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Abstract 

The objective of the research was to determine the effect type of cutting and heating time 

of the physical (level of hardness), chemical (water content, total soluble solid, content of 

vitamin C and total acid) and sensory (color, aroma, flavor, texture and overall) 

properties and also the kinetics of hardness degradation of snake fruit (Salacca edulis 

Reinw) during blanching process using Arrhenius equation approach. This research used 

completely randomized design with two factors, type of cutting (cutting 1 = snake fruit 

sliced into two pieces, cutting 2 = snake fruit sliced into four pieces, cutting 3 = thickest 

portions of snake fruit) and heating time (1, 2, 3, 4 dan 5 minutes). The result showed that 

the larger the slice thickness, the smaller of water is contained in the flesh of snake fruit. 

Trends show that the larger slice thickness, the greater the level of hardness and total 

soluble solids. Type of cutting was influencing the vitamin C and total acid content, that 

was from the largest to smallest were cutting 1, cutting 2 and cutting 3. Meanwhile, the 

longer heating time causes higher water content and decreases hardness level, total 

soluble solids, content of vitamin C, and total acid. The result of sensory analysis showed 

that snake fruit with type of cutting 1 and the heating time for 3 minutes is the most 

preferable sample. Based on Arrhenius equation approach and iteration (Newton method) 

using Statistical Analysis Software (SAS) rate equation of hardness degradation snake 

fruit cutting 1 was , cutting 2 was  and  cutting 3 was 

. 
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1. INTRODUCTION 

Indonesia, that was located in along of 

the equatorial line, has a tropical climate 

which supports for various types of fruits and 

vegetables grow. Including it is a wide variety 

of tropical fruits, one of which is a snake fruit 

(Salacca edulis REINW.). The snake fruit is 

one of the native tropical fruit of Indonesia, is 

much-loved by communitis because of its 

sweet flavor, sandy-taste and tasty. There are 

several varieties of snake fruit known in 

Indonesia such as Gula Pasir, Bali, Condet, 

Sidimpuan, and one of the most popular 

variety is Pondoh. 

In the last 20 years, production of the 

snake fruit in the province of D.I. Yogyakarta 

and Central Java was quite an increase. During 

this time many people familiar with the snake 

fruit as a table fruit, but in line with the 

changing times their awareness of healthy 

lifestyle, the needs of nutritious food intake 

increase. This coupled with the increasing of 

food processing that produce processed 

products with new innovations. One of the 

food processing that is widely applied is the 

processing fruit in sugar solution or can be 

called with sweets. 

The sweets can be said as to be good if it 

has a good hardness texture and good 

elasticity according to consumers’ preference 

(Hastuti et al (2013); Lazos et at (1996); 

Sohibulloh et al (2013)). These characteristics 

are influenced by natural composition of 

compounds in the material as well as 

additional treatment which is performed 

during the manufacturing of products, such as 

heating and downsizing. 

The cutting is one of method that can be 

used to control the hardness texture or other 

rheological properties of food ingredients as 

well as to improve the efficiency of heat 

transfer and mixing. The smaller size the 

increase of heating efficiency and increasingly 

the determine of textural behaviour of food. 
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The reduction of hardness texture of foodstuffs 

during the heat treatment is a major obstacle in 

the development of the continuous processing 

of food products (Nelson, 1988; Rahardjo and 

Sastry, 2013). In case of banana, the soaking 

in hot water will be able to influence the level 

of hardness texture of fruit, which can soften 

the tissues so that the hardness texture 

decreases (Putri, 2012).  

This study is aimed to investigate the 

kinetics of hardness degradation parameter, 

the chemical characteristics and the sensory 

characteristics which favorable to consumers 

of the snake fruit (Salacca edulis REINW.) 

with variations in the cutting type and the 

blanching time. 

2. MATERIAL AND METHOD 

2.1 Material 

The materials used in this expereiment 

were the fresh snake fruit (harvested at age 6-7 

months after pollination period) obtained from 

Pasar Legi (Local Market of City of Surakarta), 

distilled water, phenolphtalein indicator (PP) 

and 0.1 N NaOH solution. The tools used in 

the process of preparation was a knife, cutting 

board, analytical balance, the pot and the 

water heater. For the chemical analysis was 

used of mortar, weighing bottle, desiccator, 

oven, clamps, penetrometer set, refractometer, 

flask, erlenmeyer, funnel, filter paper, measure 

pipette, test tube, cuvette, a spectrophotometer 

set, pipettes, burettes, plates, plastic spoons, 

cups shot assessment and accreditation forms. 

