



Geographical variation in sensory and nutritional quality of tender coconut (Cocos nucifera L.) water in Bangladesh



Abstract: Tender coconut water is widely consumed for its nutritionally rich natural beverage properties. The quality and commercial value of coconut water are strongly influenced by genotype and growing environment. Consumers in Bangladesh have limited information on the region-specific attributes of coconut and their nutritional characteristics. To address this gap, the present study assessed sensory attributes, nutritional composition, physicochemical properties, antioxidant activity, and mineral profile of tender coconut water harvested at 7-8 months maturity from five major coconut-growing regions of Bangladesh. Significant regional variation was observed across all evaluated parameters. The Satkhira genotype recorded the highest sensory scores for flavor, sweetness, texture, and overall acceptability (57% higher than the lowest-performing region), along with greater total soluble solids (7.23 °Brix), total sugars (7.33 g/100 mL), ascorbic acid (2.26 mg/100 mL), phenolic content (2.63 mg GAE/100 mL), potassium (210.55 mg/100 mL), and phosphorus (4.21 mg/100 mL), indicating superior sweetness and nutritional quality. Saint Martin samples exhibited the highest flavonoid content (0.37 mg QE/100 mL) and antioxidant activity (160.71 μg/mL). In contrast, Patuakhali samples showed higher titratable acidity (0.25%) and magnesium (5.53 mg/100 mL) content, while Jessore samples were richer in calcium (46.23 mg/100 mL). These findings demonstrate strong genotype and region dependent differences and provide quality benchmarks to support targeted cultivation, value addition, and commercialization of tender coconut water in Bangladesh.
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Abbreviations: GAE- Gallic Acid Equivalent; QE- Quercetin Equivalent; FW- Fresh Weight; TSS-Total soluble solid; TCW-Tender coconut water.


INTRODUCTION
One of the most useful and important trees in tropical areas is the coconut tree (Cocos nucifera L.). It is cultivated in more than 90 countries, with Asia and the Pacific contributing the majority of global production. Compared to other oilseed crops, coconuts are highly productive, yield consistently, and are less susceptible to extreme weather events. In 2022, global coconut production reached 62.41 million metric tons (MMT) from 11.05 million hectares of plantations, with an average yield of 5.2 tons per hectare [1]. Indonesia, the Philippines, and India are the leading producers, together accounting for approximately 59 million tons annually [1].
In Bangladesh, coconuts (Cocos nucifera L.) are widely cultivated and consumed, ranking as one of the most popular fruits nationwide. With 403,657 metric tons harvested from 30,252 hectares, Bangladesh holds the 12th position globally in coconut production [2]. The fruit, resembling a nut, varies in size and tree height depending on the cultivar. Commercially, coconuts are marketed at two developmental stages: immature and mature. Immature coconuts, harvested 6-8 months after flowering, contain abundant juice, endosperm, and translucent jelly-like flesh [3]. At this stage, soluble solids increase to about 6%, and in some varieties up to 9%, while fluid volume gradually decreases. Mature coconuts, harvested at 11-13 months, contain firm white flesh and reduced juice, which remains edible but of lower quality. Coconut fruit is available year-round across tropical regions [3].
Coconut water has gained global popularity due to its refreshing taste, nutritional value, and hydrating properties [4]. Initially consumed mainly in producing countries such as those in Asia and Brazil, demand has expanded to Western markets [5]. Tender coconut water (TCW), obtained from coconuts aged 6-8 months, constitutes about 25% of the fruit’s weight [6-7]. TCW is particularly valued for its pleasant flavor and high nutrient content, making it an ideal raw material for developing coconut water-based products [8]. At this stage, TCW has a naturally acidic pH of 5.6, a mildly sweet flavor, and approximately 5% total solids [6, 9]. Its chemical composition includes glucose, fructose, sucrose [10], amino acids, vitamins B and C, minerals, phytohormones, cellulose, fatty acids, and organic acids [6, 7, 11, 12]. Coconut water is rich in electrolytes similar to those in human plasma, making it an effective natural sports drink. It supports digestion, relieves constipation, and provides health benefits such as immune and cardiovascular support, anti-inflammatory activity, cancer prevention, and protection against kidney stones and urinary tract infections [6, 13, 14, 15]. In Bangladesh, where consumption of manufactured soft drinks is high among youth, TCW stands out as a healthier alternative and is considered the world’s only natural soft drink [16].
The nutritional and physicochemical properties of TCW are influenced by environmental conditions, soil type, agricultural practices, coconut variety, and maturity stage [6, 17]. Regional differences also play a significant role [18]. However, coconut water is highly perishable due to rapid enzymatic and microbial changes after extraction [6, 19]. Marketing of tender coconuts in their natural form is further constrained by their large size and susceptibility to biochemical alterations post-harvest [20]. Despite Bangladesh’s significant coconut cultivation, innovation in coconut water-based products remains limited [21], largely due to insufficient knowledge of its organoleptic qualities, nutritional composition, and physiological properties. Only a few studies have examined the physicochemical and nutritional characteristics of coconut water at different maturity stages [22, 23] and across various regions of Bangladesh, with most focusing primarily on physiological traits and essential nutrients.
Despite the growing popularity and economic importance of tender coconut water in Bangladesh, its wider utilization and commercialization remain constrained by limited scientific information [24] on how regional growing conditions influence its sensory quality, nutritional composition, and physicochemical properties, particularly at the optimal harvest stage. Although coconut water has been extensively studied elsewhere, region-specific, maturity-controlled evaluations in Bangladesh are scarce and often fragmented, focusing mainly on individual nutrients rather than an integrated quality assessment. This lack of comprehensive data limits efforts to promote fresh tender coconut water as a safe, high-quality natural beverage and to develop appropriate postharvest handling and value-added strategies. The present study addresses this gap by adopting a holistic approach that simultaneously examines organoleptic attributes, nutritional profile, and physicochemical characteristics of tender coconut water harvested at 6-8 months maturity from different regions of Bangladesh. It is hypothesized that, even at the same maturity stage, tender coconut water exhibits significant regional variation in quality attributes due to differences in environmental and agronomic conditions. Therefore, the objective of this study was to generate comparative, region-specific quality data that can support improved marketability, informed consumer choice, and sustainable utilization of tender coconut water in Bangladesh.

