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The Impact of Insect Infestation on Stored Purpled
Cocoa Beans
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Abstract
Under-fermentation of cocoa beans produces purple beans. The fermentation period is 6 to 7 days but some cocoa farmers
under-ferment their cocoa beans leading to the development of purple cocoa beans. This study determined the impact of insect
infestation on stored purple cocoa beans. Wet cocoa beans were fermented for 1, 2, 3, 4 and 5 days to produce the purple beans.
Ephestia cautella and Tribolium castaneum, both singly and in combination, were introduced into the cocoa beans and stored
for different (30, 60, 90 and 120 days) period. Insect population, percentage weight loss and the contaminants produced by
these insects were determined. Cocoa beans infested with E. cautella alone had the highest population of 297.0 ± 22.7. Beans
fermented for 3 days had the lowest insect population both singly and in combination after 120 days of storage. The highest
percentage weight loss was recorded in cocoa beans fermented for one day (10.1 ± 1.87%) and 4 days (10.1 ± 8.74%). T.
castaneum did not cause much damage to the cocoa beans but E. cautella alone caused significant damage to stored cocoa
beans. Insect infestation and poor fermentation contribute significantly to the reduction in quality of cocoa beans.
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1. INTRODUCTION
Fully ripened, properly fermented and thoroughly dried
cocoa beans are of a brown to dark red in colour and have
a very fragile shell with a pure, bitter flavour [9]. Poorly

fermented cocoa beans are purple in colour when under-
fermented or very dark in colour when over-fermented
[13]. Purple beans occur when the fermentation has been
terminated prematurely. The best fermentation period is
6-7 days [4].For example, [14] reported a high percentage
of purple beans in cocoa beans fermented for 4days than
cocoa beans fermented for 6days.

Cocoa beans are susceptible to attack by several
species of beetles and moths. Insect infestation can start
from the farm but mostly from the drying mats. At the
end of a season, the mats are usually rolled up and stored
but they often carry the eggs and pupae of insects which
may emerge to infest the next crop. Similarly the area
around artificial dryers can provide a breeding site for
pests [17]. Infestation by insects can also occur during
transportation to the warehouse for storage or shipment.
Storage beetles are attracted to cocoa beans and cause
damage by boring holes into the beans or feeding on the
nib. Storage moths, causes damage by larval feeding, in
addition to producing silken threads, which builds up
into dense webbing that binds the cocoa beans [18]. In-
sect feeding causes loss of weight of the cocoa beans thus
reducing it commercial and nutritional value [11]. [10],
reported that cocoa beans infested with E. cautella, T.
castaneum and L. serricorne reduced the weight quality
of the cocoa beans.

The quality of dry cocoa beans in international trade
is assessed by the percentage level of total mould, slaty,
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purple, insect infestation, flat, and germinated beans [6].
It has been observed through personal interaction with
cocoa farmers that, some farmers being under pressure
from the buyers of cocoa beans do not allow their beans
to undergo adequate fermentation. Some of the cocoa
farmers allow a few days fermentation while a few do not
ferment the beans at all which results in the production of
purple cocoa beans [2]. Thus purple cocoa bean is caused
mainly by improper fermentation [2]. This study therefore
aimed at determining the impact of insect infestation on
stored purple cocoa beans.

2. MATERIALS AND METHOD
2.1 Culturing of insects
The adults of E. cautella and T. castaneum were reared
separately at a temperature of 30ś2 0C and relative hu-
midity of 70ś5% [17]. These insects were selected because
they are among the major insect pests attacking cocoa
beans. Ephestia cautella was reared on a mixture of
ground maize, wheat bran and glycerol in a ratio of 8:8:1
(W/W) and T. castaneum on crushed dry cocoa beans,
[16]. Males of E. cautella were distinguished from the
females by a dark patch (testes) on the back, which is
visible at the fifth instar larva [15]. The males of T.
castaneum were distinguished from the female by their
aggregation behaviour and have a setiferous patch on the
posterior side of the fore femur [20].

2.2 Fermentation and drying
Matured and fully ripe cocoa pods were harvested from
cocoa plantation at Cocoa Research Institute of Ghana
(CRIG). The beans were separated from the placenta and
any black or diseased beans, germinated beans, placenta
fragments or pieces of shell were removed. The wet cocoa
beans were grouped into five samples. Heap fermentation
method was used and each sample contained 50 kg of the
wet cocoa beans. To produce purple beans, the cocoa
beans were fermented for either 1, 2, 3, 4 or 5 days
with consecutive openings and turning after every 2 days
except for beans fermented for one and two days. After
each fermentation period, the cocoa beans were sun-dried.
Each sample of the fermented cocoa beans was dried to
6.9% moisture content.

