



Assessment of chemical and nutritional composition of seeds attacked by Prosoestus spp (Coleoptera: Curculionidae), major pests of female inflorescences of oil palm (Elaeis guineensis Jacq.)
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ABSTRACT 
Oil Palm (Elaeis guineensis) has social, economic, and cultural importance in Côte d'Ivoire. From its roots to its leaves, and at every stage of its growth, it is exposed to many pests, the most important of which, affecting the female inflorescences, are Prosoestus minor and Prosoestus sculptilis (Coleoptera: Curculionidae). This study was conducted at the National Center for Agronomic Research, station in La Mé. The aim was to assess, on the one hand, the extent of damage caused by these two pests to female inflorescences and, on the other hand, the chemical and nutritional components of the seeds obtained from their attacks. Two hundred (200) individuals of each species were captured and placed on female inflorescences at the beginning of anthesis, enclosed in muslin cages. Monitoring the bunches until maturity revealed that Prosoestus sculptilis causes more damage (71.51 ± 11.42%) to the bunches than P. minor (60.96 ± 16.93%). The oil content per fruit (THR) was lower in attacked seeds (P. minor = 18.49 ± 4.67%; P. sculptilis = 15.33 ± 6.14%) than in control seeds (42.19 ± 9.12%). In addition, the acidity and fluidity of the oil were more degraded because they were very high (7.68 ± 9.10; 161.11 ± 83.82) due to attacks by Prosoestus sculptilis. The concentration of most fatty acids such as lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, and vitamins A and E contained in the oil from seeds attacked by these pests, does not comply with Codex Alimentarius standards, as it leads to a significant decrease in the physicochemical and nutritional quality of palm oil. Consequently, for sustainable food security, female inflorescences of oil palms must be effectively protected against attacks by these pests.
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1. INTRODUCTION
In Côte d'Ivoire, agriculture accounts for approximately 50% of gross domestic product (GDP). It is also the main source of income and livelihood for 80% of the population (Kouakou, 2017). According to Sangaré et al. (2009), agricultural products generate 40% of Côte d'Ivoire's export revenues. These products fall into two categories: food crops such as yams, rice, corn, etc., and cash crops such as cocoa, coffee, cashews, oil palms, etc. 
The oil palm, a perennial tree-like monocotyledon belonging to Aceraceae family, is one of the most widely cultivated species. This plant, native to Africa, specifically in the Gulf of Guinea, can still be found there in the form of spontaneous or semi-spontaneous populations (Ndjogui et al., 2014). As the world's most productive oil crop, oil palm could have a significant impact on the Ivorian economy. Furthermore, due to its genetic potential, yields could reach 18 tons of fruit bunches per hectare (Barcelos et al., 2015). In Côte d'Ivoire, approximately 228,000 ha are dedicated to oil palm cultivation, i.e., approximately 140,000 ha of village plantations and 88,000 ha of industrial plantations (Nkongho et al., 2014). This ranks it second among African countries producing palm bunches and ninth worldwide, with production reaching 1,800,000 tons of bunches (USDA, 2022). Also, palm kernel oil, which comes from the kernel of palm seeds, is a big deal when it comes to people's nutrition. It's a great source of healthy unsaturated fats and medium-chain fatty acids (Niamketchi et al., 2021). Palm kernel oil is widely used in various sectors, such as agri-food, cosmetics, biodiesel production, and traditional medicine (Yapi et al., 2020). It remains stable even at high cooking temperatures and has a longer shelf life than other vegetable oils (Luquiau, 2018). In 2023, Côte d'Ivoire produced 35,000 tons of palm kernel oil, of which 25,000 tons were intended for export (USDA, 2023).
In Côte d'Ivoire, the oil palm industry generates more than 500 billion CFA francs, corresponding to approximately 3.13% of gross domestic product (Bessou et al., 2020). As a result, oil palms offer various benefits to communities in producing regions and generate lucrative jobs (Carrère, 2013), particularly in palm oil production, palm kernel crushing, and palm wine extraction (Kouchade et al., 2017). The first two occupations, which are mainly manual, are mostly carried out by women, thereby contributing to poverty alleviation.
Despite the crucial role of oil palms in the Ivorian economy, this crop faces a number of challenges. At each stage of its growth, oil palm is attacked by various diseases (fusarium wilt, cercosporiosis, blast, heart rot) and is subject to several pests, the most worrying of which are insects. These include Coelaenomenodera lameensis (Coleoptera: Chrysomelidae-Hispinae), the oil palm leaf miner, Oryctes monoceros (Coleoptera: Dynastidae), the young palm shoot borer, the defoliating caterpillars of Latoia spp (Lepidoptera: Limacododae), and the pests of female oil palm inflorescences Prosoestus spp (Coleoptera: Curculionidae) (Kouassi et al., 2021; N'Guessan et al., 2020). The latter, P. sculptilis Faust and P. minor Marshall, curculionid beetles, are responsible for main damage to female inflorescences (Hala et al., 2018; N'Guessan et al., 2022). According to N’Guessan et al. (2022) and Atta et al. (2025), their effect can lead to the formation of parthenocarpic fruits, whereas only fruits have real economic value (Jacquemard, 1995). The nutritional quality of palm oil could also be affected by the impact of these pests. This research study was conducted with the aim of assessing the chemical and nutritional composition of seeds infested by Prosoestus spp (Coleoptera: Curculionidae), major pests of female oil palm inflorescences. 
This study specifically aimed to:
- assess the extent of damage caused by Prosoestus spp. to palm bunches;
- study the physicochemical composition of seeds attacked by Prosoestus spp.;
- assess the nutritional quality of seeds attacked by Prosoestus spp

