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ABSTRACT

The challenge of providing cocoa seeds is the characteristic of recalci-
trant seed, thus requiring storage techniques that can slow down the decline in
seed viability in an effort to manage the distribution of cocoa seeds which depend
to the time of demand and harvest. The research aimed to study the effect of
packaging method for storage of cocoa seeds; the effect of shelf life and tempera-
ture to germination and water content of seeds, and the stability of seed germi-
nation at different age and storage temperature. The research was conducted at
Kaliwining Experimental Station, Indonesian Coffee and Cocoa Research Institute,
Jember, East Java. The research used complete randomized design with research
design using split plot. The treatments consisted of packaging methods, storage
temperature and storage life. Packaging methods consisted of two methods, i.e.
vacuum methods and non vacuum methods. Storage temperature consisted of
three treatments, i.e. 15OC, 25OC and 30OC. both of packaging and temperature
treatments were stored at four shelf life treatment included 1 week, 2 weeks,
3 weeks, and 4 weeks. Each treatment was repeated with three replications and
each treatment per replication consisted of 50 seeds. Data analysis used SAS
9.0 and stability analysis used R program and PB Tool. Water content of seeds,
germination of seeds and number of seedy seeds were observed. The results
showed that type of packaging and storage temperature effect to germination of
cocoa seeds but did not effect to seeds water content. Storage of cocoa seeds
by non-vacuum packaging showed a higher of germination compared to vacuum
packaging in all temperature treatments. Storage with non vacuum packaging at
a temperature 25OC showed a germination more than 85% for 2 weeks of shelf
life, while storage of cocoa seeds at a temperature of 30OC had a germination of
more than 85% for only 1 week shelf life. Storage of cocoa seed at 15OC showed
the lowest of germination at treatment. Storage treatments did not show effect on
water content of cocoa seeds.
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INTRODUCTION

Availability of superior cocoa seeds
continuously determine the cocoa produc-
tion in Indonesia. The challenge of providing
the superior cocoa seeds is a characteristic

of recalcitrant seeds, thus requiring storage
techniques that can slow down the decline
in seeds viability in an effort to manage the
distribution of cocoa seeds depand to the
time of demand and harvest. Recalsitrant
seeds are characterized by a very short life-
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time, no dormancy period, high water content
range 0,4-4,0 g water/gram (Umarani et al.,
2015), sensitive to changes in temperature
and low humidity (Maemunah et al., 2009),
easily loses viability when water content
decline below 20-30% and can not be stored
at low temperature near to 0OC (Umarani
et al., 2015). Recalcitrant seeds also have
characters that are not tolerant to desiccation,
low temperature, low humidity (Sumampow,
2011), and are sensitive to high and low moisture
content (Halimursyadah, 2012). Rahardjo (2011)
reported that fresh seed have water content
approximately 50%. High initial water content
in recalcitrant seeds can activate the seed
metabolic process that should not take place
and is used as an energy reserve when the
seed stored, so that the high initial water content
must be reduced until the water content is
safe for seed storage (Halimursyadah, 2007).
The safe of initial water content of storing
cocoa seeds is araound 35–40% (Rahardjo,
2010). Decreasing the water content of seeds
to below the critical water content (12–31%)
can cause the viability of seeds to decrease
rapidly, and even cause death (Esrita, 2009).
The condition of storage temperature and
humidity will affect the seed moisture content
during the storage period. The decrease in
viability of recalcitrant seeds caused by
moisture content is indicated by low germi-
nation, low shelf life, increased membrane
leakage, cellular damage and biochemical
changes in food reserves, low of viability,
growth time and dry weight seeds (Robi, 1996).
Age of tropical recalcitrant seeds is reported
to be quite short and varies from two weeks
to several months (Halimursyadah, 2012).