MATERIALS AND METHODS
Sample collection and experimental design
Young tender coconuts of 7-8 months maturity were harvested from the most coconut growing regions of Bangladesh (Saint Martin, Barishal, Jessore, Satkhira and Patuakhali). Details of the location are presented in Fig. 1. Coconuts were harvested at the optimal maturity stage for tender coconut consumption, ensuring consistency in terms of size, maturity, and initial quality. Freshly harvested tender coconuts of uniform size were transported to the Analytical Laboratory of Gazipur Agricultural University (GAU) for the measurement of different physical and chemical properties. For ease of further working, the collected tender coconuts were marked by different accession number as shown in Fig. 2 viz., G1, Saint Martin; G2, Barishal; G3, Jessore; G4, Satkhira and G5, Patuakhali. A completely randomized design (CRD) with three replications was employed to ensure experimental reliability.

Sensory evaluation of tender coconut water 
Sensory analysis of tender coconut water carried out by a panel of 20 participants which included two horticulturist and 18 graduate students. The panel was trained in a pretest in which tender coconut water with extremely low or high attributes (appearance, smell, flavor, sweetness, texture, overall acceptability) were evaluated. Evaluation was based on Hedonic scale. After the sensory evaluation, the overall rating of the sensory trails were taken according to procedures [25] with some modifications. The panelists were instructed to score the samples allotting the following numbers from 1 to 5. 

Determination of Physicochemical Attributes
Each sample's extracted volume was quantified, and a digital pH meter (Hanna Instruments HI 83141, USA) was used to assess the pH. The method described previously [14] was used to assess the titratable acidity. Ascorbic acid content of fresh tender coconut water was determined using titration method [26] with some modification. Beta carotene was analyzed by using a modified ultraviolet scanning method was analyzed using a modified ultraviolet scanning method [27]. Reducing and total sugars were evaluated using Bertrand A, Bertrand B, and Bertrand C standard solutions [28]. Non reducing sugar was calculated by deduction of reducing sugar from total sugar. Using the Folin Ciocalteu method, the total phenolic content of fresh tender coconut water samples was calculated [29-30]. The aluminum chloride colorimetric method was used to estimate the total flavonoid concentration [30, 31]. Antioxidant activity of the fresh tender coconut water was estimated using DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay (RSA) using the procedures described earlier [30]. Total soluble solid (TSS) levels (˚Brix) of tender coconut water were assessed using a hand refractometer (Model: Atago NI, Japan). 

