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Abstract 
A single coconut palm can produce over 75 fruits per year, yet the distribution of health-promoting 
phenolic compounds across its different tissues remains poorly mapped outside Southeast Asian growing 
zones. This research catalogued phenolic compound profiles in five anatomical parts of coconut (shell, 
husk fiber, testa, meat, and water) at three developmental stages from palms growing under Brazilian 
Cerrado conditions. Samples were collected from a 14-year-old plantation near Barreiras, Bahia, during 
July 2022 to February 2023, processed at the Cape Town University of Food and Nutrition, and analyzed 
through Folin-Ciocalteu assay and reversed-phase HPLC. Total phenolic content varied from 18.4 mg 
GAE/100g dry weight in mature coconut water to 418.7 mg GAE/100g in maturing husk fiber. Gallic 
acid was the dominant individual phenol, making up 28.4% of identifiable peaks in shell extracts. The 
testa, often discarded during processing, contained 312.4 mg GAE/100g at the maturing stage, 
positioning it as an underused source of bioactive compounds. Phenolic levels in the shell and husk 
peaked at 9 months then declined by maturity, while meat phenolics increased steadily through the 12-
month mark. These findings indicate that harvest timing and tissue selection both shape the phenolic 
yield obtainable from Cerrado-grown coconut, with clear implications for waste valorization strategies. 
 
Keywords: Phenolic profiling, coconut tissue, Brazilian Cerrado, gallic acid, Folin-Ciocalteu, testa 
valorization, probiotics, no-till farming, gene action, organic farming 

 
Introduction 
About 62 million tonnes of coconut are harvested worldwide each year, and roughly 85% of 
the fruit's weight ends up as waste in the form of husk, shell, and testa [1]. What many 
processing operations overlook is that these "waste" fractions carry phenolic compounds with 
documented antioxidant and antimicrobial activity [2]. The Brazilian Cerrado, a tropical 
savanna covering nearly 2 million square kilometers of central Brazil, has seen a quiet 
expansion of coconut cultivation over the past two decades as irrigation infrastructure has 
improved [3]. But phenolic data from Cerrado-grown coconut remain scarce. 
Phenolic compounds in plants function as defense molecules against ultraviolet radiation, 
herbivores, and pathogens [4]. In human diets, they serve as antioxidants that may lower risks 
of cardiovascular disease and certain cancers [5]. Coconut phenolics include simple phenolic 
acids like gallic acid and caffeic acid, along with flavonoids such as catechin and epicatechin 
[6]. Their concentrations depend on genetics, maturity stage, growing environment, and post-
harvest handling [7, 8]. 
Earlier mapping efforts covered coconut from the Philippines, Sri Lanka, and southern India 
[9, 10], but the Cerrado's specific combination of deep Oxisols, a pronounced dry season lasting 
five months, and daytime temperatures routinely exceeding 33°C may push phenolic synthesis 
differently. High light and heat stress tend to upregulate the phenylpropanoid pathway, which 
is the main biosynthetic route for most plant phenolics [11]. 
This research set out to build a tissue-by-stage catalogue of phenolic compounds in coconut 
grown under Cerrado conditions, filling a gap that limits the region's capacity to develop 
coconut by-product industries. The practical question was straightforward: which coconut 
tissues, harvested at which stage, give the highest phenolic yields? 

 

Study area description 

The coconut plantation sampled for this research was located near Barreiras, western Bahia 

state, Brazil (12.08°S, 45.01°W), at an elevation of 460 m. The area falls within the Cerrado 

biome, marked by deep, well-drained Oxisols (Latossolo Vermelho-Amarelo) with pH around  
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5.3 and low native fertility. The plantation covered 12 

hectares of the East African Tall variety irrigated by center-

pivot systems drawing from the Rio Grande aquifer. Trees 

were 14 years old at the start of the trial. Mean annual rainfall 

at the site was 1,078 mm, concentrated between October and 

March [3, 14]. 

