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Abstract 

 The quality of coconut chips can be increased, through efforts to improve processing by 
immersing the coconut meat in CaCl2 solution. The various concentrations of CaCl2 solution are 0.0%, 
0.5%, 1.0%, 1.5%, and 2.0%. Furthermore, the effect of treatments was evaluated on the characteristic 
of coconut chips for 0 months, 2 months, 4 months, and 6 months of storage in plastic coated 
aluminum foil packaging. The results showed that coconut chips from DMT coconut meat with fruit 9 
months old contain 2.36-2.49% moisture, 2.36-2.55% ash, 3.87-5.35% protein, 37.31-45.35% fat, 
50.15-53.23% carbohydrate and 4.93-5.48% crude fiber. Immersion in CaCl2 solution and storage time 
increased the water content of coconut chips. The results of organoleptic testing showed that coconut 
chips still preferred by respondent up to 6 months of storage. The higher concentration of CaCl2 
solution was used, resulting in smaller pressure (gram force) to break or destroy coconut chips, which 
can be interpreted that coconut chips have a crispness that is still good. Next, the color measurement 
uses Chromameter Konica Minolta CR-400, L (Lightness) value to 6 months ranged from 76.39-77.65, 
which indicated that the color of the product is still predominantly bright white.  

  
Key words: Coconut chips, quality, storage 

Introduction 

 The rapid development of the population in Indonesia has forced the government to make 
various breakthroughs to provide food reserves especially rice (Rindengan, 2018). Rice can supply 
approximately 50% calorie needs from the recommended calorie standard of 2200 kcal/capita/day 
(Susenas, 2003 in Nainggolan, 2004). As a coconut producing country, coconut has actually the 
potential to be utilized in providing some of the daily nutritional needs.  

 In Indonesia, consuming snacks has become a separate lifestyle especially in urban communities. 
It is shown by the increasing number of types of snacks circulating in traditional markets and 
supermarkets. Hence, a portion of calorie requirement could be fulfilled by consuming snacks. Raw 
materials used for snacks processing, for example, are tubers, fruits, and livestock by-product like skin. 
Besides that, it can also come from coconuts, such as by -product of coconut oil processing with wet 
extraction, namely coconut pulp and 9 months aged young coconut meat (Rindengan et al., 2004). 
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 Coconut is currently only considered as a 
source or raw material for making cooking oil, 
actually neglecting its potential as a source of 
alternative nutritional components (Rindengan, 
2018).  Other than using it as raw material for 
producing cooking oil and virgin coconut oil, 
coconut meat can also be a source of protein, 
carbohydrate, fiber, vitamins, and minerals. 
Coconut meat can be classified as a good source 
of protein because it does not contain 
antinutrient compounds such as those found in 
legumes.In addition, coconut meat from young 
and mature nuts, has a fairly good nutritional 
composition so that it can be utilized for 
processing a variety of appropriate food 
products. Coconut meat with fruit age 9 months 
of GKB x DMT hybrid contains 73.66% water, 
1.81% ash, 2.50% protein, 13.06% fat, 8.97% 
carbohydrate, and 5.05% crude fiber 
(Rindengan, et al., 1996). Besides that, it has a 
composition of omega 9 fatty acids or oleic acid 
(C18:1, n-9) 7.95% and omega 6 or linoleic acid 
(C18:2, n-6) 1.81% (Rindengan, 2002). Omega 9 
fatty acids are very important for maturation of 
the functions of brain nerve cells, which mostly 
occur from birth to the fourth age. While omega 
6 is an essential fatty acid that is very necessary 
from the time of conception until the first two 
years of the child’s age (Anonim, 2002). 
According to FAO and WHO, the standard of 
additional food for infants and children must 
contain linoleic acid (omega 6) 1.4gr/100 gr. 

 In Balitpalma (IPCRI), the processing of 
snacks/ coconut chips use an oven dryer at 90°C 
for 2 hours and then continued at 70°C for 3 
hours to reduce water content of coconut chips 
(Rindengaan, et al. 2004), without the addition 
of Food Additives to improve the crunchy 
properties and storability of the product. Food 
additives like calcium chloride (CaCl2) as 
calcium salt is soluble in water and is 
extensively used to improve the texture of 
processed fruit and vegetable products. It is also 
utilized to obtain the crispy texture of chips 
because it can reduce the decomposition of cells 
which cause softening of the tissue. Calcium 
chloride can also inhibit the growth of 
microorganisms (Tuwitii, 2010). 