Analysis of minerals
The mineral composition of tender coconut water was analyzed as per the protocol elucidated [32] to determine the concentrations of potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), phosphorus (P), and iron (Fe). Samples were digested using a nitric-perchloric acid mixture (HNO3: HClO4 = 5: 1, v/v) following standard wet digestion procedures. After digestion, 5 mL of the extract was mixed with 1 mL of lanthanum chloride solution in a 50 mL volumetric flask and diluted to volume with distilled water to minimize interference during analysis. Elemental concentration was quantified using a flame atomic absorption spectrophotometer (AAS Model no. 170-30, Hitachi, Japan) at specific wavelengths for each element: K (766.5 nm), Ca (422.8 nm), Mg (285.2 nm), Na (589.0 nm), P (440.0 nm), and Fe (248.33 nm).  Results were obtained in mg/L and converted to mg/100 mL.

Statistical analysis
A one-way analysis of variance (ANOVA) was performed on the collected data, and using R Studio software and Microsoft Excel at the 5% level of significance, distinct alphabetical letters indicated the significant difference between the treatments based on Duncan's Multiple Range Test. The data arrangement reduced errors and enabled proper interpretation [33]. 

RESULTS
Sensory Evaluation
The sensory assessment revealed striking differences among the five genotypes (Table 2). Satkhira (G4) consistently outperformed others, achieving the highest scores across all attributes. For flavor, G4 scored 3.95, which was 55% higher than Barishal (G2), the lowest at 2.55. Sweetness followed a similar trend, with G4 recording 3.50, representing a 75% increase over G2 (2.00). Texture was another strong differentiator where G4’s score of 4.00 was 54% higher than G2 (2.60). Overall acceptability was highest in G4 (4.15), which was 57% greater than G2 (2.65). In contrast, G2 consistently lagged behind, with its flavor, sweetness, and overall acceptability scores being the lowest, underscoring its limited consumer appeal.

Nutrient Composition
Nutritional analysis highlighted Satkhira (G4) as the most nutrient-rich genotype (Table 3). Though β-carotene content did not show big difference but for ascorbic acid, G4 contained 2.26 mg/100 mL, which was 28% higher than Saint Martin (G1) and Patuakhali (G5), both at 1.76 mg/100 mL. Total sugar content peaked in G4 at 7.33 g/100 mL, marking a 51% increase compared to Patuakhali (G5) at 4.85 g/100 mL. Reducing sugar was also highest in G4 (4.46 g/100 mL), 55% greater than G5 (2.88 g/100 mL). Non-reducing sugar followed the same pattern, with G4 (2.86 g/100 mL) showing a 72% increase over Jessore (G3) at 1.66 g/100 mL.

Bioactive and Physicochemical Properties
Satkhira (G4) again led in total phenolic content (2.63 mg GAE/100 mL), which was 14% higher than Barishal (G2) at 2.30 mg GAE/100 mL. Saint Martin (G1) excelled in flavonoid content (0.37 mg QE/100 mL), 131% higher than Barishal (G2) at 0.16 mg QE/100 mL. Antioxidant activity was highest in G1 (160.71 µg/mL), 25% greater than Patuakhali (G5) at 128.50 µg/mL (Table 4). Moreover, Satkhira (G4) exhibited the highest pH (5.78), indicating lower acidity, which was 17% higher than Patuakhali (G5) at 4.95. Conversely, titratable acidity was greatest in G5 (0.25%), 92% higher than G3 (0.13%), suggesting stronger sourness. Total soluble solids (TSS) were highest in G4 (7.23 °Brix), 36% higher than Saint Martin (G1) at 5.30 °Brix, confirming its superior sweetness profile (Table 4).

