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Abstract 

Coconut water (Cocos nucifera) is good source of nutrients and rich in mineral content. Now a days it is 

becoming popular in beverage industry due to its high nutritional value and some potential therapeutic 

properties. Spoilage of coconut water mainly due to microbes enzymes present in it. This spoilage can 

prevent by killing microorganisms and inactivating enzymes in the sample. Recent days, conventional 

heat treatment place important role to inactivate enzyme and microbes due to its higher efficiency to 

inactivate microbes, enzymes and less cost of operation. This experiment was conducted at Agricultural 

and Food Engineering Department, IIT Kharagpur. The effect of thermal treatment of tender coconut 

water (Cocos nucifera) on physicochemical properties (viz. pH, total soluble solids (TSS), titrable 

acidity, total color difference, turbidity) were studied during this research work. The process conditions 

for thermal treatment were temperature (80, 85, 90, 95 oC) and treatment time (2.5, 5, 7.5, 10 min). The 

results obtained from this study showed that the thermal treatment showed negligible effect on pH, TSS, 

titrable acidity of TCW but significantly (p < 0.0001) affected the total color difference, turbidity. 

Further, the results were compared with physicochemical properties of tender coconut water after UV-C 

light treatment in literature. The results were suggested that, the loss of quality attributes is more in 

thermal treatment as compared to UV-C treatment.  
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1. Introduction 

The coconut tree is a perennial plant that flowers year round. Typically it flowers every month 

and the tree can survive over 70 years and produces coconuts up to 13 times a year [1, 2]. A 

coconut tree (Cocos nucifera) produces fruit, which are hard. Inside each coconut’s outer 

shells is a white meaty layer, and inside that is the central cavity. This central cavity is coated 

with a jelly-like substance. This jelly is translucent and very soft when the coconut is young. 

The cavity is filled up with a liquid endosperm [3, 4]. This cavity can be filled with up to 600ml 

of liquid. This liquid part of the coconut’s endosperm is the coconut water (CW). 

Coconut water widely consumed as a beverage usually comes from immature coconut fruit 

which is at a tender stage and referred as tender coconut water. Coconut drink is gaining 

popularity in the beverage industry due to its high nutritional value and some potential 

therapeutic properties. The tender coconut water is considered as a natural health drink due to 

its unique characteristics [5]. Its sugar content and mineral composition makes it an ideal 

rehydrating and refreshing drink [6]. This natural drink is believed to be useful in preventing 

and relieving many health problems, including dehydration, constipation, digestive problems, 

fatigue, heatstroke, diarrhoea, kidney stones and urinary tract infections. 

Market for tender coconut water is increasing considerably due to its medicinal, nutritional and 

sensory properties. Further market for processed bottled tender coconut water also increasing 

to reduce transport cost and easily available in all locations throughout a year. However, there 

is a challenge for developing process to ensure that the product is available with safety and 

high nutritional and sensory quality 

Generally, the tender coconut water present inside the fruit is shelf sterile and stable for few 

days, but shelf life of extracted tender coconut water is very less. The spoilage of extracted 

TCW mainly due to the presence of enzymes, belonging to oxidase family (Polyphenol 

oxidase and Peroxidase), that in contact with atmospheric oxygen. The oxidative enzymes 

have high thermal resistance and their activity leads to yellow, brown or even pink colouring 

during storage, even under refrigeration. 
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Polyphenol oxidase (PPO) and Peroxidase (POD) are widely 

detected in many fruits and vegetables and are closely linked 

to enzymatic color changes with consequently loose on 

sensorial properties. According to some food technologists, 

Polyphenol oxidase is indirectly responsible for fruit and 

vegetables enzymatic browning, it catalyzes two types of 

oxidative reactions. Such as hydroxylation of monophenols to 

o-diphenols, and the oxidation of this last one colorless 

compound to highly colored o-quinones.  

Presently thermal treatment is most commonly applied for 

inactivating enzymes in coconut water. By considering all 

above factors, the present study was aimed to study the effect 

of UV-C treatment on some physicochemical properties of 

tender coconut water. 
 