 The result of Sari’s research (2010), 
showed that the highest quality of papaya chips 
is obtained with immersion in 1,5% CaCl2. On 
the other hand, according to Nisak (2007), the 
highest quality of papaya chips is obtain with 
immersion in CaCl2 solution for 40 minutes. In 
the Philippines, coconut chips can be processed 
at age 9-10 months and 12 months. This product 
has been exported to various countries, including 
Germany, Sweden, Canada, and Denmark with 
price range $115 US to $1562 US (Masa and 
Montecillo, 2002). The objective of the research 
was to determine the influence of immersion in 
CaCl2 on the characteristics of coconut chips 
during storage.  

Materials and Methods 

Materials 

 The materials used are young coconut 
meat (age 9 months) of Mapanget Tall (DMT) 
coconut variety. Mapanget Tall (DMT) coconut 
variety originated from Mapanget District, North 
Sulawesi Province, Indonesian. The description 
of Mapanget Tall (DMT) coconut is an age of 
first flowering 5 years, age of first harvesting 6 
years, number of bunches 12-14/palm/year, 
number of nuts 90/palm/year and 12.870 nuts/ha 
(Balitpalma, 2018).    

Methods 

Processing of Coconut Chips 

 The coconut meat is separated from the 
shell and then the testa layer was removed. Then 
it is thinly sliced to about 4-5 cm long using 
knife. The sliced coconut meat is immersed in 
CaCl2 solution for 12 hours.  The concentration 
of CaCl2 solution are a1) 0.0%, a2) 0.5%, a3) 
1.0%, a4) 1.5%, and a5) 2.0%. Then, drained and 
added with   20% sugar solution, boiled for 30 
minutes and dried using oven Memmet UFB-500 
type. Drying is done at temperature of 90°C for 
the first 2 hours and then  reduced to temperature 
of 70°C for succeeding 3 hours (Rindengan, et 
al, 2004). 

 Furthermore, the coconut chips are 
packaged using aluminum foil (plastic coated) 
making it easier to glue. Then, packed coconut 
chips are stored for 0 months (b1), 2 months 
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(b2), 4 months (b3), and 6 months (b4). The 
research was conducted in two replications. 

Evaluation of Coconut Chips Quality 

 Moisture content, protein, fat, ash, and 
crude fiber were determined following the 
standard methods of the Association of Official 
Analytical Chemist (1995), starch (Anthrone 
Method, AOAC 197),carbohydrate content was 
determined by subtracting of 100% with the total 
sum of water content, ash, protein, and fat in 
sample (Winarno, 1986). Organoleptic test 
(color, flavor, taste, and crispness) with scale 1 = 
really dislike, 2 = dislike, 3 = normal, 4 = like, 
and 5 = really like, use 20 respondents 
(Soekarto, 1985). Color analyzed by 
Chromametermethod (Ramsey, 2012) using 
Chromameter Konica Minolta CR-400 type and 
The crispness using Texture Analyzer (Peleg and 
Bagley, 1983). 

Statistical Analysis  

 Observations data were analyzed using 
SPSS 16.0. If there is a difference between 
treatments followed by DMRT Test (Duncan 
Multiple Range Test) 

Result and Discussion 

1.   Composition of Raw Material and 
Coconut Chips 

 The composition of DMT coconut meat  
from 9 months old fruit  which was used for 
making coconut chips is shown  in Table 1. The 
crude fiber content of 4,58% is a good 
component as a raw material for snacks. Hence, 
the product produced is expected to have high 
crude fiber which can help the metabolic process 
in the body.  

 The composition of coconut chips at 
immersion treatments in CaCl2 solution with 
concentrations of 0-2.0% are shown in Table 2. 
The composition of coconut chips immersed in 
CaCl2(0-2.0%) solutions has moisture contents 
ranging from 2.36-2.49%, ash 2.36-2.59%, 
protein 3.87-4.65%, fat 37.31-40.25%, 
carbohydrate 50.13-53.23%, crude fiber 4.93-
5.48%, while starch is not detected. According to 
Butler (2019), 6 gramsof 10 grams carbohydrate 
contained in coconut flour is dietary fiber, while 

the remaining 4 grams is crude fiber and soluble 
fiber. Therefore, starch is not detected as well as 
amylose. 