Mineral Composition
Potassium content peaked in G4 (210.55 mg/100 mL), 8% higher than Barishal (G2) at 195.38 mg/100 mL. Calcium was highest in Jessore (G3) at 46.23 mg/100 mL, 64% greater than Saint Martin (G1) at 28.14 mg/100 mL. Magnesium was most abundant in Patuakhali (G5) at 5.53 mg/100 mL, 17% higher than Barishal (G2) at 4.73 mg/100 mL. Sodium was highest in G1 (13.37 mg/100 mL), 20% greater than Barishal (G2) at 11.17 mg/100 mL. Phosphorus peaked in G4 (4.21 mg/100 mL), 50% higher than G5 (2.80 mg/100 mL). Iron content was highest in G4 (0.02 mg/100 mL), 100% higher than Barishal (G2) at 0.01 mg/100 mL (Table 5).

DISCUSSION
The findings demonstrate that genotype plays a decisive role in shaping the sensory, nutritional, and physicochemical qualities of tender coconut water. Satkhira (G4) consistently emerged as the superior genotype, excelling in sweetness, flavor, texture, and overall acceptability. These results align with earlier reports [34], where significant sensory variation among coconut varieties were highlighted, emphasizing consumer preference for sweeter and more flavorful water.
β-Carotene, a provitamin A with antioxidant roles vital for vision and immunity [35], varies among genotypes due to genetic, environmental, and maturity factors. Elevated levels enhance nutritional value and functional food potential. Nutritionally, G4’s dominance in sugar fractions and ascorbic acid underscores its potential as a premium source of energy and antioxidants. The elevated sugar content (7.33 g/100 mL) compared 3.9-4.2 g/100 g [23], suggests regional and varietal influences on nutrient accumulation. Formerly it was reported that in Green Dwarf coconut variety, reducing sugar content ranges from 33.5 to 49.3 g/L and non-reducing sugars from 2.2 to 3.5 g/L in six to nine-month-old coconuts [36]. The sugar composition of coconut water changes with fruit maturity, with reducing sugars generally increasing and non-reducing sugars decreasing as the fruit matures [37]. The balanced sugar profile of G4 contributes to its optimal taste and makes it particularly suitable for fresh consumption and commercial processing. Similarly, the high ascorbic acid content in G4 (2.26 mg/100 mL) corroborates earlier reported values around 2.4 mg/100 g, reinforcing its role in immune support [12]. The variation in ascorbic acid levels among genotypes may be influenced by genetic factors, growing conditions, and postharvest handling practices [38].
Bioactive compounds varied across genotypes, with G1 excelling in flavonoids and antioxidant activity, while G4 led in phenolic content. These findings resonate with past reports of wide variation in phenolic compounds across coconut varieties and maturity stages [39-40]. Besides, our current results of total flavonoid content were consistent with the recent findings [41], where 0.197 µg QE/mL and 0.381 µg QE/mL of total flavonoid were obtained from tall and dwarf genotype’s coconut water respectively. The strong antioxidant activity in G1 (160.71 µg/mL) supports earlier observations [42], who reported 60% radical scavenging activity in young coconuts, highlighting its functional food potential. Contrary, another updated study found total antioxidant capacity in different local coconut varieties in Sri Lanka ranges from 298 to 420 mg GAE/mL [43], which is considerably higher than the current findings, possibly due to differences in analytical methods and coconut varieties. The high antioxidant activity in G1 and G4 is consistent with their elevated levels of phenolic compounds and flavonoids, which are major contributors to antioxidant capacity [44]. Physicochemical properties further distinguished the genotypes. G4’s higher pH and TSS values indicate a sweeter, less acidic profile, consistent with consumer preferences. These results are comparable to prior studies where pH values ranged from 5.3 to 6.1 [45], and researchers observed that TSS increases during 6-8 months maturity [36]. The TSS content increases with fruit maturity due to the accumulation of sugars and other metabolites [46]. The optimal TSS level in G4 makes it particularly suitable for commercial processing and fresh consumption. Conversely, G5’s higher titratable acidity suggests a sharper taste, which may limit consumer acceptability despite its higher magnesium content. The pH and acidity of coconut water are important quality parameters that affect taste, microbial stability, and shelf life [22, 47, 48]. The lower acidity and higher pH of G4 contribute to its milder, more pleasant taste, which correlates with its superior sensory scores.
Mineral composition analysis revealed genotype-specific strengths. G4 excelled in potassium and phosphorus, nutrients essential for electrolyte balance and energy metabolism, consistent with preceding findings [12, 49]. G3’s higher calcium content highlights its potential for bone health and muscle function [50], while G5’s elevated magnesium suggests benefits for energy metabolism, protein synthesis, and neuromuscular function. These variations underscore the importance of genotype selection in optimizing nutritional outcomes. The variations in mineral content among genotypes can be attributed to genetic factors, soil mineral availability, climatic conditions, and agricultural management practices [51-53].
Overall, the study confirms that Satkhira (G4) is the most promising genotype for both sensory appeal and nutritional richness, making it ideal for product development and commercialization of tender coconut water in Bangladesh. The clear genotype-dependent differences highlight opportunities for targeted cultivation and marketing strategies to meet consumer demand for healthier, natural beverages [8].

