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Abstract

The objective of this study is to determine the factors responsible for the acidi-
fication of Burundi palm oils. The investigation of the duration of fermentation
of palm fruits performed among artisanal producers found that more than 89%
of producers from commune of Rumonge ferment for more than 5 days while
more than 61% of those from commune of Mutimbuzi ferment for 4 days. The
determination of acid value using the method of ISO 660:2009 showed that
Dura and Tenera varieties fermented for 4 days had respectively 5.9 * 2.3 and
5.8 + 1.8 mg of KOH/g of oil for clustered fruits, 7.03 + 3.4 and 7.02 + 3.2 mg
of KOH/g for destemmed fruits. After 8 days, the acid values of Dura and Ten-
era varieties obtained were respectively 10.9 + 4.7 and 12.5 + 5.4 mg KOH/g
for clustered fruits, 12.5 + 5.4 and 12.5 + 4.1 mg KOH/g for destemmed fruits.
No significant difference was recorded between varieties. On the other hand,
a highly significant difference at p < 0.05 was obtained between fruits fer-
mented in the open air (e.g. around the foot of the oil palm, FFOA), in a shed
when the fruits were not covered (SFNC) and in a shed when the fruits were
covered by branches or straw (SFC). At 8 days of fermentation, the acid val-
ues of FFOA, SFNC and SFC were 9.1 £ 0.7 < 12.6 + 0.8 < 17.7 + 1.4 for
destemmed fruit and 9.1 £ 0.7 < 13.2 + 1.3 < 13.2 + 3.2 for clustered fruit, re-
spectively. In light of these results, the acidity of Rumonge palm oil is proba-
bly due to the long fermentation time and the technique of covering the fruits
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during fermentation. These results will allow producers to extract good qual-
ity oil and consequently improve the health of consumers.
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1. Introduction

The oil palm (Elaeis guineensis Jacq.) is a perennial plant of the Arecaceae family
[1]. This plant is the most important source of vegetable oil in the world. Since
2009, oil extracted from oil palm represents more than one-third of the total
production of vegetable fats [2]. In Burundi, oil palm constitutes a source of in-
come for many households through the oil itself and its by-products. It is the
main cultivated oil plant and contributes to more than 90% of the national oil
consumption. However, there is a possibility to vary the vegetable oils. It has
been reported that natural forest ecosystems contain indigenous plants that can
provide vegetable oils [3] of very high nutritional value [4]. The palm oil varie-
ties cultivated are Dura and Tenera. In most of the palm oil-producing regions,
Dura is being replaced by the Tenera variety. The latter is intensively cultivated
in the natural region of Southern Imbo, especially in the commune of Rumonge
in Rumonge province. It has also been extended to Bubanza, Bujumbura, Can-
kuzo, Cibitoke, Kirundo, Makamba, Muyinga, Ruyigi and Rutana provinces. The
province of Rumonge alone accounts for more than 63% of the palm grove area.
It is followed by the provinces of Ruyigi (8%), Bubanza (7%), and Bujumbura (6%)
[5]. The Dura variety still exists in the natural regions of Mumirwa and Imbo,
which span the provinces of Makamba, Bururi, Rumonge, Bujumbura, Bubanza
and Cibitoke. The palm trees of Dura are under scattered feet and left voluntari-
ly in the fields. Their annual production (20,000 tons) of both varieties is far be-
low the population’s oil needs, which were estimated at 100,000 tons in 2008 [6].
With the current population of 12 million, the oil needs would be estimated at
300,000 tons of oil because each person must consume 25 kg of oil per year [7].
In the entire palm oil production area, the artisanal extraction technique is the
most dominant, which affects quality. There is only one industry (SAVONOR)
that extracts palm oil in a modern way. Previous studies have shown that palm
oils obtained by artisanal extraction processes often contain more than 10% free
fatty acids [8] [9] while those produced industrially contain an average of 4% [9]
[10]. Several exogenous and endogenous factors are at the origin of this degrada-
tion of triglycerides. Regarding the external factors, it is mainly the lack of good
processing and preservation practices before and after extraction that are respon-
sible for acidification. It has been reported that lipases from microorganisms can
cause acidification of palm oil [11] [12]. This is observed in the case of fermenta-