2. Materials and Methods 

The present experiment was conducted at Agricultural and 

Food Engineering Department, Indian Institute of 

Technology, Kharagpur during 2015-16. Coconut water was 

selected as raw material. Detailed materials and methods is 

described below. 
 

2.1 Coconut water 

Green coconut fruits of approximately same size having 6-8 

months maturity contained coconut flesh (jelly like) less than 

2 mm and without any visible damage on outside were 

purchased from local market at IIT Kharagpur. Surface of 

coconut husk was properly cleaned with distilled water 

followed by 1% sodium hypochlorite sanitize solution. After 

the coconuts were placed in laminar flow UV light chamber 

for 30 min to make coconuts free from surface contamination 

(Fig 1).  

Coconut water was manually extracted from coconut fruit 

using free washed and sanitized sharp stainless steel and 

extracted coconut water is filtered through muslin cloth. The 

filtered coconut water obtained from several fruits (4-5 

coconut fruits having same maturity level) was mixed in a 

glass beaker. The coconut water was filled and packed in 

LDPE (low density polyethylene) pouches and immediately 

stored at -18 oC before use. All the coconut water prepared 

was processed on the same day of extraction.  
 

  
 

 
 

Fig 1: Extraction of tender coconut water. 

2.2 Chemicals and reagents 

All the chemicals and reagents used in the study were 

analytical grade and procured from Merck, India and Sigma-

Aldrich, Germany.  

2.3 Thermal treatment of tender coconut water 

Thermal treatments were performed in a temperature 

controlled (± 0.5 oC) water bath Ultrasonic cleaner-Memory 

Quick, Takashi: UD80 SH-3L) at 80, 85, 90, 95 oC for 2.5, 5, 

7.5, 10 min. Approximately 50 ml of coconut water was filled 

and packed in EVOH (Ethylene vinyl alcohol copolymer) 

packing film. The packets were placed in a water bath and the 

count down time began when center of the sample reached the 

target temperature. Physicochemical, nutritional properties 

and enzyme activity were calculated after thermal treatment 

of TCW. 

 

2.4 Experimental design 

Full factorial design with 3 replications was followed 

throughout the experiment. The independent variables viz. 

Treatment time (t – 2.5, 5, 7.5, 10 min) and Temperature (T- 

80, 85, 90, 95 oC) were selected with four levels of each of 

independent variables and their combinations had been 

investigated for each attribute. After each experiment, the 

physicochemical properties viz. pH, TSS, Color, Titrable 

acidity, Turbidity, Transmittance were analyzed to know the 

effect of treatment on its.  

 

2.5 Physicochemical analysis of tender coconut Water 

2.5.1 Measurement of pH  
pH is used to specify the acidity or basicity of food product. 

pH of the coconut water was measured using a digital pH 

meter (Model: Adwa AD8000) in triplicates. The probe of pH 

meter was inserted into coconut water and the stable reading 

obtained was considered as the final pH value. 

 

2.5.2 Measurement of total soluble solids (TSS) 

Total soluble solids (TSS) indicates the sweetness of coconut 

water. Total soluble solids (TSS) of coconut water was 

determined using a digital handheld refractometer (Model: 

PAL-1; Make: Atago, Japan) having a range of 0-53% 

according to the methods proposed by [7]. Before 

measurement of TSS of sample, the refractometer was 

calibrated using double distilled water. A drop of the coconut 

water was placed on the sample slot refractometer and the 

TSS of the sample was recorded and expressed in ˚Brix. 

 

2.5.3 Measurement of titratable acidity (TA)  

Titratable acidity (TA) in the sample was determined by 

titration method proposed. Briefly, 10 mL of coconut water 

was taken and diluted to 30 mL with distilled water. 10 mL 

diluted coconut water was taken for titration, mix 2-4 drops of 

1% phenolphthalein indicator and titrated against 0.1 N 

NaOH solution. Titer values were noted and titrable acidity 

was expressed as malic acid percentage since malic acid is the 

dominant organic acid in coconut water [8, 9]. 
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Where 

Millequivalent of malic acid = 0.067 

 

2.5.4 Measurement of color  

Color of coconut water was measured based on CIE color 

parameters L* (0-100, Black-Lightness), a* (positive values – 

red, negative values- green and 0 is neutral) and b* (positive 

values – yellow, negative values- blue and 0 is neutral). 