 Based on the results obtained, all the 
nutritional components of coconut chip were 
increased compared with the raw material (fresh 
coconut meat) because the water content in fresh 
coconut meat of about 70% has evaporated at the 
drying process, so that the nutrient component is 
concentrated. 

 The composition of coconut chips 
produced by Coconut Development Board, 
Kochi-India with coconut meat at age 8-10 
months as raw material and the composition (per 
20 gram) is fat 9.42 gram, lauric acid 4.82 gram, 
crude fiber 1.93 gram, calcium 2.10 gram, iron 
1.30 mg, and cholesterol 0.00 gram (Anonim, 
2019). While, the composition of coconut chips 
(per 100 gram) produced from Thailand is 
energy 77 calories, fat 3.6 gram, protein 1.4 
gram, fiber 3 gram, carbohydrate 10.3 gram, 
calcium 43 mg, phosphorus 56 mg, iron 1.0 mg, 
and vitamin C 6 mg (Anonim, 2005). On the 
other hand, according to Sanchez, et al. (1996), 
the composition of dried buko chips is 4.7% 
moisture content, 3.6% protein, 17.7% fat, and 
61.6% carbohydrate for sweetened type. The 
unsweetened type has a composition of 2.3% 
moisture content, 7.7% protein, 51.4% fat, and 
13.6% carbohydrate. Differences in the results 
obtained may be caused by raw material used, 
processing, and use of food additives. In 
Indonesia, the standard quality for chips is based 
on the raw materials used, but the one for 
coconut chips is not yet available.   

2. Moisture  Content of Coconut Chips 

 Statistic analysis results show that the 
concentration of CaCl2 solution has effect on the 
level of coconut chips’ water content (Figure 1). 
Moisture content at immersion in 0-1.5% CaCl2 
solution is 1.47-1.76%, and increased to 2.52% 
at immersion in 2% CaCl2 solution. This is due 
to the hygroscopic characteristic of CaCl2 
(Kemp, et al. 2000). Hence, the water content of 
coconut chips increases with the higher 
concentration of CaCl2 solution. 
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Table 1. Composition of DMT coconut meat with fruit age of 9 months 

No. Observed Unit DMTa)  DMT, fruit age 12 
monthsb) 

1.  Moisture content  % 72.90 49.80 

2. Ash  % 0.64 - 

3. Protein  % 2.37 3.32 

4. Fat % 9.09 20.21 

5. Carbohydrate % 15.00 5.37 

6. Crude fiber % 4.58 2.81 

           Note: a)Fresh coconut meat without testa 
                                    b)Tenda, et.al (1997) 

 

Table 2. Composition of coconut chips immersed in CaCl2 (0-2.0%) solution*) 

  

No. 

  

Observation 

  

Unit 

CaCl2 (%) 

0 0.5 1.0 1.5 2.0 

1. Moisture content % 2.42 2.45 2.48 2.49 2.36 

2. Ash % 2.59 2.55 2.47 2.39 2.36 

3. Protein % 4.45 4.65 5.35 3.87 4.32 

4. Fat % 37.31 37.55 39.57 39.29 40.25 

5. Carbohydrate % 53.23 52.80 50,13 51.96 50.71 

6. Crude Fiber % 5.30 5.48 4.93 5.32 5.12 

7. Starch % 0 0 0 0 0 

           *) after drying and cooling 

 

 

Table 3. Effect of immersion in CaCl2 solution on characteristics organoleptic test of coconut chips 

Immersion in CaCl2 
solution  

Organoleptic Test 
Color Flavor Taste Crispness 

0.0% 3.57a 3.63a 4.01a  3.95a 
0.5% 3.69a 3.38a 3.89a 3.84a 
1.0% 3.66a 3.41a 3.76a 3.97a 
1.5% 3.69a 3.35a 3.73a 3.74a 
2.0% 3.63a 3.45a 3.86a 3.82a 

Note: Numbers followed by the different letter at the same column are significantly differenced at 5% of 
DMRT 
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 According to Sanchez, et al. (1996), the 
moisture content of dried buko chips for 
sweetened type and unsweetened type is 4.7% 
and 2.3%, respectively.  The Philippine standard 
for fancy cut desiccated coconut for which 
coconut chips can be categorized specifies a 
moisture content below 4 %. However, for the 
other types of desiccated coconut, the Philippine 
standard stipulates a maximum moisture content 
of 3% (PCA Administrative Order No. 003, 
Series of 1981). Based on Figure 1, Immersion 
in 2% CaCl2 solution increased the moisture 
content of coconut chips to 2.52% but it’s still 
within the limit of the maximum set for 
desiccated coconut.  