2.2 Method 

The fresh snake fruit Pondoh was peeled, 

cutted and then washed. In this experiment 

used three types of cutted fruits, namely flesh 

of the snake fruit was divided by two (cutting 

1), flesh of the snake fruit was divided by four 

(cutting 2) and just a thick portion of the snake 

fruit are used (cutting 3)(Fig. 1) 

2.3 Blanching 

The cutted flesh of snake fruits were 

heated by blanching in 80°C with a variation 

of heating time of 1, 2, 3, 4 and 5 minutes. 

2.4 Hardness level, chemical characteristics 

and sensory characteristics 

The hardness level of heated flesh snake 

fruit and the degradation of the hardness was  

 

Figure 1 From left to right: The flesh of snake 

fruit cutting (cutting 1, Cutting 2 and Cutting 

3) 

measured by a fruit penetrometer (FR-5105) 

(Mamentu, 2013). The chemical 

characteristics parameters were water content 

(AOAC, 1990), total soluble solids (AOAC, 

1990), vitamin C (karinda et al, 2013) and 

total acid (titratable acidity, AOAC 1995). The 

parameter of the level of acceptance of the 

panelists on flesh snake fruits after heating 

was using sensory analysis by the ranking test 

method (Setyaningsih at al, 2010). 

2.5 The rate of reduction of hardness level  

The data hardness level of flesh fruits 

during heating was plotted into a graph of the 

relationship between the heating time vs a 

hardness value. The firmness constant was 

obtained by simulating the rate of firmness in 

the Arrhenius relation as follow:  

 
where: 

Pt = Firmness at t = t 

Po  = Firmness at t = 0 

A   = Factor of frequency (1/T) 

Ea Ea  = Activation energy (kJ/mol) 

R R  = General gas constant (8,314.10
-3 

kJ/mol K) 

T T  = Temperature (K) 

t t  = Time (second) 

2.6 Experimental Set Up 

The design of this experiment using 

completely randomized design (CRD) with 

two factors, namely the type of cutting and the 

heating time. In this experiment will be carried 

repeat three times on each sample variation. 

The data obtained will be analyzed using a 

two-way ANOVA with a significance level of 
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5% (α = 0.05) to determine whether there is a 

difference of treatment. If there is a difference, 

it will be followed by a test of Duncan 

Multiple Range Test (DMRT). 

3. RESULTS AND DISCUSSION 

3.1 Hardness Level 

Table 1 The influence of cutting of fruit flesh 

to the hardness level of the snake fruit during 

blanching  

Cutting type Fmaks (N) 

Cutting 1 3.208±1.037
b 

Cutting 2 1.364±0.649
a 

Cutting 3 5.205±2.460
c 

Note : The same notation at the same column 

shows there is not significantly different at 5% . 

(Cutting 1 = The snake fruit was cutted into two 

parts longitudinally. Cutting 2 = The snake fruit 

was cutted into four parts longitudinally. Cutting 3 

= The part of thicker of fruit or the fruit base of 

snake fruit). 

Table 2 Influence of blanching time to the 

hardness level of the snake fruit during 

blanching 

Blanching time (min) Fmaks (N) 

1  5.38±3.28
e 

2  3.84±1.69
d 

3  3.06±1.24
c 

4  2.39±1.33
b 

5  1.63±0.91
a 

Note: The same notation at the same column 

shows there is not significantly different at 5%. 

The level of hardness of fruit flesh 

indicated by the maximum force (Fmaks) shown 

by penetrometer reading. The level of 

hardness of the flesh was affected by type of 

slicing or cutting of the fruit flesh or thickness. 

Table 1 and Table 2 show that cutting type 3, 

which is a part of the fruit base has the 

greatest levels of hardness compared to cutting 

type 1 and cutting type 2. The level of 

hardness of the snake fruit fless was cutting 

type 1 of 3.208 N, cutting type 2 of 1.364 N 

and cutting type 3 of 5.205 N. The fruit flesh 

thickness will affect the process of heat 

penetration, the thicker flesh the higher 

temperature or the longer time to form the soft 

texture of the fruit (Jamaluddin, 1998). 