tion of long period. As for the endogenous factors, they are lipase found in the
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palm fruit itself [13] [14]. The release of these lipases from their storage vacuoles
is caused by ruptures observed during abscission or injury of the ripe fruit [15]
[16]. Free fatty acids first deteriorate the quality of the oil containing them. Free
fatty acids can act as pro-oxidants in oils by accelerating the rate of decomposi-
tion of hydroperoxides. Thus, a high free fatty acid content in oil can cause fur-
ther oxidation and lead to the development of an unpleasant taste and flavor in
the oil [17]. Both the primary products of oil deterioration (free fatty acids) and
the secondary products (caused by free fatty acids) affect human health. It has been
reported that hydroperoxide is very toxic [18] and is at the origin of the athero-
sclerosis hyperlipidemia, Alzheimer’s disease brain, and sunburned skin [19]. Free
fatty acids are also direct causes of dyslipidemia and the adverse health conse-
quences of obesity [20]. While almost all Burundians consume the palm oil they
produce, no studies have been conducted on the acidification factors of oils. It is
with the overall objective of contributing to the preservation of the health of con-
sumers that a study of the acidification factors of oil palm was performed. The
specific objectives were to determine: 1) the acid value of Burundi palm oils and
2) the factors responsible for acidification of these oils. The results of this study
will improve the health of the population by contributing to the reduction of

metabolic diseases.

2. Materials and Methods

2.1. Determination of the Fermentation Period of Oil Palm
Fruits

More than 80% of palm oil is produced in Imbo Sud (Rumonge and Makamba),
and the rest is produced in Imbo Centre (Bujumbura and Bubanza) at 775 to
1000 m of altitude. The determination of the fermentation period was done in
the form of a survey. The survey was conducted in the Commune of Rumonge
(Imbo Sud) and Mutimbuzi (Imbo Centre). The sample size was chosen based

on the formula of Fran¢ois Daniel [21]:

t2-N
n=—————
t?+(2e) (N -1)

2.2. Determination of the Acid Value of Artisanally Extracted Oils
in the Two Communes of Rumonge and Mutimbuzi

Oil samples were collected, directly after extraction, in four zones (Kigwena,
Rumonge, Kizuka, Minago) of the commune of Rumonge and four zones (Kig-
wena, Rumonge, Kizuka, Minago) of the commune of Mutimbuzi (Rubirizi,
Rukaramu, Gatumba and Maramvya zones). In each zone, three hills were ran-
domly selected. In each hill, three artisanal mining units were sampled. Each
zone had nine samples and each commune had 32 samples. The acidity was de-
termined according to the method of ISO 660:2009 [22] norms and expressed in
mg KOH/g oil.
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2.3. Determination of Fermentation Day of Oil Palm FRUITS

An experiment was conducted to study the parameters that may be responsible
for the acidity of palm oils in Burundi. For this purpose, bunches of two varieties
(Dura and Tenera) of Elaeis guineensis were purchased from producers. To iden-
tify the factors responsible for the variation in oil acidity, the experiment was
performed by analyzing the influence of the following four parameters on oil
acidity:

1) Variety;

2) The number of days of fermentation of oil palm fruits;

3) Destemmed and clustered fruits for fermentation; and

4) The impact of leaving oil palm fruits in the open air under a tree, putting
them in a shed without covering them with straw or tarpaulin, and putting them

in a shed and covering them with tarpaulin has been tested.

2.4. Palm 0Oil Extraction for Experimentation

After fermentation, according to the four parameters (Section 2.3), artisanal ex-
tractions were performed as shown in Figure 1. The oils obtained underwent acid

value analyses like those collected from the producers.

