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This study aims to determine the content, fat, protein and dry weight of cocoa beans from different fruit 
on the canopy at different ages of the plant.  The research was conducted in cocoa farmer's field in 
Wonggeduku Sub-district of Konawe Regency of Southeast Sulawesi Province. The study was 
conducted using Completely Randomized Design, in a nested design pattern with 3 replications. The 
first factor was 8, 10, 12 and 14 years old. The second factor is the location of the fruit ie stem, primary 
branch and secondary branch.Each experimental unit consists of 3 plants so that there are 36 
plants. Parameters measured, ie fat content, protein, and dry weight of seeds. The observed data were 
analyzed using Variety Analysis and continued with Duncan Multiple Range Test with α 5%. The results 
showed that there was an interaction between the age of the plant and the location of the cocoa fruit to 
the dry weight of the seed, but the fat and protein content was only affected by the age of the 
plant. Seeds from 8-year-old cocoa plants located on the stem provide higher fat, protein and dry seed 
content 
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INTRODUCTION 

Cocoa is one of the mainstay commodities 
plantations in Indonesia whose role is quite 
important in the prodaan foreign exchange 
state.Indonesia became the world's third largest 
supplier of cocoa after Ivory Coast (38.3%), 
Ghana (20.2%), and Indonesia alone 13.6% 
(BPS, 2011). The cocoa commodity provides 
employment for 900,000 heads of households, 
promotes regional development, and agro-
industry development in Indonesia (IMI, 
2007). Cocoa becomes very important because 
the cocoa-based products, such as cocoa powder, 
cocoa butter, and other products of the chocolate 
is widely consumed by many people in different 
countries (Rusconi and Conti, 2010; Adeyeye et 
al. 2010). In addition, cocoa beans and their 
derivative products rich in phytonutrient such as 

catechins, and procyanidins (Lecumberri et 
al. 2007). Cocoa is generally consumed in various 
forms of foods, such as cakes, biscuits, pastries, 
breads and various types of beverages 
(Bartazzo et al. 2011). On the other hand cocoa 
beans are very important role in health because it 
contains high polyphenols that can reach 10% of 
dry weight. Polyphenols are antioxidant, 
antiradical, antimicrobial, antiproliferating, 
antimutagenic, and anti-carcinogenic (Wardiana, 
2015). 

The process of photosynthesis in cocoa plants 
is strongly influenced by direct light, temperature, 
and humidity. The rate of photosynthesis, 
transpiration rate, opening and closing of stomata 
is strongly influenced by environmental conditions 
(Balasimha et al. 1991).  Cacao fruits that produce 
seeds are usually found in the stems, primary 
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branches, and secondary branches. The location 
of different fruits in the plant can cause different 
seed quality. The parameters that most determine 
the results are; (i) the light interception, 
photosynthesis rate, photosynthate distribution, (ii) 
Management of respiration (iii) fruit and fermented 
grain morphology (Alex-Alan et al. 2007) 

The content of fat,  protein and quality of 
cocoa beans are thought to be strongly influenced 
by environmental factors, as well as various 
factors such as the age of the plant and the 
location of cocoa fruit in the canopy. Supriatna 
(2004), suggests that cocoa crops reach peak 
production at 4-5 years old and can last for 20 
years or more if the management is good. The 
quality of cocoa beans is strongly influenced by 
genetic, fruit composition, soil type, plant age, and 
postharvest (Afoakwa et al. 2008; Afoakwa, 
2010).  Furthermore Kusumastuti (2013) reported 
that the maturity level and the location of the fruit 
in the plant affect the seed weight, seed 
germination and vigor index. 

Based on the above, it is deemed necessary 
to conduct research on the effect of the location of 
different fruits in the canopy and the age of the 
plant on the fat, protein, and dry weight of the 
cocoa beans. 
 