CONCLUSION
The current study demonstrates that tender coconut water quality is highly influenced by genotype and geographical origin, even when picked at the same maturity level. There were significant differences between the assessed regions in sensory qualities, sugar composition, bioactive substances, physicochemical parameters, antioxidant activity, and mineral content. The Satkhira genotype proved to be the most promising in terms of sweetness, flavor, nutritional value, and overall consumer acceptance, whereas Saint Martin samples demonstrated higher antioxidant potential. These genotype-specific capabilities emphasize the potential for tailored production and regional use strategies. Overall, the findings provide scientifically grounded data to support quality-oriented cultivation, increased marketability, and value addition of tender coconut water, thus contributing to healthier beverage options and sustainable agricultural growth in Bangladesh.
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Table 1. Hedonic scale used for the evaluation of the sensory assessment of tender coconut water
	Description
	Score

	Very good
	5

	Good
	4

	Average
	3

	Poor
	2

	Very poor
	1




Table 2. Sensory evaluation scores of tender coconut water
	Genotype
	Fresh tender coconut water sensory evaluation

	
	Appearance
	Smell
	Flavour
	Sweetness
	Texture
	Overall acceptability

	G1
	3.05 a
	3.55 a
	3.60 ab
	2.85 b
	3.65 a
	3.60 b

	G2
	2.15 c
	2.75 b
	2.55 c
	2.00 c
	2.60 b
	2.65 c

	G3
	2.35 bc
	2.85 b
	3.55 ab
	3.00 ab
	3.80 a
	3.65 b

	G4
	2.90 ab
	3.45 a
	3.95 a
	3.50 a
	4.00 a
	4.15 a

	G5
	2.50 a-c
	2.85 b
	3.30 b
	3.10 ab
	3.45 a
	3.55 b

	Level of Significance
	*
	**
	***
	***
	***
	***

	CV%
	24.60
	18.95
	18.36
	21.70
	19.33
	16.33


Mean values with different alphabetical letter(s) show statistically significant differences (LSD, p<0.05); NS,*,**,*** represents Not significant, Significant at 5%, Significant at 1%, Significant at 0.1% level of probability respectively. Here, G1, Saint Martin; G2, Barishal, G3, Jessore, G4, Satkhira and G5, Patuakhali.

Table 3. Biochemical composition of coconut genotypes
	Genotype
	Fresh tender coconut water nutrient

	
	-carotene (mg/100 mL)
	Ascorbic acid (mg/100 mL)
	Total Sugar (g/100 mL)
	Reducing sugar (g/100 mL)
	Non-reducing sugar (g/100 mL)