( oil palm regime J
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palm fruits

L
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: |
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Figure 1. Artisanal extraction of palm oil.
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2.5. Statistical Analysis

Data analysis was performed using IBM SPSS statistic 20. Results were analyzed
using one-way analysis of variance (ANOVA) followed by Tukey’s multiple com-
parison test. Correlation between various parameters was also investigated. Sig-
nificance was determined at p < 0.05 level and the results were expressed as mean

values + standard error (SE). All tests were performed in triplicate.

3. Resultants and Discussion

3.1. Pereod of Fermentation of Oil Palm Fruits from Ruzibazi,
Rukaramu and Gatumba Zones

A study was conducted in four zones (Rubirizi, Rukaramu, Gatumba and
Maramvya) of Mutimbuzi Commune and four others (Kigwena, Rumonge, Ki-
zuka and Minago) of Rumonge Commune. Through this study, it was found that
palm oil producers in Rumonge ferment palm fruit for several days more than
those in Mutimbuzi (Table 1). 61.7% of Mutimbuzi producers ferment for 4 days,
while in Rumonge commune, only 10.3% of producers ferment during this period.
51% of Rumonge producers ferment palm fruits for more than a week while more

than 85% of Mutimbuzi producers do not exceed 5 days.

Table 1. Number of days of fermentation of oil palm fruits by producers in the commune
of Mutimbuzi (PROMU) and Rumonge (PRORU) expressed in percentage.

Day PROMU (%) PRORU (%)
Four 61.7 10.3
Five 234 20.7
Six 4.3 17.2
Seven 2.1 17.2
Eight 2.1 8.6
Nine 2.1 6.9
Ten 2.1 6.9
Eleven 2.1 6.9
Twelve 0 3.4
Thirteen 0 1.7

It was even revealed that in the commune of Rumonge 5% of producers fer-
ment for more than 12 days.

The longer the fruits are stored, the more the endogenous lipases find the op-
portunity to be in contact with the triglycerides [16] and thus to degrade them,
which leads to the acidification of the palm oil [13] [14]. It has been shown that
when fruits are stored, fungi secrete exogenous lipases [11], which are also re-
sponsible for the acidification of palm oil. This proves that the oil palm fruits of
Rumonge producers are more exposed to acidification factors compared to those

of Mutimbuzi.

DOI: 10.4236/fns.2024.158049

763 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.158049

S. Sindayikengera et al.

3.2. Acid Value of Oils Produced in Rumonge and Mutimbuzi

The analysis was conducted on oils sampled directly from artisanal extraction
units in the commune of Rumonge (Kigwena, Rumonge, Kizuka and Minago
zones) and the commune of Mutimbuzi (Rubirizi, Rukaramu, Gatumba and
Maramvya zones). The oil extracted by Rumonge producers is characterized by a
significantly (p < 0.05) higher acidity than that produced in Mutimbuzi, the or-
der being: 14.1 + 0.8 > 9.7 £ 0.3 mg KOH/g oil.

The acid value of the oils produced at Mutimbuzi varies from 9 to 10 mg KOH/g
oil, while that of Rumonge varies from 13 to 15 mg KOH/g oil. The comparison
of the results in Table 1 and Table 2 show that the longer the fermentation, the
higher the acid value, which greatly affects the quality of the oils.

Table 2. Acidity according to the place of production of the oil (expressed in mg of
KOH/g of oil).

Commune Zone Acid Value Average
Rubirizi 9.2+1.7¢
Mutimbuzi Rukaramu 9.6 1.6
9.7 £0.3*
Gatumba 9.7 £2.34
Maramvya 10.3 + 2.05«
Kigwena 13.1 £2.7¢
Rumonge Rumonge 13.5 + 2.6%
14.1 +0.8°
Kizuka 14.6 £ 4.1%
Minago 155+ 3.7%

Note: The values that include these letters a, b, ¢ and d are significantly different in de-
scending order:a >b>c > d.

