in the Jabe
market. The origin of these impurities may
generally be due to the poor exposure to air
conditions of the oils during marketing. In fact, as
the sampling was carried out during the dry
season (almost at the end), dust prevails in the
region. It has been reported that all impurities in
palm oil come from residues in the raw material
(Tarnagda, 2016). This explains their abundant
presence in crude palm oils. During laboratory
filtration of crude palm oils, these impurities were
clearly visible on the filter paper. The high
amount of insoluble impurities in the oil also
increases the oxidation of free fatty acids and
carbohydrates (sugars), making it unfit for
consumption (Liyansan et al., 2022). These values
agree with those reported by Liyansan et al. (2022).
They ranged from 0.145 to 15.618% (m/m) for
palm oils purchased in the markets of Lagos,
Nigeria.

Refined palm oils must have a maximum acid
value (AV) of 0.6 mg KOH/g and crude or virgin
oils a maximum of 10 mg KOH/g according to
Burundian and Codex Alimentarius standards
(Codex, 2023; EAS, 2022). With regard to the
values obtained, all palm oil categories have an
average of 4.581 and 37190 mg KOH/g for
refined and crude palm oils respectively. These
values do not comply with. This AV plays an



important role in refining operations, but above
all, low acidity characterizes purity and stability
at ambient temperature (Eze et al., 2021). Acidity
also limits industrial applications, and oil that is
too acidic should not be used in human nutrition
(Japir et al., 2017). The more acidic the oil, the
lower its quality (Abdulkadir and Jimoh, 2013).
Our mean values are higher than those of
N'guessan et al. (2018), who found a value of 1.11
mg KOH/ g for refined palm oils produced in the
Cote d'lvoire. Eze et al. (2021) reported a mean
value of 6.658 mg KOH/g while Liyansan et al.
(2022) reported 4.497 mg KOH/g for crude palm
oils produced in Nigeria.

The average of free fatty acid contents for two
categories of palm oil are 2.165% and 18.671%
respectively for refined and crude palm oils. This
index even reached a maximum of 25.016% mg
KOH/g for the Ruvumera market samples. The
acidity of crude palm oils is justified by the
presence of free fatty acids (citric acid, malic acid,
malonic acid, oxalic acid, etc.) in significant
proportions (M'Baye ef al, 2011). However,
during refining, precisely at the neutralization
and deodorization stages, a large proportion of
these free fatty acids are neutralized (Jahouache,
2002). As a result, the palm oils sold in
Bujumbura markets are too acidic, and refining
does not result in total neutralization of the free
fatty acids. However, all refined oils have an
acidity value below 3% as recommended by
Onyeike and Acheru (2002) for edible oil. Crude
oils, on the other hand, can be considered hard
since their acidity exceeds 5% (Hyman, 1990). In
addition, the long stay of oils in storage or
markets can also cause an increase in acidity, as
fats altered by ageing give rise, through
enzymatic hydrolysis, to free fatty acids, which in
turn are primary products of the oxidation of oils
with peroxides, aldehydes and ketones (Drici
Adil, 2019; Tay et al, 2020). The mean values in
this study were higher than those by Eze et al.
(2021), who found the value of free fatty acid
ranges from 2.44% to 4.29% and Obahiagbon
(2013), who ranges from 3.59% to 7.90% for crude
palm oils produced at Nigeria. On the other hand,
they agree with those of Olorunfemi (2014)
ranging from 12.1 to 19.8% for crude palm oils
sold at the Ibadan market in Nigeria.

The average iodine value (IV) for the two
categories of palm oil are 50.252 and 54.3 g 1,/100

g for refined and crude palm oil respectively.
These values are in line with Burundian
standards (NB EAS), which require a minimum of
45 g 1>/100 g, and Codex Alimentarius standards,
which range from 50 to 55 g 1>/100 g (Codex, 2023;
EAS, 2022). The iodine value gives an indication
of the unsaturated fatty acid content of the fat
being analysed. The lower the iodine value, the
more saturated the molecule and vice versa
(Césaire et al., 2019). Moreover, this index gives an
assessment of the susceptibility of the oil to
rancidity, since the more unsaturation it contains,
the more sensitive it is to oxygen (Kouadio, 2022).
Based on these results, the palm oils sold in
Bujumbura city have resistance to oxidation
because they contain less unsaturation. These
values are in line with those of Konan et al. (2018),
N'guessan et al. (2018) and Adamu (2023), who
found an average value of this index varying
between 50 and 55 g I,/100 g for palm oils
produced in the Cote d'Ivoire and Nigeria.