MATERIALS AND METHODS 

Te research was conducted in in 
Wonggeduku Sub-district of Konawe, Southeast 
Sulawesi Indonesia. The ingredients used are 
physiological ripe cocoa fruit from trees aged 8, 
10, 12 and 14 years old. Chemicals, namely: 
hexan, Na, K, Tartar, NaOH, CuSO 4, BSA (Bovin 
Serum Albumin) and the filter paper. Tools used 
are scissors, knives, basins, buckets, GPS, pH 
meters, temperature thermometers, raffia straps, 
ruler, digital cameras, stationery, analytical scales, 
digital scales, measuring cylinders, test tubes, 
erlenmeyer, volume pipettes, blender, desiccator, 
and biuret. 

The study was conducted using Completely 
Randomized Design, in a nested design pattern 
with 3 replications. The first factor was 8, 10, 12 
and 14 years old. The second factor is the 
location of the fruit in the canopy, ie stems, 
primary branches and secondary branches. Each 
experimental unit consists of 3 plants so that there 
are 108 plants. In the stem, the primary branch, 
and the secondary branch are each taken 1 fruit 
so that there are 324 pieces of cocoa samples. 
 

Plant Sample 
Determination of plant sample as much as 3 
plants is done randomly on farmer's land which 
have been determined. Selected plants are 
labeled according to the experimental design 
used. Selected plants were 8, 10, 12, and 14 
years old. Each experimental unit was taken 
sample of 3 plants, 

Fruit Sample  
The physiologically ripened fruit sample that is 
characterized by 80% has changed colour to 
yellow is harvested and removed its seeds. Seeds 
removed from the fruit are cleansed from the pulp 
and dried in the sun for 5 days until they reach a 
water content of 8%. 

Fat and Protein contens  
Measurements of fat and protein content of 

seeds were taken from the fruit from stems, 
primary branches, and secondary branches at 
ages 8,10,12 and 14 years. Cocoa beans are 
taken from fruit that has been dried in the sun so 
that the water content reaches 8%. Fat content 
and seed protein were analyzed in Laboratory  
Faculty of Food Technology University of Halu 
Oleo 

Dry Weight  
Measurement of dry weight of seed is done by 

taking sample seeds that have been dried by the 
sun so as to reach the water content of 8%. 
Cocoa beans are inserted into heat-resistant 
envelopes and stirred for 2 x 24 hours at 80 C. 
After a 2 x 24 hour oven is cooled and cooled with 
analytical scales. All of the above process is done 
in Agronomy Laboratory Faculty of Agriculture 
Halu Oleo University. 

Statistical Analysis 
The observed data obtained included fat 

content, protein, and dry weight of seeds analyzed 
of variance (Anova) t and continued with Duncan 
Multiple Range Test at the level of α 5% 
confidence. 
 
RESULTS AND DISCUSSION 

Fat Content of  Cocoa Beans (g) 
Based on the analysis of variance it is found 

that there is no significant interaction between fruit 
location and plant age in canopy to cocoa bean fat 
content. Likewise independently the location of 
the fruit does not significantly affect the content of 
cocoa bean fat, but independently the age of the 
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plant significantly influence the content of cocoa 
bean fat. 

The highest average fat content was obtained 
from 8-year-old fruits and differed significantly with 
fat content from plants 10, 12, and 14 years old. In 

contrast, the lowest fat content was obtained in 
plants that were 14 years old and differed 
significantly with the fat content of plants aged 12, 
10, and even 8 years (Table 1). 

Table 1. Average fat content (%) cocoa beans based on location fruit in canopy and different plant 
age 

Plant Age 
Location of Fruit 

Average 
Stem Primer Branch Secondary branch 

8 years old 
10 years old  
12 years old 
14 years old 

49.62 
46.23 
42.23 
35.50 

48.22 
45.27 
41.87 
35.62 

48.89 
45.61 
42.08 
35.50 

48.91 ± 1.14 a 
45.61 ± 1.14 b 
42.08 ± 0.72 c 
35.54 ± 2.04 d 

Average 43.39 42.75 42.97  

Note : The numbers followed by the same letter in the same colum indicates  insignificant 
difference based on a confidence level of DMRT 95%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The fat content of cocoa beans from fruit from stems, primary branches and secondary 

branches at different ages of the plant, T = stem, P = primary branch, S = secondary branch 
 
The content of cocoa bean fat does not differ 
significantly on the fruit located on the stem (T), 
primary branch (P), or secondary branch (S), but 
the highest fat content is derived from the fruit 
originating from the stem, followed by fruit derived 
from the branch primary, and secondary 
branches. The content of seed fat decreased with 
increasing plant life (Fig. 1). The decrease of fat 
content in cocoa beans was highest from 12 to 14 
years old with an average of 3.26%, from age 10 
to 12 years 1.83%, while from age 8 to age 10 
years decreased only 1.6%. The average cocoa 
fat content decreased from age 8 to 14, where the 
largest decrease occurred in stem (2.36%), 
primary branch (2.1%), and secondary branch 
(2.23%). 