In the commune of Rumonge, the duration of fermentation was found to be
very long: more than 90% exceeds 5 days (Table 1). Previous studies have re-
ported that oil extraction from fruits with little or no fermented yields high qual-
ity crude oil of about 0.9 mg KOH/g oil and that the acidity of fruits stored for 6
to 26 days ranged from 12.04 to 64 mg KOH/g oil [23]. It has been reported that
industrially produced oil has an acidity of about 9.42 + 0.12 mg KOH/g oil [24].
Although industrially produced, international standards show that these oils are
of very poor quality. Refined oils are <0.6 mg KOH/g oil, cold pressed and virgin
oils < 4.0 mg KOH/g oil, and virgin palm oils < 10.0 mg KOH/g oil according to
the CODEX STAN 210-1999 norms [25]. As the extraction of the oils of these
two communes is artisanal and it is the simple pressing after a light heating, it is
considered as virgin. Their acid value should be less than 10.0 mg KOH/g, thresh-
old set by CODEX STAN 219-1999 for virgin palm oils [25]. However, in this
study, it was found that the acid values (13 - 15 mg KOH/g) of Rumonge oils are
higher than the value fixed (10.0 mg KOH/g) by CODEX STAN 219-1999 for
virgin oils. Therefore, it is unfit for human consumption. The producers will have

to review their preparation methods from fermentation to sale.
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The oils produced from Mutimbuzi commune comply with the standards of
CODEX STAN 219-1999 (9 - 10 mg KOH/g). Although they comply with the
standards, strict measures during their preparation must be observed to main-
tain these values below the threshold recommended by CODEX STAN 219-1999.

3.3. Influence of the Variety and the State of the Bunch (Clustered
and Destemmed) on Acidity

During fermentation, there are producers who collect the palm fruits without
destemming them and the others ferment the destemmed fruits. In this study,
experimentation was conducted on the varieties and condition of the bunches.
Thus, the acid values as a function of varieties and the state of the fruit regime
(clustered or not) are depicted in Table 3.

It was found that the oil acid values of Dura variety and Tenera variety had no
significant differences at p > 0.005. After 4 days of fermentation, for clustered
fruits, the acid value of Dura variety oil was 5.9 * 2.3 mg KOH/g oil while that of
Tenera oil was 5.8 + 1.8 mg KOH/g oil. After eight days of fermentation, the acid
value of Dura oil was 10.9 + 4.7 mg KOH/g oil while that of Tenera oil was 12.5 +
5.4 mg KOH/g oil.

The same trend was also observed between the acid value for Dura and Tenera
destemmed fruit oils respectively at the same days of fermentation: for example
for 4, 5 and 8 days, the acid value of Dura destemmed were 7.03 + 3.4, 10.8 + 3.4
and 12.5 + 5.4 mg KOH/g oil respectively and those of Tenera were 7.02 + 3.2,
9.8 £ 3.4and 12.5 + 4.1 mg KOH/g oil respectively. This shows that both species
have the same physiological properties.

Previous studies have reported that oil palm fruits naturally contain lipases
[26]. In the light of these results, it can be deduced that both varieties contain the
same amount of endogenous lipases. The acidity can also be caused by the hy-
drolysis of fatty acids by enzymes secreted by microorganisms [27] through the
wounds of the fruits.

Table 3. Acidity of the oils according to the varieties (Dura and Tenera) and the state of
the fruit regime (in bunches and destemmed) (expressed in mg KOH/g oil).