The study of cocoa seed storage that have
been done was by modifying the storing
atmospheric conditions included temperature,
humidity, and physiological causes that affect
the potential of seeds storage (Umarani et al.,
2015). The modification of oxygen depletion
during the storage of cocoa seeds is also reported

to slow the declining of seed viability (Rahardjo,
2011). Modification of storage places through
packaging is expected to prolong the storage
life of cocoa seeds. The reduction of oxygen
through vacuum packaging has not been
widely reported on cocoa seed storage.
Modification of temperature is important to
slow the decrease of viability at certain shelf
life condition. The critical point of cocoa seeds
and other recalcitrant seeds is also influenced
by the method of seed packaging, moisture
content, and drying methods. The decline
of seed is the process of quality purification
gradually and can not be reversed (irreversible)
due to physiological changes caused by internal
factors of the seed. Physiological regression
of seed quality is characterized by decreased
of seed germination, increased of abnormal
seed germinated, decreased of seed viability,
stunted seedling growth and increased of
seed sensitivity to extreme environments
(Purwanti, 2004). The stability of seed viability
at shelf life and temperature storage has an
impact to the quality of the cocoa seed quality.
The stable of viability and water content of
seeds will support the development of seed
germination that will be produced. The research
aimed to study the effect of packaging method
for storage of cocoa seeds; the effect of
shelf life and temperature to germination and
water content of seeds; and the stability of
seed germination at different age and storage
temperature.

MATERIALS AND METHODS

The materials used ICCRI 08H hybrid
seeds, fungicides, germination box, germi-
nation media and plastic packaging. Cocoa
seeds were taken from cocoa seeds gardens
located at Kaliwining Research Station,
Indonesian Coffee and Cocoa Research
Institute, Jember, East Java. Seed was taken
from the ripe physiologically of pod and done
peeling seeds. Before peeling the seeds, seeds
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mixed with sawdust to facilitate stripping.
The peeled seeds were the put into a fungicide
solution for 5–10 minutes and then dried
approximately to 40% of water content. The
dried seeds were then stored on plastic in
accordance with the treatment.

The research used complete randomized
design with research design using split plot.
The treatments consisted of packaging
methods, storage temperatures and shelf life.
Packaging methods consisted of two methods,
i.e. vacuum and non-vacuum methods. Storage
temperatures consisted of three treatments,
i.e. 15OC, 25OC, and 30OC. Both of packaging
and temperature treatments were stored at
four storage periods included 1 week, 2 week,
3 week and 4 week. Each treatment repeated
three replications and each treatment per
replication consisted of 50 seeds. Data analysis
used SAS 9.0 and stability analysis used
R program and PB Tool.

Seed water content was observed by
the oven methods referring to the method
developed by Rahardjo (2011) as follows
(1) weighing the preheated porcelain cup
(W1, g), (2) weighing the porcelain contained
the cocoa seeds (W2, g), (3) the cup containing
the seeds was ovenered at 130OC for 50
minutes, (4) cooling the porcelain cup and
seeds in the exicator for 45 minutes the weighing
(W3, g), (5) reheating in the oven for 10
minutes at temperature of 130OC, (6) cooling
into the next indicator weighing (W4, g),
(7) on the first heating the percentage of
water released, (8) recording the data records
and the calculating the water content as follows:

W2 - W3
S1 =   x 100%

W2 - W1

W3 - W4
S2 =  

W2 - W1

S1 x S2
SWC = S1+ S2 - 

100

Note:
SWC = Seed water content (%)
S1 = Percentage of seed water lost at the first oven stage

(%)
S2 = Percentage of seed water lost at the second oven

stage (%)

Number of germinated seeds was observed
by calculated the seeds was germinated after
storage. Viability was observed by calculated
the number of germinated seeds after germi-
nate in the germination container with sand
planting media. Fourty cocoa seeds was
planted with a depth of 2–3 cm in container
and then covered with sand and then placed
in a greenhouse. Each treatment was repeated
three times. Observations were done for 7 days
and observed every day by counting the number
of germinating seeds.

