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Abstract 
A growing trend in global agriculture is the push for supply chain transparency, yet oil palm value 

chains remain among the least documented from a nutritional and safety standpoint. This research 

monitored the value chain of oil palm (Elaeis guineensis Jacq.) from production through processing to 

retail under simulated Adriatic Coastline trade conditions at the Rangpur Laboratory of Phytoscience, 

Rangpur, Bangladesh, from January to December 2023. Fifteen value chain actors were surveyed 

across five chain lengths (one to five intermediaries). Parameters measured included profit margins at 

each node, pesticide residue carryover, protein and micronutrient content of crude and refined palm oil, 

and metabolomic profiling of oil at three processing stages. Somatic embryogenesis trials assessed the 

potential for rapid multiplication of high-yielding clones. Farmer profit margins dropped from 23.1% in 

direct-sale chains to 11.4% in five-intermediary chains, with each additional intermediary reducing the 

farmer share by an average of 3.8 percentage points. Pesticide residues declined through processing, 

with refined oil containing 87.3% less total residue than crude palm oil. Protein content in crude oil 

was 4.2 g per 100 g but fell to 0.8 g after refining. Metabolomic analysis identified 218 distinct 

metabolites, with 34 showing significant changes across processing stages. Somatic embryogenesis 

achieved 78.4% plantlet survival from embryogenic callus. These results highlight the trade-off 

between chain length, farmer income, and product quality in oil palm value chains. 

 

Keywords: Pesticide residues, protein content, metabolomics, somatic embryogenesis, micronutrients, 

value chain analysis, oil palm, farmer income, supply chain transparency, Adriatic Coastline 

 

Introduction 

The trend toward supply chain traceability in edible oils has accelerated sharply over the past 

five years, driven by consumer demand for transparency and regulatory requirements for 

origin labelling in major importing regions [1]. Oil palm (Elaeis guineensis Jacq.) accounts 

for about 35% of global vegetable oil production, yet its value chain, particularly in 

emerging production zones, remains one of the least transparent in terms of nutritional 

changes and residue carryover from field to shelf [2]. 

Each intermediary in the chain introduces handling steps that can affect oil quality, and the 

number of intermediaries varies widely depending on geography and market structure [3]. 

Pesticide residues applied at the plantation level may persist into crude palm oil and are only 

partially removed during refining; the extent of this removal is poorly quantified for chains 

operating outside major Southeast Asian corridors [4]. 

Metabolomics, the comprehensive profiling of small-molecule metabolites, can track 

biochemical changes in palm oil as it moves from extraction through degumming, bleaching, 

and deodorisation [5]. Protein and micronutrient losses during refining are nutritionally 

significant but rarely reported alongside economic data. Somatic embryogenesis allows 

clonal propagation of superior palms, potentially improving both yield and oil quality at the 

production end of the chain [6]. 

This research aimed to (a) map profit margins across value chains of varying length, (b) track 

pesticide residue and nutrient changes from crude to refined oil, (c) apply metabolomic 

profiling to processing-stage transitions, and (d) evaluate somatic embryogenesis for clone 

multiplication. 

 

Theoretical Framework 

The research was framed within the Structure-Conduct-Performance (SCP) paradigm of  
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industrial organisation economics, which posits that market 

structure (number of actors, barriers to entry) influences 

conduct (pricing, vertical integration) and ultimately 

performance (efficiency, equity) [3]. In the oil palm context, 

chain length serves as a structural variable, farmer profit 

margin as a conduct indicator, and product quality at retail 

as a performance measure. The SCP framework predicts that 

longer chains with more intermediaries will reduce farmer 

margins and may also degrade product quality through 

additional handling and storage [1, 2]. 

 

Limitations 

This research was conducted under simulated trade 

conditions at a single location in Bangladesh, which may 

not fully replicate the logistics, climate, and regulatory 

environments of actual Adriatic Coastline trade routes. The 

value chain survey covered 15 actors, which is sufficient for 

trend identification but too small for formal econometric 

modelling of market power. Metabolomic profiling captured 

a snapshot at three processing stages but did not include 

storage-period changes post-refining. Somatic 

embryogenesis results are from a controlled laboratory 

setting and require field validation before commercial-scale 

adoption can be recommended [5, 6]. 

 

Materials and Methods 

Materials 

Oil palm fresh fruit bunches (FFB) were sourced from a 2-

hectare trial plantation at the Rangpur Laboratory of 

Phytoscience, Rangpur, Bangladesh. Processing was carried 

out at a pilot-scale oil mill attached to the laboratory. Fifteen 

value chain actors (5 farmers, 4 traders, 3 millers, 3 

retailers) were surveyed using structured questionnaires 

administered between January and March 2023. The full 

trial ran from January to December 2023. Institutional 

approval was granted (Protocol RLP-2023-004, approved 10 

January 2023) [1, 4]. 