Fermentation Days Clustered Fruit Destemmed Fruits
Four 5.9 +2.34 7.03 + 3.42bcd
Five 9.1 + 2,9¢bcd 9.2 + 3.42bcd
Dura Six 10.5 + 3.23¢ 10.8 + 3.4
Seven 10.1 + 2.4%¢ 10.7 + 2.9%¢
Eight 10.9 + 4.7% 12.5 +5.4*
Four 5.8 +1.8¢ 7.02 + 3.2
Five 8.3 +2,3bd 8.9 + 2,9
Tenera Six 9.4 +2.9% 9.8 + 3.4%¢
Seven 9.8 +3.1%¢ 10.3 + 3.5%¢
Eight 12.5+54* 12.5+4.1*

Note: The values that include these letters a, b, c and d are significantly different in de-
scending order:a >b >c > d.
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3.4. Influence of the Fermentation Technique on the Acidification
of Palm Oils

Since there were no significant differences at p > 0.05 between the acid value of
Dura and Tenera oils and the latter being extended to other provinces, the study
continued with Tenera. The fermentation techniques are almost the same in
both communes. Some people pile them in a shade around the feet of palm trees
or other trees; others put them in the sheds without covering them and others in
the sheds and cover them with straw or tarpaulins.

Testing of these techniques through this study revealed significant differences
(p < 0.005) of acid values (Table 4) between them. Destemmed and clustered
fruit were experimented separately. For destemmed fruit, during four days of
fermentation, the acid values of oil fruits stacked in the open air (FFOA), in a
shed when fruits uncovered by a tarpaulin (SFNC), and in a shed when a tarpau-
lin (SFC) covered the fruit were 3.7 £ 0.9 < 6.5 + 0.3 < 10.8 = 1.6 mg KOH/g oil,
respectively. All these oils are within the limits (10 mg/100g) fixed by CODEX
STAN 210-1999 standards [25]. Just after 5 days of fermentation, the FFOA and
SENC oils were still within the limits fixed by CODEX STAN while the SFC oils
exceeded it by a large margin. The order respective is as 5.6 £ 0.6 < 10.3 £ 0.3 <
12 + 2.9 mg KOH/g with significant differences at p < 0.05. After eight days of
fermentation only the FFOA, oils were found to be within, the international stand-
ards while those of the SENC and SFC were higher. They are significant at p <
0.05 differences; order being FFOA < SENC < SFC: their respective values were
9.1£7<6%0.8<17.7 = 1.4 mg KOH/g. Based on these data, this study suppos-
es that these differences are due to the humidity conditions created by covering
the fruits. These conditions are favorable to the development of microorganisms.
Previous investigations have reported that microorganisms (molds and bacteria)
produce lipases [11] [12] [28].

Table 4. Influence of the fermentation technique of Tenera fruits on the acid value ex-
pressed in mg of KOH/g of oil (FFOA, fruit in open area, e.g. around the foot of the oil
palm; SENGC, in a shed uncovered fruit; SFC, in a shed and fruit covered by branches or
straw or tent).

Fermentation Days FFOA SENC SFC
Four 3.7 £0.98 6.5 + 0.34f8 10.8 + 1.6
Five 5.6 + 0.6 10.3 £ 0.3bd 12 +2.9b¢
Destemmed .
. Six 6.2 +0.2¢f 10.6 + 1.8bcde 13 +1.3°
Fruits
Seven 7.4 + (.88 11.9 + 0.3bcde 13.8 + 1.8
Eight 9.1 + (.7bcdef 12.6 +0.8° 17.7 £ 1.4*
Four 3.7 £2.68 6.5 + 0.5%f 7.5 + 1.4%%f
Five 5.7 +0.9% 9.9 + 2 .4bcdef 10.6 + 1.8b<de
Clustered
ustere Six 6.2+ 0.1°% 10.5 + 3.2bwde 12.6 + 0.7°
Fruit
Seven 7.3 + (.18 10.8 £ 0.3bcde 12.3 £ 1.8°
Eight 9.1 + (.7bcdef 13 +1.3% 132 +32°

Note: The values that include these letters a, b, ¢, d, e, f and g are significantly different in
descending order:a>b>c>d>e>f>g.
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For the clustered fruits, the acidity trends of the oils were the same as those ob-
served in oils from destemmed fruits. They are also significantly (p < 0.05) dif-
ferent in the following order: FFOA < SENC < SFC. Furthermore, there were no
significant differences (p > 0.05) between the acid values of the oils extracted from
the fermented fruits with clusters and those from the destemmed fruits. For
FFOA, on the third day of fermentation, the acid value recorded was 3.7 + 0.9
and 3.7 + 2.6 mg KOH/g, respectively, for destemmed and clustered fruits. After
8 days of fermentation, the acid value of destemmed and clustered fruits was 9.1 +
0.7 and 9.1 + 0.7 mg KOH/g, respectively. The trend was the same for the acid
value of SFNC and SFC oils. All this had shown that there was no significant
difference (p > 0.05) between the acid value of oils extracted from destemmed

fruits and those extracted from clustered fruits.