The results obtained for peroxide value (PV)
showed that average values oscillate between 5.3
and 5.8 meq O2/kg for crude and refined palm
oils respectively. These comply with Burundian
(NB EAS) and Codex Alimentarius standards for
a maximum of 10 meq O2/kg (Codex, 2023; EAS,
2022). The peroxide value gives an assessment of
the quantity of peroxides present in the sample.
In fact, it indicates the quantity of already rancid
fatty acids (Novidzro et al, 2019). It gives
information about the oil's current or future state,
not its past (Olorunfemi et al., 2014). Moreover,
the peroxide value mainly provides information
on the primary products of lipid oxidation, which
are hydro peroxides (Eze et al., 2021). This would
imply that the palm oil samples analysed have
either not yet undergone oxidation (primary
oxidation) or are already highly oxidized
(secondary oxidation). Since these oils are not
likely to remain on the markets for long and are
obtained directly from industries and production
units, they are probably not oxidized. This
because the palm oils samples appear to be rich in
the pigments that provide antioxidant power.
These results corroborate those reported by Lecerf
(2013), who stated that such palm oil would
present low oxidizability and, therefore, good
stability. These results are also close to those of
Adamu (2023), who found an average value of
3.82 meq O»/kg for oils produced in Nigeria.



Knowing the saponification value (SV) of a fatty
substance gives the information about the carbon
chain length of the fatty acids. The saponification
index of a fatty substance is higher when the
carbon chain of the fatty acids is short or of low
molecular weight (M'Baye et al., 2011). The
average saponification value obtained for these
oils, 195.384 and 200.371 mg KOH/ g for crude and
refined palm oils respectively, are within the
range of the Burundian (NB EAS) and Codex
Alimentarius standards, which set a value
between 190 and 209 mg KOH/g (Codex, 2023;
EAS, 2022). The saponification value results
showed that the majority of the fatty acids in the
refined oil samples were short chain or low
molecular weight. This low molecular weight
could be linked to the loss of certain
macromolecules, such as carotenoids, during
refining (Budju, 2012). The values obtained in this
study are consistent with those of N'guessan et al.
(2018), Césaire et al. (2019), Eze et al. (2021),
Obibuzor et al. (2017) and Adamu (2023), which
range from 190 to 215 mg KOH/g for palm oils
produced in Céte d’'Ivoire, Cameroon and Nigeria.

Total carotenoids (TC)

The average total carotenoid (TC) content in these
samples ranged from 10.574 to 738.913 ppm for
refined and crude palm oils respectively. For
crude or red oil, this average value is within the
range of Burundian (NB EAS), Nigerian (SON)
and Codex Alimentarius standards, which
stipulate a value in the 500 to 2000 ppm range
(Codex, 2023; EAS, 2022). However, total
carotenoid content can vary from 500 to 1000 ppm
in red oil (Adamu, 2023). The palm oil produced
in Burundi is of the tenera variety (Ngiye, 2015).
This average for red oil agrees with that of
Obibuzor et al. (2017), who found an average value
of 701.85 ppm in crude or red oil of the tenera
variety produced in Nigeria during a comparative
study between various varieties. On the other
hand, it is higher than that of Olorunfemi et al.
(2014), who found values ranging from 269 to 355
ppm for crude or red oils sold at the Ibadan
market in Nigeria.

In this study, the mean carotenoid content was on
average 76 times higher in red oil than in refined
oil. Thus, there is no standard value for refined
oils, since they are very low in carotenoids.
Studies by Bamba et al. (2024) have shown that
refined palm oil or palm olein can be enriched

with antioxidants such as Omega-3-rich hevea oil,
since they are low in Omega-3s, to counter the
carcinogenic and cardiovascular diseases to which
consumers of this oil are exposed in the Cote
d’Ivoire.