Protein Content of Cocoa Beans (%) 
Based on the analysis of variance obtained 

that there is no significant interaction effect 
between the location of the fruit with the age of 
the plant to the protein content of cocoa 
beans. Similarly, the location of the fruit does not 
affect independently of cocoa bean protein 
content, but the age of the plants significantly 
influence the protein content of the seeds. The 
highest protein content was obtained in 8-year-old 
plants and significantly different from the plant 
protein content of 10, 12, and 14 years (Table 
2). There is a tendency that the highest protein 
content is obtained in fruit derived from stems in 
an 8-year-old plant. In contrast the lowest protein 
content is obtained in seeds originating from 
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secondary branches in plants aged 14 years. 
 

Table 2. Average protein content (%) of cocoa beans based on the location of  
cocoa fruits at different ages of the plant 

Plant Age 
Location of Fruit 

Average 
Stem Primer Branch Secondary Branch 

8 years 
10 years 
12 years old 
14 years 

12.10 
10.08 
7.91 
5.57 

11.98 
10.07 
7.86 
5.59 

12.03 
10.02 
7.89 
5.59 

12.03 ± 0.27 a 
10.02 ± 0.21 b 
7.89 ± 0.22 c 
5.59 ± 0.43 d 

Average  8.91 8.87 8.86  
Note : The numbers followed by the same letter in the same colum indicates  insignificant difference 
based on a confidence level of DMRT 95%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Cocoa bean protein content from stem, primary branch and secondary branch at 8, 10, 
12, and 14 years (T = stem, P = primary branch, S = secondary branch) 

 
 The average protein content of cocoa beans 
from various origins, stems, primary branches, 
and secondary branches experienced a sharp 
decline from the age of 8-14 years, however the 
sharpest decline occurred at the age of 12 
years. The rate of decrease in the protein content 
of seeds due to the increase in the age of the 
crops both from stems, primary branches, and 
tertiary branches has a decreasing rate with 
similar pattern (Fig. 2). 
 The average protein content of cocoa beans 
from various origins, stems, primary branches, 
and secondary branches has decreased from 8 to 
14 years with an average decline rate of 1.075% 
per year. From the age of 8 to 10 years the 

protein content of the seeds decreased with 
increasing age of the plant, which is an average of 
0.99 per year, from ages 10- to 12 years of age 
decreased an average of 1.085% per year, from 
age 12 to age 14 years decreased, Average 
1.15% per year. 

Dry Weight of Cacao Beans (g)    
Based on variance analysis, it is found that 

there is significant interaction effect between fruit 
location and plant age to dry weight of cocoa 
beans. Cocoa beans from 8-year-old crop stems 
give the highest dry weight (8.76 g) and differ 
significantly from the dry weight of seeds 
originating from both primary and secondary 
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branches, both in plants 10, 12, and 14 years 
old. In contrast, the lowest dry seed weight was 
obtained on seeds originating from secondary 
branches and significantly different from dry 

weight of seeds originating from primary and stem 
branches, either at age 12, 10, or 8 years (Table 
3). 
 