4. Conclusion

The results of this study highlighted that consumers of palm oil in Burundi are
exposed to the consequences of the acidity of palm oil. The analysis of oils col-
lected in the commune of Rumonge, the main producer, showed that acid value
(14 mg KOH/g) was higher than international standards, while those of Mutim-
buzi were within the recommended limits (9 mg KOH/g). The main factors of
this acidification were the long fermentation period and the creation of favorable
conditions for the proliferation of microorganisms by increasing the humidity.
In the commune of Rumonge, fermentation lasts more than 5 days for 89% of
producers while it lasts 4 days for 61% of producers in the case of the commune
of Mutimbuzi. Taking into consideration, the results of this study will allow pro-
ducers to extract good quality oil, which will contribute to the improvement of the
health of the population.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Adam, H,, Jouannic, S., Morcillo, F., Verdeil, J.L., Duval, Y. and Tregear, J.W. (2007)
Determination of Flower Structure in Elaeis guineensis: Do Palms Use the Same
Homeotic Genes as Other Species? Annals of Botany, 100, 1-12.
https://doi.org/10.1093/aob/mcm027

[2] Omont, H. (2010) Contributions de la production d’huile de palme au développement
durable: Problématique générale, controverses. Oléagineux, Corps gras, Lipides, 17,
362-367. https://doi.org/10.1051/0cl.2010.0342

[3] Niyukuri, J., Raiti, J., El Qarnifa, S., El Abbassi, A. and Hafidi, A. (2020) Potential of
Some Autochthonous Wild Plants of Burundi for Vegetable Oil and Valuable Com-
pounds Production. Brazilian Journal of Biology; 80, 860-871.
https://doi.org/10.1590/1519-6984.223481

[4] Niyukuri, J., Raiti, J., Ntakarutimana, V. and Hafidi, A. (2020) Lipid Composition and
Antioxidant Activities of Some Underused Wild Plants Seeds from Burundi. Food

DOI: 10.4236/fns.2024.158049

767 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.158049
https://doi.org/10.1093/aob/mcm027
https://doi.org/10.1051/ocl.2010.0342
https://doi.org/10.1590/1519-6984.223481

S. Sindayikengera et al.

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Science & Nutrition, 9, 111-122. https://doi.org/10.1002/fsn3.1969

Ngiye, E. (2015) La filiere palmier & huile au Burundi: Acteurs et territories. Ph.D.
Thesis, Universit Toulouse.

MINAGRIE (Ministére de I’Agricuture et de I'élevage) (2008) Stratégie Agricole Na-
tionale 2008-2015.
https://bi.chm-cbd.net/fr/implementation/strategies-plans-nationaux/san-2008-201
5-bi

Graille, J. and Pina, M. (1999) L’huile de palme: Sa place dans I'alimentation humaine.
CIRAD-AMIS.

