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Abstract  Original Research Article 
 

In Cameroon, most of the crude palm oil (CPO) consumed locally is produced by the informal sector and is generally of 

poor quality. The quality of palm oil is mainly determined by its acidity which is generated by a very active lipase 

present in the mesocarp of ripe palm fruits. Previous studies showed a strong variability of this trait amongst progenies, 

and the segregation of forms suggested a monohybridism with dominance of the strong acidity allele. The objective of 

this study was to get more insights into this mechanism by explaining the phenotypic variability of palm oil acidity 

(POA) in view of possible production of seeds bearing this low oil acidity trait. Individual palms were grouped in classes 

based on their level of acidity from the mean and standard deviation. Figures of each class of acidity were compared to 

the theoretical proportions derived from the normal distribution using Chi square test (χ
2
) at 5% significance threshold 

according to the genetic determinism of POA previously demonstrated. POA assessment of 650 palms indicated a strong 

variability, with values ranging from 0.5 to 42% and an average of 10 ± 8%. The normal distribution of F2 into 3 classes 

around 1.34 ± 0.6, 15 ± 6 and 21.92 ± 5%, corresponded to the genotypes « papa », « Papa » and « PaPa » respectively 

conferring low, average and high acidity traits. This suggest the presence of minor genes around the major gene 

controlling POA, with the dominance of high acidity form. 
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INTRODUCTION 
Extracted from the mesocarp of the oil palm 

(Elaeis guineensis Jacq.) fruit, crude palm oil (CPO) is 

the most produced vegetable oil in the world ». In 2017, 

CPO consumption was estimated at 34 vs 29% for soya 

oil [1]. In Cameroon, 80% of CPO is produced by 

agro-industries such as SOCAPALM (25.000 ha), C.D.C 

(15.000 ha), PAMOL (10.000 ha), SPFS (7.000 ha) and 

SAFACAM (4.000 ha) while 20% is produced by 

smallholders of the informal sector [2]. Oil from the 

informal sector represents almost 90% of the locally 

consumed vegetable oil in Cameroon [3]. CPO is mainly 

composed of triglycerides or triacylglycerols which 

represent 95% of all constituents and minor compounds 

such as diacylglycerol, monoacyl glycerol and about 5% 

free fatty acids (FFA), issued from the biosynthesis and / 

or hydrolysis of triacylglycerols. Sterol, tocopherol, 

pigments and metal ions are also present in CPO [4]. The 

fatty acid composition of crude palm oil is quite 

balanced between saturated and unsaturated fatty acids 

[27], with palmitic (C16:0) and oleic (C18:1) acids being 

the most present [4]. CPO quality is mainly evaluated on 

the basis of impurities and its acidity which is an 

indicator of free fatty acids (FFA) content [5, 6]. The 

presence of FFA in palm oil indicates the level of oil 

degradation during extraction and storage. If the FFA 

content is high, this indicates that the fruits were 

damaged between harvest and extraction or that they 

were over-ripe before harvest [6]. Therefore, high values 

of acidity due to lipase activity is an indication of oil 

quality impairment. Without refining, such oil may be 

unsuitable for human consumption though refining leads 

to the loss of CPO nutritional value. The FFA in palm oil 

results from lipase activity [6-9] and high water content 

(when greater than 0.1%). It was noted [10] that beside 

factors such as crude palm oil production and extraction 

methods alongside microbial lipase activities, oil palm 

genotype could strongly affect lipase activity and hence 

palm oil acidity.  
 

In a preliminary study [11], it was demonstrated 

that palm oil acidity (POA) is controlled by a major locus 

with two alleles. The dominant allele denoted “Pa” 

determines high acidity while the recessive allele “pa” 

favours the production of oil with low acidity. 

Plant Biology 
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Meanwhile, among each phenotype, there is a high 

variability. Domonhédo et al., [12] characterized this 

variability and confirmed the monogenic status of POA 

among African palm populations from Ivory Coast, 

Congo, etc.  
 

However, to the best of our knowledge, the 

origin of the phenotypic variability of oil acidity has not 

been clearly established among progenies used for 

improved seed production. The objective of this study 

was therefore to explain the phenotypic variability of 

CPO acidity among palm trees from various progenies of 

La Dibamba elite germplasm which are being used for 

commercial seed production, in view of possible 

production of seeds bearing this low oil acidity trait.  
 