RESULTS AND DISCUSSION

Moisture Content

The study showed that the water content
of cocoa seeds during storage ie 1 to 3 weeks
in two packaging methods ie vacuum and non-
vacuum did not show significant different.
However, at 4 weeks of storage showed the
different of seed water content in each
treatment. Storage of cocoa seed at tempera-
ture 25OC and 30OC in non-vacuum packaging
during 4 weeks had water content to reach
40%. In different packaging (vacuum) with
same storage age treatment and stored at
15OC and 30OC showed an increase of seed
water content to reach 50%. Otherwise,
when cocoa seeds stored at temperature
25OC in vacuum packaging and temperature
15OC in non-vacuum packaging showed a
decrease of water content to reach 30%
(Figure 1).

Water content in seeds has a function
to maintain the structure of seed cells.
Decreasing of moisture content in orthodox
seeds will not effect to viability, it can even
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increase the storage life. In contrast to
recalcitrant seeds, a reduction of water content
will cause cellular damage. Recalsitrant seeds
stored in relatively humid condition have
relatively short shelf life (Halimursyadah,
2012). In line with this study results, seeds
stored in temperature 15OC in non-vacuum
showed a decrease in higher moisture content.
In contrast to the vacuum packaging and
stored at 30OC indicated the addition of seed
moisture content. Air humidity has an inverse
relationship to air temperature, so that with
high air temperature will lead to precipitation
(condensation) molecules.

Germinated and Viable Seeds

Storage of cocoa seeds in non-vacuum
packaging at temperature 15OC during 4 weeks
of storage showed the highest percentage of
germinated seeds (Figure 3). The percentage
of germinated seeds associated with seeds

water content. The low temperature of envi-
ronment mean it has a high air humidity.
Optimum temperature for cocoa seeds germina-
tion ranges from 15-30OC, while maximum
temperature is around 35–40OC (Copeland,
2001). The development of cocoa seed will
quickly occur in high humidity. In line with
this study that cocoa seed stored at tempera-
ture 15OC indicated a higher percentage of
germinated seeds than the other tempera-
ture treatments (Figure 3).

According to Gairola et al. (2011), germi-
nation of seed is affected by the ecological
conditions prevailing in the habitat. It depends
on several environmental conditions such as
temperature, moisture germination media and
oxygen content. Seed of certain species have
different temperature responses according
to variety and provenances and also reason-
able to believe that these responses are adap-
tive success or failure of a population in a
particular environment depends on the way

Figure 1. Water content of seeds during storage 1-4 weeks  in  different packaging methods, storage
temperature and shelf life (V = vacuum; NV = non-vacuum; 15 = 15OC; 25 = 25OC; 30 = 30OC;
1–4 = storage life on weeks)
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of its germination responses fit in to the
ecological conditions of the habitat. Thus
in most of the seeds, the rate of germina-
tion are strongly governed by temperature.
The availability of oxygen during storage will
influence the seed condition for fast growing
or germination. Storage temperature is one
of the factors that influence the seed viability
related to environmental moisture. The high
temperature will cause in seed damage
(Rahman et al., 2014), while the low temperature
during storage can suppress the rate of
reduced viability of the seed (Sutopo, 2002).
Seeds are hygroscopic and always try to
achieve aquilibrium conditions with the
environment. In the storage room with high
humidity than water content of the seeds,
seeds will absorb water and seed moisture
content increase so it will quickly germinate
(Kuswanto, 2003).

The results showed that the storage of
cocoa seeds at temperature 25OC in vacuum
packaging during 1 to 4 weeks of storage had
the highest percentage of seed germination.

The germination percentage of cocoa seeds
stored at temperature 25OC and 30OC for
one week of storage could reached 100%.
The germination percentage of cocoa seeds
stored at temperature 30OC decreased rapidly
when storage for 2 weeks. While the germi-
nation percentage of cocoa seeds stored at
temperature 25OC for 2 weeks  of storage
could be reached 90%. Storage of cocoa
seeds for 3–4 weeks showed decrease of
germination percentage of seeds below than
60%. Storage of cocoa seeds at temperature
15OC showed the lowest of viability during
1–4 weeks of storage (Figure 4). The seeds
have hygroscopic character and always
manage to achieve equilibrium condition
with the environment. If the seeds envi-
ronment has higher of moisture than seeds
water content, the seed will absorb the water
from the air and the seed moisture become
increased (Kuswanto, 2003).