Ngando Ebongue, G.F., Dhouib, R., Carriére, F., Amvam Zollo, P.H. and Arondel, V.
(2006) Assaying Lipase Activity from Oil Palm Fruit (Elaeis guineensis Jacq.) Meso-
carp. Plant Physiology and Biochemistry, 44, 611-617.
https://doi.org/10.1016/j.plaphy.2006.09.006

Nanda, D., Kansci, G., Rafflegeau, S., Bourlieu, C., Ngando Ebongue, G. and Genot,
C. (2020) Impact of Post-Harvest Storage and Freezing of Palm Fruits on the Extrac-
tion Yield and Quality of African Crude Palm Oil Extracted in the Laboratory.
Oilseeds & Fats Crops and Lipids, 27, Article No. 52.
https://doi.org/10.1051/0cl/2020046

Gibon, V., De Greyt, W. and Kellens, M. (2007) Palm Oil Refining. European Journal
of Lipid Science and Technology, 109, 315-335.
https://doi.org/10.1002/ejlt.200600307

Hiol, A, Jonzo, M.D., Rugani, N., Druet, D., Sarda, L. and Comeau, L.C. (2000) Pu-
rification and Characterization of an Extracellular Lipase from a Thermophilic Rhi-

zopus Oryzae Strain Isolated from Palm Fruit. Enzyme and Microbial Technology,

26, 421-430. https://doi.org/10.1016/s0141-0229(99)00173-8

Abbas, H., Hiol, A., Deyris, V. and Comeau, L. (2002) Isolation and Characteriza-
tion of an Extracellular Lipase from Mucor sp Strain Isolated from Palm Fruit. En-
zyme and Microbial Technology, 31, 968-975.
https://doi.org/10.1016/s0141-0229(02)00190-4

Abigor, D.R.,, Opute, F.I,, Opoku, A.R. and Osagie, A.U. (1985) Partial Purification
and Some Properties of the Lipase Present in Oil Palm (Elaeis guineensis) Mesocarp.
Journal of the Science of Food and Agriculture, 36, 599-606.
https://doi.org/10.1002/jsfa.2740360711

Henderson, J. and Osborne, D.J. (1991) Lipase Activity in Ripening and Mature
Fruit of the Oil Palm. Stability in Vivo and in Vitro. Phytochemistry, 30, 1073-1078.
https://doi.org/10.1016/s0031-9422(00)95175-6

Ng, N. (2013) Some Quality Parameters of Crude Palm Oil from Major Markets of
Douala, Cameroon. African Journal of Food Science, 7, 473-478.
https://doi.org/10.5897/ajfs2013.1014

Sambanthamurthi, R., Let, C.C., Cheang, O.K., Huat, Y.K. and Rajan, P. (1991)
Chilling-Induced Lipid Hydrolysis in the Oil Palm (E/aeis guineensis) Mesocarp.
Journal of Experimental Botany, 42, 1199-1205.
https://doi.org/10.1093/jxb/42.9.1199

Chew, S.C. and Nyam, K.L. (2020) Refining of Edible Oils. In: Galanakis, C.M., Ed.,
Lipids and Edible Oils, Elsevier, 213-241.
https://doi.org/10.1016/b978-0-12-817105-9.00006-9

Kaneda, T., Sakai, H. and Ishii, S. (1955) Nutritive Value or Toxicity of Highly Un-
saturated Fatty Acids. II. The Journal of Biochemistry, 42, 561-573.

Miyazawa, T. (2021) Lipid Hydroperoxides in Nutrition, Health, and Diseases. Pro-

DOI: 10.4236/fns.2024.158049

768 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.158049
https://doi.org/10.1002/fsn3.1969
https://bi.chm-cbd.net/fr/implementation/strategies-plans-nationaux/san-2008-2015-bi
https://bi.chm-cbd.net/fr/implementation/strategies-plans-nationaux/san-2008-2015-bi
https://doi.org/10.1016/j.plaphy.2006.09.006
https://doi.org/10.1051/ocl/2020046
https://doi.org/10.1002/ejlt.200600307
https://doi.org/10.1016/s0141-0229(99)00173-8
https://doi.org/10.1016/s0141-0229(02)00190-4
https://doi.org/10.1002/jsfa.2740360711
https://doi.org/10.1016/s0031-9422(00)95175-6
https://doi.org/10.5897/ajfs2013.1014
https://doi.org/10.1093/jxb/42.9.1199
https://doi.org/10.1016/b978-0-12-817105-9.00006-9

S. Sindayikengera et al.

(20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

(28]

ceedings of the Japan Academy, Series B, 97, 161-196.
https://doi.org/10.2183/pjab.97.010

Ebbert, J. and Jensen, M. (2013) Fat Depots, Free Fatty Acids, and Dyslipidemia. Nu-
trients, 5, 498-508. https://doi.org/10.3390/nu5020498

Giezendanner, F.D. (2012) Taille d’'un échantillon aléatoire et Marge d’erreur. In-
struction Publique, Culture et Sport.