2. MATERIALS AND METHODS
2.1 Study Site
This study was conducted at the La Mé Station of the National Center for Agronomic Research (CNRA) (5°26' north latitude, 3°50' west longitude), located in southeastern Côte d'Ivoire (Hala et al., 2012). The La Mé Station is characterized by a humid tropical climate with four distinct seasons: two rainy seasons (March-June and September-November) interspersed with two dry seasons (December-February and July-August). Annual rainfall is 1,500 to 2,000 mm (Kouassi et al., 2022).


2.2 Material
      2.2.1 Plant material 
The plant material is oil palm Elaeis guineensis, variety Tenera C1001F, currently widely grown in Côte d'Ivoire. This variety has good oil production, slow growth in height, good oil quality, and is tolerant to fusarium wilt. The main parts of the plant used are the female and male inflorescences. 
        2.2.2 Animal material 
This includes of Prosoestus minor and Prosoestus sculptilis, from the Curculionidae family of beetles, which are the main pests of the female oil palm inflorescences (Fig.1).
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Fig.1 : Pests of female oil palm inflorescences
A : Prosoestus minor, B : Prosoestus sculptilis

2.3 Methods
2.3.1 Experimental design
The experimental design used was a completely randomized design (CRD) with 15 objects and 4 replicates. Four oil palm plots aged 8 to 10 years were selected for this trial. These were plots A62, E70, H34, and J41.

2.3.2 Assessment of the extent of Prosoestus spp. damage 
Four plots were selected at the CNRA-La Mé research station. On each plot, 10 female inflorescences at the beginning of anthesis were selected at random. Two hundred (200) individuals of Prosoestus minor were placed on each of the five inflorescences and then enclosed in muslin cages. The process was repeated with Prosoestus sculptilis. On the same plots, five inflorescences were selected as controls. Pollination was carried out by placing one hundred (100) live adult E. kamerunicus individuals, which had been collected from male inflorescences in full anthesis, in each muslin cage. This insect is the most important pollinator of oil palms. These inflorescences were visited daily until the fruit ripened. After ripening, the bunches were harvested, weighed to determine the average bunch weight (ABW), and then 100 spikelets were detached from each bunch. All the fruits on these spikelets were counted and cut with a knife to assess the percentage of damaged fruits, which was evaluated as follows.


% Damaged fruit =                                       x 100
∑ Damaged fruit
∑ Total fruits



2.3.3 Evaluation of the physicochemical composition of seeds attacked by Prosoestus spp
2.3.3.1 Evaluation of oil content on bunches
After evaluating the percentage of damaged seeds, the bunches were sent to CNRA Biochemistry Laboratory in La Mé to assess their physicochemical and nutritional composition. To this end, the bunches were completely stripped using a hatchet and then de-seeded with a knife.
The seeds (fruit) obtained were weighed to assess the percentage of fruit on the bunch (%F/R) using the following formula:
% F/R = (PF/PR) x 100, where PF: Fruit Weight; PR: Bunch Weight
After that, a sample of 30 fruits was packaged and labeled, then weighed using an electronic scale and pulped. The pulp obtained was crushed. The kernels, now free of pulp, were weighed. This made it possible to determine the percentage of pulp in the fruit (% P/F) as follows: 
%P/F = [(PEF-PN) / PEF] x 100, where %PEF is the weight of the fruit sample and PN is the weight of the kernels.
Five (5) g of dry pulp were taken and placed in a desiccator for approximately 1 hour and 30 minutes to be dehumidified. This pulp sample was then weighed to determine the percentage of oil in the fresh pulp (% O/FP) using the following formula:  
%O/FP = (OW / 5) x (DW / FWP) x 100, where OW: Oil weight; DW: Dry pulp weight; FWP: Fresh pulp weight.
This entire process led to the determination of the oil content on the tree (THR) as follows:
THR = (% F/R x % P/F x % H/PF) / 10000, where % F/R: percentage of fruit on the tree; % P/F: percentage of pulp on fruit; % H/PF: percentage of oil on fresh pulp.
Acidity and fluidity (iodine index) were determined using BRUKER NIRS spectrometry with OPUSLAB software, 2015 (Azeman et al., 2015).