Storage of cocoa seeds in non-vacuum
packaging, stored at temperature 25OC during
1–3 weeks of storage showed the highest of

Figure 3. Percentage of germinated seeds on different of packaging, temperatures and shilf life (V = vacuum;
NV = non-vacuum; 15 = 15OC; 25 = 25OC; 30 = 30OC; 1–4 = storage life on weeks)
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germination percentage. Storage of cocoa
seeds with similar packaging and stored at
30OC showed the highest percentahe of seed
germination only one week of storage (Figure 5).

The factors that influence the deterio-
ration rate of seed included oxygen pressure
(amount of oxygen with the seeds in storage),
seed moisture content, and temperature
(Roberts, 1973). Inreasing in any of these
factors will lower the shelf life of the seeds,
and a general rule any increase of 1% moisture
content or 10OF in storage will halve the
storage life of the seeds (Bewley & Black,
1985). Each factor contributes to seed decay
in specific ways, and minimizing these
conditions is critical to effective seed storage.
Schmidt (2000), reported that recalcitrant
seeds do not resistant with drying and low
storage temperature. Zink & Rochelle (1964)
reported that cocoa seeds were stored at
the temperature of 5OC was highly injurious
to the seeds, while cocoa seeds were stored

at the temperature of the laboratory under
high relative humidity preserved their viability
well during all the time of the experiment.

Germination and Seed Water Content

The results showed that the germination
percentage of cocoa seed, both in vacuum
and non-vacuum packaging were significantly
influenced by storage temperature and shelf
life. While, water content of cocoa seeds
did not significantly influenced by storage
temperature and storage life (Table 1).

Temperature is one of the factor deter-
mine the seeds viability. The high of temperature
during storage will be cause damage to the
seeds. While, the low of temperature during
storage can be reducing the rate of seed viability
(Sutopo, 2002). Umarani et al. (2015) reported
that the storage of recalcitrant seeds in low
temperature aims to prevent any oxidation
damage accuring during storage. Storage of

Figure 4. Viability of cocoa seeds on vacuum packing method at different temperatures and shilf lifes
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recalcitrant seeds at low temperature can
decrease damage and minimize the ossociations
of seeds with mycoflora. However, the species
varies of seeds recalcitrant had different
tolerance to temperature. Seed storage at a
centain temperature impacts on seed viability.
Seed stored below room temperature will
influence the seed viability, the seed will
germinate above 80 percent after 30 days
of storage life. Conversely, seeds are stored
at high temperature,  the germination of seed
will decrease to zero percent.

The results showed that shelf life,
temperature storage and packaging types
influenced the germination percentage of
cocoa seeds, but did not influence the water
content of seeds. The highest of germina-
tion percentage of seeds showed at tempera-
ture 25OC, while storage of cocoa seed at
temperature 15OC showed the lowest of
germination percentage. One week of storage
showed the highest of the germination

percentage of cocoa seeds both of vacuum
and non-vacuum packing. Sukesh &
Chandrashekar (2013) reported that there
was influence of decreasing the tempera-
ture to seed germination percentage. There
will decrease in seed germination percentage
with decrease in the storage temperature,
the misture will decrease with storage period.
Decreasing of moisture will change in carbo-
hydrate and modification of protein may
together responsible for the reduction in the
viability of the seeds. Non-vacuum packaging
showed a higher of germination percentage
of seeds than vacuum packaging in all shelf
life treatments (Table 2).