 
Table 3. Average dry weight of  beans (g) based on the location of fruit  cocoa at various plant age 

Plant Age 
Location of Fruit 

Average 
Stem Primary Branch Secondary Branch 

8 years 
10 years 
12 years old 
14 years 

8.76 ± 0.1 a 
8.40 ± 0.20 c 
7.56 ± 0.14 e 
6.60 ± 0.37 h 

8.35 ± 0.01 b 
7.95 ± 0.15 cd 
7.24 ± 0.13 f 
6.43 ± 0.22 h 

8.03 ± 0.10 c 
7.71 ± 0.26 de 
6.95 ± 0.10 g 
6.02 ± 0.04 i 

8.38 
8.02 
7.25 
6.35 

Average  7.83 7.49 7.18 30.0 
Note : The numbers followed by the same letter in the same colum indicates  insignificant difference 
based on a confidence level of DMRT 95%. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Dry weight of  cocoa bean  of primer  branch and secondary branch at 8, 10, 12, and  
14 years (T = stem, P = primary branch, S = secondary branch) 

 
The average dry weight of the seeds decreased 
linearly with increasing age of the plant from the 
age of 8-14 years. However, the highest dry 
weight loss occurred at age 12-14 years (Fig 
3). The greatest decrease in dry weight of seeds 
occurs in fruit derived from stems, especially at 
the age of 12 years.  The average dry weight of 
the seeds decreased linearly with increasing age 
of the plant from the age of 8-14 years. However, 
the highest dry weight loss occurred at age 12-14 
years (Fig. 3). 

Based on the picture above shows that there is 
a decrease in dry weight content from the age of 8 
to 14 years, with an average of 0.37% per 
year. The highest dry weight loss occurs from age 
12 to age 14 with an average decline of 0.45% per 

year, from age 10 to 14 years decreased on 
average by 0.39% year 

-1,
 from the age of 8-10 

years of declining average 0.18% year 
-1. 

 

DISCUSSION 

Content of Fat Seeds 
The results obtained that the highest fat 

content (49.62%) were obtained from seeds 
originating from stems in plants aged 8 and the 
lowest (35.5%) were obtained in seeds originating 
from secondary branches on 14 year old 
plants. This is consistent with the research results 
Towaha (2012) that of 100 cocoa beans produced 
25.5 kg of cocoa (25.5%). Similarly, reported by 
Sri-Mulato et al. (2004) that from 100 kg of cocoa 
beans get 39.1 cocoa fat (39.1%). 
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The results showed that the effect of cocoa 
fruit location in the canopy (stem, primary branch 
and secondary branch) did not statistically differ 
significantly to cocoa bean fat content. This is 
probably due to the fat content is largely 
determined by the morphological and 
physiological properties of the plant. As stated by 
Daymond et. al. (2002) that cocoa has a 
considerable genetic diversity in both 
morphological and physiological 
properties. Although the fat content of cocoa 
beans does not differ significantly from the 
location of different fruits, there is a tendency that 
the fat content of the seeds from the fruit from the 
stem is higher than that of the primary and 
secondary branches. The high content of seed fat 
in the stem is probably due to the distribution of 
photosynthates that vary between stems, primary 
branches and secondary branches. The 
photosynthate supply is thought to be larger to the 
stem than to the primary and secondary 
branches. This is because the flow of 
photosynthesis from the source  more to the fruit 
located in the stem compared to the primary and 
secondary branch so that the development of fruit 
more rapidly in the stem area than in the primary 
branch and secondary branches. The magnitude 
of the distribution of photosynthesis to a particular 
fruit is strongly shaped by the location of the fruit, 
the level of competition between sinks, genetic 
factors and environmental factors (Sarawa, 
2009). The magnitude of the allocation of 
photosynthate to the fruits contained in the trunk 
is probably due to the stem part having a larger 
phloem network than in the primary and 
secondary branches. Likewise, it is suspected that 
the fruits contained in the stem have stronger 
strenght compared with the fruits found in the 
primary and secondary branches. This is 
supported by the results reported by 
Carlos et. al (1997). That the fruit contained 
outside the canopy (stem) has higher growth and 
seed yield. The results above are also relevant to 
the results of Hasbawati (2006) study which states 
that the size of cocoa beans is based on the 
position on the tree and the position in the fruit is 
different. In general, the size of the fruit on the 
stem is larger and heavier than the fruit on the 
branch. Kusumastuti (2013) also stated that the 
maturity level and the location of the fruit on the 
plant affect the seed weight, germination, and 
seed vigor index. 