 Figure 2 showed that the length of storage 
time has an influence on the moisture content of 
coconut chips. The moisture content of coconut 
chip up to 6 months of storage is 2.2%. 
Nevertheless, it is still far too compared than the 
standard of the moisture content of cassava chips 
(6.0%) and dried buko chips for sweetened type 
and unsweetened type is 4.7% and 2.3%, 
respectively (PCA Administrative Order No. 
003, Series of 1981).  

3. Characteristics of Coconut Chips 

3a.  Organoleptic test 

 Value of organoleptic test is scale 1 = 
really dislike, 2 = dislike, 3 = normal, 4 = like, 
and 5 = really like. Effect of immersion in 0-2% 
CaCl2 solution and storage time on the results of 
color, flavor, taste, and crispness value of 
coconut chips can be seen in Table 3 and Table 
4. 

 Based on Table 3, immersion in 0-2.0% 
CaCl2 solution has no effect on the organoleptic 
test of coconut chips. Values for colors range 
from 3.57 to 3.69 (normal to near like), flavor 
3.35-3.63 (normal to near like), taste3.76-4.01 
(close to likes), and crispness 3.74-3.97 (close to 
likes). Furthermore, in Table 4, the storage time 
did not have an effect on flavor and taste of 
coconut chips. Range of flavor values 3.44-3.56 
(normal to near like) and taste 3.75-3.91 (normal 
to near like). However, color and crispness of 
coconut chips are influenced by storage 
time.Color values of the organoleptic test at 

storage time up to 6 months 3.80 (close to like) 
and crispness 4.09 (like). The crispness of 
coconut chips that lasts until 6 months of 
storage, probably caused by using packaging 
materials made of plastic coated aluminum foil 
(Figure 3), so the product is protected.  

3b.  Crispness analysis using texture   
analyzer 

 The crispness of coconut chips can be 
measured by the organoleptic test and using 
crispness measuring devices i.e. Texture 
Analyzer. The results of the texture analyzer are 
shown in Figure 4. Break values of coconut 
chips influenced by the concentration of CaCl2 

but storage time not affected. Based on Figure 4, 
higher of CaCl2 concentration in immersion, the 
break values decreases. This proves that only a 
smaller pressure is needed in gram force for a 
break or destroy the coconut chips, which can be 
interpreted that coconut chips have a good 
crispness. Crispness values of organoleptic test 
not influenced by CaCl2 concentration but a 
range of crispness values 3.82-3.97% (normal to 
near like). 

 The measurement results crispness of 
cassava chips without treatment (control) were 
performed by Ginting (2014) is 500 gram force 
compared than the results obtained of immersion 
in 0-20% CaCl2 solution give a range break 
values only 100.39-137.73 gram force, that 
means coconut chips need only a smaller 
pressure in gram force compared than cassava 
chips. This might also because by a 
characteristic of raw materials used, coconut 
meat not contain starch, while cassava contains 
73% starch.  

3c.  Measuring the color of coconut chips 
using Chromameter Konica Minolta 
CR-400 

 The measurement of color using a 
Chromameter Konica Minolta CR-400 obtained 
values like L (Lightness: between 0-100 is 
white), a (range red and green color 0-60), and b 
(range yellow and blue color 0-60). The results 
of measuring the color of coconut chips showed 
in Table 5.  
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                    Note: Numbers followed by the different letter at the graph are significantly  
                              differenced at 5% of DMRT 

  Figure 1. Effect of immersion in CaCl2 solution on the moisture content of coconut chips 
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   Figure 2. Effect of storage on the moisture content of coconut chips 
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Table 4. Effect of storage time on the characteristic of coconut chips 

Storage Times 
Organoleptic Test 

Color Flavor Taste Crunchy 

0 months 3.41b 3,56a 3.91a 4.06a 

2 months 3.65a 3.44a 3.85a 3.73b 

4 months 3.73a 3.33a 3.75a 3.58b 

6 months 3.80a 3.44a 3.88a 4.09a 

   Note: Numbers followed by the different letter at the same column are significantly differenced at 5%                 
of DMRT 

 

 

Figure 3. Coconut chips packed with plastic coated aluminum foil 
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Figure 4. The break values of coconut chips using Texture Analyzer 
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Table 5. The color of coconut chips using Chromameter Konica Minolta CR-400 

 

 

 The results of coconut chips color 
measurement with immersion in (0-2%) CaCl2 

solution: 

1. storage time for 0 months, L values 74.45-
77.40; a (Red and green color between   
3.75-4.25); and b (yellow and blue color 
between 3.33-5.15). 