2.3.3.2 Evaluation of oil acidity
36 g of potassium hydroxide (KOH) was diluted in 20 ml of distilled water. The mixture was added to 1 L of ethanol and left to stand for 24 hours. Next, 1 g of phenolphthalein was added to 100 mL of ethanol, followed by 1 g of alkaline blue in 100 mL of ethanol. After preparing these reagents, 2 g of palm oil was heated and added to 10 mL of alcohol and reheated. Two (02) drops of alkaline blue and 05 drops of phenolphthalein were added for titration until a persistent pink color was obtained using a magnetic agitator. A control test without fat was also performed. Acidity is determined using the following formula: 
IA = (VE – VT) × C × M ̸ m, where IA: Acidity index; VE: Volume of KOH; VT: Control volume; C: Molar concentration of KOH; M: Molar mass of KOH; m: Mass of oil.

2.3.3.3 Evaluation of the iodine index (oil fluidity)
Preparations of 2.5 g of mercuric acetate in 100 mL of acetic acid, 25 g of potassium iodide (KI) in 250 mL of distilled water, and 24.82 g of sodium thiosulfate in 1 liter of distilled water were made. The assay consisted of adding 0.6 g of palm oil, 10 mL of chloroform solution (ChCl3), 25 mL of Wijs reagent, and 10 mL of mercuric acetate to a jar and then letting it stand for 3 minutes. Twenty milliliters of potassium iodide (IK) and 100 ml of distilled water were then added. Titration was performed after adding three drops of starch paste, causing the solution to change from red to colorless on a magnetic stirrer. The equivalence volume was determined by adding the volume of sodium thiosulfate. This made it possible to obtain the iodine index using the following equation:
Ii = (VT-VE) ×1.269/m, Wherewhere Ii: Iodine index; VE: Volume of thiosulfate; VT: Control volume; m: Mass of oil.

2.3.4 Evaluation of the nutritional quality of seeds attacked by Prosoestus spp.
The nutritional composition of these seeds attacked by Prosoestus spp. was evaluated based on the extracted oil. To do this, the following parameters were determined.
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2.3.4.1 Evaluation of the percentage (%) of fatty acids
The fatty acid content of the oil was determined according to standard NF EN ISO 5508 1995. A fraction of 20 mg of the oil was solubilized in 1 mL of tert-butyl methyl ether (TBME). After stirring and filtration through a 0.45 μm filter, 100 μL of the filtered solution was placed in an inserter. Then 50 μL of 0.5 M trimethyl sulfonium hydroxide (TMHS) was added for most volatile fatty acids. The latter were identified by comparing their chromatograms with those of pure controls analyzed under the same conditions. The chromatograph (Varian CPG, Sydney, Australia) used was equipped with a flame ionization detector (FID) with the operating conditions listed in Table 1.
Table 1.  Conditions for analyzing fatty acids by CPG-FID
	Parameters
	Values

	Column type
	CP capillary column – select CB for FAME fused silica WCOT (50 m x 0.25 mm x 0.25μm)

	Vector gas
	Helium (1mL/min)

	Injector temperature
	250°C

	Injected quantity
	1.0 µL

	Furnace temperature adjustment
	185°C (40 min); 15°C/min up to 250°C; 250°C (10.68 min)

