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ABSTRACT 

Palmyra palm (Borassus flabellifer L.) has several uses including food, beverage, fiber, medicine 
and timber. Being seasonal, the fruit is not available throughout the year. Proper processing and 
value addition of the fruit is necessary for its consumer acceptability. Various traditional 
products like palm jaggery, palm sugar and palm candy are prepared from the edible parts of the 
Palm fruit. The fruit pulp is rich in vitamins and minerals. The fruit pulp has lot of other 
nutritional and medicinal values. The juice of ripened palm has not been explored to its full 
potential for commercial use. The present investigation is done to prepare palm ready to serve 
(RTS) beverage. The juice was enzyme extracted from pulp by using pectinase. The beverage 
making process was optimized by using central composite rotatory design (CCRD). 
Concentration of sodium benzoate and temperature were taken as the independent variables for 
optimization. The impact of optimization was observed on various variables and was found that 
the optimized product had total soluble solids (TSS) of 13.5⁰Brix, titratable acidity of 
0.425mg/ml and pH of 3.5 value. Storage studies and microbial analysis was done for the 
optimised product, for a period of 30 days.  It was observed that the beverage stored at 
refrigerated condition (5±1ºC) temperature was found to be more acceptable. 
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Introduction

 Palm or Palmyra is a tropical fruit

 It is abundantly available in South east Asia, Africa and South America

 Known for its fleshy seed and sweet sap

 Its very nutritive: Vitamins A, B & C and anti-oxidants and anti-microbials

 It has many medicinal values: Diuretic, anti-phlegmatic, anti-phlogistic and

laxative

 Traditional products: Toddy, Jaggery, Sugar, Candy and Chocolate



Medicinal Uses of Palmyra Plant
 Whole plant:  Juices of young roots, terminal buds and leaf stalks used in gastritis and 

hiccough. 

 Roots: Used as antigonorrhoeal, anthelmintic and restorative. 

 Spadices: Its juice is  useful in dropsy and ulcers Fermented juice is applied to 

gangrenous ulcers, carbuncles and other skin dieses. Ash of dry spadices are useful as 

antacid  in heart burn case, enlarged liver and spleen defect. 

 Toddy: Fresh juice coming from cuts made on flowering stalks is a cooling tonic, 

stimulant, antiphlegmatic and antiphlogistic and also used as diuretic and laxative 

agent.



Various Products from Palm



Justification Of Work

 It is a seasonal fruit and is not available throughout the year. 

 It is difficult to handle and store the whole fruit due to its bulkiness.

 Fruit pulp extraction from the mature fruit is a tedious practice.

 The fruit pulp is rich in sugars and thus is highly perishable.

 Conventional drying degrades the quality of fruit pulp.



Objectives

 To determine the physico-chemical properties of Palm fruit pulp.  

 To develop and optimise a process for Pectinase enzyme assisted 

extraction of juice from Palm fruit. 

 To optimize the process of Palm RTS juice production 

 Quality and Storage study of optimised Palm RTS juice 



Methodology

 Determination of Physico-chemical properties of Palm fruit pulp 

 Fruit pulp extracted manually and  analysed for  moisture, colour, total soluble solids, total dissolved solids, pH, 

ascorbic acid, protein, carbohydrate, fat, fibre, and vitamins etc. 

 Enzymatic Juice Extraction

 Fibrous fruit pulp extracted enzyme (Pectinase) added for enzymatic extraction of juice. 

 Process optimisation for quantity of enzyme and time of reaction. Physico-chemical properties of extracted juice 

determined and compared with raw juice extracted manually. 

 Process optimization RTS production.

 Quality and Storage studies

 Value added product made from optimized process is analysed for various physico-chemical and functional properties

 Microbial load and shelf-life of the final product is investigated



Juice extraction Process

1) Whole fruit 2) Deseeded Palm 3) Fruit Pulp
4) Enzyme 

treated pulp
5) Enzyme 

Extracted Juice



Process Variables

Enzymatic Extraction Ready-to-Serve Juice

Dependent Independent Dependent Independent

Colour Change
Enzyme 

Concentration
TSS

Preservative

Concentration

Ascorbic acid Time of Incubation pH Temperature

TSS Temperature Titratable acidity --

Yield Water Dilution -- --



Results

Textural properties of fresh fruit determined

Physico-chemical properties of fresh pulp determined

Enzymatic extraction of juice using Pectinase.

Preservation of Enzymatically extracted juice.

