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Introduction 

Coconut (Cocos nucifera L.) is a multipurpose 

perennial crop cultivated in tropical and coastal 

regions worldwide. Known as the "Kalpa 

Vriksha" or "tree of life" in Sanskrit, the coconut 

palm is revered for its versatility, providing 

essential resources such as food, fuel, and 

building materials. Among its various products, 

coconut water is particularly prized for its 

nutritional and hydrating properties. The liquid 

endosperm inside a young, green coconut, 

known as tender coconut water, accounts for 

about 25% of the total fruit weight and is 

celebrated for its low-calorie content (17.4 

kcal/100 g), rich mineral profile, and various 

bioactive compounds. This clear, mildly sweet 

liquid is not only a refreshing drink but also has 

numerous health benefits, including aiding in 

digestion, dehydration recovery, and providing 

essential electrolytes.    

 In recent years, the global demand for 

coconut water has skyrocketed, driven by 

consumer preferences for natural, healthy 

beverages and an increasing awareness of the 

negative effects of sugary, carbonated drinks. 

The tender coconut water market in India alone 

was valued at INR 5,051.5 crore in 2022 and is 

projected to reach INR 10,295.6 crore by 2028, 

growing at a compound annual growth rate 

(CAGR) of 12.5%. Given this surge in demand, 

accurately determining the volume of coconut 

water is crucial for both producers and 

consumers. Precise volume estimation ensures 

fair pricing, consistency in product quality, and 

enhances industry-wide standardization.

 However, estimating the volume of 

tender coconut water non-destructively—

without opening or damaging the fruit—remains 

a challenge. Traditional methods rely on 

subjective assessments, while advanced 

technologies such as Magnetic Resonance 

Imaging (MRI) and X-ray systems, though 

accurate, are cost-prohibitive and not feasible for 

large-scale or field use. This article explores the 

various methods employed for estimating 

coconut water volume, their associated 

challenges, and future prospects for the 

development of affordable, precise, non-

destructive techniques. 

Importance of Tender Coconut Water and 

Volume Estimation 

The quality and quantity of coconut water vary 

significantly depending on the fruit's maturity. 

Tender coconuts aged 6-7 months typically yield 

the highest volume (170-220 ml) of water with 

optimal quality. The organoleptic properties of 

the water—its flavor, sweetness, and mineral 

content—are also highly dependent on the 

coconut's maturity. Therefore, the ability to non-

destructively estimate the water volume before 

harvesting can be valuable for determining the 

ideal time for harvest, ensuring consistent 

product quality, and optimizing postharvest 
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handling. For consumers, knowing the exact 

volume of water inside a coconut guarantees 

value for money and promotes trust in the 

product. For farmers and processors, accurate 

volume estimation can improve supply chain 

efficiencies, pricing strategies, and product 

standardization, thus contributing to the overall 

growth of the industry. 

Traditional Methods for Estimating Coconut 

Water Volume 

Traditional methods for estimating tender 

coconut water volume are often imprecise and 

rely on subjective judgment. These include: 

1. Visual Assessment: This method involves 

estimating the volume based on the coconut's 

size, shape, and appearance. Although it can 

provide a rough approximation, the accuracy 

depends heavily on the individual’s experience 

and is subject to significant variability. 

2. Shaking: In this method, the coconut is 

shaken, and the sound produced by the liquid 

sloshing inside is used as an indicator of volume. 

While simple, this approach is highly subjective 

and offers only a rough estimate.  

3. Floating Method: The buoyancy of the 

coconut when placed in water is observed to 

gauge the volume of water inside. However, this 

method provides only a general approximation 

and lacks the precision needed for commercial 

purposes. 

4. Weighing Method: The coconut is weighed, 

and the weight is compared to a standard 

reference. While more reliable than other 

traditional methods, this approach does not 

account for the thickness of the shell or the 

amount of solid endosperm, which can vary 

considerably between coconuts. 

  5. Tapping Method: In this method, the 

coconut is tapped with a knuckle or small 

hammer, and the resulting sound is analysed. A 

hollow sound is typically associated with a 

higher water content. However, this method is 

highly subjective and requires a trained ear to 

interpret the sounds accurately.  