	FID detector temperature
	250°C

	Split mode injector
	1/100

	Analysis time
	55 min



2.3.4.1 Evaluation of vitamin A (ß-carotene) and vitamin E (tocopherol and tocotrienol) content
Dosages of provitamin A and vitamin E were performed according to Commission Directive 2000/45/EC of July 6, 2000, using ultra-performance liquid chromatography (ACQUITY UPLC, Waters, USA). Provitamin A and vitamin E were eluted using a binary methanol-water mixture (99% - 1%). UV detection was performed at 325 nm for provitamin A and at 292 nm for vitamin E. The determination of provitamin A and vitamin E was carried out in three (3) steps, namely: saponification, vitamin extraction, and vitamin dosage (Alves et al., 2009; Barbosa et al., 2019).
Saponification consisted of transferring 50 g of sample to a 1 L conical flask, accurate to 0.1 g, and adding 200 ml of 95% ethanol. The flask contents were agitated to disperse the sample. Next, 2 mL of sodium ascorbate (100 g/L) and 50 mL of potassium hydroxide solution (500 g/L) were added to the mixture. A reflux condenser was attached to the flask, which was then immersed into a boiling water bath at 100°C for 60 min while regularly homogenizing the contents of the flask. Finally, the flask was cooled to room temperature (25°C) as quickly as possible under a cold water stream (Alves et al., 2009; Barbosa et al., 2019).
For extracting vitamins A and E, flask was rinsed with two 25 mL portions of ethanol (95%) followed by two 125 mL portions of petroleum ether (boiling point between 40°C and 60°C) and a 250 ml portion of distilled water, transferring the rinses to the test tube each time. The test tube was sealed and shaken vigorously by hand for 1 min, releasing the pressure from time to time. It was left standing while waiting for the two liquid phases to separate before removing the stopper. Once phases had separated, test tube walls were washed with 25 mL of petroleum ether. A slight pressure of inert gas (nitrogen) was applied to the side tube and the upper phase of petroleum ether was transferred to a decanter. A quantity of 125 mL of petroleum ether was added to the test tube container, which was then capped and shaken well for 1 min. After settling, top phase was transferred to the separating funnel as before and the process was repeated. The combined petroleum ether extracts were washed with up to four 100 mL portions of distilled water using gentle inversion followed by slow shaking to minimize emulsion formation. The washed extract was transferred through medium/fast filter paper into a suitable vacuum evaporation flask containing 60 g of anhydrous sodium sulfate. The separating funnel was rinsed with two 20 ml portions of petroleum ether and the rinses were transferred to the evaporation flask through the filter. The filter was washed again with two 25 mL portions of petroleum ether and the rinsings were collected in the evaporation flask. The ether extract contained in the flask was evaporated under dry vacuum at a temperature not exceeding 40 °C (Alves et al., 2009; Barbosa et al., 2019).
Finally, dosage of provitamin A and vitamin E was conducted by dissolving the residue in 5 mL of methanol and transferring it to a 20 mL volumetric flask. The extract was filtered through a filtration membrane (0.45 μm). A volume of 0.8 μL of sample extract was injected into the chromatograph column equipped with a pump set to provide a constant flow rate of 1 mL per minute and a column (ACQUITY UPLC R BEHC181.7 μm). The average peak area was calculated from two injections of the sample extract. The concentration of retinol, tocopherol, and tocotrienol was determined by referring to the average peak area of three injections of standard (retinol acetate, α-tocopherol, and α-tocotrienol) of similar concentration. Injections of sample extract and standard solution were alternated.


2.4 Data Analysis
All data obtained during this study were subjected to analysis of variance using the General Linear Model (GLM) procedure in SAS (Statistical Analysis System) software version 9.4. Student's t-test was used at a significance level of 5% to separate the different means.

3. RESULTS 
3.1 Extent of Damage Caused by Prosoestus spp. to palmPalm Bunches
The extent of damage caused by Prosoestus minor and P. sculptilis to palm bunches is shown in Table II2. The results showed that in P. minor, the percentage of damaged fruit (seeds) was higher, 61.01 ± 16.93%, than that of set fruit, which was 38.99 ± 16.99%. These results are statistically different (P < .003) (Table 2).
The same pattern was observed in P. sculptilis, where the percentage of damaged fruit was very high (71.51 ± 11.42%) compared to the percentage of set fruit, which was 28.49 ± 11.43%. The analysis of variance revealed significant differences (P < .001) regarding attacks by this pest in relation to fruit condition (Table 2).
Table 2.        Damage caused by P. minor and P. sculptilis to palm bunches
	
Status of fruit
	Female inflorescence pest damage (%)

	
	200 P. minor
	200 P. sculptilis

	Fruit set
	38.99 ± 16.99 b
	28.49 ± 11.43 b

	Damaged fruit
	61.01 ± 16.93 a
	71.51 ± 11.42 a

	p
	  0.0003
	  0.0001


Averages with the same letter in the same column are not statistically different (Student's t-test, α = 0.05).
The results of the damage comparison between these two insect pests indicated that Prosoestus sculptilis causes more damage than P. minor to palm bunches. These results are significantly different (P = 0.042) (Table 3).
Table 3.      Damage comparison between pests on palm bunch
	Insect pests
	Damaged fruit percentage (%)

	Prosoestus minor
	60.96± 16.93 b

	Prosoestus sculptilis
	71.49 ± 11.41 a

	p
	0.042


	Averages with the same letter in the same column are not statistically different (Student's t-test, α = 0.05).