The results showed that at the age of 8 years 
gave the highest content of fat content and 
significantly different from the content of cocoa 

bean fat derived from the primary branch, and 
secondary branches. It is estimated that the age 
of the plant greatly determines the quality of the 
seeds because the metabolism ability of the plant 
will reach the peak at a certain age and after that 
the metabolism of the plant decreases. Decreased 
levels of fat with age (8 years to 14 years) of 
plants can be caused due to the decreased rate of 
photosynthesis due to plant canopy has been 
degraded, and the senesen due to age. Cocoa 
plants have a production life of between 5-8 and it 
depends on genetic factors and the environment 
in which they grow. Rubiyo and Siswanto (2012), 
suggests that cocoa trees reach maximum 
production levels after six or seven years and 
thereafter decrease. 

Protein content 
The results showed that the location of fruit in 

the canopy has no significant effect on protein 
content. This phenomenon is probably caused by 
the protein content of the seed is more influenced 
by the genetic nature of the plant than the fruit in 
the canopy. This is in harmony expressed by 
Kongor et al. (2016) that the genetic nature of the 
seed greatly affect the chemical composition of 
the seeds, especially backup proteins, 
polysaccharides, and polyphenols. 

An 8-year-old cocoa plant provides protein 
content, which is higher and significantly different 
from the others. This is consistent with those 
reported by Spillane (1995);  Rubiyo and Siswanto 
(2012), that the cocoa tree reaches its maximum 
production level after six or seven years and 
subsequently declines. Grain protein content is 
more influenced by postharvest process. Results 
of research Zulkifli et al. (2013) that there is a 
relationship between fermentation time and seed 
protein levels. Preliminary protein level of 
4.7848% fermentation and after 2 days fermented 
protein content decreased to 4.7454%, after 3 
days to 4.7364%, after 4 days dropped to 
4.7230%. 

It was found that significant differences in the 
protein content of seeds in different plants due to 
age differences cause differences in plant 
metabolism ability.This is as reported that the age 
of the plant affects the quality of fruit and cocoa 
beans. 

Dry Weight Seeds 
Based on the result of research, it is found that 
there is an interaction effect between the location 
of the fruit in the canopy and the age of the plant 
to the dry weight of the seed. The highest dry 
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weight of the seeds is obtained from the fruit 
derived from the stems and is significantly 
different from the fruit originating from primary and 
secondary branches both in plants 10, 12, and 14 
years old. The results of this study are relevant to 
Jurniati (2013) research, indicating that the weight 
of cocoa fruit flesh on average stems 407.311 
g/fruit is higher than the fruit on branches 
averaging 383.873 g/fruit. The weight of the 
placenta of fruit on the stem 15.662 g/fruit is 
higher than the fruit on the branches averaging 
13.902 g/fruit. The weight of the seeds with the 
fruit pulp on the stem is 93.893 g higher than the 
average branch at 87.377g. The weight of seed 
without fruit pulp on average stems 66.371 g/fruit 
higher than the fruit on branches average 62.187 
g. The number of seeds per fruit on the stem 
averaged 42.0 seeds/fruit higher than the fruit on 
branches an average of 40.5 seeds/fruit. Water 
content of seeds on stalks averaged 6.42% higher 
than fruit at 6.39% branch. This is supported by 
the opinion expressed by (Valle et al. 1990) that 
the allocation assimilate to stem the cocoa plant 
reaches 5-8 times higher than assimilate 
allocation for the formation of flowers. 

The high dry weight of seeds on the stem may 
be due to the fruits derived from relatively shaded 
stems. This is in line with what Alex-Alan et al. 
 (2007) that cocoa crops are shade tolerant crops 
and when they obtain proper shade it can provide 
higher photosynthetic rate, growth and yield of 
seeds. 
 
CONCLUSION 
Based on research it concluded that (1) There is 
an interaction between the location of the fruit in 
the canopy and the age of the plant to the dry 
weight of the seed, whereas the fat content and 
protein content are only affected by the age of the 
plant and are not influenced by the location of the 
fruit in the canopy. (2) Levels of fat, protein 
and dry weight of the cocoa beans decreases with 
increasing age of the plant. (3) The highest 
content of fat, protein, and dry weight was 
obtained in the fruit from the 8-year-old plant 
stem, and the lowest in the secondary branch of 
the 14-year-old plant. 
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