Portable colorimeter (Model: Spectro-guide 45/0 gloss; Make: 

BYK Gardner, Germany) was used to measure the color 

parameters. The colorimeter was calibrated using green, white 

and black tiles. Results were expressed as the mean of three 

measurements. The overall color difference (ΔE*) can be 

calculated using Equation. (2). 

𝛥𝐸∗ = √(𝐿0
∗ − 𝐿1

∗ )2 + (𝑎0
∗ − 𝑎1

∗)2 + (𝑏0
∗ − 𝑏1

∗)2 …….. (2)  

The subscript ‘0 represents the color value for reference 

sample and subscript ‘1’ represents the color value for the 

sample being analyzed. 

 

2.5.5 Measurement of turbidity and transmittance  

Turbidity was determined using a spectrophotometric method 

at 610 nm proposed by Campos et al. (1996). Absorbance of 

the sample was read in relation to distilled water and the 

transmittance and respective turbidity were calculated 

according to equations highlighted below 

Transmittance (T) = 100 ∗ 10−𝐴𝑏𝑠  …………. (3) 

Where 

Abs is the adsorption at wavelength of 610 nm. 

Turbidity = 100 − 𝑇    …………. (4) 

Where  

T’ is the transmittance at wavelength of 610 nm. 

 

2.6 Data analysis  

Analysis of variance (ANOVA) test was conducted using 

Design expert version 7.0.0 software (State-Ease Inc., 

Minneapolis, USA) to evaluate the significance (at 95% 

confidence level) of the effect of independent variables and 

their interactions on the responses. Full factorial design was 

used to estimate the effect of independent variables 

(Treatment time and Temperature) on responses (pH, TSS, 

total color difference, titrable acidity, turbidity, and 

transmittance). 

 

3. Results and Discussion  

3.1 Compositions of raw tender coconut water 

The physicochemical properties of TCW were analyzed 

before treatment. The compositions of TCW varied from fruit 

to fruit depending upon variety and maturity of fruit [10]. 

Although there was important initial difference exist in 

physicochemical properties of TCW between different verities 

of fruit. But for comparison these parameters kept as constant 

for whole experiment. The compositions of fresh TCW were 

measured and presented in table 1.  

 
Table 1: Physicochemical properties of raw tender coconut water 

 

Parameters Value 

pH 4.8 ± 0.15 

TSS (oBrix) 5.2 ± 0.16 

Titrable acidity (%malic acid) 0.07 ± 0.01 

L* 29.37 ±0.35 

a* 0.01 ± 0.006 

b* 0.53 ± 0.08 

Turbidity (%) 3.6 ± 0.3 

Transmittance (%) 96.4 ± 0.7 

Note: Values reported as mean ± standard deviation (N = 12). 

 

3.2 Effect of Ultraviolet Treatment on Physicochemical 

Properties of TCW 

3.2.1 Effect on pH 

The pH values of TCW during thermal treatment at different 

conditions were presented in Fig 2. Generally, the pH plays an 

important role in phenomenon such as enzyme activity, 

protein denaturation and microbial inactivation kinetics and 

most microorganisms show increased susceptibility and 

inability to recover from sub-lethal injuries at low pH values. 

The pH of TCW at all experimental conditions were found to 

be in the range of 4.5 to 4.8. Similar values of pH were found 

to be within the reported range in the literature [11].  

Further, from the ANOVA data it was noticed that the thermal 

processing conditions of TCW had not significant effect on 

pH (p>0.0001). pH as a function of treatment time at various 

temperature intervals was shown in Fig 2. In this, variations in 

pH values of TSW samples at different experimental 

conditions were negligible with a maximum deviation of ± 

0.06 with respect to any replication. The reason could be 

thermal treatments has lesser influence on the structural 

alteration of TCW. Similar effects on pH alterations for 

thermal treatment was reported earlier. The obtained results 

suggested that thermal treatment doesn’t make any changes in 

pH of final product. The slight changes in pH can be 

considered as experimental error. 

