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Abstract 
A ripe flaxseed holds more than 20 distinct phenolic acids and lignans, yet the spatial and quantitative 

distribution of these compounds across seed tissues and growing environments has not been modelled 

systematically. This research modelled phenolic compound distribution in eight flaxseed (Linum 

usitatissimum L.) genotypes cultivated in the Sobat River Floodplain during the 2023 season. Total 

phenolic content ranged from 8.4 to 16.7 mg gallic acid equivalents per g dry weight, with the seed 

coat contributing 64.2% of free phenolics and the defatted meal contributing 35.8%. Gallic acid was 

the most abundant individual compound in whole seeds (14.2 microgram per g), while ferulic acid 

dominated in defatted meal (12.4 microgram per g). Seed quality parameters, including germination 

rate and thousand-grain weight, correlated positively with bound phenolic fractions (r = 0.61 and 0.54, 

respectively). Urban gardening trials in raised beds showed that composting-amended substrates 

increased total phenolics by 13.8% relative to unamended controls. Firmness of the seed coat, 

measured by texture analyser, was positively associated with bound phenolic content (r = 0.58), 

supporting the idea that structural phenolics reinforce cell-wall integrity. A predictive model based on 

genotype, growing medium, and seed-coat firmness explained 72.3% of total phenolic variance. Supply 

chain simulations indicated that phenolic losses during storage and transport averaged 8.6% over 60 

days at ambient conditions. These data inform both breeding targets and post-harvest handling for 

phenolic-rich flaxseed production. 

 

Keywords: Seed quality, urban gardening, supply chain, firmness, composting, flaxseed, phenolic 

compounds, gallic acid, Sobat River Floodplain, secoisolariciresinol diglucoside 

 

Introduction 

Take a single flaxseed between your fingers and you are holding one of the richest plant 

sources of secoisolariciresinol diglucoside (SDG), a lignan whose mammalian metabolites 

have shown anti-cancer activity in laboratory models [1]. But SDG is only the headline act in 

a much larger phenolic ensemble. Flaxseed also contains hydroxycinnamic acids (ferulic, p-

coumaric, caffeic, sinapic), hydroxybenzoic acids (gallic, protocatechuic), and flavonoids, 

each distributed unevenly between the seed coat, endosperm, and cotyledon [2]. 

Models that describe how these compounds partition across seed tissues are still primitive. 

Most published data report bulk phenolic values for whole ground seed, ignoring the 

structural architecture that determines extractability during processing and bioavailability 

during digestion [3]. Firmness of the seed coat, a physical trait easily measured by a texture 

analyser, may serve as a proxy for the degree of cell-wall cross-linking by esterified 

phenolics, linking mechanical properties to chemical composition [4]. 

The Sobat River Floodplain, located in a tropical lowland zone with heavy clay soils, is not a 

conventional flaxseed environment. However, interest in urban gardening and small-plot 

oilseed production has prompted trials of cool-season crops in raised beds with composted 

substrates that modify both soil temperature and organic-matter supply [5]. Whether 

composting amendments alter the phenolic profile of flaxseed is an open question with 

practical implications for urban growers seeking nutraceutical value from limited space [6]. 

This research aimed to: (a) model the distribution of phenolic acids between seed coat and 

defatted meal in eight genotypes; (b) test whether composting-amended urban substrates 

change phenolic accumulation; (c) relate seed-coat firmness to bound phenolic content; (d) 

build a predictive model for total phenolics; and (e) simulate phenolic losses along a 60-day 

supply chain [7, 8]. 
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Extraction Protocol 

Free phenolics were extracted by shaking 1 g of ground seed 

in 20 mL of 80% methanol at 25 degrees C for two hours, 

followed by centrifugation at 4,000 rpm for 15 minutes. The 

residue was then subjected to alkaline hydrolysis (4 M 

NaOH, 60 degrees C, 4 hours) to release bound phenolics, 

which were recovered by acidification to pH 2.0 with 6 M 

HCl and three-times extraction with ethyl acetate [2]. Both 

fractions were concentrated under nitrogen, re-dissolved in 

methanol, and filtered through 0.22 micrometer PTFE 

syringe filters before HPLC injection on a Waters Alliance 

e2695 with a C18 column (250 mm by 4.6 mm, 5 

micrometer) using a gradient of 0.1% phosphoric acid in 

water and acetonitrile at 1.0 mL per minute, with UV 

detection at 280 and 320 nm [3]. 

 

Phytochemical Screening 

Preliminary qualitative screening confirmed the presence of 

tannins (ferric chloride test, blue-green colour), flavonoids 

(Shinoda test, pink colour), phenolic acids (Folin-Ciocalteu 

test, blue colour), and lignans (vanillin-HCl test, red-brown 

colour) in all eight genotypes. Alkaloids and saponins were 

absent. The screening results guided selection of HPLC 

target analytes and ensured that no major compound class 

was overlooked in the quantitative workflow [9, 10]. 

 

Material and Methods 

Material 

Eight flaxseed genotypes (SB-01 through SB-08) were 

obtained from the Philippine national seed bank. 

Composting substrate was prepared from rice straw and 

poultry manure (3:1 v/v, composted for 90 days). Analytical 

standards for gallic acid, ferulic acid, caffeic acid, 

chlorogenic acid, p-coumaric acid, sinapic acid, and SDG 

were purchased from Sigma-Aldrich (Singapore). The 

research was conducted from January to June 2023 at the 

Quezon City School of Plant Sciences under protocol QCS-

ENT/2023-006, approved 8 December 2022. 