3.2 P. minor and P. sculptilis Attacks on Physicochemical Seed Composition 
3.2.1 Physical composition of seeds attacked by Prosoestus spp.
The results of the physical composition of palm oil (average weight per fruit (kg), % fruit, % pulp, % water, % oil on pulp, % oil on fruit) derived from seeds attacked by Prosoestus spp. are recorded in Table 4.
The analysis of variance showed a significant difference in the effect of attacks by P. minor and P. sculptilis on all physical parameters studied, except for the percentage of water in the seeds, where no significant difference (p > 0.05) was observed. 
Thus, the average weight of the fruit bunches (AWFB) was higher in the control group (15.58 ± 8.05 kg) compared to the fruit bunches attacked by P. minor (8.40 ± 4.56 kg) and P. sculptilis (6.56 ± 2.97 kg). These results are statistically different (p < .008).
Concerning the percentage of fruit, the control recorded a higher percentage with 93.39 ± 22.42%. Seeds attacked by pests showed a low fruit rate, with 52.15 ± 13.58% for Prosoestus minor and 41.46 ± 11.77% for P. sculptilis, respectively. Analysis of variance showed significant differences (p < .001) between these pests with regard to pulp percentage.
With the percentage of pulp, the attacked seeds showed a lower rate compared to healthy seeds (control). These rates were 74.67 ± 13.14% for P. minor and 82.46 ± 5.37% for P. sculptilis, respectively, compared to 141.31 ± 40.29% for the control. Analysis of variance showed significant differences (P < .001) between these pests in terms of pulp percentage.
The oil content of pulp was lower in seeds attacked by P. minor (40.35 ± 12.42%) and P. sculptilis (47.29 ± 4.88%) than in the control, where it was high at 97.94 ± 27.37%. These results are statistically significant (P < 0.001).
As for the oil content on bunch (THR), it was higher in good seeds (42.19 ± 9.12%) than in seeds attacked by Prosoestus minor (18.49 ± 4.67%) and P. sculptilis (15.33 ± 6.14%). These values are statistically different (P < .001).
Table 4.	 Physical composition of palm oil derived from seeds attacked by Prosoestus spp
	Inest pests
	PMR (kg)
	%Frut/Bunch
	%Pulp/Frut
	%Water
	%Oil on Pulp
	%Oil on bunch

	[bookmark: _Hlk212972266]P. Minor
	8,40 ± 4,56 b
	52,15 ± 13,58 b
	74,67 ± 13,14 b
	40,35 ± 12,42 a
	40,35 ± 12,42 b
	18,49 ± 4,67 b

	P. Sculptilis
	6,56 ± 2,97 b
	41,46 ± 11,77 b
	82,46 ± 5,37 b
	35,81 ± 6,16 a
	47,29 ±4,88 b
	15,33 ± 6,14 b

	Control
	15,58 ± 8,05 a
	93,39 ± 22,42 a 
	141,31±40,29 a
	50,09 ± 15,49 a
	97,94 ± 27,37 a
	42,19 ± 9,12 a

	p
	0.0081
	0.0001
	0.0001
	0.1905
	0,0001
	0,0001


Averages with the same letter in the same column are not statistically different (Student's t-test, α = 0.05).

3.2.2 Chemical composition of oil from seeds attacked by P. minor and P. sculptilis
Acidity and iodine value (or fluidity) are the two important chemical parameters of palm oil studied (Fig. 2). 
The acidity index of palm oil from seeds attacked by P. sculptilis and P. minor was higher than that of palm oil from control seeds. The respective values were 7.68 ± 9.10 for P. sculptilis, 6.14 ± 3.62 for P. minor, and 2.32 ± 0.97 for the control. Analysis of variance indicated statistically different values (P  = 0.04) (Table 5). 
[image: ]The iodine value, or fluidity of oil, was very high for oil from seeds attacked by P. sculptilis (161.11 ± 83.82 g I2/100g) compared to oil from seeds attacked by P. minor (59.23 ± 2.75 g I2/100g) and the control (58.27 ± 1.66 g I2/100g) (Fig. 2, Table 5). These values are statistically different (P < .001) (Table 5).
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Fig. 2.   Palm oil from seeds damaged by Prosoestus spp.
A: Palm oil from seeds attacked by P. minor, B: Palm oil from seeds attacked by P. sculptilis, C: Palm oil from healthy seeds (control)
Table 5.   Chemical parameters of oil seeds attacked by insect pests
	