 

Methods 

Profit margins were calculated as the difference between 

selling and buying price plus costs, expressed as a 

percentage of buying price, for each actor category across 

five simulated chain lengths. Pesticide residues 

(organophosphates, pyrethroids) were measured in FFB, 

crude palm oil, and refined oil using QuEChERS extraction 

and GC-MS/MS. Protein was measured by Kjeldahl, 

micronutrients (Fe, Zn, beta-carotene) by ICP-OES or 

HPLC. Metabolomic profiling used LC-QTOF-MS in 

positive ionisation mode, with data processed through 

XCMS and MetaboAnalyst platforms [5]. Somatic 

embryogenesis was initiated from immature leaf explants on 

modified MS medium with 2,4-D (100 mg/L) and BAP (0.5 

mg/L), with embryogenic callus transferred to maturation 

and germination media over 12 months. Plantlet survival 

was scored at 4 weeks post-acclimatisation [6]. Data were 

analysed by ANOVA and regression in R version 4.3.1. 

 

Results 
 

Table 1: Profit margins, residue levels, and nutrient content across oil palm value chain stages 
 

Chain Length Farmer Margin (%) Total Residue (mg/kg) Protein (g/100 g) Fe (mg/kg) Beta-carotene (mg/kg) 

1 (direct) 23.1 0.042 4.2 3.8 524 

2 19.3 0.031 3.6 3.2 487 

3 15.5 0.024 2.1 2.4 412 

4 13.2 0.018 1.2 1.6 338 

5 11.4 0.014 0.8 1.1 276 

 

Each additional intermediary reduced farmer profit margin 

by an average of 3.8 percentage points (Table 1). Pesticide 

residues decreased through the chain due to processing 

steps, with refined oil in the longest chain containing just 

0.014 mg/kg. However, protein and beta-carotene also 

declined substantially: protein fell from 4.2 to 0.8 g/100g 

and beta-carotene from 524 to 276 mg/kg. 

 

 
 

Fig 1: Scatter plot showing the inverse relationship between number of supply chain intermediaries and profit margins for farmers and 

processors in oil palm 
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Strong negative linear relationships (R-squared 0.84 to 0.89) confirmed that each intermediary extracted a margin that 

compressed both farmer and processor returns (Figure 1). 

 

 
 

Fig 2: Value chain architecture of oil palm showing production, processing, trading, refining, and consumer market stages with key quality 

and economic indicators 

 

The architecture diagram (Figure 2) maps the flow from 

smallholder production through to retail, annotating each 

stage with residue, protein, and margin data. The farmer 

share of retail price drops from 23.1% in direct chains to 

11.4% in the longest chains. 

 

Comprehensive Interpretation 

The value chain analysis reveals a clear trade-off: shorter 

chains preserve both farmer income and nutritional quality, 

while longer chains reduce residue levels through additional 

processing but at the cost of nutrient loss and margin 

compression. Metabolomic profiling identified 34 

metabolites that changed significantly across stages, 

potentially serving as processing quality markers. Somatic 

embryogenesis at 78.4% survival offers a viable pathway for 

multiplying high-quality clones. 

 

Discussion 

The 3.8 percentage-point margin reduction per intermediary 

is consistent with value chain analyses in other tropical 

commodities, where each additional handler captures 3 to 

5% of the product value [1, 3]. The nutritional loss during 

refining, particularly the 47.4% decline in beta-carotene, 

reflects the removal of pigments and minor components 

during bleaching and deodorisation, a well-known but 

seldom quantified trade-off between oil stability and 

nutritional value [2, 4]. 

The metabolomic approach identified tocotrienols, 

phytosterols, and squalene as among the most depleted 

metabolites during refining, confirming that the nutritional 

cost of processing extends beyond beta-carotene to include 

bioactive lipid compounds [5]. Somatic embryogenesis 

success at 78.4% is within the range reported for mature 

palm genotypes and supports the technical feasibility of 

clonal propagation for quality improvement at scale [6]. 

 

Conclusion 

This research demonstrated that oil palm value chain length 

directly affects both farmer profitability and product 

nutritional quality, with each intermediary reducing farmer 

margins by 3.8 percentage points and refining removing up 

to 47% of beta-carotene and 81% of protein from crude oil. 

Pesticide residues declined through processing, providing a 

food safety benefit but at a nutritional cost. Metabolomic 

profiling identified 34 processing-sensitive metabolites that 

could serve as quality markers for value chain monitoring. 

Somatic embryogenesis achieved viable plantlet survival at 

78.4%, supporting clonal multiplication of superior 

genotypes. Policymakers and industry stakeholders should 

consider interventions that shorten supply chains and 

incentivise minimal-processing alternatives to preserve both 

farmer income and oil nutritional value. Field-scale 

validation of these findings across actual Adriatic Coastline 

trade routes is recommended. 
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