 These methods, while commonly used, 

are inconsistent, and their accuracy varies 

significantly depending on the skill and 

experience of the individual performing the 

assessment. Furthermore, they offer limited 

precision, making them unsuitable for large-

scale commercial operations where accurate 

volume estimation is essential. 

Advanced Non-Destructive Techniques for 

Volume Estimation 

In order to overcome the limitations of 

traditional methods, several advanced non-

destructive techniques have been developed for 

estimating tender coconut water volume. These 

techniques leverage modern technologies such 

as imaging, acoustic analysis, and mechanical 

vibration to provide more accurate and reliable 

results. Some of these methods include: 

1. Magnetic Resonance Imaging (MRI): MRI 

is a powerful imaging technique that can 

accurately determine the volume of water inside 

a coconut by capturing detailed images of its 

internal structure. However, the high cost, bulky 

equipment, and need for specialized training 

limit its practicality for large-scale or field 

applications. 

2. X-ray Technology: X-rays can penetrate the 

coconut shell and provide an accurate estimate 

of the water volume by analysing the internal 

composition. Like MRI, X-ray systems are 

expensive, require specialized expertise, and are 

not feasible for widespread use in the coconut 

industry. 



                                           BioThink, Vol -1, Issue -2 

                                                            e- ISSN: 3048-7943 
  

10 
 

3. Near-Infrared Spectroscopy (NIRS): NIRS, 

combined with chemometric analysis, has been 

used to discriminate coconut water based on 

postharvest storage time, cultivar, and maturity. 

This technique offers promising results for non-

destructive volume estimation but requires 

further validation for commercial use. 

4. Radio Frequency (RF) Technology: RF 

technology has been explored for detecting 

spoiled coconuts at the pre-processing stage. 

Since the dielectric properties of coconut water 

change with maturity, RF sensors can potentially 

estimate water content non-destructively. 

However, the technology is still in the 

experimental stage and has yet to be widely 

adopted. 

5. Acoustic Resonance: Acoustic resonance 

techniques involve analysing the sound 

produced by tapping or knocking on the coconut 

shell. Studies have shown that the acoustic 

frequency produced by the coconut shell can 

provide information about the water content and 

maturity of the fruit. While promising, this 

method requires further refinement to improve 

accuracy and consistency. 

Challenges in Non-Destructive Volume 

Estimation 

Despite the promising advancements in non-

destructive volume estimation techniques, 

several challenges remain: 

1. Cost and Accessibility: Many of the 

advanced techniques, such as MRI and X-ray, 

are prohibitively expensive and require 

specialized equipment and training. This limits 

their accessibility, particularly for small-scale 

farmers and processors. 

2. Accuracy and Validation: While techniques 

such as acoustic resonance and mechanical 

vibration show promise, they still require further 

validation and refinement to ensure consistent 

accuracy across different coconut varieties and 

maturity stages. 

3. Environmental Factors: Variations in 

temperature, humidity, and handling conditions 

can affect the accuracy of non-destructive 

techniques. Developing methods that are robust 

to these environmental factors is essential for 

widespread adoption. 

4. Scalability: Many of the advanced techniques 

are not yet scalable for commercial use. 

Developing cost-effective, portable devices that 

can be used in the field is crucial for ensuring 

the widespread adoption of these technologies. 

Mechanical Vibration and Piezoelectric 

Sensors: A Promising Approach 

One of the most promising techniques for non-

destructive estimation of coconut water volume 

involves the use of mechanical vibration and 

piezoelectric sensors. Piezoelectric sensors are 

widely used in various industries for their ability 

to convert mechanical stress into electrical 

signals. In the context of tender coconut water 

volume estimation, these sensors can be applied 

to measure the vibrations or resonance patterns 

that occur when the coconut is subjected to a 

controlled mechanical force, such as tapping or 

knocking. The vibrations produced will vary 

depending on the internal structure of the 

coconut, including the volume of water, the 

thickness of the shell, and the density of the 

endosperm. When a piezoelectric material is 

subjected to mechanical stress, it generates a 

voltage proportional to the applied force. This 

voltage can be analysed to estimate the internal 

composition of the coconut, including the 

volume of water. 
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Mechanical and acoustic vibrations have been 