	Acidity index
	Iodine index

	P. Minor
	6.14 ± 3.62 a
	  59.23 ±   2.75 b

	P. Sculptilis
	7.68 ± 9.10 a
	161.11 ± 83.82 a

	Control
	2.32 ± 0.97 b
	[bookmark: _Hlk201304388]  58.27 ±   1.66 b

	p
	0.044
	    0.0001


Averages with the same letter in the same column are not statistically different (Student's t-test, α = 0.05).

3.3. Effect of P. minor and P. sculptilis Attacks on The Nutritional Quality of Damaged Seeds
The study of the effect of female inflorescence pests on the nutritional quality of attacked seeds focused on fatty acids and vitamins A (beta-carotene) and E (alpha-tocotrienol and alpha-tocopherol) (Tables VI and VII). These results were compared with the standard values of the Codex Alimentarius.

[bookmark: _Toc199954358][bookmark: _Toc200576352]3.3.1 Effect of P. minor and P. sculptilis attacks on fatty acids present in palm oil from degraded seeds
Palm oil is rich in saturated, unsaturated, and polyunsaturated fatty acids.
3.3.1.1 Saturated fatty acids
Saturated fatty acids are present differently in oils derived from palm seeds attacked by Prosoestus spp. 
Lauric acid, which is very low in oil derived from seeds attacked by P. minor (0.1%), complies with Codex Alimentarius standards. However, the lauric acid content is very high in oil from seeds attacked by P. sculptilis (10.89%), which greatly exceeds normal values (ND–0.5%) (Table 6). Myristic acid is present in oil from seeds attacked by P. minor (2.01%) but exceeds normal values of between 0.5-2.0%. It is also present in seeds attacked by P. sculptilis (1.77%) in accordance with the Codex Alimentarius (Table 6). Palmitic acid is present in oils from seeds attacked by P. minor and P. sculptilis, with respective values of 37.28% and 31.9%. However, these values remain below the standard (39.3–47.5%) (Table 6). Stearic acid is present in both oils from seeds attacked by P. minor (2.975%) and P. sculptilis (2.53%), but below the Codex Alimentarius standards (3.5–6%). Arachidic acid is normally present in these two degraded oils according to the Codex Alimentarius standard (ND-1.0). These values are 0.345 for P. minor and 0.495 for P. sculptilis, respectively (Table 6). 

Table 6.     Fatty acid composition of palm oil
	Fatty acids (%)
	P. minor
	P. sculptilis
	Codex Alimentarius

	Lauric acid 
	C12 : 0
	0.1
	10.89
	ND-0.5

	Myristic acid
	C14 : 0
	2.01
	1.77
	0.5-2.0

	Palmitic acid
	C16 : 0
	37.28
	31.9
	39.3-47.5

	Palmitoleic acid
	C16 : 1
	0.44
	0.53
	ND-0.6

	Stearic acid
	C18 : 0
	2.97
	2.53
	3.5- 6.0

	Oleic acid
	C18 : 1
	49.33
	45.21
	36.0-44.0

	Linoleic acid
	C18 : 2
	6.77
	5.79
	9.0-12.0

	Linolenic acid
	C18 : 3
	0.37
	0.43
	ND-0.5

	Arachidic acid
	C20 : 0
	0.34
	0.49
	ND-1.0



3.3.1.2 Unsaturated fatty acids
Palm oil is rich in unsaturated fatty acids such as monounsaturated fatty acids. Palmitoleic acid is a monounsaturated fatty acid found in oil from P. minor (0.44%) and P. sculptilis (0.53%) attacks, conforming to Codex Alimentarius standards (ND-0.6) (Table VI). Oleic acid had a higher content in oil from attacks by P. minor (49.33%) and P. sculptilis (45.21%), compared to the standard recommended by Codex Alimentarius (36–44%).
 