Palm oil is a rich source of carotenoids, they are
widely known as provitamin A. Dietary
beta-carotene and other provitamin A carotenoids
such as a-carotene and cryptoxanthin can be
obtained from a number of foods, such as fruits
and vegetables (Mangels et al., 1993). In higher
plants or angiosperms, lutein and xanthophyll are
the most available carotenoids whose presence in
an individual's food intake plays a dominant role
(Zieliiska et al., 2017). However, they play several
preponderant roles in the prevention of many
diseases as antioxidants in the prevention of
certain types of cancer, cognitive,
anti-inflammatory, neuro-protective. They are
also involved in preventing eye and heart
problems, and play an important role in
pregnancy development (Roomi et al., 2018; Zhou
et al., 2018).

It should be remembered that during refining,
carotenoids and minor elements are almost totally
eliminated from palm oil precisely during the
deodorization stage, since their presence limits the
oil's industrial applications (Mattea et al., 2009). As
a result, the carotenoid content of refined oil is
very low (Tay et al., 2020).

Conclusion

This study analysed the quality of crude (CPO)
and refined (RPO) palm oils sold in Bujumbura
city markets. The physicochemical properties
were analysed and the determination of total
carotenoids using UV-visible spectroscopy was
done. The low iodine (50.252+7.179 and
54.3+10.531 g I»/100 g) and peroxide (5.8+2.263
and 5.3+2.970 meq O/kg) values for refined et
crude palm oils partly confirm that the palm oils
sold in the markets of Bujumbura do not remain
on the shelves for long; they are quickly sold due
to high consumer demand. This is likely because
they come directly from local production units
and processing industries. However, the Student's
t-test coupled with the Mann-Whitney U-test
revealed that five (5) parameters (relative density,
insoluble impurity levels, acid value or free fatty



acid contents and total carotenoids) differed
significantly. This means that these two categories
of oil are very different in terms of nutrition and
quality values. In addition, Principal Component
Analysis (PCA) showed that all the markets in
which they were sampled were almost
homogeneous.

Recommendations

Based on the findings, it is recommended that
crude palm oil consumption be approached with
caution, given its high acid value (37.190£1.789
mg KOH/g) or free fatty acid contents
(18.671+0.867% m/m) and impurity levels
(9.468+1.703% m/m), which may indicate
substandard hygienic practices in its production.
In addition, refined palm oils need to be enriched
with antioxidant compounds as they are very low
in carotenoids (10.574+3.801 ppm). Consequently,
local production units, industries and traders
need to improve palm oil processing, transport,
storage and sales techniques to provide
consumers with products of the required quality.

Acknowledgements

The authors are thankful to the chemistry
laboratories of the University of Burundi for their
contribution and availability in the realization of
this project. They thank also Mr. Nathan
AOKOWA and Mr. Antoine NGABO for bringing
some materials from Bukavu (DRC) to complete
the analyses. Finally, they also express their
gratitude to Dr. Jean NSABIMANA for designing
the map of the city of Bujumbura included in this

paper.
Conflict of interest

The authors declare no conflict of interest on the
study.

References

Abdulkadir, A. G., & Jimoh, W. L. O. (2013).
Comparative analysis of
physico-chemical properties of extracted
and collected palm oil and tallow.
ChemSearch Journal, 4(2), 44-54.

Adamu, M. A. (2023). Liquid-liquid extraction of
carotenoids ~ from  palm  oil  (Elaeis

Quineensis) [Master's thesis,
Universidade Federal de Vicosa].
https:/ /doi.org/10.47328 /ufvbbt.2023.3
71

Bamba, S., Diomande, G. G. D., Sanou, S. F., &
Adima, A. A. (2024). Enrichissement en
Oméga-3 de I'huile de palme raffinée a
base d’huile d’hévéa (Hevea
brasiliensis) détoxifiée. Afrique
SCIENCE, 24(3), 17-32.