Microbial and Quality analysis of Optimized product



Textural Properties

Properties Values

Hardness 82.38 N

Deformation at 

Hardness
29.95 mm

% Deformation at 

Hardness
44.50 %

Peak Stress 362921.00 N/m²

Strain at Peak 

Load
0.45N

Adhesive Force 0.28 N

Resilience 0.21N

Stringiness 

Length
15.11 mm

Gumminess 37.73 N

Chewiness 0.66 J



Textural properties (Cont.)



Physicochemical Properties of pulp

Properties Values

Moisture (%) 81.1 ± 0.45

Total Fat (%) 0.39 ± 0.10

Ash content (%) 0.93 ± 0.027

Total Phenol (mg 

GAE/ml)
0.014 ± 0.033

pH 4.9 ± 0.015

TSS (Brix⁰) 16 ± 0.21

TDS (ppm) 174 ± 0.013

Total Solid (%) 17.7 ± 0.25



Regression Coefficient Yield TSS Colour Vitamin C

b0 76.897 10.267 9.086 4578.67 x 10-5 

b1 0.251*** 0.017 0.318*** -48.95 x 10-5 ***

b2 -2.336*** 0.450*** 0.0534** 30.70 x 10-5 ***

b3 -0.574*** -0.067* 0.230*** 58.05 x 10-5 ***

b4 0.473*** -0.734*** 0.235*** -62.62 x 10-5 ***

b12 0.145*** -0.075* 0.134*** 51.18 x 10-5 ***

b13 0.755*** -0.088* 0.279*** -96.18 x 10-5 ***

b14 -0.735*** -0.088* 0.173*** 70.58 x 10-5 ***

b23 0.975*** -0.225*** -0.125*** -21.45 x 10-5 *

b24 -1.467*** 0.025 -0.619*** 79.80 x 10-5 ***

b34 0.095** 0.187*** 0.382*** -73.55 x 10-5 ***

b1
2 0.045 0.092** 0.139*** 57.41 x 10-5***

b2
2 -0.210*** -0.121** 0.006 90.66 x 10-5***

b3
2 -0.413*** -0.084** -0.102*** -46.22 x 10-5 ***

b4
2 -0.618*** -0.234** -0.110*** 110.28 x 10-5***

R2 0.998 0.987 0.993 0.989

Coefficients of regression, R2 values for the different Responses for 

enzymatic extraction of palm juice

b Represents the coefficients of equations different responses with b0 the constant term; b1, b2, b3, and b4 the linear effects (1, 2,3 and 4 respectively the

concentration, temperature, time and water dilution); b12, b22 , b32, b42 are the quadratic effects; and b12, b13,b14, b23, b24, b34 are different interactions.
* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, *** Significant at p ≤ 0.001.



Reponses Of Dependent and Independent Variables  On 

Enzymatic treatment of juice

b

dc

a



Regression Coefficients and R2 value for all dependent variables for 

enzymatic extracted palm juice 
Regression Coefficient TSS pH Acidity

b0 14.08 4.52 0.43 

b1 (Preservative) 0.48*** 0.27** -0.045***

b2 (temperature) 0.29*** -0.18*** 0.035***

b1
2 0.23*** -0.029*** 0.025**

b2
2 -0.70*** -0.25** -0.029**

b12
-0.20*** -0.20*** 0.017***

R2 0.9951 0.9719 0.9948 

b Represents the coefficients of equations different responses with b0 the constant term; b1 and b2 the linear effects (1 and 2 respectively the concentration of preservative and

temperature); b1
2, b2

2 are the quadratic effect; and b12 is different interactions.

* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, *** Significant at p ≤ 0.001.



Reponses Of Dependent and Independent Variables  On 

Preservation of Enzymatically extracted juice



Storage study of preserved palm juce under 

refrigerated Condition.

Properties 0thDay 5th Day 10th Day 15th Day 20th Day

pH 3.55 3.65 3.76 3.82 3.86 

TSS (Brix) 12.65 12.72 12.95 13.12 13.53 

Acidity (mg/ml) 0.450 0.4915 0.5159 0.5180 0.5192 

Microbial Analysis 

(log(cfu)) 

6.439 6.477 6.556 6.623 6.806 



Conclusion

 The optimised enzymatically extracted of palm juice could be achieved by

using 0.33g of pectinase at an incubation temperature of 35.56⁰C and an

incubation time of 173.77 mins.

 The optimized palm juice was made into RTS by adding 0.6grm/100ml of

Sodium benzoate preservative at refrigerated condition (0-5⁰C).

 The RTS was stored up to 10 days at refrigerator temperature with acceptable

microbial count.
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