2. storage time for 2 months, L values 73.28-
75.23; a (Red and green color between 

2.78-3.06); and b (yellow and blue color 
between 3.15-5.02). 

3. storage time for 4 months, L values 73.76-
74.87; a (Red and green color between 
22.26-4.10); and b (yellow and blue color 
between 2.55-4.93). 

4. storage time for  6 months, L values 76.39-
77.65; a (Red and green color between 
2.97-3.36); and b (yellow and blue color 
between 2.88-3.25). 

Treatment Color Characteristics 

Concentration 
of CaCl2 (%) 

Storage 
(months) 

L a b 

0.0  

0.5  

1.0 

1.5 

2.0 

 

 

0 months 

77.40 

76.27 

74.45 

75.85 

77.06 

4.13 

4.25 

3.75 

3.99 

3.98 

4.17 

3.93 

5.15 

4.00 

3.33 

0.0 

0.5 

1.0 

1.5 

2.0 

 

 

2  months 

75.23 

74.36 

73.28 

73.94 

73.88 

2.98 

3.06 

2.80 

2.78 

2.81 

3.40 

3.15 

5.02 

3.58 

3.46 

0.0 

0.5 

1.0 

1.5 

2.0 

 

 

4  months 

74.46 

74.87 

73.76 

73.97 

74.09 

4.10 

2.26 

3.91 

4.02 

3.75 

4.93 

2.55 

3.85 

3.49 

3.19 

0.0 

0.5 

1.0 

1.5 

2.0 

 

 

6  months 

77.65 

77.33 

77.35 

76.76 

76.39 

3.19 

3.36 

2.97 

3.09 

3.14 

3.21 

3.25 

3.97 

2.88 

2.78 
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 Based on an organoleptic test (Table 3), the 
color of coconut chips is 3.57-3.69 (normal to near 
like) not influenced by CaCl2 concentration but 
influenced by the length of storage with range 
values 3.41-3.80 (normal to near like). The results 
of measurement coconut chips color at immersion 
in (0-2%) CaCl2 concentration using Chromameter 
Konica Minolta CR-400 Showed that the product 
is still predominantly bright white (Figure 3) with 
a value up to 6 months between 76.39-33.65. 
While, a value between 2.97-3.36 and b 2.78-3.97. 
The a and b values still lower compared than range 
value for a (red and green color 0-60) and b values 
(yellow and blue color 0-60). This might because 
by temperature drying below 100°C, so the 
caramelization process is avoided. Ginting (2014) 
reported that the color of cassava chips without 
immersion in acetic acid solutions have an L value 
62.06, a 1.61, and b 27.12. This is due to 
processing with the deep fat fryer system at 170°C 
for 1.45 minutes, so that the caramelization 
process occurs. 

Conclusion 

 The coconut chips   obtained by processing 
coconut meat from 9 month old DMT coconut 
variety contain 2.36-2.49% moisture, 2.36-2.55% 
ash, 3.87-5.35% protein, 37.31-45.35% fat, 50.15-
53.23% carbohydrate, and 4.93-5.48% crude fiber. 
Immersion in CaCl2 solution and storage time 
increased the water content of coconut chips, but 
still far from the maximum limit on commercial 
chips. Based on the organoleptic test, immersion 
in 0-2% CaCl2 solution does not have any effect 
on color, flavor, taste, and crispness of coconut 
chips. Likewise, the storage time did not affect the 
flavor and taste of coconut chips, but color and 
crispness changed during storage. 

 The crispness of coconut chips using 
Texture Analyzer influenced by immersion in 
CaCl2 solution.  The higher concentration of CaCl2 
solution used in immersion, the break value 
decreases. This proves that only a smaller 
pressure is needed in gram force for a break or 
destroy the coconut chips, which can be 
interpreted that coconut chips have a good 
crispness. The measurement of color using a 
Chromameter Konica Minolta CR-400 showed 
that the product is still predominantly bright white 

because of white value up to 6 months between 
76.39-33.65. 
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