used extensively in the food industry for 

assessing the quality and texture of fruits and 

vegetables. For example, vibration experiments 

have been employed to evaluate the firmness of 

apples, pears, and tomatoes. The same principle 

can be applied to tender coconuts, where the 

vibration response of the fruit is related to its 

internal water content. By combining 

piezoelectric sensors with machine learning 

algorithms such as Support Vector Regression 

(SVR), it is possible to develop a low-cost, 

portable device for accurately predicting coconut 

water volume. SVR is a powerful predictive tool 

that can handle nonlinear relationships and is 

robust to outliers, making it well-suited for this 

application. The use of ensemble learning, which 

combines multiple SVR models, can further 

improve prediction accuracy and generalization 

performance. 

When a coconut is tapped, the piezoelectric 

sensor detects the resulting mechanical waves. 

The frequency and amplitude of these waves are 

affected by the water content inside the coconut. 

A coconut with a higher volume of water will 

produce a different acoustic response compared 

to one with less water. By analysing these 

waveforms, it is possible to derive a correlation 

between the mechanical vibrations and the 

volume of water contained within the coconut. 

Piezoelectric sensors are advantageous because 

they are relatively inexpensive, highly sensitive, 

and can be integrated into portable devices. In 

addition, they can be used in field conditions 

without the need for specialized equipment, 

making them particularly well-suited for use by 

coconut farmers and processors. 

Mechanical Vibration and Resonance 

Analysis 

The application of mechanical vibration for 

estimating fruit quality has been explored for 

various crops, and similar principles can be 

applied to coconuts. In mechanical vibration 

analysis, an external force is applied to the 

coconut (typically by tapping or using a 

controlled vibration source), and the response of 

the coconut is measured. 

This response, which includes the vibration 

frequencies and damping characteristics, 

provides valuable information about the internal 

structure of the coconut. The water inside the 

coconut acts as a damping medium, altering the 

natural frequency of the vibrations. By 

measuring the vibration response and comparing 

it to known reference values, the volume of 

water inside the coconut can be estimated with a 

high degree of accuracy. 

Several factors influence the vibration response 

of a coconut, including: 

Coconut Maturity: As the coconut matures, the 

water volume decreases and the solid endosperm 

(coconut meat) increases. This change in the 

internal composition alters the resonance 

frequency and can be used as an indicator of 

both water volume and maturity level. 

Shell Thickness: The thickness of the coconut 

shell also affects the mechanical vibrations. 

Thicker shells may dampen the vibrations more 

significantly, requiring adjustments in the 

calibration of the sensors. 

Environmental Conditions: Temperature and 

humidity can affect the mechanical properties of 

both the coconut shell and the water inside, 

leading to variations in the resonance patterns. 

Calibration of the system under different 

environmental conditions is essential for 

achieving consistent results. 
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Using advance machine learning models for 

enhanced prediction 

One of the key challenges in non-destructive 

volume estimation is the variability in coconut 

sizes, shapes, and compositions. To account for 

this variability, machine learning algorithms 

such as Support Vector Regression (SVR) and 

ensemble learning techniques can be employed. 

These algorithms can analyse large datasets of 

vibration responses, learn from the patterns, and 

predict the volume of coconut water with a high 

degree of precision.  

 Ensemble learning models, which 

combine multiple SVR models, can enhance the 

prediction accuracy by reducing the effects of 

outliers and increasing the robustness of the 

system. These models can consider various input 

features, including the vibration frequency, 

damping ratio, and shell characteristics, to make 

a more reliable prediction of water volume. 

 For instance, a dataset containing 

vibration responses from coconuts at different 

maturity stages and water volumes can be used 

to train the ensemble SVR model. Once trained, 

the model can be applied in real-time to estimate 

the water volume of new coconuts based on their 

vibration response.  

This approach offers several advantages: 

Improved Accuracy: Ensemble learning 

models can capture complex, nonlinear 

relationships between the input features and the 

target variable (coconut water volume), leading 

to more accurate predictions. 