Budju, R. (2012). Analyse comparative des
caractéristiques physico-chimiques de
I'huile de palme brute et de I'huile
raffinée ”“Rina” consommeées & Bunia.
Ujuvi, ISP/BUNIA, 1(19), 12.

Césaire, K. S. T., Albert, D.-M. ]., Sastile, M. N.,
Godswill, N.-N., Georgeb, N. E., &
Emmanuel, M. M. (2019). Etude de
I'Origine et de L’ldentité de quelques
Types d'Huiles Végétales Raffinées
Commercialisées a Douala/Cameroun.
Journal of the Cameroon Academy of
Sciences, 15(1).
https://dx.doi.org/10.4314/jcas.v15i1.3

Cheyns, E. (2001). La consommation urbaine de
I'huile de palme rouge en Cote d'Ivoire :
Quels marchés? Oilseeds and Fats, Crops
and Lipids, 8(6), 641-645.
https:/ /doi.org/10.1051/0cl.2001.0641

Codex Alimentarius Commission. (2023). Standard
for named vegetable oils (CSX 210-1999).
FAO/WHO.
https;//www.codexalimentarius.org

Diakite, K., Diagouraga, S., Diawara, M., & Fane,
M. (2022). Etude des parametres
physico-chimiques des huiles de graine
de coton produites en zone CMDT au
Mali: Study of the physicochemical
parameters of cottonseed oils produced
in the CMDT zone in Mali. International
Journal of Biological and Chemical Sciences,

16(3), 1320-1330.
https:/ /doi.org/dx.doi.org/10.4314/ijb
¢s.v16i3.33

Drici Adil, D. E. (2019). Etude de qualité de I'huile
d’olive algérienne : Effet des conditions de
stockage. Université de Guelma, Algérie.
https:/ / dspace.univ-guelma.dz/jspui/
handle/123456789 /4566

EAS, East African Standards. (2022). Edible palm
oil-specification. Burundi Bureau of
Standards (BBN), Bujumbura, Burundi.



Eze, S. O, Orji, J. N, Okechukwu, V. U,
Omokpariola, D. O., Umeh, T. C, &
Oze, N. R. (2021). Effect of processing
method on carotenoid profiles of oils
from three varieties of Nigerian palm oil
(elaeis guineensis). Journal of Biophysical

Chemistry, 12(03), 23-31.
https:/ /doi.org/10.4236 /jbpc.2021.1230
03

Fournier, S., Ay, P., Jannot, C., Okounlola Biaou,
A., & Pédé, E. (2001). La transformation
artisanale de 'huile de palme au Bénin et au
Nigeria. Cirad.
https:/ /agritrop.cirad.fr/483940

Hyman, E. L. (1990). An economic analysis of
small-scale technologies for palm oil
extraction in Central and West Africa.
World development, 18(3), 455-476.

ISO. (2011, septembre 15). Huile de
palme — Détermination de la détérioration
de l'indice de blanchiment (DOBI) et de la
teneur en carotéene. Deuxiéme édition,
Geneéeve, Suisse,.
https:/ /standards.iteh.ai/catalog/stand
ards/sist/668a4510-1622-4e28-9f35-
9bbf5e03e1f3/is0-17932-2011

ISO. (2017). Corps gras d’origines animale et
végétale — Détermination de la teneur en
impuretés insolubles. CH-1214 Vernier,
Geneva, Switzerland.
https:/ /standards.iteh.ai/catalog/stand
ards/sist/ddc7755d-4879-443e-baaa-
29efe90cal81/is0-663-2017

Jahouache, W. (2002). Décoloration des Huiles
végétalesSur des Argiles: Etude de la
stabilité Physico-chimiquedes huiles
décolorées [PhD Thesis]. These de
Doctorat, Université de Sfax.

Japir, A. A-W., Salimon, J., Derawi, D., Bahadi,
M., Al-Shuja’a, S.,, & Yusop, M. R
(2017). Physicochemical characteristics
of high free fatty acid crude palm oil.
Ocl, 24(5), D506.