The snake fruit has high content of pectin. 

Pectin is a natural substance found in the cell 

walls of plants. During the process of fruit 

ripening pectic substances will be hydrolyzed 

into water soluble components (pektat). Pektat 

will dissolve in the water during heating or 

blanching process. This resulted in reduction 

of stiffness of the cell wall, causing a decrease 

in hardness of flesh (Estiasih and Ahmadi, 

2009). So the longer the heating process 

(blanching) carried the more pektat soluble 

and the smaller the level of hardness. 

3.2 Kinetics of hardness degradation 

To determine the frequency (A) and 

activation energy (Ea) it was performed the 

iteration by Newton's method using the 

Statistical Analysis Software (SAS). The 

frequency factor (A) means the number of 

collisions between molecules that occurs 

during the reaction. Newton's method or the 

so-called Newton Rhapson method is a 

method that is known as an approach to find 

the roots of real functions. This method begins 

by estimating a starting point and approached 

by showing slope or gradient at that point. 

From that point expected to be obtained 

approach to the roots of the function in 

question. From this statistical analysis it was 

obtained value of frequency factor (A) and 

activation energy (Ea)appropriately and then 

was known the constant of hardness 

degradation  representing each 

type of cutting. Table 3 shows these constants.  

The constant of frequency factor that 

describes the amount of frequency of 

collisions between molecules during the 

heating process tends to follow the pattern of 

changes in the value of activation energy, 

where the frequency factor will be increased 

along with the rising value of activation 

energy. The value of Ea can be used as a 

parameter to determine the rate of the reaction 

process, in this case is the rate of the hardness 

degradation of flesh fruit of the snake fruit. 

The smaller the value of Ea, the faster the 

reaction proceeds (Anggo, 2010). Based on 

this understanding the fruits with cutting type 

3 (19,000 kJ/mol) is the fruits with rate of 

hardness degradation was lower compareded 

to cutting type 1 (17.9835 kJ/mol) and cutting 

type 2 (11.4964 kJ/mol) in same condition of 

blanching. The hardness degradation patterns 

of the flesh of snake fruit during blanching 

based on their cutting type are shown at Fig. 2. 
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Table 3 The constants of hardness degradation of the snake fruit during blanching 

  Cutting type    A (1/s)    Ea (kJ/mol)        Constant 

Cutting 1 2,300 17,9835   

Cutting 2 0,700 11,4964   

Cutting 3 2,8981 19,0000   

 

 

Figure 2. The hardness degradation pattern of the flesh of snake fruit based on the cutting type. 

Table 4 Influence of the cutting type to the chemical characteristics of the snake fruit during 

blanching  

Cutting 

type 

Water 

Content 

(%) 

Total 

Soluble 

Solids (%) 

Vitamin C 

(mg/100 g) 

Total Acid 

(%) 

Cutting 1 82,67±0,85
b 

14,73±1,10
a 

192,69±31,44
c 

0,33±0,05
c 

Cutting 2 83,86±0,89
c 

14,20±1,08
a 

161,32±25,99
b 

0,30±0,05
b 

Cutting 3 82,27±0,70
a 

15,87±0,92
b 

148,95±21,48
a 

0,26±0,06
a 

Note : The same notation at the same column shows there is not significantly different at 5% .  

(Cutting 1 = The snake fruit was cutted into two parts longitudinally. Cutting 2 = The snake fruit was 

cutted into four parts longitudinally. Cutting 3 = The part of thicker of fruit or the fruit base of snake fruit). 