	G1
	0.12 a
	1.76 b
	6.75 ab
	4.22 a
	2.52 ab

	G2
	0.07 b
	1.87 b
	5.95 b
	4.27 a
	1.68 b

	G3
	0.11 a
	1.83 b
	4.94 c
	3.27 b
	1.66 b

	G4
	0.11 a
	2.26 a
	7.33 a
	4.46 a
	2.86 a

	G5
	0.11 a
	1.76 b
	4.85 c
	2.88 b
	1.96 b

	Level of Significance
	*
	*
	***
	***
	*

	CV%
	3.05
	2.58
	1.05
	1.64
	2.52


Mean values with different alphabetical letter(s) show statistically significant differences (LSD, p<0.05); NS,*,**,*** represents Not significant, Significant at 5%, Significant at 1%, Significant at 0.1% level of probability respectively. Here, G1, Saint Martin; G2, Barishal, G3, Jessore, G4, Satkhira and G5, Patuakhali.


Table 4. Phytochemical and physicochemical properties of five coconut genotypes
	Genotype
	Fresh tender coconut water nutrient

	
	Total phenolic content (mgGAE/
100 mL FW)
	Total flavonoid content (mgQE/100 mL FW)
	Total antioxidant activity (μg/mL)
	pH
	TA%
	TSS (°Brix)

	G1
	2.50 ab
	0.37 a
	160.71 a
	5.70 ab
	0.15 b
	5.30 b

	G2
	2.30 c
	0.16 c
	135.46 b
	5.15 c
	0.18 ab
	5.53 b

	G3
	2.34 c
	0.23 bc
	131.97 b
	5.33 bc
	0.13 b
	5.66 b

	G4
	2.63 a
	0.32 ab
	154.99 a
	5.78 a
	0.14 b
	7.23 a

	G5
	2.35 bc
	0.27 a-c
	128.50 c
	4.95 c
	0.25 a
	5.56 b

	Level of Significance
	**
	*
	***
	**
	*
	**

	CV%
	3.32
	5.76
	2.92
	4.83
	4.74
	9.10


Mean values with different alphabetical letter(s) show statistically significant differences (LSD, p<0.05); NS,*,**,*** represents Not significant, Significant at 5%, Significant at 1%, Significant at 0.1% level of probability respectively. Here, G1, Saint Martin; G2, Barishal, G3, Jessore, G4, Satkhira and G5, Patuakhali.


Table 5. Mineral content of the coconut genotypes
	Genotype
	Fresh tender coconut water nutrient

	
	Potassium (mg/100 mL)
	Calcium (mg/100 mL)
	Magnesium (mg/100 mL)
	Sodium (mg/100 mL)
	Phosphorus (mg/100 mL)
	Iron (mg/100 mL)

	G1
	206.91 ab
	28.14 c
	5.21 ab
	13.37 a
	3.48 b
	0.02 b

	G2
	195.38 b
	40.91 b
	4.73 b
	11.17 b
	3.50 b
	0.01 c

	G3
	196.74 b
	46.23 a
	5.04 ab
	11.74 b
	3.77 ab
	0.02 b

	G4
	210.55 a
	45.36 a
	5.42 a
	12.77 a
	4.21 a 
	0.02 a

	G5
	197.04 b
	39.82 b
	5.53 a
	11.38 b
	2.80 c
	0.01 c

	Level of Significance
	*
	***
	*
	**
	**
	***

	CV%
	2.94
	3.34
	5.13
	4.09
	9.96
	3.36


Mean values with different alphabetical letter(s) show statistically significant differences (LSD, p<0.05); NS,*,**,*** represents Not significant, Significant at 5%, Significant at 1%, Significant at 0.1% level of probability respectively. Here, G1, Saint Martin; G2, Barishal, G3, Jessore, G4, Satkhira and G5, Patuakhali.
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Fig. 1. Geographical distribution of the selected districts of Bangladesh for tender coconut collection.
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Fig. 2. Location wise sample collection of coconut genotypes. Here G1, Saint Martin; G2, Barishal; G3, Jessore, G4, Satkhira and G5, Patuakhali.           G1	           G2		  G3		 G4	            G5

2

image1.png
21°35'

20°30"

90°50

Study Area

Il Saint Martin
I Barishal

1 Jessore

Il Satkhira

3 Patuakhali
1 Others

0 345 69 138 207 276
[ e— LG

88°40" |

89°45' 90°50" 91°55'




image2.png




image3.png