MATERIALS AND METHOD 
Study Site 

This study was realized at La Dibamba 

Specialized Centre for Oil Palm Research (CEREPAH) 

of the Institute of Agricultural Research for 

Development (IRAD). La Dibamba is located in the 

humid tropical zone with monomodal rainfall pattern, in 

the Littoral Region of Cameroon. The Centre is found in 

the Mbongo-Ndonga zone at 3° 54’62’’ latitude North 

and 9° 51’77’’ latitude East, at 55m above sea level. 

There are two distinct seasons at La Dibamba. The dry 

season runs from mid-October to mid-March while the 

rainy season goes from mid-March to mid-October. 

Rainfall is about 2500 mm/year and sunshine is 

1400h/year with an average annual temperature of 27.50 

°C/year.  

 

Plant Materials 

Some 650 individual oil palm trees from the 

commercial seed production garden were sampled from 

22 progenies, resulting from 24 parents planted in 

CEREPAH of La Dibamba between 1993 and 1997. The 

progenies sampled are presented in Table-1. 

 

Table-1: Male and female progenies used in this study. 

N° Progenies  parents Origin Year of planting 

01 LM 19175 LM 2509 D x LM 2509 D DA 115 D AF 1997 

02 LM 16578 LM 2509 D x LM 3394 D 1993 

03 LM 17114 LM 3394 D x LM 3394 D 

04 LM 18801 LM 3394 D x LM 3005 D DA 115 D AF x D A115 D AF 1997 

05 LM 18565 LM 2523 D x LM 2523 D D A115 D AF AF 

06 LM 18443 LM 2523 D x LM 2531 D DA 115 D AF x DA 115 D AF 

07 LM 19016 LM 2531 D x LM 2531 D DA 115 D AF  

08 LM 18688 LM 2515 D x LM 2515 D 

09 LM 19198 LM 2357 D x LM 2357 D DA 5 D AF  

10 LM 19171 LM 2356 D x LM 2357 D DA 5 D AF x DA 5 D AF 

11 LM 18745 LM 5155 D x LM 5100 D (DA 115 D x LM 269 D) x (DA 115 D x LM 269 D) 

12 LM 17163 LM2750 D x LM2749 D (DA10 D x DA3 D) AF 1993 

13 LM 17204 LM3050 D x LM3034 D (DA5 D x DA3 D) x (DA5 D x DA3D) 

14 LM 17685 LM3038 D x LM3034 D (DA5 D x DA3 D) AF 1993 

15 LM 13533 LM3257 D AF DA5 D x DA3 D 1987 

16 LM 18744 LM5216 D x LM5100 D (DA115 D x LM269 D) x (DA115 D x LM269 D) 1997 

17 LM 16598 LM 3043 D XLM 3038 D  DA 115 D AF 1999 

18 LM 12165 LM 2531 D X LM 2531 D 1987 

19 LM 19121 LM 3005 D X LM 3005 D DA 115 D AF 1997 

20 LM 16844 LM 2052 T X LM 1607 P LM 2T AF 1993 

21 PO 5669 PO 3281 T X PO 2768 P  LM 10 T X LM 10 T 1997 

22 PO 5670  PO 3281 T X PO 3281 T  LM 10 T AF 1993 

LM : La ME, PO : POBE, DA : DABOU ; D : Dura ; T : Tenera ; P : Pisifera AF : autofécondé (self-pollinated). 

 

METHODS 
Determination of POA  

The evaluation of POA was done on oil 

extracted from the mesocarp of matured fruits. Bunch 

maturity was determined by the presence of 2 to 6 loose 

fruits [13]. A bunch per tree and sixteen trees at least 

were randomly chosen per progeny. Oil extraction was 

done using hexane with the Soxhlet method as described 

in Ngando et al., [14]. Determination of acidity was done 

by titration using a burette with a solution of KOH 0.1N 

in three replicates per sample according to [15]. For this 

study, the threshold between high acidity and low acidity 

was fixed at 5% [15]. 
 

Determination of minor genes around the major gene 

controlling POA 

In order to explain the variability of POA, 

individual palms were grouped in classes based on their 

level of acidity from the mean and standard deviation. 

The individuals from all the progenies were grouped per 

phenotype and in the F2 population according to the 

genetic determinism of POA previously demonstrated 

[11]. 
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Figures of each class of acidity were compared 

to the theoretical proportions derived from the normal 

distribution using Chi square test (χ
2
) at 5% significance 

threshold as in Yuste-Lisbona et al., [16]. The different 

classes were chosen in order to study the phenotypic 

distribution of POA as the number of genes involved in 

the transmission of this trait with reference to other 

studies [17, 19, 21]. The threshold between high acidity 

and low acidity was fixed at 5% with reference to 

Anonym [11]. 
 