Karleskind, A. (1992). Manuel des corps gras.
Technique et Documentation-Lavoisier.

Konan, J.-N., Diabate, S., N'goran, B., Gouai, A., &
Konan, E. K. (2018). Prospection et
caractérisation physico-chimique de
quelques spécimens traditionnels de
palmier a huile de Man, ouest de la Cote
d’'Ivoire. Journal of Animal & Plant
Sciences, 38(3), 6283-6291.

Kouadio, K. F. (2022). Facteurs de risque de
détérioration de la qualité de I'huile brute de
palme produite et wvendue 4 Daloa
(Haut-Sassandra, Cote d’lvoire [Memoire
Master]. Jean Lorougnon Guede.

Kouassi, K. A., Ahongo, D. Y., Jean, P., & Adima,
A. A. (2017). Indication géographique de
I'huile de palme de “Man” (District des
Montagnes-Cote d’Ivoire) : Une analyse
comparative des propriétés
physico-chimiques et profils en acides
gras de quelques huiles de palme rouge
artisanales ivoiriennes. European
Scientific Journal, 13, 373-385.

Lecerf, J.-M. (2013). L'huile de palme: Aspects
nutritionnels et métaboliques. Role sur
le risque cardiovasculaire. Oléagineux,
Corps gras, Lipides, 20(3), 147-159.
https:/ /doi.org/dx.doi.org/10.1051/ ocl
.2013.0507

Lichtenthaler, H. K., & Wellburn, A. R. (1983).
Determinations of total carotenoids and
chlorophylls a and b of leaf extracts in
different solvents. Biochemical Society
Transactions, 11(5), 591-592.
https:/ /doi.org/10.1042/bst0110591

Liyansan, S. M., Fatunsin, O. T., & Olayinka, K. O.
(2022). Evaluation of Physicochemical
Parameters of Unbranded Palm Oil
Samples Purchased from Important
Markets in Lagos, Nigeria. Sule Lamido
University  Journal —of Science and
Technology (SLUJST), Vol. 3(No. 1 & 2),
101-112.

MAE. (2008). Stratégie = Agricole  Nationale
2008-2015. Ministere de 1’ Agriculture et
Elevage, Bujumbura, Burundi.

Mangels, A. R.,, Holden, J. M., Beecher, G. R,
Forman, M. R, & Lanza, E. (1993).
Carotenoid content of fruits and
vegetables: An evaluation of analytic
data. Journal of the American Dietetic
Association, 93(3), 284-296.

Mattea, F., Martin, A., & Cocero, M. J. (2009).
Carotenoid processing with
supercritical fluids. Journal of Food
Engineering, 93(3), 255-265.

M’Baye, B. K., Alouemine, S. O., Lo, B. B, &
Bassene, E. (2011). Etude
physico-chimique des huiles
consommées en Mauritanie. Science lib,
4(120101), 1-9.



Ngiye, E. (2015). La filiere palmier a huile au
Burundi: Acteurs et territoires [PhD
Thesis, Université Toulouse le

Mirail-Toulouse 1I].
https:/ /theses.hal.science/ tel-01498159
/

N’guessan, J. C., Y. A. O,, Adima, A. A, Niamke,
B. F., Kouakou, D.-V., N'da, K. P, &
Adje, A. F.  (2018).  Activité
Antioxydante, propriétés
physico-chimiques et composition en
rétinol et a-tocophérol de I'huile de
palme raffinée et des huiles issues de six
plantes oléagineuses de Cote d’Ivoire.
Afrique SCIENCE, 14(2), 15-27.

Novidzro, K. M., Wokpor, K, Fagla, B. A,
Koudouvo, K., Dotse, K., Osseyi, E., &
Koumaglo, K. H. (2019). Etude de
quelques parametres physicochimiques
et analyse des éléments minéraux, des
pigments chlorophylliens et
caroténoides de l'huile de graines de
Griffonia simplicifolia. International Journal
of Biological and Chemical Sciences, 13(4),
2360.
https://doi.org/10.4314/ijbcs.v13i4.38

Nsabimana, J., Henry, S, Ndayisenga, A,
Kubwimana, D., Dewitte, O., Kervyn, F.,
& Michellier, C. (2023).
Geo-hydrological — hazard  impacts,
vulnerability =~ and  perception in
Bujumbura (Burundi) : A
high-resolution field-based assessment
in a sprawling city. Land, 12(10), 1876.