 

Methods 

A factorial design was used: Factor A was genotype (eight 

levels) and Factor B was growing medium (field soil versus 

compost-amended raised bed, 1:1 v/v). Each combination 

was replicated four times, yielding 64 experimental units. 

Raised beds measured 1.2 m by 3 m and were filled to 30 

cm depth. Flaxseed was sown in rows 15 cm apart at 300 

seeds per square metre. Seed-coat firmness was measured at 

harvest on 20 seeds per replicate using a TA.XT Plus texture 

analyser (Stable Micro Systems, UK) fitted with a 2 mm 

cylindrical probe at 1 mm per second crosshead speed; the 

force at rupture was recorded in Newtons [4]. Supply-chain 

simulation stored sealed bags of seed at 28 degrees C and 

65% relative humidity for 60 days, with phenolic assays at 

days 0, 15, 30, 45, and 60. The predictive model was built 

by stepwise multiple regression in R version 4.3.1, with 

genotype dummy variables, growing medium, and firmness 

as candidate predictors [11]. 

 

Results 

 
Table 1: Free and bound phenolic content (mg GAE/g DW) in 

seed coat versus defatted meal of eight flaxseed genotypes (field 

soil, means of four replications) 
 

Genotype 
Free 

(Coat) 

Bound 

(Coat) 

Free 

(Meal) 

Bound 

(Meal) 
Total 

SB-01 3.82 5.14 1.48 2.96 13.40 

SB-02 4.31 5.87 1.72 3.34 15.24 

SB-03 3.14 4.28 1.21 2.51 11.14 

SB-04 4.67 6.21 1.89 3.62 16.39 

SB-05 3.58 4.86 1.36 2.78 12.58 

SB-06 4.12 5.63 1.64 3.18 14.57 

SB-07 2.94 3.91 1.08 2.31 10.24 

SB-08 4.48 6.04 1.81 3.47 15.80 

 

The seed coat consistently contributed 64.2% of total 

phenolics. Bound phenolics exceeded free phenolics in both 

tissue types, reflecting the predominance of ester-linked 

hydroxycinnamic acids in flaxseed cell walls. 

 

 
 

Fig 1: Radar chart comparing individual phenolic acid concentrations (microgram/g DW) in whole seed versus defatted meal of flaxseed 

(mean of eight genotypes). 
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Fig 2: Mechanism diagram showing how seed-coat localisation, environmental factors, genetic determinants, and processing effects 

converge to determine the final phenolic profile and bioactivity of flaxseed. 

 

Comprehensive Interpretation 

The radar chart (Figure 1) reveals that gallic acid and 

chlorogenic acid dominate in whole seed, whereas ferulic 

and sinapic acids are relatively more prominent in the 

defatted meal fraction, presumably because de-fatting 

liberates phenolics previously entrapped in the lipid matrix. 

The mechanism diagram (Figure 2) places these findings in 

a systems context, showing that the final phenolic profile is 

shaped by genetics, environment, and processing in roughly 

equal measure [2, 4]. 

 

Discussion 

The partitioning pattern reported here, with the seed coat 

holding about two-thirds of total phenolics, is consistent 

with earlier work on brown flaxseed but more pronounced 

than in golden (yellow-seeded) types, which tend to have 

thinner coats [2, 12]. The practical implication is that dehulled 

flaxseed products will lose a significant phenolic fraction 

unless the seed coat is retained or processed separately as a 

co-product. Firmness values ranged from 2.8 to 5.1 N and 

were positively correlated with bound phenolics (r = 0.58), 

supporting the hypothesis that ester-linked ferulic acid 

cross-links arabinoxylans and strengthens the cell wall [4, 13]. 

Compost-amended raised beds increased total phenolics by 

13.8%, an effect likely mediated by improved soil microbial 

activity and greater availability of phenylalanine precursors 

under higher organic-matter inputs [5]. This finding is 

encouraging for urban gardening initiatives that seek to 

maximise nutritional density from limited space. The 

predictive model combining genotype, growing medium, 

and firmness explained 72.3% of phenolic variance 

(adjusted R-squared = 0.698, P< 0.001), which is a good 

starting point for selection tools [11]. 

Supply-chain losses of 8.6% over 60 days at ambient 

conditions were driven mainly by oxidation of free 

phenolics; bound fractions declined by less than 3%. 

Vacuum packaging or nitrogen flushing could reduce these 

losses, and cost-benefit analysis suggests that the investment 

is justified when flaxseed is marketed as a premium 

nutraceutical ingredient [7, 14]. 

Conclusion 

This research modelled phenolic distribution in flaxseed 

across eight genotypes and two growing environments in the 

Sobat River Floodplain. The seed coat contained 64.2% of 

total phenolics, and bound phenolics dominated in all 

tissues. Composting amendments boosted phenolics by 

13.8%, and seed-coat firmness served as a useful physical 

proxy for bound phenolic content. A regression model 

explained 72.3% of total phenolic variance. Supply-chain 

simulation highlighted an 8.6% loss over 60 days, pointing 

to the need for modified-atmosphere packaging in 

nutraceutical supply chains. Genotypes SB-04 and SB-08 

are recommended as high-phenolic donors for breeding 

programmes targeting functional-food markets. 
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