RESULTS  
Phenotypic classification of POA in progenies with 

respect to 5% ratio 

Analysis of POA of 650 progenies used in seed 

production showed high variability of this trait. Results 

showed that 228 trees produced palm oil with low acidity 

while 422 produced highly acidic oil. The acidity values 

varied from 0.55% to 42%, with an average of 10 ± 8%. 

Among the 10 progenies issued from self-pollination, 

LM 19016, LM 19175 and LM 6121 are homozygous for 

oil with low acidity (papa). Progenies LM 19198, LM 

1355 and PO 5670 are homozygous for oil with high 

acidity (PaPa), while LM 18688, LM 18565, LM 19121 

and LM 17114 have 3:1 heterozygosity ratio (Table II). 

Among the 12 progenies issued from cross pollination, 

progenies LM 19171, PO 5670, LM 17685, LM 16598, 

LM 17163, LM 18745 and LM 18801 are homozygous 

for oil with high acidity while progenies LM 16844, LM 

16578, LM 18443 on one hand, and LM 17204, LM 

18744 on the other hand are heterozygous respectively in 

1:1 and 3:1 ratios (Table-2).  

 

Table-2: Variability of POA among progenies 

Progenies Number HAO Number LOA Total Ratio (HOA: LAO) χ
2
 calculated χ

2
 theoretical

 

Homogeneity for low acidity 0:1 

LM 19175 0 50 50 0:1 0  

3,84 LM 12165  37 37 0:1 0 

LM 19016 0 55 55 0:1 0 

Heterogeneity 3:1 

LM 17114 38 6 44 3:1 3,03  

3,84 

 
LM 18565 41 10 51 3:1 0,79 

LM 19121 14 2 16 3:1 1,33 

LM 18744 12 2 14 3:1 0,85 

LM 17204 23 2 25 3:1 3,85 

LM 18688 19 7 26 3:1 0,05 

Heterogeneity 1:1 

LM 16 578 19 13 32 1:1 1,25  

3,84 

 
LM 18 443 35 40 75 1:1 0,57 

LM 16844 4 4 8 1:1 0 

Homogeneity for high acidity 1:0 

LM 19 198 29 0 29 1:0 0  

 

3,84 

 

LM 18 801 33 0 33 1:0 0 

LM 19 171 27 0 27 1:0 0 

LM 13 533 16 0 16 1:0 0 

LM 17685 18 0 18 1:0 0 

LM 16598 14 0 14 1:0 0 

LM 17163 29 0 29 1:0 0 

LM 18745 28 0 28 1:0 0 

PO 5669 12 0 12 1:0 0 

PO 5670 11 0 11 1:0 0 

HAO: hight acidity oil, LAO: low acidity oil 

 

Results of the POA assessment of the 650 

palms showed a high variability of this trait within 

progenies. The acidity values were between 0.55 and 

42%, with an average of 10 ± 8%. For the 650 palms 

analyzed, 422 palms produced oil with acidity values 

ranging from 5.21 to 42% with an average of 15 ± 6%. 

For the 228 palms that produced "low acidity" oil, values 

ranged from 0.55 to 4.58% with an average of 1.35 ± 

0.57% (Table-3).  
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Table-3: Phenotypic distribution of POA from F2 
Populations   Number  Minimum (%) Maximum (%) Average (%) 

Variability of POA in all the progenies 

Total of individuals  650 0.55  42 10 ± 8 

Low acidity  228 0.55 4.59 1.35 ± 0.6 

High acidity  422 5.21 42 15 ± 6 

Variability of POA in F2 population 

Total (F2) 176 0.55 42 12.43 ± 8 

Variability of low acidity in F2 population 

 papa” population  29 0.55 3.68 1.34 ± 0.6 

Variability of high acidity in F2 population 

 Papa” Population  98 5.29 15.74 11± 3 

 PaPa” population  49 16.06 42 21.92± 5 

Total of high acidity 147 5.29 42 15± 6 

 

From a total of 22 progenies, 3 produced oil 

with low acidity, while 10 and 9 progenies are 

respectively homozygous and heterozygous for high 

acidity.  

 

The results of POA analysis of 176 individuals 

from F2, showed that 29 individuals produced oil with 

low acidity, while 147 individuals produced oil with 

high acidity (Table-3). The acidity levels varied from 

0.55 to 42% with an average of 12.43 ± 8%. The 

individuals constituting the F2 population in the ratio 3:1 

are mainly grouped into 3 classes around 1.34 ± 0.6, 15 ± 

6 and 21.92 ± 5%.  