Table 5 Influence of blanching time to the chemical characteristics of the snake fruit during 

blanching  

Time 

(min) 

Water 

Content (%) 

Total Soluble  

Solids (%) 

Vitamin C  

(mg/100 g) 

Total Acid 

(%) 

1  82,21±0,91
a 

15,90±1,05
b 

195,62±22,28
d 

0,35±0,03
c 

2  82,52±0,90
a 

15,44±0,88
b 

147,28±44,99
a 

0,33±0,04
c 

3  82,84±0,88
ab 

15,22±0,83
b 

182,38±27,28
c 

0,30±0,03
b 

4  83,21±0,85
b 

14,11±1,17
a 

153,71±13,03
ab 

0,28±0,03
b 

5  83,90±1,00
c 

14,00±1,12
a 

159,29±17,42
b 

0,22±0,06
a 

Note : The same notation at the same column shows there is not significantly different at 5% .  
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3.3. Chemical characteristics 

a. Water content 

Table 4 and Table 5 show the chemical 

characteristics of sliced snake fruit. It shows 

that cutting type 2 has the highest water 

content of 83.86%, followed by 82.67% of the 

cutting type 1 and 82.27% of cutting type 3. 

Cutting helped influence on the water content 

of fruits. With the cutting water easier fill into 

the flesh of the fruit cells, where the smaller 

the slice thickness resulting in an increase in 

the water content of fruits. In addition, the 

fruit surface area becomes larger when slicing 

done. The high water content affected the 

texture of fruit. The greater the moisture 

content, the smaller the level of hardness.  

The snake fruit is a fruit with a fairly high 

starch content, which amounted to 16.07% 

(Fatimah et al, 2013). If having a heating or 

boiling process, the starch granules contained 

in vacuoles will swelling. Furthermore, the 

starch granules will turn into a gel and bind 

moisture. The binding process of moisture 

continuously causes the moisture retained in 

the vacuole so that the cells become swollen 

and the moisture content of the fruit to be 

increased. Therefore, the longer the heating 

time will lead to greater moisture content in 

fruits. 

b. Total soluble solids 

Table 4 shows the total sugar content of 

cutting type 3 (15.87%) is the largest 

compared to cutting type 1 (14.73%) and 

cutting type 2 (14.20%). The different in 

cutting thickness will also affect the total 

sugar content or total dissolved solids in the 

fruits. There are differences in the flesh 

thickness which determines the differences of 

total soluble solid content. For instance, at the 

base of the fruit which have a greater 

thickness contains more solutes such as 

carbohydrates. 

The formation of simple sugars and the 

highest thickness lead the content of total 

dissolved solids in cutting type 3 to be higher 

than other cutting types. On cutting type 1 and 

cutting type 2 the content of total soluble solid 

was lower due to the thickness of the cutting 

flesh into smaller pieces. Increased surface 

area and decreased thickness of the flesh of 

the fruit causing water can easily left and enter 

and also can dissolve more substances which 

contained in the flesh of fruits. The longer the 

heating process occurs, the more total 

dissolved solids, so the longer the heating time, 

the diminishing content of total dissolved 

solids in the fruits. 

c. Vitamin C 

Table 4 shows the levels of vitamin C 

that were significantly different between the 

three types of cutting. The higher vitamin C 

content was cutting type 1 followed by cutting 

type 2 and cutting type 3 respectively. The 

vitamin C content in cutting type 2 was 

smaller than in cutting type 1 due to the 

thickness of the cutting type 2 is smaller, 

which it easier for water to enter and vitamin 

C content was damaged by contact with hot 

water increases. Table 5 shows that level of 

vitamin C decreases with increasing time of 

heating. This is because vitamin C is easily 

oxidized, especially the heating process.  

d. Total Acid 

The snake fruit with the kind of cutting 

type 1 has the highest levels of total acid (0.33 

± 0.05), while cutting type 3 contains the 

lowest total acid (0.26 ± 0.06). Minimally 

process in the form of cutting may affect the 

solubility of the acid (malic acid) in the water. 

The more cutting the water more easily get 

into the inner flesh of fruits and dissolve the 

acid. However, cutting type 2 has a total acid 

content is higher than cutting type 3.  

Table 5 shows the total acid decreased 

with increasing heating time. Malic acid 

compound has the hygroscopic characteristics 

and soluble in water (Regiarti and Susanto, 

2015). These characteristics has consequence 

that the longer heating time will give greater 

solubility of malic acid in the snake fruit so 

that the total amount of acid in fruits 

decreased.
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Table 6 Panelists’ perception score of the color, aroma, taste, texture and overall of the snake flesh 

fruit during blancing by different cutting type 

Cutting type Color 
 

Aroma 
Taste Texture Overall 

Cutting 1 -0,09±0,72
a
 0,23±0,67

a
 0,09±0,75

a
 0,09±0,68

a
 0,11±0,76

a
 

Cutting 2  0,37±0,62
a
 -0,09±0,72

a
 -0,20±0,66

ab
 -0,09±0,65

a
 -0,06±0,67

a
 

Cutting 3 -0,32±0,62
b
 -0,14±0,67

a
 0,24±0,82

b 
0,00±0,77

a
 0,13±0,85

a
 

Note : The same notation at the same column shows there is not significantly different at 5% .  