Hasid (2008) reported that seeds distri-
bution and storage could lead to reduce seed
viability. Unsuitable packaging, media and
storage condition will cause seed moisture
content decrease excessively and this causes
a drastic decrease in seeds viability and
resulting in germination below 50%. Seeds

Figure 5. Viability of cocoa seeds in non-vacuum packing method at different temperatures and shilf lifes
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storage with high humidity can cause fungal
attack at the storage life and cause decrease
of seed quality. The low viability and vigor of
cocoa seeds is influenced by enzyme activity
as a results of low germination rates. Like-
wise the rate of respiraton decreases with
the decline of seeds as a results of membrane
damage in the mitochondria (Ilyas, 2010).
Enzyme activities correlated with respira-
tion decreased as an expression of the activity
of various enzymes that react together in
overhauling food reserves so the food reserves
in the seeds are reduced and germination
decreases (Ilyas, 2001). If the seed has declined
during storage, the seed viability will decrease
and effect in low production. Ilyas (2010)
reported that the physiological deterioration
of cocoa seeds after four weeks storage was
observed in low rates of germination and
seedling growth. Increased seed germina-
tion can be conducted by indirectly improving
the membrane and encouraging decreased
electrolyte leakage (Chang & Sung, 1998),
thus accelerating the appearance of germi-
nation earlier (Chiu et al., 2002). Declining
of water content of cocoa seed caused declining
of seed quality. Water content of seed during
storage can be maintained to certain extent
by using a storage medium (Sumampow,
2010). Maemunah (2009) reported that one
of the effforts to maintain the moisture content
of seeds during storage is to adjust the humidity
of the storing media using sawdust.

Cocoa seed stored at 25OC and 30OC both
of vacuum and non-vacuum packaging during
one week of storage showed the highest of
germination percentage of seeds. Cocoa seeds
which stored at 25OC and 30OC for 2 weeks
of storage in non-vacuum packing showed
slower decrease than in vacuum packing
(Table 3).

Seed vigor is reflected by viability and
storability of seeds. Both physiological value
reflect the ability of seed to grow into normal
plants even though the biophysical condition
of the suboptimum or after the seeds exceeds
a long shelf period (Maemunah et al., 2009).
Cocoa seeds are recalcitrant, implying that
they are short-lived, and unable to survive
desiccation when extracted from the pods
(Adu et al., 2016). Loss of viability occurs
because the moisture content decreases below
the standard value. Three factors that cause
the damage to recalcitrant seeds and cause
a decrease in viability include mechanical
damage, damage due to metabolism and
denaturation of macromolecules. Types of
damage to recalcitrant seeds under specific
storage conditions is caused by changes in
biochemical damage to recalcitrant seeds
caused by high seed water content. Two
mechanism for the seed quality reduction
are microorganism during the storage and
fungi that damage the seeds through
exocelluler enzymes and toxins (Ilyas, 2010).

Tabel 1. Germination percentage of cocoa seeds in different packaging methods, storage temperature and
shelf life

 

SV df

MS
Vacuum Non-vacuum

Germination Moisture Germination Moisture
content content

 Temperature 3 5301.09 ** 55.07  ns 1618.75 ** 187.11 ns

 Replication 8 198.26 ns 44.36  ns 910.93 * 102.47 ns

 Shelf life 2 5800.69 ** 9.18 ns 3954.39 ** 124.09  ns

 Temperature *life 6 1696.06 ** 63.7 ns 2203.01 ** 89.26 ns

Note: ns = not significantly difference; * = significantly at  = 0.05; ** = significantly at  = 0.01.
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CONCLUSIONS

Storage of cocoa seeds by non-vacuum
packaging showed a higher of germination
compared to vacuum packaging in all tempera-
ture treatments. Storage with non vacuum
packaging at a temperature 25OC showed
a germination more than 85% for 2 weeks
of shelf life, while storage of cocoa seeds
at a temperature of 30OC had a germination
of more than 85% for only 1 week shelf
life. Storage of cocoa seed at 15OC showed
the lowest of germination at treatment. Storage
treatments of did not show effect to water
content of cocoa seeds.
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