3.3.1.3 Polyunsaturated fatty acids
Linoleic acid is present in small quantities in oil derived from attacks by both pest species, with 6.77% for P. minor and 5.79% for P. sculptilis, compared to the expected 9–12%. Linolenic acid, on the other hand, is present in degraded oil in conformity with the Codex Alimentarius (ND-1.0).
Table 6.     Fatty acid composition of palm oil
	Fatty acids (%)
	P. minor
	P. sculptilis
	Codex Alimentarius

	Lauric acid 
	C12 : 0
	0.1
	10.89
	ND-0.5

	Myristic acid
	C14 : 0
	2.01
	1.77
	0.5-2.0

	Palmitic acid
	C16 : 0
	37.28
	31.9
	39.3-47.5

	Palmitoleic acid
	C16 : 1
	0.44
	0.53
	ND-0.6

	Stearic acid
	C18 : 0
	2.97
	2.53
	3.5- 6.0

	Oleic acid
	C18 : 1
	49.33
	45.21
	36.0-44.0

	Linoleic acid
	C18 : 2
	6.77
	5.79
	9.0-12.0

	Linolenic acid
	C18 : 3
	0.37
	0.43
	ND-0.5

	Arachidic acid
	C20 : 0
	0.34
	0.49
	ND-1.0



[bookmark: _Toc200576353][bookmark: _Toc199954359]3.3.2 Effect of attacks of P. minor and P. sculptilis on vitamins present in palm oil derived from degraded seeds
Table 7 shows the vitamins present in palm oil derived from seeds attacked by Prosoestus spp and the Codex Alimentarius standards.
The concentration of vitamin A (beta-carotene) and vitamin E (alpha-tocotrienol) in oil from seeds attacked by P. minor and P. sculptilis is lower than what's recommended and outside the Codex Alimentarius standard (500-2000 mg/kg). In fact, palm oil from P. minor contains no vitamin A (0), while that from P. sculptilis contains 228 mg/kg. The same was true for vitamin E (alpha-tocotrienol), where the quantity was low for P. minor and P. sculptilis, at 25.15 mg/kg and 38.08 mg/kg respectively, compared to 49-373 mg/kg in the Codex Alimentarius. The vitamin E (alpha-tocopherol) content of palm oil from seeds attacked by P. minor (90.75) and P. sculptilis (67.45) complies with Codex Alimentarius standards (4-193 mg/kg).

Table 7.    Vitamin composition of palm oil from attacked seeds
	Vitamins
	P. minor
	P. sculptilis
	Codes Alimentarius