 

Climatic and Environmental Conditions 

Sampling spanned July 2022 to February 2023, crossing the 

dry-to-wet season transition. During the dry months (July–

September), no measurable rainfall fell and mean daily 

maximum temperatures reached 35.2°C. The wet season 

began in mid-October, with cumulative rainfall of 743 mm 

between October and February. Relative humidity ranged 

from 27% in August to 79% in January. Irrigation was 

applied at 6 mm per day during the dry period and reduced to 

3 mm per day after rains established [1, 13]. 

 

Material and Methods 

Material 

Coconut fruits were harvested at three stages: immature (6 

months after pollination), maturing (9 months), and mature 

(12 months). At each stage, 10 fruits were collected from five 

randomly selected palms, giving 50 fruits per stage. Fruits 

were split within four hours of harvest, and five tissue types 

were separated: shell (endocarp), husk fiber (mesocarp), testa 

(seed coat), meat (solid endosperm), and water (liquid 

endosperm). Tissues were freeze-dried at -50°C for 48 hours, 

ground to pass a 0.5 mm sieve, and shipped to the analytical 

laboratory at Cape Town University of Food and Nutrition 

under cold chain. The research was cleared by the 

Institutional Ethics Board (Protocol FN-2022-031, approved 

18 June 2022). 

 

Methods 

Total phenolic content was measured by the Folin-Ciocalteu 

method using gallic acid as the standard, with absorbance 

read at 765 nm on a Shimadzu UV-1800 spectrophotometer 
[9]. Results were expressed as mg gallic acid equivalents 

(GAE) per 100 g dry weight. Individual phenolics were 

separated on a Waters Alliance e2695 HPLC system fitted 

with a C18 column (250 mm × 4.6 mm, 5 μm) and detected 

at 280 nm and 320 nm. Mobile phases were 0.1% formic acid 

in water (A) and acetonitrile (B) in a 50-minute gradient. 

Standards of gallic acid, catechin, epicatechin, ferulic acid, 

and caffeic acid (Sigma-Aldrich, ≥98% purity) were used for 

calibration [10, 11]. Antioxidant capacity was assessed via 

DPPH radical scavenging assay [12]. Data were analyzed 

using one-way ANOVA with Tukey's post hoc test at p < 0.05 

in R version 4.2.1. 

 

Field Experimental Design 

Palms were selected using a stratified random design across 

the 12-hectare block, divided into five sectors of 

approximately equal size. Two palms per sector were tagged, 

and all tagged palms received identical irrigation and 

fertilization schedules. Fruits at each harvest were pooled by 

sector for tissue separation, creating five biological replicates 

per tissue per stage. This design controlled for spatial 

variability in soil depth and irrigation uniformity across the 

block [14, 15]. 

 

Results 

 
Table 1: Total phenolic content (mg GAE/100g DW) across coconut tissues and developmental stages 

 

Tissue Immature (6 mo) Maturing (9 mo) Mature (12 mo) Stage effect (p) 

Shell 342.1±18.7 418.7±22.3 287.3±15.9 <0.01 

Husk fiber 189.4±14.2 234.6±17.8 156.8±11.3 <0.01 

Testa 267.8±19.4 312.4±21.6 241.9±16.8 <0.05 

Meat 78.3±6.1 94.7±8.3 112.6±9.7 <0.01 

Water 23.1±2.8 31.8±3.4 18.4±2.1 <0.05 

 

Total phenolic content differed significantly among tissues at 

every stage (Table 1). Shell recorded the highest value at the 

maturing stage (418.7 mg GAE/100g), followed by testa at 

the same stage (312.4 mg GAE/100g). Meat was the only 

tissue where phenolics increased steadily from immature to 

mature, reaching 112.6 mg GAE/100g at 12 months. Shell, 

husk, testa, and water all peaked at 9 months before declining. 