2.3 Estimation of insect population
Ten (10) fifth instar larvae of E. cautella and 10 adult
T. castaneum were introduced using aspirator into the
jute sacks containing 2 kg of cocoa beans that had been
fermented at various fermentation days separately and
in combination. Each of the jute sacks was inserted into
gray baft before storage to prevent migration of insects
from one bag of the dry cocoa beans to another. The fifth
instar larvae of E. cautella were used because it is very
easy to distinguish the males and the females at this stage
[15] and also because the fifth instar (last larval instars)

feed vigorously before pupating [5]. The temperature of
the store room was 30 ś 2 ◦C and relative humidity of
70 ś 2% and also free from insects. On monthly basis,
each sample was sieved using a wooden sieve and the
numbers of both live and dead insects (larva, pupa and
adult) in each sack was counted to determine the changes
in insect populations. The dead insects were counted
because they were assumed to have completed their life
cycles and therefore contributed to the percentage weight
loss of the beans. The live insects were returned into their
respective sack.

2.4 Determination of contaminants
On monthly basis, each sample was sieved using a wooden
sieve, the live insect found in the residue were picked using
an aspirator. The contaminants which were obtained
after sieving and removing the live insects were observed,
weighed and recorded monthly for a period of four months.
Each treatment was replicated four times.

2.5 Damage and loss assessment of dry cocoa beans
Count and weigh method [12] was used to determine the
weight loss in the various samples of dry cocoa beans.
From each sack 100 g of cocoa beans was sampled, and
sorted into damaged and undamaged. The damaged
beans were those with holes or physical defects. Both
the damaged and undamaged beans were counted and
weighed separately. Each treatment was replicated four
times. The percentage weight loss was calculated as
follows:

% Weight loss = ((UNd)−(DNu)/ U(Nd+Nu))X100
U = Weight of undamaged beans
Nd = Number of damaged beans
D = Weight of damaged beans
Nu = Number of undamaged beans

2.6 Data analysis
Data were subjected to Analysis of Variance (ANOVA)
using Genstat 9th edition. Least significant difference
(LSD) was used to separate the means at 5% level of
significant.

3. RESULTS AND DISCUSSION
3.1 Population estimate of E. cautella and T. casta-

neum in stored purple cocoa beans
Generally the population of E. cautella in the cocoa beans
increased during the storage period and that of T. casta-
neum decreased with increasing storage period but only
increased at 120 days of storage for beans fermented for
2 and 5 days (Table 1). Ephestia cautella alone recorded
the highest mean population of 297.0 for cocoa beans
fermented for one day and stored for 120 days (Table 1)
whilst T. castaneum recorded the lowest mean population
(1.5) both singly and in combination for cocoa beans fer-
mented for one day and two days (Table 1). Cocoa beans
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fermented for 3 days recorded the lowest mean population
of both insects, either singly or in combination at the end
of the 120 days storage (Table 1).

The population of insect pests are said to increase
in the absence of predators, availability of food and
favourable environmental conditions [7]. [19], reported
that the populations of E. cautella and T. castaneum
increase significantly with duration of storage in conven-
tional storage system. Moreover, there were no predators
and parasitoids to affect the pest population negatively.
Another factor that affects the population of insects in
cocoa beans is fermentation. According to [11] properly
fermented beans had lower population of E. cautellla than
unfermented and under-fermented beans.

The increase in population of E. cautella with storage
period, both in single and mixed infestation could be
attributed to the larvae of E. cautella which are internal
feeders and they can move and feed on the cocoa beans
[11]. Their short life-span, availability of cocoa beans and
favourable environmental conditions also contributed to
their multiplication, compared to T. castaneum which
are secondary insects [1] and the newly hatched larvae of
T. castaneum survive only when suitable food is readily
available. Consequently, the population of T. castaneum
in single infestation decreased during the storage because
the dry cocoa beans were whole grains. However, popu-
lations of T. castaneum in combination with E. cautella
were relatively higher, because the presence of the latter’s
larvae fed on the whole beans thus making them suitable
for T. castaneum to also feed and increase in number. In
contrast of [10], it was reported that the population T.
castaneum in single infestation increases after 180 days
of storage probably because brown cocoa beans was used
(fully fermented) while purple cocoa beans was used in
this study.
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3.2 Contaminants produced by E. cautella and T. cas-
taneum on dry stored cocoa beans.

The contaminants consisted of pupal cases, frass, frag-
ment of cocoa, silken threads and dead insects. All the
treatments with E. cautella had dead insects, faeces and
silken threads as major components of the contaminants.
Cocoa beans infested with E. cautella had the highest
mean weight of contaminants (21.34±8.12g) (Fig. 1).