	Vitamin A – beta carotene (mg/kg)
	0
	228
	500-2000

	Vitamin E – alpha tocotrienol (mg/kg)
	25.15
	38.08
	49-373

	Vitamin E – alpha tocopherol (mg/kg)
	90.75
	67.45
	4-193



4. DISCUSSION
The results of the assessment of the extent of damage caused by pests to female inflorescences on palm bunches showed that attacks by these insects generally damage a large number of fruits. This high level of damage could be due to their feeding behavior, as these insects dig tunnels when attacking the base of the stigmas, which are reproductive organs. The larvae emerging from the eggs also dig tunnels in the ovary to feed, thus affecting the fecundation of oil palm female flowers. These results are similar to those of Kouakou et al. (2018), who reported that Prosoestus spp. have a significant negative influence on fruit set rates.
The results obtained also showed that damage caused by Prosoestus sculptilis is greater than that caused by Prosoestus minor. This could be explained by the mode of attack of P. sculptilis. In fact, the latter attacks inflorescences before opening of the spathes, thereby disturbing normal development of flowers, inhibiting their opening and thus compromising pollination. Unlike P. minor, it attacks when the flowers are already exposed, which limits its impact on pollination. These results are consistent with those of Hala et al. (2012), who established that the presence of P. sculptilis and Prosoestus minor damages the stigmas and gynoecium, thus affecting flower pollination. Similarly, N'Guessan et al. (2022) stated that the presence of 200 individuals of P. sculptilis caused approximately 71% of fruits to be damaged, while 200 individuals of P. minor caused approximately 65.65% of fruits to be damaged, thus supporting the higher damage caused by P. sculptilis than P. minor in palm groves.
The physical parameters of palm bunches studied revealed that average bunch weight (PMR), percentage of fruit per bunch (%F/R), percentage of pulp per fruit (%P/F), percentage of oil per fresh pulp (%H/PF), and oil content on bunch (THR) were low for bunches attacked by P. minor and P. sculptilis compared to those of the control bunches. These low values obtained on the bunches are the consequence of the perturbation of floral development by attacks from these insects. Early attacks on the female inflorescences of oil palms by these pests cause physiological and mechanical damage that disrupts pollination, fruit set, and fruit development, leading to a significant decrease in bunch weight, fruit percentage, pulp percentage, and total oil yield. These results are confirmed by those of Philippe (1993), who demonstrated that attacks by P. sculptilis and P. minor lead to a significant reduction in fruit weight, fresh pulp content, and oil extraction rate.
Acidity is an indicator of free fatty acid content, generally used to assess oil degradation. Results showed that acidity index was higher in oil extracted from seeds attacked by P. sculptilis (7.68 ± 9.10) and P. minor (6.14 ± 3.62), while that of oil from control seeds (healthy seeds) was low, at 2.10 ± 0.97. This increase of oil acidity from seeds degraded by these insects could be attributed to increased hydrolysis of triglycerides due to enzymatic activity and microbial deterioration favored by lesions caused by these insects' attacks. Similar observations were made by Ouramdane et al. (2019), who found that an increase of acidity occurs following the activation of hydrolytic enzymes and the lipolytic activity of microorganisms. Kouamé et al. (2015) have noted that mirids inject toxic saliva into the tissues of cocoa tree when they bite, causing cell destruction over a more or less large area. Prosoestus spp. could have such saliva, capable to degrade quality of the oil increasing its acidity. 
With regard to oil fluidity characterized by iodine value, analysis of results showed a significant increase in iodine index in oil from seeds attacked by P. sculptilis (161.11 ± 83.82) compared to oil extracted from seeds attacked by P. minor (59.23 ± 2.75) and that from control seeds (58.27 ± 1.66). This difference in iodine index in oil of seeds attacked by P. sculptilis shows that their attacks alter the lipid composition of the oils by disequilibrating the metabolic pathways of fatty acids, causing physiological stress in attacked seeds. These results are not in concordance with those of Kanobe et al. (2015), who observed that, after analyzing soybean leaves and seeds, aphid infestation reduces polyunsaturated fatty acid levels. This exponential increase in the fluidity of oil from seeds attacked by P. sculptilis could also be explained by a profound change in the chemical composition of oil caused by this insect.
Furthermore, results obtained from the analysis of the nutritional composition of palm oil indicated that the composition of certain fatty acids such as myristic acid, arachidic acid, palmitoleic acid and linolenic acid in oils from seeds attacked by P. minor and P. sculptilis comply with Codex Alimentarius standards, while others such as palmitic acid, stearic acid, oleic acid and linoleic acid do not comply with Codex Alimentarius standards. This non-compliance with Codex Alimentarius standards could be explained by a perturbation of fatty acid biosynthesis pathways due to stress caused by attacks by Prosoestus spp. This study correlates to those of Kanobe et al. (2015), which indicated that aphid infestation led to an increase in the concentration of palmitic acid, stearic acid and oleic acid in soybeans.
Also, Vitamin A – beta carotene and Vitamin E – alpha tocotrienol concentrations are not compliant with Codex Alimentarius standards. This difference between the vitamin A (beta-carotene) and vitamin E (alpha-tocotrienol) content of palm oil from seeds attacked by Prosoestus spp. and the Codex Alimentarius standard for vitamins A and E in oil in this study can be explained by the oxidative stress induced by attacks from these two pests. These insects attack the lipid tissues of the fruit, exposing sensitive compounds such as carotenoids and tocopherols to oxygen, light and pro-oxidative enzymes. The degradation of these compounds after attacks can reduce their concentration in the oil. These results are agreed with those of Syamila et al. (2019), who showed that temperature, oxygen, and light cause the degradation of β-carotene and α-tocopherol.

5. CONCLUSION
The percentage of fruit damaged during infestation by Prosoestus spp on the bunches was higher than the percentage of fruit set on the bunches. Prosoestus sculptilis causes more damage to bunches than Prosoestus minor. Indeed, the average bunch weight (PMR), % fruit on bunch, % pulp on fruit, % oil on pulp and oil rate on bunch were higher in the control group compared to bunches attacked by P. minor and P. sculptilis. The acidity index of the oil extracted from seeds attacked by these pests was significantly higher than that of healthy oil. The same was true for the iodine index, which was higher in oil from seeds attacked by P. sculptilis than in oil from seeds attacked by P. minor and the control sample. Concerning fatty acid and vitamin A and E composition of oil from seeds attacked by P. minor and P. sculptilis, arachidic, palmitoleic and linolenic acids comply with Codex Alimentarius standards, unlike lauric, myristic, palmitic, stearic, oleic and linoleic acids. The concentration of vitamin A (beta-carotene) and vitamin E (alpha-tocotrienol) in the oil extracted from degraded seeds also does not comply with Codex Alimentarius standards.  Conversely, the concentration of vitamin E (alpha-tocopherol) in oil from seeds attacked by Prosoestus minor (90.75) and Prosoestus sculptilis (67.45) complies with Codex Alimentarius standards.
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