(Cutting 1 = The snake fruit was cutted into two parts longitudinally. Cutting 2 = The snake fruit was 

cutted into four parts longitudinally. Cutting 3 = The part of thicker of fruit or the fruit base of snake fruit). 

Table 7 Panelists’ perception score of the color, aroma, taste, texture and overall of the snake flesh 

fruit during blancing by time of blanching 

Time (min) Color Aroma Taste Texture Overall 

1  -0,53±0,73
a
 0,10±0,93

a
 0,29±0,83

b
 0,01±0,94

a
 -0,20±0,81

a
 

2  -0,28±0,67
a
 0,08±0,75

a
 -0,18±0,95

ab
 0,07±0,70

a
 0,03±0,75

ab
 

3  0,29±0,94
b
 0,02±0,82

a
 -0,02±0,80

ab
 0,09±0,93

a
 0,27±0,94

b
 

4  0,49±0,58
b
 0,01±0,79

a
 -0,09±0,67

ab
 0,03±0,77

a
 0,04±0,74

ab
 

5  0,13±0,59
b
 -0,23±0,70

a
 0,03±0,70

ab
 -0,19±0,66

a
 -0,15±0,70

ab
 

Note : The same notation at the same column shows there is not significantly different at 5% .  

 

3.4 Sensory characteristics 

The heating process can lead to softening 

of the tissue in response to physical and 

chemical changes that might lead to a 

foodstuff be accepted by consumers. Texture is 

the most important parameter, and highlighted 

in this study because of the level of hardness 

and elasticity of the fruit is an important factor 

in making the sweets of fruits (Sohibulloh et 

al., 2010). Sensory analysis showed that the 

results were not significantly different 

between the three samples. Sequentially 

samples are most preferred by the panelists 

was cutting type 1, cutting type 3 and cutting 

type 2. 

During the heating process the snake 

flesh fruit changed in its color, aroma, taste 

and texture. For all treatment there were not 

significantly different of assessment by 

panelists. The cutting type 3 have a preference 

level of the overall value of 0.13 ± 0.85, 

cutting type 1 of 0.11 ± 0.76 and cutting type 2 

of -0.06 ± 0.67. 

Table 7 shows the panelists’ perception 

score that 1-minute blanching time was 

significantly different with 3 minutes of 

blanching. Based on the overall parameters, 

fruits which have blanched for 3 minutes is the 

most preferred by the panelists. In addition to 

the overall parameters, fruits with blanching 

time for 3 minutes to have the level of 

preference were considered quite high in color 

parameters. 

It was known that fruits with blanching 

time of 3 and 4 minutes was the most 

preferred by the panelists. Both types of these 

The blanching time of 3 minutes was 

considered as better treatment due to the 

parameters of taste samples of this assessment 

was higher than the blanching time of 4 

minutes. 

CONCLUSION 

1. Kinetics of hardness degradation of the 

snake fruit during blanching followed 

the Arrhenius equation where the 

constant rate of the cutting type 1 of  

, the cutting type 2 of  

 and the cutting type 3 of  

. 

2. The larger the cutting thickness, the 

smaller the water content in the flesh 

of snake fruits. The greater cutting 

thickness the greater degree of 

hardness and total soluble solids. The 

cutting type that showed vitamin C 

content and total acid content from 
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largest to lowest was cutting type 1, 

cutting type 2 and then cutting type 3. 

The longer the heating time lead to 

higher water content and the 

decreasing level of hardness, total 

soluble solids, vitamin C and total 

acid of the snake fruit cv. Pondoh. 

3. Based on the results of sensory 

analysis, the treatment of fruits with 

the cutting type 1 (split into two parts) 

and the heating time for 3 minutes 

was most preferred by panelists. 
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