Robustness to Variability: By training on a 

diverse dataset, the model becomes more robust 

to variations in coconut size, shape, and 

environmental conditions. 

Scalability: Once developed, the model can be 

deployed in low-cost, portable devices that can 

be used in the field, allowing farmers and 

processors to estimate coconut water volume in 

real-time. 

 

 

Field Applications and Commercial Potential 

The use of piezoelectric sensors and machine 

learning-based volume estimation devices has 

significant commercial potential. These devices 

can be designed to be portable, affordable, and 

easy to use, making them accessible to coconut 

farmers and small-scale processors. By 

providing an accurate estimate of water volume 

before harvesting or sale, these devices can 

improve transparency and trust in the coconut 

supply chain. 

Furthermore, non-destructive volume estimation 

techniques can help optimize the coconut 

harvesting process. By determining the optimal 

harvest time based on the coconut’s water 

content and maturity level, farmers can ensure 

that their coconuts are harvested at the peak of 

freshness and quality, maximizing both yield 

and market value. 

In addition to improving postharvest handling, 

these devices can be used in retail settings to 

provide consumers with reliable information 

about the coconut water content, enhancing 

customer satisfaction and confidence in the 

product. 

Future Prospects 

The future of non-destructive tender coconut 

water volume estimation lies in the development 

of affordable, portable, and accurate devices that 

can be used by farmers, processors, and retailers 

alike. Research should focus on: 
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1. Sensor Development: Further advancements 

in piezoelectric sensor technology, coupled with 

machine learning algorithms, hold the potential 

to revolutionize the coconut industry. 

Developing more sensitive, accurate, and cost-

effective sensors will be key to achieving 

widespread adoption. 

2. Machine Learning Algorithms: The 

application of machine learning techniques such 

as ensemble SVR can significantly improve the 

accuracy of volume estimation. Future research 

should explore the integration of different 

machine learning models and the use of large 

datasets to improve prediction performance. 

3. Field Applications: Developing portable, 

user-friendly devices that can be used in the field 

is essential for ensuring the practical application 

of non-destructive techniques. These devices 

should be designed to withstand harsh 

environmental conditions and provide real-time 

volume estimates. 

4. Standardization with more number and 

varieties of tender coconut: Establishing 

industry-wide standards for non-destructive 

volume estimation techniques is crucial for 

ensuring consistency and reliability. Future 

research should focus on developing 

standardized protocols and guidelines for 

coconut water volume estimation. 

Conclusion 

The non-destructive estimation of tender 

coconut water volume using mechanical 

vibration and piezoelectric sensors, enhanced by 

machine learning algorithms, offers a promising 

solution to the challenges faced by the coconut 

industry. This approach provides an affordable, 

scalable, and accurate method for estimating 

coconut water volume, with applications ranging 

from field use by farmers to commercial 

processing and retail. 

By continuing to refine these techniques and 

addressing the remaining challenges, the coconut 

industry can benefit from improved product 

quality, enhanced supply chain efficiency, and 

increased consumer confidence. The future of 

non-destructive coconut water volume 

estimation lies in the integration of advanced 

sensor technology and artificial intelligence, 

paving the way for a more sustainable and 

profitable industry. 

The non-destructive estimation of tender 

coconut water volume is an important aspect of 

ensuring product quality and optimizing 

postharvest handling. While traditional methods 

remain widely used, they are imprecise and 

unreliable. Advanced techniques such as MRI, 

X-ray, and acoustic resonance offer greater 

accuracy but are limited by their high cost and 

complexity. The use of mechanical vibration and 

piezoelectric sensors, combined with machine 

learning algorithms, presents a promising 

approach for developing low-cost, portable 

devices for volume estimation. By addressing 

the challenges of cost, accuracy, and scalability, 

future research can pave the way for the 

widespread adoption of non-destructive 

techniques in the coconut industry. This will not 

only benefit farmers and processors by 

improving supply chain efficiencies but also 

enhance consumer confidence in the quality and 

value of tender coconut water. 
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