 

Distribution of POA classes and evidence of minor 

gene around the major gene controlling POA 

The grouping of individuals in acidity classes 

according to the mean and the standard deviation, 

showed a significant distribution: 

 In the 3 classes of acidity grouping (Figure-1a), the 

maximum of individuals are found in the class 

producing oil with lower than 2% acidity and the 

minimum in the class of individuals producing oil 

with acidity greater than 14%; 

 In 4 classes of acidity grouping (Figure-1b), two 

important peaks are observed. These correspond to 

individuals producing oil with acidity less than 2% 

and those with acidity between 10 and 18%;  

 In 5 classes grouping (Figure-1c), two important 

peaks are also observed. These correspond to 

individuals producing oil with acidity less than 2% 

and those with acidity between 6 and 14%;  

 When grouping into 6 classes of acidity (Figure-1d), 

a single large peak is observed in the class of 

individuals producing oil with acidity less than 2%. 

Above 6% acidity, the grouping of individuals 

shows an almost equitable distribution. 

 

 
Fig-1: Classes of acidity values of all progenies. a: grouping into 3 classes, b: grouping into 4 classes, c: grouping into 5 classes, d: grouping into 

6 classes 
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Comparison of the different acidity classes 

shows that no grouping follows a normal distribution 

where the maximum number of individuals cluster 

around the middle class (Table-4). This result is identical 

to that of individuals producing highly acidic oil, as to 

that of the individuals constituting F2 population. 

 

POA of 29 individual of F2 genotype “papa”, 

varied from 0.55 to 3.67% with an average of 1.34 ± 

0.6% (Table-4). The comparison between the obtained 

values of the class and the normal distribution of acidity 

class, showed that the Chi square calculated is lower than 

the theoretical Chi square for 5 and 6 classes, 

demonstrating the normal acidity distribution of this 

population around 1.04-1.64% (Table-4). 

 

Table- 4: Phenotypic variability of acidity classes among all progenies.  χ
2 

              Number of  acidity classes 

Populations 
3 4 5 6 

χ
2
cal χ

2
Thé χ

2
cal χ

2
Thé χ

2
cal χ

2
Thé χ

2
cal χ

2
Thé 

All progenies 

Total of individuals (650) 4.10  

3.84 

136  

7.81 

144  

9.48 

152  

11.66 Low acidity  (228) 145.19 219.52 217.37 222 

High acidity (422) 14.06 23.63 26.67 37.74 

F2 progenies 

Total of individuals (176) 15.42  

 

3.84 

35.86  

7.81 

17.97  

9.48 

26.67  

11.66 papa (29) 5.5 4.4 6.2 9.8 

PaPa (49) 0.87 3.62 2.68 1.94 

Papa (98) 0.06 1.1 1.68 2.13 

Figures in brackets are the total number of palms assessed. 

 

In F2 population producing oil with high 

acidity, genotypes “PaPa” and “Papa” are represented 

according to the genetic determinism of POA. The 

acidity ranged from 5.29 to 42% with an average of 15 ± 

6%, for a total of 147 individuals (Table-4).  

 

The genotype “Papa” represents 2/3 of this 

population. For a total of 98 individuals; results showed 

that the acidity ranged from 5.29 to 15.74% with an 

average of 11 ± 3% (Table 4). The comparison between 

the obtained values of the class with the normal 

distribution of acidity, showed that the Chi square 

calculated was lower than the theoretical Chi square for 

all groupings, thus confirming the normal distribution of 

this population around 9.5-12% of acidity class.  

 

The genotype “PaPa” represented 1/3 of F2 

population producing oil with high acidity, according to 

the genetic determinism of POA. For a total of 49 

individuals, results showed that the acidity rate ranged 

from 16.06 to 42% with an average of 22 ± 5% 

(Table-4). The comparison between the obtained values 

of the class and the normal distribution of acidity class, 

showed that the Chi square calculated was lower than the 

theoretical Chi square for all acidity classes, thus 

showing the normal distribution of this population 

around 19.5- 24% of acidity (Table-4). 