 

 
 

Fig 2: Effect of different thermal treatment conditions on pH of 

TCW. 

 

3.2.2 Effect on TSS  

The TSS values of thermal processed TCW at different 

conditions were presented in Fig 3. In general, Total soluble 

solids (TSS) indicated as the sweetness of TCW and were 

found in the range of 4.6 to 5.6 oBrix. The obtained values of 

TSS were found to be within the reported values in the 

literature.  

From ANOVA data it was showing that the thermal treatment 

conditions had significant effect (p<0.0001) on TSS of TCW. 

However, the maximum deviation after thermal treatment is ± 

0.5 with respect to any replication. Thermal treatment at 

different temperature and time intervals showed slight 

difference in TSS values.  
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Fig 3: Effect of different thermal treatment conditions on TSS of 

TCW. 

 

3.2.3 Effect on Titrable acidity  

The Titrable acidity values of thermal processed TCW at 

different conditions were presented in fig 45. In this study the 

Titrable acidity of TCW was expressed as malic acid 

percentage since malic acid is the dominant organic acid in 

tender coconut water. Titrable acidity of coconut water was 

found to be in the range of 0.072 to 0.076 (% malic acid).  

From ANOVA data it was showing that the thermal treatment 

conditions had significant (p< 0.0001) effect on titrable 

acidity of TCW. There was a slight decrease in titrable acidity 

after thermal treatment. Thermal treatment may change the 

metabolic pathway hence there might be some increase the 

amount of malic acid. This is in agreement with the findings 

by [12].  

 

 
 

Fig 4: Effect of different thermal treatment conditions on titrable 

acidity of TCW. 

 

3.2.4 Effect on total color difference 

The total color difference values of thermal processed TCW 

at different conditions with respect to control (unprocessed 

tender coconut water) were presented in Fig 5. The 

measurement of color is important for the quality assessment 

of juice. The total color difference was calculated based on 

L*, a*, b* values. From ANOVA data it was showing that the 

thermal treatment conditions had significant (p<0.0001) effect 

on total color difference in TCW. The maximum total color 

difference of thermal processed TCW was observed to be 3.5. 

The changes in color after thermal processing is due to that 

the heat impairs some of the pigments present in sample, 

either initially present or the ones formed later by the rapid 

action of polyphenol oxidase (melanins) as well as the 

Maillard reaction between sugars and amino acids 

(melanoidins).  

 

 
 

Fig 5: Effect of different thermal treatment conditions on total color 

difference of TCW. 

 

 

3.2.5 Effect on Turbidity 

The Turbidity values of UV thermal processed TCW at 

different conditions were presented in Fig 6. Generally, 

turbidity is the cloudiness of a fluid caused by large numbers 

of individual particles that are generally invisible to the naked 

eye. It can be defined as a measurement of the degree to 

which light is scattered by suspended particles and soluble 

solids in TCW. The turbidity of TCW was found in the range 

of 3.6 to 3.8%. The obtained values of turbidity are found to 

be within the reported values in the literature.  

From ANOVA data it is showing that the thermal treatment 

conditions such as temperature and treatment time had 

significant effect (p<0.0001) on turbidity of TCW. The 

turbidity of TCW was increased after thermal treatment. Heat 

treatment causes the degradation of pectin in cloud which 

may enable the proteins in cloud to combine with polyphenols 

and precipitate. Protein–polyphenol interaction causes an 

increase in turbidity. Additionally, the coagulation of 

degraded pectin combined with other components then 

resulted in an increase in turbidity and cloud content. Similar 

trend was reported by [13]. 

 

 
 

 Fig 6: Effect of different thermal treatment conditions on turbidity 

of TCW. 
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4. Conclusion 

The results obtained from this study indicates that the thermal 

treatment showed negligible effect on pH, TSS, titrable 

acidity of TCW but significantly (p < 0.0001) affected the 

total color difference, turbidity of TCW. Further, the results 

were compared with physicochemical properties of tender 

coconut water after UV-C light treatment in literature. From 

the obtained results the study was concluded as the loss of 

quality attributes is more in thermal treatment as compared to 

UV-C treatment.  
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