International Organization for Standardization (ISO) (2009) ISO 660: Animal and
Vegetable Fats and Oils: Determination of Acid Value and Acidity.
https://cdn.standards.iteh.ai/samples/75594/90e8488f0492461cb04d4ac36a77297¢/1
$0-660-2020.pdf

Tagoe, S.M.A. (2008) Effect of Mycotoxigenic Microorganisms on Palm Fruits and
Palm Oil Produced at the Cottage Industry Level. Ph.D. Thesis, University of Not-
tingham.

Ngando, O., Frank, E.G., Albert, M.M.E., Laverdure, D.E.E. and Paul, K. (2011) As-
sessment of the Quality of Crude Palm Oil from Smallholders in Cameroon. Journal
of Stored Products and Postharvest Research, 2, 52-55.

FAO (Food and Agriculture Organization) and WHO (World Health Organization)
(2015) Codex Standard for Named Vegetable Oils. CODEX STAN 210-1999.

Suwanno, S., Rakkan, T., Yunu, T., Paichid, N., Kimtun, P., Prasertsan, P., et al.
(2017) The Production of Biodiesel Using Residual Oil from Palm Oil Mill Effluent
and Crude Lipase from Oil Palm Fruit as an Alternative Substrate and Catalyst. Fuel
195, 82-87. https://doi.org/10.1016/j.fuel.2017.01.049

De Almeida, D.T., Nunes, I.L., Conde, P.L., Rosa, R.P.S., Rogério, W.F. and Machado,
E.R. (2013) A Quality Assessment of Crude Palm Oil Marketed in Bahia, Brazil. Grasas
y Aceites, 64, 387-394. https://doi.org/10.3989/gya.118412

Chevalier, A. (1925) La Maturation des Fruits du Palmier a huile. Revue de Bota-
nique Appliquée et d Agriculture Coloniale, 5, 122-131.

https://doi.org/10.3406/jatba.1925.4263

DOI: 10.4236/fns.2024.158049

769 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.158049
https://doi.org/10.2183/pjab.97.010
https://doi.org/10.3390/nu5020498
https://cdn.standards.iteh.ai/samples/75594/90e8488f0492461cb04d4ac36a77297e/ISO-660-2020.pdf
https://cdn.standards.iteh.ai/samples/75594/90e8488f0492461cb04d4ac36a77297e/ISO-660-2020.pdf
https://doi.org/10.1016/j.fuel.2017.01.049
https://doi.org/10.3989/gya.118412
https://doi.org/10.3406/jatba.1925.4263

	Technological Impact on the Quality of Palm Oil from Burundi: Elaeis guineensis, Variety of Dura and Tenera
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Determination of the Fermentation Period of Oil Palm Fruits
	2.2. Determination of the Acid Value of Artisanally Extracted Oils in the Two Communes of Rumonge and Mutimbuzi
	2.3. Determination of Fermentation Day of Oil Palm FRUITS
	2.4. Palm Oil Extraction for Experimentation
	2.5. Statistical Analysis

	3. Resultants and Discussion
	3.1. Pereod of Fermentation of Oil Palm Fruits from Ruzibazi, Rukaramu and Gatumba Zones
	3.2. Acid Value of Oils Produced in Rumonge and Mutimbuzi
	3.3. Influence of the Variety and the State of the Bunch (Clustered and Destemmed) on Acidity
	3.4. Influence of the Fermentation Technique on the Acidification of Palm Oils

	4. Conclusion
	Conflicts of Interest
	References