 

DISCUSSION 
These results are in accordance with those 

obtained by [11] on 11 progenies of La Mé population 

where 6 progenies were homozygous and 5 progenies 

were heterozygous for POA. Similar results were 

obtained by Domonhédo et al., [22] on oil palm 

progenies of African origin. This variability is well 

observed among individuals producing palm oil with 

high acidity. Therefore, the diversity of this phenotype 

makes it difficult to separate homozygous and 

heterozygous individuals producing oil with high acidity 

among progenies. This result corroborates that of 

Guedes et al., [23], who assessed the variability of fruit 

acidity of 25 plants of Jabuticaba progeny grown in a 

tropical climate. León et al., [24], on one hand and Perez 

et al., [18] on the other hand, working respectively on the 

variability of free fatty acids of olive oil from progenies 

derived from several genetic combinations and the 

heritability of elevated palmitic acid content in the 

CAS-12 mutant on the same species, showed the 

influence of crossing on free fatty acid composition. The 

same difficulties have been observed on Brassica 

carinata [19]. However, the separation was easier on the 

acidity of the apple fruit [20].  

 

The 03 classes of F2 progenies that correspond 

to the genotype “papa“, “Papa“ and “PaPa” 

respectively, confer to palm oil low, average and high 

acidity. This result is in accordance with that of [18], 

who separated olive seeds into three classes based on 

their oil acidity values as 38, 19 and 7 respectively for 

high, intermediate, and low acidity. According to Likeng 

et al., [11], this is partly due to the fact that the gene 

responsible is dominant. Our results do not agree with 

the studies of Iwanami et al., [20, 18] who found 

difficulties in classifying fruit acidity into two classes in 

their study of the heritability of acidity of apple fruits and 

five phenotype classes of Erucic acid in Indian Mustard 

(Brassica juncea L. Czern & Coss) respectively. This 

grouping is in accordance with the genetic determinism 

of palm oil acidity highlighted by previous studies [11, 

12].  
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The distribution of F2 population on a 3:1 ratio 

indicates the presence of a major gene controlling POA 

as indicated by Likeng et al., [11] and Domonhédo et al., 

[22] in group A and B of Eleais guineensis populations 

respectively. The normal distribution of F2 population 

with high variability suggests the presence of minor 

genes around the major gene controlling POA. The same 

result has been obtained by Yang et al., [25] when 

showing that, C18:1 and C18:2 were controlled by a 

major gene, susceptible to be modified by minor genes 

and environmental variation. A previous study on the 

review of the causes of acidification of palm oil 

produced by smallholders identified the genotype of the 

plant as one of the factors involved [10]. On the contrary, 

Ishikawa et al., [26] showed that FFA variation could be 

due to the genetic mutation which is also susceptible to 

be modified by environmental factors. Our results are 

also contradictory to those of Pandey et al., [21] on one 

hand and Alemayehu and Becker [17] on the other, who 

classified acidity individuals respectively on 1:4:6:4:1 

and 1:14:1 ratios, when showing that acidity was a 

digenic character. Perez et al., [18] indicated a trigenic 

transmissibility of this trait. 

 

The impossibility to group all F2 individuals in 

a normal distribution has also been demonstrated in the 

entire population. This could be explained by the fact 

that, in these two groups, we can find the three genotype 

classes namely “PaPa”, “Papa” and “papa”. The same 

results have been obtained by Velasco et al., [19] with 

the difficulty to separate dominant homozygotes from 

heterozygotes. Meanwhile, in apple, there is good 

separation between low acidity individuals though with 

great proximity between heterozygotes and dominant 

homozygotes [20]. For the transmissibility of linoleic 

acid content in mustard N2-4961, it was possible to 

separate three phenotypic classes with the ratio 1:2:1 in 

the F2 [19]. 

 

CONCLUSION 
Since the highly acidic oil is unfit for human 

consumption, the production of hybrid palms with low 

acidity palm oil remains the ideal approach to enhance 

this product. To achieve this, a study of the individual 

acidity of genitors used for commercial seed production 

was essential. The grouping of individuals into 

phenotypic classes in all the population, as well as in F2 

population, does not follow normal distribution. The 

results obtained after the POA assessment of 650 palm 

trees indicate a strong variability, with different values 

ranging from 0.5 to 42% and an average of 10 ±8 %. The 

normal distribution of F2 into 3 classes around 1.34 ± 0.6, 

15 ± 6 and 21.92 ± 5% respectively, suggests the 

presence of minor genes around the major gene 

controlling POA, with the dominance of high acidity 

form. These classes corresponding to the genotypes 

“papa”, “Papa” and “PaPa” respectively, confer to 

palm oil low, average and high acidity. Due to the 

variability of POA, it is recommended to classify 

individuals according to the genotype rather than 

phenotype. 

 

In perspective, this study will be extended to all 

the parent palms used for seed production at CEREPAH 

in order to identify the low acidity genitors with 

molecular analysis. 
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