The weight of contaminants in the treated cocoa beans
were significantly higher (p<0.05) than that produced
in the control throughout the storage period except for
beans that were fermented for 3 days (Fig. 2 ).

The major contaminants found in cocoa beans infested
with T. castaneum were frass, pupal cases and fragment of
cocoa beans. The weights of the contaminants were gen-
erally low; this is as a result of low numbers of the insects
found in the cocoa beans. The observed low contaminant
in cocoa beans infested with T. castaneum confirms the
finding of [10]. The highest weight of contaminant in
cocoa beans infested with both insects was recorded in
beans fermented for 4 days and stored for 120 days (15.6
± 4.9g) (Fig. 3).

The larvae of E. cautella mainly produced large num-
ber of webbed galleries which bind the beans together
and they also wander about leaving silken tunnels behind
[5] thus contaminating the cocoa beans. Dead insects
(especially adult) were the major component of the con-
taminants probably because the adults of E. cautella do
not feed but lay eggs and die [3]. As the storage period
increased the weights of the contaminants also increased
probably due to increase in the insect biological activ-
ities. Therefore cocoa beans stored for more than 30
days contained more contaminants as a result of insect
infestation.

For this reason, good quality cocoa meant for export
must be free from live or dead insect especially E. cautella.
In cocoa beans fermented for three days (Fig. 2), the
weight of the contaminants was low because of low popu-
lation of insects found in the beans.

Figure 1. Mean weight (g) of contaminants for cocoa
beans fermented for in 1 day (LSD, p<0.05)

Figure 2. Mean weight (g) of contaminants for cocoa
beans fermented for 3 days (LSD, p<0.05)

Figure 3. Mean weight (g) of contaminants of beans
that underwent fermentation in 4 days (LSD, p<0.05)

3.3 Damage caused by E. cautella and T. castaneum
on stored dry cocoa beans

Generally, the percentage weight loss increased with
storage period and it varied significantly irrespective of
whether the two insect pests occurred separately or in
combinations on the stored cocoa beans. Cocoa beans
infested with E. cautella produced the highest weight
losses ranging from 1.56 ± 0.6% at the start of storage to
10.1 ± 1.87% at the end of the 120 days storage period
(Fig. 4).The highest weight losses of 10.1±1.87% and
10.14±8.74% (Fig 4 and 5) were recorded in cocoa beans
fermented for one day and four days respectively and
these were caused mainly by E. cautella. The percentage
weight loss that resulted from infestation by E. cautella
alone for 120 days of storage was significantly higher than
that caused by T. castaneum alone, and also the two
insects in combination, except for beans fermented for
four days (Fig. 5).

Insect infestation is one of the most important causes
of deterioration of stored grains [11]. Insect feeding caused
loss of weight to the cocoa beans thus reducing their
nutritional and commercial value. Cocoa beans infested
with E. cautella gave the highest percentage weight loss
after 120 days of storage consistent with their higher
numbers in the cocoa beans. The larvae of E. cautella
caused more damage than T. castaneum and the increase
in weight loss correlated with the number of insects that
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Figure 4. Mean percentage weight loss of dry cocoa
beans fermented for 1 day (LSD, p<0.05)

Figure 5. Mean percentage weight loss of dry cocoa
beans fermented for 4 days

infested the cocoa beans. This is in agreement with [10],
who also reported that infestation by E. cautella on cocoa
beans stored for 180 days caused more damage than T.
castaneum. Therefore special attention should be given
to E. cautella in terms of control as it can cause greater
loss of exportable cocoa.

Both the highest and the least weight loss was found
in cocoa beans fermented for four days. Cocoa beans
fermented for four days gave relatively higher percentage
weight loss than those fermented for five days. Cocoa
beans fermented for four days are considered as under-
fermented cocoa. However, previous study showed that
damage caused on fermented cocoa beans stored for 6
months (180 days) was lower than the damage on under-
fermented beans [11]. [8], also reported that the percent-
age of damage beans on fermented cocoa beans was lower
than that of unfermented beans. This shows that prop-
erly fermented cocoa beans could be stored for a longer
period with less insect infestation.

3.4 CONCLUSION
The study was conducted using grade II cocoa beans
but the cocoa beans deteriorated over the storage period
to sub-standard due to high levels of defects especially
insect infested beans. High insect infestation contributed
significantly to the reduction in quality of the purple
cocoa beans. The tropical warehouse moth (E. cautella)
alone caused significant damage to the stored cocoa beans.
It has been shown in this study that poor fermentation

and insect infestation pose a great threat to the quality
of cocoa beans. These factors deserve attention in order
to maintain quality of cocoa beans during storage.
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