Obahiagbon, F. 1. (2013). Total carotenoids,
tocopherols and free fatty acids levels of
palm oils produced from small scale
Mills in  Ovia-north east local
government area of Edo state-Nigeria.
Bayero Journal of Pure and Applied
Sciences, 6(1), 132-135.

Obibuzor, J. U, Asiriuwa, N. U, Onyia, D. C,
Okogbenin, E. A., Okunwaye, T., &
Odewale, J. O. (2017). A comparative
study of the carotene contents of
nigerian oil palm fruit forms and types
and its implication in industry.
ChemTech, 12, 51-56. ChemTech, 12,
51-56.

Ollivon, M., Perron, R., & Karleskind, A. (1992).
Propriétés physiques des corps gras.
Manuel des corps gras. Paris: Lavoisier,
433-442.

Olorunfemi, M. F., Oyebaniji, A. O., Awoite, T. M.,
Agboola, A. A., Oyelakin, M. O., Alimi,
J. P, Ikotun, I. O., Olagbaju, R. A., &
Oyedele, A. O. (2014). Quality
assessment of palm oil on sale in major
markets of Ibadan, Nigeria. International
Journal of Food Research, 1, 8-15.

Onyeike, E. N., & Acheru, G. N. (2002). Chemical
composition of selected Nigerian oil
seeds and physicochemical properties of
the oil extracts. Food chemistry, 77(4),
431-437.

Pages, X., Morin, O., Birot, C., Gaud, M., Fazeuilh,
S., & Gouband, M. (2010). Raffinage des
huiles et des corps gras et élimination
des contaminants. OCL, 17(2), 86-99.
http:/ /dx.doi.org/10.1051/0cl.2010.030
2

Ribier, D., & Rouziere, A. (1995). La transformation
artisanale des plantes a huile : Expériences
et procédés. GRET.
https:/ /agritrop.cirad.fr/312908/1/GP-
07_Transformation-artisanale-des-plant
es-a-huile.pdf

Roomi, M. W., Niedzwiecki, A., & Rath, M. (2018).
Scientific evaluation of dietary factors in
cancer. | Nutri Med Diet Care, 4(029),
1-13.
https://doi.org/10.23937/2572-3278.151
0029

Sagna, N. G. (2023). Diagnostic de la chaine de valeur
de I'huile de palme (Elaeis guineensis Jacq.)
de la Casamance: Perception de la

population locale.
https:/ /rivieresdusud.uasz.sn/handle/
123456789/1783

Tarnagda, 1. (2016). Controle de la qualité
physico-chimique et sanitaire des huiles
alimentaires commercialisées dans la
ville de Ouagadougou. Mémoire de fin de
cycle en licence professionnel genie biologie
option: Agroalimentaire, 33p.

Tay, B. Y. P., Anishas, C. C. I, & Zulina, A. M.
(2020). Oxidative Stability of Refined
Red Palm Olein under two Malaysian
Storage Conditions. Journal of Oleo
Science, 10(69), 1209-1218.
https:/ /doi.org/doi:
10.5650/jos.ess20045

Zhou, X., Wang, H., Wang, C., Zhao, C., Peng, Q.,
Zhang, T., & Zhao, C. (2018). Stability
and in  vitro  digestibility = of
beta-carotene in nanoemulsions



fabricated with different carrier oils.
Food Science & Nutrition, 6(8), 2537-2544.
https:/ /doi.org/10.1002/{sn3.862
Zielinniska, M. A., Wesotowska, A., Pawlus, B., &
Hamutka, J. (2017). Health effects of
carotenoids during pregnancy and
lactation. Nutrients, 9(8), 838.
https:/ /doi.org/10.3390/nu9080838