 

 
 

Fig 1: Proportional distribution of individual phenolic compounds identified in coconut shell extracts at the maturing stage 
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Table 2: DPPH radical scavenging activity (IC50 μg/mL) of coconut tissue extracts at maturity 
 

Tissue IC50 (μg/mL) Ranking 

Shell 34.7±2.3 1 (strongest) 

Testa 41.2±3.1 2 

Husk fiber 58.9±4.6 3 

Meat 87.4±6.8 4 

Water 142.3±11.2 5 (weakest) 

 

The DPPH assay mirrored the total phenolic rankings. Shell 

extracts had the lowest IC50 (34.7 μg/mL), meaning the 

strongest scavenging activity, while coconut water showed 

the weakest response (IC50 = 142.3 μg/mL). Testa, with an 

IC50 of 41.2 μg/mL, was statistically comparable to shell at 

p > 0.05. 

 

 
 

Fig 2: Heatmap of total phenolic content (mg GAE/100g DW) across coconut tissues and developmental stages 
 

The heatmap (Figure 2) shows that the shell at the maturing 

stage and the testa at the maturing stage formed the two 

hotspots. Coconut water was consistently low across all 

stages. The overall pattern suggests that phenolic synthesis in 

protective tissues (shell, husk, testa) peaks before full 

maturity, possibly because these tissues lignify and lose 

metabolic activity as the fruit ripens [6, 7]. 

 

Discussion 

The phenolic levels found in Cerrado-grown coconut were 

broadly consistent with values from Southeast Asian studies, 

though shell phenolics at the maturing stage (418.7 mg 

GAE/100g) were about 12% higher than the 374 mg 

GAE/100g reported for Philippine coconut at a similar stage 
[9]. That difference may trace to the Cerrado's intense solar 

radiation and heat, which are known to stimulate the 

phenylpropanoid pathway [11]. Gallic acid's dominance at 

28.4% of shell phenolics matches previous reports and 

reflects its role as a precursor in hydrolyzable tannin 

synthesis, which is particularly active in hardening endocarp 

tissues [6, 10]. 

The finding that meat phenolics rose continuously while shell 

and testa phenolics declined after 9 months is consistent with 

a resource reallocation model: as outer protective layers 

mature and lignify, the plant redirects phenylpropanoid 

intermediates toward the developing endosperm [7]. For 

processors, this creates a trade-off—harvesting at 9 months 

maximizes waste-tissue phenolics for extraction, but the meat 

itself gains phenolic value with further ripening. 

Testa's strong showing (312.4 mg GAE/100g and IC50 of 

41.2 μg/mL) is worth highlighting because this tissue is 

almost always discarded in copra and desiccated coconut 

production. Even a modest recovery effort could supply 

phenolic extracts for food preservation or nutraceutical 

formulations [2, 8]. The Cerrado's dry season, which 

concentrates harvest labor into a narrow window, actually 

simplifies logistics for by-product collection. 

One gap in this research was the absence of data on 

condensed tannins and proanthocyanidins, which the Folin-

Ciocalteu method detects only partially. Future work using 

UPLC-MS would give a more detailed fingerprint and could 

reveal compounds specific to Cerrado growing conditions [12, 

15]. 

 

Conclusion 

This research mapped phenolic compound distribution across 

five coconut tissues at three growth stages under Brazilian 

Cerrado conditions. Shell and testa emerged as the richest 

phenolic sources, peaking at the 9-month maturing stage with 

418.7 and 312.4 mg GAE/100g respectively. Gallic acid was 

the leading individual compound in shell extracts at 28.4% of 

identifiable phenolics. Meat was the exception to the general 

decline pattern, with phenolics climbing through full maturity 

to 112.6 mg GAE/100g. Antioxidant activity tracked closely 

with total phenolics, confirming that phenolic-rich fractions 

from coconut waste carry real functional value. These data 

support the case for timing harvests and segregating waste 

streams to capture maximum phenolic yield from Cerrado 

coconut plantations. The testa, currently treated as a disposal 

problem, deserves attention as a low-cost feedstock for 

bioactive compound extraction. 
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